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Preface 

In the last five years, the art of digital system and logic design 

has undergone dramatic changes. Integrated circuits of in-

creasing complexity have not only become available but also 

cost competitive, and the classical rules of logic design have 

lost their significance. It is no longer essential to minimize 

the number of gates or flip-flops in order to optimize a de-

sign. The more meaningful task of minimizing total system 

cost is now the primary design consideration. 

There is a gap between the classical rules of logic design 

found in textbooks and taught in universities, and the real-

world requirements of cost effective system and logic design 

using currently available components. This book provides 

many ideas and suggestions covering efficient use of TTL/ 

MSI. Most of the concepts are readily applicable to ECL or 

CMOS designs. 

The INTRODUCTION, written by Peter Alfke, explains the 

impact of MSI circuits on system design and how gate mini-

mizing techniques have given way to imaginative use of com-

plex functional components. General system design rules are 

offered and the advantages as well as the constraints of MSI 

are outlined. 

MULTIPLEXERS are covered in Chapter 1. Eric Breeze and 

Peter Alfke explain their use in data routing, bussing and 

control sequencing, cover such applications as pattern gen-

eration and keyboard encoding, and show how multiplexers 

can perform Qfficiently as function generators of highly ir-

regular functions. In the next chapter, Eric Breeze goes on to 

explain DECODERS and such applications as memory ad-

dress, data or clock demultiplexing, minterm generation and 

switch encoding. 

DIGITAL DISPLAY SYSTEMS, including incandescent, fluo-

rescent, gas discharge and LED displays and decoder/driver 

circuits are explained by Eric Breeze in the third chapter. 

Many detailed display multiplexing circuits are included. In 

the ENCODER chapter, Bob Montevaldo describes the opera-

tion of priority encoders and their use in such areas as hard-

ware priority interrupt, switch encoding, D/A conversion and 

rate multiplication. 

Arithmetic OPERATOR circuits and systems performing addi-

tion, subtraction, multiplication and division, comparison, 

parity check, error correction and code conversion are de-

scribed in Chapter 5 by Peter Alfke. The use of Zero and One, 

High and Low is clarified, negative numbers and carry look-

ahead are discussed, and throughout the chapter the trade 

offs between fast parallel and simple serial methods are 

emphasized. 

Chapter 6 covers LATCHES and applications such as holding 

registers and contact bounce eliminators. The 8-bit address-

able latch is covered in detail and many converter, demulti-

plexing and filter applications are included. The author, 

Bob Montevaldo, goes on to Chapter 8, REGISTERS, and dis-
cusses their operating characteristics and applications as 
register files, recirculating memories, a pseudo-random 

sequence generator, and a typical minicomputer Arithmetic 

Logic Unit. 

MEMORY circuits are described in Chapter 7, including ran-

dom access read/write and read only memory devices. A 

detailed discussion of timing requirements for read/write 

memory circuits, a Last In/First Out memory, and methods 

for changing and expanding ROMs are included. 

COUNTERS by Peter Alfke provides an overview of asynch-

ronous, semisynchronous, presettable and bidirectional MSI 

counters. Many applications such as the use of counters in 

divider configurations, high speed presettable synchronous 

counters, shift registers as counters, an industrial counter 

and a digital stopwatch are covered. 

SMALL SCALE INTEGRATION is the subject of Chapter 10, 

in which Peter Aflke describes gates, inverters and buffers 

and such applications as oscillators and edge detectors. The 

second part of the chapter covers single and dual flip-flops 

and their applications as counters, differentiators, bounce 

eliminators, and switch synchronizers. Conventional applica-

tions of gates and flip-flops are not included because they are 

quite well-known and MSI has made them less important. 

Chapters 11 and 12 cover LOW POWER and SCHOTTKY TTL 

respectively, and summarize their advantages and design 

precautions. Chapter 13, by Ken True, discusses MONO-

STABLE MULTIVIBRATORS. Because they are half analog, 

half digital devices, circuit oriented descriptions are included 

explaining triggering and timing, retriggerable and non-

retriggerable operation of both single and dual monostables, 

and the use of electrolytic capacitors. Applications include a 

frequency discriminator, pulse width detector, contact bounce 

eliminator, oscillator, and a gated clock generator. 

In the next chapter, INTERFACE circuits are covered by Ken 

True. The important design considerations relevant to inter-

face of TTL with transmission lines are explained, including 

the various aspects of single-ended vs. balanced differential 

methods, simplex vs. multiplex lines, and line matching. A 

technique for estimating signal quality as a function of line 

length is explained. 

The final chapter is a summary of TTL ELECTRICAL CHARAC-

TERISTICS. Peter Alfke describes input and output configura-

tions, current and voltage levels, and thermal characteristics. 

General recommendations as to system layout, interconnec-

tions and decoupling are made. Timing aspects of edge-

triggered devices are explained and problems associated 

with clock skew are discussed. Also included are various 

interfaces with other integrated circuit logic families and 

discrete devices. 

