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A Corporate Dedication to 
Quality and Reliability 

National Semiconductor is an industry leader in the 
manufacture of high quality, high reliability integrated 
circuits. We have been the leading proponent of driv
ing down IC defects and extending product lifetimes. 
From raw material through product design, manufac
turing and shipping, our quality and reliability is second 
to none. 
We are proud of our success ... it sets a standard for 
others to achieve. Yet, our quest for perfection is on
going so that you, our customer, can continue to rely 
on National Semiconductor Corporation to produce 
high quality products for your design systems. 

Charles E. Sporck 
President, Chief Executive Officer 
National Semiconductor Corporation 



Wir fuhlen uns zu Qualitat und 
Zuverlassig keit verpflichtet 

National Semiconductor Corporation ist fiihrend bei der Her
stellung von integrierten Schaltungen hoher Qualitat und 
hoher Zuverlassigkeit. National Semiconductor war schon 
immer Vorreiter, wenn es gait, die Zahl von IC Ausfallen zu 
verringern und die Lebensdauern von Produkten zu verbes
sern. Vom Rohmaterial Ober Entwurf und Herstellung bis zur 
Auslieferung, die Qualitat und die Zuverlassigkeit der Pro
dukte von National Semiconductor sind unGbertroffen. 

Wir sind stolz auf unseren Erfolg, der Standards setzt, die 
tor andere erstrebenswert sind. Auch ihre AnsprGche steig
en standig. Sie als unser Kunde konnen sich auch weiterhin 
auf National Semiconductor verlassen. 

La Qualite et La Fiabilite: 
Une Vocation Commune Chez National 
Semiconductor Corporation 

National Semiconductor Corporation est un des leaders in
dustriels qui fabrique des circuits integres d'une tres grande 
qualite et d'une fiabilite exceptionelle. National a ete le pre
mier a vouloir faire chuter le nombre de. circuits integres 
defectueux et a augmenter la duree de vie des produits. 
Depuis les matieres premieres, en passant par la concep
tion du produit sa fabrication et son expedition, partout la 
qualite et la fiabilite chez National sont sans equivalents. 

Nous sommes tiers de notre succes et le standard ainsi 
defini devrait devenir l'objectif a atteindre par les autres so
cietes. Et nous continuons a vouloir faire progresser notre 
recherche de la perfection; ii en resulte que vous, qui etes 
notre client, pouvez toujours faire confiance a National 
Semiconductor Corporation, en produisant des systemes 
d'une tres grande qualite standard. 

Charles E. Sporck 

Un lmpegno Societario di Qualita e 
Affidabilita 

National Semiconductor Corporation e un'industria al ver
tice nella costruzione di circuiti integrati di alta qualita ed 
affidabilita. National e stata ii principale promotore per l'ab
battimento della difettosita dei circuiti integrati e per l'allun
gamento della vita dei prodotti. Dal materiale grezzo attra
verso tutte le fasi di progettazione, costruzione e spedi
zione, la qualita e affidabilita National non e seconda a nes
suno. 

Noi siamo orgogliosi del nostro successo che fissa per gli 
altri un traguardo da raggiungere. II nostro desiderio di per
fezione e d'altra parte illimitato e pertanto tu, nostro cliente, 
puoi continuare ad affidarti a National Semiconductor Cor
poration per la produzione dei tuoi sistemi con elevati livelli 
di qualita. 

President, Chief Executive Officer 

National Semiconductor Corporation 
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TRADEMARKS 

Following is the most current list of National Semiconductor Corporation's trademarks and registered trademarks. 

AbuseableTM E-Z-LINK™ MICROWIRE/PLUS™ SCX™ 
AnadigTM FACT™ MOLE™ SERIES/800TM 
ANS-R-TRAN™ FACT Quiet SeriesTM MPA™ Series 900TM 
APPS™ FAIRCADTM MST™ Series 3000TM 
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CIMBUS™ ISETM OXISS™ TeleGateTM 
CLAS IC™ ISE/06™ P2CMOS™ The National Anthem® 
Clock,..,Chek™ ISE/08™ PC MasterTM Time,..,Chek™ 
COMBO® ISE/16™ Perfect Watch™ TINA™ 
COMBO I™ ISE32™ Pharma,..,Chek™ TLC™ 
COMBO II™ ISOPLANAR™ PLAN™ Trapezoidal™ 
COPSTM microcontrollers ISOPLANAR-Z™ PLANAR™ TRI-CODE™ 
CRD™ KeyScanTM PLAYER™ TRI-POLY™ 
Datachecker® LMCMOS™ Plus-2™ TRI-SAFE™ 
DENSPAK™ M2CMOSTM Polycraft™ TRI-STATE® 
DIB™ MacrobusTM POSilink™ TURBOTRANSCEIVER™ 
Digitalker® MacrocomponentTM POSitalker™ VIP™ 
DISCERN™ MAXI-ROM® Power + Control™ VR32™ 
DISTILL™ Meai""Chek™ POWERplanar™ WATCHDOGTM 
DNR® MenuMaster™ QUAD3000TM XMOS™ 
DPVM™ MicrobusTM data bus QUIKLOOK™ XPUTM 
E2CMOS™ MICRO-DAG™ RAT™ Z STAR™ 
ELSTAR™ µtalker™ RTX16TM 883B/RETS™ 
Embedded System Microtalker™ SABRTM 883S/RETS™ 

Processor™ MICROWIRE™ Scripi""Chek™ 

Multiwire® is a registered trademark of Multiwire Corporation. 
Mylar® and Teflon® are registered trademarks of E.I. DuPont de Nemours Company. 
PAL® is a registered trademark of and used under license from Advanced Micro Devices, Inc. 
Sentry® is a registered trademark of Schlumberger Limited. 

LIFE SUPPORT POLICY 

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR 
SYSTEMS WITHOUT THE EXPRESS WRITIEN APPROVAL OF THE PRESIDENT OF NATIONAL SEMICONDUCTOR COR
PORATION. As used herein: 

1. Life support devices or systems are devices or systems 
which, (a) are intended for surgical implant into the body, 
or (b) support or sustain life, and whose failure to per
form, when properly used in accordance with instructions 
for use provided in the labeling, can be reasonably ex
pected to result in a significant injury to the user. 

2. A critical component is any component of a life support 
device or system whose failure to perform can be reason
ably expected to cause the failure of the life support de
vice or system, or to affect its safety or effectiveness. 

NationalSemiconductorCorporation 2900 Semiconductor Drive, P.O. Box 58090, Santa Clara, California 95052-8090 (408) 721-5000 
TWX (910) 339-9240 
National does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied, and National reserves the right, at any time 
without notice, to change said circuitry or specifications. 
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Introduction 

National's F1 OOK EGL family has gained acceptance 
as the standard subnanosecond logic and memory 
family used in high-speed, next generation systems. 
The family now includes the F1 OOK 300 Series de
vices that offer specifications of DC and AC parame
ters over the full -4.2V to -5.?V VEE operating 
range and 0°C to 85°C case temperature, military 
versions ( - 55°C to + 125°C), full voltage and tem
perature compensation, PCC packaging and 2000V 
minimum ESD protection. Together the 100 Series 
and 300 Series devices provide a ultra-high perform
ance, cost-effective, easy to use EGL logic family. 

F100K Data Book 

Product Index and Selection Guide 
The Product Index is a numerical list of all device 
types contained in this book, including one page de
scriptions on all of National's other EGL devices 
(SRAMs, PALs and ASICs). The Selection Guide 
groups the products by function and by family. 

Section 1 Family Overview .............. 1-1 
Discusses F1 OOK design philosophy and actualiza
tion and summarizes the key F1 OOK features and 
advantages in high speed systems. The features 
and benefits of the 300 Series devices are brought 
out in great detail. 

Section 2 F100K 300 Series Datasheets .. 2-1 
Contains individual data sheets for the F1 OOK 300 
Series family devices. 

Section 3 F100K 100 Series Datasheets .. 3-1 
Contains individual data sheets for the F1 OOK 100 
Series family devices. 

Section 4 11C Datasheets ............... 4-1 
Contains individual data sheets for the 11 C devices. 

Section 5 ECL BiCMOS SRAMs .......... 5-1 
Contains only the first page of each of the EGL 
BiCMOS SAAM data sheets. For full details refer to 
the Memory Databook. 

v 

Section 6 ECL PALs and ASIC's ......... 6-1 
Contains only the first page of each of the 6 ns and 
4 ns EGL PAL datasheets, and the entire EGL ASIC 
datasheet. For full details on the PALs, refer to the 
Programmable Logic Devices Databook and Design 
Guide. For full details on the ASIC FGE Series, con
tact the ASIC Product Marketing Group. For details 
on the ASIC FGA Series, refer to the FGA Series 
ASPECT™ EGL Gate Array Datasheet. 

F100I< Design Guide and 
Application Notes-Section 7 

Chapter 1 Circuit Basics ................ 7-3 
Discusses internal circuitry and logic function forma
tion. Also, a sample analysis of noise margins is out
lined. 

Chapter 2 Logic Design . ................ 7-9 
Features brief applications of F1 OOK logic arranged 
according to function. 

Chapter 3 Transmission Line Concepts . 7-22 
Reviews the concepts of characteristic impedance 
and propagation delay and discusses termination, 
mismatch, reflections and associated waveforms. 

Chapter 4 System Considerations ...... 7-35 
Extends the transmission line approach to the spe
cific configurations, signal levels and parameter val
ues of EGL. Various methods of driving and termi
nating signal lines are discussed. 

Chapter 5 Power Distribution and 
Thermal Considerations ..... 7-48 

Discusses power supply, decoupling and system 
cooling requirements. 
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Chapter 6 Testing Techniques ......... 7-55 
Discusses various methods and techniques used in 
testing EGL devices (intended for those concerned 
with customer incoming inspection). Also includes a 
section on Electrostatic Discharge, what is ESD and 
how we perform our ESD Classification testing. 

vi 

Chapter 7 Quality Assurance 
and Reliability ............... 7-62 

Reviews the quality and reliability programs currently 
in use. 

Application Notes ...................... 7-67 
Contains several application notes on designing high 
speed systems using EGL. 

Section 8 Ordering Information and 
Package Outlines ............. 8-1 



Alpha-Numeric Index 
11 C01 Dual Input OR/NOR Gate ............................................................ 4-3 
11 C05 1 GHz Divide-by-Four Counter ........................................................ 4-6 
11 C06 750 MHz D-Type Flip-Flop ........................................................... 4-1 O 
11 C70 Master-Slave D-Type Flip-Flop ....................................................... 4-14 
11 C90 650 MHz Prescaler ................................................................. 4-20 
11 C91 650 MHz Prescaler ................................................................. 4-20 
AN-573 Design Considerations for High Speed Architectures ................................... 7-67 
AN-582 Using the F100250 for Copper Wire Data Communications ............................. 7-75 
AN-650 The ECL System Solution .......................................................... 7-88 
AN-651 10K vs 100K ECL 1/0 System Considerations ......................................... 7-92 
AN-682 Terminating F100K ECL Inputs ...................................................... 7-96 
AN-683 300 MHz Dual Eight-Way Multiplexer/Demultiplexer ................................... 7-98 
AN-684 F100336 Four Stage Counter /Shift Register ......................................... 7-100 
AN-685 Using the F100181 ALU and F100179 Carry Look-Ahead .............................. 7-107 
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F100102 Quint 2-lnput OR/NOR Gate ........................................................ 3-6 
F100104 Quint 2-lnput AND/NANO Gate ..................................................... 3-9 
F100107 Quint Exclusive OR/NOR Gate .................................................... 3-13 
F100112 Quad Driver ..................................................................... 3-17 
F100113 Quad Driver ..................................................................... 3-21 
F100114 Quint Differential Line Receiver .................................................... 3-25 
F100115 Low Skew Quad Driver ............................................................ 3-29 
F100117 Triple 2-Wide OA/OAI Gate ....................................................... 3-33 
F100118 5-Wide 5-4-4-4-2 OA/OAI Gate .................................................... 3-36 
F100121 9-Bit Inverter .................................................................... 3-40 
F100122 9-Bit Buffer ...................................................................... 3-43 
F100123 Hex Bus Driver .................................................................. 3-46 
F100124 Hex TTL-to-1 OOK ECL Translator ................................................... 3-50 
F100125 Hex 1 OOK ECL-to-TTL Translator ................................................... 3-54 
F100126 9-Bit Backplane Driver ............................................................ 3-58 
F100128 Octal Bidirectional ECL/TTL Translator ............................................. 3-61 
F100130 Triple D Latch ................................................................... 3-70 
F100131 Triple D Flip-Flop ................................................................. 3-76 
F100135 Triple JK Flip-Flop ................................................................ 3-84 
F100136 4-Stage Counter/Shift Register .................................................... 3-90 
F100141 8-Bit Shift Register .............................................................. 3-100 
F100142 4 x 4 Content Addressable Memory ............................................... 3-106 
F100150 Hex D Latch .................................................................... 3-113 
F100151 Hex D Flip-Flop ................................................................. 3-119 
F100155 Quad Multiplexer/Latch .......................................................... 3-125 
F100156 Mask/Merge Latch .............................................................. 3-131 
F100158 8-Bit Shift Matrix ................................................................ 3-137 
F100160 Dual Parity Checker/Generator ................................................... 3-145 
F100163 Dual 8-lnput Multiplexer .......................................................... 3-150 
F100164 16-lnput Multiplexer ............................................................. 3-155 
F100165 Universal Priority Encoder ........................................................ 3-160 
F100166 9-Bit Comparator .......................... · ..................................... 3-166 
F100170 Universal Demultiplexer/Decoder ................................................. 3-171 
F100171 Triple 4-lnput Multiplexer with Enable .............................................. 3-176 
F100175Quint100K-to-10K Latch ......................................................... 3-181 
F100179 Carry Lookahead Generator ...................................................... 3-187 
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F100180 High-Speed 6-Bit Adder .......................................................... 3-194 
F100181 4-Bit Binary/BCD ALU ........................................................... 3-199. 
F100182 9-Bit Wallace Tree Adder ........................................................ 3-206 
F100183 2 x 8-Bit Recode Multiplier ....................................................... 3-214 
F100250 Quint Full Duplex Line Transceiver ............. , .................................. 3-226 
F100301 Low Power Triple 5-lnput OR/NOR Gate ............................................. 2-3 
F100302 Low Power Quint 2-lnput OR/NOR Gate ............................................. 2-8 
F100304 Low Power Quint AND/NANO Gate ................................................ 2-13 
F100307 Low Power Quint Exclusive OR/NOR Gate .......................................... 2-17 
F100311 Low Skew 9-Bit Clock Driver ....................................................... 2-21 
F100313 Low Power Quad Driver ........................................................... 2-22 
F100314 Low Power Quint Differential Line Receiver .......................................... 2-27 
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F100341 Low Power 8-Bit Shift Register ..................................................... 2-68 
F100343 Low Power Octal Latch ........................................................... 2-76 
F100344 Low Power Octal Latch with Cutoff Drivers .......................................... 2-83 
F100350 Low Power Hex D Latch .......................................................... 2-90 
F100351 Low Power Hex D Flip-Flop ........................................................ 2-91 
F100352 Low Power Octal Buffer with Cutoff Drivers .......................................... 2-98 
F100353 Low Power Octal Register ........................................................ 2-105 
F100354 Low Power Octal Register with Cutoff Drivers ....................................... 2-112 
F100355 Low Power Quad Multiplexer/Latch ............................................... 2-119 
F100360 Low Power Dual Parity Checker/Generator ......................................... 2-128 
F100363 Low Power Dual 8-lnput Multiplexer ............................................... 2-135 
F100364 Low Power 16-lnput Multiplexer ................................................... 2-141 
F100370 Low Power Universal Demultiplexer/Decoder ....................................... 2-142 
F100371 Low Power Triple 4-lnput Multiplexer .............................................. 2-143 
F100393 Low Power 9-Bit EGL-to-TTL Translator with Latch .................................. 2-144 
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F100K Product Selection Guide 

Gates 

Function Device 
Inputs/ No.of 

Gate Gates 

OR/NOR/Exclusive OR 

Low Power Triple 5-lnput OR/NOR 100301 5 3 
Triple 5-lnput OR/NOR 100101 5 3 
Low Power Quint 2-lnput OR/NOR 100302 2 5 
Quint 2-lnput OR/NOR 100102 2 5 
Dual Input OR/NOR 11C01 415 2 
Low Power Quint Exclusive OR/NOR 100307 2 5 
Quint Exclusive OR/NOR 100107 2 5 

AND/NANO 

Low Power Quint 2-lnput AND/NANO 100304 2 5 
Quint 2-lnput AND/NANO 100104 2 5 

OR-AND/OR-AND-INVERT 

Triple 2-Wide OA/OAI 100117 2 3 
5-Wide 5, 4, 4, 4, 2 OA/OAI 100118 514141412 1 

Flip-Flops 

Function Device 
Clock Direct Direct Complementary 
Edge Set Clear Outputs 

Low Power Triple D Flip-Flop 100331 ..../" Yes Yes Yes 
Triple D Flip-Flop 100131 ..../ Yes Yes Yes 
Triple J-K Flip-Flop 100135 ..../ Yes Yes Yes 
Low Power Hex D Flip-Flop 100351 ..../" No Yes Yes 
Hex D Flip-Flop 100151 ..../" No Yes Yes 
750 MHz D Flip-Flop 11C06 ..../ No No Yes 
Master-Slave D Flip-Flop 11C70 ..../ Yes Yes Yes 

Latches 

Function Device 
Enable Complementary Direct Direct 
Inputs Outputs Set Clear 

Triple D Latch 100130 4(L) Yes Yes Yes 
Low Power Hex D Latch 100350 2(L) No Yes Yes 
Hex D Latch 100150 2(L) Yes No Yes 
Low Power Quad 2-lnput Mux/Latch 100355 2(L) No Yes Yes 
Quad 2-lnput Mux/Latch 100155 2(L) Yes No Yes 
Mask-Merge Latch 100156 1(L) No No No 
Quint 1 OOK-to-1 OK Latch 100175 2(L) No No Yes 
Low Power 8-Bit Latch 100343 2(L) No No No 
Low Power 8-Bit Latch w/Cutoff 100344 3(L) No No No 

Drivers and 250 Drive 

ix 

Leads 

24, 28(PCC) 
24 

24, 28(PCC) 
24 
16 

24, 28(PCC) 
24 

24, 28(PCC) 
24 

24 
24 

Leads 

24, 28(PCC) 
24 
24 

24, 28(PCC) 

24 
16 
16 

Leads 

24 
24, 28(PCC) 

24 
24, 28(PCC) 

24 
24 
24 

24, 28(PCC) 
24, 28(PCC) 
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Multiplexers/Demultiplexers/Decoders ·s 
Cl 
c Enable Complementary 
0 Function Device Leads 
;:; Inputs Outputs 
(,) 
G> Multiplexers a; 
en Low Power Quad 2-lnput Mux/Latch 100355 2(L) Yes 24, 28(PGG) - Quad 2-lnput Mux/Latch 100155 2(L) Yes 24 (,) 
:::s Low Power Dual 8-lnput 100363 No 24, 28(PGC) 

"C 
0 Dual 8-lnput 100163 No 24 ... 
c.. Low Power 16-lnput 100364 No 24, 28(PGG) 
~ 16-lnput 100164 No 24 
0 
0 Low Power Triple 4-lnput 100371 1(L) Yes 24, 28(PGG) ._ 

Triple 4-lnput 100171 1(L) Yes 24 u. 
Decoders/Demultiplexers 

Low Power Dual 1-of-4/Single 1-of-8 100370 2(L) &2(L) No 24, 28(PGG) 

Dual 1 of 4/Single 1 of 8 100170 2(L) &2(L) No 24 

Translators 

Function Device 
Enable 

Features Complementary Leads 
Inputs 

Low Power Hex TTL-to-1 OOK EGL 100324 1(H) Flow-thru Outputs 24, 28(PGG) 
Hex TTL-to-1 OOK EGL 100124 1(H) Flow-thru Outputs 24 
Low Power Hex 100K EGL-to-TTL 100325 Flow-thru Inputs 24, 28(PGG) 

Hex 100K EGL-to-TTL 100125 Flow-thru Inputs 24 
Low Power Octal Bidirectional EGL/TTL 100328 1(H) Latch 24, 28(PGG) 
Low Power Octal Bidirectional EGL/TTL 100329 Register 24, 28(PGC) 

Octal Bidirectional EGL/TTL 100128 1(H) Latch 24 
Quint 100K-to-10K 100175 2(H) Latch 24 
Low Power 9-Bit EGL-to-TTL 100393 1(H) Latch 24, 28(PGG) 
Low Power 9-Bit EGL-to-TTL 100395 Register 24, 28(PGG) 

Registers/Shift Registers 

Function Device 
Clock Complementary 

Leads 
Inputs Outputs 

Registers 

Low Power 8-Bit Register 100353 _r No 24, 28(PGG) 
Low Power 8-Bit Register w/Gutoff 100354 _r No 24, 28(PGG) 

Drivers and 250 Drive 

Shift Registers 

Low Power 4-Bit Bidirectional Shift Reg. 100336 _r Yes 24, 28(PGG) 
4-Bit Bidirectional Shift Reg 100136 _r Yes 24 
Low Power 8-Bit Shift Register 100341 _r No 24, 28(PGG) 
8-Bit Shift Register 100141 _r No 24 

New Octals 

Function Device 
250 Output 

Leads 
Drive Cutoff 

Low Power 8-Bit Latch 100343 No No 24, 28(PGG) 
Low Power 8-Bit Latch 100344 Yes Yes 24, 28(PGC) 

Low Power 8-Bit Buffer 100352 Yes Yes 24, 28(PGG) 
Low Power 8-Bit Register 100353 No No 24, 28(PGC) 

Low Power 8-Bit Register 100354 Yes Yes 24, 28(PGG) 

x 



Buffers/Drivers/Receivers 

Function Device 

Buffers/Inverters 

Low Power 9-Bit Inverter 100321 
9-Bit Inverter 100121 
Low Power 9-Bit Buffer 100322 
9-Bit Buffer 100122 
Low Power 8-Bit Buffer 100352 

Drivers/Bus Drivers 

Low Power Quad Line Driver 100313 
Quad Line Driver 100113 
Quad Line Driver 100112 
Low Skew Quad Clock Driver 100115 
Low Skew 9-Bit Clock Driver 100311 
Hex Bus Driver 100123 
9-Bit Backplane Driver 100126 

Receivers/Transceivers 

Low Power Quint Differential Line Receiver 100314 
Quint Differential Line Receiver 100114 
Quint Full Duplex Line Transceiver 100250 

Counters/Prescalers 

Function Device 

Counters 

Low Power 4-Bit Binary Counter 100336 
4-Bit Binary Counter 100136 
1 GHz Divide-by-Four Counter 11C05 

Pre scalers 

650 MHz Prescaler 11C90 
650 MHz Prescaler 11C91 

Arithmetic Operators 
Function 

High Speed 6-Bit Adder 
Carry Lookahead 
4-Bit Binary/BCD ALU 
9-Bit Wallace Tree Adder 
2 x 8-Bit Recode Multiplier 
Low Power Dual 9-Bit Parity Checker/Generator 
Dual 9-Bit Parity Checker/Generator 
9-Bit Comparator 
8-lnput Priority Encoder 
8-Bit Shift Matrix 
4-Bit Mask-Merge/Latch 
4 x 4-Bit Content Addressable Memory 

Output 25!1 Output 
Polarity Drive Cut-Off 

Inverting No No 
Inverting No No 

Non-Inverting No No 
Non-Inverting No No 
Non-Inverting Yes Yes 

Differential No No 
Differential No No 
Differential No No 
Differential No No 
Differential No No 

Non-Inverting Yes Yes 
Non-Inverting No No 

Differential No No 
Differential No No 
Differential No No 

Parallel 
Reset Up/Down 

Entry 

s SIA Yes 
s SIA Yes 

No No 

No No 
No No 

Device Features 

100180 
100179 
100181 8 Logic/8 Arithmetic Ops 
100182 Expandable 
100183 
100360 Expandable 
100160 Expandable 
100166 Expandable 
100165 Dual 4-Bit/Single 8-Bit 
100158 Barrel Shift, Backfill 
100156 Bit-Selectable Merge 
100142 

xi 

Leads 

24, 28(PCC) 
24 

24,28(PCC) 
24 

24, 28(PCC) 

24, 28(PCC) 
24 
24 
16 

28(PCC) 
24 
24 

24, 28(PCC) 
24 
24 

Leads 

24, 28(PCC) 
24 
16 

16 
16 

Leads 

24 
24 
24 
24 
24 

24, 28(PCC) 
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C1> 
"C 
·3 
CJ 
c BiCMOS ECL 1/0 SRAM Selection Guide 
0 
;:; 
CJ Part 
C1> 

Ci) Number 
Organization 1/0 Level VEE Access (ns) Leads 

Temperature 
Range 

en - NM5100 256k x 1 100K -5.2V ±5% 15 24 0°Cto +85°C 
CJ 

NM100500 ::J 256k x 1 100K - 4.2V to - 4.8V 15 24 0°Cto +85°C 
"C NM5104 0 64kx4 100K -5.2V ±5% 12, 15 28 0°Cto +85°C ... NM100504 D. 64kx4 100K -4.2V to -4.8V 15 28 0°Cto +85°C 

~ NM100494 16kx 4 10K -4.2Vto -4.8V 15, 18 28 0°Cto +85°C 
0 NM10494 0 16kx 4 100K -5.2V ±5% 10, 12, 15 28 0°Cto +75°C ..... NM100492 u. 2kx9 100K - 4.2V to - 4.8V 7, 10 64 0°Cto +75°C 

NM4492 2kx 9 100K -5.2V ±5% 5, 7, 10 64 0°Cto +75°C 

For further information on the ECL SRAMs, see the one page description of each device in this book; or refer to the Memory Databook for full details. 

ECL Programmable Logic Selection Guide 

Part Number 
Tpo (Max) 

Ice (Max) 
Outputs 

Leads 
(Note 1) Combinatorial Registered 

PAL1016P8 6 ns -240mA 8 24 
PAL10016P8 6 ns -240 mA 8 24 
PAL1016P4A 4 ns -220 mA 4 24 
PAL10016P4A 4 ns -220 mA 4 24 
PAL 1016PE8-3 3 ns -180 mA 8 28 
PAL10016PE8-3 3 ns -180 mA 8 28 
PAL1016P8-3 3 ns -180 mA 8 24 
PAL 10016P8-3 3 ns -180 mA 8 24 
PAL1016C4-2 2 ns -180 mA 4 28 
PAL10016C4-2 2 ns -180 mA 4 28 
PAL1016P4-2 2 ns -180 mA 4 24 
PAL10016P4-2 2 ns -180 mA 4 24 

PAL1016RD8 6ns -280mA 8 24 
PAL 10016RD8 6 ns -280 mA 8 24 
PAL 1016RM4A 4 ns -220 mA 4 24 
PAL 10016RM4A 4 ns -220 mA 4 24 

Note 1: Maximum tp0 for combinatorial outputs (commercial operating range). Denotes characteristic speed of family where product has all registered outputs. 

For further information on the ECL PALs, see the one page description of the devices in this book; or refer to the Programmable Logic Devices Databook and 
Design Guide. 
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ECL Gate Array Selection Guide 
FGE Series 

Part Equivalent Internal Internal 
Leads 

Number Gates Cells Gate Delay 

FGE0050 60 4 225 ps 24 
FGE0500 680 50 225 ps 84 
FGE2000 2500 224 225ps 132 
FGE2450 2840 252 225ps 99 
FGE2500 2840 252 225 ps 156 
FGE6300 6300 560 250 ps 301 
FGE6320R 3500 plus 280 250ps 301 

2.3k Bits RAM 

For further information on the ECL FGE Series Gate Arrays, contact the ASIC Product Marketing Group. 

FGA Series-ASPECT 
Part Equivalent Internal Internal 

Leads 
Number Gates Cells Gate Delay 

FGA0150 269 75 150 ps 16,24,28 
FGA0200 269 75 150 ps 16, 24, 28 
FGA0600 792 240 150 ps 44,75 
FGA1300 1642 528 150 ps 75, 109, 116 
FGA2800 3035 1044 150 ps 75, 109, 116 
FGA4000 4704 1600 150 ps 99, 132, 172, 173 
FGA8000 8000 3000 150 ps 99, 132, 172, 173 
FGA14000 16709 5904 150 ps 323 
FGA15000 16644 5920 150 ps 303 
FGA30000 28486 10266 150 ps 323 
FGA14040R 7835 plus 2624 plus 150 ps 323 

4.6k Bits RAM 64 x 9 x8 RAM 

For further information on the ECL Gate Array devices, see the full description of the FGA Series in this book; or refer to the FGA Series ASPECT™ ECL Gate 
Array Databook. 
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lr. Definition of Terms 

Data Sheet Identification Product Status 

Formative or 
In Design 

First 
Production 

Full 
Production 

Definition 

This data sheet contains the design specifications for product 
development. Specifications may change in any manner without notice. 

This data sheet contains preliminary data, and supplementary data will 
be published at a later date. National Semiconductor Corporation 
reserves the right to make changes at any time without notice in order 
to improve design and supply the best possible product. 

This data sheet contains final specifications. National Semiconductor 
Corporation reserves the right to make changes at any time without 
notice in order to improve design and supply the best possible product. 

National Semiconductor Corporation reserves the right to make changes without further notice to any products herein to 
improve reliability, function or design. National does not assume any liability arising out of the application or use of any product 
or circuit described herein; neither does it convey any license under its patent rights, nor the rights of others. 
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Family Overview 

Introduction 
Systems designers have found that Emitter Coupled Logic 
(ECL) circuits offer significant advantages to high-speed 
systems. These advantages include high switching rates 
with moderate power consumption, low propagation delays 
with moderate edge rates, and the ability to drive low imped
ance transmission lines. Most F1 OOK devices have 50 kn 
pull-down resistors on all the inputs. 

The F1 OOK ECL family is the realization of refinements 
made on ECL design to produce a family of ultrafast logic 
and memory components. These components are capable 
of providing ultimate performance for packaged SSl/MSI, 
are easy to use, and cost effective. 

F1 OOK ECL has been accepted as the standard subnanose
cond logic and memory family used in high-speed, next gen
eration systems. The advance into complex LSI and gate 
arrays is fully supported by the F100K SSl/MSI parts. 

Beginning in 1989, National introduced a new line of F100K 
ECL products, known as 300 Series. These 300 Series 
products are fully compatible with existing F1 OOK 100 Se
ries Products, but offer many improvements. Features in
clude much lower power dissipation, stable DC specifica
tions over a wider supply voltage range, plastic chip carrier 
(PCC) surface mount packaging, higher electrostatic dis
charge (ESD) tolerance, and full MIL-STD-883C qualifica
tion levels. The 300 Series family includes pin and function 
compatible versions of several popular 100 Series products, 
as well as many new proprietary products. 

Most of the 300 Series improvements were extensions of 
F1 OOK 100 Series design and process techniques. This sec
tion will begin with an overiew of the F100K 100 Series fami
ly, and then discuss the 300 Series improvements. Generic 
references to F1 OOK apply to both Series of products. 

F100K 100 Series 
Design Philosophy 
F1 OOK 100 Series was designed to meet four key require
ments: high speed at reduced power, high level of on-chip 
integration, flexible logic functions, and optimum 1/0 pin as
signment. 

Subnanosecond Gate Delays 

The subnanosecond internal gate delays of F1 OOK 100 Se
ries are obtained by the use of ECL design techniques and 
the advanced lsoplanar-Z process. Many circuit approaches 
were carefully considered prior to selecting the optimum 
gate configuation for the F1 OOK family. The emitter-follower 
current-switch (E2CL) and current-mode logic (CML) gates 
were eliminated mainly because of poor capacitive drive 
and lack of output wired-OR capability; the CML gate has 
low noise margins. The 2-1/20, EFL, DCTIL and hysteresis 
gates were eliminated due to the lack of simultaneous com
plementary outputs along with difficult temperature and volt-
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age compensation characteristics that lead to the loss of 
system noise immunity. 

The choice narrowed down to the current-switch emitter-fol
lower ECL gate which offers the following characteristics: 

• High fan-out capability 

• Simultaneous complementary outputs 

• Excellent AC characteristics 

• Compatibility with existing ECL logic and memories 

• Internal series gating capability 

• Good noise immunity 

• Amenable full compensation and extended temperature 
characteristics 

• External wired-OR capability 

In order to ease drive requirements all circuit inputs were 
designed to have similar loading characteristics; i.e., buffers 
are incorporated where an input pin would normally drive 
more than one on-chip gate. The on-chip delay incurred by 
buffering is less than the system delay caused by an output 
which drives a capacitance of higher than three unit loads. 
Full compensation was selected for the F1 OOK Family to 
provide improved switching characteristics. Full compensa
tion results in relatively constant signal levels and thresh
olds and in improved noise margins over temperature and 
voltage variations from chip to chip, and thus a tighter AC 
window in the system environment. A comparison of fully 
compensated ECL to conventional ECL shows a 2: 1 im
provement in system AC performance due solely to full 
compensation (Agure 1-1). And, the improved speed has 
been achieved at reduced power. Power reduction is ac
complished by the use of advanced process technology that 
reduces parasitic capacitances and improves tolerances, by 
optimum circuit designs using series gating and collector 
and emitter dotting, and by designing for the use of a -4.SV 
VEE power supply. F100K 100 Series is specified at a VEE 
power supply of -4.2V to -4.BV, but a -5.2V ± 10% pow
er supply can be used to interface with 2 ns ECL families. 
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FIGURE 1·1. Comparison of Propagation Delays 
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High On-Chip Integration 

Higher on-chip integration is made possible by using the 24-
pin package to increase the number of signal pins by 62% 
over the conventional 16-pin package. The emphasis in 
F1 OOK is to minimize the number of SSI functions and maxi
mize the use of MSI and LSI to reduce wiring delays and 
thus make more efficient use of the fast on-chip switching 
technology. Only 10 SSI functions are needed to serve the 
system needs presently requiring 25 functions in the EGL 
10K family. 

Flexibility and Pin Assignment 

F100K was planned to minimize to total number of logic 
functions by increasing the flexibility of each function and by 
making use of more 1/0 pins. Since next-generation system 
performance and ease of system designs are major F100K 
goals, pin assignment is important and was planned to mini
mize crosstalk, noise coupling and feedthrough, to facilitate 
OR-ties and to ease power-bus routing. Some of the key 
considerations in selecting the F1 OOK pin assignments 
were: 

• Locate power pins in the center on opposite sides of the 
DIP package to ease system design and to provide low
inductance connections to the chip. 

• Provide two Vee pins, one for the internal circuit and one 
for the output buffers, to minimize noise coupling. 

• Locate inverting outputs of logically independent gates 
adjacent to each other. This provides the ability to wire 
AND-OR-Invert functions with ease. 

• Locate common pins such as common Reset and com
mon Clock at pin number 22 and Address or control in
puts at pins 19 and 20 for flatpaks. This is to maximize 
use of Computer Aided Design (CAD) for board layouts. 

• When feasible, mode control pins are used to create mul
tipurpose devices. 

Process Technology 
FAST ·Z Process 

The F100K 100 Series EGL family is fabricated using an 
advanced isoplanar technology called FAST-Z. This pro· 
cess makes possible subnanosecond logic delays and very 
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highly controlled switching characteristics for consistent de
vice-to-device high-speed performance. 

The technology can best be described by reviewing the evo
lution of the transistor structure from the conventional pla
nar and the original lsoplanar II processes to the FAST-Z 
and FAST-LSI processes (Figure 1-2). The top view shows 
the area needed for each structure; the dashed area is the 
center of the isolation region. 

As in all lsoplanar technologies, the FAST-Z processes se
lectively grow a thick oxide between devices instead of the 
P + region that is present in the planar process. The oxide 
needs no separation from the base-collector regions, result
ing in a substantial reduction in device and chip size. The 
base and emitter ends terminate in the oxide wall. The mask 
openings can therefore overlap onto the isolation oxide 
making them self-aligned in that direction. This overlap fea
ture means that base and emitter masking does not have to 
meet the extremely close tolerances that might otherwise 
be necessary. In addition, the FAST-Z transistor contacts 
are defined on a single mask layer making them self-aligned 
in the other direction. 

Both the self-alignment feature and the ability to overlap the 
mask openings onto the isolation oxide provide improved 
process control. The need to meet extremely close toler
ances that otherwise might be necessary is therefore avoid
ed. 

The FAST-Z "walled emitter" structures provide a reduction 
in transistor silicon area of 400 percent as compared to the 
planar structure. The collector-substrate therefore is also 
reduced by 400 percent. The collector-base area is reduced 
by 540 percent. These area reductions, combined with the 
shallower junctions achieved by well controlled ion implan
tation processes, provide significantly reduced capacitance 
and resistance values within the FAST-Z transistor struc
ture. This, is turn, allows higher speeds; 

FAST-LSI Process 

The 300 Series family is fabricated using an advanced iso
planar technology called FAST-LSI. The FAST-LSI process 
is similar to FAST-Z, but also includes many improvements 
which enhance performance, manufacturability, and reliabili
ty. Metal alignments have been tightened, shortening the 
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FIGURE 1-2. Evolution of Bipolar Transistor Structures 
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distance between base and emitter contacts. This reduces 
the base capacitance, giving Frs of 8 GHz vs 5 GHz for 
FAST-Z. Parasitic capacitances are also reduced, allowing 
products to be designed with lower power consumption. 

The FAST-LSI process implements wafer planarization 
techniques to smooth the interconnect metal transitions, 
significantly reducing thermal stresses on the die when en
capsulated in molded plastic packaging. In addition, these 
planarization techniques increase metal step coverage to 
typically 65% for first level metal and 75% for second level 
metal. Increased metal thicknesses over a step improve 
current density performance and circuit reliability. First layer 
metal step coverage is improved by the addition of bird's 
head planarization after the oxide isolation process. Second 
layer metal step coverage improvements are provided by a 
technique known as spun-on-glass, an interlayer dielectric 
planarization. 

FAST-LSI is a fully ion-implanted process, providing more 
precise control over doping profiles. This not only improves 
device performance, but also allows tighter manufacturing 
tolerances on transistor gains and resistor values. These 
tighter tolerances were exploited in the design of F1 OOK 
300 Series to meet the same-speed, half-power targets for 
the product line. The field oxide in FAST-LSI is doped (vs. 
undoped in FAST-Z). This lowers current leakage even fur
ther while still maintaining the walled emitter structures fea
tured in FAST-Z. 

The metal structure of FAST-LSI is also improved. Platinum
silicide is used to provide ohmic contacts to N + and P + 
regions, as well as Schottky diode contacts to N - regions. 
The Schottky diodes are used in the design of the high-per
formance TTL output stages in the 300 Series ECL-TTL lev
el translators. A titanium-tungsten layer is utilized as a diffu
sion barrier against aluminum migration into the underlying 
silicon. Finally, both first and second layer metal use a cop
per-doped aluminum metalization which enhances reliability 
by providing a high resistance to electromigration. 

Compensation Network 
The heart of F100K is fully compensated ECL.1 The basic 
gate consists of three blocks-the current switch, the output 
emitter-followers, and the reference or bias network (Figure 
1-3). The current switch allows both conjunctive and dis
junctive logic. The output emitter-followers provide high 
drive capability through impedance transformation and al
lows for increased logic swing. The bias network sets DC 
thresholds and current-source bias voltages. Temperature 
compensation at the gate output is achieved by incorporat
ing a cross-connect branch between the complementary 

O/P 

INPUTS 

CURRENT 
SWITCH 

collector nodes of the current switch and driving the current 
source with a temperature insensitive bias network2 
(Figure 1-4). 
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FIGURE 1·4. Temperature Compensation 

As junction temperature increases and the forward base
emitter voltage of the output emitter-follower decreases, the 
collector node of the current switch must become more 
negative. Since the current-source bias voltage, Vcs. is in
dependent of temperature, the switch curent increases with 
temperature due to the temperature dependence of VsEC· 
The combination of temperature controlled current, IE, and 
the cross-connect branch current, Ix, forces the proper tem
perature coefficient at the collector node of the current 
switch to null out the VsEO tracking coefficient.3 

The schematic for the reference network displays a VsE1 
amplifier in the bottom left corner (Figure 1-5). Two base
emitter junctions are operated at different current densities, 
J1 and J2. The resulting voltage difference, VsE1 minus 
VsE2· appears across R1 and is amplified by the ratio R2/ 
R1. Note that R2 is used twice, once to generate Vcs and 
once to generate V99. The different current densities, J1 
and J2, result in a positive temperature tracking coefficient 
across R2, which cancels the negative diode-tracking coeffi
cient of VsE3 and VsE4· The Vcs and the Vss thus generat
ed are temperature insensitive at the extrapolated bandgap 
voltage of silicon1. 2 (approximately 1300 mV).4 Rx in the 
VsE amplifier compensates for process variations of /3 and 
AVsE·s Voltage regulation is achieved through a shunt regu
lator shown at the right side of the schematic. 
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FIGURE 1·3. ECL Gate 
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FIGURE 1-5. Reference Network 

Characteristics 
F1 OOK compatibility with existing ECL logic families and 
memories permit direct interface with slower logic families 
and ensures immediate memory availability. The typical log
ic swing is 800 mV (Figure 1-6) and all voltage levels are 
specified with a 50.0. load to - 2V at all outputs to provide 
transmission line drive capability. However, the inherently 
low output impedance (Figure 1-7) and maximum specified 
output current, 50 mA, make 25.0. drive possible at any or all 
outputs. Alternately, of course, higher termination imped
ances or other termination schemes are also useful. 
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FIGURE 1-6. Transfer Characteristics 
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FIGURE 1-7. Output Characteristics vs 
Output Terminations 

F1 OOK exhibits relatively constant output levels and thresh
olds over the 0°C to + 85°C specified temperature range 
and -4.2V to -4.BV specified voltage range (Figure 1-8). 
VEE power supply current is also constant over the specified 
voltage range (Figure 1-9); therefore: 

Fully Compensated ECL (over Vee range) 

> 
I 

w 
Cl ·cc .... , .... 
10 
> .... 
1:::1 
Q, .... 
1:::1 
10 
I .... 

'::I 
.o 
·> 

-0.6 

-0.8 

-1.0 

-1.2 

-1.4 

-1.6 

-...., L] 

~I 
[ 

Vl 
_/ ' "j"4.5 Vj=7% 

-1.8 

-2.0 -1.B -1.6 -1.4 -1.2 -1.0 -0.8 -0.6 

V1N - INPUT VOLTAGE - V 

TL/F/9908-14 



Uncompensated ECL (over VEE range) 
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FIGURE 1-8. Transfer Characteristics 

Uncompensated ECL (over temperature) 
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FIGURE 1-8. Transfer Characteristics (Continued) 
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• Propagation delay is relatively constant versus power 
supply voltage variations thus tightening the AC window. 

• Power dissipation is a linear function of the supply volt-
age, reducing worst-case power consumption. 

The typical propagation delay of an SSI gate function driving 
a son transmission line is 0. 75 ns, including package, with a 
power dissipation of 40 mW resulting in a speed-power 
product of 30 pJ. For optimized MSI functions, the internal 
gates can dissipate < 10 mW with average propagation de
lay of < 0.5 ns, giving a power-speed product of < 5 pJ. 
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FIGURE 1-9. Change In IEE VS Change in VEE 

F1 OOK has a tighter AC window over the wide range of envi
ronmental conditions; thus, the system timing requirements 
are eased and maximum system clock rates are increased. 
At the sacrifice of AC performance, the small-signal input 
impedance was conservatively designed to be positive-real 
over the frequency range encountered by any circuit input. 
This provides adequate damping to insure AC stability within 
the system. 

F1 OOK 300 Series 
Design Philosophy 
F1 OOK 300 Series was designed to improve several per
formance parameters while still maintaining the speed and 
functionality requirements of the original F1 OOK family. 
These new improvements enable 300 Series to be used in 
an even broader range of applications. 

Most importantly, 300 Series products all meet F1 OOK's op
timized speeds and edge rates, while consulting up to 50% 
less power. These lower power designs, combined with the 
manufacturability of the FAST-LSI process (see Process 
Technology), enabled the 300 Series line to be reliably 
packaged in plastic leaded chip carrier (PCC) packages. A 
graph is shown comparing the power consumption of the 
F100124 and F100324 vs. supply voltage (Figure 1-10). In 
addition, 300 Series is designed with a more stable voltage 
reference network, providing a single set of DC specifica
tions across a wider supply voltage range ( - 4.2V to 
-5.7V), easing the design of 300 Series into systems which 
use - 5.2V power supplies. Also, 300 Series products have 
been designed to comply with all MIL-STD-883C require
ments, including operation over the full military temperature 
range of - 55°C to + 125°C. Finally, electrostatic discharge 
(ESD) protection diodes have been added to both input and 
output circuitry, guaranteeing a minimum of 2000V ESD pro
tection for all 300 Series products. 
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Several new circuits were utilized to achieve the perform
ance improvements. The stabilized DC characteristics 
across the - 4.2V to - 5. 7V power supply range are 
achieved through use of an improved reference network 
(Figure 1-11). This network replaces a resistor with a PNP 
transistor (03). The collector-emitter voltage of 0 3 varies 
with Vee. allowing the voltage at the base of 0 6 to remain 
constant as Vee varies. This, in turn, stabilizes both Vss 
and Ves. so that as VEE varies from -4.2V to -5.7V, Vss 
varies no more than 15 mV-20 mV. (Variation of Vss in 
F100K 100 Series products over this same voltage range 
can be as much as 70 mV-80 mV). The improved stability 
of 300 Series vs. Vee is reflected in the single set of DC 1/0 
specifications guaranteed across this wider voltage range. 
These specifications are identical to the F1 OOK 100 Series 
specifications listed at -4.5V. As shown in Figure 1-12, 
they increase minimum noise margins guaranteed by 300 
Series to 140 mV. 
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FIGURE 1·10. 300 Serles Power Reduction 
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FIGURE 1-11. 300 Series Reference Network 
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All 300 Series products are designed to operate over the full 
military temperature range. To achieve this, internal voltage 
swings were increased to guardband against transistor satu
ration at temperature extremes. The faster transistor 
speeds offered by the FAST-LSI process compensated for 
the increased delays introduced by the wider voltage 
swings. Some of the more complex products utilize multi
level series gating to achieve higher levels of logic complex
ity at while reducing gate delays and power consumption. 
These products employ a Widlar Current Sink (Figure 1-13) 
to compensate for VsE shifts at - 55°C. In this circuit, the 
emitter resistor is removed from the current source (01), 
providing more voltage headroom at lower temperatures, 
and avoiding saturation of the current source at - 55°C. A 
second transistor (02), driven by a voltage biased at Ves + 
VsE. provides Ves at its emitter to drive the current source. 
This minimizes power by reducing the loading on the refer
ence generator. A temperature-compensated current mirror 
(03) is employed to control the base voltage of the current 
source so that it doesn't move regardless of VEE or temper
ature changes. 

Yes 

01 

Electrostatic discharge (ESD) protection diodes were added 
to all 300 Series designs (Figure 1-14) specifically in the 
circuit paths that were most prone to ESD damage on 
F100K 100 Series products: input-to-Vee. input-to-VEE· and 
output-to-Vee· These diodes (D1, D2. and 03) are utilized to 
shunt the current caused by an ESD voltage pulse away 
from either the input or output circuitry. Depending on the 
polarity of the ESD voltage, the diodes either become for
ward-biased, directing the current into the supply, or go into 
reverse breakdown, directing the current into the substrate. 
Either way, the ESD-caused current is shunted away from 
the input and output transistors, avoiding damage to the 
circuitry. The diodes are designed to be rugged enough to 
guarantee 2000V of ESD protection on all 300 Series prod
ucts (they typically withstand up to 4000V). Even in provid
ing this protection level, these diodes have a negligible im
pact on input capacitance. Addition of these diodes typically 
adds only tenths of picofarads to each product's input ca
pacitance. 

Vee 

OUT 
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FIGURE 1-13. 300 Serles Widlar Current Sink 

300 
SERIES ~>---O----".JV\r--1--1 
INPUT 

Vee 

300 SERIES 
CIRCUIT 

03 

FIGURE 1-14. 300 Serles ESD Protection Diodes 

1-9 

300' 
SERIES 
OUTPUT 

TL/F/9908-21 



== C1) 

-~ 
C1) 

> 
0 
~ ·e 
cu 
LL 

System Aspects 
F100K provides high-density digital functions that outper
form all other families on the market today. How does this 
increased circuit performance and higher on-chip density 
improve system performance? 

Propagation delay and transition times vary (AC windows) 
when functions are operated at the extremes of the speci
fied environmental ranges. With F1 DOK, these variations are 
reduced and more predictable system timing is achieved. 
For synchronous machines and very high speed asynchro
nous systems, timing and its predictability are of utmost im
portance. Due to F1 DOK constant supply current versus 
power supply voltage and because of nearly constant levels 
and thresholds with respect to temperature, voltage varia
tions and gradients, speed skews are minimized. 

Not only timing but also maximum system clock rate is 
affected by the tighter AC window. Thus, with F1 DOK the 
system designer can use a higher speed value in his worst
case calculations. This can be translated into higher possi
ble system clock rates. Therefore, a machine can perform at 
up to twice the frequency, solely due to the F1 DOK compen
sation features. Noise immunity will be of utmost importance 
in next generation computers, since much of the noise gen
erated within the system is inversely proportional to the 
switching transition time of the circuits. The F1 DOK tran
sition time is typically 0. 7 ns as compared to 2.0 ns in slower 
ECL families and should therefore increase system cross
talk by the same ratio. 

F1 DOK combats the increased system noise by maintaining 
a virtually invariant noise immunity with variations and gradi
ents in power supply voltage, ambient and junction tempera
tures. The variation in junction temperatures is much larger 
than in earlier computer systems because of the mixture of 
LSI and SSI functions on the same boards. 

Features 
F1 DOK ECL logic components are designed to be used in 
high-speed, low-noise systems and offer significant advan
tages over other logic families. Some of the important fea
tures and advantages are summarized below. 

Low Propagation Delay 

F100K ECL features gate delays that are typically 0.7S ns 
(7SO picoseconds) with counters, registers and flip-flops op
erating in the 400-SOO MHz range. When compared tooth
er logic families such as Schottky TTL or slower ECL fami
lies, system performance can be doubled or tripled. Tighter 
AC distribution helps system timing requirements and in
creases system clock rates. 

Moderate Edge Rates 

Because of the nature of current mode switching which 
uses differential comparison techniques and avoids transis
tor storage delays, rise times can be controlled by internal 
time constants without sacrificing throughout delays. Slower 
rise times minimize ringing and reflections on interconnec
tion wiring and simplify physical design. The typical edge 
rate for F1 OOK ECL is 1V /ns, only about 80% of the edge 
rate of Schottky TTL. It can be shown that for ECL circuits, 
the natural rise and fall times are approximately equal to the 
propagation delay. This relationship is considered optimum 
for use in high-speed systems. 
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Wired-OR Capability 

ECL outputs can be wired together where wiring rules per
mit, to form the positive logic-OR function, thus achieving an 
extra level of gating at no parts count expense. Data buss
ing and party line operations are facilitated by this features. 

Complementary Outputs 
A majority of F1 DOK ECL logic elements have complemen
tary outputs, providing numerous opportunities for reduction 
of package count and power consumption when mechaniz
ing logic equations. Further, the system incurs no extra pen
alty in time delay since the complementary ECL outputs 
switch simultaneously. 

A significant advantage to complementary outputs is that, 
since both the true and complement logic functions are 
available, Ice imbalance can be minimized either by using 
both outputs in the design or merely terminating unused out
puts. In this way, the constant current characteristic of ECL 
is not compromised and power supply noise is minimized. 

Low Output Impedance, High Current Capacity 

As operating speeds are increased to achieve the higher 
performance levels demanded of digital systems, ordinary 
wiring begins to exhibit distributed parameter characteris
tics, as opposed to a lumped capacitance nature at low 
speeds. 

Characteristic impedances of normal wiring and printed cir
cuit interconnections generally fall in the son to 2son 
range. With these low impedance lines and fast transitions, 
the signals are attenuated by the voltage divider action be
tween the circuit output impedance and the characteristic 
impedance of the interconnection. 

Voltage mode circuits have a HIGH state output impedance 
of from son to 1 son and thus exhibit an output stepped 
characteristic, first reaching about SO% of final value and 
later reaching the final value in another step. F1 DOK ECL 
output impedances under 1 on insure a complete, full val
ued, signal into a transmission line. Also, F1 OOK ECL out
puts are specified to drive a son load (some devices are 
specified to drive a 2sn load). Outputs are capable of sup
ply SO mA or more and can thus support the quiescent cur
rent required for passive terminations. 

Convenient Data Transmission 

The complementary high-current outputs of F1 OOK ECL ele
ments are well suited for driving twisted pair or other bal
anced lines in a differential mode, thereby enhancing field 
cancellation and minimizing crosstalk between subsystems. 

High Common-Mode Noise Rejection 

Differential line receivers provide common-mode noise re
jection of 1 V or more for induced and ground noise. Differ
ential receiving requires less signal swing than single ended 
and thus allows more reliable interpretation of low signal 
swings. 

Constant Supply Current 

The supply current drain of F1 DOK ECL elements is gov
erned by one or more internal constant current sources sup
plying operating current for differential switches and level 
shifting networks. Since the current drain is the same re
gardless of the state of the switches, F1 DOK ECL circuits 
present constant currents loads to power supplies (see 
Complementary Outputs). 



Low Power Loss In Stray Capacitance 

Energy is consumed each time a capacitor is charged or 
discharged so the energy loss rate, or power, goes up with 
switching frequency. Since the energy stored in a capacitor 
is proportional to the square of the voltage and F1 OOK ECL 
signal swings are four to five times less than those of TIL, 
power loss in stray capacitance may be an order of magni
tude less than that of TIL. 

Low Noise Generation 

In ECL systems, power supply lines are not subjected to the 
large current spikes common with TIL designs. Inherently, 
ECL is a constant current family without the totem-pole 
structures found in TIL circuits which generate the large 
current spikes. Since ECL voltage swings are much smaller 
than TIL, the current spikes caused by charging and dis
charging stray capacitances are much smaller with ECL 
than with TIL of comparable edge rates. 

Low Crosstalk 

Induced noise signals are proportional to signal swings and 
edge rates. The lower swing and slower edge rate of F1 OOK 
ECL results in low levels of crosstalk. 

System Benefits 
The National F1 OOK ECL Family offers improvements over 
other ECL families such as voltage and temperature com
pensation, higher integration levels, improved packaging, 
planned pinouts, lower propagation delay and more comple
mentary outputs. These improvements offer measurable ad
vantages to the design(er) of high-performance systems. 

Easier Engineering 

Designers have increased confidence that designs realized 
in F1 OOK will operate with good margins over voltage and 
temperature variations in prototypes, production models 
and field installations. Less effort need be expended doing 
detailed voltage and temperature calculations and testing. 
With noncompensated ECL, noise margins cannot be guar
anteed unless both the receiving and transmitting circuit op
erate at the same temperature and VEE· This can cause a 
problem when attempting to transfer a breadboard or proto
type system to production. 

Since output swings and input thresholds remain almost 
constant over temperature and VEE variations, complex 
control systems for power supply levels and more-than-ad
quate cooling are not necessary with F1 OOK. This results in 
a more economical and better operating system. 

Circuit Design 

F1 OOK ECL benefits from sound, well-engineered circuit de
signs. All input pins exhibit positive/real input impedance to 
eliminate system oscillations. Input buffering is used to re
duce loads on lines which drive multiple internal gates. 

High Performance 

The regulation and control of DC and AC parameters 
achieved by F1 OOK ECL assures that signal timing and 
propagation delays in critical paths are relatively insensitive 
to changes or gradients of temperature and supply voltage. 
Guardbands can be narrower, yet provide a higher degree 
of confidence due to the elimination of skew between output 
levels at one location and input threshold at another. 

The consistency of response and security of noise margins 
permit operation at higher clock rates and thus increase 
system performance. 
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Easier Debugging 

With F1 OOK, debugging of systems can proceed more rapid· 
ly than with uncompensated ECL. When a cabinet or enclo
sure is opened for access in debugging, the resultant 
change in thermal conditions has almost no effect on 
F1 OOK signal swings, propagation delays, edge rates or 
noise margins. 

Flexibility 

F100K is designed to operate at -4.5V for reduced power 
dissipation. If compatibility with other ECL families is a re
quirement, F1 OOK 300 Series guarantees specifications be· 
tween -4.2V and -5.7V due to its improved voltage com
pensation features. 

Fan-In/Fan-Out 

All F1 OOK ECL outputs are specified to drive 50!l transmis· 
sion lines; this makes them suitable for driving very-high fan
out loads. In addition, some F1 OOK outputs are specified to 
drive 25!l lines, which would be the case if a 50!l party-line 
bus terminated at both ends were being driven. 

System Design 

F1 OOK ECL was designed to be the ultimate standard pack
aged IC logic family. System design constraints were con
sidered and the F1 OOK family was designed for overall ease 
of system design and use while making the maximum use of 
the very fast propagation delay available. 

Packaging 
The initial package selected for the F1 OOK family was a 24· 
pin Flatpak, 0.375 inches square, with leads on 50-mil cen
ters, 6 leads per side. This package was chosen because its 
electrical characteristics minimized performance degrada
tions of the circuit and its small footprint optimized board 
packing density. For customers who desire to use conven
tional through-hole assembly technology, the 24-pin ceram
ic dual in-line package is available as well. By utilizing the 
available F1 OOK packages, and high chip complexities with· 
in the family, the user can achieve system densities two to 
three times higher than that possible with other ECL logic 
families. 

In addition to the ceramic DIP and ceramic flatpak pack
ages, all 300 Series products also offer a 28-pin plastic 
leaded chip carrier (PCC) package for low cost, high density 
surface mount assembly. This package is approximately 
0.490 inches square, with J-bend leads on 50-mil centers, 7 
leads per side. The leadframe has been designed with extra 
thermal paths which provide approximately 45°C/Wt in air 
flow of 500 linear feet per minute. 

For information on thermal resistance please see section on 
Power Distribution and Thermal considerations. 

Using F1 OOK ECL 300 Series in Mili· 
tary Applications 
With the introduction of National's F1 OOK ECL 300 Series 
comes the advent of F1 OOK ECL in military applications. 
The special concerns addressed in the 300 Series design 
criteria enables this family to specify operation over the tem
perature range of - 55°C to + 125°C, and to comply fully 
with the requirements of MIL-STD-883 Revision C. 

• 



As in the commercial world, with military systems becoming 
more complex, speed becomes a major consideration. 
Speeds which are pushing Schottky and CMOS technolo
gies to their maximum performance limits, forcing designers 
to look to faster logic technologies. But speed, of course, is 
not the only consideration military designers have to con
tend with. Power consumption, package/function size, 
price, ESD susceptibility, radiation tolerance and operation 
in any of a number of harsh environments must be ad
dressed by a military system designer, and all have been 
addressed in the design of the F100K 300 Series Family. 

The relatively high speed-to-power product of the F1 OOK 
ECL 300 Series Family allows these products to be used in 
a wide variety of applications. As systems begin to strain 
under the 30 MHz-40 MHz limits of some of the more con
ventional logic families, the 300 Series with its data rates 
exceeding 100 MHz, becomes a viable solution. The re
duced power operation offered by the 300 Series product 
line eliminates the last barriers inhibiting the extensive us
age of ECL in battery powered systems. Mixing F1 OOK ECL 
300 Series products with other logic families is also made 
easier with a variety of level translators and a wide operat
ing voltage range of -4.2V to -5.7V. 

The lower power and improved ESD protection will also en
hance the overall reliability of these products. The lower 
power operation will by drawing less current, decrease the 
package temperature and increase the life expectancy of 
these products. The 2000V ESD protection helps eliminate 
the problem of "walking wounded" devices. Those devices 
which may be weakened by improper handling but not to a 
point where the damage could be detected. These "walking 
wounded" devices may eventually drift or even fail during 
operation, causing in some circumstances, a system failure. 
The high radiation tolerance of these products, a benefit 
inherent with the FAST-LSI process, enables these devices 
to withstand large doses of radiation such as those encoun
tered in space applications. 

The -4.2V to -5.7V VEE operating voltage range could be 
perhaps the most significant feature of this family. One set 
of AC and DC electrical specifications over this wide voltage 
supply range means that you will be able to mix 300 Series 
products with other logic families operating over a much 
narrower voltage supply range, without requiring separate 
power supplies. Special care though, should still be taken 
when mixing F1 OOK ECL 300 Series products with other 
logic families. These considerations are addressed in more 
detail in the F100K ECL Design Guide. 

Among the many other benefits this family offers is full tem
perature compensation and high noise immunity. Both of 
these features are extremely important in the environments 
military systems are subjected to, or standards to which 
they must comply. The temperature compensation circuit of 
F1 OOK ECL ensures stable DC performance over tempera
ture changes in the external environment, as well as tem
perature fluctuations within a system, or even on one circuit 
board. The high noise immunity provides clean operation 
and few system hiccups due to noise, even when operating 
in a noisy environment. 
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Definitions of Symbols and Terms 
AC SWITCHING PARAMETERS 

fcouNT (Count Frequency/Toggle Frequency/Operat
ing Frequency): The maximum repetition rate at which 
clock pulses may be applied to sequential circuit. Above this 
frequency the device may cease to function. 

tAA (Address Access Time): 50% points of address input 
pulse to data output pulse. 

tAcs (Chip Select Access Time): 50% points of select 
pulse to data output pulse/leading edges. 

th (Hold Time): The interval immediately following the ac
tive transition of the timing pulse (usually the clock pulse) or 
following the transition of the control input to its latching 
level, during which the data to be recognized must be main
tained at the input to ensure its continued recognition. 

tPLH (Propagation Delay Time): 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. 

tPHL (Propagation Delay Time): 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. 

tRcs (Chip Select Recovery Time): Data output pulse/ 
trailing edges. 

ts (Setup Time): The interval immediately preceding the 
active transition of the timing pulse (usually the clock pulse) 
or preceding the transition of the control input to its latching 
level, during which the data to be recognized must be main
tained at the input to ensure its recognition. 

ts (Release Time): The interval immediately preceding the 
active transition of the timing pulse (usually the clock pulse) 
or preceding the transition of the control input to its latching 
level, during which the master set or reset must be released 
(inactive) to ensure valid data is recognized. 

tTLH (Transition Time, LOW to HIGH): The time between 
two specified reference points on a waveform which is 
changing from LOW to HIGH. 

tTHL (Transition Time, HIGH to LOW): The time between 
two specified reference points on a waveform which is 
changing from HIGH to LOW. 

tpw (Pulse Width): The time between 50 percent amplitude 
points on the leading and trailing edges of a pulse. 

tpHz (Output Disable Time of a TRI-STATE® Output 
from High Level): The time between the 1.5V level on the 
input and a voltage 0.3V below the steady state output 
HIGH level with the TRI-STATE output changing from the 
defined HIGH level to a high impedance (OFF) state. 

tpLz (Output Disable Time of a TRI-STATE Output from 
LOW Level): The time between the 1.5V level on the input 
and a voltage 0.3V above the steady state output LOW level 
with the TRI-STATE output changing from the defined LOW 
level to a high impedance (OFF) state. 

tpzH (Output Enable Time of a TRI-STATE Output to a 
HIGH Level): The time between the 1.5V levels of the input 
and output voltage waveforms with the TRI-STATE output 
changing from a high impedance (OFF) state to a HIGH 
level. 



tpzL (Output Enable Time of a TRI-STATE Output to a 
LOW Level): The time between the 1.5V levels of the input 
and output voltage waveforms with the TRI-STATE output 
changing from a high impedance (OFF) state to a LOW lev
el. 
ts, G-G (Skew, Gate to Gate): also referred to as tosr 
(Output Skew Time): the absolute value of the difference 
between the actual propagation delays for any two outputs 
of the same device. This applies to any combination of out
puts switching LOW to HIGH and/or HIGH to LOW. 

tosr (Output Skew Time): the absolute value of the differ
ence between the actual propagation delays for any two 
outputs of the same device. This applies to any combination 
of outputs switching LOW to HIGH and/or HIGH to LOW. 

tw (Write Pulse Width): 50% points of write enable input 
pulse. 

twHA (Address Hold Time): 50% points of address pulse 
to trailing edge of write enable pulse. 

twHes (Chip Select Hold Time): 50% points of trailing edg
es of chip select pulse to write enable pulse. 

twHD (Data Hold Time after Write): 50% points of trailing 
edges of data input pulse to write enable pulse. 

twR (Write Recovery Time): 50% points of trailing edges 
of write enable pulse to data output pulse. 

tws (Write Disable Time): 50% points of leading edges of 
write enable pulse to data output pulse. 

twsA (Address Setup Time): 50% points of address pulse 
to leading edge of write enable pulse. 

twses (Chip Select Setup Time): 50% points of leading 
edges of chip select pulse to write enable pulse. 

twso (Data Setup Time Prior to Write): 50% points of 
leading edges of data input pulse to write enable pulse. 

CURRENTS 

Positive current is defined as conventional current flow into 
a device lead. Negative current is defined as conventional 
curent flow out of a device lead. 

lee (Power Supply Current): The current required by each 
device from the Vee supply. This value represents only the 
internal current required by the specified device, and does 
not include the current required for loads or terminations. 

lrrL {Supply Current): The current flowing into the VnL 
supply terminal of a circuit with the specified input condi
tions and the outputs open. When not specified, input condi
tions are chosen to guarantee worst-case operation. 

l1H (Input Current HIGH): The current flowing into a device 
lead with the specified V1H applied to the input. This value 
represents the worst case DC input load that a device pres
ents to a driving element. 

l1L (Input Current LOW): The current flowing into a device 
lead with the specified V1L applied to the input. 

loH (Output HIGH Current): The current flowing out of the 
output when it is in the HIGH state. For a turned-off open
collector output with a specified HIGH output voltage ap
plied, the loH is the leakage current. 

loL {Output LOW Current): The current flowing into an out
put when it is in the LOW state. 

los (Output Short Circuit Current): The current flowing out 
of a HIGH-state output when that output is short circuited to 
ground (or other specified potential). 

1-13 

lozH (Output OFF Current HIGH): The current flowing into 
a disable TRI-STATE output with a specified HIGH output 
voltage applied. 

lozL (Output OFF Current LOW): The current flowing out 
of a disabled TRI-STATE output with a specified LOW out
put voltage applied. 

VOLTAGES 

All voltage values are referenced to Vee (or ground) which 
is the most positive potential in an ECL system. 

Vee (Blas Voltage): The internally generated reference 
voltage which is used to set the input and output threshold 
levels. 

Vee (Circuit Ground): This is the most positive potential in 
the ECL system and it is used as the reference level for 
other voltages. 

VeeA (Separate Circuit Ground): The circuit ground for the 
buffered current switch. Outside the package, the Vee and 
VeeA leads should be connected to the common Vee distri
bution. Internally, the separation of Vee and VeeA insures 
that any change in load currents during switching does not 
cause a change in Vee through the small but finite induc
tance of the VeeA bond wire and package lead. 

Ves (Current Source Voltage): The internally generated 
potential used to control the level of the active current 
source. 

Vee (Power Supply Voltage): This potential is the system 
power supply voltage and it is the most negative potential in 
the system. 

Vees (Substrate Vee): These pins (on the PCC package 
only) provide extra thermal conduction paths, therefore re
ducing OJA· These pins must be connected to the Vee plane 
or not connected at all. 

VrrL Supply Voltage: The range of the TIL power supply 
voltage over which the device is guaranteed to operate with
in the specified limits. 

V1H (Input Voltage HIGH): The range of input voltages that 
represents a logic HIGH level in the system. 

V1H (Max): The most positive V1H· 

VIH (Min): The most negative V1H· This value represents the 
guaranteed input HIGH threshold for the device. 

V1L (Input Voltage LOW): The range of input voltages that 
represents a logic LOW level in the system. 

V1L (Max): The most positive V1L· This value represents the 
guaranteed input LOW threshold for the device. 

V1L (Min): The most negative V1L· 
VoH (Output Voltage HIGH): The range of voltages at an 
output terminal with the specified output loading and with 
the inputs conditioned to establish a HIGH level at the out
put. 

VoH (Max): The most positive VoH under the specified input 
and loading conditions. 

VoH (Min): The most negative VoH under the specified input 
and loading conditions. 

VoHe: The output HIGH corner point or guaranteed HIGH 
threshold voltage with the inputs set to their respective 
threshold levels. 

• 



Vol (Output Voltage LOW): The range of voltages at ~n 
output terminal with the specified output loading and with 
the inputs conditioned to establish a LOW level at the out
put. 

Vol (Max): The most positive Vol under the specified input 
and loading conditions. 

Vol (Min): The most negative Vol under the specified input 
and loading conditions. 

Vole: The output LOW corner point or guar~nteed L<?W 
threshold voltage with the inputs set to their respective 
threshold levels. 

VNH (HIGH Level Noise Margin): Noise margin between 
the output HIGH level of a driving circuit and the input HIGH 
threshold level of its driven load. A conservative value for 
VNH is the difference between VoHc and V1H (Min)· 

VNl (LOW Level Noise Margin): Noise margin between the 
output LOW level of a driving circuit and the input LOW 
threshold level of its driven load. A conservative value for 
VNL is the difference between V1L (Max) and VoLC· 
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~National 
~ Semiconductor 

F100301 
Low Power Triple 5-lnput OR/NOR Gate 

General Description 
The F100301 is a monolithic triple 5-input OR/NOR gate. All 
inputs have 50 kn pull-down resistors and all outputs are 
buffered. 

Ordering Code: see section a 

Logic Symbol 

Features 
• 23% power reduction of the F100101 
• 2000V ESD protection 
• Pin/function compatible with F100101 
• Voltage compensated operating 

range = - 4.2V to - 5. 7V 

Pin Names Description 

Dna• Dnb• Dnc Data Inputs 

Oa.Ob, Oc Data Outputs 

Ba. ob. Oc Complementary Data Outputs 

TL/F/10579-1 

Connection Diagrams 

24-Pin DIP 28-Pin PCC 24-Pin Quad Cerpak 

D"'° D3a Dza YrrsD1a Oa 0a D4b D:sb D2b YEE D1b Dsa 
D:sc 24 Dzc [j] [jQJ l1l [[] [I] [I] (fil 

D4c 2 23 D1c 24 23 22 21 20 19 

Dsc 3 22 Dsb Dsa li1l mob Dsb 1 18 

Oc 4 21 D4b 
D1b Ii] mob Dtc 2 17 
Yrr [j] (I] YeCA 

QC 5 20 D3b Yrrs [ill ffiYee 
Dzc 3 16 

Yee 19 Dzb D2b [j]] ~Yee D:sc 4 15 

YeeA 7 18 VEE 
D3b [ZJ Ill! QC D4c 5 14 

ob 8 17 D1b 
o,b lill ~oc 

Dsc 13 

7 8 9 10 11 12 
ob 16 Dsa ITm WWJJ fllJ gH~ ~ 
oa 10 15 D4a Dsb D1 c Dzc Yrrs D3c D4c Dsc Oc Oc Yee YceA Ob Ob 

D4a 

D:sa 

D2a 

D1a 

Oa 

oa 

Oa 11 14 D:sa TL/F/10579-4 
TL/F/10579-3 

D1a 12 13 Dza 

TL/F/10579-2 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired (Note 1) Conditions 
If Military I Aerospace specified devices are required, Case Temperature (Tc) 
please contact the National Semiconductor Sales Commercial o·c to +85°C 
Office/Distributors for availability and specifications. Military - 55°C to + 125°C 
Storage Temperature (TsrG) - 65°C to + 150°c Supply Voltage (VEE) 
Maximum Junction Temperature (TJ) Commercial -5.7V to -4.2V 

Ceramic +175°c Military -5.7V to -4.2V 
Plastic +150°c 

VEE Pin Potential to 
Ground Pin -7.0Vto +0.5V 

Input Voltage (DC) VEE to +0.5V 
Output Current (DC Output HIGH) -50mA 

ESD (Note 2) ~2000V 

Commercial Version 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc= o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 mV V1N = V1H(Max) or V1L(Min) Loading with 

VoL Output LOW Voltage -1830 -1705 -1620 mV 500 to -2.0V 

VoHC Output HIGH Voltage -1035 mV V1N = V1H(Min) or VIL(Max) Loading with 

VoLC Output LOW Voltage -1610 mV 500 to -2.0V 

V1H Input HIGH Voltage -1165 -870 mV Guaranteed HIGH Signal for Ail Inputs 

V1L Input LOW Voltage -1830 -1475 mV Guaranteed LOW Signal for Ail Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L(Min) 

l1H Input HIGH Current 240 µA V1N = V1H(Max) 

IEE Power Supply Current -29 -17 -15 mA Inputs Open 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 
Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +as·c 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.50 1.10 0.50 1.15 0.50 1.20 ns 

Figures 1 and 2 

tPHL Data to Output (Note 1) 

iTLH Transition Time 
0.40 1.20 0.40 1.20 0.40 1.20 Figures 1 and 2 

trHL 20% to 80%, 80% to 20% 
ns 

Note 1: The propagation delay specified Is for single output switching. Delays may vary up to 100 ps with multiple outputs switching. 
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Commercial Version (Continued) 

PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +25°c Tc= +ss·c 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.50 1.00 0.50 1.05 0.50 1.10 ns 

Figures 1 and 2 

tPHL Data to Output (Note2) 

trLH Transition Time 
0.40 1.10 0.40 1.10 0.40 1.10 Figures 1 and 2 ns 

trHL 20% to 80%, 80% to 20% 

ts,G-G Skew, Gate to Gate TBD TBD TBD ps PCC Only (Note 1) 

Note 1: Gate to gate skew is defined as the difference In propagation delays between each of the outputs. 
Note 2: The propagation delay specified Is for single output switching. Delays may vary up to 100 ps with multiple outputs switching. 

Military Version-Preliminary 

DC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee = VccA = GND, Tc = - 55°C to + 125•c 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage -1025 -870 mV o·c to+ 125•c 

-1085 -870 mV -55°C V1N = V1H(Max) Loading with 
1, 2, 3 

VoL Output LOW Voltage -1830 -1620 mV o·c to+ 125•c orV1L (Min) 50!1 to -2.0V 

-1830 -1555 mV -55°c 

VoHc Output HIGH Voltage -1035 mV o·c to + 125°C 

-1085 mV -55°c V1N = V1H(Min) Loading with 
1, 2, 3 

VoLC Output LOW Voltage -1610 mV o·c to + 125•c orV1L (Max) 50!1 to -2.0V 

-1555 mV -55°c 

V1H Input HIGH Voltage 
-1165 -870 mV - 55°C to + 125°C 

Guaranteed HIGH Signal 
1, 2, 3, 4 

for All Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV - 55°C to + 125°C 

Guaranteed LOW Signal 
1, 2, 3, 4 

for All Inputs 

l1L Input LOW Current 
0.50 µA - 55•c to + 125°C 

VEE= -4.2V 
1, 2, 3 

V1N = V1L(Min) 

l1H Input HIGH Current 240 µA o·c to + 125·c YEE= -5.7Y 
1, 2, 3 

340 µA -55°c V1N = V1H (Max) • IEE Power Supply Current -32 -12 mA ·- 55•c to + 125°C Inputs Open 1, 2, 3 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at -55'C, + 25'C, and + 125'C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55'C, +25'C, and + 125'C, Subgroups A1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 
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Military Version-Preliminary (Continued) 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -55°C Tc= +25°C 

Min Max Min Max 

tPLH Propagation Delay 
0.40 1.70 0.40 1.50 

tPHL Data to Output 

tTLH Transition Time 
0.30 1.20 0.30 1.20 

trHL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -55°C Tc= +25°C 

Min Max Min Max 

tpLH Propagation Delay 
0.40 1.50 0.40 1.30 

tPHL Data to Output 

trLH Transition Time 
0.30 1.10 0.30 1.10 

trHL 20% to 80%, 80% to 20% 

Tc= +125°C 
Units 

Min Max 

0.40 1.80 ns 

0.30 1.20 ns 

Tc= +125°C 
Units 

Min Max 

0.40 1.60 ns 

0.30 1.10 ns 

Conditions Notes 

1, 2, 3, 5 
Figures 1 and 2 

4 

Conditions Notes 

1, 2, 3, 5 
Figures 1 and 2 

4 

Note 1: F100K 300 Series cold temperature testing 1s performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at +25'C temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25'C, Subgroup A9, and at + 125'C and -55'C temperatures, Subgroups A 1 O and 
A11. 

Note 4: Not tested at + 25'C, + 125'C, and -55'C temperature (design characterization data). 

Note 5: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching. 
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Test Circuitry 

L 1 ,-, SCOPE 
\I CHAN A 

Vee 

-J- Ar 

L2 
PULSE ,-, CIRCUIT ,-, SCOPE 

GENERATOR-... , .... ,-- u:E~~R - .. , -,----_c_H_A_N_e_.. 

Notes: 
Vee. VeeA = +2V, Vee= -2.5V 
L 1 and L2 = equal length 500 impedance lines 
Rr = 500 terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and Vee 
All unused outputs are loaded with 500 to GND 
CL = Fixture and stray capacitance ~ 3 pF 

Switching Waveforms 

J J Ar 

FIGURE 1. AC Test Circuit 

FIGURE 2. Propagation Delay and Transition Times 
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~National 
~ Semiconductor 

F100302 
Low Power Quint 2-lnput OR/NOR Gate 

General Description 
The F100302 is a monolithic quint 2-input OR/NOR gate 
with common enable. All inputs have 50 k!l pull-down resis
tors and all outputs are buffered. 

Ordering Code: see section a 

Logic Symbol 
D1a ---.r-~-
D2a __ ...,._..,___,, 

Features 
• 43% power reduction of the F100102 
• 2000V ESD protection 
• Pin/function compatible with F100102 
• Voltage compensated operating range = 

-4.2V to -5.7V 

Pin Names Description 

Dna-Dne Data Inputs 
E Enable Input 

Oa-Oe Data Outputs D1b --4-~~-
D2b ob Oa-Oe Complementary Data Outputs 
D1c --4-.r-~--Oc 
D2c Oc 

D1d --4-1~--0d 
D2d 0d 

D1e --+-~~--Oe 
D2e 08 

E 

Connection Diagrams 
24-Pln DIP 

D2e 1 24 D1e 

oe 2 23 D2d 

oe 22 D1d 

od 4 21 D2c 

od 5 20 D1c 

D1b [i] 
D2b Ii] 
VEE Ii] 

vEES li] 
Vee 19 E E Im 

VeeA 18 VEE 

QC 8 17 D2b 

D1c Ii] 

D2c~ 

QC 9 16 D1b 

ob 10 15 D2a 

Truth Table 

D1x D2x 
L L 
L L 
L H 

TL/F/10580-1 L H 
H L 
H L 
H H 
H H 

H = HIGH Voltage Level 
L = LOW Voltage Level 

28-Pin PCC 

D2a D1a oa VEES Oa ob Ob 
WJ [QI [[] [[] m III [ID 

GJ Oc 

[II oc 

III VeeA 

OJ Vee 

~Vee 
llll od 

g§] od 

li]]!m[i]lll!~~~ 

D1dD2dD1,VEEsD2e o, o, 

E Ox Ox 
L L H 
H H L 
L H L 
H H L 
L H L 
H H L 
L H L 
H H L 

24-Pin Quad Cerpak 

D2cD1c E VEED2bD1b 

24 23 22 21 20 19 

D1d 1 18 

D2d 2 17 

D1e 3 16 

D2e 4 15 

oe 5 14 

oe 6 13 

7 8 9 10 11 12 

od od Vee VeeA Oc oc 

D2a 

D1a 

Oa 

oa 

ob 

ob 

ob 11 14 D1a TL/F/10580-4 TL/F / 10580-3 

oa 12 13 Oa 

TL/F/10580-2 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired (Note 1) Conditions 
If Military/Aerospace specified devices are required, Case Temperature (Tc) 
please contact the National Semiconductor Sales Commercial 0°Cto +85°C 
Office/Distributors for availability and specifications. Military - 55°C to + 125°C 
Storage Temperature (Tsrn) - 65°C to + 1 so·c Supply Voltage (VEE) 
Maximum Junction Temperature (TJ) Commercial -5.7V to -4.2V 

Ceramic +175°c Military -5.7Vto -4.2V 
Plastic +150°C 

VEE Pin Potential to 
Ground Pin - 7.0V to + 0.5V 

Input Voltage (DC) VEE to +0.5V 

Output Current (DC Output HIGH) -50mA 

ESD (Note 2) ;;:o:2ooov 

Commercial Version 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc= 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 mV V1N = V1H(Max) or V1l(Min) Loading with 

Vol Output LOW Voltage -1830 -1705 -1620 mV 50.n to -2.0V 

VoHC Output HIGH Voltage -1035 mV V1N = V1H(Min) Or Vll(Max) Loading with 

Vole Output LOW Voltage -1610 mV 
50.n to -2.0V 

V1H Input HIGH Voltage -1165 -870 mV Guaranteed HIGH Signal for All Inputs 

V1l Input LOW Voltage -1830 -1475 mV Guaranteed LOW Signal for All Inputs 

Ill Input LOW Current 0.50 µA V1N = V1l(Min) 

l1H Input HIGH Current 240 µA V1N = V1H(Max) 

IEE Power Supply Current -45 -36 -20 mA Inputs Open 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 
Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tPlH Propagation Delay 
0.50 1.15 0.50 1.15 0.50 1.25 ns 

tPHl Data to Output 
Figures 1 and 2 

tPlH Propagation Delay 
1.10 1.90 1.10 1.90 1.20 2.00 ns 

(Note 1) 

tPHl Enable to Output 

trlH Transition Time 
0.40 1.20 0.40 1.20 0.40 1.20 Figures 1 and 2 

trnl 20% to 80%, 80% to 20% 
ns 

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching. 
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Commercial Version (Continued) 

PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -S.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= o•c Tc= +25°C Tc= +es·c 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
o.so 1.0S o.so 1.0S o.so 1.1S ns 

tPHL Data to Output 
Figures 1 and 2 

tPLH Propagation Delay 
1.10 1.80 1.10 1.80 1.20 1.90 ns (Note 2) 

tpHL Enable to Output 

trLH Transition Time 
0.40 1.10 0.40 1.10 0.40 1.10 A'gures 1 and 2 ns 

trHL 20% to 80%, 80% to 20% 

ts,G-G Skew, Gate to Gate TBD TBD TBD ps PCC Only (Note 1) 

Note 1: Gate to gate skew ls defined as the difference in propagation delays between each of the outputs. 
Note 2: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching. 

Military Version-Preliminary 

DC Electrical Characteristics 
VEE= -4.2V to -S.7V, Vee= VccA = GND, Tc= -ss•c to +12s·c (Note 3) 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage -102S -870 mV o·c to + 12s·c 

-108S -870 mV -55°C V1N = V1H(Max) Loading with 
1, 2, 3 

VoL Output LOW Voltage -1830 -1620 mV o·c to + 12s·c orV1L (Min) son to -2.ov 

-1830 -1SSS mV -ss·c 

VoHC Output HIGH Voltage -103S mV o·c to + 12s0 c 

-108S mV -ss·c V1N = V1H(Max) Loading with 
1, 2, 3 

VoLC Output LOW Voltage -1610 mV o•c to + 12s0 c orV1L (Min) son to -2.ov 

-1SSS mV -ss·c 

V1H Input HIGH Voltage 
-116S -870 mV 

- ss·c to + 12s·c Guaranteed HIGH Signal 
1, 2, 3, 4 

for All Inputs 

V1L Input LOW Voltage 
-1830 -147S mV 

- ss·c to + 12s0 c Guaranteed LOW Signal 
1, 2, 3, 4 

for All Inputs 

l1L Input LOW Current 
o.so µA 

- ss·c to + 12s0 c VEE= -S.7V 
1, 2, 3 

V1N = V1H (Max) 

l1H Input HIGH Current 240 µA o·c to + 12s0 c VEE= -4.2V 
1,2,3 

340 µA -ss·c V1N = V1L(Min) 

IEE Power Supply Current -48 -17 mA - ss·c to + 12s0 c Inputs Open 1, 2, 3 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at -55'C, +25'C, and +125'C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at - 55'C, + 25'C, and + 125'C, Subgroups A 1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 
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Military Version-Preliminary (Continued) 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -ss·c Tc= +25°C Tc= + 125°C 

Units Conditions Notes 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.30 1.80 0.40 1.50 0.40 1.70 ns 

tPHL Data to Output 
1, 2, 3, 5 

tpLH Propagation Delay 
0.60 2.60 0.80 2.30 0.80 2.80 ns Figures 1 and 2 

tPHL Enable to Output 

tTLH Transition Time 
0.30 1.20 0.30 1.20 0.30 1.20 4 

tTHL 20% to 80%, 80% to 20% 
ns 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -ss·c Tc= +25°C Tc= + 125°C 

Units Conditions Notes 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.30 1.60 0.40 1.30 0.40 1.50 ns 

tpHL Data to Output 
1, 2, 3, 5 

tpLH Propagation Delay 
0.60 2.40 0.80 2.10 0.80 2.60 ns Figures 1 and 2 

tPHL Enable to Output 

tTLH Transition Time 
0.30 1.10 0.30 1.10 0.30 1.10 4 

trnL 20% to 80%, 80% to 20% 
ns 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at + 25'C temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25'C, Subgroup A9, and at + 125'C and -55'C temperatures, Subgroups A 1 O and 
A11. 

Note 4: Not tested at + 25'C, + 125'C, and - 55'C temperature (design characterization data). 

Note 5: The propagation delay specified is for single output switching. Delays may vary up to 100 ps with multiple outputs switching. 
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Test Circuitry 

PULSE 
GENERATOR 

Notes: 
Vee. VecA = +2V, Vee = -2.sv 
L 1 and L2 = equal length son impedance lines 
Ar = son terminator internal to scope 
Decoupling 0.1 µ.F from GND to Vee and Vee 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance ~ 3 pF 

Switching Waveforms 

L1 
,~, 

SCOPE 
\I CHAN A 

Vee l Ar 

-= 
L2 ,-, CIRCUIT ,-, 

SCOPE UNDER 
CHAN B \I TEST I I 

l l Rr 

FIGURE 1. AC Test Circuit 

-----.; 1- +1.0SV 

0.7:!:0.1 ns-i r 1 ~0.7:!:0.1 ns 

INPUT ){ }i1i~% + 0.31 V 

IPHL I ~ ~ 
""' --I I I 

OUTPUT 

COMPLEMENT 

FIGURE 2. Propagation Delay and Transition Times 
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~National 
U Semiconductor 

F100304 
Low Power Quint AND/NANO Gate 

General Description 
The F100304 is monolithic quint AND/NANO gate. The 
Function output is the wire-NOR of all five AND gate out
puts. All inputs have 50 k!l. pull-down resistors. 

Features 
• Low Power Operation 
• 2000V ESD protection 
• Pin/function compatible with F100104 
• Voltage compensated operating range 

-5.7V 
-4.2V to 

Ordering Code: see section a 

Logic Symbol Logic Equation 

F 

D1a o. 
D2a o. Pin Names Description 

D1b Ob Dna-Dne Data Inputs 
D2b ob F Function Output 

D1c Oc Oa-Oe Data Outputs 
D2c Oc Oa-Oe Complementary Data Outputs 

D1d od 
D2d od 

D1e o, 
D2e a. 

TL/F/10581-1 

Connection Diagrams 

24-Pin DIP 28-Pin PCC 24-Pln Quad Cerpak 

~ D1a Oa VEIS Oa Ob Ob D2d D2c D1c VEE D2b D1b 
o, 1 24 D2e [i] [QI rn []] III III rn 
Ci, 2 23 019 24 23 22 21 20 19 

od 3 22 D1d D1b lill mac D1d 18 D2a 

Cid 4 21 D2d 
D2b [j] rn oc o,, 2 17 D1a 
VEE ll!J 1I1 YeeA D2e 3 16 Oa F' 5 20 D2c VEES [j] OJ Yee 

Yee 6 19 D1c D1c [§] ~Yee o, 4 15 Cia 

YeeA 7 18 VEE 
D2c li1I Ill! F Ci, 5 14 ob 
D2d [fil ~od 13 ob oc 8 17 D2b 

od 
7 8 9 10 11 12 

Oc 9 16 D1b !Ifillm~llll~~~ 

ob 10 15 D2a D1d 019 OieYEISOe Oe Od Cid F' Yee YccA Oc Oc 

ob 11 14 D1a 
TL/F/10581-4 TL/F/10581-3 

oa 12 13 Oa 

TL/F/10581-2 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired (Note 1) Conditions 
If Military/Aerospace specified devices are required, 

Case Temperature (Tc) 
please contact the National Semiconductor Sales Commercial 0°Cto +85°C 
Office/Distributors for availability and specifications. Military - 55°C to + 125°c 
Storage Temperature (TsrG) - 65°C to + 150°c Supply Voltage (VEE) 
Maximum Junction Temperature (TJ) Commercial -5.7Vto -4.2V 

Ceramic +175°C Military -5.7V to -4.2V 
Plastic +150°c 

VEE Pin Potential to Ground Pin -7.0Vto +0.5V 

Input Voltage (DC) VEEtO +0.5V 
Output Current (DC Output HIGH) -50mA 

ESD (Note2) ~2000V 

Commercial Version 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc= 0°c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1705 -1620 mV orV1l(Min) 500. to -2.0V 

VoHc Output HIGH Voltage -1035 mV V1N = V1H(Min) Loading with 

Vole Output LOW Voltage -1610 mV orV1l(Max) 500. to -2.0V 

V1H Input HIGH Voltage 
-1165 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1830 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

l1H Input High Current 
D2a-D2e 250 

µA V1N = V1H(Max) 
D1a-D1e 350 

IEE Power Supply Current -69 -43 -30 mA Inputs open 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 
Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +as·c 

Units Conditions 
Min Max Min Max Min Max 

tplH Propagation Delay 
0.40 1.75 0.40 1.65 0.40 1.75 ns 

tPHl Dna-Dne to 0, 0 

tplH Propagation Delay 
1.00 2.60 1.00 2.60 1.15 3.20 ns Figures 1 and 2 

tPHl Data to F 

trlH Transition Time 
0.35 1.20 0.35 1.20 0.35 1.20 ns 

trHl 20% to 80%, 80% to 20% 

2-14 



Commercial Version (Continued) 

PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter Tc= 0°C Tc= +25°C Tc= +85°C Units Conditions 
Min Max Min Max Min Max 

tpLH Propagation Delay 
0.40 1.55 0.40 1.45 0.40 1.55 ns 

tpHL Dna-Dne to 0, 0 
tpLH Propagation Delay 

1.00 2.40 1.00 2.40 1.15 3.00 ns Figures 1 and 2 
tpHL Data to F 

trLH Transition Time 0.35 1.10 0.35 1.15 0.35 1.10 
trnL 20% to 80%, 80% to 20% ns 

ts G-G Skew, Gate to Gate TBD TBD TBD ps PCC Only (Note 1) 
Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 

Military Version-Preliminary 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VceA = GND, Tc = -55°C to + 125°C 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage -1025 -870 mV 0°Cto 
+ 125°C 

-1085 -870 mV -55°C V1N = V1H (Max) Loading with 
1, 2, 3 

VoL Output LOW Voltage mV 0°Cto orV1L (Min) 50!10 to - 2.0V 
-1830 -1620 

+125°C 

-1830 -1555 mV -55°C 

VoHC Output HIGH Voltage -1035 mV 
0°Cto 

+125°C 

-1085 mV -55°C V1N = V1H (Min) Loading with 
1, 2, 3 

VoLC Output LOW Voltage 0°Cto orV1L (Max) son to -2.ov 
-1610 mV 

+ 125°C 

-1555 mV -55°C 

V1H Input HIGH Voltage 
-1165 -870 mV 

-55°C Guaranteed HIGH Signal 1, 2, 3, 4 
+125°C for All Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV 

-55°Cto Guaranteed LOW Signal 
1,2, 3,4 

+125°C for All Inputs 

l1L Input LOW Current 
0.50 µA 

-55°Cto VEE= -4.2V 1, 2,3 
+125°C V1N = V1L (Min) 

Input High Current 
D2a-D2e 250 

µA 
0°Cto 

D1a-D1e 350 + 125°C 
VEE= -5.7V 

l1H V1N = V1H (Max) 
1, 2, 3 

D2a-D2e 350 µA -55°C 
D1a-D1e 500 

IEE Power Supply Current -75 -25 mA 
-55°Cto 

Inputs Open 1, 2, 3 
+ 125°C 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°e), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at - 55°C, + 25'C, and + 125'C, Subgroups, 1, 2 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55°C, + 25'C, and + 125'C, Subgroups A 1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 
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Military Version-Preliminary (Continued) 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -55°C Tc= +25°C Tc= +125°C 

Units 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.30 1.90 0.40 1.80 0.30 2.30 ns 

tpHL Dna-Dne to 0, 0 

tPLH Propagation Delay 
0.80 2.90 0.90 2.80 0.90 3.40 ns 

tpHL Data to F 

trLH Transition Time 
0.20 1.80 0.30 1.60 0.20 2.00 

lTHL 20% to 80%, 80% to 20% 
ns 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter Tc= -55°C Tc= +25°C Tc= + 125°C Units 
Min Max Min Max Min Max 

tpLH Propagation Delay 
0.30 1.95 0.30 1.85 0.30 1.95 ns 

tpHL Dna-Dne to 0, 0 
tpLH Propagation Delay 

0.90 2.80 0.90 2.80 1.05 3.40 ns 
tpHL Data to F 

trLH Transition Time 
0.35 1.10 0.35 1.10 0.35 1.10 

trnL 20% to 80%, 80% to 20% ns 

Conditions Notes 

1, 2, 3 

Figures 1 and 2 

4 

Conditions Notes 

1, 2, 3 

Figures 1 and 2 

4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table I) on each mfg. lot at + 25°C, Subgroup A9, and at + 125°C and -55°C temperatures, Subgroups A 1 O and A 11. 

Note 4: Not tested at + 25°C, + 125°C, and - 55°C temperature (design characterization data). 

Test Circuitry 

L1 

,-, J SCOPE J ..--------,-,--1 CHAN A 
Vee j_ 

''i !"' 
L2 

l PULSE 1 ,-, CIRCUIT ,-, J SCOPE J 
GENERATOR f_._I ..... ,-..._. UNDER t--i--+---<11~--tl C 

J l TEST I / HAN B 

J ~RT 

Notes: 

-= VEE Io.1,,F -

Vee. VeeA = +2V, VEE= -2.5V 
L 1 and L2 = equal length 50!l impedance lines 
RT = 50!l terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with 50!l to GND 
CL = Fixture and stray capacitance ,,;; 3 pF 

FIGURE 1. AC Test Circuit 

TL/F/10581-5 
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Switching Waveforms 

0.7:!:0.1 ns~ r 1 t=0.7:!:0.1 ns 

Ji: 
+1.0SV 

80% 

INPUT 50% 

TRUE ''"'~ 1120% Ir'"" +0.3' V 

.. J ~ ~ L···, OUTPUT 

COMPLEMENT L j so;~% 

ITLH-1 ~,ITHL 
TL/F/10581-6 

FIGURE 2. Propagation Delay and Transition Times 



~National 
~ Semiconductor 

F100307 
Low Power Quint Exclusive OR/NOR Gate 

General Description 
The F100307 is monolithic quint exclusive-OR/NOR gate. 
The Function output is the wire-OR of all five exclusive-OR 
outputs. All inputs have 50 kn pull-down resistors. 

Features 
• Low Power Operation 
• 2000V ESD protection 
• Pin/function compatible with F100107 
• Voltage compensated operating range 

-5.7V 
-4.2V to 

Ordering Code: see Section a 

Logic Symbol 

Connection Diagrams 

24-Pln DIP 

Oa 1 24 D2e 

oe 2 23 D1e 

od 3 22 D1d 

Cid 4 21 D2d 

f' 5 20 D2c 

Vee 19 D1c 

VeCA 7 18 VEE 

QC 8 17 D2b 

QC 9 16 D1b 

ob 10 15 D2a 

ob 11 14 D1a 

011 12 13 08 

TL/F/10582-2 

F 

Oa 
6a 

Ob 

ob 

Oc 

6c 
od 
cd 
Oe 
Ce 

Logic Equation 

F = (D1a E9 D2a) + (D1b E9 D2b) + (D1c E9 D2c) + (D1d E9 

D2dl + (D1 e E9 D2el· 

Pin Names Description 

Dna-Dne Data Inputs 
F Function Output 

Oa-Oe Data Outputs 

Oa-Oe Complementary 
Data Outputs 

TL/F/10582-1 

28-Pln PCC 24-Pin Quad Cerpak 

D211D111 Oa VEES OaOb ob D2d D2c D1c VEE D2b D1b 

[j] [§] m m m rn m 
24 23 22 21 20 19 

D1b !Ill moc D1d 18 D2a 
D2b IJl] moc Dte 17 D1a 
VEE !BJ IIl YeeA 

VEES@I ED Yee D2a 3 16 Oa 

D1c Ii]] @I Yee 08 4 15 oa 
D2c IIZI rwr oe 5 14 ob 
D2d I]]] g§J ad 

od 13 ob 

[fil@JillJ[ll]~fE]I§ 
7 8 9 10 11 12 

D1d D19 D2e Yrrs o. o, od 
od F Vee VccA Oc Oc 

TL/F/10582-4 

TL/F/10582-3 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired. (Note 1) Conditions 
If Military I Aerospace specified devices are required, Case Temperature (Tc) 
please contact the National Semiconductor Sales Commercial o·cto +85°C 
Office/Distributors for avallablllty and specifications. Military - 55°C to + 125°C 
Storage Temperature CTsTG) - 65°C to + 15o•c 

Supply Voltage (VEE) 
Maximum Junction Temperature (TJ) Commercial -5.7Vto -4.2V 

Ceramic + 115°c Military -5.7Vto -4.2V 
Plastic + 15o•c 

VEE Pin Potential to Ground Pin -7.0Vto +0.5V 
Input Voltage (DC) VEEtO +0.5V 
Output Current (DC Output HIGH) -50mA 

ESD (Note2) ~2000V 

Commercial Version 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee= VccA = GND, Tc= o·c to +B5°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -1705 -1620 mV orV1L(Min) 50!1 to -2.0V 

Vo He Output HIGH Voltage -1035 mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1610 mV orV1L(Max) 50!1 to -2.0V 

V1H Input HIGH Voltage -1165 -870 mV 
Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage -1830 -1475 mV 
Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1LJ_Mll}}_ 

l1H Input HIGH Current 
D2a-D2e 250 µA V1N = V1H (Max) 
D1a-D1e 350 

IEE Power Supply Current -69 -43 -30 mA Inputs Open 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 
Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee= VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +2s0 c Tc= +ss·c 

Units Conditions 
Min Max Min Max Min Max 

tpLH Propagation Delay 
0.55 1.90 0.55 1.80 0.55 1.90 ns 

tpHL D2a-D2e to 0, 0 

tPLH Propagation Delay 
0.55 1.70 0.55 1.60 0.55 1.70 ns 

tPHL D1a-D1e to 0, 0 
Figures 1 and 2 

tpLH Propagation Delay 
1.15 2.75 1.15 2.75 1.15 3.00 ns 

tPHL Data to F 

trLH Transition Time 
0.35 1.20 0.35 1.20 0.35 1.20 

trHL 20% to 80%, 80% to 20% 
ns 

2-18 ' 



Commercial Version (Continued) 

PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee= VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +as·c 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation De_!?y 
0.55 1.70 0.55 1.60 0.55 1.70 ns 

tPHL D2a-D2e to 0, 0 

tPLH Propagation Delay 
0.55 1.50 0.55 1.40 0.55 1.50 ns 

tPHL D1a-D1e to 0, 0 Figures 1 and 2 
tPLH Propagation Delay 

1.15 2.55 1.15 2.55 1.15 2.80 ns 
tPHL Data to F 

trLH Transition Time 
0.35 1.10 0.35 1.10 0.35 1.10 

trHL 20% to 80%, 80% to 20% ns 

ts G-G Skew, Gate to Gate TBD TBD TBD ps PCC Only (Note 1) 

Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 

Military Version-Preliminary 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = -55°C to + 125°C 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage 
-1025 -870 mV 

0°cto 
+ 125°C 

-1085 -870 mV -55°C V1N =. V1H (Max) Loading with 
1, 2, 3 

Vol Output LOW Voltage 0°Cto orV1L (Min) son to -2.ov 
-1830 -1620 mV 

+125°c 

-1830 -1555 mV -55°C 

VoHC Output HIGH Voltage 
-1035 mV 

0°cto 
+125°C 

-1085 mV -55°C v,N = v 1H (Min) Loading with 
1, 2, 3 

Vmc Output LOW Voltage 0°cto orV1L (Max) sono to - 2.ov 
-1610 mV 

+ 125°C 

-1555 mV -55°C 

V1H Input HIGH Voltage 
-1165 -870 mV 

-55°C Guaranteed HIGH Signal 
1, 2, 3, 4 

+125°C for All Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV 

-55°Cto Guaranteed LOW Signal 
1, 2, 3,4 

+ 125°C for All Inputs 

l1L Input LOW Current 
0.50 µA 

-55°Cto VEE= -4.2V 
1, 2, 3 

+ 125°C V1N = V1L (Min) 

l1H Input High Current 

D2a-D2e 250 
µA 

0°cto 
D1a-D1e 350 + 125°C 

VEE= -5.7V 
D2a-D2e 350 µA -55°C V1N = V1H (Max) 

1, 2, 3 

D1a-D1e 500 

IEE Power Supply Current 
-63 -30 mA 

-55°Cto 
Inputs Open 1, 2, 3 

+125°C 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction te'Tiperature equals -55'C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at -55'C, +25'C, and + 125'C, Subgroups 1, 2 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55'C, + 25'C, and + 125'C, Subgroups A 1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 
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Military Version-Preliminary (Continued) 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
Vee = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -ss·c Tc= +25°C 

Min Max Min Max 

tpLH Propagation Delay 
0.45 2.10 0.45 2.00 

tPHL D2a-D26 to 0, 0 

tPLH Propagation Delay 
0.45 1.90 0.45 1.80 

tPHL D1a-D1 6 to 0, 0 

tpLH Propagation Delay 
1.05 2.95 1.05 2.95 

tPHL Data to F 

trLH Transition Time 
0.35 1.20 0.35 1.20 

trHL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee= VeeA = GND 

Symbol Parameter 
Tc= -ss·c Tc= +2s0 c 

Min Max Min Max 

tpLH Propagation De..!.§1.y 0.45 2.10 0.45 2.00 
tPHL D2a-D26 to 0, 0 

tpLH Propagation De..!.§1.y 0.45 1.90 0.45 1.80 
tpHL D1a-D1 6 to 0, 0 

tpLH Propagation Delay 
1.05 2.95 1.05 2.95 

tpHL Data to F 

trLH Transition Time 
0.35 1.10 0.35 1.10 

trHL 20% to 80%, 80% to 20% 

Tc= + 12s0 c 
Units 

Min Max 

0.45 2.10 ns 

0.45 1.90 ns 

1.05 3.20 ns 

0.35 1.20 ns 

Tc= +12s0 c Units 
Min Max 

0.45 2.10 ns 

0.45 1.90 ns 

1.05 3.20 ns 

0.35 1.10 ns 

Conditions Notes 

1,2,3 
Figures 1 and 2 

I----'--

4 

Conditions Notes 

1,2,3 
Figures 1 and 2 

4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested .100% on each device at +25'C temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table I) on each mfg. lot at + 25'C, Subgroup A9, and at + 125'C and - 55'C temperatures, Subgroups A 10 and A 11. 

Note 4: Not tested at + 25'C, + 125'C, and -55'C temperature (design characterization data). 

Test Circuitry 

L 1 
,~, 

SCOPE 
\I CHAN A 

Vee .l Rr 

L2 
PULSE ,-, CIRCUIT ,-, SCOPE 

GENERATOR-.... , -1,-- u:~~ ....,_ .... , -1,---:_c_H_AN_e ... 

J J-
Notes: 

Vee. VeeA = +2V, VEE = -2.5V 
L1 and L2 = equal length 500 impedance lines 
RT = 500 terminator internal to scope 
Decoupling 0.1 µ.F from GND to Vee and VEE 
All unused outputs are loaded with 500 to GND 
CL = Fixture and stray capacitance ~ 3 pF 

Rr 

FIGURE 1. AC Test Circuit 

TL/F/10582-5 
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Switching Waveforms 

TL/F/10582-6 

FIGURE 2. Propagation Delay and Transition Times 
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ADVANCE INFORMATION 

F100311 
Low Skew 1 :9 Differential Clock Driver 

General Description 
The F100311 contains nine low skew differential drivers, 
designed for generation of multiple, minimum skew differen
tial clocks from a single differential input (CLKIN, CLKIN). If 
a single-ended input is desired, the v88 output pin may be 
used to drive the remaining input line. A HIGH on the enable 
pin (EN) will force a LOW on all of the CLKn outputs and a 
HIGH on all of the CLKn output pins. A LOW on EN will 
return control of the CLKn/CLKn outputs back to the 
CLKIN/CLKIN inputs. 

Logic Symbol 

----CLKo 

CLKo 
--r..--CLK1 

ill1 

--"-- CLK2 
ill2 

--r..--cLK3 
ill3 

CLKIN --1"'....,_-+-+-1"-'-- CLK4 
CLKIN ill4 

EN CLK5 
ills 

.._._,..., __ CLK
6 

ills 

_-t...,--CLK7 
ill1 

'-t-4...,.__ CLKs 

ills 

-t:>--Yee 

TL/F/10648-1 

Connection Diagram 
28·Pin PCC 

illsri1l 

CLKs~ 
ill, [J] 

Yee>. [j] 
CLK4 [§] 

C0<3fil1 
CLK31]]] 

~ fils CLK7YCCAfil1Cl.Ks a::Rs 
WI [QI []] rnJ cz:rnJ @J 

@l@l ~ llll!~H~ @I 

~ ~ fil1 YCCA CLK1 filo ClKo 

[I)NC 

ITI Yee 
11]CLKIN 

[j] Yee 

~CLKIN 

Ill] EN 

fmYrr 

TL/F/10648-2 
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The skew specifications on the F100311 are fully tested and 
guaranteed. 

Features 
• Low output to output skew (:5: 75 ps) 
• 2000V ESD protection 
• 1 :9 low skew clock driver 
• Differential inputs and outputs 

Pin Names Description 

CLKIN, CLKIN Differential Clock Inputs 
EN Enable 

CLKo-a. CLKo-8 Differential Clock Outputs 

Vss Vss Output 
NC No Connect 

Truth Table 
CLKIN CLKIN EN CL Kn CL Kn 

L H L L H 
H L L H L 
x x H L H 

Ell 



(") ,... 
(") 
0 
0 ,... ~National 
~ Semiconductor 

F100313 
Low Power Quad Driver 

General Description 
The F100313 is a monolithic quad driver with two OR and 
two NOR outputs and common enable. The common input 
is buffered to minimize input loading. If the D inputs are not 
used the Enable can be used to drive sixteen 50!1 lines. All 
inputs have 50 kn pull-down resistors and all outputs are 
buffered. 

Ordering Code: See Sections 

Logic Symbol 

o,. 
Da 02a 

o,. 
021 

01b 
Db 02b 

01b 
02b 

01c 
De 02c 

01c 
02c 
01d 

Dd 02d 
E 01d 

02d 

TL/F/10249-3 

Connection Diagrams 

Features 
• 50% power reduction of the F100113 
a 2000V ESD protection 
a Pin/function compatible with F100113 and F100112 
• Voltage compensated operating range = -'4.2V to 

-5.7V 

Pin Names Description 

Da-Dd Data Inputs 
E Enable Input 

Ona-Ond Data Outputs 

Ona-Ond Complementary Data Outputs 

24-Pin DIP 28-Pin PCC 24-Pin Flatpak 

Dd 00 E VEE Dd Da 
02d 1 24 o,d 

02c 2 23 02d 

o,. 3 22 o,d 

02c 4 21 Dd 

o,. 5 20 o. 
Vee 19 E 

VceA 18 VEE 

o,b 8 17 Db 

02b 9 16 o. 
o,b 10 15 o,. 
02b 11 14 02a 

D2a 12 13 o,. 

TL/F/10249-1 

010 020 610 VESS 02a 02b 01b 
[]] [QI [fil [[] [ZJ [I] [I] 

o. U1J [i] 02b 

ob§ [I] 01b 

VEE !8J (I] VeeA 

VEES I]]] OJ Vee 
E [fil ~Vee 

o. !ill [ZJ o,. 
Dd [j]] ~02. 

II2JgQJ~~~~I§ 
01d 02d 01dVEES02d 020 01 0 

TL/F/10249-4 
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24 23 22 21 20 19 

18 o,. 
17 o2a 

16 o,. 
15 620 

14 02b 

13 o,b 
7 8 9 10 11 12 

02c o,. VecVccA01b02b 

TL/F/10249-2 



Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired (Note 1) Conditions 
If Military/Aerospace specified devices are required, 

Case Temperature (Tc) 
please contact the National Semiconductor Sales Commercial o·c to +85°C 
Office/Distributors for availability and specifications. 

Military - 55°C to + 125°C 
Storage Temperature (Tsrn) -65°C to + 150°c 

Supply Voltage (VEE) 
Maximum Junction Temperature (TJ) Commercial -5.7V to -4.2V 

Ceramic +175°C Military -5.7V to -4.2V 
Plastic +150°c 

VEE Pin Potential to Ground Pin - 7.0V to + 0.5V 
Input Voltage (DC) VEE to +0.5V 
Output Current (DC Output HIGH) -50mA 

ESD (Note2) ~2000V 

Commercial Version 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = 0°c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -1705 -1620 orV1L(Min) 50!l to -2.0V 

VoHC Output HIGH Voltage -1035 
mV V1N = VJH (Min) Loading with 

VoLC Output LOW Voltage -1610 orV1L (Max) 50!l to -2.0V 

V1H Input HIGH Voltage 
-1165 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

IJL Input LOW Current 0.50 µA V1N = V1LJ_Mi'!L 

l1H Input HIGH Current 
Data 350 

µA V1N = V1H (Max) Enable 240 

IEE Power Supply Current -59 -29 mA Inputs Open 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 
Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +ss·c 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.55 1.30 0.55 1.30 0.55 1.40 ns 

tpHL Data to Output Figures 1 and 2 

tpLH Propagation Delay (Note 1) 

tpHL Enable to Output 
0.80 1.80 0.80 1.80 0.80 1.90 ns 

trLH Transition Time 
0.45 1.30 0.45 1.30 0.45 1.30 

Figures 1 and 2 

trnL 20% to 80%, 80% to 20% 
ns 

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 150 ps with multiple outputs switching. 
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Commercial Version (Continued) 

PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.55 1.20 0.55 1.20 0.55 1.30 ns 

tPHL Data to Output Figures 1 and 2 

tpLH Propagation Delay (Note 2) 

tPHL Enable to Output 
0.80 1.70 0.80 1.70 0.80 1.80 ns 

trLH Transition Time 
0.45 1.30 0.45 1.30 0.45 1.30 

Figures 1 and 2 

trnL 20% to 80%, 80% to 20% 
ns 

ts, G-G Skew, Gate to Gate TBD TBD TBD ns PCC Only (Note 1) 

Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 
Note 2: The propagation delay specified is for single output switching. Delays may vary up to 150 ps with multiple outputs switching. 

Military Version - Preliminary 

DC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee = VccA = GND, Tc = - 55°C to + 125°C 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage -1025 -870 mV 0°C to + 125°C 

-1085 -870 mV -55°C V1N = V1H (Max) Loading with 
1, 2, 3 

VoL Output LOW Voltage -1830 -1620 mV 0°C to + 125°C orV1L(Min) 500 to -2.0V 

-1830 -1555 mV -55°C 

VoHC Output HIGH Voltage -1035 mV 0°C to + 125°C 

-1085 mV -55°C V1N = V1H (Min) Loading with 
1, 2, 3 

VoLC Output LOW Voltage -1610 mV 0°C to + 125°C orV1L(Max) 500 to -2.0V 

-1555 mV -55°C 

V1H Input HIGH Voltage 
-1165 -870 mV - 55°C to + 125°C 

Guaranteed HIGH Signal 
1,2,3,4 

for All Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV - 55°C to + 125°C 

Guaranteed LOW Signal 
1, 2, 3, 4 

for All Inputs 

l1L Input LOW Current 
0.50 µA - 55°C to + 125°C 

VEE= -4.2V 
1, 2, 3 

V1N = V1L (Min) 

l1H Input HIGH Current 
Data 350 

µA 0°C to + 125°C 
Enable 240 VEE= -5.7V 1, 2, 3 

Data 500 V1N = V1H (Max) 

Enable 340 
µA -55°C 

IEE Power Supply Current -65 -20 mA - 55°C to + 125°C Inputs Open 1, 2, 3 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at -55°C, +25'C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55°C, + 25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 
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Military Version - Preliminary (Continued) 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -ss·c Tc= +25°C 

Min Max Min Max 

tPLH Propagation Delay 
0.45 1.50 0.45 1.50 

tpHL Data to Output 

tPLH Propagation Delay 
0.70 2.00 0.70 2.00 

tPHL Enable to Output 

trLH Transition Time 
0.45 1.30 0.45 1.30 

trHL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -ss·c Tc= +25°c 

Min Max Min Max 

tPLH Propagation Delay 
0.45 1.50 0.45 1.50 

tpHL Data to Output 

tpLH Propagation Delay 
0.70 2.00 0.70 2.00 

tpHL Enable to Output 

trLH Transition Time 
0.45 1.30 0.45 1.30 

trHL 20% to 80%, 80% to 20% 

Tc= + 12s·c 
Units 

Min Max 

0.45 1.60 ns 

0.70 2.10 ns 

0.45 1.30 ns 

Tc= +12s·c 
Units 

Min Max 

0.45 1.60 ns 

0.70 2.10 ns 

0.45 1.30 ns 

Conditions Notes 

1,2,3,5 

Figures 1 and 2 

4 

Conditions Notes 

1, 2, 3, 5 

Figures 1 and 2 

4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at + 25'C, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table 1) on each manufactured lot at + 25'C, Subgroup A9, and at + 125'C and - 55'C temperatures, Subgroups A 10 and 
A11. 

Note 4: Not tested at + 25'C, + 125'C, and -55'C temperature (design characterization data). 

Note 5: The propagation delay specified is for single output switching. Delays may vary up to 150 ps with multiple outputs switching. 

Test Circuitry 
,..... 

I \ 

so !l 

50 !l 

50 !! 

50 !l 

50 !! 

50 !l 

VEE 

i0.111F 

24 23 22 21 20 19 

18 

17 

16 

1S 

14 

13 

10 11 12 

251'F I 
-=- Vee 

Notes: 

Vee. VeeA = +2V, VEE= -2.SV. 

L 1 and L2 = equal length 500 impedance lines. 

Rr = 500 terminator internal to scope. 

Decoupling 0.1 µF from GND to Vee and VEE· 

All unused outputs are loaded with 500 to GND. 

CL = Fixture and stray capacitance ,,;; 3 pF. 

Pin numbers shown are for flatpak; for DIP see logic 
50 11 symbol. 

so!! 

50 !! 

50 !! 

50 !l 

50 !l 

50 !l 

TL/F/10249-5 

FIGURE 1. AC Test Circuit 
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S Switching Waveforms 
0 .... 

0.7±0.1 ns~ .-- 1 t=0.7±0.1 ns 

~ J(: 
+1.05V 

80% 

INPUT 50% 

----- +0.31 v 

TRUE 

OUTPUT IPLH ~ ~ tlPHL 

l j 
50% 

20% :----
trLH----1 l=trHL 

COMPLEMENT 

FIGURE 2. Propagation Delay and Transition Times 
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~ Semiconductor 

F100314 
Low Power Quint Differential Line Receiver 

General Description 
The F100314 is a monolithic quint differential line receiver 
with emitter-follower outputs. An internal reference supply 
(Vss) is available for single-ended reception. When used in 
single-ended operation the apparent input threshold of the 
true inputs is 25 mV to 30 mV higher (positive) than the 
threshold of the complementary inputs. Unlike other F1 OOK 
ECL devices, the inputs do not have input pull-down resis
tors. 

output state exists if both inverting and non-inverting inputs 
are at the same potential between VEE and Vee· The de
fined state is logic HIGH on the Oa-Oe outputs. 

Features 
• 35% power reduction of the F100114 
• 2000V ESD protection 

Active current sources provide common-mode rejection of 
1.0V in either the positive or negative direction. A defined 

• Pin/function compatible with F100114 
a Voltage compensated operating range = 

-4.2V to -5.7V 

Logic Symbol 

l>---vee 

Connection Diagrams 

24-Pin DIP 

D, 1 24 D, 

o, 2 23 Dd 

o, 3 22 Dd 

od 4 21 De 

od 5 20 De 

Vee 6 19 Vee 

VeCA 7 18 VEE 

oe 8 17 Db 

Oe 9 16 Db 

ob 10 15 Da 

ob 11 14 Da 

oa 12 13 Oa 

TL/F/10260-2 

Pin Names 

Da-De 
Da-De 
Oa-Oe 
Oa-Oe 

TL/F/10260-1 

Db flll 
Db Ii] 

VEE!)]] 
VEES Ii] 

Vee irn 
De Ii] 
De Ii]) 

28-Pin PCC 

Da Da Oa VEES Oa ob ob 
IIil[J]Jmoornmrn 

Ii111mUI!llll~~~ 
Dd Dd D, VmD1 o, o, 
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Description 

Data Inputs 
Inverting Data Inputs 
Data Outputs 
Complementary Data Outputs 

24-Pin Quad Cerpak 

De De Vee VEE Db Db 

24 23 22 21 20 19 

Dd 18 Da 

Dd 17 Da 

D, 16 Oa 

D, 15 oa 

o, 14 ob 

o, 13 ob 
7 8 9 10 11 12 

od od Vee VeCA De oe 

TL/ F / 10260-3 
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F100321 
Low Power 9-Bit Inverter 

General Description 
The F100321 is a monolithic 9-bit inverter. The device con
tains nine inverting buffer gates with single input and output. 
All inputs have 50 k!l. pull-down resistors. 

Features 
• 30% power reduction of the F100121 
• 2000V ESD protection 
• Pin/function compatible with F100121 
• Voltage compensated operating range 

-5.?V 
-4.2V to 

Ordering Code: see section a 

Logic Symbol 

02--l>o-02 

03--t>o-OJ 

04--t>o-04 

os--l>o-05 

Os--t>o-OS 

01--l>o-07 

Os--t>o-Os 

Connection Diagrams 

24-Pin DIP 

VeeA 1 24 D3 

03 2 23 D2 

02 3 22 D1 

01 21 Dg 

09 20 Ds 

Vee 6 19 VcCA 

VccA 7 18 VEE 

Os 8 17 D7 

07 9 16 D5 

05 10 15 D5 

05 11 14 D4 

04 12 13 VccA 

TL/F/10609-2 

Pin Names 

D1-Dg 
01-0g 

TL/F/10609-1 

28-Pin PCC 

D5 D4VeCAVm04 05 05 
WJ IIQl [II m !Il m m 

D5 fill rn 01 
D7 Ii] ITl Os 

VEE [j] [I] VeCA 

VEEs fill OJ Vee 

VeCA fill Im Vee 

Ds lilJ Ill! 09 

D9 fifil Imo, 

~llQ]m:Jfil]§~§ 

o, D2 D3 Vm VeeA 03 62 

TL/F/10609-4 
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Description 

Data Inputs 
Data Outputs 

24-Pin Quad Cerpak 

D9 Ds VeCA v[[ D7 D5 

24 23 22 21 20 19 

16 

15 

14 

13 

7 8 9 10 11 12 

VccA 

04 

05 

05 

o, 09 Vee VeeAOB 07 

TL/F/10609-3 



Absolute Maximum Ratings 
Above which the useful life may be impaired (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature (T sTG) - 6S°C to + 1 so0 c 

Maximum Junction Temperature (TJ) 
Ceramic 
Plastic 

VEE Pin Potential to Ground Pin 

Input Voltage (DC) 

Output Current (DC Output HIGH) 

ESD (Note2) 

Commercial Version 

+ 17s0 c 
+ 1so0 c 

-7.0Vto +O.SV 

VEEto +O.SV 

-SOmA 

~2000V 

DC Electrical Characteristics 

Recommended Operating 
Conditions 
Case Temperature (Tc) 

Commercial 
Military 

Supply Voltage (VEE) 
Commercial 
Military 

0°cto +8s0 c 
- ss0 c to + 12s0 c 

-S.7V to -4.2V 
-S.7V to -4.2V 

VEE = -4.2V to -S.7V, Vee = VccA = GND, Tc = 0°c to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -102S -9SS -870 mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -170S -1620 mV orV1L (Min) son to -2.ov 

VoHC Output HIGH Voltage -103S mV V1N = V1H (Min) Loading with 

Vmc Output LOW Voltage -1610 mV orV1L (Max) son to -2.ov 

V1H Input HIGH Voltage 
-116S -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1830 -147S mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current o.so µA V1N = V1L (Min) 

l1H Input HIGH Current 240 µA V1N = V1H (Max) 

IEE Power Supply Current -65 -30 mA Inputs Open 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functonal operation under these 
conditions is not implied. 

Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Commercial Version (Continued) 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= o·c Tc= +2s0 c Tc= +ss·c 

Min Max Min Max Min Max 

tPLH Propagation Delay 
0.45 1.45 0.45 1.45 0.45 1.55 

tPHL Data to Output 

tTLH Transition Time 
0.35 1.20 0.35 1.20 0.35 1.20 

tTHL 20% to 80%, 80% to 20% 

Units 

ns 

ns 

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 200 ps with multiple outputs switching. 

PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= o·c Tc= +25°C 

Min Max Min Max 

tPLH Propagation Delay 
0.45 1.25 0.45 1.25 

tPHL Data to Output 

tTLH Transition Time 
0.35 1.10 0.35 1.10 

tTHL 20% to 80%, 80% to 20% 

ts,G-G Skew, Gate to Gate 
TBD TBD 

Tc= +ss·c 

Min Max 

0.45 1.35 

0.35 1.10 

TBD 

Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 

Units 

ns 

ns 

ps 

Note 2: The propagation delay specified is for single output switching. Delays may vary up to 200 ps with multiple outputs switching. 
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Conditions 

Figures 1 and 2 
(Note 1) 

A"gures 1 and 2 

Conditions 

Figures 1 and 2 
(Note2) 

Figures 1 and 2 

PCCOnly 
(Note 1) 



Military Version - Preliminary 

DC Electrical Characteristics 
VEE = -4.2V to -S.7V, Vee= VccA = GND, Tc = -SS°C to + 12S°C 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage 
-102s -870 mV 

0°Cto 
+12S°C 

-108S -870 mV -SS°C VrN = v,H (Max) Loading with 
1, 2, 3 

Vol Output LOW Voltage 0°Cto orV1l (Min) son to -2.ov 
-1830 -1620 mV 

+12S°C 

-1830 -1SSS mV -SS°C 

VoHC Output HIGH Voltage 
-103S mV 

o•cto 
+12S°C 

-108S mV -ss0 c VrN = VrH (Min) Loading with 
1, 2, 3 

Vole Output LOW Voltage 0°Cto orV1l (Max) son to -2.ov 
-1610 mV 

+ 12s0 c 

-1SSS mV -SS°C 

VrH Input HIGH Voltage 
-116S -870 mV 

-ss°Cto Guaranteed HIGH Signal 
1, 2, 3, 4 

+ 12S°C for All Inputs 

Vrl Input LOW Voltage 
-1830 -147S mV 

-ss·cto Guaranteed LOW Signal 
1,2, 3,4 

+12S°C for All Inputs 

lrl Input LOW Current 
o.so µA 

-S5°Cto VEE= -4.2V 
1, 2, 3' 

+125°C VrN = Vrl (Min) 

lrH Input HIGH Current 
240 µA 

0°Cto 
+125°C VEE= -5.7V 

VrN = VrH (Max) 
1, 2, 3 

340 µA -5S°C 

IEE Power Supply Current 
-70 -2S mA 

-S5°Cto 
Inputs Open 1, 2, 3 

+12S°C 
Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at -55'C, + 25'C, and + 125'C, Subgroups 1, 2, 3, 7, and B. 

Note 3: Sample tested (Method 5005, Table 1) on each manufactured lot at -55'C, +25'C and + 125'C, Subgroups A1, 2, 3, 7, and B. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 
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Military Version - Preliminary (Continued) 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee= VeeA = GND 

Symbol Parameter 
Tc= -ss·c Tc= +2s0 c Tc= +12s·c 

Units 
Min Max Min Max Min Max 

tpLH Propagation Delay 
0.30 1.80 0.40 1.45 0.40 1.80 ns 

tpHL Data to Output 

trLH Transition Time 
0.30 1.20 0.30 1.20 0.30 1.20 ns 

trHL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -ss·c Tc= +2s0 c Tc= + 12s0 c 

Units 
Min Max Min Max Min Max 

tpLH Propagation Delay 
0.30 1.80 0.40 1.45 0.40 1.80 ns 

tPHL Data to Output 

trLH Transition Time 
0.30 1.20 0.30 1.20 0.30 1.20 

trHL 20% to 80%, 80% to 20% 
ns 

Conditions Notes 

1,2,3,5 
Figures 1 and 2 

4 

Conditions Notes 

1, 2, 3, 5 
Figures 1 and 2 

4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -SS'C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at + 2S'C temperature only, Subgroup A9. 

Note 3: Sample tested (Method SOOS, Table 1) on each mfg. lot at + 25'C, Subgroup A9, and at + 12S'C and - 5S'C temperatures, Subgroups A 10 and A 11. 

Note 4: Not tested at + 25'C, + 12S'C, and -SS'C temperature (design characterization data). 

Note 5: The propagation delay specified is for single output switching. Delays may vary up to 200 ps with multiple outputs switching. 

Test Circuitry 

l PULSE l 
GENERATORJ 

Notes: 

Vee. VeeA = +2V, VEE= -2.SV 
L 1 and L2 = equal length son impedance lines 
Rr = son terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance ,,;; 3 pf 

,-, 
\I 

l 

L 1 

.--------'-~,..., _. ..... I SCOPE ] 
1 / l CHAN A VH'i l ~R, 
~ 

L2 

1 CIRCUIT ,-, 
SCOPE J UNDER 

TEST I I l CHAN B 

-1- ~RT 
fio -=-VEE I .1,,F -

FIGURE 1. AC Test Circuit 
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Switching Waveforms 
0.7:!:0.1 ns1 r 1 r0.7:!:0.1 ns 

+ 1.05 v 

~ ~-+-).!
3

-+0.31V 
.".~ rr--.J· 

INPUT 

L j so;~% 

ITLH-1 ~ITHL 

OUTPUT 

FIGURE 2. Propagation Delay and Transition Times 
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F100322 
Low Power 9-Bit Buffer 

General Description Features: 
• 30% power reduction of the F100122 
• 2000V ESD protection 
• Pin/function compatible with F100122 

The F100322 is a monolithic 9-bit buffer. The device con
tains nine non-inverting buffer gates with single input and 
output. All inputs have 50 kn pull-down resistors and all 
outputs are buffered. • Voltage compensated operating range 

-5.7V 
-4.2V to 

Ordering Code: see section a 

Logic Symbol 

D1-t>--01 

02-t>--02 

D3-t>--03 

04-t>--04 

Ds-t>--Os 

oa--(>--os 

Da-l>--oa 

De-l>--Oe 

Connection Diagrams 

24·Pin DIP 

VeeA 1 24 D3 

03 2 23 D2 

02 3 22 o, 
o, 4 21 Dg 

09 5 20 Ds 

Vee 19 VeeA 

VeeA 18 VEE 
Os 8 17 D7 
07 9 16 Ds 

Os 10 15 D5 
05 11 14 D4 

04 12 13 VeeA 

TL/F/10608-2 

Pin Names Description 

D1, Dg Data Inputs 
01,0g Data Outputs 

TL/F/10608-1 

28·Pin PCC 24·Pin Quad Cerpak 

D5 D4VCCAVEES04 05 05 Dg Ds VeeA VEE D7 Ds 
[j] [QI [[J [[] II] []] ([] 

24 23 22 21 20 19 

Ds@ [!]07 o, 18 D5 
D7 [j] mos D2 2 17 D4 
VEE~ [I] VeeA D3 3 16 VeeA 

VEES !ill OJ Vee 
VeCA 15 04 VeeA Im g§I Vee 

Ds IIZJ Ill] Og 03 14 05 
Dg il]] ~01 02 13 05 

7 8 9 10 11 12 
[J]]!ill~llll~~~ 

D1 D2 D3VEESVCCA03 02 o, 09 Vee VeCA Os 07 

TL/F/10608-4 TL/F/10608-3 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature (T srn) - 65°C to + 150°C 

Output Current (DC Output HIGH) 

ESD (Note 2) 

Recommended Operating 
Conditions 

-50mA 

~2000V 

Maximum Junction Temperature (TJ) 
Ceramic 
Plastic 

+175°C 
+150°c 

Case Temperature (Tc) 
Commercial 
Military 

o·cto +85°C 
- 55°C to + 125°C 

VEE Pin Potential to Ground Pin 

Input Voltage (DC) 

Commercial Version 

- 7.0V to + 0.5V 

VEE to +0.5V 

DC Electrical Characteristics 

Supply Voltage (VEE) 
Commercial 
Military 

VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = o•c to +85°C (Note 3) 

-5.7V to -4.2V 
-5.7V to -4.2V 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -1705 -1620 orV1L(Min) 500. to - 2.0V 

VoHC Output HIGH Voltage -1035 
mV V1N = V1H(Min) Loading with 

VoLC Output LOW Voltage -1610 orV1L (Max) 500. to - 2.0V 

V1H Input HIGH Voltage 
-1165 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

VJL Input LOW Voltage 
-1830 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

l1H Input HIGH Current 240 µA V1N = V1H (Max) 

IEE Power Supply Current -65 -30 mA Inputs Open 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 

Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +2s0 c Tc= +ss·c 

Units Conditions 
Min Max Min Max Min Max 

tpLH Propagation Delay 
0.45 1.45 0.45 1.45 0.45 1.55 

tpHL Data to Output 

trLH Transition Time 
0.35 1.20 0.35 1.20 0.35 1.20 

trHL 20% to 80%, 80% to 20% 

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 200 ps with multiple outputs switching. 

PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

ns 

ns 

Symbol Parameter 
Tc= o·c Tc= +2s0 c Tc= +ss·c 

Units 
Min Max Min Max Min Max 

tpLH Propagation Delay 
0.45 1.25 0.45 1.25 0.45 1.35 ns 

tpHL Data to Output 

trLH Transition Time 
0.35 1.10 0.35 1.10 0.35 1.10 

trHL 20% to 80%, 80% to 20% 
ns 

ts,G-G Skew, Gate to Gate TBD TBD TBD ps 

Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 

Note 2: The propagation delay specified is for single output switching. Delays may vary up to 200 ps with multiple outputs switching. 
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Figures 1 and 2 
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Figures 1 and 2 

Conditions 

Figures 1 and 2 
(Note2) 

Figures 1 and 2 

PCC Only (Note 1) 
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Military Version-Preliminary 
DC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee = VccA = GND, Tc = 0°c to +85°C 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage -1025 -870 mV 0°C to + 125°C 

-1085 -870 mV -55°C V1N = V1H (Max) Loading with 
1, 2, 3 

VoL Output LOW Voltage -1830 -1620 mV 0°C to + 125°C or V1L (Min) 500to -2.0V 

-1830 -1555 mV -55°C 

VoHC Output HIGH Voltage -1035 mV 0°C to + 125°C 

-1085 mV -55°C V1N = V1H (Max) Loading with 
1, 2, 3 

VoLC Output LOW Voltage -1610 mV 0°C to + 125°C orV1L (Min) 500to -2.0V 

-1555 mV -55°C 

V1H Input HIGH Voltage 
-1165 -870 mV - 55°C to + 125°C 

Guaranteed HIGH Signal 
1, 2, 3, 4 

for All Inputs 

V1L Input HIGH Voltage 
-1830 -1475 mV - 55°C to + 125°C 

Guaranteed LOW Signal 
1, 2, 3, 4 

for All Inputs 

l1L Input LOW Current 
0.50 µA -55°C to+ 125° 

VEE= -4.2V 
1, 2, 3 

V1N = V1L (Min) 

l1H Input HIGH Current 240 µA 0°C to + 125°C VEE= -5.7V 
1, 2, 3 

340 µA -55°C V1N = V1H (Max) 

IEE Power Supply Current -70 -25 mA - 55°C to + 125°C Inputs Open 1, 2, 3 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at -55'C, + 25'C, and + 125'C, Subgroups 1, 2, 3, 7, and B. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55'C, +25'C, and +125'C, Subgroups A1, 2, 3, 7, and B. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 

Ceramic Dual-In-Line Package AC Electrical.Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= -55°C Tc= +25°C Tc= +125°C 

Units Conditions Notes 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.30 1.80 0.40 1.60 0.40 1.80 ns 1,2,3,5 

tPHL Data to Output 
Figures 1 and 2 

tTLH Transition Time 
0.30 1.20 0.30 1.20 0.30 1.20 4 

trHL 20% to 80%, 80% to 20% 
ns 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee= VccA = GND 

Symbol Parameter 
Tc= -55°C Tc= +25°C Tc= +125°C 

Units Conditions Notes 
Min Max Min Max Min Max 

tpLH Propagation Delay 
0.30 1.80 0.40 1.60 0.40 1.80 ns 1,2,3,5 

tPHL Data to Output 
Figures 1 and 2 

trLH Transition Time 
0.30 1.20 0.30 1.20 0.30 1.20 4 

trnL 20% to 80%, 80% to 20% 
ns 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at + 25'C, only Subgroup A9. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25'C, Subgroup A9, and at + 125'C and - 55'C temperatures, Subgroups A 1 O and 
A11. 

Note 4: Not tested at + 25'C, + 125'C, and - 55'C temperature (design characterization data). 
Note 5: The propagation delay specified is for single output switching. Delays may vary up to 200 ps with multiple outputs switching. 
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Test Circuit 

Notes: 
Vee. VeeA = +2V, VEE = -2.SV 

L2 

I I 

l Ry 

SCOPE 
CHAN A 

L 1 and L2 = equal length son impedance lines 
Rr = son terminator Internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance s: 3 pF 

PULSE ,-, CIRCUIT ,-, SCOPE 

GENERATOR...._ ... , -4,-- u~EDS~R ..-+,-, ----:._c_H_A_N_e__, 

l J. Ar 

TL/F/10608-5 

FIGURE 1. AC Test Circuit 

Switching Waveforms 

~ .. ··~v 1J:···· ....... 
INPUT Ip"'~' r ~-+-.;2_05_!_•;._. ---- +0.31 V 

OUTPUT 

TL/F/10608-6 

FIGURE 2. Propagation Delay and Transition Times 
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F100324 
Low Power Hex TTL-to-ECL Translator 

General Description 
The F100324 is a hex translator, designed to convert TTL 
logic levels to 1 OOK ECL logic levels. The inputs are com
patible with standard or Schottky TTL. A common Enable 
(E), when LOW, holds all inverting outputs HIGH and holds 
all true outputs LOW. The differential outputs allow each 
circuit to be used as an inverting/non-inverting translator, or 
as a differential line driver. The output levels are voltage 
compensated over the full -4.2V to -5.7V range. 

The F100324 is pin and function compatible with the 
F100124 with similar AC performance, but features power 
dissipation roughly half of the F100124 to ease system cool
ing requirements. 

When the circuit is used in the differential mode, the 
F100324, due to its high common mode rejection, over
comes voltage gradients between the TTL and ECL ground 
systems. The VEE and VnL power may be applied in either 
order. 

Ordering Code: see section a 

Logic Diagram 

Connection Diagrams 

TL/F/9878-4 

Features 
• Pin/function compatible with F100124 
• Meets F100124 AC specifications 
• 50% power reduction of the F100124 
• Differential outputs 
• 2000V ESD protection 
• - 4.2V to - 5. 7V operating range 

Pin Names Description 

Do-D5 Data Inputs 

E Enable Input 

Oo-05 Data Outputs 

Oo-05 Complementary 
Data Outputs 

24-Pin DIP 28-Pin PCC 24-Pin Quad Cerpak 

Oo 24 Oo 
D5 05 05 Vm 04 04 03 Do Vm E VEE D3 D4 

[j] [QI l:ID [§] III [[] @J 
o, 23 D2 24 23 22 21 20 19 

22 o, 
02 21 Do 

02 20 Vm 

Vee 19 E 

D1 18 
D4 il11 rn 03 

D2 17 
D3 [i] llJ VeeA 
VEE~ [I] VecA Oo 16 

VEES ii]! ITl Vee Oo 15 

VeeA 18 VEE E [§] ~Vee o, 14 

VeeA 17 03 Vmll1l Ill! 02 o, 13 

03 16 D4 Do [j]] §I 02 7 8 9 10 11 12 
15 05 

04 11 14 05 02 02 Vee VcCA VcCA 03 
[j]J[ill~~~~~ 

D5 

05 

05 

04 

04 

03 

04 12 13 05 D1 D2 Oo Vm Oo 01 01 
TL/F/9878-2 

TL/F/9878-3 
TL/F/9878-1 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military I Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 
Storage Temperature (T srn) - 6S°C to + 1 so•c 

Maximum Junction Temperature (TJ) 
Ceramic 
Plastic 

VEE Pin Potential to Ground Pin 

VnL Pin Potential to Ground Pin 

Input Voltage (DC) 

Output Current (DC Output HIGH) 

ESD(Note2) 

+ 11s·c 
+1so·c 

-7.0Vto +O.SV 

+6.0Vto -0.SV 

VEE to +O.SV 

-SOmA 

~2000V 

DC Electrical Characteristics 

Recommended Operating 
Conditions 
Case Temperature (Tc) 

Commercial 
Military 

Supply Voltage (VEE) 
Commercial 
Military 

o•cto +8s0 c 
- ss·c to + 12s·c 

-S.7V to -4.2V 
-S.7V to -4.2V 

VEE = -4.2V to -S.7V, Vee = VccA = GND, Tc = o·c to +8s0 c (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -102S -9SS -870 
mV V1N = V1H (Max) Loading with 

Vm Output LOW Voltage -1830 -170S -1620 orV1L(Min) son to -2.ov 

VoHC Output HIGH Voltage -103S 
mV V1N = V1H(Min) Loading with 

VoLC Output LOW Voltage -1610 orV1L(Max) son to -2.ov 

V1H Input HIGH Voltage 
2.0 s.o v 

Guaranteed HIGH 
Signal for All Inputs 

V1L Input LOW Voltage 
0 0.8 v 

Guaranteed LOW 
Signal for All Inputs 

Vco Input Clamp Diode Voltage -1.2 v l1N = -18 mA 

l1H Input HIGH Current 
V1N = +2.4V, 

Data 20 
Enable 120 

µA All Other Inputs V1N = GND 

Input HIGH Current 
1.0 mA 

V1N = +S.SV, 
Breakdown Test, All Inputs All Other Inputs = GND 

l1L Input LOW Current 
V1N = +0.4V, 

Data -0.9 
Enable -S.4 

mA All Other Inputs V1N = V1H 

IEE VEE Power Supply Current -70 -4S -22 mA All Inputs V1N = + 4.0V 

lnL VnL Power Supply Current 2S 38 mA All Inputs V1N = GND 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 

Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Ceramic Dual-In-Line Package AC Electric Characteristics 
VEE= -4.2V to -5.7V, Vee= VccA = GND, VnL = +4.5V to +5.5V 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.50 3.00 0.50 2.90 0.50 3.00 ns 

tPHL Data and Enable to Output 
Figures 1 and 2 

trLH Transition Time 
0.45 1.80 0.45 1.80 0.45 1.80 ns 

trHL 20% to 80%, 80% to 20% 

PCC and Cerpak AC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee= VccA = GND, VnL = +4.5V to +5.5V 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tpLH Propagation Delay 
0.50 2.80 0.50 2.70 0.50 2.80 ns 

tPHL Data and Enable to Output 
Figures 1 and 2 

trLH Transition Time 
0.45 1.70 0.45 1.70 0.45 1.70 ns 

trHL 20% to 80%, 80% to 20% 

tsG-G Skew, Gate to Gate 
TBD TBD TBD ps 

PCCOnly 
(Note 1) 

Note 1: Gate to gate skew is defined as the difference in the propagation delays between each of the outputs. 

Military Version-Preliminary 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = - 55°C to + 125°C, VnL = + 4.5V to + 5.5V 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage -1025 -870 mV 0°C to + 125°C 

-1085 -870 mV -55°C V1N = V1H (Max) 

Vm Output LOW Voltage -1830 -1620 mV 0°C to + 125°C orV1L (Min) Loading with 
50.0 to - 2.0V 

1, 2, 3 
-1830 -1555 mV -55°C 

Cutoff Voltage -1950 mV 0°C to + 125°C 
OE or DIR Low 

-1915 mV -55°C 

VoHC Output HIGH Voltage -1035 mV 0°C to + 125°C 

-1085 mV -55°C V1N = V1H (Max) Loading with 
orV1L (Min) 50.0 to - 2.0V 

1, 2, 3 
Vmc Output LOW Voltage -1610 mV 0°C to + 125°C 

-1555 mV -55°C 

V1H Input HIGH Voltage 2.0 5.0 v - 55°C to + 125°C Over VnL. VEE· Tc Range 1,2,3,4 

V1L Input LOW Voltage 0.0 0.8 v - 55°C to + 125°C Over VTTL· VEE· Tc Range 1, 2, 3, 4 

l1H Input HIGH Current 20 µA - 55°C to + 125°C V1N = +2.7V 
1,2,3 

Breakdown Test 100 µA - 55°C to + 125°C V1N = +5.5V 
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Military Version-Preliminary (Continued) 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = - 55°C to + 125°C, VnL = + 4.5V to + 5.5V (Continued) 

Symbol Parameter Min Max Units Tc Conditions Notes 

l1L Input LOW Current 
Data -0.9 mA - 55°C to + 125°C V1N = +0.5V 1, 2, 3 
Enable -5.4 

VFCD Input Clamp 
-1.2 v - 55°C to + 125°C 

l1N = -18 mA 
1, 2, 3 

Diode Voltage 

IEE VEE Power 
-70 -22 mA - 55°C to + 125°C 

All Inputs V1N = + 4.0V 
1, 2, 3 

Supply Current 

lnL VnL Power 
38 mA - 55°C to + 125°C 

All Inputs V1N = GND 
1, 2, 3 

Supply Current 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at -55'C, + 25'C, and + 125'C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55'C, +25'C, and +125'C, Subgroups A1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 

Ceramic Dual-In-Line Package AC Electric Characteristics 
VEE= -4.2V to -5.7V, Vee= VccA = GND, VnL = +4.5V to +5.5V 

Symbol Parameter 
Tc= -55°C Tc= +25°C Tc= +125°C 

Units Conditions Notes 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.50 3.00 0.50 2.90 0.30 3.30 ns 1, 2, 3, 

tPHL Data and Enable to Output 
Figures 1 and 2 

trLH Transition Time 
0.35 1.80 0.45 1.80 0.45 1.80 4 ns 

trHL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee= VccA = GND, VnL = +4.5V to +5.5V 

Symbol Parameter 
Tc= -55°C Tc= +25°C Tc= + 125°C 

Units Conditions Notes 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.50 3.00 0.50 2.90 0.30 3.30 ns 1, 2, 3 

tPHL Data and Enable to Output 
Figures 1 and 2 I---

trLH Transition Time 
0.35 1.80 0.45 1.80 0.45 1.80 4 ns 

trHL 20% to 80%, 80% to 20% 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at + 25'C temperature only, Subgroup A9. 
Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25'C, Subgroup A9, and at + 125'C and - 55'C temperatures, Subgroups A 10 and 
A11. 
Note 4: Not tested at +25'C, + 125'C, and -55'C temperature (design characterization data). 
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S Switching Waveform 
0 ,... 

INPUT 

OUTPUT 

-----+1.5V 

TRUE 

TL/F/9878-6 

FIGURE 1. Propagation Delay and Transition Times 

Test Circuit 
V1H Vm 

o.1µr I 11 t o.1µr 
r--------, 

L1 L2 
SCOPE 

,, ,, 
CHAN A r l Rr 

L3 
PULSE - -, - ,, 

GENERATOR 

l o.1µrfF~tl l 

VEE Vee 

FIGURE 2. AC Test Circuit 
Notes: 

Vee. VeeA = ov, VEE= -4.SV, VnL = +s.ov. V1H = +3.0V 
L 1, L2 and L3 = equal length son impedance lines 

Rr = son terminator internal to scope 

Decoupling 0.1 µ.F from GND to Vee. VEE and VnL 

All unused outputs are loaded with son to GND 

CL = Fixture and stray capacitance ~ 3 pF 
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~National 
~ Semiconductor 

F100325 
Low Power Hex ECL-to-TTL Translator 

General Description 
The F100325 is a hex translator for converting F100K logic 
levels to TTL logic levels. Differential inputs allow each cir
cuit to be used as an inverting, non-inverting or differential 
receiver. An internal reference voltage generator provides 
Vss for single-ended operation, or for use in Schmitt trigger 
applications. All inputs have 50kn pull-down resistors. 
When the inputs are either unconnected or at the same 
potential the outputs will go low. 

When used in single-ended operation the apparent input 
threshold of the true inputs is 20mV to 40mV higher (posi
tive) than the threshold of the complementary inputs. The 
VEE and VnL power may be applied in either order. 

Ordering Code: see section a 

Logic Diagram 
I>-- Vee 

~o ---J"..... Oo Do-V-

Ds=t>-- Os Os 

TL/F/9879-4 

Connection Diagrams 

Features 
• Pin/function compatible with F100125 
• Meets F100125 AC specifications 
• 50% power reduction of the F100125 
• Differential inputs with built in offset 
• Standard FAST® outputs 
• 2000V ESD protection 
• - 4.2V to - 5. 7V operating range 

Pin Names Description 

Do-Ds Data Inputs 
Do-Ds Inverting Data Inputs 
Oo-Os Data Outputs 

24-Pin DIP 28-Pin PCC 24-Pin Quad Cerpak 

05 
02 D1 01 VEES Do Oo Oo D4 03 D3 VEE Yee D2 

05 1 24 (j]IIQ][[)[]][Z][]][]] 

04 2 23 D5 24 23 22 21 20 19 

03 22 04 D2 IJ1] rn 01 04 18 

Ym 21 D4 Yee Ii] [I] 02 D5 17 

Ym 5 20 03 VEE Ii] Ill Yee 05 16 

Yee 6 19 D3 
VEES~ ITl Yee 

05 15 D3 Ii&] ~Yee 
Yee 18 VEE 53 lill lllJYm 04 14 
02 17 Yee D4 [j]J ~Vm 03 13 
01 9 16 D2 7 8 9 10 11 12 
Oo 10 15 ii2 li2llm~llll~~~ 

iio 11 14 D, 04 D5 05 VEES 05 04 03 Ym Ym Yee Yee 02 01 

D2 

D1 

D1 

Do 

Do 

Oo 

Do 12 13 ii1 TL/F/9879-3 TL/F/9879-2 

TL/F/9879-1 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military I Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature (T srn) - 65°C to + 150°C 

Maximum Junction Temperature (TJ) 
Ceramic 
Plastic 

VEE Pin Potential to Ground Pin 

VnL Pin Potential to Ground Pin 
Input Voltage (DC) 

Output Current (DC Output HIGH) 

ESD (Note2) 

+ 175°C 
+150°C 

-7.0Vto +0.5V 

+6.0Vto -0.5V 

VEE to +0.5V 
-50mA 

~2000V 

DC Electrical Characteristics 

Recommended Operating 
Conditions 
Case Temperature (Tc) 

Commercial 
Military 

Supply Voltage (VEE) 
Commercial 
Military 

0°Cto +85°C 
- 55°C to + 125°C 

-5.7Vto -4.2V 
-5.7V to -4.2V 

VEE = -4.2V to -5.7V, Vee = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

Vss Output Reference Voltage -1380 -1320 -1260 mV Ives= -2.1 mA 

V1H Single-Ended Input 
-1165 -870 mV 

Guaranteed HIGH Signal for All Inputs 
HIGH Voltage (with One Input Tied to Vss) 

V1L Single-Ended Input 
-1830 -1475 mV 

Guaranteed LOW Signal for All Inputs 
LOW Voltage (with One Input Tied to Vss) 

VoH Output HIGH Voltage 2.5 v loH = -2.0 mA J V1N = V1H (Max) 

VoL Output LOW Voltage 0.5 v Im= 20 mA l or V1L (Min) 

Vo1FF Input Voltage Differential 150 mV Required for Full Output Swing 

VcM Common Mode Voltage Vee - 2.0 Vee - o.5 v 
l1H Input HIGH Current 

350 µA V1N = V1H (Max)• Do-D5 = V99, 
Do-05 = V1L (Min) 

IJL Input LOW Current 0.5 µA V1N = V1L (Min)· Do-D5 = Vss 

los Output Short-Circuit Current -150 -60 mA Vour = GND* 

IEE VEE Power Supply Current -37 -27 -17 mA Do-D5 = Vss 

lnL VnL Power Supply Current 45 65 mA Do-D5 = Vss 
•rest one output at a time. 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 
Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee= GND, VnL = +4.5V to +5.5V 

Symbol Parameter 
Tc= o·c Tc= +2s0 c 

Min Max Min Max 

tPLH Propagation Delay 
0.80 3.50 0.90 3.70 

tpHL Data to Output 

tPLH Propagation Delay 
1.60 4.30 1.70 4.50 

tPHL Data to Output 

PCC and Cerpak AC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee= GND, VnL = +4.5V to +5.5V 

Symbol Parameter 
Tc= o·c Tc= +25°C 

Min Max Min Max 

tPLH Propagation Delay 
0.80 3.30 0.90 3.50 

tPHL Data to Output 

tPLH Propagation Delay 
1.60 4.10 1.70 4.30 

tPHL Data to Output 

tsG-G Skew Gate to Gate 
TBD TBD 

Tc= +as·c 

Min Max 

1.00 4.00 

1.80 4.80 

Tc= +as·c 

Min Max 

1.00 3.80 

1.80 4.60 

TBD 

Note 1: Gata to gate skew is defined as the difference in the propagation delays between each of the outputs. 

Truth Table 
Inputs 

Dn 

L 
H 
L 
H 

Open 

VEE 
L 
H 

Vss 
Vss 

H = HIGH Voltage Level 
L = LOW Voltage Level 

Outputs 

Dn On 

H L 
L H 
L L 
H L 

Open L 

VEE L 

Vss L 

Vss H 
L H 
H L 
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Units Conditions 

ns 
CL= 15 pF 
Figures 1 and 2 

ns 
CL= 50 pF 
Figures 1 and 3 

Units Conditions 

ns 
CL= 15 pF 
Figures 1 and 2 

ns 
CL= 50 pF 
Figures 1 and 3 

PCConly 
ps 

(Note 1) 



Military Version-Preliminary 

DC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee= VccA = GND, Tc = - 55°C to + 125°C, CL = 50 pF, VnL = + 4.5V to + 5.5V 

Symbol Parameter Min Max Units Tc Conditions Notes 

Vss Output Reference Voltage 
-1380 -1260 mV - 55°C to + 125°C 

lvss = -3 µA, VEE= -4.2V 
1, 2, 3 

lvss = -2.1 mA, VEE= -5.7V 

V1H Input HIGH Voltage 
-1165 -870 mV - 55°C to + 125°C 

Guaranteed HIGH Signal for All Inputs 
1, 2, 3, 4 

(with One Input Tied to Vss) 

V1L Input LOW Voltage 
-1830 -1475 mV - 55°C to + 125°C 

Guaranteed LOW Signal for All Inputs 
1, 2, 3, 4 

(with One Input Tied to Vss) 

VoH Output HIGH Voltage 2.5 
mV 

0°c to + 125°C 
loH = -2.0 mA V1N = V1H (Max) 

2.4 -55°C orV1L(Min) 1, 2, 3 

Vm Output LOW Voltage 0.5 mV - 55°C to + 125°C loL = 20 mA 

VDIFF Input Voltage Differential 
150 mV 

-55°Cto Required for Full Output Swing 
1, 2,3 

+125°C 

VcM Common Mode Voltage 
-2000 -500 mV 

-55°Cto 
1,2,3,4 

+125°c 

l1H Input HIGH Current 350 
µA 

0°c to + 125·c V1N = V1H (Max)• Do-D5 = V99, 
1, 2, 3 

500 -55°C Do-05 = V1L (Min) 

l1L Input LOW Current 0.50 µA - 55°C to + 125°C V1N = V1L (Min), Do-D5 = Vss 1, 2, 3 

los Output Short Circuit 
-150 -60 mA - 55°C to + 125°C 

VouT = GND 
1, 2, 3 

Current Test One Output at a Time 

lcEX Output HIGH 
250 µA - 55°C to + 125°C 

VouT = 5.5V 
1, 2, 3 

Leakage Current 

IEE VEE Power Supply Current -35 -12 mA - 55°C to + 125°C Do-Ds = Vss 1, 2, 3 

lnL VnL Power Supply Current 65 mA - 55°C to + 125°C Do-Ds = Vss 1,2, 3 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at -55°C, +25°C, and +125°C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55°C, + 25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee= GND, VnL = +4.5V to +5.5V 

Symbol Parameter 
Tc= -ss·c Tc= +25°c Tc= +125°c 

Units Conditions Notes 
Min Max Min Max Min Max 

tPLH Propagation Delay 
1.50 5.00 1.60 4.70 1.70 5.70 ns 

CL= 50 pF 
1, 2, 3 

tPHL Data to Output Figures 1 and 3 
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Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = GND, VnL = +4.5V to +5.5V 

Symbol Parameter 
Tc= -ss·c Tc= +25°C Tc= +12s·c 

Units Conditions Notes 
Min Max Min Max Min Max 

tPLH Propagation Delay 
1.50 5.00 1.60 4.70 1.70 5.70 ns 

CL= 50 pF 
1, 2, 3 

tPHL Data to Output Figures 1 and 3 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at +25'C, temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25'C, Subgroup A9, and at + 125'C and -55'C temperatures, Subgroups A 1 O and 
A11. 

Note 4: Not tested at + 25'C, + 125'C, and -55'C temperature (design characterization data). 

Switching Waveform 

:.------0.95V 
80"/o I I t::::o.1:1::0.1 ns 

INPUT 50% 

~'"~ Ir ~r I''": .... 
ATTENUATED 
OUTPUT 

FIGURE 1. Propagation Delay 
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S Test Circuits 
0 ...... 

Vm ------1-----• -;B; ~ -- -" 
0.1 µr .I 

OPEN -------t~..-r-<Jll 

r--------------------~ 

.--0.95 

-1.71 __J rECL 

50.0. 
S/H---<11,...._-t. 

Notes: 
Vee = ov, VEE = -4.5V. VnL = + 5V 
L 1 and L2 = equal length 50!1 impedance lines 
RT = 50!1 terminator internal to scope 

-4V 

Decoupling 0.1 µF from GND to Vee. VEE and VnL 
All unused outputs are loaded with 500!1 to GND 
CL = Fixture and stray capacitance = 15 pF 

100.0. 

I 
I 

Vcc 
'"-r---1- ~L 

FIGURE 2. AC Test Circuit for 15 pF Loading 
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Test Circuits (Continued) 

Ym -----1 .... ----.. , -~B;- - - - , 
0.1µF .I 

OPEN -------+-..... ---a 

r--------------------~ 

r---0.95 

-1.71 __J FECL 

so.n 
S/H-_.,.~-f 

100.n 

-4Y 

I 
I "-r---1-

Ycc 

_EL 

FIGURE 3. AC Test Circuit for 50 pF Loading 
Notes: 
Vee= OV, VEE= -4.5V, VnL = +5V 
L 1 and L2 = equal length son impedance lines 
Ar = 50!1 terminator internal to scope 
Decoupling 0.1 µF from GND to Vee. VEE and VnL 
All unused outputs are loaded with 500!1 to GND 
CL = Fixture and stray capacitance = 50 pF 
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ADVANCE INFORMATION 

D Semiconductor 

f 100328 
Low Power Octal ECL/TTL 
Bi-Directional Translator with Latch 

General Description 
The F100328 is an octal latched bi-directional translator de
signed to convert TIL logic levels to 1 OOK ECL logic levels 
and vice versa. The direction of this translation is deter
mined by the DIR input. A LOW on the output enable input 
(OE) holds the ECL outputs in a cut-off state and the TIL 
outputs at a high impedance level. A HIGH on the latch 
enable input (LE) latches the data at both inputs even 
though only one output is enabled at the time. A LOW on LE 
makes the F100328 transparent. 

The F100328 is designed with FAST® TIL output buffers, 
featuring optimal DC drive and capable of quickly charging 
and discharging highly capacitive loads. All inputs have 
50 kn pull-down resistors. 

Features 
• Identical performance to the F100128 at 50% of the 

supply current 
• Bi-directional translation 
• 2000V ESD protection 
• Latched outputs 
• FAST® TIL outputs 
• TRI-STATE® outputs 

The cut-off state is designed to be more negative than a 
normal ECL LOW level. This allows the output emitter-fol
lowers to turn off when the termination supply is -2.0V, 
presenting a high impedance to the data bus. This high im
pedance reduces termination power and prevents loss of 
low state noise margin when several loads share the bus. • Voltage compensated operating range = 

-4.2V to -5.7V 

Logic Symbol 

OE 

Connection Diagrams 

24·Pln DIP 

E4 24 E3 

E5 23 E2 

Es 3 22 E1 

E1 4 21 Ea 
OE 5 20 LE 

Vee 6 19 Vee 

VCCA 18 VEE 
DIR 17 Vm 

T1 9 16 To 

Ts 10 15 T1 

LE 

OIR 

TL/F/10219-1 

To~ 
Vmli] 
VEE~ 

VEES [§I 

Vee Ii]] 
LE li1l 
Ea Ii]) 

28·Pln PCC 
T1 T2 T3VEES T4 T5 Ts 
ITIJ[QJ[i)[[)!IJIIll:fil 

jj]J@~llll~~~ 

Pin Names Description 

Eo-E7 ECLDatal/O 
To-T7 TILDatal/O 
OE Output Enable Input 
LE Latch Enable Input 
DIR Direction Control Input 

All pins function at 1 OOK ECL levels except for To-T 7. 

ill T1 
CI! DIR 

IIJVCCA 
ill Vee 
~Vee 
Ill] OE 

g§J E1 

E1 

E2 

E3 

E4 

Es 

Es 

24-Pln Quad Cerpak 

Ea LE Vee VEE Vm To 

24 23 22 21 20 19 

1 18 

2 17 

3 16 

4 15 

5 14 

6 13 

7 8 9 10 11 12 

T1 

T2 

T3 

T4 

Ts 

Ts 

Ts 11 14 T2 
E1 ~ E3 VEES E4 Es Es 

TL/F/10219-4 

T4 12 13 T3 TL/F/10219-3 

TL/F/10219-2 
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~National ADVANCE INFORMATION 

~ Semiconductor 

F100329 
Low Power Octal ECL/TTL Bidirectional 
Translator with Register 

General Description 
The F100329 is an octal registered bidirectional translator 
designed to convert TIL logic levels to 1 OOK ECL logic lev
els and vice versa. The direction of the translation is deter
mined by the DIR input. A LOW on the output enable input 
(OE) holds the ECL outputs in a cut-off state and the TIL 
outputs at a high impedance level. The outputs change syn
chronously with the rising edge of the clock input (CP) even 
though only one output is enabled at the time. 

The F100329 is designed with FAST® TIL output buffers, 
featuring optimal DC drive and capable of quickly charging 
and discharging highly capacitive loads. All inputs have 
50 kn pull-down resistors. 

Features 
• Bidirectional translation 
• ECL high impedance outputs 
• Registered outputs 
• FAST TIL outputs 
a TRI-ST ATE® outputs 

The cut-off state is designed to be more negative than a 
normal ECL LOW level. This allows the output emitter-fol
lowers to turn off when the termination supply is - 2.0V, 
presenting a high impedance to the data bus. This high im
pedance reduces the termination power and prevents loss 
of low state noise margin when several loads share the bus. 

• Voltage compensated operating range 
-5.7V 

-4.2V to 

Logic Symbol 

OE 

Connection Diagrams 
24-Pin DIP 

E4 24 E3 

Es 23 E2 

E5 3 22 E1 

E1 4 21 Eo 

OE 20 CP 

Vee 6 19 Vee 

VeeA 7 18 VEE 

DIR 17 Vm 

T7 16 To 

T5 10 15 T1 

T5 11 14 T2 

T4 12 13 T3 

TL/F/10583-2 

CP 

DIR 

Pin Names 

Eo-E7 
To-T7 
OE 
CP 

DIR 

Description 

ECL Data 1/0 
TILDatal/O 
Output Enable Input 
Clock Pulse Input 
(Active Rising Edge) 
Direction Control Input 

TL/F/10583-1 All pins function at 1 OOK EGL levels except for To-T 7. 

28-Pin PCC 24-Pin Quad Cerpak 

T1 T2 T5 VEES T4 Ts Ts Eo eP Yee VEE Ym To 
!DJ [Q] rn [ID m m rn 

24 23 22 21 20 19 

To IJ1j [~JT7 E1 18 T1 
Ym IQ] Q] DIR E2 17 T2 
VEE II] III YccA E3 16 T3 

VEES lffi OJ Yee 
Yee Ii]] ~Vee E4 4 15 T4 

ep [j] Ill] OE Es 5 14 Ts 
Eo Ii]] fm E7 E5 13 Ts 

7 8 9 10 11 12 
[ill[m[i]Jlll)~~~ 

E1 ~ E3 VEES E .. Es Es E7 OE VccVCCADIR T7 
TL/F/10583-3 TL/F/10583-4 
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~ Semiconductor 
F100331 
Low Power Triple D Flip-Flop 

General Description Features 
The F100331 contains three D-type, edge-triggered mas
ter/slave flip-flops with true and complement outputs, a 
Common Clock (CPc), and Master Set (MS) and Master Re
set (MR) inputs. Each flip-flop has individual Clock (CPn). 
Direct Set (SDn) and Direct Clear (CDn) inputs. Data enters 
a master when both CPn and CPc are LOW and transfers to 
a slave when CPn or CPc (or both) go HIGH. The Master 
Set, Master Reset and individual CDn and SDn inputs over
ride the Clock inputs. All inputs have 50 k!l pull-down resis
tors. 

• 35% power reduction of the F100131 

Logic Symbol 

Connection Diagrams 

24-Pln DIP 

CD2 1 24 SD2 
CP2 2 23 co, 

D2 3 22 CP1 
02 4 MS UlJ 

02 5 20 so, CPc Ii] 

Vee 19 MR VEE IIlJ 

VccA 18 VEE 
VEES Ii] 

o, 8 17 CPc 
MR [fil 

a, 9 16 MS so, li1.J 

iio 10 o, [@] 

Oo 11 14 CD0 
Do 12 

TL/F/10262-2 

• 2000V ESD protection 
• Pin/function compatible with F100131 
• Voltage compensated operating range 

-5.7V 
-4.2V to 

Pin Names Description 

CP0-CP2 Individual Clock Inputs 

CPc Common Clock Input 

Do-D2 Data Inputs 
CD0-CD2 Individual Direct Clear Inputs 
SDn Individual Direct Set Inputs 
MR Master Reset Input 
MS Master Set Input 

Oo-02 Data Outputs 

Oo-02 Complementary Data Outputs 

TL/F/10262-1 

28·Pln PCC 24-Pln Quad Cerpak 

SDo CDo CPo VEES Do Oo iio D1 SD1 MR VEE CPc MS 

[j] liQJ rn cw m m m 

ma, 
CP1 1 SDo 

co, 2 17 CDo 
rn 01 SD2 3 16 CPo 

III VcCA CD2 4 15 Do 
OJ Vee CP2 5 14 Oo 
~Vee D2 6 13 Co 
ill! Oz 
Ii§] 02 

02 02 Vee VcCA o, o, 
[jj]@I~~~~~ 

TL/F/10262-3 

CP1 CD1 SDz VEEs CDz CPz Dz 

TL/F/10262-4 
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~National 
~ Semiconductor 

F100336 
Low Power 4-Stage Counter/Shift Register 

General Description 
The F100336 operates as either a modulo-16 up/down 
counter or as a 4-bit bidirectional shift register. Three Select 
(Sn) inputs determine the mode of operation, as shown in 
the Function Select table. Two Count Enable (CEP, CET) 
inputs are provided for ease of cascading in multistage 
counters. One Count Enable (CED input also doubles as a 
Serial Data (Do) input for shift-up operation. For shift-down 
operation, D3 is the Serial Data input. In counting operations 
the Terminal Count (TC) output goes LOW when the coun
ter reaches 15 in the count/up mode or 0 (zero) in the 
count/down mode. In the shift modes, the TC output re
peats the 03 output. The dual nature of this TC/03 output 
and the Do/CET input means that one interconnection from 
one stage to the next higher stage serves as the link for 

Ordering Code: see section a 

Logic Symbol 

c;EP Do/CET Po P1 P2 P3 

So 
S1 

Connection Diagrams 

TC er-

TL/F/10584-1 

multistage counting or shift-up operation. The individual Pre
set (Pn) inputs are used to enter data in parallel or to preset 
the counter in programmable counter applications. A HIGH 
signal on the Master Reset (MR) input overrides all other 
inputs and asynchronously clears the flip-flops. In addition, 
a synchronous clear is provided, as well as a complement 
function which synchronously inverts the contents of the 
flip-flops. All inputs have 50 kn pull-down resistors. 

Features 
• 30% power reduction of the F100136 
• 2000V ESD protection 
• Pin/function compatible with F100136 
• Voltage compensated operating range = 

-4.2V to -5.7V 

Pin Names Description 

CP Clock Pulse Input 
CEP Count Enable Parallel Input (Active LOW) 
Do/CET Serial Data Input/Count Enable 

Trickle Input (Active LOW) 

So-S2 Select Inputs 
MR Master Reset Input 

Po-P3 Preset Inputs 

D3 Serial Data Input 
TC Terminal Count Output 

Oo-03 Data Outputs 
Oo-03 Complementary Data Outputs 

24·Pln DIP 28-Pln PCC 24-Pln Quad Cerpak 

S1 So MR Vrr CP Po re 1 24 Do/W 
Oo w 
Oo S2 

01 4 

01 So 

Vee 

VcCA 7 Vrr 

02 B CP 

02 9 

03 10 P1 

03 11 14 P2 

D3 12 13 P3 

TL/F/10584-2 

Po [ill 
CP fill 

Valli) 

Vas (lli 

MR [ill 

s,,UZJ 
s,[ill 

P1 Pz P3 Vas D3 03 C3 

ITiJ[jQ][i][IJ[?J[IJ[fil 

[ill 11Q] ffiJ fill [ll] fill ml 
Sz CEPOofCUVEES TC Oo Co 

~]02 

ITJa2 
(I]vCCA 
[iJ Vee 

~Vee 
rm a, 
~a, 

TL/F/10584-4 
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Function Select Table 

S2 S1 

L L 
L L 
L H 
L H 
H L 
H L 
H H 
H H 

Truth Table 
Oo = LSB 

MR S2 S1 

L L L 

L L L 

L L H 

L L H 

L H L 

L H L 
L H L 

L H L 

L H H 

L H H 
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 L 
H H H 
H H H 

So 

L 

H 

L 

H 

L 

L 
L 

H 

L 

L 
L 

H 

L 
H 
L 
H 
L 
L 
H 
L 
H 

© = L if Oo-03 = LLLL 

H if Oo-03 * LLLL 

® = L if Oo-03 = HHHH 

H if Oo-03 * HHHH 

H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Don't Care 

So 

L 
H 
L 
H 
L 
H 
L 
H 

Inputs 

CEP 

x 
x 
x 
x 
L 

H 
x 
x 
L 

H 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

../' = LOW-to-HIGH Transition 

Function 

Parallel Load 
Complement 
Shift Left 
Shift Right 
Count Down 
Clear 
Count Up 
Hold 

Do/CET 03 CP 

x x _r 

x x _r 

x x _r 

x x _r 

L x _r 

L x x 
H x x 
x x _r 

L x _r 

L x x 
H x x 
x x x 
x x x 
x x x 
x x x 
x x x 
L x x 
H x x 
x x x 
x x x 
x x x 

Outputs 

Q3 Q2 Q1 

P3 P2 P1 

'Cb 02 01 

D3 03 02 

02 01 Oo 

(Oo-3) minus 1 

03 02 01 
03 02 01 

L L L 

(Oo-3) plus 1 

03 02 01 
03 02 01 

03 02 01 

L L L 
L L L 
L L L 
L L L 
L L L 
L L L 
L L L 
L L L 
L L L 
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Qo 

Po 

Oo 

01 

Do 

Oo 
Oo 

L 

Oo 
Oo 

Oo 

L 
L 
L 
L 
L 
L 
L 
L 
L 

TC Mode 

L Preset (Parallel Load) 

L Invert 

D3 Shift Left 

03* Shift Right 

© Count Down 

© Count Down with CEP not active 
H Count Down with CET not active 

H Clear 

@ Count Up 

@ Count Up with CEP not active 
H Count Up with CET not active 

H Hold 

L 
L 
L 
L 

Asynchronous 
L 
H 

Master Reset 

H 
H 
H 

•sefore the clock, TC is 0 3 

After the clock, TC is 02 

..... 
0 
0 w w 
O') 

fll 
I 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military I Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature (T srn) - 65°C to + 150°C 

Maximum Junction Temperature (TJ) 
Ceramic 
Plastic 

VEE Pin Potential to Ground Pin 

Input Voltage (DC) 

Output Current (DC Output HIGH) 

ESD(Note 2) 

Commercial Version 

+ 175°C 
+150°C 

- 7.0V to + 0.5V 

VEE to +0.5V 

-50mA 

~2000V 

DC Electrical Characteristics 

Recommended Operating 
Conditions 
Case Temperature (Tc) 

Commercial 
Military 

Supply Voltage (VEE) 
Commercial 
Military 

0°Cto +85°C 
- 55°C to + 125°C 

-5.7Vto -4.2V 
-5.7Vto -4.2V 

VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc= 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -1705 -1620 mV orV1L(Min) 500 to -2.0V 

VoHC Output HIGH Voltage -1035 mV V1N = V1H(Min) Loading with 

VoLC Output LOW Voltage -1610 mv or V1L (Max) 500to -2.0V 

V1H Input HIGH Voltage 
-1165 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

l1H Input HIGH Current 240 µA V1N = V1H (Max) 

IEE Power Supply Current Inputs Open 
-198 -100 

mA 
VEE = -4.2V to -4.8V 

-220 -100 VEE= -4.2V to-5.7V 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 

Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Commercial Version (Continued) 

Ceramic Dual-In-Line Package AC Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= o·c Tc= +2s0 c Tc= +as·c 

Units 
Min Max Min Max Min Max 

fshift Shift Frequency 250 250 250 MHz 

tPLH Propagation Delay 
0.70 1.90 0.70 1.90 0.80 2.00 ns 

tPHL CPtoOn, On 

tPLH Propagation Delay 
1.30 3.80 1.30 3.80 1.40 3.90 ns 

tPHL CP to TC (Shift) 

tPLH Propagation Delay 
1.60 4.60 1.60 4.60 1.60 5.00 ns 

tPHL CP to TC (Count) 

tPLH Propagation Delay 
1.10 2.50 1.10 2.50 1.20 2.60 ns 

tPHL MR to On, On 

tPLH Propagation Delay 
2.00 4.00 2.00 4.00 2.20 4.10 ns 

tPHL MR to TC (Count) 

tPHL Propagation Delay 
1.60 3.20 1.60 3.20 1.70 3.40 ns 

MR to TC (Shift) 

tPLH Propagation Delay 
1.20 3.20 1.20 3.20 1.40 3.70 ns 

tPHL Do/CETtoTC 

tPLH Propagation Delay 

tPHL Sn to TC 
0.90 4.00 0.90 4.20 1.00 4.80 ns 

trLH Transition Time 
0.35 1.20 0.35 1.20 0.35 1.20 

trHL 20% to 80%, 80% to 20% 
ns 

ts Setup Time 
D3 1.00 1.00 1.00 
Pn 1.30 1.30 1.30 
Do/CET 1.35 1.35 1.35 ns 
CEP 1.90 1.90 1.90 
Sn 4.40 4.40 4.40 
MR (Release Time) 2.60 2.60 2.60 

th Hold Time 

D3 0.40 0.40 0.40 
Pn 0.50 0.50 0.50 
Do/CET 0.30 0.30 0.30 

ns 

CEP 0.40 0.40 0.40 
Sn -0.40 -0.40 -0.40 

tpw(H) 
Pulse Width HIGH 

2.00 2.00 2.00 
CP,MR 

ns 

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 250 ps with multiple outputs switching. 
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Conditions 

Figures 2 and 3 

Figures 1 and 3 
(Note 1) 

Figures 1, 7, 8 
(Note 1) 

Figures 1 and 9 
(Note 1) 

Figures 1 and 4 
(Note 1) 

A'gures 1, 12 
(Note 1) 

Figures 1, 10, 11 
(Note 1) 

Figures 1 and 5 
(Note 1) 

Figures 1 and 3 

Figure6 

Figure6 

Figures 3 and 4 

.... 
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Commercial Version (Continued) 

PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee= VeeA = GND 

Symbol Parameter 
Tc= 0°C Tc= +2s0 c Tc= +es0 c 

Units 
Min Max Min Max Min Max 

fshift Shift Frequency 300 300 300 MHz 

tpLH Propagation Delay 
0.70 1.70 0.70 1.70 0.80 1.80 ns 

tpHL CPto On, On 

tpLH Propagation Delay 
1.30 3.60 1.30 3.60 1.40 3.70 ns 

tPHL CP to TC (Shift) 

tpLH Propagation Delay 
1.60 4.40 1.60 4.40 1.60 4.80 ns 

tpHL CP to TC (Count) 

tPLH Propagation Delay 
1.10 2.30 1.10 2.30 1.20 2.40 ns 

tpHL MR to On, On 

tpLH Propagation Delay 
2.00 3.80 2.00 3.80 2.20 3.90 ns 

tpHL MR to TC (Count) 

tPHL Propagation Delay 
1.60 3.00 1.60 3.00 1.70 3.20 ns 

MR to iC (Shift) 

tpLH Propagation Delay 
1.20 3.00 1.20 3.00 1.40 3.50 ns 

tPHL Do/CETtoTC 

tpLH Propagation Delay 

tPHL Sn to TC 
0.90 3.80 0.90 4.00 1.00 4.60 ns 

trLH Transition Time 
0.35 1.10 0.35 1.10 0.35 1.10 

trHL 20% to 80%, 80% to 20% 
ns 

ts Setup Time 

D3 0.90 0.90 0.90 

Pn 1.20 1.20 1.20 

Do/CET 1.25 1.25 1.25 ns 
CEP 1.80 1.80 1.80 

Sn 4.30 4.30 4.30 
MR (Release Time) 2.50 2.50 2.50 

th Hold Time 

D3 0.30 0.30 0.30 

Pn 0.40 0.40 0.40 

Do/GET 0.20 0.20 0.20 
ns 

CEP 0.30 0.30 0.30 

Sn -0.50 -0.50 -0.50 

tpw(H) Pulse Width HIGH 
2.00 2.00 2.00 

CP,MR 
ns 

ts,G-G Skew, Gate to Gate 
TBD TBD TBD ps 

Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 
Note 2: The propagation delay specified is for single output switching. Delays may vary up to 250 ps with multiple outputs switching. 
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Conditions 

Figures 2 and 3 

Figures 1 and 3 
(Note 2) 

Figures 1, 7, 8 
(Note 2) 

Figures 1 and 9 
(Note 2) 

Figures 1 and 4 
(Note 2) 

Figures 1 and 12 
(Note 2) 

Figures 1, 10, 11 
(Note2) 

Figures 1 and 5 
(Note 2) 

Figures 1 and 3 

Figure6 

Figure6 

Figures 3 and 4 

PCCOnly 
(Note 1) 



Military Version-Preliminary 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = - 55°C to + 125°C 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage 
-1025 -870 mV 

0°Cto 
+ 125°C 

V1N = V1H (Max) Loading with 
-1085 -870 mV -55°c orV1l (Min) 50!1 to -2.0V 1, 2, 3 

Vol Output LOW Voltage 
-1830 -1620 mV 

0°cto 
+ 125°c 

-1830 -1555 mV -55°c 

VoHC Output HIGH Voltage 
-1035 mV 

0°cto 
+125°C 

V1N = V1H (Min) Loading with 
-1085 mV -55°C orV1l(Max) 50!1 to -2.0V 1, 2, 3 

Vole Output LOW Voltage 
-1610 mV 

0°Cto 
+ 125°c 

-1555 mV -55°c 

V1H Input HIGH Voltage 
-1165 -870 mV 

-55°Cto Guaranteed HIGH Signal 
1, 2, 3, 4 

+ 125°C for All Inputs 

V1l Input LOW Voltage 
-1830 -1475 mV 

-55°Cto Guaranteed LOW Signal 
1, 2, 3,4 

+ 125°c for All Inputs 

l1l Input LOW Current 
0.50 µA 

-55°Cto VEE= -4.2V 
1, 2, 3 

+125°C V1N = V1l (Min) 

l1H Input HIGH Current 
240 µA 

0°cto 
VEE= -5.7V 

+ 125°C 1, 2, 3 
V1N = V1H(Max) 

340 µA -55°C 

IEE Power Supply Current -55°C Inputs Open 
-208 -100 

mA 
to VEE= -4.2Vto -4.8V 1, 2, 3 

-230 -100 + 125°C VEE= -4.2Vto -5.7V 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately without allowing for the junction temperature to stablize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at -55°C, + 25'C, and + 125'C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55'C, +25'C, + 125'C, Subgroups A1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input conditon and testing VoHIVOL· 
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Military Version-Preliminary (Continued) 

Ceramic Dual-In-Line Package AC Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -55°C Tc= +25°C Tc= + 125° 

Units Conditions Notes 
Min Max Min Max Min Max 

fshift Shift Frequency 200 200 200 MHz Figures 2 and 3 4 

tpLH Propagation Delay 
0.60 2.10 0.60 2.10 0.70 2.20 ns Figures 1 and 3 

tPHL CPtoOn. On 1, 2, 3, 5 
tpLH Propagation Delay 

1.20 4.00 1.20 4.00 1.30 4.10 ns Figures 1, 7, 8 
tPHL CP to TC (Shift) 

tPLH Propagation Delay 
1.50 4.80 1.50 4.80 1.50 5.20 ns Figures 1 and 9 1, 2, 3, 5 

tpHL CP to TC (Count) 

tPLH Propagation Delay 
1.00 2.70 1.00 2.70 1.10 2.80 ns Figures 1 and 4 

tPHL MR to On. On 1, 2, 3, 5 
tPLH Propagation Delay 

1.90 4.20 1.90 4.20 2.10 4.30 ns Figures 1, 12 
tPHL MR to TC (Count) 

tpHL Propagation Delay 
1.50 3.40 1.50 3.40 1.60 3.60 ns Figures 1, 10, 11 1, 2, 3, 5 

MR to TC (Shift) 

tPLH Propagation Delay 
1.10 3.40 1.10 3.40 1.30 3.90 ns 

tPHL Do/CETtoTC 
Figures 1 and 5 1, 2, 3, 5 

tPLH Propagation Delay 
0.80 4.20 0.80 4.40 0.90 5.00 ns 

tPHL Sn to TC 

tTLH Transition Time 
0.45 1.20 0.35 1.20 0.35 1.20 Figures 1 and 3 4 ns 

trHL 20% to 80%, 80% to 20% 

ts Setup Time 

D3 1.20 1.20 1.20 

Pn 1.50 1.50 1.50 
Do/CET 1.55 1.55 1.55 ns Figure6 4 
CEP 2.10 2.10 2.10 
Sn 4.60 4.60 4.60 
MR (Release Time) 2.80 2.80 2.80 

th Hold Time 

D3 0.60 0.60 0.60 

Pn 0.70 0.70 0.70 
Figure6 4 

Do/CET 0.50 0.50 0.50 
ns 

CEP 0.60 0.60 0.60 
Sn -0.30 -0.30 -0.30 

tpw(H) 
Pulse Width HIGH 

2.20 2.20 2.20 Figures 3 and 4 4 
CP,MR 

ns 

Note 1: FtOOK 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold tempertures. 

Note 2: Screen tested 100% on each device at + 25'C temperature only, Subgroups A9. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25'C, Subgroups A9, and at + 125'C and - 55'C temperatures, Subgroups A 1 O and 
A11. 

Note 4: Not tested at + 25'C, + 125'C, and -55'C temperature (design characterization data). 

Note 5: The propagation delay specified is for single output switching. Delays may vary up to 250 ps with multiple outputs switching. 
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Military Version-Preliminary (Continued) 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -55°C Tc= +25°C 

Min Max Min Max 

fshift Shift Frequency 200 200 

tPLH Propagation Delay 
0.60 2.10 0.60 2.10 

tPHL CPto On, On 

tPLH Propagation Delay 
1.20 4.00 1.20 4.00 

tPHL CP to TC (Shift) 

tPLH Propagation Delay 
1.50 4.80 1.50 4.80 

tPHL CP to TC (Count) 

tPLH Propagation Delay 
1.00 2.70 1.00 2.70 

tPHL MR to On. On 

tPLH Propagation Delay 
1.90 4.20 1.90 4.20 

tPHL MR to TC (Count) 

tPHL Propagation Delay 
1.50 3.40 1.50 3.40 

MR to TC (Shift) 

tPLH Propagation Delay 
1.10 3.40 1.10 3.40 

tPHL D0/CETto TC 

tPLH Propagation Delay 
0.80 4.20 0.80 4.40 

tPHL Sn to TC 

trLH Transition Time 
0.45 1.10 0.35 1.10 

trHL 20% to 80%, 80% to 20% 

ts Setup Time 

D3 1.20 1.20 

Pn 1.50 1.50 
Do/CET 1.55 1.55 
CEP 2.10 2.10 

Sn 4.60 4.60 
MR (Release Time) 2.80 2.80 

th Hold Time 

D3 0.60 0.60 

Pn 0.70 0.70 
Do/CET 0.50 0.50 
CEP 0.60 0.60 

Sn -0.30 -0.30 

tpw(H) Pulse Width HIGH 
2.20 2.20 

CP,MR 

Tc= + 125°C 
Units Conditions Notes 

Min Max 

200 MHz Figures 2 and 3 4 

0.70 2.20 ns Figures 1 and 3 
1, 2, 3, 5 

1.30 4.10 ns Figures 1, 7, 8 

1.50 5.20 ns Figures 1, 9 1,2,3,5 

1.10 2.80 ns Rgures 1 and 4 
1,2,3,5 

2.10 4.30 ns Figures 1 and 12 

1.60 3.60 ns Figures 1, 10, 11 1, 2, 3, 5 

1.30 3.90 ns 
Figures 1 and 5 1, 2, 3, 5 

0.90 5.00 ns 

0.35 1.10 ns Figures 1 and 3 4 

1.20 
1.50 
1.55 ns Figure6 4 
2.10 
4.60 
2.80 

0.60 
0.70 

Figure6 4 
0.50 

ns 

0.60 
-0.30 

2.20 ns Figures 3 and 4 4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold tempertures. 
Note 2: Screen tested 100% on each device at +25'C temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25'C, Subgroup A9, and at + 125'C and -55'C temperatures, Subgroups A 1 O and 
A11. 

Note 4: Not tested at + 25'C, + 125'C, and -55'C temperature (design characterization data). 
Note 5: The propagation delay specified is for single output switching. Delays may vary up to 250 ps with multiple outputs switching. 
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S Test Circuitry 
0 ,.... 

PULSE 
GENERATOR t---+--+--------------, 

SCOPE 
CHANA 

DELAYED 
PULSE 

GENERATOR 

SCOPE 
CHAN B 

SCOPE 
CHAN B 

FIGURE 1. AC Test Circuit 

Notes: 

Vee. VeeA = +2V, VEE = -2.SV 

L 1, L2 and L3 = equal length son impedance lines 

Rr = son terminator internal to scope 

Decoupling 0.1 µF from GND to Vee and VEE 

All unused outputs are loaded with son to GND 

CL = Fixture and stray capacitance s: 3 pF 

Pin numbers shown are for flatpak; 
for DIP see logic symbol 

TL/F/10584-6 

PULSE --',;-"~,--...... -----cP CEP Do/CET Po P1 P2 P3 DJ 
GENERATOR 

50 n 

SCOPE 
CHANA 

1 
-:- L1 , ..... , +1.05 v 

F100338 

L2 

(\ 
\I 

l 

FIGURE 2. Shift Frequency Test Circuit (Shift Left) 
Notes: 

For shift right mode, + 1.0SV is applied at s 0. 
The feedback path from output to input should be as short as possible. 
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Switching Waveforms 

DATA ____ / 
0.7:!:0.1 ns 

CLOCK 

14-----11fshllt-- _..., __ 

IPLH 

OUTPUT 

TL/F/10584-8 

FIGURE 3. Propagation Delay (Clock) and Transition Times 

0.7:!:0.1 ns 0.7:!:0.1 ns 

MR 

15 (RELEASE TIME) 

CLOCK 

OUTPUT 

• I 20% 

TL/F/10584-9 

FIGURE 4. Propagation Delay (Reset) 
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Switching Waveforms (Continued) 

D.700.1 "'li 1 r.0:•0.1 "' +1.0SV 

INPUT IPHL ~ \ r ~-+2_0_~~-00-Vo _____ + 0.31 V 

OUTPUT 

TL/F/10584-10 

FIGURE 5. Propagation Delay (Serial Data, Selects) 

INHIBIT COUNT 
+1.05 v 

+0.31 v 

+1.05 v 

+0.31 v 

+1.05 v 

+0.31 v 
TL/F/10584-11 

Notes: 

t5 is the minimum time before the transition of the clock that information must be present at the data input. 
th is the minimum time after the transition of the clock that information must remain unchanged at the data input. 

FIGURE 6. Setup and Hold Time 

Output 03 __/ 

CLOCK l- \ 50% j 

rc _______________ ::i __ y-tp_L_H _____ ~--------------~------~----------_-_::i~t~S-~;._:_L __________ __ 
''---

TL/F/10584-15 

Note: Shift Right Mode; So = H, S1 = H, S2 = L. 
FIGURE 7. Propagation Delay, Clock to Terminal Count (Shift Right Mode) 
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Switching Waveforms (Continued) 

Input o3__/ 

CLOCK------ l- ''--------5-0% l- \,_ __ _ 
TC ::j~_tP-LH-------------------------:-0%-.{ __ tp_H_L __________ _ 

Note: Shift Left Mode; So = L, 81 = H, S2 = L. TL/F/10584-16 

FIGURE 8. Propagation Delay, Clock to Terminal Count (Shift Left Mode) 

CP' 

count down• 7 
I 

I I 

count up• 7 8 10 11 12 13 14:15: 

TL/F/10584-17 

Note: 

*Decimal representation of binary outputs. 

Count Up: So = L, S1 = H, S2 = H; Count Down: So = L, S1 = L, S2 = H. 

Measurement taken at 50% point of waveform. 

FIGURE 9. Propagation Delay, Clock to Terminal Count (Count Up and Count Down Modes) 

Output 03 

CLOCK 

MR~,_ _____________ s_oo;.j 

-----------------~--t:PHL 
fC ________ / soo;. --------

TL/F/10584-18 

Note: Shift Right Mode; So = H, S1 = H, S2 = L. 
FIGURE 10. Propagation Delay, Master Reset to Terminal Count (Shift Right Mode) 

Ell 
I 
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S Switching Waveforms (Continued) 
c ,.... 