This book is meant to be a complete "user's handbook" for 

TTL/MSI. It is based on ideas and designs generated in Fair-
child's digital applications over the last five years. The 

authors acknowledge valuable ideas and contributions by 
Clive Ghest, John Nichols, Mogens Ravn and John Springer, 

the administrative backing of Bob Ulrickson, and the produc-
tion coordination by Mary Jean Kulus and Marty Lindquist. 

FAIRCHIL-ID 

SEMICONDLJGTOR 

Mountain View, California August 1973 
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A designer was feeling frustrations, 

Gates and Flip-Flops were taxing his patience. 
So he said What a mess! 

I can do it for less, 

If I use Fairchild's smart applications. 
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INTRODUCTION 

The ultimate objective of any digital system design is to 

achieve a given performance for the lowest total system cost. 

Total system cost includes design, tooling, manufacturing, 

and service. The relative importance of these factors varies 

with different industries. In aerospace, design and service 

tend to dominate. In consumer fields, manufacturing cost 

dominates. In any case, however, total cost over the life of 

the system should be minimized. 

A system and logic designer achieves this goal with the selec-
tion of the appropriate system architecture and the selection 

of those components which are best for the system architec-

ture. Today, there is an almost overwhelming variety of 

alternatives. In only ten years, several integrated circuit tech-

nologies have vied for the attention of designers. 

• RTL, the earliest family, offered high performance but 

insufficient noise margins. 

• DTL, slower but easier to use, offered improved noise mar-

gins and fan out. It has been gradually superceded by its 
faster cousin, TTL. 

• TTL offers higher speed, better noise immunity and drive 

capability, by far the largest number of standard com-

plex devices and various speed/power trade offs. 

• CTL offers higher speed at moderate cost and power dis-

sipation but requires more experience on the part of the 

user because the logic levels are non-restoring. 

• ECL offers the highest speed, drives terminated trans-

mission lines, and is the ultimate choice for very fast 

systems. 

• MOS offers greatly increased complexity and lower power 

consumption but significantly less speed. It is predomin-

ately used in large regular arrays such as serial and ran-

dom access memories, custom LSI circuits for high volume 

production -- notably calculators, and microprocessors 
which implement logic with programming steps rather than 
hard wired connections. 

• CMOS offers extremely low power consumption when op-

erated at low speed. Complexity is comparable to TTL, 

speed is between MOS and TTL. 

Although the applications in this book concentrate on TTL 

components, many are applicable to other technologies, par-

ticularly ECL and CMOS. 

THE IMPACT OF MSI ON LOGIC DESIGN 

In the days of vacuum tubes, transistors, diodes, and even 

integrated circuits containing gates and flip-flops (pre 1967), 

the art of logic design was clearly defined and measured. The 

logic designer attempted to design with a minimum number 

of components, using such established techniques as Kar-

naugh maps, Veitch diagrams, and Boolean algebra. System 

design, logic design and component selection were indepen-

dent, requiring little interaction on the part of the designers. 

Medium Scale Integration, standard circuits with 20 to 

100-gate complexity, has radically changed this relationship 

and made system design, logic design, and component selec-

tion heavily interdependent, each influencing and influenced 

by the others. It is no longer sufficient — or even important 

—to minimize the number of gates and flip-flops. It is far 

more important to select the proper complex integrated 

circuit which can perform the desired function most econ-

omically. It may even be appropriate to redefine subsystems 
to accommodate more sophisticated and more cost-effective 

components. In addition, the higher levels of integration also 

offer reduced power consumption and improved system relia-

bility. Logic design is no longer an isolated art, has left its 

ivory tower and is more demanding, but at the same time 
far more stimulating and rewarding. 

The logic designer today must be involved in system design, 

must know about the complex components available, and 

must be aware of economical impacts of semiconductors, 

printed circuit boards, connections, and power supplies. This 

knowledge, and the trade-offs represented, are necessary 

to achieve this goal . . the lowest system cost for specified 

performance. 

IX 



INTRODUCTION 

ADVANTAGES OF MSI 

Complex MSI devices offer many advantages over SSI gates 

and flip-flops. 

• Increased packing density — more functions on a printed 

circuit board — simplified mechanical construction 

• Reduced interconnections — solder joints, backplane 

wiring, and connectors 

• Improved system reliability. Mean time between failure 

of an MSI is roughly the same as MTBF of an SSI device, 

so a reduction in package count increases system MTBF. 

Moreover, the reduced interconnections improved 

reliability. 

• Reduced power consumption and total heat generation. 

However, the increased density possible with MSI can 

result in higher power and heat densities. 

• Lower cost. MSI/SSI cost comparisons must consider true 

total cost, not only the purchase price of the integrated 

circuits. An unavoidable overhead cost is associated with 

each IC, attributed to testing, handling, insertion, and 

soldering plus the appropriate share of connectors, PC 

boards, power supplies, cabinets, etc. This overhead cost 

is generally estimated to be $50 to $1.50 per circuit. 