Input o3 

CLOCK 

MR~ 50%.j 

--------------~ttPHL 

~ / ~ 
~~~~~~~~~.,, --------------~ 

Note: Shift Left Mode; So = L, S1 = H, S2 = L. 
FIGURE 11. Propagation Delay, Master Reset to Terminal Count (Shift Left Mode) 

CLOCK 

count• 15 0 2 3 4 5 7 

Note: 

'Decimal representation of binary outputs. Count Up Mode: So = L, S1 = H, S2 = H. 

Note: 

I 

count•: 8 0 15 14 13 12 11 

8 

10 

'Decimal representation of binary outputs. Count Down Mode: So = L, S1 = L, S2 = H. 

10 11 12 13 14 

9 8 0 15 14 13 

TL/F/10564-19 

15 0 

TL/F/10584-20 

TL/F/10584-21 

FIGURE 12. Propagation Delay, Master Reset to Terminal Count (Count Up and Count Down Modes) 
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Applications 

(LSB) 

Po·P3 

52 

COUNT 
CEP F100336 

ENABLE 

l1N CP 

Oo 01 02 03 

Note: If So = S1 = S2 = LOW, then Tc = LOW 

COUNT 
CEP 

ENABLE ----ai CET F100336 TC 

CP 

COUNT 
CEP TC 

ENABLE ----ai CET F100336 

CP 

3-Stage Divider, Preset Count Down Mode 

PRESET N 

Po·P3 

52 

CEP F100336 

TC 
TC CP 

D 

o io------,1~ 

Slow Expansion Scheme 

CEP CEP 

CET F100336 TC CET F100336 

CP CP 

Fast Expansion Scheme 

CEP CEP 

CET F100336 TC CET F100336 

CP CP 

2-67 

Na-N11 

4 

52 Po·P3 

CEP 
F100336 

CET 

CP 

CEP 

TC CET 

CP 

CEP 

TC CET 

CP 

(MSB) 

TC 

F100336 

F100336 

TL/F/10584-12 

TC 

TL/F/10584-13 

TC 

TL/F/10584-14 

...... 
0 
0 
w w 
a> 

• I 



~National 
U Semiconductor 

F100341' 
Low Power 8-Bit Shift Register 

General Description 
The F100341 contains eight edge-triggered, 0-type flip
flops with individual inputs (Pn) and outputs (On) for parallel 
operation, and with serial inputs (On) and steering logic for 
bidirectional shifting. The flip-flops accept input data a setup 
time before the positive-going transition of the clock pulse 
and their outputs respond a propagation delay after this ris
ing clock edge. 

scribed in the Truth Table. All inputs have 50 kn pull-down 
resistors. 

Features 
• 35% power reduction of the F100141 
• 2000V ESD protection 
• Pin/function compatible with F100141 

The circuit operating mode is determined by the Select in
puts So and S1, which are internally decoded to select either 
"parallel entry", "hold", "shift left" or "shift right" as de-

• Voltage compensated operating range 
-5.7V 

-4.2V to 

Ordering Code: see section a 

Logic Symbol 

Do Po P1 P2 P3 p 4 Ps Pe P7 07 
CP 

So 

S1 

Connection Diagrams 

24-Pln DIP 

Do 1 24 Po 

Oo 2 23 P1 

01 22 P2 P4 Im 
02 21 P3 CP [j] 

03 20 S1 
VEE [ffi 

Vee 6 19 So 
VEES fill 

So [j]] 
VeeA 7 18 VEE S1 [IT] 

04 8 17 CP P3 [j]] 

Os 9 16 P4 

05 10 1S Ps 

07 11 14 Ps 

~ 12 13 P7 

TL/F/9880-2 

TL/F/9880-1 

28-Pin PCC 

Ps P5 P7VEES D1 07 05 
[j] IIQl m oo m [§] m 

[j]]~illJlmllllllll~ 

P2 P1 Po VEESDo Oo 01 
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Pin Names Description 

CP Clock Input 

So,S1 Select Inputs 

Do, 07 Serial Inputs 

Po-P7 Parallel Inputs 

Oo-07 Data Outputs 

24-Pln Quad Cerpak 

P3 S1 So VEE CP P4 

24 23 22 21 20 19 

mos P2 18 Ps 

rn 04 P1 17 Ps 
III VeeA Po 3 16 P7 
OJ Vee 

Do 4 15 D1 ~Vee 
rm 03 Oo 14 07 

rm 02 01 13 Os 
7 8 9 10 11 12 

02 03 Vee VeCA 04 Os 

TL/F/9880-4 TL/F/9880-3 



Logic Diagram 

Truth Table 

Function 
07 

Load Register 

Shift Left 
Shift Left 

Shift Right 
Shift Right 

Hold 
Hold 
Hold 

H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Don't Care 

x 
x 
x 
L 
H 

x 
x 
x 

~ = LOW-to-HIGH Transition 

Inputs 

Do S1 

x L 

L L 
H L 

x H 
x H 

x H 
x x 
x x 

ao 

So CP 07 

L _/ P7 

H _/ Os 
H _/ Os 

L _/ L 
L _/ H 

H x 
x H 
x L 
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01 • • Cs 

Outputs 

Os 05 04 03 

Ps Ps P4 P3 

Os 04 03 02 
Os 04 03 02 

07 Os Os 04 
07 Os Os 04 

No Change 

02 

P2 

01 
01 

03 
03 

<?1 
TL/F/9880-5 

01 Oo 

P1 Po 

Oo L 

Oo H 

02 01 
02 01 

• 



Absolute Maximum Ratings 
Above which the useful life may be impaired (Note 1) 

If Miiitary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature (T srn) - 65°C to + 150°C 

Maximum Junction Temperature (TJ) 
Ceramic 
Plastic 

VEE Pin Potential to Ground Pin 

Input Voltage (DC) 

Output Current (DC Output HIGH) 

ESD (Note2) 

Commercial Version 

+ 17s·c 
+ 1so0 c 

'--7.0Vto +O.SV 

VEE to +O.SV 
-SOmA 

~2000V 

DC Electrical Characteristics 

Recommended Operating 
Conditions 
Case Temperature (Tc) 

Commercial 
Military 

Supply Voltage (VEE) 
Commercial 
Military 

0°cto +0s0 c 
- ss·c to + 12s0 c 

-S.7V to -4.2V 
-S.7Vto -4.2V 

VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -102S -9SS -870 mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -170S -1620 mV orV1L (Min) son to -2.ov 

VoHC Output HIGH Voltage -103S mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1610 mV orV1L (Max) son to -2.ov 

V1H Input HIGH Voltage 
-116S -870 mV 

Guaranteed HIGH Signal 
for all Inputs 

V1L Input LOW Voltage 
-1830 -147S mV 

Guaranteed LOW Signal 
for all Inputs 

l1L Input LOW Current o.so µA V1N = V1L (Min) 

l1H Input HIGH Current 240 µA V1N = V1H (Max) 

IEE Power Supply Current Inputs Open 
-1S7 -7S mA VEE = -4.2V to -4.8V 
-167 -75 mA VEE= -4.2V to -S.7V 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 

Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Commercial Version (Continued) 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

fmax Max Clock Frequency 400 400 400 MHz Figures 2 and 3 

tPLH Propagation Delay 
0.90 1.90 1.00 2.00 1.00 2.10 ns 

Figures 1 and 3 

tPHL CPtoOutput (Note 1) 

trLH Transition Time 
0.35 1.30 0.35 1.30 0.35 1.30 Figures 1 and 3 

trHL 20% to 80%, 80% to 20% 
ns 

ts Setup Time 
Dn, Pn 0.65 0.65 0.65 ns 

Sn 1.60 1.60 1.60 
Figure4 

th Hold 
Dn,Pn 0.80 0.80 0.80 ns 

Sn 0.60 0.60 0.60 

tpw(H) Pulse Width HIGH 
2.00 2.00 2.00 Figure3 

CP 
ns 

Note 1: The propagation delay specified is for the switching of a single output. Delays may vary up to 0.40 ns if multiple outputs are switching simultaneously. 

PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VceA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

fmax Max Clock Frequency 425 425 425 MHz Figures 2 and 3 

tPLH Propagation Delay 
0.90 1.70 1.00 1.80 1.00 1.90 ns 

Figures 1 and 3 

tPHL CPtoOutput (Note 1) 

trLH Transition Time 
0.35 1.20 0.35 1.20 0.35 1.20 Figures 1 and 3 

trHL 20% to 80%, 80% to 20% 
ns 

ts Setup Time 
Dn, Pn 0.55 0.55 0.55 ns 

Sn 1.50 1.50 1.50 
Figure4 

th Hold Time 
Dn, Pn 0.70 0.70 0.70 ns 

Sn 0.50 0.50 0.50 

tpw(H) Pulse Width HIGH 
2.00 2.00 2.00 Figure3 

CP 
ns Ell 

ts 1 G-G Skew, Gate to Gate TBD TBD TBD ns PCC Only (Note 2) 
Note 1: The propagation delay specified is for the switching of a single output. Delays may vary up to 0.40 ns if multiple outputs are switching simultaneously. 
Note 2: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 
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Military Version-Preliminary 

DC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee= VccA = GND, Tc= - 55°C to + 125°C 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage -1025 -870 mV 0°C to + 125°C 

-1085 -870 mV -55°C V1N = V1H (Max) Loading with 
1, 2, 3 

Vm Output LOW Voltage -1830 -1620 mV 0°C to + 125°C orV1L (Min) son to -2.ov 

-1830 -1555 mV -55°C 

VoHC Output HIGH Voltage -1035 mV 0°C to + 125°C 

-1085 mV -55°C V1N = V1H (Min) Loading with 
1, 2, 3 

Vmc Output LOW Voltage -1610 mV 0°C to + 125°C orV1L (Max) 50!1 to -2.0V 

-1555 mV -55°C 

V1H Input HIGH Voltage 
-1165 -870 mV - 55°C to + 125°C 

Guaranteed HIGH Signal 
1, 2, 3, 4 

for All Inputs 

V1L Input LOW Current 
-1830 -1475 mV - 55°C to + 125°C 

Guaranteed LOW Signal 
1, 2, 3, 4 

for All Inputs 

l1L Input LOW Current 
0.50 µA - 55°C to + 125°C 

VEE= -4.2V 
1, 2, 3 

V1N = V1L (Min) 

l1H Input High Current 240 µA 0°C to + 125°C VEE= -5.7V 
1,2,3 

340 µA -55°C V1N = V1H (Max) 

IEE Power Supply Current Inputs Open 
-168 -55 mA - 55°C to + 125°C VEE= -4.2Vto -4.8V 

1, 2, 3 
-178 -55 mA VEE = -4.2V to -5.7V 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specifications which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at -55'C, +25°C and + 125'C, Subgroups 1, 2, 3, 7, and B. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at - 55'C, + 25°C, and + 125'C, Subgroups A 1, 2, 3, 7, and a. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 
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Military Version-Preliminary (Continued) 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -ss·c Tc= +25°C Tc= +12s0 c 

Units Conditions Notes 
Min Max Min Max Min Max 

fmax Max Clock Frequency 400 400 300 MHz Figures 2 and 3 4 

tpLH Propagation Delay 
0.50 2.50 0.70 2.30 0.70 2.80 ns 1,2,3,5 

tpHL CPto Output 
Figures 1 and 3 

trLH Transition Time 
0.30 1.90 0.30 1.80 0.30 1.90 

trHL 20% to 80%, 80% to 20% 
ns 

ts Setup Time 

Dn. Pn 0.60 0.60 0.60 

Sn 1.70 1.60 2.40 
ns 

A'gure4 4 
th Hold Time 

Dn,Pn 0.90 0.90 0.90 

Sn 0.50 0.50 0.50 
ns 

tpw(H) Pulse Width HIGH 
2.00 2.00 2.00 Figure3 

CP 
ns 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -ss·c Tc= +25°c Tc= +12s0 c 

Units Conditions Notes 
Min Max Min Max Min Max 

fmax Max Clock Frequency 425 425 350 MHz Figures 2 and 3 4 

tpLH Propagation Delay 
0.50 2.50 0.70 2.30 0.70 2.80 ns 1, 2 ,3, 5 

tPHL CPto Output 
Figures 1 and 3 

trLH Transition Time 
0.30 1.90 0.30 1.80 0.30 1.90 

trHL 20% to 80%, 80% to 20% 
ns 

ts Setup Time 

Dn, Pn 0.60 0.60 0.60 

Sn 1.70 1.60 2.40 
ns 

Figure4 4 
th Hold Time 

Dn,Pn 0.90 0.90 0.90 

Sn 0.50 0.50 0.50 
ns 

tpw(H) Pulse Width HIGH 
2.00 2.00 2.00 Figure3 

CP 
ns El 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately after power-up. This provides "cold start" specifications which can be considered a worst case condition at cold temperatures. 

I 

Note 2: Screen tested 100% on each device at + 25'C temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table 1) on each manufactured lot at + 25'C, Subgroup A9, and at + 125'C and -55'C temperatures, Subgroups A 10 and 
A11. 

Note 4: Not tested at + 25'C, + 125'C and - 55'C temperature (design characterization data). 

Note 5: The propagation delay specified is for the switching of a single output. Delays may vary up to 0.40 ns if multiple outputs are switching simultaneously. 
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Test Circuitry 

VEE 

0.1 

JµF 
24 23 22 21 20 19 

1 18 

17 

16 

son 1S 

son 14 

6 13 
7 8 9 10 11 12 

son 
son 

-=-
2SµF I 

Vee 

I0.1µF 

,-\ 
\ I 

J 
\ I 

l Rr 

son 

so 0 
son 
son 

-=-

PULSE 
GENERATOR 

SCOPE 
CHANA 

SCOPE 
CHAN B 

Notes: 

\I 

I 

Vee. VeeA = +2V, VEE = -2.SV 

L3 
(\ 
\ I 

J Rr 

L 1, L2 and L3 = equal length son impedance lines 
Rr = son terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance ~ 3 pF 

PULSE 
GENERATOR 

SCOPE 
CHANA 

Pin numbers shown are for Flatpak; for DIP see logic symbol 
TL/F/9880-6 

Notes: 

PULSE 
GENERATOR 

(\ 
\I 

l.L1 

FIGURE 1. AC Test Circuit 

+1.05V 

SCOPE 
CHANA 

- ,-, Do Po P1 P2 P3 P4 Ps Pe P7 07 
l--,._--,;-.;1------...._--~CP 

1 -----so 
Rr S1 

sou --~~a~o-a.1_a~2~0pa_a.4~0~s-a.s~0~1~_. 
-=-

PULSE (\ 
GENERATOR \ I 

l 
\I 

l 
For shift right mode pulse generator connected to So is moved to S1• 

Pulse generator connected to s1 has a LOW frequency 99% duty cycle, which allows occasional parallel load. 

The feedback path from output to input should be as short as possible. 

FIGURE 2. Shift Frequency Test Circuit (Shift Left) 
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Rr 

SCOPE 
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Switching Waveforms 

CLOCK 

CLOCK 

PARALLEL 

OUTPUT 

TL/F/9880-8 

FIGURE 3. Propagation Delay and Transition Times 

+1.05 v f ~50% 
----'· I I ~I +0.31 v 

-1h--. 
--..1,-_if_" __________ + 1.05 v 

fi50% ------1 +0.31 v 
TL/F/9880-9 

Notes: 

t5 is the minimum time before the transition of the clock that information 
must be present at the data input. 

th is the minimum time after the transition of the clock that information must 
remain unchanged at the data input. 

FIGURE 4. Setup and Hold Times 
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~National 
U Semiconductor 

F100343 
Low Power 8-Bit Latch 

General Description Features 
• Low power operation 
• 2000V ESD protection 

The F100343 contains eight D-type latches, individual in
puts, (Dn). outputs (On). a common enable pin (E), and a 
latch enable pin (LE). A Q output follows its D input when 
both E and LE are LOW. When either E or LE (or both) are 
HIGH, a latch stores the last valid data present on its D 
input prior to E or LE going HIGH. 

• Voltage compensated operating range 
-5.7V 

-4.2V to 

The F100343 outputs are designed to drive a 50!1 termina
tion resistor to - 2.0V. All inputs have 50 kn pull-down re
sistors. 

Ordering Code: see section a 

Logic Symbol 

LE 

Connection Diagrams 

24-Pln DIP 

D4 24 D5 

D5 2 23 D2 

Ds 3 22 D, 

D1 4 21 Do 

NC 20 E 

Vee 19 CE 

VccA 18 VEE 

VccA 17 VccA 

07 16 Oo 

05 10 15 a, 

TL/F/10250-1 

28-Pin PCC 

01 02 03 VEIS 04 05 Os 
[j] IIQl III [§] m rn !fil 

Oo Ii] 
VcCA~ 

VEE Ii}] 
Vm Ii]] 

CE !ill 
E Ii] 

Do [ill 

[j]]@l[Ij]lllJ~~§ 

D1 0i ~ VEIS D4 0s Ds 

Pin Names 

Do-D7 
E 
LE 

Oo-07 
NC 

IIJ07 
[l] VccA 
[I] VccA 
ITlVcc 
WI VccA 
ill! NC 
~~ 

05 11 14 02 TL/F/10250-4 

04 12 13 03 

TL/F/10250-2 
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Description 

Data Inputs 
Enable Input 
Latch Enable Input 
Data Inputs 
No Connect 

24-Pin Quad Cerpak 

Do E CE VEEVccAOo 

24 23 22 21 20 19 

D1 18 01 

D2 2 17 02 

D5 3 16 03 

D4 15 04 

D5 14 05 

Ds 13 Os 
7 8 9 10 11 12 

D1 NC VccVccAVcCA07 

TL/F/10250-3 



Logic Diagram 

o, 

01 

Truth Table 
Inputs 

Dn E LE 

L L L 
H L L 
x H x 
x x H 

•Retains data present before either CE or E went HIGH 
H = HIGH voltage level 
L = LOW voltage level 
X = Dent's care 

Outputs 

Qn 

L 
H 

Latched* 
Latched* 
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Absolute Maximum Ratings 
Above which the useful life may be impared (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature (Tsrn) -65°C to + 150°C 

Maximum Junction Temperature (TJ) 
Ceramic 
Plastic 

VEE Pin Potential to Ground Pin 

Input Voltage (DC) 

Output Current (DC Output HIGH) 

ESD (Note 2) 

Commercial Version 

+175°C 
+150°C 

- 7.0V to + 0.5V 

VEE to +0.5V 

-50mA 

:::0::2000V 

DC Electrical Characteristics 

Recommended Operating 
Conditions 
Case Temperature (Tc) 

Commercial 
Military 

Supply Voltage (VEE) 
Commercial 
Military 

0°Cto +85°C 
- 55°C to + 125°C 

-5.7Vto -4.2V 
-5.7Vto -4.2V 

VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1705 -1620 mV orV1L (Min) 50fl to -2.0V 

VoHC Output HIGH Voltage -1035 mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1610 mV orV1L (Max) 50fl to -2.0V 

V1H Input HIGH Voltage -1165 -870 mV Guaranteed HIGH Signal for All Inputs 

V1L Input LOW Voltage -1830 -1475 mV Guaranteed LOW Signal for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

l1H Input HIGH Current 240 µA V1N = V1H (Max) 

IEE Power Supply Current Inputs Open 
-95 -55 

mA 
VEE = -4.2V to -4.8V 

-97 -55 VEE= -4.2V to -5.7V 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 

Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.70 2.00 0.70 2.00 0.70 2.20 ns 

Figures 1, 2, 3 

tPHL Dn to Output (Note 1) 

tPLH Propagation Delay 
1.40 2.90 1.40 2.90 1.60 3.10 ns 

Figures 1, 2, 3 

tPHL LE, E to Output (Note 1) 

trLH Transition Time 
0.45 2.00 0.45 2.00 0.45 2.00 Figures 1, 3 

trHL 20% to 80%, 80% to 20% 
ns 

ts Setup Time 

Do-D7 1.0 1.0 1.1 ns Figures 1, 4 

th Hold Time 

Do-D7 0.1 0.1 0.1 ns Figures 1, 4 

tpw(H) Pulse Width HIGH 
LE,E 2.00 2.00 2.00 ns Figures 1, 4 

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 

2-78 



Commercial Version (Continued) 

PCC and Cerpack AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tPlH Propagation Delay 
0.70 1.80 0.70 1.80 0.70 2.00 ns 

Figures 1, 2, 3 

tPHl Dn to Output (Note2) 

tPlH Propagation Delay 
1.40 2.70 1.40 2.70 1.60 2.90 ns 

Figures 1, 2, 3 

tPHl LE, E to Output (Note2) 

trlH Transition Time 
0.45 1.90 0.45 1.90 0.45 1.90 Figures 1, 3 

tTHl 20% to 80%, 80% to 20% 
ns 

ts Setup Time 

Do-D7 0.90 0.90 1.00 ns Figures 1, 4 

th Hold Time 

Do-D7 0.0 0.0 0.0 ns Figures 1, 4 

tpw(H) Pulse Width HIGH 
LE,E 2.00 2.00 2.00 ns Figures 1, 4 

ts,G-G Skew, Gate to Gate 
TBD TBD TBD ps 

PCCOnly 
(Note 1) 

Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 

Note 2: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 

Military Version - Preliminary 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = - 55°C to + 125°C 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage 
-1025 -870 mV 

0°Cto 
+ 125°C 

-1085 -870 mV -55°C V1N = V1H (Max) Loading with 
1, 2, 3 

Vol Output LOW Voltage 0°Cto orV1l (Min) son to -2.ov 
-1830 -1620 mV 

+ 125°C 

-1830 -1555 mV -55°C 

VoHC Output HIGH Voltage 
-1035 mV 

0°Cto 
+ 125°C 

-1085 mV -55°C V1N = V1H (Max) Loading with 

orV1l (Min) son to -2.ov 
1, 2, 3 

Vole Output LOW Voltage 0°Cto 
-1610 mV 

+125°C 

El 
-1555 mV -55°C 

V1H Input HIGH Voltage 
-1165 -870 mV 

-55°Cto Guaranteed HIGH Signal for All Inputs 
1, 2,3, 4 

+ 125°C 

V1l Input LOW Voltage 
-1830 -1475 mV 

-55°Cto Guaranteed LOW Signal for All Inputs 
1, 2, 3, 4 

+125°C 

l1l Input LOW Current 
0.50 µA 

-55°Cto VEE= -4.2V 
1, 2, 3 

+ 125°C V1N = V1L (Min) 
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Military Version - Preliminary (Continued) 

DC Electrical Characteristics (Continued) 

VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = -55°C to + 125°C 

Symbol Parameter Min Max Units Tc 

l1H Input HIGH Current 
240 µA 

0°Cto 

+ 125·c 

340 µA -55°c 

IEE Power Supply Current 
-55°Cto 

-100 -35 
mA +125°c 

-105 -35 

Conditions Notes 

VEE= -5.7V 

V1N = V1H (Max) 
1, 2, 3 

Inputs Open 

VEE = -4.2V to -4.8V 

VEE== -4.2Vto -5.7V 
1, 2, 3 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at -55°C, + 25°C, and + 125°C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55°C, + 25°C, and + 125°C, Subgroups A1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= -ss·c Tc= +25°C Tc= + 12s0 c 

Units 
Min Max Min Max Min Max 

tpLH Propagation Delay 
0.50 2.70 0.50 2.30 0.50 2.80 ns 

tPHL Dn to Output 

tPLH Propagation Delay 
0.90 3.40 1.0 3.10 1.10 3.90 ns 

tPHL LE, E to Output 

tTLH Transition Time 
0.40 2.50 0.40 2.40 0.40 2.70 

tTHL 20% to 80%, 80% to 20% 
ns 

ts Setup Time 

Do-D7 0.60 0.60 0.60 ns 

th Hold Time 

Do-D7 1.50 1.50 1.70 ns 

tpw(H) Pulse Width HIGH 

LE,E 2.40 2.40 2.40 ns 

Conditions 

Figures 1, 2, 3 

Figures 1, 2, 3 

Figures 1, 3 

A"gures 1, 4 

Figures 1, 4 

Figures 1, 4 

Notes 

1, 2, 3, 5 

1, 2, 3, 5 

4 

4 

4 

4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at +25°C, Subgroup A9, and at+ 125°C and -55°C temperatures, Subgroups A10 and 
A11. 

Note 4: Not tested at + 25°C, + 125°C, and -55°C temperature (design characterization data). 

Note 5: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Military Version - Preliminary (Continued) 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -ss·c Tc= +25°C 

Min Max Min Max 

tPLH Propagation Delay 
0.50 2.70 0.50 2.30 

tPHL Dn to Output 

tPLH Propagation Delay 
0.90 3.40 1.0 3.10 

tPHL LE, E to Output 

trLH Transition Time 
0.40 2.50 0.40 2.40 

trHL 20% to 80%, 80% to 20% 

ts Setup Time 

Do-D7 0.60 0.60 

th Hold Time 

Do-D7 1.50 1.50 

tpw(H) Pulse Width HIGH 

LE,E 2.40 2.40 

Tc= + 12s0 c 
Units Conditions Notes 

Min Max 

0.50 2.80 ns Figures 1, 2, 3 1,2,3,5 

1.10 3.90 ns Figures 1, 2, 3 1,2,3, 5 

0.40 2.70 ns Figures 1, 3 4 

4 
0.60 ns Figures 1, 4 

4 
1.50 ns Figures 1, 4 

4 
2.40 ns Figures 1, 4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -S5'C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at + 25'C temperature only, Subgroup A9. 

Note 3: Sample tested (Method SOOS, Table I) on each manufactured lot at +25'C, Subgroup A9, and at+ 125'C and -5S'C temperatures, Subgroups A10 and 
A11. 

Note 4: Not tested at + 2S'C, + 125'C, and - 55'C temperature (design characterization data). 

Note 5: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 

Test Circuitry 

PULSE 
GENERATOR 

PULSE 
GENERATOR 

Notes: 

Vee. VeeA = +2V, VEE= -2.5V 
L 1 and L2 = equal length son impedance lines 
Rr = son terminator internal to scope 
Decoupling 0.1 µ.F from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance ,.;; 3 pF 

Switching Waveforms 

,., 

l 
,•, 

l 

L1 ,., 
Yee 

-
L2 

Q 
... 

V ;r.0.1µF l so.n 

EE '= 

FIGURE 1. AC Test Circuit 

DATA_/ 

LE or E 

OUTPUT 

FIGURE 2. Propagation Delays 
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SCOPE 
CHAN A 

SCOPE 
CHAN B 

TL/F/10250-6 

TL/F/10250-7 
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S Switching Waveforms (Continued) 
0 .,.. 

0.7ns:l:0.1 ns 0.7ns:l:0.1 ns 

DATA 

OUTPUT 

TL/F/10250-8 

FIGURE 3. Propagation and Transition Times 
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LE or E 

TL/F/10250-9 

FIGURE 4. Setup, Hold and Pulse Width Times 



~National 
U Semiconductor 

F100344 
Low Power 8-Bit Latch with Cut-Off Drivers 

General Description 
The F100344 contains eight D-type latches, individual in
puts (Dn). outputs (On). a common enable pin (E), latch en
able (LE), and output enable pin (OEN). A Q output follows 
its D input when both E and LE are LOW. When either E or 
LE (or both) are HIGH, a latch stores the last valid data 
present on its D input prior to E or LE going HIGH. 

The F100344 outputs are designed to drive a doubly termi
nated 50.n transmission line (25.fi load impedance). All in
puts have 50 kn pull-down resistors. 

A HIGH on OEN holds the outputs in a cut-off state. The 
cut-off state is designed to be more negative than a normal 
ECL LOW level. This allows the output emitter-followers to 
turn off when the termination supply is - 2.0V, presenting a 
high impedance to the data bus. This high impedance re
duces termination power and prevents loss of low state 
noise margin when several loads share the bus. 

Ordering Code: See Section a 

Logic Symbol 

OEN 
Oo 01 02 03 04 05 05 07 

TL/F/9883-4 

Connection Diagrams 

Features 
• Cut-off drivers 
• Drives 25.fi load 
• Low power operation 
• 2000V ESD protection 
• Voltage compensated operating range 

-5.?V 

Pin Names Description 

Do-07 Data Inputs 
E Enable Input 
LE Latch Enable Input 
OEN Output Enable Input 

Oo-07 Data Outputs 

-4.2V to 

24·Pin DIP 28·Pin PCC 24·Pin Quad Cerpak 

01 02 03 Va:s 04 05 05 Do E LE VEE VeCA Oo 
04 1 24 03 [j)[Q]IIJ[IDIIJ[[][IJ 

05 23 D2 24 23 22 21 20 19 

05 22 D1 
Oo Ii] CI! 07 01 1 18 01 

07 21 Do 
VcCA ff] illVccA D2 17 02 

VEE Ii]] ITJVccA 
OEN 20 E Vm Ii]] ill Vee 03 3 16 03 

Vee 6 19 LE i1 IJ] ~VccA 04 15 04 

VeeA 7 18 VEE 
E li1l 1216EN 05 14 05 

VeeA 8 17 VeCA 
Do IJ] fill 07 05 6 13 05 

7 8 9 10 11 12 
07 9 16 Oo [j]]~[Ij)~~~~ 

05 10 15 01 D1 D2 03Va:sD4 05 Da 07 OEN Vee VCCA VCCA 07 

05 11 14 02 TL/F/9883-3 TL/F/9883-2 

04 12 13 03 

TL/F/9883-1 
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oi::i" 
oi::i" 
S Logic Diagram 
0 ,... 

Oo 

Truth Table 
Inputs 

Dn E LE OEN 

L L L L 
H L L L 
x H x L 
x x H L 
x x x H 

*Retains data present before either LE or E go HIGH. 

H = HIGH Voltage level 
L = LOW Voltage level 
Cutoff = lower-than-LOW state 
X = Don't Care 

TL/F/9883-5 

Outputs 

Qn 

L 
H 

Latched* 
Latched* 

Cutoff 
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Absolute Maximum Ratings 
Above which the useful life may be impaired (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the Natlonal Semiconductor Sales 
Office/Distributors for avallablllty and specifications. 

Storage Temperature (T srn) -65°C to + 150°C 

Maximum Junction Temperature (TJ) 
Ceramic 
Plastic 

VEE Pin Potential to Ground Pin 

Input Voltage (DC) 

Output Current (DC Output HIGH) 

ESD (Note2) 

Commercial Version 

+175°C 
+150°C 

- 7.0V to + 0.5V 

VEE to +0.5V 

-100mA 

~2000V 

DC Electrical Characteristics 

Recommended Operating 
Conditions 
Case Temperature (Tc) 

Commercial 
Military 

Supply Voltage (VEE) 
Commercial 
Military 

0°Cto +85°C 
- 55°C to + 125°C 

-5.7V to -4.2V 
-5.7V to -4.2V 

VEE = -4.2V to -5.7V, Vee= VccA = GND, Tc= 0°c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -1705 -1620 mV orV1L (Min) 250 to -2.0V 

VoHC Output HIGH Voltage -1035 mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1610 mV orV1L (Max) 250 to -2.0V 

VoLz Cutoff LOW Voltage 
-1950 mV 

V1N = V1H (Min) OEN= HIGH 
orV1L (Max) 

V1H Input HIGH Voltage -1165 -870 mV Guaranteed HIGH Signal for All Inputs 

V1L Input LOW Voltage -1830 -1475 mV Guaranteed LOW Signal for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

l1H Input HIGH Current 240 µA V1N = V1H (Max) 

IEE Power Supply Current Inputs Open 
-178 -85 

mA 
VEE = -4.2V to -4.8V 

-185 -85 VEE= -4.2Vto -5.7V 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 

Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +as0 c 

Min Max Min Max Min Max 

tPLH Propagation Delay 
0.90 2.10 0.90 2.10 1.00 2.30 

tPHL Dn to Output 

tPLH Propagation Delay 
1.60 3.10 1.60 3.10 1.80 3.40 

tPHL LE, E to Output 

tpzH Propagation Delay 1.60 4.20 1.60 4.20 1.60 4.20 

tpHz OEN to Output 1.00 2.70 1.00 2.70 1.00 2.70 

tTLH Transition Time 
0.45 2.00 0.45 2.00 0.45 2.00 

tTHL 20% to 80%, 80% to 20% 

Units 

ns 

ns 

ns 

ns 

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Conditions 

Figures 1, 2 
(Note 1) 

Figures 1, 2 
(Note 1) 

Figures 1, 2 
(Note 1) 

Figures 1, 3 
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Commercial Version (Continued) 

Ceramic Dual-In-Line Package AC Electrical Characteristics (Continued) 
VEE = -4.2V to -5.7V, Vee= VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +as0 c 

Units Conditions 
Min Max Min Max Min Max 

ts Setup Time 

Do-D7 1.0 1.0 1.1 ns Figures 1, 3 

th Hold Time 

Do-D7 0.1 0.1 0.1 ns Figures 1, 3 

tpw(H) Pulse Width HIGH 
LE,E 2.00 2.00 2.00 ns Figures 1, 3 

PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.90 1.90 0.90 1.90 1.00 2.10 ns 

Figures 1, 2 

tpHL Dn to Output (Note2) 

tpLH Propagation Delay 
1.60 2.90 1.60 2.90 1.80 3.20 ns 

Figures 1, 2 

tpHL LE, E to Output (Note2) 

tpzH Propagation Delay 1.60 4.00 1.60 4.00 1.60 4.00 Figures 1, 2 

tpHz OEN to Output 1.00 2.50 1.00 2.50 1.00 2.50 
ns 

(Note2) 

tTLH Transition Time 
0.45 1.90 0.45 1.90 0.45 1.90 Figures 1, 3 

tTHL 20% to 80%, 80% to 20% 
ns 

ts Setup Time 
Do-D7 0.90 0.90 1.00 ns Figures 1, 3 

th Hold Time 

Do-D7 0.0 0.0 0.0 ns Figures 1, 3 

tpw(H) Pulse Width HIGH 
LE,E 2.00 2.00 2.00 ns Figures 1, 3 

ts,G-G Skew, Gate to Gate 
TBD TBD TBD ps 

PCCOniy 
(Note 1) 

Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 
Note 2: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 

Military Version-Preliminary 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = - 55°C to + 125°C 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage 
-1025 -870 mV 

0°Cto 
+ 125°C 

-1085 -870 mV -55°C V1N = V1H (Max) Loading with 
1, 2, 3 

Vol Output LOW Voltage 0°Cto orV1L (Min) 25!1 to -2.0V 
-1830 -1620 mV 

+125°C 

-1830 -1555 mV -55°C 

VoHC Output HIGH Voltage 
-1035 mV 

0°Cto 
+ 125°C 

-1085 mV -55°C V1N = V1H (Min) Loading with 
1, 2, 3 

VoLC Output LOW Voltage 0°Cto orV1L (Max) 25!1 to -2.0V 
-1610 mV 

+ 125°C 

-1555 mV -55°C 
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Military Version-Preliminary (Continued) 

DC Electrical Characteristics ccontinued) 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = -55°C to + 125°C 

Symbol Parameter Min Max Units Tc 

VoLZ Cutoff LOW Voltage 
-1950 

0°Cto 
mV +125°C 

-1850 -55°C 

V1H Input HIGH Voltage 
-1165 -870 mV 

-55°C to 
+125°C 

V1L Input LOW Voltage 
-1830 -1475 mV 

-55°Cto 
+ 125°C 

l1L Input LOW Current 
0.50 µA 

-55°Cto 
+125°C 

l1H Input HIGH Current 
240 µA 

0°Cto 
+ 125°C 

340 µA -55°C 

IEE Power Supply Current 
-55°Cto 

-195 -65 
mA +125°C 

-205 -65 

Conditions Notes 

V1N = V1H (MIN) 
orV1L (Max) 

OEN= HIGH 1, 2, 3 

Guaranteed HIGH Signal for All Inputs 
1, 2, 3, 4 

Guaranteed LOW Signal for All Inputs 
1, 2, 3, 4 

VEE= -4.2V 
1, 2, 3 

V1N = V1L (Min) 

VEE= -5.7V 
1,2, 3 

V1N = V1H (Max) 

Inputs Open 
VEE= -4.2V to -4.8V 

1, 2, 3 
VEE= -4.2V to -5.7V 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at -55'C, +25'C, and + 125'C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at - 55'C, + 25'C, and + 125'C, Subgroups A 1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= -55°C Tc= +25°C Tc= + 125°C 

Units 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.50 2.60 0.70 2.60 0.70 3.10 ns 

tPHL Dn to Output 

tpLH Propagation Delay 
0.80 3.30 1.00 3.30 1.10 4.80 ns 

tPHL LE, E to Output 

tpzH Propagation Delay 1.00 4.00 1.10 3.80 1.20 4.70 

tpHZ OEN to Output 0.70 3.00 0.70 2.80 0.70 3.20 
ns 

trLH Transition Time 
0.40 2.50 0.40 2.40 0.40 2.70 

trHL 20% to 80%, 80% to 20% 
ns 

ts Setup Time 

Do-D7 1.50 1.50 1.70 ns 

th Hold Time 
Do-D7 0.60 0.60 0.60 ns 

tpw(H) Pulse Width HIGH 
LE, E 2.40 2.40 2.40 ns 
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Conditions 

Figures 1, 2 

Figures 1, 2 

Figures 1, 2 

Figures 1, 3 

Figures 1, 3 

Figures 1, 3 

A'gures 1, 3 

Notes 

1, 2, 3, 5 

1, 2, 3, 5 

1,2,3,5 

4 

4 

4 

4 
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Military Version-Preliminary (Continued) 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -55°C Tc= +25°C 

Min Max Min Max 

tpLH Propagation Delay 
0.50 2.60 0.70 2.60 

tPHL Dn to Output 

tPLH Propagation Delay 
0.80 3.30 1.10 3.30 

tpHL LE, E to Output 

tpzH Progation Delay 1.00 4.00 1.10 3.80 

tpHz OEN to Output 0.70 3.00 0.70 2.80 

trLH Transition Time 
0.40 2.50 0.40 2.40 

trHL 20% to 80%, 80% to 20% 

ts Setup Time 

Do-D7 1.50 1.50 

th Hold Time 

Do-D7 0.60 0.60 

tpw(H) Pulse Width HIGH 
LE,E 2.40 2.40 

Tc= + 125°C 
Units Conditions Notes 

Min Max 

0.70 3.10 ns Figures 1, 2 1, 2, 3, 5 

1.10 4.80 ns Figures 1, 2 1,2,3,5 

1.20 4.70 
Figures 1, 2 1, 2, 3, 5 

0.70 3.20 
ns 

0.40 2.70 ns Figures 1, 3 4 

1.70 ns Figures 1, 3 4 

0.60 ns Figures 1, 3 4 

2.40 ns Figures 1, 3 4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at + 25°C temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at +25°C, Subgroup A9, and at + 125°C and -55°C temperatures, Subgroups A10 and 
A11. 

Note 4: Not tested at +25'C, + 125°C, and -55°C temperature (design characterization data). 

Note 5: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 

Test Circuitry 

SCOPE 
CHAN B 

Rr 

PULSE 
GENERATOR 

PULSE 
GENERATOR 

Notes: 

Vee. VeeA = +2V, VEE = -2.5V 
L 1 and L2 = equal length 5011 impedance lines 
Rr = 5011 terminator internal to scope 
Decoupling 0.1 µ.F from GND to Vee and VEE 
All unused outputs are loaded with 5011 to GND 
CL = Fixture and stray capacitance ,,; 3 pF 

L2 

\I 

l 
Vee 

I0.1µF 

OEN 

Q 

VEE 

FIGURE 1. AC Test Circuit 
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Switching Waveforms 

DATA 

OUTPUT 

DATA 

LE or E 

OUTPUT 

I 

I I 

~ 
tpzH 

FIGURE 2. Propagation Delay and Cutoff Times 

__ /. tTLH 

I \ _____ r 
t I 

' s 

FIGURE 3. Setup, Hold and Pulse Width Times 
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ADVANCE INFORMATION 

~ Semiconductor 

F100350 
Low Power Hex D-Latch 

General Description 
The F100350 contains six D-type latches with true and com
plement outputs, a pair of common Enables (Ea and Eb), 
and a common Master Reset (MR). A Q output follows its D 
input when both Ea and Eb are LOW. When either Ea or Eb 
(or both) are HIGH, a latch stores the last valid data present 
on its D input before Ea or Eb went HIGH. The MR input 
overrides all other inputs and makes the Q outputs LOW. All 
inputs have 50 kn pull-down resistors. 

Logic Symbol 

Features 
• 20% power reduction of the F100150 

• 2000V ESD protection 
• Pin/function compatible with F100150 
• Voltage compensated operating range = 

-4.2V to -5.7V 

Pin Names Description 

Do-D5 Data Inputs 

Ea, Eb Common Enable Inputs (Active LOW) 

MR Asynchronous Master Reset Input 

Oo-05 Data Outputs 

Oo-05 Complementary Data Outputs 

TL/F /9884-10 

Connection Diagrams 

24-Pin DIP 28-Pin PCC 24-Pin Quad Cerpak 

05 
D1 Do Oo Vm Oo 01 01 Eb Ea MR VEE D3 D2 

24 05 [j][QJ[!][fil!I]l!]!IJ 

04 23 D5 24 23 22 21 20 19 
04 3 22 D4 D2 Ii] ill02 D4 1 18 D1 

03 4 21 Eb D3 IJ] rn 02 
D5 2 17 Do 

03 5 20 Ea VEE~ III VcCA 
05 3 16 Oo Vm@ ill Vee 

Vee 6 19 MR 
MR [j] ~Vee 05 4 15 Oo 

VeeA 7 18 VEE Ea li1I Ill! 03 04 5 14 01 
02 8 17 D3 Eb Ii]] ~03 04 6 13 01 
02 9 16 D2 7 8 9 10 11 12 

01 10 15 D1 li]J@l~lll!~~~ 

01 11 14 Do D4 D5 05 Vm 05 04 04 03 03 Vee VeeA 02 02 

Oo 12 13 Oo 
TL/F/9884-3 TL/F/9884-2 

TL/F/9884-1 
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00 National 
~ Semiconductor 

F100351 
Low Power Hex D Flip-Flop 

General Description 
The F100351 contains six D-type edge-triggered, master/ 
slave flip-flops with true and complement outputs, a pair of 
common Clock inputs (CPa and CPb) and common Master 
Reset (MR) input. Data enters a master when both CPa and 
CPb are LOW and transfers to the slave when CPa and CPb 
(or both) go HIGH. The MR input overrides all other inputs 
and makes the Q outputs LOW. All inputs have 50 kn pull
down resistors. 

Ordering Code: see sections 

Logic Symbol 

Features 
a 40% power reduction of the F100151 
11 2000V ESD protection 

• Pin/function compatible with F100151 
11 Voltage compensated operating range: 

-4.2V to -5.7V 

Pin Names Description 

D0-Ds Data Inputs 

CPa. CPb Common Clock Inputs 

MR Asynchronous Master Reset Input 

Oo-Os Data Outputs 

Oo-Os Complementary Data Outputs 

TL/F/9885-11 

Connection Diagrams 

24-Pln DIP 28-Pin PCC 24-Pin Quad Cerpak 

o1 D0 o0 VEES o0 o1 01 CPb CP 8 MR VEE D3 D2 
05 24 05 IIll [Q] rn rn m rn rn 
04 23 D5 24 23 22 21 20 19 

04 22 D4 D2 ij] !II02 D4 18 D1 

03 21 CPb 
D3 ff] [II 02 D5 17 Do 

20 
VEE [j] [I] VeCA 

05 3 16 Oo 03 CP8 Vm !ill ill Vee 
Vee 19 M~ MR [j]J ~Vee 05 4 15 Oo 

VeCA 18 VEE eP11 [ZJ [ll] 03 04 14 01 

02 17 D3 
epb liID Im 03 04 13 01 

7 8 9 10 11 12 
02 16 D2 

!Ifil~gj]§~~~ 
01 10 15 D1 D4 D5 05Vm05 04 04 03 03 Yee VceA 02 02 
01 11 14 Do TL/F/9885-3 TL/F/9885-2 

Oo 12 13 Oo 

TL/F/9885-1 
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S Logic Diagram 
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o, 
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Q 

o, o, 

Truth Tables (Each Flip-flop) 

Synchronous Operation 

Inputs 

Dn CPa CPb MR 
L _r L L 
H _r L L 
L L _r L 
H L _r L 

x H _r L 
x _r H L 
x L L L 

Outputs 

Qn(t+ 1) 

L 
H 
L 
H 

On(t) 
On(t) 
On(t) 
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MR CP8 CPb D5 

D 

Q 

Os Os 
TL/F/9885-4 

Asynchronous Operation 

Inputs 

Dn l CPa 

x l x 
H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

1 
l 

CPb 

x 

t = Time before CP positive transition 
t + 1 = Time after CP positive transition 
.../" = LOW-to-HIGH transition 

Outputs 

1 MR Qn(t+ 1) 

1 H L 



Absolute Maximum Ratings 
Above which the useful life may be impaired (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature (TsTG) -65°C to + 150°C 

Maximum Junction Temperature (TJ) 
Ceramic 
Plastic 

VEE Pin Potential to Ground Pin 

Input Voltage (DC) 

Output Current (DC Output HIGH) 

ESD (Note 2) 

Commercial Version 

+175°C 
+150°c 

-7.0Vto +0.5V 

VEE to +0.5V 
-50mA 

:;:::2ooov 

DC Electrical Characteristics 

Recommended Operating 
Conditions 
Case Temperature (Tc) 

Commercial 
Military 

Supply Voltage (VEE) 
Commercial 
Military 

o·cto +85°C 
- 55°C to + 125·c 

-5.7V to -4.2V 
-5.7V to -4.2V 

VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -1705 -1620 orV1L (Min) son to -2.ov 

VoHC Output HIGH Voltage -1035 
mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1610 orV1L (Max) 50!l. to -2.0V 

V1H Input HIGH Voltage -1165 -870 mV 
Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

l1H Input HIGH Current 
MR 350 

Do-Ds 240 µA V1N = V1H (Max) 
CPa, CPb 350 

IEE Power Supply Current -129 -62 mA Inputs Open 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 

Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +2s0 c Tc= +ss·c 

Min Max Min Max Min Max 

fmax Toggle Frequency 375 375 375 

tPLH Propagation Delay 
0.80 2.00 0.80 2.0 0.90 2.10 

tPHL CPa, CPb to Output 

tPLH Propagation Delay 
1.10 2.30 1.10 2.30 1.20 2.40 

tPHL MR to Output 

trLH Transition Time 
0.45 1.80 0.45 1.70 0.45 1.80 

trHL 20% to 80%, 80% to 20% 
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Units Conditions 

MHz Figures 2 and 3 

ns Figures 1 and 3 

ns Figures 1 and 4 

ns Figures 1 and 3 
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Commercial Version (Continued) 

Ceramic Dual-In-Line Package AC Electrical Characteristics (Continued) 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

ts Setup Time 
Figures 

Do-Ds 0.40 0.40 0.40 
MR (Release Time) 1.60 1.60 1.60 

ns 
Figure4 

th Hold Time 
1.00 1.00 1.00 Figures 

D0-Ds 
ns 

tpw(H) 
Pulse Width HIGH 

2.00 2.00 2.00 Figures 3 and 4 
CPa, CPb, MR 

ns 

PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

fmax Toggle Frequency 375 375 375 MHz Figures 2 and 3 

tPLH Propagation Delay 
0.80 1.80 0.80 1.80 0.90 1.90 ns Figures 1 and 3 

tPHL CPa, CPb to Output 

tPLH Propagation Delay 
1.10 2.10 1.10 2.10 1.20 2.20 ns Figures 1 and 4 

tPHL MR to Output 

tTLH Transition Time 
0.45 1.70 0.45 1.60 0.45 1.70 Figures 1 and 3 

tTHL 20% to 80%, 80% to 20% 
ns 

ts Setup Time 
Figures 

Do-Ds 0.30 0.30 0.30 
MR (Release Time) 1.50 1.50 1.50 

ns 
Figure4 

th Hold Time 
0.90 0.90 0.90 Figures 

Do-Ds 
ns 

tpw(H) 
Pulse Width HIGH 

2.00 2.00 2.00 Figures 3 and 4 
CPa, CPb, MR 

ns 

ts,G-G Skew, Gate-to-Gate 
TBD TBD TBD ps 

(PCConly) 
(Note 1) 

Note 1: Gate-to-gate skew is defined as the difference in propagation delays between each of the outputs. 

Military Version-Preliminary 

DC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee= VccA = GND, Tc= -55°C to +125°C 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage -1025 -870 mV 
0°Cto 

+ 125°C 

-1085 -870 mV -55°C V1N = V1H (Max) Loading with 
1,2,3 

Vol Output LOW Voltage 0°Cto orV1L (Min) 50!1 to -2.0V 
-1830 -1620 mV 

+ 125°C 

-1830 -1555 mV -55°C 

VoHC Output HIGH Voltage 
-1035 mV 

0°Cto 
+ 125°C 

-1085 mV -55°C V1N = V1H (Min) Loading with 
1, 2, 3 

VoLC Output LOW Voltage 0°Cto orV1L (Max) 50!1 to -2.0V 
-1610 mV 

+ 125°C 

-1555 mV -55°C 
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Military Version-Preliminary (Continued) 

DC Electrical Characteristics (Continued) 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = -55°C to + 125°C 

Symbol Parameter Min Max Units Tc Conditions Notes 

V1H Input HIGH Voltage 
-1165 -870 mV 

-55°Cto Guaranteed HIGH Signal 
1,2, 3,4 

+ 125°c for All Inputs 

V1L Input LOW Voltage -1830 -1475 mV 
-55°Cto Guaranteed LOW Signal 

1, 2, 3, 4 
+ 125·c for All Inputs 

IJL Input LOW Current 
0.50 µA 

-55°Cto VEE= -4.2V 1, 2, 3 
+ 125•c V1N = V1L (Min) 

l1H Input HIGH Current 
MR 300 

0°Cto 
Do-Ds 250 µA +125°c 

CPa, CPb 520 VEE= -5.7V 1, 2, 3 
MR 450 V1N = V1H (Max) 

Do-Ds 350 µA -55°C 
CPa. CPb 750 

IEE Power Supply Current -146 -96 mA 
-55°Cto Inputs Open 

1, 2, 3 
+ 125·c 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at -55°C, +25°C, and + 125°C, Subgroups 1, 2, 3, 7, and B. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55°C, + 25°C, and + 125'C, Subgroups A 1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVQL. 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= -ss·c Tc= +2s0 c Tc= +12s0 c 

Units Conditions Notes 
Min Max Min Max Min Max 

fmax Toggle Frequency 375 375 375 MHz Figures 2 and 3 4 

tPLH Propagation Delay 
0.80 2.20 0.80 2.20 0.90 2.40 ns Figures 1 and 3 

tPHL CPa, CPb to Output 
1, 2, 3 

tPLH Propagation Delay 
1.20 2.90 1.30 3.00 1.20 3.10 ns Figures 1 and 4 

tPHL MR to Output 

tTLH Transition Time 
0.45 1.80 0.45 1.70 0.45 1.80 Figures 1 and 3 

trHL 20% to 80%, 80% to 20% 
ns 

ts Setup Time Figure5 
Do-Ds 0.70 0.70 0.70 
MR (Release Time) 2.30 2.30 2.60 

ns 
Figure4 4 

th Hold Time 
0.70 0.70 0.70 Figure5 

Do-Ds 
ns 

tpw(H) 
Pulse Width HIGH 

2.00 2.00 2.00 Figures 3 and 4 
CPa. CPb, MR 

ns 
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Military Version-Preliminary (Continued) 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -ss·c Tc= +25°C 

Min Max Min Max 

fmax Toggle Frequency 375 375 

tPLH Propagation Delay 
0.80 2.00 0.80 2.00 

tpHL CP a• CPb to Output 

tpLH Propagation Delay 
1.20 2.70 1.30 2.80 

tPHL MR to Output 

trLH Transition Time 
0.45 1.70 0.45 1.60 

trnL 20% to 80%, 80% to 20% 

ts Setup Time 

Do-Ds 0.60 0.60 
MR (Release Time) 2.20 2.20 

th Hold Time 
0.60 0.60 

Do-Ds 

tpw(H) 
Pulse Width HIGH 

2.00 2.00 
CPa. CPb, MR 

Tc= + 12s·c 
Units Conditions Notes 

Min Max 

375 MHz Figures 2 and 3 4 

0.90 2.20 ns Figures 1 and 3 
1, 2, 3 

1.20 2.90 ns Figures 1 and 4 

0.45 1.70 ns Figures 1 and 3 

Figures 
0.60 
2.50 

ns 
Figure4 4 

0.60 ns Figures 

2.00 ns Figures 3 and 4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -SS'C), then testing 
Immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at +2S'C, Temperature only, Subgroup A9. 

Note 3: Sample tested (Method SOOS, Table 1) on each Mfg. lot at + 2S'C, Subgroup A9, and at + 12S'C, and -SS'C Temperature, Subgroups A 1 o and A 11. 

Note 4: Not tested at +2S'C, +12S'C and -SS'C Temperature (design characterization data). 

Test Circuitry 

PULSE 
GENERATOR 

-::-

PULSE 

50 ll 

GENERATOR 

... 
I 
\ I 

1 
D 

CP 

L1 ,-, 
\ I 

Vee I 

a 

CIRCUIT 
L2 a, ... , 

UNDER 

1 TEST 

Vee 

Rr 

-::-

-::-

SCOPE 
CHANA 

SCOPE 
CHAN B 

Notes: 

Vee. VeeA = +2V, VEE= -2.SV 

L 1 and L2 = equal length son impedance lines 

Rr = son terminator internal to scope 

Decoupling 0.1 µ.F from GND to Vee and VEE 

All unused outputs are loaded with son to GND 

CL = Fixture and stray capacitance ::; 3 pF 

TL/' :l885-5 

FIGURE 1. AC Test Circuit 

SCOPE 
CHAN A 

Notes: 

Vee. VccA = +2V, VEE = -2.SV 

L 1 and L2 = equal length son impedance lines 

Rr = son terminator internal to scope 

SCOPE 
Decoupling 0.1 µ.F from GND to Vee and VEE 

CHAN B All unused outputs are loaded with son to GND 

CL = Jig and stray capacitance ::; 3 pF 

TL/F/9885-6 

FIGURE 2. Toggle Frequency Test Circuit 
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Switching Waveforms 

DATA 

CLOCK 

OUTPUT 

__ / 
0.7:!:0.1 ns-. -0.7:!:0.1 ns 

I----•-+---+--+ 1.05 V 

+0.31 v 

FIGURE 3. Propagation Delay (Clock) and Transition Times 

SDn. CDn 
MS, MR 

CLOCK 

OUTPUT 

0.7:t0.1ns 0.7:!:0.1 ns 

DATA 

CLOCK 

- IPHL ,..._ 

80% 

50% 

20% ------
FIGURE 4. Propagation Delay (Reset) 

f HOSV 

-, I L, 
50

% +0.31V _,h _ 
____. '• ·----"--__________ + 1.05 v 

/l-50% 

----- +0.31 v 

TL/F/9885-7 

TL/F/9885-8 

TL/F/9885-9 

Notes: 

t5 is the minimum time before the transition of the clock that information must be present at the data input. 

th is the minimum time after the transition of the clock that information must remain unchanged at the data input. 

FIGURE 5. Setup and Hold Time 
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~National 
D Semiconductor 

F100352 
Low Power 8-Bit Buffer with Cut-Off Drivers 

General Description Features 
• Cut-off drivers 
• Drives 25!1 load 
• Low power operation 
• 2000V ESD protection 

The F100352 contains an 8-bit buffer, individual inputs (On), 
outputs (Qn), and a data output enable pin (OEN). A Q out
put follows its D input when the OEN pin is LOW. A HIGH on 
OEN holds the outputs in a cut-off state. The cut-off state is 
designed to be more negative than a normal EGL LOW lev
el. This allows the output emitter-followers to turn off when 
the termination supply is - 2.0V, presenting a high imped
ance to the data bus. This high impedance reduces termina
tion power and prevents loss of low state noise margin 
when several loads share the bus. 

• Voltage compensated operating range 
-5.7V 

-4.2V to 

The F100352 outputs are designed to drive a doubly termi
nated 50!1 transmission line (25!1 load impedance). All in
puts have 50 k!l pull-down resistors. 

Ordering Code: see section 8 

Logic Symbol 

OEN 

Connection Diagrams 

24-Pin DIP 

D4 24 D3 

D5 23 D2 

Ds 22 D, 

D1 4 21 Do 

OEN 5 20 NC 

Yee 19 NC 

YeeA 7 18 VEE 

VceA 17 YeeA 

07 9 16 Oo 

Os 10 15 o, 
05 11 14 02 

L 

TL/F/10248-1 

28-Pin PCC 

01 02 03 VEES 04 05 Os 
[j] [QI rn [[] m lII [[I 

Oo [J1J 

YeeA Ml 
VEE~ 

VEES fill 
NC [j]J 
NC Ii] 

Do [j]J 

[j]]~~~§I~~ 

D, D2 D3 VEES D4 D5 Ds 

Pin Names 

Do-07 
OEN 

Oo-07 
NC 

[i)07 

QJ YeeA 
III YeeA 
ITl Vee 
Wl YeeA 
~OEN 

~~ 

04 12 13 03 TL/F/10248-4 

TL/F/10248-2 
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D3 

D4 

05 

Ds 

Description 

Data Inputs 
Output Enable Input 
Data Outputs 
No Connect 

24-Pin Quad Cerpak 
Do NC NC VEE VecA Oo 

24 23 22 21 20 19 

18 

17 

16 

4 15 

5 14 

13 

7 8 9 10 11 12 

~ OEN Vee VCCA VCCA 07 

o, 
02 

03 

04 

05 

Os 

TL/F/10248-3 



Logic Diagram 

Oo o, 

Truth Table 
Inputs 

On OEN 

L 

H 

x 
H = HIGH Voltage Level 
L = LOW Voltage Level 
Cutoff = Lower-than-LOW State 
X = Don't Care 

L 

L 

H 

Outputs 

Qn 

L 

H 

Cutoff 

TL/F/10248-5 
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Absolute Maximum Ratings 
Above which the useful life may be impaired (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature (Tsrn) -65°C to+ 150°C 

Maximum Junction Temperature (TJ) 
Ceramic 
Plastic 

VEE Pin Potential to 
Ground Pin 

Input Voltage (DC) 

Output Current (DC Output HIGH) 

ESD (Note2) 

Commercial Version 

+175°C 
+150°C 

-7.0Vto +0.5V 

VEE to +0.5V 

-100 mA 

::::2ooov 

DC Electrical Characteristics 

Recommended Operating 
Conditions 
Case Temperature (Tc) 

Commercial 
Military 

Supply Voltage <VEE) 
Commercial 
Military 

0°Cto +85°C 
- 55°C to + 125°C 

-5.7Vto -4.2V 
-5.7V to -4.2V 

VEE = -4.2V to -5.7V, Vee= VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 V1N = V1H (Max) Loading with 
mV 

Vol Output LOW Voltage -1830 -1705 -1620 orV1l(Min) 25!l. to -2.0V 

VoHC Output HIGH Voltage -1035 V1N = V1H (Min) Loading with 
mV 

Vole Output LOW Voltage -1610 orV1l(Max) 25!l. to -2.0V 

Volz Cut-Off LOW Voltage 
-1950 mV V1N = V1H (Min) or OEN= HIGH \/ .. , .. ___ , 

. IL.. \IVIQA/ 

V1H Input HIGH Voltage 
-1165 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1830 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1l (Min) 

l1H Input HIGH Current 240 µA V1N = V1H (Max) 

IEE Power Supply Current Inputs Open 
-138 -70 

mA 
VEE = -4.2V to -4.8V 

-143 -70 VEE= -4.2V to -5.7V 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 

Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Commercial Version (Continued) 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee= VeeA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Min Max Min Max Min Max 

tPLH Propagation Delay 
0.70 2.00 0.70 2.00 0.70 2.20 

tPHL Dn to Output 

tpzH Propagation Delay 1.60 4.20 1.60 4.20 1.60 4.20 

tpHz OEN to Output 1.00 2.70 1.00 2.70 1.00 2.70 

trLH Transition Time 
0.45 2.00 0.45 2.00 0.45 2.00 

trHL 20% to 80%, 80% to 20% 

Units 

ns 

ns 

ns 

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 

PCC and Cerpak AC Electrical Characteristics 
VEE= 4.2V to -5.7V, Vee= VCCA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C 

Min Max Min Max 

tPLH Propagation Delay 
0.70 1.80 0.70 1.80 

tPHL On to Output 

tpzH Propagation Delay 1.60 4.00 1.60 4.00 

tpHz OEN to Output 1.00 2.50 1.00 2.50 

trLH Transition Time 
0.45 1.90 0.45 1.90 

trnL 20% to 80%, 80% to 20% 

ts,G-G Skew, Gate to Gate 
TBD TBD 

Tc= +85°C 

Min Max 

0.70 2.00 

1.60 4.00 
1.00 2.50 

0.45 1.90 

TBD 

Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 

Units 

ns 

ns 

ns 

ps 

Note 2: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Conditions 

Figures 1, 2 
(Note 1) 

Figures 1, 2 
(Note 1) 

Figures 1, 2 

Conditions 

Figures 1, 2 
(Note2) 

Figures 1, 2 
(Note2) 

Figures 1, 2 

PCCOnly 
(Note 1) 
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Military Version-Preliminary 

DC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee= VccA = GND, Tc= - 55°C to + 125°C 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage -1025 -870 mV 0°c to + 125°C 

-1085 -870 mV -55°C V1N = V1H(Max) Loading with 
1, 2, 3 

VoL Output LOW Voltage -1830 -1620 mV 0°C to + 125°C orV1L(Min) 25!lto -2.0V 

-1830 -1555 mV -55°C 

Vo HG Output HIGH Voltage -1035 mV 0°C to + 125°C 

-1085 mV -55°C V1N = V1H(Min) Loading with 
1, 2, 3 

VoLC Output LOW Voltage -1610 mV 0°C to + 125°C orV1L(Max) 250 to -2.0V 

-1555 mV -55°C 

VoLZ Cut-Off LOW Voltage -1950 
mV 

0°C to + 125°C V1N = V1H(Min),Or OEN=HIGH 1, 2, 3 
-1850 -55°C V1L(Max) 

V1H Input HIGH Voltage 
-1165 -870 mV - 55°C to + 125°C 

Guaranteed HIGH signal 
1, 2, 3,4 

for All inputs 

V1L Input LOW Voltage 
-1830 -1475 mV - 55°C to + 125°C 

Guaranteed LOW signal 
1, 2, 3, 4 

for All inputs 

l1L Input LOW Current 
0.50 µA 

- 55°C to + 125°C VEE= 4.2V 1, 2, 3 

V1N = V1L(Min) 

I::~ ln!"1A 1-llGl-I ~1_1rr'?!"!! 

240 µA 0°C to + 125°C VEE= -5.7V 
1, 2, 3 

340 µA -55°C V1N = V1H(Max) 

IEE Power Supply Current Inputs Open 
-145 -55 

mA - 55°C to + 125°C 
VEE = -4.2V to -4.8V 

1, 2, 3 
-150 VEE= -4.2Vto -5.7V 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "~old start" specs which can be 
considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at -55'C, + 25'C, and + 125'C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55'C, + 25'C, and + 125'C, Subgroups A 1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 
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Military Version-Preliminary (Continued) 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -55°C Tc= +25°C 

Min Max Min Max 

tPLH Propagation Delay 
0.30 2.60 0.50 2.40 

tPHL Dn to Output 

tpzH Propagation Delay 1.20 5.00 
tpHz OEN to Output 0.70 3.00 

tTLH Transition Time 
0.40 2.50 

tTHL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -55°C 

Min Max 

tPLH Propagation Delay 
0.30 2.60 

tPHL Dn to Output 

tpzH Propagation Delay 1.20 5.00 
tpHz OEN to Output 0.70 3.00 

tTLH Transition Time 
0.40 2.50 

trnL 20% to 80%, 80% to 20% 

1.40 4.20 
0.70 2.80 

0.40 2.40 

Tc= +25°C 

Min Max 

0.50 2.40 

1.40 4.20 
0.70 2.80 

0.40 2.40 

Tc +125°C 
Units 

Min Max 

0.50 2.70 ns 

1.20 4.30 
0.70 3.20 

ns 

0.40 2.70 ns 

Tc+ 125°C 
Units 

Min Max 

0.50 2.70 ns 

1.20 4.30 
0.70 3.20 

ns 

0.40 2.70 ns 

Conditions Notes 

Figures 1, 2 1,2,3,5 

Figures 1,2 1,2, 3, 5 

Figures 1, 2 4 

Conditions Notes 

Figures 1, 2 1,2,3,5 

Figures 1, 2 1, 2, 3, 5 

Figures 1, 2 4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55°C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at +25'C temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at +25'C, Subgroup A9, and at+ 125'C and -55'C temperatures, Subgroups A10 and 
A11. 

Note 4: Not tested at + 25'C, + 125°C, and -55°C temperature (design characterization data). 

Note 5: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Test Circuitry 

Notes: 

PULSE 
GENERATOR 

Vee. VeeA = +2V, VEE = -2.5V 

\I 

...L 

L 1 and L2 = equal length 50!1 impedance lines 
Rr = 50!1 terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with 50!1 to GND 
CL = Fixture and stray capacitance s: 3 pF 

Switching Waveforms 

Vee 

FIGURE 1. AC Test Circuit 

DATA J..._ __ _ x x 
~~ 

tTHL 

L1 

\I 

...L 

x 
--+-: !----

tTLH 

OUTPUT 
ENABLE r-\ 

I I 
I 

I I x i~ :t-OUTPUT -------~~------' I I I I 
I I I 

-: :- -: :-
tPHZ tpzH 

FIGURE 2. Propagation Delay, Cut-Off and Transition Times 
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~National 
~Semiconductor 
F100353 

Low Power 8-Bit Register 
General Description 
The F100353 contains eight D-tyµe edge triggered, master/ 
slave flip.flops With individual inputs (0

0
), true outputs (0

0

), 

a clock input (CP), and a common clock enable pin (GEN). 
Data enters the master when CP is LOW and transfers to 
the slave when CP goes HIGH. When the GEN input goes 
HIGH it overrides al/ other inputs, disables the clock, and 
the Q outputs maintain the last state. 

The F100353 output drivers are designed to drive son ter
mination to - 2.ov. All inputs have 50 kn pull-down resistors. 

Ordering Code: See Section a 

Logic Symbol 

CE:N 

CP 

Connection Diagrams 

24-Pin DIP 

D4 I 
24 D3 D5 2 
23 Dz Ds 3 
22 D1 07 4 
21 Do NC 5 

20 ffii Vee 
19 CP 

VCCA 7 
18 Vt£ VceA 8 
17 VeeA 07 
16 Oo 05 10 
15 o, 

05 II 
14 Oz 04 12 
13 

Tl!F/9882-4 

28-PinPcc 
01 Oz 03 Vn:s04 05 05 
/lJJIIQJ/]]®0®[§] 

Oo lf%J 
VCCA liJJ 
Vrr fru 

Ve:rs@ 
CPIIFJ 

CEN(QJ 
Do@ 

!W@fij]§J@§}@) 

o, D2 D3 VrrsD4 Ds D6 

Features 
a Low power operation 

a 2ooov Eso protection 

o Voltage compensated operating range -5.7V 

Pin Names 
Description Do-07 

Data Inputs GEN 
Clock Enable Input CP 

Clock Input (Active Rising Edge) Oo-07 
Data Outputs NC 
No Connect 

24-Pin Quad Cerpak 

Do ffii CP v££VceAOo 

24 23 22 21 20 19 007 o, 1 
18 01 

ffi Vcc.o1 
Dz 2 

17 Oz 
fIJ VeCA 
llJVcc 03 3 

16 03 @J Yce.o1 D4 4 
15 04 illJNC 

Ds 5 
14 05 

WJD7 
D5 6 

13 05 7 8 9 10 11 12 

03 
TL/F/9882-3 D7 NC Vee VeeA VccA 07 

Tl!F/9882-1 Tl!F/9882-2 
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.ogic Diagram 
Do 

Truth Table 

Dz 

Oz 

lnputs 

On ce:N 

L L 

H L 

x x 
x x 
x H 

H "" HIGH Voltage Level 
L "" LOW Voltage Level 
X "' Don't care 
NC "" No Change 
J "' LOW to HIGH Transition 

CP 

../ 
../ 

L 
H 
x 
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~National 
~ Semiconducl:or 

F100353 
Low Power 8-Bit Register 

General Description Features 
a Low power operation 
c 2000V ESD protection 

The F100353 contains eight D-type edge triggered, master I 
slave flip-flops with individual inputs (On). true outputs (On). 
a clock input (CP), and a common clock enable pin (GEN). 
Data enters the master when CP is LOW and transfers to 
the slave when CP goes HIGH. When the GEN input goes 
HIGH it overrides all other inputs, disables the clock, and 
the Q outputs maintain the last state. 

c Voltage compensated operating range 
-5.?V 

-4.2V to 

The F100353 output drivers are designed to drive son ter
mination to - 2.0V. All inputs have 50 kn pull-down resis
tors. 

Ordering Code: see sections 

Logic Symbol 

CEN 

CP 

Connection Diagrams 

24-Pin DIP 

D4 24 D3 

Ds 23 D2 

Ds 22 D1 

D1 21 Do 

NC 20 CEN 

Vee 19 CP 

VeeA 18 VEE 

VeeA 17 VeeA 

07 16 Oo 

Os 10 15 01 

Os 11 14 02 

04 12 13 03 

TL/F/9882-1 

Pin Names 

Do-07 
GEN 
CP 

Oo-01 
NC 

TL/F/9882-4 

28-Pin PCC 

01 02 03 VEES 04 05 Os 
[jJ [QI []] [[] IIl [§] []] 

Oo Ii] 007 
VeeA fill rn VeeA 

vEE 1111 IIl VeeA 
VEES Ii] IIl Vee 

CPI]] Im VeeA 
CEN [fZI ill] NC 

Do I]] ~D7 

[i]I~~~~~~ 
D1 D2 D3 Vm D4 D5 Ds 

TL/F/9882-3 
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Description 

Data Inputs 
Clock Enable Input 
Clock Input (Active Rising Edge) 
Data Outputs 
No Connect 

24-Pin Quad Cerpak 

Do CEN CP VEE VccA Oo 

24 23 22 21 20 19 

D1 18 01 

D2 17 02 

D3 16 03 

D4 15 04 

Ds 14 05 

Ds 13 Os 
7 8 9 10 11 12 

D7 NC Vee VecA VccA07 

TL/F/9882-2 
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0 
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C") 
II) 
C") 
0 
0 ..... 

Logic Diagram 

Truth Table 
Inputs 

Dn CEN 

L L 
H L 
x x 
x x 
x H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
NC = No Change 
.../" = LOW to HIGH Transition 

CP 

..../ 

..../ 
L 
H 
x 
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Outputs 

On 

L 
H 

NC 
NC 
NC 

CEN CP D7 

07 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impared (Note 1) Conditions 
If Military/Aerospace specified devices are required, 

Case Temperature (Tc) 
please contact the National Semiconductor Sales Commercial o·cto +8s0 c 
Office/Distributors for availability and specifications. Military - ss·c to + 12s·c 
Storage Temperature (T STG) - 6s0 c to + 1 so0 c 

Supply Voltage (VEE) 
Maximum Junction Temperature (TJ) Commercial -S.7V to -4.2V 

Ceramic +17s0 c Military -S.7V to -4.2V 
Plastic +1so·c 

VEE Pin Potential to Ground Pin -7.0V to +O.SV 

Input Voltage (DC) VEE to+ O.SV 
Output Current (DC Output HIGH) -SOmA 

ESD (Note 2) 22000V 

Commercial Version 

DC Electrical Characteristics 
VEE = -4.2V to -S.7V, Vee = VccA = GND, Tc = o·c to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -102S -9SS -870 mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -170S -1620 mV orV1L (Min) son to -2.ov 

VoHC Output HIGH Voltage -103S mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1610 mV orV1L (Max) son to -2.ov 

V1H Input HIGH Voltage -116S -870 mV Guaranteed HIGH Signal for all Inputs 

V1L Input LOW Voltage -1830 -147S mV Guaranteed LOW Signal for all Inputs 

l1L Input LOW Current a.so µA V1N = V1L (Min) 

l1H Input HIGH Current 240 µA V1N = V1H(Max) 

IEE Power Supply Current Inputs Open 
-119 -61 

mA 
VEE= -4.2V to -4.8V 

-122 -61 VEE= -4.2Vto -S.7V 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 
Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -S.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +2s0 c Tc= +as·c 

Units Conditions 
Min Max Min Max Min Max 

fmax Toggle Frequency 42S 42S 42S MHz Figures2, 3 

tPLH Propagation Delay 
1.40 3.00 1.40 3.00 1.SO 3.10 ns 

Figures 1, 3 

tPHL CPto Output (Note 1) 

trLH Transition Time 
0.4S 2.00 0.4S 2.00 0.4S 2.00 Figures 1, 3 

trHL 20% to 80%, 80% to 20% 
ns 

ts Setup Time 

Dn 1.10 1.10 1.10 
CEN (Disable Time) 0.40 0.40 0.40 ns Figures 1, 4 
CEN (Release Time) 1.10 1.10 1.10 

th Hold Time 

Dn 0.10 0.10 0.10 ns Figures 1, 5 

tpw(H) Pulse Width HIGH 
CP 2.00 2.00 2.00 ns Figures 1, 3 

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Ct) 
Lt) 
Ct) Commercial Version (Continued) 0 
0 ,... 

PCC and Cerpack AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

fmax Toggle Frequency 425 425 425 MHz Figures2, 3 

tpLH Propagation Delay 
1.40 2.80 1.40 2.80 1.50 2.90 ns 

Figures 1, 3 

tPHL CP to Output (Note2) 

trLH Transition Time 
0.45 1.90 0.45 1.90 0.4S 1.90 Figures 1, 3 ns 

trHL 20% to 80%, 80% to 20% 

ts Setup Time 

Dn 1.00 1.00 1.00 

GEN (Disable Time) 0.30 0.30 0.30 ns Figures 1, 4 

GEN (Release Time) 1.00 1.00 1.00 

th Hold Time Dn 0 0 0 ns Figures 1, 5 

tpw(H) Pulse Width HIGH CP 2.00 2.00 2.00 ns Figures 1, 3 

ts,G-G Skew, Gate to Gate 
TBD TBD TBD ps 

PCCOnly 

(Note 1) 

Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 
Note 2: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 

Military Version-Preliminary 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = - 55°C to + 125°C 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage 
-1025 -870 mV 

0°Cto 
+12S°C 

-1085 -870 mV -55°C V1N = V1H (Max) Loading with 
1, 2, 3 

Vol Output LOW Voltage 0°Cto orV1L (Min) son to -2.ov 
-1830 -1620 mV 

+ 125°C 

-1830 -15S5 mV -55°C 

VoHC Output HIGH Voltage 
-1035 mV 

0°Cto 
+ 12S°C 

-1085 mV -55°C V1N = V1H (Min) Loading with 
1, 2, 3 

VoLC Output LOW Voltage 0°Cto orV1L (Max) son to -2.ov 
-1610 mV 

+12S°C 

-1SS5 mV -55°C 

V1H Input HIGH Voltage 
-116S -870 mV 

-SS°Cto Guaranteed HIGH Signal for all Inputs 
1, 2, 3, 4 

+ 12S°C 

V1L Input LOW Voltage 
-1830 -147S mV 

-55°C to Guaranteed LOW Signal for all Inputs 
1,2,3,4 

+125°C 

l1L Input LOW Current 
o.so µA -SS°C to VEE= -4.2V 

1, 2, 3 
+ 12S°C V1N = V1L (Min) 
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Military Version-Preliminary (Continued) 

DC Electrical Characteristics (Continued) 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = -55°C to + 125°C 

Symbol Parameter Min Max Units Tc Conditions Notes 

l1H Input HIGH Current 240 
µA 

0°Cto 
+125°C VEE= -5.7V 

1, 2, 3 

-55°C 
V1N = V1H (Max) 

340 µA 

IEE Power Supply Current 
-55°C to 

Inputs Open 
-125 -50 mA 

+125°C 
VEE= -4.2V to -4.8V 1, 2, 3 

-130 VEE= -4.2V to -5.7V 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at -55'C, + 25'C, and + 125'C, Subgroups 1, 2, 3, 7, and 8. 
Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55'C, +25'C, and + 125'C, Subgroups A1, 2, 3, 7, and 8. 
Note 4: Guaranteed by applying specified input condition and testing VoHIVQL. 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee= VccA = GND 

Symbol Parameter 
Tc= -55°C Tc= +25°C Tc= +125°C 

Units Conditions Notes 
Min Max Min Max Min Max 

fmax Toggle Frequency 400 400 400 MHz Figures2, 3 4 

tPLH Propagation Delay 
0.70 3.30 0.80 3.10 0.80 3.80 ns 1,2,3,5 

tPHL CPto Output 
Figures 1, 3 

tTLH Transition Time 
0.40 2.50 0.40 2.40 0.40 2.70 4 

trHL 20% to 80%, 80% to 20% 
ns 

ts Setup Time 
Dn 0.60 0.60 0.60 
CEN (Disable Time) 0.90 0.70 0.90 ns Figures 1, 4 4 
CEN (Release Time) 1.40 1.40 2.10 

th Hold Time Dn 0.30 0.30 0.30 ns Figures 1, 5 4 

tpw(H) Pulse Width HIGH CP 2.00 2.00 2.00 ns Figures 1, 3 4 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= -55°C Tc= +25°C Tc= +125°C 

Units Conditions Notes 
Min Max Min Max Min Max 

fmax Toggle Frequency 425 425 425 MHz Figures2, 3 4 

tPLH Propagation Delay 
1.30 3.20 1.30 3.20 1.40 3.30 ns 1, 2, 3, 5 

tPHL CP to Output 
Figures 1, 3 

trLH Transition Time 
0.45 2.00 0.45 2.00 0.45 2.00 4 

trHL 20% to 80%, 80% to 20% 
ns 

ts Setup Time 

Dn 1.30 1.30 1.30 
CEN (Disable Time) 0.60 0.60 0.60 ns Figures 1, 4 4 
CEN (Release Time) 1.30 1.30 1.30 

th Hold Time Dn 0.30 0.30 0.30 ns Figures 1, 5 4 

!e_w(H) Pulse Width HIGH CP 2.00 2.00 2.00 ns Figures 1, 3 4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at +25'C temperature only, Subgroup A9. 
Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25'C, Subgroup A9, and at + 125'C and -55'C, temperatures, Subgroups A 1 O and 
A11. 
Note 4: Not tested at +25'C, + 125'C, and -55'C temperature (design characterization data). 
Note 5: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Test Circuitry 

PULSE 
GENERATOR 

PULSE 
GENERATOR 

Notes: 

Vee. VeeA = +2V, VEE = -2.5V 
L 1 and L2 = equal length 50!1 impedance lines 
Rr = 50!1 terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with 50!1 to GND 
CL = Fixture and stray capacitance ~ 3 pF 

PULSE 
GENERATOR 

I I 

...L 

I I 

l 

I 

CEN 

so.n 

-

Yee 

L1 

I I 

...L 

I0.1µF 

":" L2 

VEE I 0.1 µF 

FIGURE 1. AC Test Circuit 

CP 

Yee 

CIRCUIT 
UNDER 
TEST 

Q 

L1 

I I 

...L 

0.1 µF 

L2 

I 
V I

o.1µr _ 
EE -

Ry 

Notes: FIGURE 2. Toggle Frequency Test Circuit 
Vee. VeeA = +2V, VEE= -2.5V 
L 1 and L2 = equal length 50!1 impedance lines 
Rr = 50!1 terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with 50!1 to GND 
CL = Jig and stray capacitance ~ 3 pF 

Switching Waveforms 

DATA 

CLOCK 

OUTPUT 

-~/ 

SCOPE 
CHAN A 

SCOPE 
CHAN B 

SCOPE 
CHAN A 

SCOPE 
CHAN B 

FIGURE 3. Propagation Delay {Clock) and Transition Times 
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Switching Waveforms (Continued) 

0.7 ns 0.7 ns 

CLOCK 

tpw(H) 
TL/F/9882-9 

FIGURE 4. Setup and Pulse Width Times 

DATA 
~--::::-- +1.05V 

-j ~ ~\::..._ +0.31V %. +1.05V 

---.1. +0.31V 

CLOCK 

TL/F/9882-10 

FIGURE 5. Data Setup and Hold Time 
Note 1: 15 is the minimum time before the transition of the clock that information must be present at the data input. 

Note 2: th is the minimum time after the transition of the clock that information must remain unchanged at the data input. 
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~National 
~ Semiconductor 

F100354 
Low Power 8-Bit Register with Cut-Off Drivers 

General Description 
The F100354 contains eight D-Type edge triggered, mas
ter/slave flip-flops with individual inputs (Dn). true outputs 
(On). a clock input (CP), an output enable pin (OEN), and a 
common clock enable pin (CEN). Data enters the master 
when CP is LOW and transfers to the slave when CP goes 
HIGH. When the CEN input goes HIGH it overrides all other 
inputs, disables the clock, and the Q outputs maintain the 
last state. 

A Q output follows its D input when the OEN pin is LOW. A 
HIGH on OEN holds the outputs in a cut-off state. The cut
off state is designed to be more negative than a normal ECL 
LOW level. This allows the output emitter-followers to turn 
off when the termination supply is - 2.0V, presenting a high 

Ordering Code: see section a 

Logic Symbol 

CP 

CEN 

OEN 
Oo 01 02 03 04 05 05 07 

Connection Diagrams 

TL/F/10610-1 

impedance to the data bus. This high impedance reduces 
termination power and prevents loss of low state noise mar
gin when several loads share the bus. 

The F100354 outputs are designed to drive a doubly termi
nated 50n transmission line (25n load impedance). All in
puts have 50 kn pull-down resistors. 

Features 
Cl Cut-off drivers 
11 Drives 25n load 
a Low power operation 
11 2000V ESD protection 
11 Voltage compensated operating range 

-5.7V 
-4.2V to 

Pin Names Description 

Do-D7 Data Inputs 
CEN Clock Enable Input 
CP Clock Input 

(Active Rising Edge) 
OEN Output Enable Input 

Oo-07 Data Outputs 

24-Pin DIP 24-Pin Quad Cerpak 28-Pin PCC 

Do CEN CP VEEVeeAOo 01 o2 o3 Vrrs o4 o5 Os 

D4 24 D3 [j] IIQJ rn rn rn rn rn 
D5 23 D2 24 23 22 21 20 19 

o, 18 01 Oo IJ1] [I] 07 

Dz 17 Oz VeeA []] [I] VeeA 

D5 16 03 
VEE IGJ rn YceA 
Vm~ ITJ Yee 

D4 15 04 ep !ill Im YeeA 

D5 22 D1 

D7 4 21 Do 

OEN 20 eEN 

Vee 19 CP 

D5 14 05 eEN [Z) gz] OEN 

D5 13 Os Do Ii]] Im D7 

7 8 9 10 11 12 
!lfilffil!TII~~~~ 

YceA 18 VEE 

YeeA 17 VecA 

07 9 16 Oo 

05 10 15 01 D1 OEN Vee VecA VecA07 o, Dz ~ Vrrs D4 D5 Ds 

05 11 14 02 TL/F/10610-3 TL/F/10610-4 

04 12 13 03 

TL/F/10610-2 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired. (Note 1) Conditions 
If Military/Aerospace specified devices are required, Case Temperature (Tc) 
please contact the National Semiconductor Sales Commercial 0°Cto +85°C 
Office/Distributors for availability and specifications. Military - 55°C to + 125°C 
Storage Temperature (T srn) -65°C to+ 150°C Supply Voltage (VEE) 
Maximum Junction Temperature (TJ) Commercial -5.7V to -4.2V 

Ceramic +175°C Military -5.7V to -4.2V 
Plastic + 150°C 

VEE Pin Potential to Ground Pin -7.0Vto +0.5V 

Input Voltage (DC) VEE to +0.5V 
Output Current (DC Output HIGH) -100 mA 

ESD(Note2) ~2000V 

Commercial Version 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1705 -1620 orV1l (Min) 25nto -2.ov 

VoHC Output HIGH Voltage -1035 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1l (Max) 25n to -2.ov 

Volz Cutoff LOW Voltage -1950 mV V1N = V1H (Min) 
OEN= HIGH 

orV1l (Max) 

V1H Input HIGH Voltage 
-1165 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1830 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

l1H Input HIGH Current 240 µA V1N = V1H (Ma& 

IEE Power Supply Current Inputs Open 
-202 -105 

mA 
VEE= -4.2V to -4.8V 

-209 -105 VEE= -4.2V to -5.7V 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 

Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Commercial Version (Continued) 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= 0°c Tc= +2s0 c Tc= +as0 c 

Units Conditions 
Min Max Min Max Min Max 

fMax Toggle Frequency 250 250 250 MHz Figures 1 and 4 

tPLH Propagation Delay 
1.40 3.00 1.40 3.00 1.50 3.10 ns 

Figures 1 and 4 

tpHL CP to Output (Note 1) 

tpzH Propagation Delay 1.60 4.20 1.60 4.20 1.60 4.20 Figures 3 and 7 

tpHz OEN to Output 1.00 2.70 1.00 2.70 1.00 2.70 
ns 

(Note 1) 

trLH Transition Time 
0.45 2.00 0.45 2.00 0.45 2.00 Figures 1 and 4 

trHL 20% to 80%, 80% to 20% 
ns 

ts Setup Time 

Dn 1.10 1.10 1.10 
CEfJ (Disable Time) 0.40 0.40 0.40 ns Figures 2 and 5 
CEN (Release Time) 1.10 1.10 1.10 

th Hold Time 

Dn 0.10 0.10 0.10 ns Figures 1 and 6 

tpw(H) Pulse Width High 
CP 2.00 2.00 2.00 ns Figures 1 and 4 

Note 1: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 

PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VecA = GND 

Symbol Parameter 
Tc= 0°c Tc= +2s0 c Tc= +as0 c 

Units Conditions 
Min Max Min Max Min Max 

fMax Toggle Frequency 250 250 250 MHz Figures 1 and 4 

tPLH Propagation Delay 
1.40 2.80 1.40 2.80 1.50 2.90 ns 

Figures 1 and 4 

tPHL CPto Output (Note2) 

tpzH Propagation Delay 1.60 4.00 1.60 4.00 1.60 4.00 ns Figures 3 and 7 

tpHz OEN to Output 1.00 2.50 1.00 2.50 1.00 2.50 (Note2) 

trLH Transition Time 
0.45 1.90 0.45 1.90 0.45 1.90 Figures 1 and 4 

trHL 20% to 80%, 80% to 20% 
ns 

ts Setup Time 

Dn 1.00 1.00 1.00 
CEN (Disable Time) 0.30 0.30 0.30 ns Figures 2 and 5 
CEN (Release Time) 1.00 1.00 1.00 

th Hold Time 

Dn 0.00 0.00 0.00 ns Figures 1 and 6 

tpw(H) Pulse Width High 
CP 2.00 2.00 2.00 ns Figures 1 and 4 

ts,G-G Skew, Gate to Gate TBD TBD TBD ps PCC Only (Note 1) 

Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 

Note 2: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Military Version-Preliminary 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = -55°C to + 125°C 

Symbol Parameter Min Max Units Tc 

VoH Output HIGH Voltage -1025 -870 mV 0°C to + 125°C 

-1085 -870 mV -55°C 

Vol Output LOW Voltage -1830 -1620 mV 0°C to + 125°C 

-1830 -1555 mV -55°C 

VoHC Output HIGH Voltage -1035 mV 0°C to + 125°C 

-1085 mV -55°C 

VoLC Output LOW Voltage -1610 mV 0°C to + 125°C 

-1555 mV -55°C 

Vmz Cutoff LOW Voltage -1950 
mV 

0°C to + 125°C 

-1850 -55°C 

V1H Input HIGH Voltage 
-1165 -870 mV - 55°C to + 125°C 

V1L Input LOW Voltage 
-1830 -1475 mV - 55°C to + 125°C 

l1L Input LOW Current 
0.50 µA -55°Cto +125° 

l1H Input HIGH Current 240 µA 0°C to + 125°C 

340 µA -55°C 

IEE Power Supply Current 
-55°Cto 

-215 -85 
mA +125°C 

-225 -85 

Conditions Notes 

V1N = V1H (Max) Loading with 
1, 2, 3 

orV1L (Min) 250 to -2.0V 

V1N = V1H (Min) Loading with 
1, 2, 3 

orV1L(Max) 250 to-2.0V 

V1N = V1H (Min) OEN= HIGH 1, 2, 3 
orV1L (Max) 

Guaranteed HIGH Signal 
1, 2, 3, 4 

for All Inputs 

Guaranteed LOW Signal 
1, 2, 3, 4 

for All Inputs 

VEE= -4.2V 
1, 2, 3 

V1N = V1L (Min) 

VEE= -5.7V 
1, 2, 3 

V1N = V1H (Max) 

Inputs Open 
VEE = -4.2V to -4.8V 1, 2, 3 
VEE= -4.2V to -5.7V 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at -55'C, +25'C, and + 125'C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55'C, + 25'C, and + 125'C, Subgroups A 1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 
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Military Version-Preliminary (Continued) 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Yee = VeeA = GND 

Symbol Parameter 
Tc= -ss·c Tc= +2s0 c Tc= +12s0 c 

Units Conditions Notes 
Min Max Min Max Min Max 

fMax Toggle Frequency 200 250 200 MHz Figures 1 and 4 4 

tPLH Propagation Delay 
0.9 3.70 1.0 3.20 1.20 3.90 ns Figures 1 and 4 1, 2, 3, 5 

tPHL CPto Output 

tpzH Propagation Delay 1.20 5.0 1.60 4.20 1.40 4.30 
Figures 3 and 7 1, 2, 3, 5 

OEN to Output 0.70 3.0 0.70 2.80 0.70 3.20 
ns 

tpHz 

trLH Transition Time 
0.40 2.50 0.40 2.40 0.40 2.70 Figures 1 and 4 4 ns 

trHL 20% to 80%, 80% to 20% 

ts Setup Time 
Dn 1.30 1.30 1.30 
CEN (Disable Time) 0.60 0.60 0.60 ns Figures 2 and 5 4 
CEN (Release Time) 1.30 1.30 1.30 

th Hold Time 
Dn 0.30 0.30 0.30 ns Figures 1 and 6 4 

tpw(H) Pulse Width HIGH 
CP 2.4 2.4 2.4 ns Figures 1 and 4 4 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Yee = VeeA = GND 

Symbol Parameter 
Tc= -ss·c Tc= +2s0 c Tc= + 12s·c 

Units Conditions Notes 
Min Max Min Max Min Max 

fMax Toggle Frequency 200 250 200 MHz Figures 1 and 4 4 

tPLH Propagation Delay 
0.9 3.70 1.0 3.20 1.20 3.90 ns Figures 1 and 4 1, 2, 3, 5 

tPHL CP to Output 

tpzH Propagation Delay 1.20 5.0 1.60 4.20 1.40 4.30 
Figures 3 and 7 1,2,3,5 

OEN to Output 0.70 3.0 0.70 2.80 0.70 3.20 
ns 

tpHz 

tnH Transition Time 
0.40 2.50 0.40 2.40 0.40 2.70 Figures 1 and 4 4 

trHL 20% to 80%, 80% to 20% 
ns 

ts Setup Time 
Dn 0.60 0.60 0.60 
CEN (Disable Time) 0.90 0.70 0.90 ns Figures 2 and 5 4 
CEN (Release Time) 1.40 1.40 2.10 

th Hold Time 

Dn 0.30 0.30 0.30 ns Figures 1 and 6 4 

tpw(H) Pulse Width HIGH 
CP 2.00 2.00 2.00 ns Figures 1 and 4 4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at + 25'C, temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at + 25'C, Subgroup A9, and at + 125'C and - 55'C temperatures, Subgroups A 1 O and 
A11. 

Note 4: Not tested at + 25'C, + 125'C, and -55'C temperature (design characterization data). 

Note 5: The propagation delay specified is for single output switching. Delays may vary up to 300 ps with multiple outputs switching. 
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Test Circuitry 
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FIGURE 1. Toggle Frequency Test Circuit 
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FIGURE 2. AC Test Circuit 
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FIGURE 3. AC Test Circuit 

2-117 

Notes: 

Vee. VeeA = +2V, VEE = -2.SV 

L 1 and L2 = equal length son impedance lines 

Rr = son terminator internal to scope 

Decoupling 0.1 µF from GND to Vee and Vee 

All unused outputs are loaded with son to GND 

CL = Fixture and stray capacitance ~ 3 pF 

Notes: 

Vee. VeeA = +2V, VEE= -2.SV 

L 1 and L2 = equal length son impedance lines 

Rr = son terminator internal to scope 

Decoupling 0.1 µF from GND to Vee and VEE 

All unused outputs are loaded with son to GND 

CL = Fixture and stray capacitance ~ 3 pF 

Notes: 

Vee. VeeA = +2V, VEE= -2.SV 

L 1 and L2 = equal length son impedance lines 

Rr = son terminator internal to scope 

Decoupling 0.1 µF from GND to Vee and VEE 

All unused outputs are loaded with son to GND 

CL = Fixture and stray capacitance ~ 3 pF 
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Switching Waveforms 

DATA __ / 
CLOCK 

OUTPUT 

TL/F/10610-8 

FIGURE 4. Propagation Delay (Clock} and Transition Times 

0.7 ns 0.7 ns 

CLOCK 

TL/F/10610-9 

FIGURE 5. Setup and Pulse Width Times 

DATA 
~+1.05V 

::itJ=-th~ +0.31V 

!;=..------- +1.0SV 

----.1~--s_o_3~~~~~-. +0.31V 

CLOCK 

TL/F/10610-10 

FIGURE 6. Data Setup and Hold Time 
Notes: 

15 is the minimum time before the transition of the clock that information must be present at the data input. 

th is the minimum time after the transition of the clock that information must remain unchanged at the data input. 

OUTPUT ==x.._ __ _.._ 
I I 
I I I 

__..~ ~ ---! ~ 
tPHZ tpzH 

TL/F/10610-11 

FIGURE 7. Cutoff Times 
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~National 
~ Semiconductor 

F100355 
Low Power Quad Multiplexer/Latch 

General Description 
The F100355 contains four transparent latches, each of 
which can accept and store data from two sources. When 
both Enable (En) inputs are LOW, the data that appears at 
an output is controlled by the Select (Sn) inputs, as shown in 
the Operating Mode table. In addition to routing data from 
either Do or D1, the Select inputs can force the outputs 
LOW for the case where the latch is transparent (both En
ables are LOW) and can steer a HIGH signal from either Do 
or D1 to an output. The Select inputs can be tied together 
for applications requiring only that data be steered from ei
ther Do or D1. A positive-going signal on either Enable input 

Ordering Code: see section a 

Logic Symbol 

TL/F/10147-1 

Connection Diagrams 

latches the outputs. A HIGH signal on the Master Reset 
(MR) input overrides all the other inputs and forces the Q 
outputs LOW. All inputs have 50 kn pulldown resistors. 

Features 
• Greater than 40% power reduction of the F100155 
• 2000V ESD protection 
• Pin/function compatible with F100155 
• Voltage compensated operating range = -4.2V to 

-5.7V 

Pin Names Description 

E1,E2 Enable Inputs (Active LOW) 

So.S1 Select Inputs 
MR Master Reset 

Dna-Dnd Data Inputs 

Oa-Od Data Outputs 

Oa-Od Complementary Data Outputs 

24-Pln DIP 28-Pin PCC 24-Pin Quad Cerpak 

£2 £1 t.IR vEE s1 s0 
D1d 1 

od 2 

ad 3 

o. 

o. 

Vee 6 

Vw. 7 

ob 8 

ob 9 

o. 10 

o. 11 

Dea 12 

24 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

Dod 

D1c 

Doc 

E2 

E1 

t.IR 

VEE 

s, 
so 

D1b 

Dob 

D1a 

TL/F/10147-2 

So !ill 
S1 [j] 

VEE I)]) 

VEES Ii] 
MR [fil 

E1 [Z] 

E2 Ii]] 

o,b Dob oh VEES Doa Oa o. 

(j] IIQJ rn [[] m [fl rn 

ff2llm1Illllll~~~ 
Doc o, c Dod VEES D1d Qd Qd 

mob 

rn ob 
II] Vee>. 
mvee 
@Vee 
Ill] Oc 

[g§Jo. 

TL/F/10147-4 
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Logic Diagram 

E D 

CD 

a 

ad ad 

Operating Mode Table 

Controls 

E1 E2 S1 
H x x 
x H x 
L L L 
L L H 

L L L 
L L H 

'Stores data present before E went HIGH 
H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

So 
x 
x 
L 
L 

H 
H 

E E 

CD CD 

a a 

Cc ac ab ab 

Truth Table 
Outputs 

Qn MR E1 E2 
Latched* H x x 
Latched* 

L L L 
Dox L L L 

Dox + D1x L L L 
L L L L 

D1x L L L 
L L L 
L L L 

L L L 
L H x 
L x H 
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TL/F/10147-5 

Inputs Outputs 

S1 So D1x Dox Qx Qx 

x x x x H L 
H H H x L H 
H H L x H L 
L L x H L H 

L L x L H L 
L H x x H L 
H L H x L H 
H L x H L H 

H L L L H L 
x x x x Latched* 
x x x x Latched* 



Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature (T sTG) - 6S°C to + 1 so0 c 

Maximum Junction Temperature (TJ) 
Ceramic 
Plastic 

VEE Pin Potential to Ground Pin 

Input Voltage (DC) 

Output Current (DC Output HIGH) 

ESD (Note2) 

Commercial Version 

+ 17s0 c 
+ 1so0 c 

- 7.0V to + O.SV 

VEE to +o.sv 

-SOmA 

~2000V 

DC Electrical Characteristics 

Recommended Operating 
Conditions 
Case Temperature (Tc) 

Commercial 
Military 

Supply Voltage (VEE) 
Commercial 
Military 

0°cto +0s0 c 
- ss0 c to + 12s0 c 

-S.7V to -4.2V 
-S.7V to -4.2V 

VEE = -4.2V to -S.7V, Vee = VccA = GND, Tc = 0°c to +ss0 c (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -102S -9SS -870 mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -170S -1620 mV orV1L(Min) son to -2.ov 

VoHC Output HIGH Voltage -103S mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1610 mV orV1L(Max) son to -2.ov 

V1H Input HIGH Voltage 
-116S -870 mV 

Guaranteed HIGH Signal 
for ALL Inputs 

V1L Input LOW Voltage 
-1830 -147S mV 

Guaranteed LOW Signal 
for ALL Inputs 

l1L Input LOW Current o.so µA V1N = V1L (Min) 

l1H Input HIGH Current 
So,S1 220 
E1, E2 3SO 

µA V1N = V1H (Max) 
Dna-Dnd 340 
MR 430 

IEE Power Supply Current -87 -40 mA Inputs Open 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 

Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are 
chosen to guarantee operation under "worst case" conditions. 
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Commercial Version ccontinued) 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Min Max Min Max Min Max 

tPLH Propagation Delay 

tpHL Dna-Dnd to Output 0.60 1.90 0.60 1.90 0.70 2.00 
(Transparent Mode) 

tpLH Propagation Delay 

tpHL So, S1 to Output 1.00 2.60 1.00 2.60 1.20 2.70 
(Transparent Mode) 

tPLH Propagation Delay 
0.80 2.00 0.80 2.00 0.80 2.10 

tpHL E1, E2 to Output 

tpLH Propagation Delay 
0.80 2.30 0.80 2.30 0.80 2.30 

tpHL MR to Output 

trLH Transition Time 
0.60 1.40 0.60 1.40 0.60 1.40 

trHL 20% to 80%, 80% to 20% 

ts Setup Time 

Dna-Dnd 0.90 0.90 0.90 
So,S1 1.70 1.70 1.70 
MR (Release Time) 1.50 1.50 1.50 

tH Hold Time 

Dna-Dnd 0.40 0.40 0.40 
So,S1 0.00 0.00 0.00 

tpw (L) Pulse Width LOW E1, E2 2.00 2.00 2.00 

tpw (H) Pulse Width HIGH MR 2.00 2.00 2.00 
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Commercial Version (Continued) 

PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +as0 c 

Min Max Min Max Min Max 

tpLH Propagation Delay 

tpHL Dna-Dnd to Output 0.60 1.70 0.60 1.70 0.70 1.80 
(Transparent Mode) 

tpLH Propagation Delay 
tpHL So, 81 to Output 1.00 2.40 1.00 2.40 1.20 2.50 

(Transparent Mode) 

tpLH Propagation Delay 
0.80 1.80 0.80 1.80 0.80 1.90 

tpHL E1, E2 to Output 

tpLH Propagation Delay 
0.80 2.10 0.80 2.10 0.80 2.10 

tpHL MR to Output 

trLH Transition Time 
0.60 1.30 0.60 1.30 0.60 1.30 

trnL 20% to 80%, 80% to 20% 

ts Setup Time 

Dna-Dnd 0.80 0.80 0.80 

So.81 1.60 1.60 1.60 
MR (Release Time) 1.40 1.40 1.40 

tH Hold Time 

Dna-Dnd 0.30 0.30 0.30 

80.81 -0.10 -0.10 -0.10 

tpw (L) Pulse Width LOW E1, E2 2.00 2.00 2.00 

tpw(H) Pulse Width HIGH MR 2.00 2.00 2.00 

tsG-G Skew Gate to Gate 
TBD TBD TBD 

Note 1: Gate to gate skew is defined as the difference in the propagation delays between each of the outputs. 
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Military Version - Preliminary 

DC Electrical Characteristics 
VEE= -4.2V to -5.7V, Vee= VccA = GND, Tc= - 55°C to + 125°C 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage -1025 -870 mV o·c to + 125°C 

-1085 -870 mV -55°c V1N = V1H (Max) Loading with 
1,2,3 

VoL Output LOW Voltage -1830 -1620 mV o·c to + 125°C orV1L (Min) 500. to -2.0V 

-1830 -1555 mV -55°c 

VoHC Output HIGH Voltage -1035 mV o·c to + 125°C 

-1085 mV -55°c V1N = V1H (Min) Loading with 
1,2,3 

VoLC Output LOW Voltage -1610 mV o·c to + 125°C orV1L(Max) 500.to -2.0V 

-1555 mV -55°c 

V1H Input HIGH Voltage 
-1165 -870 mV 

-55°Cto Guaranteed HIGH Signal 
1,2,3,4 

+125°C for ALL Inputs 

V1L Input LOW Voltage -1830 -1475 mV 
-55°Cto Guaranteed LOW Signal 1,2,3,4 
+125°C for ALL Inputs 

l1L Input LOW Current 
0.50 µA 

-55°Cto VEE= -4.2V 1,2,3 
+125°C V1N = V1L (Min}_ 

l1H Input HIGH Current 
So,S1 220 
E1,E2 350 µA o·c to + 125°C 
Dna-Dnd 340 

VEE= -5.7V 
MR 430 

V1N = V1H (Max) 1,2,3 
So,S1 320 
E1,E2 500 

µA -55°c 
Dna-Dnd 490 
MR 630 

IEE Power Supply Current -95 -32 mA - 55°C to + 125°C Inputs Open 1,2,3 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at -55'C, + 25'C, and + 125'C Temp., Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table 1) on each Mfg. lot at +25', + 125'C, and -55'C Temp., Subgroups 1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 
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Military Version - Preliminary (Continued) 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -ss·c Tc= +25°C Tc= + 12s·c 

Units 
Min Max Min Max Min Max 

tPLH Propagation Delay 

tPHL Dna-Dnd to Output 0.40 2.30 0.50 2.20 0.50 2.60 ns 

(Transparent Mode) 

tPLH Propagation Delay 

tPHL So, S1 to Output 0.60 3.00 0.80 2.70 0.80 3.20 ns 
(Transparent Mode) 

tPLH Propagation Delay 
0.50 2.60 0.60 2.30 0.70 2.70 ns 

tPHL E1, E2 to Output 

tPLH Propagation Delay 
0.60 2.80 0.70 2.60 0.70 2.90 ns 

tPHL MR to Output 

trLH Transition Time 
0.40 1.90 0.40 1.90 0.40 1.90 

trnL 20% to 80%, 80% to 20% 
ns 

ts Setup Time 

Dna-Dnd 0.90 0.90 0.90 
So,S1 2.40 2.40 2.40 

ns 

MR (Release Time) 1.50 1.50 1.50 

tH Hold Time 

Dna-Dnd 0.40 0.40 0.40 
So,S1 0.00 0.00 0.00 

ns 

tpw (L) Pulse Width LOW E1, E2 2.00 2.00 2.00 ns 

tpw(H) Pulse Width HIGH MR 2.00 2.00 2.00 ns 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -ss·c Tc= +25°C Tc= + 12s·c 

Units 
Min Max Min Max Min Max 

tPLH Propagation Delay 

tPHL Dna-Dnd to Output 0.40 2.30 0.50 2.20 0.50 2.60 ns 

(Transparent Mode) 

tPLH Propagation Delay 

tPHL So, S1 to Output 0.60 3.00 0.80 2.70 0.80 3.20 ns 

(Transparent Mode) 

tPLH Propagation Delay 
0.50 2.60 0.60 2.30 0.70 2.70 ns 

tPHL E1, E2 to Output 
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Conditions 

Figures 1 and 2 

Figures 1 and 3 

Figures 1 and 2 

Figure4 

Figure3 

Figure4 

Figure2 

Figure3 

Conditions 

Figures 1 and 2 

Notes 

1,2,3 

1,2,3 

4 

4 

4 

4 

4 

Notes 
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Military Version - Preliminary (Continued) 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -ss·c Tc= +25°C 

Min Max Min Max 

tpLH Propagation Delay 
0.60 2.80 0.70 2.60 

tPHL MR to Output 

tTLH Transition Time 
0.40 1.90 0.40 1.90 

tTHL 20% to 80%, 80% to 20% 

ts Setup Time 

Dna-Dnd 0.90 0.90 

So,S1 2.40 2.40 
MR (Release Time) 1.50 1.50 

tH Hold Time 

Dna-Dnd 0.40 0.40 
So,S1 0.00 0.00 

tpw (L) Pulse Width LOWE1, E2 2.00 2.00 

tpw(H) Pulse Width HIGH MR 2.00 2.00 

Tc= +12s0 c 
Units Conditions Notes 

Min Max 

0.70 2.90 ns Figures 1 and 3 1,2,3 

0.40 1.90 ns Figures 1 and 2 4 

0.90 Figure4 
4 

2.40 
ns 

1.50 Figure3 

0.40 Figure4 4 
0.00 

ns 

2.00 ns Figure2 4 

2.00 ns Figure3 4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -SS°C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at +2S°C, Temperature only, Subgroup A9. 

Note 3: Sample tested (Method SOOS, Table 1) on each Mfg. lot at +2S0
, Subgroup A9, and at + 12s•c, and -SS'C Temp., Subgroups A10 & A11. 

Note 4: Not tested at + 2S'C, + 12s•c and -SS'C Temperature (design characterization data). 

Test Circuit 

501! 

50 {J 

50!! 

50!! 

':' 

Notes: 

Vee. VeeA = +2V, VEE = -2.SV 
L 1 and L2 = equal length son impedance lines 
Rr = son terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance s: 3 pF 

24 
1 

6 
7 

J0.111F 

L1 ,.. .... 
\ I 

23 22 21 20 19 l 

8 

18 

17 

16 ,..., 
15 I \ 

501! ' I 
14 1. 
13 

9 10 11 12 L2 .... 
I 

I 

l 
I0.1i<F 

':' 

Vee 

FIGURE 1. AC Test Circuit 
(Using Quad Cerpak) 

Pin numbers shown are for flatpak; for DIP see logic symbol 
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PULSE 
GENERATOR 

SCOPE 
CHAN B 
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Switching Waveforms 

So, S1 

DATA 

,r----------1-
1 \ 

0.7: 0.1 ns 

I 
\ I '------------.J 

''"1 + 1.05 v 

TRANSPARENT TRANSPARENT 

OUTPUT 

ITHL. ITLH 

TL/F/10147-7 

FIGURE 2. Enable Timing 

RESET TIMING 

DATA ---------------------------Jx---------------

TRANSPARENT LATCHED TRANSPARENT 

11 (RELEASE TIME) 

RESET/SET 

OUTPUT 

TL/F/10147-6 

FIGURE 3. Reset Timing 

----.---------+ 1.05 v 
50% 

50% 

-----+0.31 v 
TL/F/10147-9 

FIGURE 4. Data Setup and Hold Times 
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Notes: 

Is is the minimum time before the transition of the enable that information 
must be present at the data input. 

th is the minimum time after the transition of the enable that information must 
remain unchanged at the data input. 
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F100360 
Low Power Dual Parity Checker/Generator 

General Description Features 
• Lower power than F100160 
• 2000V ESD protection 
• Pin/function compatible with F100160 

The F100360 is a dual parity checker/generator. Each half 
has nine inputs; the output is HIGH when an even number of 
inputs are HIGH. One of the nine inputs (la or lb) has the 
shorter through-put delay and is therefore preferred as the 
expansion input for generating parity for 16 or more bits. 

• Voltage compensated operating range = -4.2V to 
-5.7V 

The F100360 also has a Compare (C) output which allows 
the circuit to compare two 8-bit words. The C output is LOW 
when the two words match, bit for bit. All inputs have 50 k!l 
pulldown resistors. 

• Min to Max propagation delay 35% tighter than 
F100160 

Ordering Code: see section 8 

Logic Symbol 
Pin Names Description 

la loa l1a l2a l3a l4a Isa Isa l1a lob l1b l2b l3b l4b lsb lab l1b lb la. lb, Ina• lnb Data Inputs 

Za. Zb Parity Odd Outputs 

Za C zb c Compare Output 

y 
TL/F/10611-1 

Connection Diagrams 
24-Pin DIP 28-Pin PCC 24-Pin Quad Cerpak 

Isa 14a 13a VEES l2a 11 a loa l2b l1b lob VEE l1a Isa 
1sb 24 lsb [j] [j]] [[I [§] ill [§] []] 

l7b 23 l4b 24 23 22 21 20 19 

lb 22 l3b 

zb 4 21 l2b 

c 5 20 l1b 

Vee 19 lob 

VeeA 18 VEE 

Za 17 17a 

la 16 Isa 

Isa li1l [ii la l3b 18 Isa 
17a~ [II Za 

l4b 17 l4a 
VEE~ mveeA 

lsb 16 l3a VEES fill ITJVee 
lob [i]] Im Vee lsb 15 l2a 

l1b li1I lnl c l7b 14 l1a 
l2b [j]] ~zb lb 13 loa 

7 8 9 10 11 12 
[j]]~@]§]~~~ 

loa 10 15 Isa l3b l4b lsb VEES lsb l1b lb zb C VeeVeeA Za la 
l1a 11 14 l4a TL/F/10611-4 TL/F/10611-3 

l2a 12 13 l3a 

TL/F/10611-2 
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Logic Diagram 
lb l1b l&b lsb l4b l3b l2b l1b lob u u ll u la 

Za 
TL/F/10611-5 

Truth Table (Each Halt) 

Sum of Output 
HIGH Inputs z 

Even HIGH 
Odd LOW 

Comparator Function 
C = (loa $ l1a) + (l2a $ l3a) + (l4a $ Isa) + (16a $ l7a) + (lob $ l1b) + (l2b $ l3b) + (14b $ lsb) + (16b $ l7b) 
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Absolute Maximum Ratings 
Above which the useful life may be impaired (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature (T srn) -6S°C to + 1 so°C 

Maximum Junction Temperature (TJ) 
Ceramic 
Plastic 

VEE Pin Potential to Ground Pin 

Input Voltage (DC) 

Output Current (DC Output HIGH) 

ESD(Note2) 

· Commercial Version 

+17S°C 
+ 1so0 c 

- 7.0V to + O.SV 

VEE to +O.SV 

-50mA 

~2000V 

DC Electrical Characteristics 

Recommended Operating 
Conditions 
Case Temperature (Tc) 

Commercial 
Military 

Supply Voltage <VEE) 
Commercial 
Military 

0°Cto +8S°C 
- SS°C to + 12S°C 

-S.7Vto -4.2V 
-S.7Vto -4.2V 

VEE = -4.2V to -S.7V, Vee = VccA = GND, Tc = 0°c to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -102S -9SS -870 mV V1N = V1H (Max) Loading with 

Vm Output LOW Voltage -1830 -170S -1620 mV orV1L(Min) son to -2.ov 

VoHc Output HIGH Voltage -103S mV V1N = V1H (Min) Loading with 

VoLc Output LOW Voltage -1610 mV orV1L(Max) son to -2.ov 

V1H Input HIGH Voltage 
-116S -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1830 -147S mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current o.so µA V1N = V1L (Min) 

l1H Input HIGH Current 

la. lb 340 
µA V1N = V1H (Max) 

Ina• lnb 240 

IEE Power Supply Current -100 -so mA Inputs Open 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life Impaired. Functional operation under these 
conditions is not implied. 

Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 
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Commercial Version (Continued) 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee= VeeA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C 

Min Max Min Max 

tPLH Propagation Delay 
1.10 2.75 1.10 2.75 

tPHL Ina• lnb to Za, Zb 

tPLH Propagation Delay 
1.10 2.80 1.10 2.80 

tPHL Ina. lnb to C 

tPLH Propagation Delay 
0.50 1.20 0.60 1.30 

tPHL la, lb to Za. Zb 

trLH Transition Time 
0.35 1.10 0.35 1.10 

trnL 20% to 80%, 80% to 20% 

PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C 

Min Max Min Max 

tPLH Propagation Delay 
1.10 2.75 1.10 2.75 

tPHL Ina• lnb to Za. Zb 

tPLH Propagation Delay 
1.10 2.80 1.10 2.80 

tPHL Ina• lnb to C 

tPLH Propagation Delay 
0.50 1.20 0.60 1.30 

tPHL la, lb to Za. Zb 

trLH Transition Time 
0.35 1.10 0.35 1.10 

trHL 20% to 80%, 80% to 20% 

ts,G-G Skew, Gate to Gate 
TBD TBD 

Tc= +85°C 

Min Max 

1.10 2.75 

1.10 2.80 

0.60 1.30 

0.35 1.10 

Tc= +85°C 

Min Max 

1.10 2.75 

1.10 2.80 

0.60 1.30 

0.35 1.10 

TBD 

Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 
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Units 

ns 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

ps 

Conditions 

Figures 1 &2 

Conditions 

Figures 1 &2 

PCConly 
Note 1 
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Military Version - Preliminary 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc= -55°C to + 125°C 

Symbol Parameter Min Max Units Tc Conditions Notes 

VoH Output HIGH Voltage 
-1025 -870 mV 

o·c to 
+ 125•c 

-1085 -870 mV -55°C V1N = V1H (Max) Loading with 
1,2,3 

VoL Output LOW Voltage o•cto orV1L (Min) 50!1 to -2.0V 
-1830 -1620 mV 

+ 125•c 

-1830 -1555 mV -55°C 

VoHC Output HIGH Voltage 
-1035 mV 

o•cto 
+ 125·c 

-1085 mV -55°C V1N = V1H (Min) Loading with 
1, 2, 3 

VoLC Output LOW Voltage 0°Cto orV1L (Max) 50!1 to -2.0V 
-1610 mV 

+ 125·c 

-1555 mV -55°c 

V1H Input HIGH Voltage 
-1165 -870 mV 

-55°Cto Guaranteed HIGH Signal 
1, 2, 3, 4 

+ 125·c for All Inputs 

V1L Input LOW Voltage 
-1830 -1475 mV 

-55°Cto Guaranteed LOW Signal 
1,2,3,4 

+ 125·c for All Inputs 

l1L Input LOW Current 
0.50 µA -55°Cto VEE= -4.2V 

1, 2, 3 
+ 125·c V1N = V1L (Min) 

l1H Input HIGH Current 
la, lb 340 

µA 
o•cto 

Ina• lnb 240 + 125•c VEE= -5.7V 
1, 2, 3 

la. lb 490 
µA -55°C V1N = V1H (Max) 

Ina• lnb 340 

IEE Power Supply Current 
-110 -50 mA 

-55°Cto Inputs Open 
1, 2, 3 

+125°C 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at -55'C, + 25'C, and + 125'C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55'C, +25'C, and +125'C, Subgroups A1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified input condition and testing VoHIVOL· 
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Military Version - Preliminary (Continued) 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -ss·c Tc= +2s0 c Tc= +125°C 

Units Conditions 
Notes 

Min Max Min Max Min Max 

tPLH Propagation Delay 
1.00 2.95 1.00 2.95 1.00 2.95 ns 

tPHL Ina• lnb to Za. Zb 

tPLH Propagation Delay 
1.00 3.00 1.00 3.00 1.00 3.00 ns 1, 2, 3 

tPHL Ina. lnb to C Agures 1 &2 

tPLH Propagation Delay 
0.40 1.40 0.50 1.50 0.50 1.50 ns 

tPHL la. lb to Za. Zb 

trLH Transition Time 
0.35 1.10 0.35 1.10 0.35 1.10 4 

trHL 20% to 80%, 80% to 20% 
ns 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -ss·c Tc= +25°C Tc= +125°C 

Units Conditions Notes 

Min Max Min Max Min Max 

tPLH Propagation Delay 
1.00 2.95 1.00 2.95 1.00 2.95 ns 

tPHL Ina. lnb to Za. Zb 

tPLH Propagation Delay 
1.00 3.00 1.00 3.00 1.00 3.00 ns 1, 2, 3 

tPHL Ina. lnb to C Figures 1 &2 
tPLH Propagation Delay 

0.40 1.40 0.50 1.50 0.50 1.50 ns 
tPHL la, lb to Za. Zb 

trLH Transition Time 
0.35 1.10 0.35 1.10 0.35 1.10 4 

trHL 20% to 80%, 80% to 20% 
ns 

Note 1: F100K 300 Series cold temperature testing Is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
Immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at +25'C temperature only, Subgroup A9. 

Note 3: Sample tested (Method 5005, Table I) on each mfg. lot at + 25'C, Subgroup A9, and at + 125'C and -55'C temperatures, Subgroups A 1 O and A 11. 

Note 4: Not tested at + 25'C, + 125'C, and -55'C temperature (design characterization data). 
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Test Circuitry 

PULSE 
GENERATOR 

,-, 
\ I 

I 
L1 

Vee 

I0.1µF 

24 23 22 21 20 19 SCOPE 
CHANA 

,-, 
\ I ---------1 18 

Notes: 
Vee. VeeA = +2V, VEE = -2.SV 

SCOPE 
CHAN B 

L 1 and L2 = equal length son impedance lines 
Rr = son terminator internal to scope 
Decoupling 0.1 µ.F from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance ,,;; 3 pF 

-=-

-=-

Pin numbers shown are for flatpak; for DIP see logic symbol 

Switching Waveforms 

Ry I 

L2 ,-, 
\ I 

Ry l 

2 17 

3 16 

15 

14 

6 13 
7 8 9 10 11 12 

I 0.1 µF 

Vee 

FIGURE 1. AC Test Circuit 

0.7:!:0.1ns~ r 1 i=0.7:!:0.1ns 

~ 
+1.05V 

80% 

INPUT 50% 

''"' I I- ~ '°" i-'"" • '·" • 
TRU• -I I Ir 

OUTPUT 

50% 

~ ~ L.PHL 
Ir I~~ 

COMPLEMENT L j 
lTLH--.1 

FIGURE 2. Propagation Delay and Transition Times 
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~National 
~ Semiconductor 

F100363 
Low Power Dual 8-lnput Multiplexer 

General Description Features 
The F100163 is a dual 8-input multiplexer. The Data Select 
(Sn) inputs determine which bit (An and Bn) will be present
ed at the outputs (Za and Zb respectively). The same bit 
(0-7) will be selected for both the Za and Zb output. All 
inputs have 50 kn pulldown resistors. 

• 50% power reduction of the F100163 

Ordering Code: see section a 

Logic Symbol 

Connection Diagrams 

24-Pln DIP 

83 1 24 B4 

B2 2 23 B5 

e, 3 22 B5 

Bo 21 87 

zb 20 S2 

Vee 6 19 St 

VeCA 18 VEE 

Za 17 So 

Ao 9 16 A1 

At 10 15 A5 

A2 11 14 A5 

A3 12 13 A4 

TL/F/10612-2 

• 2000V ESD protection 
• Pin/function compatible with F100163 
• Voltage compensated operating range = -4.2V to 

-5.?V 
• Tighter min to max propagation delay than F100163 

Pin Names Description 

So-S2 Data Select Inputs 
Ao-A1 A Data Inputs 

Bo-87 B Data Inputs 

Za,Zb Data Outputs 

TL/F/10612-1 

A1 Ii] 
So O] 
VEE~ 

VEES [ID 
s, Ii]! 

S2 lill 
87 [j]J 

28-Pln PCC 
A5 A5 A4VEES A3 A2 At 
[i)liQJIIJ[!l[ZJ[fil(fil 

[ID@IIi)~~~~ 

85 85 84 VEES 83 82 8t 

[i] Ao 
III Z8 

mvCCA 
mvcc 
~Vee 
1W zb 
~Bo 

TL/F/10612-4 
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24-Pln Quad Cerpak 
87 S2 St VEE So A1 

24 23 22 21 20 19 
18 A1 

85 17 As 

84 16 A4 
t5 Al 

14 A2 
13 A1 

TL/F/10612-3 
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Truth Table 

Select 

S2 S1 So A1 

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 

H = HIGH Voltage Level 
L = LOW Voltage Level 
Blank = X = Don't Care 

B1 

L 
H 

Inputs 

Aa As 
Ba Bs 

L 
H 

L 
H 

TL/F/10612-5 

Outputs 
Data 

A4 A3 A2 A1 Ao Za 
B4 B3 B2 B1 Bo zb 

L L 
H H 

L L 
H H 

L L 
H H 

L L 
H H 

L L 
H H 

L 
H 

L 
H 

L 
H 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impared (Note 1) Conditions 
If Military/Aerospace specified devices are required, Case Temperature (Tc) 
please contact the National Semiconductor Sales 

Commercial 0°Cto +85°C 
Office/Distributors for availability and specifications. 

Military - 55°C to + 125°C 
Storage Temperature (T sTG) - 65°C to + 150°C 

Supply Voltage (VEE) 
Maximum Junction Temperature (TJ) Commercial -5.7V to -4.2V 

Ceramic +175°C Military -5.7V to -4.2V 
Plastic +150°C 

VEE Pin Potential to Ground Pin - 7.0V to + 0.5V 

Input Voltage (DC) VEEtO + 0.5V 

Output Current (DC Output HIGH) -50mA 

ESD (Note 2) ~2000V 

Commercial Version 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND, Tc = 0°c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage -1025 -955 -870 mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -1705 -1620 mV orV1L (Min) 50!1 to -2.0V 

VoHC Output HIGH Voltage -1035 mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1610 mV orV1L (Max) 50!1 to -2.0V 

V1H Input HIGH Voltage -1165 -870 mV Guaranteed HIGH Signal for All Inputs 

V1L Input LOW Voltage -1830 -1475 mV Guaranteed LOW Signal for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

l1H Input HIGH Current V1N = V1H (Max) 

Sn 265 
µA 

An, Bn 340 

IEE Power Supply Current -80 -40 mA Inputs Open 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: ESD testing conforms to MIL-STD-883, Method 3015. 
Note 3: The specified limits represent the "worst case" value for the parameter. Since these values normally occur at the temperature extremes, additional noise 
immunity and guardbanding can be achieved by decreasing the allowable system operating ranges. Conditions for testing shown in the tables are chosen to 
guarantee operation under "worst case" conditions. 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VceA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.70 1.65 0.80 1.70 0.80 1.80 ns 

tPHL Ao-A7, Bo-87 to Output 

tPLH Propagation Delay 
1.30 2.60 1.40 2.70 1.40 2.70 ns Figures 1 and 2 

tPHL So-S2 to Output 

trLH Transition Time 
0.45 1.30 0.45 1.30 0.45 1.30 

trHL 20% to 80%, 80% to 20% 
ns 
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0 ... Commercial Version (Continued) 

PCC and Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°c Tc= +25°C Tc= +ss0 c 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.70 1.65 0.80 1.70 0.80 1.80 ns 

tPHL Ao-A7, 80-87 to Output 

tpLH Propagation Delay 
1.30 2.60 1.40 2.70 1.40 2.70 ns Figures 1 and 2 

tpHL So-S2 to Output 

tTLH Transition Time 
0.45 1.30 0.45 1.30 0.45 1.30 ns 

tTHL 20% to 80%, 80% to 20% 

ts,G-G Skew, Gate to Gate 
T8D T8D T8D ps 

PCCOnly 
(Note 1) 

Note 1: Gate to gate skew is defined as the difference in propagation delays between each of the outputs. 

Military Version-Preliminary 

DC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee= VccA = GND, Tc= - 55°C to + 125°C 

Symbol Parameter Min Max Units Tc Conditions Note 

VoH Output HIGH Voltage 
-1025 -870 mV 

0°cto 
+12s0 c 

-1085 -870 mV -55°C V1N = V1H (Max) Loading with 
1,2,3 

VoL Output LOW Voltage 0°Cto orV1L(Min) son to -2.ov 
-1830 -1620 mV 

+ 125°C 

-1830 -1555 mV -55°C 

VoHC Output HIGH Voltage 
-1035 mV 

0°cto 
+12s0 c 

-1085 mV -55°C V1N = V1H (Min) Loading with 
1, 2, 3 

VoLC Output LOW Voltage 0°cto orV1L(Max) son to -2.ov 
-1610 mV 

+ 12s0 c 

-1555 mV -55°C 

V1H Input HIGH Voltage 
-1165 -870 mV 

-55°Cto Guaranteed HIGH Signal for All Inputs 
1, 2, 3, 4 

+12s0 c 

V1L Input LOW Voltage 
-1830 -1475 mV 

-55°Cto Guaranteed LOW Signal for All Inputs 
1,2,3,4 

+ 125°C 

l1L Input LOW Current 
0.50 µA 

-55°Cto VEE= -4.2V 
1, 2, 3 

+ 125°C V1N = V1L (Min) 

l1H Input HIGH Current 
Sn 265 

µA 
0°cto 

An,8n 340 +125°c VEE= -5.7V 1, 2, 3 

Sn 385 V1N = V1H (Max) 

An, 8n 490 
µA -ss0 c 

IEE Power Supply Current 
-87 -30 mA 

-55°Cto Inputs Open 
1,2,3 

+ 125°C 
Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -55'C), then testing 
immediately without allowing for the junction temperature to stabilize due to heat dissipation after power-up. This provides "cold start" specs which can be 
considered a worst case condition at cold temperatures. 
Note 2: Screen tested 100% on each device at -55'C, + 25'C, and + 125'C, Subgroups 1, 2, 3, 7, and 8. 

Note 3: Sample tested (Method 5005, Table I) on each manufactured lot at -55'C, +25'C, and + 125'C, Subgroups A1, 2, 3, 7, and 8. 

Note 4: Guaranteed by applying specified Input condition and testing VoHIVOL· 
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Military Version-Preliminary (Continued) 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -ss·c Tc= +25°C 

Min Max Min Max 

tpLH Propagation Delay 
0.50 2.40 0.60 2.30 

tpHL Ao-A7, 80-87 to Output 

tpLH Propagation Delay 
0.80 3.00 0.90 2.80 

tpHL So-82 to Output 

trLH Transition Time 
0.30 1.90 0.40 1.80 

trHL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -5.7V, Vee = VeeA = GND 

Symbol Parameter 
Tc= -ss·c Tc= +2s0 c 

Min Max Min Max 

tpLH Propagation Delay 
0.50 2.40 0.60 2.30 

tpHL Ao-A7, 80-87 to Output 

tpLH Propagation Delay 
0.80 3.00 0.90 2.80 

tpHL So-S2 to Output 

trLH Transition Time 
0.30 1.90 0.40 1.80 

trHL 20% to 80%, 80% to 20% 

Tc= + 12s·c 
Units 

Min Max 

0.70 3.00 ns 

1.00 3.40 ns 

0.30 2.10 ns 

Tc= + 12s·c 
Units 

Min Max 

0.70 3.00 ns 

1.00 3.40 ns 

0.30 2.10 ns 

Conditions Notes 

1, 2, 3 

Figures 1 and 2 

4 

Conditions Notes 

1, 2, 3 

Figures 1 and 2 

4 

Note 1: F100K 300 Series cold temperature testing is performed by temperature soaking (to guarantee junction temperature equals -SS°C), then testing 
immediately after power-up. This provides "cold start" specs which can be considered a worst case condition at cold temperatures. 

Note 2: Screen tested 100% on each device at + 2S°C temperature only, Subgroup A9. 

Note 3: Sample tested (Method SOOS, Table I) on each manufactured lot at + 2s·c. Subgroup A9, and at + 12s·c and -ss·c. temperatures, Subgroups A10 and 
A11. 

Note 4: Not tested at + 2s•c, + 12s·c. and -ss·c temperature (design characterization data). 

Test Circuitry 

Notes: 

SCOPE 
CHANA 

+1.0SV 

Vee. VeeA = +2V, VEE= -2.SV FIGURE 1. AC Test Circuit 
L1 and L2 = equal length son impedance lines 
Rr = son terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance s: 3 pF 
Pin numbers shown are for flatpak; for DIP see logic symbol 
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FIGURE 2. Propagation Delay and Transition Times 
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~National ADVANCE INFORMATION 

~ Semiconductor 

F100364 
Low Power 16-Bit Multiplexer 

General Description 
The F100364 is a 16-input multiplexer. Data paths are con
trolled by four Select lines (S0-S3). Their decoding is shown 
in the truth table. Output data polarity is the same as the 
seleted input data. All inputs have 50 k!l pulldown resistors. 

Logic Symbol 

lo 11 12 13 14 Is Is 11 la lg 110 111 '12 113 114 l1s 
So 
S1 

52 

S3 
z 

TL/F/10265-1 

Connection Diagrams 

Features 
• 35% power reduction of the F100164 
• 2000V ESD protection 
• Pin/function compatible with F100164 
• Voltage compensated operating range 

= -4.2V to -5.?V 

Pin Names Description 

lo-l1s Data Inputs 

So-S3 Select Inputs 
z Data Output 

24-Pln DIP 28-Pin PCC 24-Pln Quad Cerpak 

114 113 112 VEES 111110 19 S3 S2 S1 VEE So 115 
13 1 24 12 llil l!QJ m rn m rn rn 
14 23 11 24 23 22 21 20 19 

15 3 22 lo 
115 [J1.J ill Is lo 18 
So lllJ rn z 

Is 4 21 S3 VEE IGJ 11JVeCA 
11 2 17 

17 5 20 S2 Vm fill ITl Vee 12 3 16 

Vee 6 19 S1 
S1 [j]] @l Vee 13 4 15 

7 
S21i11 rw 17 14 5 14 

VeeA 18 VEE S3 [ill ~Is 
z 8 17 So 15 13 

[j]Jfilil~llll~IEJ§I 
7 8 9 10 11 12 

Is 9 16 115 
lg 10 15 114 

lo 11 12 VEES 13 14 15 
Is 17 Vee VeeA z Is TL/F/10265-4 

114 

113 

112 

111 

110 

19 

110 11 14 113 TL/F/10265-3 

111 12 13 112 

TL/F/10265-2 
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~National 
~ Semiconductor 

ADVANCE INFORMATION 

F100370 
Low Power Universal Demultiplexer/Decoder 

General Description 
The F100370 universal demultiplexer/decoder functions as 
either a dual 1-of-4 decoder or as a single 1-of-8 decoder, 
depending on the signal applied to the Mode Control (M) 
input. In the dual mode, each half has a pair of active-LOW 
Enable (E) inputs. Pin assignments for the E inputs are such 
that in the 1-of-8 mode they can easily be tied together in 
pairs to provide two active-LOW enables (E1a to E1b· E2a to 
E2b). Signals applied to auxiliary inputs Ha. Hb and He deter
mine whether the outputs are active HIGH or active LOW. In 
the dual 1-of-4 mode the Address inputs are Aoa. A1a and 
Aob• A1b with A2a unused (i.e., left open, tied to VEE or with 

Logic Symbols 

LOW signal applied). In the 1-of-8 mode, the Address inputs 
are Aoa. A1 a· A2a with Aob and A1 b LOW or open. All inputs 
have 50 kn pulldown resistors. 

Features 
• 35% power reduction of the F100170 

• 2000V ESD protection 
• Pin/function compatible with F100170 
• Voltage compensated operating range 

-5.7V 
-4.2V to 

Single 1-of-8 Application Dual 1-of-4 Application Pin Names Description 

Ana• Anb Address Inputs 

Ena• Enb Enable Inputs 
M Mode Control Input 
Ha Zo-Z3 (Zoa-Z3a) 

Polarity Select Input 
Hb Z4-Z7 (Zob-Z3b) 

Polarity Select Input 
He Common Polarity 

Select Input 

TL/F/10649-1 
Zo-Z7 Single 1-of-8 

Data Outputs 
TL/F/10649-4 

Zna• Znb Dual 1-of-4 
Data Outputs 

Connection Diagrams 

24-Pin DIP 28-Pin PCC 24-Pin Quad Cerpak 

A1b 1 24 Aob 

Z3b(Z7) 23 Hb 

Zob(Z4) 22 He 

Z2b(Z5) 21 Ho. 

Z1b(Z5) 20 E20. 

Vee 6 19 E2b 

VeCA 18 VEE 

Z3 .. (Z3) 17 E1b 

zo .. (Zo) 9 16 E10. 

Z2 .. (Z2) 10 15 A2o. 

z1 .. cz1) 11 14 M 

Aoo. 12 13 A10. 

Z1a Z2a Ha E2a E2b VEE E1 b E1 a 
A2a M A, .. Vm Ao .. (Z1 )(Z2) 
[i]IIQ][fil[]][Z][fil[1] 24 23 22 21 20 19 

He 18 A2a 
Zoa 

Hb 17 M r, .. !]] [TI(Zo) 

E1b~ [I)Z3a Aob 16 Ala 

VEE~ 
(Z3) A1b 15 Aoa 

[II VccA Z3b z, .. 
VrrsIT:fil ITJvee (Z7) 

14 
(Z1) 

E2b till ~Vee Zob 6 13 z2 .. 

E2a ITZI [lll(t:) (Z4) 7 8 9 10 11 12 (Z2) 

Ha [ill ~Z2b Z2b Z1b VeeVccA Z3a Zoo. (Z5) 
(Z5)(Z5) (Z3)(Zo) 

ITfil~[Ij][ll:J~~~ TL/F/10649-3 
He Hb "ob Vm A, b Z3b Zob 

TL/F/10649-2 
(Z7)(Z4) 

TL/F/10649-5 
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~National ADVANCE INFORMATION 

D Semiconductor 
F100371 
Low Power Triple 4-lnput Multiplexer with Enable 

General Description 
The F100371 contains three 4-input multiplexers which 
share a common decoder (inputs So and S1). Output buffer 
gates provide true and complement outputs. A HIGH on the 
Enable input (E) forces all true outputs LOW (see Truth Ta
ble). All inputs have 50 kfi pull-down resistors. 

Logic Symbol 

E loa 111 l2a l3a lob l1b l2b l3b loc l1c l2c l3c 
So 

Features 
• 35% power reduction of the F100171 
• 2000V ESD protection 
• Pin/function compatible with F100171 
• Voltage compensated operating range 

-5.7V 

Pin Names Description 

lox-13x Date Inputs 

So,S1 Select Inputs 

-4.2V to 

S1 E Enable Input (Active LOW) 

Za-Zc Data Outputs 

Za-Zc Complementary Data Outputs 

TL/F/10048-1 

Connection Diagrams 

24-Pln DIP 24-Pln Quad Cerpak 28-Pln PCC 

l1b lob E VEE S1 So 13a l2a l1a VEES loa Za Za 
[j] [QI rn [[) m rn rn l1c 24 loc 

24 23 22 21 20 19 

l2b 1 18 13a So fill m zb 

l3b 2 17 l2a S1 Ii] III zb 

1oc 3 16 l1a 
VEE !BJ III VeCA 

VEES fill mvee 
l1c 4 15 loa E [j]] ~Vee 

l2c 23 l3b 

l3c 3 22 l2b 

z. 4 21 l1b 

z. 20 lob 

Vee 19 E 
l2c 5 14 Za lob li1I llll Zc 

13c 6 13 Za l1b !ill Im Zc 

7 8 9 10 11 12 
li]] im [ijJ gi.m11mm 

Zc Zc VeeVeCA zb zb l2b l3b loc VEES l1c l2c l3c 

VeCA 7 18 VEE 

zb 17 S1 

zb 16 So 

za 10 15 13a 

Za 11 14 l2a TL/F/10048-3 TL/F/10148-4 

loa 12 13 l1a 

TL/F/10048-2 
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U Semiconductor 

F100393 
Low Power 9-Bit ECL-to-TTL 
Translator with Latches 

General Description 
The F100393 is a 9-bit translator for converting F1 OOK logic 
levels to FAST® TTL logic levels. A LOW on the latch en
able (LE) latches the data at the input state. A HIGH on the 
LE makes the latches transparent. A HIGH on either the 
EGL or TTL output enable (OE EGL or OE TTL), holds the 
outputs in a high impedance state. 

The F100393 is designed with FAST® TTL, 64 mA outputs 
for Bus Driving capability. All EGL inputs have 50 kn pull 
down resistors. When the inputs are either unconnected or 
at the same potential, the outputs will go LOW. 

Logic Symbol 

Connection Diagram 

D5 il11 
D7 il] 
Ds IJ] 

Os Ii]] 
07 Ii]! 

Os [Z] 

05 Ii]] 

I]]]@]~~~~~ 

VccA~VmVcCAVccA04 03 
ECL 

Oo-s 

TL/F/10650-1 

[±] D3 

[]] D2 

mo1 
ITJDo 
~Oo 
ill] o, 
~02 

TL/F/10650-2 

ADVANCE INFORMATION 

Features 
• 64 mA loL drive capability 
• 2000V ESD protection 
• -4.2V to -5.7V operating range 
• Latched outputs 
• FAST® TTL outputs 

Pin Names Description 

Do-De Data Inputs (EGL) 

Oo-Oa Data Outputs (TTL) 
LE Latch Enable Input 
OE TTL Output Enable (TTL) 
OE EGL Output Enable (EGL) 
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~National 
~ Semiconductor 
F100395 
Low Power 9-Bit ECL-to-TTL 
Translator with Registers 

General Description 
The F100395 is a 9-bit translator for converting F1 OOK logic 
levels to FAST® TIL logic levels. A high on the output en
able (OE) holds the TIL outputs in a high impedance state. 
A low on the clock enable (EN) transfers the data on the 
inputs to the outputs on a Low-to-High clock transition. A 
high on EN will not change the state of the outputs. 

The F100395 is designed with FAST® TIL, 64 mA outputs 
for Bus Driving capability. All inputs have 50 k!l pull down 
resistors. When the inputs are either unconnected or at the 
same potential, the outputs will go LOW. 

Logic Symbol 

EN 
CP OE:--------' 

Connection Diagram 

Ds [i1] 
D7 ff] 

Da liJJ 
Os Ii]] 
07 IJ]] 
05 lill 
05 li]J 

D5 EN VccYErVcc CP D4 
[jJ [Q] m rnJ m [[] rn 

lilll~~§~~§J 

YccAOE YmVcCAVcCA0403 

Oo-a 

TL/F/10651-1 

GJD3 
LlJ D2 

II] D1 

[I] Do 

~Oo 
Ill] 01 

~02 

TL/F/10651-2 

ADVANCE INFORMATION 

Features 
• 64 mA loL drive capability 
• 2000V ESD protection 
• -4.2V to -5.7V operating range 
• Registered outputs 
• FAST TIL outputs 

Pin Names Description 

Do-Da Data Inputs (ECL) 

Oo-Oa Data Outputs (TIL) 
OE Output Enable 
EN Clock Enable 
CP Clock Pulse 
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~National 
~ Semiconductor 

F100101 
Triple 5-lnput OR/NOR Gate 

General Description 
The F100101 is a monolithic triple 5-input OR/NOR gate. All 
inputs have 50 kn pull-down resistors and all outputs are 
buffered. 

Ordering Code: see section a 

Logic Symbol 

TL/F/9835-3 

Connection Diagrams 

24-Pln DIP 

D3c 24 D2c 

D4c 2 23 D1c 

Dsc 22 Dsb 

oc 4 21 D4b 

Oc 5 20 D3b 

Vee 6 19 D2b 

YeCA 7 18 VEE 

ob 8 17 D1b 

ob 9 16 Dsa 

OB 10 15 D4a 

OB 11 14 D3a 

D1a 12 13 D2a 

TL/F/9835-1 

3-3 

Refer to the F100301 datasheet for: 
PCC packaging 
Lower power 
Military versions 
Extended voltage specs (-4.2V to -5.?V) 

Pin Names Description 

Dna• Dnb• Dnc Data Inputs 

Oa, Ob, 0 0 Data Outputs 

Oa, ob,Oc Complementary Data Outputs 

24-Pin Quad Cerpak 

D4b D3b D2b VEE D1b Dsa 

24 23 22 21 20 19 

Dsb 18 D4a 

D1c 17 D3a 

D2c 3 16 D2a 

D3c 4 15 D1a 

D4c 5 14 OB 

Dsc 13 OB 
7 8 9 10 11 12 

Oc Oc Vee VeeA Ob Ob 

TL/F/9835-2 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°Cto +85°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin -7.0Vto +0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) VEEtO +0.5V 
Storage Temperature - 65°C to + 150°C Output Current (DC Output HIGH) -50mA 
Maximum Junction Temperature (TJ) +150°C Operating Range (Note 2) -5.7V to -4.2V 

DC Electrical Characteristics 
VEE = -4.5V, Vee = VccA = GND, Tc = 0°C to + 85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1025 -955 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1705 -1620 orV1l (Min) 500. to -2.0V 

VoHC Output HIGH Voltage -1035 
mV V1N = VIH(Min) Loading with 

Vole Output LOW Voltage -1610 or Vil (Max) 500. to -2.0V 

V1H Input HIGH Voltage 
-1165 -880 mV Guaranteed HIGH Signal 

for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc = 0°c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1605 orV1l(Min) 500.to -2.0V 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1595 orV1l(Max) 500.to -2.0V 

V1H Input HIGH Voltage -1150 -870 mV 
Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1035 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1620 or Vil (Min) · 500. to -2.0V 

VoHC Output HIGH Voltage -1045 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1l (Max) 500.to -2.0V 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage -1830 -1490 mV 
Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = 0°C to +85°C 

Symbol Parameter Min Typ Max Units Conditions 

l1H Input HIGH Current 350 µA V1N = V1H (Max) 

IEE Power Supply Current -38 -26 -18 mA Inputs Open 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tpLH Propagation Delay 
0.50 1.15 0.50 1.15 0.55 1.30 ns 

tpHL Data to Output 
Figures 1 and 2 

trLH Transition Time 
0.45 1.30 0.45 1.20 0.45 1.20 ns 

tTHL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C 

Min Max 

tpLH Propagation Delay 
0.50 0.95 

tpHL Data to Output 

trLH Transition Time 
0.45 1.20 

trHL 20% to 80%, 80% to 20% 

L1 ,.. .. \ SCOPE 
\I CHANA 

.1 Rr 

Vee 

-=-
L2 

PULSE ,-, CIRCUIT ,-, SCOPE 
GENERATOR 

J 
UNDER CHAN B TEST \I 

J Rr 

VEE -=-
TL/F/9835-5 

FIGURE 1. AC Test Circuit 
Notes: 
Vee. VecA = +2V, VEE = -2.SV 
L 1 and L2 = equal length son impedance lines 
Rr = son terminator internal to s._cope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance ~ 3 pF 

Tc= +25°C Tc= +ss0 c 
Units Conditions 

Min 

0.50 

0.45 

3-5 

Max Min Max 

0.95 0.55 1.10 ns 
Figures 1 and 2 

1.10 0.45 1.10 ns 

O.hO 1 "~ r 1 t= D.7 ±0.1•:1.05 V 

INPUT ~\l 

1
~-i~-"lo -+D.

31 
V 

IPHL 1-
TRUE I 

.,J ~ ~ ~~"' OUTPUT 

COMPLEMENT L j 50

2~% 
ITLH -.J i= ITHL 

TL/F/9835-6 

FIGURE 2. Propagation Delay and Transition Times 
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F100102 
Quint 2-lnput OR/NOR Gate 

General Description 
The F100102 is a monolithic quint 2-input OR/NOR gate 
with common enable. All inputs have 50 kn pull-down resis
tors and all outputs are buffered. 

Ordering Code: see section a 

Logic Symbol 

D1a ----r""""""i::--
D2a ---t--1__,, 

D1b ----l---4~:--

D2b Ob 

D1c --.+.-t"" ....... :--- Oc 

D2c Oc 

D1d ---4-...:r"""""".--- Od 

D2d Od 

010 ----+--r""""""i::--- o. 
D2e 08 

E 

Connection Diagrams 
24-Pin DIP 

D2e 1 24 D1e 

Oe 2 23 D2d 

oe 3 22 D1d 

od 21 D2c 

od 20 D1c 

Vee 6 19 E 

VeeA 7 18 VEE 

oc 8 17 D2b 

oc 16 D1b 

ob 10 15 D2a 

ob 11 14 D1a 

oa 12 13 Oa 

TL/F/9836-3 

TL/F/9836-1 

Refer to the F100302 datasheet for: 
PCC packaging 
Lower power 
Military versions 
Extended voltage specs ( - 4.2V to - 5. 7V) 

Pin Names Description 

Dna-Dne Data Inputs 
E Enable Input 
Oa-09 Data Outputs 

Oa-Oe Complementary Data Outputs 
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TABLE 1. F100102 Truth Table 

D1x D2x E Ox 
L L 
L L 
L H 
L H 
H L 
H L 
H H 
H H 

H = HIGH Voltage Level 
L = LOW Voltage Level 

L 
H 
L 
H 
L 
H 
L 
H 

24-Pin Quad Cerpak 

D2cD1c E VEED2bD1b 

D1d 1 

Dzd 2 

D1e 3 

Dze 4 

o. 5 

o. 

24 23 22 21 20 19 

7 8 9 10 11 12 

L 
H 
H 
H 
H 
H 
H 
H 

18 Dza 

17 018 

16 08 

15 08 
14 ob 

13 ob 

Ox 
H 
L 
L 
L 
L 
L 
L 
L 

TL/F/9836-2 



Absolute Maximum Ratings 
Above which the useful life may be impaired (Note 1) 

If Military/ Aerospace specified devices are required, VEE Pin Potential to 
please contact the National Semiconductor Sales Ground Pin - 7.0V to + O.SV 
Office/Distributors for availability and specifications. Input Voltage (DC) VEE to +O.SV 
Storage Temperature - 6S°C to + 1 so·c Output Current (DC Output HIGH) -SOmA 
Maximum Junction Temperature (TJ) +1so·c Operating Range (Note 2) -S.7V to -4.2V 
Case Temperature under Bias (Tc) o·cto +0s·c 

DC Electrical Characteristics 
VEE = -4.SV, Vee = VccA = GND Tc = o•c to +8s0 c (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -102S -9SS -880 mV 
V1N = V1H(Max) or V1L(Min) 

Loading with 

VOL Output LOW Voltage -1810 -170S -1620 mV son to -2.ov 

VoHc Output HIGH Voltage -103S mV 
V1N = V1H(Min) or V1L(Max) 

Loading with 

VOLc Output LOW Voltage -1610 mV son to -2.ov 

V1H Input HIGH Voltage -116S -880 mV Guaranteed HIGH Signal for All Inputs 

V1L Input LOW Voltage -1810 -147S mV Guaranteed LOW Signal for All Inputs 

l1L Input LOW Current o.so µA V1N = V11~!_Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc = o·c to +0s·c (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 mV 
V1N = V1H(Max) or V1L(Min) 

Loading with 

VOL Output LOW Voltage -1810 -160S mV son to -2.ov 

VoHC Output HIGH Voltage -1030 mV 
V1N = V1H(Min) or V1L(Max) 

Loading with 

VoLC Output LOW Voltage -1S9S mV son to -2.ov 

V1H Input HIGH Voltage -11SO -870 mV Guaranteed HIGH Signal for All Inputs 

V1L Input LOW Voltage -1810 -147S mV Guaranteed LOW Signal for All Inputs 

l1L Input LOW Current o.so µA V1N = V1L(Min) 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GND, Tc = o·c to +as·c (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -103S -880 mV 
V1N = V1H(Max) or V1L(Min) 

Loading with 

VoL Output LOW Voltage -1830 -1620 mV son to -2.ov 

VoHC Output HIGH Voltage -104S mV 
V1N = V1H(Min) or V1L(Max) 

Loading with 

VoLC Output LOW Voltage -1610 mV son to -2.ov 

V1H Input HIGH Voltage -116S -880 mV Guaranteed HIGH Signal for All Inputs 

V1L Input LOW Voltage -1830 -1490 mV Guaranteed LOW Signal for All Inputs 

l1L Input LOW Current o.so µA V1N = V1L(Min) 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = o·c to +85°C 

Symbol Parameter Min Typ Max Units Conditions 

l1H Input HIGH Current 
Data 350 

µA 
V1N = V1H(Max) 

Enable 300 

IEE Power Supply Current -80 -55 -38 mA Inputs Open 

Ceramic Dual-In-Line Package AC Characteristics 
VEE = -4.2V to -4.8V, Vee = VeeA = GND 

Symbol Parameter 
Tc= o·c 

Min 

IPLH Propagation Delay 
0.45 

lpHL Data to Output 

lpLH Propagation Delay 
0.95 

IPHL Enable to Output 

ITLH Transition .Time 
0.45 

ITHL 20% to 80%, 80% to 20% 

Cerpak AC Characteristics 
VEE = -4.2V to -4.8V, Vee = VecA = GND 

Max 

1.35 

2.15 

1.30 

Symbol Parameter 
Tc= o·c 

Min 

tpLH Propagation Delay 
0.45 

IPHL Data to Output 

tPLH Propagation Delay 
0.95 

IPHL Enable to Output 

ITLH Transition Time 
0.45 

ITHL 20% to 80%, 80% to 20% 

FIGURE 1. AC Test Circuit 
Notes: 
Vee. VeeA = +2V, VEE = -2.5V 
L 1 and L2 = equal length 50!1 impedance lines 
Rr = 50!1 terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with 50!1 to GND 
CL = Fixture and stray capacitance :;; 3 pF 

Max 

1.15 

1.95 

1.20 

TL/F/9836-5 

Tc= +25°C Tc= +ss·c 
Units Conditions 

Min Max Min Max 

0.45 1.15 0.45 1.40 ns 

0.95 2.15 0.95 2.20 ns Figures 1 and 2 

0.45 1.20 0.45 1.20 ns 

Tc= +2s0 c Tc= +ss·c 
Units Conditions 

Min 

0.45 

0.95 

0.45 
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Max Min Max 

0.95 0.45 1.20 ns 

1.95 0.95 2.00 ns A'gures 1 and 2 

1.10 0.45 1.10 ns 

0.7:!:0.1ns~ 1- 1 L0.7:!:0.1ns 

~ 
+1.05V 

80% 

INPUT 50% 

TRUE ''"'--! I - "" +0.31 y 

.,J ~ ~ t~"' OUTPUT 

COMPLEMENT L J so;~% 
lTLH__..j i=lTHL 

TL/F/9836-6 

FIGURE 2. Propagation Delay and Transition Times 



~National 
~ Semiconductor 

F100104 
Quint AND/NANO Gate 

General Description 
The F100104 is monolithic quint AND/NANO gate. The 
Function output is the wire-NOR of all five AND gate out
puts. All inputs have 50 k!l. pull-down resistors. 

Ordering Code: see section a 

Logic Symbol 

"r-+--- Oa 

L_---l'l~t---- 6a 
.----......~~--ob 

JO--t---- ob 
"---+--- Oc 

L_---l'l;;)'-t---- Oc 
T--+--- od 
~-t---- od 
~---+--- Oe 

JV---- o. 

Connection Diagrams 

24-Pin DIP 

o. 1 24 D2e 

o. 2 23 D1e 

od 3 22 D1d 

od 4 21 D2d 

f' 5 20 D2c 

Yee 6 19 D1c 

YeeA 7 18 VEE 

oc 8 17 D2b 

Oc 16 D1b 

ob 10 15 D2a 

ob 11 14 D1a 

oa 12 13 Oa 

TL/F/9837-3 

TL/F/9837-1 
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Refer to the F100304 datasheet for: 
PCC packaging 
Lower power 
Military versions 
Extended voltage specs ( - 4.2V to - 5. 7V) 

Logic Equation 
F = (D1a • D2a) + (D1b • D2b) + D1c • D2d + (D1d • D2d) 
+ (D1a • D2e). 

Pin Names Description 

Dna-Dna Data Inputs 
F Function Output 

Oa-Oa Data Outputs 

Oa-Oe Complementary Data Outputs 

24-Pin Quad Cerpak 

D2d D2c D1c VEE D2b D1b 

24 23 22 21 20 19 

18 D2a 

2 17 D1a 

3 16 Oa 

4 15 oa 

5 14 ob 

13 ob 
7 8 9 10 11 12 

TL/F/9837-2 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) o·cto +85°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin -7.0V to +0.5V 
Office/Distributors for availability and specifications. 

Input Voltage (DC) VEE to +0.5V 
Storage Temperature - 65°C to + 150°c Output Current (DC Output HIGH) -50mA 
Maximum Junction Temperature (TJ) + 15o·c Operating Range (Note 2) -5.7V to -4.2V 

DC Electrical Characteristics 
VEE = -4.5V, Vee = VccA = GND, Tc = o·c to + 85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1025 -955 -880 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1810 -1705 -1620 orV1L(Min) 50.!1 to -2.0V 

VoHc Output HIGH Voltage -1035 
mV V1N = VIH(Min) Loading with 

VoLC Output LOW Voltage -1610 orV1L(Max) 50.!1 to -2.0V 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee= VccA = GND, Tc = o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1810 -1605 orV1L(Min) 50.!1 to -2.0V 

VoHc Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1595 orV1L(Max) 50.!1 to -2.0V 

V1H Input HIGH Voltage -1150 -870 mV 
Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage -1810 -1475 mV Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GND, Tc = o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1035 -880 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -1620 orV1L(Min) 50.!1 to -2.0V 

VoHc Output HIGH Voltage -1045 
mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1610 orV1L(Max) 50.!1 to -2.0V 

V1H Input HIGH Voltage -1165 -880 mV 
Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.SV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = o·c to +85°C 

Symbol Parameter Min Typ Max Units 

l1H Input HIGH Current 

D2a-D2e 250 µA 

D1a-D1e 350 

IEE Power Supply Current -96 -66 -46 mA 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +2s0 c Tc= +ss·c 

Min Max Min Max Min Max 

tpLH Propagation Delay 
0.40 1.75 0.40 1.65 0.40 1.75 

tpHL Dna-Dne to 0, 0 

tpLH Propagation Delay 
1.00 2.60 1.00 2.60 1.15 3.20 

tpHL Data to F 

trLH Transition Time 
0.35 1.70 0.35 1.55 0.35 1.70 

trnL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter Tc= o·c Tc= +2s0 c Tc= +ss·c 

Min Max Min Max Min Max 

tpLH Propagation Delay 0.40 1.55 0.40 1.45 0.40 1.55 
tpHL Dna-Dna to 0, 0 
tpLH Propagation Delay 1.00 2.40 1.00 2.40 1.15 3.00 
tpHL Data to F 

trLH Transition Time 0.35 1.60 0.35 1.45 0.35 1.60 
trHL 20% to 80%, 80% to 20% 
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ns 

ns 

Units 

ns 

ns 

ns 

Conditions 

V1N = V1H (Max) 

Inputs Open 

Conditions 

Figures 1 and 2 

Conditions 

Figures 1 and 2 
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PULSE ,-, 
GENERATORt--+,-,+---~ 

Notes: 
Vee. VeeA = +2V, VEE = -2.SV 
L 1 and L2 = equal length son impedance lines 
Rr = son terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance ~ 3 pF 

l 

Vee 

CIRCUIT 
UNDER 
TEST 

VEE 

L1 ,-, SCOPE 
\I CHAN A 

l Rr 

-= 
L2 ,-, SCOPE 
\I CHAN B 

l Rr 

-= 

FIGURE 1. AC Test Circuit 

0.7:!:0.1ns~~r l L0.7:!:0.1ns 
+1.05 v 

80% 
INPUT 50% 

----- + 0.31 v 
___. 

TRUE 

OUTPUT 

FIGURE 2. Propagation Delay and Transition Times 
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~National 
~ Semiconductor 

F100107 
Quint Exclusive OR/NOR Gate 

General Description 
The F100107 is monolithic quint exclusive-OR/NOR gate. 
The Function output is the wire-OR of all five exclusive-OR 
outputs. 

Ordering Code: see section a 

Logic Symbol 

F 

01 a :::::::) Oa 
D2a Oa 

D1b:::::) ob 
D2b ob 

D1c:::::) Oc 
D2c Oc 

D1d:::::) od 
D2d od 

Oe 

oe 

TL/F/9838-3 

Connection Diagrams 

24-Pln DIP 

o. 1 24 D2e 

o. 2 23 o,. 
od 3 22 D1d 

od 4 21 D2d 
f' 5 20 D2c 

Vee 6 19 D1c 

VeeA 7 18 VEE 

QC 8 17 D2b 

QC 9 16 D1b 

ob 10 15 D2a 

ob 11 14 D1a 

oa 12 13 Oa 

TL/F/9838-1 

Refer to the F100307 datasheet for: 
PCC Packaging 
Lower Power 
Military Versions 
Extended Voltage Specs (-4.2V to -5.?V) 

Logic Equation 
F = (D1 a EB D2a) + (D1 b EB D2b) + (D1 c EB D2c) + (D1 d EB 
D2d) + (D1 e EB D2e). 

Pin Names Description 

Dna-Dne Data Inputs 
F Function Output 

Oa-Oe Data Outputs 

Oa-00 Complementary Data Outputs 

24·Pln Quad Cerpak 

D2d D2c D1c VEE D2b D1b 

24 23 22 21 20 19 

D1d 18 D2a 

o,. 2 17 D1a 

D2e 3 16 Oa 

o, 4 15 oa 

o, 5 14 ob 

od 13 ob 
7 8 9 10 11 12 

od F Vee VecA oc 0c 

TL/F/9838-2 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°Cto +85°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin - 7.0V to + 0.5V 
Office/Distributors for availability and specifications. 

Input Voltage (DC) VEE to +0.5V 
Storage Temperature - 65°C to + 150°C 

Output Current (DC Output HIGH) -50mA 
Maximum Junction Temperature (TJ) +150°C Operating Range (Note 2) -5.7V to -4.2V 

DC Electrical Characteristics 
VEE = -4.5V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1025 -955 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1705 -1620 orV1l(Min) son to -2.ov 

VoHC Output HIGH Voltage -1035 
mV V1N = V1H(Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) son to -2.ov 

V1H Input HIGH Voltage -1165 -880 mV 
Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc = 0°C to + 85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1605 orV1l(Min) 50.n to -2.0V 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1595 orV1l(Max) 50.n to -2.0V 

V1H Input HIGH Voltage -1150 -870 mV 
Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1035 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1620 orV1l(Min) 50!1 to -2.0V 

VoHC Output HIGH Voltage -1045 
mV V1N = V1H (Min) Loading with 

VolC Output LOW Voltage -1610 orV1l(Max) 50!1 to -2.0V 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = 0°C to +85°C 

Symbol Parameter Min Typ Max Units 

l1H Input HIGH Current 

D2a-D2a 250 
µA 

D1a-D1a 350 

IEE Power Supply Current -96 -66 -46 mA 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Min Max Min Max Min Max 

tpLH Propagation Delay 
0.55 1.90 0.55 1.80 0.55 1.90 

tpHL D2a-D2a to 0, 0 

tpLH Propagation Delay 
0.55 1.70 0.55 1.60 0.55 1.70 

tpHL D1a-D1a to 0, 0 

tpLH Propagation Delay 
1.15 2.75 1.15 2.75 1.15 3.00 

tPHL Data to F 

trLH Transition Time 
0.45 1.80 0.45 1.65 0.45 1.80 

trHL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE= -4.2V to -4.8V, Vee= VeeA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +as0 c 

Min Max Min Max Min Max 

tPLH Propagation DeJ!iy 
0.55 1.70 0.55 1.60 0.55 1.70 

tpHL D2a-D2a to 0, 0 

tpLH Propagation DeJ!iy 
0.55 1.50 0.55 1.40 0.55 1.50 

tpHL D1a-D1a to 0, 0 

tPLH Propagation Delay 
1.15 2.55 1.15 2.55 1.15 2.80 

tpHL Data to F 

trLH Transition Time 
0.45 1.70 0.45 1.55 0.45 1.70 

trHL 20% to 80%, 80% to 20% 

L 1 
,~, j SCOPE J 

V~1 1,F 
\I l CHAN A 

.l ~RT 1 ~ 

L2 

[ PULSE 1 ,-, CIRCUIT ,-, J SCOPE J UNDER GENERATOR] \I TEST I I l CHAN B 
]_ J ~Ar n = Vee Io.1,,F -

Notes: 

Vee. VccA = +2V, VEE = -2.SV 
L 1 and L2 = equal length son impedance lines 
Rr = son terminator internal to scope 
Decoupling 0.1 µ.F from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance ,;; 3 pF 

FIGURE 1. AC Test Circuit 
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Conditions 

V1N = V1H (Max) 

Inputs Open 

Units Conditions 

ns 

ns 

Figures 1 and 2 

ns 

ns 

Units Conditions 

ns 

ns 
Figures 1 and 2 

ns 

ns 

TL/F/9838-5 

..... 
0 
0 ..... 
0 

"""" 
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...... 
0 ..... 
0 
0 ..... 

OUTPUT 

0.7:0.1 ns~ r 1 '-0.7:0.1 ns 

~ 
+1.0SV 

80% 

INPUT 50% 

TRUE ~"'~ r 1~% Ir'"" +0.31 V 

,,J ~ ~ ~''"' 
COMPLEMENT I j 

ITLH~ ~ 
TL/F /9838-6 

FIGURE 2. Propagation Delay and Transition Times 
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~National 
~ Semiconductor 

F100112 
Quad Driver 

General Description 
The F100112 is a monolithic quad driver with two OR and 
two NOR outputs and common enable. The common input 
is buffered to minimize input loading. If the D inputs are not 
used the Enable can be used to drive sixteen 50.!1 lines. All 
inputs have 50 k.!1 pull-down resistors and all outputs are 
buffered. 

Ordering Code: see section a 

Logic Symbol 

01a 

Da 02a 

01a 
02a 

01b 

Db 02b 
01b 
02b 

01e 

De 02e 
01e 
02e 
01d 

Dd 02d 
E 01d 

02d 

TL/F/9839-1 

Connection Diagrams 

24-Pin DIP 

02d 1 24 01d 

02e 2 23 02d 

01e 3 22 01d 

02e 21 Dd 

01e 20 De 

Vee 19 E 

VeeA 7 18 VEE 

01b B 17 Db 

02b 9 16 Dll 

01b 10 15 0111 

02b 11 14 0211 

0211 12 13 0111 

TL/F/9839-2 

Refer to the F100313 Datasheet for: 
PCC packaging 
Lower power 
Military versions 
Extended voltage specs ( - 4.2V to - 5. 7V) 

Pin Names Description 

Da-Dd Data Inputs 
E Enable Input 

Ona-Ond Data Outputs 

Ona-Ond Complementary Data Outputs 

24-Pin Quad Cerpak 

Dd De E VEE Db Da 

24 23 22 21 20 19 

01d 18 0111 

02d 17 0211 

01d 3 16 0111 

02d 4 15 0211 

02c 5 14 02b 

01c 13 o;b 
7 8 9 10 11 12 

02c 01c VeeVccA01b 02b 
TL/F/9839-3 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) o·cto +8s0 c 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin - 7.0V to + O.SV 
Office/Distributors for availability and specifications. Input Voltage (DC) VEE to +o.sv 
Storage Temperature - 6s0 c to + 1 so·c Output Current (DC Output HIGH) -SOmA 
Maximum Junction Temperature (TJ) +1so·c 

Operating Range (Note 2) -S.7V to -4.2V 

DC Electrical Characteristics 
VEE = -4.SV, Vee = VccA = GND, Tc= o·c to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -102S -9SS -880 
mV V1N = V1H (Max) Loading with 

Vm Output LOW Voltage -1810 -170S -1620 orV1L(Min) son to -2.ov 

VoHC Output HIGH Voltage -103S 
mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1610 orV1L(Max) son to -2.ov 

V1H Input HIGH Voltage 
-116S -880 mv 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1810 -147S mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current o.so µA V1N = V1L (Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc = o·c to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1810 -160S orV1L(Min) son to -2.ov 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1S9S orV1L(Max) son to -2.ov 

V1H Input HIGH Voltage 
-11SO -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage -1810 -147S mV Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current o.so µA V1N = V1L (Min) 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GND, Tc = o·c to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -103S -880 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -1620 orV1L(Min) son to -2.ov 

VoHC Output HIGH Voltage -104S 
mV V1N = V1H (Min) Loading with 

Vmc Output LOW Voltage -1610 orV1L(Max) son to -2.ov 

V1H Input HIGH Voltage -116S -880 mV 
Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current o.so µA V1N = V1L (Min) 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = o·c to +85°C 

Symbol Parameter Min Typ Max Units 

l1H Input HIGH Current 
Data 550 

µA 
Enable 450 

IEE Power Supply Current -106 -73 -51 mA 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +2s0 c Tc= +ss·c 

Min Max Min Max Min Max 

tpLH Propagation Delay 
0.55 1.50 0.55 1.40 0.45 1.60 

tpHL Data to Output 

tpLH Propagation Delay 
0.65 2.00 0.65 1.90 0.65 2.00 

tpHL Enable to Output 

trLH Transition Time 
0.45 1.60 0.45 1.50 0.45 1.60 

trHL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter Tc= o·c Tc= +25°C Tc= +ss·c 

Min Max Min Max Min Max 

tpLH Propagation Delay 0.55 1.30 0.55 1.20 0.45 1.40 
tpHL Data to Output 

tpLH Propagation Delay 0.65 1.80 0.65 1.70 0.65 1.80 
tpHL Enable to Output 

trLH Transition Time 0.45 1.50 0.45 1.40 0.45 1.50 
trHL 20% to 80%, 80% to 20% 
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Units 
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Conditions 

V1N = V1H (Max) 

Inputs Open 

Conditions 

Figures 1 and 2 

Conditions 

Figures 1 and 2 
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N ,.. ,.. 
0 
0 ,.. -PULSE I \ 

GEN r 
SCOPE ('\L1 
CHANA \ I 

Rr I 
"::' 

Notes: 
Vee. VeeA = +2V, VEE = -2.SV 
L 1 and L2 = equal length son impedance lines 
Rr = son terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance s: 3 pF 

"::' 

50 {} 

50 {} 

50 {} 

50 [) 

50 [) 

50 0 

50 {} 

50 {} 

Pin numbers shown are for flatpak; for DIP see logic symbol 

* 0.1 µF 

24 23 22 21 20 19 50 [) 
18 

50 [) 
2 17 

50 [) 
3 16 

50 [) 
4 15 

50 [) 
5 14 

50 0 
6 13 

7 8 9 10 11 12 

50 [) 

(\L2 
\ I 

l 
25µF * * 0.1 µF "::' 

Vee 

FIGURE 1. AC Test Circuit 

0.7:0.1 ns~ .--- 1 L0.7:0.1 ns 

u: +1.05V 
80% 

INPUT 50% 

------ + 0.31 v 

TRUE 

OUTPUT IPLH ~ ~ tlPHL 

COMPLEMENT l j 
tnH_.i 

FIGURE 2. Propagation Delay and Transition Times 
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~National 
~ Semiconductor 
F100113 
Quad Driver 

General Description 
The F100113 is a monolithic quad driver with two OR and 
two NOR outputs and common enable. The common input 
is buffered to minimize input loading. If the D inputs are not 
used the Enable can be used to drive sixteen 50!1 lines. All 
inputs have 50 kn pull-down resistors and all outputs are 
buffered. 

Ordering Code: see section a 

Logic Symbol 

011 

D1 ----~ ........ --021 
r"'""ll.--"u---011 

021 

01b 

02b 
-:___.,,n>---01b 

02b 

01c 
Dc----'--r-~--02c 

.-:&--ro--- 01c 

Dd----'--r-~

02c 
01d 

02d 
E ~-----....ol'tl--01d 

Connection Diagrams 
24-Pln DIP 

02d 24 

02c 23 

01c 22 

02c 21 

01c 5 20 

Vee 19 

VeCA 18 

01b 8 17 

02b 16 

01b 15 

02b 11 14 

02a 12 13 

02d 

01d 

02d 

o,d 
Dd 

De 

E 

VEE 

Db 

Da 

01a 

02a 

01a 

TL/F/9840-3 

TL/F /9840-1 
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Refer to the F100313 Datasheet for: 
PCC Packaging 
Lower Power 
Military Versions 
Extended Voltage Specs (-4.2V to -5.7V) 

Pin Names Description 

Da-Dd Data Inputs 
E Enable Input 

Ona-Ond Data Outputs 

Ona-Ond Complementary Data Outputs 

24·Pln Flatpak 

Dd D0 E VEE Dd D4 

24 23 22 21 20 19 

18 o,. 
17 02. 

16 01. 

02d 4 15 02. 

o2c 5 14 o2b 

010 6 13 01b 
7 8 9 10 11 12 

TL/F/9840-2 

..... 
0 
0 ..... ..... 
w 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°Cto +8S°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin - 7.0V to + O.SV 
Office/Distributors for availability and specifications. 

Input Voltage (DC) VEE to +O.SV 
Storage Temperature - 6S°C to + 1 so0 c Output Current (DC Output HIGH) -SOmA 
Maximum Junction Temperature (TJ) +1S0°C Operating Range (Note 2) -S.7V to -4.2V 

DC Electrical Characteristics 
VEE = -4.SV, Vee = VccA = GND, Tc = 0°C to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -102S -9SS -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -170S -1620 orV1l(Min) son to -2.ov 

VoHC Output HIGH Voltage -103S 
mV V1N = V1H(Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) son to -2.ov 

V1H Input HIGH Voltage 
-116S -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -147S mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current o.so µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc = 0°C to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -160S orV1l(Min) son to -2.ov 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1S9S orV1l(Max) son to -2.ov 

V1H Input HIGH Voltage 
-11SO -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage -1810 -147S mV 
Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current o.so µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GND, Tc = 0°C to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -103S -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1620 orV1l(Min) son to -2.ov 

VoHc Output HIGH Voltage -104S 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) son to -2.ov 

V1H Input HIGH Voltage 
-116S -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current o.so µA V1N = V1l (Min) 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = 0°C to +85°C 

Symbol Parameter Min Typ Max Units 

l1H Input HIGH Current 
Data 550 

µA 
Enable 350 

IEE Power Supply Current -116 -80 -56 mA 

Ceramic Dual-In-Line Paclcage AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Min Max Min Max Min Max 

tPLH Propagation Delay 
0.45 1.40 0.45 1.35 0.45 1.40 

tpHL Data to Output 

tPLH Propagation Delay 
0.55 1.90 0.55 1.90 0.55 1.90 

tpHL Enable to Output 

trLH Transition Time 
0.45 1.60 0.45 1.50 0.45 1.60 

trHL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Min Max Min Max Min Max 

tpLH Propagation Delay 
0.45 1.20 0.45 1.15 0.45 1.20 

tPHL Data to Output 

tPLH Propagation Delay 
0.55 1.70 0.55 1.70 0.55 1.70 

tpHL Enable to Output 

trLH Transition Time 
0.45 1.50 0.45 1.40 0.45 1.50 

trnL 20% to 80%, 80% to 20% 
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V1N = V1H (max) 

Inputs Open 
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so ll 
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*D.11<F 

24 23 22 21 2D 19 
18 

17 

16 

15 
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13 

8 1D 11 12 

SD ll 

so ll 

SD ll 

SD ll 

SD ll 

SD ll 

SD ll 

"',L2 
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Notes: 

Vee. VeeA = +2V, VEE = -2.SV . 

L 1 and L2 = equal length son impedance lines. 

Ry = son terminator internal to scope. 

Decoupling 0.1 µF from GND to Vee and VEE· 

All unused outputs are loaded with son to GND. 

CL = Fixture and stray capacitance ~ 3 pF. 

Pin numbers shown are for flatpak; for DIP see logic 
symbol. 

2SµF * *0.1 µF J ":" 

Vee 
YL/F/9840-5 

FIGURE 1. AC Test Circuit 

D.7:tD.1ns~ I~ 1 LD.7:t0.1ns 

l(: 
+1.DSV 

80% 
INPUT 50% 

''"' I I-- _ "" ••. ,,. 
TRUE --1 I 

,,J ~ ~ t·••t OUTPUT 

COMPLEMENT l j 
tYLH-.i 

TL/F/9840-6 

FIGURE 2. Propagation Delay and Transition Times 
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~National 
~ Semiconductor 

F100114 
Quint Differential Line Receiver 

General Description 
The F100114 is a monolithic quint differential line receiver 
with emitter-follower outputs. An internal reference supply 
(Vss) is available for single-ended reception. When used in 
single-ended operation the apparent input threshold of the 
true inputs is 25 mV to 30 mV higher (positive) than the 
threshold of the complementary inputs. Unlike other F100K 
ECL devices, the inputs do not have input pull-down resis
tors. 

Ordering Code: see section a 

Logic Symbol 

[:>---vee 

Connection Diagrams 
24·Pin DIP 

ii, 24 

o, 23 

o, 3 22 

od 4 21 

od 5 20 

Vee 6 19 

VccA 18 

QC 17 

oc 9 16 

ob 10 15 

ob 11 14 

oa 12 13 

TL/F/9841-3 

o, 
iid 
Dd 
fie 
De 

Vee 

VEE 

fib 
Db 
fia 
Da 
Oa 

TL/F/9841-1 

Active current sources provide common-mode rejection of 
1.0V in either the positive or negative direction. A defined 
output state exists if both inverting and non-inverting inputs 
are at the same potential between VEE and Vee· The de
fined state is logic HIGH on the Oa-Oe outpu(s. 

Refer to the F100314 datasheet for: 
PCC packaging 
Lower power 
Military versions 
Extended voltage specs ( - 4.2V to - 5. 7V) 

Pin Names Description 

Da-De Data Inputs 

Da-De Inverting Data Inputs 

Oa-Oe Data Outputs 

Da-De Complementary Data Outputs 

24-Pin Quad Cerpak 

De De Yee VEE Db Db 

24 23 22 21 20 19 

Dd 18 Da 

iid 17 Da 
D, 16 Oa 

ii. 15 Oa 
o, 14 ob 

o. 13 ob 
7 8 9 10 11 12 

Od Od Yee YeeA Oc Oc 
TL/F/9841-2 
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Absolute Maximum Ratings 
Above which the useful life may be impaired (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°Cto +85°C 
please contact the National Semiconductor Sales 

VEE Pin Potential to Ground Pin - 7.0V to + 0.5V 
Office/Distributors for availability and specifications. 

Storage Temperature - 65°C to + 150°C 
Input Voltage (DC) VEE to +0.5V 

Maximum Junction Temperature (TJ) + 150°C 
Output Current (DC Output HIGH) -50mA 

Operating Range (Note 2) -5.7Vto -4.2V 

DC Electrical Characteristics 
VEE = -4.5V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1025 -955 -880 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1810 -1705 -1620 orV1L(Min) 500. to -2.0V 

VoHC Output HIGH Voltage -1035 
mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1610 orV1L(Max) 500.to -2.0V 

Vss Output Reference Voltage -1380 -1320 -1260 mV lvss = - 250 µA 

V1H Single-Ended 
-1165 mV 

Guaranteed HIGH Signal for All 
Input HIGH Voltage Inputs (with one input tied to Vss) 

V1L Single-Ended -1475 mV 
Guaranteed LOW Signal for All 

Input LOW Voltage Inputs (with one input tied to Vss) 

DC Electrical Characteristics 
VEE= -4.2V, Vee= VccA = GND, Tc= 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1810 -1605 orV1L(Min) 500. to -2.0V 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1595 orV1L(Max) 500. to -2.0V 

Vss Output Reference Voltage -1396 -1320 -1244 mV lvss = - 250 µA 

V1H Single-Ended 
-1150 mV 

Guaranteed HIGH Signal for All 
Input HIGH Voltage Inputs (with one input tied to Vss) 

V1L Single-Ended -1475 mV 
Guaranteed LOW Signal for All 

Input LOW Voltage Inputs (with one input tied to Vss) 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1035 -880 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -1620 orV1L(Min) 500. to -2.0V 

VoHC Output HIGH Voltage -1045 
mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1610 orV1L(Max) 500 to -2.0V 

Vss Output Reference Voltage -1396 -1320 -1244 mV lvss = - 250 µA 

V1H Single-Ended 
-1165 mV 

Guaranteed HIGH Signal for All 
Input HIGH Voltage Inputs (with one input tied to Vss) 

V1L Single-Ended -1490 mV 
Guaranteed LOW Signal for All 

Input LOW Voltage Inputs (with one input tied to Vss) 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = 0°C to +85°C 

Symbol Parameter Min Typ Max Units Conditions 

Vo1FF Input Voltage Differential 150 mV Required for Full Output Swing 

VcM Common Mode Voltage 
1.0 v Permissible ± VcM 

with Respect to Vss 

l1H Input HIGH Current 
50 µA 

V1N = V1H (Max)• Da-De = V99, 
Da-De = V1L {_Mi'2.)_ 

lcso Input Leakage Current 
-10 µA 

V1N = VEE· Da-De = V99, 
Da-De = V1L_{_Mil1}_ 

IEE Power Supply Current -106 -73 -51 mA Da-De = V99, Da-De = V1L (Mir]_ 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C 

Min Max 

tPLH Propagation Delay 
0.55 1.90 

tPHL Data to Output 

trLH Transition Time 
0.55 1.30 

trHL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter Tc= 0°C 

Min Max 

tPLH Propagation Delay 
0.55 1.70 

tpHL Data to Output 

trLH Transition Time 
0.55 1.20 

trHL 20% to 80%, 80% to 20% 

Tc= +25°C Tc= +85°C 
Units Conditions 

Min Max Min Max 

0.60 2.00 0.70 2.40 ns 
Figures 1 and 2 

0.45 1.20 0.45 1.40 ns 

Tc= +25°C Tc= +85°C Units Conditions 
Min Max Min Max 

0.60 1.80 0.70 2.20 ns 
Figures 1 and 2 

0.45 1.10 0.45 1.30 ns 
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~ ,.. ,.. 
0 
0 ,.. 

01i \I 

J_ Vee 
Rr 

PULSE ,-, CIRCUIT 
GENERATOR -----41 UNDER t-+-+-.... ---4 

\ I TEST 1 / 

Notes: 

Vee. VeeA = +2V, VEE = -2.SV 
L1 and L2 = equal length son impedance lines 
Rr = son terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance ,,;: 3 pF 

l l 

Vee 

FIGURE 1. AC Test Circuit 

0.7±0.1 ns --..I ~ 

.. H,Y1 1~ TRUE 

INPUT 

-
OUTPUT 

COMPLEMENT 

~-1 
LJ 

SCOPE 
CHAN A 

SCOPE 
CHAN B 

FIGURE 2. Propagation Delay and Transition Times 
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~National 
~ Semiconductor 
F100115 
Low-Skew Quad Clock Driver 

General Description 
The F100115 contains four low skew differential drivers, de
signed for generation of multiple, minimum skew differential 
clocks from a single differential input. This device also has 
the capability to select a secondary single-ended clock 
source for use in lower frequency system level testing. 

Ordering Code: see section a 

Logic Diagram 
CLKIN 
CLKIN 

CLKSEL 

TCLK 

Pin Names Description 

CLKIN, CLKIN Differential Clock Inputs 

CLK1 -4• CLK1-4 Differential Clock Outputs 
TCLK Test Clock lnputt 
CLKSEL Clock Input Selectt 

tTCLK and CLKSEL are single-ended inputs, with internal 50 kn pulldown 
resistors. 

Truth Table 
CLKSEL CLKIN 

L L 
L H 
H x 
H x 

L = Low Voltage Level 

H = High Voltage Level 

X = Don't Care 

CLKIN 

H 
L 
x 
x 

TCLK CLKN CLKN 

x L H 
x H L 
L L H 
H H L 

Features 
• Low output to output skew (~75 ps) 
• Differential inputs and outputs 
• Small outline package 
• Ideal for applications which require the low skew distri

bution of a clock signal to multiple outputs 
• Secondary clock available for system level testing 

Connection Diagram 
CLK1 

CLK1 
SOIC 

CLK2 CLKIN 16 CLKIN 
CLK2 VEE 2 15 VEE 

CLK3 CLK1 3 14 CLK-4 

CLK3 CLK1 4 13 CLK4 

CLK2 5 12 CLK3 
CLK4 

CLK2 6 11 CLK3 
CLK4 

VeeA 7 10 Vee 
TL/F/9842-2 

TCLK 8 9 CLKSEL 

TL/F/9842-1 
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Absolute Maximum Ratings 
Above which the useful life may be impaired (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°Cto +8S°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin - 7.0V to + O.SV 
Office/Distributors for availability and specifications. 

Input Voltage (DC) Vee to +o.sv 
Storage Temperature - 6S°C to + 1 S0°C 

Output Current (DC Output HIGH) -SOmA 
Maximum Junction Temperature (TJ) +1S0°C 

Operating Range (Note 2) -S.7V to -4.2V 

DC Electrical Characteristics 
VEE= -4.SV, Vee= VccA = GND, Tc= 0°C to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -102S -9SS -880 
mV V1N = VIH(Max) Loading with 

Vol Output LOW Voltage -1810 -170S -1620 orV1l(Min) son to -2.ov 

VoHC Output HIGH Voltage -103S 
mV V1N = V1H(Min) Loading with 

VolC Output LOW Voltage -1610 orV1l(Max) son to -2.ov 

V1H Single-Ended 
-116S -880 mV 

Guaranteed HIGH Signal 
Input HIGH Voltage for All Inputs 

V1l Single-Ended 
-1810 -147S mV 

Guaranteed LOW Signal 
Input LOW Voltage for All Inputs 

l1l Input LOW Current o.so µA V1N = V1l(Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc = 0°C to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H(Max) Loading with 

Vol Output LOW Voltage -1810 -160S orV1l(Min) son to -2.ov 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H(Min) Loading with 

Vole Output LOW Voltage -1S9S or V1l(Max) son to -2.ov 

V1H Single-Ended 
-11SO -870 mV 

Guaranteed HIGH Signal 
Input HIGH Voltage for All Inputs 

V1l Single-Ended 
-1810 -147S mV 

Guaranteed LOW Signal 
Input LOW Voltage for All Inputs 

l1l Input LOW Current o.so µA V1N = V1l(Min) 

DC Electrical Characteristics 
VEE = -4.BV, Vee = VecA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -103S -880 
mV V1N = V1H(Max) Loading with 

Vol Output LOW Voltage -1830 -1620 orV1l(Min) son to -2.ov 

VoHC Output HIGH Voltage -104S 
mV V1N = V1H(Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) son to -2.ov 

V1H Single-Ended 
-116S -880 mV 

Guaranteed HIGH Signal 
Input HIGH Voltage for All Inputs 

V1l Single-Ended 
-1830 -1490 mV 

Guaranteed LOW Signal 
Input LOW Voltage for All Inputs 

l1l Input LOW Current o.so µA V1N = V1l(Min) 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.8V. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE= -4.2V to -4.8V unless otherwise specified, Vee= VccA = GND, Tc= 0°C to +85°C 

Symbol Parameter Min 

Vo1FF Input Voltage Differential 150 

VcM Common Mode Voltage Vee - 2v 

l1H Input High Current 
CLKIN, CLKIN 
TCLK 
CLKSEL 

lcso Input Leakage Current -10 

IEE Power Supply Current -70 

AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Typ 

Symbol Parameter 
Tc= 0°C 

Min Max 

tPLH Propagation Delay CLKIN, 
0.63 0.83 

tPHL CLKIN to CLK(1-4)• CLK(1-4) 

tpLH Propagation Delay, TCLK 
0.50 1.20 

tpHL to CLK(1-4)• CLK(1-4) 

tpLH Propagation Delay, CLKSEL 
0.60 1.40 

tPHL to CLK(1-4)• CLK(1-4) 

tsG-G Skew Gate to Gate (Note 1) 75 

trLH Transition Time 
0.35 0.80 

trHL 20% to 80%, 80% to 20% 

Note 1: Maximum output skew for any one device. 

+2V 

L1 
SCOPE CHAN B 1------. 

SCOPE CHAN A 

Max Units Conditions 

mV Required for Full Output Swing 

Vee - 0.5V v 

V1N = V1H(Max) 
107 µA 
300 µA 
260 µA 

µA V1N =VEE 

-30 mA 

Tc= +25°C Tc= +85°C 
Units Conditions 

Min Max Min Max 

0.65 0.85 0.70 0.93 ns Figures 1, 3 

0.50 1.20 0.50 1.20 ns Figures 1,2 

0.60 1.40 0.60 1.40 ns Figures 1, 2 

75 75 ps 

0.30 0.75 0.25 0.75 ns Figures 1, 4 

J. 0.011µF 

L3 ----4 SCOPE CHAN C 

VccA 

. ':L 

. ':L CLK1 ___ ,...... 

SCOPE CHAN D 

DIFFERENTIAL 
PULSE 

GENERATOR 

_L 
u----'..,.' -----i CLKIN 

Note 1: Shown for testing CLKIN to CLK1 in the differential mode. 

Note 2: L 1, L2, L3 and L4 = equal length 50!1 impedance lines. 

CLK11------T-~ 

-2.5V 

Note 3: All unused inputs and outputs are loaded with 50!1 in parallel with ::;3 pF to GND. 

Note 4: Scope should have 50!1 input terminator internally. 

FIGURE 1. AC Test Circuit 
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Lt) .,.. .,.. 
0 
0 .,.. 

CLK(1-4) >t~ *~ 
... , 

OUTPUTS (NOTE 1) 

CLK(1-4) 
TL/F/9842-4 

FIGURE 2. Propagation Delay, TCLK, CLKSEL to Outputs 

CLKIN 

Tu~ Tu~ 
1.0SV 

INPUTS 

CLKIN 0.31V 

CLK (1-4) TRUE 
OUTPUTS 
(NOTE 1) 

CLK(1-4) COMPLEMENT 
TL/F/9842-5 

FIGURE 3. Propagation Delay, CLKIN/CLKIN to Outputs 

CLK(1-4) ------- 803 803 

TL/F/9842-6 

FIGURE 4. Transition Times 
Note 1: The output to output skew, which is defined as the difference in the propagation delays between each of the four outputs on any one 100115 shall not 
exceed 75 ps. 
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~National 
D Semiconductor 

F100117 
Triple 2-Wide OA/OAI Gate 

General Description 
The F100117 is a monolithic triple 2-wide OR/ AND gate 
with true and complement outputs. All inputs have 50 kn 
pull-down resistors and all outputs are buffered. 

Ordering Code: see section a 

Logic Symbol 

TL/F/9843-3 

Connection Diagrams 

24-Pln DIP 

02e 1 24 01e 

03e 2 23 04b 

04e 3 22 03b 

Oe 4 21 02b 

oe 5 20 01b 

Vee 6 19 Ee 

VeCA 7 18 VEE 

ob 8 17 Eb 

ob 9 16 Ea 
oil 10 15 04ll 

oil 11 14 031l 

011l 12 13 021l 

TL/F/9843-1 
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Pin Names 

Dna-Dnc 
Ea-Ee 
Oa-Oc 
Oa-Oc 

03b 

04b 

01c 

02e 4 

03e 5 

04e 

Description 

Data Inputs 
Enable Inputs 
Data Outputs 
Complementary Data Outputs 

24·Pln Quad Cerpak 

02b 01 b Ee VEE Eb Ea 

24 23 22 21 20 19 

18 04a 

17 031l 
16 021l 
15 01ll 
14 oil 

13 oil 
7 8 9 10 11 12 

oe Oe Vee VeCA ob ob 
TL/F/9843-2 

...... 
0 
0 ...... 
...... 

"' 

• 



Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Miiitary/Aerospace specified devices are required, Case Temperature under Bias (Tc) o•cto +8s0 c 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin -7.0Vto +0.5V 
Office/Distributors for avallablllty and specifications. 

Input Voltage (DC) VEE to +0.5V 
Storage Temperature - ss·c to + 1 so0 c 

Output Current (DC Output HIGH) -50mA 
Maximum Junction Temperature (TJ) + 1so·c 

Operating Range (Note 2) -5.7Vto -4.2V 

DC Electrical Characteristics 
VEE= -4.5V, Vee= VccA = GND, Tc= o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -102S -9SS -880 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1810 -170S -1620 orV1L(Min) son to -2.ov 

VoHC Output HIGH Voltage -103S 
mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1610 orV1L(Max) son to -2.ov 

V1H Input HIGH Voltage 
-116S -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1810 -147S mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current o.so µA V1N = V1L (Min}_ 

DC Electrical Characteristics 
VEE = -4.2V, Vee= VccA = GND, Tc = o·c to +8s0 c (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1810 -1605 orV1L(Min) son to -2.ov 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -159S orV1L(Max) son to -2.ov 

V1H Input HIGH Voltage 
-1150 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1810 -147S mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current 0.50 µA V1N = VILJMin}_ 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GND, Tc = o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -103S -880 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -1620 orV1L(Min) son to -2.ov 

VoHC Output HIGH Voltage -1045 
mV V1N = V1H (Min) Loading with 

Vmc Output LOW Voltage -1610 orV1L(Max) son to -2.ov 

V1H Input HIGH Voltage 
-116S -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current o.so µA V1N = V1LJ_Miaj_ 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life Impaired. Functional operation under these 
conditions is not implied. 

Note 2: Parametric values specified at -4.2V to -4.SV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 

Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = 0°C to +85°C 

Symbol Parameter Min Typ Max Units Conditions 

l1H Input HIGH Current 
260 µA 

All Inputs V1N = V1H (Max) 

IEE Power Supply Current -79 -54 -37 mA Inputs Open 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.90 2.60 0.90 2.50 0.90 2.60 ns 

tPHL Data to Output 

tPLH Propagation Delay 
0.45 1.40 0.45 1.30 0.45 1.40 ns Figures 1 and 2 

tPHL Enable to Output 

trLH Transition Time 
0.45 1.30 0.45 1.20 0.45 1.30 

trHL 20% to 80%, 80% to 20% 
ns 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C 

Min 

tPLH Propagation Delay 
0.90 

tPHL Data to Output 

tPLH Propagation Delay 
0.45 

tPHL Enable to Output 

trLH Transition Time 
0.45 

trHL 20% to 80%, 80% to 20% 

L1 
1'\ 
\I 

-!- ~ > 
~RT 

Vee 
-::::-

L2 l PULSE l ,-, CIRCUIT ,-, 
GENERATORj \I 

UNDER 
I I TEST 

.J. -!- > 
~RT 

Vee -::::-

FIGURE 1. AC Test Circuit 
Notes: 
Vee. VeeA = +2V, Vee = -2.sv 
L 1 and L2 = equal length son impedance lines 
Ar = son terminator internal to scope 
Decoupling 0.1 µ.F from GND to Vee and Vee 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance s: 3 pF 

Max 

2.40 

1.20 

1.20 

SCOPE 
CHAN A 

SCOPE J 
CHAN B 

TL/F /9843-5 

Tc= +25°C Tc= +as0 c 
Units Conditions 

Min 

0.90 

0.45 

0.45 
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Max Min Max 

2.30 0.90 2.40 ns 

1.10 0.45 1.20 ns Figures 1 and 2 

1.10 0.45 1.20 ns 

0.7:t0.1 ns~ r 1 i=0.7:t0.1 ns 

INPUT ~){ 

1
}i1~~% ::.::: 

IPHL I- 1-IPLH 

TRUE 
1 

Ir 

.. J ~ ~ ~ ... OUTPUT 

COMPLEMENT L j 50

2~% 
ITLH__..J i=ITHL 

TL/F/9843-6 

FIGURE 2. Propagation Delay and Transition Times 
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co ...... ...... 
0 
0 ...... ~National D Semiconductor 

F100118 
5-Wide 5, 4, 4, 4, 2 OA/OAI Gate 

General Description 
The F100118 is a monolithic 5-wide 5, 4, 4, 4, 2 OR/ AND 
gate with true complementary outputs. All inputs have 
50 kfl pull-down resistors and all outputs are buffered. 

Ordering Code: see section a 

Logic Symbol 

D11 
D2.--1'-. 
030 
D4.----4-

D5a 

D1b 
D2b 
D3b-----._~ 

D4b 

....___,. ___ o 

r;::::;;;;.::1o-"°'""- 6 

D1d 
D2d _ __,.-_ 

D3d 
D4d 

Connection Diagrams 

D2d 1 

D3d 2 

D4d 3 

o,, 4 

D2e 5 

Vee 6 

VeCA 7 

0 8 

0 9 

D1a 10 

D2a 11 

D3a 12 

24-Pin DIP 

24 o,d 

23 D4c 

22 D3c 
21 D2c 

20 D1c 

19 D4b 
18 VEE 
17 D3b 

16 D2b 
15 D1b 

14 Dsa 
13 D4a 

TL/F/9844-3 

TL/F/9844-1 
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Pin Names Description 

Dna-Dne Data Inputs 
0,0 Data Outputs 

24-Pin Quad Cerpak 

D2c D1c D4b VEE D3b D2b 

24 23 22 21 20 19 

D3c 18 D1b 

D4c 17 Dsa 

D1d 16 D4a 

D2d 15 D3a 

D3d 14 D2a 

D4d 13 D1a 
7 8 9 10 11 12 

D1e D2, Vee VeeA 5 0 

TL/F/9844-2 



Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°Cto +85°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin - 7.0V to + 0.5V 
Office/Distributors for availability and specifications. 

Input Voltage (DC) VEE to +0.5V 
Storage Temperature - 65°C to + 150°C Output Current (DC Output HIGH) -50mA 
Maximum Junction Temperature (TJ) +150°C Operating Range (Note 2) -5.7V to -4.2V 

DC Electrical Characteristics 
VEE = -4.5V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1025 -955 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1705 -1620 orV1l(Min) 50.0. to -2.0V 

VoHe Output HIGH Voltage -1035 
mV V1N = V1H(Min) Loading with 

Vole Output LOW Voltage -1610 or Vil (Max) 50.0. to -2.0V 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage -1810 -1475 mV 
Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1lJ_Min}_ 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VecA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1605 orV1l(Min) 50.0. to -2.0V 

VoHe Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

Vmc Output LOW Voltage -1595 or V1l (Max) 50.0. to -2.0V 

V1H Input HIGH Voltage -1150 -870 mV 
Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage -1810 -1475 mV Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VceA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1035 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1620 orV1l(Min) 50.0. to -2.0V 

VoHC Output HIGH Voltage -1045 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) 50.0. to -2.0V 

V1H Input HIGH Voltage -1165 -880 mV 
Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VeeA = GND, Te = 0°C to + 85°C 

Symbol Parameter Min Typ Max Units 

l1H 
Input HIGH Current 

350 µA 
All Inputs 

IEE Power Supply Current -92 -69 -42 mA 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VeeA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Min Max Min Max Min Max 

tpLH Propagation Delay 
0.85 2.50 0.95 2.50 0.95 2.70 

tPHL Data to Output 

trLH Transition Time 
0.45 1.60 0.45 1.50 0.45 1.60 

trHL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VecA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Min Max Min Max Min Max 

tpLH Propagation Delay 
0.85 2.30 0.95 2.30 0.95 2.50 

IPHL Data to Output 

trLH Transition Time 
0.45 1.50 0.45 1.40 0.45 1.50 

ITHL 20% to 80%, 80% to 20% 
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Conditions 

V1N = V1H (Max) 

Inputs Open 

Units Conditions 

ns 
Figures 1 and 2 

ns 

Units Conditions 

ns 
Figures 1 and 2 

ns 



Vee 

PULSE ,-, CIRCUIT 

\I 

-4-

L2 ,-, 
-= 

SCOPE 
CHANA 

SCOPE 
GENERATOR 

J 
UNDER 

CHAN B TEST \I 

Notes: 

Vee. VeeA = +2V, VEE = -2.SV 

L 1 and L2 = equal length son impedance lines 

Rr = son terminator internal to scope 

Decoupling 0.1 µ.F from GND to Vee and VEE 

All unused outputs are loaded with son to GND 

CL = Fixture and stray capacitance s: 3 pF 

-l- Rr 

VEE -= 
FIGURE 1. AC Test Circuit 

80% 

o.7:t:0.1 ns~ r 
1 

i=0.7:t:0.1 ns 

u: 
+1.0SV 

INPUT 50% 

''"' I f.-- ~'°" ••. ,,, 
TRUE --1 I I 

OUTPUT .. J ~ ~ ~'"' 
COMPLEMENT L j 

ITLH__..j 
FIGURE 2. Propagation Delay and Transition Times 
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F100121 
9-Bit Inverter 

General Description 
The F100121 is a monolithic 9-bit inverter. The device con
tains nine inverting buffer gates with single input and output. 
All inputs have 50 kn pull-down resistors. 

Ordering Code: see section a 

Logic Symbol 
o, --t>o--- 0, 

02 --t>o--- 02 

03 --t>o--- 03" 

Os --t>o---Os 

06 ----i>o--- 06 

07 ----i>o--- 07 

09 ----i>o---09 

Connection Diagrams 

24-Pin DIP 

VeeA 24 D3 

03 23 D2 

02 3 22 D1 

01 21 Dg 

Og 20 Ds 

Vee 19 VeCA 

VeeA 18 VEE 

Os 8 17 ~ 
07 9 16 D5 

05 10 15 D5 

05 11 14 o, 
o, 12 13 VeCA 

TL/F/9845-3 

TL/F/9845-1 

Refer to the F100321 Datasheet for: 
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PCC Packaging 
Lower Power 
Military Versions 
Extended Voltage Specs (-4.2V to -5.7V) 

Pin Names Description 

D1-D9 
01-09 

o, 
D2 

D3 

VeCA 

03 

Data Inputs 
Data Outputs 

24-Pin Quad Cerpak 

Dg Da VCCA VEE ~ 05 

24 23 22 21 20 19 

18 05 
17 o, 
16 VCCA 

15 o, 
14 05 

02 6 13 05 
7 8 9 10 11 12 

TL/F/9845-2 



Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°Cto +85°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin - 7.0V to + 0.5V 
Office/Distributors for availability and specifications. 

Input Voltage (DC) VEEtO +0.5V 
Storage Temperature - 65°C to + 150°C 

Output Current (DC Output HIGH) -50mA 
Maximum Junction Temperature (TJ) +150°C 

Operating Range (Note 2) -5.7Vto -4.2V 

DC Electrical Characteristics 
VEE = -4.5V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1025 -955 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1705 -1620 orV1l(Min) 50.fl to -2.0V 

VoHC Output HIGH Voltage -1035 
mV V1N = V1H(Min) Loading with 

Vmc Output LOW Voltage -1610 or V1l (Max) 50.fl to -2.0V 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

Vil Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = Vil (Min) 

DC Electrical Characteristics 
VEE= -4.2V, Vee= VccA = GND, Tc= 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1605 orV1l (Min) 50.fl to -2.0V 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1595 orV1l (Max) 50.fl to -2.0V 

V1H Input HIGH Voltage 
-1150 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1035 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1620 orV1l (Min) 50.fl to -2.0V 

VoHC Output HIGH Voltage -1045 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1l (Max) 50.fl to -2.0V El 
I 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = 0°C to +85°C 

Symbol Parameter Min Typ Max Units 

l1H Input HIGH Current 350 µA 

IEE Power Supply Current -96 -70 -46 mA 

Ceramic Dual-In-Line Package AC Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +as0 c 

Min Max Min Max Min Max 

tpLH Propagation Delay 
0.45 1.60 0.45 1.45 0.45 1.60 

tPHL Data to Output 

trLH Transition Time 
0.45 1.50 0.45 1.40 0.45 1.40 

trHL 20% to 80%, 80% to 20% 

Cerpak AC Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +as0 c 

Min Max Min Max Min Max 

tPLH Propagation Delay 
0.45 1.40 0.45 1.25 0.45 1.40 

tPHL Data to Output 

trLH Transition Time 
0.45 1.40 0.45 1.30 0.45 1.30 

trHL 20% to 80%, 80% to 20% 

L1 ,-, 
I I 

* Vee 

L2 
PULSE ,-, CIRCUIT ,-, 

GENERATOR I I 
UNDER 

I I TEST 

J- -1 
Vee 

TL/F/9845-5 

Conditions 

V1N = V1HJ_MalQ_ 

Inputs Open 

Units Conditions 

ns 
Figures 1 and 2 

ns 

Units Conditions 

ns 
Figures 1 and 2 

ns 

FIGURE 1. AC Test Circuit 
Notes: 

TL/F/9845-6 

FIGURE 2. Propagation Delay and Transition Times 

Vee. VeeA = +2V, Vee= -2.5V 

L 1 and L2 = equal length 500 impedance lines 

Rr = 500 terminator internal to scope. 

Decoupling 0.1 µF from GND to Vee and VEE· 

All unused outputs are loaded with 500 to GND. 

CL = Fixture and stray capacitance ~ 3 pF. 
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~National 
~ Semiconductor 

F100122 
9-Bit Buffer 

General Description 
The F100122 is a monolithic 9-bit buffer. The device con
tains nine non-inverting buffer gates with single input and 
output. All inputs have 50 kn pull-down resistors and all 
outputs are buffered. 

Ordering Code: see sections 

Logic Symbol 

D1--l>-01 

02--J>-02 

03--l>-03 

04--l>-04 

05--1>-0s 

os--J>-oa 

0,--1>-01 

Da--l>-oa 

os--l>-Oe 

Connection Diagrams 

24-Pin DIP 

VeeA 24 

03 2 23 

02 3 22 

01 4 21 

Og 5 20 

Vee 6 19 

VeeA 7 18 

Os 8 17 

07 16 

05 10 15 

05 11 14 

04 12 13 

TL/F/9846-3 

D3 

D2 

D1 

Dg 

Da 

VeeA 

VEE 

D7 

Ds 

D5 

D4 

VeeA 

Refer to the F100322 datasheet for: 
PCC packaging 
Lower power 
Military versions 
Extended voltage specs ( - 4.2V to - 5. 7V) 

Pin Names Description 

D1, Dg Data Inputs 
01,0g Data Outputs 

24-Pln Quad Cerpak 

Dg Da VeCA VEE D7 D5 

24 23 22 21 20 19 

D1 18 05 

D2 17 D4 

D3 16 VeeA 

VeeA 4 15 o4 
03 5 14 05 

02 13 05 
7 8 9 10 11 12 

01 Og Vee VecA Oa 07 
TL/F/9846-2 

TL/F/9846-1 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°Cto +8S°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin -7.0Vto +O.SV 
Office/Distributors for availability and specifications. Input Voltage (DC) VEE to +0.5V 
Storage Temperature - 6S°C to + 150°C Output Current (DC Output HIGH) -SOmA 
Maximum Junction Temperature (TJ) +150°C Operating Range (Note 2) -S.7V to -4.2V 

DC Electrical Characteristics 
VEE = -4.SV, Yee = YccA = GND, Tc = 0°C to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -102S -95S -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -170S -1620 orV1l(Min) son to -2.ov 

VoHC Output HIGH Voltage -103S 
mV V1N = V1H(Min) Loading with 

Vole Output LOW Voltage -1610 or Y1l(Max) 50nto -2.0V 

V1H Input HIGH Voltage -116S -880 mV 
Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage -1810 -147S mV 
Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = Vll1Min) 

DC Electrical Characteristics 
VEE = -4.2V, Yee= VccA = GND, Tc = 0°C to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -160S orV1l (Min) son to -2.ov 

Vo He Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

Ymc Output LOW Voltage -1S9S orV1l(Max) 50n to -2.0V 

V1H Input HIGH Voltage -11SO -870 mV 
Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage -1810 -1475 mV 
Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current o.so µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.8V, Vee= VccA = GND, Tc = 0°C to +BS°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -103S -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1620 orV1l(Min) son to -2.ov 

Vo Hr, Output HIGH Voltage -104S 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) son to -2.ov 

V1H Input HIGH Voltage -116S -880 mV 
Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = 0°c to +85°C 

Symbol Parameter Min Typ Max Units 

l1H Input HIGH Current 350 µA 

IEE Power Supply Current -96 -70 -46 mA 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -2.4V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°c T.= = +2s0 c 

Min Max Min Max 

tPLH Propagation Delay 
0.45 1.60 0.45 1.45 

tPHL Data to Output 

trLH Transition Time 
0.45 1.50 0.45 1.40 

trHL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +25°C 

Min Max Min Max 

tpLH Propagation Delay 
0.45 1.40 0.45 1.25 

tPHL Data to Output 

trLH Transition Time 
0.45 1.40 0.45 1.30 

trnL 20% to 80%, 80% to 20% 

Tc= +es0 c 

Min Max 

0.45 1.60 

0.45 1.40 

Tc= +es0 c 

Min Max 

0.45 1.40 

0.45 1.30 

Conditions 

V1N = V1H_iMax) 

Inputs Open 

Units Conditions 

ns 
Figures 1 and 2 

ns 

Units Conditions 

ns 
Figures 1 and 2 

ns 

LI 

/'\ 
\I 

i 
Vee 

Ry 

SCOPE 
CHANA 0.1±0.l "'lJ 1 r.::•O.l "' +105V 

INPUT IPHC~' r ~-+-2_0;.'._~o-yo----+0.31 V -=-
L2 

PULSE ,-, CIRCUIT ,-, 
GENERATOR UNDER 

\I TEST I I 

-J- J 
Vee -=-

FIGURE 1. AC Test Circuit 
Notes: 
Vee. VeeA = +2V, VEE = -2.SV 
L 1 and L2 = equal length son impedance lines 
Ry = son terminator internal to scope 
Decoupling 0.1 µ.F from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance :s: 3 pF 

SCOPE 
CHAN B 

TL/F/9846-5 
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OUTPUT 

J~-
TL/F/9846-6 

FIGURE 2. Propagation Delay and Transition Times 
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F100123 
Hex Bus Driver 

General Description 
The F100123 is a monolithic device containing six bus driv
ers capable of driving terminated lines with terminations as 
low as 25!1. To reduce crosstalk, each output has its re
spective ground connection. Transition times were designed 
to be longer than on other F1 OOK devices. The driver itself 
performs the positive logic AND of a data input (D1 -Ds) and 
the OR of two select inputs (E and either DE1, DE2 or DE3). 

Ordering Code: see section a 

Logic Symbol 

DE1 '' ~ .T 

02----+-+-----1 

DE2 

04----4-f-----r-~ 

DE3 

Ds-----11-11------1 

Connection Diagrams 
24-Pin DIP 

VeeA 24 

05 23 

VeeA 3 22 

04 4 21 

VeeA 20 

Vee 19 

VeeA 18 

o, 17 

VeeA 16 

02 10 15 

VeeA 11 14 

03 12 13 

Os 

D4 

D5 

Ds 

DE3 

E 

VEE 

DE2 

DE1 

D1 

D2 

D3 

Os 

TL/F/9847-2 

TL/F/9847-1 

Enabling of data is possible in multiples of two, i.e., 2, 4 or 
all 6 paths. All inputs have 50 kn pull-down resistors. 

The output voltage LOW level is designed to be more nega
tive than normal ECL outputs (cut off state). This allows an 
emitter-follower output transistor to turn off when the termi
nation supply is - 2.0V and thus present a high impedance 
to the data bus. 

Pin Names Description 

D1-D6 Data Inputs 

DE1-DE3 Dual Enable Inputs 
E Common Enable Input 

01-0s Data Outputs 

24-Pin Quad Cerpak 

Ds DE3 E VEE DE2 DE1 

24 23 22 21 20 19 

D5 18 D1 

D4 2 17 D2 

Os 16 D3 

VccA 4 15 03 

05 5 14 VccA 

VccA 13 02 
7 8 9 10 11 12 

04 VccA Vee VcCA o, VcCA 
TL/F/9847-3 
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Absolute Maximum Ratings 
Above which the useful life may be impaired (Note 1) 

If Military/ Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature - 65°C to + 150°C 

Maximum Junction Temperature (TJ) + 150°C 

Case Temperature under Bias (Tc) 0°C to + 85°C 

DC Electrical Characteristics 

VEE Pin Potential to Ground Pin 

Input Voltage (DC) 

Output Current (DC Output HIGH) 

Operating Range (Note 2) 

-7.0V to +o.5V 

VEE to +o.5V 
-50mA 

-5.7V to -4.2V 

VEE = -4.5V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage 
-1025 -955 -880 mV V1N = V1H (Max) Loading with 

or Vil (Min) 25.!1 to - 2.0V 

VoHc Output HIGH Voltage 
-1035 mV V1N = V1H (Min) Loading with 

orV1l(Min) 25.!1 to - 2.0V 

Vol Output LOW Voltage 
-2200 mV V1N = V1H (Min) Loading with 

Cut-Off State orV1l(Max) 25.!1 to - 2.3V 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage 
-1035 -870 mV V1N = V1H (Max) Loading with 

orV1l(Min) 25.!1 to - 2.0V 

VoHC Output HIGH Voltage 
-1045 mV V1N = V1H (Min) Loading with 

orV1l(Max) 25.!1 to - 2.0V 

Vol Output LOW Voltage 
-2200 mV V1N = V1H (Min) Loading with 

Cut-Off State orV1l (Max) 25.!1 to - 2.3V 

V1H Input HIGH Voltage 
-1150 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 

3-47 



('t) 
N ,... 
0 
0 ,... 

DC Electrical Characteristics 
VEE= -4.8V, Vee= VccA = GND, Tc= 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage 
-1035 -870 mV 

V1N = V1H (Max) Loading with 

orV1L(Min) 250 to -2.0V 

VoHC Output HIGH Voltage 
-1045 mV 

V1N = V1H (Min) Loading with 

orV1L_lMax) 250 to -2.0V 

Vol Output LOW Voltage 
-2200 mV 

V1N = V1H (Min) Loading with 

Cut-Off State orV1L(Ma& 250to -2.3V 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 

for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L 1Mi~ 

DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = 0°C to +85°C 

Symbol Parameter Min Typ Max Units Conditions 

l1H Input HIGH Current 
Common Enable 330 

µA 
V1N = V1H (Max) 

Data and Dual Enable 260 

IEE Power Supply Current -235 -170 -113 mA Inputs Open 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 2.00 4.30 1.95 4.30 2.00 4.60 
ns 

tPHL Data to Output 1.00 2.40 1.00 2.40 1.10 2.60 

tPLH Propagation Delay 2.30 4.70 2.00 4.70 2.30 5.10 
ns 

tPHL Dual Enable to Output 1.40 3.00 1.40 3.00 1.40 3.40 
Figures 1 and 2 

tPLH Propagation Delay 2.60 5.40 2.50 5.30 2.80 5.80 

tPHL Common Enable to Output 1.50 3.20 1.50 3.30 1.50 3.60 
ns 

trLH Transition Time 0.70 2.10 0.70 1.80 0.70 2.20 
ns 

trHL 20% to 80%, 80% to 20% 0.45 1.40 0.45 1.30 0.45 1.40 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 2.00 4.10 1.95 4.10 2.00 4.40 

tPHL Data to Output 1.00 2.20 1.00 2.20 1.10 2.40 
ns 

tPLH Propagation Delay 2.30 4.50 2.00 4.50 2.30 4.90 

tPHL Dual Enable to Output 1.40 2.80 1.40 2.80 1.40 3.20 
ns 

Figures 1 and 2 
tPLH Propagation Delay 2.60 5.20 2.50 5.10 2.80 5.60 

tPHL Common Enable to Output 1.50 3.00 1.50 3.10 1.50 3.40 
ns 

trLH Transition Time 0.70 2.00 0.70 1.70 0.70 2.10 

trHL 20% to 80%, 80% to 20% 0.45 1.30 0.45 1.20 0.45 1.30 
ns 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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FIGURE 1. AC Test Circuit 

Notes: 

Vee. VeeA = +2V, VEE = -2.5V 

L 1 and L2 = equal length 500 impedance lines 

Rr = 500 terminator internal to scope 

Decoupling 0.1 µF from GND to Vee and VEE 

All unused outputs are loaded with 500 to GND 

CL = Fixture and stray capacitiance ~ 3 pF 

Pin numbers shown are for flatpak; for DIP see 
logic symbol 

0.1±0.1 "'ll 1 r.
0

:±01" +us v 

INPUT ,,j, r Y-+-2_0~5-~_o/c_. ____ + 0.31 v 

OUTPUT 

TL/F/9847-6 

FIGURE 2. Propagation Delay and Transition Times 
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0 ,.... ~National 

U Semiconductor 

F100124 
Hex TTL-to-ECL Translator 

General Description 
The F100124 is a hex translator, designed to convert TTL 
logic levels to 1 DOK ECL logic levels. The inputs are com
patible with standard or Schottky TTL. A common Enable 
input (E), when LOW, holds all inverting outputs HIGH and 
holds all true outputs LOW. The differential outputs allow 
each circuit to be used as an inverting/non-inverting transla
tor or as a differential line driver. The output levels are volt
age compensated. 

Ordering Code: see section a 

Logic Symbol 

Oo 
Do---,----._~.--- a0 

03 
03 ---,----._~,..--- 03 

04 
o. ----.---._~----a. 

Os 
Ds ----,___J,,,--- Os 

Connection Diagrams 

24·Pin DIP 

Oo 24 Oo 

01 23 D2 

01 3 22 D1 

02 21 Do 

02 20 Ym 

Yee 6 19 E 

YeeA 7 18 VEE 

YeCA B 17 D3 

03 9 16 04 

03 10 15 Ds 

04 11 14 05 

04 12 13 05 

TL/F/9848-3 

TL/F/9848-1 

When the circuit is used in the differential mode, the 
F100124, due to its high common mode rejection, over
comes voltage gradients between the TTL and ECL ground 
systems. The VEE and VnL power may be applied in either 
order. 

Refer to the F100324 datasheet for: 
PCC packaging 
Lower power 
Military versions 
Extended voltage specs (-4.2V to -5.7V) 

Pin Names Description 

Do-Ds Data Inputs 
E Enable Input 

Oo-Os Data Outputs 

Oo-Os Complementary 
Data Outputs 

24·Pln Quad Cerpak 

Do Ym E VEE 03 D4 

24 23 22 21 20 19 

D1 18 D5 

D2 17 05 

Oo 16 05 
Oo 15 04 

01 14 04 
01 13 03 

7 8 9 10 11 12 

02 02 VccVCCA VcCA 03 

TL/F/9848-2 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, VEE Pin Potential to Ground Pin -7.0Vto +0.5V 
please contact the National Semiconductor Sales 

VnL Pin Potential to Ground Pin +6.0Vto -0.5V 
Office/Distributors for availability and specifications. 

Storage Temperature - 65°C to + 15o•c 
Input Voltage (DC) -0.5VtoVnL 

Maximum Junction Temperature (TJ) +150°c 
Output Current (DC Output HIGH) -50mA 

Case Temperature under Bias (Tc) o•cto +85°C 
Operating Range (VEE) (Note 2) -5.7Vto -4.2V 

DC Electrical Characteristics 
VEE = -4.5V, Vee= VccA = GND, Tc= o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1025 -955 -880 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1810 -1705 -1620 orV1L(Min) 50n to -2.ov 

VoHc Output HIGH Voltage -1035 
mV V1N = V1H(Min) Loading with 

VoLc Output LOW Voltage -1610 orV1L(Max) 50n to -2.ov 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc = o·c to + 85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1810 -1605 orV1L(Min) 5on to -2.ov 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

VoLc Output LOW Voltage -1595 orV1L(Max) 50n to -2.ov 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GND, Tc= o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1035 -880 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -1620 orV1L (Min) 5on to -2.ov 

VoHC Output HIGH Voltage -1045 
mV V1N = V1H (Min) Loading with 

VoLc Output LOW Voltage -1610 orV1L (Max) 5on to -2.ov 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, VnL = +4.5V to +5.5V, Tc = o·c to +85°C 

Symbol Parameter Min Typ Max Units Conditions 

V1H Input HIGH Voltage 
2.0 5.0 v Guaranteed HIGH 

Signal for All Inputs 

V1L Input LOW Voltage 
0 0.8 v Guaranteed LOW 

Signal for All Inputs 

Vco Input Clamp Diode Voltage -1.5 v l1N = -10 mA 

l1H Input HIGH Current 
V1N = +2.4V, 

Data 20 
Enable 120 

µA All Other Inputs V1N = GND 

Input HIGH Current 
1.0 mA 

V1N = +5.5V, 
Breakdown Test, All Inputs All Other Inputs= GND 

l1L Input LOW Current 
V1N = +0.4V, 

Data -1.6 
Enable -9.6 

mA All Other Inputs V1N = V1H 

IEE VEE Power Supply Current -140 -96 -52 mA All Inputs V1N = + 4.0V 

lnL VnL Power Supply Current 44 75 mA All Inputs V1N = GND 

Ceramic Dual-In-Line Package AC Electric Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND, VnL = +4.5V to +5.5V 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +as·c 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.50 3.00 0.50 2.90 0.50 3.00 ns 

tpHL Data and Enable to Output 
Figures 1 and 2 

tTLH Transition Time 
0.45 1.80 0.45 1.80 0.45 1.80 

tTHL 20% to 80%, 80% to 20% 
ns 

Cerpak AC Electrical Characteristics 
VEE= -4.2V to -4.8V, Vee= VccA = GND, VnL = +4.5V to +5.5V 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +as·c 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.50 2.80 0.50 2.70 0.50 2.80 ns 

tpHL Data and Enable to Output 
Figures 1 and 2 

tTLH Transition Time 
0.45 1.70 0.45 1.70 0.45 1.70 

. 

tTHL 20% to 80%, 80% to 20% 
ns 
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L1 L2 
SCOPE , .. , , .. , 

CHAN A r 1. Ry 

L3 
PULSE -, .. , - .. , 

GENERATOR r ... ¢fF~fi~ 1. 

VEE Vee 

FIGURE 1. AC Test Circuit 
Notes: 

Vee. VeeA = +ov, VEE = -4.5V, VnL = +5.0V, V1H = +3.0V 

L1, L2 and L3 = equal length 500 impedance lines 

Rr = 500 terminator Internal to scope 

Decoupling 0.1 µ.F from GND to Vee. VEE and VnL 

All unused outputs are loaded with 500 to GND 

CL = Fixture and stray capacitance :s: 3 pF 

INPUT 

OUTPUT 

r------------• 
S/H 

50.0. Ry 

100.0. 
ECL 

TERl.41NATOR 
-4V NET .. ___________ _ 

-----+1.SV 

TL/F/9848-6 

FIGURE 2. Propagation Delay and Transition Times 
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Lt) 
C\I .... 
0 
0 .... ~National 
~ Semiconductor 
F100125 
Hex ECL-to-TTL Translator 

General Description 
The F100125 is a hex translator for converting F1 OOK logic 
levels to TTL logic levels. Differential inputs allow each cir
cuit to be used as an inverting, non-inverting or differential 
receiver. An internal reference voltage generator provides 
Vss for single-ended operation or for use in Schmitt trigger 
applications. All inputs have 50 kn pull-down resistors; 
therefore, the outputs will go LOW when the inputs are left 
unconnected. 

Ordering Code: see section a 

Logic Symbol 

t>--- Vee 

Do=[>-- Oo Do 

Ds=t>-- Os Ds 
TL/F/9849-3 

Connection Diagrams 

24-Pln DIP 

05 24 D5 

04 23 D5 

03 22 D4 

Vm 21 D4 

Vm 20 D3 

Vee 19 D3 

Vee 18 VEE 

02 17 Vee 

o, 16 D7 

Oo 10 15 D7 

Do 11 14 D, 

Do 12 13 D, 

TL/F /9849-1 

When used in the differential mode, the inputs have a com
mon mode rejection of + 1V, making this device tolerant of 
ground offsets and transients between the signal source 
and the translator. The VEE and VnL power may be applied 
in either order. 

Refer to the F100325 datasheet for: 
PCC packaging 
Lower power 
Military versions 
Extended voltage specs (-4.2V to -5.7V) 

Pin Names Description 

Do-Ds Data Inputs 

Bo-Bs Inverting Data Inputs 

Oo-Os Data Outputs 

24-Pin Quad Cerpak 

D4 D3 D3 VEE Vee D7 

24 23 22 21 20 19 

18 D7 

17 D, 

16 D, 

15 Do 

14 Do 

13 Oo 
7 8 9 10 11 12 

TL/F/9849-2 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature -65°C to + 150°C 

Maximum Junction Temperature (TJ) + 150°C 

Case Temperature under Bias (Tc) 0°Cto +85°C 

DC Electrical Characteristics 

VEE Pin Potential to Ground Pin 

VnL Pin Potential to Ground Pin 

Input Voltage (DC) 

Output Current (DC Output HIGH) 

Operating Range (Note 2) 

- 7.0V to + 0.5V 

+6.0Vto -0.5V 

VEE to +0.5V 
-50mA 

-5.7V to -4.2V 

VEE = -4.5V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

Vss Output Reference Voltage -1380 -1320 -1260 mV lvss = -2.1 mA 

V1H Single-Ended Input 
-1165 -880 mV 

Guaranteed HIGH Signal for All Inputs 
HIGH Voltage (with One Input Tied to Vss) 

V1L Single-Ended Input 
-1810 -1475 mV 

Guaranteed LOW Signal for All Inputs 
LOW Voltage (with One Input Tied to Vss) 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

DC Electrical Characteristics 
VEE= -4.2V, Vee= VccA = GND, Tc= 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

Vss Output Reference Voltage -1396 -1320 -1244 mV lvss = -2.1 mA 

V1H Single-Ended Input 
-1150 -880 mV 

Guaranteed HIGH Signal for All Inputs 
HIGH Voltage (with One Input Tied to Vss) 

V1L Single-Ended Input 
-1810 -1490 mV 

Guaranteed LOW Signal for All Inputs 
LOW Voltage (with One Input Tied to Vss) 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

Vss Output Reference Voltage -1396 -1320 -1244 mV lvss = -2.1 mA 

V1H Single-Ended Input 
-1150 -880 mV 

Guaranteed HIGH Signal for All Inputs 
HIGH Voltage (with One Input Tied to Vss) 

V1L Single-Ended Input 
-1810 -1490 mV 

Guaranteed LOW Signal for All Inputs 
LOW Voltage (with One Input Tied to Vss) 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 

Note 2: Parametric values specified at -4.2V to -4.SV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 

Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE= -4.2V to -4.8V unless otherwise specified, Vee= GND, VnL = +4.5V to +5.5V, Tc= 0°C to +85°C 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output HIGH Voltage 2.5 v loH = -2.0mA J V1N = V1H (Max) 

VoL Output LOW Voltage 0.5 v loL = 20 mA 1 or V1L (Min) 

Vo1FF Input Voltage Differential 150 mV Required for Full Output Swing 

VcM Common Mode Voltage 
1.0 v Permissible ± V CM 

with Respect to Vss 

l1H Input HIGH Current 
350 µA V1N = V1H (Max)· Do-Ds = V99, 

Do-Ds = V1L (Min) 

l1L Input LOW Current 0.5 µA V1N = V1L (Min)• Do-Ds = Vss 

los Output Short-Circuit Current -100 -40 mA VouT = GND* 

IEE VEE Power Supply Current -85 -60 -40 mA Do-Ds = Vss 

ITTL VnL Power Supply Current 75 115 mA Do-Ds = Vss 
'Test one output at a time. 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE= -4.2V to -4.8V, Vee= GND, VnL = +4.5V to +5.5V 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +ss0c 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 
0.80 3.50 0.90 3.70 1.00 4.00 ns Figures 1 and 2 

tpHL Data to Output 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = GND, VrrL = +4.5V to +5.5V 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +ss0c 

Units Conditions 
Min Max Min Max Min Max 

tpLH Propagation Delay 
0.80 3.30 0.90 3.50 1.00 3.80 ns Figures 1 and 2 

lpHL Data to Output 

Truth Table 
Inputs Outputs 

Dn Dn On 

L H L 
H L H 
L L u 
H H u 

Open Open L 

VEE VEE L 
L Vss L 
H Vss H 

Vss L H 

Vss H L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
U =Undefined 
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Ym -------1-----1 -------, 
Yee 

0.1µF .I 

OPEN --------"'-.---a 

r-------------------~ 
r- -0.95 

-1.71---' Fm 

50.0. 

S/H 
I 

100.0. 

~1-----r Yee 

50.0. 

-4Y 

FIGURE 1. AC Test Circuit 
Notes: 

Vee = OV, VEE = -4.SV, VnL = + sv 

L1 and L2 = equal length son impedance lines 

RT = son terminator internal to scope 

Decoupling 0.1 µF from GND to Vee. VEE and VnL 

All unused outputs are loaded with soon to GND 

CL = Fixture and stray capacitance = 1 S pF 

INPUT I I 80% 

I 20% 

'""I Ir ~ 
ATTENUATED 
OUTPUT 

FIGURE 2. Propagation Delay Times 
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CD 
N ,.... 
0 
0 ,.... ~National 
~ Semiconductor 
F100126 
9-Bit Backplane Driver 

General Description 
The F100126 contains nine independent, high-speed, buffer 
gates each with a single input and a single output. The 
gates are non-inverting. These buffers are useful in bus-ori
ented systems where minimal output loading or bus isola-

Ordering Code: See section a 

Logic Symbol 

01~01 

02~02 

03~03 

04~04 

05~05 

oe--t>-Oe 

07~07 

oa--t:>-oa 

09--t>-Og 

Connection Diagrams 
24-Pln DIP 

VeeA 24 

03 23 

02 3 22 

01 4 21 

Og 20 

Vee 6 19 

VeeA 7 18 

Os 8 17 

07 16 

05 10 15 

05 11 14 

04 12 13 

TL/F/9850-3 

D3 

D2 

o, 
Dg 

Ds 

VeeA 

VEE 

D7 

D5 

05 

D4 

VeeA 

TL/F/9850-1 

tion is desired. The output transition times are longer to min
imize noise when used as a backplane driver. All inputs 
have 50 kO. pull-down resistors. 

Pin Names Description 

D1-Dg Data Inputs 
01-0g Data Outputs 

24-Pln Quad Cerpak 

Dg Ds VeeA VEE °' Ds 

24 23 22 21 20 19 

D1 18 D5 

D2 17 D4 

D3 3 16 VccA 

VeeA 4 15 04 

03 14 05 

02 13 Os 
7 8 9 10 11 12 

TL/F/9850-2 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) o·c to +85°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin - 7.0V to + 0.5V 
Office/Distributors for availability and specifications. Input Voltage (DC) VEE to +0.5V 
Storage Temperature - 65°C to + 15o·c 

Output Current (DC Output HIGH) -50mA 
Maximum Junction Temperature (TJ) + 15o·c Operating Range (Note 2) -5.7V to -4.2V 

DC Electrical Characteristics 
VEE= -4.5V, Vee= VccA = GND, Tc= o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1025 -955 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1705 -1620 orV1l (Min) 500. to - 2.0V 

VoHC Output HIGH Voltage -1035 
mV V1N = V1H (Min) Loading with 

VolC Output LOW Voltage -1610 or V1l(Max) 500. to - 2.0V 

V1H Input HIGH Voltage -1165 -880 mV 
Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc = o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1605 orV1L(Min) 500. to - 2.0V 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

VolC Output LOW Voltage -1595 orV1l(Max) 500. to - 2.0V 

V1H Input HIGH Voltage -1150 -870 mV 
Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage -1810 -1475 mV 
Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GND, Tc = o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1035 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1620 orV1l(Min) 500. to - 2.0V 

VoHC Output HIGH Voltage -1045 
mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1610 orV1l(Max) 500. to - 2.0V 

V1H Input HIGH Voltage -1165 -880 mV 
Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions tor testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc= 0°C to +85°C 

Symbol Parameter Min Typ Max Units Conditions 

l1H Input HIGH Current 350 µA V1N = V1H (Max) 

IEE Power Supply Current -96 -70 -46 mA Inputs Open 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C 

Min Max 

tPLH Propagation Delay 
1.05 2.75 

tPHL Data to Output 

trLH Transition Time 
1.15 3.40 

trHL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C 

Min Max 

tPLH Propagation Delay 
1.05 2.55 

tpHL Data to Output 

trLH Transition Time 
1.15 3.30 

trHL 20% to 80%, 80% to 20% 

L1 
,~, 

SCOPE 
\ ( CHAN A 

J Rr 

Vee 

-=-
L2 

PULSE ,-, CIRCUIT ,-, 
SCOPE 

GENERATOR 
UNDER 

\ ( CHAN B \I TEST _l -1- Rr 

Vee -=-
TL/F/9850-5 

FIGURE 1. AC Test Circuit 

Notes: 

Vee. VeeA = +2V, VEE = -2.5V 

L 1 and L2 = equal length 500 impedance lines 

RT = 500 terminator internal to scope 

Decoupling 0.1 µF from GND to Vee and VEE 

All unused outputs are loaded with 500 to GND 

CL = Fixture and stray capacitance ~ 3 pF 

Tc= +25°C Tc= +85°C 
Units Conditions 

Min Max Min Max 

1.05 2.75 1.05 2.75 ns 
Figures 1 and 2 

1.15 3.40 1.05 3.40 ns 

Tc= +25°C Tc= +85°C 
Units Conditions 

Min 

1.05 

1.15 

3-60 

Max Min Max 

2.55 1.05 2.55 ns 
Figures 1 and 2 

3.30 1.05 3.30 ns 

07±0.1 "lr 1 r..:'°'" +1.0SY 

INPUT ,._J~ r 1~r-200_'.;_•"lo ____ +0.31 V 

OUTPUT 

.J~-
TL/F/9850-6 

FIGURE 2. Propagation Delay and Transition Times 



~National 
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F100128 
ECL/TTL Bi-Directional Translator 

General Description 
The F100128 is an octal latched bi-directional translator de
signed to convert TIL logic levels to 1 OOK ECL logic levels 
and vice versa. The direction of this translation is deter
mined by the DIR input. A LOW on the output enable input 
(OE) holds the ECL outputs in a cut-off state and the TIL 
outputs at a high impedance level. A HIGH on the latch 
enable input (LE) latches the data at both inputs even 
though only one output is enabled at the time. A LOW on LE 
makes the F100128 transparent. 

The cut-off state is designed to be more negative than a 
normal ECL LOW level. This allows the output emitter-fol
lowers to turn off when the termination supply is - 2.0V, 
presenting a high impedance to the data bus. This high im
pedance reduces termination power and prevents loss of 
low state noise margin when several loads share the bus. 

Ordering Code: See section 8 

Logic Symbol 

f'100128 
OE 

Connection Diagrams 
24-Pin DIP 

E4 24 

Es 2 23 

Es 3 22 

E1 4 21 

OE 5 20 

Vee 6 19 

VeeA 7 18 

DIR 8 17 

T1 16 

Ts 10 15 

Ts 11 14 

T4 12 13 

E3 

E2 

E1 

Eo 
LE 

Vee 

VEE 

Vm 

To 

T1 

T2 

T3 

LE 

DIR 

TL/F/9851-3 

TL/F/9851-1 
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The F100128 is designed with FAST® TIL output buffers, 
featuring optimal DC drive and capable of quickly charging 
and discharging highly capacitive loads. All inputs have 
50 kn pull-down resistors. 

Features 
• Bi-directional translation 
• ECL high impedance outputs 
• Latched outputs 
• FAST® TIL outputs 
• TRI-STATE® outputs 

Refer to the F100328 datasheet for: 
PCC Packaging 
Lower Power 
Military Versions 
Extended voltage specs ( - 4.2V to - 5. 7V) 

Pin Names Description 

Eo-E7 ECL Data 110 
To-T7 TILDatal/O 
OE Output Enable Input 
LE Latch Enable Input 
DIR Direction Control Input 

All pins function at 1 OOK ECL levels except for To-T 7. 

24-Pin Quad Cerpak 

Eo LE Vee VEE Vm To 

24 23 22 21 20 19 

E1 18 T1 

E2 2 17 T2 

E3 3 16 T3 

E4 4 15 T4 

Es 5 14 Ts 

Es 13 Ts 
7 8 9 10 11 12 

E1 OE VccVCCADIR T1 

TL/F /9851-2 

...... 
0 
0 ...... 
I\) 
CD 

• I 
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Functional Diagram 

ECL1 

ECL2 

ECL3 

ECL4 

ECLS 

ECL6 

ECL 7 

ECLB 

(LE) LATCH ENABLE 

(DIR) ECL/TTL 

(O~OUTPUTENABLE 

r---~ 

DECODE 

Note: LE, DIR and OE use ECL logic levels 

SEE DETAIL 

TTL 1 

TTL 2 

TTL3 

TTL4 

TTLS 

TTL6 

TTL 7 

TTL8 

TL/F/9851-4 
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Detail 

Truth Table 

OE DIR LE ECL TTL 
Port Port 

L x L 
LOW z 

(Cut-Off) 

L L H Input z 

L H H 
LOW 

Input 
(Cut-Off) 

H L L ·L L 

H L L H H 

H L H x Latched 

H H L 

H H L 

H H H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
Z = High Impedance 

L 

H 

Latched 

Note 1: ECL input to TTL output mode. 

Note 2: TTL input to ECL output mode. 

Note 3: Retains data present before LE set HIGH. 

Note 4: Latch is transparent. 

L 

H 

x 

TTL 

TL/F/9851-5 

Notes 

1, 3 

2,3 

1, 4 

1, 4 

1, 3 

2,4 

2,4 

2,3 



Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Voltage Applied to Output 
please contact the National Semiconductor Sales in HIGH State 
Office/Distributors for availability and specifications. TRI-STATE Output - O.SV to + S.SV 

Storage Temperature - 6s0 c to + 1 so·c Current Applied to TIL 

Maximum Junction Temperature +1so·c Output in LOW State (Max) Twice the Rated Im (mA) 

Case Temperature under Bias o•cto +8s0 c Note 1: Absolute maximum ratings are those values beyond which the de-
vice may be damaged or have its useful life impaired. Functional operation 

VEE Pin Potential to under these conditions is not implied. 
Ground Pin - 7.0V to + 0.SV Note 2: Either voltage limit or current limit is sufficient to protect inputs. 

VnL Pin Potential to 
Recommended Operating Ground Pin +6.0Vto -0.SV 

ECL Input Voltage (DC) VEE to +O.SV Conditions 
ECL Output Current Case Temperature o·cto +8s0 c 

(DC Output HIGH) -SOmA 
Supply Voltage (Note 1) 

TIL Input Voltage (Note 2) -0.SV to + 7.0V VEE -S.7V to -4.2V 
TIL Input Current (Note 2) -30 mA to +S.O mA VnL + 4.SV to + S.SV 

Note 1: Parametric values specified at VEE = -4.2V to -4.8V. 

TTL-to-ECL DC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND, Tc = o·c to +8S°C, VnL = + 4.SV to + S.SV 

Symbol Parameter Min Typ Max Units Conditions 

VoH Output High Voltage -1020 -870 mV VEE= -4.2V, son to -2V 
-102S -9SS -880 mV VEE= -4.SV, son to -2V 
-103S -880 mV VEE= -4.8V, son to -2V 

Vm Output Low Voltage -1810 -160S mV VEE= -4.2V, son to -2V 
-1810 -170S -1620 mV VEE= -4.SV, son to -2V 
-1830 -1620 mV VEE= -4.8V, son to -2V 

Cutoff Voltage OE or DIR Low, 
-2000 -1930 mV VEE= -4.2V, son to -2V 
-2000 -19SO mV VEE= -4.SV, son to -2V 
-2000 -19SO mV VEE= -4.8V, son to -2V 

VoHC Output High Voltage -1030 mV VEE= -4.2V, son to -2V 

Corner Point High -103S mV VEE= -4.SV, son to -2V 
-104S mV VEE= -4.8V, son to -2V 

VoLC Output Low Voltage -1S9S mV VEE= -4.2V, son to -2V 
Corner Point Low -1610 mV VEE= -4.SV, son to -2V 

-1610 mV VEE= -4.8V, son to -2V 

V1H Input High Voltage 2.0 v OverVnL· VEE· Tc Range 

V1L Input Low Voltage 0.8 v Over VnL. VEE· Tc Range 

l1H Input High Current 70 µA V1N = +2.7V 

Breakdown Test 1.0 mA V1N = +S.SV • l1L Input Low Current -1.0 mA V1N = +0.5V 

VFCD Input Clamp 
-1.2 v l1N = -18 mA 

Diode Voltage 

IEE VEE Supply Current -2SO -17S -12S mA LE Low, OE and DIR High 
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ECL-to-TTL DC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee= VccA = GND, Tc = 0°C to +85°C, CL = 50 pF, VnL = +4.5V to +5.5V 

Symbol 

VoH 

VoL 

lozHT 

lozLT 

los 

lnL 

Parameter 

Output High Voltage 

Output Low Voltage 

Input High Voltage 

Input Low Voltage 

Input High Current 

Input Low Current 

TRI-STATE Current 
Output High 

TRI-STATE Current 
Output Low 

Output Short-Circuit 
Current 

VnL Supply Current 

Min 

2.7 
2.4 

-1150 
-1165 
-1165 

-1810 
-1810 
-1810 

0.50 

-60 

Typ 

3.1 
2.9 

0.3 

155 
90 
120 

Max 

0.5 

-870 
-880 
-880 

-1475 
-1475 
-1490 

200 

70 

-1.0 

-225 

200 
120 
160 

Cerpak TTL-to-ECL AC Electrical Characteristics 
VEE= -4.2V to -4.8V, VnL = +4.5V to +5.5V 

Symbol 

tpzH 

tset 

tpw(H) 

tTLH 
tTHL 

Parameter 

Tn to En 
(Transparent) 

LE to En 

OE to En 
(Cutoff to High) 

DIR to En 
(High to Cutoff) 

OE to En 
(High to Cutoff) 

Tn to LE 

Pulse Width High, LE 

Transition Time 
20% to 80%, 80% to 20% 

Tc= 0°C 

Min 

1.0 
1.1 

2.2 
2.0 

1.4 

1.0 

1.0 

1.0 

2.0 

2.0 

0.6 

Max 

3.3 
3.7 

4.6 
4.3 

4.5 

4.0 

3.5 

1.6 

Tc= 25°C 

Min 

1.0 
1.1 

2.2 
2.0 

1.4 

1.0 

1.0 

1.0 

2.0 

2.0 

0.6 
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Max 

3.3 
3.7 

4.6 
4.3 

4.5 

4.0 

3.5 

1.6 

Units 

v 
v 
v 

mV 
mV 
mV 

mV 
mV 
mV 

µA 

µA 

µA 

mA 

mA 

mA 
mA 
mA 

Conditions 

loH = -3 mA, VnL = 4.75V 
loH = -3 mA, VnL = 4.50V 

loL = 24 mA, VnL = 4.50V 

VEE= -4.2V 
VEE= -4.5V 
VEE= -4.8V 

VEE= -4.2V 
VEE= -4.5V 
VEE= -4.8V 

VouT = +2.7V 

VouT = +0.5V 

VouT = o.ov, VnL = +5.5V 

TIL Outputs Low 
TIL Outputs High 
TIL Outputs in TRI-STATE 

Tc= 85°C 
Units Conditions 

Min 

1.0 
1.4 

2.7 
2.4 

1.5 

1.0 

1.0 

1.0 

2.0 

2.0 

0.6 

Max 

3.3 
4.3 

5.4 
5.0 

5.0 

4.0 

4.0 

1.6 

ns 
ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Figures 1 & 2 

Figures 1 &2 

Figures 1 &2 

Figures 1 &2 

Figures 1 &2 

Figures 1 &2 

Figures 1 &2 

Figures 1 &2 

Figures 1 &2 
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Cerpak ECL-to-TTL AC Electrical Characteristics 0 
...&. 

VEE = -4.2V to -4.8V, VnL = +4.5V to +5.5V, CL = 50 pF I\) 
C> 

Symbol Parameter 
Tc= 0°C Tc= 25°C Tc= 85°C 

Units Conditions 
Min Max Min Max Min Max 

tPLH En to Tn 2.5 6.5 2.5 6.5 3.0 8.0 
Figures3&4 

tPHL (Transparent) 2.0 5.5 2.0 5.5 2.0 6.0 
ns 

tPLH LE toTn 3.0 7.5 3.0 7.5 3.5 9.5 
Figures3&4 

tPHL 2.5 6.5 2.5 6.5 3.0 7.0 
ns 

tpzH OEtoTn 3.0 7.5 3.0 7.5 3.5 8.5 
Figures3& 5 

tpzL (Enable Time) 4.0 9.5 4.0 9.5 4.5 10.0 
ns 

tpHz OEtoTn 3.0 9.5 3.0 9.5 3.5 11.0 
Figures3& 5 

tpLz (Disable Time) 2.5 8.0 2.5 8.0 3.5 10.0 
ns 

tpHz DIR to Tn 2.5 10.0 2.5 10.0 3.0 10.0 
Figures3& 6 

tpLz (Disable Time) 2.5 8.5 2.5 8.5 3.5 10.0 
ns 

ts et En to LE 1.5 1.5 1.5 ns Figures3& 4 

thold En to LE 3.5 3.5 3.5 ns Figures3& 4 

tpw(H) Pulse Width High, LE 2.0 2.0 2.0 ns Figures3& 4 

Ceramic Dual-In-Line Package TTL-to-ECL AC Electrical Characteristics 
VEE = -4.2V to -4.8V, VnL = +4.5V to +5.5V, Vee = VeeA = GND 

Symbol Parameter 
Tc= 0°C Tc= 25°C Tc= 85°C 

Units Conditions 
Min Max Min Max Min Max 

tPLH TN to En 1.0 3.3 1.0 3.3 1.0 3.3 ns 
Figures 1 &2 

tPHL (Transparent) 1.1 3.7 1.1 3.7 1.4 4.3 ns 

tPLH LE to En 2.2 4.6 2.2 4.6 2.7 5.4 ns 
Figures 1 &2 

tPHL 2.0 4.3 2.0 4.3 2.4 5.0 ns 

tpzH OE to En 
1.4 4.5 1.4 4.5 1.5 5.0 ns Figures 1 &2 

(Cutoff to High) 

tpHz DIR to En 
1.0 4.0 1.0 4.0 1.0 4.0 ns Figures 1 &2 

(High to Cutoff) 

tpHz OE to En 
1.0 3.5 1.0 3.5 1.0 4.0 ns Figures 1 &2 

(High to Cutoff) 

ts et Tn to LE 1.0 1.0 1.0 ns Figures 1 &2 

tho Id Tn to LE 2.0 2.0 2.0 ns Figures 1 &2 

tpw(H) Pulse Width High, LE 2.0 2.0 2.0 ns Figures 1 &2 

tTLH Transition Time 
0.6 1.0 1.6 Figures 1 &2 • tTHL 20% to 80%, 80% to 20% 

ns 
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Ceramic Dual-In-Line Package ECL-to-TTL AC Electrical Characteristics 
VEE= -4.2V to -4.8V, VnL = +4.5V to +5.5V, Vee= VeeA = GND, CL= 50 pF 

Symbol 

tPLH 
tPHL 

tPLH 
tPHL 

tpzH 
tpzL 

tpHz 
tpLz 

tpHz 
tpLz 

ts et 

tho Id 

tpw(H) 

Parameter 

En to Tn 
(Transparent) 

LE to Tn 

OEtoTn 
(Enable Time) 

OEtoTn 
(Disable Time) 

DIR to Tn 
(Disable Time) 

En to LE 

En to LE 

Pulse Width High, LE 

Tc= 0°C Tc= 25°C 

Min 

2.5 
2.0 

3.0 
2.5 

3.0 
4.0 

3.0 
2.5 

2.5 
2.5 

1.5 

3.5 

2.0 

Max Min Max 

6.5 2.5 6.5 
5.5 2.0 5.5 

7.5 3.0 7.5 
6.5 2.5 6.5 

7.5 3.0 7.5 
9.5 4.0 9.5 

9.5 3.0 9.5 
8.0 2.5 8.0 

10.0 2.5 10.0 
8.5 2.5 

1.5 

3.5 

2.0 

Ym =SY 

Yee= OY 

VEE= -4.SV 

8.5 

Tc= 85°C 
Units Conditions 

Min Max 

3.0 8.0 
Figures3&4 

2.0 6.0 
ns 

3.5 9.5 
Figures3&4 

3.0 7.0 
ns 

3.5 8.5 
Figures3&5 

4.5 10.0 
ns 

3.5 11.0 
Figures3&5 

3.5 10.0 
ns 

3.0 10.0 
Figures3& 6 

3.5 10.0 
ns 

1.5 ns Figures3& 4 

3.5 ns Figures3&4 

2.0 ns Figures3&4 

·------------~ 

3Vl 
OV __ J Fm 50.0. 

50.0. l +10 
ATTENUATOR 

OUT 

LE DIR OE 
-4Y 

·----· 
F Eel : ·----· ·----· 

FECL : ·----· 

ECL 
TERMINATOR 

NET 

ECL 
TERMINATOR 

NET ·----· 
F Eel : 

(SEE CIRCUIT SHOWN 
BELOW) ·----· 

F TTL - TTL FORCING FUNCTION 
F Eel - ECL FORCING FUNCTION 

r----------------~ 

F Eel 

50.0. 

100.n 

-0.95 

_J 
-1.71 

so.n 

-~ ~L 
TERMINATOR ----------------NET 

FIGURE 1. TTL to ECL AC Test Circuit 
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TTL DATA~ ...... ---------------------------------------------
LATCH ENABLE 

DIRECTION CONTROL 

OUTPUT ENABLE \ __ f 

ECL OUTPUT 

FIGURE 2. TTL to ECL Transition-Propagation Delay and Transition Times 

-7 

Vm = 5V 

Vee= ov 
VEE= -4.5V 

·----------------~ -.95 

{" _I 
500.0. LZ F EeL OUT -1.71 

S/H 
450.0. 

50.0. I c, 
LE 

CL = so pF including stray and jig capacitance. 

DIR OE 
-4V 

·----· 
F Eel : ·----· ·----· 

F ECL : ·----· 

50.0. 

100.0. 

S/H 

50.0. 

ECL 
TERMINATOR 

ECL 
TERMINATOR 

NET 

NET 

(USE CIRCUIT SHOWN ABOVE) 

F EeL - ECL FORCING FUNCTION 

Note: son to ground termination must be Included on ECL 1/0 pins not monitored by a son scope to prevent oscillatory feedback. 

FIGURE 3. ECL-to-TTL AC Test Circuit 

3-67 

TL/F/9651-7 

TL/F/9651-6 

...... 
0 
0 ...... 
N 
Q) 



co 
N 
T"" 
0 
0 
T"" 

ECLDATA~ 
~ 

LATCH ENABLE I ! ! ~ 
~i-it _J'----

1 I I I PW I 

TTL OUTPUT __ ....,.,1~...--... ..... -----!---I 
I I I , I 
i---1-++i r--: 

tpo ts tH tpo 
TL/F/9851-9 

Note: DIR is LOW, OE is HIGH 

FIGURE 4. ECL-to-TTL Transition-Propagation Delay and Transition Times 

Note: DIR is LOW, LE is HIGH 

OUTPUT 
ENABLE 

TTL 
OUTPUT 

TTL 
OUTPUT 

0.3V --ov 

-- 3.5V 
0.3V 

TL/F/9851-13 

FIGURE 5. ECL-to-TTL Transition; OE to TTL Output, Enable and Disable Times 

Note: OE and LE are HIGH 

DIRECTION 
CONTROL 

TTL 
OUTPUT 

TTL 
OUTPUT 

0.3V 
--ov 

-- 3.5V 
0.3V 

TL/F/9851-14 

FIGURE 6. ECL-to-TTL Transition; DIR to TTL Output, Disable Time 
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"' 
VI ~ :::> 

"' 8 
la 
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F100160 
.------ PARITY 

CEN. 

ADDRESSES 

r10012a 

READ/ 

WRITE DATA 
LATCH PARITY 

1---------_..DATA 
l/P 

ADDRESS 
LATCH 

CACHE 
F1600 - 45ns 

512 KBYTE 
MEMORY ARRAY 

1----------M ADRS 

cs 
W£ 

MEMORY READ DATA LATCH STROBE 

r10012a 

g 
VI 
:::> 

"' 

TL/F/9851-10 

FIGURE 5. Applications Diagram-MOS/TTL SAAM Interface Using F100128 ECL-TTL Latched Translator 
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F100130 
Triple D Latch 

General Description 
The F100130 contains three D-type latches with true and 
complement outputs and with Common Enable (Ee), Master 
Set (MS) and Master Reset (MR) inputs. Each latch has its 
own Enable (En). Direct Set (SDn) and Direct Clear (CDn) 
inputs. The Q output follows its Data (D) input when both En 
and Ee are LOW (transparent mode). When either En or Ee 

Ordering Code: see section a 

Logic Symbol 

Eo E1 

CDo 

CD1 

CD2 

5Do 

501 

502 

MR MS 

Connection Diagrams 
24-Pin DIP 

CD2 24 

E2 2 23 

D2 22 

02 4 21 

02 5 20 

Vee 19 

VeeA 7 18 

a, 8 17 

a, 16 

Oo 10 15 

Oo 11 14 

Do 12 13 

TL/F/9852-3 

SD2 
co, 
E1 

o, 
so, 
MR 

VEE 

Ee 

MS 

SD0 

CD0 

Ea 

TL/F/9852-1 

(or both) are HIGH, a latch stores the last valid data present 
on its Dn input before En or Ee goes HIGH. 

Both Master Reset (MR) and Master Set (MS) inputs over
ride the Enable inputs. The individual CDn and SDn also 
override the Enable inputs. All inputs have 50 k!l pull-down 
resistors. 

Pin Names Description 

CD0-CD2 Individual Direct Clear Inputs 

SD0-SD2 Individual Direct Set Inputs 

Eo-E2 Individual Enable Inputs (Active LOW) 

Ee Common Enable Input (Active LOW) 

Do-D2 Data Inputs 

MR Master Reset Input 
MS Master Set Input 

Oo-02 Data Outputs 

Oo-02 Complementary Data Outputs 

24-Pin Quad Cerpak 

D1 SD1 MR VEE Ee MS 

24 23 22 21 20 19 

E1 18 SDo 

co, 2 17 CDo 

SD2 3 16 Eo 

CD2 4 15 Do 

E2 5 14 Oo 

D2 13 Oo 
7 8 9 10 11 12 

02 02 Vee VecA 01 01 
TL/F/9852-2 
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Logic Diagram 

MS 

MR 

SDo Do Eo 

D 

Oo 

Truth Tables (Each Latch) 

Latch Operation 

Inputs 

Dn En Ee 
MS MR 
SDn CDn 

L L L L L 
H L L L L 
x H x L L 
x x H L L 

*Retains data presented before E positive transition 
H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
U = Undefined 

Outputs 

On 

L 
H 

Latched* 
Latched* 

Co 

· Asynchronous Operation 

Inputs 

Dn En Ee 
MS MR 
SDn CDn 

x x x H L 
x x x L H 
x x x H H 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°C to +85°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin -7.0Vto +0.5V 
Office/Distributors for avallablllty and specifications. 

Input Voltage (DC) VEE to +0.5V 
Storage Temperature - 65°C to + 150°C 

Output Current (DC Output HIGH) -50mA 
Maximum Junction Temperature (TJ) +150°C Operating Range (Note 2) -5.7V to -4.2V 

DC Electrical Characteristics 
VEE = -4.5V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1025 -955 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1705 -1620 orV1l(Min) 50!l to -2.0V 

VoHC Output HIGH Voltage -1035 
mV V1N = V1H (Min) Loading with 

Vmc Output LOW Voltage -1610 orV1l(Max) 50!l to -2.0V 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1lj_Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1605 or Vil (Min) 50!l to -2.0V 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1595 orV1l(Max) 50!l to -2.0V 

V1H Input HIGH Voltage 
-1150 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage -1810 --1475 mV Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1035 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1620 orV1l(Min) 50!l to -2.0V 

VoHC Output HIGH Voltage -1045 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) 50!l to -2.0V 

V1H Input HIGH Voltage -1165 -880 mV 
Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.SV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = 0°C to +85°C 

Symbol Parameter Min Typ Max Units 

l1H Input HIGH Current 

Dn 350 

CDn, SDn 530 µA 

En 240 
Ee, MR, MS 450 

IEE Power Supply Current -149 -106 -74 mA 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Min Max Min Max Min Max 

tPLH Propagation Delay Dn to 
0.50 1.80 0.50 1.70 0.50 1.90 

tPHL Output (Transparent Mode) 

tPLH Propagation Delay 
0.65 2.10 0.75 2.00 0.75 2.10 

tPHL Ecto Output 

tPLH Propagation Delay 
0.50 2.00 0.60 1.75 0.60 2.00 

tPHL CDn, SDn, En to Output 

tPLH Propagation Delay 
1.10 2.50 1.10 2.40 1.10 2.60 

tPHL MS, MR to Output 

trLH Transition Time 
0.45 1.60 0.45 1.60 0.45 1.60 

trHL 20% to 80%, 80% to 20% 

ts Setup Time 

Do-D2 0.90 0.70 0.90 
CDn, SDn (Release Time) 1.20 1.10 1.40 
MR, MS (Release Time) 1.90 1.90 2.00 

th Hold Time Do-D2 0.60 0.60 0.80 

tpw(L) Pulse Width LOW 
2.00 2.00 2.00 

En, Ee 

tpw(H) Pulse Width HIGH 
2.00 2.00 2.00 

CDn, SDn, MR, MS 
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Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Conditions 

V1N = V1H (Max) 

Inputs Open 

Conditions 

Figures 1 and 2 

Figures 1, 2 and 3 

Figures 1 and 2 

Figures 1 and 2 

Figures 3 and 4 

Figure4 

Figure2 

Figure3 
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Cerpak AC Electrical Characteristics vEE = -4.2v to -4.8V, Vee = VeeA = GND 

Symbol Parameter 

tPLH 
tPHL 

tPLH 
tPHL 

tPLH 
tPHL 

tPLH 
tPHL 

trLH 
trnL 

ts 

th 

tpw(L) 

tpw(H) 

Propagation Delay Dn to 
Output (Transparent Mode) 

Propagation Delay 
Ee to Output 

Propagation Delay 
CDn. SDn, En to Output 

Propagation Delay 
MS, MR to Output 

Transition Time 
20% to 80%, 80% to 20% 

Setup Time 
Do-D2 
CDn, SDn (Release Time) 
MR, MS (Release Time) 

Hold Time Do-D2 

Pulse Width LOW 
En.Ee 

Pulse Width HIGH 
CDn. SDn, MR, MS 

PULSE 
GENERATOR 

PULSE 
GENERATOR 

DATA 

OUTPUT 

(' 

l 
(\ 

' 

l 50 {) 

-=-

MR 

E 

D 

Vee 

VEE 

Tc= o·c Tc= +25°C Tc= +ss·c 
Units Conditions 

Min 

0.50 

0.65 

0.50 

1.10 

0.45 

0.80 
1.10 
1.80 

0.50 

2.00 

2.00 

a 

a 

Max Min Max Min 

1.60 0.50 1.50 0.50 

1.90 0.75 1.80 0.75 

1.80 0.60 1.55 0.60 

2.30 1.10 2.20 1.10 

1.50 0.45 1.50 0.45 

0.60 0.80 
1.00 1.30 
1.80 2.00 

0.50 0.70 

2.00 2.00 

2.00 2.00 

~ 
SCOPE 

\ I CHANA 

! Rr 

SCOPE 
CHAN B 

TL/F/9852-6 

FIGURE 1. AC Test Circuit 

,r----------~ 
I \ 

FIGURE 2. Enable Timing 
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Max 

1.70 ns 
Figures 1 and 2 

1.90 ns 

1.80 ns Figures 1, 2 and 3 

2.40 ns Figures 1 and 3 

1.50 ns Figures 1 and 2 

ns 
Figures 3 and 4 

ns Figure4 

ns Figure2 

ns Figure3 

Notes: 
Vee. VeeA = +2V, VEE= -2.SV 
L 1 and L2 = equal length son impedance lines 
Rr = son terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance ~ 3 pF 

0.7::0.1 ns 

+1.05 v 

TL/F/9852-7 



DATA -- - - ---------------- - -- - ---Jx---------------

RESET/SET 

OUTPUT 

TL/F/9852-8 

FIGURE 3. Reset Timing 

TL/F/9852-9 

Notes: 
15 is the minimum time before the transition of the enable that information 
must be present at the data input. 
th is the minimum time after the transition of the enable that information must 
remain unchanged at the data input. 

FIGURE 4. Data Setup and Hold Time 
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D Semiconductor 

F100131 
Triple D Flip-Flop 

General Description 
The F100131 contains three D-type, edge-triggered master/ 
slave flip-flops with true and complement outputs, a Com
mon Clock (CPc), and Master Set (MS) and Master Reset 
(MR) inputs. Each flip-flop has individual Clock (CPn). Direct 
Set (SDn) and Direct Clear (CDn) inputs. Data enters a mas
ter when both CPn and CPc are LOW and transfers to a 
slave when CPn or CPc (or both) go HIGH. The Master Set, 

Ordering Code: see section a 

Logic Symbol 

CPo CP1 CP2 Do D1 D2 
CDo 

CD1 

CD2 

SDo 

SD1 

SD2 
MRMS 

Connection Diagrams 

24-Pin DIP 

CD2 1 

CP2 2 

D2 3 

02 4 

02 5 

Yee 6 

YeeA 7 

01 8 

o, 9 

Oo 10 

Oo 11 

Do 12 

24 SD2 
23 CD1 
22 CP1 
21 D1 

20 SD1 
19 MR 

18 VEE 

17 CPe 

16 MS 

15 SD0 

14 CD0 

13 CP0 

TL/F/9853-3 

TL/F/9853-1 

Master Reset and individual CDn and SDn inputs override 
the Clock inputs. All inputs have 50 kn pull-down resistors. 

Refer to the F100331 datasheet for: 
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PCC packaging 
Lower power 
Military versions 
Extended voltage specs ( - 4.2V to - 5. 7V) 

Pin Names Description 

CP0-CP2 Individual Clock Inputs 

CPc Common Clock Input 

Do-D2 Data Inputs 

CD0-CD2 Individual Direct Clear Inputs 

SDn Individual Direct Set Inputs 

MR Master Reset Input 

MS Master Set Input 

Oo-02 Data Outputs 

Oo-02 Complementary Data Outputs 

24-Pln Quad Cerpak 

D1 SD1 MR VEE CPe MS 

24 23 22 21 20 19 

CP1 18 SD0 

CD1 2 17 CD0 

SD2 3 16 CP0 

CD2 4 15 Do 

CP2 5 14 Oo 

D2 13 Oo 
7 8 9 10 11 12 

02 02 Yee VeCA 01 01 
TL/F /9853-2 



Logic Diagram 

SDo Do CPo 

MS 

MR 

So 

D 

Oo 

Truth Tables (Each Flip-Flop) 

Synchronous Operation 

Inputs 

Dn CPn CPc 

L _/ 

H _/ 

L L 

H L 

x L 
x H 
x x 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
U = Undefined 

L 
L 

_/ 

_/ 

L 
x 
H 

MS 

SDn 

L 
L 

L 

L 

L 
L 
L 

t = Time before CP Positive Transition 
t+ 1 = Time after CP Positive Transition 
.../ = LOW to HIGH Transition 

MR 

CDn 

L 

L 
L 

L 

L 
L 
L 

Co Co 

Outputs 

Q0 (t+ 1) Dn CPn 

L x x 
H x x 
L x x 
H 

Qn(t) 
Qn(t) 

Qn(t) 
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CP 

So Co 

TL/F/9853-5 

Asynchronous Operation 

Inputs Outputs 

CPc 
MS MR 

Q 0 (t+ 1) 
SDn CDn 

x H L H 

x L H L 

x H H u 

...... 
0 
0 ...... 
(I.) ...... 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°cto +85°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin - 7.0V to + 0.5V 
Office/Distributors for availability and specifications. 

Input Voltage (DC) VEE to +0.5V 
Storage Temperature - 65°C to + 15o·c Output Current (DC Output HIGH) -50mA 
Maximum Junction Temperature (TJ) + 150°c Operating Range (Note 2) -5.7V to -4.2V 

DC Electrical Characteristics 
VEE = -4.5V, Vee = VccA = GND, Tc = 0°c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1025 -955 -880 
mV V1N =V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1705 -1620 orV1l(Min) 500.to -2.0V 

VoHC Output HIGH Voltage -1035 
mV V1N = V1H(Min) Loading with 

VolC Output LOW Voltage -1610 orV1l(Max) 500. to -2.0V 

V1H Input HIGH Voltage -1165 -880 mV Guaranteed HIGH Signal 
for All inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc= 0°c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1605 orV1l(Min) 500.to -2.0V 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

VolC Output LOW Voltage -1595 orV1l (Max) 500.to -2.0V 

V1H input HIGH Voltage 
-1150 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE= -4.8V, Vee= VccA = GND, Tc= 0°c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1035 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1620 orV1l(Min) 500.to -2.0V 

VoHC Output HIGH Voltage -1045 
mV V1N = V1H (Min) Loading with 

VolC Output LOW Voltage -1610 orV1l(Max) 500. to -2.0V 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage -1830 -1490 mV 
Guaranteed LOW Signal 
for All inputs 

l1l input LOW Current 0.50 µA V1N = V1l (Min) 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee= VccA = GND, Tc = o·c to +85°C 

Symbol Parameter Min Typ Max Units 

l1H Input HIGH Current 
CPn. Dn 240 
MS, MR, CPc 450 µA 
CDn, SDn 530 

IEE Power Supply Current -149 -106 -74 mA 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +2s0 c Tc= +as·c 

Units 
Min Max Min Max Min Max 

fmax Toggle Frequency 325 325 325 MHz 

tPLH Propagation Delay 
0.75 2.40 0.75 2.15 0.70 2.30 ns 

tPHL CPc to Output 

tPLH Propagation Delay 
0.70 2.20 0.70 2.00 0.70 2.20 ns 

tPHL CPn to Output 

tPLH Propagation Delay 
0.70 1.90 0.70 1.70 0.70 1.80 

tPHL CDn, SDn to Output 
ns 

tPLH 
tPHL 

0.70 2.10 0.70 2.00 0.70 2.20 

tPLH Propagation Delay 
1.10 2.70 1.10 2.60 1.10 2.70 

tPHL MS, MR to Output 
ns 

tPLH 
tPHL 

1.05 3.05" 1.05 2.95 1.05 3.05 

trLH Transition Time 
0.45 2.20 0.45 1.80 0.45 1.90 ns 

trHL 20% to 80%, 80% to 20% 

ts Setup Time 

Dn 0.90 0.70 0.90 

CDn. SDn (Release Time) 1.50 1.30 1.50 ns 
MS, MR (Release Time) 2.50 2.30 2.50 

th Hold Time Dn 0.60 0.60 0.80 ns 

tpw(H) Pulse Width HIGH 

CPn. CPc, CDn, 2.00 2.00 2.00 ns 

SDn, MR, MS 
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Conditions 

V1N = V1H (Max) 

Inputs Open 

Conditions 

Figures 2 and 3 

Figures 1 and 3 

CPn. CPc = L 

CPn. CPc = H 
Figures 

CPn,CPc = L 
1and4 

CPn. CPc = H 

Figures 1, 3 and 4 

Figures 

Figure4 

Figures 

Figures 3 and 4 
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Cerpak AC Electrical Characteristics vEE = -4.2v to -4.8V, Vee = VeeA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +ss0c 

Units Conditions 
Min Max Min Max Min Max 

fmax Toggle Frequency 350 350 350 MHz Figures 2 and 3 

tpLH Propagation Delay 
0.75 2.20 0.75 1.95 0.70 2.10 ns 

tPHL CPe to Output 
Figures 1 and 3 

tpLH Propagation Delay 
0.70 2.00 0.70 1.80 0.70 2.00 ns 

tPHL CPn to Output 

tPLH Propagation Delay 
0.70 1.70 0.70 1.50 0.70 1.60 CPn. CPe = L 

tPHL CDn, SDn to Output 
ns 

tpLH 0.70 1.90 0.70 1.80 0.70 2.00 CPn,CPe = H 
tPHL 

tpLH Propagation Delay 
1.10 2.50 1.10 2.40 1.10 2.50 CPn,CPe = L 

tPHL MS, MR to Output 
ns 

tpLH 
1.05 2.85 1.05 2.75 1.05 2.85 CPn, CPe = H 

tPHL 

trLH Transition Time 
0.45 2.00 0.45 1.60 0.45 1.70 Figures 1, 3 and 4 

trHL 20% to 80%, 80% to 20% 
ns 

ts Setup Time 
Figure5 

Dn 0.80 0.60 0.80 

CDn, SDn (Release Time) 1.40 1.20 1.40 ns 
MS, MR (Release Time) 2.40 2.20 2.40 Figure4 

th Hold Time Dn 0.50 0.50 0.70 ns Figure5 

tpw(H) Pulse Width HIGH 

CPn, CPe, CDn, 2.00 2.00 2.00 ns Figure 3 and 4 
SDn, MR, MS 
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Note: 

DELAYED 
PULSE 

GENERATOR 

PULSE 
GENERATOR 

PULSE 
GENERATOR 

Vee. VeeA = +2V, VEE = -2.SV 
L 1 and L2 = equal length son impedance lines 
Ar = son terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance ,;; 3 pF 

,-, 
\I 

]_ 

,-, 
\I 

l 

\I 

J_ 

L 1 ,-, ,...--------4-
1 \I 

I J Rr 
I -
I 
I 

L2 -= 

1+1.os v D Q 1-----1--+---t 

Rr 

a 

SCOPE 
CHAN A 

\I 

J_ 
Rr 

FIGURE 2. Toggle Frequency Test Circuit 
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DATA 

CLOCK 

OUTPUT 

SDn, CDn 
MS, MR 

CLOCK 

OUTPUT 

__ / 
0.7:t0.1ns .-0.7:!:0.1 ns 

1..----•+---+--+ 1.05 v 

+0.31 v 

FIGURE 3. Propagation Delay (Clock) and Transition Times 

0.7 :!: 0.1 ns 

11 (RELEASE TIME) 

FIGURE 4. Propagation Delay (Resets) 

3-82 

TL/F/9853-8 

TL/F/9853-9 



DATA 

I- \ __ 5_0_.,,. ___ + 1.05 v 

----o1. I I..- "· ---- + 0.31 v 

_. 
1•E1

h--.i +1.o5v 

-----.1-j-__ 50

_.,,. _________ +0.31 v 

CLOCK 

FIGURE 5. Data Setup and Hold Time 
Note: 

Is is the minimum time before the transition of the clock that information must be present at the data input. 
th is the minimum time after the transition of the clock that Information must remain unchanged at the data input. 
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F100135 
Triple J-K Flip-Flop 

General Description 
The F100135 contains three J-K, edge-triggered master
slave flip-flops with true and complement outputs. All have 
individual Clock (CPn). Clear (Cn), and Set (Sn) inputs. 
Clocking occurs on the rising edge of CPn. All inputs have 
50 kn pull-down resistors. 

Ordering Code: see section a 

Logic Symbol 

C1 

F100135 

Co 01 

TL/F /9654-3 

Connection Diagrams 

24-Pln DIP 

S2 1 24 C2 

J2 2 23 CP2 

K2 3 22 C1 

02 4 21 CP1 

02 5 20 J1 

Vee 6 19 K1 

VccA 7 18 VEE 

01 8 17 S1 

01 9 16 Ko 

Oo 10 15 Jo 

Oo 11 14 CP0 

So 12 13 Co 

TL/F/9654-1 

Features 
• Toggle frequency 750 MHz Typical 
• Propagation delay 2.2 ns max 
• Outputs specified to drive a 500 load 

Pin Names Description 

Jo-J2 J Inputs 

Ko-K2 K Inputs 

So-S2 Direct Set Inputs 

Co-C2 Direct Clear Inputs 

CP0-CP2 Clock Inputs 

Oo-02 Data Outputs 
Oo-02 Complementary Data Outputs 

24-Pln Quad Cerpak 

CP1 J1 K1 VEE S1 Ko 

24 23 22 21 20 19 

C1 1 18 Jo 

CP2 2 17 CP0 

C2 3 16 Co 

S2 4 15 So 

J2 5 14 Oo 

K2 6 13 Oo 
7 8 9 10 11 12 

02 02 Vee VcCA 01 01 

TL/F/9654-2 

3-84 



Logic Diagram 

Truth Tables (Each Flip-Flop) 

Ko 

CPo 

Co 

Synchronous Operation 

Inputs 

Jn Kn CPn Sn Cn 

L L _/ L L 
L H _/ L L 
H L _/ L L 
H H _/ L L 
x x H L L 
x x L L L 

Asynchronous Operation 

Inputs 

Jn Kn 

x x 
x x 
x x 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
U = Undefined 

CPn 

x 
x 
x 

Sn 

H 
L 
H 

t = Time before CP Positive Transition 
t + 1 = Time after CP Positive Transition 
../ = LOW-to-HIGH Transition 

Cn 

L 
H 
H 

Outputs 

On(t + 1) 

On(t) 

L 
H 

On(t) 

On(t) 

On(t) 

Outputs 

On 

H 
L 
u 

TL/F/9854-5 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature - 65°C to + 150°C 

Maximum Junction Temperature (T J) + 150°C 

DC Electrical Characteristics 

Case Temperature under Bias (Tc) 

VEE Pin Potential to Ground Pin 

Input Voltage (DC) 

Output Current (DC Output HIGH) 

Operating Range (Note 2) 

o·cto +85°C 

- 7.0V to + 0.5V 

VEE to +0.5V 

-50mA 

-5.7V to -4.2V 

VEE = -4.5V, Vee = VccA = GND, Tc = o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1025 -955 -880 
mV V1N =V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1705 -1620 orV1l(Min) 500. to - 2.0V 

VoHC Output HIGH Voltage -1035 
mV V1N = V1H(Min) Loading with 

VolC Output LOW Voltage -1610 orV1l(Max) 500. to - 2.0V 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc= o•c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1605 orV1l (Min) 500. to - 2.0V 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1595 orV1l (Max) 500. to - 2.0V 

V1H Input HIGH Voltage 
-1150 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GND, Tc = o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1035 -880 
mV V1N = V1H (Max) Loading with 

VOL Output LOW Voltage -1830 -1620 orV1l(Min) 500. to - 2.0V 

VoHC Output HIGH Voltage -1045 
mV V1N = V1H (Min) Loading with 

VolC Output LOW Voltage -1610 orV1l(Max) 500. to - 2.0V 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 

Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 

Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = 0°C to +85°C 

Symbol Parameter Min Typ Max Units 

l1H Input HIGH Current 
350 µA 

All inputs 

IEE Power Supply Current -195 -150 -90 mA 

Ceramic Dual-In-Line Package AC Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +ss0 c 

Units 
Min Max Min Max Min Max 

fmax Toggle Frequency 600 600 600 MHz 

tPLH Propagation Delay 
0.70 2.20 0.70 2.00 0.70 2.20 ns 

tPHL CPn to Output 

tPLH Propagation Delay 
0.90 1.80 0.90 2.00 0.90 2.40 ns 

tPHL Cn. Sn to Output 

trLH Transition Time 
0.30 1.40 0.30 1.40 0.30 1.40 

trnL 20% to 80%, 80% to 20% 
ns 

ts Setup Time 

Jn, Kn to CPn 0.90 0.70 0.90 ns 

Cn. Sn (Release Time) 1.50 1.30 1.50 

tH Hold Time 
0.80 0.80 0.80 

Jn. Kn to CPn 
ns 

tpw(H) 
Pulse Width HIGH 

2.00 2.00 2.00 
CPn. Cn. Sn 

ns 

Cerpak AC Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units 
Min Max Min Max Min Max 

fmax Toggle Frequency 650 650 650 MHz 

tPLH Propagation Delay 
0.70 2.00 0.70 1.80 0.70 2.00 ns 

tPHL CPn to Output 

tPLH Propagation Delay 
0.90 1.60 0.90 1.80 0.90 2.20 ns 

tPHL Cn, Sn to Output 

trLH Transition Time 
0.30 1.30 0.30 1.30 0.30 1.30 

trHL 20% to 80%, 80% to 20% 
ns 

ts Setup Time 

Jn, Kn to CPn 0.80 0.60 0.80 ns 
Cn. Sn (Release Time) 1.40 1.20 1.40 

tH Hold Time 
0.70 0.70 0.70 

Jn, Kn to CPn 
ns 

tpw(H) 
Pulse Width HIGH 

2.00 2.00 2.00 
CPn, Cn, Sn 

ns 
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Conditions 

V1N = V1H (Max) 

inputs Open 

Conditions 

Figure 1 

Figures 2 and 3 

CPn = L, CPn = H 

Figures 2 and 3 

Conditions 

Figure 1 

Figures 2 and 3 · 

CPn = L, CPn = H 

Figures 2 and 3 
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1 GHz 
PULSE 

GENERATOR 

SCOPE 
CHANA 

SCOPE 
CHANA 

PULSE 
GENERATOR 

PULSE 
GENERATOR 

+1.0SV 

,-, 

'! 
,·, 

RT l 

# 

Sn 

Jn On 
i'"\ SCOPE 

CHANB 

CPn l 
Kn 'On 

Cn son 

TL/F/9854-6 

FIGURE 1. Toggle Frequency Test Circuit 

Sn 

On 

CPn 

"On 

Cn 

.-, SCOPE 
\I CHANB 

1 
son 

TL/F/9854-7 

FIGURE 2. AC Test Circuit 
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Notes: 
Vee= VeeA = +2V 
VEE= -2.SV 
• = equal electrical length son lines 
RT = son termination 
Decouple power supplies with 0.1 µ.F from Vee 
and VEE to GND 
CL = Fixture and stray capacitance ,,; 3 pF 
Load all unused outputs with son to GND 
Set pulse generator output level for 740 mV p-p 
at a frequency of 10 MHz as measured at the 
clock input pin of the device under test. Do not 
readjust this voltage for frequencies up to fmax· 
The pad isolates the generator output for D.U.T. 
input impedance variations. Signal voltage mea
sured at the D.U.T. input will vary as input imped
ance varies with frequency. 

Notes: 

Vee= VeeA = +2V 

VEE= -2.SV 

Decouple power supplies with 0.1 µ.F from Vee 
and VEE to GND 

RT = son termination 

Load all unused outputs with son to GND 

CL = Fixture and stray capacitance ,,; 3 pF 

• = equal electrical length son lines 

# = Connect Scope CHAN A to pulse generator 
as required 

t = Connect pulse generator to input under test; 
else connect input to voltage source set to 
+ 1.0S volts for logic HIGH or + 0.31 volts for 
logic LOW 

Consult truth table for appropriate logical condi
tion 



CPn 
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TRANSITION TIMES 

On, On 

TEST 
INPUT SIGNAL 
CHARACTERISTICS 

{: lpw(H) \ /•% 
111mex 

·1 I ~0·1. 

14 lpw(H) 

o ~!,(RELEASE TIME)--J 

\ .. 
lh-1 I 

f ·% 
I· IPLH------~ 

~."'_:r-50% --

ITHL 

•1.05V 
•0.31V 

TL/F/9854-8 

FIGURE 3. Propagation Delays and Setup and Hold Time 
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0 ,.... ~National a Semiconductor 

F100136 
4-Stage Counter/Shift Register 

General Description 
The F100136 operates as either a modulo-16 up/down 
counter or as a 4-bit bidirectional shift register. Three Select 
(Sn) inputs determine the mode of operation, as shown in 
the Function Select table. Two Count Enable (CEP, CET) 
inputs are provided for ease of cascading in multistage 
counters. One Count Enable (CET) input also doubles as a 
Serial Data (Do) input for shift-up operation. For shift-down 
operation, D3 is the Serial Data input. In counting operations 
the Terminal Count (TC) output goes LOW when the coun
ter reaches 15 in the count/up mode or O (zero) in the 
count/down mode. In the shift modes, the TC output re
peats the 03 output. The dual nature of this TC/03 output 
and the Do/CET input means that one interconnection from 
one stage to the next higher stage serves as the link for 

Ordering Code: see sections 

Logic Symbol 

c~EP Do/CET Po P1 P2 P3 

So 
S1 

Connection Diagrams 

24-Pln DIP 

re 24 

Oo 2 23 

Oo 3 22 

01 4 21 

01 5 20 

Vee 19 

VeeA 7 18 

02 8 17 

02 16 

03 10 15 

03 11 14 

03 12 13 

TC 0-

TL/F/9655-3 

00/CET 

CEP 

S2 

S1 

So 

MR 

VEE 

CP 

Po 

P1 

P2 

P3 

TL/F/9655-1 

multistage counting or shift-up operation. The individual Pre
set (Pn) inputs are used to enter data in parallel or to preset 
the counter in programmable counter applications. A HIGH 
signal on the Master Reset (MR) input overrides all other 
inputs and asynchronously clears the flip-flops. In addition, 
a synchronous clear is provided, as well as a complement 
function which synchronously inverts the contents of the 
flip-flops. All inputs have 50 kn pull-down resistors. 

Refer to the F100336 datasheet for: 
PCC packaging 
Lower power 
Military versions 
Extended voltage specs (-4.2V to -5.7V) 

Pin Names Description 

CP Clock Pulse Input 
CEP Count Enable Parallel Input (Active LOW) 
Do/CET Serial Data Input/Count Enable 

Trickle Input (Active LOW) 
So-S2 Select Inputs 
MR Master Reset Input 
Po-P3 Preset Inputs 
D3 Serial Data Input 
TC Terminal Count Output 
Oo-03 Data Outputs 
Oo-C.b Complementary Data Outputs 

24-Pin Quad Cerpak 

S1 So MR VEE CP Po 

24 23 22 21 20 19 

S2 18 P1 
eEP 17 P2 

00/CET 16 P3 

re 4 15 03 

Oo 14 03 

Oo 13 03 
7 8 9 10 11 12 

01 o, Vee VeeA 02 02 
TL/F/9655-2 
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Logic Diagram 
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Function Select Table 

S2 S1 So Function 

L L L Parallel Load 
L L H Complement 
L H L Shift Left 
L H H Shift Right 
H L L Count Down 
H L H Clear 
H H L Count Up 
H H H Hold 

Truth Table 
0 0 = LSB 

Inputs Outputs 

MR S2 S1 So CEP Do/CET 03 CP Q3 Q2 Q1 ao TC Mode 

L L L L x x x _r P3 P2 P1 Po L Preset (Parallel Load) 

L L L H x x x _r 03 02 01 Oo L Invert 

L L H L x x x _r D3 03 02 D1 D3 Shift Left 

L L H H x x x _r 02 01 Oo Do 03• Shift Right 

L H L L L L x _r (Oo-3) minus 1 (j) Count Down 

L H L L H L x x 03 02 01 Oo (j) Count Down with CEP not active 
L H L L x H x x 03 02 01 Oo H Count Down with CET not active 

L H L H x x x _/ L L L L H Clear 

L H H L L L x _/ (Oo-3) plus 1 @ Count Up 

L H H L H L x x 03 02 01 Oo @ Count Up with CEP not active 
L H H L x H x x 03 02 01 Oo H Count Up with CET not active 

L H H H x x x x 03 02 01 Oo H Hold 

H L l. L x x x x L L L L L 
H L L H x x x x L L L L L 
H L H L x x x x L L L L L 
H L H H x x x x L L L L L 

Asynchronous 
H H L L x L x x L L L L L 
H H L L x H x x L L L L H 

Master Reset 

H H L H x x x x L L L L H 
H H H L x x x x L L L L H 
H H H H x x x x L L L L H 

©= L if Oo-03 = LLLL •Before the clock, TC is 0 3 
H if Oo-03 *- LLLL After the clock, TC is 02 

@= L if Oo-03 = HHHH 

H if Oo-03 *- HHHH 

H= HIGH Voltage Level 

L = LOW Voltage Level 

X= Don't Care 

.../" = LOW-to-HIGH Transition 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Miiitary/ Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°Cto +85°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin - 7.0V to + 0.5V 
Office/Distributors for availability and specifications. 

Input Voltage (DC) VEE to +0.5V 
Storage Temperature - 65°C to + 150°C 

Output Current (DC Output HIGH) -50mA 
Maximum Junction Temperature (TJ) + 150°C 

Operating Range (Note 2) -5.7V to -4.2V 

DC Electrical Characteristics 
VEE = -4.5V, Vee= VccA = GND, Tc = 0°c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1025 -955 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1705 -1620 or Vil (Min) 50!l.to -2.0V 

VoHC Output HIGH Voltage -1035 
mV V1N = V1H(Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) 50!l. to -2.0V 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l(Min}_ 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1605 orV1l(Min) 50!l.to -2.0V 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1595 orV1l (Max) 50!l. to -2.0V 

V1H Input HIGH Voltage 
-1150 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

Ill Input LOW Current 0.50 µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE= -4.8V, Vee= VccA = GND, Tc= 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1035 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1620 orV1l(Min) 50!l. to -2.0V 

VoHC Output HIGH Voltage -1045 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) 50!l. to -2.0V 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min}_ 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.SV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE= -4.2V to -4.8V unless otherwise specified, Vee= VccA = GND, Tc= 0°C to +85°C 

Symbol Parameter Min Typ Max Units 

l1H Input HIGH Current 

Pn, Sn 180 
CEP 200 
MR 240 µA 

D3 280 
CP 390 

Do/CET 530 

IEE Power Supply Current -283 -195 -136 mA 

Ceramic Dual-In-Line Package AC Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Min Max Min Max Min Max 

fshift Shift Frequency 250 250 250 

tPLH Propagation Delay · 
0.85 2.10 0.85 2.10 0.85 2.25 

tPHL CPtoOn, On 

tPLH Propagation Delay 
1.90 4.80 1.90 4.60 1.90 5.20 

tPHL CPtoTC 

tPLH Propagation Delay 
1.20 2.95 1.35 2.95 1.20 3.10 

tPHL MR to On, On 

tPLH Propagation Delay 
2.20 4.80 2.20 4.80 2.20 5.30 

tPHL MR to TC 

tPLH Propagation Delay 
1.40 3.20 1.40 3.20 1.40 3.50 

tPHL Do/CETtoTC 

tPLH Propagation Delay 
0.90 3.80 1.00 3.80 1.00 4.30 

tPHL Sn to TC 

trLH Transition Time 
0.45 1.80 0.45 1.80 0.45 1.80 

trHL 20% to 80%, 80% to 20% 

ts Setup Time 

D3 1.20 1.20 1.20 

Pn 1.70 1.70 1.70 
Do/CET, CEP 1.45 1.45. 1.45 

Sn 3.30 3.30 3.30 
MR (Release Time) 2.60 2.60 2.60 

th Hold Time 

D3 0.20 0.20 0.20 

Pn 0.10 0.10 0.10 
Do/CET, CEP 0.20 0.20 0.20 

Sn -0.90 -0.90 -0.90 

tpw(H) 
Pulse Width HIGH 

2.00 2.00 2.00 
CP,MR 

3.94 

Conditions 

V1N = V1H (Max) 

Inputs Open 

Units Conditions 

MHz Figures 2 and 3 

ns 
Figures 1 and 3 

ns 

ns 
Figures 1 and 4 

ns 

ns 
Figures 1 and 5 

ns 

ns Figures 1 and 3 

ns Figure6 

ns Figure6 

ns Figures 3 and 4 



Cerpak AC Electrical Characteristics vEE = -4.2v to -4.8V, Vee = VeeA = GND 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +as·c 

Units 
Min Max Min Max Min Max 

fshifl Shift Frequency 250 250 250 MHz 

tpLH Propagation Delay 
0.85 1.90 0.85 1.90 0.85 2.05 ns 

tPHL CPtoOn, On 

tPLH Propagation Delay 
1.90 4.60 1.90 4.40 1.90 5.00 ns 

tPHL CPtoTC 

tpLH Propagation Delay 
1.20 2.75 1.35 2.75 1.20 2.90 ns 

tPHL MR to On. On 

tPLH Propagation Delay 
2.20 4.60 2.20 4.60 2.20 5.10 ns 

tPHL MR to TC 

tpLH Propagation Delay 
1.40 3.00 1.40 3.00 1.40 3.30 ns 

tPHL D0/CETto TC 

tPLH Propagation Delay 
0.90 3.60 1.00 3.60 1.00 4.10 ns 

tPHL Sn to TC 

trLH Transition Time 
0.45 1.70 0.45 1.70 0.45 1.70 ns 

trHL 20% to 80%, 80% to 20% 

ts Setup Time 

D3 1.10 1.10 1.10 
Pn 1.60 1.60 1.60 

ns 
Do/CET, CEP 1.35 1.35 1.35 

Sn 3.20 3.20 3.20 
MR (Release Time) 2.50 2.50 2.50 

th Hold Time 

D3 0.10 0.10 0.10 

Pn 0 0 0 ns 

Do/CET, CEP 0.10 0.10 0.10 

Sn -1.00 -1.00 -1.00 

tpw(H) Pulse Width HIGH 
2.00 2.00 2.00 ns 

CP,MR 
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Conditions 

Figures 2 and 3 

Figures 1 and 3 

Figures 1 and 4 

Figures 1 and 5 

Figures 1 and 3 

Figure6 

Figure6 

Figures 3 and 4 
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FIGURE 1. AC Test Circuit 

PULSE 
,, .. CEP 

GENERATOR \ CP 

r So 
-:=- L1 +1.0SV 51 

SCOPE 
,, 

Sz 
CHANA \ MR 

Ry l 
-=-

Notes: 

Vee. VeeA = +2V, VEE = -2.5V 

L 1, L2 and L3 = equal length 50n impedance lines 

Ar = son terminator internal to scope 

Decoupling 0.1 µF from GND to Vee and VEE 

All unused outputs are loaded with son to GND 

CL = Fixture and stray capacitance ~ 3 pF 

Pin numbers shown are for flatpak; 
for DIP see logic symbol 

L2 
(\ 
\I 

i 

f"· 
son 

TL/F /9855-6 

SCOPE 
CHAN B 

TL/F/9855-7 

FIGURE 2. Shift Frequency Test Circuit (Shift Left) 
Notes: 

For shift right mode, + 1.0SV is applied at s0. 
The feedback path from output to input should be as short as possible. 
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DATA __ / 

FIGURE 3. Propagation Delay (Clock) and Transition Times 

0.7:t0.1 ns 0.7:t0.1 ns 

MR 

11 (RELEASE TIME) 

CLOCK 

OUTPUT 

20% 

FIGURE 4. Propagation Delay (Reset) 
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0.7±0.1 ns1 r 1 r0.7±0.1 ns 
I +1.05 v 

INPUT ~ ~--20-s_£°_%_
0

/c-o ---- +0.
31 

V 

lpHL~ r -l ~,.IP_L_H __ 

OUTM . ~ t~% 
~J ~ ~ r.TLH 

TL/F/9855-10 

FIGURE 5. Propagation Delay (Serlal Data, Selects) 

INHIBIT COUNT 

r-------~ +1.o5 v 

l \ 

\ 
'------ + 0.31 v 

50% 

I 
.____ lh --..1 ---- + D.31 v 

_... .. ---,. __________ + 1.05 v 

-____ _,/-"% 
CLOCK • +0.31 v 

TL/F/9855-11 

Notes: 

t8 is the minimum time before the transition of the clock that information must be present at the data input. 
tn is the minimum time after the transition of the clock that information must remain unchanged at the data input. 

FIGURE 6. Setup and Hold Time 
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Applications 

(LSB) 

Po·P3 
S2 

COUNT CEP F100138 
ENABLE 

l1N CP 
Oo 01 02 03 

3-Stage Divider, Preset Count Down Mode 
PRESET N 

Po·P3 
S2 

CEP F100138 

TC 
TC CP 

(MSB) 

Na-N11 
4 

S2 Po·P3 

CEP 
F100138 

CET 
TC 

CP 

..----------------------four 

D 

-----------------~CP 
Op.----..,_~ 

Note: If So= S1 = S2 =LOW, then Tc= LOW TL/F/9855-12 

Slow Expansion Scheme 

COuNT CEP CEP CEP CEP 

ENABLE ----ai CET F100136 TC CET F100136 TC CET F100136 TC CET F100136 TC 

CP CP CP CP 

CLOCK--... ----------4----------e..,_ ________ __. 
TL/F/9855-13 

Fast Expansion Scheme 

COUNT CEP TC CEP CEP CEP 

ENAiiLE----<JI CET F100136 CET F100136 TC CET F100136 TC CET F100136 TC 
CP CP CP CP 

CLOCK---+---------... ----------..-----------' 
TL/F /9855-15 
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~ Semiconductor 
F100141 
8-Bit Shift Register 

General Description 
The F100141 contains eight edge-triggered, D-type flip
flops with individual inputs (Pn) and outputs (On) for parallel 
operation, and with serial inputs (On) and steering logic for 
bidirectional shifting. The flip-flops accept input data a setup 
time before the positive-going transition of the clock pulse 
and their outputs respond a propagation delay after this ris-
ing clock edge. · 

The circuit operating mode is determined by the Select in
puts So and S1, which are internally decoded to select either 

Ordering Code: see sections 

Logic Symbol 

Do Po P1 P2 P3 P 4 Ps Pa P1 07 
CP 

So 

S1 

Connection Diagrams 

24-Pln DIP 

Do 24 Po 

Oo 23 P1 

o, 3 22 P2 

02 4 21 P3 

03 20 S1 

Vee 19 So 

VeCA 18 VEE 

04 17 CP 

05 16 P4 

05 10 15 P5 

07 11 14 P5 

D1 12 13 P7 

TL/F /9856-1 

TL/F/9856-2 

"parallel entry", "hold", "shift left" or "shift right" as de
scribed in the Truth Table. All inputs have 50 kn pull-down 
resistors. 

Refer to the F100341 datasheet for: 
PCC packaging 
Lower power 
Military versions 
Extended voltage specs (-4.2V to -5.7V) 

Pin Names Description 

CP Clock Input 

So, S1 Select Inputs 

Do, 07 Serial Inputs 

Po-P7 Parallel Inputs 

Oo-07 Data Outputs 

24-Pin Quad Cerpak 

P3 S1 So VEE CP P4 

24 23 22 21 20 19 

P2 18 P5 

P1 2 17 Ps 

Po 3 16 P7 

Do 4 15 D1 

Oo 5 14 07 

o, 13 Os 
7 8 9 10 11 12 

02 03 Vee VeeA 04 05 
TL/F/9856-3 
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Logic Diagram 

Truth Table 

Function 
07 

Load Register 

Shift Left 
Shift Left 

Shift Right 
Shift Right 

Hold 
Hold 
Hold 

H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Don't Care 

x 
x 
x 
L 
H 

x 
x 
x 

....r = LOW-to-HIGH transition 

Do 

x 
L 
H 

x 
x 
x 
x 
x 

Oo 

Inputs 

51 So CP 

L L _/ 

L H _/ 

L H _/ 

H L _/ 

H L _/ 

H H x 
x x H 
x x L 

01 • • • • • • Oe 

Outputs 

Q7 Os 05 Q4 03 

P7 Pa Ps P4 P3 

Oa Os 04 03 02 
Oa Os 04 03 02 

L 07 Oa Os 04 
H 07 Oa Os 04 

No Change 

3-101 

02 

P2 

01 
01 

03 
03 

Q7 

TL/F/9856-5 

01 Oo 

P1 Po 

Oo L 

Oo H 

02 01 
02 01 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) o·c to +0s0 c 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin -7.0Vto +O.SV 
Office/Distributors for availability and specifications. 

Input Voltage (DC) VEE to +O.SV 
Storage Temperature - 6S0 c to + 1 so·c 

Output Current (DC Output HIGH) -SOmA 
Maximum Junction Temperature (TJ) +1so0 c 

Operating Range (Note 2) -S.7V to -4.2V 

DC Electrical Characteristics 
VEE= -4.SV, Vee= VccA = GND, Tc= o·c to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -102S -9SS -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -170S -1620 orV1l(Min) son to -2.ov 

VoHC Output HIGH Voltage -103S 
mV V1N = V1H(Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) son to -2.ov 

V1H Input HIGH Voltage 
-116S -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -147S mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current o.so µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc = o•c to + 8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -160S orV1l(Min) son to -2.ov 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

VOLc Output LOW Voltage -1S9S orV1l(Max) son to -2.ov 

V1H Input HIGH Voltage 
-1150 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current o.so µA V1N = Vil (Min) 

DC Electrical Characteristics 
VEE = -4.8V, Vee= VccA = GND, Tc= o·c to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -103S -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1620 orV1l(Min) son.to -2.ov 

VoHC Output HIGH Voltage -104S 
mV V1N = V1H (Min) Loading with 

VolC Output LOW Voltage -1610 orV1l(Max) son to -2.ov 

V1H Input HIGH Voltage 
-116S -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current o.so µA V1N = Vil (Min) 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE= -4.2V to -4.8V unless otherwise specified, Vee= VccA = GND, Tc= o·c to +85°C 

Symbol Parameter Min Typ Max Units 

l1H Input HIGH Current 
Dn. Pn, Sn 220 µA 
CP 550 

IEE Power Supply Current -238 -170 -119 mA 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter Tc= o•c Tc= +25°C Tc= +as·c 
Min Max Min Max Min Max 

fshift Shift Frequency 275 275 255 

tpLH Propagation Delay 
0.90 2.40 1.10 2.30 1.10 2.50 

tpHL CPtoOutput 

trLH Transition Time 
0.45 1.50 0.45 1.40 0.45 1.50 

trHL 20% to 80%, 80% to 20% 

ts Setup Time 
Dn, Pn 0.85 0.85 0.85 
Sn 2.20 2.20 2.20 

tH Hold 
Dn,Pn 0.60 0.60 0.60 
Sn 0.10 0.10 0.10 

tpw(H) Pulse Width HIGH 
2.00 2.00 2.00 

CP 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter Tc= o·c Tc= +2s0 c Tc= +as·c 
Min Max Min Max Min Max 

fshift Shift Frequency 300 300 280 

tpLH Propagation Delay 
0.90 2.20 1.10 2.10 1.10 2.30 

tpHL CPto Output 

trLH Transition Time 
0.45 1.40 0.45 1.30 0.45 1.40 

trnL 20% to 80%, 80% to 20% 

ts Setup Time 
Dn,Pn 0.75 0.75 0.75 
Sn 2.10 2.10 2.10 

tH Hold 
Dn.Pn 0.50 0.50 0.50 
Sn 0 0 0 

tpw(H) Pulse Width HIGH 
2.00 2.00 2.00 

CP 
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Conditions 

V1N = V1H (Max) 

Inputs Open 

Conditions 

Figures 2 and 3 

Figures 1 and 3 

Figure4 
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J 
Vee 

0.1 

lµF 
24 23 22 21 20 19 

1 18 

17 

16 

son 1S 

son 14 son 
6 13 

7 8 9 10 11 12 

":' 

\ I 

-!-

L2 
t\ 

Ry 

so 0 

":' 

PULSE 
GENERATOR 

SCOPE 
CHANA 

SCOPE 
CHAN B 

Notes: 

(\ 
\I 

1 

Vee. VeeA = +2V, VEE= -2.5V 

\I 

J Ry 

":' 

L1, L2 and L3 = equal length son impedance lines 
Rr = son terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and Vee 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance ~ 3 pF 

PULSE 
GENERATOR 

SCOPE 
CHANA 

2SµF I 
Pin numbers shown are for flatpak; for DIP see logic symbol 

FIGURE 1. AC Test Circuit 

Notes: 

For shift right mode pulse generator connected to So is moved to S1. 

Pulse generator connected to S1 has a LOW frequency 99% duty cycle, which allows occasional parallel load. 

The feedback path from output to input should be as short as possible. 

FIGURE 2. Shift Frequency Test Circuit (Shift Left) 
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CLOCK 

PARALLEL 

OUTPUT 

TL/F/9856-8 

FIGURE 3. Propagation Delay and Transition Times 

Pn, Sn, Dn ____ o1f \ __ 5_0_% ___ + 
1
.0

5 
V 

. .... ---- +0.31 v 

~I,. l:=-'h~1 

Note: 

t5 is the minimum time before the transition of the clock that information 
must be present at the data Input. 

th Is the minimum time after the transition of the clock that information must 
remain unchanged at the data input. 

+1.05 v 

--------mo1~--5-o_~_. _______ ~ 
• +0.31 v 

CLOCK 

TL/F/9856-9 

FIGURE 4. Setup and Hold Times 
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0 ,.... ~National 
~ Semiconductor 
F100142 
4 x 4-Bit Content Addressable Memory 

General Description 
The F100142 is a 4 word by 4-bit Content Addressable 
Memory (CAM). Reading is accomplished when an address 
select input (Ao, A?, A2, As) is LOW and the write strobe 
input (WS) is HIGH. The corresponding stored word appears 
on the data outputs (Oo-Os). Writing can be performed to 
individual bits of a word or to the whole word. (A LOW on an 
address select input enables a 4-bit word.) A LOW on a bit 
mask input (MKo, MK1, MK2, MKs) enables a bit within all 
four 4-bit words. Write data is presented on the data inputs 
(Do, D1, D2, Ds) and is latched into the addressed bit latch 
when the write strobe input (WS) is LOW. Hence, the bit 

Ordering Code: see section a 

Logic Symbol 

D2 

D1 03 

Do 02 

A3 01 

A2 Oo 

A1 M3 

Ao M2 

MK3 M1 

MK2 Mo 

MK1 

MKo ws 

TL/F/9857-3 

Connection Diagrams 

24-Pln DIP 

MK3 24 D3 

Mo 23 MK2 

M1 22 D2 

M2 4 21 Ao 

M3 5 20 A1 

Vee 6 19 W'S 
VeCA 18 VEE 

03 17 A2 

02 9 16 A3 

o, 10 15 Do 

Oo 11 14 MKo 

MK1 12 13 D1 

TL/F /9857 -1 

mask inputs are used to selectively store data bit-wise with
in an addressed word. During writing, the data input word is 
simultaneously compared to each of the stored memory 
words. A search/ compare is performed by placing a LOW 
on the bit mask inputs and presenting a data pattern to the 
data inputs. Corresponding to the bit mask inputs, the match 
outputs (Mo-Ms) go LOW if a data bit of the pattern 
matches the respective stored bit. A HIGH on any bit mask 
input forces a LOW on the respective match output. Each 
input has a 50 kn (typical) pull-down resistor to VEE· 

Pin Names Description 

MKo-MKs Data Mask Inputs 
Ao-As Address Inputs 

Do-Ds Data Inputs 
ws Write Strobe Input 

Mo-Ms Match Outputs 

Oo-Os Data Outputs 

24-Pln Quad Cerpak 

Ao A1 W'S VEE A2 A3 

24 23 22 21 20 19 

D2 18 Do 

MK2 17 MKo 

D3 16 D1 

MK3 15 MK1 

Mo 14 Oo 

M1 13 o, 
7 8 9 10 11 12 

M2 M3 Vee VCCA 03 02 

TL/F/9857-2 
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Truth Table 

Operation 
WS 

ws 

Write x 
Disabled x 
Write L 

L 

Read H 
H 

Match 
H 

Masked 

Match Not H 
Satisfied H 

H 
H 

Match H 
Satisfied H 

H 
H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
NC = No Change from Previous State 
WS = Write Strobe 
A; = Address for ith Word 
D1 = Data for jth Bit 

A1 

Ao 
A1 
A2 
A3 

H 
L 

L 
L 

L 
L 

x 

L 
H 
H 
L 

L 
H 
H 
L 

Inputs Flip-Flop Outputs 

DJ MK1 Qlj_ M1 ai 
Do MKo Mo Oo 
D1 MK1 M1 01 
D2 MK2 M2 02 
D3 MK3 M3 03 

x x NC x L 
x H NC L O.!i..n-1 

H L H L H 
L L L L L 

x x H x H 
x x L x L 

x H NC L x 

H L L H L 
H L L H L 
L L H H L 
L L H H H 

H L H L H 
H L H L L 
L L L L L 
L L L L L 

MK1 = Data Mask for jth Bit 
H =Mask 

0;1 = Cell State for ith Word, jth Bit 

M; = Match Output of ith Word 
L =True 

a1 = Data Output of jth Bit 

On-1 = Previous Cell State 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Miiitary/Aerospace specified devices are required, Case Temperature under Bias (Tc) o·cto +85°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin - 7.0V to + 0.5V 
Office/Distributors for availability and specifications. 

Input Voltage (DC) VEE to +0.5V 
Storage Temperature -65°C to+ 150°c Output Current (DC Output HIGH) -50mA 
Maximum Junction Temperature (TJ) +150°c Operating Range (Note 2) -5.7V to -4.2V 

DC Electrical Characteristics 
VEE = -4.5V, Vee = VccA = GND, Tc = o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1025 -955 -880 
mV V1N = V1H (Max) Loading with 

Vm Output LOW Voltage -1810 -1705 -1620 orV1L (Min) 50!1 to -2.0V 

VoHC Output HIGH Voltage -1035 
mV V1N = V1H(Min) Loading with 

VoLC Output LOW Voltage -1610 orV1L(Max) 50!1 to -2.0V 

V1H Input HIGH Voltage -1165 -880 mV 
Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee= VccA = GND, Tc = o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

Vm Output LOW Voltage -1810 -1605 or V1L (Min) 50!1to -2.0V 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1595 orV1L(Max) 50!1 to -2.0V 

V1H Input HIGH Voltage -1150 -870 mV 
Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L_iMinl 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GND, Tc = o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1035 -880 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -1620 orV1L(Min) 50!1 to -2.0V 

VoHC Output HIGH Voltage -1045 
mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1610 orV1L(Max) 50!1 to -2.0V • V1H Input HIGH Voltage -1165 -880 mV 
Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage -1830 -1490 mV 
Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = 0°C to +85°C 

Symbol Parameter Min Typ Max Units 

l1H Input HIGH Current 
200 µA All Inputs 

IEE Power Supply Current -288 -190 -114 mA 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter Tc= 0°C Tc= +25°C Tc= +85°C 

Min Max Min Max Min Max 

tAo Address to Data Out 1.20 4.40 1.20 4.30 1.20 4.50 

toM Data In to Match Out Time 1.60 3.70 1.60 3.60 1.60 3.80 

tMM Mask In to "Enable 
Partial" Match Out Time 1.20 3.90 1.20 3.90 1.20 4.00 

too Data In to New Data Out 1.70 4.40 1.70 4.40 1.70 4.60 

two Write to New Data Out 2.50 5.40 2.50 5.20 2.30 5.10 

tAM Address to Match 2.50 4.60 2.50 4.60 2.50 4.90 

tMo Mask to Data 2.20 4.90 2.20 4.80 2.20 5.00 

twsM WSto Match 2.80 4.90 2.80 4.80 2.80 5.10 

tw Write Pulse Width 1.30 1.30 1.30 

IAS Address Setup before Write Time 1.40 1.40 1.40 

IAH Address Hold after Write Time 1.40 1.40 1.40 

tos Data In Setup before Write Time 0.60 0.60 0.60 

loH Data In Hold after Write Time 1.10 1.10 1.10 

IMH Mask In Hold Write Time 2.50 2.50 2.50 

IMS Mask In Setup Write Time 1.10 1.10 1.10 

ITLH Transition Time 
0.50 2.30 0.50 2.30 0.50 2.30 

ITHL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter Tc= 0°C Tc= +25°C Tc= +85°C 

Min Max Min Max Min Max 

IAO Address to Data Out 1.20 4.20 1.20 4.10 1.20 4.30 

loM Data In to Match Out Time 1.60 3.50 1.60 3.40 1.60 3.60 

IMM Mask In to "Enable 
Partial" Match Out Time 1.20 3.70 1.20 3.70 1.20 3.80 

too Data In to New Data Out 1.70 4.20 1.70 4.20 1.70 4.40 

two Write to New Data Out 2.50 5.20 2.50 5.00 2.30 4.90 

tAM Address to Match 2.50 4.40 2.50 4.40 2.50 4.70 

tMo Mask to Data 2.20 4.70 2.20 4.60 2.20 4.80 

twsM WSto Match 2.80 4.70 2.80 4.60 2.80 4.90 

tw Write Pulse Width 1.20 1.20 1.20 

tAs Address Setup before Write Time 1.30 1.30 1.30 

tAH Address Hold after Write Time 1.30 1.30 1.30 

tos Data In Setup before Write Time 0.50 0.50 0.50 

toH Data In Hold after Write Time 1.00 1.00 1.00 

tMH Mask In Hold Write Time 2.40 2.40 2.40 

tMs Mask In Setup Write Time 1.00 1.00 1.00 

trLH Transition Time 
0.50 2.20 0.50 2.20 0.50 2.20 

trnL 20% to 80%, 80% to 20% 
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Switching Waveforms 

L1 
,~, 

SCOPE 
\I CHAN A 

J Rr 

Vee 

-= 
L2 

PULSE ,-, CIRCUIT ,-, 
SCOPE 

GENERATOR UNDER 
CHAN B \I TEST I I 

_l l Rr 

Vee -= 
TL/F/9857-6 

0.7±0.1 ns---..\r{J 1- l '-0.7±0.1 ns 
- + 1.05 v 

80% 

INPUT 50% 

I 
20% 

---- ----- +0.31 v 

NON·INV~RHi1~ 1- -~ 

~~I OUTPUT 

FIGURE 1. AC Test Circuit 

Note: 

Vee. VeeA = +2V, Vee= -2.SV 

INVERTING L j 
ITLH-1 

L1, L2 and L3 = equal length son impedance lines 
RT = son terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and Vee 

TL/F/9857-7 

FIGURE 2. Output Rise and Fall Times and Waveforms 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance :s: 3 pF 

4 ... /·% 
-, I I •AH /,_ __ _ 

~:TA \ I I (NEW DATA) I 150% 

I \.-------------11-.. i i too ___.I ~tow• 

.. I tos I I 
MASK 

IN I I tMS----'-,---1 

WRITE 
STROBE 

I I r= tMH i 
\ tw 150% 
- l-1w.=\l - ... -,------, 

I \ 
(OLD DATA) (NEW DATA) +so% 

\ 
DATA OUT 

FIGURE 3. Write Mode and Read/Write Mode Waveforms 
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0 Switching Waveforms (Continued) 
0 ..... 

TL/F/9857-9 

FIGURE 4. Read Mode Waveforms 

Application 
The F100142 is an ideal choice for the register file unit of a 
bit-slice processor. Figure 5 shows the configuration of four 
F100145s into a 16 x 16 register file. The write enbles (WE1, 
WE2) and output enables (OE1, OE2) are configured to al
low access to one array of sixteen 16-bit registers or two 
arrays of sixteen 8-bit registers. Simultaneous read and 
write addressing is made possible with separate buses. 
Also, reading and then writing to the same address is easily 
and efficiently done by tying one write enable to an output 
enable. 

Y815-Y812 

MRL-------4 
WTL-------4 
CSL-------4 

WTH-------
MRH-------+--4 

R83·R80 

CSH 

RD 

583-580 ,___-----~ 

0815-0812 

Y811·Y88 

Q3-QO 

0811-088 

.::.Y JF-----
==.!il\ ''----------'I ' -IDM-1 -toM-

J 

MASK IN MASK OUT BIT 
COMPARE FOR ----1 ONE OR MORE BITS 

-IMM IMM-i 

M-AT_C_H_O_UT-PU_T ___ ""'~ ir::. -\ __ ,~7• 
TL/F/9857-10 

FIGURE 5. Search Mode Waveforms 

Y87-Y84 

087-084 

Y83-Y80 

083-080 

TL/F/9857-11 

FIGURE 5. 16 x 16 Register File (Two 16 x 8 Register Files) 
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~National 
~ Semiconductor 

F100150 
Hex D Latch 

General Description 
The F100150 contains six D-type latches with true and com
plement outputs, a pair of common Enables (Ea and Eb), 
and a common Master Reset (MR). A Q output follows its D 
input when both Ea and Eb are LOW. When either Ea or Eb 
(or both) are HIGH, a latch stores the last valid data present 
on its D input before Ea or Eb went HIGH. The MR input 

Ordering Code: see section a 

Logic Symbol 

TL/F/9858-3 

Connection Diagrams 

24-Pin DIP 

Os 24 05 

04 2 23 D5 

04 3 22 D4 

03 4 21 Eb 
03 20 Ea 

Vee 19 MR 

VeCA 7 18 VEE 

02 8 17 D3 

02 16 D2 

01 10 15 D1 

o, 11 14 Do 

Oo 12 13 Oo 

TL/F/9858-1 

overrides all other inputs and makes the Q outputs LOW. All 
inputs have 50 kn pull-down resistors. 

Refer to the F100350 datasheet for: 
PCC packaging 
Lower power 
Military versions 
Extended voltage specs ( - 4.2V to - 5. 7V) 

Pin Names Description 

Do-Ds Data Inputs 

Ea. Eb Common Enable Inputs (Active LOW) 
MR Asynchronous Master Reset Input 

Oo-Os Data Outputs 

Oo-Os Complementary Data Outputs 

24-Pin Quad Cerpak 

Eb Ea MR VEE o3 D2 

24 23 22 21 20 19 

D4 18 D1 

D5 17 Do 

05 16 Oo 

05 4 15 Oo 

04 5 14 01 

04 13 01 
7 8 9 10 11 12 

03 03 Vee VccA 02 02 
TL/F/9858-2 
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Q 
I.I) 

c; Logic Diagram 
Q ,... 

Do 

Oo Oo 

Truth Tables (Each Latch) 

Latch Operation 

Inputs 

Dn Ea Eb MR 

L L L L 
H L L L 
x H x L 
x x H L 

•Retains data present before E positive transition 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

Os 

D 

TL/F/9858-5 

Asynchronous Operation 

Outputs Inputs Outputs 

On Dn 1 Ea 1 Eb 1 MR On 

L x 1 x 1 x 1 H L 
H 

Latched* 
Latched* 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°Cto +85°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin -7.0V to +0.5V 
Office/Distributors for avallablllty and specifications. Input Voltage (DC) VEEto +0.5V 
Storage Temperature - 65°C to + 150°C Output Current (DC Output HIGH) -50mA 
Maximum Junction Temperature (TJ) +150°C Operating Range (Note 2) -5.7V to -4.2V 

DC Electrical Characteristics 
VEE = -4.5V, Vee = VccA = GND, Tc= 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1025 -955 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1705 -1620 orV1l (Min) 50n to -2.ov 

VoHC Output HIGH Voltage -1035 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orVrl(Max) 50!l to -2.0V 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

lrl Input LOW Current 0.50 µA V1N = Vrl (Mir]_ 

DC Electrical Characteristics 
VEE = -4.2V, Vee= VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1605 orV1l(Min) 50!l to -2.0V 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1595 orV1l(Max) 50n to -2.ov 

V1H Input HIGH Voltage 
-1150 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

Vrl Input LOW Voltage -1810 -1475 mV 
Guaranteed LOW Signal 
for All Inputs 

lrl Input LOW Current 0.50 µA V1N = Vrl (Min) 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1035 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1620 orV1l(Min) 50!l to -2.0V 

VoHC Output HIGH Voltage -1045 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) 50n to -2.ov 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

Vrl Input LOW Voltage -1830 -1490 mV 
Guaranteed LOW Signal 
for All Inputs 

lrl Input LOW Current 0.50 µA V1N = V1LJ_Miaj_ 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VeeA = GND, Te = o·c to + 85°C 

Symbol Parameter Min Typ Max Units 

l1H Input HIGH Current 
MR 450 µA 
Qn - 340 
Ea, Eb 520 

IEE Power Supply Current -159 -113 -79 mA 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VeeA = GND 

Symbol Parameter Tc= o·c Tc= +2s0 c Tc= +es·c 
Min Max Min Max Min Max 

tPLH Propagation Delay 
tPHL Dn to Output 0.45 1.50 0.50 1.40 0.50 1.50 

(Transparent Mode) 

tPLH Propagation Delay 
0.75 2.05 0.75 1.85 0.75 2.05 

tPHL Ea, Eb to Output 

tPLH Propagation Delay 
0.80 2.40 0.90 2.40 0.90 2.60 

tPHL MR to Output 

tTLH Transition Time 
0.45 1.70 0.45 1.60 0.45 1.60 

tTHL 20% to 80%, 80% to 20% 

ts Setup Time 
Do-D5 0.70 0.70 0.70 
MR (Release Time) 2.10 2.10 2.10 

th Hold Time, Do-Ds 0.70 0.70 0.70 

tpw(L) Pulse Width LOW 
2.00 2.00 2.00 Ea.Eb 

tpw(H) Pulse Width HIGH, MR 2.00 2.00 2.00 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VeeA = GND 

Symbol Parameter Tc= o·c Tc= +2s0 c Tc= +es·c 
Min Max Min Max Min Max 

tPLH Propagation Delay 
tPHL Dn to Output 0.45 1.30 0.50 1.20 0.50 1.30 

(Transparent Mode) 

tPLH Propagation Delay 
0.75 1.85 0.75 1.65 0.75 1.85 

tPHL Ea. Eb to Output 

tPLH Propagation Delay 0.80 2.20 0.90 2.20 0.90 2.40 
tPHL MR to Output 

tTLH Transition Time 
0.45 1.60 0.45 1.50 0.45 1.50 

tTHL 20% to 80%, 80% to 20% 

ts Setup Time 
Do-D5 0.60 0.60 0.60 
MR (Release Time) 2.00 2.00 2.00 

th Hold Time, Do-Ds 0.60 0.60 0.60 

tpw(L) Pulse Width LOW 
2.00 2.00 2.00 Ea.Eb 

tpw(H) Pulse Width HIGH, MR 2.00 2.00 2.00 
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Conditions 

V1N = V1H (Max) 

Inputs Open 

Units· Conditions 

ns 
Figures 1 and 2 

ns 

ns Figures 1and3 

ns Figures 1 and 2 

ns 
Figures 3 and 4 

ns Figure4 

ns Figure2 

ns Figure3 

Units Conditions 
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Figures 1 and 2 
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ns Figures 1 and 3 

ns Figures 1 and 2 

ns 
Figures 3 and 4 

ns Figure4 

ns Figure2 

ns Figure3 
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FIGURE 1. AC Test Circuit 
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FIGURE 2. Enable Timing 
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Notes: 

Vee. VeeA = +2V, VEE= -2.SV 
L 1 and L2 = equal length son impedance lines 
Rr = son terminator internal to scope 
Decoupling 0.1 µ.F from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance :s:: 3 pF 

0.7:t0.1 "' 

+1.05 v 
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DATA - - -'--------------------- - - _Jx---------------
TRANSPARENT LATCHED TRANSPARENT 

t5(RELEASE TIME) 

RESET 

OUTPUT 

TL/F/9858-8 

FIGURE 3. Reset Timing 

_DAT.-'A __ X )( __ _ 
-ENA-BLE ____ ~_··y _ .. =::.j ____ __ 

TL/F/9858-9 

Notes: 

Is is the minimum time before the transition of the enable that information must be present at the data input. 
th is the minimum time after the transition of the enable that information must remain unchanged at the data input. 

FIGURE 4. Data Setup and Hold Time 
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~National 
~ Semiconductor 

F100151 
Hex D Flip-Flop 

General Description 
The F100151 contains six D-type edge-triggered, master/ 
slave flip-flops with true and complement outputs, a pair of 
common Clock inputs (CPa and CPb) and common Master 
Reset (MR) input. Data enters a master when both CPa and 
CPb are LOW and transfers to the slave when CPa and CPb 
(or both) go HIGH. The MR input overrides all other inputs 

Ordering Code: see sections 

Logic Symbol 

c·cr 
CP Do D1 02 03 04 Ds 

Q4 

TL/F/9859-3 

Connection Diagrams 

24-Pin DIP 

05 24 05 

04 2 23 D5 

04 3 22 D4 

03 4 21 epb 

03 5 20 eP8 

Yee 6 19 MR 

YeeA 7 18 Vrr 

02 8 17 D3 

02 9 16 D2 

o, 10 15 D1 

o, 11 14 Do 

Oo 12 13 Oo 

TL/F/9859-1 

and makes the Q outputs LOW. All inputs have 50 kn pull
down resistors. 

Refer to the F100351 datasheet for: 
PCC packaging 
Lower power 
Military versions 
Extended voltage specs (-4.2V to -5.7V) 

Pin Names Description 

D0-Ds Data Inputs 

CPa, CPb Common Clock Inputs 
MR Asynchronous Master Reset input 

Oo-Os Data Outputs · 

Oo-Os Complementary Data Outputs 

24-Pin Quad Cerpak 

epb ePa MR Vrr D3 D2 

24 23 22 21 20 19 

D4 18 D1 

D5 17 Do 

05 3 16 Oo 

05 4 15 Oo 

04 14 o, 
04 13 o, 

7 8 9 10 11 12 

03 03 Vee VecA 02 02 
TL/F/9859-2 

Top View 
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Logic Diagram 
Do 

D c D 
R 

Q Q Q 

y 
ao Oo cs, a, 

Truth Table (Each Flip-flop) 

Synchronous Operation 

Inputs 

Dn CPa CPb MR 

L .../ L L 
H .../ L L 
L L .../ L 
H L .../ L 

x H .../ L 
x .../ H L 
x L L L 

Asynchronous Operation 

Inputs 

Dn I CP8 

x I x 
H = HIGH Voltage Level 

L = LOW Voltage Level 

X = Don't Care 

I CPb 

l x 

t = Time before CP positive transition 

t + 1 = Time after CP positive transition 

.../" = LOW-to-HIGH transition 

I MR 

1 H 

D c D D D 
R 

Q Q Q Q Q 

I 
02 02 03 Q3 04 Q4 Os 

TL/F/9859-5 

Outputs 

Qn(t+ 1) 

L 
H 
L 
H 

On(t) 

On(t) 

On(t) 

Outputs 

Qn(t+ 1) 

L 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°Cto +85°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin - 7.0V to + 0.5V 
Office/Distributors for availability and specifications. 

Input Voltage (DC) VEE to +0.5V 
Storage Temperature - 65°C to + 150°C Output Current (DC Output HIGH) -50mA 
Maximum Junction Temperature (TJ) + 150°C Operating Range (Note 2) -5.7V to -4.2V 

DC Electrical Characteristics 
VEE = -4.5V, Vee= VccA = GND, Tc= 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1025 -955 -880 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1810 -1705 -1620 orV1L(Min) 5on to -2.ov 

VoHC Output HIGH Voltage -1035 
mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1610 orV1L(Max) 50n to -2.ov 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1810 -1605 orV1L(Min) 5on to -2.ov 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1595 orV1L(Max) 5on to -2.ov 

V1H Input HIGH Voltage 
-1150 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage -1810 -1475 mV Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GND, Tc = o~c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1035 -880 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -1620 or V1L (Min) · 50n to -2.ov 

VoHc Output HIGH Voltage -1045 
mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1610 orV1L (Max) 50n to -2.ov 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L(Min) 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.SV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = o•c to +85°C 

Symbol Parameter Min Typ Max Units 

l1H Input HIGH Current 
MR 450 

µA 
Do-Ds 225 

CPa, CPb 520 

IEE Power Supply Current -210 -155 -98 mA 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.BV, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +2s·c Tc= +as·c 

Min Max Min Max Min Max 

fmax Toggle Frequency 375 375 375 

IPLH Propagation Delay 
0.80 2.20 0.80 2.20 0.90 2.40 

IPHL CPa, CPb to Output 

IPLH Propagation Delay 
1.20 2.90 1.30 3.00 1.20 3.10 

IPHL MR to Output 

lrLH Transition Time 
0.45 1.80 0.45 1.70 0.45 1.80 

ITHL 20% to 80%, 80% to 20% 

Is Setup Time 

Do-Ds 0.70 0.70 0.70 
MR (Release Time) 2.30 2.30 2.60 

th Hold Time 
0.70 0.70 0.70 

Do-Ds 

lpw(H) 
Pulse Width HIGH 

2.00 2.00 2.00 
CPa. CPb, MR 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +2s·c Tc= +as·c 

Min Max Min Max Min Max 

fmax Toggle Frequency 375 375 375 

tPLH Propagation Delay 
0.80 2.00 0.80 2.00 0.90 2.20 

tPHL CPa, CPb to Output 

tPLH Propagation Delay 
1.20 2.70 1.30 2.80 1.20 2.90 

tpHL MR to Output 

trLH Transition Time 
0.45 1.70 0.45 1.60 0.45 1.70 

trHL 20% to 80%, 80% to 20% 

ts Setup Time 
Do-Ds 0.60 0.60 0.60 
MR (Release Time) 2.20 2.20 2.50 

th Hold Time 
0.60 0.60 0.60 

Do-Ds 

tpw(H) 
Pulse Width HIGH 

2.00 2.00 2.00 
CP8 , CPb, MR 
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Conditions 

V1N = V1H (Max) 

Inputs Open 

Units Conditions 

MHz Figures 2 and 3 

ns Figures 1 and 3 

ns Figures 1 and 4 

ns Figures 1 and 3 

Figure5 
ns 

Figure4 

ns Figure5 

ns Figures 3 and 4 

Units Conditions 

MHz Figures 2 and 3 

ns Figures 1 and 3 

ns Figures 1 and 4 

ns Figures 1 and 3 

Figure5 
ns 

Figure4 

ns Figure5 

ns Figures 3 and 4 
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PULSE 

50 ll 
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, .... 
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Vee 

CP CIRCUIT 
UNDER 
TEST 

Vee 

L1 ,-, 
\ I 

I 

a 
L2 

a("\ 
\ I 

I 

SCOPE 
CHAN A 

SCOPE 
CHAN B 

Notes: 

Vee. VeeA = +2V, VEE = --2.SV 

L 1 and L2 = equal length son impedance lines 

Ar = son terminator internal to scope 

Decoupling 0.1 µF from GND to Vee and VEE 

All unused outputs are loaded with son to GND 

CL = Fixture and stray capacitance s: 3 pF 

rL/F/9859-8 

FIGURE 1. AC Test Circuit 

SCOPE 
CHAN A 

Rr 

-=-

SCOPE 
CHAN B 

-=-

Notes: 

Vee. VeeA = +2V, VEE = --2.SV 

L 1 and L2 = equal length son impedance lines 

Ar = son terminator internal to scope 

Decoupling 0.1 µF from GND to Vee and VEE 

All unused outputs are loaded with son to GND 

CL = Jig and stray capacitance s: 3 pF 

rL/F/9859-7 

FIGURE 2. Toggle Frequency Test Circuit 

DATA ----'/ 
0.7:!:0.1 ns -0.7:!:0.1 ns 

---~.-t--t--+ 1.05 v 

CLOCK 

+0.31 v 

OUTPUT 

rL/F/9859-8 

FIGURE 3. Propagation Delay (Clock) and Transition Times 
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Notes: 

SDn,CDn 
MS, MR 

CLOCK 

OUTPUT 

0.7:!:0.1 ns 0.7:t0.1ns 

DATA 

CLOCK 

15 (RELEASE TIME) 

- IPHL,._ 
80% 

50% 

20% ------
FIGURE 4. Propagation Delay (Reset) 

____ .. f- \-~5~0~%~~~~~ :::::: 
--1 .. \:=-·h~1 

+1.05 v 

--------'~--5-o_~_. ___ ~--~--. +0.31 v 

15 is the minimum time before the transition of the clock that information must be present at the data input. 

th is the minimum time after the transition of the clock that information must remain unchanged at the data input. 

FIGURE 5. Setup and Hold Time 
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~National 
~ Semiconductor 

F100155 
Quad Multiplexer/Latch 

General Description 
The F100155 contains four transparent latches, each of 
which can accept and store data from two sources. When 
both Enable (En) inputs are LOW, the data that appears at 
an output is controlled by the Select (Sn) inputs, as shown in 
the Operating Mode table. In addition to routing data from 
either Do or D1, the Select inputs can force the outputs 
LOW for the case where the latch is transparent (both En
ables are LOW) and can steer a HIGH signal from either Do 
or D1 to an output. The Select inputs can be tied together 
for applications requiring only that data be steered from ei-

Ordering Code: see section a 

Logic Symbol 

TL/F/9860-3 

Connection Diagrams . 

24-Pln DIP 

D1d 24 Dad 

od 2 23 D1c 

od 3 22 Doc 

oc 4 21 E2 

Oc 5 20 E1 

Vee 6 19 MR 

VcCA 7 18 VEE 

ob 8 17 s, 
ob 16 So 

Oa 10 15 D1b 

Oa 11 14 Dab 

Doa 12 13 D1a 

TL/F/9860-1 

ther Do or D1. A positive-going signal on either Enable input 
latches the outputs. A HIGH signal on the Master Reset 
(MR) input overrides all the other inputs and forces the Q 
outputs LOW. All inputs have 50 kn pulldown resistors. 

Refer to the F100355 datasheet for: 
PCC packaging 
Lower power 
Military versions 
Extended voltage specs (-4.2V to -5.7V) 

Pin Names Description 

E1.E2 Enable Inputs (Active LOW) 

So,S1 Select Inputs 
MR Master Reset 

Dna-Dnd Data Inputs 

Oa-Od Data Outputs 

Oa-Od Complementary Data Outputs 

24-Pln Quad Cerpak 

E2 E1 MR VEE s1 s0 

24 23 22 21 20 19 

Doc 18 D1b 

D1c 2 17 Dab 

Dad 3 16 D1a 

D1d 4 15 Doa 

od 5 14 Oa 

od 13 Oa 
7 8 9 10 11 12 

Oc Oc Vee VeCA ob ob 

TL/F/9860-2 
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Lt) 
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Logic Diagram 

E 

CD 

a 

ad ad 

Operating Mode Table 

Controls 

E1 E2 S1 
H x x 
x H x 
L L L 
L L H 

L L L 
L L H 

•stores data present before E went HIGH 
H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

So 

x 
x 
L 
L 

H 
H 

E D 

CD 

a 

Cc ac 

Outputs 

Qn 

Latched* 
Latched* 

Dox 
Dox + D1x 

L 

D1x 

E E 

CD CD 

a a 

ab ab a. a. 
TL/F/9860-5 

Truth Table 
Inputs Outputs 

MR E1 E2 S1 So D1x Dox Qx Qx 

H x x x x x x H L 
L L L H H H x L H 
L L L H H L x H L 
L L L L L x H L H 

L L L L L x L H L 
L L L L H x x H L 
L L L H L H x L H 
L L L H L x H L H 

L L L H L L L H L 
L H x x x x x Latched* 
L x H 1 x x x x Latched* 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°Cto +8S°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin -7.0Vto +O.SV 
Office/Distributors for availability and specifications. 

Input Voltage (DC) VEE to +O.SV 
Storage Temperature -6S°C to + 1 so0 c Output Current (DC Output HIGH) -SOmA 
Maximum Junction Temperature (TJ) +1S0°C Operating Range (Note 2) - S.OV to - 4.2V 

DC Electrical Characteristics 
VEE= -4.SV, Vee= VccA = GND, Tc= 0°C to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -102S -9SS -880 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1810 -170S -1620 or V1L (Min) son to -2.ov 

VoHC Output HIGH Voltage -103S 
mV V1N = V1H(Min) Loading with 

VoLc Output LOW Voltage -1610 orV1L(Max) son to -2.ov 

V1H Input HIGH Voltage 
-116S -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage -1810 -147S mV 
Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current o.so µA V1N = V1L (Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc = 0°C to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1810 -160S orV1L(Min) son to -2.ov 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

VoLc Output LOW Voltage -1S9S orV1L(Max) son to -2.ov 

V1H Input HIGH Voltage 
-11SO -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage -1810 
-147S mV Guaranteed LOW Signal 

for All Inputs 

l1L Input LOW Current o.so µA V1N = V1L (Min) 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GND, Tc = o·c to +8s0 c (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -103S -880 
mV V1N = V1H (Max) Loading with 

Vm Output LOW Voltage -1830 -1620 orV1L(Min) son to -2.ov 

VoHC Output HIGH Voltage -104S 
mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1610 orV1L(Max) son to -2.ov 

V1H Input HIGH Voltage 
-116S -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current o.so µA V1N = V1L (Min) 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = o•c to +85°C 

Symbol Parameter Min Typ Max Units 

l1H Input HIGH Current 

So,S1 220 

E1.E2 350 µA 

Dna-Dnd 340 
MR 430 

IEE Power Supply Current -133 -95 -66 mA 

Ceramic Dual-In-Line Package AC Electrical Characteristic 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +2s0 c Tc= +ss·c 

Min Max Min Max Min Max 

tPLH Propagation Delay 

lPHL Dna-Dnd to Output 0.50 1.90 0.60 1.85 0.50 1.90 
(Transparent Mode) 

tPLH Propagation Delay 

tpHL So S1 to Output 1.50 3.50 1.50 3.40 1.50 3.50 
(Transparent Mode) 

lPLH Propagation Delay 
0.90 2.50 1.00 2.40 1.00 2.50 

tpHL E1-:-'E2 to Output 

tPLH Propagation Delay 
0.90 3.00 0.90 2.90 0.90 3.00 

tPHL MR to Output 

trLH · Transition Time 
0.60 2.30 0.60 2.20 0.45 2.30 

trHL 20% to 80%, 80% to 20% 

ts Setup Time 

Dna-Dnd 0.90 0.90 0.90 

So,S1 2.40 2.40 2.70 
MR (Release Time) 1.50 1.50 1.50 

tH Hold Time 

Dna-Dnd 0.40 0.40 0.40 

So,S1 -0.70 -0.70 -0.70 

tpw(L) Pulse Width LOW E1, E2 2.00 2.00 2.00 

tpw (H) Pulse Width HIGH MR 2.00 2.00 2.00 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +ss·c 

Min Max Min Max Min Max 

tPLH Propagation Delay 

tPHL Dna-Dnd to Output 0.50 1.70 0.60 1.65 0.50 1.70 
(Transparent Mode) 

tPLH Propagation Delay 

tPHL 51, S1 to Output 1.50 3.30 1.50 3.20 1.50 3.30 
(Transparent Mode) 

tPLH Propagation Delay 
0.90 2.30 1.00 2.20 1.00 2.30 

tPHL E1. E2 to Output 
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Conditions 

V1N = V1H (Max) 

Inputs Open 

Units Conditions 

ns 

ns 
Figures 1 and 2 

ns 

ns Figures 1 and 3 

ns Figures 1 and 2 

ns 
Figure4 

Figure3 

ns Figure4 

ns Figure2 

ns Figure3 

Units Conditions 

ns 

ns 
Figures 1 and 2 

ns 



Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND (Continued) 

Symbol Parameter 
Tc= o·c Tc= +25°C 

tpLH Propagation Delay 

tpHL MR to Output 

trLH Transition Time 

trHL 20% to 80%, 80% to 20% 

ts Setup Time 

Dna-Dnd 
So,S1 
MR (Release Time) 

tH Hold Time 

Dna-Dnd 
So,S1 

tpw(L) Pulse Width LOWE1, E2 

tpw(H) Pulse Width HIGH MR 

501! 

50 n 

-=-

Notes: 
Vee. VeeA = +2V, VEE = -2.SV 
L 1 and L2 = equal length son impedance lines 
RT = SOn terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance s: 3 pF 

Min Max Min Max 

0.90 2.80 0.90 2.70 

0.60 2.20 0.60 2.10 

0.80 0.80 
2.30 2.30 
1.40 1.40 

0.30 0.30 
-0.80 -0.80 

2.00 2.00 

2.00 2.00 

VEE 

1
0.1,,F 

Ll 

t" 
I 

24 23 22 21 20 19 l 1 18 

17 

16 ,... 
15 I \ 

50 I! \ I 

5 

* 6 
7 8 9 

J0.1µF 
-=-

Vee 

FIGURE 1. AC Test Circuit 

Pin numbers shown are for flatpak; for DIP see logic symbol 
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Tc= +ss·c 

Min Max 

0.90 2.80 

0.45 2.20 

0.80 
2.60 
1.40 

0.30 
"'.'""0.80 

2.00 

2.00 

SCOPE 
CHAN A 

Ar 

-=- PULSE 
GENERATOR 

SCOPE 
CHAN B 

-=-

Units Conditions 

ns Figures 1 and 3 

ns Figures 1 and 2 

ns Figure4 

Figure3 

ns Figure4 

ns Figure2 

ns Figure3 

TL/F/9860-6 

..... 
0 
0 ..... 
CJ1 
CJ1 
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Lt) 
Lt) ...... 
0 
0 ...... 

So, S1 

DATA 

,r-----------1 
I \ 

0.7:0.1 ns 

\ 

''"1 +1.05 v 

TRANSPARENT 

OUTPUT 

ITHL• ITLH 

TL/F/9860-7 

FIGURE 2. Enable Timing 

RESET TIMING 

DATA ----------------------------'x---------------

TRANSPARENT LATCHED TRANSPARENT 

11 (RELEASE TIME) 

RESET/SET 

OUTPUT 

TL/F/9860-8 

FIGURE 3. Reset Timing 

----.---------+ 1.05 v 
50% 

-----+0.31 v 
TL/F/9860-9 

FIGURE 4. Data Setup and Hold Times 
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Notes: 

15 is the minimum time before the transition of the enable that information 
must be present at the data input. 

th is the minimum time after the transition of the enable that information must 
remain unchanged at the data input. 
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~National 
~ Semiconductor 
F100156 
Mask-Merge/Latch 

General Description 
The F100156 merges two 4-bit words to form a 4-bit output 
word. The AMn enable allows the merge of A into B by one, 
two or three places (per the AS0 value) from the left. The 
BMn enable similarly allows the merge of B into A from the 
left (per the BS0 value). The B merge overrides the A merge 
when both are enabled. This means A first merges into B 
and B then merges into the A merge. If the B address is 

Ordering Code: See section a 

Logic Symbol 

E 83 A3 82 Ao BSoASo Bo A1 BS1AS1 81 A2 

BM1 

BMo 

A Mo 

AM1 

TL/F/9861-3 

Note: 

When E is HIGH, On outputs do not change. 
When E is LOW, On = A or B depending on which is selected. 

Connection Diagrams 

24·Pln DIP 

AM1 24 BM 1 

A3 2 23 AM0 

83 3 22 BM0 

03 4 21 AS1 

02 5 20 BS1 

Vee 6 19 A So 

VeeA 18 VEE 

01 8 17 E 
Oo 9 16 BS0 

Bo 10 15 A2 

Ao 11 14 82 

81 12 13 A1 

TL/F/9861-1 

equal to or greater than the A address, then outputs are 
forced to B. 

The merge outputs feed four latches, which have a common 
enable (E) input. All inputs have a 50 k!l (typical) pull-down 
resistor tied to VEE· 

Pin Names Description 

E Latch Enable Input (Active LOW) 
Ao-A3 A Data Inputs 
Bo-83 B Data Inputs 
AM0,AM1 A Merge Enable Inputs 
BMo. BM1 B Merge Enable Inputs 
AS0,AS1 A Address Inputs 
BSo. BS1 B Address Inputs 
Oo-03 Data Outputs 

24-Pln Quad Cerpak 

AS1 BS1 ASo VEE E BSo 

24 23 22 21 20 19 

BMo 1 18 A2 

AMo 2 17 82 

BM 1 3 16 Al 

AM 1 4 15 81 

A3 5 14 Ao 

83 13 Bo 
7 8 9 10 11 12 

03 02 VeeVeeA01 Oo 

TL/F/9861-2 
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(0 
Lt) ,... Logic Diagram 0 
0 ,... 

E 
Ao 

BSo Oo 

A So 

Bo 

A1 

BS1 01 

AS1 

81 

A2 

02 

BMo 

82 

A3 

A Mo 03 

BM1 
AM1 

83 

TL/F/9861-5 
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Truth Table 
Inputs 

Merge Enables 

BM1 BMo AM1 A Mo BS1 

x x H x x 
H x x x x 
L L L L x 
L L L H x 
L L L H x 
L L L H x 
L L L H x 
L H L L L 
L H L L L 
L H L L H 
L H L L H 

L H L H L 
L H L H L 
L H L H L 

L H L H L 
L H L H L 
L H L H H 

L H L H H 
L H L H H 
L H L H H 
L H L H H 
L H L H H 

L H L H H 
L H L H H 
L H L H L 
L H L H L 
L H L H L 

x x x x x 
Before At After At 
Start Start End End 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

Addresses 

BSo AS1 A So E Oo 

x x x L Bo 
x x x L Bo 

x x x L Ao 

x L L L Bo 
x L H L Ao 
x H L L Ao 
x H H L Ao 

L x x L Ao 
H x x L Bo 
L x x L Bo 
H x x L Bo 

L L H L Ao 
L H L L Ao 
L H H L Ao 

H H L L Bo 
H H H L Bo 
L H H L Bo 

H H H L Bo 
H H L L Bo 
H L H L Bo 
H L L L Bo 
L H L L Bo 

L L H L Bo 
L L L L Bo 
H L H L Bo 
H L L L Bo 
L L L L Bo 

x x x H Oo 
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Outputs 

01 02 03 

81 82 83 
81 82 83 

A1 A2 A3 

81 82 83 
81 82 83 
A1 82 83 
A1 A2 83 

A1 A2 A3 
A1 A2 A3 
81 A2 A3 
81 82 A3 

81 82 83 
A1 82 83 
A1 A2 83 

A1 82 83 
A1 A2 83 
81 A2 83 

81 82 83 
81 82 83 
81 82 83 
81 82 83 
81 82 83 

81 82 83 
81 82 83 
81 82 83 
81 82 83 
81 82 83 

01 02 03 

Remarks 

Select B 

Select A 

MergeA ~ B 

Merges~ A 

MergeA ~ B 

MergeA ~ B 
then 

Merges~ A 

B Address ~ A Address 

Latch 

..... 
0 
0 ..... 
U1 
a> 

• 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°Cto +85°C 
please. contact the National Semiconductor Sales VEE Pin Potential to Ground Pin -7.0Vto +0.5V 
Office/Distributors for availability and specifications. 

Input Voltage (DC) VEE to +0.5V 
Storage Temperature - 65°C to + 150°C 

Output Current (DC Output HIGH) -50mA 
Maximum Junction Temperature (TJ) +150°C 

Operating Range (Note 2) -5.7V to -4.2V 

DC Electrical Characteristics 
VEE = -4.5V, Vee = VccA = GND, Tc = 0°c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1025 -955 -880 
mV V1N = V1H (Max) Loading with 

Vm Output LOW Voltage -1810 -1705 -1620 orV1l(Min) 50.!l to - 2.0V 

VoHC Output HIGH Voltage -1035 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1l (Max) 50.!l to - 2.0V 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1605 orV1l(Min) 50.!l to - 2.0V 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1595 orV1l(Max) son to - 2.ov 

V1H Input HIGH Voltage 
-1150 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1035 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1620 orV1l (Min) 50.!l to - 2.0V 

VoHC Output HIGH Voltage -1045 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 or Vil (Max) 50.!l to - 2.0V 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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..... 
0 

DC Electrical Characteristics 0 ..... 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = 0°C to +85°C CJ1 

O'> 

Symbol Parameter Min Typ Max Units Conditions 

l1H Input HIGH Current 
265 µA V1N = V1H (Max) 

An. Bn. BMn. AMn. BSn, ASn, E 

IEE Power Supply Current -235 -161 -107 mA Inputs Open 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 

tPHL An, Bn to Outputs 0.45 1.90 0.50 1.80 0.50 2.00 ns 
(Transparent Mode) 

tPLH Propagation Delay 
1.00 2.50 1.00 2.40 1.00 2.50 ns 

tPHL E to Outputs 
Figures 1 and 2 

tPLH Propagation Delay 

tPHL AMn, BMn, ASn, BSn to 1.20 3.70 1.20 3.70 1.20 3.80 ns 

Outputs (Transparent Mode) 

trLH Transition Time 
0.45 1.90 0.45 1.80 0.45 1.90 ns 

trnL 20% to 80%, 80% to 20% 

ts Setup Time 

An, Bn 0.80 0.80 0.80 ns 

AMn, BMn, ASn. BSn 2.90 2.90 2.90 
Figure3 

tH Hold Time 

An, Bn 2.10 2.10 2.10 ns 

AMn, BMn, ASn. BSn 0.80 0.80 0.80 

tpw(L) Pulse Width LOWE 2.00 2.00 2.00 ns Figure2 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 

tPHL An, Bn to Outputs 0.45 1.70 0.50 1.60 0.50 1.80 ns 

(Transparent Mode) 

tPLH Propagation Delay 
1.00 2.30 1.00 2.20 1.00 2.30 ns El tPHL E to Outputs 

Figures 1 and 2 
tPLH Propagation Delay 

tPHL AMn, BMn. ASn. BSn to 1.20 3.50 1.20 3.50 1.20 3.60 ns 

Outputs (Transparent Mode) 

trLH Transition Time 
0.45 1.80 0.45 1.70 0.45 1.80 ns 

trHL 20% to 80%, 80% to 20% 

ts Setup Time 

An, Bn 0.70 0.70 0.70 ns 

AMn, BMn, ASn, BSn 2.80 2.80 2.80 
Figure3 

tH Hold Time 

An, Bn 2.00 2.00 2.00 ns 

AMn, BMn, ASn, BSn 0.70 0.70 0.70 

tpw(L) Pulse Width LOWE 2.00 2.00 2.00 ns Figure2 
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U') .,.. 
0 
0 .,.. 

Notes: 
Vee. VeeA = +2V, VEE = -2.5V 
L 1 and L2 = equal length 500 impedance lines 
Rr = 500 terminator Internal to scope 
Decoupling 0.1 µ.F from GND to Vee and VEE 
All unused outputs are loaded with 500 to GND 
CL = Fixture and stray capacitance s: 3 pF 
Pin numbers shown are for flatpak; for DIP see logic symbol 

An, Bn, AMn, BMn, 
ASn, BSn 

OUTPUT(On) 

TRANSPARENT 

.-::~~ -------, 
\ 

*0.1,,F 

-
i 
~~ 

-= 

FIGURE 1. AC Test Circuit 

,,-----------~ 
I \ 

LATCHED 

' I ---------------...1 
FIGURE 2. Enable Timing 

Rr 

An, Bn. AMn, x v 
B-M-"-'-A-Sn_._B_M_" __ _, ~~----------

E-NA-BLE ______ ~_·• y -th~--------
Notes: 

15 is the minimum time before the transition of the enable that information must be present at the designated input. 

PULSE 
GENERATOR 

SCOPE 
CHANA 

Rr 

-= 
SCOPE 
CHAN B 

0.7:!:0.1 ns 

TL/F/9861-8 

th is the minimum time after the transition of the enable that information must remain unchanged at the designated input. 

FIGURE 3. Data Setup and Hold Times 
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~National 
~ Semiconductor 

F100158 
8-Bit Shift Matrix 

General Description 
The F100158 contains a combinatorial network which per
forms the function of an 8-bit shift matrix. Three control lines 
(Sn) are internally decoded and define the number of places 
which an 8-bit word present at the inputs (Dn) is shifted to 
the left and presented at the outputs (Zn). A Mode Control 
input (M) is provided which, if LOW, forces LOW all out-

Ordering Code: see section 8 

Logic Symbol 

Do D1 D2 03 04 Ds Ds D1 
So 
S1 

S2 

M 
Zo Z1 Z2 Z3 Z4 Zs Zs Z1 

Connection Diagrams 

24-Pin DIP 

Z7 24 D7 

Zs 23 Ds 

Zs 3 22 Ds 

Z4 4 21 D4 

VccA 5 20 S2 

Vee 6 19 M 

VeeA 18 VEE 

Z3 8 17 S1 

Z2 16 So 

Z1 10 15 D3 

Zo 11 14 D2 

Do 12 13 D1 

TL/F/9862-3 

TL/F/9862-1 

puts to the right of the one that contains D7. This operation 
is sometimes referred to as LOW backfill. If M is HIGH, an 
end-around shift is performed such that Do appears at the 
output to the right of the one that contains D7. This opera
tion is commonly referred to as barrel shifting. All inputs 
have 50 kn pull-down resistors. 

Pin Names Description 

Do-D7 Data Inputs 

So-S2 Select Inputs 

M Mode Control Input 

Zo-Z7 Data Outputs 

24-Pin Quad Cerpak 

D4 S2 M VEE S1 So 

24 23 22 21 20 19 

Ds 18 D3 

Ds 2 17 D2 

D7 3 1 S D1 

Z7 4 15 Do 

Zs 5 14 Zo 

Zs 13 Z1 
7 8 9 10 11 12 

Z4 VccAVccVccAZ3 Z2 

TL/F19862-2 
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Lt) 

c; Logic Diagram 
0 ,.... 

Truth Table 
Inputs 

M So 51 
x L L 
L H L 
L L H 
L H H 
L L L 
L H L 
L L H 
L H H 

H H L 
H L H 
H H H 
H L L 
H H L 
H L H 
H H H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

52 Zo Z1 
L Do D1 
L D1 D2 
L D2 D3 
L D3 D4 
H D4 Ds 
H Ds Ds 
H Ds D1 
H D1 L 

L D1 D2 
L D2 D3 
L D3 D4 
H D4 Ds 
H Ds Ds 
H Ds D1 
H D1 Do 

TL/F/9862-5 

Outputs 

Z2 Z3 Z4 Z5 Zs Z7 

D2 D3 D4 Ds Ds D1 
D3 D4 Ds Ds D1 L 

D4 Ds Ds D1 L L 

Ds Ds D1 L L L 

Ds D1 L L L L 

D1 L L L L L 

L L L L L L 
L L L L L L 

D3 D4 Ds Ds D1 Do 
D4 Ds Ds D1 Do D1 
Ds Ds D1 Do D1 D2 
Ds D1 Do D1 D2 D3 
D1 Do D1 D2 D3 D4 
Do D1 D2 D3 D4 Ds 
D1 D2 D3 D4 Ds Ds 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military I Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°Cto +85°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin - 7.0V to + 0.5V 
Office/Distributors for availability and specifications. 

Input Voltage (DC) VEEtO +0.5V 
Storage Temperature - 65°C to + 150°C 

Output Current (DC Output HIGH) -50mA 
Maximum Junction Temperature (TJ) +150°C Operating Range (Note 2) -5.7Vto -4.2V 

DC Electrical Characteristics 
VEE = -4.5V, Vee= VccA = GND, Tc= 0°c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1025 -955 -880 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1810 -1705 -1620 orV1L(Min) 50!1 to -2.0V 

VoHC Output HIGH Voltage -1035 
mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1610 orV1L(Max) 50!1 to -2.0V 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1810 -1605 orV1L(Min) 50!1 to -2.0V 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1595 orV1L(Max) 50!1 to -2.0V 

V1H Input HIGH Voltage -1150 -870 mV 
Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage -1810 -1475 mV 
Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1035 -880 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -1620 or V1L (Min) 50!1 to -2.0V 

VoHC Output HIGH Voltage -1045 
mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1610 orV1L(Max) 50!1 to -2.0V 

V1H Input HIGH Voltage -1165 -880 mV 
Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage -1830 -1490 mV 
Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.SV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee= VccA = GND, Tc 0°C to +85°C 

Symbol Parameter Min Typ Max Units 

l1H Input HIGH Current 
220 µA 

All Inputs 

IEE Power Supply Current -205 -140 -95 mA 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C 

Min Max 

tPLH Propagation Delay 
1.10 2.80 

tpHL Dn to Output 

tpLH Propagation Delay 
1.15 4.20 

tPHL M to Output 

tPLH Propagation Delay 
1.70 4.20 

tPHL Sn to Output 

trLH Transition Time 
0.50 2.30 

trnL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C 

Min Max 

tpLH Propagation Delay 
1.10 2.60 

1PHL Dn to Output 

1PLH Propagation Delay 
1.15 4.00 

1PHL M to Output 

IPLH Propagation Delay 
1.70 4.00 

IPHL Sn to Output 

trLH Transition Time 
0.50 2.20 

ITHL 20% to 80%, 80% to 20% 

Tc= +25°C 

Min Max 

1.10 2.70 

1.25 4.20 

1.70 4.20 

0.50 2.30 

Tc= +25°C 

Min Max 

1.10 2.50 

1.25 4.00 

1.70 4.00 

0.50 2.20 
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Tc= +as0 c 
Min Max 

1.10 2.80 

1.15 4.20 

1.70 4.20 

0.50 2.30 

Tc= +85°C 

Min Max 

1.10 2.60 

1.15 4.00 

1.70 4.00 

0.50 2.20 

Conditions 

V1N = V1H (Max) 

Inputs Open 

Units Conditions 

ns 

ns 
Figures 1 and 2 

ns 

ns 

Units Conditions 

ns 

ns 
Figures 1 and 2 

ns 

ns 
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Notes: 

Vee. VeeA = +2V, Vee = -2.5V. 
L 1 and L2 = equal length 500 impedance lines. 
Ar = 500 terminator internal to scope. 
Decoupling 0.1 µF from GND to Vee and VEE· 
All unused outputs are loaded with 500 to GND. 
CL = fixture and stray capacitance :s: 3 pF. 

VEE 
0.1 µF 

~ 
24 23 22 21 20 19 

1 18 

17 

16 

15 

14 

6 13 
7 8 9 10 11 12 

0.1 µFI I25µF 

-=Vee-::-

Pin numbers shown are for flatpak; for DIP refer to logic symbol. 

L1 
,·\ 
\I 

l 
L2 
1"\ 

50 ll \I 

J 
50 ll 

FIGURE 1. AC Test Circuit 

PULSE 
GENERATOR 

SCOPE 
CHANA 

Rr 

-= 
SCOPE 

CHAN B 

Rr 

":' 

~h~lno1 r 1 ~:±O.l" +l.OSV 
INPUT ... J~ r 1-t-;,2_05-~-o/c-·----+0.31 V 

OUTPUT 

FIGURE 2. Propagation Delay and Transition Times 
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Applications 
The following technique uses two ranks of F100158s to shift 
a 64-bit word from O to 63 places. Although two stage de
lays are required (one for each rank), the total shift takes 
only about 4 ns. This technique performs a bit shift on each 
8-bit byte in the first rank and then a modulo-8 byte shift on 
the 64-bit word in the second rank. 

Basic 16-Bit 0-7 Place Shifter 

Figure 3 shows the basic 0-7 place shift technique which 
can be expanded to accommodate any word length. 

01234567 

.-+-+-+-t--+--2 4 
.-+-+-+-+--+-+--+1 

DATA INPUTS 

Each 8-bit byte requires a pair of F100158s operating in the 
LOW backfill mode. The address lines for each pair of ICs 
are driven out of phase by three OR gates. Inputs for the 
two ICs are taken from two bytes transposed in order; out
puts are transposed and emitter-OR tied. One device shifts 
right from location O and the other shifts left from location 7. 
The bits shifted off one pair are picked up by the next pair of 
F100158s or-in the case of the last one in the rank-re
turned to the first device. The net result is a 0-7 place shift 
of the entire word. 

8 9101112131415 

F100158 3--+-+--+-~ 
1 2-~-+-+-. 

FROM{:~ 
1 _Ll 

~i}~~00158 
o-+--<-+--+-+---+-1----0 ~1~.,....,..~....,....,.~ 

Do D1D2D3D4D5D5D7 Do D1D2 D3D4DsDsD7 
__f"'5-.--..-------1So r-- So 

So ~ .---+------1 S1 F100158 .--- S1 F100158 
~S2 1 r--S2 2 

--1M -M 
~~~~~~~~ ~~~~~~~~ 