When this cost is added to semiconductor cost, MSI offers 

more economical solutions even in cases when the MSI 

components are more expensive. 

• Decreased design, debugging, and servicing costs and 

time. Because MSI devices are functional subsystems, it 

is much easier and faster to design a system with them. 

This is an important consideration when average product 

design lifetime shrinks and designers are pressed to com-

plete increasingly complex designs in less and less time. 

Functional partitioning also simplifies debugging and 

service. 

Because of these obvious advantages, MSI is generally accept-
ed in the regular and repetitive portions of digital designs. 

Today, no one would build a synchronous counter with dual 

flip-flops or a latch array with NAND gates. In less regular 

and less repetitive areas, notably control circuits, MSI has 

not yet found such acceptance. Instead, the old, gate-
minimized approach using SSI devices prevails. To a large 

extent this is only because designers are not sufficiently 
aware of the more subtle features of good MSI circuits and the 
logic manipulations possible. MSI devices can be used to 

advantage even in very irregular and very specialized design 

areas. Moreover, the control features of synchronous coun-
ters and registers can significantly reduce specialized con-
trol logic. 

Imaginative application of MSI components reduces the role 

of gates and flip-flops to that of "glue" between the MSI cir-

cuits. The result is an optimized system with more MSI pack-
ages than SSI packages, with 80 to 90% of the logic imple-

mented with MSI. The applications in this book intend to 

prove this point by showing conventional and unconventional 

uses of MSI which make systems more economical and more 

reliable. 

GENERAL SYSTEM DESIGN RULES 

• Adapt system architecture to performance required and 

components used. Use parallel architecture and fast com-

ponents for highest speed. Use serial architecture and 

siow components for slow systems, which reduces cost and 

power consumption. Use parallel architecture with s/ow 

components or serial architecture with fast components for 

intermediate speed requirements. 

• Avoid asynchronous systems; convert them to synchronous. 

Synchronous systems are easier to design, debug and ser-

vice. They are more reliable than asynchronous systems. 

A simple, inexpensive clock generator using less than one 

gate package may be sufficient to solve an inherently 

asynchronous problem in a synchronous manner. 

• Use extra care with all clock signals to counters and regis-

ters and with trigger inputs to monostables. Avoid clock 

gating as much as possible; use the synchronous Enable 

inputs instead. Beware of the glitches on the outputs of 

decoders and similar combinatorial logic. Avoid slow rise 

times (>50 ns) and watch out for double pulses (over-

tones) from crystal oscillators. Most problems with in-

herently slow systems can be traced to double triggering 

of register and monostables due to poor clock and trigger 

signals. The designer of slow systems must be constantly 

aware of the fact that TTL components are capable of 

speeds of 10 to 50 MHz and that they react to trigger 

spikes invisible on an oscilloscope used for displaying 

slow events. 

• Minimize the use of monostables and avoid RC elements 
in any signal path. Monostables are often used as a "quick 

and dirty" fix for an improperly designed system. Mono-

stables are inherently linear circuits with limited noise 
immunity and this is a major disadvantage in noisy digital 

environments. A carefully designed synchronous system 

using edge triggered devices rarely needs a monostable. 

• MSI designs should be based directly on system block 

diagrams. A gate-minimized logic design hides the basic 

system structure and a direct conversion to MSI is bound 
to be inefficient. It is always better to discard gate-

minimized logic design and design with MSI directly from 

the original system block diagrams. 

• Imaginatively explore MSI functional capabilities. The 

name applied to most MSI circuits merely describes the 
primary function of that device. A well-defined MSI de-

vice is far more versatile than the obvious function indi-
cated by its name. A synchronous presettable counter 

can be used as a shift register, a decoder can be a data 

demultiplexer, and a multiplexer can be an efficient func-

tion generator. MSI devices are surprisingly versatile and 

this versatility should be used to advantage. 
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INTRODUCTION 

TTL/MSI DEVICE DESIGN CONSIDERATIONS 

Thus far, this introduction has discussed TTL/MSI from the 

point of view of the system designer. However, it is also 

important for system designers to be aware of the design 
considerations faced by the TTL/MSI device designer. The 

design of TTL/MSI circuits is predominately influenced 

by three factors. 

• COST — The device must be inexpensive to manufacture. 

• POWER — The device must be able to dissipate its power 

while maintaining an acceptable junction temperature. 

• PACKAGE — The device must be partitioned to perform a 

useful function with minimal input and output connec-

tions available in a practical package 

13 

1 
I 
/ 
/ 
/ 

./ 

ACT AL SYSTEM COST.... "  

PURCHASE MICE 

8 16 32 64 28 

COMPLEXITY - NUMBER OF GATE UNCTIONS 

256 

\ ACTUAL 
\ SYSTEM COST 

PURCHASE 
PRICE 

4 e 16 32 64 178 256 

COMPLEXITY NUMBERS OE GATE FUNCTIONS 

Cost 

The chip and the package are the major influences on the 

manufacturing cost of TTL/MSI circuits. Chip cost does in-

crease with complexity, but at low complexity this increase 

is less than proportional because chip connection pads actu-

ally dominate the chip area. With very high complexity, chip 

cost increases at a rate more than proportional to complexity 

because very complex and larger chips are subject to a lower 

manufacturing yield. Because the packaging cost for a given 

package is not affected by the chip complexity, it has a rel-

atively larger impact on the cost of simple circuits. So, the 

cost of producing an integrated circuit rises slowly with low 

complexity chips, but then climbs steeply. Therefore, the 

cost per on-chip gate function has a minimum at a certain 

complexity. For random or near-random logic, this minimum 

cost is at the 50 to 100-gate complexity level; for regular 

memory arrays, it is approximately 256 bits. In addition, 

low manufacturing cost is only achieved when circuits are 

produced in volume. Volume production amortizes develop-

ment costs and eliminates or minimizes manufacturing pro-

cess problems earlier. The result is improved product avail-

ability at a lower cost. 

Power 

Power means heat. The power dissipation of a device in a 

16-lead Dual In-line package should be kept below 500 mW 

to insure a tolerable junction temperature at the highest 

operating ambient temperature. Fast TTL circuits dissipate 
approximately 5 mW per internal gate which limits complex-

ity to about 100 gates per package. Complexity beyond 100 

gates requires either a larger package or slower, less power 

consuming technology such as Low Power TTL or CMOS. 

Package 

Another device design constraint is the number of leads avail-

able for inputs and outputs. The 16-lead Dual In-line Package 

has become the standard for rrumsi circuits. It is inexpen-

sive, easy to use, and compact. Larger 24-lead packages are 

used, but are considerably more expensive, three times 

larger, heavier, and more difficult to handle. Moreover, 

many inputs and in particular outputs increase chip size, 

assembly cost, and power dissipation. 

Thus, from the manufacturer's standpoint, the ideal TTL/ 
MSI device meets the following criteria. 

• complexity of 50 to 100 gates 

• 16-lead DIP 

• no more than 5 or 6 outputs 

• 300 to 500 mW power dissipation 
• application in many digital systems in different industries 
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INTRODUCTION 

USER-ORIENTED TTL/MSI 

With these considerations in mind, several semiconductor 
manufacturers have developed and are offering TTL/MSI 

families. The most successful are Texas Instrument's 7400 

family and Fairchild's 9300 family. Both families are second-
sourced (the original part # is retained) and copied by many 

manufacturers. 

Fairchild 9300 TTL/MSI circuits were designed, developed 

and built with emphasis on user-oriented features. 

• All available leads are used. 

When 50 or more gates function in a 16-lead package the 

user has no access to most internal nodes. Consequently, 

the circuit must be defined and partitioned very carefully, 

so that the resulting device can perform a useful function 

with the limited input/output connections. With some 

devices (a 1 -of-10 decoder, for example), lead use is ob-

vious. Others, however (serial shift registers), do not 

need all the leads for their basic function. In these cases, 

logic is added (input Multiplexers, complementary out-

puts, clock control circuits) which uses all available leads 

and makes the circuit more versatile, often eliminating 

external gates. 

• Devices are self-extending. 

Most systems use MSI devices as parts of larger sub-

systems (four 4-bit counters form a 16-bit counter, four 

8-input multiplexers form a 32-input multiplexer, five 

5-bit comparators are used to build a 21-bit comparator). 
This expansion must be possible with minimal or no exter-

nal gating. Otherwise, the cost, space, and power saving 
features of MSI are defeated. Enable inputs, decoded Ter-

minal Count outputs, Group Signal outputs, etc., facilitate 

this expansion. 

• Control and Clock polarities are compatible. 

Signal polarities (High or Low) throughout the TTL/MSI 

family have been selected so external inverters are not re-

quired for most applications. Decoder outputs are active 

Low, therefore Enable inputs are also active Low, because 

they are often driven by decoders or NAND gates. All Fair-

child originated 9000 and 9300 flip-flops, registers, and 

counters change output states following the same clock 

transition (Low-to-High) avoiding clock skew problems en-

countered with mixed clock polarities. 

• Inputs are buffered and encoded. 

Inputs to MSI devices, particularly control and clock inputs, 
often perfrom several internal functions. Without input buf-
fers, this results in a fan in of several unit loads. The 

9300 family has on-chip input buffers, avoiding this load-

ing problem and offering several advantages. First, fan 
in is reduced, decreasing the number of SSI buffers requir-

ed in a system. Second, on-chip buffers do not drastically 

increase the chip size, and because buffers are necessary 

somewhere in the system, designing them into the chip 

means they drive a known load at reduced voltage swing, 

saving power and gaining speed. SSI buffers, on the other 

hand, must be designed for worst-case supply voltage, 
noise margin, fan out, etc., and are therefore less efficient. 