DoD1D2D3D4D5D5D7 
r--So 
.-- S1 F100158 

.--- S2 3 
-M 

ZoZ1 Z2 Z3 Z4Z5 ZsZ7 

DoD1 D2 D3 D4 DsDs D1 
.----! So 

.----I S1 F100158 
~S2 4 

__, M 

S1~~r-T"1-r--r-t-t-t--t-t-t-t-_.-+-t---l-++--1-++-1f-+-+-+-+---+-+-+-++-Jf--+-+--1 
ZoZ1 Z2Z3Z4 ZsZ&Z7 
T 

_l 

01234567 
I 

8 9 101112131415 

DATA OUTPUTS 

TL/F/9862-8 

FIGURE 3. Basic 16-Bit 0-7 Place Shifter 
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Applications (Continued) 

Expanding to 64-Blt Word and 64-Place Shift 

The basic 0-7 place shift technique can be expanded to 
accommodate a 64-bit word shifted from o to 63 places, 
however, two ranks of F100158s are required (Figure 4). 
The first rank is identical to the one illustrated in Figure 3 
except it contains a total of 16 devices. The second rank 
consists of eight additional F100158s connected in the 
modulo-8 configuration shown in A'gure 5. 

The modulo-8 rank is used to simulate an 8-bit simultaneous 
shift since the F100158 cannot shift in 8-bit jumps. The 
modulo-8 configuration is achieved by wiring the first rank 
and the output device to the second rank as illustrated in 
Figure 5. The LSB of each output byte in the first rank is 
wired to one of the eight inputs of the first F100158 in the 

So 

MODE SELECT 

second rank. The next least significant bit of each first-rank 
F100158 pair, however, is connected to the inputs of the 
second F100158 in the second rank. The other first-ranked 
outputs are connected in a similar fashion to the remainder 
of the second-rank inputs. Ultimately, the outputs of the 
second rank must then be connected to reform the final 
usable 64-bit word so that the bits are again ordered from 
0-63. 

The effect is that each single-location shift in the second 
rank appears to be an eight place shift in the final word due 
to the way the inputs and outputs of the second rank are 
connected. The combination of the two ranks produces the 
64-place shift of the entire word. 

0 1 2 -64·BIT OUTPUT WORD- 61 62 63 

M 

M 

i i i i i 
RANK 1 - 16 CHIPS 

0-7 PLACE BIT SHIFT 

RANK 2 - 8 CHIPS 
MODULO·B BYTE SHIFT 

0 1 2 • 64-BIT INPUT WORD--.61 62 63 
TL/F/9862-9 

FIGURE 4. 64-Bit 0-63 Place Barrel Shifter 
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Applications (Continued) 

, FROM 
FIRST 
RANK 

TO 
OUTPUT 
DEVICE 

4--------------WORDTOBESHIFTED---------------->63 

i >" ~ i '"'"""') ~·uuuI 
0 8 16 24 32 40 48 56 1 9 17 25 33 41 49 57 7 15 23 31 39 47 55 63 

11111111 11 l J 11-11 llllllll 
&o D1 D2 03 04 Ds De D1 SoDo 01 02 03 04 Os De 07 SoDo D1 D2 03 04 Ds De D1 

S1 F100158 r----1 S1 F100158 r--- S1 F100158 
S2 1 i----1 ~ 2 r-- ~ 8 

MZo Z1 Z2 Z3 Z4 Zs Zs Z1 
r--

MZo Z1 Z2 Z3 Z4 Zs Zs Z1 
r--

M ~ Z1 Z2 Z3 Z4 Zs Zs Z1 

J, 

J. 

~_.!;-
JJ 

1234587 8 9 10 11 12 13 14 15 

...--------------woRo AFTER SHIFT---------------.... 63 
58 57 58 59 60 81 82 83 

TL/F/9862-10 

FIGURE 5. Modulo-8 Shift 
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~National 
~ Semiconductor 

F100160 
Dual Parity Checker/Generator 

General Description 
The F100160 is a dual parity checker I generator. Each half 
has nine inputs; the output is HIGH when an even number of 
inputs are HIGH. One of the nine inputs (la or lb) has the 
shorter through-put delay and is therefore preferred as the 
expansion input for generating parity for 16 or more bits. 

The F100160 also has a Compare (C) output which allows 
the circuit to compare two 8-bit words. The C output is LOW 
when the two words match, bit for bit. All inputs have 50 kn 
pulldown resistors. 

Ordering Code: see sections 

Logic Symbol 

la loa l1a l2a 131 l4a Isa Isa l1a lob l1b l2b l3b l4b lsb l&b l1b lb 

Za C lb 

TL/F/9863-3 

Connection Diagrams 

24-Pin DIP 

1sb 1 24 1sb 

l7b 2 23 l4b 

lb 3 22 l3b 

zb 4 21 l2b 

c 5 20 l1b 

Vee 6 19 1ob 

VeeA 7 18 VEE 

Za 8 17 l1a 

la 9 16 Isa 

loa 10 15 Isa 

l1a 11 14 14a 

l2a 12 13 13a 

TL/F/9863-1 

Refer to the F100360 datasheet for: 
PCC packaging 
Lower power 
Military versions 
Extended voltage specs (-4.2V to -5.?V) 

Pin Names Description 

la, lb, Ina• lnb Data Inputs 
Za, Zb Parity Odd Outputs 
c Compare Output 

24-Pin Quad Cerpak 

l2b 11 b lob VEE l1a Isa 

24 23 22 21 20 19 

l3b 18 Isa 

l4b 2 17 1411 

lsb 3 16 1311 

16b 4 15 l2a 

l7b 5 14 l1a 

lb 13 loa 
7 8 9 10 11 12 

zb C Vee VcCA Za la 

TL/F/9863-2 
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0 c.o 
c; Logic Diagram 
0 ,.... 

Truth Table (Each Half) 

Sum of Output 
HIGH Inputs z 

Even HIGH 
Odd LOW 

Comparator Function 
C = (loa E9 l1a) + (l2a E9 l3a) + (l4a E9 Isa) + 

(16a E9 l7a) + (lob E9 l1b) + 02b E9 l3b) + 
(l4b EB lsb) + (16b EB l7b) 

TL/F/9863-5 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for avallablllty and specifications. 
Storage Temperature - 65°C to + 15o•c 

Case Temperature under Bias (Tc) 

Vee Pin Potential to Ground Pin 

Input Voltage (DC) 

o•cto +85°C 

- 7.0V to + 0.5V 

Vee to +0.5V 
-50mA 

Maximum Junction Temperature (TJ) + 150°C 
Output Current (DC Output HIGH) 

Operating Range (Note 2) -5.7V to -4.2V 

DC Electrical Characteristics 
Vee = -4.5V, Vee = VccA = GND, Tc = o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max 

VoH Output HIGH Voltage -1025 -955 -880 

Vol Output LOW Voltage -1810 -1705 -1620 

VoHC Output HIGH Voltage -1035 

Vole Output LOW Voltage -1610 

Input HIGH Voltage 
-1165 -880 

Input LOW Voltage 
-1810 -1475 

Input LOW Current 0.50 

DC Electrical Characteristics 
Vee= -4.2V, Vee= VccA = GND, Tc= o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max 

VoH Output HIGH Voltage -1020 -870 

Vol Output LOW Voltage -1810 -1605 

VoHc Output HIGH Voltage -1030 

Vole Output LOW Voltage -1595 

Input HIGH Voltage -1150 -870 

Input LOW Voltage -1810 -1475 

Input LOW Current 0.50 

DC Electrical Characteristics 
Vee = -4.8V, Vee = VccA = GND, Tc = o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max 

VoH Output HIGH Voltage -1035 -880 

Vol Output LOW Voltage -1830 -1620 

VoHC Output HIGH Voltage -1045 

Vole Output LOW Voltage -1610 

Input HIGH Voltage -1165 -880 

Input LOW Voltage 
-1830 -1490 

Input LOW Current 0.50 

Units 

mV 

mV 

mV 

mV 

µA 

Units 

mV 

mV 

mV 

mV 

µA 

Units 

mV 

mV 

mV 

mV 

µA 

Conditions (Note 4) 

V1N = V1H (Max) 
orV1l(Min) 

V1N = V1H (Min) 
orV1l(Max) 

Loading with 
50!1 to -2.0V 

Loading with 
50!1to -2.0V 

Guaranteed HIGH Signal 
for All Inputs 

Guaranteed LOW Signal 
for All Inputs 

Conditions (Note 4) 

V1N = V1H (Max) 
orV1l(Min) 

V1N = V1H (Min) 
orV1l(Max) 

Loading with 
50!1to -2.0V 

Loading with 
50!1 to -2.0V 

Guaranteed HIGH Signal 
for All Inputs 

Guaranteed LOW Signal 
for All Inputs 

Conditions (Note 4) 

V1N = V1H (Max) 
orV1l(Min) 

V1N = V1H (Min) 
orV1l(Max) 

Loading with 
50!1 to -2.0V 

Loading with 
50!1 to -2.0V 

Guaranteed HIGH Signal 
for All Inputs 

Guaranteed LOW Signal 
for All Inputs 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 

Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 

Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE= -4.2V to -4.8V unless otherwise specified, Vee= VecA = GND, Tc= 0°C to +85°C 

Symbol Parameter Min Typ Max Units 

l1H Input HIGH Current 

la. lb 340 
µA 

Ina• lnb 240 

IEE Power Supply Current -115 -82 -57 mA 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Min Max Min Max Min Max 
•' 

lPLH Propagation Delay 
1.30 4.30 1.30 4.10 1.30 4.30 

lpHL Ina• lnb to Za. Zb 

tPLH Propagation Delay 
1.20 3.30 1.20 3.10 1.20 3.30 

lPHL Ina• lnb to C 

lPLH Propagation Delay 
0.50 1.60 0.50 1.50 0.50 1.60 

tPHL la, lb to Za, Zb 

trLH Transition Time 
0.45 1.60 0.45 1.50 0.45 1.60 

trHL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Min Max Min Max Min Max 

tPLH Propagation Delay 
1.30 4.10 1.30 3.90 1.30 4.10 

tpHL Ina• lnb to Za. Zb 

tpLH Propagation Delay 
1.20 3.10 1.20 2.90 1.20 3.10 

iPHL Ina• lnb to C 

tPLH Propagation Delay 
0.50 1.40 0.50 1.30 0.50 1.40 

iPHL la, lb to Za, Zb 

trLH Transition Time 
0.45 1.50 0.45 1.40 0.45 1.50 

trHL 20% to 80%, 80% to 20% 
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Conditions 

V1N = V1H (Max) 

Inputs Open 

Units Conditions 

ns 

ns 
----1 

Figures 1 &2 

ns 

ns 

Units Conditions 

ns 

ns 
Figures 1 &2 

ns 

ns 



Notes: 
Vee. VeeA = +2V, VEE = -2.SV 

PULSE 
GENERATOR 

SCOPE 
CHANA 

SCOPE 
CHAN B 

L1 and L2 = equal length son impedance lines 
Rr = son terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance ~ 3 pF 

':' 

Pin numbers shown are for flatpak; for DIP see logic symbol 

Vee 

,-, 
I 

I 
I0.1µF 

L1 

I -
\ 

24 23 22 21 20 19 
1 18 

Rr I 2 17 

3 16 

4 15 

5 14 

6 13 

L2 7 12 

,-, 
\ I 

Rr l 
J 0.1 µF 

Vee 

FIGURE 1. AC Test Circuit 

0.7:t0.1 ns~ r 1 i=0.7:t0.1 ns 

u; +1.0SV 
80% 

INPUT 50% 

OUTPUT 

~UE Im~ 11~% Ir'"" +~1V 

'".J ~ ~ ~'"' 
COMPLEMENT L j 

lTLH_.J 
FIGURE 2. Propagation Delay and Transition Times 
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F100163 
Dual 8-lnput Multiplexer 

General Description 
The F100163 is a dual 8-input multiplexer. The Data Select 
(Sn) inputs determine which bit (An and Bn) will be present
ed at the outputs (Za and Zb respectively). The same bit 
(0-7) will be selected for both the Za and Zb output. All 
inputs have 50 kn pulldown resistors. 

Ordering Code: see sections 

Logic Symbol 

Ao A1 A2 A3 A4 As Ae A1 Bo 81 82 83 84 85 Be 87 
So 

51 

82 z. Zb 

TL/F/9864-3 

Connection Diagrams 

24-Pin DIP 

83 1 24 84 

82 2 23 Bs 

81 3 22 Bs 

Bo 4 21 87 

zb 20 S2 

Vee 19 S1 

VeeA 7 18 VEE 

Za 17 So 

Ao 9 16 A1 

A1 10 15 As 

A2 11 14 As 

A3 12 13 A4 

TL/F/9864-1 

Refer to the F100363 datasheet for: 
PCC packaging 
Lower power 
Military versions 
Extended voltage specs ( - 4.2V to - 5. 7V) 

Pin Names Description 

So-S2 Data Select Inputs 

Ao-A7 

Bo-87 

Za,Zb 

A Data Inputs 

B Data Inputs 

Data Outputs 

24-Pin Quad Cerpak 

87 S2 S1 VEE So A1 

24 23 22 21 20 19 

Bs 18 As 

Bs 17 As 

~ 16 ~ 

83 15 A3 
82 14 A2 
B1 13 A1 

7 8 9 10 11 12 

TL/F/9864-2 
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Logic Diagram 

Truth Table 

Select 

S2 S1 So 

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 

H = HIGH Voltage Level 
L = LOW Voltage Level 
Blank = X = Don't Care 

Inputs 

A1 As As 
87 Bs 85 

L 

H 

L 

H 

L 
H 

Data 

A4 A3 A2 
84 83 82 

L 

H 

L 

H 

L 

H 
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A1 Ao 
81 Bo 

L 

H 

L 

H 

· Outputs 

Za 
zb 
L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

L 

H 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Miiitary/Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature -65°C to+ 1S0°C 

Maximum Junction Temperature (TJ) + 150°C 

DC Electrical Characteristics 

Case Temperature under Bias (Tc) 

VEE Pin Potential to Ground Pin 

Input Voltage (DC) 

Output Current (DC Output HIGH) 

Operating Range (Note 2) 

0°Cto +85°C 

-7.0Vto +0.5V 

VEEto +0.5V 
-SOmA 

-S.7Vto -4.2V 

VEE = -4.SV, Vee = VccA = GND, Tc = 0°c to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1025 -955 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -170S -1620 orV1l(Min) son to -2.ov 

VoHC Output HIGH Voltage -103S 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) son to -2.ov 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -147S mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current o.so µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc = 0°C to + 85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1605 orV1l(Min) son to -2.ov 

VoHC Output HIGH Voltage -1030 
mV V1N ~ V1H (Min) Loading with 

Vole Output LOW Voltage -1S95 orV1l(Max) son to -2.ov 

V1H Input HIGH Voltage 
-1150 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -147S mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GND, Tc = 0°C to + 85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1035 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1620 orV1l(Min) son to -2.ov 

VoHC Output HIGH Voltage -1045 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) son to -2.ov 

V1H Input HIGH Voltage 
"'."""1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1lJ_Min) 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 

Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 

Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = 0°C to +85°C 

Symbol Parameter Min Typ Max Units 

l1H Input HIGH Current 

Sn 265 
µA 

An, 8n 340 

IEE Power Supply Current -153 -110 -76 mA 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Min Max Min Max Min Max 

tPLH Propagation Delay 
0.55 1.65 0.60 1.70 0.65 1.80 

tPHL Ao-A7, 80-87 to Output 

tPLH Propagation Delay 
1.10 2.80 1.10 2.80 1.20 3.10 

tPHL So-82 to Output 

tTLH Transition Time 
0.50 1.85 0.55 1.80 0.50 1.80 

trnL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Min Max Min Max Min Max 

tPLH Propagation Delay 
0.55 1.45 0.60 1.50 0.65 1.60 

tPHL Ao-A7, Bo-87 to Output 

tPLH Propagation Delay 
1.10 2.60 1.10 2.60 1.20 2.90 

tPHL So-82 to Output 

tTLH Transition Time 
0.50 1.75 0.55 1.70 0.50 1.70 

trnL 20% to 80%, 80% to 20% 
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Conditions 

V1N = V1H (Max) 

Inputs Open 

Units Conditions 

ns 

ns Figures 1 &2 

ns 

Units Conditions 

ns 

ns Figures 1 &2 

ns 
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Notes: 
Vee. VeeA = +2V, VEE = -2.SV 

SCOPE 
CHANA 

L 1 and L2 = equal length son impedance lines 
Ar = son terminator internal to scope 
Decoupling 0.1 µ.F from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance :!: 3 pF 

\I 

-!-

Pin numbers shown are for flatpak; for DIP see logic symbol 

+1.05V 

FIGURE 1. AC Test Circuit 

SCOPE 
CHANB 

~h0.10011 lJ:•0.1"' +1.~V 

INPUT ... J~ r ~'--+-2-;05-~-%----- +0.31 V 

OUTPUT 

TL/F/9864-6 

TL/F/9864-7 

FIGURE 2. Propagation Delay and Transition Times 
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~National 
~ Semiconductor 
F100164 
16-lnput Multiplexer 

General Description 
The F100164 is a 16-input multiplexer. Data paths are con
trolled by four Select lines (So-S3). Their decoding is shown 
in the truth table. Output data polarity is the same as the 
selected input data. All inputs have 50 k!l pulldown resis
tors. 

Ordering Code: see section a 

Logic Symbol 

lo 11 12 13 14 Is la 11 Is lg 110 111 112 113 114 l1s 
So 
S1 

S2 

$3 
z 

TL/F/9865-3 

Connection Diagrams 

24-Pln DIP 

13 24 12 

14 2 23 11 

15 3 22 lo 

15 4 21 S3 

17 5 20 S2 

Yee 6 19 S1 

YeeA 7 18 VEE 

z 8 17 So 

Is 16 115 

lg 10 15 114 

110 11 14 113 

111 12 13 112 

TL/F/9865-1 

Refer to the F100364 datasheet for: 
PCC packaging 
Lower power 
Military versions 
Extended voltage specs ( - 4.2V to - 5. 7V) 

Pin Names Description 

lo-115 Data Inputs 

So-S3 Select Inputs 
z Data Output 

24-Pin Quad Cerpak 

S3 S2 S1 VEE So 115 

24 23 22 21 20 19 

lo 18 114 

11 17 113 

12 3 16 112 

13 4 15 111 

14 5 14 110 

15 6 13 lg 
7 8 9 10 11 12 

15 17 Yee YecA z Is 
TL/F/9865-2 
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Logic Diagram 

Truth Table 

So 

L 
H 
L 
H 

L 
H 
L 
H 

L 
H 
L 
H 

L 
H 
L 
H 

H = HIGH Voltage Level 
L = LOW Voltage Level 

S1 

L 
L 
H 
H 

L 
L 
H 
H 

L 
L 
H 
H 

L 
L 
H 
H 

Select Inputs 

S2 

L 
L 
L 
L 

H 
H 
H 
H 

L 
L 
L 
L 

H 
H 
H 
H 

z 
TL/F/9865-5 

Output 

S3 z 
L lo 
L 11 
L 12 
L 13 

L 14 
L 15 
L Is 
L 17 

H la 
H lg 
H 110 
H 111 

H 112 
H 113 
H 114 
H 115 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°Cto +85°C 
please contact the National Semiconductor Sales Vee Pin Potential to Ground Pin -7.0Vto +0.5V 
Office/Distributors for availability and specifications. 

Input Voltage (DC) Vee to +0.5V 
Storage Temperature - 65°C to + 1 so0 c 

Output Current (DC Output HIGH) -SOmA 
Maximum Junction Temperature (TJ) +1S0°C 

Operating Range (Note 2) -S.7V to -4.2V 

DC Electrical Characteristics 
Vee = -4.SV, Vee = VccA = GND, Tc = 0°C to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -102S -9S5 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -170S -1620 orV1l(Min) son to -2.ov 

VoHC Output HIGH Voltage -103S 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) son to -2.ov 

V1H Input HIGH Voltage 
-116S -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current o.so µA V1N = V1l_iMinl 

DC Electrical Characteristics 
Vee = -4.2V, Vee = VccA = GND, Tc = 0°c to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage ' -1020 -870 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1605 orV1l(Min) son to -2.ov 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1S95 orV1l(Max) son to -2.ov 

V1H Input HIGH Voltage 
-11SO -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -147S mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

DC Electrical Characteristics 
Vee= -4.8V, Vee= VccA = GND, Tc= 0°C to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -103S -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1620 orV1l(Min) son to -2.ov 

VoHC Output HIGH Voltage -1045 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 or Vil (Max) son to -2.ov 

V1H Input HIGH Voltage 
-116S -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

Ill Input LOW Current o.so µA V1N = V1l (Min) 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = 0°C to +85°C 

Symbol Parameter Min Typ Max Units 

l1H Input HIGH Current 

In 280 
So,S1 240 µA 
S2,S3 200 

IEE Power Supply Current -105 -70 -49 mA 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Min Max Min Max Min Max 

tPLH Propagation Delay 
0.80 2.20 0.90 2.35 0.90 2.55 

tPHL lo-115 to Output 

tPLH Propagation Delay 
1.45 3.10 1.45 3.20 1.55 3.60 

tPHL So. S1 to Output 

tPLH Propagation Delay 
1.10 2.45 1.10 2.50 1.20 2.80 

tPHL S2. S3 to Output 

trLH Transition Time 
0.45 1.70 0.45 1.70 0.45 1.70 

trHL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +as0 c 

Min Max Min Max Min Max 

tPLH Propagation Delay 
0.80 2.00 0.90 2.15 0.90 2.35 

tPHL lo-115 to Output 

tPLH Propagation Delay 
1.45 2.90 1.45 3.00 1.55 3.40 

tPHL So. S1 to Output 

tPLH Propagation Delay 
1.10 2.25 1.10 2.30 1.20 2.60 

tPHL S2. S3 to Output 

trLH Transition Time 
0.45 1.60 0.45 1.60 0.45 1.60 

trHL 20% to 80%, 80% to 20% 

Veeo.1 "F 

H~ 
l l J J l l PULSE 1 t'"\ 24 23 22 21 20 19 

GENERATORj \I 
1 18 t---

J -2 171-

-3 161-

-4 15 t---
L1 -s 14 t---· r SCOPE 1 ,~, 

-6 13 t---
CHAN A 1 \I 7 8 9 10 11 12 

Rr-1- I I u l 1 1~' J SCOPE 

J ~ \I >l CHAN B 

0.25)L~ ~·11'Fl Ry 

I Yee I ~ 
~ ~ 

FIGURE 1. AC Test Circuit 
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Conditions 

V1N = V1H (Max) 

Inputs Open 

Units Conditions 

ns 

ns 
Figures 1 and 2 

ns 

ns 

Units Conditions 

ns 

ns 
Figures 1 and 2 

ns 

ns 
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07±0' "11 1 r:•0
1 
"' +1.0SV 

INPUT ''"' )~ r ~'-+-2_0'.5-~-o/c-o ---- +0.31 V 

OUTPUT 

FIGURE 2. Propagation Delay and Transition Times 
Notes: 
Vee. VeeA = +2V, VEE = -2.SV 
L 1 and L2 = equal length son impedance lines 
Ar = son terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance :!:: 3 pF 
Pin numbers shown are for flatpak; for DIP see logic symbol 
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F100165 
Universal Priority Encoder 

General Description 
The F100165 contains eight input latches with a common 
Enable (E) followed by encoding logic which generates the 
binary address of the highest priority input having a HIGH 
signal. The circuit operates as a dual 4-input encoder when 
the Mode Control (M) input is LOW, and as a single 8-input 
encoder when M is HIGH. In the 8-input mode, Oo. 01 and 
0 2 are the relevant outputs, lo is the highest priority input 
and GS1 is the relevant Group Signal output. In the dual 
mode, Oo. 01 and GS1 operate with lo-13. 02, 03 and GS2 

Ordering Code: see section 0 

Logic Symbol 

M lo 11 12 13 14 Is la Ir 

TL/F /9866-3 

Connection Diagrams 

24-Pln DIP 

Oo 24 lo 
Oo 2 23 11 

01 3 22 12 

01 4 21 13 

GS1 20 M 

Vee 6 19 

VeeA 7 18 VEE 

GS2 8 17 OE 
02 9 16 14 

02 10 15 15 

03 11 14 Is 

03 12 13 17 

TL/F/9866-1 

operate with 14-17. A GS output goes LOW when its perti
nent inputs are all LOW. 

Inputs are latched when E goes HIGH. A HIGH signal on the 
Output Enable (OE) input forces all 0 outputs LOW and GS 
outputs HIGH. Expansion to accommodate more inputs can 
be done by connecting the GS output of a higher priority 
group to the OE input of the next lower priority group. All 
inputs have 50 kn pulldown resistors. 

Pin Names Description 

10-11 Data Inputs 
E Enable Input (Active LOW) 
OE Output Enable Input (Active LOW) 
M Mode Control Input 

GS1-GS2 Group Signal Outputs 

Oo-03 Data Outputs 

Oo-03 Complementary Data Outputs 

24-Pin Quad Cerpak 

13 M E vEE OE 14 

24 23 22 21 20 19 

12 1 18 15 

11 2 17 Is 

lo 3 16 17 

Oo 4 15 03 

Oo 5 14 03 

01 6 13 02 
7 8 9 10 11 12 

01 GS1 Vee VeeA GS2 02 
TL/F/9866-2 
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Logic Diagram 

Truth Table 

E OE M 

L L L 

L L L 
L L L 
L L L 
L L L 

L L L 
L L L 
L L L 
L L L 
L L L 

L L H 
L L H 
L L H 
L L H 
L L H 
L L H 
L L H 
L L H 

- ----
L L H 

x H x 
H L L 
H L H 

H -" HIGH Voltage Level 
L _., LOW Voltage Level 
Blank 0~ X = Don't Care 

lo 

H 
L 

L 
L 
L 

H 

L 

L 
L 
L 
L 
L 
L 

L 

x 
x 
x 

Inputs 

11 12 13 14 

x x x 
H x x 
L H x 
L L H 
L L L 

H 
L 

L 
L 
L 

x x x x 
H x x x 
L H x x 
L L H x 
L L L H 

L L L L 
L L L L 
L L L L 

L L L L 

x x x x 
x x x x 
x x x x 

Is Is 17 

x x x 
H x x 
L H x 
L L H 
L L L 

x x x 
x x x 
x x x 
x x x 
x x x 
H x x 
L H x 
L L H 

L L L 

x x x 
x x x 
x x x 
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Outputs 

Oo 01 02 03 GS1 GS2 

L L H 
H L H 
L H H 
H H H 
L L L 

L L H 
H L H 
L H H 
H H H 
L L L 

L L L L H H 
H L. L L H H 

L H L L H H 
H H L L H H 
L L H L H H 
H L H L H H 
L H H L H H 
H H H L H H 

L L L L L H 

L L L L H H 

Given by lo-17 when E was LOW and M = L 
Given by lo-17 when E was LOW and M = H 
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0 ... Absolute Maximum Ratings 

Above which the useful life may be impaired. (Note 1) 

If Military I Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°c to +0s0 c 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin - 7.0V to + O.SV 
Office/Distributors for avallablllty and specifications. Input Voltage (DC) VEE to +O.SV 
Storage Temperature -6s0 c to + 1 so0 c Output Current (DC Output HIGH) -SOmA 
Maximum Junction Temperature (TJ) +1so0 c Operating Range (Note 2) -S.7Vto -4.2V 

DC Electrical Characteristics 
VEE = -4.SV, Vee = VccA = GND, Tc = 0°c to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -102S -9SS -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -170S -1620 orV1l(Min) son to -2.ov 

VoHC Output HIGH Voltage -103S 
mV V1N = V1H (Min) Loading with 

VolC Output LOW Voltage -1610 orV1l(Max) son.to -2.ov 

V1H Input HIGH Voltage -116S -880 mV 
Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage -1810 -147S mV 
Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current o.so µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc = 0°c to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -160S orV1l(Min) son to -2.ov 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

VolC Output LOW Voltage -1S9S orV1l(Max) son to -2.ov 

V1H Input HIGH Voltage 
-11SO -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -147S mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current o.so µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GND, Tc = 0°c to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -103S -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1620 orV1l(Min) son to -2.ov 

VoHC Output HIGH Voltage -104S 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) son to -2.ov 

V1H Input HIGH Voltage -116S -880 mV 
Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage -1830 -1490 mV 
Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current o.so µA V1N = V1l (Min) 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = 0°c to +85°C 

Symbol Parameter Min Typ Max Units 

l1H Input HIGH Current 
230 µA 

All Inputs 

IEE Power Supply Current -200 -140 -77 mA 

Ceramic Dual-In-Line Package AC Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +as·c 

Units 
Min Max Min Max Min Max 

tpLH Propagation Delay 

tpHL lo-11 to Oo-03, Oo-03 1.10 4.10 1.10 4.10 1.10 4.60 ns 
(Transparent Mode) 

tpLH Propagation Delay 

tpHL lo-11 to GS1-GS2 1.30 3.90 1.30 3.90 1.30 4.20 ns 
(Transparent Mode) 

tpLH Propagation Delay 
1.00 3.00 1.00 3.00 1.10 3.30 ns 

tpHL OE to Oo-03, Oo-03 

tpLH Propagation Delay 
1.10 2.60 1.10 2.60 1.20 2.80 ns 

tpHL OE to GS1 -GS2 

tpLH Propagation Delay 
0.90 3.60 1.00 3.60 1.00 3.80 ns 

tpHL M to Oo-03, Oo-03 

tpLH Propagation Delay 
1.50 4.70 1.50 4.60 1.50 5.00 ns 

tpHL E to Oo-03, Oo-03 

trLH Transition Time 
0.45 1.50 0.45 1.40 0.45 1.50 

trHL 20% to 80%, 80% to 20% 
ns 

ts Setup Time 
1.00 0.90 1.00 ns 

lo-11 

tH Hold Time 
1.20 1.20 1.20 

lo-11 
ns 

tpw(L) Pulse Width LOW 
2.00 2.00 2.00 E ns 
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Conditions 

V1N = V1H (Max) 

Inputs Open 

Condition 

Figures 1 and 3 

Figures 1 and 2 

Figures 1 and 3 

Figures 1, 2 and 3 

Figure4 

Figure3 
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Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VeeA = GND 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +as·c 

Min Max Min Max Min Max 

tPLH Propagation Delay 

tPHL lo-17 to Oo-03, Oo-03 1.10 3.90 1.10 3.90 1.10 4.40 
(Transparent Mode) 

tPLH Propagation Delay 

tPHL lo-17 to GS1-GS2 1.30 3.70 1.30 3.70 1.30 4.00 
(Transparent Mode) 

tPLH Propagation Delay 
1.00 2.80 1.00 2.80 1.10 3.10 

tPHL OE to Oo-03, Oo-03 

tPLH Propagation Delay 
1.10 2.40 1.10 2.40 1.20 2.60 

tPHL OE to GS1 -GS2 

tPLH Propagation Delay 
0.90 3.40 1.00 3.40 1.00 3.60 

tPHL M to Oo-03, Oo-03 

tPLH Propagation Delay 
1.50 4.50 1.50 4.40 1.50 4.80 

tPHL E to Oo 03, Oo-03 

trLH Transition Time 
0.45 1.40 0.45 1.30 0.45 1.40 

trnL 20% to 80%, 80% to 20% 

ts Setup Time 
0.90 0.80 0.90 

lo-17 

tH Hold Time 
1.10 1.10 1.10 

lo-17 

tpw(L) Pulse Width LOW 
2.00 2.00 2.00 E 

VEE 

ry0.1µF 

l l l 
I'.l j PULSE 

l l \I lGENERATOR 

24 23 22 21 20 19 ;f 
-1 18 

-2 171--

-3 161--
,'\L1 j SCOPE 

50 fl 
~ ¥P CtiAN A 

~ 
4 15 

5 14 sqn 

~ -= ~ 6 13 ~ 
7 8 9 10 11 12 

:~)! J] w l 50 II 
-"¥ 

'" ('\L2 1 SCOPE 
5011 

25µFf110.11,F \I 1 CHAN B 

~ _{11 
~ -= Vee -=-

FIGURE 1. AC Test Circuit 
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Units Conditions 
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Figures 1 and 3 
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ns Figures 1 and 2 
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ns Figures 1 and 3 

ns Figures 1, 2 and 3 
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M,OE 1 
L0.7:!:0.1 ns 

Ji: 
+1.05V 

80% 

50% 

20% 
"---- +0.31V 

TRUE 

OUTPUT 

COMPLEMENT 

ITLH-1 
TL/F/9866-7 

FIGURE 2. Propagation Delay (M, OE) and Transition Times 
Notes: 

Vee. VeeA = +2V, Vee = -2.SV 

L 1 and L2 = equal length son Impedance lines 

Ar = son terminator internal to scope 

Decoupling 0.1 µF from GND to Vee and Vee 

All unused outputs are loaded with son to GND 

CL = Fixture and stray capacitance s: 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 

\ I 
\ I \.-----------J 

DATA 

OUTPUT(On) 

,r----------i 
I \ 

lpwl 

TRANSPARENT 

FIGURE 3. Enable Timing 

FIGURE 4. Setup and Hold Times 
Notes: 

t5 is the minimum time before the transition of the enable that information must be present at the data input. 

th is the minimum time after the transition of the enable that information must remain unchanged at the data input. 

3-165 

0.7:!:0.1 ns 

TL/F/9866-9 

+1.05 v 

TL/F/9866-8 

..... 
0 
0 ..... 
a> 
U1 

• 



U) 
U) ..... 
0 
0 ..... ~National 
~ Semiconductor 

F100166 
9-Bit Comparator 

General Description 
The F100166 is a 9-bit magnitude comparator which com
pares the arithmetic value of two 9-bit words and indicates 
whether one word is greater than, or equal to, the other. 

Ordering Code: see Section a 

Logic Symbol 

B>A A=B A>B 

TL/F/9867-3 

Connection Diagrams 

24-Pin DIP 

B2 24 B3 

B1 23 B4 

Bo 3 22 Bs 

B >A 4 21 Bs 

A=B 20 B1 

Vee 19 Bs 

VeeA 18 VEE 

A>B 17 As 

Ao 16 A1 

A1 10 15 As 

A2 11 14 As 

A3 12 13 A4 

TL/F/9867-1 

Other functions can be generated by the wire-OR of the 
outputs. All inputs have 50 kn pulldown resistors. 

Pin Names Description 

Ao-As A Data Inputs 

Bo-Ba B Data Inputs 
A>B A Greater than B Output 
B>A B Greater than A Output 
A=B Complement A Equal to B Output 

(Active LOW) 

24-Pin Quad Cerpak 

Bs B1 Bs VEE As A1 

24 23 22 21 20 19 

Bs 18 As 

B4 17 As 

B3 16 A4 

B2 4 15 A3 

B1 14 A2 

Bo 13 A1 

7 8 9 10 11 12 

B>A A=B Vee VccAA>B Ao 

TL/F/9867-2 
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Logic Diagram 

Truth Table 

A8Bs A187 

H L 
L H 

As= Ba H L 
As= Ba L H 

As= Ba A1 = B1 
As= Ba A1 = B1 
As= Ba A1 = B1 
As= Ba A1 = B1 

As= Ba A1 = B1 
As= Ba A1 = B1 
As= Ba A1 = B1 
As= Ba A1 = B1 

As= Ba A1 = B1 
As= Ba A1 = B1 
As= Ba A1 = B1 
As= Ba A1 = B1 

As= Ba A1 = B1 
As= Ba A1 = B1 
As= Ba A1 = B1 

H = HIGH Voltage Level 
L = LOW Voltage Level 
Blank = Don't Care 

A585 

H L 
L H 

As= Bs 
As= Bs 

As= Bs 
As= Bs 
As= Bs 
As= Bs 

As= Bs 
As= Bs 
As= Bs 
As= Bs 

As= Bs 
As= Bs 
As= Bs 

Inputs 

AsBs A484 

H L 
L H 

As= Bs H L 
As= Bs L H 
As= Bs A4 = B4 
As= Bs A4 =Bl\ 

As= Bs A4 = B4 
As= Bs A4 = B4 
As= Bs A4 = B4 
As= Bs A4 = B4 

As= Bs A4 = B4 
As= Bs A4 = B4 
As= Bs A4 = B4 

B>A AmB A>B 

A3Ba A282 A181 

H L 
L H 

A3 = B3 H L 
A3 = B3 L H 
A3 = B3 A2 = B2 H L 
A3 = B3 A2 = B2 L H 

A3 = B3 A2 = B2 A1 = B1 
A3 = B3 A2 = B2 A1 = B1 
A3 = B3 A2 = B2 A1 = B1 
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L H L 
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Outputs 

B>A A=B 

L H 
H H 
L H 
H H 

L H 
H H 
L H 
H H 

L H 
H H 
L H 
H H 

L H 
H H 
L H 
H H 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) o·c to +8s0 c 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin -7.0Vto +O.SV 
Office/Distributors for availability and specifications. Input Voltage (DC) VEE to +O.SV 
Storage Temperature - 6S°C to + 1 so·c Output Current (DC Output HIGH) -SOmA 
Maximum Junction Temperature (TJ) +1so·c Operating Range (Note 2) -S.OV to -4.2V 

DC Electrical· Characteristics 
VEE = -4.SV, Vee = VccA = GND, Tc = o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -102S -9SS -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -170S -1620 orV1l(Min) son to -2.ov 

VoHC Output HIGH Voltage -103S 
mV V1N = V1H (Min) Loading with 

Vmc Output LOW Voltage -1610 orV1l(Max) son to -2.ov 

V1H Input HIGH Voltage -116S -880 mV 
Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage -1810 -147S mV 
Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current o.so µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = ..,.4_2v, Vee = VccA = GND, Tc= o·c to +8s0 c (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -160S orV1l (Min) son to -2.0V 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1S9S orV1l (Max) son to -2.ov 

V1H Input HIGH Voltage 
-1150 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage -1810 -147S mV 
Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current o.so µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GND, Tc = o·c to +8s0 c (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -103S -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1620 orV1l(Min) son to -2.0V 

VoHC Output HIGH Voltage -104S 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) son to -2.0V 

V1H Input HIGH Voltage 
-116S -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current o.so µA V1N = V1l (Min) 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.SV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = o·c to +85°C 

Symbol Parameter Min Typ Max Units Conditions 

l1H Input HIGH Current 
250 µA V1N = V1H (Max) All Inputs 

IEE Power Supply Current -238 -170 -119 mA Inputs Open 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VecA = GND 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +as·c 

Units Conditions 
Min Max Min Max Min Max 

tpLH Propagation Delay 
1.40 3.50 1.40 3.50 1.40 3.90 ns 

tpHL Data to Output 
Figures 1 and 2 

trLH Transition Time 
0.45 1.55 0.45 1.50 0.45 1.50 ns 

trHL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +2s0 c Tc= +as·c 

Units Conditions 
Min Max Min Max Min Max 

tpLH Propagation Delay 
1.40 3.30 1.40 3.30 1.40 3.70 ns 

tpHL Data to Output 
Figures 1 and 2 

trLH Transition Time 
0.45 1.45 0.45 1.40 0.45 1.40 ns 

trnL 20% to 80%, 80% to 20% 

VEE 
0.1 µF 

Hri 
,-, j PULSE J 

11 
\I lGENERATOR 

l l l l 
24 23 22 21 20 19 

-1 18 t--
-2 171-- L1 
-3 16 t-- ,-, J SCOPE 

J -4 15 t-- \I L CHANA 

-5 14 1-- J Rr 

-6 131--
7 8 9 10 11 12 -== 

50 ll 
J J 1: 11 L2 

.A 
("\ 1 SCOPE ] 5~"n ... J c,I \I L CHAN B 

'l-'"' l tRr 

-=t;:" -:;:-
Vee 

TL/F/9867-6 

FIGURE 1. AC Test Circuit 
Notes: 
Vee. VeeA = +2V, VEE = -2.SV 
L 1 and L2 = equal length son impedance lines 
Ar = son terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance ~ 3 pF 
Pin numbers shown are for flatpak; for DIP see logic symbol 
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CD 
CD ,.... 
0 
0 ,.... ., .. ,,.1 r l~::o.t .. +t.OSV 

INPUT ''"' ~' r ~"""+-2_0~5-~-o;._o ____ + 0.31 V 

OUTPUT 

TL/F /9867 - 7 

FIGURE 2. Propagation Delay and Transition Times 
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~National 
~ Semiconductor 

F100170 
Universal Demultiplexer/Decoder 

General Description 
The F100170 universal demultiplexer/decoder functions as 
either a dual 1-of-4 decoder or as a single 1-of-8 decoder, 
depending on the signal applied to the Mode Control (M) 
input. In the dual mode, each half has a pair of active-LOW 
Enable (E) inputs. Pin assignments for the E inputs are such 
that in the 1-of-8 mode they can easily be tied together in 
pairs to provide two active-LOW enables (E1a to E1b. E2a to 
E2b). Signals applied to auxiliary inputs Ha. Hb and He deter
mine whether the outputs are active HIGH or active LOW. In 
the dual 1-of-4 mode the Address inputs are Aoa. A1a and 

Ordering Code: see section a 

Logic Symbols 

Aob. A1b with A2a unused (i.e., left open, tied to VEE or with 
LOW signal applied). In the 1-of-8 mode, the Address inputs 
are Aoa. A1a• A2a with Aob and A1b LOW or open. All inputs 
have 50 kn pulldown resistors. 

Refer to the F100370 datasheet for: 
PCC packaging 
Lower power 
Military versions 
Extended voltage specs ( - 4.2V to - 5. 7V) 

Single 1-of·B Application Dual 1-of-4 Application Pin Names Description 

TL/F/9868-4 

Connection Diagrams 
24-Pln DIP 

A1b 1 24 

Z3b(Z7) 2 23 

Zob(Z.J 3 22 

Z2b(Z5) 21 

Z1b(Z5) 20 

Vee 6 19 

VcCA 18 

Z3a(Z3) 17 

ZoaCZo) 9 16 

Z2a(Z2) 10 15 

Z1a(Z1) 11 14 

Aoa 12 13 

Aob 

Hb 

He 

Ha 

E2a 

E2b 

VEE 

E1b 

E1a 

A2a 

M 

A1a 

TL/F/9868-1 

3-171 

Ana• Anb Address Inputs 
Ena. Enb Enable Inputs 
M Mode Control Input 
Ha Zo-Z3 (Zoa-Z3a) 

Polarity Select Input 
-Hb Z4-Z7 (Zob-Z3b) 

Polarity Select Input 
He Common Polarity 

Select Input 

TL/F/9868-5 
Zo-Z1 Single 1-of-8 

Data Outputs 

Zna• Znb Dual 1-of-4 
Data Outputs 

24-Pln Quad Cerpak 

He 1 

Hb 

Aob 

A1b 4 
Z3b 

(Z7) 
Zob 
(Z4) 

24 23 22 21 20 19 
18 A2a 

17 M 

16 A1a 

15 Aoa 
Z111 

14 (Z1) 
13 Z211 

7 8 9 10 11 12 (Z2) 

TL/F/9868-2 

..... 
0 
0 ..... 
....... 
0 
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Logic Diagram 

Note: (Zn) for 1-of-4 applications. 

Truth Tables 

Inputs 

E1a E2a A1a 
E1b E2b A1b 

H x x 
x H x 
L L L 
L L L 

L L H 
L L H 

TL/F/9868-6 

Dual 1-of-4 Mode (M = A2a =He= LOW) 

Active HIGH Outputs Active LOW Outputs 

(Ha and Hb Inputs HIGH) (Ha and Hb Inputs LOW) 

Aoa Zoa Z1a Z2a Z3a Zoa Z1a Z2a 
Aob Zob Z1b Z2b Z3b Zob Z1b Z2b 

x L L L L H H H 

x L L L L H H H 

L H L L L L H H 
H L H L L H L H 
L L L H L H H L 

H L L L H H H H 

Single 1-of-8 Mode (M = HIGH; Aob = A1b = Ha = Hb = LOW) 

Inputs 
Active HIGH Outputs* 

(He Input HIGH) 

E1 E2 A2a A1a 

H x x x 
x H x x 
L 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 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

Aoa Zo Z1 Z2 

x L L L 
x L L L 

L H L L 
H L H L 

L L L H 
H L L L 

L L L L 

H L L L 
L L L L 
H L L L 

•tor He = LOW, output states are complemented 
E1 = E1a and E1b wired; E2 = E22a and E2b wired 
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Z3 Z4 Zs 

L L L 

L L L 

L L L 
L L L 

L L L 

H L L 

L H L 

L L H 
L L L 

L L L 

Zs 

L 

L 

L 
L 

L 

L 

L 
L 
H 

L 

Z7 

L 

L 

L 
L 
L 

L 

L 

L 
L 
H 

Z3a 

Z3b 

H 
H 

H 
H 

H 

L 



Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Mllltary/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°Cto +85°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin -7.0Vto +0.5V 
Office/Distributors for availability and specifications. 

Input Voltage (DC) VEE to +0.5V 
Storage Temperature - 65°C to + 150°C 

Output Current (DC Output HIGH) -50mA 
Maximum Junction Temperature (TJ) + 150°C 

Operating Range (Note 2) -5.7V to -4.2V 

DC Electrical Characteristics 
VEE = -4.5V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1025 -955 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1705 -1620 orV1l(Min) 50!1 to -2.0V 

VoHc Output HIGH Voltage -1035 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) 500. to -2.0V 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

Vil Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1605 orV1l(Min) 500. to -2.0V 

VoHc Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1595 orV1l (Max) 500. to -2.0V 

V1H Input HIGH Voltage 
-.1150 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE= -4.8V, Vee= VccA = GND, Tc= 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1035 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1620 orV1l(Min) 500. to -2.0V 

VoHC Output HIGH Voltage -1045 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) 500. to -2.0V 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = o•c to +85°C 

Symbol Parameter Min Typ Max Units 

l1H Input HIGH Current 

He, Aoa A1a• A2a 310 µA 
All Others 250 

IEE Power Supply Current -153 -109 -76 mA 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +2s0 c Tc= +as·c 

Min Max Min Max Min Max 

tPLH Propagation Delay 
0.90 2.30 0.90 2.20 0.90 2.30 

tpHL Ena• Enb to Output 

tpLH Propagation Delay 
1.00 2.80 1.00 2.70 1.00 2.90 

tPHL Ana• Anb to Output 

tPLH Propagation Delay 
1.00 3.00 1.00 2.90 1.00 3.00 

tPHL Ha, Hb, He to Output 

tPLH Propagation Delay 
1.50 3.90 1.60 3.80 1.60 3.90 

tpHL M to Output 

trLH Transition Time 
0.45 1.70 0.45 1.70 0.45 1.80 

trHL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +as·c 

Min Max Min Max Min Max 

tpLH Propagation Delay 
0.90 2.10 0.90 2.00 '0.90 2.10 

tpHL Ena• Enb to Output 

tpLH Propagation Delay 
1.00 2.60 1.00 2.50 1.00 2.70 

tPHL Ana• Anb to Output 

tPLH Propagation Delay 
1.00 2.80 1.00 2.70 1.00 2.80 

tPHL Ha. Hb, He to Output 

tPLH Propagation Delay 
1.50 3.70 1.60 3.60 1.60 3.70 

tpHL M to Output 

trLH Transition Time 
0.45 1.60 0.45 1.60 0.45 1.70 

trHL 20% to 80%, 80% to 20% 
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Conditions 

V1N = V1H (Max) 

Inputs Open 

Units Conditions 

ns 

ns 

ns Figures 1 and 2 

ns 

ns 

Units Conditions 

ns 

ns 

ns Figures 1 and 2 

ns 

ns 



VEE 

{'\ 
\ I 

0.1 µF J ~ 
L1 

24 23 22 21 20 19 (''\ 
1 18 I 

17 I 
16 

son 15 

14 L2 

"' I I 6 13 
son 7 8 9 10 11 12 I 

son l 
50 n 50 n 

son 
L2 

-= -= ,.. 
\ 2SµF .J 0.1 µF I 

10.1µF \I 

-=- Vee_ J 
FIGURE 1. AC Test Circuit 

Notes: 
Vee. VeeA = +2V, VEE= -2.5V 
L 1 and L2 = equal length 50!1 impedance lines 
Rr = 50!1 terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with 50!1 to GND 
CL = Fixture and stray capacitance ,;: 3 pF 
Pin numbers shown are for flatpak; for DIP see logic symbol 

Rr 

-=-

Rr 

-=-

Rr 

-=-

PULSE 
GENERATOR 

SCOPE 
CHAN A 

SCOPE 
CHAN B 

SCOPE 
CHAN B 

0.7'01 "'1 r 1J:~±01" +1.0SV 
INPUT 1'"J~ r r-+-2-0~S-~-o/c-o ---- +0.31 V 

OUTPUT 

TL/F/9868-7 

TL/F/9868-8 

FIGURE 2. Propagation Delay and Transition Times 
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F100171 
Triple 4-lnput Multiplexer with Enable 

General Description 
The F100171 contains three 4-input multiplexers which 
share a common decoder (inputs So and S1). Output buffer 
gates provide true and complement outputs. A HIGH on the 
Enable input (E) forces all true outputs LOW (see Truth Ta
ble). All inputs have 50 kn pull-down resistors. 

Ordering Code: see section a 

Logic Symbol 

E loa l1a l2a l3a lob l1b l2b lab loc '1c l2c lac 
So 

TL/F/9869-3 

Connection Diagrams 

24-Pin DIP 

l1c 24 loc 

l2c 23 l3b 

l3c 22 l2b 

Zc 4 21 l1b 

Zc 20 lob 

Vee 19 E 

VeeA 18 VEE 

zb 8 17 S1 

zb 16 So 

z8 10 15 138 

z8 11 14 128 

loa 12 13 l1a 

TL/F/9869-1 

Refer to the F100371 datasheet for: 
PCC packaging 
Lower power 
Military versions 
Extended voltage specs (-4.2V to -5.7V) 

Pin Names 

lox-13x 
So.So 
E 
Za-Zc 
Za-Zc 

l2b 

l3b 2 

loc 3 

l1c 4 

l2c 5 

l3c 6 

Description 

Date Inputs 
Select Inputs 
Enable Input (Active LOW) 
Data Outputs 
Complementary Data Outputs 

24-Pln Quad Cerpak 

l1b lob E VEE s, So 

24 23 22 21 20 19 

7 8 9 10 11 12 

18 138 

17 128 
16 118 
15 108 
14 Z8 

13 Z8 

TL/F/9869-2 
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Logic Diagram 

E IJc l2c l1c loc l3b l2b l1b lob lJa l2a l1a loa S1 So 

Truth Table 
---·-------··-------·-------------·-----------· --------

Inputs Outputs 

r--E ---=---~o==r=~ S1 _z __ n~~~ 
L L L lox 

L H L l1x 

L L H l2x 

L H H l3x 

H X X L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X ~' Don't Care 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) o•cto +85°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin -7.0Vto +0.5V 
Office/Distributors for availability and specifications. 

Input Voltage (DC) VEE to +0.5V 
Storage Temperature - 65°C to + 15o•c 

Output Current (DC Output HIGH) -50mA 
Maximum Junction Temperature (TJ) +150°c 

Operating Range (Note 2) -5.7Vto -4.2V 

DC Electrical Characteristics 
VEE = -4.5V, Vee= VccA = GND, Tc = o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1025 -955 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1705 -1620 orV1l(Min) 50.!1to -2.0V 

VoHC Output HIGH Voltage -1035 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 or Vil (Max) 50.!1to -2.0V 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc = o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -1605 orV1l(Min) 50.!1 to -2.0V 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1595 orV1l (Max) 50.!1 to -2.0V 

V1H Input HIGH Voltage 
-1150 -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-181.0 -1475 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = Vlll_Min}_ 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GND, Tc = o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1035 -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1620 orV1l(Min) 50.!1 to -2.0V 

VoHC Output HIGH Voltage -1045 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) 50.!1 to -2.0V 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l _iMir]_ 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have Its useful life Impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.SV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise Immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = 0°C to +85°C 

Symbol Parameter Min Typ Max Units 

l1H Input HIGH Current 

lox-13x 340 
µA 

So,S1,E 300 

IEE Power Supply Current -114 -80 -56 mA 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Min Max Min Max Min Max 

tPLH Propagation Delay 
0.45 1.70 0.45 1.60 0.50 1.70 

tPHL lox-13x to Output 

tPLH Propagation Delay 
0.90 2.40 0.90 2.60 1.00 3.00 

tPHL So, S1 to Output 

tPLH Propagation Delay 
0.65 2.40 0.65 2.30 0.75 2.40 

tPHL E to Output 

tTLH Transition Time 
0.45 1.80 0.45 1.60 0.45 1.60 

trHL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Min Max Min Max Min Max 

tPLH Propagation Delay 
0.45 1.50 0.45 1.40 0.50 1.50 

tPHL lox-13x to Output 

tPLH Propagation Delay 
0.90 2.20 0.90 2.40 1.00 2.80 

tPHL So, S1 to Output 

tPLH Propagation Delay 
0.65 2.20 0.65 2.10 0.75 2.20 

tPHL E to Output 

trLH Transition Time 
0.45 1.70 0.45 1.50 0.45 1.50 

trHL 20% to 80%, 80% to 20% 
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Units 

ns 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

Conditions 

V1N = V1H (max) 

Inputs Open 

Conditions 

Figures 1 and 2 

Conditions 

Figures 1 and 2 
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FIGURE 1. AC Test Circuit 

Rr 

RT 

PULSE 
GENERATOR 

SCOPE 
CHAN A 

SCOPE 
CHAN B 

0.7:t0.1 ns-....~I I._ 1 L0.7:t0.1 ns 
- + 1.05 v 

80% 

INPUT 50% 

1

----.J 20
% + 0.31 v 

TRUE ''"'- I -+ 

OUTPUT ~ _, LIPHL 
II- 1:: 

COMPLEMENT l j 
ITLH-1 

FIGURE 2. Propagation Delay and Transition Times 
Notes: 

Vee. VeeA = +2V, Vee = -2.SV 

L 1 and L2 = equal length son impedance lines 

AT = 50n terminator internal to scope 

Decoupling 0.1 µ.F from GND to Vee and Vee 

All unused outputs are loaded with son to GND 

CL = Fixture and stray capacitance :!': 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 
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~National 
~ Semiconductor 

F100175 
Quint Latch 100K ln/10K Out 

General Description 
The F100175 is a 5-bit latch with temperature and voltage 
compensated 1 OOK compatible inputs and voltage compen
sated 1 OK compatible outputs. Each latch has one data in
put and one output. All five latches share a common clear 
input and two enable inputs. All inputs have 50 kn pull
down resistors. 

Ordering Code: See section a 

Logic Symbol 

Pin Names Description 

Do-D4 100K Data Inputs 

E1,E2 1 OOK Enable Inputs 

TL/F/9870-2 

c 1 OOK Common Clear Input 

Oo-04 1 OK Data Outputs 

Logic Diagram 

TL/F/9870-3 

Features 
• Outputs specified to drive a son load 
• Available in 16-pin ceramic DIP 
• 100K compatible inputs/10K compatible outputs 

Connection Diagram 

16·Pln DIP 

VCCA 

Oo 2 

01 3 

02 4 

D2 5 

E1 6 

E2 7 

VEE 8 

Truth Table 
Inputs 

Dn E1 

H L 

L L 

x H 

x x 
x H 

x x 
H "' HIGH Voltage Level 

L = LOW Voltage Level 

X = Don't Care 

On-1 = Previous State 

E2 

L 

L 

x 
H 

x 
H 

16 Vee 
15 04 
14 03 
13 Do 

12 D4 

11 c 
10 03 

9 D1 

c 
x 
x 
L 

L 

H 

H 

TL/F/9870-1 

Output 

On 

H 

L 

On-1 

On-1 

L 

L 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired Conditions 
If Military/Aerospace specified devices are required, Min Typ Max 
please contact the National Semiconductor Sales 

Supply Voltage (VEE) -5.72V -5.2V -4.68V 
Office/Distributors for avallabillty and specifications. 

Ambient Temperature (TA) 0°C +75°C 
Storage Temperature - 65°C to + 150°C 
Ambient Temperature Under Bias (TA) - 55°C to + 125°C 

Maximum Junction Temperature (TJ) +150°C 
Supply Voltage -8V 

Input Voltage (DC) -5.2Vto +ov 

Output Current (DC Output HIGH) -55mA 
Operating Range -5.72Vto -4.68V 

Lead Temperature (Soldering, 10 sec.) 300°C 

DC Electrical Characteristics 
VEE= -5.2V, Vee= VeeA = GND, TA= 0°C to +75°C (Notes 1, 2) 

Symbol Parameter Temp Min Typ Max Units Conditions 

VoH Output HIGH Voltage TA= 0°C -1000 -840 mV V1N = V1H (Max) 

TA= +25°C -960 -810 mV or V1L(Min) 

TA= +75°C -900 -720 mV 

VoL Output LOW Voltage TA= 0°C -1870 -1665 mV V1N = V1H (Max) 

TA= +25°C -1850 -1650 mV orV1L(Min) 

TA= +75°C -1830 -1625 mV 
Loading with 

VoHe Output HIGH Voltage TA= 0°C -1020 mV V1N = V1H (Min) 50D. to - 2.0V 

TA= +25°C -980 mV orV1L(Max) 

TA= +75°C -920 mV 

VoLe Output LOW Voltage TA= 0°C -1645 mV V1N = V1H (Min) 

TA= +25°C -1630 mV orV1L (Max) 

TA= +75°C -1605 mV 

V1H Input HIGH Voltage -1165 -880 mV Guaranteed HIGH Signal for All Inputs 

V1L Input LOW Voltage -1810 -1475 mV Guaranteed LOW Signal for All Inputs 

l1H Input HIGH Current 290 V1N = V1H (Max) 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

IEE VEE Supply Current -125 -90 -50 mA Inputs Open 
Note 1: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be.achieved by decreasing the allowable system operating ranges. 
Note 2: The specified limits shown in the DC Characteristics can be met only after thermal equilibrium has been established. Thermal equilibrium is established by 
applying power for at least 2 minutes while maintaining transverse air flow of 2.5 meters/s (500 linear feet/min) over the device either mounted in the test socket or 
on the printed circuit board. Test voltage values are given in the DC Operating Conditions and defined in Figure 4. 
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DC Electrical Characteristics 
VEE= -4.68V, Vee = VeeA = GND, TA = 0°C to +7S°C (Notes 1, 2) 

Symbol Parameter Temp Min Typ Max Units Conditions 

VoH Output HIGH Voltage TA= 0°C -1000 -840 mV V1N = V1H (Max) 

TA= +2S°C -960 -810 mV orV1L(Min) 

TA= +7S°C -900 -720 mV 

VoL Output LOW Voltage TA= 0°C -1870 -166S mV V1N = V1H (Max) 

TA= +2S°C -18SO -16SO mV orV1L(Min) 

TA= +7S°C -1830 -162S mV 
Loading with 

VoHe Output HIGH Voltage TA= 0°C -1020 mV V1N = V1H (Min) son to -2.ov 

TA= +2S°C -980 mV orV1L(Max) 

TA= +7S°C -920 mV 

Vole Output LOW Voltage TA= 0°C -164S mV V1N = V1H (Min) 

TA= +25°C -1630 mV orV1L(Max) 

TA= +75°C -160S mV 

V1H Input HIGH Voltage -1150 -880 mV Guaranteed HIGH Signal for All Inputs 

V1L Input LOW Voltage -1810 -1475 mV Guaranteed LOW Signal for All Inputs 

l1H Input HIGH Current 290 V1N = V1H J_Max_l 

l1L Input LOW Current o.so µA V1N = V1L J..Mi~ 

IEE VEE Supply Current -12S -90 -so mA Inputs Open 

Note 1: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 2: The specified limits shown in the DC Characteristics can be met only after thermal equilibrium has been established. Thermal equilibrium is established by 
applying power for at least 2 minutes while maintaining transverse air flow of 2.5 meters/s (500 linear feet/min) over the device either mounted in the test socket or 
on the printed circuit board. Test voltage values are given in the DC Operating Conditions and defined in Figure 4. 
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DC Electrical Characteristics 
VEE = -5.72V, Vee = VeeA = GND, TA = o·c to +75°C (Notes 1, 2) 

Symbol Parameter Temp Min Typ Max Units Conditions 

VoH Output HIGH Voltage TA= o·c -1000 -840 mV V1N = V1H (Max) 

TA= +25°C -960 -810 mV orV1L(Min) 

TA= +75°C -900 -720 mV 

Vol Output LOW Voltage TA= o•c -1870 -1665 mV V1N = V1H (Max) 

TA= +25°C -1850 -1650 mV orV1L(Min) 

TA= +75°C -1830 -1625 mV 
Loading with 

VoHe Output HIGH Voltage TA= o·c -1020 mV V1N = V1H (Min) son to -2.ov 

TA= +25°C -980 mV orV1L(Max) 

TA= +75°C -920 mV 

Vole Output LOW Voltage TA= o·c -1645 mV V1N = V1H (Min) 

TA= +25°C -1630 mV orV1L(Max) 

TA= +75°C -1605 mV 

V1H Input HIGH Voltage -1165 -880 mV Guaranteed HIGH Signal for All Inputs 

V1L Input LOW Voltage -1810 -1490 mV Guaranteed LOW Signal for All Inputs 

l1H Input HIGH Current 290 V1N = V1H_iMax) 

l1L Input LOW Current 0.50 µA V1N = V1L (Min) 

IEE VEE Supply Current -125 -90 -50 mA Inputs Open 

Note 1: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 2: The specified limits shown in the DC Characteristics can be met only after thermal equilibrium has been established. Thermal equilibrium is established by 
applying power for at least 2 minutes while maintaining transverse air flow of 2.5 meters/s (500 linear feet/min) over the device either mounted in the test socket or 
on the printed circuit board. Test voltage values are given in the DC Operating Conditions and defined in Figure 4. 

AC Electrical Characteristics 
VEE = -5.2V ± 10%, Vee = VeeA = GND 

Symbol Parameter 
TA= o·c TA= +25°C TA= +75°C 

Units Conditions 
Min Max Min Max Min Max 

tpoLH Propagation Delay 
1.10 2.60 1.10 2.75 1.10 3.00 ns Figures 1 &2 

tpoHL Data to Output 

tpoLH Propagation Delay 
1.20 3.40 1.20 3.50 1.20 3.75 ns Figures 1 &3 

tpoHL Enable to Output 

tpoHL Propagation Delay 
1.30 3.20 1.30 3.20 1.30 3.20 ns Figures 1, 3 & 4 

Clear to Output 

ts Setup Time Do-D4 2.50 . 2.50 2.50 ns 
Figures 1 &5 

tH Hold Time Do-D4 0.50 0.50 0.50 ns 

tTLH Transition Time 
1.10 3.25 1.20 3.25 1.20 3.50 Figures 1, 2, 3 & 4 

trHL 20% to 80%, 80% to 20% 
ns 
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PULSE 
GENERATOR Vee 

(\ E 

GE~~~~OR 1-..;I--=..:.,--so-n~ o 

Notes: 

Vee. VeeA = +2V, VEE = -3.2V 
L 1 and L2 = equal length son impedance lines 
Ar = son terminator Internal to scope 
Decoupling 0.1 µ.I from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance ~ 3 pF 

Dn 

FIGURE 1. AC Test Circuit 

20% 

ITLH-1 
FIGURE 2. Data Propagation Delay @ TA = + 25°C 

J 0.7:t0.1 
20% ns 

SCOPE 
CHANA 

SCOPE 
CHANB 

so•;. 

TL/F/9870-4 

TL/F/9870-S 

,_.
2 
.. ~·-~----- +0.31V 

I 

.E,-~f:::~" \_ -___ j __ .ii_ ------- __ );~-}~:--:~::: 
-•PDLH I 

.,.. I 
20% 

FIGURE 3. Enable Propagation Delay @ TA = + 25°C 
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LI) r-------------------------------------------------~ ..... ,... 
0 
0 ,... 

---------------------------•1.0SV 

\ .. _____ .... t.~~~~~~~·~·------------------------•031V 
+1.0SV 

Dn ________ /_ _ -- - ------ - - - --- ---- -- -- ---------•0.31V 
c 

------~- -- -- ---- - - ---- +1.0SV 

0.7:t0.1 ns [ 

80% 

---------- +0.31V 
i.---~- IPDHL 

a" ___ / 
118~% 

~Jl""s~_;·_o•1_, __________ _ 

TL/F/9870-7 

FIGURE 4. Clear Propagation Delay@ TA= +25°C 

DATA 

"-------------- +0.31V 

----------------------+1.0SV 

TL/F/9870-8 

FIGURE 5. Data Setup and Hold Time 
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~National 
~ Semiconductor 

F100179 
Carry Lookahead Generator 

General Description 
The F100179 is a high-speed Carry Lookahead Generator 
intended for use with the F100180 6-bit fast Adder and the 
F100181 4-bit ALU. All inputs have 50 k!l pulldown resis
tors. 

Ordering Code: see section a 

Logic Symbol 

Cn 

Cn+2 Cn+4 Cn+6 

Connection Diagrams 

24-Pln DIP 

P1 1 24 

G2 2 23 

P2 3 22 

en+2 4 21 

en+4 5 20 

Vee 19 

VeeA 7 18 

en+6 8 17 

en+B 9 16 

G3 10 15 

P3 11 14 

G4 12 13 

Cn+S 

TL/F/9871-3 

G1 
Po 
Go 
P7 
G1 
en 
VEE 

P5 
G5 
Ps 
Gs 
P4 

TL/F/9871-1 
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Pin Names Description 

Cn Carry Input (Active LOW) 

Po-P7 Carry Propagate Inputs (Active LOW) 

Go-G7 Carry Generate Inputs (Active LOW) 

Cn + 2, Cn + 4 

Cn + 6, Cn + 8 
Carry Outputs 

24-Pln Quad Cerpak 

P7 G7 en VEE P5 G5 

24 23 22 21 20 19 

1a P5 
11 G5 
16 P4 

P1 4 1s G4 
G2 s 14 p3 

P2 13 G3 
7 8 9 10 11 12 

en+2 Vee en+6 
en+4 V CCA en+B 

TL/F/9871-2 
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0) ..... 
c; Logic Diagram 
0 .... 

Truth Tables 
Cn + 20utput 

Inputs 

Cn Go Po G1 

x x x L 
x L x x 
L x L x 

All other combinations 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

Output 

P1 Cn + 2 

x L 
L L 
L L 

H 
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Cn + 4 Output 

Inputs Output 

Cn Go Po G1 P1 G2 P2 Ga Pa Cn + 4 

x x x .x x x x L x ·L 
x x x x x L x x L L 
x x x L x x L x L L 
x L x x L x L x L L 
L x L x L x L x L L 

All other combinations H 

Cn+4 = G3 • (P3 + G2l • (P3 + P2 + G1l • (P3 + P2 + P1 +Go) 
• (P3 + P2 + P1 + Po + Cnl 



.... 
0 

Truth Tables (Continued) 0 .... 
...... 

Cn+aOutput 
(0 

Inputs Output 

Cn Go Po G1 P1 G2 G2 Ga Pa G4 P4 Gs Ps Cn+a 

x x x x x x x x x x x L x L 
x x x x x x x x x L x x L L 
x x x x x x x L x x L x L L 
x x x x x L x x L x L x L L 

x x x L x x L x L x L x L L 
x L x x L x L x L x L x L L 
L x L x L x L x L x L x L L 

All other combinations H 

Cn+s = Gs• (Ps + G4) • (Ps + P4 + G3) • (Ps + 154 + P3 + G2l 
• (Ps + P4 + P3 + P2 + G1) • (Ps + P4 + P3 + P2 + J51 + Go) 
• (Ps + P4 + P3 + P2 + P1 +Po + Cnl 

Cn+aOutput 

Inputs Output 

Cn Go Po G1 P1 G2 P2 Ga Pa G4 P4 Gs Ps Gs Pa G1 P1 Cn+a 

x x x x x x x x x x x x x x x L x L 
x x x x x x x x x x x x x L x x L L 
x x x x x x x x x x x L x x L x L L 
x x x x x x x x x L x x L x L x L L 

x x x x x x x L x x L x L x L x L L 
x x x x x L x x L x L x L x L x L L 
x x x L x x L x L x L x L x L x L L 
x L x x L x L x L x L x L x L x L L 
L x L x L x L x L x L x L x L x L L 

All other combinations H 

Cn+s = G1 • (P1 + Gs)• (P1 + Ps +Gs)• (P1 + Ps + Ps + G4) 
·~+~+~+~+~·~+~+~+~+~+~ 
• (P7 + Ps + Ps + P4 + P3 + P2 + G1) 
• (P1 + Ps + Ps + P4 + P3 + P2 + P1 +Go) 
• (P1 + Ps + Ps + P4 + P3 + P2 + P1 +Po + Cn) 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

El 
I 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Mllltary I Aerospace specified devices are required, Case Temperature under Bias (Tc) o•cto +0s0 c 
please contact the National Semiconductor Sales Vee Pin Potential to Ground Pin - 7.0V to + O.SV 
Office/Distributors for avallablllty and specifications. 

Input Voltage (DC) Vee to +o.sv 
Storage Temperature - 6s0 c to + 1 so·c 

Output Current (DC Output HIGH) -SOmA 
Maximum Junction Temperature (TJ) + 1so·c 

Operating Range (Note 2) -S.7V to -4.2V 

DC Electrical Characteristics 
Vee = -4.SV, Vee= VccA = GND, Tc = o·c to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -102S -9SS -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -170S -1620 orV1l(Min) son to -2.ov 

VoHC Output HIGH Voltage -103S 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) son to -2.ov 

V1H Input HIGH Voltage 
-116S -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -147S mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current o.so µA V1N = V1l (Min) 

DC Electrical Characteristics 
Vee = -4.2V, Vee = VccA = GND, Tc = o·c to + 8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
.mv V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -160S orV1l(Min) son to -2.ov 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

VolC Output LOW Voltage -1S9S or Vil (Max) son to -2.ov 

V1H Input HIGH Voltage 
-11SO -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1810 -147S mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current o.so µA V1N = V1l (Min) 

DC Electrical Characteristics 
Vee = -4.8V, Vee = VccA = GND, Tc = o·c to +0s·c (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -103S -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1830 -1620 orV1l(Min) son to -2.ov 

VoHC Output HIGH Voltage -104S 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) son to -2.ov 

V1H Input HIGH Voltage 
-116S -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current o.so µA V1N = V1l (Min) 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.SV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 

-
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = 0°C to +85°C 

Symbol Parameter Min Typ Max Units 

l1H Input HIGH Current 
cN. Go-G7 250 

µA Po-P7 340 

IEE Power Supply Current -220 -150 -100 mA 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°c 

Min Max 

tPLH Propagation Delay 
1.10 2.90 

tPHL Cn, Go-G7, Po-P7 to Cn+x 

trLH Transition Time 
0.45 1.80 

trnL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c 

Min Max 

tPLH Propagation Delay 
1.10 2.70 

tPHL Cn, Go-G7, Po-P7 to Cn+x 

trLH Transition Time 
0.45 1.70 

trHL 20% to 80%, 80% to 20% 

Tc= +25° 

Min Max 

1.10 2.90 

0.45 1.80 

Tc= +25° 

Min Max 

1.10 2.70 

0.45 1.70 

3-191 

Tc= +85°C 

Min Max 

1.10 3.00 

0.45 1.80 

Tc= +a5°C 

Min Max 

1.10 2.80 

0.45 1.70 

Units 

ns 

ns 

Units 

ns 

ns 

Conditions 

V1N = V1H (Max) 

Inputs Open 

Conditions 

Figures 1 and 2 

Conditions 

Figures 1 and 2 
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PULSE 
GENERATOR 

SCOPE 
CHANA 

,, 
\ I 

-!-
L1 
t"\ 

I 

Ar-!-

-= 

Notes: 

Vee. VeeA = +2V, VEE = -2.5V 
L 1 and L2 = equal length 500 impedance lines 
Rr = 500 terminator internal to scope 
Decoupling 0.1 µF from GND to Vee and VEE 
All unused outputs are loaded with son to GND 
CL = Fixture and stray capacitance ::;; 3 pF 
Pin numbers shown are for flatpak; for DIP see logic symbol 

VEE 

0.1 µF 

~ 
+1.05V 24 23 22 21 20 19 

1 18 

17 
+1.05 v 

16 

15 

14 

6 
1 

SOii 

5011 

':" 0.1 

µFI 
Vee -::-

FIGURE 1. AC Test Circuit 

0.7:t0.1 n•1 r 1 r0.7:t0.1 ns 

"'::' 

+1.05 v 

INPUT ~ i~~% 
''"J r ~;...+------- +0.31 v 

OUTPUT 

FIGURE 2. Propagation Delay and Transition Times 
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Appllcatlons 

Cn+4 

:Cour 

Fast Adder and Carry Lookahead 

MSB 

Cn+4 P3 03 P2 G2 Cn+2 P1 G1 
F1001711 

li4 G4 Cn+4 P3 G3 P"2 G2 
F100179 

24-Blt Adder Using One Carry Lookahead 

MSB 
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C) .... ~National 
~ Semiconductor 

F100180 
High-Speed 6-Bit Adder 

General Description 
The F100180 is a high-speed 6-bit adder capable of per
forming a full 6-bit addition of two operands. Inputs for the 
adder are active-LOW Carry, Operand A, and Operand B; 
outputs are Function, active-LOW Carry Generate, and ac-

Ordering Code: see section 8 

Logic Symbol 

Cn 

TL/F/9872-3 

Connection Diagrams 

24·Pin DIP 

Ao 24 Bo 

f'o 2 23 A1 

f'1 3 22 B1 

f'2 4 21 A2 

f'3 s 20 B2 

Vee 19 en 

VeeA 7 18 VEE 

f'4 8 17 A3 

f's 16 B3 
p 10 15 A4 

G 11 14 B4 

Bs 12 13 As 

TL/F/9872-1 

tive-LOW Carry Propagate. When used with the F100179 
Full Carry Lookahead as a second order lookahead block, 
the F100180 provides high-speed addition of very long 
words. All inputs have 50 kn pull-down resistors. 

Pin Names 

Ao-As 
Bo-85 
Cn 
G 
j5 

Fci-Fs 

B1 

A1 2 

Bo 3 

Ao 4 

F'o 5 

F'1 6 

Description 

Operand A Inputs 
Operand B Inputs 
Carry Input (Active LOW) 
Carry Generate Output (Active LOW) 
Carry Propagate Output (Active LOW) 
Function Outputs 

24-Pln Quad Cerpak 

A2 B2 en VEE A3 B3 

24 23 22 21 20 19 

18 A4 

17 B4 

16 As 

15 Bs 

14 G 
13 p 

1 8 9 10 11 12 

TL/F/9872-2 
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Logic Diagram 

Logic Equations 
Pi= Ai e Bi 

Gi =Ai Bi 
i = 0, 1, 2, 3, 4, 5 

Fo =Poe Cn 

F1 = P1 e (Go+ PoCn) 

F2 = P2 e (G1 + P1Go + P1P0Cn) 

F3 = P3 EB (G2 + P2G1 + P2P1Go + P2P1P0Cn) 

F4 = P4 EB (G3 + P3G2 + P3P2G1 + P3P2P1Go + P3P2P1P0Cn) 

Bs As 

Fs = Ps EB (G4 + P4G3 + P4P3G2 + P4P3P2G1 + P4P3P2P1Go + P4P3P2P1P0Cn) 

P = PoP1P2P3P4P5 

G =Gs+ P5G4 + P5P4G3 + P5P4G3G2 + P5P4P3P2G1 + P5P4P3P2P1Go 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military I Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°Cto +8S°C 
please contact the r~atlonal Semiconductor Sales VEE Pin Potential to Ground Pin -7.0Vto +O.SV 
Office/Distributors for availability and specifications. Input Voltage (DC) VEE to +0.SV 
Storage Temperature - 6S°C to + 1 S0°C Output Current (DC Output HIGH) -SOmA 
Maximum Junction Temperature {TJ) +1S0°C Operating Range (Note 2) -S.7Vto -4.2V 

DC Electrical Characteristics 
VEE = -4.SV, Vee = VccA = GND, Tc = 0°c to +as0 c (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -102S -9SS -880 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1810 -170S -1620 orV1L(Min) son to -2.ov 

VoHC Output HIGH Voltage -103S 
mV V1N = V1H {Min) Loading with 

VoLC Output LOW Voltage -1610 orV1L(Max) son to -2.ov 

V1H Input HIGH Voltage -1165 -880 mV Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1810 -147S mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current o.so µA V1N = V1L(Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee= VccA = GND, Tc = 0°c to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

Vm Output LOW Voltage -1810 -160S orV1L(Min) son to -2.ov 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H {Min) Loading with 

VoLC Output LOW Voltage -1S9S orV1L{Max) son to -2.ov 

V1H Input HIGH Voltage 
-11SO -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1810 -147S mV 

,,- Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current o.so µA V1N = V1L_lMin) 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GND, Tc = 0°C to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -103S -880 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 .,--1620 orV1L{Min) son to -2.ov 

VoHC Output HIGH Voltage -104S 
mV V1N = V1H {Min) Loading with 

VoLC Output LOW Voltage -1610 orV1L{Max) son to -2.ov 

V1H Input HIGH Voltage -116S -880 mV 
Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current o.so µA V1N = V1L_lMin) 
Note 1: Absolute maximum ratings are those values beyond which the device may b~damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise Immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = 0°C to +85°C 

Symbol Parameter Min Typ Max Units 

l1H 
Input HIGH Current 

220 µA 
All Inputs 

IEE Power Supply Current -290 -195 -135 mA 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Min Max Min Max Min Max 

tpLH Propagation Delay 
1.10 4.70 1.10 4.60 1.10 4.70 

tpHL An, Bn to Fn 

tpLH Propagation Delay 
1.00 3.00 1.00 3.00 1.00 3.30 

tpHL An, Bn to P 

tpLH Propagation Delay 
1.40 3.90 1.40 3.80 1.40 3.90 

tpHL An, Bn to G 

tpLH Propagation Delay 
1.10 4.00 1.10 3.90 1.10 4.00 

tpHL Cn to Fn 

trLH Transition Time 
0.45 2.40 0.45 2.30 0.45 2.40 

trHL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +85°C 

Min Max Min Max Min Max 

tpLH Propagation Delay 
1.10 4.50 1.10 4.40 1.10 4.50 

tpHL An, Bn to Fn 

tpLH Propagation Delay 
1.00 2.80 1.00 2.80 1.00 3.10 

tpHL An, Bn to P 

tpLH Propagation Delay 
1.40 3.70 1.40 3.60 1.40 3.70 

tpHL An, Bn to G 

tpLH Propagation Delay 
1.10 3.80 1.10 3.70 1.10 3.80 

tpHL Cn to Fn 

trLH Transition Time 
0.45 2.30 0.45 2.20 0.45 2.30 

trHL 20% to 80%, 80% to 20% 
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Units 

ns 

ns 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

ns 

Conditions 

V1N = V1H (Max) 

Inputs Open 

Conditions 

Figures 1 and 2 

Conditions 

Figures 1 and 2 
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PULSE 
GENERATOR 

SCOPE 
CHANA 

\I 

l 
L1 

"\ 

Vee 

21 20 19 
18 

17 

16 

15 

14 L2 ,-, 
1;31--~-,;....-;,~----1 

J Ry 

FIGURE 1. AC Test Circuit 

80% 

0.7±0.1ns1~1- l 1~0.7±0.1ns 
~ Jt +1.0SV 

INPUT 50% 

1

----
203 

+0.31 v 

NON·INV~~fl~ 1- -
OUTPUT ~~ 

INVERTING L· j 
lnH-1 i...--ITHL 

FIGURE 2. Propagation Delay and Transition Times 
Notes: 

Vee. VeeA = +2V, VEE = -2.SV 

L 1 and L2 = equal length son impedance lines 

RT = son terminator internal to scope 

Decoupling 0.1 µF from GND to Vee and VEE 

All unused outputs are loaded with son to GND 

CL = Fixture and stray capacitance ,,;; 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 
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~National 
D Semiconductor 

F100181 
4-Bit Binary/BCD Arithmetic Logic Unit 

General Description 
The F100181 performs eight logic operations and eight 
arithmetic operations on a pair of 4-bit words. The operating 
mode is determined by signals applied to the Select (Sn) 
inputs, as shown in the Function Select table. In addition to 
performing binary arithmetic, the circuit contains the neces
sary correction logic to perform BCD addition and subtrac
tion. Output latches are provided to reduce overall package 
count and increase system operating speed. When the 
latches are not required, leaving the Enable (E) input LOW 
makes the latches transparent. 

Ordering Code: see section a 

Logic Symbol 

(MSB) 

S1 

S2 

53 
E (LSB) 

Fo F1 F2 F3 

Connection Diagrams 

24-Pln DIP 

Ao 24 A1 

Fo 23 A2 

F1 22 A3 

F2 21 S3 

F3 20 S2 

Yee 19 E 
VeCA 18 VEE 

en+4 17 S1 
p 9 16 So 

G 10 15 B3 

en 11 14 B2 

Bo 12 13 B1 

G 

per-

TL/F/9873-4 

TL/F/9873-1 

The circuit uses internal lookahead carry to minimize delay 
to the Fn outputs and to the ripple Carry output, Cn + 4. 
Group Carry Lookahead Propagate (P) and Generate (G) 
outputs are also provided, which are independent of the 
Carry input Cn. The P output goes LOW when a plus opera
tion produces fifteen (nine for BCD) or when a minus opera
tion produces zero. Similarly, G goes LOW when the sum of 
A and B is greater than fifteen (nine for BCD) in a plus 
mode, or when their difference is greater than zero in a 
minus mode. All inputs have 50 kn pull-down resistors. 

Pin Names Description 

Ao-A3 Word A Operand Inputs 

Bo-Bs Word B Operand Inputs 

Cn Carry Input (Active LOW) 

So-Ss Function Select Inputs 

E Latch Enable Input (Active LOW) 
p Carry Lookahead Propagate Output 

(Active LOW) 

G Carry Lookahead Generate Output 
(Active LOW) 

Cn+4 Carry Output 

Fo-Fs Function Outputs 

24-Pin Quad Cerpak 

S3 S2 E VEE S1 So 

24 23 22 21 20 19 

A3 18 83 

A2 17 B2 

A1 16 81 

Ao 15 Bo 

Fo 14 en 

F1 13 G 
7 8 9 10 11 12 

F2 F3 YeeYccAen+i 

TL/F/9873-2 
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co 
c; Logic Diagram 
0 ...... 

~n So S1 S2 S3 

P Cn+4 

Block Diagram 

en 

So 

S1 FUNCTION 

S2 
DECODE 

$3 

E 

Bo Ao 

Fo F2 

TL/F/9873-5 

G 
p 

ALU Cn+4 

LATCH 

Fo-F3 

TL/F/9873-6 
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Functional Description 
There are two modes of operation: Arithmetic and Logic. 
The S3 input controls these two modes: 

S3 = LOW for Arithmetic mode 

S3 = HIGH for Logic mode 

The arithmetic mode includes decimal and binary arithmetic 
operations. S2 is the control input: with S3 = LOW, 

S2 = LOW for Decimal Arithmetic (BCD) 

S2 = HIGH for Binary Arithmetic 

DECIMAL ARITHMETIC OPERATION 

Addition 

F = A plus B plus Cn. Arguments A and B are directly ap
plied to the inputs. The circuit automatically performs the 
"+ 6" and " - 6" logic correction internally. 

Subtraction 

F = A minus B plus Cn. Arguments A and B are directly 
applied to the inputs. The circuit automatically takes the 
nines complement of Band adds "+6". A "-6" adjust
ment is made if the subtraction algorithm calls for it. If there 
is a carry out, the result is a positive number. With no carry 
out, the result is a negative number expressed in its nines 
complement form. Therefore, to perform a subtraction with 

Function Table 

Fn 
S3 S2 S1 So Function 

L L L L Fn = A plus B plus Cn (BCD) 
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 

H = HIGH Voltage Level 

L = LOW Voltage Level 

H 
L 
H 

L 
H 
L 
H 

L 
H 
L 
H 

L 
H 
L 
H 

P = Po + P1 + P2 + P3 

Fn = A minus B plus Cn (BCD) 
Fn = B minus A plus Cn (BCD) 
Fn = 0 minus B plus Cn (BCD) 

Fn = A plus B plus Cn (Binary) 
Fn = A minus B plus Cn (Binary) 
Fn = 8 minus A plus Cn (Binary) 
Fn = 0 minus B plus Cn (Binary) 

Fn = AnBn + An8n 
Fn = An8n + AnBn 
Fn =An+ Bn 
Fn =An 

Fn = 8n 
Fn = Bn 
Fn = AnBn 
Fn =LOW 

G = G3 + P3G2 + P3P2G1 + P3P2P1Go 

Cn + 4 = G • (P + Cn) 

Arithmetic Operations 

Fn = Gn + Pn e Ci i = 0 to 3 

Logic Operations 

Fn = Gn + Pn 
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results in the tens complement form, an initial carry should 
be forced into the lowest order bit, i.e., set Cn = LOW. 

(tens complement of B) = (nines complement of B) + 1 

F = B minus A plus Cn. Operation is similar to and results 
are the same as F = A minus B plus Cn. 

BINARY ARITHMETIC OPERATION 

Addition 

F = A minus B plus Cn. Arguments A and B are directly 
applied to the inputs. 

Subtraction 

F = A minus B plus Cn. Arguments A and B are directly 
applied to the inputs. The circuit automatically takes the 
ones complement of B (by inverting B internally). If there is a 
carry out the result is a positive number. With no carry out, 
the result is a negative number expressed in its ones com
plement form. Therefore, to perform a subtraction with re
sults in the twos complement form, an initial carry should 
forced into the lowest order bit, i.e., set Cn = LOW. 

(twos complement of B) = (ones complement of B) + 1 

F = B minus A plus Cn. Operation is similar and results are 
the same as F = A minus B plus Cn. 

Gn Pn Outputs 
(n =Oto 3) (n = o to 3) 

Internal Signals Cn+4 

AnDn An+ Dn Cn+4 
AnBn An+ Bn Cn+4 
AnBn An+ Bn Cn+4 

L 8n Cn+4 

AnBn An+ Bn Cn+4 
AnBn An+ 8n Cn+4 
AnBn An+ Bn Cn+4 

L 8n Cn+4 

AnBn An+ Bn Cn+4 
An8n An+ 8n Cn+4 

An 8n Cn+4 
An H Cn+4 

L Bn Cn+4 
L 8n Cn+4 
L An+ 8n Cn+4 
L H Cn 

Internal Equations for Carry Lookahead 

(i = 0, 1, 2, 3) 

Co= Cn + S3 

C1 = Go + PoCn + S3 

C2 = G1 + P1Go + P1P0Cn + S3 

C3 = G2 + P2G1 + P2P1Go + P2P1P0Cn + S3 

Internal Equations for + 6 Logic 

Do= Bo 

D1 =81 

D2 = B1B2 + 8182 

03 = B1 + B2 + B3 

Gx = G3P3 + P3G2 + P3P2G1 + P3P2P1 Go 

G 
G 
G 
G 
H 

G 
G 
G 
H 

G 
G 
Gx 
G 
H 
H 
H 
H 

p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
p 
L 

p 
p 
p 
L 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°Cto +8S°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin - 7.0V to + O.SV 
Office/Distributors for availability and specifications. Input Voltage (DC) VEE to +O.SV 
Storage Temperature - 6S°C to + 1 S0°C Output Current (DC Output HIGH) -SOmA 
Maximum Junction Temperature (TJ) + 1so°C Operating Range (Note 2) -S.7Vto -4.2V 

DC Electrical Characteristics 
VEE = -4.SV, Vee = VccA = GND, Tc = 0°c to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -102S -9SS -880 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -170S -1620 orV1l (Min) son to -2.ov 

VoHC Output HIGH Voltage -103S 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) son to -2.ov 

V1H Input HIGH Voltage -1165 -880 mV 
Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage -1810 -147S mV 
Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current o.so µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc = 0°C to + 8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

Vol Output LOW Voltage -1810 -160S or Vil (Min) son to -2.ov 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

VolC Output LOW Voltage -1S9S orV1l(Max) son to -2.ov 

V1H Input HIGH Voltage 
-11SO -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage -1810 -147S mV 
Guara'nteed LOW Signal 
for All Inputs 

l1l Input LOW Current O.SO µA V1N = V1l (Min) 

DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GND, Tc = 0°c to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -103S -880 
mV V1N = V1H (Max) Loading with 

Vm Output LOW Voltage -1830 -1620 orV1l(Min) son to -2.ov 

VoHC Output HIGH Voltage -104S 
mV V1N = V1H (Min) Loading with 

Vole Output LOW Voltage -1610 orV1l(Max) son to -2.ov 

V1H Input HIGH Voltage -116S -880 mV 
Guaranteed HIGH Signal 
for All Inputs 

V1l Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

l1l Input LOW Current o.so µA V1N = V1l (Min) 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = o·c to +85°C 

Symbol Parameter Min Typ Max Units 

l1H 
Input HIGH Current 

Sn.E 350 
All Others 250 

µA 

IEE Power Supply Current -300 -210 -130 mA 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE= -4.2V to -4.8V, Vee= VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +ss·c 

Min Max Min Max Min Max 

tpLH Propagation Delay 
2.00 6.90 2.10 6.80 2.30 7.40 

tpHL An, Bn to Fn 

tpLH Propagation Delay 
1.40 4.70 1.40 4.40 1.40 4.70 

tpHL An. Bn to P, G 

tpLH Propagation Delay 
2.00 6.50 2.00 6.50 2.10 6.80 

tpHL An, Bn to Cn+4 

tpLH Propagation Delay 
1.60 5.10 1.60 5.20 1.60 5.50 

tpHL Cn to Fn 

tpl.H Propagation Delay 
1.30 3.00 1.40 3.00 1.40 3.10 

tpHL Cn to Cn+4 

tpLH Propagation Delay 
1.40 8.80 1.50 8.60 1.50 9.00 

tpHL Sn to Fn 

tpLH Propagation Delay 
1.70 7.40 2.00 5.90 2.00 6.50 

tpHL Sn to P, G 

tpLH Propagation Delay 
2.70 10.10 2.80 8.50 2.90 8.70 

tpHL Sn toCn+4 

tpLH Propagation Delay 
1.00 3.40 0.90 3.60 1.10 3.80 

tpHL EtoFn 

trLH Transition Time 
0.45 2.70 0.45 2.60 0.45 2.70 

trHL 20% to 80%, 80% to 20% 

ts Setup Time 

An, Bn 7.60 7.60 8.10 

Sn 8.70 8.50 9.60 

Cn 4.80 5.00 5.30 

th Hold Time 

An, Bn 0.10 0.10 0.10 

Sn 0.60 0.60 0.60 

Cn 0.60 0.60 0.60 

tpw(L) Pulse Width LOW 
2.00 2.00 2.00 

E 
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Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Conditions 

V1N = V1H (Max) 

Inputs Open 

Conditions 

Figures 1 and 2 

Figures 1 and 2 

Figures 1 and 2 

Figures 1 and 2 

Figures 1 and 2 

Figure3 

Figure2 
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Cerpak AC Electrical Characteristics Vee = -4.2v to -4.8V, Vee = VeeA = GND 

Symbol Parameter 
Tc= 0°C Tc= +25°C Tc= +ss0 c 

Units 
Min Max Min Max Min Max 

tPLH Propagation Delay 
2.00 6.70 2.10 6.60 2.30 7.20 ns 

tPHL An. Bn to Fn 

tpLH Propagation Delay 
1.40 4.50 1.40 4.20 1.40 4.50 ns 

tPHL An. Bn to P, G 

tPLH Propagation Delay 
2.00 6.30 2.00 6.30 2.10 6.60 ns 

tPHL An. Bn to Cn+4 

tPLH Propagation Delay 
1.60 4.90 1.60 5.00 1.60 5.30 ns 

tPHL Cn to Fn 

tPLH Propagation Delay 
1.30 2.80 1.40 2.80 1.40 2.90 ns 

tPHL Cn to Cn+4 

tPLH Propagation Delay 
1.40 8.60 1.50 8.40 1.50 8.80 ns 

tpHL Sn to Fn 

tPLH Propagation Delay 
1.70 7.20 2.00 5.70 2.00 6.30 ns 

tPHL Sn to P, G 

tPLH Propagation Delay 
2.70 9.90 2.80 8.30 2.90 8.50 ns 

tPHL Sn to Cn+4 

tPLH Propagation Delay 
1.00 3.20 0.90 3.40 1.10 3.60 ns 

tpHL EtoFn 

trLH Transition Time 
0.45 2.60 0.45 2.50 0.45 2.60 ns 

trHL 20% to 80%, 80% to 20% 

ts Setup Time 

An, Bn 7.50 7.50 8.00 
Sn 8.60 8.40 9.50 ns 

Cn 4.70 4.90 5.20 

th Hold Time 

An, Bn 0 0 0 
Sn 0.50 0.50 0.50 ns 

Cn 0.50 0.50 0.50 

tpw(L) Pulse Width LOW 
2.00 2.00 2.00 ns 

E 
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Conditions 

Figures 1 and 2 

Figures 1 and 2 

Figures 1 and 2 

Figures 1 and 2 

Figures 1 and 2 

Figure3 

Figure2 
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+1.05V 
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PULSE 
GENERATOR 

SCOPE 
CHANA 

Notes: 

Vee. VceA = +2V, VEE = -2.SV 

L 1 and L2 = equal length son impedance lines 

Rr = son terminator internal to scope 

Decoupling 0.1 µF from GND to Vee and VEE 

All unused outputs are loaded with son to GND 

CL = Fixture and stray capacitance ~ 3 pF 
16 J Rr Pin numbers shown are for flatpak; for DIP see logic symbol 

15 son 
14 

13 
12 

25µFJ J0.1 µF 

Vee 

-=-
50!l 

Rr 

SCOPE 
CHAN B 

TL/F/9873-7 

FIGURE 1. AC Test Circuit 

,r----------~ 
0.7:!:0.1 ns 

I \ 

LATCHED 

OUTPUT 
\ 
\ I '--------------------.1 

trHL1 ITLH 

FIGURE 2. Enable Timing 

I- \ __ 5_0_% ___ + 1.05 v 

----"'· 1 I ~·----+0.31V 
--. 1, ::=--lh---+-1 

+1.05 v 

ENABLE _____ _,,_ ___ so_~_. ________ ~ 
. +0.31 v 

DATA, SELECT 

TL/F/9873-9 

FIGURE 3. Setup and Hold Times 
Notes: 

t8 Is the minimum time before the transition of the enable that information must be present at the data Input. 

th Is the minimum time after the transition of the enable that information must remain unchanged at the data input. 
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F100182 
9-Bit Wallace Tree Adder 

General Description 
The F100182 is a 9-bit Wallace tree adder. It is designed to 
assist in performing high-speed hardware multiplication. The 
device is designed to add 9 bits of data 1-bit-slice wide and 
handle the carry-ins from the previous slices. The F100182 
is easily expanded and still maintains four levels of delay 
regardless of input string length. In conjunction with the 

Ordering Code: see section 8 

Logic Symbol 

Do D1 D2 03 04 Ds De D1 Ds 
Cln-2 

C'1 

Cl2 

Cl3 
COn + 2 C01 C02 C03 PS PC 

Connection Diagrams 

24-Pin DIP 

D1 24 D2 

Do 23 D3 

COn+2 22 D4 

C03 4 21 NC 

C01 20 NC 

Vee 19 Ds 

VeeA 18 VEE 

C02 17 D5 

PC 16 D1 

PS 10 15 Da 

Cl3 11 14 Cln-2 

Cl2 12 13 Cl1 

TL/F/9874-3 

TL/F/9874-1 

F100183 Recode Multiplier, the F100179 Carry Lookahead, 
and the F100180 High-speed Adder, the F100182 assists in 
performing parallel multiplication of two signed numbers to 
produce a signed twos complement product. See F100183 
data sheet for additional information. All inputs have 50 k!l 
pull-down resistors. 

Pin Names Description 

Do-Da Data Inputs 

Cl1-Cl3, Cln-2 Carry Inputs 

C01-C03, COn+2 Carry Outputs 
PS Partial Sum Output 
PC Partial Carry Output 

24-Pln Quad Cerpak 

NC NC Ds VEE D5 D1 

24 23 22 21 20 19 

D4 18 Da 

D3 17 Cln-2 

D2 16 Cl1 

D1 4 15 Cl2 

Do 5 14 Cl3 

COn+2 13 PS 
7 8 9 10 11 12 

C03C01VeeVeCAC02 PC 

TL/F/9874-2 
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Logic Diagram 

DATA INPUTS 

Do 04 Ds 01 02 03 Ds D1 Da 

A B C 

co 

CARRY 
OUTPUTS 

s 

COn+2 

A B 

co co 

C02----4--~--' 

C03,----' 

PC 
PARTIAL 

CARRY 

c 
s 

PS 
PARTIAL 
SUM 

CARRY 
INPUTS 

TL/F/9874-5 
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B co 
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s 

TL/F/9874-6 

Adder Truth Table 

Inputs Outputs 

A B c s co 
L L L L L 
L L H H L 
L H L H L 
L H H L H 
H L L H L 
H L H L H 
H H L L H 
H H H H H 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military I Aerospace specified devices are required, 
please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. 

Storage Temperature -6S°C to + 1 so°C 

Case Temperature under Bias (Tc) 

VEE Pin Potential to Ground Pin 

Input Voltage (DC) 

0°Cto +8S°C 

-7.0Vto +o.sv 

VEE to +o.sv 
-SOmA 

Maximum Junction Temperature (TJ) + 1so0 c 
Output Current (DC Output HIGH) 

Operating Range (Note 2) -S.7Vto -4.2V 

DC Electrical Characteristics 
VEE= -4.SV, Vee= VccA = GND, Tc= 0°C to +8S°C (Note 3) 

Symbol Parameter Min Typ Max 

Output HIGH Voltage -1025 -955 -880 

Vol Output LOW Voltage -1810 -1705 -1620 

VoHC Output HIGH Voltage -103S 

Vole Output LOW Voltage -1610 

Input HIGH Voltage 
-1165 -880 

Input LOW Voltage -1810 -1475 

Input LOW Current 0.50 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc = 0°c to +85°C (Note 3) 

Symbol Parameter Min Typ Max 

VoH Output HIGH Voltage -1020 -870 

Vol Output LOW Voltage -1810 -1605 

VoHC Output HIGH Voltage -1030 

VolC Output LOW Voltage -1595 

Input HIGH Voltage 
-1150 -870 

Input LOW Voltage 
-1810 -147S 

Input LOW Current 0.50 

DC Electrical Characteristics 
VEE= -4.8V, Vee= VccA = GND, Tc= 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max 

Output HIGH Voltage -1035 -880 

Vol Output LOW Voltage -1830 -1620 

VoHC Output HIGH Voltage -1045 

Vole Output LOW Voltage -1610 

Input HIGH Voltage 
-1165 -880 

Input LOW Voltage 
-1830 -1490 

Input LOW Current 0.50 

Units 

mV 

mV 

mV 

mV 

µA 

Units 

mV 

mV 

mV 

mV 

µA 

Units 

mV 

mV 

mV 

mV 

µA 

Conditions (Note 4) 

V1N = V1H (Max) 
or Vil (Min) 

V1N = V1H(Min) 
or Vil (Max) 

Loading with 
son to -2.ov 

Loading with 
son to -2.ov 

Guaranteed HIGH Signal 
for All Inputs 

Guaranteed LOW Signal 
for All Inputs 

V1N = V1ll_Min) 

Conditions (Note 4) 

V1N = V1H (Max) 
orV1l(Min) 

V1N = V1H (Min) 
orV1l(Max) 

Loading with 
son to -2.ov 

Loading with 
son to -2.0V 

Guaranteed HIGH Signal 
for All Inputs 

Guaranteed LOW Signal 
for All Inputs 

Conditions (Note 4) 

V1N = V1H (Max) 
or Vil (Min) 

V1N = V1H (Min) 
or Vil (Max) 

Loading with 
50n to -2.0V 

Loading with 
50nto -2.0V 

Guaranteed HIGH Signal 
for All Inputs 

Guaranteed LOW Signal 
for All Inputs 

Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life Impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc= o•c to +85°C 

Symbol Parameter Min Typ Max Units 

Input HIGH Current 

Cl1-Cl3, Cln-2 
300 

l1H D1,D3,D4,05,D5,Da µA 

Do, D2, D7 250 

IEE Power Supply Current -260 -180 -125 mA 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee= VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +2s0 c Tc= +as·c 

Min Max Min Max Min Max 

tPLH Propagation Delay 
1.40 4.50 1.40 4.50 1.50 4.70 

tPHL Dn to COn+2 

tPLH Propagation Delay 
1.30 4.80 1.30 4.70 1.50 5.00 

tPHL Dn toC01 

tPLH Propagation Delay 
2.20 6.20 2.20 6.10 2.30 6.40 

tPHL Dn toC02 

tPLH Propagation Delay 
1.30 4.70 1.40 4.70 1.50 5.00 

tpHL D~toC03 

tPLH Propagation Delay 
2.50 7.20 2.50 7.20 2.70 7.40 

tPHL Dn to PS, PC 

tpLH Propagation Delay 
1.00 3.50 1.00 3.40 1.10 3.70 

tPHL Cln-2· Cl1 to C02 

tPLH Propagation Delay 
1.50 4.50 1.50 4.45 1.60 4.60 

tPHL Cln-2• Cl1 to PS, PC 

tPLH Propagation Delay 
0.80 3.30 0.80 3.20 0.90 3.60 

tPHL Cl3, Cl2 to PS, PC 

tTLH Transition Time 
0.45 1.60 0.45 1.60 0.45 1.60 

trnL 20% to 80%, 80% to 20% 
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Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Conditions 

V1N = V1H (Max) 

Inputs Open 

Conditions 

Figures 1 and 2 

Figures 1 and 2 

Figures 1 and 2 

.... 
0 
0 .... 
C> 
N 

• 



N 
co 
""'" 0 
0 

""'" 
Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VeeA = GND 

Symbol Parameter 
Tc= 0°c 

Min Max 

tPLH Propagation Delay 
1.40 4.30 

tPHL Dn to COn+2 

tPLH Propagation Delay 
1.30 4.60 

tPHL Dn toC01 

tPLH Propagation Delay 
2.20 6.00 

1PHL Dn to C02 

1PLH Propagation Delay 
1.30 4.50 

tPHL Dn to C03 

1PLH Propagation Delay 
2.50 7.00 

1PHL Dn to PS, PC 

tPLH Propagation Delay 
1.00 3.30 

1PHL Gin 2• Cl1 toC02 

IPLH Propagation Delay 
1.50 4.30 

IPHL Gin 2. Cl1 to PS, PC 

IPLH Propagation Delay 
0.80 3.10 

tPHL Cl3, Cl2 to PS, PC 

ITLH Transition Time 
0.45 1.50 

trHL 20% to 80%, 80% to 20% 

Tc= +25°C Tc= +ss·c 
Units Conditions 

Min Max Min Max 

1.40 4.30 1.50 4.50 ns 

1.30 4.50 1.50 4.80 ns 

2.20 5.90 2.30 6.20 ns Figures 1 and 2 

1.40 4.50 1.50 4.80 ns 

2.50 7.00 2.70 7.20 ns 

1.00 3.20 1.10 3.50 ns 

1.50 4.25 1.60 4.40 ns Figures 1 and 2 

0.80 3.00 0.90 3.40 ns 

0.45 1.50 0.45 1.50 ns Figures 1 and 2 
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rl 

Notes: 

Vee. VeeA = +2V, VEE = -2.SV 

L 1 and L2 = equal length son impedance lines 

Rr = son terminator internal to scope 

Decoupling 0.1 µF from GND to Vee and VEE 

Ali unused outputs are loaded with son to GND 

CL = Fixture and stray capacitance ,,; 3 pF 

Pin numbers shown are for flatpak; for DIP see logic 
symbol 

Rr 

SCOPE 
CHAN B 

TL/F/9874-7 

FIGURE 1. AC Test Circuit 

0.7:t0.1 n•-1 1- 1 L0.7:t0.1 ns 

~ 
J_tiio% +1.osv 

INPUT :11
2
:% 

I 
203 +0.31 v 

IPHL- 1- -NON·INVERTING 

OU"""' ' '"- ~ ~ 
.... ., ... ""-1 L J 

TL/F/9874-8 

FIGURE 2. Propagation Delay and Transition Times 
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Application 
Typical Horizontal Interconnection of 9-Blt Wallace Tree Adders F100182 

MSB 

NOT 
USED 

PCn---~ 

PSn-2 PSn 

PCn-1------~ 

PSn-1 
PCn-2------~ PCn-3 __ .,_ 

.--------D10 
.-------D11 
r------D12 

.------D13 
r----D14 

DoD1D2D3D4D5 D9D7 Da 
C01 Cl1 

gg~ F100182 g:~ 
COn+2 Cln-2 

PC PS 

PS1 

D1s 
D1& 
D11 
D1a 

.--------0oo 
.-------Do1 

r-------Do2 
.------Do3 

r----Do4 

DoD1D2 D3 D4 DsDe D1 De 
C01 Ch 

gg~ f100182 g:~ 
C0n+2 Cln-2 

PC PS 

Dos 
Dea 
Do7 
Dea 

LSB 

-----PSo PS2 
PC1--------' PCo --------' 
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Application (Continued) 

16-Blt Vertical Expansion of Wallace Tree Adders 

MSB 

~ !fr= 
Do 01 l>2 D3 04 Ds Da 07 Da Do 01 D2 03 04 05 De Dr Da - C01 Cl1 C01 Cl1 - C02 

F100182 
Cl2 C02 

F100182 
Cl2 - C03 Cl3 C03 Cl3 - COn+2 Cln-2 t- r ...... "·-· ~ .....--

PC PS PC PS 

-. 

~ 

_u=;= ~ 
Do D1 02 03 04 Os Da D1 Da Do D1 D2 D3 D4 Ds Da 07 De - co, Cit C01 Cl1 - C02 

F100182 
Cl2 C02 

F100182 
Cl2 - C03 Cl3 C03 Cl3 - COn+2 Cln-2 t- f ...... ---·~ 

r-

PC PS PC PS 

PSz PS1 

PCz PC1 PCg 
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LSB 

f G= 
Do 01 D2 03 04 Ds De 07 Da 

C01 Cit r--
C02 

F100182 
Cl2 t--

C03 Cl3 r--
COn+2 Cln-2 r--

PC PS 

~ 

~ 
Do o, 02 DJ D4 Os Da Dr Da 

co, Cl1 t--
C02 

F100182 
Cl2 t---

C03 Cl3 r--
COn+2 Cln-2 t---

PC PS 

PSo 

TL/F/9874-10 

...... 
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F100183 
2 x 8-Bit Recode Multiplier 

General Description 
The F100183 is a 2 x 8-bit recode multiplier designed to 
perform high-speed hardware multiplication. In conjunction 
with the F100182 Wallace Tree Adder, the F100179 Carry 
Lookahead, and the F100180 High-speed Adder, the 

Ordering Code: see section 8 

Logic Symbol 

Be B1 Bs Bs B4 B3 B2 B1 Bo 
A2 

A1 

Ao 
Fe F1 Fs Fs F4 F3 F2 F1 Fo 

Connection Diagrams 

24-Pin DIP 

Bo 24 81 

Fo 2 23 82 

F1 3 22 83 

Fz 4 21 Ao 

F3 20 A1 

Vee 19 Az 

VeeA 7 18 VEE 

F4 17 84 

F5 16 85 

F5 10 15 85 

F7 11 14 87 

Fa 12 13 Bs 

TL/F/9875-3 

TL/F/9875-1 

F100183 performs parallel multiplication of two signed num
bers in twos complement form to produce a signed twos 
complement product. All inputs have 50 kn pull-down resis
tors. 

Pin Names Description 

Ao-A2 Multiplier (Recode) Inputs 

Bo-Ba Multiplicand Inputs 
Fo-F7 Partial Product Outputs 

Fa Sign Extension Output 

24-Pin Quad Cerpak 

Ao A, Az VEE 84 85 

24 23 22 21 20 19 

18 85 

2 17 87 

3 16 Bs 

4 15 F's 

5 14 F7 

13 F5 
7 8 9 10 11 12 

TL/F/9875-2 
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Logic Diagram 

Truth Table 
Inputs 

A2 A1 
L L 
L L 
L H 
L H 
H L 
H L 
H H 
H H 

H = HIGH Voltage Level 
L = LOW Voltage Level 

~O:====================:!±Wf~r~Fo 
Az 

E A, 

Ao 

Bo 

ill!:tt===!:>J--i 
B, L.l=======================tt1 ~F1 
Bz ..L>-----------+. ltt:t:f====!LJ-'_J r=t--"l 

Bs 

Ba 

Ba 

Recode 

Ao Mode Fa F1 
L 0 H L 
H +1 Ba Ba 
L +1 Ba Ba 
H +2 Ba B1 
L -2 Ba B1 
H -1 Ba Ba 
L -1 Ba Ba 
H 0 H L 

~ 

-J---, 

~F2 
E=:o-J 

J-; 

~--+-FHi-==~--_,~f3 
~ 

i==D-

Outputs 

Fs Fs F4 Fa F2 
L L L L L 

B1 Ba B5 B4 B3 
B1 Ba Bs B4 B3 
Ba B5 B4 B3 B2 
Be B5 B4 B3 B2 
B1 Ba B5 B4 B3 
B1 Ba B5 B4 B3 
L L L L L 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) o•cto +0s0 c 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin -7.0Vto +O.SV 
Office/Distributors for availability and specifications. 

Input Voltage (DC) VEE to +O.SV 
Storage Temperature -6s0 c to + 1 so0 c 

Output Current (DC Output HIGH) -SOmA 
Maximum Junction Temperature (TJ) +1so·c 

Operating Range (Note 2) -S.7Vto -4.2V 

DC Electrical Characteristics 
VEE = -4.SV, Vee = VccA = GND, Tc = o·c to +0s0 c (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -102S -9SS -880 
mV V1N = V1H (Max) Loading with 

Vm Output LOW Voltage -1810 -170S -1620 orV1L(Min) son to -2.ov 

VoHC Output HIGH Voltage -103S 
mV V1N = V1H (Min) Loading with 

Vmc Output LOW Voltage -1610 orV1L(Max) son to -2.ov 

V1H Input HIGH Voltage 
-116S -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1810 -147S mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current o.so µA V1N = V1L (Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee= VccA = GND, Tc = o·c to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1810 -160S orV1L(Min) son to -2.ov 

VoHC Output HIGH Voltage -1030 
mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1S9S orV1L(Max) son to -2.ov 

V1H Input HIGH Voltage 
-11SO -870 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1810 -147S mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current o.so µA V1N = V1L (Min) 

DC Electrical Characteristics 
VEE = -4.8V, Vee= VccA = GND, Tc = o·c to +8S°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -103S -880 
mV V1N = V1H (Max) Loading with 

VoL Output LOW Voltage -1830 -1620 orV1L(Min) son to -2.ov 

VoHC Output HIGH Voltage -104S 
mV V1N = V1H (Min) Loading with 

VoLC Output LOW Voltage -1610 orV1L(Max) son to -2.ov 

V1H Input HIGH Voltage 
-116S -880 mV 

Guaranteed HIGH Signal 
for All Inputs 

V1L Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW Signal 
for All Inputs 

l1L Input LOW Current o.so µA V1N = V1L (Min) 
Note 1: Absolute maximum ratings are those values beyond which the device may be damaged or have its useful life impaired. Functional operation under these 
conditions is not implied. 
Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown in the tables are chosen to guarantee operation under "worst case" conditions. 
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DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = o•c to +85°C 

Symbol Parameter Min Typ Max Units 

l1H Input HIGH Current 

Bo-Ba 215 

Ao 215 
µA 

A1 285 

A2 310 

IEE Power Supply Current -250 -170 -115 mA 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +as·c 

Min Max Min Max Min Max 

tPLH Propagation Delay 
1.10 3.90 1.10 3.80 1.10 4.20 

tPHL Ao-A2 to Fo-F7 

tPLH Propagation Delay 
0.90 3.20 1.00 3.10 1.00 3.60 

tPHL Ao-A2 to Fa 

tPLH Propagation Delay 
0.80 2.20 0.90 2.15 0.90 2.50 

tPHL Bo-Ba to Fo-F7 

tPLH Propagation Delay 
0.80 2.00 0.90 2.00 0.90 2.50 

tPHL Ba to Fa 

tTLH Transition Time 
0.45 2.50 0.45 2.40 0.45 2.60 

tTHL 20% to 80%, 80% to 20% 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND 

Symbol Parameter 
Tc= o·c Tc= +25°C Tc= +as·c 

Min Max Min Max Min Max 

tPLH Propagation Delay 
1.10 3.70 1.10 3.60 1.10 4.00 

tPHL Ao-A2 to Fo-F7 

tPLH Propagation Delay 
0.90 3.00 1.00 2.90 1.00 3.40 

tPHL Ao-A2to Fa 

tPLH Propagation Delay 
0.80 2.00 0.90 1.95 0.90 2.30 

tPHL Bo-Ba to Fo-F7 

tPLH Propagation Delay 
0.80 1.80 0.90 1.80 0.90 2.30 

tPHL Ba to Fa 

tTLH Transition Time 
0.45 2.40 0.45 2.30 0.45 2.50 

trnL 20% to 80%, 80% to 20% 
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Units 

ns 

ns 

ns 

ns 

ns 

Units 

ns 

ns 

ns 

ns 

ns 

Conditions 

V1N = V1H (Max) 

Inputs Open 

Conditions 

Figures 1 and 2 

Figures 1 and 2 

Figures 1 and 2 

Conditions 

Figures 1 and 2 

Figures 1 and 2 

Figures 1 and 2 
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Notes: 

PULSE 
GENERATOR 

SCOPE 
CHANA 

Vee. VeeA = +2V, Vee = -2.5V 

,-, 

r 
,-.. L1 

":' 

.. r 
L1 and L2 = equal length 50!1 impedance lines 

Rr = 50!1 terminator internal to scope 

Decoupling 0.1 µF from GND to Vee and Vee 

All unused outputs are loaded with 50!1 to GND 

CL = Fixture and stray capacitance ::;; 3 pF 

Pin numbers shown are for flatpak; for DIP see logic symbol 

50 {l 

50 {l 

50 {} 

50 {} 

VEE 

J0.1µF 

24 23 22 21 20 19 
1 18 

17 

16 50 {l 
15 

14 

6 13 
7 8 9 10 11 12 50 {l 

50 {l 

25,.FI 

FIGURE 1. AC Test Circuit 
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0.7:!:0.1 ns-..1 .-- 1 L0.7:!:0.1 ns 

u: 
+1.05V 

80% 

INPUT 50% 

I 

20
% +0.31 v 

NON-INV~'j.\.... 1- __. 1-IPLH 

OUTPUT '""- 1= ~ 1~: .. , 
INVERTING L j 

trLH__.J 
TL/F/9875-7 

FIGURE 2. Propagation Delay and Transition Times 

Application 
F100183 is a 2 x 8-bit recode multiplier that performs paral
lel multiplication using twos complement arithmetic. In multi
plying, the multiplier is partitioned into recode groups, then 
each recode group operates on the multiplicand to provide 
a partial product at the same time. The F100183, 2 x 8-bit 
recode multiplier provides partial products in 3.6 ns. 

The F100182, 9-Bit Wallace Tree Adder combines the par
tial products to obtain the partial sum and partial carries in 
an additional 10. 7 ns. Then the Carry Lookahead generator 
and 6-bit adder combine the results of a 16 x 16-bit multiply 

for a total of 24.3 ns. The propagation delays and package 
count for implementing various size multipliers are listed in 
Tables I and II. 

Multiplication of twos complement binary numbers is ac
complished by first obtaining all the partial products. Then 
the weighted partial products are added together to yield 
the final result. In the Wallace Tree method of multiplication 
the sign bit is treated the same as the rest of the bits to 
obtain a signed result. 

TABLE I. Propagation Delay Summation• 

Array 
Recode Wallace High-speed Carry 

Total (Max) 
Size 

Multlpller TreeAdder Adder Lookahead 
Delay 

100183 100182 100180 100179 

16x16 3.6 10.7 7.3 2.7 = 24.3 ns 

17x17 
thru 3.6 21.4 7.3 2.7 = 35.0 ns 

24x24 

25x25 
thru 3.6 21.4 7.3 5.4 = 37.7 ns 

48x48 

49x49 
thru 3.6 21.4 7.3 8.1 = 40.4 ns 

72x72 

73x73 3.6 32.1 7.3 10.8 = 53.8 ns 

•worst case, Flatpak 
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Application (Continued) 

TABLE II. Package Count 

100102 
100183 100182 100180 100179 Total 

100117 

16x16 6 16 32 

18x18 7 27 38 

24x24 9 36 60 

32x32 11 64 96 

36x36 13 80 116 

64x64 24 256 328 

For a quick review of the twos complement number format 
see Table Ill. Note that subtraction is accomplished by add
ing the negative number. An example of changing from a 
positive number to a negative number is shown. 

1011 negative number-5 

0100 bits inverted 
+ 0001 add one 
0101 Results 5 

6 

6 

8 

11 

12 

22 

Sign 
Bit 

0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 
1 
1 
1 
1 
1 
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2 = 62 

2 = 70 

2 = 115 

4 = 186 

4 = 225 

6 = 634 

TABLE Ill. Twos Complement Format 

Magnitude Decimal 
22 21 20 Number 

1 1 1 +7 
1 1 0 +6 
1 0 1 +5 
1 0 0 +4 
0 1 1 +3 
0 1 0 +2 
0 0 1 +1 
0 0 0 +o 
1 1 1 -1 
1 1 0 -2 
1 0 1 -3 
1 0 0 -4 
0 1 1 -5 
0 1 0 -6 
0 0 1 -7 
0 0 0 -8 



Multiplication Algorithm 
In the multiplication algorithm used, the multiplier (Y n ... Yo) 
is partitioned into recode groups and each recode group 
operates on the multiplicand (Xn ... Xo) as in Figure 4. The 
F100183, 2 x 8-bit recode multiplier partitions the multiplier 
(Xn ... Xo) into groups of eight and the multiplicand (Y n ... 
Yo) into groups of two. Each recode group is two bits wide 
but requires three bits to determine the partial products. Ta
ble IV lists the significance of the various recode groups. 
The partial product is ± 0, ±multiplicand, or ±two times the 
multiplicand. A forced zero is required to establish the least 
significant bit of the first recode group. By connecting re
code multipliers in parallel the partial products are available 
at the same time. The weighted partial products (An ... Ao, 
Bn ... Bo) ... are added together using F100182, 9-bit Wal
lace Tree Adders. The results of the partial sum and partial 

TABLE IV. Recode Product 

Recode Group Recode 
Partial Product 

Y1+1 v, Y1-1 Value 

0 0 0 +o Add zero 
0 0 1 +1 Add multiplicand 
0 1 0 +1 Add multiplicand 
0 1 1 +2 Add twice the 

multiplicand 
1 0 0 -2 Subtract twice the 

multiplicand 
1 0 1 -1 Subtract the 

multiplicand 
1 1 0 -1 Subtract the 

multiplicand 
1 1 1 -0 Subtract zero 

carry are combined together using Carry Lookahead gener
ators and 6-bit adders. An example of using recode multipli
cation is shown in Figure 3: multiplier (11710) 01110101 
times multiplicand (10510) 01101001. The first recode group 
010 requires adding the multiplicand; the second recode 
group 010 also requires adding the multiplicand; the third 
group 110 requires subtracting the multiplicand (the same 
as inverting each digit and adding 1); the fourth group 011 
requires adding twice the multiplicand. Combining the re
sults of four groups, 122851 a. we have the correct answer. 

Forced Zero 
01101001 I 
01110101 0 ----1 +1 
+2 +1 

0000000001101001 (+1) 
00000001101001 (+1) 
111110010111 (-1) 
0011010010 (+2) 

0010111111111101 

105 

--11.L 
735 

105 
...1QL 

12285 

12285 

TL/F/9875-8 

FIGURE 3. Recode Multlpllcatlon Example 

Sign Bit Magnitude Bits Forced f Zero 

Multiplicand---
Multiplier--__,• 

Recode Groups------;• 

XisXi4Xi3Xi2X11XioX9 Xe X1 Xs Xs X4 X3 X2 X1 Xo ~ 
Yis Yi4 Yi3 Y12Y11 YioY9 Ye Y1 Ys Ys Y4 Y3 Y2 Yi Yo 0 

First Product Only----;• 1 
1 IAisAisAi4Ai3A12A11AioA9 As A1 As As A4 AJ A2 ~ 

1 IEisEisEi4Ei3Ei2E11EioE9 Ea E1 Es Es E4 EJ E2E!....E.QI 
Ks ..-- Rounding Bits 

1 IF is Fis Fi4 Fi3 Fi2 F11 Fio F9 Fe F1 F5 Fs F4 FJ F2 £.L!:QI From External Gates 

1 IGisG1sGi4Gi3G12GiiGioG9 Ga G1 Gs Gs G4 GJ G2 Gi Goj 
Ki2 

1 I His His Hi4Hi3Hi2H11 HioHg Ha H1 Hs Hs H4 HJ H2 Hl Hal 
Ki4 

Kio 

Ko 

PS3i PS30 PS29 PS25 .................................... Partial Sum ............................... PS4 PS3 PS2 PSi PSo 
PC30 PC29 PC2a PC21 ............................... Partial Carry .................................. PC3 PC2 PC1 PCo 

S3i S30 S29 S2a .............................................•................•...•............. S4 SJ S2 S1 So t Final Product 

Sign Bit 

FIGURE 4. 16 x 16 Multiply 
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Hardware Implementation 
For the hardware implementation of the F100183 recode 
multiplier the sign bit is connected to the B8 input, and B7 
through Bo are the magnitude bits. Two extend the word 
length greater than eight bits, the Bo and B8 inputs of adja
cent devices are connected together (see Figure 7). The 
device outputs Fo through F7 are used as the partial prod
ucts; these correspond to Ao through A7, or As through A15, 
or Bo through B7, etc. To reduce the hardware, the F8 bit 
(A16 in Figure 7) is used as the sign bit of the partial prod
uct. The sign bits are extended by using hardware wired 
logic "1s". The ones are located in front of each partial 
product with an extra "1" at the sign bit of the first partial 
product as in Figure 4. The logic "1s" are wired as inputs 
into the Wallace Tree Adders as shown in Figure 6. If the 
recode group requires the multiplicand to be added, then 
the F100183 outputs the correct partial products to be add
ed. But when the recode group requires that the multipli
cand be subtracted, then the F100183 outputs the ones 
complement. External gates are required to generate a "1" 
to be added to the ones complement to complete the twos 
complement for the partial product (Figure 7). These exter
nal gates generate the rounding bits, Ko ... Kn, which are 
input to the Wallace Tree Adder. Figures 4, 6 and 7 show 
the location. An example of multiplication which has the 
rounding bits and the hardware wired logic "1s" is shown in 
Figure 5. 

The weighted partial products are added together using 
F100182, 9-bit Wallace Tree Adders as shown in Figure 6. 
The output is a partial sum and partial carry which can be 
reduced to the final product using Carry Lookahead and 6-
bit adders. See Figure 8. 
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Hardware-

Forced Zero 
01101001 I = 105 
011101010 = 117 

-1 +1 
+2 +1 

1 

1j1(i11010Q.11 
0 

1!i011010Q.11 
0 

wired 
Logic 
ones 

~ 1161001011.2] 
1 .-Rounding Bits 

1ITT 10100~ (external gates) 

0 

0010111111111101 = 12285 

TL/F/9875-10 

FIGURE 5. Example of Multiplication 
Using Rounding Bits 



Hardware Implementation (Continued) 

Noll Used 

PC11 

PC, 

Intermediate Stages 
1 A11 B14 C12 D1oEe Fe G4 H2 Not Shown Ats e13 c,, Do E7 F5 G3 H 1 A14B12C10D0Es F, G2Ho Ku 

PS11 
PC1e 

PS, 
PC2 

___ _, 

----

ps,. 
PC,. ___ _, 

Intermediate Stages 
Not Shown A, 

PS2 
PC, ___ _, 

PS15 
PCu 

-+----' 

PSt 
PCo 

Ao Ko 

----
FIGURE 6. F100182 Hook-up for 16 x 16 Multiplier 
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Hardware Implementation (Continued) 

FIGURE 7. F100183 Hook-Up for 16 x 16 Multiplier 
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Hardware Implementation (Continued) 

MSB 

PsGs CN+• 

F100179 

FIGURE 8. Final Summation for 16 x 16 Multiplier 
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~ Semiconductor 

F100250 
Quint Full Duplex Line Transceiver 

General Description 
The F100250 is a quint line transceiver capable of simulta
neously transmitting and receiving differential mode signals 
on a twisted pair line. Each transceiver has a signal input 
SIN• a signal output Sour and two differential line inputs/ 
outputs L and [. Signals received from the lines L and [ can 
be stored in an internal latch. The line outputs are designed 
to drive twisted pair lines. The ENABLE input is common to 
all five transceivers. 

Ordering Code: See section a 

Logic Symbol 

TL/F/9876-3 

Connection Diagrams 

24-Pln DIP 

L2 24 Lt 

L2 2 23 L1 

Sl2 3 22 Sl1 
S02 4 21 S01 

E 5 20 SOs 

Vee 6 19 Sis 

VeeA 7 18 VEE 
S03 8 17 Ls 

Sl3 16 Ls 

L3 10 15 S04 

L3 11 14 Sl4 

L4 12 13 L4 

TL/F/9876-1 

Features 
• Full duplex operation 
• Common mode noise immunity of ± 1 V 

Pin Names Description 

E Common Enable 

Sin 1 OOK Signal Inputs 

Son 1 OOK Signal Outputs 

Ln, Ln Differential Line 
Inputs/ Outputs 

24-Pln Quad Cerpak 

S01 SOs Sis VEE Ls Ls 

24 23 22 21 20 19 
Sl1 1 18 S04 

L1 2 17 Sl4 

Lt 3 16 L4 

L2 4 15 L4 

L2 5 14 L3 

Sl2 13 L3 
7 8 9 10 11 12 

S02 E Vee VCCAS03 Sl3 

TL/F/9878-2 
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Logic Diagram 

/5EEDETAIL 

r---, 
811 

So1 

812 

802 

813 

So3 

s,. 
So4 

S1s 

Sos 

E 

Truth Table 
E S1A 

H x 
L L 

L L 

L H 

L H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
n -1 = Previous State 

S1e 

x 
L 

H 

L 

H 

• = Dependent on S1A and Sis 

Functional Waveform 

Soe 

L1 

Cl 
Lz 

Li 
L3 

L3 
L4 

L4 
Ls 

Ls 

TL/F/9876-6 

So A 

SoA(n-1) 

L 

H 

L 

H 

Soe 

Detail 

TWISTED PAIR 

TL/F/9876-5 

FIGURE 1. Interconnection of Two F100250 Circuits, 
Duplex Mode Operation 

L [ 

Sos(n-1) . . 
L 

L 

H 

H 
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UL 

(UL+ UH)/2 

(UL+ UH)/2 

UH 
UL:::: -1.27V 
UH :::: -0.27V 
(UL + UH)/2 :::: -0.77V 

UH 

(UL+ UH)/2 

(UL+ UH)/2 

UL 

TL/F/9876-15 
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Absolute Maximum Ratings 
Above which the useful life may be impaired. (Note 1) 

If Military/Aerospace specified devices are required, Case Temperature under Bias (Tc) 0°Cto +85°C 
please contact the National Semiconductor Sales VEE Pin Potential to Ground Pin - 7.0V to + 0.5V 
Office/Distributors for availability and specifications. 

Input Voltage (DC) VEE to +0.5V 
Storage Temperature - 65°C to + 150°C Output Current (DC Output HIGH) -50mA 
Maximum Junction Temperature (TJ) +150°C Operating Range (Note 2) -5.7V to -4.2V 

DC Electrical Characteristics 
VEE = -4.2V to -4.8V unless otherwise specified, Vee = VccA = GND, Tc = 0°C to +85°C 

Symbol Parameter Min Typ Max Units Conditions 

l1H Input HIGH Current Sin 200 µA 
V1N = V1H(Max) E 250 µA 

IEE Power Supply Current -300 -180 mA Inputs Open 

DC Electrical Characteristics 
VEE = -4.5V, Vee = VccA = GND, Tc= 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1025 -955 -880 mV V1N = V1H(Max) 

Vol Output LOW Voltage -1810 -1705 -1620 mV orV1l(Min) Loading with 

VoHC Output HIGH Voltage -1035 mV V1N = V1H(Min) 
50fl to -2.0V 

Vole Output LOW Voltage -1610 mV or V1l(Max) 

VKH Line Output HIGH Voltage -370 -220 mV No Load 

VKl Line Output LOW Voltage -1400 -1090 mV V1N = V1H(Max) or V1l(Min) 

V1H Input HIGH Voltage -1165 -880 mV Guaranteed HIGH Signal for All Inputs 

V1l Input LOW Voltage -1810 -1475 mV Guaranteed LOW Signal for All Inputs 

l1l Input LOW Current 0.50 µA V1N = Vll(Min) 

DC Electrical Characteristics 
VEE = -4.2V, Vee = VccA = GND, Tc = 0°C to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1020 -870 mV V1N = V1H(Max) 

Vol Output LOW Voltage -1810 -1605 mV orV1l(Min) Loading with 

VoHC Output HIGH Voltage -1030 mV V1N = V1H(Min) 
50fl to -2.0V 

VQLc Output LOW Voltage -1595 mV orV1l(Max) 

VKH Line Output HIGH Voltage -350 -200 mV No Load 

VKl Line Output LOW Voltage -1300 -990 mV V1N = V1H(Max) or V1l(Min) 

V1H Input HIGH Voltage -1150 -870 mV Guaranteed HIGH Signal for All Inputs 

V1l Input LOW Voltage -1810 -1475 mV Guaranteed LOW Signal for All Inputs 

l1l Input LOW Current 0.50 µA V1N = V1l(Min) 
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DC Electrical Characteristics 
VEE = -4.8V, Vee = VccA = GND, Tc = o·c to +85°C (Note 3) 

Symbol Parameter Min Typ Max Units Conditions (Note 4) 

VoH Output HIGH Voltage -1035 -880 mV V1N = V1H(Max) 

VoL Output LOW Voltage -1830 -1620 mV orV1L(Min) Loading with 

VoHC Output HIGH Voltage -1045 mV V1N = V1H(Min) 
son to -2.ov 

VoLC Output LOW Voltage -1610 mV orV1L(Max) 

VKH Line Output HIGH Voltage -400 -250 mV No Load 

VKL Line Output LOW Voltage -1500 -1190 mV V1N = V1H(Max) or V1L(Min) 

V1H Input HIGH Voltage 
-1165 -880 mV 

Guaranteed HIGH 
Signal for All Inputs 

V1L Input LOW Voltage 
-1830 -1490 mV 

Guaranteed LOW 
Signal for All Inputs 

l1L Input LOW Current 0.50 µA V1N = V1LJMin) 
Note 1: Unless specified otherwise on Individual data sheet. 
Note 2: Parametric values specified at -4.2V to -4.BV. 

Note 3: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature extremes, 
additional noise Immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 4: Conditions for testing shown In the tables are chosen to guarantee operation under "worst case" conditions. 

Ceramic Dual-In-Line Package AC Electrical Characteristics 
VEE= -4.2V to -4.8V, Vee= VccA = GND, Tc= o·c to +85°C 

Symbol Parameter Tc= o·c Tc= +25°C Tc= +as·c Units Conditions 
Min Max Min Max Min Max 

tpLH Propag~tion Delay 1.1 2.4 1.1 2.4 1.2 2.6 ns Figures 2 and 4 
tPHL S1 to L, L 

tPLH Propagation Delay 1.2 2.8 1.2 2.9 1.3 3.0 ns Figures 3 and 5 
tPHL L, [to So 

tPLH Propagation Delay 1.2 2.6 1.2 2.7 1.3 2.9 ns Figures 3 and 5 
tpHL EtoSo 

trnL Transition Time 
0.5 2.0 0.5 2.0 0.5 2.0 ns 

trLH 20% to 80%, 80% to 20% 

ts Setup Time L, L 1.3 1.3 1.5 ns Figure3 
tH Hold Time L, [ 1.3 1.3 1.5 ns 

Cerpak AC Electrical Characteristics 
VEE = -4.2V to -4.8V, Vee = VccA = GND, Tc = o·c to +85°C 

Symbol Parameter Tc= o·c Tc= +25°c Tc= +as·c Units Conditions 
Min Max Min Max Min Max 

tPLH Propagation Delay 1.1 2.2 1.1 2.2 1.2 2.4 ns Figures 2 and 4 
tPHL S1toL,[ 

tPLH Propagation Delay 1.2 2.6 1.2 2.7 1.3 2.8 ns Figures 3 and 5 
tPHL L, [to So 

tPLH Propagation Delay 1.2 2.4 1.2 2.5 1.3 2.7 ns Figures 3 and 5 
tpHL EtoSo 

trHL Transition Time 
0.5 1.9 0.5 1.9 0.5 1.9 ns 

trLH 20% to 80%, 80% to 20% 

ts Setup Time L, [ 1.3 1.3 1.5 ns Figure3 
tH Hold Time L, [ 1.3 1.3 1.5 ns 
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Switching Waveforms 

0.7 :t 0.1 ns 

------ +0.31V 
j-- tPLH j--

\ ~L r-
1 ,.-----------J== : 

-/- +. 
I \ 

I \ ·---------J •------·S TL/F/9876-8 

Sis = H then p = UH. Q = (UL + UH)/2, R = (UL + UH)/2, s = UL 
L, [ loaded with another F100250 

FIGURE 2. 51 to Differential Line 

_/ \_/ 0.1±0.1"' \r ___ o_.7 :t 0.1_"' } __ C - +1.0SV 

+0.31V 

_j\/ \ / __ 
----------.. 1 I .. ------.. I .. -----------.. -

a 

+. -/- \ -/- \ 
\ I \ I \ 

'·--~1 ~ '" '·---------1 '·--------· 

TL/F/9876-9 

Notes: S1A = L then p = (UL + UH)/2, Q = UL, R = UH. s = (UL + UH)/2 } 
S1A = H then p = UH, Q = (UL + UH)/2, R = (UL + UH)/2, s = UL L, [ loaded with another F100250 

ts is the minimum time before the transition of the enable that information must be present at the data input. 

tH is the minimum time before the transition of the enable that information must remain unchanged at the data input. 

FIGURE 3. Differential Line to So 

3-230 



Test Circuitry 

Pulse 
Gen 

\I 

Rr J_ 
2• 

= 
RA 

Re 

= 
50.ll 

= 

VEE 

0.1µF 

50.ll ~ 

23 22 21 20 

F100250 

10 11 

50.n 

= 
25µF I 

Yee 

I0.1µF 

19 50.ll 

18 

= 
17 

16 

15 

u 

13 

12 

Notes: 

Vee. VeeA = +2V, VEE = -2.SV 
L 1 and L2 = equal length son impedance lines. 
Rr = son terminator internal to scope. 
Decoupling 0.1 µF from GND to Vee and VEE· 
All unused outputs are loaded with son to GND. 
CL = fixture and stray capacitance ,.;; 3 pF. 
Land [terminated by F100250 or Thevenin equiva
lent. 
Signal levels will be a percentage of full swing if using 
equivalent network. 
RA = am, Rs = soon. Re = 22on, Ro = 11.sn 
for Sis= L. 
RA = 22on, Rs = 11.sn, Re= am, Ro = soon 
for Sis= H. 

TL/F/9876-13 

FIGURE 4. AC Test Circuit SI to Differential Line 
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Pulse 
Gen 

VEE 

= 0.1 µF 

50A ~ 
24 23 22 21 20 19 

18 

17 

F100250 
16 

DRIVER 
15 

14 

13 

10 11 12 

50A 

= = 
Vee 

Notes: 

Vee. VeeA = +2V, Vee = -2.SV 
L 1 and L2 = equal length son impedance lines. 
Ar = son terminator internal to scope. 
Decoupling 0.1 µ.F from GND to Vee and Vee. 
All unused outputs are loaded with son to GND. 
CL = fixture and stray capacitance ~ 3 pF. 

Ry r VEE 

= 
= 

24 23 22 21 

F100250 
UNDER 
TEST 

10 

PulH 
Gen 50A 

= 
Ry l Vee 

= 

FIGURE 5. AC Test Circuit Differential Line to So and E to s0 
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0.1µF 

q 
20 19 50A 

18 

= 
17 

16 

15 

14 

13 

11 12 

50A 

= 

TL/F/9876-14 
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~National 
~ Semiconductor 

11C01 
Dual 5-4 Input OR/NOR Gate 

General Description 
The 11 C01 is a voltage-compensated ECL dual 5-4 input 
OR/NOR gate. The circuit has standard internal voltage 
compensation with DC parameters identical to 1 OK ECL de
vices. 

Ordering Code: see section a 

Logic Symbol 

Pin Names 

D1a-D1e. D2a-D2d 
01. 01. 02, 02 

Truth Tables 
In 

D1a D1b D1c 

L L L 

H x x 
x H x 
x x H 

x x x 
x x x 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

D1d 

L 

x 
x 
x 
H 

x 

TL/F/9888-2 

Description 

Data Inputs 
Outputs 

Out 

D1e Q1 

L L 

x H 

x H 

x H 

x H 

H H 

01 

H 

L 

L 

L 

L 

L 

4-3 

D2a 

L 

H 

x 
x 
x 

Connection Diagrams 
16-Pin DIP 

D2b 

L 

x 
H 

x 
x 

Cl 
Vcc1- 1 16 t-Vcc2 

02- 2 151-01 

02- 3 14 1-0, 

D2a- 4 131-018 
D2b- 5 12 t-D1b 

D2c- 6 11 t-D1c 

D2d- 7 10t-D1d 

VEE- 8 9t-D1e 

16-Pin Flatpak 

D1a~ 1 

0 1~ 2 

01- 3 

Vcc2- 4 

Vcc1- 5 

02- 6 

02- 7 

D2a- 8 

In 

D2c 

L 

x 
x 
H 

x 

D2d 

L 

x 
x 
x 
H 

Q2 

L 

H 

H 

H 

H 

16 t-D1b 

15t-D1c 

14 l-D1d 

131-018 
121-VEE 

11 l-D2d 

10 l-D2c 

9 l-D2b 

Out 

02 

H 

L 

L 

L 

L 

TL/F/9888-1 

TL/F/9888-3 
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0 
0 Absolute Maximum Ratings Recommended Operating ,... ,... Above which the useful life may be impaired Conditions 

If Military/Aerospace specified devices are required, 
Min Typ Max Units 

please contact the National Semiconductor Sales 
Office/Distributors for availability and specifications. Supply Voltage (VEE) -5.5 -5.2 -4.75 v 
Storage Temperature - 65°C to + 150°c Ambient Temperature (TA) 0 +75 ·c 

Maximum Junction Temperature (TJ) + 150°c 

Supply Voltage Range -7.0VtoGND 

Input Voltage (DC) VEE to GND 
Output Current (DC Output HIGH) -50mA 

Operating Range -5.5V to -4.75V 

Lead Temperature (Soldering, 10 sec.) 300°c 

DC Electrical Characteristics 
VEE = -5.2V, Vee = GND 

Symbol Parameter Min Typ Max Units TA Conditions 

VoH Output Voltage HIGH -1000 -840 0°c V1N = V1H(Max) 
-960 -810 mV +25°c orV1L(Min) 
-900 -720 +75°C per Truth Table 

VoL Output Voltage LOW -1870 -1665 0°c 
-1850 -1650 mV +25°C 
-1830 -1625 +75°C Loading is 

VoHe Output Voltage HIGH -1020 0°c V1N = V1H(Min) 
50!1 to -2.0V 

-980 mV +25°C orV1L(Max) 
-920 +75°C per Truth Table 

VoLe Output Voltage LOW -1645 0°c 
-1630 mV +25°C 
-1605 +75°C 

V1H Input Voltage HIGH -1145 -840 0°c Guaranteed Input Voltage 
-1105 -810 mV +25°C HIGH for All Inputs 
-1045 -720 +75°C 

V1L Input Voltage LOW -1870 -1490 0°c Guaranteed Input Voltage 
-1850 -1475 mV +25°C LOW for All Inputs 
-1830 -1450 +75°c 

l1H Input Current HIGH 350 µA +25°c V1N = V1fi!_MaxJ. 

l1L Input Current LOW 0.5 µA +25°c V1N = V1LJ_Miri 

IEE Power Supply Current -30 -24 mA +25°C Inputs and Outputs Open 

AC Electrical Characteristics 
VEE= -5.2V, TA= +25°C 

Symbol Parameter 
Flatpak DIP 

Units Conditions 
Min Typ Max Min Typ Max 

tPLH Propagation Delay 
0.45 0.7 0.95 0.60 0.90 1.15 ns 

LOW to HIGH 

tPHL Propagation Delay 
0.45 0.7 0.95 0.60 0.90 1.15 ns 

HIGH to LOW 
See Figure 1 

trLH Output Transition Time 
0.7 0.95 0.90 1.15 ns 

LOW to HIGH (20% to 80%) 

trHL Output Transition Time 
0.7 0.95 0.90 1.15 ns 

HIGH to LOW (80% to 20%) 
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Notes: 

PULSE 
GENERATOR \ J 

l 

L 1 and L2 = equal length son impedance lines 
Rr = son Termination of scope 
Decoupling 0.1 µF from GND to VEE and Vee 
CL~ 3 pF 

\ J 

Yee ·2V I Rr 

VEE= ·3.2V 

0.7 · 0.1 ns-J I- I 1-0.7 · 0.1 ns 

INPUT 50% 50% 

Rr 

SCOPE 
CHANA 

SCOPE 
CHANB 

· 1.11V 80%~1 w-80% 
2ooi, 29°1, I --------".I....-'--------------- . 0.31V 

tj~ITH~ i- l~ITLH t: 
OR 

50% I 50% 

OUTPUTS 
·.:::~--------1-1,,.-p:H -1:20% 

~Ofo ~% 

t-fl 80'j'~HI- j---11:~ 
•N_o_R----~--,_2_0_:,, •. - ''"' ~-'"-·--------

Notes: 

Jig setup with no circuit under test 
Vee1 = Vee2 = +2.0V 
VEE= -3.2V 

FIGURE 1. Switching Circuit and Waveforms 
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D Semiconductor 

11C05 
1 GHz Divide-By-Four Counter 

General Description 
The 11 COS is an ECL Divide-By-Four Counter with a maxi
mum operating frequency above 1 GHz over the 0°C to 
+ 7S°C temperature range. The input may be DC or AC (ca
pacitively) coupled to the signal source. The emitter follower 

Ordering Code: see section a 

Logic Symbol 

-a 
CP 

TL/F/9889-1 

Pin Names Description 

CP Clock Input 

VREF Reference Input 
Q,Q Counter Outputs 

Logic Diagram 

CP 
4 

+2 

<" 
4000~ 

6 

r 
I 
I 
I 

outputs (Q and Q) are capable of driving son lines. The 
outputs are voltage-compensated and provide standard 
ECL output levels. 

Connection Diagram 
14-Pin DIP 

NC 14 Vee 

NC 13 NC 

NC 3 12 NC 

CP 4 11 0 

NC 5 10 Q 

VREF 6 NC 

VEE 7 8 NC 

TL/F/9889-2 

Vccl 14 

11 

1 +2 

a 

h 
10 

~ 

VREF 

VEEr 

TL/F/9889-3 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired Conditions 
Storage Temperature - 6S°C to + 1 so0 c Min Typ Max 
Maximum Junction Temperature (TJ) +1S0°C Supply Voltage (VEE) 
Supply Voltage Range -7.0VtoGND Commercial -S.2SV -S.OV -4.7SV 

Input Voltage (DC) VEEtoGND Military -S.SV -S.OV -4.7SV 

Output Current (DC Output HIGH) -SOmA Ambient Temperature (TA) 

Operating Range -S.SV to -4.7SV Commercial 0°C +7S°C 
Military -SS°C +12S°C 

Lead Temperature (Soldering, 10 sec.) 300°C 

Commercial DC Electrical Characteristics 
VEE = S.OV, Vee = GND 

Symbol Parameter Min Typ Max Units TA Conditions 

VoH Output Voltage HIGH -1060 -99S -910 mV 0°C V1N = V1H or V1L1 
-102S -960 -880 mV +2S°C Loading son to - 2V 
-980 -910 -830 mV +7S°C 

Vm Output Voltage LOW -1810 -170S -1620 mV 0°Cto +7S°C 

V1H Input Voltage HIGH -2.4S v 0°C Guaranteed Input HIGH 
-2.SO v +2S°C 
-2.60 v +7S°C 

V1L Input Voltage LOW -3.2S v 0°C Guaranteed Input LOW 
-3.30 v +2S°C 
-3.40 v +7S°C 

IEE Power Supply Current -90 -6S mA +2S°C Input Open 

VEE Supply Voltage Range -S.2S -s.o -4.7S v 0°Cto +7S°C 

VREF Input Reference Voltage -2.9 v +2S°C 

Military DC Electrical Characteristics 
VEE = -s.ov, Vee = GND 

Symbol Parameter Min Typ Max Units TA Conditions 

VoH Output Voltage HIGH -1100 -1030 -9SO mV -SS°C V1N = V1H or V1L1 
-980 -910 -820 mV +2S°C Loading 1 oon to - 2v 
-910 -820 -720 mV +12S°C 

VoL Output Voltage LOW -1810 -170S -1620 mV - SS°C to + 12s0 c 
V1H Input Voltage HIGH -2.3S v -SS°C Guaranteed Input HIGH 

-2.SO v +2S°C 
-2.70 v + 12S°C 

V1L Input Voltage LOW -3.1S v -ss0 c Guaranteed Input LOW 
-3.30 v +2S°C 
-3.SO v + 12s°C 

IEE Power Supply Current -90 -6S mA +2S°C Input Open 

VEE Supply Voltage Range -s.s -s.o -4.7S v - SS°C to + 12S°C 

VREF Input Reference Voltage -2.9 v +2S°C 
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Lt) 
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~ Commercial and Military AC Electrical Characteristics 
,.... VEE= -5V, Vee= GND, TA -55°C to +125°C unless otherwise noted 

Symbol Parameter Min Typ Max Units Conditions 

feoUNT Maximum Sinusoidal 1000 
MHz 

o•cto +75°C AC Coupled 
Input Frequency 950 - 55°C to + 125•c 800mV 

Peak-to-Peak 
feouNr Minimum Sinusoidal 25 

MHz Input 
Input Frequency (Note 2) 

SRMIN Slew Rate of Squareware 50 V/µs (Note 1) 
Note 1: Very low frequency operation is possible as long as sufficient slew rate of the input pulse edges is maintained. 

Note 2: Input drive shall not exceed 1.5V peak-to-peak max. 

SCOPE 
CHANA 

SIGNAL 
GENERATOR 

Rr = 50!1 termination of scope 

L1 = 50!1 transmission line 

RT 

r,L1 
\ J 

I 
r,L1 
\ I 

l 

C1 = 0.1 µF leadless capacitor, 250 pF for F > 25 MHz 

R1 = on for commercial grade, son for military grade 

R2 = 50!1 for commercial grade, 1 oon for military grade 

Vee . 2.0 v 

14 

Vee 11 R1 
C1 a 

4 
CP 

10 
a 

Vee=-3.0V 

FIGURE 1. AC Test Circuit 

Horizontal Scale = ns/dlv 
Vertical Scale = 200 mV /div 

TL/F/9889-5 

25 MHz Operation 
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JC1 

1-,L1 
SCOPE 

\ I CHANB 

1 
RT 

TL/F/9889-4 

Horizontal Scale = 1 ns/dlv 
Vertical Scale= 200 mV/div 

TL/F/9889-6 

1.2 GHz Operation 



INPUT FREQUENCY - MHz 
TL/F/9889-7 

FIGURE 2. AC Input Requirements 
Note: Trigger amplitudes refer to the circuit end of the input cable as opposed to the signal generator end. 

A DC coupled input should be designed to provide specified 
V1H and VtL levels. For AC coupling, an external resistor 
may or may not be necessary depending on the application. 
If an input signal is always present, only the capacitor is 
required because an internal 400!l resistor connected be
tween CP and VREF centers the AC signal about mid
threshold. For applications in which an input signal is not 

4-9 

always present, AC coupling requires that an external 10 
Kn resistor be connected between CP and VEE· This off
sets the input sufficiently to avoid extreme sensitivity to 
noise when no signal is present. Otherwise, noise triggering 
can lead to oscillation at about 450 MHz. For best opera
tion, both outputs should be equally loaded. 
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D Semiconductor 

11C06 
750 MHz D-Type Flip-Flop 

General Description 
The 11 C06 is a high-speed ECL D-Type Master-Slave Flip
Flop capable of toggle rates over 750 MHz. Designed pri
marily for high-speed prescaling, it can also be used in any 
application which does not require preset inputs. The circuit 
is voltage-compensated, which makes input thresholds and 

Ordering Code: see section a 

Logic Symbol 

output levels insensitive to VEE variations. Complementary 
Q and Q outputs are provided, as are two Data inputs, Clock 
and Clock Enable inputs. The 11 C06 is pin-compatible with 
the Motorola MC1690L but is a higher-frequency replace
ment. 

Connection Diagrams 

16·Pin DIP 16-Pln Flatpak 

a Vcc1 

Q 

CP a 
NC 4 

NC 5 
CE 

NC 6 

CP 7 
TL/F/9890-3 

VEE 8 

Pin Names Description 

Dn Data Input 
CP Clock Input 
CE Clock Enable (Active LOW) 
Q,Q Outputs 

16 Vcc2 

15 NC 

14 NC 

13 NC 

12 D2 

11 D1 

10 NC 

Ce: 

TL/F /9890-1 

Truth Table 
CE 

L 
L 
L 
L 
H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

CP 

L 
H 

....r 

....r 
x 

.../"" = LOW to HIGH Transition 
On-1 = Previous State 
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Vcc1 16 Vcc2 
a 15 NC 

u NC 

13 NC 

12 D2 

11 o, 
10 NC 

9 Cf 

TL/F/9890-2 

D On 

x On-1 
x On-1 
L L 
H H 
x On-1 



Absolute Maximum Ratings 
Above which the useful life may be impaired 

If Miiitary/Aerospace specified devices are required, Operating Range -5.7V to -4.7V 
please contact the National Semiconductor Sales Lead Temperature (Soldering, 10 sec.) 300°C 
Office/Distributors for avallablllty and specifications. 

Storage Temperature -65°C to + 150°C Recommended Operating 
Maximum Junction Temperature (TJ) + 150°C Conditions 
Supply Voltage Range -7.0VtoGND Min Typ Max 
Input Voltage (DC) VEEtoGND Supply Voltage (VEE) -5.7V -5.2V -4.7V 
Output Current (DC Output HIGH) -50mA Ambient Temperature (TA) 0°C +75°C 

DC Electrical Characteristics 
VEE = -5.2V, Vee = GND 

Symbol Parameter Min Typ Max Units TA Conditions 

VoH Output Voltage HIGH -1000 -840 mV 0°C V1N = V1H (Max) or V1L (Min) per Truth 
-960 -810 mV +25°C Table Loading 500 to -2V 
-900 -720 mV +75°C 

VoL Output Voltage LOW -1870 -1635 mV 0°C 
-1850 -1620 mV +25°C 
-1830 -1595 mV +75°C 

VoHe Output Voltage HIGH -1020 mV 0°C V1N = V1H (Min) or V1L (Max) for Dn Inputs 
-980 mV +25°C Loading 500 to - 2V 
-920 mV +75°C 

VoLe Output Voltage LOW -1615 mV 0°c 
-1600 mV +25°C 
-1575 mV +75°C 

V1H Input Voltage HIGH -1135 -840 mV 0°C Guaranteed Input Voltage HIGH 
-1095 -810 mV +25°C for All Inputs 
-1035 -720 mV +75°C 

V1L Input Voltage LOW -1870 -1500 mV 0°C Guaranteed Input Voltage LOW 
-1850 -1485 mV +25°C for All Inputs 
-1830 -1460 mV +75°C 

l1H Input Current HIGH V1N = V1H (Max) 
Clock Input 250 µA +25°C 
Data Input 270 µA +25°C 

l1L Input Current LOW 0.5 µA +25°C V1N = V1H (Min) 

IEE Power Supply Current -59 -40 mA +25°C All Inputs Open 

AC Electrical Characteristics 
VEE = -5.2V, Vee = GND, TA = +25°C 

Symbol Parameter Min Typ Max Units Conditions 

tPHL Propagation Delay (CP-Q) 0.7 1.0 1.2 ns 

tPLH Propagation Delay (CP-Q) 0.7 1.0 1.2 ns 

trLH Transition Time 20% to 80% 0.5 0.8 1.0 ns 
See Figure 1 

trHL Transition Time 80% to 20% 0.5 0.8 1.0 ns 

ts Set-up Time 0.2 ns 

tH Hold Time 0.2 ns 

froGJ_MAXl Toggle Frequency (CP) 650 750 MHz See Figure 2, Note 

Note: The device Is guaranteed for fTOG (CP) :?: 600 MHz, froG(CE) :?: 550 MHz over the O'C to + 75'C temperature range. 
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co 
0 
0 ,.... ,.... Functional Description 

While the clock is LOW, the slave is held steady and the 
information on the D input is permitted to enter the master. 
The next transition from LOW to HIGH locks the master in 
its present state making it insensitive to the D input. This 
transition simultaneously connects the slave to the master 
causing the new information to appear on the outputs. Mas
ter and slave clock thresholds are internally offset in oppo
site directions to avoid race conditions or simultaneous 

master-slave changes when the clock has slow rise or fall 
times. 

PULSE 
GENERATOR 

SCOPE 
CHANA 

Rr = son termination of scope 
L1 = son impedance lines 
All input transition times are 2.0 ns ± 0.2 ns 

SIGNAL 
GENERATOR 

Rr 

Ve1AS 

SCOPE 
CHANA 

Rr = son termination of scope 
L1 = son impedance lines 

Adjust Vs1As for +0.7V baseline of 
800 mV peak-to-peak sinewave input. 
All input transition times are 2.0 ns ± 0.2 ns 

L1 ,-, 
\ J 

l 
Lt ,-, 

\ J 

l 

The CP and CE inputs are logically identical, but physical 
constraints associated with the Dual-In-Line package make 
the CE input slower at the upper end of the toggle range. To 
prevent new data from entering the master on the next CP 
LOW cycle, CE should go HIGH while CP is still HIGH. 

Vcc1 =Vcc2=+2.ov 

20µFJ 1
0.1µF 

,---- ---1 

I I 
D Q 

I I 
I CP I 
I I I CE Q 

I 
L _______ J 

\ I 

1--

son 

Rr 

SCOPE 
CHANB 

TL/F/9890-4 

FIGURE 1. Propagation Delay (CP to Q) 

V CC1 = V CC2 = +2.0V 

J0.1µF 

,--------l L1 

I D Q ____ l__,1 .......... ~'-,___.... 
I I \ I 

I CP : l 
I CE Q I 
L _______ J 

Rr 

0.1µF l 

son 

FIGURE 2. Toggle Frequency Test Circuit 
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Typical Waveforms 

700 MHz Operation 

Horizontal Scale = 1.0 ns/ div 

Vertical Scale = 200 mV /div 
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" 0 .... .... ~National 
~ Semiconductor 

11C70 
Master-Slave D-Type Flip-Flop 

General Description 
The 11 C70 is a high-speed ECL D-Type Master-Slave Flip
Flop capable of toggle rates over 650 MHz. Designed pri
marily for communications and instrumentation, it can also 
be used in other digital applications and is fully compatible 
with 1 OK ECL. Asynchronous Direct Set and Direct Clear 
inputs are provided which override the clock. 

The circuit is voltage-compensated, which makes output 
levels and input thresholds insensitive to VEE variations. 

Ordering Code: see section a 

Logic Symbol 

So------. 

D a 

CP 

a 

Co----~ 

TL/F/9891-2 

Pin Names Description 

CE Clock Enable (Active LOW) 
CP Clock Pulse 
D Data Input 
Q,Q Outputs 

So Direct Set 

Co Direct Clear 

This also allows operation with ECL supply voltage VEE of 
-5.2V or with TTL supply Vee of+ 5.0V. Each input has an 
internal 50 kn pull-down resistor, which allows unused in
puts to be left open. Open emitter-follower outputs accom
modate a variety of loading and terminating schemes. The 
11 C?O is pin-compatible with the Motorola MC1670 but is a 
higher-frequency replacement. 

Connection Diagram 
16-Pin DIP 

Ycc1 16 

Q 2 15 

Q 3 14 

Co 4 13 

So 5 12 

NC 6 11 

CP 7 10 

VEE 8 

Truth Table 
Inputs 

Qt+ 1 
So Co D CE 

H L x 
L H x 
H H x 
L L x 
L L H 
L L L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

x 
x 
x 
H 
L 
L 

.../" = LOW to HIGH Transition 

CP 

x H 
x L 
x -

_r Ot 
_r H 
_r L 

Ycc2 
NC 

NC 
NC 
NC 
D 

NC 

cr 
TL/F/9891-1 

Operation 

Direct Set 
Direct Clear 
Intermediate 
Disable Clock 
Clocked Set 
Clocked Clear 

t, t + 1 = Time Before and After Clock Positive Transition 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired Conditions 
If Military/Aerospace specified devices are required, Min Typ Max 
please contact the National Semiconductor Sales Supply Voltage (VEE) -5.7V -5.2V -4.7V 
Office/Distributors for availability and specifications. 

Ambient Temperature (TA) o·c +75°C 
Storage Temperature - 65°C to + 150°c 

Maximum Junction Temperature (TJ) + 150°c 

Supply Voltage Range -7.0VtoGND 

Input Voltage (DC) VEEtoGND 
Output Current (DC Output HIGH) -50mA 

Operating Range -5.7V to -4.7V 

Lead Temperature (Soldering, 10 sec.) 300°c 

DC Electrical Characteristics 
VEE = - 5.2V, Vee = GND 

Symbol Parameter Min Typ Max Units TA Conditions 

VoH Output Voltage HIGH -1000 -840 mV 0°c V1N = V1HA or V1lB per Truth 
-960 -810 mV +25°C Table Loading 50!1 to -2V 
-900 -720 mV +75°C 

Vol Output Voltage LOW -1870 -1665 mV o·c 
-1850 -1620 mV +25°C 
-1850 -1595 mV +75°C 

VoHe Output Voltage HIGH -1020 mV 0°c V1N = V1HB or V1lA for D Input 
-980 mV +25°C Loading 50!1 to - 2V 
-920 mV +75°C 

Vole Output Voltage LOW -1615 mV o·c 
-1600 mV +25°C 
-1575 mV +75°C 

V1H Input Voltage HIGH -1135 -840 mV 0°c Guaranteed Input Voltage HIGH 
-1095 -810 mV +25°C for All Inputs 
-1035 -720 mV +75°C 

V1l Input Voltage LOW -1870 -1500 mV o·c Guaranteed Input Voltage LOW 
-1850 -1485 mV +25°C for All Inputs 
-1830 -1460 mV +75°C 

l1H Input Current HIGH +25°C V1N = V1HA 
Clock Input 250 µA 
Data Input 270 µA 
So and Co 550 µA 

l1l Input Current LOW 0.5 µA +25°C V1N= V1HB 

IEE Power Supply Current -48 mA +25°C All Inputs Open 

AC Electrical Characteristics 
VEE = -5.2V, Vee = GND, TA = + 25°C 

Symbol Parameter Min Typ Max Units Conditions 

tPlH• tPHl Propagation Delay (CP-Q) 1.1 1.4 ns See Figures 3 and 4 

tPlH• tPHl Propagation Delay (So-0, Co-0) 1.3 1.7 ns 

trlH Transition Time 20% to 80% 0.9 1.3 ns 

trHl Transition Time 80% to 20% 0.9 1.3 ns 

fTQG(MAX) Toggle Frequency (CP) 550 650 MHz SeeFigure2 

Note: This device is guaranteed for froG(max) ~ 500 MHz over the O'C to + 75°C temperature range. 
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Functional Description 
Master and slave clock thresholds are internally offset in 
opposite directions to avoid race conditions or simultaneous 
master-slave changes when the clock has slow rise or fall 
times. While the clock is LOW, the slave is in a HOLD condi
tion and information present on the D input is gated into the 
master. When the clock goes HIGH, it locks the master into 
its present state, making it insensitive to the D input, caus
ing the new information to appear on the outputs. 