Expanding the idea of on-chip input buffers leads to 

the placement of complete decoders on the chip in-

puts. Again, the additional chip area used is relatively 

small, but the advantages of increased function and/ 

or less leads generally more than offsets the increase 

in chip size. Placing decoders on the chip also has 

important system consequences, substantially increas-

ing the logic capability of the circuits, and resulting 

in greater logic flexibility. 

• Sequential circuit timing is simplified. 

Almost all 9300 circuits operate synchronously. In a syn-

chronous system, all output changes are actuated by a 

common clock transition, avoiding cascaded delays and 

decoding spikes which plague asynchronous systems. Edge 

triggered devices can accommodate combinatorial delays 

almost as long as a clock period cycle. They are less sensi-

tive to noise and to variations in the clock duty cycle than 

ones catching Master/Slave circuits. This is discussed in 

detail under flip-flops (SSI) and in the Electrical Character-

istics Chapter. 

TERMINOLOGY 

ACTIVE 
LOW AC rIVE HIGH INPUTS 
INPUT 

3 WAY 
INPUT 

Acine La. 
ACTIVE HIGH 
OUTPUTS 

ACTIVE LOW 
OUTPUT 

ACTIVE HIGH 
INPUT 

The logic symbols used to represent the MSI devices follow 

Mil Std 806B for logic symbols. MSI elements are represent-

ed by rectangular blocks with appropriate external AND/OR 

gates when necessary. A small circle at an external input 

means that the specific input is active Low; i.e., it produces 

the desired function, in conjunction with other inputs, if its 

voltage is the lower of the two logic levels in the system. A 

circle at the output indicates that when the function designat-

ed is True, the output is Low. Generally, inputs are at the top 

and left and outputs appear at the bottom and right of the 
logic symbol. An exception is the asynchronous Master Reset 

in some sequential circuits which is always at the left hand 

bottom corner. 

Inputs and outputs are labeled with mnemonic letters as 

illustrated in the table opposite. Note that an active Low func-

tion labeled outside of the logic symbol is given a bar over 
the label, while the same function inside the symbol is label-

ed without the bar. When several inputs or outputs use the 
same letter, subscript numbers starting with zero are used in 
an order natural for device operation. 

This nomenclature is used throughout this book and may 

differ from nomenclature used on data sheets (notably early 
7400 MSI), where outputs use alphabetic subscripts or use 
number sequences starting with one. 
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INTRODUCTION 

LABEL MEANING EXAMPLE 

ix General term for inputs to combinatorial circuits. 

, 10 II 12 13 14 15 16 17 
SO 

9312 
s1 8 INPUT MULTIPLEXER 

s, Z 2 

J,K 
1 1 1 1 61 1 1 1 

S,R 

D 

P 

Inputs to JK, SR, and D flip -flops, latches, registers, and counters. 

E Do DI 02 03 

I 1 931:41 DUAL 
4 BIT LATCH 

MR oo 0 10 2 0 3 

F Do DI 02 D3 

1 2 9308 DUAL 
4.811 LATCH 

MR oo 0 10 2 0 3 

1'1111 T1111 

1111 

Ax, Sx 

Address or Select inputs, used to select an input, output, data route, 

junction, or memory location. 

.0 A, A7 A3 

9301 
I OF 10 DECODER  

03 01 02 03 04 05 06 07 08 09 

M??????? 

11111 11111 

r Enable, active Low on all TTL/MSI. i—clE 

Ao AI *2 A3 A4 BO BI 82 83 84 

9324 

5.13IT COMPARATOR 

A>B A<B AVE 

1 1 1 

OE 

cHill 

PE Parallel Enable, a control input used to synchronously load information in 

parallel into an otherwise autonomous circuit. 

— 

— 

PE Po PI P2 P3 
J 

9300 
CP 4-BIT UNIVERSAL 03 

., SHIFT REGISTER 

MR 00 0 1 0 2 0 3 

f 1111 

i,1111 
MR Master Reset, asynchronously resets all outputs to zero, overriding all 

other inputs. 

CE7 1718:02 P3 

CET DECADE IC 
,_. COUNTER 

s'' MR Oo 01 02 03 

gei---1) 1 1 1 1 

EI 1 

CL 

I 1 A0 

Clear, resets outputs to zero but does not override all other inputs. 

F D 

9334 
A1 8 BIT ADDRESSABLE LATCH 

A2 C1 00 01 02 03 04 05 06 07 

1 1 1 1 1 1 

CP Clock Pulse, a High -to -Low -to -High transition. An High I 11111 

CET 

generally active 

clock (no circle) means outputs change on Low -to -High clock transition. 

for 

CEP P° P' P2 .3 
9316 

CET 4-BIT IC 
CP BINARY COUNTER 

MR 00 0 1 02 03 
CE, CEP, Count Enable inputs counters. 

cr I 1 1 1 

, 

I I 1 I 1 1 1 1 

ZX, Ox, Fx General terms for outputs of combinatorial circuits. 

-- 

—' 

104 114 174 134 100 116 126 135 
So 

9309 
DUAL 4 INPUT MLL TIPLEXER 

SI 
Z4 14 : 25 Z, 

II YY 

Q X 
General term for 

1 1 1 1PT  1 

TC 

outputs of sequential circuits. 

Terminal Count output (1111 for up binary counters, 1001 for up decimal 

7 :3'1: E1C1P: P3 
CE  

CET DECADE IC 
. COUNTER 

C. MR 0 0 0 1 0 2 0 3 

counters, or 0000 for down counters). y 1 1 1 1 
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M ultiplexers 

Data Routing 

Dual 10-Input Multiplexer 

Left/Right Shift Parallel Load Register 

Four Word Sorter 

Serial Memory Applications 

Data Commutation 

Multiple Word Data Bussing 

Data Transfer 

Time Multiplexing and Data Routing 

Memory Application 

8-Step Control Sequence 

Decade Multiplexer 

Pattern Generator 

15-Key to Binary Code Converter 

Multiplexers as Function Generators 

Adder, Full Subtractor 

X of Y Pattern Detector 



MULTIPLEXER SELECTION GUIDE 

Function Device 
No. of 

Sections 

No. of 
Inputs per 
Section 

Enable 
Inputs 

True 
Output 

Comple- 
ment 
Output 

Select 
Delay, 
ns (typ) 

Enable 
Delay, 
ns (typ) 

Data 
Delay, 
ns (typ) 

Power 
Dissipa - 

tion 
mW (typ) Fan Out Leads 

Quad 9322, 74157 4 2 1 X 20 18 10 150 10.0 UL 16 

2-Input 93L22 4 2 1 X 60 54 30 45 2.5 UL 16 

93S157, 74S157 4 2 1 X 10 8 5 250 12.5 UL 16 

93S257, 74S257 4 2 1 3-state 10 13 5 320 12.5 UL 16 

93S158, 74S 158 4 2 1 X 8 7 4 195 12.5 UL 16 

93S258, 74S258 4 2 1 3-state 8 13 4 280 12.5 UL 16 

Dual 9309 2 4 X X 15 10 150 10.0 UL 16 
4-Input 93L09 2 4 X X 45 30 38 2.5 UL 16 

93153 2 4 2 X 22 19 15 180 10.0 UL 16 

93S153, 74S153 2 4 2 X 12 10 6 225 12.5 UL 16 

93S253, 74S253 2 4 2 3-state 12 13 6 325 12.5 UL 16 

8-Input 9312 1 

O
D
C
O
O
D
C
O
O
D
C
O
O
D
C
O
O
D
 

1 X X 18 15 10 135 10.0 UL 16 

93L12 1 1 X X 54 45 30 36 2.5 UL 16 

93S12 1 1 X X 12 10 7 190 12.5 UL 16 

9313 1 1 X O.C. 25 22 18 135 10.0 UL 16 

93S13 1 1 3-state 3-state 12 10 7 215 12.5 UL 16 

93151, 74151 1 1 X X 22 21 13 145 10.0 UL 16 

93S151, 74S151 1 1 X X 17 10 8 225 12.5 UL 16 

93S251, 74S251 1 1 3-state 3-state 12 13 8 275 12.5 UL 16 

93152, 74152 1 1 X 22 13 130 10.0 UL 14 

16-Input 93150, 74150 1 16 1 X 22 21 13 200 10.0 UL 24 
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MULTIPLEXERS 

INTRODUCTION 

Digital multiplexers are combinatorial (non-memory) devices 
controlled by a selector address which routes one of many in-

put signals to the output. They can be considered semicon-
ductor equivalents to multiposition switches or stepping 

switches. 

Multiplexers are used for data routing and time division 
multiplexing. They can also generate complex logic func-

tions. For example, the 9312 8-input/1-pole multiplexer 

generates any of the 216 different logic functions of four 
variables; the 9309 4-input/2-pole multiplexer generates 

any two of the 256 functions of three variables; the 9322 
2-input/4-pole multiplexer generates any four of the 16 

functions of two variables. A single multiplexer package can 

replace several gate packages, saving printed circuit board 

area, interconnections, propagation delays, power dissipa-

tion, design effort, and component cost. 
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9322 QUAD 2-INPUT MULTIPLEXER 

DESCRIPTION AND OPERATION 

LEADS LOADING 

S 

E 

10X ,I 1X 

Common Select Input 

Enable (Active Low) Input 

Multiplexer Inputs 

Multiplexer Output 

1 UL 

1 LIL 

1 UL 

10 UL 

SELECT 

ENABLE INPUT INPUTS OUTPUT 

E S lox 'ix zx 

H X X X L 

L H X L L 

L H X H H 

L L L X L 

L L H X H 

CHARACTERISTICS 

TYPICAL DELAYS 

PACKAGE 

TYPICAL POWER 

DISSIPATION 

10 to Z 10 ns 

E to Z 15 ns 

S to Z 19 ns 

16 Lead DIP or Flatpak 

125 mW 

11 1 1 1 1 1 1 1  
E 10a (la 4213 11 b 10c lc 911 'IX 

9322 ClUAD 
2-INPUT MULTIPLEXER 

4 4 4 4 

I I 1 I 

id CM 'IR NOR .1b .01) 9 a 

11>>> 

e > 

• 

1> 

• • 

L 
• 

rCa) 