The CP and CE inputs are logically identical, but physical 
constraints associated with the Dual In-Line package make 
the CE input slower at the upper end of the toggle range. To 
prevent new data from entering the master on the next CP 
LOW cycle, CE should be HIGH while CP is still HIGH. 

A HIGH signal on So or Co will override the clocked inputs 
and force Q or Q, respectively, to go HIGH. If both Co and 
So are HIGH, the two output voltages will be somewhere 
between the HIGH and LOW levels and thus, cannot be 
usefully defined. 

When the input signals for the 11 C70 come from other ECL 
circuits, either 11 CXX series or 1 OK types, these circuits will 
automatically provide appropriate signal swings, provided, 
of course, that these circuits are operated within their rat
ings and that due consideration is given to terminations ap
propriate to the particular application, as discussed in the 
F1 DOK ECL Design Guide (Section 5 of Databook). 

For applications where the clock signal comes from a circuit 
type other than ECL (in high frequency prescaling, for exam
ple) it is generally necessary to use external components to 
shift the signal levels and center them about the 11 C70 
input threshold region. A typical biasing scheme is shown in 
Figure 1. Resistors R1 and R2 are chosen such that the 

Vee 

quiescent voltage at the CP input is -1.3V with respect to 
the V cc terminal of the 11 C70. Also indicated is the cou
pling from Q back to the D input to make a simple toggle. 
The clock source should be designed to provide a signal 
swing in the range of 400 mV to 1200 mV, peak-to-peak, 
over the specified frequency and temperature range. To 
avoid saturating the input transistor, and thus limiting the 
frequency capability, the positive peak of the clock should 
not be more positive than -0.4V with respect to Vee· 

The 11 C70 outputs have no internal pull-down resistors. 
When driving a microstrip line terminated at the far end by a 
resistor returned to -2V (w.r.t. Vee), the quiescent loH cur
rent in the line performs the pull-down function when the 
output starts to go LOW. For series termination or for short 
unterminated lines, a 270n resistor to VEE will provide ade
quate pull-down current. The outputs switch slightly faster 
when both outputs are equally loaded than if only one out
put is loaded. Equal and opposite changes in Q and Q load 
currents tend to cancel the effects of the small inductance 
of the Vee pin. 

The test arrangements illustrate the use of split power sup
plies, with a 2V Vee and -3.2V VEE· This is done as a 
matter of instrumentation convenience, since it allows the 
outputs to be connected via 50n cables directly to the sam
pling scope inputs, which have 50n internal terminations. 
By thus avoiding the use of probes, test correlation prob
lems between supplier and user are minimized. In actual 
applications, only a single power supply is needed, and 
ground can be assigned to Vee. as in ECL systems or to 
VEE side as in TTL systems. RF bypass capacitors are rec
ommended in either case. 

r ---------., 
I I 
I I 
~0 Q I 

I 
I 
I 

0.1pF ! 
f1N ~1f1-----.---- CP Q 11:p._ __ 1_ 

TL/F/9891-3 

FIGURE 1. Input Biasing for AC Coupled Triggering 
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l0.1µF 

SIGNAL 
GENERATOR 

L1 
/'"\ 
\ I 

l 
Vet AS 

0.1µF 

400!1 

,---- -, 
I So I 
I 

CP a 
I 

I CE I 
I I 
I D a 

I Co 
I 
L ---- __ _J 0.1µFJ 

SCOPE 
CHANA 

Rr = son termination of scope 
L1 = son impedance lines 

Adjust Ve1As for ±0.7V baseline of 
800 mV peak-to-peak sinewave input 

Rr 

,-, 
\ I 

l 0.1µF I 
VEE=·3.2V 

j \ j V1N 

L111co""'~ 
Vour \ I 

FIGURE 2. Toggle Frequency Test Circuit 
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0 ...... 
0 ....-

Vcc1 = Vcc2 = +2.0V 
Vee= -3.2V 

DELAYED 
PULSE 

GENERATOR 

PULSE 
GENERATOR 

Rr = son termination of scope 
L1. L2 = equal son impedance lines 
All input transition times are 2.0 ns ± 0.2 ns 

\ I 

l 

I 
I 
I 
I 
I 
I 
I 

---1 c 2.0±0.2ns 

50% 

Co 20% 

+1.10V D 

SCOPE 
CHAN A 

So 
a 

CP a 
Co 

L2 r, 
\ I 

l 
son 

L1 ,-, ---·r 

SCOPE 
CHAN B 

Rr 

SCOPE 
CHANA 

Rr 

I 80% \-------- ·1.11V 

---- ----------------- · 0.31V 

l 
12.0±0.2ns 

50% 

· 1.11V 

CP 20% 

80% \-

______ !____________ "'--- . 0.31V 

.,., ti r- -rl r '"" 
Q 

~=~:-~%-------~IY, 1-0% ____ __ 

~ ~· 
ir------------....i 

_JLl 1-f-~% H-IPHL 

j.-ITHL 

FIGURE 3. Propagation Delay and Co Test Circuit 
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Vcc1 = Vcc2 = +2.0V 
VEE = -3.2V 

PULSE 
GENERATOR 

DELAYED 
PULSE 

GENERATOR 

RT = son termination of scope 
L1, L2 = equal son impedance lines 
All input transition times are 2.0 ns ± 0.2 ns 

L1 ,-, 

r 
+0.3V 

r 
RT 

L1 , .. \ SCOPE ---r CHANA 

RT 

L2 
So r, SCOPE 

D a 
\ I CHAN B 

I RT 

CP a 
Co 

son 

SCOPE 
CHANA 

I ~~~~~~~~~~~~~~~~~~~1.11V I I+-. 2.0 ±0.2 ns 

so% \ 50% 

So 20% 

----~ '"---------------- 0.31V 

1
12.0 ±0.2 ns 

Li80% \ -ft2:0% 
_c_P----~----------- 1 •0% ----- 0.31V 

:-~H.[''"' 
50% 

1.11V 

a 

FIGURE 4. Propagation Delay and So Test Circuit 
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~National 
U Semiconductor 

11C90/11C91 
650 MHz Prescalers 

General Description 
The 11 C90 and 11 C91 are high-speed prescalers designed 
specifically for communication and instrumentation applica
tions. All discussions and examples in this data sheet are 
applicable to the 11 C91 as well as the 11 C90. 

The 11 C90 will divide by 10 or 11 and the 11 C91 by 5 or 6, 
both over a frequency range from DC to typically 650 MHz. 
The division ratio is controlled by the Mode Control. The 
divide-by-10 or -11 capability allows the use of pulse swal
lowing techniques to control high-speed counting modulos 
by lower-speed circuits. The 11 C90 may be used with either 
ECL or TTL power supplies. 

In addition to the ECL outputs Q and Q, the 11C90 contains 
an ECL-to-TTL converter and a TTL output. The TTL output 
operates from the same Vee and VEE levels as the counter, 
but a separate pin is used for the TTL circuit VEE· This mini
mizes noise coupling when the TTL output switches and 

Ordering Code: see section a 

Logic Symbol 

CP 

MS 

Pin Names 

CE 
CP 

Mn 
MS 
Q,Q 

OTTL 

RMn 

VREF 

Description 

Q 

a 
QTTL 

TL/F/9892-2 

Count Enable Input (Active LOW) 
Clock Pulse Input 
Count Modulus Control Input 
Asynchronous Master Set Input 
ECLOutputs 
TTL Output 
2 kn Resistor to Mn 
400n Resistor to Vss 

also allows power consumption to be reduced by leaving 
the separate VEE pin open if the TTL output is not used. 

To facilitate capacitive coupling of the clock signal, a 400n 
resistor (VREF) is connected internally to the Vss reference. 
Connecting this resistor to the Clock Pulse input (CP) auto
matically centers the input about the switching threshold. 
Maximum frequency operation is achieved with a 50% duty 
cycle. 

Each of the Mode Control inputs is connected to an internal 
2 kn resistor with the other end uncommitted (RM1 and 
RM2). An M input can be driven from a TTL circuit operating 
from the same Vee by connecting the free end of the asso
ciated 2 kn resistor to VeeA· When an M input is driven 
from the ECL circuit, the 2 kn resistor can be left open or, if 
required, can be connected to VEE to act as a pull-down 
resistor. 

Connection Diagram 

16·Pln DIP 

CE 16 CP 

M1 15 VREF 

M2 14 MS 

Yee 4 13 VEE 

VeCA 5 12 VEE 

RM 1 11 om 
RM2 10 NC 

Q 8 a 
TL/F/9892-1 
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Absolute Maximum Ratings Recommended Operating 
Above which the useful life may be impaired Conditions 
If Military/Aerospace specified devices are required, Min Typ Max 
please contact the National Semiconductor Sales Ambient Temperature (TA) 
Office/Distributors for availability and specifications. 

Commercial o·c +75°c 
Storage Temperature . - 65°C to + 15o·c 

Military -55°c + 125·c 
Maximum Junction Temperature (TJ) +150°c Supply Voltage (VEE) 
Supply Voltage Range -7.0VtoGND Commercial -5.7V -5.2V -4.7V 
Input Voltage (DC) VEEtoGND Military -5.7V -5.2V -4.7V 
Output Current (DC Output HIGH) -50mA 

Operating Range -5.7Vto -4.7V 

Lead Temperature 
(Soldering, 10 sec.) 300°c 

TTL Input/Output Operation 

DC Electrical Characteristics 
Over Operating Temperature and Voltage Range unless otherwise noted, Pins 12 and 13 = GND 

Symbol Parameter Min Typ Max Units Conditions (Note 3) 

V1H Input HIGH Voltage 
4.1 v Guaranteed Input HIGH Threshold 

M1 and M2 Inputs Voltage (Note 4), Vee = VecA = 5.0V 

V1L Input LOW Voltage 3.3 v Guaranteed Input LOW Threshold 
M1 and M2 Inputs Voltage (Note 4), Vee = VeeA = 5.0V 

VoH Output HIGH Voltage 
2.3 3.3 v Vee= VeeA =Min, 

QTILOutput loH = -640 µA 

Vol Output LOW Voltage 
0.2 0.5 v Vee= VeeA =Min, 

QTILOutput loL = 20.0 mA 

l1L Input LOW Current -2.3 -5.0 mA Vee = VeeA = Max, 
M1 and M2 Inputs V1N = 0.4V, Pins 6, 7 = Vee 

lse Output Short Circuit -20 -35 -80 mA Vee = VeeA = Max, 
Current Vour = o.ov, Pin 14 =Vee 

AC Electrical Characteristics 
Vee = VecA = 5.0V Nominal, VEE = GND, TA = +25°C 

Symbol Parameter Min Typ Max Units Conditions 

tPLH Propagation Delay, (50% to 50%) 
6 10 14 ns 

See Figure 1 
tpHL CPtoQTIL 

tPLH Propagation Delay, (50% to 50%) 
12 17 ns MStoQTIL 

ts Mode Control Setup Time 4 2 ns 

th Mode Control Hold Time 0 -2 ns 

trLH Output Rise Time 10 ns (20% to80%) 

trHL Output Fall Time 
2 ns (80% to20%) 

fMAX Count Frequency 550 650 MHz - 55°C to + 125°C 
600 650 o·cto +75°C 

Clock Input AC Coupled 
350 mV Peak-to-Peak 
Sinewave (Note 5) 
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ECL Operation-Commercial Version 

DC Electrical Characteristics 
Vee= VeeA = GND, VEE= -S.2V 

Symbol Parameter Min Typ Max 

VoH Output HIGH Voltage -1060 -99S -90S 
QandQ -102S -960 -880 

-980 -910 -80S 

Vm Output LOW Voltage 
-1820 -170S -1620 

QandQ 

V1H Input HIGH Voltage -113S -840 
-109S -810 
-103S -720 

V1L Input LOW Voltage -1870 -1SOO 
-18SO -148S 
-1830 -1460 

l1H Input HIGH Current 
CP Input (Note 1) 400 
MS Input 400 

M1 and M2 Input 2SO 

l1L Input LOW Current O.S 

IEE Power Supply Current -110 
-7S 

-119 

VEE Operating Supply 
-S.7 -S.2 -4.7 

Voltage Range 

VREF Reference Voltage 
-1SSO -11SO 

AC Electrical Characteristics 
TA = 0°C to + 7S°C, Vee = VeeA = GND, VEE = -S.2V 

Symbol Parameter 
0°C +25°C 
Typ Min Typ Max 

tpLH Propagation Delay, 
1.8 1.3 2.0 3.0 

tPHL (SO% to SO%) CP to Q 

tPLH Propagation Delay, 
3.7 4.0 6.0 

(SO% to SO%) MS to a 
ts Setup Time, M to CP 2.0 4.0 2.0 

th Hold Time, M to CP -2.0 0.0 -2.0 

tTLH Output Rise Time 
1.0 1.0 2.0 

(20% to 80%) 

trHL Output Fall Time 
1.0 1.0 2.0 

(80% to 20%) 

fMAX Maximum Clock Frequency 

6SO 600 6SO 

4-22 

Units TA Conditions 

0°C Load = son to - 2v 
mV +2S°C 

+7S°C 

mV 
0°Cto 
+7S°C 

0°C Guaranteed Input HIGH 
mV +2S°C Signal (Note 6) 

+7S°C 

0°C Guaranteed Input LOW 
mV +2S°C Signal 

+7S°C 

V1N = V1HA 
+2S°C 

µA +2S°C 
+2S°C 

µA +2S°C V1N = V1LB 

mA 
0°Cto Pins 6, 7, 13 not connected 
+7S°C 

v 0°Cto 
+7S°C 

mV +2S°C 
VRM 1 = VRM2 = -S.2V 
IN= -10.0 µA 

+75°C 
Units Conditions 

Typ 

2.S ns 
Output: 
RL = son to - 2.ov 

4.S ns Input: 
tri = tti = 2.0 ±0.1 ns 

2.0 ns (20% to80%) 

-2.0 ns See Figure 1 

1.0 ns 

1.0 ns 

AC Coupled Input 3SO mV 

62S MHz 
Peak-to-Peak. fMAX is 
Guaranteed to be S7S MHz 
Min at 0°C to + 7S°C. 



ECL Operation-Military Version 

DC Electrical Characteristics 
Vee = VeeA = GND, VEE = -5.2V 

Symbol Parameter Min Typ Max Units TA Conditions 

VoH Output HIGH Voltage __: 1100 -1030 -900 -55°C Load= 1oon to -2v 
QandQ -980 -910 -820 mV +25°C 

-910 -820 -670 + 125·c 

VoL Output LOW Voltage 
-1820 -1705 -1620 mV 

-55°C to 
QandQ +125°C 

V1H Input HIGH Voltage -1190 -905 -55°C Guaranteed Input HIGH 
-1095 -810 mV +25°C Signal (Note 6) 
-975 -690 + 125°c 

V1L Input LOW Voltage -1890 -1525 -55°c Guaranteed Input LOW 
-1850 -1485 mV +25°C Signal 
-1800 -1435 + 125·c 

l1H Input HIGH Current V1N = V1HA 
CP Input (Note 1) 400 +25°c 
MS Input 400 µA +25°c 

M1 and M2 Input 250 +25°c 

l1L Input LOW Current 0.5 µA +25°C V1N = V1LB 

IEE Power Supply Current -110 -75 mA +25°C Pins 6, 7, 13 not connected 

-119 mA 
-55°Cto 
+125°C 

VEE Operating Supply 
-5.7 -5.2 -4.7 v 

-55°Cto 
Voltage Range +125°c 

VREF Reference Voltage 
-1550 -1150 mV +25°C 

VRM1 = VRM2 = -5.2V 
IN= -10.0 µA 

AC Electrical Characteristics 
TA= -55°C to +125°C, Vee= VeeA = GND, VEE= -5.2V 

Symbol Parameter 
-ss·c +25°C + 12s·c 

Units Conditions 
Typ Min Typ Max Typ 

tPLH Propagation Delay, 
1.5 1.3 2.0 3.0 3.0 ns 

Output: 

tPHL (50% to 50%) CP to Q RL = 50n to - 2.0V 

tPLH Propagation Delay, 
3.5 4.0 6.0 5.0 ns Input: (50% to 50%) MS to Q 

tri = t1i = 2.0 ±0.1 ns 
ts Setup Time, M to CP 2.0 4.0 2.0 2.0 ns (20% to 80%) 

th Hold Time, M to CP -2.0 0.0 -2.0 -2.0 ns See Figure 1 

trLH Output Rise Time 
1.0 1.0 2.0 1.0 ns 

(20% to 80%) 

trHL Output Fall Time 
1.0 1.0 2.0 1.0 ns 

(80% to 20%) 

fMAX Maximum Clock Frequency AC Coupled Input 350 mV 

700 600 650 600 MHz 
Peak-to-Peak. fMAX is 
Guaranteed to be 550 MHz 
Min at - 55°C to + 125°C. 

Note 1: Conditions for testing, not shown in the Table, are chosen to guarantee operation under "worst case" conditions. 
Note 2: The specified limits represent the "worst case" value for the parameter. Since these "worst case" values normally occur at the temperature and supply 
voltage extremes, additional noise immunity and guard banding can be achieved by decreasing the allowable system operating ranges. 
Note 3: Typical limits are at Vee= 5.0V and TA= +25'C. 
Note 4: The M1 and M2 threshold specifications are normally referenced to the Vee potential, as shown in the EGL operation tables. Using VEE (GND) as the 
reference, as in normal TTL practice, effectively makes the threshold vary directly with Vee. Threshold is typically 1.3V below Vee (e.g., + 3.7V at Vee = + 5V). A 
signal swing about threshold of ±0.4V is adequate, which gives the state V1H and V1L values. The internal 2 k!l resistors are intended to pull TTL outputs up to the 
required ViH range, as discussed in the Functional Description and shown in Figure 5. 

Note 5: TTL Output Signal swing is guaranteed at IMAX over temperature range. 
Note 6: M, or M2 can be tied to Vee for fixed divide-by-ten operation. 
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"" C> 
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PULSE 

GEN 

(-i-11), OPEN -0 

t,=11=2.0± 0.1 ns 

7 
I 
I 

J\ : -11- IPLH.CPTOO I : 
II I 1-4- I ..Jif IPHL, CP TO Q, +10 I 

I 

SCOPE 
CHANA 

SCOPE 
CHANB 

SCOPE 
EXT 

TRIG 

FQ(..;.10) 

TL/F/9892-3 

!I I) \I ~ J '." _______ ,.,-::PUT0(+11) 

114-- '""' CP TO Q 1-- ''"'' CP TO 0, +11 

Conditions: 

Vee= +2.0V 
Vee= -3.2V 

:II:: =:i 1-4- 11 M TO CP 

Rr = 500 (scope input Impedance) 
CL = Jig and stray capacitance < 5.0 pF 
11 = L2 = equal 500 Impedance lines 
C = 0.1 pF 

Note 7: Use high Impedance to test QTTL. 
Connect pin 13 to VEE· 

Note 8: For High frequency test use AC coupled input as in Figure 3. 
Adjust Input amplitude to 350 mV peak-to-peak. 

FIGURE 1. AC Test Circuit 
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Functional Description 
The 11 C90 contains four ECL Flip-Flops, an ECL to TTL 
converter and a Schottky TTL output buffer with an active 
pull-up. Three of the Flip-Flops operate as a synchronous 
shift counter driving the fourth Flip-Flop operating as an 
asynchronous toggle. The internal feedback logic is such 
that the TTL output and the Q ECL output are HIGH for six 
clock periods and LOW for five clock periods. The Mode 
Control (M) inputs can modify the feedback to make the 
output HIGH for five clock periods and LOW for five clock 
periods, as indicated in the Count Sequence Table. 

The feedback logic is such that the instant the output goes 
HIGH, the circuit is already committed as to whether the 
output period will be 10 or 11 clock periods long. This 
means that subsequent changes in an M input signal, in
cluding decoding spikes, will have no effect on the current 
output period. The only timing restriction for an M input sig
nal is that it be in the desired state at least a setup time 
before the clock that follows the HHLL state shown in the 
table. The allowable propagation delay through external log
ic to an M input is maximized by designing it to use the 
positive transition of the 11 C90 output as its active edge. 
This gives an allowable delay of ten clock periods, minus 
the CP to Q delay of the 11 C90 and the M to CP setup time. 
If the external logic uses the negative output transition as its 
active edge, the allowable delay is reduced to five clock 
periods minus the previously mentioned delay and setup 
time. 

Capacitively coupled triggering is simplified by the 4000 re
sistor which connects pin 15 to the internal v88 reference. 
By connecting this to the CP input, as shown in A'gure 3, the 
clock is automatically centered about the input threshold. A 
clock duty cycle of 50% provides the fastest operation, 
since the Flip-Flops are Master-Slave types with offset clock 
thresholds between master and slave. This feature ensures 
that the circuit will operate with clock waveforms having 
very slow rise and fall times, and thus, there is no maximum 
frequency restriction. Recommended minimum and maxi
mum clock amplitude as a function of a frequency and tem
perature are shown in the graph labeled Figure 2. When the 
CP or any other input is driven from another ECL circuit, 
normal ECL termination methods are recommended. One 
method is indicated in Figure 4. Other ECL termination 
methods are discussed in the F1 OOK ECL Design Guide 
(Section 5 of Databook). 

0 0~~--120-0~~4~00~~-~Lo~~~,oo~~_J1000 

INPUT FREQUENCY - MHz 

TL/F/9892-5 

FIGURE 2. AC Coupled Triggering Characteristics 
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11C90/11C91 r-------
1 
I 

0.1 µF I 
t1N ~1-(--o==..o-1_a ;_I c_P__ -

151 4000 VREF 

L ______ _ 
TL/F/9892-10 

FIGURE 3. Capacitively Coupled Clocking 

ECL 
CIRCUIT 

zon 

R1n 

R2fi 

Zo 

l7777T1 

50 

80.6 

130 

Vee 
11C90/11C91 

R1 r----
161 CP 

I 
Rz L ___ _ 

TL/F/9892-11 

75 100 

121 162 

196 261 

VEE = -5.2V, Vee = ov, Vrr = -2.0V 

FIGURE 4. Clocking by ECL Source via Terminated Line 

When an M input is to be driven from a TTL output operating 
from the same Vee and ground (Vee), the internal 2 kn 
resistor can be used to pull the TTL output up as shown in 
Figure 5. Some types of TTL outputs will only pull up to 
within two diode drops of Vee. which is not high enough for 
11 C90 inputs. The resistor will pull the signal up through the 
threshold region, although this final rise may be somewhat 
slow, depending on wiring capacitance. A resistor network 
that gives faster rise and also lower impedance is shown in 
Figure 6. 

TL/F/9892-12 

FIGURE 5. Using Internal Pull·Up with TTL Source 

Vee 

11011 
11C90/11C91 r---

18011 2(3) I 
I 

62011 L ___ 

GND 

TL/F/9892-13 

FIGURE 6. Faster Low Impedance TTL to ECL Interface 
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Functional Description (Continued) 

The ECL outputs have no pull-down resistors and can drive 
series or parallel terminated transmission lines. For short 
interconnections that do not require impedance matching, a 
270!1 to 51 on resistor to VEE can be used to establish the 
Vol level. Both Vee pins must always be used and should 

Logic Diagram 11 C90 

2 Kil 

be connected together as close to the package as possible. 
Pin 12 must always be connected to the VEE side of the 
supply, while pin 13 is required only if the TTL output is 
used. Low impedance Vee and VEE distribution and RF by
pass capacitors are recommended to prevent crosstalk. 

CP 
So 

TL/F/9892-6 

Note: This diagram is provided for understanding of logic operation only. It should not be used for evaluation of propagation delays as many internal functions are 
achieved more efficiently than shown. 

Count Sequence Table 11 C90 

01 02 03 04{QTTL) 

H H H H +11 
+10 L H H H 

L L H H 
L L L H 
H L L H 
H H L H 
L H H L 
L L H L 
L L L L 
H L L L 
H H L L 

TL/F/9892-7 

Note: A HIGH on MS forces all Qs HIGH. 
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Operating Mode Table 11 C90 

Inputs 

MS CE 

H x 
L H 
L L 
L L 
L L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

M1 M2 

x x 
x x 
L L 
H x 
x H 

Output 
Response 

Set HIGH 
Hold 
+ 11 
+10 
+10 



Logic Diagram 11C91 

cen------......cr--""' .__~.___--+-__ __... _ ____. __ _. 
CPu-------' 
MSo-----~.,_ _____ ~.,_ ____ _._ ____ --.....J 

Count Sequence Table 11C91 Operating Mode Table 11C91 

01 02 03{QTTL) 

H H []+6 +5 

[~ 
H 
L 
L 
L 
H 

TL/F/9892-9 

Note: A HIGH on MS forces all Os HIGH. 
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Inputs 

MS CE 

H x 
L H 
L L 
L L 
L L 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

M1 M2 

x x 
x x 
L L 
x H 
H x 

TL/F/9892-8 

Output 
Response 

Set HIGH 
Hold 
+6 
+5 
+5 

..... ..... 
0 
U> 
0 ...... ..... ..... 
0 
U> ..... 
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~National 
~ Semiconductor 

NM5100/NM100500ECL1/0 256k BiCMOS SRAM 
262, 144 x 1 Bit 

General Description 
The NM5100 and NM100500 are a 262,144-bit fully static, 
asynchronous, random access memories organized as 
262, 144 words by 1 bit. The devices are based on Nation
al's advanced one micron BiCMOS Ill process. This process 
utilizes advanced lithography and processing techniques 
with double polysilicon and double metal bringing high den
sity CMOS to performance driven ECL designs. National's 
combination of high performance technology and speed op
timized circuit designs results in a very high speed memory 
device. 

The NM5100 operates with a supply voltage of -5.2V 
± 5%, yet the input and output voltage levels are tempera
ture compensated 100k ECL compatible. The NM100500 
operates with a - 4.2V to - 4.BV supply voltage. 

Reading the memory is accomplished by pulling the chip 
select (S) pin LOW while the write enable (W) pin remains 
HIGH allowing the memory contents to be displayed on the 
output pin (Q). The output pin will remain inactive (LOW) if 
either the chip select (S) pin is HIGH or the write enable (W) 
pin is LOW. 

Writing to the device is accomplished by having the chip 
select (S) and the write enable (W) pins LOW. Data on the 

Connection Diagrams 
400 Mil Ceramic DIP 

a 24 Vee 

AO 23 D 

A1 22 

A2 21 w 
A3 20 A17 

A4 19 A16 

AS 18 A15 

A6 17 A14 

A7 16 A13 

AS 10 15 A12 

A9 11 14 A11 

VEE 12 13 A10 

TL/D/9451-1 

Top View 
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input pin will then be written into the memory address speci
fied on the address pins (AO-A 17). 

Features 
• 15 ns/ 18 ns speed grades over the commercial 

temperature range 
• Balanced read and write cycle times 
• Write cycle timing allows 33% of cycle time for system 

skews 
• Temperature compensated F100k ECL 1/0 
• Power supply -5.2V ±5% (NM5100) 
• Power supply -4.2V to -4.BV (NM100500) 
• Low power dissipation < 1.1 W 
• Soft error rate less than 100 FIT 
• Over 2000V ESD protection 
• One micron BiCMOS Ill process technology 
• Over 200 mA latch-up immunity 
• Low inductance, high density 24-pin flatpack 

365 x 535 Ceramic Flatpack 
(30 Mil Lead Pitch) 

A16 24 A15 

A17 23 A14 

w 3 22 A13 

4 21 A12 

D s 20 A11 

Vee 6 19 A10 

Q 18 VEE 

AO 17 A9 

Al 16 AS 

A2 10 1S A7 

A3 11 14 A6 

A4 12 13 AS 

TL/D/9451-2 

Top View 

Pin Names 

AO-A17 Address Inputs 

s Chip Select 

w Write Enable 

Q Data Out 

D Data In 

Vee Ground 

VEE Power 
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~National 
~ Semiconductor 

NM100504/NM5104 256k BiCMOS SRAM 64k x 4 

General Description 
The NM5104 and NM100504 are 262,144-bit fully static, 
asynchronous, random access memories organized as 
65,536 words by 4 bits. The device is based on National's 
advanced one micron BiGMOS Ill process. This process uti
lizes advanced lithography and processing techniques with 
double polysilicon and double metal bringing· high density 
CMOS to performance driven EGL designs. National's com
bination of high performance technology and speed opti
mized circuit designs results in a very high speed memory 
device. 

The NM5104 operates with a supply voltage of -5.2V 
± 5%, yet the input and output voltage levels are tempera
ture compensated 100K EGL compatible. The NM100504 
operates with a - 4.2V to - 4.8V supply voltage. 

Reading the memory is accomplished by pulling the chip 
select (S) pin LOW while the write enable (W) pin remains 
HIGH allowing the memory contents to be displayed on the 
output pins (Q0-03). The output pins will remain inactive 
(LOW) if either the chip select (S) pin is HIGH or the write 
enable (W) pin is LOW. 

Writing to the device is accomplished by having the chip 
select (S) and the write enable (W) pins LOW. Data on the 

Connection Diagrams 

28-Pin Ceramic DIP 

02 28 Yee 
03 27 01 

AO 3 26 00 

A1 4 25 03 

A2 5 24 02 

A3 6 23 01 

A4 7 22 DO 

AS 8 21 s 
AS 9 20 w 
A7 10 19 A15 

AB 11 18 A14 

A9 12 17 A13 

A10 13 16 A12 

VEE 14 15 A11 

TL/D/10390-1 

Top View 
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input pins will then be written into the memory address 
specified on the address pins (AO-A 15). 

Features 
• Speed Grades: 12 ns/15 ns/18 ns 
• Speed Grades: 15 ns/18 ns (NM100504) 
• Balanced read and write cycle times 
• Write cycle timing allows 33% of cycle time for system 

skews 
• Temperature compensated F1 OOK EGL 1/0 
• Power supply -5.2V to ±5% (NM5104) 
• Power supply -4.2V to -4.8V (NM100504) 
• Low power dissipation < 1.4W @ 50 MHz 
• Soft error rate less than 100 FIT 
• Over 2000V ESD protection 
• One micron BiGMOS Ill process technology 
• Over 200 mA latch-up immunity 
• Low inductance, high density 28-pin flatpak and 28-pin 

ceramic DIP 

28-Pin Ceramic Flatpak 
(30 Mii Lead Pitch) 

DO 1 

w 
A15 

A14 

A13 

A12 

Yee A11 

Q2 VEE 

03 A10 

AO 

AS 

A2 

A3 13 16 A6 

A4 14 15 AS 

TL/D/10390-2 

Top View 

Pin Names 

AO-A15 Address Inputs 

s Chip Select 

w Write Enable 

QO-Q3 Data Out 

DO-D3 Data In 

Vee Ground 

VEE Power 



~National 
D Semiconductor 
NM100494 64k BiCMOS SRAM 16k x 4 Bit 

General Description 
The NM100494 is a 65,536-bit fully static, asynchronous, 
random access memory organized as 16,384 words by 4 
bits. The device is based on National's advanced one mi
cron BiCMOS Ill process. This process utilizes advanced 
lithography and processing techniques with double polysili
con and double metal bringing high density CMOS to per
formance driven ECL designs. National's combination of 
high performance technology and speed optimized circuit 
designs results in a very high speed memory device. 

The NM100494 operates with a -4.2V to -4.8V supply 
voltage. Reading the memory is accomplished by pulling the 
chip select (S) pin LOW while the write enable (W) pin re
mains HIGH allowing the memory contents to be displayed 
on the output pins (00-03). The output pins will remain 
inactive (LOW) if either the chip select (S) pin is HIGH or the 
write enable (W) pin is LOW. 

Writing to the device is accomplished by having the chip 
select (S) and the write enable (W) pins LOW. Data on the 
input pins will then be written into the memory address 
specified on the address pins (AO-A 13). 

Connection Diagrams 
28-Pln Ceramic DIP 

DO 28 
DO 

01 2 27 w 
01 

02 26 NC 02 
03 25 A13 03 
00 24 A12 00 
01 23 A11 01 

Vee 22 A10 Vee 
Vcco 21 VEE 02 

02 20 A9 03 

03 10 19 AB NC 

AO 11 18 A7 AO 

A1 12 17 AS A1 

A2 13 16 AS A2 

A3 14 15 A4 A3 

TL/0/10391-2 

Top View 
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Features 
• 15 ns/18 ns speed grades over the commercial tem

perature range 
• Balanced read and write cycle times 
• Write cycle timing allows 33% of cycle time for system 

skews 
• Temperature compensated F100K ECL 1/0 
• Power supply -4.2V to -4.8V 
• Low power dissipation < 1.3W @ 50 MHz 
• Soft error rate less than 100 FIT 
• Over 2000V ESD protection 
• One micron BiCMOS Ill process technology 
• Over 200 mA latch-up immunity 
• Low inductance, high density 28-pin flatpak and 28-pin 

ceramic DIP 

28·Pln Ceramic Flatpak 
(30 Mil Lead Pitch) 

1 28 

2 27 w 
3 26 NC 

4 25 A13 

5 24 A12 

23 A11 

22 A10 

8 21 VEE 
9 20 A9 

10 19 AS 

11 18 A7 

12 17 AS 

13 16 AS 

14 15 A4 

TL/D/10391-3 

Top View 

Pin Names 

AO-A13 Address Inputs 

s Chip Select 

w Write Enable 

00-03 Data Out 

DO-D3 Data In 

Vee Ground 

VEE Power 



~ 
O> 

~ ~National 
~ ~ Semiconductor 

NM10494 64k BiCMOS SRAM 16k x 4 Bit 

General Description 
The NM10494 is a 65,536-bit fully static, asynchronous, ran
dom access memory organized as 16,384 words by 4 bits. 
The device is based on National's advanced one micron 
BiCMOS Ill process. This process utilizes advanced lithog
raphy and processing techniques with double polysilicon 
and double metal bringing high density CMOS to perform
ance driven ECL designs. National's combination of high 
performance technology and speed optimized circuit de
signs results in a very high speed memory device. 

The NM10494 operates with a supply voltage of -5.2V 
± 5%, and the input and output voltage levels are 10k ECL 
1/0 compatible. 

Reading the memory is accomplished by pulling the chip 
select (S) pin LOW while the write enable (W) pin remains 
HIGH allowing the memory contents to be displayed on the 
output pins (00-03). The output pins will remain inactive 
(LOW) if either the chip select (S) pin is HIGH or the write 
enable (W) pin is LOW. 

Writing to the device is accomplished by having the chip 
select (S) and the write enable (W) pins LOW. Data on 

AO-A13 Address Inputs 

s Chip Select 

w Write Enable 

00-03 Data Out 

DO-D3 Data In 

Vee Ground 

VEE Power 

the input pins will then be written into the memory address 
specified on the address pins (AO-A13). 

Features 
• 10 ns/ 12 ns/ 15 ns speed grades over the commercial 

temperature range 
• Balanced read and write cycle times 
• Write cycle timing allows 33% of cycle time for system 

skews 
• 10k ECL 1/0 
• Power supply -5.2V ±5% 
• Low power dissipation < 1.3W @ 50 MHz 
• Soft error rate less than 100 FIT 
• Over 2000V ESD protection 
• One micron BiCMOS Ill process technology 
• Over 200 mA latch-up immunity 
• Low inductance, high density 28-pin flatpak and 28-pin 

ceramic DIP 
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~National 
~ Semiconductor 

PRELIMINARY 

NM100492/NM4492 2k x 9 Advanced Self-Timed SRAM 

Features 
• Extremely fast access time 

- 5 ns Max (NM4492) 
- 7 ns Max (NM100492) 

• Power supply: -5.2V ± 5% (NM4492) 
• Power supply: -4.2V to -4.8V (NM100492) 
• Completely self-timed read and write cycle 
• On-chip input and output registers 
• Modest power consumption-2W at 7 ns, < 1.5W at 

100 MHz 
• On-chip parity checking-with odd address parity mode 

pin 
• Clock enable input simplifies pipeline control 
• Scan diagnostics supported by on-chip scan registers 
• High speed ceramic flatpak 
• High speed TapePak™ package under development 
• 1/0 compatible with F1 OOk standard 

General Description 
The NM100492/NM4492 is an extremely high performance 
2k x 9 SAAM. It is the first of a family of similar 9-bit wide 
SRAMs designed specifically for very high speed ECL com
puter applications such as register files, writable control 
stores, cache RAMs, cache tag RAMs, and address transla
tion lookaside buffers. The NM100492/NM4492 offers sev
eral features which are very desirable in such applications. 

ADVANCED SELF-TIMED ARCHITECTURE 

This advanced self-timed RAM simplifies the system design 
of extremely fast memory arrays by minimizing the impact of 
timing skews on the cycle time of the memory array. All 
input signals (address, data and control signals) are regis
tered on-chip by a transition of the clock. By registering all 
inputs with minimal setup and hold times (setup + hold = 

2 ns) the troublesome skews inherent with traditional static 
RAM timing requirements are significantly reduced. With 
skew problems minimized, very short cycle times become 
practical. Output registers (self-timed on-chip) hold output 
data valid for an extended portion of the cycle easing sys
tem read timing requirements. 

HIDDEN WRITE CYCLE MODE 

The hidden write cycle timing allows relaxed data bus tim
ing. This will often ease system setup and hold require
ments for the data output bus. Hidden write timing is essen
tially a technique for interleaving reads and writes. This ad
vanced self-timed SAAM supports hidden write timing more 
conveniently in the system than first generation self-timed 
SRAM's, due to the unique control signal functions defined 
for write enable (W) and chip select (S). By keeping the 
output register active (with the last read data) during a write 
cycle, this device greatly simplifies the timing of interleaved 
memory architectures. This mode may be very useful in 
cache and register file applications, where multiple sources 
and/or destinations may be interleaved within each ma
chine cycle. 
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PARITY CHECKING 

The device also offers several convenient features which 
may be useful in specific applications. One such feature is 
the on-chip parity checking function. For systems where 
parity checking is desirable this device will check for odd 
parity on the 9-bit data input field, and will check for either 
even or odd parity (depending on the polarity of the parity 
mode pin - PM) on the 11-bit address field combined with 
the address parity input. Odd parity is met when the number 
of highs in the field is odd. Address parity checking can be 
conveniently disabled if desired, allowing data field only par
ity checking. If either the data or address demonstrates a 
parity error, then the parity error output flag is set. The polar
ity of the error output flag facilitates emitter dot ORing sev
eral error outputs for minimal delay. The parity checking fea
ture is benign in the sense that if parity checking is not 
desired, the output can simply be ignored without detrimen
tal effects to normal operation. 

SERIAL SCAN DIAGNOSTICS REGISTERS 

Another convenient feature provided on-chip is the scan di
agnostics register. For system designs where scan diagnos
tics are included, this device allows observing the state of 
the input registers (scan out) and forcing the state of the 
input and output registers (scan in). For writable control 
store applications the control store can be loaded via the 
serial channel (scan in), simplifying circuit board layout by 
eliminating the wide parallel data input bus structure. For 
systems where scan diagnostics are not desired, the scan 
enable input can simply be left open allowing the on-chip 
pulldown device to disable scan functions and provide nor
mal SAAM functionality. 

PIPELINE CONTROL 

Yet a third convenient feature is the clock enable input. This 
control simplifies starting and stopping pipeline operations 
in pipelined systems. It reduces, and may eliminate, the 
need to gate the clock signal external to the RAM. This 
feature is also benign since the on-chip pulldown device will 
ensure normal operation if the clock enable is not used. 

MODEST POWER CONSUMPTION 

Modest power consumption is achieved without compromis
ing device speed through very unique and innovative circuit 
design techniques (patents applied for). Power consumption 
is predominately dependent on clock frequency (1 /cycle 
time) allowing a reduction in power at lower operating fre
quency. 

F100K COMPATIBLE 1/0 
The device is 1/0 compatible with standard temperature 
compensated F1 OOK ECL logic, allowing trouble free inter
facing in high performance ECL systems. • 
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~National 
~ Semiconductor 

PAL 10/10016P8 
ECL Programmable Array Logic 

General Description 
The PAL1016P8/10016P8 is the first member of an EGL 
programmable logic device family possessing common 
electrical characteristics, utilizing an easily accommodated 
programming procedure, and produced with National Semi
conductor's advanced oxide-isolated process. This family 
includes combinatorial, and registered output devices. 

These devices are fabricated using National's proven Ti-W 
(Titanium-Tungsten) fuse technology to allow fast, efficient, 
and reliable programming. 

This family allows the designer to quickly implement the de
fined logic function by removing the fuses required to prop
erly configure the internal gates and/or registers. Product 
terms with all fuses removed assume a logical high state. All 
devices in this series are provided with an output polarity 
fuse that, if removed, will permit any output to independently 
provide a logic low when the equation is satisfied. When 
these fuses are intact the outputs provide a logic true (most 
positive voltage level) in response to the input conditions 
defined by the applicable equation. All input and 1/0 pins 
have on-chip 50 k!l pull-down resistors. 

Ordering Information 

Fuse symbols have been omitted from the logic diagrams to 
allow the designer use of the diagrams to create fuse maps 
representing the programmed device. 

All devices in this family can be programmed using conven
tional programmers. After the device has been programmed 
and verified, an additional fuse may be removed to inhibit 
further verification or programming. This "security" feature 
can provide a proprietary circuit which cannot easily be du
plicated. 

Features 
• tpo = 6 ns max 
• Eight combinatorial outputs with programmable polarity 
• Programmable replacement for conventional EGL logic 
• Both 10KH and 1 DOK 1/0 compatible versions 
• Simplifies prototyping and board layout 
• 24-pin thin DIP packages. 
• Programmed on conventional TTL PLO programmers 
• Security fuse to prevent direct copying 
• Reliable titanium-tungsten fuses 

.------------- Programmable Array Logic 
Family 

~-------- EGL 1/0 Compatibility 
10 = 10KH 

100 = 100K 

.....-------- Number of Array Inputs 

~-----Output Type 
P = Programmable Polarity 

.....----- Number of Outputs 

.'PAL 10 16 P a 
lr

Package. · 
J = 24-Pin Ceramic DIP 

Temperature Range 
C = Commercial: 

0°c to + 75°C for 1 OKH 
Q°C to + 85°C for 1 DOK 

J c 
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~National 
~ Semiconductor 

PRELIMINARY 

PAL 10/10016P8-3 {DIP Only) 
3 ns ECL ASPECT™ Programmable Array Logic 
General Description 
The PAL10/10016P8-3 is a member of the National Semi
conductor 28-pin high speed ECL PAL® family. This device 
utilizes National Semiconductor's ASPECT (Advanced Sin
gle Poly Emitter Coupled Technology) process with a newly 
developed tungsten fuse technology to provide the highest
speed user-programmable replacements for conventional 
ECL SSl-MSI logic with significant chip-count reduction. The 
JEDEC fuse-map format and programming algorithm of this 
device is compatible with those of all prior ECL PAL prod
ucts from National. 

Programmable logic devices provide convenient solutions 
for a wide variety of applications-specific functions, includ
ing random logic, custom decoders, state machines, etc. By 
programming fuse links to configure AND/OR gate connec
tions, the system designer can implement custom logic as 
convenient sum-of-products Boolean functions. System pro
totyping and design iterations can be performed quickly us
ing these off-the shelf products. 

The PAL10/10016P8-3 logic array has a total of 16 comple
mentary input pairs, 64 product terms and 8 programmable 
polarity output functions. Each output function is the OR
sum of 8 product terms. Each product term is satisfied when 
all array inputs which are connected to it (via intact fuses) 
are in the correct state as defined by the equation for that 

Ordering Information 

.----------- Programmable Array Logic Family 

.---------ECL 1/0 Compatibility: 
10=ECL10KH 

100 = ECL 100K 

.-------- Number of Array Inputs 

.-------Output Type: 
P = Programmable Polarity 

.------ Number of Outputs 

Speed Version: -3 = 3 ns tpo 

Packaging: 
N = 24-Pin Plastic DIP 
J = 24-Pin Ceramic DIP 

"Note: For PLCC see PAL 10/10016PE8-3 

r 
Temperature Range: 

C = Commercial: 
o·c to + 75°C for 1 OKH 
o·c to + 85°C for 1 OOK 

M = Extended (Military): 
- 55°C to + 12s•c for 1 OKH 
o·c to + 12s·c for 1 ooK 

PAL 100 16 P 8 -3 J C 
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product term. Each output function is provided with output 
polarity fuses. These fuses permit the designer to configure 
each output independently to produce either a logic high (by 
leaving the fuse intact) or a logic low (by programming the 
fuse) when the equation defining that output is satisfied. 

Programming equipment and software make PAL design de
velopment quick and easy. Programming is accomplished 
using TTL voltage levels and is therefore supported by in
dustry standard TTL PLO programmers. After programming 
and verifying the logic array, an additional security fuse may 
be programmed to prevent direct copying of proprietary log
ic designs. 

Features 
• High speed: tpo = 3 ns max 
• Programmable replacement for ECL logic 
• Both 1 OOK and 1 O KH 1/0 compatible versions 
• Eight output functions with programmable polarity 
• Improved programmability tungsten fuses 
• Security fuse to prevent direct copying 
• Programmed on conventional TTL PLO. programmers 
• Fully supported by PLANTM software 
• Commercial and Military ranges 

Block Diagram 
PAL 10/10016P8·3 

11 
1/0 

12 

13 

1/0 4 

1/0 8 

I 9 

110 
1/0 

111 AND 
ARRAY 

113 

114 

I 15 

116 
~18 0 

1/0 17 

1/0 21 

~200 

122 

123 
~211/0 

TL/L/10714-1 



~National 
D Semiconductor 

PRELIMINARY 

PAL 10/10016PE8-3 {PLCC Only) 
3 ns ECL ASPECT™ Programmable Array Logic 

General Description 
The PAL 10/10016PE8-3 is a member of the National Semi
conductor 28-pin high speed ECL PAL® family. This device 
utilizes National Semiconductor's ASPECT (Advanced Sin
gle Poly Emitter Coupled Technology) process with a newly 
developed tungsten fuse technology to provide the highest
speed user-programmable replacements for conventional 
ECL SSl-MSI logic with significant chip-count reduction. The 
JEDEC fuse-map format and programming algorithm of this 
device is compatible with those of all prior ECL PAL prod
ucts from National. 

Programmable logic devices provide convenient solutions 
for a wide variety of applications-specific functions, includ
ing random logic, custom decoders, state machines, etc. By 
programming fuse links to configure AND/OR gate connec
tions, the system designer can implement custom logic as 
convenient sum-of-products Boolean functions. System pro
totyping and design iterations can be performed quickly us
ing these off-the shelf products. 

The PAL10/10016PE8-3 logic array has a total of 16 com
plementary input pairs, 64 product terms and 8 programma
ble polarity output functions. Each output function is the OR
sum of 8 product terms. Each product term is satisifed when 
all array inputs which are connected to it (via intact fuses) 
are in the correct state as defined by the equation for that 

Ordering Information 
,-----------Programmable Array Logic Family 

~-------EGL 1/0 Compatibility: 
10 =EGL 10KH 

100 = EGL 100K 

~------- Number of Array Inputs 

.---------Output Type: 
PE = Expanded Programmable 

Polarity (No 1/0 Pins/PLCC 
only) 

~---- Number of Outputs 

~-- Speed Version: - 3 = 3 ns tpo 

Note: For DIP see PAL10/10016P8-3 
datasheet 

Jr 
Packaging: V = 28-Pin PLCC 

___J__ ___J___ ____J_ _.__ 

PAL 100 16 PE 8 -3 V C 

Temperature Range: 
C = Commercial: 

o·c to + 75°C for 1 OKH 
o·c to + 85°C for 1 ooK 

6-5 

product term. Each output function is provided with output 
polarity fuses. These fuses permit the designer to configure 
each output independently to produce either a logic high (by 
leaving the fuse intact) or a logic low (by programming the 
fuse) when the equation defining that output is satisfied. 

Programming equipment and software make PAL design de
velopment quick and easy. Programming is accomplished 
using TTL voltage levels and is therefore supported by in
dustry standard conventional TTL PLO programmers. After 
programming and verifying the logic array, an additional se
curity fuse may be programmed to prevent direct copying of 
proprietary logic designs. 

Features 
• High speed: tpo 3 ns max 
• Full 28-pin function (all pins used) 
• Programmable replacement for ECL logics 
• Both 100K and 10 KH 1/0 compatible versions 
• Eight output functions with programmable polarity 
• Security fuse to prevent direct copying 
• Fully supported by PLAN and other industrial software 
• High density-high performance 28-pin PLCC package 

Block Diagram 
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~ PAL 10/10016P4A 
~ 4 ns ECL Programmable Array Logic 
0 
UJ 

General Description 
The PAL1016P4A and PAL10016P4A are members of the 
National Semiconductor ECL PAL® family. The PAL10/ 
10016P4A is a functional subset of the PAL10/10016P8 
(6 ns tpd) and is compatible in pinout, JEDEC map format, 
and programming algorithm. The ECL PAL family utilizes 
National Semiconductor's advanced oxide-isolated process 
and proven Titanium-Tungsten (Ti-W) fuse technology to 
provide user-programmable logic to replace conventional 
ECL SSl/MSI gates and flip-flops. Typical chip count reduc
tion gained by using PAL devices is greater than 4:1. 

This family allows the systems engineer to customize his 
chip by opening fuse links to configure AND and OR gates 
to perform his desired logic function. Complex interconnec
tions that previously required time-consuming layout are 
thus transferred from PC board to silicon where they can 
easily be modified during prototype checkout or production. 

The PAL transfer function is the familiar sum-of-products 
implemented with a single array of fusible links. The PAL 
device incorporates a programmable AND array driving a 
fixed OR array. The AND term logic matrix incorporates 16 
complementary inputs and 32 product terms. The 32 prod
uct terms are grouped into four OR functions with eight 
product terms each. All devices in this series are provided 
with output polarity fuses. These fuses permit the designer 
to configure each output independently to provide either a 
logic true (by leaving the fuse intact) or a logic false (by 
programming the fuse) when the equation defining that out
put is satisfied. 

Product terms with all fuses programmed assume a logical 
high state, while product terms connected to both the true 

Ordering Information 

and complement of any input assume a logical low state. All 
product terms in an unprogrammed part are logically low. 

Fuse symbols have been omitted from the logic diagrams to 
allow the designer use of the diagrams for logic editing. 

These ECL PAL devices may be programmed on many PLO 
programmers. Programming is accomplished using TTL 
voltage levels. Once programmed and verified, an additional 
fuse may be programmed to disable further verification. This 
feature gives the user a proprietary circuit which is difficult 
to copy. 

Features 
• High speed: 

Combinatorial outputs 
tpd = 4 ns max 

• Both 10 KH and 1 OOK 1/0 compatible versions 
• Four output functions; sixteen dedicated inputs 
• Individually programmable polarity for all logic outputs 
• Reliable titanium-tungsten fuses 
• Security fuse to prevent direct copying 
• Programmed on many PLO programmers 
• Fully Supported by PLAN™ Software 
• Packaging: 

24-pin thin DIP (0.300") 
24-pin QUAD CERPAK 

Applications 
• Programmable replacement for ECL logic 
• Address or instruction decoding 

The device number is used to form part of a simplified purchasing code where a package type and temperature range are 
defined as follows: 

~------------Programmable Array Logic Family 
~----------EGL 1/0 Compatible 

10 = 10 kH 
100 = 100k 

~--------Number of Array Inputs 
~------Output Type 

P = Combinatorial with Programmable Polarity 
~-----Number of Outputs 

~---Speed Range 
No Symbol = Standard Speed (6 ns) 
A = High Speed (4 ns) 

Ir Pa~~g~eramic DIP 
W = Quad Cerpack 

r Temperature Range 
c = o•cto +75°Cfor10kH 
o•c to + es•c for 1 ook 

4 A J C 
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~National 
~ Semiconductor 

PRELIMINARY 

PAL 10/10016P4-2 (DIP Only) 
2 ns ECL ASPECT™ Programmable Array Logic 

General Description 
The PAL 10/10016P4-2 is a member of the National Semi
conductor 28-pin high speed ECL PAL® family. This device 
utilizes National Semiconductor's ASPECT (Advanced Sin
gle Poly Emitter Coupled Technology) process with a newly 
developed tungsten fuse technology to provide the highest
speed user-programmable replacements for conventional 
ECL SSl-MSI logic with significant chip-count reduction. The 
JEDEC fuse-map format and programming algorithm of this 
device is compatible with those of all prior ECL PAL prod
ucts from National. 

Programmable logic devices provide convenient solutions 
for a wide variety of application-specific functions, including 
random logic, custom decoders, state machines, etc. By 
programming fuse links to configure AND/OR gate connec
tions, the system designer can implement custom logic as 
convenient sum-of-products Boolean functions. System pro
totyping and design iterations can be performed quickly us
ing these off-the-shelf products. 

The PAL 10/10016P4-2 logic array has a total of 16 comple
mentary input pairs, 32 product terms and 4 programmable 
polarity output functions. Each output function is the OR
sum of 8 product terms. Each product term is satisfied when 
all array inputs which are connected to it (via intact fuses) 
are in the correct state as defined by the equation for that 

Block Diagram PAL10110016P4-2 

VEE = 12, Vee = 24, Vcco (5, 7) = 6 

Vcco (18, 20) = 19 
Pinout applies to 24-pin DIP 
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product term. Each output function is provided with output 
polarity fuses. These fuses permit the designer to configure 
each output independently to produce either a logic high (by 
leaving the fuse intact) or a logic low (by programming the 
fuse) when the equation defining that output is satisfied. 

Programming equipment and software make PAL design de
velopment quick and easy. Programming is accomplished 
using TTL voltage levels and is therefore supported by in
dustry standard TTL PLO programmers. After programming 
and verifying the logic array, an additional security fuse may 
be programmed to prevent direct copying of proprietary log
ic designs. 

Features 
• Highest speed: tpo = 2.5 ns max 
• Programmable replacement for ECL logic 
• Both 1 OOK and 10 KH 1/0 compatible versions 

• Four output functions with programmable polarity 
• Improved programmability tungsten fuses 

• Security fuse to prevent direct copying 
• Programmed on conventional TTL PLD programmers 

• Fully Supported by PLAN™ Software 
• Commercial and Military ranges 
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~National 
D Semiconductor 

PRELIMINARY 

PAL 10/10016C4-2 (PLCC Only) 
2 ns ECL ASPECT™ Programmable Array Logic 

General Description 
The PAL10/10016C4-2 is a member of the National Semi
conductor 28-pin high speed ECL PAL® family. This device 
utilizes National Semiconductor's ASPECT (Advanced Sin
gle Poly ECL Technology) Process with a newly developed 
tungsten fuse technology to provide the highest-speed user
programmable replacements for conventional ECL SSl-MSI 
logic with significant chip-count reduction. The JEDEC fuse
map format and programming algorithm of this device is 
compatible with those of all prior ECL PAL products from 
National. 
Programmable logic devices provide convenient solutions 
for a wide variety of application-specific functions, including 
random logic, custom decoders, state machines, etc. By 
programming fuse links to configure AND/OR gate connec
tions, the system designer can implement custom logic as 
convenient sum-of-products Boolean functions. System pro
totyping and design iterations can be performed quickly us
ing these off-the-shelf products. 
The PAL 10/10016C4-2 logic array has a total of 16 comple
mentary input pairs, 32 product terms and 4 complementary 
output functions. Each output funct.ion is the OR-sum of 8 
product terms. Each product term is satisfied when all array 
inputs which are connected to it (via intact fuses) are in the 
correct state. Complementary outputs eliminate the need 

Ordering Information 

for external inverters and allow for more convenient output 
OR-tying. They are also suitable for differential sensing for 
increased noise immunity. All input pins have on-chip 50 kn 
pull-down resistors. 
Programming equipment and software make PAL design de
velopment quick and easy. Programming is accomplished 
using TTL voltage levels and is therefore supported by sev
eral conventional TTL PLO programming units. After pro
gramming and verifying the logic array, an additional securi
ty fuse may be programmed to prevent direct copying of 
proprietary logic designs. 

Features 
• Highest speed: tpo = 2 ns max 
• Full 28-pin function 
• Programmable replacement for ECL logic 
• Both 1 OOK and 10 KH 1/0 compatible versions 
• Four output functions with complementary outputs 
• Improved programmability tungsten fuses 
• Security fuse to prevent direct copying 
• Programmed on conventional TTL PLO programmers 
• Fully Supported by PLAN™ Software 
• High density-High performance 28-pin PLCC package 

Block Diagram , 

.-----------------Programmable Array Logic Family 

.--------------ECL 1/0 Compatibility: 
PAL 10/10016C4·2 

10 = ECL 10 KH 
100 = ECL 100K 

.------------Number of Array Inputs 

.----------Output Type: 
C = Complementary 
P = Programmable Polarity 

.---------Number of Outputs 

.------- Speed Version: - 2 = 2 ns tpo 

Jr 
Packaging: V = 28-Pin PLCC 

. 

*Note: For DIP see PAL10/10016 
P4-2 datasheet. 

r Temperature Range: 
C = Commercial: 

0°c to + 75°C for 10 KH 
0°C to + 85°C for 1 OOK 

PAL 100 16 C 4 -2 V C 
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VEE = 14, Vee= 20, Veeo (5, 6, a, 9) = 7 

Veeo (21, 22, 24, 25) = 23 

Pinout applies to 28-pin PLCC 



~National 
~ Semiconductor 

PAL 10/10016RD8 ECL Registered 
Programmable Array Logic 

General Description 
The registered ECL PAL 10/10016RD8 is offered in 1 OKH or 
1 OOK compatible versions. A maximum propagation delay of 
6 ns (input to output) characterizes the performance of this 
ECL PAL® series. The ECL PAL family utilizes National 
Semiconductor's advanced oxide-isolated process and 
proven Titanium Tungsten (Ti-W) fuse technology to provide 
user-programmable logic to replace conventional ECL SSI/ 
MSI gates and flip-flops. Typical chip count reduction gained 
by using PAL devices is greater than 4:1. 

This family allows the system engineer to customize the 
chip by opening fuse links to configure AND and OR gates 
to perform the desired logic function. Complex interconnec
tions that previously required time-consuming layout are 
thus transferred from PC board to silicon where they can 
easily be modified during prototype checkout or production. 

The PAL transfer function is the familiar sum-of-products 
implemented with a single array of fusible links. The PAL 
device incorporates a programmable AND array driving a 
fixed OR array. The AND term logic matrix incorporates 16 
complementary inputs and 64 product terms. The 64 prod
uct terms are grouped into eight OR functions with eight 
product terms each. All devices in this family are provided 
with output polarity fuses. These fuses permit the designer 
to configure each output independently to produce either a 
logic high (by leaving the fuse intact) or a logic low (by pro
gramming the fuse) when the equation defining that output 
is satisfied. In addition, the ECL PAL family offers these 
options: 

• Output registers 

• Dual (split) clocks 

Product terms with all fuses programmed assume a logical 
high state, while product terms connected to both the true 
and complement of any input assume a logical low state. All 
product terms in an unprogrammed part are logically low. All 
input and 1/0 pins have on-chip 50 kn pull-down resistors. 
Registers consist of D-type flip-flops which are loaded in 
response to the low-to-high transition of the clock input(s). 

6-9 

Fuse symbols have been omitted from the logic diagrams to 
allow the designer use of the diagrams for logic editing. 

These ECL PAL devices may be programmed on several 
TTL PLO programmers. Programming is accomplished with 
TTL voltage levels. Once the PAL is programmed and veri
fied, an additional security fuse may be programmed to de
feat verification. This feature gives the user a proprietary 
circuit which is difficult to copy. 

Features 
• High speed: 

Combinatorial outputs 
tpd = 6 ns max 

Registered outputs 
tsu = 5 ns min 
tclk = 3.5 ns max 
fmax = 117 MHz max 

• Both 10 KH and 1 OOK 1/0 compatible versions 
• Eight output functions with feedback; eight dedicated 

inputs 
• Eight registered outputs 
• Individually programmable polarity on all logic outputs 

• Output enable gate on all registered outputs 
• Reliable Titanium Tungsten fuses 
• Security fuse to prevent direct copying 

• Programmed on conventional TTL PLO programmers 
• Fully Supported by PLAN™ Software 

• Packaging: 
24-pin thin DIP (0.300") 
24-pin QUAD CERPAK 

Applications 
• Programmable replacement for ECL logic 
• Programmable state machine 

• Address or instruction decoding 
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~National 
U Semiconductor 
PAL 10/10016RM4A 
ECL Registered Programmable Array Logic 
General Description 
The PAL 10/10016RM4A is a member of the National Semi
conductor EGL PAL® family. The EGL PAL Series-A is char
acterized by 4 ns maximum propagation delays (combinato
rial input-to-output). The pinout, JEDEG fuse-map format 
and programming algorithm of these devices are compatible 
with those of all prior EGL PAL products from National. Se
ries-A EGL PAL devices are manufactured using National 
Semiconductor's advanced. oxide-isolated process with 
proven titanium-tungsten fuse technology to provide high
speed user-programmable replacements for conventional 
EGL SSl/MSI logic with significant chip-count reduction. 

Programmable logic devices provide convenient solutions 
for a wide variety of application-specific functions, including 
random logic, custom decoders, state machines, etc. By 
programming fuse links to configure AND/OR gate connec
tions, the system designer can implement custom logic as 
convenient sum-of-products Boolean functions. System pro
totyping and design iterations can be performed quickly us
ing these off-the-shelf products. 

The PAL10/10016RM logic array has a total of 16 comple
mentary input pairs, 32 product terms and four output func
tions; each output function is the' OR-sum of B product 
terms. The 16RM4A provides an edge-triggered D-type reg
ister on each of its four outputs. Registers allow the PAL 
device to implement sequential logic circuits. Polarity fuses 
allow each output to be active-high or active-low. 

Ordering Information 
The device number is used to form part of a simplified pur
chasing code where a package type and temperature range 
are defined as follows: 

r----

r---

~ 
PAL 1016RM4AJC 

Programmable Array Logic Family 
ECL 1/0 Compatibility: 

10 = 10 kH 
100 = 100K 

Number of Arrays 
Output Type: 

RM = Registered with Multiple Clocks 
Number of Registered Outputs 
Speed/Power Version: 

No Symbol = 6 ns tpo 
A= 4 nstpo 

Package: 
J = 24-Pin Ceramic DIP 

W = 24-Pin Quad Cerpak 
Temperature Range: 

C = Commercial: 
o·c to + 1s•c for 1 o kH, 
o•c to + as•c for 1 OOk 

Programming equipment and software make PAL design de
velopment quick and easy. Programming is accomplished 
using TTL voltage levels and is therefore supported by sev
eral conventional TTL PLO programming units. After pro
gramming and verifying the logic array, an additional securi
ty fuse may be programmed to prevent direct copying of 
proprietary logic designs. 

Features 
• High speed: 

tsu = 3 ns min 
tcLK = 2 ns max 
fMAX = 200 MHz max (registered) 
tpo = 4 ns max (combinatorial) 

• Programmable replacement for EGL SSl/MSI logic 
• Both 1 O KH and 100K 1/0 compatible versions 
• Four registered output functions with 1/0 pin feedback; 

twelve dedicated inputs 
• Individually programmable polarity on all logic outputs 
• Reliable Titanium Tungsten fuses 
• Security fuse to prevent direct copying 
• Programmed on conventional TTL PLO programmers 
• Fully Supported by PLAN™ Software 

• Packaging: 
24-pin thin DIP (0.300") 
24-pin Quad Gerpak 

Block Diagram 

MR-
1
------------------. 

c1!..
9 ---f"""""""'>----------. 

VEE = 12, Vee= 24, Veeo (5,7) = 6, Veeo (18,20) = 19 

Pinout applies to 24-pin DIP. 
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~National 
~ Semiconductor 
FGA Series ASPECT™ ECL Gate Arrays 
General Description 
The FGA Series is a new generation of ECL gate arrays 
based on National's ASPECT process. These advanced 
ECL gate arrays, ranging from 200 to over 30,000 equiva
lent gates, offer typical internal propagation delays of 
150 ps and consume thirty percent less power than conven
tional ECL arrays. (Refer to Table I.) 

With system clock frequencies up to 1.2 GHz, the speed 
domain of Gallium Arsenide, FGA Series gate arrays are 
especially well-suited for such high-performance applica
tions as mainframe and supermini computers, fiber-optic 
communications, and many military and aerospace systems. 

With only internal cells and 1/0 cells, FGA Series arrays are 
easy to use. Designers can implement logic using two-level 
or three-level series gating circuit structures within an array, 
with no complex signal mixing rules required. An extensive 
macro library, common to all FGA Series arrays, contains 
more than eighty SSl/MSI logic functions and 36 supporting 
1/0 macros. In addition, internal macros may be grouped to 
form re-usable "soft macros" with even greater functional 
complexity. 

All FGA Series gate arrays feature CAD-programmable 
speed/power options that allow the designer to maximize 
performance by individually assigning the switching speed 
and output drive currents for each internal macro. The 
speed/power feature provides maximum ECL speed where 
needed, yet allows overall chip power to remain at air-coola
ble levels. On-chip termination to - 2V for the internal out
put emitter followers further reduces power consumption. 

All FGA Series products interface with ECL 1 OOK, ECL 1 OK 
and ECL 1 OKH components, and, except for the FGA200, 
FGA14000, FGA14040R, and FGA30000, are fully FAST®/ 
TTL compatible. The TTL interface eliminates requirements 
for separate off-chip signal converters in mixed logic level 
systems, thereby resulting in reduced board space and cost, 
as well as avoiding the performance and reliability penalties 
associated with off-chip signal converters. 

In addition to providing superior speed/power performance 
with high density, the ASPECT process is scalable to sub
micron dimensions. FGA Series arrays are designed to ac
commodate multiple ASPECT process generations to allow 
designs implemented today to migrate to tomorrow's arrays 
based on future ASPECT processes. 

Features 
Cl New generation ECL gate arrays with complexity to 

30,000 equivalent logic gates 
m Manufactured with 1.5-micron ASPECT process 
a CAD-programmable speed/power options 
a 150 ps typical internal delay 
Cl Flexible array architecture with only two cell types: 

Internal cells and 1/0 cells 
Cl F100K, 10K or 10KH EGL-compatible I/Os 
ll Mixable ECL/TTL I/Os 
a Allows large number of simultaneously switching 

outputs 

TL/U/10560-1 

FIGURE 1. FGA Series Gate Array 
Note 1: FGA150, 600, 1300, 4000 and 15000 offer mixable ECL/TIL I/Os. 
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Absolute Maximum Ratings (Note 1) 

If Military/Aerospace specified devices are required, Note: Stresses greater than those listed in ''Absolute Maxi-
please contact the National Semiconductor Sales mum Ratings" may cause permanent damage to the device. 
Office/Distributors for availability and specifications. This is a stress rating only; operation of the device at any 

Storage Temperature (T sTG) -65°C to+ 150°C condition above those indicated in the operational sections 

Maximum Junction Temp. (T J) + 150°C 
of these specifications is not implied Exposure to absolute 
maximum rating conditions for extended periods may affect 

Case Temp. under Bias (Tc) - 55°C to + 125°C device reliability. 
VEE Pin Potential to 

Vee Pins (VMAX) - 7.0V to + 0.5V DC Specifications 
Input Voltage (DC) (V1) VEE to (Vee + 0.5V) All FGA Series gate arrays operate from a standard ECL 
Output Current (DC Output HIGH) (lo) -50mA power supply and an additional - 2V supply (Vn) which 

Operating Range ECL (VEE) -5.7V to -4.2V terminates internal cell emitter followers to reduce power 

Operating Range TTL (VnLJ 4.5Vto 5.5V 
consumption. With F1 OOK inputs and outputs, the FGA se-
ries is designed to operate from a standard 1 OOK power 
supply, although a standard 1 OK power supply may be used 
instead. When used for mixed ECL/TTL operations, an ad-
ditional power supply is required. The following table pro-
vides the power requirements for each allowable interface 
configuration. 

Power Supply Requirements 
1/0 Vee (V) Vn (V)(Note 2) VEE (V) VrrL(V) Arrays 

F100K GND -1.9to -2.1 -4.2to -5.7 - All 
F10K GND -1.9 to -2.1 -4.7to -5.7 -
F100K/TTL GND -1.9to -2.1 -4.2to -5.7 4.5 to 5.5 Except FGA200, 

F10K/TTL GND -1.9 to -2.1 -4.7to -5.7 4.5 to 5.5 FGA 14000, FGA 14040R 
and FGA 30000 

Pseudo TTL VnL (VnL -2) ±0.1 GND 4.75 to 5.25 

F100K ECL DC Characteristics 
VEE= -4.5V, Vn = -2V, Vee= VeeA = GND, TJ = -10°c to +125°C (Note 3) 

Symbol Parameter Conditions (Note 4) Min Typ Max Units 

VoH Output HIGH Voltage V1N = V1H Jmax) Loaded with 500. to - 2.0V 
-1035 -955 -870 mV 

Vol Output LOW Voltage orV1L(mir]_ -1830 -1705 -1605 mV 

V1H (Note 5) Input HIGH Voltage Guaranteed HIGH Signal for All Inputs -1125 -880 mV 

V1L (Note 5) Input LOW Voltage Guaranteed LOW Signal for All Inputs -1810 -1520 mV 

Note 1: Unless otherwise specified contractually. 
Note 2: For internal cell output emitter follower termination to save power. 
Note 3: Equilibrium temperature 
Note 4: Conditions for testing are chosen to guarantee operation under worst case conditions. 
Note 5: Forcing one input at a time. Apply V1H (max) or V1L (min) to all other inputs. 
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F10K ECL DC Characteristics vEE = -5.2v, vn = -2v, Vee= VeeA = GND 

Parameter Conditions 
Junction Temperature 

o·c 2s·c ss·c 
VoHMax -897 -862 -810 

VoH Min V1H = V1H Max -1112 -1077 -1025 

VoL Max V1L = V1LMin -1656 -1644 -1620 

VoL Min -1920 -1920 -1920 

V1H Max (Note 1) -888 -858 -810 

V1L Min (Note 1) -1920 -1920 -1920 

V1HA Min (Note 1) -1209 -1172 -1125 

V1LA Max (Note 1) -1604 -1567 -1520 

TTL DC Characteristics over Operating Temperature Range 
Vee= sv ±5%, TJ = -10·c to +125°C 

Symbol Parameter Conditions Min 

VoH Output HIGH Voltage loH = -400 µA J Vee= 4.75V 2.7 

VoL Output LOW Voltage loH = 8.0 mA/20 mA J Vee= 4.75V -
V1H Input HIGH Voltage 2.0 

V1L Input LOW Voltage -
l1H Input HIGH Current (Note 2) Vee= 5.25V, V1N = 2.4V -
l1L Input LOW Current (Note 2) Vee = 5.25V, V1N = 0.4V -
lozH Output OFF Current HIGH Vee = 5.25V, VouT = 2.4V -
lozL Output OFF Current LOW Vee = 5.25V, VouT = 0.4V -
los Output Off Short Circuit Current 8/20 mA Driver I Vee= 5.25V -15 

(Note3) VouT = o 
Note 1: Forcing one input at a time. Apply V1H (max) or V1L (min) to all other inputs. 

Note 2: Current per input. 

Note 3: Not more than one output should be shorted at a time. Output should not be shorted for more than one second. 
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12s·c 
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FGA Series ECL Gate Array Family 
TABLE I. The FGA Gate Array Serles 

Description FGA0150 FGA0200 FGA0600 FGA1300 FGA4000 FGA14000 FGA14040R FGA15000 FGA30000 

Equivalent 
269 269 792 1642 4704 

7853 + 4.6K 
Gates 

16709 
RAM 

16644 28486 

Internal 2624 Plus 
Cells (MAU) 

75 75 240 528 1600 5904 5920 10266 
RAM 

Internal Gate 
150PS 150PS 

Delay 
150PS 150PS 150PS 150PS 150PS 150PS 150PS 

Speed/Power 
Yes Yes Yes Yes Yes Yes 

Options 
Yes Yes Yes 

100K/10K/10KH 
Yes 

Compatible 
Yes Yes Yes Yes Yes Yes Yes Yes 

ECL/TIL 
Mixed 1/0 

22 0 36 72 128 0 0 220 0 

ECLOnly 1/0 0 22 12 0 0 256 256 0 256 

Power/Ground 6 6 12 40 48 56 56 72 56 

Typical 
0.5-1.0 0.5-1.0 0.5-1.5 1-3 3-6 10-20 

Power(W) 
10-20 10-20 15-30 

Standard 16,24 16,24 109PGA 173PGA 
Packages Metal Flat Metal Flat 

44LDCC 
116LDCC 172LDCC 323PGA 

75PGA 
323PGA 303PGA 323PGA 

28 PLCC/LDCC 28 PLCC/LDCC 75PGA* 99PGA** 

Available Now Now Now Now Now Now Now Now 1090 

*Maximum of 48 1/0 

.. Maximum of 64 1/0 

ASPECT Process Such resistors exhibit low junction capacitance, making 

FGA Series arrays use a National proprietary process called 
them ideal passive elements for high-speed logic circuits. 

ASPECT which uses conservative 1.5-micron design rules 
An important feature is the self-aligning process used in 

to achieve VLSI density and 150 ps typical internal gate 
ASPECT gate arrays. This insensitivity to misalignment 

delays at thirty percent of conventional ECL power con-
makes ASPECT a high-yield process and enables the move 

sumption levels. 
to smaller geometries with less difficulty than conventional 

ASPECT is the first bipolar process to use polysilicon for 
bipolar processes. 

emitter and base structures. Polysilicide serves as a source Array Organization 
of impurities for both the emitter and the base. This permits 
the fabrication of extremely shallow (500A below the sur- Electrical components (transistors, resistors, diodes and ca-

face) emitters and narrow base regions. The combination of pacitors) are organized into repeating structures called 

shallow emitters and base leads to transistors with a very cells, Macros, which are the basic building blocks of gate 

high switching speed. ASPECT also uses polysilicon resis- array logic design, are built by interconnecting the compo-

tors. nents in one or more cells. 
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Array Organization (Continued) 

The FGA Series employs only two cell types: internal cells 
and 1/0 cells. The internal cells are the workhorses of the 
array, where most of the circuit logic is implemented. A!I 
signals going to or coming from the outside world must exit 
or enter the array through an 1/0 cell. Since all signal level 
conversions are performed in the 1/0 cells, no signal mixing 
takes place within the array, thus simplifying the design ef
fort. Cell types and their functions are described in greater 
detail in the following paragraphs. 

The bonding pads are located around the periphery of the 
array. In addition to performing 1/0 functions, some of the 
pads are reserved for power and ground busses. Biasing 
occurs in dedicated routing channels and is optimally per
formed automatically by placement and routing CAD soft
ware. 

All FGA Series arrays employ three-layer metalization for 
signals and bussing. The first metal layer connects compo
nents within macros and makes horizontal connections be
tween macros. Layer two is primarily for vertical connec
tions between macros, while layer three contains most of 
the power bussing. Future versions of the ASPECT process 
may include four metal layers. In that case, first-layer metal 
would not be needed to connect macros, thus eliminating 
routing channels and increasing gate counts for a given die 
size. 

Internal Cell and Logic Complexity 
The basic internal cell in an FGA Series array is called a 
"minimum addressable unit", or MAU. It is the smallest por
tion of the chip that a CAD system can access for placing or 
routing. 

The number of elements in this minimum cell is actually 
smaller than on any competing array. In fact, this small, 
compact cell structure, said to have a fine granularity, in
creases efficiency. In general, the larger the cell, the greater 
the likelihood that some cell resources go unused, thereby 
decreasing efficiency. 
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Single-level, two-level, and three-level series gated ECL 
structures are used in FGA Series arrays to implement vari
ous logic functions. Series gating allows complex logic func
tions to be implemented with fewer gates while maintaining 
optimum performance. Additional logic complexity at no 
cost in cell utilization may be gained in internal cells by con
necting the outputs together (emitter dotting) to form wired~ 
OR functions. 

Speed/power options can be used to assign the current 
settings in each internal cell macro. This feature allows the 
designer to maximize speed when needed, yet minimize the 
power consumption. The termination of internal output emit
ter followers to a - 2V internal bus further reduces power 
consumption. 

Typically, internal cell utilization of eighty-five pe.rcent is 
considered optimum. Designs can be completed with up to 
one-hundred percent utilization; however placement and 
routing at this level sometimes requires special interactive 
layout. 

The FGA Macro Library contains a number of physical mac
ros with MSl-level complexity. The final portion of this data 
sheet includes a representative sample of macros included 
in the FGA Series Macro Library. Full documentation for all 
macros, including specifications, can be found in the FGA 
Series Macro Library Reference Manual. 

1/0 and Interface Capabilities 
1/0 cells in the FGA Series are capable of performing input, 
output, transceiver logic and ECL/TTL conversion fu~c

tions. The array's 1/0 organization is flexible, with each sig
nal pad supported by a dedicated 1/0 cell. An incoming sig
nal can enter the internal array through any 1/0 cell and, 
after completing the logic implementation, can then exit the 
array through any 1/0 cell without restriction. 

The flexible functionality of individual 1/0 cells can be espe
cially useful in system applications requiring latched inputs 
and outputs. The ability of an FGA Series 110 cell to be 



1/0 and Interface Capabilities 
(Continued) 

configured as a latch saves having to use an internal cell for 
this function. In addition, although most ECL devices drive 
50!l. loads, I/Os can be paired to drive 25!l. loads. 

Each 1/0 cell offers a choice of signal termination options. 
For relatively short signal paths, designers may build series
terminated outputs, simplifying designs in systems where 
placing termination resistors on the board is not practical. 
To minimize noise, internal pull-down resistors are provided 
to keep unused inputs from floating. 

Either F1 OOK, 1 OK, or 1 OKH interface capability is available 
on all FGA Series arrays. All input thresholds and logic lev
els must uniformly belong to the same ECL family. Likewise, 
the output interface must be the same as that used for input. 
With the exception of the FGA0200, FGA 14000, 
FGA 14040R and FGA30000, each 1/0 can also be a mixa
ble ECL/TTL 1/0. This means that every 1/0 can be inde
pendently configured as either ECL or TTL. The TTL 1/0 is 
capable of producing totem-pole, open-collector, or three
state output levels. Figure 2 illustrates the acceptable inter
face options for FGA Series arrays. 

r-1\ ~ 
100K ECLl-i! L:_J 

10K or IOKH ECLq 

100K or 10K ECL ¢ 

ALL 
ARRAYS 

ALL EXCEPT 
FGA14000 
FGA14040R 
FGA0200 

FGA30000 

¢100K ECL 

q 10K or 10KH ECL 

¢ 100K or 10K ECL 

TL/U/10560-5 

FIGURE 2. Interface Capabilities 

Embedded RAM 
The embedded RAM block is a self-timing memory device 
with the capabilities of supporting various memory configu
rations, different bit select patterns, output power options, 
and different clock systems. The embedded RAM block 
contains 576 bits, and is organized as 64 words by 9 bits. 
There are 8 RAM blocks in the FGA 14040R with the total of 
4608 bits. Each embedded RAM block has its own built-in 
decoder and control circuit, thus improving system perform
ance and reliability while saving board space. The embed
ded RAM has three modes of operation, Normal mode, 
Scan mode and Test mode. At high power operation, the 
typical access time is 3.75 ns and the worst case access 
time is 5 ns. Two output drive options, 0.6 mA and 1.2 mA, 
are available to support the driving capabilities of the em
bedded RAM. Note that the memory is called self-timed 
memory device because it generates and shapes its own 
write strobe internally. This pulse is generated off of the 
rising edge of the clock which is applied to the embedded 
RAM. 
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Speed/Power Options 
Speed/power options are a feature of all FGA Series gate 
arrays. This feature allows the designer to maximize speed 
where needed, yet minimize overall chip power consump
tion. 

Two sets of macros are available for each logic function in 
the FGA arrays, the standard macros and the double mac
ros (see Table IV). The double macros use two times as 
much current as standard macros, and are designed for use 
in the critical circuitry. These two macro types can be used 
interchangeably within the same chip. 

Essentially, speed/power options are used to assign one or 
two current values (high = 0.3 mA, low = 0.15 mA) to the 
current source which controls switching speed; and one of 
two current values (high = 0.6 mA, low = 0.3 mA) to the 
true and complement outputs for output drive currents. The 
latter setting permits zero power consumption for unused 
outputs. Figure 3 illustrates circuit options for each of the 
three settings. 

Vee 

RESISTORS 
CHANGED BY 

FUNCTIONAL 'PWR' 
SPEED/POWER 

ATTRIBUTE 

Vee 

ZN 

---+--z 

Vrr 

~~ 

'Z' 'ZN' 
RESISTORS INDEPENDENTLY 

CHANGED BY OUTPUT 
PULLDOWN SPEED/POWER 

ATTRIBUTES 
TL/U/ 10560-6 

FIGURE 3. Speed/Power Options 

The speed/power options are assigned during schematic 
capture. Default values for each setting may be specified 
during schematic capture as well. Designers may use the 
speed/power options to fine tune the design after place
ment and routing simply by returning to schematic capture 
and reassigning values without having to repeat placement 
and routing. 

The examples in Table Ill illustrate how speed/power op
tions can affect propagation delay vs. power consumption at 
the macro level. Additional speed/power tradeoffs are listed 
in "Macro Performance Examples" later in this data sheet. 



Speed/Power Options (Continued) 

TABLE Ill. Macro Speed/Power Tradeoffs 

Macro Speed (ps) Power(mW) 

2·1nput 
High 

NOR 
235 2.5 

ORN02 Low 410 1.2 

DFlip- High 415 7.5 
Flop 
DFI01 Low 680 5.6 

TABLE IV. Current Setting of Speed/Power Options 

Current Standard Macro (S) Double Macros (D) 
µA High Speed Low Power High Speed Low Power 

Source Current 300 150 600 300 

OEF Current 600 300 600 300 

AC Specifications AC Performance Variations 

FGA Series macro propagation delays are specified as MIN, 
TYP, and MAX values, with variations due to process, power 
supply and temperature, as shown in the "AC Performance 
Variations" table. 

Variation Deratlng from Typical(%) (Note 2) 

Macro Performance Examples 
The following pages contain performance specifications for 
some important internal cell macros. Complete information, 
including design rules and application notes, can be found 
in the FGA Series Design Manual and FGA Series Macro 
Library. 

FA21D One Bit Full Adder 
with Gates Inputs 

From To 
Inputs Output 

A1,A2 s _/ 

A1,A2 s """"-.. 
81,82 s _/ 

81, 82 s """"-.. 
C1,C2 s _/ 

rA21D C1, C2 s """"-.. 
TL/U/10560-7 A1,A2 co _/ 

A1,A2 co """"-.. 
81, 82 co _/ 
81, 82 co """"-.. 
C1,C2 co _/ 
C1,C2 co """"-.. 
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Type Minimum (Note 1) Maximum (Note 3) 

Temperature -10 15 
Voltage -o -o 
Process -20 20 
Total -30% 35% 

Note 1: Minimum: TJ = 0°C, VEE = -4.BV, Best Case Process 

Note 2: Typical: TJ = 25°C, VEE = -4.5V, Normal Process 

Note 3: Maximum: TJ = 125°C, VEE = -4.2V, Worst Case Process 

Propagation Delay (units in ps) 

High Power Low Power 

Min Typ Max Min Typ Max 

330 410 550 420 530 710 
380 470 640 420 530 710 
380 470 640 470 580 790 
450 560 760 490 620 830 
200 250 340 200 250 340 
240 300 400 280 350 480 

190 230 310 190 240 330 
190 240 330 290 360 490 
240 300 400 260 330 450 
260 330 450 380 470 640 
240 300 400 260 330 450 

260 330 450 380 470 640 

I • 
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Macro Performance Examples (Continued) 

Current in Base Macro 

Power ATT Min Typ 

IEE(mA) 

HIGH 1.36 1.80 
LOW 0.92 1.20 

ITT(mA) 

HIGH 0.21 0.30 
LOW 0.21 0.30 

Current in Macro Outputs 

Power ATT l Min l Typ 

ITT(mA) 

HIGH l 0.42 l 0.60 
LOW 0.21 0.30 

MXDl02-D Flip Flop with 
Multiplexed Data Inputs 

DO 0 

01 

CP I ON 

MXDI02 
SO SNO 

TL/U/10560-9 

Current in Base Macro 

PowerATT Min Typ 

IEE(mA) 

HIGH 0.92 1.20 
LOW 0.68 0.90 

ITT(mA) 

HIGH 0.84 1.20 
LOW 0.84 1.20 

Max 

2.26 
1.52 

0.39 
0.39 

1 Max 

l 0.78 
0.39 

From To 
Input Output 

CP Q _/ 

CP Q "--
CP QN _r 
CP QN "-.. 

Max 

1.52 
1.14 

1.56 
1.56 
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From 
Input 

I 
I 

Min 

IBF03X2(3) Input Buffer 

~1~~~ 
~vv~ 

IBF03X3 

Propagation Delay (units in ps) 

To 
Min Typ 

Outputs 

Z, ZL.../ 220 280 
Z,ZL--.......__ 220 280 

Current in Base Macro 

l Typ 1 
IEE(mA) 

0.60 J 0.80 I 
ITT(mA) 

0.84 I 1.20 ] 

Propagation Delay (units in ps) 

TL/U/10560-B 

Max 

380 
380 

Max 

1.0 

1.56 

High Power Low Power 

Min Typ Max Min Typ Max 

340 420 570 530 660 890 
300 380 510 530 660 890 
340 430 580 540 670 910 
310 390 530 540 680 920 

Current in Macro Outputs 

PowerATT Min Typ Max 

ITT(mA) 

HIGH 0.42 0.60 0.78 
LOW 0.21 0.30 0.39 



Macro Performance Examples (Continued) 

HA01D-Half Adder 

PowerATT 

IEE(mA) 

HIGH 
LOW 

HAOtD 

TL/U/10560-10 

Current in Base Macro 

Min 

0.68 
0.46 

Typ 

0.90 
0.60 

OR05D-5 Input OR Gate 

From 
Inputs 

AN 
AN 
AN 
AN 
BN 
BN 
BN 
BN 

Max 

1.13 
0.76 

From 
Input 

To 
Output 

SN.../ 
SN"-.. 
CN _r 
CN "-.. 
SN _r 
SN"-.. 
CN _r 
CN "-.. 

To 
Outputs 

Propagation Delay (units in ps) 

High Power Low Power 

Min Typ Max Min Typ Max 

160 200 270 160 200 270 
170 210 280 200 250 340 
150 190 250 140 180 240 
150 190 250 190 230 310 
200 250 340 190 240 330 
230 290 390 270 340 460 
200 250 340 200 250 340 
220 280 370 270 340 460 

Current in Macro Outputs 

PowerATT J Min J Typ I Max 

ITT(mA) 

HIGH I 0.42 I 0.60 

:r 
0.78 

LOW 0.21 0.30 0.39 

Propagation Delay (units in ps) 

High Power Low Power 

Min Typ Max Min Typ Max ~ 
~ A Z,ZL....r 160 200 270 180 230 310 

TL/U/10560-11 A Z, ZL "-.. 

Current in Base Macro 

IEE (mA) 

PowerATT Min Typ Max 

HIGH 0.45 0.60 0.75 
LOW 0.23 0.30 0.38 

DFI01D-D Flip Flop with Reset 

0 From To 
D 

OL Inputs Output 

CP j 
ON 

QNL 
or1010 

R 

CP Q _r 

CP Q "--
CP QN _r 
CP QN "-.. 

TL/U/10560-12 

CPLOW 

R Q "--
R QN _r 

CPHIGH 

R Q "--
R QN _r 
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160 200 270 200 

Current in Macro Outputs 

ITI (mA) for each macro output used: 

PowerATT Min Typ 

HIGH 0.42 0.60 
LOW 0.21 0.30 

Propagation Delay (units in ps) 

250 340 

Max 

0.78 
0.39 

High Power Low Power 

Min Typ Max Min Typ Max 

340 420 570 500 620 840 
350 430 580 380 480 650 
310 390 530 400 500 680 
340 430 580 400 490 670 

300 380 510 550 680 920 
350 430 590 490 610 820 

370 460 620 560 710 950 
370 460 630 520 650 880 
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Macro Performance Examples (Continued) 
Current In Base Macro Current In Macro Outputs 

PowerATT Min 

IEE(mA) 

HIGH 1.13 
LOW 0.69 

ITT(mA) 

HIGH 0.84 
LOW 0.84 

MXl22D-2:1 Multiplexer 

10 

11 

s 

MXl22D 

ZL 

z 

Typ 

1.50 
0.90 

1.20 
1.20 

TL/U/10560-13 

Current In Base Macro 

PowerATT l Min l 
IEE(mA) 

HIGH 1 0.68 I LOW 0.46 

IRCI03X2 (3)-Dlfferentlal Input 
Buffer 

Typ 

0.90 
0.60 

TL/U/10560-14 

IORI02X2-2 Input OR/NOR Gate 

~ 
~ 

IORI02X2 
TL/U/10560-15 

Max PowerATT 

ITT(mA) 

1.88 HIGH 
1.14 LOW (Note 1) 

Min 

0.42 
0.21 

Typ 

0.60 
0.30 

Max 

0.78 
0.39 

Note 1: Output Q Is hard wired to 0.6 mA current source and cannot be 
assigned power attributes. 

1.56 
1.56 

Propagation Delay (units in ps) 

From To High Power Low Power 
Input Output Min Typ Max Min Typ Max 

I z _/ 170 210 280 190 230 310 
I z ""'-- 170 210 280 230 290 390 
I ZN.../ 160 200 270 160 200 270 
I ZN """-.. 170 210 280 200 250 340 
s z _/ 240 300 400 320 400 540 
s z ""'-- 240 300 400 320 400 540 
s ZN.../ 230 290 390 260 330 450 
s ZN """-.. 230 290 390 260 330 450 

Current In Macro Outputs 

1 Max 

1 1.13 
0.76 

PowerATT 

ITT(mA) 

HIGH 
LOW 

Propagation Delay (units in ps) 

From To 
Min Typ Max 

Inputs Output 

I, IN z _/ 120 150 210 
l,IN z """-- 120 150 210 
l,IN ZN.../ 120 150 210 
1,IN ZN"""-.. 120 150 210 

Propagation Delay (units in ps) 

From To 
Min Typ Max 

Input Outputs 

A z _/ 190 240 320 
A z """-- 180 230 310 
A ZN.../ 160 200 270 
A ZN"""-.. 200 250 340 
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Min 

0.42 
0.21 

Typ 

0.60 
0.30 

Max 

0.78 
0.39 

Current In Base Macro 

Min 1 Typ I Max 

IEE(mA) 

0.60 l 0.80 1 1.0 

ITT(mA) 

0.84 l 1.20 l 1.56 

Current In Base Macro 

Min I Typ I Max 

IEE(mA) 

0.60 l 0.80 1 1.0 

Current In Macro Outputs 

Min l Typ l Max 

ITT{mA) 

0.84 l 1.20 I 1.56 
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Macro Performance Examples (Continued) 
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IXOR02X2-2 Input XOR Gate Propagation Delay (units in ps) 

~ 
From To 

Min Typ Max 
Input Outputs 

A Z,ZL..../ 210 270 370 

IXOR02X2 A Z, ZL "-. 190 240 320 

(1) 
Current In Base Macro ... 

(D' 

Min l Typ I Max 
tn 

IEE{mA) 

1.20 l 1.60 I 2.0 

TL/U/10560-16 A Z,ZL..../ 330 410 550 Current In Macro Outputs 
A Z, ZL "-. 300 380 510 

Min l Typ 1 Max 

ITT(mA) 

0.84 l 1.20 I 1.56 

RCRl50X3-Dlfferentlal Output Propagation Delay (units in ps) Current In Base Macro 
Buffer 

From To 
Min Typ Max 

~ 
Inputs Outputs 

l,IN FZ,FZN..../ 400 470 640 
1,IN FZ, FZN"-. 300 370 500 

Min l Typ 1 Max 

IEE(mA) 

4.35 l 5.80 1 7.25 

RCRl50X3 
TL/U/10560-17 

Propagation Delay (units in ps) Current in Base Macro 

~ 
From To 

Min Typ Max 
Input Output 

A FZ ..../ 290 360 490 
A FZ "-. 290 360 490 

ORl250X2 
A FZN..../ 280 350 470 

TL/U/10560-18 

Min ] Typ I Max 

IEE{mA) 

4.95 ] 6.60 1 8.25 

Current In Macro Outputs 
A FZN "-. 290 360 490 

Min l Typ ] Max 

IVCCA{mA) 

23.8 l 28.0 I 32.2 

• I 
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Macro Cells Library 

Internal Macros 
Name I Function 

BUFFERS, INVERTERS 

BF01 Buffer 
BFI01 Buffer/Inverter 
RCR01D Differential Receiver/Buffer 
RCR11D Differential Receiver/Buffer 
RCRI01 Differential Receiver/Buffer 
RCRN01 Inverting Differential Receiver 

GATES 

ANI02 2-lnput AND/NANO 
OAl23D 3-3 OR/AND-Invert 
OAl23S 3-3 OR/ AND-Invert, 1.2 mA loef 
OAl24 4-4 OR/ AND-Invert 
OAl32DT 2-2-2 OR/ AND-Invert 
OAl44D 4-3-3-3 OR/ AND-Invert 
OAl44S 4-3-3-3 OR/ AND-Invert 
OAl46 5-4-5-6 OR/ AND-Invert 
OAl55DT 5-4-3-2-1 OR/ AND-Invert 
0Al66DT 6-6-4-4-2-2 OR/ AND-Invert 
OR02 2-lnputOR 
OR02D 2-lnput OR 
OR05 5-lnputOR 
OR05D 5-lnputOR 
ORI02 2-lnput OR/NOR 
ORI02D 2-lnput OR/NOR 
ORI02S 2-lnput OR/NOR 
ORI05 5-lnput OR/NOR 
ORI05D 5-lnput OR/NOR 
ORI05S 5-lnput OR/NOR, 1.2 mA loaf 
ORI08 8-lnput OR/NOR 
ORI08D 8-lnput OR/NOR 
ORI012D 12-lnput OR/NOR 
ORN02 2-lnput NOR 
ORN02D 2-lnput NOR 
ORN05 5-lnput NOR 
ORN05D 5-lnput NOR 
20R02D Dual 2-lnput OR, 0.6 mA loef 
40R02S Quad 2-lnput OR, 1.2 mA loef 
XOR04 4-lnput XOR 
XOR09 9-lnputXOR 
XORI03DT 3-lnput XOR/XNOR 
XORI03ST 3-lnput XOR/XNOR, 1.2 mA loef 
XORl22D Gated 2-lnput XOR/XNOR 
XORl22S Gated 2-lnput XOR/XNOR, 1.2 mA loaf 
XORl23 Gated 2-lnput XOR/XNOR 
XORN04D 4-lnput XNOR 
XORN04S 4-lnput XNOR, 1.2 mA loef 
XORN06DT 6-lnput XNOR 

I Cells 

1 
2 
1 
1 
2 
1 

2 
2 
4 
2 
3 
4 
4 
5 
5 
7 
2 
1 
1 
1 
2 
2 
4 
2 
2 
4 
2 
2 
3 
2 
1 
1 
1 
2 
4 
4 
8 
3 
4 
2 
4 
2 
3 
5 
5 

6-22 



Macro Cells Library (Continued) 

Internal Macros (Continued) 

Name I Function 

DECODERS, MULTIPLEXERS 

DCE02DT 2:4 Decoder with Enable 

DCE22 2:4 Decoder with Enable 
MX22 2:1 MUX 
MX34 4:1 MUX, 3 Select Inputs 
MXI02 2:1 MUX, Low Enable, OR Gated Select, Comp. Outputs 
MXI02DT 2:1 MUX, Low Enable, Complement Outputs 

MXI02ST 2:1 MUX, Low Enable, 1.2 mA loaf 
MXI04 4:1 MUX, Low Enable, Complement Outputs 
MXI04DT 4:1 MUX, Complement Outputs 

MXI08ST 8:1 MUX, High Enable, Comp. Outputs 1.2 mA loef 
MXl22 2:1 MUX, Low Enable, OR Gated Select, Comp. Outputs 
MXl22D 2:1 MUX 
MXl24DT 4:1 MUX, Low Enable, Complementary Outputs 

2MX04DT Dual 4:1 Multiplexer 

2SELI04D Dual 4:1 Multiplexer 

4MXl22D Quad 2:1 Multiplexer 
4MXl22S Quad 2:1Multiplexer,1.2 mA loef 

LATCHES, MUX LATCHES 

LAI01 I D Latch with Reset and 2-lnput OR Enable 

FLIP-FLOPS 

2DFN04 Dual D Flip-Flop with a Common Clock 
DFI01 M/S D Flip-Flop with Asynchronous Reset 
DFI01D M/S D Flip-Flop with Asynchronous Reset 

DFI02 M/S D Flip-Flop with Set, Reset, Gated Data & Clock 
DFI02D M/S D Flip-Flop with Set, Reset, Gated Data & Clock 
DFI02DT M/S D Flip-Flop with Active Low Enable 

DFI04 M/S D Flip-Flop, Positive Edge Triggered 

DFl21 M/S D Flip-Flop with Asynchronous Reset 
DFl22 M/S D Flip-Flop with Scan Input 

DFS02DT MIS D Flip-Flop with Scan Input 
DFS02ST M/S D Flip-Flop with Scan Input, 1.2 mA loef 

DFS21DT M/S D Flip-Flop with Scan Input, Data Enable 

DFS21ST M/S D Flip-Flop with Scan Input, Data Enable, 1.2 mA loef 

JKI02 M/S JN-K Flip-Flop 
MXDI02 M/S D Flip-Flop with Multiplexed Data Input 

COMPARATORS 

None Available at This Time 

MISCELLANEOUS 

AD01 1-Bit Carry Look Ahead Adder 

FA21D 1-Bit Full Adder w/Gated Inputs 

FA21S 1-Bit Full Adder w/Gated Inputs, 1.2 mA loef 

HA01D 1-Bit Half Adder 

HLI01 High-Low Level Generator with Temperature Diode 

MEMORY 

IDC02X2 Shared Input Buffer, 0.6 mA loef 
IDC12X2 Shared Input Buffer, 0.6 mA loef 

MTX50X2 Shared Output Buffer, 500. 

RS69D 64X9 RAM 
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Macro Cells Library (Continued) 

Input Macros 
Name I 

BUFFERS, INVERTERS 

Function 

IBF02X2 (3) High Fan-Out Buffer, 10 mA loef (Note 1) 
IBF03X2 (3) Input Buffer, 0.6 mA loef 

IBFI03X2 (3) Input Buffer, Complementary Outputs, 0.6 mA loef 
IBFN03X2 Input Buffer, Inverting 0.6 mA loef 

DIFFERENTIAL RECEIVERS 

ICKDOX2 
ICKDOX3 

ICKD1X2 
IRCI02X2 (3) 
IRCI03X2 (3) 

GATES 

IOR02X2 
IORI02X2 

IORN02X2 
IXOR02X2 

IXORN2X2 

MISCELLANEOUS 

INOOX2 (3) 

Differential Input Clock Driver, 18 mA loef (Note 1) 
Differential Input Clock Driver, 18 mA loef (Note 1) 

Differential Input Clock Driver, 18 mA loef (Note 2) 
Differential Input Buffer, Comp. Outputs, 10 mA loef 

Differential Input Buffer, Comp. Outputs, 0.6 mA loef 

2-lnput OR, 0.6 mA loef 

2-lnput OR/NOR, 0.6 mA loef 
2-lnput NOR, 0.6 mA loef 

2-lnput XOR, 0.6 mA loef 
2-lnput XNOR, 0.6 mA loef 

Input Pad (Zero Resistance) 

Cells 

2 
2 
2 
2 
2 

2 
2 
2 
1 

Note 1: ICKDOX2 and ICKDOX3 uses two external cells for electrical connection and cover, respectively, 90 and 50 internal cells for clock distribution. 

Note 2: ICKD12X2 uses two external cells for electrical connection and covers 44 internal cells for clock distribution. 

Output Macros 
Name I Function 

BUFFERS, INVERTERS 

BF50X2 (3) Output Buffer, 50.0., F1 OOK 

BFl50X3 Complementary Output Buffer, 50.0., F1 OOK 
BFN50X2 Output Inverter, 50.0., F1 OOK 

RCRl50X3 Differential Output Buffer, 50.0., F100K 

GATES 

OR220X2 

ORl220X2 
OR250X2 

ORN250X2 

ORl250X2 
ORl250X3 
OR450X2 

ORN450X2 
ORl450X2 

BUS DRIVERS 

BD20X2 
BDN20X2 (3) 

2-lnput OR, 25.0., F100K 

2-lnput OR/NOR, 25.0., F100K 
2-lnput OR, 50.0., F1 OOK 
2-lnput NOR, 50.0., F1 OOK 

2-lnput OR/NOR, 50.0., F1 OOK (FGA 14K) 
2-lnput OR/NOR, 50.0., F1 OOK (FGA 4K) 

4-lnput OR, 50.0., F100K 

4-lnput NOR, 50.0., F1 OOK 
4-lnput OR/NOR, 50.0., F1 OOK 

2-lnput OR, 25.0., F100K 

2-lnput NOR, 25.0., F1 OOK 
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Macro Cells Library (Continued) 

Transceivers 
Name Function 

TR20X3 
TRN20X3 
TRN50X2 (3) 

2-lnput OR ECL Transceiver, 25n 
2-lnput NOR ECL Transceiver, 25n 
2-lnput NOR ECL Transceiver, 500 

Miscellaneous 
Name Function 

OUTOOX2 (3) Output Pad (Zero Resistance) 

TTL Macros 
Name I Function 

INPUT BUFFERS 

TED11X3 TIL Input Buffer 
TES 11 X3 TIL Input Buffer ( + 5V Only) 

OUTPUT BUFFERS 

TOBD01X3 
TOBD11X3 
TOBS11X3 

TRANSCEIVERS 

TIRD11X3 
TIRS01X3 

8 mA TIL Output Buffer 
20 mA TIL Output Buffer 
20 mA TIL Output Buffer ( + 5V Only) 

20 mA TIL Transceiver 
8 mA TIL Transceiver ( + 5V Only) 
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Chapter 1 
Circuit Basics 

Introduction 
ECL circuits, except for the simplest elements, are schemat
ically formidable and many of the specified parameters are 
relatively unfamiliar to system designers. The relationships 
between external parameters and internal circuitry are best 
determined by individually examining the fundamental sub
circuits of a simple element. System variables such as sup
ply voltage tolerances and temperature have predictable ef
fects on circuit parameters, thus allowing a systematic eval
uation of noise margins. 

Basic ECL Switch 
At the bottom of every ECL circuit, literally and figuratively, 
is a current source. In the basic ECL switch (Figure 1-1), a 
logic operation consists of steering the current through ei
ther of two return paths to Vee; the state of the switch can 
be detected from the resultant voltage drop across R1 or 
R2. The net voltage swing is determined by the value of the 
resistors and the magnitude of the current. Further, these 
two values are chosen to accomplish the charging and dis
charging of all of the parasitic capacitances at the desired 
switching rate. 

Required Input Signal 
The voltage swing required to control the state of the switch 
is relatively small due to the exponential change of emitter 
current with base-emitter voltage and to the differential 
mode of operation. For example, starting from a condition 
where the two base voltages are equal, which causes the 
current to divide equally between 01 and 02, an increase of 
V1N by 125 mV causes essentially all of the current to flow 
through 01. Conversely, decreasing V1N by 125 mV causes 
essentially all of the current to flow through 02. Thus the 
minimum signal swing required to accomplish switching is 
250 mV centered about V99. The signal swing is made larg
er (approximately 750 mV) to provide noise immunity and to 
allow for differences between the Vss of one circuit and the 
output voltage levels of another circuit driving it. 

-------.--Vee 

R2 

Ve2 

02 Vee 

____ ,._ ___ Vee 

TL/F /9905-1 

FIGURE 1-1. Basic ECL Switch 
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Transition Region 
If the voltage at the collector of 01 is monitored while vary
ing V1N above and below the value of Vss. the relationship 
between Ve1 and V1N appears as shown in Figure 1-2. Note 
that the horizontal axis of the graph is centered on V8s; this 
emphasizes the importance of Vss in fixing the location of 
the transition region. The shape of the transition (or thresh
old) region is governed by the transistor characteristics and 
the value of current to be switched. Both of these factors 
are determined by the circuit designer. The shape of the 
transition region is essentially invariant over a broad range 
of conditions, due to the matching of transistor characteris
tics inherent with IC technology and because the transistors 
are at the same temperature. The inherent matching of IC 
resistors assures equal voltage swings at the two collectors. 

Emitter-Follower Buffers 
In Figure 1-2, Ve1 ranges from Vee (ground) when 01 is off 
to approximately -0.90V when 01 is conducting all of the 
source current. To make these voltage levels compatible 
with the voltages required to drive the input of another cur
rent switch, emitter followers are added as shown in the 
buffered current switch (Figure 1-3). In addition to translat
ing Ve1 and Ve2 downward, the emitter followers also iso
late the collector nodes from load capacitance and provide 
current gain. Since the output impedance of the emitter fol
lowers is low (approximately 7.n), ECL circuits can drive 
transmission lines-coaxial cables, twisted pairs, and 
etched circuits-having characteristic impedances of 50!1 
or more. 
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FIGURE 1-2. Vc1-V1N Transition Region 
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Emitter-Follower Buffers (Continued) 

VccA 

Vee 

R1 R2 

TL/F/9905-3 

FIGURE 1-3. Buffered Current Switch 

In this buffered current switch, the collectors of 03 and 04 
return to a separate ground lead, VecA· This separation in
sures that any changes in load currents during switching do 
not cause a change in Vee through the small but finite in
ductance of the VeeA bond wire and package lead. Outside 
the package, the Vee and VccA leads should be connected 
to the common Vee distribution. 

For internal functions of complex circuits where loading is 
minimal, the buffer transistors are scaled down to maintain 
high switching speeds with modest source currents. For 
service as output buffers, the emitter followers are designed 
for a maximum rated output current of 50 mA. For standard
ization of testing, detailed specifications on guaranteed 
min/max output levels apply when an output is loaded with 
50n returned to - 2V. The emitter followers have no inter
nal pull-down resistors; consequently, there is maximum de
sign flexibility when optimizing line terminations and using 
wired-OR techniques for combinatorial logic or data buss
ing. 

Multiple Inputs 
The buffered switch of Figure 1-3 is essentially an ECL line 
receiver circuit with the bases of both 01 and 02 available 
for receiving differential signals. With one input connected 
to the v88 terminal, the switch can receive a signal transmit
ted in a single-ended mode or it can act as a buffer or logic 
inverter. To perform the OR and NOR of two or more func
tions, additional transistors are connected in parallel with 
01 as indicated in Figure 1-4. When any input is HIGH, its 
associated transistor conducts the source current and 02 is 
turned off; this causes the collector of 01 to go LOW and 
the collector of 02 to go HIGH, with the emitters of 03 and 
04 following the collectors of 01 and 02 respectively. 
When two or more inputs are HIGH, the results are the 
same. Thus, with a HIGH level defined as a True or logic 
"1" signal, 03 provides the NOR of the inputs while 04 
simultaneously provides the OR. In addition to the logic de
sign flexibility afforded by the availability of both the asser
tion and negation, the 03 and 04 outputs can drive both 
conductors of a differential pair for data transmission. Also 
shown in Figure 1-4 are the pull-down resistors, nominally 
50 kn, connected between ECL inputs and the negative 
supply. These resistors serve the purpose of holding un
used inputs in the LOW state by sinking leso current and 
preventing the build-up of charge on input capacitances. Ac
cordingly, most non-essential ECL inputs are designed to be 
active HIGH. When such inputs are not used, the pull-down 
resistors eliminate the need for external wiring to hold them 
LOW. 
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FIGURE 1-4. Input Expansion by Parallel Transistors 

Power Conservation, 
Complementary Functions 
Power dissipation in an ECL circuit is due in part to the 
output load currents and in part to the internal operating 
currents. Load currents depend on system design factors 
and are discussed in Chapter 5. In the basic switch (Figure 
1-1), power dissipation is fixed by the source current and the 
supply voltage, whether the circuit is in a quiescent or tran
sient state. There is no mechanism for causing a current 
spike such as occurs in TTL circuits, and thus the power 
dissipation is not a function of switching frequency. 

A distinct advantage of the ECL switch is the ease of form
ing both the assertion and negation of a function without 
additional time delay or complexity. This is very significant in 
complex MSI functions, since it helps to maximize the effi
ciency of the internal logic while minimizing chip area and 
power consumption. Since most 1 OOK ECL devices have 
complementary outputs, the system designer has similar op
portunities to reduce package count and power consump
tion while enhancing logic efficiency and reducing through
put times. 

Series Gating, Wired-AND 
Quite often in ECL elements, the circuitry required to gener
ate functions is much simpler than the detailed logic dia
grams suggest. In addition to readily available complemen
tary functions and the wired-OR option, other techniques 
providing high performance with low part count are series 
gating and wired collectors. These are illustrated in principle 
by the simplified schematics of Figures 1-5 and 1-6. 



Series Gating, Wired-AND (Continued) 

A 

B 

TL/F/9905-5 

FIGURE 1·5. Series/Parallel Gating 

TL/F/9905-6 

FIGURE 1·6. Exclusive-OR/NOR 

In Figure 1-5, if both A and B are HIGH, then 01 and 03 
conduct and Is flows through R1, making the collector of 01 
go LOW, thereby achieving the NANO of A and B. Connect
ing the collectors of 02 and 04 to the same load resistor 
provides the AND of A and B. If the collectors of 03 and 04 
were interchanged, a different pair of functions of A and B 
would be produced. Similarly, a third functional pair is 
achieved by interchanging the collectors of 01 and 02. For 
03 and 04 to operate at a lower voltage level than 01 and 
02, the voltage level of B is translated downward from the 
normal ECL levels and V' BB is similarly translated down
ward from the VBB voltage. In the slightly more complex 
circuit in Figure 1-6, another pair of transistors is added to 
obtain the Exclusive-OR and Exclusive-NOR functions. 

Connecting transistors in series is not limited to two levels 
of decision making; three levels are shown in the simplified 
schematic of an octal decoding tree (Figure 1-7). If the three 
input signals are all HIGH, 01 conducts through 09 and 
013 to make the collector of 01 LOW. In all, there are eight 
possible paths through which the source current can return 
to the positive supply. A LOW signal at the collector of any 
one of the transistors in the top row represents a unique 
combination of the three input signals. This 1-of-8 decoding 
circuit illustrates very clearly how ECL design techniques 
make the most efficient use of components and power to 
generate complex functions. This same set of switches, with 
the upper collectors wired in two sets of four collectors 
each, generates the binary sum and its complement of the 
three input signals. 
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The Current Source, Output 
Regulation 
All elements of the F1 OOK circuits use a transistor current 
source illustrated in Figure 1-8. Source current is deter
mined by an internally generated reference voltage Vcs. the 
emitter resistor Rs and the base-emitter voltage of 05. The 
reference voltage is designed to· remain fixed with respect 
to the negative supply VEE· which makes Is independent of 
supply voltage. 

B--4----+----------+------' 

c-----£ 
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FIGURE 1-7. Octal Decoding Tree 
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FIGURE 1-8. Constant Current Source for a Switch 

Regulating the current source (Is) simplifies system design 
because output voltage and switching parameters are not 
sensitive to VEE changes. Output voltage levels are deter
mined primarily by the voltage drops across R1 and R2 re
sulting from the collector currents of 01 and 02. Since the 
collector current of the conducting transistor (01 or 02) is 
determined by Is and the transistor a, the voltage drop 
across the collector load resistor is not sensitive to VEE 
variations. For example, a 1 V change in VEE changes the 
output level Vm by only 30 mV. 

Switching parameters are affected by transistor characteris
tics, the collector resistor (R1 or R2), stray capacitances, 
and the amount of current being switched. In other forms of 
ECL where source currents change with VEE· switching pa
rameters are directly affected. This sensitivity is essentially 
eliminated in F100K circuits by regulating Is against VEE 
changes. 

Power dissipation in an ECL switch is the product of Is and 
VEE· By holding Is constant with VEE· incremental changes 
in dissipation are linear with VEE changes. In non-regulated 
ECL, Is increases with VEE causing switch dissipation to 
change more rapidly with VEE· 
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Threshold Regulation 
As previously discussed, the input threshold region of an 
ECL switch is centered on the internal reference V99. In 
F1 OOK circuits, the on-chip bias driver holds Vss constant 
with respect to Vee. thus minimizing changes in input 
thresholds with VEE· For a VEE change of 1 V, for example, 
Vss changes by approximately 25 mV. 

With output voltage levels and input thresholds regulated, 
F1 OOK circuits tolerate large differences in VEE between a 
driving and a receiving circuit and still maintain good noise 
margins. For example, a driving circuit operated with - 4.2V 
and receiving circuit operated with -5.7V experience a 
LOW state noise margin loss of only 30 mV to 40 mV com
pared to the ideal case of both circuits with VEE = -4.5V. 
This insensitivity to VEE simplifies the design of system pow
er distribution and regulation. 

Temperature Compensation 
In F1 OOK circuits, input thresholds are made insensitive to 
temperature by regulating V99. Output voltage levels are 
made insensitive to temperature by a correction factor de
signed into the current source and by a simple network con
nected between the bases of the output transistors as 
shown in Figure 1-9. 

VcCA 

Vee 

TL/F/9905-9 

FIGURE 1-9. Temperature Compensation 

With 01 conducting and 02 off, most of the source current 
flows through R1, while a small amount flows through R2, 
01 and R3. If the chip temperature increases, the source 
current is made to increase, causing an increase in the volt
age drop of sufficient magnitude across R1 to offset the 
decrease in base-emitter voltage of 03. The voltage drop 
across R1 increases with temperature at the rate of approxi
mately 1.5 mV l°C, while the voltage drop across 01 de
creases at the same rate. This means that there is a net 
voltage increase of 3 mV l°C across the series combination 
of R2 and R3. This increase is equally divided between the 
two resistors since R3 is equal to R2 (and R1); thus the 
voltage at the base of 04 goes negative by 1.5 mV l°C, off
setting the decrease in the base-emitter voltage of 04. 
When 02 is on and 01 is off, the same relationships apply 
except that most of the current flows through R2, and 02 
conducts instead of 01. F100K change rates for VoH• V99, 
and VoL are approximately 0.06, 0.08 and 0.1 mVl°C, re
spectively. 
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The stabilization of output levels against changes in temper
ature provides significant advantages to both the user and 
manufacturer. In testing, an extended thermal stabilization 
period is not required, nor is an elaborate air cooling ar
rangement necessary to obtain correlation of test results 
between user and supplier. In a system, the output signal 
swing of a circuit does not depend on its temperature, there
fore temperature differences do not cause a mismatch in 
signal levels between various locations. With temperature 
gradients thus eliminated as a system constraint, the design 
of the cooling system is greatly simplified. 

Noise Margins 
The most conservative values of ECL noise margins are 
based on the DC test conditions and limits listed on the data 
sheets. Acceptance limits on VoH and Vol are identified on 
a symbolic waveform in Figure 1-10, with the boundaries of 
the input threshold region also identified. The HIGH-state 
noise margin is usually defined as the difference between 
VoH(Min) and V1H(Min)• with the LOW-state margin defined 
as the difference between VoL(Max) and V1L(Max)· These two 
differences are identified as VNH and VNL respectively. The 
worst case input and output test points are also identified on 
the OR gate transfer function shown in Figure 1-11. The 
transition region indicated by the solid line is applicable 
when the internal reference Vss has the design center val
ue of -1.32V for F1 OOK circuits. The transition regions indi
cated by the dashed lines represent the lot-to-lot displace
ment resulting from the normal production tolerances on 
V99, which amount to ±40 mV for F100K circuits. Using 
F1 OOK circuit values as an example, the dashed curve on 
the right correlates with a Vss value of -1.280V, and the 
input test voltage V1H(Min) is -1.165V, for a net difference 
of 115 mV. Similarly, the dashed curve on the left applies 
when Vss is -1.360V with V1L(Max) specified as -1.475V, 
which also gives a net difference of 115 mV. The points 
VoHc and VoLc are commonly referred to as the corner 
points because of their location on the transfer function of 
worst case circuits. 
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-(mu 

OUTPUT VOLTAGE 
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INPUT TRANSITION 

REGION LIMITS 
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FIGURE MO. Identifying Specification Limits on 
Input and Output Voltage Levels 

In actual system operation, the noise margins VNH and VNL 
are quite conservative because of the way V1H(Min) and 
V1L(Max) are defined. From the transfer function of Figure 
1-11, for example, V1H(Min) is defined as a value of input 
voltage which causes a worst-case output to decrease from 
VoH(Min) to VoHC This change in VoH amounts to only 
1 O mV for F1 OOK circuits. Thus, if a worst case OR gate has 
a quiescent input of VoH(Min)• a superimposed negative-go
ing disturbance of amplitude VNH causes an output change 
of only 10 mV, assuming that the time duration of the distur
bance is sufficient for the OR gate to respond fully. In 



Noise Margins (Continued) 

contrast, a system fault does not occur unless the superim
posed noise at the OR input is of sufficient amplitude to 
cause the output response to extend into the threshold re
gion(s) of the load(s) driven by the OR gate. In general, 
noise becomes intolerable when it propagates through a 
string of gates and arrives at the input of a regenerative 
circuit (flip-flop, counter, shift register, etc.) with sufficient 
amplitude to reach the Vss level. 

The critical requirement for propagating either a signal or 
noise through a string of gates is that each output must 
exhibit an excursion to the v88 level of the next gate in the 
string, assuming, of course, that the time duration is suffi
cient to allow full response. If the excursion at the input of a 
particular gate either falls short or exceeds V99, the effect 
on its output response is magnified by the voltage gain of 
the gate. On the voltage transfer function of a gate, the 
slope in the transition region is not, strictly speaking, con
stant. However, for input signal excursions of about 
± 50 mV on either side of v88, a value of 5.5 may be used 
for the voltage gain. For example, if the noise (or signal) 
excursion at the input of a gate falls short of Vss by 20 mV, 
the gate output response is 110 mV less. Another useful 
relationship is that if the input voltage of a gate is equal to 
Vss. the output voltage is also equal to Vss. within perhaps 
30 mV. 

To determine the combined effects of circuit and system 
parameters on noise propagation through a string of gates, 
refer to Figure 1-12. The voltages V1 and V2 represent dif
ferences in ground potential, while V3 and V4 are VEE differ
ences. The output of gate A is in the quiescent LOW state 
and Vpl is a positive-going disturbance voltage. Now, how 
large can Vpl be without causing propagation through gate 
C? For a starting point, assume all three gates are identical 
with typical parameters; VEE is -4.5V, the ground drops are 
zero, and there are no temperature gradients. Voltage pa
rameters of F100K circuits are used. With typical circuits 
and the idealized environment, the maximum tolerable value 
of Vpl for propagation is the difference between the nomi
nal v88 of -1.320V and nominal Vol of -1.705V, or 385 
mV. The following steps treat each non-ideal factor sepa
rately and the required reduction in Vpl is calculated. 

-0.4 ..----........ ---r----r----i 
GND 

> 
I -o.8 

LU 

YIN~Vour VoHC VOH(min) 

/-J--• 
" ~ 
...J g 

~ 
0 
I 

~ 

-1.2 

-1.6 

1 , I i.v1Htnu 
/ / ..,4.._--V1H(mln 
I I 
I I 

~: 

14----VIL(max)----i 
i...----V1L(mln)------1 

-2.0 .__ __ __._ ___ ....._ __ __. __ __ 

-2.0 -1.6 -1.2 -0.8 -0.4 

V1N - INPUT VOLTAGE - V 

TL/F/9905-11 

FIGURE 1·11. Location of Test Points 
and Threshold on a Transfer Function 
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FIGURE 1-12. Arrangement for Noise 
Propagation Analysis 

Non-Typical Vee of Gate B: Specifications provide for Vss 
variations of ±40 mV. If the v88 of gate Bis 40 mV more 
negative than nominal, Vpl must be reduced by the same 
amount. 

AVpl = -40 mV 
Vpl = 385 - 40 = 345 mV 

Non-Typical VoL of Gate A: Vol limits are -1.620V to 
-1.81 OV corresponding to. the ± 3 o- points on the distribu
tion. Statistically, this means that 98% of the circuits have 
Vol values of -1.650V or lower. Since this value differs 
from the nominal Vm by 55 mV, Vpl must be reduced ac
cordingly. 

AVpl = -55 mV 
Vpl = 345 - 55 = 290 mV 

Difference in Ground (Vee) Potential between Gates A 
and B: Since the Vee lead of Gate Bis the reference poten
tial for input voltages, V1 in the polarity shown effectively 
makes the Vol of Gate A more positive. Minimizing ground 
drops is one of the system designer's tasks (Chapter 5) and 
its effect on noise margins emphasizes its importance. For 
this analysis, a value of 30 mV is assumed. 

AVpl = 30 mV 
Vpl = 290 - 30 = 260 mV 

Difference in VEE between Gates A and B: In the polarity 
shown, V3 reduces the supply voltage for Gate A since it is 
assumed that Gate B has VEE of -4.5V. The indicated po
larities of V1 and v3 seem to be in conflict if it is assumed 
that v3 represents only ohmic drops along the VEE bus. 
Since v3 may, however, be caused by the use of different 
power supplies or regulators as well as by ohmic drops, the 
polarities may exist as indicated. In any actual situation, the 
designer can usually predict the directions of supply current 
flow by observation of the physical arrangement. As men
tioned earlier, a 1V change in VEE causes a Vm change 
30 mV, or 3%. Assuming a value of 0.5V for V3 and adding 
the 30 mV of V 1, the net reduction in supply voltage for Gate 
A is 0.53V. Using 3% of this reduction as the change in Vm 
gives a positive Vol shift of 16 mV, which is a reduction of 
noise margin. 

AVpl = -16mV 
Vpl = 260 - 16 = 244 mV 

If the net supply voltage of Gate A is assumed to be -4.5V, 
then v1 and v3 cause Gate B to have a greater supply volt
age. This, in turn, causes the Vss of Gate B to go more 
negative at the rate of 25 mV/V of VEE change, or 2.5%. 
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Noise Margins (Continued) 

Thus, for the same values of V1 and V3, the required reduc
tion of VpL is only 13 mV instead of the 16 mV computed 
above. 

Non-Typical Vee of Gate B: This was considered earlier 
for its effect at the input of Gate 8. It must also be consid
ered for its effect on the excursions of the output voltage of 
Gate B. Since the net input voltage of Gate B (VoL + VpL) 
reaches the Vss level of Gate B, the output excursion also 
extends to the Vss level and perhaps 30 mV beyond (more 
negative). This means that the output excursion of Gate B 
could be 90 mV more negative than the nominal Vss of 
Gate C. This excess excursion must be divided by the volt
age gain of Gate B to determine exactly how much VpL 
must be reduced as compensation. 

AVpL = -90/5.5 = -16 mV 
VpL = 244 -16 = 228mV 

Non-Typical Vee of Gate C: The Vss of Gate C could be 
40 mV more positive than the nominal value of -1.320V. 
Dividing by the voltage gain of Gate B gives the necessary 
reduction of VPL· 

A VpL = -40/5.5 = - 7 mV 
VpL = 228 - 7 = 221 mV 

Difference In Vee Potential between Gates Band C: For 
the polarity shown, V2 makes the net voltage at the C input 
more negative with respect to the Vee lead of Gate C. As
sume 30 mV for V2 as was done for V1. 

AVpL = -30/5.5 = -5.0 mV 
VpL = 217 - 5 = 212 mV 

Difference in VEE between Gates B and C: In the polarity 
shown, V 4 reduces the supply voltage for Gate C, as does 
V2. As previously mentioned, Vss changes with VEE at a 
rate of 25 mV IV, or 2.5%. Assuming a value of 0.5V for V 4, 
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as was done for V2, adding V2 gives a net VEE reduction of 
0.53V. This makes the Vss of Gate C about 13 mV more 
positive, with respect to its own Vee lead. This must be 
divided by the gain of Gate B to determine the effect on the 
permissible value of VPL· 

AVpL = -13/5.5 ~ -2 mV 
VpL = 212 - 2 = 210mV 

At this point the more conservatively defined VNL (Figure 
1-10) should be evaluated and compared with VPL· Sub
tracting the values of VoL(Max) and VtL(Max)• a value of 
145 mV for VNL is obtained. 

The primary advantage of using VNH and VNL as the limits 
of tolerable noise is that they provide for simultaneous ap
pearance of noise on inputs and outputs. Whatever the sys
tem designer's preference regarding noise margin defini
tions, the important factor is to recognize that the A Vee and 
AVEE between devices decrease the noise margins and 
therefore should be minimized. 
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Chapter 2 
Logic Design 

Introduction 
The F100K family is comprised of SSI, MSI, LSI, logic func
tions, gate arrays, BiCMOS SRAMs, and PALs. The latest 
addition to the F1 OOK family is the 300 Series. 300 Series 
devices are functionally equivalent redesigns of existing 
F1 OOK devices, but with added enhancements such as: low
er power, PCC packaging, extended operating voltage 
range, military versions and ESD protection of 2000V (mini
mum). 

This chapter covers basic gates and flip-flops, as well as 
applications using MSI functions. In most cases a 300 Se
ries redesign is available in place of the referenced 100 
Series part. Refer to the Applications section of this data
book for the latest publications using ECL logic. Gate Ar
rays, PALs, and MSI are covered in separate publications. 
All BiCMOS SAAM applications are included in the Memory 
Databook. 

National F1 OOK ECL logic symbols use the positive logic or 
"active-HIGH" option of MIL-STD-8068. Logic '1' or "ac
tive-High" is the more positive voltage, nearest ground (typi
cally -0.955V). Logic 'O' or "active-LOW" is the more neg
ative level, nearest VEE (typically -1.705V). 

OR/NOR Gates 
The most basic F1 OOK ECL circuit is the OR/NOR gate (Fig
ure 2-1). If the input (A or 8) voltages are more negative 
than the reference voltage Vss. 01 and 02 are cut off (non
conducting) and 03 conducts, holding the collector of 03 

VeeA 

Vee 

as 

NOR OR 

02 

e1--+----.. 

1.-___ _., ___ .,_ _____ ~Vee 

TL/F/9899-1 

FIGURE 2-1. Basic ECL Gate 
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LOW. Since the base of 04 is LOW, the pull-down resistor 
or terminator connected to its emitter makes the OR output 
LOW. The base of 05 is HIGH (near ground) and its emitter 
pulls the NOR output HIGH. If either input is more positive 
than v88, 01 or 02 conducts and 03 is cut off. This makes 
the base of 04 HIGH, resulting in a HIGH at the OR output. 
At the same time, the base of 05 is LOW and the pull-down 
resistors or terminator pulls the NOR output LOW. Detailed 
information concerning F1 OOK ECL circuit basics may be 
found in Chapter 1. 

The F100K family includes two OR/NOR-gate devices. The 
F100101 is a triple 5-input OR/NOR and the F100102 is a 
quint 2-input OR/NOR with common enable. One element 
of the F100102 is shown in Figure 2-2, the corresponding 
truth table is Table 2-1. 

D1x ------llr-~--Ox 

D2x Ox 

TL/F/9899-2 

FIGURE 2-2. F100102 OR/NOR Gate 

TABLE 2-1. F100102 Truth Table 

D1x D2x 

L L 
L L 
L H 
L H 
H L 
H L 
H H 
H H 

H = HIGH Voltage Level 
L = LOW Voltage Level 

E 

L 
H 
L 
H 
L 
H 
L 
H 

Wired-OR Function 

Ox 

L 
H 
H 
H 
H 
H 
H 
H 

Ox 

H 
L 
L 
L 
L 
L 
L 
L 

A wired-OR function can be implemented simply by con
necting the appropriate outputs external to the package 
(see Figure 2-3). Each output is buffered so that the internal 
logic is not affected by the wire-OR. This is a positive logic 
OR, not to be confused with a DTL wired-AND or the inter
nal series gating used for some ECL functions. This wired
OR is especially useful in implementing data busses. For 
further information see Chapter 4. 
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Wired-OR Function (Continued) 

~~· 
TL/F/9899-3 

TL/F /9899-4 

:=D=rt-· 
D~G 

TL/F/9899-5 

F = (A + B) + (C + D) 
=A+B+C+D 

F=A+B+C+D 
=AB+ CD 

G = (A+B) + (C+D) 
=(AB)+ C + D 

F = A+B + c+D 
= A+B +(CD) 

FIGURE 2·3. Wired-OR Function 

AND Function 
The positive logic AND function is directly available in 
F100K ECL (F100104). There are two other approaches 
which can be taken to solve the problem of implementing an 
AND. 

The first solution is indicated in Figure 2-4. A positive logic 
OR gate can be redrawn as a negative logic AND gate. To 
take advantage of this requires active-LOW input terms; but, 
since practically every F1 OOK circuit provides complementa
ry outputs, this should not be a problem. 

D1x~ D2x _ 
Ox 

D3x 
Ox 

D4x 

Dsx 

TL/F/9899-6 

FIGURE 2·4. F100101 Redrawn as AND/NANO Gate 

The second possible solution is to use devices in a manner 
other than that intended, at the cost of package efficiency. 
The F100117 may be used as a triple 3-input AND/NANO 
by connecting only one input on each of the OR gates. The 
F100179 may be used as a single 9-input AND gate by con
necting the inputs to Cn and G7 through Go. The Pn inputs 
are left open (LOW) and the output is taken from Cn + B· 

OR-AND, OR-AND-Invert Gates 
The F100117 is a triple 2-wide OR-AND, OR-AND-Invert 
Gate. The logic diagram and truth table for one section of 
the F100117 are shown in Figure 2-5 and Table 2-2, respec
tively. The F100118 5-wide OA/OAI has OR inputs of 5, 4, 
4, 4, and 2. 
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D1x __ __._...._>--~=::,_....,_,. __ Ox 

D2x ----.IL-" Ox 

D3x-----. 

D4x ----.tL-"' 

TL/F /9899-7 

FIGURE 2·5. F100117 OA/OAI Gate 

TABLE 2·2. F100117 Truth Table 

Ex D1x D2x 

H H 
H x 
x L 
x x 
L x 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

x 
H 
L 
x 
x 

Dax D4x Ox 

H x H 
x H H 
x x L 
L L L 
x x L 

Ox 

L 
L 
H 
H 
H 

Exclusive-OR/Exclusive-NOR Gate 
The F100107 is a quint exclusive OR/NOR gate. In addition 
to providing the exclusive-OR/exclusive-NOR of the five in
put pairs, a comparison output is available. If the five pairs 
of inputs are identical, bit by bit, then the common output 
will be LOW. 

Flip-Flops and Latches 
Flip-flops and latches are treated together due to their simi
larity. The only difference is that latch outputs follow the 
inputs whenever the enable is LOW, whereas a flip-flop 
changes output states only on the LOW-to-HIGH clock tran
sition . 

. The advantage of an edge-triggered flip-flop is that the out
puts are stable except while the clock is rising; a latch has 
better data-to-output propagation delay while the enable is 
kept active. 

Both latches and flip-flops are available three to a package 
with individual as well as common controls and six to a 
package with only common controls. There are a total of 
four parts as indicated below. 

Triple w/lndlvldual Hex w/Common 
Controls Controls 

Fllp·Flops F100131 F100151 

Latches F100130 F100150 

Figure 2-6 shows the equivalent logic diagram of % of an 
F100131. The internal clock is the OR of two clock inputs, 
one common to the other two flip-flops. The OR clock input 
permits common or individual control of the three flip-flops. 
In addition, one input may be used as a clock input and the 
other as an active-LOW enable. 



Flip-Flops and Latches (Continued) 

so---... 
Ms----1 

D 

TO OTHER 
DEVICES 

CP-----li 
CPc-~t--~_J~-----~---------1 

CD 
MR 

TO OTHER 
DEVICES 

___ TO OTHER 

DEVICES 

TL/F/9899-8 

FIGURE 2·6. F100131 D Fllp·Flop 

When the clock is LOW, the slave is held steady and the 
information on the D input is permitted to enter the master. 
The transition from LOW to HIGH locks the master in its 
present state making it insensitive to the D input. This tran
sition simultaneously connects the slave to the master, 
causing the new information to appear at the outputs. Mas
ter and slave clock thresholds are internally offset in oppo
site directions to avoid race conditions or simultaneous 
master/slave changes when the clock has slow rise or fall 
times. 

The Clear and Set Direct for each flip-flop are the OR of two 
inputs, one common to the other two flip-flops. The output 
levels of a flip-flop are unpredictable if both the Set and 
Clear Direct inputs are active. 

The outputs of all F100K flip-flops and latches are buffered. 
This means that they can be OR-wired; noise appearing on 
the outputs cannot affect the state of the internal latches. 

Table 2-3 is the truth table for the F100131 flip-flop. The 
truth table for the F100130 latch is similar except the en
ables are active LOW whereas the F100131 clocks are 
edge triggered. 
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TABLE 2-3. F100131 Truth Table 

Dn CPn CPc 

L __/" 

H __/" 

L L 
H L 

x H 
x x 
x x 
x x 
x x 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 
U = Undefined 

L 
L 

__/" 
__/" 

x 
H 

x 
x 
x 

MS MR 
SDn CDn 

L L 
L L 

L L 
L L 

L L 
L L 

H L 
L H 
H H 

t, t + 1 = Time before and after CP positive transition 

On(t + 1) 

L 
H 

L 
H 

On(t) 
On(t) 

H 
L 
u 

If eight flip-flops are desired, such as for pipeline register 
applications, the F100141 Shift Register can be used. Nei
ther reset nor complementary outputs are available. The Se
lect inputs may be used to mechanize a clock enable as 
shown in Figure 2-7. 
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Flip-Flops and Latches (Continued) 

CLOCK ENABLE 
(ACTIVE LOW) 

CLOCK 

Po P1 P2 P3 p4 Ps Ps P7 
So 

S1 

CP 
Oo 01 02 03 Q4 Os Oe 01 

TL/F/9899-9 

FIGURE 2-7. F100141 as Octal D Flip-Flop 

Counters 
The F100136 operates either as a modulo-16 up/down 
counter or as a 4-bit bidirectional shift register. It has three 
Select inputs which determine the mode of operation as 
shown in Table 2-4. In addition, a Terminal Count output, 
and two Count Enables are provided for easy expansion to 
longer counters. A detailed truth table for the F100136 is 
included in the specification sheet. To achieve the highest 
possible speed, complementary outputs should be equally 
terminated, i.e., if 0 2 is used, 02 should be equally terminat
ed even if not used. If neither output of a particular stage is 
used, then both outputs can be left open. 

TABLE 2-4. F100136 Function Select Table 

So S1 

L L 
L L 
L H 
L H 
H L 
H L 
H H 
H H 

H = HIGH Voltage Level 
L = LOW Voltage Level 

S2 Function 

L Load 
H Count Down 
L Shift Left 
H Count Up 
L Complement 
H Clear 
L Shift Right 
H Hold 

VARIABLE MODULUS COUNTERS 

An F100136 can act as a programmable divider by preset
ting it via the parallel inputs, counting down to minimum and 
then presetting it again to start the next cycle. Figure 2-8 
shows a one-stage counter capable of dividing by 2 to 15. 
So and S1 are unconnected (therefore LOW) and the coun
ter thus is in either the Count Down or Parallel Load mode, 
depending on whether S2 is HIGH or LOW, respectively. 
CEP and CET are also LOW, enabling counting when S2 is 
HIGH. Immediately after the counter is preset to N, which 
must be greater than one, the LOAD signal goes HIGH and 
the F100136 starts counting down on the next clock. When 
it counts down to one, the LOAD signal goes LOW and pre
setting will occur on the next clock rising edge. Generating 
the LOAD signal on the count of one, rather than zero, 
makes up for the clock pulse used in presetting. 
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PRESET N 

Po-P3 

F100136 four= f1N + N 

,_ ..... --1~ four 

TL/F/9899-10 

FIGURE 2-8.1-Stage Counter 

A 3-stage programmable divider is shown in Figure 2-9. The 
TC output of the first stage enables counting in the upper 
stages, while the TC output of the second stage also en
ables counting in the third stage. The D-input signal to the 
flip-flop is normally HIGH and thus Q is normally LOW. 
When both the second and third stage counters have count
ed down to zero, the TC output of the third stage goes LOW. 
When the first stage subsequently counts down to one, the 
D signal goes LOW, as does LOAD. Presetting thus occurs 
on the next clock and Q goes HIGH to end the LOAD signal 
and permit counting to resume on the next clock. 

In Figure 2-8, the maximum clock frequency is determined 
by the sum of the propagation delays from CP to Q and the 
OR gate, plus the setup time from S to CP. The maximum 
frequency is approximately 220 MHz for typical units or 170 
MHz for worst-case units.' In Figure 2-9 the critical path is 
CP to Q of the first stage plus both OR gates, plus the S to 
CP set-up time of the counters. Typical and worst-case max
imum frequencies are 190 MHz and 140 MHz respectively. 

INTERCONNECTING COUNTERS 

The terminal count and count enable connections provide 
an easy method of interconnecting the F100136 counter to 
achieve longer counts. Figure 2-10 shows a method that 
uses few connections but has a drawback. The counters are 
fully synchronous, since the clock arrives at all devices at 
the same time; the only drawback is that the count enables 
have to "trickle" down the chain. This results in a lower 
maximum counting rate since it drastically increases the set
up time from enable to clock. 

Figure 2-11 shows a method for partially overcoming these 
drawbacks. The enable to clock set-up is now one CET to 
TC propagation delay plus one CEP to CP set-up. The count 
speed is thus increased. This is best seen by assuming that 
all stages except the second are at terminal count. At the 
next clock pulse, the second counter reaches terminal 
count and the first stage exits terminal count. The command 
to suppress counting in the third and fourth (and subse
quent) stages arrives very quickly (via CEP). The terminal 
count from the second stage propagates via TC and CEP to 
the high order stages, but has a full 15 counts to do so. 



Counters (Continued) 

No-N3 

Po-P3 
S2 

CEP F100136 
TC 

l1N CP 
Oo 01 02 03 

COUNT CEP 

ENABLE ---a CET F100136 TC 

CP 

COUNT CEP TC 

ENABLE ---a1 CET F100136 

CP 

PRESET N 

Ns-N11 

Po-P3 Po-P3 
S2 S2 

CEP CEP 
F100136 F100136 

TC CET 

CP CP 

FIGURE 2·9. 3·Stage Programmable Divider 

CEP CEP 

CET F100136 TC CET F100136 TC 

CP CP 

FIGURE 2·10. Slow Expansion Scheme 

Cl 

Cl. 