\à/z„ 

The 9322 quad 2-input multiplexer has common input 

select logic, common active Low Enable and active High 

outputs. It allows four bits of data to be switched in 

' 

to. 

k. 

parallel to the appropriate outputs from four 2-bit data 
sources. When the Enable is not active, all the outputs 

are held Low. 



9322 QUAD 2-INPUT MULTIPLEXER APPLICATIONS 

DATA ROUTING 

- — 1 

 AP. 

COUNTER RI 

CLOCK 

PE Pd P, P2 P3 
CEP 

9310 UP 
CET DECADE IC 

cp COUNTER 

MR 000, 02 03 

PE po Pi P, P3 

P 9310 uP 
'fi D CADE II 

COURIER 

MR 0,20, 02 U3 

I 

EIØ 1'Ob lib ,* Ii. 'Oc1 Ifld 

COUNTER SELECT 

LATCH 

ENABLE 

9322 QUAD 
2-INPUT MULTIPI EXER 

2,, Z., Z Zd 

TO FOLLOWING 

STAGES L-

2 

Oa ha 00 ,18 10c 11c lOd iid 

9322 QUAD 
2-INPUT MUI TIPLEXER 

Z, Z Z Id 

COUNTER #2 

PE Po Pi P2 P3 

AO AI A2 A3 FL RBI 

9368 

7 SEGMENT DECODER 
DRIVER LATCH 

P80 

1 1 

REV., 

AO AI A ] A 3 EL AB' 

9368 

7 SEGM ENT DECODER 

DRIVER LATCH 

- 

DISPLAYS ARE ENO 70 

Multiplexers usually route data from one of several 
sources to one destination. One typical application is 

shown here. This system displays the contents of one of 
two multidigit BCD counter banks. The 9322 multi-
plexers select one of the two counters; when the count-

er Select line is Low, counter 1 is selected, when it is 

High, counter 2 is selected. The multiplexer outputs 
feed into the 9368 BCD to 7-segment decoder drivers 
with input latches. 

  •0 FOLLOWING STAGES 

PE Po P, P2 
CEP 

9310 tLP 
CET DECADE C 

COUNTER 

MR 00 0, 02 CL 

 e. 

1 

1 

1 

1 
TO FOLLOWING 

1 
STAGES 

The display follows the selected counter when the Latch 
Enable input is Low. When this line is High, the display 

is no longer affected by input changes, but retains the 

information that was applied prior to the Low-to-High 

transition of the Latch Enable. The 9368 interfaces 

directly with common cathode LED displays such as the 

FND 70. For driving incandescent displays with this 

circuit, simply replace the 9368 devices with 9370 7-

segment decoder/driver/latches. 
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9322 QUAD 2-INPUT MULTIPLEXER APPLICATIONS 

DUAL 10-INPUT MULTIPLEXER 

I 

11 
MULTIPLEXER 1 1 MULTIPLEXER 2 

0 8 1 9 10 8 1 9 

II l ill II  

10e 11a 10b 11b 10c 1Ic 10d 11d 

9322 QUAD 
2-INPUT MULTIPLEXER 

Z. Zb Z Zd 

ENABLE 

B C D AI   

ADDRESS A2 ,,  

A3 

2 3 4 5 6 7 

I 1 1 1 1 1 

12 
So 

SI SI 

S2 

lo 1 13 la 15 15 17 

9312 8-INPUT MULTIPLEXER 

ENABLE 

l 
i 

1  

f 

MULTIPLEXER 1 OUTPUT 

This data routing application is a part of a dual 10-
input, BCD addressed multiplexer. One 9322 and two 
9312 8-input multiplexers are used to route two sets 

: 

TIM 
E 10 1 12 13 /4 15 16 

Si) 

Si 9312 8-INPUT MULTIPLEXER 

S2 

17 

MULTIPLEXER 2 OUTPUT 

of 10 inputs to two output lines. Other decade multi-
plexing circuits are shown later in this section. 

SHIFT LEFT, SHIFT RIGHT PARALLEL LOAD REGISTER 

GND 

A  
OPERATION CONTROL LINES 

e 

DATA IN SHIFT RIGHT •  
CLOCK •  

o 

DATA INPUTS 

Do D 1 D2 D3 

E Oa 1Ia 10b 111, 10c 11c 10d 114 

9322 QUAD 
2-INPUT MULTIPLEXER 

Z. zb 2, zd 

Li , EL FO PI F7 

CP SHIFT REGISTER 
K 
MR 00 0 1 02 03 03 

/ 
DATA OUT SHIFT LEFT 

The circuit shown above is a shift left, shift right, paral-
lel load register. The 9300 shift register right shifts 
synchronously with the Low-to-High clock transitions 
when the PE input is High. When 13.É is Low, the rising 
clock enters data on the Po through P3 inputs to all 
four stages of the shift register. 