CP 

00136 TC 

CEP 

CET F100136 TC 

CP 

FIGURE 2·11. Fast Expansion Scheme 
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Counters (Continued) 

DECODING OUTPUTS 

Since the complementary outputs from each stage are 
available, it is an easy matter to decode any value. (Clearly, 
if many values needed to be decoded one would choose a 
decoder chip.) Figure 2-12 shows an F100136 and % 
F100101 interconnected to decode 1001 (NINE). Both com
plementary outputs of NINE are available and there is a 
spare input on the decoding gate. 

1/3 F100101 

NINE 

NINE 

TL/F /9899-13 

FIGURE 2·12. Decoding States of F100136 

Shift Registers 
The F100141 is an 8-bit universal shift register. It can be 
used for parallel-to-serial or serial-to-parallel conversion and 
it will shift left or right. The truth table is shown in Table 2-5. 

TABLE 2-5. F100141 Truth Table 

S1 So 

L L 
L H 
H L 
H H 

H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

CP Mode 

_/ Parallel Load 
_/ Shift Left (Oo ~ 07) 
_/ Shift Right (07 ~ Oo) 
x Hold 

Figure 2-13 shows the F100141 used as a 7-bit serial-to
parallel converter. When Initialize (INIT) becomes active, 
the next clock pulse presets the register to '10000000', and 
Register-Full (REG-FULL) becomes inactive. Each time a 
data bit becomes available, Data-Available (DATA-AVAIL) 
must be made active during one clock LOW-to-HIGH tran-

CLOCK 

sition. This clocks the bit into the register moves the flag bit 
closer to 0 0. When the seventh data bit is entered, the flag 
bit reaches Oo and REG-FULL becomes active. The seven 
data bits may be removed at this time (01 to 0 7) and the 
conversion is complete. 

SERIAL 
DATA IN--------. 

D1 P7 Pe Ps p4 P3 P2 P1 Po 
CLOCK------ CP 

INITIALIZE·~~~ . ._,.,.______. St 

DATA 
AVAILABLE---cL.-.-

So 

f100141 

~ 
PARALLEL DATA 

REG-FULL 

TL/F/9899-14 

FIGURE 2·13. Serial-to-Parallel Conversion 

Table 2-6 summarizes the control inputs and corresponding 
F100141 modes for this circuit. 

TABLE 2-6. Select Inputs Truth Table 

INIT DATA-AVAIL 

L L 
L H 
H L 
H H 

H = HIGH Voltage Level 
L = LOW Voltage Level 

S1 

H 
H 
L 
L 

So Mode 

H Hold 
L Shift Right 
L Preset 
L (Illegal) 

Figure 2-15 shows a parallel-to-serial converter using the 
F100136 counter. Figure 2-14 shows the associated timing 
diagram. Each time the external device has taken a bit of 
data, it makes the signal Serial-Data-Accept (SERIAL
DATA-ACPT) HIGH. The shift register shifts right which 
makes the next bit available and the counter counts up. The 
Serial-Data-Accept term must be synchronized with the 
clock. The counter counts to eight after the eighth data bit 
has been accepted and Parallel-Data-Request (PARALLEL
DATA-ROST) becomes active HIGH. When the device sup
plying data makes the next byte available, Parallel-Data
Ready (PARALLEL-DATA-ROY) goes HIGH. On the next 
clock pulse the shift register loads the new data byte and 
the counter clears to zero. Table 2-7 shows the operating 
mode as a function of the control inputs. 

COUNT I I I 
SERIAL· _______ ...,.11 r1 r1 
DATA·ACPT • ... _____ .. _ .... ----------· .,_ ------

PARALLEL-DATA-RQST _________________ _.. 

PARALLEL
DATA-RDY 

FIGURE 2-14. Timing Diagram Parallel-to-Serlal Converter 
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Shift Registers (Continued) 

TABLE 2-7. Parallel-to-Serial Converter Truth Table 

PARALLEL- SERIAL- Shift Register Counter 
DATA-ROY 

L 
L 
H 

H = HIGH Voltage Level 
L = LOW Voltage Level 

DATA-ACPT 
S1 So 

L H H 
H H L 
L L L 

PARALLEL DATA 

~ 

P7 Po 
CLOCK ---------+-11CP 

SERIAL- -...----l""--~---+--lso F100141 
DATA-ACPT 

Oo 

SERIAL DATA 

F100136 

Q3 

PARALLEL
DATA-RQST 

TL/F/9899-16 

FIGURE 2-15. Parallel-to-Serial Converter 

Multiplexers 
Multiplexers send one of several inputs to a single output. 
The function can be implemented with standard gates or 
bus drivers and the wired-OR connection. Figure 2-16 
shows the F100123 Hex Bus Driver used as a wired-OR 
multiplexer. The F100123 devices could be in physically dif
ferent parts of the system, since they can drive double-ter
minated busses. 

The F100155 is a quad 2-input multiplexer with transparent 
latches. The device has two select terms and can accept 
data from either, neither, or both (OR) sources. 

Mode So S1 S2 Mode 

Hold H H H Hold 
Shift Right L H H Count Up 
Load H L H Clear 

7-15 

SELECT 

A1 F1 

A2 F2 

Aa 
F100123 

F3 

A4 f4 

As Fs 

Ae Fe 
E 

81 
E 

82 

83 
F100123 

84 

Bs 

Be 

TL/F/9899-17 

FIGURE 2·16. Wired-OR Multiplexer 

The F100163 is a dual 8-input multiplexer with common se
lects. The F100164 is a single 16-input multiplexer. 

The F100163 and F100164 do not feature complementary 
outputs or an enable for wired-ORing. The F100171 is a 
triple 4-input multiplexer with enable and complementary 
outputs. 

Figure 2-17 shows an F100164 multiplexer and F100136 
connected to convert 16-bit parallel data to single-bit serial 
data. A gate is added to provide complementary serial data. 
If the input data is stable, then the output data is stable from 
6.4 ns after a clock until 2.5 ns after the next clock. This 
would insure valid data 50% of the time at a clock rate of 
100 MHz. Terminal Count on the counter can be used as a 
term to indicate the last bit is being transmitted. This can be 
used as a clock enable to the register containing the parallel 
data. The propagation delay through the register is masked 
by the propagation delay through the counter. 
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Multiplexers (Continued) 

CLOCK-CP 

-so 
H-S1 

H-S2 

F100136 

TC U
TRANSMITTING 
LAST BIT 

PARALLEL DATA 

........_,So 

'---1S1 

S2 

'------IS3 

--,} 

A. 

F100164 

z 

' ~COMPLEMENTARY 
SERIAL DATA 

TL/F/9899-18 

FIGURE 2-17. Parallel-to-Serial Data Transmission 

Decoder 
The F100170 is a universal demultiplexer/decoder. It can 
function as either a dual 1-of-4 decoder or as a single 1-of-8 
decoder. The outputs can be either active HIGH or active 
LOW. 

If the M input is LOW, then the F100170 is configured as a 
dual 1-of-4 decoder. Both A2a and He must be LOW. Table 
2-8 is a truth table for each half of the F100170; the two 
halves are completely independent. The truth table is shown 
for active-HIGH outputs; for active-LOW outputs, Hx is made 
LOW. 

TABLE 2-8. Dual 1-of-4 Mode Truth Table 

Inputs 

E1a E2a 

E1b E2b 
Aoa 
Aob 

H X 
X H 

L 

L 
L 

L 

L 

L 
L 

L 

x 
x 
L 

L 
H 

H 

M = A2a = He = LOW 
H = HIGH Voltage Level 
L =LOW Voltage Level 
X = Don't Care 

x 
x 
L 
H 
L 

H 

Active-HIGH Outputs 
(Ha and Hb Inputs HIGH} 

Zoa 

Zob 

L 
L 

H 
L 
L 

L 

L 
L 

L 

H 
L 
L 

L 
L 

L 
L 

H 
L 

L 
L 

L 
L 

L 
H 
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TABLE 2-9. Single 1-of-8 Mode Truth Table 

Inputs 
Active-HIGH Outputs 

(He Input HIGH} 

E1 E2 A2a A1a Aoa Zo Z1 Z2 Z3 Z4 Zs Zs Z7 

HX XX X LLLLLLLL 
X H X 

L L L 

L L L 
L L L 

L L L 

L 

L 
L 

L 
L 
L 

H 

H 
H 

XX LLLLLLLL 

LL HLLLLLLL 

L H LHLLLLLL 

H L LLHLLLLL 
H H LLLHLLLL 

L 

L 
H 

L 
H 

L 

L 
L 

L 

L 
L 
L 

L 
L 

L 

L H 
L L 
L L 

L L 
H L 

L H 

L 

L 
L 

LL H H H LLLLLLLH 

M =HIGH; 
Aob = A1b = Ha = Hb = LOW 
E1 = E1a and E1b Wired; E2 = E2a and E2b Wired 
H = HIGH Voltage Level 
L = LOW Voltage Level 
X = Don't Care 

If the M input is HIGH, then the F100170 is configured as a 
single 1-of-8 decoder. Aob. A1 b· H8 , and Hb must all be 
LOW. Table 2-9 is a truth table for the F100170 in single 1-
of-8 mode. The truth table is shown for active-HIGH outputs; 
for active-LOW outputs, He is mode LOW. 

Figure 2-18 and Table 2-10 show a universal decimal de
coder and the decode table, respectively. The sense of the 
outputs can be easily modified. The entire decoder may be 
enabled with a LOW at the Function input. 



Decoder (Continued) 

Ao-Aa 
Weighted 

Input 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

TABLE 2-10. Output Selection Figure 2-19 shows a scheme to decode five lines with a 
1-of-32 decoder. Inputs Ao. A1, and A2 are connected to the 
address select inputs of all four decoders in parallel. Both 
the true and complement of the two high order addresses 
are formed and then ANDed together at the decoder enable 
inputs. 

8421 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

Selected Output per Input Code 

5421 

0 
1 
2 
3 
4 
8 
9 
10 
11 
12 

H 

Excess Excess 
3 3 Gray 

2421 

3 2 0 
4 6 1 
5 7 2 
6 5 3 
7 4 4 
8 12 11 
9 13 12 
10 15 13 
11 14 14 
12 10 15 

Aoa A1a A2a Ea 
M 

F100170 
He 

Zo Z1 Z2 Z3 Z4 Zs Zs Z7 

Figure 2-20 shows a 1-of-64 decoder which uses the LOW 
outputs of one F100170 to enable one-of-eight F100170 
devices whose address inputs are connected together. The 
unused enable inputs may be used to enable all 64 outputs. 
The 64 outputs may be either active HIGH or LOW. The 
propagation delay from address to any output is 4.5 ns max
imum. 

H 
Aoa A1a A2a 

M 
Ea 

F100170 
He 

Zo Z1 Z2 ZJ Z4 Zs Zs Z7 

HIGH/LOW-----t--+--+-+--t__,~-T--~ 

01234567 8 9 10 11 12 13 14 15 
TL/F/9899-19 

FIGURE 2-18. Universal Decimal Decoder 

H-t-+--t-+-+-t-t--t-+-+--+-t--+-t~-t-+-+-t-t--+-t---t--t-+-+-t-t--t-+-__, 

HIGH/LOW----t-+-+-t-t--t-+-+--...._-+-t~-t-+-+-t-t-----t--t-+-+-t-t--t-+----' 

01234567 8 9 10 1112131415 16 17 1819 20 21 22 23 24 25 26 27 2829 30 31 

TL/F/9899-20 

FIGURE 2-19. 1-of-32 Decoder 
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Decoder (Continued) 

H M 
F100170 

L He 

F100170 

H-..... -+---1-+--+-+--+--+--+-+-----' 

HIGH/LOW-------1-------------

1 2 1 2 

F100170 
He 

Oo 01 02 03 Q4 Os Oe 01 

0 1 2 3 4 5 6 7 • • • • • 56 57 58 59 60 61 62 63 

FIGURE 2-20. 1-of-64 Decoder 
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Comparators 
The F100166 is a 9-bit magnitude comparator which com
pares the arithmetic value of two 9-bit words and indicates 
either A > B, A < B, or A = B. 

The unequal outputs are active HIGH so that expansion is 
simple, Figure 2-21 indicates how two 64-bit words may be 
compared in 5.4 ns typical. If desired, the A = B outputs of 
the first rank may be OR-wired to obtain an active-LOW 
A = B in 2. 7 ns typical. 

The F100107 Quint Exclusive-OR/NOR may be used as a 
5-bit identity comparator with a propagation delay of 2.0 ns 
typical. The F100160 Parity Checker/Generator may also 
be used as an identity comparator. 

A54 Be4 As7 Bsr Ae Be A1 B1 
• • • • • • 

Ae Be A1 B1 As Be A1 B1 

F100166 • • • 

A>B A=B B>A A>B A=B B>A 

• • • • • • • • • 
As Be 

A>B 

F100166 

A=B B>A 

TL/F/9899-24 

FIGURE 2·21. 64-Blt Magnitude Comparator 

Parity Generator /Checker 
The F100160 is a dual 9-bit parity checker/generator. The 
output (of each section) is HIGH when an even number of 
inputs are HIGH. Thus, to generate odd parity on eight bits, 
the ninth input would be held HIGH. One of the nine inputs 
on each half has a shorter propagation (la, lb) delay and is 
thus preferred for expansion. 

Figure 2-22 shows how to build a 16-bit parity checker using 
a single F100160. The typical propagation delay from the 
longest input is 4.05 ns. This circuit can be turned into a 
parity generator by replacing "P" at input lb with a LOW or 
HIGH for even or odd parity, respectively. 

p 16 15 14 13 12 11 10 9 

lb lrb lsb lsb 14b 13b l2b h b lob 

F100160 

Zb 

87654321 

la Ira lea Isa 14a '3a l2a l1a loa 

TL/F/9899-25 

FIGURE 2·22. 16-Bit Parity Checker/Generator 

Arithmetic Logic Unit 
The F100181 is a 4-bit binary/BCD ALU with a typical prop
agation delay of 4.5 ns. Output latches are provided to re
duce system package count. When the latches are not re
quired, they may be made transparent. Table 2-11 summa
rizes the functions available in the F100181. Table 2-12 is a 
summary of add times as a function of word width using the 
F100181 and, optionally, the F100179 Lookahead Carry 
Generator. These are calculated using maximum times for 
flatpak at 25°C from the data sheets and assume zero inter
connection times. Further, it is assumed that the S (function 
select) inputs are available very early; their delay paths are 
ignored. The F100181 specification sheet indicates how the 
parts are interconnected. 

TABLE 2·11. F100181 Functions 

S3 

L 

L 
L 

L 

L 
L 

L 
L 

H 
H 

H 
H 

H 
H 
H 

H 

H = HIGH Voltage Level 
L = LOW Voltage Level 

S2 S1 

L L 
L L 

L H 
L H 

H L 
H L 
H H 
H H 

L L 

L L 
L H 
L H 

H L 

H L 
H H 
H H 

So Function Note 

L A Plus B BCD 
H A Minus B BCD 

L B Minus A BCD 
H 0 Minus A BCD 

L A Plus B Binary 
H A Minus B Binary 
L B Minus A Binary 

H 0 Minus B Binary 

L Identity F=A•B+A•B 

H XOR F=A•B+A•B 
L OR F=A+B 
H A F=A 

L Inverse F=B 

H B F=B 

L AND F = A•B 
H Zero F =LOW 
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Arithmetic Logic Unit (Continued) 

TABLE 2-12. Summary of Add Times Using F100181 

Ripple 
Bits 

Carry 

8 11.3 
16 16.9 
32 28.1 
64 50.5 

Ripple Carry = 

1 F100179 2 F100179 
Lookahead Lookahead 

Carry Carries 

n/a n/a 
11.9 n/a 
14.7 14.6 
n/a 17.4 

(A or B to Cn + 4) + (Cn to F) + 
((D - 2)Cn to Cn+4) 
where D = number of 100181 de
vices 

16-Bit, 1 Lookahead = (A or B to P or G) + (Cn to F) + 
(tp of 100179) 

32-Bit, 1 Lookahead = (A or B to P or G) + (Cn to F) + 
(tp of 100179) + (Cn to Cn+4 of 
last stage) 

32-Bit, 2 Lookaheads = (A or B to P or G) + (Cn to F) + 
(2tp of 100179) 

64-Bit, 2 Lookaheads = (A or B to P or G) + (Cn to F) + 
(2tp of 100179) + (Cn to Cn + 4 of 
last stage) 

Multipliers 
The F100182 Wallace Tree Adder and F100183 Recode 
Multiplier can be combined to build extremely fast parallel 
multipliers. The F100183 data sheet has detailed applica
tions information; Table 2-13 is a summary of delay times 
and package counts for various operand sizes. The times 
are typical and do not include interconnection delays. 

TABLE 2-13. Multiplier Summary 

Operand Size Delay (ns) 

16 x 16 16 
24 x 24 22 
32 x 32 24 
64 x 64 26 

TTL/F100K Interfacing
Translators 

Device Count 

62 
115 
186 
634 

The problem of mixing F1 OOK ECL logic levels with TTL 
logic levels can be easily overcome with the use of level 
translators. Level translators are designed to convert the 
input level of one logic family to a level which is consistent 
with that of another logic family. This enables designers to 
take advantage of the high speeds offered by F1 OOK ECL in 
critical system paths and to use other logic families in areas 
where speed is not as essential. National's wide range of 
level translators offer designers a solution for most level 
translation applications. 

The F100124 and F100324 are hex translators designed for 
converting TTL logic levels to F1 OOK ECL logic levels. Both 
products are functionally interchangeable, as are all the 300 
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Series redesigns. On the F100124 or F100324, a common 
Enable input (E), when LOW, holds all inverting ECL outputs 
HIGH and all true ECL outputs LOW. The differential out
puts allow each circuit to be used as an inverting/non-in
verting translator, or as a differential line driver. 

The F100125 and F100325 are hex F100K ECL-to-TTL 
translators. F100K ECL-to-TTL level translation is probably 
the most common application for translators today. Logic 
designers can take advantage of the high speeds offered by 
ECL and the high densities offered by TTL memories 
(DRAMS). The F100125 and F100325 have outputs which 
are compatible with standard or Schottky TTL. Differential 
inputs allow each circuit to be used as an inverting, non-in
verting or differential receiver. An internal reference voltage 
generator provides Vss for single ended operation, or for 
use in Schmitt trigger applications. 

For applications which require wider bit functions the 
F100393 or the F100395 may be more appropriate. The 
F100393 is a 9-bit F100K ECL-to-TTL level translator with 
latched outputs and the F100395 is a 9-bit F1 OOK ECL-to
TTL translator with registers. Both products are designed 
with FAST TTL outputs capable of driving loads of up to 
64 mA. A LOW on the latch enable (LE) input of the 
F100393, latches the data at the input state. A HIGH on the 
LE makes the latches transparent. A HIGH on either the 
ECL or TTL output enable (OE ECL or OE TTL) inputs, holds 
the outputs in a high impedance state. For the F100395, a 
HIGH on the output enable (OE) holds the TTL outputs in a 
high impedance state. A LOW on the clock enable (EN) 
transfers the data on the inputs to the outputs on a LOW-to· 
HIGH transition. A high on the EN input will not change the 
state of the outputs. 

Some applications may require bi-directional level transla
tion on one chip. That is, the ability to direct the translation 
in either the F100K ECL-to-TTL direction, or in the TTL~to
F1 OOK ECL direction. The F100128 and F100328 accom
plish this task. The F100128 and the F100328 are Octal 
F1 OOK ECL/TTL Bi-Directional Translators with Latched 
outputs. The direction of the translation for these devices is 
determined by the DIR input, a LOW is for ECL-to-TTL 
translation and a HIGH is for TTL-to-ECL translation. A LOW 
on the output enable input (OE), holds the ECL outputs in a 
cut-off state and the TTL outputs in a high impedance state. 
The latched outputs of these devices are controlled by the 
latch enable input (LE). A HIGH on the LE, latches the data 
at both inputs even though only one output is enabled at the 
time (Tn or En as determined by the DIR input). A LOW on 
the LE input makes the latches transparent. 

The F100329 is an Octal F1 OOK ECL/TTL Bi-directional 
Translator similar to the F100328, but employs the use of 
registers instead of latches. The direction of the translation 
is also controlled by the DIR input. A LOW on the DIR input 
will translate in the ECL-to-TTL direction and a HIGH will 
translate in the TTL-to-ECL direction. A LOW on the output 
enable input (OE) of the F100329 holds the ECL outputs in 
a cut-off state and the TTL outputs at a high impedance 
level. The outputs change synchronously with the rising 
edge of the clock input (CP), even though only one output is 
enabled at a time (En or Tn, as determined by the DIR in
put). 



10K/F100K Interfacing 
The problem caused by mixing 1 OK ECL and F1 OOK ECL is 
illustrated in Figures 2-25 and 2-26. 1 OK output levels and 
input thresholds vary with temperature whereas F1 OOK lev
els and thresholds remain essentially constant. This means 
that the noise margins vary with temperature, even if the 
temperatures of the driving and receiving circuits track. Per
haps the worst case is shown in Figure 2-26, which illus
trates F1 OOK driving 1 OK. 

-.9 .-----,-~-__,...--,---r--r---::::c::m..., 

> 
~ - 1·1 1--+--F-10+.0-K_V_1H+(m-in-)~--++---+-~--1 

..J 

~ -1.2 1---1---1--+--+--+---+--+---t 
w 
..J 
1-
:l 
Q. 
1-
:l 
0 
;::: 
:l 
Q. 

~ 

> 

-1.3 1--i--1---'--~-~--1---~~ 

-1.4 ~-+---+---+--+--+--+--+---i 
LOW STATE MARGINS 

F100KV1L(max) 10K- F100K 
-1.5 1-----;r;;.;,;;;.;.:... .... _+-~----+---t 

-1. 7 L.._...___...___......_ _ _,__ _ _,___...1-_ _,_____. 
0 10 20 30 40 50 60 70 80 

TA -AMBIENT TEMPERATURE 

TL/F/9899-26 

FIGURE 2-25. 10K ECL Driving 100K ECL 
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-1.4 ~--1,___-1---+---+--+--+--+---i 
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TL/F/9899-27 

FIGURE 2-26. 100K ECL Driving 10K ECL 

7-21 

At + 75°C, the high margins are seen to be less than 
100 mV. Clearly this would not represent acceptable DC 
margins in any real system. 

If the use of 1 OK ECL in an F1 OOK system is unavoidable, it 
is recommended that all interfacing be done differentially. 
This is illustrated in Figure 2-27which is applicable for either 
direction. 

-2V -2V 

DIFFERENTIAL 
LINE RECEIVER 

TL/F/9899-28 

FIGURE 2-27. Interfacing 10K and F100K 
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Chapter 3 
Transmission Line Concepts 

Introduction 
The interactions between wiring and circuitry in high-speed 
systems are more easily determined by treating the inter
connections as transmission lines. A brief review of basic 
concepts is presented and simplified methods of analysis 
are used to examine situations commonly encountered in 
digital systems. Since the principles and methods apply to 
any type of logic circuit, normalized pulse amplitudes are 
used in sample waveforms and calculations. 

Simplifying Assumptions 
For the great majority of interconnections in digital systems, 
the resistance of the conductors is much less than the input 
and output resistance of the circuits. Similarly, the insulating 
materials have very good dielectric properties. These cir
cumstances allow such factors as attenuation, phase distor
tion, and bandwidth limitations to be ignored. With these 
simplifications, interconnections can be dealt with in terms 
of characteristic impedance and propagation delay. 

Characteristic Impedance 
The two conductors that interconnect a pair of circuits have 
distributed series inductance and distributed capacitance 
between them, and thus constitute a transmission line. 
For any length in which these distributed parameters are 
constant, the pair of conductors have a characteristic im
pedance Zo. Whereas quiescent conditions on the line are 
determined by the circuits and terminations, Zo is the ratio 
of transient voltage to transient current passing by a point 
on the line when a signal charge or other electrical distur
bance occurs. The relationship between transient voltage, 
transient current, characteristic impedance, and the distrib
uted parameters is expressed as follows: 

Y._ = Zo = {Lo 
I \J'Co (3-1) 

where Lo = inductance per unit length, C0 = capacitance 
per unit length. Zo is in ohms, Lo in Henries, Co in Farads. 

Propagation Velocity 
Propagation velocity v and its reciprocal, delay per unit 
length 8, can also be expressed in terms of Lo and c0. A 
consistent set of units is nanoseconds, microhenries and 
picofarads, with a common unit of length. 

1 
v = ,j[QCQ 8 = ~LoCo (3-2) 

Equations 3-1 and 3-2 provide a convenient means of deter
mining the Lo and Co, of a line when delay, length and im
pedance are known. For a length I and delay T, 8 is the ratio 
T //. To determine Lo and Co, combine Equations 3-1 and 
3-2. 
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Lo= 8Zo 
8 

Co=
Zo 

(3-3) 

(3-4) 

More formal treatments of transmission line characteristics, 
including loss effects, are available from many sources.1-3 

Termination and Reflection 
A transmission line with a terminating resistor is shown in 
Figure 3-1. As indicated, a positive step function voltage 
travels from left to right. To keep track of reflection polari
ties, it is convenient to consider the lower conductor as the 
voltage reference and to think in terms of current flow in the 
top conductor only. The generator is assumed to have zero 
internal impedance. The initial current 11 is determined by V1 
and Zo. 

V1,l1- 11- Ir 
~~ ---~__.-1) 

Vr Ir 

v, ! '·=~ v~r >•, 

~ ~ 

LINE LENGTH= I DELAY=T= lb 

TL/F /9900-1 

FIGURE 3-1. Assigned Polarities and 
Directions for Determining Reflections 

If the terminating resistor matches the line impedance, the 
ratio of voltage to current traveling along the line is matched 
by the ratio of voltage to current which must, by Ohm's law, 
always prevail at Rr. From the viewpoint of the voltage step 
generator, no adjustment of output current is ever required; 
the situation is as though the transmission line never existed 
and Rr had been connected directly across the terminals of 
the generator. From the Rr viewpoint, the only thing the line 
did was delay the arrival of the voltage step by the amount 
of time T. 

When Rr is not equal to Zo, the initial current starting down 
the line is still determined by V 1 and Zo but the final steady 
state current, after all reflections have died out, is deter
mined by V1 and Rr (ohmic resistance of the line is as
sumed to be negligible). The ratio of voltage to current in the 
initial wave is not equal to the ratio of voltage to current 
demanded by Rr. Therefore, at the instant the initial wave 
arrives at Rr, another voltage and current wave must be 
generated so that Ohm's law is satisfied at the line
load interface. This reflected wave, indicated by Vr and Ir in 
Figure 3-1, starts to return toward the generator. Applying 



Termination and Reflection (Continued) 

Kirchoff's laws to the end of the line at the instant the initial 
wave arrives, results in the following. 

11 + Ir= Ir= current into Ar (3-5) 

Since only one voltage can exist at the end of the line at this 
instant of time, the following is true: 

V1 + Vr = Vr 

thus Ir= Vr = V1 + Vr (3 6) 
Ar Ar -

also 
V1 Vr 

11 =-and Ir= --
Zo Zo 

with the minus sign indicating that Vr is moving toward the 
generator. 

Combining the foregoing relationships algebraically and 
solving for V r yields a simplified expression in terms of V 1, 
Zo and Ar. 

V1 _ Y.!, = V1 + Vr = V1 + Vr 
Z0 Zo Ar Ar Ar 

V1 (J.. - J...) = Vr (J... + J..) (3·7) 
Zo Ar Ar Zo 

Vr=V1 (Ar-Zo) = PLV1 
Rr + Zo 

The term In parenthesis Is called the coefficient of reflection 
p. With Rr ranging between zero (shorted line) and infinity 
(open line), the coefficient ranges between -1 and + 1 re
spectively. The subscript L indicates that p refers to the 
coefficient at the load end of the line. 

Equation 3-7 expresses the amount of voltage sent back 
down the line, and since 

Vr = V1 + Vr (3-8) 

then Vr = V1 (1 + PU· 
Vr can also be determined from an expression which does 
not require the preliminary step of calculating PL· Manipulat
ing (1 + PU results in 

Rr - Zo ( Rr ) 1 + PL = 1 + --- = 2 ---
Rr + Zo Rr + Zo 

Substituting in Equation 3-8 gives 

Vr = 2 (___!!L__) V1 
Rr + Zo 

(3-9) 

The foregoing has the same form as a simple voltage divid
er involving a generator V 1 with internal impedance Zo driv
ing a load Rr. except that the amplitude of Vr is doubled. 

The arrow indicating the direction of Vr in Figure 3-1 correct
ly indicates the Vr direction of travel, but the direction of Ir 
flow depends on the Vr polarity. If Vr is positive, Ir flows 
toward the generator, opposing 11. This relationship be
tween the polarity of Vr and the direction of Ir can be de
duced by noting in Equation 3-7 that if Vr is positive it is 
because Rr is greater than Z0. In turn, this means that the 
initial current Ir is larger than the final quiescent current, 
dictated by V1 and Rr. Hence, Ir must oppose 11 to reduce 
the line current to the final quiescent value. Similar reason
ing shows that if Vr is negative, Ir flows in the same direction 
as 11. 
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It is sometimes easier to determine the effect of Vr on line 
conditions by thinking of it as an independent voltage gener
ator in series with Rr. With this concept, the direction of Ir is 
immediately apparent; its magnitude, however, is the ratio of 
Vr to z0, i.e., Rr is already accounted for in the magnitude of 
Vr. The relationships between incident and reflected signals 
are represented in Figure 3-2 for both cases of mismatch 
between Rr and Zo. 

The incident wave is shown in Figure 3-2a, before it has 
reached the end of the line. In Figure 3-2b, a positive Vr is 
returning to the generator. To the left of Vr the current is still 
11, flowing to the right, while to the right of Vrthe net current 
in the line is the difference between 11 and Ir. In Figure 3-2c, 
the reflection coefficient is negative, producing a negative 
Vr. This, in turn, causes an increase in the amount of current 
flowing to the right behind the Vr wave. 

:. t 
V1,l1__., 

I< T ]: 
I • 
I DISTANCE 

TL/F/9900-2 

a. Incident Wave 

Yr h-lr 

~ 
-----+-

h t--- }·· ~ 

V1 

T <I< 2T 
..... 

I 

TL/F/9900-3 

b. Reflected Wave for Rr > Zo 

~ h v,, l1+lr 
~ ----.. 

V1 ~--1 

T <I< 2T i ~VT ..... 
I 

TL/F/9900-4 

c. Reflected Wave for Rr < Zo 
FIGURE 3-2. Reflections for Rr =I= Zo 
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Source Impedance, Multiple Reflections 
When a reflected voltage arrives back at the source (gener
ator), the reflection coefficient at the source determines the 
response to V r· The coefficient of reflection at the source is 
governed by Zo and the source resistance Rs. 

Rs - Zo 
Ps =Rs+ Zo (3-10) 

If the source impedance matches the line impedance, a re
flected voltage arriving at the source is not reflected back 
toward the load end. Voltage and current on the line are 
stable with the following values. 

(3-11) 

If neither source impedance nor terminating impedance 
matches Zo, multiple reflections occur; the voltage at each 
end of the line comes closer to the final steady state value 
with each succeeding reflection. An example of a line mis
matched on both ends is shown in Figure 3-3. The source is 
a step function of 1 V amplitude occurring at time to. The 
initial value of V1 starting down the line is 0.75V due to the 
voltage divider action of Zo and Rs. The time scale in the 
photograph shows that the line delay is approximately 6 ns. 
Since neither end of the line is terminated in its characteris
tic impedance, multiple reflections occur. 

The amplitude and persistence of the ringing shown in Fig
ure 3-3 become greater with increasing mismatch between 
the line impedance and source and load impedances. Re-

TL/F/9900-5 

31 - 93 
PS = 31 + 93 = -0.5 

Initially: V1 =~•Vo=~• 1 = 0.75V 
z 0 +Rs 124 

H = 20 ns/div 
V =0.5 V/div 

TL/F/9900-6 

FIGURE 3·3. Multiple Reflections Due to 
Mismatch at Load and Source 
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ducing Rs (Figure 3-3) to 13.0. increases PS to -0.75V, and 
the effects are illustrated in Figure 3-4. The initial value of 
Vr is 1.BV with a reflection of 0.9V from the open end. When 
this reflection reaches the source, a reflection of 0.9V x 
-0.75V starts back toward the open end. Thus, the second 
increment of voltage arriving at the open end is negative 
going. In turn, a negative-going reflection of 0.9V x -0.75V 
starts back toward the source. This negative increment is 
again multiplied by -0.75 at the source and returned 
toward the open end. It can be deduced that the difference 
in amplitude between the first two positive peaks observed 
at the open end is 

Vr - V'r = (1 + Pd V1 - (1 + Pd V1 P2L p2s 

= (1 + Pd V1 (1 - P2L p2s). 
(3-12) 

The factor (1 - p2L p2s) is similar to the damping factor 
associated with lumped constant circuitry. It expresses the 
attenuation of successive positive or negative peaks of ring
ing. 

... Vr 

... v, 

H=20 ns/div 
V=0.4 V/div 

TL/F/9900-7 

FIGURE 3·4. Extended Ringing when Rs 
of Figure 3·3 ls Reduced to 13.0. 

Lattice Diagram 
In the presence of multiple reflections, keeping track of the 
incremental waves on the line and the net voltage at the 
ends becomes a bookkeeping chore. A convenient and sys
tematic method of indicating the conditions which combines 
magnitude, polarity and time utilizes a graphic construction 
called a lattice diagram.4 A lattice diagram for the line condi
tions of Figure 3-3 is shown in Figure 3-5. 

The vertical lines symbolize discontinuity points, in this case 
the ends of the line. A time scale is marked off on each line 
in increments of 2T, starting at to for V1 and T for Vr. The 
diagonal lines indicate the incremental voltages traveling 
between the ends of the line; solid lines are used for posi
tive voltages and dashed lines for negative. It is helpful to 
write the reflection and transmission multipliers p ,and 
(1 + p) at each vertical line, and to tabulate the incremental 
and net voltages in columns alongside the vertical lines. 
Both the lattice diagram and the waveform photograph 
show that V1 and Vr asymptotically approach 1V, as they 
must with a 1 V source driving an open-ended line. 



Lattice Diagram (Continued) 

V1 

(1+P)• +0.5 
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Vr 
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3T 
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+1.12sV 

7T 
-0.188V 
+0.937 v 

9T + 0.094 v 
+1.031 v 

TL/F/9900-B 

FIGURE 3-5. Lattice Diagram for the Circuit of Figure 3-3 

Shorted Line 
The open-ended line in Figure 3-3 has a reflection coeffi
cient of + 1 and the successive reflections tend toward the 
steady state conditions of zero line current and a line volt
age equal to the source voltage. In contrast, a shorted line 
has a reflection coefficient of -1 and successive reflections 
must cause the line conditions to approach the steady state 
conditions of zero voltage and a line current determined by 
the source voltage and resistance. 

Shorted line conditions are shown in Figure 3-6a with the 
reflection coefficient at the source end of the line also nega
tive. A negative coefficient at both ends of the line means 
that any voltage approaching either end of the line is reflect
ed in the opposite polarity. Figure 3-6b shows the response 
to an input step-function with a duration much longer than 
the line delay. The initial voltage starting down the line is 
about + 0. 75V, which is inverted at the shorted end and 
returned toward the source as -0.75V. Arriving back at the 
source end of the line, this voltage is multiplied by (1 + pg), 
causing a - 0.37V net change in V 1 · Concurrently, a reflect
ed voltage of +0.37V (-0.75V times ps of -0.5) starts 
back toward the shorted end of the line. The voltage at V1 is 
reduced by 50% with each successive round trip of reflec
tions, thus leading to the final condition of zero volts on the 
line. 

When the duration of the input pulse is less than the delay 
of the line, the reflections observed at the source end of the 
line constitute a train of negative pulses, as shown in Figure 
3-6c. The amplitude decreases by 50% with each succes
sive occurrence as it did in Figure 3-6b. 

TL/F/9900-9 

0 - 93 
PS = - 0.5 PL = 0 + 93 = -1 

a. Reflection Coefficients for Shorted Line 

H = 10 ns/div 
V = 0.2 V/div 

-v, 

TL/F/9900-10 

b. Input Pulse Duration ~ Line Delay 

H = 10 ns/div 
V= 0.2 V/div 

TL/F/9900-11 

c. Input Pulse Duration < Line Delay 

FIGURE 3-6. Reflections of Long and Short Pulses on a Shorted Line 
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Series Termination 
Driving an open-ended line through a source resistance 
equal to the line impedance is called series termination. It is 
particularly useful when transmitting signals which originate 
on a PC board and travel through the backplane to another 
board, with the attendant discontinuities, since reflections 
coming back to the source are absorbed and ringing thereby 
controlled. Figure 3-7 shows a 93!1 line driven from a 1V 
generator through a source impedance of 93!1. The photo
graph illustrates that the amplitude of the initial signal sent 
down the line is only half of the generator voltage, while the 
voltage at the open end of the line is doubled to full ampli
tude (1 + PL = 2). The reflected voltage arriving back at 
the source raises V 1 to the full amplitude of the generator 
signal. Since the reflection coefficient at the source is zero, 
no further changes occur and the line voltage is equal to the 
generator voltage. Because the initial signal on the line is 
only half the normal signal swing, the loads must be con
nected at or near the end of the line to avoid receiving a 2-
step input signal. 

An ECL output driving a series terminated line requires a 
pull-down resistor to Vee. as indicated in A'gure 3-8. The 
resistor Ro shown in Figure 3-8 symbolizes the output resist
ance of the ECL gate. The relationships between Ro, Rs, Re 
and Zo are discussed in Chapter 4. 

TL/F/9900-12 

H= 10 ns/div 
V=0.4 V/div 

TL/F/9900-13 

FIGURE 3-7. Serles Terminated Line and Waveforms 

Zo 

Vee 

FIGURE 3·8. ECL Element Driving 
a Serles Terminated Line 
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Extra Delay with Termination 
Capacitance 
Designers should consider the effect of the load capaci
tance at the end of the line when using series termination. 
Figure 3-9 shows how the output waveform changes with 
increasing load capacitance. Figure 3-9b shows the effect 
of load capacitances of 0, 12, 24, 48 pF. With no load, the 
delay between the 50% points of the input and output is just 
the line delay T. A capacitive load at the end of the line 
causes an extra delay !::. T due to the increase in rise time of 
the output signal. The midpoint of the output is used as a 
criterion because the propagation delay of an ECL circuit is 
measured between the 50% points of the input and output 
signals. 

TL/F/9900-15 

a. Serles Terminated Line with Load Capacitance 

H = 1 ns/div 
V=0.2 V/dlv 

TL/F /9900-16 

b. Output Rise Time Increase with 
Increasing Load Capacitance 

LINE 
OUTPUT 

/ 
I 

TLIF /9900-17 

c. Extra Delay !::. T Due to Rise Time Increase 

FIGURE 3·9. Extra Delay with Termination Capacitance 



Extra Delay with Termination Capacitance (Continued) 

V~N 
10 

__ z_o _.,.

1 r 
a. Thevenin Equivalent for 
Serles Terminated Case 

Z'=~ 
~ 2 

TL/F/9900-16 

V1N(l)11 V1N(I)~ t 
Rr=~L,/ CI ~ c Ve 

~ ~ ,.z• c.z;,c r 
b. Thevenin Equivalent for 
Parallel Terminated Case 

I 
t=O t=a 

v 
Vjn(t) = a ( tu(t) - (t - a)U (t - a)] 

u(t) = 0 for t < 0 
1 fort> 0 

u(t _ a) = 0 fort < a, 
1 fort> a 

v 
V1N(S) = as2 (1 - e-as) 

v 1 
Vc(S) = - • (1 - e-as) 

ar s2(s+11T) 

v 
vc(t) = a (t - T(1 - e-tfT)] U(t) 

v - a [(t - a) 

t- a 

- T(1 - e-7 )] u (t - a) 

TL/F/9900-19 

TL/F/9900-20 

c. Equations for Input and Output Voltages 

FIGURE 3-10. Determining the Effect 
of End-of-Line Capacitance 
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The increase in propagation delay can be calculated by us
ing a ramp approximation for the incident voltage and char
acterizing the circuit as a fixed impedance in series with the 
load capacitance, as shown in Figure 3-10. One general 
solution serves both series and parallel termination cases 
by using an impedance Z' and a time constant T, defined in 
Figure 3-10a and 3-10b. Calculated and observed increases 
in delay time to the 50% point show close agreement when 
T is less than half the ramp time. At large ratios of Tia 
(where a = ramp time), measured delays exceed calculated 
values by approximately 7%. Figure 3-11, based on mea
sured values, shows the increase in delay to the 50% point 
as a function of the Z'C time constant, both normalized to 
the 10% to 90% rise time of the input signal. As an example 
of using the graph, consider a 1 oon series terminated line 
with 30 pF load capacitance at the end of the line and a no
load rise time of 3 ns for the input signal. From Figure 3-10a, 
Z' is equal to 1 oon; the ratio Z'Cltr is 1. From the graph, 
the ratio A. T !tr is 0.8. Thus the increase in the delay to the 
50% point of the output waveform is 0.8 tr. or 2.4 ns, which 
is then added to the no-load line delay T to determine the 
total delay. 

Had the 1 oon line in the foregoing example been parallel 
rather than series terminated at the end of the line, Z' would 
be 50.n. The added delay would be only 1.35 ns with the 
same 30 pF loading at the end. The added delay would be 
only 0.75 ns if the line were 50.n and parallel terminated. 
The various trade-offs involving type of termination, line im
pedance, and loading are important considerations for crit
ical delay paths. 
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FIGURE 3-11. Increase in 50% Point Delay Due 
to Capacitive Loading at the End 

of the Line, Normalized to Tr 

-i 
iil 
::::J 
en 
3 u;· 
en 
5· 
::::J 
rs· 
(1) 

0 
0 
::::J 
n 
(1) 

"C -en 

• 



ti) -a. 
Q) 
(.) 
c 
0 
0 
Q) 
c 

:::i 
c 
0 ·u; 
ti) ·e 
ti) 
c e 
I-

Distributed Loading Effects on Line Characteristics 
When capacitive loads such as ECL inputs are connected 
along a transmission line, each one causes a reflection with 
a polarity opposite to that of the incident wave. Reflections 
from two adjacent loads tend to overlap if the time required 
for the incident wave to travel from one load to the next is 
equal to or less than the signal rise time.5 Figure 3-12a 
illustrates an arrangement for observing the effects of ca
pacitive loading, while Figure 3-12b shows an incident wave 
followed by reflections from two capacitive loads. The two 
capacitors causing the reflections are separated by a dis
tance requiring a travel time of 1 ns. The two reflections 
return to the source 2 ns apart, since it takes 1 ns longer for 
the incident wave to reach the second capacitor and an 
additional 1 ns for the second reflection to travel back to the 
source. In the upper trace of Figure 3-12b, the input signal 
rise time is 1 ns and there are two distinct reflections, al
though the trailing edge of the first overlaps the leading 
edge of the second. The input rise time is longer in the 
middle trace, causing a greater overlap. In the lower trace, 
the 2 ns input rise time causes the two reflections to merge 
and appear as a single reflection which is relatively constant 
(at ::::: -10%) for half its duration. This is about the same 
reflection that would occur if the 93!1 line had a middle sec
tion with an impedance reduced to 75!1. 

With a number of capacitors distributed all along the line of 
Figure 3-12a, the combined reflections modify the observed 
input waveform as shown in the top trace of Figure 3-12c. 
The reflections persist for a time equal to the 2-way line 
delay (15 ns), after which the line voltage attains its final 
value. The waveform suggests a line terminated with a re
sistance greater than its characteristic impedance (Ar > 

Rs =93 n 

t 
I 

Vo !c 2V 

V1 

-=-

Z0). This analogy is strengthened by observing the effect of 
reducing Rr from 93!1 to 75!1, which leads to the middle 
waveform of Figure 3-12c. Note that the final (steady state) 
value of the line voltage is reduced by about the same 
amount as that caused by the capacitive reflections. In the 
lower trace of Figure 3-12c the source resistance Rs is re
duced from 93!1 to 75!1, restoring both the initial and final 
line voltage values to the same amplitude as the final value 
in the upper trace. From the standpoint of providing a de
sired signal voltage on the line and impedance matching at 
either end, the effect of distributed capacitive loading can 
be treated as a reduction in line impedance. 

The reduced line impedance can be calculated by consider
ing the load capacitance CL as an increase in the intrinsic 
line capacitance Co along that portion of the line where the 
loads are connected.a Denoting this length of line as /, the 
distributed value Co of the load capacitance is as follows. 

Co is then added to Co in Equation 3-1 to determine the 
reduced line impedance z0. 

Z' _ /[Q -~ ·Lo 
o - \lc;;+Go- Co ( Co) 

1 +-
Co 

{Lo 
Z'o + '1Cc, = __ Z_o_ 

r.Co ~1 +Co 
'1 1 'Co Co 

(3-13) 

Zo=931:l 

I I I 
..L .l. .l. 

I r I Rr=93n 

-=-
TL/F/9900-22 

a. Arrangement for Observing Capacitive Loading Effects 

H =2 nsldlv 
V = 0.25 Vldiv 

TL/F/9900-23 

b. Capacitive Reflections Merging 
as Rise Time Increases 

H =5 nsldlv 
V = 0.25 V/div 

-Rs= Rr = 
93\! 

Rs=93\: 

- Rr=75!! 
-Rs=Rr= 

75 n 

TL/F/9900-24 

c. Matching the Altered Impedance 
of a Capacitively Loaded Line 

FIGURE 3·12. Capacitive Reflections and Effects on Line Characteristics 
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Distributed Loading Effects on 
Line Characteristics (Continued) 

In the example of Figure 3-12c, the total load capacitance is 
33 pF while the total intrinsic line capacitance /Co is 60 pF. 
(Note that the ratio Co/Co is the same as CL/ I C0.) The 
calculated value of the reduced impedance is thus 

I 93 93 z o =Ro= ff.55 = 75n (3-14) 

This correlates with the results observed in Figure 3-12c 
when RT and Rs are reduced to 75n. 

The distributed load capacitance also increases the line de
lay, which can be calculated from Equation 3-2. 

8' = ~Lo(Co +Co)= ~~1 + ~~ 

=8n (3-15) 

The line used in the example of Figure 3-12c has an intrinsic 
delay of 6 ns and a loaded delay of 7.5 ns which checks 
with Equation 3-15. 

18' = 18ff.55 = 6ff.55 = 7.5 ns (3-16) 

Equation 3-15 can be used to predict the delay for a given 
line and load. The ratio Co/Co (hence the loading effect) 
can be minimized for a given loading by using a line with a 
high intrinsic capacitance C0. 

A plot of Z' and 8' for a son line as a function of Co is 
shown in Figure 3-13. This figure illustrates that relatively 
modest amounts of load capacitance will add appreciably to 
the propagation delay of a line. In addition, the characteris
tic impedance is reduced significantly. 

._~..._~_.__~_._~_._~__.__~_.D 

10 20 30 
Co-DISTRIBUTED CAPACITANCE-pF/ln 

TL/F/9900-25 

FIGURE 3-13. Capacitive Loading 
Effects on Line Delay and Impedance 

Worst case reflections from a capacitively loaded section of 
transmission line can be accurately predicted by using the 
modified impedance of Equation 3-9.6 When a signal origi
nates on an unloaded section of line, the effective reflection 
coefficient is as follows. 

Z'o - Zo 
P = Z'o + Zo (3-17) 
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Mismatched Lines 
Reflections occur not only from mismatched load and 
source impedances but also from changes in line imped
ance. These changes could be caused by bends in coaxial 
cable, unshielded twisted-pair in contact with metal, or mis
match between PC board traces and backplane wiring. With 
the coax or twisted-pair, line impedance changes run about 
5% to 10% and reflections are usually no problem since the 
percent reflection is roughly half the percent change in im
pedance. However, between PC board and backplane wir
ing, the mismatch can be 2 or 3 to 1. This is illustrated in 
Figure 3-14 and analyzed in the lattice diagram of Figure 
3-15. Line 1 is driven in the series terminated mode so that 
reflections coming back to the source are absorbed. 

The reflection and transmission at the point where imped
ances differ are determined by treating the downstream line 
as though it were a terminating resistor. For the example of 
Figure 3-14, the reflection coefficient at the intersection of 
lines 1 and 2 for a signal traveling to the right is as follows. 

Z2 - Z1 93 - 50 
P12 = --- = --- = +0.3 (3-18) 

Z2 + Z1 143 
Thus the signal reflected back toward the source and the 
signal continuing along line 2 are, respectively, as follows. 

V1r = P12 V1 = +0.3V1 (3-19a) 

V2 = (1 + P12)V1 = +1.3V1 (3-19b) 

At the intersection of lines 2 and 3, the reflection coefficient 
for signals traveling to the right is determined by treating Z3 
as a terminating resistor. 

Z3 - Z2 39 - 93 
P23 = --- = --- = -0.41 (3-20) 

Z3 + Z2 132 
When V 2 arrives at this point, the reflected and transmitted 
signals are as follows. 

V2r = P23 V2= -0.41 V2 
= (-0.41)(1.3) V1 (3-21a) 
= -0.53V1 

V3 = (1 + p23) V2 = 0.59 V2 
= (0.59) (1.3) V1 (3-21b) 
= 0.77 V1 

Voltage v3 is doubled in magnitude when it arrives at the 
open-ended output, since PL is + 1. This effectively cancels 
the voltage divider action between Rs and Z1. 

V4 = (1 + pL) V3 = (1 + pL) (1 + p23) V2 

= (1 + pL) (1 + p23) (1 + P12) V1 (3-22) 

Vo 
= (1 + pL) (1 + p23) (1 + P12) 2 

V4 = (1 + p23)(1 + P12) Vo 
Thus, Equation 3-22 is the general expression for the initial 
step of output voltage for three lines when the input is series 
terminated and the output is open-ended. 
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Mismatched Lines (Continued) 

Note that the reflection coefficients at the intersections of 
lines 1 and 2 and lines 2 and 3 in Figure 3-15 have reversed 
signs for signals traveling to the left. Thus the voltage re
flected from the open output and the signal reflecting back 
and forth on line 2 both contribute additional increments of 
output voltage in the same polarity as Vo. Lines 2 and 3 
have the same delay time; therefore, the two aforemen
tioned increments arrive at the output simultaneously at 
time ST on the lattice diagram (Figure 3-15). 

In the general case of series lines with different delay times, 
the vertical lines on the lattice diagram should be spaced 
apart in the ratio of the respective delays. Figure 3-16 
shows this for a hypothetical case with delay ratios 1 :2:3. 
For a sequence of transmission lines with the highest im-

Rs•500 z,..soo 

Vo t V1 f v2 
1V 

Ps•O P12=+0.3 
P21• -0.3 

pedance line in the middle, at least three output voltage 
increments with the same polarity as Vo occur before one 
can occur of opposite polarity. On the other hand, if the 
middle line has the lowest impedance, the polarity of the 
second increment of output voltage is the opposite of Vo. 
The third increment of output voltage has the opposite po
larity, for the time delay ratios of Figure 3-16. 

When transmitting logic signals, it is important that the initial 
step of line output voltage pass through the threshold region 
of the receiving circuit, and that the next two increments of 
output voltage augment the initial step. Thus in a series ter
minated sequence of three mismatched lines, the middle 
line should have the highest impedance. 

Z2=930 Z3•390 

f v3 

P23= -0.41 
P32= +0.41 

H = 20ns/div 
V=0.4 V/dlv 

Rr•oo 

tv4 

PL=1 

TL/F/9900-26 

TL/F/9900-27 

FIGURE 3-14. Reflections from Mismatched Lines 

V1 
p=O 

+o.sov 1=0 

+0.15V 
+o:6SV 

2T 

3T 

-0.19V 4T +o.48v 

ST 

+D.35V 6T 
+UIV 

7T 

+0.24V 6T 
+1.15V 

9T 

V2 
P12= +0.3 
P21 = -0.3 

V3 
P23= -0.41 
P32= +0.41 

V4 
PL=1 (1+PL.)= +2 --

+0.77V 

+0.40V 
+1.17V 

-'~11 -~o.o"" 
ETC. 

-0.12V 
+T.OsV 

FIGURE 3-15. Lattice Diagram for the Circuit of Figure 3·14 
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Mismatched Lines (Continued) 

v~ r1-• v .... 1:---r2---• v+(••----T3------;1r-.1T 
taO 

TL/F/9900-29 

FIGURE 3·16. Lattice Diagram for Three Lines with Delay Ratios 1:2:3 

Rise Time versus Line Delay 
When the 2-way line delay Is less than the rise time of the 
Input wave, any reflections generated at the end of the line 
are returned to the source before the input transition Is com
pleted. Assuming that the generator has a finite source re
sistance, the reflected wave adds algebraically to the input 
wave while it is still in transition, thereby changing the shape 
of the input. This effect is illustrated in Figure 3-17, which 
shows input and output voltages for several comparative 
values of rise time and line delay. 

In Figure 3-1 lb where the rise time is much shorter than the 
line delay, V1 rises to an initial value of 1V. At time T later, 
Vr rises to 0.5V, i.e., 1 + PL = 0.5. The negative reflection 
arrives back at the source at time 2T, causing a net change 
of -0.4V, i.e., (1 + ps) (-0.5) = -0.4. 

The negative coefficient at the source changes the polarity 
of the other 0.1 V of the reflection and returns it to the end of 
the line, causing Vr to go positive by another 50 mV at time 
3T. The remaining 50 mV is inverted and reflected back to 
the source, where its effect is barely distinguishable as a 
small negative change at time 4T. 

In Figure 3-17c, the input rise time (0% to 100%) is in
creased to such an extent that the input ramp ends just as 
the negative reflection arrives back at the source end. Thus 
the input rise time is equal to 2T. 

The input rise time is increased to 4T in Figure 3-17d, with 
the negative reflection causing a noticeable change in input 
slope at about its midpoint. This change in slope is more 
visible in the double exposure photo of Figure 3-1 le, which 
shows V1 (tr still set for,4T) with and without the negative 
reflection. The reflection was eliminated by terminating the 
line in its characteristic impedance. 
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The net Input voltage at any particular time Is determined by 
adding the reflection to the otherwise unaffected input. It 
must be remembered that the reflection arriving back at the 
input at a given time Is proportional to the input voltage at a 
time 2T earlier. The value of V 1 in Figure 3-17d can be 
calculated by starting with the 1 V input ramp. 

1 
V1 = -•t forO ~ t ~4T 

tr 
= 1V fort~ 4T 

The reflection from the end of the line is 

V = PL (t - 2T). 
r tr ' 

(3-23) 

(3-24) 

the portion of the reflection that appears at the input is 

V' = (1 + Ps) PL (t - 2T). (3-25) 
r tr ' 

the net value of the input voltage is the sum. 

, _ t (1 + ps) + PL (t - 2T) v 1 - - + ..;...._----':,..=._....:....;:;...;.._ __ 

tr tr 
(3-26) 

The peak value of the input voltage in Figure 3-1 ld is deter
mined by substituting values and letting t equal 4T. 

V
I (0.8)(-0.5) (4T - 2T) 
1 = 1 + ..;...._--'--'---'----

tr 
(3-27) 

= 1 - 0.4 (0.5) = O.BV 

After this peak point, the input ramp is no longer increasing 
but the reflection is still arriving. Hence the net value of the 
input voltage decreases. In this example, the later reflec
tions are too small to be detected and the input voltage is 
thus stable after time 6T. For the general case of repeated 
reflections, the net voltage V1(t) seen at the driven end of 
the line can be expressed as follows, where the signal 
caused by the generator is V 1 (t)-
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Rise Time versus Line Delay (Continued) 

V'1(t) = V1(t) 
for 0 < t < 2T 

V'1(t) = V1(t) + (1 + Ps) PL V1(t-2T) 
for 2T < t < 4T 

V'1(t) = v1(t) + (1 + Ps) PL V1(t-2T) 

+ (1 + Ps)PsPL2 V1(t-4T) (3-28) 
for4T < t < 6T 

V'1(t) = V1(t) + (1 + ps) PL V1(t-2T) 

+ (1 + Ps) PSPL2 V1(t-4T) 

+ (1 + ps) Ps2PL3 V1(t-6T) 
for 6T < t < BT, etc. 

Rs=50!l 

vo 

Ps= -0.2 

The voltage at the output end of the line is expressed in a 
similar manner. 

Vr(t) = 0 

forO < t < T 

Vr(t) = (1 + pL) V1(t-T) 
forT < t < 3T 

Vr(t) = (1 + pL) V1(t-T) 

+ (1 + PL) PSPL V1(t-3T) 
for3T < t < 5T 

Vr(t) = (1 + pL) V1(t - T) 

Zo=75!l 

+ (1 + pL)pspLV1(t-3T) 

+ (1 + pL) Ps2PL2 V1(t-ST) 
for 5T < t < 7T, etc. 

TL/F/9900-30 
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a. Test Arrangement for Rise Time Analysis 

H = 10 ns/div 
V=0.5 V/dlv 

TL/F/9900-31 

b. Line Voltages for tr ~ T 

H = 10 ns/div 
V =0.5 V/div 

+- Vr 

-v1 

H = 10ns/div 
V=0.5 V/div 

TL/F/9900-33 

d. Line Voltages for tr = 4T 

H = 10 ns/div 
V = 0.5 V/div 

TL/F/9900-32 TL/F/9900-34 

c. Line Voltages for tr = 2T e. Input Voltage with and without Reflection 

FIGURE 3·17. Line Voltages for Various Ratios of Rise Time to Line Delay 
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Ringing 
Multiple reflections occur on a transmission line when nei
ther the signal source impedance nor the termination (load) 
impedance matches the line impedance. When the source 
reflection coefficient PS and the load reflection coefficient 
PL are of opposite polarity, the reflections alternate in polari
ty. This causes the signal voltage to oscillate about the final 
steady state value, commonly recognized as ringing. 

When the signal rise time is long compared to the line delay, 
the signal shape is distorted because the individual reflec
tions overlap in time. The basic relationships among rise 
time, line delay, overshoot and undershoot are shown in a 
simplified diagram, Figure 3-18. The incident wave is a ramp 
of amplitude B and rise duration A. The reflection coefficient 
at the open-ended line output is + 1 and the source reflec
tion coefficient is assumed to be -0.8, i.e., Ro = Zo/9. 

,--£: 
~· Ps= -0.8 

Vo•1.11B ~ . 

Figure 3-18b shows the individual reflections treated sepa
rately. Rise time A is assumed to be three times the line 
delay T. The time scale reference is the line output and the 
first increment of output voltage Vo rises to 28 in the time 
interval A. Simultaneously, a positive reflection (not shown) 
of amplitude 8 is generated and travels to the source, 
whereupon it is multiplied by -0.8 and returns toward the 
end of the line. This negative-going ramp starts at time 2T 
(twice the line delay) and doubles to -1.68 at time 2T + A. 
The negative-going increment also generates a reflection of 
amplitude -0.88 which makes the round trip to the source 
and back, appearing at time 4T as a positive ramp rising to 
+ 1.288 at time 4T + A. The process of reflection and re
reflection continues, and each successive increment chang
es in polarity and has an amplitude of 80% of the preceding 
increment. 

Po= +1 

lo=T t 
1 

TL/F/9900-35 

a. Ramp Generator Driving Open-Ended Line 
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Q 
w +B 
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< a: 
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CJ -B 
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-2B 

Vo 

+2B 

+B 

Vo1 =(1 +Po)• RoZ:.Zo •Va 

b. Increments of Output Voltage Treated Individually 

T 2T 3T 4T ST 6T 7T BT 9T 10T 11T 12T 13T 

c. Net Output Slgnal Determined by Superposition 

FIGURE 3·18. Basic Relationships Involved In Ringing 
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Ringing (Continued) 

In Figure 3-1Bc, the output increments are added algebrai
cally by superposition. The starting point of each increment 
is shifted upward to a voltage value equal to the algebraic 
sum of the quiescent levels of all the preceding increments 
(i.e., 0, 28, 0.48, 1.688, etc.). For time intervals when two 
ramps occur simultaneously, the two linear functions add to 
produce a third ramp that prevails during the overlap time of 
the two increments. 

It is apparent from the geometric relationships, that if the 
ramp time A is less than twice the line delay, the first output 
increment has time to rise to the full 28 amplitude and the 
second increment reduces the net output voltage to 0.48. 
Conversely, if the line delay is very short compared to the 
ramp time, the excursions about the final value VG are 
small. 

Figure 3-1Bc shows that the peak of each excursion is 
reached when the earlier of the two constituent ramps 
reaches its maximum value, with the result that the first 
peak occurs at time A. This Is because the earlier ramp has 
a greater slope (absolute value) than the one that follows. 

Actual waveforms such as produced by ECL or TTL do not 
have a constant slope and do not start and stop as abruptly 
as the ramp used in the example of Figure 3-18. Predicting 
the time at which the peaks of overshoot and undershoot 
occur is not as simple as with ramp excitation. A more rigor
ous treatment is required, Including an expression for the 
driving waveform which closely simulates its actual shape. 
In the general case, a peak occurs when the sum of the 
slopes of the individual signal increment is zero. 

Summary 
The foregoing discussions are by no means an exhaustive 
treatment of transmission line characteristics. Rather, they 
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are intended to focus attention on the general methods 
used to determine the interactions between high-speed log
ic circuits and their interconnections. Considering an inter
connection in terms of distributed rather than lumped induc
tance and capacitance leads to the line impedance concept, 
i.e., mismatch between this characteristic impedance and 
the terminations causes reflections and ringing. 

Series termination provides a means of absorbing reflec
tions when it is likely that discontinuities and/or line imped
ance changes will be encountered. A disadvantage is that 
the incident wave is only one-half the signal swing, which 
limits load placement to the end of the line. ECL input ca
pacitance increases the rise time at the end of the line, thus 
increasing the effective delay. With parallel termination, i.e., 
at the end of the line, loads can be distributed along the line. 
ECL input capacitance modifies the line characteristics and 
should be taken into account when determining line delay. 
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Chapter 4 
System Considerations 

Introduction 
All of National's EGL input and output impedances are de
signed to accommodate various methods of driving and ter
minating interconnections. Controlled wiring impedance 
makes it possible to use simplified equivalent circuits to de
termine limiting conditions. Specific guidelines and recom
mendations are based on assumed worst-case combina
tions. Many of the recommendations may seem conserva
tive, compared to typical observations, but the intent is to 
help the designer achieve a reliable system in a reasonable 
length of time with a minimum amount of redesign. 

PC Board Transmission Lines 
Strictly speaking, transmission lines are not always required 
for F100K EGL but, when used, they provide the advan
tages of predictable interconnect delays as well as reflec
tion and ringing control through impedance matching. Two 
common types of PC board transmission lines are microstrip 
and ~tripline, Figure 4-1. Stripline requires multilayer con
struction techniques; microstrip uses ordinary double-clad 
b~ards. Other board construction techniques are wire wrap, 
stitch weld and discrete wired. 

TL/F/9901-1 

a. Mlcrostrlp 

Stripline, Figure 4-1b, is used where packing density is a 
high priority because increasing the interconnect layers pro
vides short signal paths. Boards with as many as 14 layers 
have been used in EGL systems. 

Microstrip offers easier fabrication and higher propagation 
velocity than stripline, but the routing for a complex system 
may require more design effort. In Figure 4-1a, the ground 
plane can be a part of the Vee distribution as long as ade
quate bypassing from Vee to Vee (ground) is provided. Also, 
signal routing is simplified and an extra voltage plane is ob
tained by bonding two microstrip structures back to back 
Figure 4-1 c. ' 

Micros trip 

Equation 4-1 relates microstrip characteristic impedance to 
the dielectric constant and dimensions.1 Electric field fring
ing requires that the ground extend beyond each edge of 
the signal trace by a distance no less than the trace width. 

Z ( 
60 ) ( 4h ) o = In 

J0.475 Er + 0.67 0.67 (0.8 W + t) (4·1) 

= In ---( 
87 ) ( 5.98 h ) 

JEr + 1.41 0.8 W + t 
where h = dielectric thickness, w = trace width, t = trace 
thickness, Er = board material dielectric constant relative to 
air. 

TL/F/9901-2 

b. Stripline 

AC GROUND 

TL/F/9901-3 

c. Composite Mlcrostrlp 

FIGURE 4·1. Transmission Lines on Circuit Boards 
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PC Board Transmission Lines (Continued) 

Equation 4-1 was developed from the impedance formula 
for a wire over ground plane transmission line, Equation 4-2. 

(4-2) 

where d = wire diameter, h = distance from ground to wire 
center. 

Comparing Equation 4-1 and 4-2, the term 0.67 (0.8 w + t) 
shows the equivalence between a round wire and a rectan
gular conductor. The term 0.475 Er + 0.67 is the effective 
dielectric constant for microstrip Ee, considering that a mi
crostrip line has a compound dielectric consisting of. the 
board material and air. The effective dielectric constant is 
determined by measuring propagation delay per unit of line 
length and using the following relationship. 

8 = 1.016 • ~ ns/ft (4-3) 

where 8 = propagation delay, ns/ft. 

Propagation delay is a property of the dielectric material 
rather than line width or spacing. The coefficient 1.016 is 
the reciprocal of the velocity of light in free space. Propaga
tion delay for microstrip lines on glass-filled G-10 epoxy 
boards is typically 1.77 ns/ft, yielding an effective dielectric 
constant of 3.04. 

120 

40.._.....__...._...._ __ ..__.,.__..__ _ __.....,....~ 

0.020 0.040 0.060 0.080 0.100 

TRACE WIDTH - INCHES 

TL/F/9901-4 

FIGURE 4·2. Microstrip Impedance 
Versus Trace Width, G-10 Epoxy 

Using Er = 5.0 in Equation 4-1, Figure 4-2 provides micros
trip line impedance as a function of width for several G-10 
epoxy board thicknesses. Figure 4-3 shows the related Co 
values, useful for determining capacitive loading effects on 
line characteristics, (Equation 3-15). 

System designers should ascertain tolerances on board di
mensions, dielectric constant and trace width etching in or
der to determine impedance variations. If conformal coating 
is used the effective dielectric constant of microstrip is in
creased, depending on the coating material and thickness. 
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FIGURE 4-3. Microstrip Distributed Capacitance 
Versus Impedance, G-10 Epoxy 

Stripline 

Stripline conductors are totally embedded. As a result, the 
board material determines the dielectric constant. G-10 
epoxy boards have a typical propagation delay of 2.26 ns/ft. 
Equation 4-4 is used to calculate stripline impedances.1.2 

z· = - In ( 60) ( 4b ) 0 ~ 0.67 7T (0.8 w + t) 
(4-4) 

where b = distance between ground planes, w trace 
width, t = trace thickness, w/(b-t) < 0.35 and t/b < 0.25. 

Figure 4-4 shows stripline impedance as a function of trace 
width, using Equation 4-4 and various ground plane separa
tions for G-10 glass-filled epoxy boards. Related values of 
Co are plotted in Figure 4-5. 
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FIGURE 4-4. Stripline Impedance 
Versus Trace Width, G-10 Epoxy 
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FIGURE 4-5. Stripline Distributed Capacitance 
Versus Impedance, G-10 Epoxy 

Wire Wrap 

Wire-wrap boards are commercially available with three 
voltage planes, positions for several 24-pin Dual-In-Line 
Packages (DIP), terminating resistors, and decoupling ca
pacitors. The devices are mounted on socket pins and inter
connected with twisted pair wiring. One wire at each end of 
the twisted pair is wrapped around a signal pin, the other 
around a ground pin. The #30 insulated wire is uniformly 
twisted to provide a nominal 930. impedance line. Positions 
for Single-In-Line Package (SIP) terminating resistors are 
close to the inputs to provide good termination characteris
tics. 

Stitch Weld 

Stitch-weld boards are commercially available with three 
voltage planes and buried resistors between planes. The 
devices are mounted on terminals and interconnected with 
insulated wires that are welded to the backside of the termi
nals. The insulated wires are placed on a controlled thick
ness over the ground plane to provide a nominal impedance 
of 500.. The boards are available for both DIPs and flatpaks. 
Use of flatpaks can increase package density and provide 
higher system performance. 

Discrete Wired 

Custom Multiwire* boards are available with integral power 
and ground planes. Wire is placed on a controlled thickness 
above the ground plane to obtain a nominal impedance line 
of 550.. Then holes are drilled through the wire and board. 
Copper is deposited in the drilled holes by an additive-elec
trolysis process which bonds· each wire to the wall of the 
holes. Devices are soldered on the board to make connec
tion to the wires. 
•Multiwire is a registered trademark of the Multiwire Corporation. 

Parallel Termination 

Terminating a line at the receiving end with a resistance 
equal to the characteristic line impedance is called parallel 
termination, Figure 4-6a. F1 OOK circuits do not have internal 
pull-down resistors on outputs, so the terminating resistor 
must be returned to a voltage more negative than Vol to 
establish the LOW-state output voltage from the emitter fol
lower. A - 2V termination return supply is commonly used. 
This minimizes power consumption and correlates with 
standard test specifications for ECL circuits. A pair of resis
tors connected in series between ground (Vee) and the VEE 
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supply can provide the Thevenin equivalent of a single re
sistor to - 2V if a separate termination supply is not avail
able, Figure 4-6b. The average power dissipation in the 
Thevenin equivalent resistors is about 10 times the power 
dissipation in the single resistor returned to - 2V, as shown 
in Figures 5-10 and 5-13. For either parallel termination 
method, decoupling capacitors are required between the 
supply and ground (Chapter 6). 

a. Parallel Termination 

Zo 

Vrr 

TL/F/9901-8 

b. Thevenin Equivalent of Rr and Vn 

R1 = VEE RT 
VEE-VTT 

R
1 

R2 = VEE RT 

"'~ __ 1 R, Vn 

VEE Vn 

TL/F/9901-9 

c. Equivalent Circuit for Determining 
Approximate VoH and Vol Levels 

6 {) 
EoH = -0.85 V ---"VV',,..----. 

Eot= -1.67 v ~ Vot 
8 {) 

Rr 

VTT 

TL/F/9901-10 

d. F100K Output Characteristic with Terminating 
Resistor Rr Returned to Vn = - 2.0V 
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FIGURE 4-6. Parallel Termination 
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PC Board Transmission Lines (Continued) 

F100K output transistors are designed to drive low-imped
ance loads and have a maximum output current rating of 
50 mA. The circuits are specified and tested with a 50n load 
returned to -2V. This gives nominal output levels of 
-0.955V at 20.9 mA and -1. 705V at 5.9 mA. Output levels 
will be different with other load currents because of the tran
sistor output resistance. This resistance is nonlinear with 
load current since it is due, in part, to the base-emitter volt
age of the emitter follower, which is logarithmic with output 
current. With the standard 50n load, the effective source 
resistance is approximately 6n in the HIGH state and en in 
the LOW state. 

The foregoing values of output voltage, output current, and 
output resistance are used to estimate quiescent output lev
els with different loads. An equivalent circuit is shown in 
Figure 4-6c. The ECL circuit is assumed to contain two inter
nal voltage sources EoH and EoL with series resistances of 
6n and en respectively. The values shown for EoH and 
EoL are - o.e5V and -1.67V respectively. 

The linearized portion of the F1 OOK output characteristic 
can be represented by two equations: 

For VoH: VouT = -e5o -6 OUT 
For VoL: VouT = -1670 -e louT 

where louT is in mA, VouT is in mV. 

If the range of louT is confined between e mA to 40 mA for 
VoH. and 2 mA to 16 mA for VoL. the output voltage can be 
estimated within ± 1 O mV (Figure 4-6d). 

An ECL output can drive two or more lines in parallel, pro
vided the maximum rated current is not exceeded. Another 
consideration is the effect of various loads on noise mar
gins. For example, two parallel 75n terminations to -2V 
(Figure 4-6d) give output levels of approximately -1.000V 
and -1.716V. Noise margins are thus 35 mV less in the 
HIGH state and 11 mV more in the LOW state, compared to 
50n load conditions. Conversely, a single 75n load to -2V 
causes noise margins 3e mV greater in the HIGH state and 
11 mV less in the Low state, compared to a 50n load. 

The magnitude of reflections from the terminated end of the 
line depends on how well the termination resistance RT 
matches the line impedance Zo. The ratio of the reflected 
voltage to the incident voltage Vi is the reflection coefficient 
p. 

Vr RT- Zo 
~ = p = RT + Zo (4-5) 

The initial signal swing at the termination is the sum of the 
incident and reflected voltages. The ratio of termination sig
nal to incident signal is thus: 

VT = 1 + p = ~ (4·6} 
Vi RT+ Zo 

The degree of reflections which can be tolerated varies in 
different situations, but to allow for worst-case circuits, a 
good rule of thumb is to limit reflections to 15% to prevent 
excursions into the threshold region of the ECL inputs con
nected along the line. The range of permissible values of RT 
as a function of Zo and the reflection coefficient limitations 
can be determined by rearranging Equation 4-5. 

1 + p 
RT = Zo -- (4-7) 

1 - p 
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Using 1 S% reflection limits as examples, the range of the 
RT/Zo ratio is as follows. 

1.1S RT O.eS RT 
o.es > Zo >Lis 1.35 > Zo > 0.74 (4-8) 

The permissible range of the RT/Zo ratio determines the 
tolerance ranges for RT and z0. For example, using the 
foregoing ratio limits, RT tolerances of ± 10% allow Zo toler
ance limits of + 22% and -19%; RT tolerances of ± S% 
allow Zo tolerance limits of +2e% and -23%. 

An additional requirement on the maximum value of RT is 
related to the value of quiescent loH current needed to in
sure sufficient negative-going signal swing when the ECL 
driver switches from the HIGH state to the LOW state. The 
npn emitter-follower output of the ECL circuit cannot act as 
a voltage source driver for negative-going transitions. When 
the voltage at the base of the emitter follower starts going 
negative as a result of an internal state change, the output 
current of the emitter follower starts to decrease. The trans
mission line responds to the decrease in current by produc
ing a negative-going change in voltage. The ratio of the volt
age change to the current change is, of course, the charac
teristic impedance z0. Since the maximum decrease in cur
rent that the line can experience is from loH to zero, the 
maximum negative-going transition which can be produced 
is the product loH Zo. 

If the loH Zo product is greater than the normal negative-go
ing signal swing, the emitter follower responds by limiting 
the current change, thereby controlling the signal swing. If, 
however, the loH Zo product is too small, the emitter follow
er is momentarily turned off due to insufficient forward bias 
of its base-emitter junctions, causing a discontinuous nega
tive-going edge such as the one shown in Figure 4-14. In 
the output-LOW state the emitter follower is essentially non
conducting for VoL values more positive than about 
-1.SSV. Using this value as a criterion and expressing loH 
and VoH in terms of the equivalent circuit of Figure 4-6c, an 
upper limit on the value of RT can be developed. 

t:N = loHZo > 1.SS - IVoHI 

(
EoH - Vn) 20 > 1.55 - IVn Ro= EoHRTI 
Ro+ RT Ro+ RT 

R < (EoH - Vn} Zo - (1.55 - IVnl) Ro (4•9} 
T 1.5s - IEoHI 

For a Vn of -2V, Ro of 6n and EoH of -o.esv, Equation 
4-9 reduces to 

RT < 1.64 Zo + 3.e6n 

For Z0 = son, the emitter follower cuts off during a nega
tive-going transition if RT exceeds e6n. Changing the volt
age level criteria to -1.60V to insure continuous conduction 
in the emitter follower gives an upper limit of 77n for a son 
line. For a line terminated at the receiving end with a resist
ance to -2V, a rough rule-of-thumb is that termination re
sistance should not exceed line impedance by more than 
SO%. This insures a satisfactory negatve-going signal swing 
to ECL inputs connected along the line. The quiescent VoL 
level, after all reflections have damped out, is determined by 
RT and the ECL output characteristic. 

Input Impedance 
The input impedance of ECL circuits is predominately ca
pacitive. A single-function input has an effective value of 
about 1.S pF for F1 OOK flatpak, as determined by its effect 
on reflected and transmitted signals on transmission lines. 



Input Impedance (Continued) 

In practical calculations, a value of 2 pF should be used. 
Approximately one third of this capacitance is attributed to 
the internal circuitry and two thirds to the flatpak pin and 
internal bonding. 

For F1 OOK flatpak circuits, multiple input lines may appear 
to have up to 3 pF to 4 pF but never more. For example, in 
the F100102, an input is connected internally to all five 
gates, but because of the philosophy of buffering these 
types of inputs in the F1 OOK family this input appears as a 
unit load with a capacitance of approximately 2 pF. For ap
plications such as a data bus, with two or more outputs 
connected to the same line, the capacitance of a passive
LOW output can be taken as 2 pF. 

Capacitive loads connected along a transmission line in
crease the propagation delay of a signal along the line. The 
modified delay can be determined by treating the load ca
pacitance as an increase in the intrinsic distributed capaci
tance of the line, discussed in Chapter 3. The intrinsic ca
pacitance of any stubs which connect the inputs to the line 
should be included in the load capacitance. The intrinsic 
capacitance per unit length for G-1 O epoxy boards is shown 
in Figure 4-3 and 4-5 for microstrip and stripline respective
ly. For other dielectric materials, the intrinsic capacitance Co 
can be determined by dividing the intrinsic delay o (Equation 
4-3) by the line impedance Zo. 

The length of a stub branching off the line to connect an 
input should be limited to insure that the signal continuing 
along the line past the stub has a continuous rise, as op
posed to a rise (or fall) with several partial steps. The point 
where a stub branches off the line is a low impedance point. 
This creates a negative coefficient of reflection, which in 
turn reduces the amplitude of the incident wave as it contin
ues beyond the branch point. If the stub length is short 
enough, however, the first reflection returning from the end 
of the stub adds to the attenuated incident wave while it is 
still rising. The sum of the attenuated incident wave and the 
first stub reflection provides a step-free signal, although its 
rise time will be longer than that of the original signal. Satis
factory signal transitions can be assured by restricting stub 
lengths according to the recommendations for unterminated 
lines (Figure 4-10). The same considerations apply when 
the termination resistance is not connected at the end of 
the line; a section of line continuing beyond the termination 
resistance should be treated as an unterminated line and its 
length restricted accordingly. 

Series Termination 
Series termination requires a resistor between the driver 
and transmission line, Figure 4-7. The receiving end of the 
line has no termination resistance. The series resistor value 
should be selected so that when added to the driver source 
resistance, the total resistance equals the line impedance. 
The voltage divider action between the net series resistance 
and the line impedance causes an incident wave of half 
amplitude to start down the line. When the signal arrives at 
the unterminated end of the line, it doubles and is thus re
stored to a full amplitude. Any reflections returning to the 
source are absorbed without further reflection since the line 
and source impedance match. This feature, source absorp
tion, makes series termination attractive for interconnection 
paths involving impedance discontinuities, such as occur in 
backplane wiring. 

A disadvantage of series termination is that driven inputs 
must be near the end of the line to avoid receiving a 2-step 
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signal. The initial signal at the driver end is half amplitude, 
rising to full amplitude only after the reflection returns from 
the open end of the line. In Figure 4-1, one load is shown 
connected at point D, aways from the line end. This input 
receives a full amplitude signal with a continuous edge if the 
distance I to the open end of the line is within recommended 
lengths for unterminated line (Figure 4-10). 

Rs Zo 

TL/F/9901-12 

FIGURE 4-7. Series Termination 

The signal at the end has a slower rise time that the incident 
wave because of capacitive loading. The increase in rise 
time to the 50% point effectively increases the line propaga
tion delay, since the 50% point of the signal swing is the 
input signal timing reference point. This added delay as a 
function of the product line impedance and load capaci
tance is discussed in Chapter 3. 

Quiescent VoH and VoL levels are established by resistor 
RE (Figure 4-7), which also acts with VEE to provide the 
negative-going drive into Rs and Zo when the driver output 
goes to the LOW state. To determine the appropriate RE 
value, the driver output can be treated as a simple mechani
cal switch which opens to initiate the negative-going swing. 
At this instant, z0 acts as a linear resistor returned to VoH· 
Thus the components form a simple circuit of RE. Rs and Zo 
in a series, connected between VEE and VoH· The initial 
current in this series circuit must be sufficient to introduce a 
0.38V transient into the line, which then doubles at the load 
end to give 0.75V swing. 

VoH - VEE 0.38 
IRE = RE + Ps + Zo ~ Zo (4-10) 

Any loH current flowing in the line before the switch opens 
helps to generate the negative swing. This current may be 
quite small, however, and should be ignored when calculat
ing RE. 

Increasing the minimum signal swing into the line by 30% to 
0.49V insures sufficient pull-down current to handle reflec
tion currents caused by impedance discontinuities and load 
capacitance. The appropriate RE value is determined from 
the following relationship. 

VoH - VEE ~ 0.49 (4·11) 
RE+ Rs+ Zo Zo 

For the RE range normally used, quiescent VoH averages 
approximately 0.955V and VEE = -4.5V. The value of Rs 
is equal to z0 minus Ro (Ro averages 70). Inserting these 
values and rearranging Equation 4-11 gives the following. 

RE :s:: 5.23 Zo + 70 (4·12) 

Power dissipation in RE is listed in Figure 5-14. The power 
dissipation in RE is greater than in Rr of a parallel termina
tion to - 2V, but still less than the two resistors of the 
Thevenin equivalent parallel termination, see A"gure 5-10, 
5-13 and 5-14. 

The number of driven inputs on a series terminated line is 
limited by the voltage drop across Rs in the quiescent HIGH 
state, caused by the finite input currents of the ECL loads. 
liH values are specified on data sheets for various types of 
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Series Termination (Continued) 

inputs, with a worst-case value of 265 µA for simple gate 
inputs. The voltage drop subtracts from the HIGH-state 
noise margin as outlined in Figure 4-Ba. 

However, there is more HIGH-state noise margin initially, 
because there is less loH with the RE load than with the 
standard 50!1 load to -2V. This makes VoH more positive; 
the increase ranges from 43 mV for a 50!1 line to 82 mV for 
a 100!1 line. Using this VoH increase as a limit on the volt
age drop across Rs assures that the HIGH-state noise mar
gin is as good as in the parallel terminated case. Dividing 
the VoH increase by Rs+ Ro (=Zo) gives the allowed load 
input current (Ix in Figure 4-Ba). This works out to 0.86 mA 
for a 50!1 line, 0.92 mA for a 75!1 line and 0.82 mA for a 
1 oon line. Load input current greater than these values can 
be tolerated at some sacrifice in noise margin. If, for exam
ple, an additional 50 mV loss is feasible, the maximum val
ues of current become 1.86 mA, 1.59 mA and 1.32 mA for 
50!1, 75!1 and 1 oon lines respectively. 

An ECL output can drive more than one series terminated 
line, as suggested in Figure 4-Bb, if the maximum rated out
put current of 50 mA is not exceeded. Also, driving two or 
more lines requires a lower RE value. This makes the quies
cent loH higher and consequently VoH lower, due to the 
voltage drop across Ro. This voltage drop decreases the 
HIGH-state noise margin, which may become the limiting 
factor (rather than the maximum rated current), depending 
on the particular application. 

The appropriate RE value can be determined using Equation 
4-13 for VEE = - 4.5V. 

1 1 
-2 + '+-----
RE 6.23 Z1 - Rs1 6.23 Z2 - Rs2 6.23 Z3 - T S3 

(4-13) 

Circuits with multiple outputs (such as the F100112) provide 
an alternate means of driving several lines simultaneous 
(Figure 4-Bc). Note, each output should be treated individu
ally when assiging load distribution, line impedance, and RE 
value. 

Unterminated Lines 
Lines can be used without series or parallel termination if 
the line delay is short compared to the signal rise time. Ring
ing occurs because the reflection coefficient at the open 
(receiving) end of the line is positive (nominally + 1) while 
the reflection coefficient at the driving end is negative (ap
proximately -0.8). These opposite polarity reflection coeffi
cients cause any change in signal voltage to be reflected 
back and forth, with a polarity change each time the signal is 
reflected from the driver. Net voltage change on the line is 
thus a succession of increments with alternating polarity 
and decreasing magnitude. The algebraic sum of these in
crements if the observed ringing. The general relationships 
among rise time, line delay, overshoot and undershoot are 
discussed in Chapter 3, using simple waveforms for clarity. 

Excessive overshoot on the positive-going edge of the sig
nal drives input transistors into saturation. Although this 
does not damage an ECL input, it does cause excessive 
recovery times and makes propagation delays unpredict-
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A~~H LO~•: (A•+ ~hH] TOTAL= 1, 
VEE =Ix Zo 

TL/F/9901-13 

a. Noise Margin Loss Due to Load Input Current 

TL/F/9901-14 

b. Driving Several Lines from one Output 

TL/F/9901-15 

c. Using Multiple Output Element for Load Sharing 

FIGURE 4-8. Loading Considerations 
for Serles Termination 

able. Undershoot (following the overshoot) must also be lim
ited to prevent signal excursions into the threshold region of 
the loads. Such excursions could cause exaggerated tran
sition times at the driven circuit outputs, and could also 
cause multiple triggering of sequential circuits. Signal swing, 
exclusive of ringing, is slightly greater on unterminated lines 
that on parallel terminated lines; loH is less and loL is great
er with the RE load, (Figure 4-9a) making VoH higher and 
VoL lower. 

For worst case combinations of driver output and load input 
characteristics, a 35% overshoot limit insures that system 
speed is not compromised either by saturating an input on 
overshoot or extending into the threshold region on the fol
lowing undershoot. 

For distributed loading, ringing is satisfactorily controlled if 
the 2-way modified line delay does not exceed the 20% to 
80% rise time of the driver output. This relationship can be 
expressed as follows, using the symbols from Chapter 3 and 
incorporating the effects of load capacitance on line delay. 

tr= 2T' = 218' = 218~1 + CL 
!Co 

Solving this expression for the line length ( .t ): 

.t = ~ f(CL)2 + (1)2 - -9:_ 
max 2 "\/ Co 8 2Co 

(4-14) 



Unterminated Lines (Continued) 

l .. 
A 

a. Unterminated Line 

H = 10 ns/div 
V = 0.3 V/div 

TL/F/9901-16 
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-s 

TL/F/9901-17 

b. Line Voltages Showing Stair-step Trailing Edges 

ilil iiiiiiiliiii lllii 

I 
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p.111 ~- mi 

~l·!:il;-···-- • 
• .. . • 

H = 1 ns/div 
V = 0.3 V/div 

c. Load Gate Output Showing Net 
Propagation Increase for Increasing 

Values of RE: 330.!l, 510.!l, 1 k!l 

FIGURE 4-9. Effect on RE Value 
on Trailing-Edge Propagation 

TL/F/9901-18 

The shorter the rise time, the shorter the premissible line 
length. For F1 DOK ECL, the minimum rise time from 20% to 
80% is specified as 0.5 ns. Using this rise time and 2 pF per 
fan-out load, calculated maximum line lengths for G-1 O 
epoxy micro strip are listed in Figure 4-1 Oa. The length ( f ) 
in the table is the distance from the terminating resistor to 
the input of the device(s). For F1 DOK ECL the case de
scribed in Figure 4- tOa is the only one calculated, since all 
other combinations are approximately the same. For other 
combinations of rise time, impedance, fan-out or line char-
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acteristics (8 and Co), maximum lengths are calculated us
ing Equation 4-14. For the convenience of those who are 
also using 1 OK ECL, maximum recommended lengths of un
terminated lines are listed in Figure 4-fOb to 4-tOe. 

Zo 
Number of Fan-Out Loads 

1 2 3 4 

50 1.37" 1.13 0.95 0.81 
62 1.33 1.07 0.87 0.70 

75 1.25 0.95 0.75 0.61 
90 1.18 0.85 0.66 0.53 

100 1.15 0.82 0.61 0.49 

•Length in inches. 
Unit load= 2 pF, 8 = 0.148 ns/inch 

FIGURE 4-10a. F100K Maximum Worst-Case 
Line Lengths for Unterminated 
Mlcrostrip, Distributed Loading 

Zo 
Number of Fan-Out Loads 

2 3 4 6 

50 4.15* 3.75 3.45 2.85 
62 3.95 3.50 3.15 2.55 

75 3.75 3.25 2.85 2.25 
90 3.55 3.00 2.60 2.00 

100 3.45 2.85 2.45 1.85 

•Length in inches. 
Unit load = 3 pF, 8 = 0.148 ns/in. 

Zo 

50 
62 

75 
90 

100 

FIGURE 4-10b.10K Maximum Worst-Case 
Line Lengths for Unterminated 
Microstrip, Distributed Loading 

Number of Fan-Out Loads 

1 2 4 6 

4.40* 3.65 2.60 1.90 
4.30 3.45 2.30 1.60 

4.20 3.20 2.05 1.40 
4.05 2.95 1.75 1.05 
3.90 2.80 1.60 0.90 

•Length in inches. 
Unit load = 3 pF, 8 = 0.148 ns/in. 

Zo 

50 
62 

75 
90 

FIGURE 4-10c. 10K Maximum Worst-Case 
Line Lengths for Unterminated 

Microstrip, Concentrated Loading 

Number of Fan-Out Loads 

2 3 4 6 

3.30* 3.00 2.70 2.25 
3.15 2.80 2.50 2.00 

3.00 2.60 2.25 1.80 
2.80 2.40 2.05 1.55 

•Length in inches. 
Unit load = 3 pF, 8 = 0.188 ns/in. 

FIGURE 4-10d. 10K Maximum Worst-Case 
Line Lengths for Unterminated 
Stripline, Distributed Loading 
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Unterminated Lines (Continued) 

Zo 
Number of Fan-Out Loads 

1 2 4 6 

50 3.45* 2.85 2.00 1.50 
62 3.40 2.70 1.80 1.30 

75 3.30 2.55 1.60 1.10 
90 3.15 2.35 1.40 0.85 

100 3.10 2.20 1.25 0.70 

'Length in inches. 
Unit load = 3 pF, ll = 0.188 ns/in. 

FIGURE 4-10e. 10K Maximum Worst
Case Line Lengths for Unterminated 

Stripline, Concentrated Loading 

8 

1.10 
0.90 

0.75 
0.50 
0.40 

A load capacitance concentrated at the end of the line re
stricts line length more than a distributed load does. Maxi
mum recommended lengths for fiberglass epoxy dielectric 
and a 0.5 ns rise time are listed in Figure 4-10 for microstrip. 
For line impedances not listed, linear interpolation can be 
used to determine appropriate line lengths. Appropriate line 
lengths for dielectric materials with a different propagation 
constant 8 can be determined by multiplying the listed val
ues by the fiberglass epoxy 8 and then dividing by the 8 of 
the other material. For example, a line length for a material 
which has a microstrip 8 of 0.1 ns/inch is determined by 
multiplying the length given in the microstrip table (for a 
desired impedance and load) by 0.148 and dividing by 0.1. 

Resistor RE must provide the current for the negative-going 
signal at the driver output. Line input and output waveforms 
are noticeably affected if RE is too large, as shown in Figure 
4-Bb. The negative-going edge of the signal falls in stair
step fashion, with three distinct steps visible at point A. The 
waveform at point B shows a step in the middle of the nega
tive-going swing. The effect of different RE values on the 
net propagation time through the line and the driven loads is 
evident in Figure 4-Bc which shows the output signal of one 
driven gate in a multiple exposure photograph. The horizon
tal sweep (time axis) was held constant with respect to the 
input signal of the driver. The earliest of the three output 
signals occurs with an RE value of 3300. Changing RE to 
5100 increases the net propagation delay by 0.3 ns, the 
horizontal offset between the first and second signals. 
Changing RE to 1 kn produces a much greater increase in 
net propagation delay, indicating that the negative-going 
signal at B contains several steps. In practice, a satisfactory 
negative-going signal results when the RE value is chosen 
to give an initial negative-going step of 0.6V at the driving 
end of the line. This gives an upper limit on the value of RE, 
as shown in Equation 4-15. 

initial step = t,. t • z0 = (VoH - VEE) Zo ~ o.6 
RE +Zo 

RE = :::: 6.25 Zo (4-15) 

An ECL output can drive two or more unterminated lines, 
provided each line length and loading combination is within 
the recommended constraints. The appropriate RE value is 
determined from Equation 4-15, using the parallel imped
ance of the two or more lines for Zo. 

An ECL output can simultaneously drive terminated and un
terminated lines, although the negative-going edge of the 
signal shows two or more distinct steps when the stubs are 
long unless some extra pull-down current is provided. Figure 
4-11a shows an ECL circuit driving a parallel terminated 
line, with provision for connecting two worst-case untermi-
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nated lines to the driver output. Waveforms at the termina
tion resistor (point A) are shown in the multiple exposure 
photograph of Figure 4-11b. The upper trace shows a nor
mal signal without stubs connected to the driver. The middle 
trace shows the effect of connecting one stub to the driver. 
The step in the negative-going edge indicates that the qui
escent loH current through RT is not sufficient to cause a 
full signal for both lines. The relationship between the quies
cent loH current through RT and the negative-going signal 
swing was discussed earlier in connection with parallel ter
mination. 

The bottom trace in Figure 4-11 shows the effect of con
necting two stubs to the driver output. The steps in trailing 
edge are smaller and more pronounced. The deteriorated 
trailing edge of either the middle or lower waveform increas-

a. Multiple Lines 

Vrr 

TL/F /9901-19 

b. Waveforms at Termination Point A 

H = 5 ns/div 
V =0.5 V/div 

TL/F/9901-20 

c. Equivalent Circuit for Determining Initial 
Negative Voltage Step at the Driver Output 

VoH x 

VEE 

TL/F/9901-21 

FIGURE 4-11. Driving Terminated 
and Unterminated Lines In Parallel 



Unterminated Lines (Continued) 

es the switching time of the cirucit connected to point A. If 
this extra delay cannot be tolerated, additional pull-down 
current must be provided. One method uses a resistor to 
VEE as suggested in Figure 4-11a. The initial negative-going 
step at point A should be about 0. 7V to insure a good fall 
rate through the threshold region of tho driven gate. The 
initial step at the driver output should also be 0. 7V. If the 
driver output is treated as a switch that opens to initiate the 
negative-going signal, the equivalent circuit of Figure 4-11c 
can be used to determine the initial voltage step at the driv
er output (point X). The value of the current source IRT is the 
quiescent loH current through Ar. Using Z' to denote the 
parallel impedance of the transmission lines and A V for the 
desired voltage step at X, the appropriate value of RE can 
be determined from the following equation, using absolute 
values to avoid polarity confusion. 

RE= ( IVEEI - IVoHI - Av I)• (
1
A v I ~·llRrlZ') 

For a sample calculation, assume that Ar and the line im
pedances are each 1000, VoH is -0.955V, AV is 0.750V, 
VEE is -4.5V and Vn is -2V. IRT is thus 10.45 mA and the 
calculated value of RE is 2320. In practice, this value is on 
the conservative side and can be increased to the next larg
er (10%) standard value with no appreciable sacrifice in 
propagation through the gate at point A. 

Again, the foregoing example is based on worst-case stub 
lengths (the longest permissible). With shorter stubs, the 
effects are less pronounced and a point is reached where 
extra pull-down current is not required because the reflec
tion from the end of the stub arrives back at the driver while 
the original signal is still falling. Since the reflection is also 
negative going, it combines with and reinforces the falling 
signal at the driver, eliminating the steps. The net result is a 
smoothly falling signal but with increased fall time compared 
to the stubless condition. 

The many combinations of line impedance and load make it 
practically impossible to define just with stub length begins 
to cause noticeable steps in the falling signal. A rough rule
of-thumb would be to limit the stub length to one-third of the 
values given in Figure 4-10. 

Data Bussing 
Data bussing involves connecting two or more outputs and 
one or more inputs to the same signal line, (Figure 4-12). 
Any one of the several drivers can be enabled and can ap
ply data to the line. Load inputs connected to the line thus 
receive data from the selected source. This method of 
steering data from place to place simplifies wiring and tends 
to minimize package count. Only one of the drivers can be 
enabled at a given time; all other driver outputs must be in 
the LOW state. Termination resistors matching the line im
pedance are connected to both ends of the line to prevent 
reflections. For calculating the modified delay of the line 
(Chapter 3) the capacitance of a LOW (unselected) driver 
output should be taken as 2 pF. 

An output driving the line sees an impedance equal to half 
the line impedance. Similarly, the quiescent loH current is 
higher than with a single termination. For line impedance 
less than 1000, the loH current is greater than the data 
sheet test value, with a consequent reduction of HIGH-state 
noise margin. This loss can be eliminated if necessary by 
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TL/F/9901-22 

FIGURE 4-12. Data Bus or Party Line 
using multiple output gates (F100112) and paralleling two 
outputs for each driver. In the quiescent LOW state, termi
nation current is shared among all the output transistors on 
the line. This sharing makes VoL more positive than if only 
one output were conducting all of the current. For example, 
a 1000 line terminated at both ends represents a net 500 
DC load, which is the same as the data sheet condition for 
VOL· If one worst-case output were conducting all the cur
rent, the VoL would be -1.705V. If another output with 
identical DC characteristics shares the load current equally, 
the VoL level shifts upward by about 25 mV. Connecting two 
additional outputs for a total of four with the same charac
teristics shifts VoL upward another 22 mV. Connecting four 
more identical outputs shifts VoL upward another 20 mV. 
Thus the Vm shift for eight outputs having identical worst
case VoL characteristics is approximately 67 mV. In prac
tice, the probability of having eight circuits with worst-case 
VoL characteristics is quite low. The output with the highest 
VoL tends to conduct most of the current. This limits the 
upward shift to much less than the theoretical worst-case 
value. In addition, the LOW-state noise margin is specified 
greater than the HIGH-state margin to allow for VoL shift 
when outputs are paralleled. 

In some instances a single termination is satisfactory for a 
data bus, provided certain conditions are fulfilled. The single 
termination is connected in the middle of the line. This re
quires that for each half of the line, from the termination to 
the end, the line length and loading must comply with the 
same restrictions as unterminated lines to limit overshoot 
and undershoot to acceptable levels. The termination 
should be connected as near as possible to the electrical 
mid-point of the line, in terms of the modified line delay from 
the termination to either end. Another restriction is that the 
time between successive transitions, i.e., the nominal bit 
time, should not be less than 15 ns. This allows time for the 
major reflections to damp out and limits additive reflections 
to a minor level. 

Wired-OR 
In general-purpose wired-OR logic connections, where two 
or more driver outputs are expected to be in the HIGH state 
simultaneously, it is important to minimize the line length 
between the participating driver outputs, and to place the 
termination as close as possible to the mid-point between 
the two most widely separated sources. This minimizes the 
negative-going disturbances which occur when one HIGH 
output turns off while other outputs remain HIGH. The driver 
output going off represents a sudden decrease in line cur
rent, which in turn generates a negative-going voltage on 
the line. A finite time is required for the other driver outputs 
(quiescently HIGH) to supply the extra current. The net re-
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Wired-OR (Continued) 

suit is a "V" shaped negative glitch whose amplitude and 
duration depend on three factors: current that the off-going 
output was conducting, the line impedance, and the line 
length between outputs. If the separation between outputs 
is kept within about one inch, the transient will not propa
gate through the driven load circuits. 

If a wired-OR connection cannot be short, it may be neces
sary to design the logic so that the signal on the line is not 
sampled for some time after the normal propagation delay 
(output going negative) of the element being switched. Nor
mal propagation delay is defined as the case where the ele
ment being switched is the only one on the line in the HIGH 
state, resulting in the line going LOW when the element 
switches. In this case, the propagation delay is measured 
from the 50% point on the input signal of the off-going ele
ment to the 50% point of the signal at the input farthest 
away from the output being switched. The extra wiring time 
required in the case of a severe negative glitch is, in a 
worst-case physical arrangement, twice the line delay be
tween the off-going output and the nearest quiescently 
HIGH output, plus 2 ns. 

An idea of how the extra waiting time varies with physical 
arrangement can be obtained by qualitatively comparing the 
signal paths in Figure 4-13. With the outputs at A and B 
quiescently HIGH, the duration of the transient observed at 
C is longer if B is the off-going output than if A is the off-go
ing element. This is because the negative-going voltage 
generated at B must travel to A, whereupon the corrective 
signal is generated, which subsequently propagates back 
toward C. Thus the corrective signal lags behind the initial 
transient, as observed at C, by twice the line delay between 
A and B. On the other hand, if the output at A generates the 
negative-going transient, the corrective response starts 

A I =15" 

when the transient reaches point B. Consequently, the tran
sient duration observed at C is shorter by twice the line 
delay from A to B. 

rD-Rr 

Vrr 

TL/F/9901-23 

FIGURE 4·13. Relative to Wired-OR Propagation 

Backplane Interconnections 
Several types of interconnections can be used to transmit a 
signal between logic boards. The factors to be considered 
when selecting a particular interconnection for a given appli
cation are cost, impedance discontinuities, predictability of 
propagation delay, noise environment, and bandwidth. Sin
gle-ended transmission over an ordinary wire is the most 
economical but has the least predictable impedance and 
propagation delay. At the opposite end of the scale, coaxial 
cable is the most costly but has the best electrical charac
teristics. Twisted pair and similar parallel wire interconnec
tion cost and quality fall in between. 

For single-wire transmission through the backplane, a 
ground plane or ground screen (Chapter 5) should be pro
vided to establish a controlled impedance. A wire over a 
ground plane or screen has a typical impedance of 1500 
with variations on the order of ± 33%, depending primarily 
on the distance from ground and the configuration of the 
ground. Figure 4-14 illustrates the effects of impedance vari
ations with a 15-inch wire parallel terminated with 1500 to 
-2V. Figure 4-14b shows source and receiver waveforms 
when the wire is in contact with a continuous ground plane. 

WIRE OVER GND PLANE OR SCREEN 

a. Wire over Ground Plane or Screen 

H =5 ns/div 
V = 0.4 ns/div 

-A 

-a 

TL/F/9901-25 

TL/F/9901-24 

-A 

-a 

H = 5 ns/div 
V =0.4 V/div 

TL/F/9901-26 

b. Wire In Contact with Ground Plane c. Wire Spaced Ya" from Ground Screen 

FIGURE 4·14. Parallel Terminated Backplane Wire 
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Backplane Interconnections (Continued) 

The negative-going signal at the source shows an initial step 
of only 80% of a full signal swing. This occurs because the 
quiescent HIGH-state current loH (about 7 mA) multiplied by 
the impedance of the wire (approximately 90n) is less than 
the normal signal swing, and this condition allows the driver 
emitter follower to turn off. The negative-going signal at the 
receiving end is greater by 25% (1 + p = 1.25). The receiv
ing end mismatch causes a negative-going reflection which 
returns to the source and establishes the VoL level. The 
positive-going signal at the source shows a normal signal 
swing, with the receiving end exhibiting approximately 25% 
overshoot. 

Figure 4-14c shows waveforms for a similar arrangement, 
but with the wire about Ya inch from a ground screen. The 
impedance of the wire is greater than 150!1 termination, but 
small variations in impedance along the wire cause interme
diate reflections which tend to lengthen the rise and fall 
times of the signal. As a result, the received signal does not 
exhibit pronounced changes in slope as would be expected 
if a 200!1 constant impedance line were terminated with 
150!1. 

Series source resistance can also be used with single wire 
interconnections to absorb reflection. Figure 4-15a shows a 
16-inch wire with a ground screen driven through a source 
resistance of 1 oon.. The waveforms (Figure 4-15b) show 
that although reflections are generated, they are largely ab
sorbed by the series resistor, and the signal received at the 
load exhibits only slight changes and overshoot. Series ter
mination techniques can also be used when the signal into 
the wire comes from the PC board transmission line. Figure 
4-1 Ba illustrates a 12-inch wire over a ground screen, with 
12-inch microstrip lines at either end of the wire. The output 
is heavily loaded (fan-out of 8) and the combination of im
pedances produces a variety of reflections at the input to 
the first microstrip line, shown in the upper trace of Figure 
4-1 Bb. The lower trace shows the final output; a comparison 
between the two traces shows the effectiveness of damping 
in maintaining an acceptable signal at the output. Figure 
4-16c shows the signals at the input to the driving gate and 
at the output of the load gate, with a net through-put time of 
8.5 ns. The circuit in Figure 4-16a is a case of mismatched 
transmission lines, discussed in Chapter 3. 
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Signal propagation along a single wire tends to be fast be
cause the dielectric medium is mostly air. However, imped
ance variations along a wire cause intermediate reflections 
which tend to increase rise and fall times, effectively in
creasing propagation delay. Effective propagation delays 
are in the range of 1.5 to 2.0 ns per foot of wire. Load 
capacitance at the receiving end also increases rise and fall 
time (Chapter 3), further increasing the effective propaga
tion delay. 

1000 A 

16" WIRE OVER GROUND SCREEN B 

TL/F/9901-27 

a. Wire over Ground Screen 

-A 

-a 

H = 10 ns/div 
V = 0.3 V/div 

TL/F/9901-28 

b. Serles Terminated Waveform 

FIGURE 4-15. Serles Terminated Backplane Wire 
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Backplane Interconnections (Continued) 

INPUT f 
12" MICROSTRIPSl 

12" WIRE OVER 
GROUND SCREEN 

1000 --- _]_ ---

OUTPUT 

rD-
~ = 1000 Zo = 

1500
zo = 1000

8 
I 

L£>-
TL/F/9901-29 

a. Backplane Wire Interconnecting PC Board Lines 

-A 

-e 

H = 10ns/div 
V=0.4 V/dlv 

TL/F/9901-30 

b. Signals into the First Microstrip and at the Loads 

H = 10 ns/div 
V =0.4 V/div 

-INPUT 

-OUTPUT 

TL/F/9901-31 

c. Input to Driving Gate and Output of Load Gate 

FIGURE 4-16. Signal Path with Sequence 
of Microstrip, Wire, Microstrip 

Better control of line impedance and faster propagation can 
be achieved with a twisted pair. A twisted pair of AWG 26 
Teflon• insulated wires, two twists per inch, exhibits a prop
agation delay of 1.33 ns/ft and an impedance of 115!1. 
Twisted pair lines are available in a variety of sizes, imped
ances and multiple-pair cables. Figure 4-1 la illustrates sin
'Teflon is a registered trademark of E.1. du Pont de Nemours Conpany. 

7-46 

p 

-D~c~~~t~~-1-f~ 
l ~ Vn 

TL/F/9901-32 

a. Single-ended Twisted Pair 

p 

510 0 510 0 

TL/F/9901-33 

b. Differential Transmission Reception 

c. Backplane Data Bus 

Vee 

TL/F/9901-34 

FIGURE 4·17. Twisted Pair Connections 

gle-ended driving and receiving. In addition to improved 
propagation velocity, the magnetic fields of the two conduc
tors tend to cancel, minimizing noise coupled into adjacent 
wiring. 

Differential line driving and receiving complementary gates 
as the driver and an F100114 line receiver is illustrated in 
Figure 4-1 lb. Differential operation provides high noise im
munity, since common mode input voltages between 
-0.55V and -3.0V are rejected. The differential mode is 
recommended for communication between different parts of 
a system, because it effectively nullifies ground voltage dif
ferences. For long runs between cabinets or near high pow
er transients, interconnections using shielded twisted pair 
are recommended. 

Twisted pair lines can be used to implement party line type 
data transfer in the backplane, as indicated in Figure 4-1 lc. 
Only one driver should be enabled at a given time; the other 
outputs must be in the VoL state. The Vss reference volt
age is available on pin 22 of the flatpak and pin 19 of tho 
dual-in-line package for the F100114. 

In the differential mode, a twisted pair can send high-fre
quency symmetrical signals, such as clock pulses, of 
100 MHz over distances of 50 to 100 feet. For random data, 
however, bit rate capability is reduced by a factor of four or 
five due to line rise effects on time jitter.3 



Backplane Interconnections (Continued) 

Coaxial cable offers the highest frequency capability. In ad
dition, the outer conductor acts as a shield against noise, 
while the uniformity of characteristics simplifies the task of 
matching time delays between different parts of the system. 
In the single-ended mode, Figure 4-18a, 50 MHz signals can 
be transferred over distances of 100 feet. For 100 MHz op
eration, lengths should be 50 feet or less. In the differential 
mode, Figures 4-18b, c, the line receiver can recover small
er signals, allowing 100 MHz signals to be transferred up to 
100 feet. The dual cable arrangement of Figure 4-18c pro
vides maximum noise immunity. The delay of coaxial cables 
depends on the type of dielectric material, with typical de
lays of 1.52 ns/ft for polyethylene and 1.36 ns/ft for cellular 
polyethylene. 

-[)o " ,, D-
-:~i'--::Zo:-------+-i+-' ..-~ ..... 

Vn 

TL/F/9901-35 

a. Single-Ended Coaxial Transmission 

,-, 

~~. 
2 2 

Vn 

TL/F/9901-36 

b. Differential Coaxial Transmission 

Vn 

,- I\ 

~ + 
I - ,-, 

t ~ 
Vn 

TL/F/9901-37 

c. Differential Transmission with Grounded Shields 

FIGURE 4-18. Coaxial Cable Connections 
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Chapter 5 
Power Distribution and Thermal Considerations 

Introduction 
High-speed circuits generally consume more power than 
similar low-speed circuits. At the system level, this means 
that the power supply distribution system must handle the 
larger current flow; the larger power dissipation places a 
greater demand on the cooling system. The direct current 
(DC) voltage drop along ground busses affects noise mar
gins for all types of ECL circuits. Voltage drops along VEE 
busses have only a slight effect on F1 OOK circuits, but they 
require consideration to obtain the performance available 
from the family. 

Logic Circuit Ground, V cc 
The positive potential Vee and VeeA in ECL circuits is the 
reference voltage for output voltages and input thresholds 
and should therefore be the ground potential. When two 
circuits are connected in a single-ended mode, any differ
ence in ground potentials decreases the noise margins, as 
discussed in Chapter 1. This effect for TTL/DTL circuits, as 
well as for ECL circuits, is illustrated in Figure 5-1. The fol
lowing analysis assumes some average value of current 
flowing through the distributed resistance along the ground 
path between two circuits. For the indicated direction of IG, 
the shift in ground potential decreases the LOW-state noise 
margin of the TTL/DTL circuits and the HIGH-state noise 
margin of the ECL circuits. If IG is flowing in the opposite 
direction, it increases these noise margins, but decreases 
the noise margins when the drivers are in the opposite 
state. For tabulation of ground currents in ECL, the designs 
must include termination currents as well as IEE operating 
currents. ECL logic boards which use microstrip or stripline 
techniques generally have large areas of ground metal. This 
causes the ground resistance to be quite low and thus mini
mizes noise margin loss between pairs of circuits on the 
same board. 

~ 
TOTAL RESISTANCE•Ra 

TTL/DTL 

TL/F/9902-1 

ECL 

V'oL =Vol= +IGRG V'oH=VoH+IGRG 
IGRG=(V'oL -Vou=Noise Margin Decrease=IGRG=(V'oH-VoHl 

FIGURE 5-1. Effect of Ground Resistance 
on Noise Margins 
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In practice, two communicating circuits might be located on 
widely separated PC cards with other PC cards in between. 
The net resistance then includes the incremental resistance 
of the ground distribution bus from card to card, while the 
ground current is successively increased by the contribution 
from each card. Figure 5-2 illustrates a distribution bus for a 
row of cards with incremental resistances along the bus . 

~~~~---~ 
CARD 3 - - - I- - - - - . k - - - - - n 
POSITION 

r = Incremental Bus Resistance between Positions 
i = Average Ground Current per Card 

TL/F/9902-2 

FIGURE 5·2. Ground Shift Along a Row of PC Cards 

The ground shift can be estimated by first determining an 
average value of current per card based on the number of 
packages, the mix of SSI and MSI, and the number and 
types of terminations. With n cards in the row, an average 
ground current (i) per card, and an incremental bus resist
ance (r) between card positions, the bus voltage drops be
tween the various positions can be determined as follows: 

between positions 1 and 2: v1 -2 = (n - 1) ir 

between positions 1 and 3: v1-3 = (n - 1) ir + 
(n - 2)ir 

between positions 1 and 4: v1 -4 = (n - 1) ir + 
(n - 2) ir + 
(n - 3) ir 

between 1 and n: V1-n = ir !(n - 1) + 
(n - 2) + (n - 3) 
. + ... + [n - (n - 1 )] ) 
= ir [1 + 2 + 3 
+ ... + (n - 1)] 

n-1 

v1-n = ir In 
1 

For a row of 15 cards, for example, the total ground shift 
between positions 1 and 15 is expressed as in Equation 5-1. 

14 

v1-1s = ir I n = ir (1 + 2 + 3 + ... + 13 + 14) 
1 (5-1) 

105 ir 



Logic Circuit Ground, V cc (Continued) 

The ground shift between any two card positions j and k can 
be determined as follows for the general case. 

Vj-k = (n - j) ir + [n - O + 1 )] ir + 
[n - O + 2)] ir 

+ ... + In - [j + (k-j-1)]) ir 

= (k - j) nir - ir Ii + O + 1) + O + 2) (5-2) 

+ ... + [j + (k-j-1)] l 
k-1 k-1 

Vj-k = (k - j) nir - ir L n = ir [(k - j) n - L n] 

I J 

In a row of 15 cards, the ground shift between positions four 
and nine, for example, is determined as follows. 

Vj-k = ir [(9 - 4) 15 - (4 + 5 + 6 + 7 + 8)] (5-3) 
= ir (75 - 30) = 45 ir 

The ground shift between the same number of positions 
further down the row is less because of the decreasing cur
rent along the row. Consider the ground shift between card 
positions 1 O and 15. 

V1Q-15 = ir [(15 - 10)15 -
(10 + 11 + 12 + 13 + 14)] (5-4) 

= ir (75 - 60) = 15 ir 

These examples illustrate several principles the designer 
should consider regarding the ground distribution bus and 
assignment of card positions. The bus resistance should be 
kept as low as possible by making the cross-sectional areas 
as large as practical. Logic cards which represent the heavi
est current drain should be located nearest the end where 
ground comes into the row of cards. Cards with single-end
ed logic wiring between them should be assigned to posi
tions as close together as possible. Conversely, if the 
ground shift between two card positions represents an un
acceptable loss of noise margin, then the differential trans
mission and reception method i.e., twisted pair, should be 
used for logic wiring between them, thereby eliminating 
ground shift as a noise margin factor. 

Conductor Resistances 
Conductors with large cross-sectional areas are required to 
maintain low voltage drops along power busses. For conve
nience, Figure 5-3 lists the resistance per foot and the 
cross-sectional area for more common sizes of annealed 
copper wire. Other characteristics and a complete list of 
sizes can be found in standard wire tables. A useful rule-of
thumb regarding resistances and, hence, areas is: as gauge 
numbers increase, resistance doubles with every third 
gauge number; e.g., the resistance per foot of # 10 wire is 
1 mn, for # 13 wire it is 2 mn. Similarly, the resistance per 
foot of #0 wire is 0.078 mn, which is half that of #2 wire. 

For calculations involving conductors having rectangular 
cross sections, it is often convenient to work with sheet 
resistance, particularly for power distribution on PC cards. 
Copper resistivity is usually given in ohm-centimeters, indi
cating the resistance between opposing faces of a 1 cm 
cube. The sheet resistance of a conductor is obtained by 
dividing the resistivity by the conductor thickness. These 
relationships follow. 
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AWG Resistance 
Cross-Sectlonal 

B&S 
mn Per Foot 

Area 
Gauge Square Inches 

#2 0.156 5.213 x 10-2 
#6 0.395 2.062 x 10-2 

#10 0.999 8.155 x 10-3 
#12 1.588 5.129 x 10-3 
#18 6.385 1.276 x 10-3 
#22 16.14 5.046 x 10-4 
#26 40.81 1.996 x 10-4 
#30 103.2 7.894 x 10-s 

FIGURE 5·3. Resistance and Cross-Sectional Area 
of Several Sizes of Annealed Copper Wire 

Copper resistivity = p = 1. 724 x 1 o-e ncm @ 20°c 

I I 
Resistance of a conductor = p A = p ~ 

where: I = length t = thickness w = width 

. p I 
Sheet resrstance PS = t n per; 

The length/width ratio (l/w) is dimensionless; therefore, the 
resistance of a length of conductor of uniform thickness can 
be calculated by first determining the number of "squares," 
then multiplying by the sheet resistance. For example, a 
conductor one-eighth inch wide and three inches long has 
24 squares; its resistance is 24 times the sheet resistance. 
Since many thickness dimensions are given in inches, it is 
convenient to express the resistivity in ohm-inch, as follows. 

p(!lin.) = p(!lcm) + 2.54 = 6.788 x 10-7 !lin. 

The use of sheet resistance and the "squares" concept is 
illustrated by calculating the resistance of the conductor 
shown in Figure 5-4. Assume the conductor is a 1 oz. cop
per cladding with a 0.0012 inch minimum thickness on a PC 
card. 

_j_ 11=2· 12=1· 13 .. 1.s· _L 
W1=1/4"\-R1-:-R2-1 i T ~:---R3-,W2=1/2" 

I R TOTAL IT 
TL/F/9902-3 

FIGURE 5-4. Conductor of Uniform Thickness 
but Non-Uniform Cross Section 

Sheet resistance = ps = T 
= 5.657 x 10-4 n per square 

The number of squares S for the rectangular sections are as 
follows. 

13 
S3 = - = 3 

W1 W2 
S1 = _!!_ = 8 

The middle average segment of the conductor has a trapez
iodal shape. The average of w1 and w2 can be used as the 
effective width, within 1 % accuracy, if the w2/w1 ratio is 1.5 
or less. Otherwise, a more exact result is obtained as fol
lows. 

s2 = --
12
--ln (w2

) = 4 In 2 = 2.77 squares 
W2 -W1 W1 

Total R = R1 + R2 + R3 = p5 (S1 + S2 + S3) 
= 7.51 m!l 

(5-5) 
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Conductor Resistances (Continued) 

As another example, assume that a 1 oz. trace must carry a 
200 mA current six inches with a voltage drop less than 
10 mV. 

Vmax 0.01 
Amax = -

1
- = Q.2 = 0.05!1 

I 
0.05 = Ps; 

w T = 20 Ps 

(5-6) 

w = 120 Ps = (120) 5.657 x 10-4 = 67.9 x 10-3 

:. minimum trace width, w = 68 mils 

At a higher current level, consider the voltage drop in a 
conductor 20 mils thick, 1.25 inches wide and 3 feet long 
carrying a 50A current. 

6.788 x 10-7 
Ps = 

2 
x 

10
_

2 
= 3.364 x 10-s n per square 

V = IR - (50) (3.364 x 10-5) ~ 
1.25 

= 0.0484 = 48.4 mV 

(5-7) 

Sheet resistances for various copper thicknesses are listed 
in Figure 5-5. Standard thicknesses and tolerances for cop
per cladding are tabulated in Figure 5-6 and resistance per 
foot as a function of width is shown in Figure 5-7. 

Weight 
Sheet 

Sheet 
Resistance 

or n per 
Thickness Resistance 

Thickness 
Square 

n per Square 

2oz. 2.715 x 10-4 0.02 in. 3.364 x 10-s 
3 oz. 1.886 x 10-4 0.05in. 1.358 x 10-s 
5oz. 1.077 x 10-4 1As in. 1.086 x 10-s 

0.01 in. 6.788 x 10-s %in. 2.715 x 10-6 

FIGURE 5-5. Sheet Resistance for Various 
Thicknesses of Copper 

Nominal Thickness 
Nominal Tolerances 
Weight By 

in. mm oz/ft2 Weight,% in. 

0.0007 0.0178 % +10 +0.0002 
0.0014 0.0355 1 +10 +0.0004 

-0.0002 
0.0028 0.0715 2 +10 +0.0007 

-0.0003 
0.0042 0.1065 3 +10 +0.0006 
0.0056 0.1432 4 +10 +0.0006 
0.0070 0.1780 5 +10 +0.0007 
0.0084 0.2130 6 +10 +0.0008 
0.0098 0.2460 7 +10 +0.001 
0.014 0.3530 10 +10 +0.0014 

0.0196 0.4920 14 +10 +0.002 

FIGURE 5-6. Thickness and Tolerances for 
Copper Cladding 
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10 20 50 100 200 5{)0 

RESISTANCE - mo PER FOOT 

TL/F/9902-4 

FIGURE 5-7. Conductor Resistance vs 
Thickness and Width 

Temperature Coefficient 
The resistances in Figures 5-3, 5-5, and 5-7, as well as 
those used in the sample calculations, are 20°C values. 
Since copper resistivity has a temperature coefficient of ap
proximately 0.4%1°C, the resistance at a temperature (T) 
can be determined as follows. 

Rr = R20·c [1 + 0.004 (T + 20°C)] 

At 55°C: (5-8) 

R = R2o·c [1 + 0.004 (55°C - 20°C)] = 1.14 R20·c 

When specifying power bus dimensions for PC cards con
taining many IC packages, designers should bear in mind 
that excessive current densities can cause the copper tem
perature to rise appreciably. Figure 5-8 illustrates the ohmic 
heating effect of various current densities.1 

8.0 

< 
I 

I-z 
6.0 w 

a: 
a: 
::> 
u 

4.0 

100 150 200 250 300 

CROSS·SECTIONAL AREA - mll2 

TL/F/9902-5 

FIGURE 5-8. Temperature Rise with Current 
Density in PC Board Traces 



Distribution Impedance 
Power busses should have low AC impedance, as well as 
low DC resistance, to prevent propagation of extraneous 
disturbances along the distribution system. As far as current 
or voltage changes are concerned, power and ground bus
ses appear as transmission lines; thus their impedances can 
be affected by shape, spacing and dielectric. The effect of 
geometry on impedance is illustrated in the two arrange
ments of Figure 5-9. The same cross-sectional area of cop
per is used, but the two round wires have an impedance of 
about 750. while the flat conductors have an impedance 
determined as follows. 

377d d 
Zo = ./E h for h < 0.1 

With a Mylar®* or Teflon®* dielectric (E = 2.3) two mils 
thick, impedance of the flat conductor pair is only 0.5n.. 
Power line impedance can be reduced by periodically con
necting RF-type capacitors across the line. 

···~·0.02SQIN.ll± 

Zo•no ·· 
d=0.002" __., ,._ 

Zo .. 0.750 
(AIR DIELECTRIC) 

TL/F/9902-6 

FIGURE 5-9. Effect of Geometry 
on Power Bus Impedance 

•Mylar and Teflon are registered trademarks of E.I. du Pont de Nemours 
Company. 

Ground on PC Cards 
It is essential to assign one layer of copper cladding almost 
exclusively to ground. This provides low-impedance, non-in
terfering return paths for the current changes which travel 
along signal traces when the IC outputs change state. 
These currents flow from the VeeA pins of the IC packages, 
through the output transistors, then into the loads and the 
stray capacitances. These stray capacitances exist from an 
output to VEE· output to ground, and to other signal lines. 
Thus, displacement currents through stray capacitances 
flow in many paths, but must ultimately return through 
ground to the output transistor where they originated. To 
reduce the length and impedance of the return path, the 
ground metal should cover as large an area as possible and 
one decoupling capacitor should be provided for every one 
to two IC packages. Additional capacitors may be needed 
for multiple output devices. These capacitors should be ce
ramic, monolithic or other RF types in the O.Q1 µF to 0.1 µF 
range. 

The load current returning to an IC package through ground 
metal is predictable, both in magnitude and in the return 
path. Since the magnetic and capacitive coupling between a 
signal trace and the underlying ground provides the trans
mission line characteristic, it follows that the load current 
flowing through the signal trace is accompanied by a ground 
return current equal in magnitude but opposite in direction. 
For example, in a 500. terminator loL is 5.9 mA, loH is 
20.9 mA. Then signal change will cause about 15 mA cur
rent change and, as this current change propagates along 
the signal trace, a current of -15 mA advances alo_ng the 
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ground directly underneath the signal trace. Therefore, if 
there is an interruption in the ground, the return current is 
forced to go around it. The 15 mA current change can be 
reduced by terminating the complementary output of the 
signal. Then a signal change will direct the current from true 
output to the complement output reducing the l:l. currents in 
the ground plane. When it is necessary to interrupt the 
ground plane, the interruptions should be kept as short as 
possible; every effort should be made to locate them away 
from overlying signal lines. When the ground plane is inter
rupted for short signal lines between packages, these lines 
should be at right angles to signal lines on the other side to 
minimize coupling. VEE and Vn distribution lines can also 
act as the return side of transmission lines, as long as de
coupling capacitors to ground are placed in the immediate 
areas where the signal return current must continue through 
ground. 

Several connections along the edge of a PC card should be 
assigned to ground to accommodate backplane signal 
ground. These should be spaced at one-half to one inch 
intervals to minimize the average path length for signal re
turn currents and to simulate a distributed connection to the 
backplane signal ground. 

Not enough emphasis can be placed on the requirement for 
a good ground. All input signals are referenced to internal 
V88 and the Vss is referenced to Vee (ground). Any varia
tion from one side of the board to the other affects the noise 
margins. To help eliminate some of the variations a sepa
rate VceA is provided on F100K ECL circuits to power the 
output drivers and leave the Vee going to internal circuitry 
unaffected. 

Backplane Construction 
In order to take complete advantage of the speeds inherent 
in F1 OOK ECL it is desirable to construct the backplane as a 
multilayer printed circuit board. Generally, two internal lay
ers are devoted to ground and VEE and the signals occupy 
the outside layers. Where power densities are very high, it 
may be necessary to supplement the power layers with ex
ternal busses (see Backplane Interconnections, Chapter 4 ). 

If it is necessary to use wires to augment the interconnec
tion provided by the traces, less critical signals should use 
the wires. The wires will exhibit an impedance which can be 
calculated with the wire-over-ground formula 

138 4h 
z0 = .fi. Log10 d (5-9) 

where d is diameter, h is distance to ground, and E is di
electric constant. 

Bear in mind that if the ground plane is buried inside the 
board, then both h and E are made up of multiple compo
nents. 

Termination Supply, VTT 
A separate return voltage for the termination resistors offers 
a way to minimize power dissipation in systems extensively 
using parallel termination techniques. A-2V Vn value rep
resents an optimum speed/power trade-off, allowing suffi
cient termination current to discharge load capacitances 
while minimizing the average power consumption. Figure 
5-10 shows the average values of current, IC power dissipa
tion and resistor power dissipation for various values of the 
termination resistor Rr returned to -2V. Average values 
are determined by calculating the output HIGH and output 
LOW values, then taking the average. These 50% duty cy-
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Termination Supply, VTT (Continued) 

cle values are useful in determining the current drain on the 
- 2V supply and the contribution to dissipation on the logic 
boards. Peak values of termination current are approximate
ly 60% greater than the average values listed. 

DC regulation of the - 2V supply is not critical; a variation of 
± 5% causes a change in output levels of ± 12 mV for 500. 
terminations or ± 7 mV for 1000. terminations . 

The high frequency characteristics of the Vn distribution 
are extremely important. Ideally, a solid voltage plane 
should be devoted to Vn. If this is not feasible, the Vn 
distribution should form a grid using orthogonal traces. In 
any case, decoupling capacitors to ground should be used 
to reduce the high frequency impedance. 

RT 

n 

50 
62 

75 
90 

100 
150 

r::>,00------------z-o ______ ......,. 

f ., 

I avg 

mA 

14 
11 

9.3 
8.1 

7.3 
5.0 

VTT= -2.0 V 

TL/F/9902-7 

Po(avg) mW 

IC Output Resistor 

14 13 
12 11 

9.5 9.1 
8.2 7.9 

7.3 7.1 
4.9 5.0 

FIGURE 5·10. Average Current and Power Dissipation 
for Parallel Termination to - 2V 

If the terminators used are in Single In-line Packages (SIP) 
or Dual-In-line Packages (DIP) as opposed to discrete resis
tors, particular attention must be given to decoupling in or
der to maintain a solid Vn voltage inside the package. This 
is necessary to avoid crosstalk due to mutual inductance to 
Vn. SIPs have been developed which have multiple Vn 
connections and on-board decoupling capacitors. 

VEE Supply 
The value of VEE is not critical for F100K since all circuits in 
the family operate over the range of -4.2V to -5.7V. De
coupling capacitors to ground should be used on each card, 
as previously discussed in connection with the ground on 
PC cards. In addition, each card should used 1 µF to 10 µF 
decoupling capacitors near the points where VEE enters the 
card. 

The current drain for the VEE supply for each circuit type 
can be determined from the data sheet specifications. For 
VEE values other than -4.5V, the current drain varies as 
shown in Figure 5-11 and 5-12 for SSI and MSI elements 
respectively. These graphs are made from data from the 
F100101 and F100179. 
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1.20 
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?:J 1.05 
0. 

g; 1.0 
If) 

fil 0.95 
N 

~ 0.90 
:::E 
g 0.85 
z 

0.80 

FIGURE 5·11. Supply Current vs 
Supply Voltage for F100101 

v L 

~ y 
v 

TL/F/9902-8 

v 

0.75 
-u-~-~-u-u-~-~-M-~ 

VEE - SUPPLY VOLTAGE - V 

TL/F/9902-9 

FIGURE 5·12. Supply Current vs 
Supply Voltage for F100179 

Series dividers used to obtain Thevenin equivalent parallel 
terminations increase the current load on the VEE supply, as 
do the pull-down resistors to VEE used with series termina
tion. Average VEE current and resistor dissipation for Theve
nin equivalent terminations are listed in Figure 5-13 for sev
eral representative values of equivalent resistance. The av
erage values apply for 50% duty cycle. Peak current values 
are approximately 11 % greater. Dissipation in the IC output 
transistor is the same as in Figure 5-10. Average dissipation 
and IEE current for several values of pull-down resistance to 
VEE are listed in Figure 5-14. The RE values are appropriate 
for series termination of transmission lines with impedances 
listed in the Zo column, determined from Equation 4-12. 
Peak current values are approximately 12% greater than 
average values. 

Figures 5-10, 13 and 14 show that the Thevenin equivalent 
parallel termination method leads to ten times as much dis
sipation in the resistors as in the single resistor returned to 
-2V. Similarly, the dissipation in RE for series termination is 
three times the dissipation in the parallel termination resistor 
to -2V. 



VEE Supply (Continued) 

RT 
n 
50 
62 
75 
82 
90 
100 
120 
150 

Zo 
n 
50 
62 
75 
90 
100 
120 
150 

Vcc=GND 

R1 

R2 ~l·· 
Vee .. - 4.5 v Vrr = - 2 v 

TL/F/9902-10 

Rm R2n IEE (avg) Po(avg)mW 
= 1.80 RT = 2.25 RT mA Resistors 

90 113 28.2 109 
112 140 22.7 87.9 
135 169 18.8 72.7 
148 185 17.2 66.5 
162 203 15.7 60.5 
180 225 14.1 54.5 
216 270 11.7 45.4 
270 338 9.4 36.3 

FIGURE 5-13. Serles Divider for Thevenin 
Equivalent Terminations 

TL/F/9902-11 

RE IEE (avg) 
Po(avg)mW 

n mA IC Output RE 

269 9.8 12.9 25.8 
331 7.9 10.4 20.6 
399 6.5 8.6 16.8 
477 5.4 7.1 13.9 
530 4.9 6.5 12.7 
634 4.1 5.4 10.6 
791 3.2 4.2 8.1 

FIGURE 5-14. Average Current and Power Dissipation 
Using Pull-Down Resistor to VEE 

Thermal Considerations 
System cooling requirements for EGL circuits are based on 
three considerations: (1) the need to minimize temperature 
gradients between circuits communicating in the single-end
ed mode, (2) the need to control the temperature environ
ment of each circuit to assure that the parameters stay with
in guaranteed limits, and (3) the need to insure that the 
maximum rated junction temperature is not exceeded. 

Temperature gradients are of no practical concern with 
F1 OOK circuits since they are temperature compensated; 
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their output voltage levels and input thresholds change very 
little with temperature, as discussed in Chapter 1. With un
compensated EGL circuits, output voltage levels and input 
thresholds vary with temperature. This causes a loss of 
noise margin when driving and receiving circuits are operat
ing at different temperatures. Loss of HIGH-state noise mar
gin occurs when the receiving circuit is at the higher temper
ature, amounting to approximately 1 mV l°C of temperature 
gradient. When the driving circuit is at the higher tempera
ture, the LOW-state margin decreases by approximately 
0.5 mV l°C of gradient. The system designer must consider 
noise margin loss, due to temperature gradients. 

Each DC parameter limit on the F1 OOK data sheets applies 
over the entire 0°C to + 85°C case temperature. For uncom
pensated EGL circuits, parameter limits have different val
ues for different ambient temperatures. Further, ambient 
temperature specifications are based on a minimum air flow 
rate of 400 linear feet per minute. Thermal equilibrium must 
be established for incoming test results of uncompensated 
EGL circuits to be valid. The time required to attain equilibri
um can vary considerably, depending on the internal dissi
pation of the particular IC type and details of the thermal 
arrangement. Normally, an adequate waiting time is three to 
five minutes after power is applied. 

The maximum rated junction temperature of F1 OOK circuits 
is + 150°C. An individual IC junction temperature can be 
determined by multiplying power dissipation by the junction
to-air thermal resistance 8JA and adding the result to the 
ambient air temperature. The power dissipation is VEE times 
IEE· from the data sheet, plus the dissipation in the output 
transistors from Figure 5-10 or 5-14. Thermal resistance is 
shown in Figure 5-15 as a function of cooling air flow rate. 
This figure applies when the IC is mounted on a board with 
the air flowing in a plane parallel to the board and perpen
dicular to the long axis of the IC package. When air temper
ature, flow rate and package power dissipation are known, 
junction temperature is determined as follows. 

TJ =TA+ Po8JA (5-10) 

AIR FLOW RATE - LINEAR FTJMIN. 

TL/F/9902-12 

FIGURE 5·15. Junction-to-Air Thermal 
Resistance vs Air Flow Rate 
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Thermal Considerations (Continued) 

Conversely, when the maximum rate junction temperature 
( + 150°C), the package power dissipation, and the air tem
perature are known, the minimum flow rate can be deter
mined by first determining the maximum thermal resistance. 

. (150° - TA) 
Maximum OJA= (5-11) 

Po 
For this value of 8 JA the minimum flow rate is determined 
from Figure 5-15 . 

When the system designer plans to depend on natural con
vection for cooling, it is recommended that thermal tests be 
conducted to determine actual conditions. The effective
ness of natural convection for cooling varies greatly. For 
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instance, on a densely packed logic board in a horizontal 
attitude in still air, the effective ambient temperature for an 
IC varies with its position. An IC in the middle of the board is 
subjected to air that is partially heated by surrounding ICs. 
Additionally, the temperature of the board rises due to heat 
flow through the component leads. These effects can cause 
a much higher junction temperature than might be expect
ed . 

Reference 
1. Harper, C.A., Editor, Handbook of Wiring, Cabling and In

terconnecting for Electronics, McGraw-Hill, 1972. 
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Chapter 6 
Testing Techniques 

Introduction 
The purpose of this chapter is to assist personnel involved 
with incoming inspection and qualification testing, by dis
cussing the various methods and techniques used in testing 
ECL devices. 

Testing includes verifying functionality, checking DC para
metric limits and measuring AC performance. These tasks 
are particularly difficult for ECL devices in light of the broad 
range of products: RAMs, PROMs, gate arrays, and logic 
circuits. Correlation between supplier and user is extremely 
important. Recognizing the differences between high-vol
ume instantaneous testing, as performed by the supplier, 
and the user's concern for long term performance in a given 
operating environment, National guarantees the data sheet 
limits as specified, although testing may be performed by 
alternate methods. 

Tester Selection 
Although many makes and types of automatic test systems 
are available and in use today, not all are capable of testing 
ECL RAMs, PROMs, logic and gate arrays. 

Logic and gate array testers require DC Accuracy, subnano
second AC test capability, and the ability to change soft
ware for each device. Software capability and the number of 
test pins available are major considerations in choosing a 
gate array tester. Functional, DC and threshold tests are 
successfully performed on automatic test equipment, but 
subnanosecond propagation delays are difficult to measure 
accurately. 

The use of dedicated testers to perform high-volume memo
ry testing is very common. Testers containing hardware ad
dressing capability are usually the most efficient. Although 
basic DC testing is similar for any device type, RAM and 
PROM functional testing usually require special addressing 
capabilities to test for pattern sensitivity. The pattern gener
ators and output comparators must have minimum skew to 
obtain maximum tester accuracy. Functional and AC tests 
are performed simultaneously; then, DC and threshold tests 
are performed. 

The following considerations must be taken into account 
when selecting a tester. 

Noise 

Since the voltage swing on EGL input and output levels is 
only about 800 mV, it is very important that the power sup
plies and voltage drivers be extremely clean and free of 
spikes, hum, or any other type of noise. 

DC Resolution 

The threshold measurements (V1H (Min)• Vil (Max)) require 
that input voltage be extremely accurate and repeatable, 
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i.e., if the Vil (Max) is specified as -1.475V, a voltage 
source of -1.475 ± 5 mV is not adequate to accurately test 
the part. Ideally, the driver and the output comparators 
should have an accuracy of ± 1 mV. 

Current Capablllty 

Since ECL is noted for high current requirements, power 
supplies for VEE should be capable of supplying current with 
a 25% reserve over the highest powered parts. This reserve 
should be included because power supplies tend to get 
noisy when approaching the current clamp. Some ECL LSI 
parts dissipate over 4.5W; therefore, with a VEE of -4.5V, 
the power supply must provide well over 1 A. 

Edge Rates 
When testing edge-triggered sequential logic parts such as 
flip-flops and shift registers, it is important that the rise and 
fall times of the clock pulses be fast, clean and free from 
overshoot. If the clock edges are not adequate, the deficien
cy can be overcome using a Schmitt trigger as shown in 
Figure 6-1. 

RELAY TELEDYNE 
Vee 5-712 5 V 

.---------~ 2x FORM 
"C" CONTACTS 

1 kn 5.6 kll 1 klJ 

1 
TO DEVICE 

.....
------------' UNDER TEST 68 !l -

TL/F/9903-1 

FIGURE 6-1. Typical Schmitt Trigger Circuit 

The 68!1 resistor provides hysteresis by positive feedback, 
thus improving the edge rates. When energized, the relay 
provides a path to bypass the Schmitt trigger, so the input 
currents of the device under test can be measured. 

Functional Testing 
The functional operation and truth table for all device types 
are checked using automatic test equipment. For memory 
devices, pattern sensitivity and AC characteristics are also 
tested automatically. Functional testing is usually performed 
before DC testing. Logic parts are functionally tested in all 
modes of operation. The inputs are driven using typical V1H 
and V1l values. The outputs are compared against relaxed 
VoH and Vol limits. The V1H. Vil· VoH and Vol limits are 
tested during DC testing. 
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DC Testing 
An automatic tester is used to test all DC parameters listed 
on the individual data sheet for each input and output. The 
device may have to be preconditioned to obtain the correct 
output logic state. The cable length should be kept to a 
minimum to insure signal integrity. 

Threshold Measurements 

Threshold measurement on an automatic tester is probably 
the most difficult DC test and the test most prone to oscilla
tion. When testing, take one input at a time to threshold; all 
other inputs remain at full V1H or V1L levels. For example, to 
test a flip-flop, make sure the output is LOW before test, 
take the data pin to HIGH threshold, and apply the clock 
pulse. Verify that the HIGH has been transferred to the out
put. Next, apply LOW threshold to the data input and clock it 
through; use hard levels on the clock (full V1H and V1J. 
Check that the output pin goes LOW. 
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Bench Testing 

Occasionally, it is necessary to obtain data not easily avail
able from an automatic tester. This is accomplished by test
ing devices in a universal test board. The typical test circuit 
board is double-clad copper. All input/output pins go to sin
gle-pole, triple-throw switches so that V1H. V1L or a 50.0. ter
minating resistor can be connected. Leadless 0.05 µF ca
pacitors decouple all pins to Vee ( + 2V) at the socket pins. 
Access to the device under test is made via banana sockets 
to the X-Y plotter. 

V1HIV 0ur Plot-The input ramp supply is av to - 2V varied 
by a multi-turn potentiometer. The input voltage (V1N) versus 
output voltage (Vour) is plotted on an X-Y recorder using 
the test setup shown in Figure 6-2. 

Vourllour Plot-The output voltage (Vour) versus output 
current (lour) can be plotted using the test setup shown in 
Figure 6-3. 

-0 OUT 
OUT 

-0 IN 
Vr VEE Vee 

L ov POWER 
SUPPLIES 

..__ -4.SV ,___ +RAMP 
-2.0V 

I-SUPPLY 

TL/F/9903-2 

FIGURE 6·2. V1NIVour Transfer Characteristics 
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FIGURE 6-3. Vourllour Characteristics 
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AC Testing 
Because few automatic measurements systems have suffi
cient accuracy to perform subnanosecond testing, AC test
ing of ECL is one of the most difficult tests to accomplish. 
To obtain subnanosecond accuracy usually requires special 
test fixtures and equipment. The physical location of the test 
fixture, the input driver and the output comparator is very 
important. 

Depending upon the accuracy and repeatability of the auto
matic tester, a bench setup may be required for correlation. 
Comparing an air line with known propagation delay to the 
test setup is recommended. 

AC Test Fixtures 
Test fixture design plays a pivotal role in insuring that undis
torted waveforms are applied to the Device Under Test 
(D.U.T.) and that the device output can be monitored cor
rectly. 

Board Construction and Layout 

ECL AC bench test fixtures are built on a double-clad print
ed circuit board or on a multilayer printed circuit board with 
semi-rigid coax. The power planes are shorted at the device 
and brought out to banana sockets with the decoupling ca
pacitors at the device. Transmission lines of 500. are main
tained from soldered-on BNC or SMA connectors to the 
D.U.T. Sense lines from the D.U.T. output and input pins to 
the connectors must be of electrically equal length. For in
put pins, care must be taken to insure that the force and 
sense lines are brought directly to the point that makes con
tact with the D.U.T. For output pins, only the output sense 
lines are used to monitor the signals. The force lines are 
disconnected at the device to minimize signal distortion. 
Special care must be taken to minimize crosstalk and stray 
capacitance in the area of the D.U.T. For correlation, flat
paks are not tested in sockets but are clamped to the traces 
of a multilayer PC board. Dual in-line devices are plugged 
into individual pin sockets instead of normal test sockets. 
Due to equipment limitations and for correlation, the ampli
tude, offset, rise and fall time are set up with no device in 
the test socket. 

The bench test fixture to measure toggle frequency utilizes 
the principles described in the preceding paragraph except 
that the feedback path between the output and data input is 
as short as possible. 

Output Termination 

All outputs should be terminated with 500. ± 1 % resistors. 
This is especially important for complementary outputs. 
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When bench testing, the device is offset by + 2V; VEE is 
-2.5V; Vee. VeeA is +2V. Then the 500. input impedance 
of the sampling oscilloscope acts as the termination resistor 
to OV. The input and output coaxial cable to the oscillo
scope should be cut to exactly the same electrical length. 

Decoupling 

Not enough emphasis can be put on the importance of good 
decoupling on the D.U.T. because oscillations can give erro
neous test results. A sampling scope should be used to 
make sure that oscillation is not occurring. 

The value of capacitors used depends on the type of tester 
used and the frequency of test. Some testers use pulse test; 
in other words, for each individual test in a program, VEE is 
powered up and down. On this type of tester, electrolytic
type (i.e., large value) capacitors cannot be used because of 
the time constant needed to charge the capacitor. 

Always start with the minimum decoupling needed to 
achieve good results, perhaps merely a capacitor between 
Vee and VEE· Capacitors should be placed as close as pos
sible to the D.U.T. to eliminate as much inductance as pos
sible. Only low-inductance capacitors should be used; lead
less monolithic ceramic capacitors are very effective. 

There are no rigid decoupling rules, and each device type 
may have its own decoupling requirements. A typical decou
pling technique that works well on most F1 OOK devices is to 
place 0.01 µF to 0.1 µF monolithic ceramic capacitors in 
the following locations. 

• If no offset is used: 
between VEE (-4.5V) and Vee. VeeA (OV) 
between Vrr ( - 2V) and ground (OV) 

• If + 2V offset is used: 
between Vee. VeeA (+2V) and ground (OV) 
between VEE (-2.5V) and ground (OV) 

• In most cases, VeeA and Vee should be shorted as close 
to the D.U.T. as possible. However, if the VeeA and Vee 
pins are physically separated, individual decoupling ca
pacitors may be necessary. 

• For DC test only place a 0.001 µF capacitor: 
between an input pin and VEE 
between an output pin and VeeA 

Decoupling problems will appear mainly at threshold test. If 
certain outputs fail, try the decoupling technique, described 
in the preceding paragraph, on those outputs and the asso
ciated inputs. With testers that use the power-hold method, 
such as the Sentry®, large electrolytics can be used in par
allel with smaller (0.01 µF) disk capacitors for the high-fre
quency bypass. 
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ELECTROSTATIC DISCHARGE 

Introduction 
The study of ESD failures began in earnest back when sys
tem designers, faced with very expensive assembly and 
post-assembly rework, began investigating system failures 
in great detail. In the course of their study, they checked all 
the records to determine which devices has passed earlier 
testing, but had failed once in the system. The data clearly 
indicated that something in the handling process resulted in 
higher attrition rates among the devices. Reliability physi
cists examined the failed devices in· minute detail, in some 
cases subjecting them to examination under high powered 
scanning electron microscopes. 

The problem was found to be one of electrical overstress, 
and further investigation determined that the cause of the 
overstress was a phenomenon called electrostatic dis
charge (or ESD). 

Explanation of How ESD Occurs 
The concept of electrostatic discharge is easily understood. 
Electrostatic energy is static electricity, a stationary charge 
which can build up in either a nonconductive material or in 
an ungrounded conductive material. This charge can occur 
in one of two ways, either through polarization, which occurs 
when a conductive material is exposed to a magnetic field, 
or triboelectric effects, which occur when two surfaces con
tact and then separate, leaving one positively charged and 
one negatively charged. Friction between two materials in
creases triboelectric charge by increasing the surface area 
that comes in contact. A good example of this phenomenon 
would be the charge one accumulates walking across a ny
lon carpet. The discharge occurs when one reaches for a 
doorknob or other conductive surface. The types of ESD 
with which we will be concerned fall into the category of 
triboelectric effects. Within this category, various materials 
have differing potentials for charge. Asbestos, nylon, human 
and animal hair and wool have a high positive triboelectric 
potential. Silicon has one of the highest negative triboelec
tric potentials, followed by such materials as polyurethane, 
polyester and rayon. Cotton, wood, steel and paper all tend 
to be relatively neutral, which makes cotton clothing and 
steel table tops excellent ESD protective materials in envi
ronments where ESD problems can be anticipated. 

The intensity of the charge is inversely proportional to the 
relative humidity. As humidity decreases, ESD problems in
crease. For example, walking across a carpet will generate 
a 1.5 kV charge at 90%RH, but will generate 35 kV at 
10%RH. When an object storing a static charge comes in 
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contact with another object, the charge will attempt to find a 
path to ground, discharging into the contacted object. Al
though the current level is extremely low (typically less than 
0.1 nanoamp), the voltage can be as high as 35-50 kV. 

The degree of damage caused by electrostatic discharge is 
a function of the size of the charge (which is determined by 
the capacitance of the charged object) and the rate at which 
it is discharged (determined by the resistance into which it is 
discharged). This relationship can be shown with a wave
form (Figure 1 ) that utilizes what is termed a double expo
nential decay pulse. With such a pulse, 99% of the energy 
will be dissipated in five time constants, with each time con
stant established by the resistance and capacitance men
tioned above. Where both are low, the discharge rate will be 
rapid enough to cause damage if the object into which dis
charge occurs is a semiconductor. As resistance and ca
pacitance increase, both the discharge rate and the risk of 
damage decrease. 

OR 
v 

t-

FIGURE 1. Ideal RC Waveform 
TL/F/9903-6 

It is estimated that the value of devices lost to ESD could 
run as high as $1 billion per year. Most electrostatic damage 
is caused by the handling of devices by personnel who have 
not taken adequate precautions. One would expect this in 
light of the fact that the capacitance of the human body 
ranges from 50 to 200 pF. The ESD characteristics of work 
surfaces and of materials passing through the area should 
not be ignored, however, in an attempt to concentrate on 
the human effect. 



Types of ESD Damage 
The damage caused by ESD results from the charge's tend
ency to seek the shortest path to ground, overstressing any 
electrical interfaces in that path. There are several different 
types of damage that result, and each of these tends to be 
typical of specific component technologies and elements. 

Dielectric Breakdown 

Dielectric breakdown occurs when the voltage across an 
oxide exceeds its dielectric breakdown strength. The single 
most important factor in this breakdown is the oxide thick
ness (Figure 2). Thinner oxide is more susceptible to elec
trostatic punch-through, which leaves a permanent low-re
sistance short through the oxide. Where there are pin holes 
or other weaknesses in the oxide, damage will be possible 
at lower charge levels. It should be noted that semiconduc
tor manufacturers have reduced oxide thicknesses as they 
have reduced the overall size of the devices. ESD sensitivity 
has therefore increased dramatically. 

TL/F/9903-7 

FIGURE 2. Bipolar Transistor 

Electrostatic charge which does not actually result in a 
breakdown can cause lattice damage in the oxide, lowering 
its ability to withstand subsequent ESD exposure. A weak
ened lattice will also have a lower breakdown threshold volt
age, and this mechanism is voltage dependent. 

Thermal Secondary Breakdown or Junction Burnout 

Junction burnout is a significant failure mechanism for bipo
lar devices, and tends to be power dependent rather than 
voltage dependent. The interface (or junction) between a 
P-type diffusion and an N-type diffusion normally has a posi
tive temperature coefficient at low temperatures (that is, in
creased temperature will result in increased resistance). 
When a reverse-biased pulse is applied, the junction dissi
pates heat in its very narrow depletion region, and the tem
perature increases rapidly. If enough energy is applied, the 
temperature of the junction will reach a point at which the 
temperature coefficient of the silicon will turn negative (that 
is, at which increased temperature will result in decreased 
resistance). Since the area of the junction is not uniform, hot 
spots occur. When the melting temperature of silicon 
(1415°C) is reached as a result of the ensuing thermal run
away condition, junction melting occurs in the localized 
area. If there is an additional energy available after the initia
tion of melt, the hot spot can grow into a filament short. The 
longer the pulse, the wider the resultant filament short. 

After the occurrence of the transient, the silicon will resolidi
fy. In a relatively short pulse, a hot spot may form, but not 
grow completely across the junction. As a result, the dam
age may not manifest itself immediately as a junction short 
but will appear at a later time as a result of electromigration. 
Shrinking geometries will decrease junction areas, and this 
should increase the susceptibility of these devices to ESD 
related junction problems. 
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Metalllzatlon Melt 

Semiconductor interconnect metallization typically has a 
small cross-sectional area and limited current carrying capa
bility. As feature sizes continue to be reduced, metallization 
cross-section will be reduced as well. Reducing metalliza
tion line width by half and metallization thickness by half 
reduces the current carrying capability of that metallization 
stripe by 75%. Metallization melt, which is a power-depen
dent failure mechanism, is more likely to occur during short 
duration, high current pulses, since the only available heat 
sink (the bonding pad) is nearby and the heat dissipated in 
the metallization does not have time to flow into the sur
rounding areas. It can also occur as a side effect during 
junction melt. 

Latent Failures 

Immediate failure resulting from ESD exposure is easily de
termined: the device no longer works. A failed device may 
be removed from the lot or from the subassembly in which it 
is installed, and it represents no further reliability risk to the 
system. There are, however, devices which have been ex
posed to ESD but which have not immediately failed. Unfor
tunately, there has never been sufficient data dealing with 
the long-term reliability of devices which have survived ESD 
exposure, although some experts feel that two to five devic
es are degraded for every one that fails. It should be obvi
ous from an examination of the failure mechanisms de
scribed above that there can be significant degradation 
without immediate failure. Damage can manifest itself in ei
ther a shortening of the device's lifetime (a possible cause 
for many of the infant mortality failures seen during burn-in) 
or in electrical performance shifts, many of which cause the 
device to fail electrical test limits. 

ESD Protective Measures 
It should be obvious then that there are three principal con
siderations when dealing with ESD. The first is that the de
vice should be designed in a manner that minimizes ESD 
sensitivity and incorporates some ESD protective features. 
The second is that both manufacturers and users must un
derstand the ESD susceptibility of the devices with which 
they are dealing. Thirdly, both user and manufacturer must 
understand the generation of and sources of ESD charges 
well enough to establish proper precautions throughout their 
plants. 

Device Design 

The continuing development of faster and more complex 
ICs makes it unlikely that we will see a return to thicker 
oxide layers or larger junctions. Early ICs used fairly simple 
clamping diodes on the inputs to protect them against volt
age transients in the system. Similar, but more complex pro
tective networks can be employed to provide ESD protec
tion. An example of such circuitry is shown in Figure 3 as it 
is employed in the design of the F1 OOK 300 Series family. 
Electrostatic discharge (ESD) protection diodes were added 
to all 300 Series designs specifically in the circuit paths that 
were most prone to ESD damage on F1 OOK 100 Series 
products: input-to-Vee. input-to-VEE· and output-to-Vee· 
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TL/F /9903-9 

FIGURE 3. 300 Serles ESD Protection Circuitry 

These diodes (D1, D2 and D3) are utilized to shunt the cur
rent caused by an ESD voltage pulse away from either the 
input or output circuitry. Depending on the polarity of the 
ESD voltage, the diodes either become forward-biased, di
recting the current into the supply, or go into reverse break
down, directing the current into the substrate. Either way the 
ESD-caused current is shunted away from the input and 
output transistors, avoiding damage to the circuitry. The di
odes are designed to be rugged enough to guarantee 
2000V of ESD protection on all 300 Series products (they 
typically withstand up to 4000V). Even in providing this pro
tection level, these diodes have a negligible impact on input 
capacitance. Addition of these diodes typically adds only 
tenths of picofarads to each product's input capacitance. 

Assessing ESD Tolerance Levels 

As awareness of the importance of addressing ESD con
cerns spread, many experts felt that ESD testing had to be 
uniform if results were to be shared. Method 3015 of MIL
STD-883 was created for the purpose of allowing manufac
turers to assess the ESD tolerance levels of the devices 
they offered and to allow users to determine the ESD sensi
tivity of the parts with which they were assembling systems. 
Method 3015 has established a test circuit (see Figure 4) 
which approximates the resistance and capacitance found 
in the human body (which continues to provide the major 
source of destructive ESD). The testing is performed by 
charging the capacitor in the test circuit and then discharg
ing that capacitor into the unit under test. After testing, a 
device will be classified as either Class 1, those devices 
which exhibit ESD-induced failure or degradation at levels 
between zero volts and 1,999V; or Class 2, those which may 
exhibit ESD sensitivity at levels between 2,000V and 
3,999V; or Class 3, those devices which may exhibit ESD 
sensitivity at levels above 4,000V but have passed all test
ing up to that level. This testing is performed on a sample 
basis at initial device qualification and need not be repeated 
unless the device is redesigned. The testing is considered 
destructive, even for those devices which do not fail. 

800.0. MIN 1500.0. 

SAFETY WAVEFORM 
SWITCH MEASUREMENT 

TERMINAL 

TL/F/9903-8 

FIGURE 4. ESD Test Circuit 
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A device may be characterized as Class 1 in lieu of testing 
at a manufacturer's discretion. Some manufacturers, con
cerned with the possibility of latent damage due to inade
quate protection of devices which test as Class 2, and con
cerned that static charges resulting from handling can run 
as high as 50 kV, have elected to treat all of their devices as 
Class 1, thus ensuring that consistent implementation of 
common handling procedures will provide maximum protec
tion for all devices. 

Data generated by an RADC study of electrostatic dis
charge susceptibility (VZAP-1, Spring 1983) would seem to 
support that kind of a conservative approach. The data (see 
Figure 5 ) shows the point at which failure first occurred for 
a given device. It indicates that there are a number of devic
es which can be expected to fail between 2 kV and 5 kV, but 
few that will survive beyond 10 kV. 

Those devices which are classified as Class 1 must be 
marked with one equilateral triangle, and those classified as 
Class 2 must be marked with two equilateral triangles to 
identify them as static sensitive. (Class 3 devices will have 
no top mark designator.) 

· TABLE I. Device ESD Failure Threshold Classlflcatlon 

MIL Class ESD Tolerance Top Mark Designation 

Class 1 av to 1,999V One triangle (i.e., "') 

Class 2 2,000V to 3,995V Two triangles (i.e., "'"') 

Class3 4,000V and above No mark 

ESD Precautionary Measures 

ESD protective measures fall into two categories: those 
which shield the device from ESD and those which control 
the occurrence of ESD. ESD shielding can be accomplished 
by either grounding all of the device leads together, thus 
providing a more direct path to ground, or by surrounding 
the device with insulating material that would keep ESD 
from reaching the device. The first method is most practical 
during device assembly and environmental test, the second 
during shipment and storage. However, neither can be uti
lized during electrical testing. 

Most of the handling of ICs, however, occurs during electri
cal testing. Testing cannot be performed if the device's 
leads are shorted together, nor can it take place if the de
vice is within an insulated container. Control of ESD during 
testing is therefore extremely important. This is accom
plished through the grounding of all potential sources of 
ESD. Stainless steel work surfaces connected to ground 



through an appropriate resistive element provide a harmless 
bleed-off of any charge that occurs. Requiring that all per
sonnel who handle devices wear ground straps can effec
tively eliminate the human body and its clothing as sources 
of ESD. It is also important to minimize the handling of de
vices. This can be partially accomplished through the use of 
automated test handlers, which allow the devices to be 
loaded into the testers from ESD-protective rails and re
turned to those rails from the tester. Equally important is the 
elimination of any unnecessary testing or test insertions. 
Semiconductor manufacturers have decreased the number 
of test insertions for many devices by combining parametric, 
functional and switching tests onto a single insertion test 
program. Users have minimized handling by relying more 
heavily on the testing performed by their vendors and by 
eliminating incoming testing. Pick-and-place systems and 
other automated board assembly hardware have also 
helped to minimize device handling. Most systems manufac
turers have also implemented procedures that minimize the 
handling of boards and subassemblies in order to ensure 
that devices receive no potentially damaging exposure to 
ESD after board assembly. 
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Effective control of ESD, however, cannot be accomplished 
unless the entire work area is designed around ESD con
cerns. At the National Mil/ Aero facilities, all work areas in 
which parts may be handled or through which parts may 
pass have ESD-protective flooring in addition to grounded 
work surfaces, ground straps for all operators, and other 
protective features. This level of attention to detail is essen
tial to the minimization of ESD problems. 

Summary 
Electrostatic discharge will continue to be a major concern 
for those who use semiconductor devices. As device geo
metries continue to shrink, the ESD sensitivity of devices 
will increase. Only through proper handling and packaging, 
and through proper attention to ESD concerns will we be 
able to ensure that long term reliability of key systems is not 
negatively affected by ESD problems. 

10kV 12kV 14kV 16kV 

TL/F/9903-10 

FIGURE 5. Failure Rate at Ascending ESD Voltages 
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Chapter 7 
Quality Assurance and Reliability 

Introduction 
F1 OOK ECL is manufactured to strict quality and reliability 
standards. Product conformance to these standards is in
sured by careful monitoring of the following functions: (1) 
incoming quality inspection, (2) process quality control, (3) 
quality assurance, and (4) reliability. 

Incoming Quality Inspection 
Purchased piece parts and raw materials must conform to 
purchase specifications. Major monitoring programs are the 
inspection of package piece parts, inspection of raw silicon 
wafers, and inspection of bulk chemicals and materials. Two 
other important functions of incoming quality inspection are 
to provide real-time feedback to vendors and in-house engi
neering, and to define and initiate quality improvement pro
grams. 

Package Piece Parts Inspection 

Each shipment of package piece parts is inspected and ac
cepted or rejected based on AOL sampling plans. Inspec
tion tests include both inherent characteristics and function
al use tests. Inherent characteristics include physical dimen
sions, color, plating quality, material purity, and material 
density. Functional use tests for various package piece 
parts include die attach, bond pull, seal, lid torque, salt at
mosphere, lead fatigue, solderability, and mechanical 
strength. In these tests, the piece parts are sent through 
process steps that simulate package assembly. The units 
are then destructively tested to determine whether or not 
they meet the required quality and reliability levels. 

Silicon Wafer Inspection 

Each shipment of raw silicon wafers is accepted or rejected · 
based on AOL sampling plans. Raw silicon wafers are sub
jected to non-destructive and destructive tests. Included in 
the testing are flatness, physical dimensions, resistivity, oxy
gen and carbon content, and defect densities. The test re
sults are used to accept or reject the lot. 

Bulk Chemical and Material Inspection 

Bulk chemicals and materials play an important role in any 
semiconductor process. To insure that the bulk chemicals 
and materials used in processing F1 OOK wafers are the 
highest quality, they are stringently tested for trace impuri
ties and particulate or organic contamination. Mixtures are 
also analyzed to verify their chemical make-up. 

Incoming inspection is only the first step in determining the 
acceptability of bulk chemicals and materials. After accept
ance, detailed documentation is maintained to correlate pro
cess results to various vendors and to any variations found 
in mixture consistency. 
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Process Quality Control 
Process quality is maintained by establishing and maintain
ing effective controls for monitoring the wafer fabrication 
process, reporting the results of the monitors, and initiating 
valid measurement techniques for improving quality and reli
ability levels. 

Methods of Control 

The process quality control program utilizes the following 
methods of control: (1) process audits, (2) environmental 
monitors, (3) process monitors, (4) lot acceptance inspec
tions, (5) process qualifications, and (6) process integrity 
audits. These methods of control, defined below, character
ize visually and electrically the wafer fabrication operation. 

Process Audit-Audits concerning manufacturing operator 
conformance to specification. These· are performed on all 
operations critical to product quality and reliability. 

Environmental Monitor-Monitors concerning the process 
environment, i.e., water purity, air temperature/humidity, 
and particulate count. 

Process Monitor-Periodic inspection at designated pro
cess steps for verification of manufacturing inspection and 
maintenance of process average. These inspections pro
vide both attribute and variables data. 

Lot Acceptance-Lot by lot sampling. This sampling meth
od is reserved for those operations deemed as critical and, 
as such, requiring special attention. 

Process Qualification-Complete distributional analysis is 
run to specified tolerance averages and standard devia
tions. These qualifications are typically conducted on depo
sition and evaporation processes, i.e., epi, aluminum, vapox, 
and backside gold. 

Process Integrity Audit-Special audits conducted on oxi
dation and metal evaporation processes (CV drift-oxida
tion; SEM evaluation-metal evaporation). 

Data Reporting 

Process quality control data is recorded on an attribute or 
variable basis as required; control charts are maintained on 
a regular basis. This data is reviewed at periodic intervals 
and serves as the basis for judging the acceptability of spe
cific processes. Summary data from the various process 
quality control operations are relayed to cognizant line, engi
neering and management personnel in real time so that, if 
appropriate, the necessary corrective actions can be imme
diately taken. 

Process Flow 

Figure 7-1 shows the integration of the various methods of 
control into the wafer fabrication process flow. The process 
flow chart contains examples of the process quality controls 
and inspections utilized in the manufacturing operation. 



Process Quality Control (Continued) 

MATERIAL INPUT 
Photo Resist 
Quartzware 
Gas-Dopant and Solvents 
Wafers 

RUN SETUP 

OXIDATION 

MASKING 
PHOTORESIST 
AND ETCHING 

SOLID STATE DIFFUSIONS: 
Buried Layer, Epitaxy, 
Getter, Ion Implant, 
Base and Emitter 

THIN FILM: Metal (aluminum, 
nichrome, titanium-tungsten 
and Chemical Vapor) 
Deposition (silox, doped silox 
and nitride passivation) 

WAFER SORT 

OUTGOING 
WAFER 

INSPECTION 

ASSEMBLY 

FIGURE 7-1. Process Flow Chart 
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Process Controls (Examples) 

A. Environmental 

B. Chemical supplies 

C. Substrate examination (resistivity, flatness, thickness, 
crystal perfection, etc.) 

D. Photoresist evaluation 

E. Mask inspections 

A. Process audit 

A. Process audit/qualification 

B. Environmental 

C. Process monitors (thickness, pinhole and crack mea
surements) 

D. C V Plotting 

E. Calibration 

A. Process audits 

B. Environmental 

C. Visual examinations 

D. Photoresist evaluation (preparation, storage, application, 
baking, development and removal) 

E. Etchant controls 

F. Exposure controls (intensity, uniformity) 

A. Process audits/qualification 

B. Environmental 

C. Temperature profiling 

D. Quartz cleaning 

E. Calibration 

F. Electrical tests (resistivity, breakdown voltages, etc.) 

A. Process audits/qualification 

B. Environmental 

C. Visual examinations 

D. Epitaxy controls (thickness, resistivity cleaning, visual 
examination) 

E. Metallization controls (thickness, temperature cleaning, 
SEM, C V plotting) 

F. Glassivation controls (thickness, dopant concentration, 
pinhole and crack measurements) 

A. Process audit 

B. Environmental 

C. Visual examinations 

A. Process audit 

8. Inspection 



Quality Assurance 
To assure that all product shipped meets both internal Na
tional specifications for standard product and customer 
specifications in the case of negotiated specs, a number of 
QA inspections throughout the assembly process flow (Fig
ure 7-2) are required. A flow, much more detailed than the 
one presented in Figure 7-2, governs the assembly of the 
devices and the performance of the environmental, me
chanical and electrical tests. 

Reliability 
A number of programs, among them qualification testing, 
reliability monitoring, failure analysis, and reliability data col
lection and presentation, are maintained. 

Qualification Programs 

All products receive reliability qualification prior to the prod
uct being released for shipment. Qualification is required for 
(1) new product designs, (2) new fabrication processes or 

Operation 

Die Forming/Scribe 

Plate 

Internal Visual (2nd OPT) 

QA-Internal Visual (2nd OPT) 
Optional 

MIL·STD-883 
Method/Condition 

2010/B 

2010/B 

(3) new packages or assembly processes. Stress tests are 
run and the results are evaluated against existing reliability 
levels. These results must be better than or equal to current 
product for the new product to receive qualification. 

New Product Designs-Receive, as a minimum, + 125°C 
operating life tests. Readouts are normally scheduled at 168 
hours, 1168 hours and 2168 hours. The samples stressed 
are electrically good units from initial wafer runs. Additional 
life testing, consisting of high-temperature operating life 
test, 85/85 humidity bias tests and bias pressure pot 
(BPTH) tests, may be run as deemed necessary. Redesigns 
of existing device layouts are considered to be new product 
designs, and full qualification is necessary. 

New Fabrication Processes-Qualifications are designed 
to evaluate the new process against the current process. 
Stress tests consist of operating life test, high-temperature 
operating life test, 85/85 humidity bias test and/or biased 

Operation 

Plating (Tin/Gold)-Lead Finish 

QA-Plating 
lnspection/Solderability 

Lead Clip and Form 

Seal, Fine 
(Hermeticity Check) 

MIL·STD-883 
Method/Condition 

2003 

1014 
5 x 10-a 

Die Attach cc/sec 

QA-Die Shear Strength 2019 

Ultrasonic Bonding 

QA-Ultrasonic Bond Strength 2011 

Internal Visual (3rd OPT) 2010 

QA-Internal Visual (3rd OPT) 2010 

Seal-Solder or Glass 

External Visual (4th OPT) 2009 

QA-External Visual (4th OPT) 2009 

High Temperature Storage 1008/C,E 

Temperature Cycling 1010/C 

Constant Acceleration 2001/E 

TL/F/9904-1 

Seal, Gross (Hermeticity Check) Bubble Test
Fluorocarbon 

Mark and Pack 

QA-External Visual 

QA-Seal, Fine 
(Hermeticity Check) 

QA-Seal, Gross (Hermeticity 
Check) 

Electrical Test 

QA-Plant Clearance 

Distribution Store 

2009 

1014 
5 x 10-a 
cc/sec 

Bubble Test
Fluorocarbon 

TL/F /9904-2 

FIGURE 7-2. Generalized Process Flow 
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Reliability (Continued) 

pressure pot (BPTH) test. In addition, package environment 
tests may be performed. Evaluations are performed on vari
ous products throughout the development stages of the 
new process. Units stressed are generally from split wafer 
runs. All processing is performed as a single wafer lot up to 
the new process steps, where the lot is split for the new and 
the current process steps. Then the wafers are recombined, 
and again processed as a single wafer lot. This allows for 
controlled evaluation of the new process against the stan
dard process. Both significant modifications to existing pro
cess and transferring existing products to new fabrication 
plants are treated as a new process. 

New Packages or Assembly Processes-Qualifications 
are performed for new package designs, changes to exist
ing piece parts, changes in piece part vendors, and signifi· 
cant modification to assembly process methods. In general, 
samples from three assembly runs are stressed to a matrix 
shown in Table 7-1. In addition,+ 100°c operating life tests, 
85/85 humidity bias tests, biased pressure pot (BPTH) tests 
and unbiased pressure pot tests are performed. 

Reliability Monitors 

Reliability testing of mature products is performed to estab
lish device failure rates, and to identify problems occurring 
in production. Samples are obtained on a regular basis from 
production. These units are stressed with operating life tests 
or package environmental tests. The results of these tests 
are summarized and reported on a monthly basis. When a 
problem is identified, the respective engineering group is 
notified, and production is stopped until corrective action is 
taken. 

Current testing levels are in excess of 14,000 units per year 
stressed with operating life tests, and 23,000 units per year 
stressed with package environmental tests. 

Failure Analysis 

Failure analysis is performed on all units failing reliability 
stress tests. Failure analysis is offered as a service to sup· 
port manufacturing and engineering, and to support custom· 
er returns and customer requested failure studies. The fail· 
ure analysis procedure used has been established to pro· 
vide a technique of sequential analysis. This technique is 
based on the premise that each step of analysis will provide 
information of the failure without destroying information to 
be obtained from subsequent steps. The ultimate purpose is 
to uncover all underlying failure mechanisms through com· 
plate, in-depth, defect analysis. The procedure places great 
emphasis on electrical analysis, both external before decap· 
sulation, and internal micro-probing. Visual examinations 
with high magnification microscopes or SEM analysis are 
used to confirm failure mechanisms. Results of the failure 
analysis are recorded and, if abnormalities are found, re· 
ported to engineering and/or manufacturing. 

Data Collectlon and Presentation 

Product reliability is controlled by first stressing the product, 
and then feeding back results to manufacturing and engi· 
neering. This feedback takes two forms. There is a formal 
monthly Reliability Summary distributed to all groups. The 
summary shows current product failure rates, highlights 
problem areas, and shows the status of qualification and 
corrective action programs. Less formal feedback is ob· 
tained by including reliability personnel at all product meet
ings, which gives high visibility to the reliability aspects of 
various products. As a customer service, product reliability 
data is compiled and made available upon request. 

TABLE 7·1. Package Environmental Stress Matrix 

Test 

GROUPB 

Subgroup 1 
Physical Dimensions 

Subgroup 2 
Resistance to Solvents 

Subgroup 3 
Solderability 

Subgroup 5 
Bond Strength 
(1) Thermocompression 
(2) Ultrasonic or Wedge 

GROUPC 

Subgroup 2 
Temperature Cycling 
Constant Acceleration 

Seal 
(a) Fine 
(b) Gross 

Visual Examination 
End-Point Electrical 

Parameters 

Method 

2016 

2015 

2003 

2011 

1010 
2001 

1014 

MIL·STD-883 

Condition 

Soldering Temperature of 260 ± 1 o•c 

(1) Test Condition C or D 
(2) Test Condition C or D 

Test Condition c ( - 65°C to + 150°C) 
Test Condition E (30 kg), Y1 Orientation and X1 Orientation 
Test Condition D (20 kg) for Packages over 5 gram weight or 
with Seal Ring Greater than 2 inches 
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Reliability (Continued) 

TABLE 7-1. Package Environmental Stress Matrix (Continued) 

Test MIL-STD-883 

Method Condition 

GROUPD 

Subgroup 1 
Physical Dimensions 2016 

Subgroup 2 
Lead Integrity 2004 Test Condition 82 (Lead Fatigue) 
Seal 1014 As Applicable 

(a) Fine 
(b) Gross 

Lid Torque 2024 As Applicable 

Subgroup 3 
Thermal Shock 1011 Test Condition B ( - 55°C to + 125°C) 15 Cycles Minimum 
Temperature Cycling 1010 Test Condition c (-65°C to + 150°C) 1 oo Cycles Minimum 
Moisture Resistance 1004 
Seal 1014 

(a) Fine 
(b) Gross 

Visual Examination 
End-Point Electrical 

Parameters 

Subgroup 4 
Mechanical Shock 2002 ,Test Condition B (1500g, 0.5 ms) 
Vibration, Variable 2007 Test Condition A (20g) 

Frequency 
Constant Acceleration 2001 Same as Group C, Subgroup 2 
Seal 

(a) Fine 
(b) Gross 

Visual Examination 
End-Point Electrical 

Parameters 

Subgroup 5 
Salt Atmosphere 1009 Test Condition A Minimum (24 Hours) 
Seal 1014 As Applicable 

(a) Fine 
(b) Gross 

Visual Examination 

Subgroup 6 
Internal Water-Vapor 1018 

Content 

Subgroup 7 
Adhesion of Lead Finish 2025 
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Design Considerations for 
High Speed Architectures 

INTRODUCTION 

Users and software developers are placing increasing de
mands on the systems manufacturer to improve the per
formance of his products. Quite often, these demands can 
be reduced to two fundamental characteristics of the sys
tem, memory array size and system speed. Larger and larg
er memory arrays are required to support the memory inten
sive demands of new software applications. Furthermore, 
as software complexity increases, the system is burdened 
with more and more software overhead. Greater operating 
speeds are demanded out of a system in order to support 
the enlarged software demands without burdening the user 
with a less responsive system. 

Historically, memory array sizes could be improved with the 
implementation of larger TIL memory devices. The im
proved density and availability of semiconductor memory 
devices over the past twenty years is well known. Memory 
density has improved at roughly a geometric growth rate. To 
some extent, the memory device could be treated as an 
ever increasing, self contained black box. The techniques 
used to integrate a 256k DRAM are virtually identically to 
those required of a 1 k DRAM. It was up to the semiconduc
tor manufacturer (and in his best interest) to maintain a logi
cal progression from one device generation to the next. Dur
ing this same period of time, small to mid-level systems 
(personal computers, workstations, graphic display stations, 
etc.) were in their infancy. Eventhough, processors were 
fairly low in speed and performance, software sophistication 
was low. Not long ago, systems operating at eight MHz with 
32k of memory were highly respected workhorses. Now, 
systems are moving into 25 MHz speeds with multi mega
byte memories and are pushing into the dual digit MIP 
ranges. 

To satisfy these demands, systems manufacturers are find
ing themselves more and more involved with EGL device 
families. EGL devices have always provided improved 
speeds over TIL devices. In the past, the improved speed 
was always at the cost of lower memory density, increase 
power demands, and greater difficulty in system design and 
integration. For the manufacturer with low power or high 
density applications, EGL devices were not an acceptable 
solution. While a large memory array could be constructed 
out of EGL 256-bit or 1 k memories, the array typically be
came so large and power hungry that it became cost prohib
itive. Furthermore, processor engines were typically not 
available to make use of this high speed memory. 

With the advent of the National Semiconductor's BiCMOS 
EGL memory products, the traditional shortcomings related 
to density and power consumption have been eliminated. 
EGL memories rival their TIL counterparts in density and 
power consumption. In addition, these memories retain the 
traditional EGL speed advantage over their TIL cousins. 
Furthermore, EGL system environments offer distinct ad
vantages over TIL environments which can enhance sys
tem performance. 

National Semiconductor 
Application Note 573 
Mike Arden 

System Environments (ECL vs TTL) 

As mentioned previously, for low speed/performance sys
tems, EGL devices are more difficult to integrate into a sys
tem than TIL devices. This is due to the particular electrical 
requirements for EGL devices. Correctly implementing an 
EGL device is more than simply connecting an output of one 
device to an input of another. The system environment that 
an EGL device is placed in is defined (loading, network ter
minations, line impedances, etc.) and the device is designed 
specifically for this environment. A TIL device on the other 
hand is not designed for any particular system environment. 
While this aids the TIL device in fitting into general use 
applications, it is a major stumbling block for high speed 
applications. 

For example, TIL device outputs are designed for load con
ditions related to TIL input conditions. Figure 1a shows a 
common (databook) TIL test load configuration. This load is 
an approximation of multiple TIL input loads. When the out
put is in the HIGH state (~ 2.4V), the load will sink a mini
mum of 4.0 mA. Conversely, when the output is in the LOW 
state (~ 0.4V), the load will source a minimum of B.O mA. 
These are common VoH/loH and VoL/loL DC conditions. 
The device is designed and tested to this set of conditions. 
As long as the device is placed in an environment such that 
signal paths are relatively short, the TIL output will behave 
as expected. However, if the device is placed into a trans
mission line environment the output characteristics will 
change depending on the characteristics of the signal line. 
(A transmission line environment exists if the overall length 
of the signal path is a significant (0.25) fraction of the rise/ 
fall time of the device output. The greater the fraction, the 
more the environmental effects.) If the transmission line net
work is designed for this type of loading, then there is a 
clean signal transmission; unfortunately, it is very difficult to 
obtain such a network for TIL devices. If the network is not 
characteristic of this load, then signal reflections and distor
tions result. These can delay signal propagation speeds 
through the system and affect overall system performance. 

Vee 
Q 

rv-1 : : 480n. 

!-----. 

~ 255n. 
'I 

FIGURE 1a. Databook 
TL/D/10098-1 
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Theoretically, a transmission line network can be designed 
for a TTL load. Figure 1 b shows the Thevenin equivalent of 
the TTL load. This equivalent load has the same loading 
properties as the original load. From this Thevenin load, a 
transmission line matching load can be derived (see Figure 
tc ). The transmission line load is equivalent to the data
book load with the exception of the physical propagation 
delay of the transmission line. A device output will behave 
exactly the same with this load as it would with the databook 
load. The signal itself would be delayed by the transmission 
line, but not distorted. A device input at the other end of the 
line would see an undistorted TTL output waveform. 

~2 LJ CJ3Vee 

TL/D/10098-2 

FIGURE 1b. Equivalent Loading 

z0 = 166.5.n 166.5.n 

f Vee 

TL/D/10098-3 

FIGURE 1c. Transmission Line Match 

INP 

® @ 

Unfortunately, TTL systems are not designed with this type 
of loading scheme. Figure 2 shows a more commonly found 
environment. Note that the signal line impedances are lower 
than the ideal. High impedances in printed circuit boards are 
difficult to manufacture and are not commonly found. Quite 
often 75!l-100!l is an upper limit. Also, the transmission 
line is unterminated. The ideal transmission line load used a 
166.5!l resistor terminated to 3.33V. Terminated lines 
would require an additional power supply and many discrete 
resistors to implement. These differences equate to reflec
tions on the signal paths. These reflections can result in 
delays in data transmission. 

Figure 3a shows IV curves of TTL inputs and outputs in the 
HIGH state. These curves can be equated to time domain 
reflection diagrams illustrating the signal integrity. For the 
example of a 1 oon environment, Figure 3b shows the re
sulting waveforms. For this example, any input at the far end 
of the line will receive a relatively clean signal. The signal is 
above the V1H level at t = T and data can be properly identi
fied. The slight bump at t = 3T only cleans up the signal 
futher. The problem arises if another input is placed near 
the device output. Due to the reflection from the far end of 
the line, the input at A (device 2) has to wait until t = 2T 
before it receives clear identifiable data! Furthermore, any 
input placed somewhere between the output and the end of 
the transmission line will see some distorted signal which 
may not provide a valid data transition until t = 1.5T. This 
example is relatively simple; even still, such a reflected de
lay can amount to a significant percentage of the overall 
cycle rate and can cause a marked degradation in system 
speed. Depending on the type of routing scheme used, and 
the actual impedances of the PCB, even greater delays can 
occur. 

z0 = 100.n 

INP 

© 
© 

TL/D/10098-4 

FIGURE 2. "Typical" Application 
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SY 
STEADY STATE 

(HIGH) 

FIGURE 3a. TTL Transition to High State 

For ECL devices placed into their specified environment, 
reflections are not a concern. ECL devices are designed 
specifically for (50!1) transmission line networks. Figure 4a 
shows the databook load for ECL devices. This load is not 
only the test load for the device, it is also the specified load 
for the system environment. This load is a Thevenin equiva
lent and can be easily translated into an equivalent trans
mission line load (see Figure 4b ). As was the case with the 
idealized TTL transmission line load (Figure 1c), this load 
will transmit data cleanly with only the physical delay of the 
transmission line being a factor in propagation speeds. 

INTERMEDIATE INPUT@ 

TL/D/10098-5 

FIGURE 3b. Reflection Diagram 
for Transition to High State 

Unlike the typical TTL application, the typical ECL applica
tion utilizes this loading scheme (see Figure 4c ). Conse
quently, there are no reflections or distortions of the signal 
transitions. Figure Sa shows the IV curves of ECL output 
LOW and HIGH conditions. Figure Sb shows the resulting 
time domain reflection diagram. This signal is cleanly propa
gated along the network until it arrives at the end of the line. 
Due to the fact that it is a properly terminated transmission 
line, there is no reflection. Any input placed along the line 
wil see a clean signal transition delayed by the propagation 
delay of the line to that point! The worst case delay for the 
signal is t = Tl 

ECL Load Matching 

FIGURE 4a. Databook Load 

our@ 
z0 = son 

Zo = son son 

-2V 

TL/D/10098-6 

FIGURE 4b. Transmission Line Match 

a:===>-....,...-t INP@ 

son 

-2v 
TL/D/10098-7 

FIGURE 4c. "Typical" Application 
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Data Transmission on ECL Systems 

-2v , , 

TERMINATION 
LOAD LINE 

\~:~, 

FIGURE 5a. ECL Transition to High State 

ECL System Design Considerations 
Due to the terminated impedance environment required by 
EGL devices, there are a few basic routing rules which must 
be followed. Before designing an EGL system, an under
standing of these basic routing conditions should be under
stood. Some of the basic considerations are discussed 
here; a more comprehensive discussion can be found in the 
National F1 OOK EGL User's Handbook. 

The most straight forward connection method was shown in 
Figure 4c. This method simply places a 50n resistor at the 
input to the next device to provide a series terminated load. 

In some cases, it is desirable to connect several outputs to 
a common bus. This is particularly desirable for EGL devices 

Party Lines 

z0 = so.n 
ouTJ--,~-<JC:::::::::::>,__-,r---l1N 

so.n 

-2v 

OUT 

TL/D/10098-9 

FIGURE Sa 
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AT ECL OUTPUT (@) 

LAST ECL INPUT @ 

TL/D/10098-8 

FIGURE 5b. Reflection Diagram 
for Transition to High State 

since they have open emitter outputs and are specifically 
designed to be used in wired-or bus configurations. Figure 
6a shows a typical "party line" connection. In this case, 
care must be taken to minimize the physical distance be
tween the two outputs. If the distance is large enough, the 
signal line between the two outputs will act as a transmis
sion line (Figure 6b). For the output in device 1 this doesn't 
cause a problem, because it is at one end of the transmis
sion line. However, device 2 is in the middle of the transmis
sion line. The output in device 2 sees two transmission lines 
in parallel. The result is that the output sees the equivalent 
of a 25n transmission line for some length of time. This 
causes impedance mismatches at the terminated load and 
results in signal reflections. 

z0 = so.n 
OUT IN 

® so.n @ 

z0 = so.n -2v 

OUT 

CD 
TL/D/10098-10 

FIGURE Sb 



Figure 7a shows an incorrect signal termination method. 
The parallel terminations cause the impedance that the de
vice output sees to drop to 16.7!1. An impedance mismatch 
occurs at node A where the transmission lines split. Reflec-

z0 = 50.0. 

tions and disturbed signal integrity can result. A correct ter
mination method for bus configurations is shown in Figure 
7b. This configuration has only one terminated load and 
maintains a 50!1 environment throughout. 

z0 = 50.0. 

\..L ____ .;-TI INP 

50.0. 

-2v 

z0 = 50.0. 

z0 = 5.0. 

a:====>--t---1 INP 

50.0. 

-2V 
TL/0/10096-11 

FIGURE 7a. Incorrect (For High Speed Applications) 

z0 = 50.0. Zo = 50.0. z0 = 50.0. Zo = 50.0. Zo = 50.0. 

50.0. 
INP INP INP INP 

-2V 

TL/D/10096-12 

FIGURE 7b. ECL Bussing Terminations 
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ECL PCB Design Considerations 
In order to design a printed circuit board for an ECL system, 
many factors have to be considered. The ultimate goal is to 
develop a PCB with transmission line impedances as close 
to 50!1 as possible. In order to accomplish this, the geome
try of the board itself and the properties of the ECL device 
must be considered. 

Figure 8 shows a PCB cross-section of several µstrip trans
mission lines. The factors affecting the overall impedance of 
the board are the metal thicknesses, widths, heights, and 
spacings; and the dielectric constants and thicknesses of 
the dielectric materials. For example, the impedance of a 
microstrip line can be found from: 

Zo = [87/V(er + 1.41))* In [4.98h/(0.8w + t)] 
where h = dielectric thickness, w = trace width, t = trace 
thickness, er = dielectric constant of board material relative 
to air. 

This formula can be used to calculate the undisturbed or 
"unloaded" impedance of the PCB. Packaged devices have 

inherent capacitive and inductive characteristics which can 
load a PCB transmission line. What is desired from the sys
tem point of view is that the final or "loaded" impedance of 
the board is equal to 50!1. The capacitance of the device 
affects the final impedance of the PCB. Figure 9 shows a 
discrete RLCM model of the transmission line network 
shown in Figure 8 and Figure 10 shows the effect of adding 
a device to this network. Capacitors CD1, CD2 are the ca
pacitances of two device inputs. These capacitors are paral
lel to the capacitors of the transmission line and thus in
crease the overall capacitance of the transmission line. The 
inductors (LD1, LD2) are the inductances of two device in
puts. Though these inductors are parallel to the transmis
sion line, they do not affect the overall characteristics of the 
transmission line because they lead into an open circuit 
(they device itself). Consequently, the dominant effect of 
adding devices to a PCB is the increased capacitance of the 
PCB. 

TL/D/10098-13 
FIGURE 8. Geometric Model of PCB 

L11 R11 L12 R12 L1x Rix 

CG11I CG1xI 50.0. 

-2v 
CM121 CM12x 

L21 R21 L22 R22 L2x R2x 

CG2,I CG2xI 

TL/D/10098-14 
FIGURE 9. RLCM Network Model for PCB (Unloaded) 
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FIGURE 10. RLCM Network Model for PCB (Unloaded) 

For example, an unloaded PCB transmission line could have 
the following properties: 

Co (characteristic capacitance) ::::: 1.44 pF/cm 
Lo (characteristic inductance) ::::: 3.61 nH/cm 

Since the impedance of a transmission line is equal to the 
square root of inductance divided by the capacitance, 

Zo (characteristic impedance)::::: 50.1.0. [unloaded]. 

If we want to place 5 devices along this line (10 cm in 
length) and each device has an input capacitance Cdut = 
2 pF, the resulting impedance of the transmission line would 
be: 

Zo'(loaded) = V(Lo)/V(Co + Cdut) 
= v' (3.61 nH/cm)/V[1.44 pF/cm + 

(2 pF/device * 5 devices/10 cm)] 
;:::; 38.5.0. 

This impedance is significantly lower than the 50.0. imped· 
ance which is needed. Consequently, the designer must de
sign his unloaded board to a sufficiently high impedance so 
that after the board is populated it will measure 50.0.. 

Modeling of Loaded Transmission Lines 

Using the RLCM model shown in Figure 10, a SPICE model 
can be constructed to evaluate the effects of increased de
vice capacitance on the PCB. 

Figures 11-13 show the output from such a SPICE model; 
the transition modeled is a low to high transition at nominal 
ECL levels. The transmission line model was tuned to a 
specific capacitance value for the device. As expected, the 
SPICE output predicts an underdamped condition for the 
unpopulated board (Figure 11). The transition first over
shoots and then undershoots the nominal V1H level. As ca
pacitance is added, the transition gets closer and closer to 
the ideal matched condition. Figure 12 shows the effects of 
an "overloaded" line. In this case, the capacitance of the 
device is not totally compensated by the PCB. Consequent
ly, the signal undershoots and then overshoots the nominal 
V1H level. 

Figure 13 shows the resulting signal of a tuned "loaded" 
transmission line. Due to the design of the transmission line, 
the added capacitance of the device is compensated by the 
intentional addition of increased line inductance. 

, .... 

-1.7V i---+--+---+---+---i 

OM 1ns 2ns 3ns 
TL/D/10098-16 

FIGURE 11 

7.73 

> z 
I 

U1 
....... 
w 



Summary 

,.,...~:.-..:.:, 
·0.9V l--+--_fr-r+-tt"---_-117 .. _, .. ,""-+---I 

l!IS: -1.1 v t----+--I--t--1Ir-->~<"-'c-o_u_r _=.._4_p_r----1 

T Cour = 3pr 
·1.3V i----t-,.-+--=-=-=-,...----t--l 

-1.SV t----H,t--1-----+--+--l 

I 
-1.7V i---+---+---+---+----l 

0 ns 1 ns 2 ns 3 ns 
TL/D/10098-17 

FIGURE 12 

For maximum performance, layout and construction require
ments on printed circuit boards for next generation systems 
must become more demanding. While at first glance, de
signing with EGL devices poses more difficulties for a sys
tem designer than TIL devices, if the goal is to obtain high 
system performance then EGL devices offer significant ad-

·0.9V 

t \ -1.1V 1 Cour = 2pr 

-1.3V 1 
1 

·1.5V 
k IDEALT 

1 TRANSMISSION 

-1.7V 
LINE I 1-

0 ns 1 ns 2 ns 3 ns 
TL/D/10098-18 

FIGURE 13 

vantages. Because of the fact that they are designed specif
ically for high speed environments, the EGL device is easier 
to integrate into a high speed system. With the geometries 
and characteristics of the printed circuit board and the de
vice considered as a unit, a network can be designed to 
produce a clean controlled impedance environment for an 
EGL device much easier than for a comparable TIL device. 
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Using the F100250 for 
Copper Wire Data 
Communications 

Ideal "digital" signals do not exist, especially when the sig
nal must travel from source to destination over any current
carrying conductor. The world of "digital" signals is truly the 
world of high-frequency analog and radio-frequency (RF) 
amplifiers and energy transmission systems. This is espe
cially true for the case of high-speed copper wire data com
munications networks. The problems of sending signals 
over the wire interface, whether a printed circuit board or a 
coaxial cable, require a knowledge of transmission line the
ory. 

To effectively use devices like the F100250 Line Transceiv
er in high-speed data communications networks, the system 
designer needs to be acquainted with several subjects 
among which are: the effects of using pulse excitation on a 
transmission line, a knowledge of the various forms and 
modes of data-transmission-line circuit operation, familiarity 
with the problems of working with long transmission lines, a 
working knowledge of the driver and receiver, their electrical 
characteristics, and where and how to use them. This appli
cations note cannot treat the whole subject of "digital" data 
transmission since the scope of that subject could and has 
filled whole volumes. This note will touch upon the transmis
sion line topic in conjunction with offering helpful sugges
tions on how to more effectively use the F100250 Line 
Transceiver. 

F100250 DESCRIPTION AND OPERATING FEATURES 

The F100250 is a quintuple, differential-line transceiver with 
the unique capability of being able to transmit and receive 
differential-mode signals simultaneously on the same trans
mission line. The F100250 is part of the National Semicon
ductor F1 OOK ECL family. As such it shares ECL interface 
signal characteristics in common with the F1 OOK family. 

The circuit of the F100250 (Figure 1) is comprised of a line 
transmitter with differential output, a differential receiver 
with transparent latch, signal separation circuitry, and inter
nal line termination circuitry. The transmitter is a single-end
ed input to differential-output amplifier which connects to 
the line through an active-resistive bridge network. This net
work provides the correct driving-point and termination im
pedances for the transmission line and forms part of the 
received-signal separation circuitry. 

--------------------------· 
Sin 

Sout Subtract 
Bridge 

[ 

·--------------------------TL/F/9564-1 

FIGURE 1. F100250 Block Diagram 

National Semiconductor 
Application Note 582 
Jim Mears 

The receiver consists of a voltage subtracter and hysteresis 
circuit followed by an amplifier and emitter-follower output. 
The receiver has a common-mode voltage immunity of 
± 1V. The possibility of oscillation in response to slow rise 
or fall times is reduced by using hysteresis; and the ability to 
detect noisy signals is improved. The typical hysteresis level 
of the F100250 is 50 mV. 

The receiver incorporates a transparent latch for data reten
tion in synchronous-type operations. The level-sensitive, 
latch ENABLE pin simultaneously controls the operation of 
all latches in the part. Data present on the line inputs (L and 
[) prior to taking ENABLE high is retained in the latch, as
suming proper setup and hold timing is met. The latch is 
fully transparent when ENABLE is low. 

Termination is provided internally for 30 AWG twisted-pair 
lines which have a nominal impedance of 1500. Higher or 
lower impedance values may be accommodated by use of a 
suitable external termination network. 

Bi-Directionality 

The hallmark of the F100250 is its ability to simultaneously 
send and receive differential-mode NRZ signals over the 
same line. This operational mode is known as "baseband 
full-duplex". By contrast, full-duplex operation is normally 
accomplished using frequency-division multiplex (FDM) 
techniques. A common example of which is the 103 or 212A 
telephone line modem. The F100250 uses a balanced
bridge to separate the transmitted and received baseband 
signals. 

The F100250 can also operate in a uni-directional manner. 
It is suggested that the input to the transmitter for the un
used direction be held at a fixed mark or space level. The 
ECL signal inputs (Sin 1-5) incorporate 50 kn pull-down 
resistors for the purpose of holding the unused input at a 
low (inactive) logic level. 

The F100250 cannot operate in a party-line or multi-drop 
mode due primarily to the fact that the transmitter outputs 
cannot be turned off (i.e., made high-Z or TRI-ST ATE®). 
Also, connecting more than two devices to the line would 
cause a multiple mismatch to occur since the device's out
put is self-terminating. This restriction should present few 
problems since the primary use for the F100250 will be in 
the highest speed point-to-point type applications. 

SUITABLE TYPES OF TRANSMISSION LINES 

Twisted-Pair Lines 

The F100250 is designed for operation over 1500, 30 AWG 
twisted-pair lines. However, it will operate with a variety of 
other line types and impedances if an appropriate termina
tion method is used as will be shown in the application ex
ample. 

Twisted-pair transmission lines (Figure 2) are available 
shielded and unshielded, singly and in multi-pair cables, in 
popular ribbon configurations and in combinations of these. 
Impedances range from 930 for 32 AWG solid, unshielded, 
ribbon cable to 1240, 25 AWG, multiple, individually-
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Note: Rr = Zo 

DATA 
IN 

DATA 
OUT 

TL/F/9564-2 

FIGURE 2. Terminating Differential Twisted Pair 

shielded pair and the aforementioned 1500., 30 AWG, un
shielded, individual pair. Twisted-pair lines exhibit substan
tial attenuation and dispersion. This may be seen as the 
rounding and slowing of fast rise-time signals as they travel 
down the line. Attenuation can range from 10 dB to over 
30 dB per 100 feet at 100 MHz. Propagation velocities 
range from 0.66 to 0.78 the speed of light (1.3 ns to 1.6 ns/ 
ft). In addition, the electrical characteristics of twisted-pair 
lines do not permit their analysis by the more traditional 
methods used for coaxial lines. For this reason, the engi
neer designing twisted-pair wire transmission systems must 
be equipped to take and interpret measurements on the 
particular line type chosen for the application. This is the 
best, and in some cases the only, way in which the capabili
ties and limitations of the particular driver-line-receiver com
bination may be understood. Test equipment and fixturing 
will be described later in this note to help in making mean
ingful measurements. 

Multiple-Pair Cables 

Multiple twisted pair cables are a popular method of inter
connecting computing equipment and peripheral devices. 
Additional considerations must be given when using these 
types of cables. Some of these are: pair-to-pair coupling 
and capacitance, pair-to-shield capacitance and pair-to-pair 
relative propagation delay difference. For example, the 
propagation delay of a single pair in the cable may be 
1.5 ns/lineal-foot and the relative delay between pairs is 
0.5 ns/lineal-foot. The design value for the actual per-unit 
delay would be 1.45 ns to 1.55 ns/lineal-foot. That is, the 
cable will exhibit a pair-to-pair per-unit-length delta-delay of 
0.1 o ns. This delta-delay value can be considered additive 
per unit length between any two given pairs. However, the 
overall delay value for a length of the cable will be that of 
the pair with the longest electrical delay. The overall rel-

Zo 

ative delay of the cable will be the difference between those 
pairs with the longest and shortest electrical lengths. This is 
an important delay factor to be considered in determining 
the minimum unit interval (hence, the maximum data rate) 
which can be propagated by the network. 

There is another point to remember when determining the 
delay of multi-pair cables. The delay figures specified in ca
ble data sheets (when given) are normally expressed as 
delay-per-unit cable length. This value is greater than the 
actual delay-per-lineal-foot of the pair itself because the lay
ers of pairs are laid-up in a spiral wrap. The fact that the 
outer pairs traverse a greater distance due to the spiral wrap 
usually means that they have greater delay per unit cable 
length than the inner layers of pairs. 

Coaxial Cables 

Coaxial cables offer a near ideal transmission medium for 
"digital" data communications signals. Among their more 
desirable features are: a high degree of shielding, wide 
bandwidth capability, high velocities of propagation and low 
attenuation at high frequencies. Coaxial cables are now 
available paired and in multiple (or ribbon) configurations. 
Impedances range from 500. to 12150. for standard coaxial 
cables and up to 2000. for twinaxial cables. Appendices A 
and B give a partial list of available coaxial cable with abbre
viated data. 

Ribbon coax offers a convenient and compact transmission 
line with mass-termination connector capability. Normally 
available in 750. and 930. versions, it has excellent shielding 
properties because of its foil shielding. Available types have 
moderate attenuation and high propagation velocity. 

Terminating coaxial cables is easily done with a parallel ter
mination resistor or by terminating each coax individually as 
shown in A"gure 3. 

... --------------------~, 
lt---------------------'I" --------------------., .. 
r------;~------1 

FIGURE 3. Terminating Coaxial Cables 
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As with twisted-pair cables, the electrical length of both co
axial cables used for the differential pair must be the same. 
It is usually desirable to temperature-cycle and flex the ca
ble prior to cutting and measuring to electrical length. This 
will relieve stresses resulting from manufacturing and stor
age on spools. Without stress-relieving, the cable may 
change in physical length and therefore in electrical length 
with unpredictable results for network timing. 

Measuring the Electrical Length of Cables 

Measurement of the electrical length of cables, coaxial or 
twisted-pair, can be done using a time-domain reflectometer 
(TOR) which measures physical length by determining the 
round-trip delay of a fast rise-time pulse signal. The TOR 
can also be used to check for defects in the cable such as 
shorts or opens and impedance discontinuities caused by 
sharp bends or kinks. However, the accuracy of the TOR, 
usually 1 %, does not allow precise length or timing mea
surements to be made, especially on very short or long 
lengths. More precise measurements require the use of 
multi-frequency phase delay techniques using a vector volt
meter or network analyzer and precision frequency sources. 

Transmission Lines on Printed Circuit Boards 

Printed circuit wiring may also be used as interconnections 
for the F100250. Line impedances of 75n to 1 oon are easi
ly achieved with conventional manufacturing technologies. 
The main points to observe when laying out differential net
works on printed wiring boards are: that both conductors be 
the same electrical length and that they are the same im
pedance. This will insure that no skewing of the differential 

LOGIC ONE LEVEL 

signal occurs at the receiver input. Skewing appears as an 
offset in input differential voltage to the receiver. 

A wealth of information on printed wiring design is contained 
in the "F100K ECL Databook and Design Guide". Differen
tial techniques are also covered. 

Estimating Signal Quality 

Before proceeding to the F100250 data transmission sys
tem design example, some concepts and terms for the vari
ous signal abberations which will be encountered need to 
be defined. 

Signal quality is concerned with the variation between the 
ideal instants of the original data signal and the actual tran
sition times of the recovered data signal (Figure 5). Recov
ered data transitions may be displaced in time from their 
ideal instants. This is caused by a new wave arriving at the 
receiver before the previous wave has reached its final val
ue. This is termed "intersymbol interference". It can be re
duced by making the unit interval of the signal long with 
respect to the rise (or fall) time of the signal at the receiver 
input. Reducing the modulation rate for a given line length 
or vice versa will reduce this form of interference. 

Another form of received-signal distortion present with syn
chronous signalling, like NAZ, is "isochronous distortion". 
This is the ratio of the unit interval to the absolute value of 
the maximum measured difference between the actual and 
theoretical significant instants. In other words, it is the per
centage of the unit interval that is peak-to-peak time jitter of 
the data signal (Figure 4). If the peak-to-peak time jitter of 
the transition were one-half of the unit interval, the isochro
nous distortion would be 50%. 

UNIT INTERVAL 

1oor.--1--:=r:::=F==:f:==l==FT=:P==:5t::~;:::=ij'"'I 

OPTIMUM 
RECEIVER 

THRESHOLD -H-----+----....-+-:i----+---+----+----,t---,A-t-,.____-t----+----t 

FOR MINIMUM 
JITTER 

or.-J[__-=C::tt±==t::;;;;;~;;;;;±::::::!::::~=-J;;;;:::::::::;. ... J...__J 
LOGIC ZERO LEVEL 

Peak-to-Peak Jitter = ltcs x 100% 
lui 

~es THRESHOLD CROSSING SKEW 

FIGURE 4. Estimating Peak-to-Peak Jitter 
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"Bias distortion" is the shortening of the duration of the 
mark-bits with respect to the space-bits or the reverse (Fig
ure 5). It may be caused by a shift of the receiver threshold, 
asymmetrical driver output levels or both. Together, bias 
distortion and intersymbol interference are called "systemic 
distortion". This is because their magnitudes are deter
mined by data transmission system characteristics. Other 
forms of randomly-occurring distortion such as noise and 
crosstalk are called "fortuitous distortion". These are due to 
factors outside the data transmission system. 

Signal Quality Measurement 
Measurements of signal quality on any transmission system 
should always be designed to show the effects of intersym
bol interference and bias distortion. This means that the test 
signal must be capable of showing both effects. The use of 

DATA AT 
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NRZ 
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SLICING AT 
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0 
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BIAS ___ ___._ .,.I _ _..,I 
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NEGATIVE 
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I 

LJ 

a simple NAZ dotting pattern (a signal with 50% duty cycle 
and frequency of one-half bit-time) cannot show intersymbol 
interference due to its symmetry. It can show bias distortion 
as a change in duty cycle for the recovered dotting pattern. 

The use of a random NAZ data pattern can show both types 
of interference by its unpredictable bit sequence. A pseudo
random NAZ data generator built from standard F1 OOK ECL 
devices is shown in Figure 6. This circuit is capable of pro
ducing a random sequence (2E20)-1 bits in length at fre
quencies up to about 240 MHz. When the data produced by 
this circuit is transmitted over the line and viewed on a suit· 
able oscilloscope, a so-called "binary eye pattern" will be 
seen. This pattern results from the superposition of alternat
ing mark and space bits during each unit interval. It is so 
called because the pattern's center resembles an eye. 

0 ! 0 

L 

TL/F/9564-5 

FIGURE 5. Blas Distortion 
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Note 1: Termination resistors not shown. 

Note 2: Split supplies for test equipment convenience. 

Note 3: Clock input 230 MHz max. 
FIGURE 6. F100250 Differential Line Test Circuit 

iSS-N\f 

II 



The eye-pattern is a useful tool to measure data signal qual
ity (Figure 7). The spread of transitions crossing the receiver 
input threshold can be used as a direct measure of isochro
nous distortion (peak-to-peak jitter). Rise and fall time can 
be measured by using the self-references of 0% and 100% 
resulting from the long sequence of mark and space bits. 

CONSTANT 
"MARK" {ONE) BITS 

CONSTANT 
"SPACE" {ZERO) BITS 

SINGLE 
0-1 

TRANSITION 

SINGLE 
1-0 

TRANSITION 

SINGLE 
0-1-0 

SINGLE 
1-0-1 

SUPERIMPOSING 
ALL THE ABOVE 

SIGNALS 

INPUT TO LINE 

:u: 
VoH--------

0-------~ 

VoL--------

0-------~ 

o-------~ 

o-------~ 

o-------~ 

o----------

1 UNIT 
INTERVAL 

The noise margin of the system can be measured as the 
height of the trace above or below the receiver threshold 
level at the sampling instant. The eye-pattern can even be 
used to determine the characteristic impedance of the 
transmission line. The method is discussed in Appendix C. 

OUTPUT FROM LINE 

BINARY EYE PATTERNS 

1 UNIT 
INTERVAL 

TL/F/9564-7 

FIGURE 7. Formation of the Binary Eye Pattern 
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The eye-pattern gives, in some ways, the minimum peak-to
peak transition jitter for a given line length, type, pulse code, 
and modulation rate. This is because the pattern results 
from intersymbol interference and reflections (if present). 
Minimum jitter conditions only result if: 1) the mark and 
space signal levels from the driver are symmetrical and the 
receiver's threshold is set at the mid-point of these levels; 2) 
the line is terminated in its characteristic impedance; and 3) 
propagation delays through both transmitter and receiver for 
both logic states is symmetrical and without relative skew. 
Signal quality is reduced if any of these conditions is not 
met. 

The decision threshold shown by the displayed eye-pattern 
for a particular driver and modulation rate shows the effects 
of receiver bias (or threshold ambiguity) and offset. The 
slope is small in the threshold region for signals with greater 

SIGNAL 
GENERATOR 

SO MHz 

DATA 
GENERATOR 

F100250 

than 20% isochronous distortion. Therefore, small amounts 
of bias produce large increases in isochronous distortion. A 
good practice is to design systems to have less than 5% 
transition spread as shown in the eye-pattern. This mini
mizes the effects due to bias and simplifies design require
ments for line transmitters and receivers. 

Application Example-
Putting the F100250 to Work 

The F100250 excells at transmitting over twisted pair wiring. 
Figure 8 shows an example using 50 meters of 106!l, 
26 AWG, unshielded pair. The pair used is one of 25 in a 
multi-pair cable specifically designed for digital signal trans
mission. Note that termination resistors have been added 
for improved impedance matching to the F100250 line ter
minals. The scope photos in Figures Ba and 9b show the 
composite signal conditions at the receiver input. Two pseu
do-random signals, 1 O MHz and 50 MHz, are present on the 
line in this example. 

F100250 

DIFFERENTIAL 
SCOPE 

DATA 
GENERATOR 

DIFFERENTIAL INPUT 
rROM TEST POINTS 

SIGNAL 
GENERATOR 

figures 
9a, 10a, 10b 

TEST 
POINT 

figure 

10MHz 

11b 
TL/F/9564-8 

FIGURE 8. Twisted Pair Test Circuit 
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TL/F/9564-9 

FIGURE 9a. Composite Signal at Receiver Input 
(50 MHz) Showing Both 10 MHz and 50 MHz Signals 

on the Line (Differential Mode) 

TL/F/9564-10 

FIGURE 9b. Composite Signal at Transmitter Output 
(50 MHz) Showing Both 10 MHz and 50 MHz Signals 

on the Line (Differential Mode) 

Figure 9a shows the composite signal at the receiver input 
for the 50 MHz signal. Note that both signals appear with 
the received signal (50 MHz) "riding on" the locally trans
mitted signal (10 MHz). Figure 9b shows the 50 MHz signal 
as transmitted. Signal attenuation is approximately 2 dB for 
the 50 MHz signal. 
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FIGURE 10a. 50 MHz Signal at Receiver Input. 
(Intensification Due to Overlapping 10 MHz Signal) 

20 ns/dlv. Horlz. 

TL/F/9564-12 

FIGURE 10b. 50 MHz Signal at Receiver Input. 
10 ns/div. Horiz. Peak-to-Peak Jitter 

Is Less Than 40% Total. 

Figures 10a and 10b show the 50 MHz signal at the receiver 
input. The peak-to-peak jitter from all sources is about 40% 
maximum. Figure 11a shows the 50 MHz signal at the line 
input (differential mode) and Figure 11b shows the recov
ered 50 MHz signal at the receiver output. The effective 
jitter can be seen in the recovered signal. It is important to 
note that the F100250 exhibits no threshold shift which 
would contribute to bias distortion. 
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FIGURE 11a. 50 MHz Signal at Transmitter Output 
(Line Input) 

APPENDIX A-TWISTED PAIR CABLES 

Cable AWG 
Manufacturer 

Type Wire Size 

TWISTED PAIR 

Unshielded Com'I 28 

28 

26 

24 

24 

24 

22 

Individually Com'I 24 
Shielded 25 
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FIGURE 11b. 50 MHz Signal at Receiver Output 
(Recovered Slgnal). Shows Effect of Jitter on Output. 

Zo Co 
Attenuation 

Vp 6dBV Limit n pf/ft 
k Feet 

100 0.66 15.5 0.77 

120 0.78 11.0 0.9 

106 0.66 12.0 2.7 

100 0.66 15.5 2.1 

120 0.66 12.8 2.5 

100 0.78 12.5 2.1 

100 0.66 15.5 3.0 

100 0.78 12.5 2.1 

124 0.66 12.2 1.9 
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f8 APPENDIX B-COAXIAL CABLES z 
ct Cable 

Type 

COAXIAL 

Single 

Dual 

Single 

TWINAXIAL 

RIBBON 

Manufacturer 

Com'I 

Belden 

Belden 

Alpha 

Com'I 

Belden 

Alpha 

Com'I 

Belden 

Belden 

Belden 

Belden 

Belden 

Part 
Number 

RG-59/U 

8281 

9555 

9845 

RG-62/U 
RG-62A/U 
RG-62B/U 
MIL-C-17F 

9393 

9063B 

RG-22B/U 

8227 
9207 
9815 

9271 
9860 

9182 

9851 

9K750XX 

9K930XX 

Zo Co 
Attenuation 

Vp dB/100 ft n pf/ft 
@ 100MHz 

75 0.78 17.3 3.0 

75 0.66 21.0 2.7 

75 0.66 20.5 3.4 

75 0.66 20.5 3.4 

93 0.84 13.5 2.7 

93 0.78 14.0 8.8 

125 0.84 9.6 1.5 

95 0.66 16.0 3.0 

100 0.66 15.5 4.1 

124 0.66 12.2 5.0 

150 0.78 8.8 4.3 

200 0.76 6.7 4.0@50 MHz 

75 0.78 17.1 7.5 

93 0.78 14 ±2 5.0 
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APPENDIXC-
MEASURING CABLE IMPEDANCE 

The impedance of a length of cable may be determined 
from simple measurements using the eye pattern. Either of 
two methods may be used. In one method the voltage re
flection from a known termination is used to calculate z0. 
The second method uses direct resistance measurement to 
find Z0. 

Voltage (Indirect) Method 

In the voltage method (Figure Ct), the signal generator fre
quency is set such that the unit interval of the eye pattern is 

SIGNAL 
GENERATOR 

DATA 
GENERATOR 

about twice the round-trip delay of the line to be measured. 
The peak voltage (Vpeak) of the eye pattern cell is measured 
(Figure C2a) with a known value termination resistor at the 
far end of the line. Next, the voltage at the end of the bit cell 
(V nom) is measured. The line impedance can then be calcu
lated using the following formula to about 5% accuracy. 

Zo = Rt• ((2 • VpeaklVnom) - 1) 

For the waveform shown in Figure C2b, a 51 n, 5% resistor 
is used as the termination. The peak line voltage is 390 mV. 
The voltage at the end of the bit cell is 240 mV. This gives a 
line impedance of 114.70. 

rt00250 

DlrFERENTIAL 
SCOPE 

TL/F/9564-15 

Rr = Suitable fixed resistor (voltage method) or 250n to 300n variable resistor (cermet potentiometer) for direct method 

FIGURE C1. Line Impedance Test Setup 

(
2 Vpeak ) 

Zo=R1 ---1 
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v 
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~ 
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ROUND-TRIP 

DELAY 
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~ 
~ .__ 

I-1 Vnom 

l 

~ 
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FIGUREC2a 
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FIGURE C2b. Voltage Method Waveform 

Incidentally, the round-trip delay of the line, represented by 
the rising portion of the waveform, is 520 ns. Since the ca
ble sample is 50 meters (164 ft.) long, the delay per foot can 
be estimated to be 1.6 ns per foot. (The data sheet for the 
cable sample used specified the delay of the pair as 
1.575 ns to 1.6 ns per foot and the impedance as 101.5!1 to 
105!1.) 

Resistance (Direct) Method 

The same test setup is used as for the voltage method. A 
variable resistor is substituted for the fixed termination. The 
value chosen should be in the range of 250!1 to 300!1. 

Ry< Zo 

FIGURE C3a. Under-Terminated 
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RT> Zo 

TL/F/9564-19 

FIGURE C3b. Over· Terminated 

Figures C3a through C3c illustrate the three possible condi
tions of termination which can be achieved. Figure C3a 
shows the under-terminated condition where the termina
tion value is greater than the line impedance. Figure C3b is 
the over-terminated condition where the termination value is 
less than the line impedance. Finally, Figure C3c shows the 
condition where the termination is adjusted to match the line 
impedance. When this condition is achieved, the value of 
the termination variable resistor, and hence the line imped
ance, may be read using an Ohmmeter. 

Using the direct method to measure the same pair sample 
gave a value of 105.9!l for the line impedance. This method 
is preferred since it is simple and accurate. 
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~ The ECL System Solution 
< 

Emitter-Coupled-Logic (ECL) has always been the ugly sis
ter in the world of digital bipolar integrated circuit technolo
gy, since its introduction in the early 1960's. ECL has been 
shunned by the average designer due to its large gate pow
er consumption (mW I gate in the early days) and the need 
for controlled impedance circuit boards to minimize noise 
and signal reflections. Non-TTL level power supplies and 
non-TTL 1/0 levels have also made ECL unfavorable to the 
typical system designer. The only people daring enough to 
take on the challenges of ECL were the system architects 
needing to handcraft their CPUs/interfaces for optimum 
performance. In most other instances, the inherently slower 
TTL and CMOS logic was tolerable, providing an adequate 
way to complete the task at hand without having to go 
through the pain of incorporating transmission line theory in 
board design. The world of system design has changed 
however, and ignorance is no longer bliss. TTL/CMOS logic 
families have advanced to the point where their edge rates 
and propagation delays demand controlled impedance 
board design to avoid the same pitfalls that have always 
been present with ECL. 

Forced understanding of transmission line theory for TTL 
and CMOS has the hidden benefit of making ECL more pal
ettable to the modern system designer. As long as the effort 
needs to be expended in understanding the problem, why 
not use the technology that truly offers maximum perform
ance at minimum cost? ECL offers the speed that TTL and 
CMOS technologies never will, and the affordability and lev
els of integration unattainable by GaAs and other compound 
semiconductors. Key to understanding these arguments is 
that the same advances in process technology that are 
used to enhance CMOS and TTL logic are invariably used to 
advance ECL's state of the art. The subsequent improve
ments result in even faster speeds for ECL at significantly 
reduced power consumption. GaAs is inherently more ex
pensive than silicon based technologies (due to scarcity of 
materials and excessive manufacturing costs). Although 
gate-for-gate GaAs may offer faster logic than ECL, the key 
variables impacting component delay are not the circuitry 
and devices for SSI logic, rather interconnect on the die and 
packaging. GaAs is also much more difficult to manufacture 
from a materials handling viewpoint and will probably never 
offer the low costs and levels of density ECL affords. GaAs 
is a niche product that is best suited for specialty applica
tions, but it has been, is now, and probably always will be 
the technology of the future. Contrary to the smoke and 
mirrors GaAs houses use to promote ultra high speed GaAs 
circuits, GaAs only offers a 1.5 to 3 x improvement in speed 
over silicon ECL in real operating conditions away from the 
security of the supercooled environment of the lab. ECL of
fers 1 O to 100 x or more the levels of integration of GaAs at 
a fraction of the cost. 

National Semiconductor 
Application Note 650 
Jeff Bunce 

ECL has also made a number of in roads to maintain its 
leadership position in the world of silicon base logic. Over 
the years, ECL has taken advantage of CMOS/TTL pro
cessing innovation such that it has overcome its significant 
power consumption, reducing it from mW/gate to µW/gate. 
High speed system design controlled impedance boards are 
a requirement now for logic families. Contrary to TTL/ 
CMOS, ECL offers zero skew balanced differential outputs 
which further simplify logic design as well as minimizing 
power supply and output switching noise. ECL also offers 
the end user the ability to "wire-OR" outputs together, gen
erating a positive logic "OR" without the expense of addi
tional components. In addition, National (via Fairchild) intro
duced the first commercially available temperature and volt
age compensated ECL logic family. Unlike CMOS and TTL, 
ECL's temperature and voltage compensation makes the 
logic much more insensitive to environmental changes 
which is extremely important for the military designer. This 
compensation also eases design verification and system 
debugging by eliminating intermittant problems which can 
be masked by opening a system cabinet or taking it into an 
air conditioned lab for inspection. 

~ 1 ns 
Q 

z 
0 

~ 100ps ~ ' a.. 
' ',1pJ 0 c:: ' a.. 

!;i !Ops ' ' ' 100pJ 
(!) ' ' 

'' 0.011.J'' 0.11.J ' ' ' ' 11.J ' 101.J ' 
tpsi....... ........ ...._ .............................. _..... ....... ..._. ......... ~ 

tµw 10µw 100µw 1 mw 10mw 100mw 

POWER DISSIPATION/GATE 
TL/D/10575-1 

FIGURE 1. Technology Speed/Power Curve 

Fully temperature and voltage compensated logic offers 
much tighter AC specifications (i.e. minimum AC skew) 
across the entire power supply/temperature range because 
the logic is regulated and not allowed to drift with environ
mental changes. These tighter skew windows become in
creasingly important in local back planes, local distribution 
of clocks and other control signals, as well as in distributed 
systems such as modern CAD workstation environments 
where host-server(s) communication is critical to improving 
total system throughput. A'gure 2 below shows how com
pensation results in much tighter windows for DC levels as 
well as AC switching parameters versus those for uncom
pensated logic. 
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EGL has come a long way since its early days of the egg 
fryer SSl/MSI functions and high speed low density SRAMs. 
Today National is the world premier commodity EGL suppli
er with the broadest base of EGL product families in the 
indu~try. National's offerings include: BiCMOS SRAMs with 

> -OBt---+----t--+--+-+--+---1 
I 

~ -1.0 l---t----t--.-\1---l~-+--+---l 
~ 
§? -1.2 l---+---1--\HIJ.ff-+--+--l 

5 5 -u 1-+--+-~¥-ltt+-t--+-l 
0 

~ -1.
6

t~~;~~~~~~1:s~~~d >°-1B l-

EGL 1/0 for cache or high speed bulk memory, the world's 
first BiCMOS UV EPROM for microcode store, EGL Stan
dard Cell families for custom high speed CPU design, EGL 
Gate Arrays for custom CPU and interface design, EGL 
PLDs for user programmable glue logic, and F1 OOK for glue 
logic. Today's designer has entire EGL toolkit available for 
system design (see Figure 3). 

-0.6 
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-2.0-1B -1.6 -1.4 -1.2 -1.0 -oB -0.6 
VIN - INPUT VOLTAGE - V 

-2.0-1B -1.6 -1.4 -1.2 -1.0 -OB -0.6 
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VIN - INPUT VOLTAGE - V 

(a) (b) (c) 
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~ MAX 
z 
0 

~ 
TYP 
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~ 
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3 -4 7 8 
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(d) TL/D/10575-2 
(a) DC output tracking for ECL logic uncompensated for power supply voltage. 
(b) DC output tracking for ECL uncompensated for temperature. 
(c) DC output tracking for fully voltage and temperature compensated ECL. 
(d) AC Switching Skew for Compensated versus Uncompensated ECL logic. 

FIGURE 2. Comparison of Voltage and Temperature Compensated ECL Logic versus Uncompensated ECL Logic 
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FIGURE 3. High Speed ECL 1/0 Based CPU 

National is committed to the military aerospace market for 
ECL and is capable of offering any of its commercially avail
able ECL products as military grade of "military like" devic
es on customer demand. National's BiCMOS SRAMs 
(based on BiCMOS Ill) combines the best of both CMOS 
and ECL worlds by melding the low power high density 
CMOS for the memory array with the ECL for high speed 
1/0, decoders, and sense amps. National offers a wide vari
ety of very high speed ECL 1/0 SRAMs including 256k x 1, 
64k x 4 and 16k x 4 organizations. Development is well 
under way on a family of 1 Meg ECL 1/0 SRAMs with ac
cess times of 15 ns or less. 
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Additionally, National is supporting the designer with soon 
to be announced BiCMOS ECL 1/0 2k x 9 Advanced Self 
Timed RAM having a maximum access time of 5, 7, 10 ns. 
National also has developed a BiCMOS ECL 1/0 UV 
EPROM, pin compatible with the 10149 ECL fuse PROM, in 
5, 7, and 10 ns speed grades. This UV erasable ECL 1/0 
EPROM can be used as high speed core CPU microcode 
store or as a programmable decoder and is programmed 
with standard TTL levels from readily available PROM pro
grammers. Higher density BiCMOS UV EPROMs in develop
ment will soon be able to be used as CPU boot ROMs or for 
program storage. 



National's ASPECTTM process has been utilized to provide 
the military system designer with high speed, high density 
fully temperature/voltage compensated ECL 1/0 standard 
cell capability. Our standard cell library includes mega cells 
such as a 64-bit floating point ALU processor, a 64-bit float
ing point multiply processor, multi-port register files, 32-bit 
barrel shifter, 64-bit funnel shifter, as well as a number of 
user configurable soft mega cell functions and the standard 
assortment of gate functions. These cells provide the sys
tem architect with the building blocks to design a high speed 
RISC (reduced instruction set computer) processor tailored 
for specific applications. Similarly, National's ECL gate array 
family offers a lower cost, faster turn-around time solution 
for the CPU/controller design as well as custom interface/ 
glue logic. National's ECL PALs provide high speed glue 
logic with the flexibility of user programmability using stan-
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dard PAL programming hardware. Last but not least, Nation
al's F1 OOK family is the work horse that rounds out the fami
ly, delivering SSl/MSl/LSI logic functions. From AND/ 
NANO and OR/NOR gates to ALUs, Wallace Tree Adders, 
and Carry Look Ahead Generators, F100K is a complete 
logic family that provides the glue needed to tie together the 
larger ECL building blocks. National's F1 OOK family also in
cludes low skew drivers excellent for clock distribution and 
back plane drivers and bidirectional ECL-to-TTL level trans
lators which allows the high speed ECL system to interface 
to the slower TTL/CMOS peripherals or subsystems. 

In addition to offering a military processed F1 OOK product 
line, National will soon be offering a fully 883C compliant 
F1 OOK family subset, initially with approximately 30 device 
types. 
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10K vs 100K ECL 1/0 
System Considerations 

INTRODUCTION 

System designers have long realized the advantages of 
Emitter Coupled Logic (ECL) for high speed systems. This 
logic family is based on a differential amplifier and has small 
signal swings to prevent transistor saturation when switch
ing, thus increasing the switching speed. ECL offers high 
fanout capability and the ability to drive low impedance 
transmission lines. National's BiCMOS SRAMs have this 
high speed logic incorporated in their inputs and outputs, 
thus remaining compatible with existing ECL logic, while at 
the same time they take advantage of a high density CMOS 
memory array. ECL logic comes in two different families; 
1 OOK logic in which the input and output voltage levels are 
temperature compensated (Figure 1 ), and 1 OK logic in 
which the input and output voltage levels vary over tempera
ture (Figure 2 ). In National's BiCMOS SRAMs both 1 OOK 
and 10K 1/0 levels are voltage compensated. This applica
tion note will focus on the possible problems of mixing these 
two logic families and solutions to these problems. 
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FIGURE 1.100K BICMOS Ill-Compensated ECL 
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FIGURE 2. 10K BICMOS Ill-Uncompensated ECL 
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100K OUTPUTS DRIVING 10K INPUTS 

From the graph of DC specification levels (Figure 3) one 
can see that at hot temperatures there is only 20 mV of 
margin between 100K VoHmin and 10K V1Hmin. The shrink
ing margin as temperature increases is due to the decrease 
in the base to emitter voltage (VsE) of a bipolar junction 
transistor. The input reference voltage (Vss) for 1 OK tracks 
this temperature dependence while the 100K output levels 
remain constant across temperature. With this small voltage 
margin at hot combined with system noise and transmission 
line bus drop, the 1 OK inputs may not distinguish a high level 
from the 1 OOK driver. For this reason it is recommended 
using 1 OOK drivers to 1 OK inputs only when the system tem
perature is maintained below 35°C where there is greater 
than 100 mV of margin. The graph also shows 20 mV of 
margin between 100K VoLmin and 10K V1Lmin at hot tem
perature. This will not result in a functionality problem since 
these levels are far away from Vss and the 1 OK input will 
easily recognize the low level. 

10K OUTPUTS DRIVING 100K INPUTS 

There are no functionality problems incurred in driving 1 OOK 
inputs with 1 OK outputs (Figure 4 ). The only possible con
cern would be that the 1 OOK input is driven slightly into satu
ration at hot where 10K VoHmax is 160 mV higher than 
1 OOK V1Hmax. However, shmoo plots show there is no mea
surable speed degradation in National's BiCMOS SRAMs if 
this scenario were employed (Figure 5 ). 
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Shmoo : TAVQV VS V1H 

Comment: VEE = -5.0V 
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-0.600 .............. PPPPPPPPPPPPPPPPPPPPPPPPP 
-0.620 .............. PPPPPPPPPPPPPPPPPPPPPPPPP 
-0.640 .............. PPPPPPPPPPPPPPPPPPPPPPPPP 
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-0.740 .............. PPPPPPPPPPPPPPPPPPPPPPPPP 
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-0.800 .............. PPPPPPPPPPPPPPPPPPPPPPPPP 
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FIGURE 5. Shmoo of 100K Device to 10K Input Levels 
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101K 

Besides temperature compensation, the other main differ
ence between 1 OK and 1 OOK logic is the recommended 
supply voltage; -4.2V to -4.BV for 100K, and -4.94V to 
- 5.46V for 1 OK. However, National's 1 OOK SRA Ms will per
form just as well at -5.2V ±5% since they are fully voltage 
and temperature compensated. 

The use of 1 OOK parts at 1 OK supplies is commonly referred 
to as 101 K. In fact using the 1 OOK BiCMOS SRAMs at the 
higher supply voltage will yield better speed (8% decrease 
in TAVQV), increased alpha particle immunity (from 76 FIT 
at -4.5V to 9 FIT at -5.2V), at only approximately a 16% 
power increase. 

SYSTEM DESIGN CONSIDERATIONS 

1 OOK and 1 OK logic can be used in the same circuit if the 
necessary tradeoffs are understood. It has already been 
mentioned that the system temperature be kept below 35°C 
when driving 1 OK inputs with 1 OOK outputs. The reason for 
this is for increased noise margin. There are several key 
factors to controlling system noise: the use of decoupling 
capacitors, ground planes, and matching termination imped
ance. Current spikes from outputs switching are a major 
cause of noise on Vee. Bypass capacitors between Vee 
and VEE and between Vee and Vn (termination voltage of 
- 2.0V) will help absorb or source current as needed to re
duce the transient spikes. Capacitor values of 0.01 µF to 
0.1 µF are recommended and one capacitor per chip 

Vee 

+ 

should be used. The use of a dedicated ground plane 
should be employed in the multilayer board where the chips 
are mounted. The importance of a dedicated ground plane 
is in reducing the resistance in the Vee lines. Since VrL. VrH 
and Vss are all referenced to Vee. this will directly affect the 
noise margin (Figure 6 ). When possible, two ground planes 
should be used. One should be used for Vee. which is the 
high supply for all the logic internal to the chip, and another 
separate plane should be used for Veea. which provides a 
separate ground path for the switching output current. In 
this case decoupling capacitors should be used between 
Vee and VEE and between Veea and Vn. Also important is 
the use of an AC ground to minimize crosstalk. An AC 
ground can be any DC signal; VEE or Vn for example. 
These AC grounds should run between any parallel signal 
lines. Finally all signal lines should be terminated to reduce 
reflections which can cause signal errors. Since EGL out
puts do not have internal pull down resistors, a terminating 
resistor to a voltage more negative than Vol (Vn = - 2.0V 
is recommended) should be used. The terminating resistor 
should match the impedance of the transmission line, other
wise the reflection voltage will be 

[
Rt - Zo] VR = VouT ---
Rt+ Zo 

where Rt is the termination resistance and z0 is the line 
impedance. The output levels are specified at Rt = 500. A 
much more detailed discussion of transmission line theory 
can be found in reference 1. 

TL/D/10576-5 

FIGURE 6. Reduced Voltage Margin Due to Resistive Vee Line 
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CASE HISTORY 
A major customer has been successfully using National's 
256k x 1 BiCMOS 1 OOK 1/0 SAAM in their 1 OK 1/0 system 
for over a year now. Their secret was to follow the basic 
formula outlined above: they used one 0.01 µF decoupling 
capacitor per memory chip, had a solid ground plane, and 
had matching termination impedance of 50.!1 or 1 oo.n for all 
signal lines. They also have taken advantage of the speed 
and alpha improvement by using a - 5.2V supply. Another 
noteworthy point is that this customer uses the DIP pack
age, which is inherently noisier due to higher inductive leads 
than National's ceramic flat pack. 

SUMMARY 
When mixing the two ECL families, the following considera
tions must be taken into account. The two families have 
different Vss input reference voltages which implies that 
when mixing 1/0 types, the system temperature must 

be monitored. Special attention must be given to VoH mar
gin at higher temperatures when 1 OOK outputs drive 1 OK 
inputs. As well, soft saturation may occur at hot when 1 OK 
outputs drive 1 OOK inputs, although National's BiCMOS 
SRAMs do not suffer speed degradation in such a case. In 
addition, allowing enough noise margin through proper de
coupling, termination and supply of ground planes is always 
important. Another option available to system designers is 
101 K which uses 1 OK supply levels but has 1 OOK 1/0. By 
being aware of all these guidelines, the fastest silicon logic 
(ECL) together with the density and drive capability of 
BiCMOS can be used together in either mix or match 1 OK or 
1 OOK systems. 

REFERENCES 
1. Matick, R., Transmission Lines for Digital and Communi

cation Networks, McGraw-Hill, (1969). 
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Terminating F100K ECL 
Inputs 

INTRODUCTION 

Many F1 OOK designs require that certain inputs be preset to 
a HIGH or LOW level. Because of the construction of the 
F1 OOK input circuitry, a LOW can be realized by simply leav
ing the input OPEN. However, a HIGH must be terminated in 
a special way, as simply tying the input to VcclVccA is un
acceptable. 

DESIGN CONSIDERATIONS 

The ranges of V1H and V1L at VEE = -4.5V are -880 mV to 
-1165 mV and -14 75 mV to -181 O mV respectively. 

By staying within these ranges, the input conditions are as
sured. Figure 1 shows the voltage versus current for the 
F100K input transistor. If the input is tied to Vcc!VccA the 
input transistor saturates (Point D) which can damage inter
nal circuitry. The best V1H to realize a HIGH is a voltage drop 
of 0.9V below VcclVccA· As can be seen from the graph, 
this locates the quiescent point on the flat part of the curve 
(Point C) midway within the acceptable range of V1H· Figure 
2 shows three ways in which a HIGH can be realized on the 
input. These circuits allow the user to maintain constant in
put signals at optimum levels of VEE and temperature. Each 
circuit can handle multiple fanouts, the number depending , 
upon the maximum current capability of the circuit. The de
signer should be aware that although Figures 2A, 28 and 2C 

National Semiconductor 
Application Note 682 
The ECL Applications Staff 

supply ECL compatible signal levels, they differ in power 
consumption and susceptibility to changes in temperature 
and VEE· 
For designs where there are multiple unused inputs and ex
tra logic gates available, fanout from the unused gates is 
possible. As an example of this, one gate of the F100102 is 
capable of driving ten quiescent inputs at voltage and cur
rent levels typical of F100K as shown in Figure 3. 

Figure 4 shows, in more detail, the F1 OOK pu:l-up scheme 
and the input circuitry. Although the circuits of Figure 2 are 
good examples, a detailed circuit analysis must include the 
50 kn input resistor. In Figure 4A, the resistor (Ro) which 
sets the diode biasing current is in parallel with the 50 kn 
input resistor. Likewise, the circuit of Figure 48 shows that 
R2 is in parallel with the input resistor. 

The point to emphasize is never tie an F1 OOK input to 
VcclVccA in order to realize a HIGH preset. Instead, the 
following is recommended: 

• For a LOW level-leave input open or tie to VEE· 

• For a HIGH level-tie input to a diode drop or 0.9V be
low VcclVccA· 

Remember also that the 50 kn input resistor must be con
sidered in the circuit parameter calculations. 

D 

§ 2001----+----+-----+----+---~J------1f-----i 
0:: 
0:: 
::> 
(.) 

~ 150 I----+----+-----+-- ----i---:::;;.,,...t.--r----r-----i 
~ ~~ 

A-50 k!l Pull-Down Current 
B-Transition (Switching) Region 
C-Base Current plus 50 k!l 
D-lnput Transistor Saturation 

L 
)100K 

100 f- A 

SIGNAL RANGE 

o._ _ _._....._ __ _._ __ _._ _ __. ......... _~__.~~~..._~__. 
-2.0 -1.7 -1.4 -1.1 -0.8 -0.5 -01 

V1N - INPUT VOLTAGE - V 

FIGURE 1. Input Characteristics 
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Vee Vee 

+ + 
1.1 k.O. 0.9V 47.Cl. 0.9V 

0.1 µF 0.1 µF 0.1 µF 

INPUT INPUT 

+ 
3.6V 3.6V ZENER 

VEE VEE 

TL/F/10644-2 
TL/F/10644-3 TL/F/10644-4 

B c A 
Note: Nominal values are shown. 

INPUT 

FIGURE 2. Equivalent Circuits for HIGH Termination 

Vrr (-2.0V) 
TL/F/10644-5 

FIGURE 3. Utilizing Unused Gates to Terminate Multiple HIGHs and LOWs 
,...._....,_ __________________ --41---0Vc~ 

..-.-.--------------------------------41---0 V CCA 

-..-------..... -Vee 

OUTPUT OUTPUT 

Vee 

INPUT 

- ..... -t--4~----------41...,_----------------o VEE 
_ ..... _ ..... ________ _. ____________ -0 VEE 

TL/F/10644-6 TL/F/10644-7 

A B 
FIGURE 4. Pull-Up Circuit Examples 
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300 MHz Dual Eight-Way 
Multiplexer/Demultiplexer 

INTRODUCTION 

National Semiconductor 
Application Note 683 
The EGL Applications Staff 

High speed multiplexing and demultiplexing is an integral 
part of the fast expanding telecommunications market, and 
can be used successfully in inter-computer and intra-com
puter wide-path communications. The National family of 
F1 OOK ECL components provides an excellent solution to 
this design problem. This applications note describes a data 
transmission scheme that can transfer information at the 
rate of 75 Mbytes per second using only four twisted pair 
transmission lines. 

mux/demux that can operate at speeds as high as 300 MHz 
(Figure 1). The data to be multiplexed onto the transmission 
lines are applied as 16 bits (2 bytes) in parallel to the inputs 
of the F100341 s where they are loaded into the registers 
under control of a synchronization pulse (SYNC). The mode 
of the F100341 s is then changed to shift right and the data 
is transmitted on the output lines at the clock rate. When the 
last bit has been shifted out, the register is loaded with the 
next data to be transmitted. 

Using F100341 8-Bit Shift Registers as parallel to serial and 
serial to parallel converters it is possible to design a simple 

D15 

SYNC --e-----1 
CLOCK --,--...,..4~:..,_-.-.-~~....J 

r-- --- ----------1 

DO 

ORIGINAL DATA 

MULTIPLEXED DATA 

I f"100250 
I I I I I I 
.. - -"!ti- - - '!:14.'- - - - - - - - - - ~'- - - - - - - - - - - - - - - - - - .. 4.,_ - - - - - - - .. 

i ~ c' ' c' \ c' \ 
~ ~ ~ ~ 
(; (; (; (; 
~ ~ ~ ~ 
f r: /': /': TRANSMISSION LINES 
~ ~ v v 
!) !) !) !) 
~ ~ ~ ~ x x x x r-- ~-- ~---------~~------------------ ~-------~ I I I I I I 

I f"100250 I 
I I ·------- ---------- ---------------------------4 

----tD7 

CP 07 

0------------ICPa 

---+------------tCPb 

D15 

f"100341 

f"100351 

01 

so 
S1 

CPa 
CPb 

f"100341 
07 

f"100351 

FIGURE 1. 300 MHz Dual Eight-Way Multiplexer/Demultiplexer 
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The clock signal (CLOCK) is a free-running 300 MHz square 
wave and the synchronization signal (SYNC) goes low for 
one clock cycle in every eight. These two signals are trans
mitted along with the data to facilitate synchronized recep
tion at the other end. 

At the receiving end, the F100341 s are used as simple shift 
registers that accomplish the task of demultiplexing the 
data. The SYNC signal controls the loading of the F100351 
receiver registers. 

CLOCK AND SYNC GENERATION 

The CLOCK signal in this application is a 300 MHz square 

the SYNC signal is low, the data present at the parallel load 
inputs (PO-P7) are loaded into the register on the next clock 
pulse. When SYNC goes high (as a result of loading the 
high value on PO), the mode of the F100341 is changed to 
shift right and the low loaded from P7 is shifted across the 
F100341 and appears on the SYNC wire eight cycles later. 
This in turn causes the F100341 to load again and the cycle 
repeats. The SYNC signal is high for seven clock cycles and 
low for one cycle, allowing it to be used as the synchroniza
tion pulse for the mux/demux circuit. 

so 
wave generated with a voltage controlled oscillator coupled CLOCK S1 

CP with a phase-locked loop. However, any available clock sig- ----+----1 
nal may be used at a frequency of DC to 300 MHz. 

The SYNC signal is generated with the use of another _H1 __ -1---.--1 

F100341 connected as in Figure 2. This circuit is self start
ing, requiring no initialization for proper operation. When 

DO 
PO 
P1 
P2 
P3 
P4 
PS 
PS 
P7 
07 

00 

01 
F100341 02 

03 
04 
05 
06 
07 

TL/F/10645-2 

FIGURE 2. SYNC Pulse Generator 

CLOCK AND SYNC WAVEFORMS 

CLOCK 

SYNC l .. __ __. __ r 
TL/F/10645-3 
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F100336 Four-Stage 
Counter/Shift Register 

INTRODUCTION 

Many system designs require bi-directional counting and 
shifting functions. In most cases these functions are sepa
rate and unique requirements within the system design. For 
this reason, separate catalog parts are available. In some 
cases however, there is a requirement to have a device that 
will allow both counting and shifting functions. This is espe
cially true in arithmetic, timing, sequential, or communication 
applications. National offers a very versatile counter/shift 
register in the F100336. This application note describes its 
function in detail and offers some simple uses. 

DESCRIPTION 

The F100336 contains four synchronous, presettable flip
flops. Synchronous operation is provided by having all flip
flops clocked simultaneously so that all output changes co
incide. This mode of operation eliminates counting spikes 
on the outputs which are normally associated with asyn
chronous counters. The clock input is buffered and triggers 
the four flip-flops on the rising (positive-going) edge. 

The counters are fully programmable allowing the outputs to 
be set to either a HIGH (1) or LOW (0). As presetting is 
synchronous, setting low levels on the select inputs (S0-S2) 

(see Table I) disables the counter and causes the outputs to 
agree with the parallel inputs (P3-Po) on the next rising 
edge of the clock. Loading is accomplished regardless of 
the levels of the two enables (CEP, GET). 

TABLE I. Function Select Table 

S2 S1 So Function 

L L L Parallel Load 
L L H Complement 
L H L Shift Left 
L H H Shift Right 
H L L Count Down 
H L H Clear 
H H L Count Up 
H H H Hold 

National Semiconductor 
Application Note 684 
ECL Applications Staff 

The F100336 features both synchronous and asynchronous 
clear functions. The synchronous clear is performed by set
ting a binary five (101 B) at the select inputs. On the next 
rising edge of the clock, the outputs will be forced LOW 
(0000) regardless of the levels at the enable inputs. A buf
ferred asynchronous master reset (MR) is provided to clear 
all outputs LOW (0000) regardless of the levels of the clock, 
select, or enable inputs. 

Count up/count down functions are selected with the select 
inputs (S2-S0). These are synchronous operations and the 
outputs will increment/decrement in value on the rising 
edge of the clock. Both count enable inputs (CEP, GET) 
must be true (LOW) to count. The terminal count output 
(TC) becomes active-LOW when the count reaches zero in 
the DOWN mode or fifteen in the UP mode. Its duration is 
approximately equal to one period of the clock. The TC out
put is not recommended for use as a clock or synchronous 
reset for flip-flops. See Figure 1 tor timing relationships in 
UP/DOWN counting. 

In simple ripple-carry cascading applications the terminal 
count TC is fed forward to enable the trickle enable (GET) 
input. This method is increasingly inefficient as the counting 
chain lengthens. The upper limit of the clock frequency is 
determined by the clock-to-terminal-count delay of the first 
stage, the cumulative trickle-enable (CET)-to-terminal-count 
delay of the intermediate stages, and the trickle-enable-to
clock delay of the last stage. For faster counting rates a 
carry-lookahead scheme is necessary. In this scheme the 
ripple delay through the intermediate stages commences 
with the same clock that causes the first stage to change 
over from MAX to MIN in the UP mode, or from MIN to MAX 
in the DOWN mode. Since the final count cycle takes 16 
clocks to complete, there is ample time for the ripple to 
propagate through the intermediate stages. The critical tim
ing that limits the counting rate is the clock-to-terminal
count of the first stage plus the parallel-enable-to-clock 
(CEP) setup time of the last stage. Figure 2 shows the con
nections for the fast-carry counting scheme. 
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TYPICAL CLEAR, LOAD, AND COUNT SEQUENCES 

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. 

5. Inhibit counting. 

CLOCK 
CP 

ASYNCHRONOUS · fl 
CL~R MR~ I~:_,. ........................ ----...... ---............. --........................ ..._ .................................................................. -

FUNCTION [so 
SELECT 
INPUTS Sl ............ .;..-_._ ............. _, 

S2-__,.._......, I 

:u_J 

CB 

w 

PO_J 

P1 

INPUTS 

P2_J 

P3_J 

---..;.-+m ....... _.t~~~~~~~~~~~~J~~~~~~~~~~~~~i~~~~~~~~~~~~~~~~~J~~~~~~ 
I I I I I I 

......................... t.:::::I:::::t:t::::::::::::::E::::::::::::::·::::::r·-::: 
I I I 
I I I 
I I 

....-.----~· : 
QO 

OUTPUTS 
01 :::::1 .. , -----...... --... 
02 ·----ij_J 
Q3·----i...l_j----.................................... --:.. .................................... ----...... -------------------. 

LJ LJ 

14 15 
SEQUENCE 

ILLUSTRATED 
0 1 11 15 14 131 • 

t+------COUNT UP ____ .,, ••---COUNT DOWN----· ---INHIBIT-
r-"'-1 r-"'-1 
CL~R PRESET 

Note: A MR overrides enables, data, and count inputs. 

FIGURE 1. F100336 Used as Binary Up/Down Counter 
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C£P TC C£P C£P C£P 

C£T F100336 C£T F100336 TC C£T F100336 1u---cJ1 C£T F100336 TC (r 

CP CP CP CP 

CLOCK------------41---------------------' 

TL/F/10646-2 

FIGURE 2. Fast Carry Counting Scheme 

Shift right/left modes are performed by making the appro
priate selection on the selection inputs (S2-S0). Each rising 
edge of the clock will cause the outputs to shift once in the 
direction which is selected. For shift-left operation, input o3 
is used as the serial input. For shift-right operation, input 
CET /Do is used as the serial input. During shift operation 
the terminal count output reflects the level at the 0 3 output 
and the enables are "don't cares". See Figure 3 tor shift 
operation timing relationships and shift sequences. 

The F100336 provides two special modes of operation. The 
complement mode performs a one's complement of the out
puts (03-0o) on the rising edge of the clock input regard· 
less of the levels at the enable inputs. The hold feature is 
asynchronous and simply stops counting or shifting opera
tions. Both complement and hold are performed with proper 
selection of the select inputs. For a complete truth table of 
the F100336 operation, refer to Table II. 

DESIGN CONSIDERTIONS 
Presetting the parallel inputs (P3-Po) may require a mixture 
of HIGH's and LOW's. A LOW may be preset by leaving the 
respective input open as the F100336 has a 50 kn resistor 
to VEE on the parallel inputs. A HIGH must never be made 
by tying the input to Vcc/VccA· This saturates the input 
transistor. Instead the input is set at a diode drop below 
VcclVccA for a preset HIGH. 

7-102 

Unused output pairs (On/On) may be left unterminated. 
However, unused single outputs should be terminated to 
balance current switching in the outputs. For further details 
on system design considerations refer to the F100K EGL 
Design Guide. For AC/DC performance specifications and 
critical timing parameters refer to the F100336 datasheet. 

APPLICATIONS 
Figures 4 and 5 demonstrate the use of the F100336 as 
UP/DOWN BCD counters. One additional gate is required to 
detect the limit count. Notice the alternate gate methods in 
Figure 4. The F100304 shows the classical AND/NANO de
sign similar to TIL and the F100302 shows the OR/NOR 
design of ECL. 

Figure 6 incorporates the use of a F100331 triple D-type flip
flop. By using one stage of the F100331, a 50/50 duty cycle 
can be realized from the divider. 

An 8-bit parallel-to-serial shifter can be constructed by cas
cading two F100336's as shown in Figure 7. The third coun
ter reloads another 8-bit data word after eight serial counts. 



TYPICAL, CLEAR, LOAD, AND COUNT SEQUENCES 

Illustrated below is the following sequence: 

1. Clear outputs to zero. 

2. Load (preset) to binary twelve. 

3. Shift-left using 03 as serial input. 

4. Shift-right using CET /Do as serial input. 

CLOCK 
CP 

I 

ASYNCHRONOUS n' 

CLEAR MR • ~---------------....0.---------~ 

FUNCTION : l
so_rf1 

SELECT S1---... ,---.,....-
INPUTS I 

s2____r-:--J.._...__....., _________ _._ _________ __ 

CEP 

SERIAL 
INPUT CET/DO - - ----.;.----;------------------------

(SHIFT-RIGHT) 

PARALLEL 
INPUTS 

SERIAL 
INPUT 

(SHIFT-LEFT) 

PO:X.--"'"'--ojo---------
P1 :x 
P2:X __ __.. __ _.._ __ ...,_ ______________________ ___ 

P3:X---.....------~-----------;------------~ 
03------

00 ----- w ~----~r-1~----------------
01~~~~~---__,~~----.... 

OUTPUTS 

02 ---

03 -----
~--------....i...---.-----------------,__ ___________ __,L____ 

0 12 1-sHIFT-LEFT------i----SHIFT-RIGHT----

Note 1: In shift-right mode TC follows the a3 output. 

Note 2: In shift-left mode TC follows the D3 input. 

Note 3: CEP is a "don't care" during shifting. 

CLEAR PRESET 

FIGURE 3. F100336 Used as Bl-Directional Shift Register 
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-.::t' 
cc 
~ Truth Table 
ct Oo = LSB 

MR S2 S1 So 

L L L L 

L L L H 

L L H L 

L L H H 

L H L L 

L H L L 
L H L L 

L H L H 

L H H L 

L H H L 
L H H L 

L H H H 

H L L L 
H L L H 
H L H L 
H L H H 
H H L L 
H H L L 
H H L H 
H H H L 
H H H H 

<D = L if Oo-03 = LLLL 

H if Oo-03 =I= LLLL 

@= L if Oo-03 = HHHH 

H if Oo-03 =I= HHHH 

H= HIGH Voltage Level 

L= LOW Voltage Level 

X = Don't Care 

Inputs 

CEP 

x 
x 
x 
x 
L 

H 
x 
x 
L 

H 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 
x 

.../"" = LOW-to-HIGH Transition 

-----cP 

Do/CET 

x 
x 
x 
x 
L 

L 
H 

x 
L 

L 
H 

x 
x 
x 
x 
x 
L 
H 
x 
x 
x 

CEP CET 

TABLE II. Truth Table 

Outputs 

03 CP 03 02 01 

x ~ P3 P2 P1 

x ~ 03 02 01 

x ~ D3 03 02 

x ~ 02 01 Oo 

x ~ (Oo-03) minus 1 

x x 03 02 01 
x x 03 02 01 

x ~ L L L 

x ~ (Oo-03) plus 1 

x x 03 02 01 
x x 03 02 01 

x x 03 02 01 

x x L L L 
x x L L L 
x x L L L 
x x L L L 
x x L L L 
x x L L L 
x x L L L 
x x L L L 
x x L L L 

Oo 

Po 

Oo 

01 

Do 

Oo 
Oo 

L 

Oo 
Oo 

Oo 

L 
L 
L 
L 
L 
L 
L 
L 
L 

TC Mode 

L Preset (Parallel Load) 

L Invert 

D3 Shift Left 

03* Shift Right 

© Count Down 

© Count Down with CEP not active 
H Count Down with CET not active 

H Clear 

@ Count Up 

@ Count Up with CEP not active 
H Count Up with CET not active 

H Hold 

L 
L 
L 
L 

Asynchronous 
L 
H 

Master Reset 

H 
H 
H 

*Before the clock, TC is 0 3 

After the clock, TC is 02 

PO P1 P2 P3 IL -----1cp CEP cET PO P1 P2 P3 

.------tSO 
f'100336 TC 

f'100304 f'100302 
TL/F/10646-4 

FIGURE 4. BCD Up Counter (0-9) 
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CLEAR 

F1N 

IL------cP CEP CET 

CP CEP CET PO P1 

so 
r100336 

51 

52 MR 

FIGURE 5. BCD Down Counter (9-0) 

PO P1 P2 P3 

.-----tSO 
F100336 TC 

FIGURE 6. Divide by Five 
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"1:2' 
co 
CD 

I z 
<( 07 06 OS 04 03 02 01 DO 

J"l... CP PO P1 P2 P3 CP 

so 
f'100336 TC 

so 
f'100336 TC 

S1 S1 

S2 MR 00 S2 MR 03 02 

SERIAL/OUT 

CLEAR 
Vee 

ENABLE 

CET CEP P3 P2 P1 PO VEE 
CP 

so 
f'100336 TC 

S1 

S2 

f'100301 

TL/F/10646-7 

FIGURE 7. 8-Blt Shift Left 
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Using the F100181 ALU and 
F100179 Carry-Lookahead 

INTRODUCTION 

Speed is of paramount importance in the arithmetic unit of a 
system design. The National F100181 Arithmetic Logic Unit 
(ALU) in conjunction with the F100179 Carry-Lookahead of
fer a high-performance and efficient design solution. Be
sides the obvious performance benefits, they offer both 
temperature and voltage compensation which leads to bet
ter performance stabilization throughout the guaranteed 
ranges. Better noise immunity over TTL devices and more 
efficient designs by using wired-OR logic and complementa
ry outputs are also benefits offered by these devices. This 
application note describes the function of the F100181 and 
F100179, offers configurations for their use, and gives a 
detailed timing analysis of the function settling times. 

F100181 FUNCTIONAL DESCRIPTION 

The F100181 is an ALU capable of performing sixteen arith
metic and logic operations on two 4-bit words. The operat
ing mode is selected by four function-select lines (S3-So). 
Arithmetic operations are selected when S3 is LOW, and 
logic operations are selected when S3 is HIGH. When S3 is 
LOW, the arithmetic mode can be selected between binary 
and binary coded decimal (BCD) with the S2 input [S2 is 
LOW (BCD); S2 is HIGH (binary)]. The remaining function-
select inputs S1, So select between addition, subtraction, 
and the basic logical operations (refer to Table I). 

National Semiconductor 
Application Note 685 
EGL Applications Staff 

Provision for simple ripple-carry cascading is available with 
the carry output (Cn + 4). A carry unit (Cn) is provided for 
use with arithmetic operations. In BCD mode, it can be used 
to perform a ten's complement result in subtraction. Like
wise, in binary mode, it can be used to perform a two's 
complement result in subtraction. 

A full carry-lookahead scheme is implemented for fast, 
simultaneous group carry generation by means of propa
gate (P) and generate (G) carries. When used in conjunction 
with the F100179 carry-lookahead generator, high-speed 
arithmetic operations can be performed. Table II presents 
the equations for internal carry-lookahead and Cn + 4, P, G 
for the F100181. Refer to the data sheet on the F100181. 

F100179 FUNCTIONAL DESCRIPTION 

The F100179 is a high-speed, carry-lookahead generator 
capable of anticipating a carry across eight 4-bit adders/ 
ALU's. Carry, generate carry, and propagate carry functions 
are provided to perform full carry-lookahead across n-bit 
words. Table Ill presents the four carry output equations. 
For detailed AC/DC specifications, refer to the F100179 
data sheet. 

TABLE I. F100181 Carry Output Equations 

S3 S2 S1 

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 

H = HIGH Voltage Level 
L = LOW Voltage Level 

Fn 
So Function 

L Fn =A Plus B Plus Cn (BCD) 
H Fn = A Minus B Plus Cn (BCD) 
L Fn = B Minus A Plus Cn (BCD) 
H Fn = 0 Minus B Plus Cn (BCD) 

L Fn = A Plus B Plus Cn (Binary) 
H Fn = A Minus B Plus Cn (Binary) 
L Fn = B Minus A Plus Cn (Binary) 
H Fn = 0 Minus B Plus Cn (Binary) 

L Fn = AnBn + AnBn 
H Fn = AnBn + AnBn 
L Fn =An+ Bn 
H Fn =An 

L Fn = Bn 
H Fn = Bn 
L Fn = AnBn 
H Fn =LOW 
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Gn Pn Outputs 
(n = 0 to 3) (n = 0 to 3) 

Internal Signals Cn + 4 G p 

AnDn An+ Dn Cn + 4 G j5 

AnBn An+ Bn Cn + 4 G j5 

AnBn An+ Bn Cn + 4 G j5 

L Bn Cn + 4 H j5 

AnBn An+ Bn Cn + 4 G j5 

AnBn An+ Bn Cn + 4 G j5 

AnBn An+ Bn Cn + 4 G j5 

L Bn Cn + 4 H j5 

AnBn An+ Bn Cn + 4 G j5 

AnBn An+ Bn Cn + 4 G j5 

An Bn Cn + 4 Gx j5 

An H Cn + 4 G L 

L Bn L H j5 

L Bn L H j5 

L An+ Bn L H j5 

L H L H L 
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APPLICATIONS TABLE II. F100181 Carry Output Equations 

Logic symbol representations of the F100179 and F100181 
are shown in Figure 1 with propagation delay paths. The 
times shown are maximum values at nominal room temper
ature (25°C) and power supply voltage (VEE = -4.5V) for a 
flatpak package. The propagation delays from the select 
inputs (F100181) are ignored since it is assumed that the 
mode of operation is set prior to application of the input 
word operands. 

P = Po + P1 + P2 + P3 

G = G3 + P3G2 + P3P2P1 + P3P2P1Go 

Cn + 4 = G • (P + Cn) 

Internal Equations for Carry-Lookahead 

(i = 0, 1, 2, 3) 

Co= Cn + 83 

2.7ns 2.7ns 

TL/F/10647-1 

FIGURE 1. F100179/F100181 Propagation Delays 

C1 = Go + PoCn + 83 

C2 = G1 + P1Go + P1P0Cn + 83 

C3 = G2 + P2G1 + P2P1Go + P2P1P0Cn + 83 

RIPPLE CARRY CALCULATION 

Figure 2 shows the schematic for simple n-stage cascading, 
incorporating ripple carry. Regardless of the width of the 
adder, all stages have a sum and carry from the A, B inputs 
in 6.6 ns. However, this represents the true sum and carry 
for stage one. For each succeeding stage, the Cn-to-Cn+4 
and Cn-to-F propagation delays must be considered. There
fore, for n-stages the total settling time for the function out
puts during addition is: 

tsum = t[A, 8,-to-F] + (n-2) t(Cn-to-Cn+41 + t[Cn-to-F] 
A 32-bit wide adder requires eight stages (n = 8). The prop
agation time of the operand inputs (A, B) to the function 
outputs (F) of the first stage is 6.6 ns. The propagation time 
of the carry input (Cn) to the function outputs of the last 
stage is 5.0 ns. Each middle stage has a propagation delay, 
Cn to the carry output (Cn + 4), of 2.8 ns. The total settling 
time of the function outputs is then: 

t5um = 6.6 + (8-2) (2.8) + 5.0 = 28.4 ns 
Figure 3 shows graphically the settling times of each of the 
eight stages. 

TABLE Ill. F100179 Carry Output Equations 

Cn + 2 = G1 • (P1 + Go) • (P1 + Po + Cn) 

Cn + 4 = G3 • (P3 + G2) • (P3 + P2 + G1) • (P3 + P2 + P1 +Go) 

• (P3 + P2 + P1 + Po + Cn) 

Cn + a = Gs • (Ps + G4) • (Ps + P 4 + G3) • (Ps + P 4 + P3 + G2) 

• (Ps + P4 + P3 + P2 + G1) • (Ps + P4 + P3 + P2 + P1 +Go) 

• (Ps + P4 + P3 + P2 + P1 +Po+ Cn) 

Cn + a = G1 • (P7 + Ga) • (P7 + Pa + Gs) • (P1 + Pa + Ps + G4) 

·~+~+~+~+~·~+~+~+~+~+~ 
• (P7 + Pa + Ps + P4 + P3 + P2 + G1) 

• (P1 +Pa+ Ps + P4 + P3 + P2 + P1 +Go) 

• (P1 + Pa + Ps + P 4 + P3 + P2 + P1 + Po + Cn) 
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A,B 

F100181 
ALU en+4 ID----<JI en 

A,B 

F100181 
ALU en+4 

A,B 

rt00181 
ALU en+4 ID----<JI en 

A,B 

F100181 
ALU en+4 eouT 

STAGE 1 STAGE 2 STAGE 7 

FIGURE 2. Ripple Carry 

0 5' 10 15 20 25 30 

t(ns) 

2ND STAGE I 

t=O 

3RD STAGE I 

t=O 

4TH STAGE I 

t=O 

'c:;:J28.4ns 

en-+F 

FIGURE 3. Timing Line Diagram for 32·Blt ALU 

8TH STAGE I 
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1·LEVEL CARRY-LOOKAHEAD CALCULATION To expand this scheme past 32 bits (eight ALU's) requires 
that the adder be broken into 32-bit groups connected with 
ripple carries since group generate and propagate are not 
available from the F100179. Each 32-bit group past the first 
one adds one F100179 P, G-to-Cn+x time to establish the 
carry into the next 32-bit group. Figure 6 shows this method 
of interconnection. 

FAST 16-Blt 1-Level Carry-Lookahead 

Figure 4 shows a 16-bit adder using one level of carry-look
ahead for every two ALU's. The reason for this arrangement 
is .that the F100179 does not provide every Cn + X• but in
stead provides Cn+2• Cn+4• Cn+6• and Cn+8· One 
F100179 is capable of providing carry-lookahead for 32 bits. 
The timing line diagram for the 16-bit ALU with one level of 
carry-lookahead is given in Figure 5. The equation which 
describes each 32-bit stage is given by: 

lsum = t(A,B-to-P,G] + tic;:;.to-F] 

+ t!Cn-to-Cn+41 + t(P,G-to-Cn+21 

Another method for implementing a 16-bit adder with faster 
carry propagation is shown in Figure 7. In this example, the 
full capability of the F100179 is used by forcing carry propa
gation through the odd-order stages. The carry outputs, 
Cn + x• are then used to supply the appropriate carry bit to 
succeeding stages. The equation describing the critical path 
becomes: 

STAGE 1 

LSB 
A,B 

tsum = t(A,B-to-P,G] + t(P,G-to-Cn+xl + ticn-to-Fl· 

STAGE 2 STAGE 3 

A,B A,B 

Cn 
f100181 

Cnu Cn 
f100181 

Cn+4 ALU ALU 
p p G 

P1 G1 Cn+2 P2 G2 

f100179 

FIGURE 4. 1-Level Carry-Lookahead 

10 15 .__ __ __.'-__ ....... ___ _,tens} 

A,8-+F 

1ST STAGE '----- 6.6ns 

2ND STAGE 11.6 ns 

(A, 8-+P)+ (P,G-+Cn+2): Cn-+F 

3RD STAGE 11.9 ns 
I 

(A, 8-+P)+ (P,G-+Cn+2)1 Cn-+F 
~~--~.......:...' ~ 

4TH STAGE ' ; t::::J · '14.7 ns 

' Cn-+Cn+4 
TL/F/10647-5 

FIGURE 5. Timing Line Diagram for 16-Blt ALU with 1-Level Carry-Lookahead 
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FIGURE 6. Expansion Past 32 Bits for 1-Level Carry-Lookahead 
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< 0 5 10 15 
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A,B-+F 

1ST STAGE -----i 6.6ns 
I 

A,B-+P,G+P,G-+Cn+2: Cn-+F 
(1ST STAGE) 1 (2ND STAGE) 

2ND STAGE 
___ ...__.,.... ___ _.. 11.9 ns 

I 
II 

A,B-+P,G+P,G-+Cn+4:: Cn-+F 
(2ND STAGE) : 1 (3RD STAGE) 

3RD STAGE 
___ ...__.,.... ___ _.. 11.9 ns 

I 
II 

A,B-+P,G+P,G-+Cn+6:: Cn-+F 
(3RD STAGE) 1 

1 (4TH STAGE) 
4TH STAGE ___ .... _..,.. ___ _.11.9 ns 

11 
II 

TL/F/10647-8 

FIGURE 8. Timing Line Diagram For Fast 16-Blt 1-Level Carry-Lookahead 

TWO-LEVEL CARRY-LOOKAHEAD CALCULATION 
The word widths of 32 bits or more, a two-level carry-look
ahead scheme like that shown in Figure 9 is preferred. One 
of the two F100179's generates a carry for the even-num
bered ALU's; the other generates a carry for the odd-num
bered ALU's. The timing line diagram for this method is giv
en in Figure 10. The equation describing the 32-bit summa
tion is: 

tsum = t[A,8,-to-P,G] + t[P,G-to-Cn + xl + t[cn-to-F] 

STAGE 1 STAGE 2 

LSB 
A,B A,B 

en en 
F100181 

ALU 

This scheme can be expanded past 32 bits as in the previ
ous case by interconnecting 32 bit groups with ripple car
ries. Each 32-bit group past the first adds one t[P,G-to-Cn+xl 
delay to the total add time. Table IV summarizes the add 
times for all three schemes discussed in this application 
note. 

STAGE 7 STAGE 8 

A,B A,B 
MSB 

en 
F100181 

en 
F100181 

ALU ALU 
p 

eour 

TL/F/10647-9 

FIGURE 9. 2-Level Carry-Lookahead 
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tens) 

A,8-+F 

1ST STAGE '------1 6.6ns 

A, 8-+P,G : Cn-+F 

2ND STAGE 1 
---------- 11.9 ns 

H 
P,G-+Cn+2 

(LEVEL 2) 

A,8-+P,G I ;r Cn-+F 
.---------.. 

11.9 ns 3RD STAGE 
1--7"1 

P,G-+Cn+2 
(LEVEL 1) 

A, 8-+P,G I 'I Cn-+F .---------.. I 

4TH STAGE 11.9 ns 
t--1 

P,G -+Cn+4 
(LEVEL 2) 

TL/F/10647-10 

FIGURE 10. Timing Line Diagram for 32-Bit ALU with 2-Level Carry-Lookahead 

TABLE IV. Summary of Add Times 

with with with 
Bits Stages Ripple Carry (1) F100179 (2) F100179 

(ns) (ns) (ns) 

8 2 11.6 n/a n/a 
16 4 17.2 14.7 11.9 
32 8 28.4 14.7 11.9 
64 16 50.8 17.4 14.6 
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ORDER INFORMATION 

The device number is used to form part of a simplified purchasing code where the package type and temperature range are 
defined as follows: 

100XXX or 11CXX D 

Device Number __________ _.T T 
(basic) J 
Package Code----------------' 

D = Ceramic Dual-In-Line 
F = Flatpak or Quad Cerpak 

*Q = Plastic Chip Carrier (PCC) 

•Available in 300 Series devices only 

C QR 

L Special Variations 
QR = Commercial grade device 

with burn-in 
*QB = Military grade device with 

environmental and burn-in 
processing 

'----Temperature Range 
c = Commercial (0°C to + 85°C) 

• M = Military ( - ss·c to + 12s°C) 

For most current packaging information, contact product marketing . 
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(205) 837-1074 Zeus Components (407) 365-3000 (301) 995-0003 
Hamilton/ Avnet (406) 629-4789 St. Petersburg Hamilton/ Avnet 
(205) 837-7210 Sunnyvale Hamilton/ Avnet (301) 995-3500 
Pioneer Technology Arrow Electronics (813) 576-3930 Time Electronics 
(205) 837-9300 (408) 745-6600 Winter Park (301) 964-3090 
Time Electronics Bell Industries Hamilton/ Avnet Zeus Components 
(205) 721-1133 (408) 734-8570 (407) 628-3888 (301) 997-1118 

ARIZONA Hamilton/ Avnet GEORGIA Gaithersburg 

Chandler (408) 743.3355 Duluth Pioneer Technology 

Hamilton/ Avnet Time Electronics Arrow Electronics (301) 921-0660 

(602) 231-5100 (408) 734-9888 (404) 497-1300 MASSACHUSETTS 
Phoenix Thousand Oaks Norcross Andover 

Arrow Electronics Bell Industries Bell Industries Bell Industries 
(602) 437-0750 (805) 499-6821 (404) 662-0923 (508) 474-8880 

Tempe Torrance Hamilton/ Avnet Lexington 
Anthem Electronics Time Electronics (404) 447-7500 Pioneer Standard 
(602) 966-6600 (213) 320-0880 Pioneer Technology (617) 861-9200 
Bell Industries Tustin (404) 448-1711 Zeus Components 
(602) 966-7800 Arrow Electronics Time Electronics (617) 863-8800 
Time Electronics (714) 838-5422 (404) 448-4448 Norwood 
(602) 967-2000 Yorba Linda 

ILLINOIS Gerber Electronics 

CALIFORNIA 
Zeus Components 

Addison (617) 769-6000 

Agora Hills 
(714) 921-9000 

Pioneer Electronics Peabody 

Bell Industries COLORADO (708) 437-9680 Hamilton/ Avnet 

(818) 706-2608 Englewood Bensenville (508) 531-7430 

Zeus Components Anthem Electronics Hamilton/ Avnet Time Electronics 

(818) 889-3838 (303) 790-4500 (708) 860-7780 (508) 532-6200 

Anaheim Arrow Electronics Elk Grove Village Wilmington 

Time Electronics (303) 790-4444 Anthem Electronics Anthem Electronics 

(714) 934-0911 Hamilton/ Avnet (708) 640-6066 (508) 657-5170 

Chatsworth (303) 799-7800 Bell Industries Arrow Electronics 

Anthem Electronics CONNECTICUT (708) 640-1910 (508) 658-0900 

(818) 700-1000 Cheshire Itasca MICHIGAN 
Arrow Electronics Time Electronics Arrow Electronics Ann Arbor 
(818) 701-7500 (203) 271-3200 (708) 250-0500 Bell Industries 
Hamilton Electro Sales Danbury Urbana (313) 971-9093 
(818) 700-6500 Hamilton/ Avnet Bell Industries Grand Rapids 
Time Electronics (203) 797-2800 (217) 328-1077 Arrow Electronics 
(818) 998-7200 Norwalk Wood Dale (616) 243-0912 

Costa Mesa Pioneer Standard Time Electronics Hamilton/ Avnet 
Avnet Electronics (203) 853-1515 (708) 350-0610 (616) 243-8805 
(714) 754-6050 Wallingford INDIANA Pioneer Standard 
Hamilton Electro Sales Arrow Electronics Carmel (616) 698-1800 
(714) 641-4159 (203) 265-7741 Hamilton/ Avnet Livonia 

Cypress Waterbury (317) 844-9333 Arrow Electronics 
Bell Industries Anthem Electronics Fort Wayne (313) 665-4100 
(714) 895-7801 (203) 575-1575 Bell Industries Pioneer Standard 

Gardena FLORIDA (219) 423-3422 (313) 525-1800 
Bell Industries Altamonte Springs Indianapolis Novi 
(213) 515-1800 Bell Industries Advent Electronics Inc. Hamilton/ Avnet 
Hamilton/ Avnet (407) 339-0078 (317) 872-4910 (313) 347-4720 
(213) 217-6751 Pioneer Technology Arrow Electronics Southfield 

Irvine (407) 834-9090 (317) 243-9353 R. M. Electronics, Inc. 
Anthem Electronics Clearwater Bell Industries (313) 262-1582 
(714) 768-4444 Pioneer Technology (317) 634-8200 Wyoming 

Ontario (813) 536-0445 Pioneer Standard R. M. Electronics, Inc. 
Hamilton/ Avnet Deerfield Beach (317) 573-0880 (616) 531-9300 
(714) 989-4602 Arrow Electronics IOWA MINNESOTA 

Rocklin (305) 429-8200 Cedar Rapids Eden Prairie 
Anthem Electronics Bell Industries Advent Electronics Anthem Electronics 
(916) 624-9744 (305) 421-1997 (319) 363-0221 (612) 944-5454 
Bell Industries Pioneer Technology Arrow Electronics Pioneer Standard 
(916) 652-0414 (305) 428-8877 (319) 395-7230 (612) 944.3355 

Sacramento Fort Lauderdale Bell Industries Edina 
Hamilton/ Avnet Hamilton/ Avnet (319) 395-0730 Arrow Electronics 
(916) 925-2216 (305) 971-2900 (612) 830-1800 

San Diego Hamilton/ Avnet 
Time Electronics (319) 362-4757 Time Electronics 

Anthem Electronics (305) 484-7778 (612) 835-1250 
(619) 453-9005 Lake Mary KANSAS Minnetonka 
Arrow Electronics Arrow Electronics Lenexa Hamilton/ Avnet 
(619) 565-4800 (407) 333-9300 Arrow Electronics (612) 932-0600 
Hamilton/Avnet Largo (913) 541-9542 
(619) 571-7510 Bell Industries Hamilton/ Avnet 
Time Electronics (813) 541-4434 (913) 888-8900 
(619) 566-1331 



NATIONAL SEMICONDUCTOR CORPORATION DISTRIBUTORS (Continued) 

MISSOURI Rochester OREGON WASHINGTON 
Chesterfield Arrow Electronics Beaverton Bellevue 

Hamilton/ Avnet (716) 427-0300 Almac-Stroum Electronics Almac-Stroum Electronics 
(314) 537-1600 Hamilton/ Avnet (503) 629-8090 (206) 643-9992 

St. Louis (716) 475-9130 Anthem Electronics Bothell 
Arrow Electronics Summit Electronics (503) 643-1114 Anthem Electronics · 
(314) 567-6888 (716) 334-8110 Arrow Electronics (206) 483-1700 
Pioneer Standard Ronkonkoma (503) 645-6456 Kent 
(314) 432-4350 Zeus Components Hamilton/ Avnet Arrow Electronics 
Time Electronics (516) 737-4500 (503) 627-0201 (206) 575-4420 
(314) 391-6444 Syracuse Lake Oswego Redmond 

NEW HAMPSHIRE Hamilton/ Avnet Bell Industries Bell Industries 

Hudson (315) 437-2641 (503) 635-6500 (206) 885-9963 

Bell Industries Time Electronics Portland Hamilton/ Avnet 

(603) 882-1133 (315) 432-0355 Time Electronics (206) 881-6697 

Manchester Westbury (503) 684-3780 Time Electronics 

Arrow Electronics Hamilton/ Avnet Export Div. PENNSYLVANIA (206) 882-1600 

(603) 668-6968 (516) 997-6868 Horsham WISCONSIN 
Hamilton/ Avnet Woodbury Anthem Electronics Brookfield 
(603) 624-9400 Pioneer Electronics (215) 443-5150 Arrow Electronics 

NEW JERSEY 
(516) 921-8700 Pioneer Technology (414) 792-0150 

Cherry Hill NORTH CAROLINA (215) 674-4000 Mequon 

Hamilton/ Avnet Charlotte King of Prussia Taylor Electric 

(609) 424-0100 Pioneer Technology Time Electronics (414) 241-4321 

Fairfield (704) 527-8188 (215) 337-0900 Waukesha 

Anthem Electronics Time Electronics Monroeville Bell Industries 

(201) 227-7960 (704) 522-7600 Arrow Electronics (414) 547-8879 

Hamilton/ Avnet Durham (412) 856-7000 Hamilton/ Avnet 

(201) 575-3390 Pioneer Technology Pittsburgh (414) 784-4516 

Marl ton (919) 544-5400 Hamilton/ Avnet CANADA 
Arrow Electronics Raleigh (412) 281-4150 WESTERN PROVINCES 
(609) 596-8000 Arrow Electronics Pioneer Burnaby 

Parsippany (919) 876-3132 (412) 782-2300 Hamilton/ Avnet 
Arrow Electronics Hamilton/ Avnet TEXAS (604) 437-6667 
(201) 538-0900 (919) 878-0810 Austin Semad Electronics 

Pine Brook Winston-Salem Arrow Electronics (604) 420-9889 
Nu Horizons Electronics Arrow Electronics (512) 835-4180 Calgary 
(201) 882-8300 (919) 725-8711 Hamilton/ Avnet Hamilton/ Avnet 
Pioneer Standard OHIO (512)837-8911 (403) 250-9380 
(201) 575-3510 Centerville Pioneer Standard Semad Electronics 
Time Electronics Arrow Electronics (512) 835-4000 (403) 252-5664 
(201) 882-4611 (513) 435-5563 Time Electronics Zentronics 

NEW MEXICO Bell Industries (512) 399-3051 (403) 272-1021 

Albuquerque (513) 435-8660 Carrollton Edmonton 

Alliance Electronics Inc. Bell Industries-Military Arrow Electronics Zentronics 

(505) 292-3360 (513) 434-8231 (214) 380-6464 (403) 468-9306 

Arrow Electronics Cleveland Time Electronics Richmond 

(505) 243-4566 Pioneer (214) 241-7441 Zentronics 

Bell Industries (216) 587-3600 Dallas (604) 273-5575 

(505) 292-2700 DaY1on Hamilton/ Avnet Saskatoon 

Hamilton/ Avnet Hamilton/ Avnet (214) 404-9906 Zentronics 

(505) 345-0001 (513) 439-6700 Pioneer Standard (306) 955-2207 

NEW YORK 
Pioneer Standard (214) 386-7300 Winnipeg 
(513) 236-9900 Houston Zentronics 

Amityville Zeus Components Arrow Electronics (204) 694-1957 
Nu Horizons Electronics 
(516) 226-6000 

(914) 937-7400 (713) 530-4700 EASTERN PROVINCES 
Dublin Pioneer Standard Mississauga Binghamton Time Electronics (713) 988-5555 

Pioneer Hamilton/ Avnet 

(607) 722-9300 
(614) 761-1100 Richardson (416) 677-7432 

Buffalo 
Solon Anthem Electronics Time Electronics 

Summit Electronics 
Arrow Electronics (214) 238-7100 (416) 672-5300 

(716) 887-2800 
(216) 248-3990 Zeus Components Zentronics 

Commack 
Hamilton/ Avnet (214) 783-7010 (416) 564-9600 

Anthem Electronics 
(216) 831-3500 Stalford Nepean 

(516) 864-6600 
Westerville Hamilton/ Avnet Hamilton/ Avnet 

Fairport 
Hamilton/ Avnet (713) 240-7733 (613) 226-1700 

Pioneer Standard 
(614) 882-7004 UTAH Zentronics 

(716) 381-7070 OKLAHOMA Midvale (613) 226-8840 

Time Electronics Tulsa Bell Industries Ottawa 

(716) 383-8853 Arrow Electronics (801) 255-9611 Semad Electronics 

Hauppauge (918) 252-7537 Salt Lake City (613) 727-8325 

Arrow Electronics Hamilton/ Avnet Anthem Electronics Pointe Claire 

(516) 231-1000 (918) 252-7297 (801) 973-8555 Semad Electronics 

Hamilton/ Avnet Pioneer Standard Arrow Electronics (514) 694-0860 

(516) 434-7413 (918) 492-0546 (801) 973-6913 St. Laurent 

Time Electronics Radio Inc. Hamilton/ Avnet Hamilton/ Avnet 

(516) 273-0100 (918) 587-9123 (801) 972-4300 (514) 335-1000 

Port Chester West Valley Zontronlcs 

Zeus Components Time Electronics (514) 737-9700 

(914) 937-7400 (801) 973-8181 Willowdale 
ElectroSonlc Inc. 
(416) 494-1666 



SALES OFFICES 

ALABAMA FLORIDA MICHIGAN ONTARIO 
Huntsville Boca Raton Grand Rapids Mississauga 

(205) 721-9367 (407) 997-8133 (616) 940-0588 (416) 678-2920 

ARIZONA Orlando W. Bloomfield Nepean 

Tempe (407) 629-1720 (313) 855-0166 (613) 596-0411 

(602) 966-4563 St. Petersburg MINNESOTA OREGON 

CALIFORNIA 
(813) 577-5017 Blooming too Portland 

Inglewood GEORGIA (612) 854-8200 (503) 639-5442 

(213) 645-4226 Norcross MISSOURI PENNSYLVANIA 
Roseville (404) 441-2740 St. Louis Horsham 

(916) 786-5577 ILLINOIS (314) 569-9830 (215) 672-6767 
San Diego Schaumburg NEW JERSEY PUERTO RICO 

(619) 587-0666 (708) 397-8777 Paramus Rio Piedras 
Santa Clara INDIANA (201) 599-0955 (809) 758-9211 

(408) 562-5900 Carmel NEW MExlCO QUEBEC 
Tustin (317) 843-7160 Albuquerque Pointe Claire 

(714) 259-8880 Fort Wayne (505) 884-5601 (514) 426-2992 
Woodland Hills (219) 484-0722 

(818) 888-2602 NEW YORK TEXAS 
IOWA Fairport Austin 

COLORADO Cedar Rapids (716) 223-7700 (512) 346-3990 
Boulder (319) 395-0090 Melville Houston 

(303) 440-3400 
KANSAS (516) 351-1000 (713) 771-3547 

Colorado Springs 
(719) 578-3319 Overland Park Wappinger Falls Richardson 

Englewood 
(913) 451-4402 (914) 298-0680 (214) 234-3811 

(303) 790-8090 MARYLAND NORTH CAROLINA UTAH 

CONNECTICUT Hanover Raleigh Salt Lake City 

Hamden 
(301) 796-8900 (919) 832-0661 (801) 322-4747 

(203) 288-1560 MASSACHUSETTS OHIO WASHINGTON 
Burlington Day1on Bellevue 

(617) 221-4500 (513) 435-6886 (206) 453-9944 
Independence WISCONSIN 

(216) 524-5577 Brookfield 
(414) 782-1818 
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