The multiplexer feeds into each P input either new data 
or the contents of the stage to the right. This latter 
mode is the shift left capability. Data on the an output 
is multiplexed to be fed to the Pn.1 input. On the next 
clock pulse, the data is loaded into the n-1 stage and 

P 

DATA IN SHIFT LEFT 

OPERATION CODE LIST 

A B Operation 

L 

H 

L 

H 

DATA OUT SHIFT RIGHT 

L 

L 

H 

H 

Parallel Load Data 

Shift Left 

Shift Right 

Shift Right 

appears at en _i, shifted one stage to the left. The 
9322 shifts the data or enters new data at the discretion 
of the process controller. Connections to the preceding 
and following stages of a larger register are shown. 

The use of 9322s to provide shifting capability is ad-
vantageous in any unit which has parallel inputs and 
storage. The 9310 decade counter, the 9316 binary 
counter, the 9338 multiple-port register are all good 
candidates for this procedure which allows them to both 
shift and load. 
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9322 QUAD 2-INPUT MULTIPLEXER APPLICATIONS 

WORD SORTER FOR COMPARING FOUR 4-BIT WORDS 

A, A, .2 Ai 

I 

NPL,T 8 

Bo Bi 87 03 

1, 1 

Ao A A7 43 A4 80 8 1 82 113 Fl. 

ABE 9324 5 50 COMPARATOR 

B A 

7 9005 

A B  

MODULE I 

1 
10a 114 105 119 10C 'IC 'Oft 110 

9322 QUAD 

2-INPUT MULTIPLEXER 

z. zbLp zd 

MODULE 2 

!P&L' , 

Co CI C2 C3 

t 

INPUT D 

DO DI 02 0 3 

71,1 

AO Al A2 A3 A4 80 8, 82 83 84 

ABE 9324 5 BIT COMPARATOR 

A • B B A B  

MODULE 3 

1 

X0 4,  

X 

X 

X 

E Oa IL a 105 lb 8Jc 'lc 100114 

9322 QUAD 
2-INPUT MULTIPLEXER 

24 2b 14 24 

O 

YI 

A0 AI A A3 AA 80 8 1 2 3 84 

ABE 9324 5 BIT COMPARATOR 

A >8 A< B AB 

MODULE 5 

9003 

f A -B,C,0 

21 2 

Y2 

o 
lOa la 00 lb 10C 118 10.1 114 

9322 QUAD 
2-INPUT MULTIPLEXER 

zb 2c 20 

1 1 1 IMODULE 6 
LARGEST WORD CONTENTS 

This circuit uses 9322 and 9324 5-bit comparators to 

compare and order four 4-bit words. The four words are 
applied as shown. The result of the comparison of A and 

B in module 1 causes the larger of the two to appear 
at the outputs of module 2. Likewise, the larger of C and 

D appears at the outputs of module 4 as a result of the 

decision of module 3. Module 5 compares these two 
larger words and causes the larger of these to appear at 

the output of module 6. Lines Zo and Z1 indicate 

which of the four words appear. If all of the words are 

identical, Z2 is Low. 

MODULE 4 

3 

OUTPUT CODES 

Zo Z1 Z2 

CONDITIONS 

H 

H 

H 

H 

H 

H 

H 

H 

H 

A> B,C,D 

B > A,C,D 

C >A,B,D 

D>A,B,C 

A -B=C=D 

The operation is completely asynchronous. When the 

Control and Data outputs have settled, the largest of the 
four words appears at the Za - Zd outputs (Module 6) 

and can be stored in a memory or register. If the appro-
priate input word (as indicated by the Zo and Z1 outputs) 

is forced to zero, the next largest word appears at the 
Za - Zd outputs. This operation can be repeated four 

times, after which the input words have been sorted in 

descending order. The circuit can be expanded to more 

words and/or more bits by adding 9324 comparators 

and appropriate multiplexers. 
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9309 DUAL 4-INPUT MULTIPLEXER 

DESCRIPTION AND OPERATION 

LEADS LOADING 

so,s, 

zx 

Common Select Inputs 

Multiplexer Inputs 

Multiplexer Outputs 

Complementary Multiplexer Outputs 

SELECT 

INPUTS INPUTS OUTPUTS 

So Si 
10X 11X 12X 13X 

1 UL 

1 UL 

10 UL 

9 UL 

iGa l a 'la Is,, 10t, '11, 120 130 

SO 
9309 

OUA, 4.INPUT MLA TIPLEXEH 

zx ix 

H 

H 

H 

H 

H 

H 

H 

H 

H 

X 

X 

X 

X 

X 

X 

X 

X 

H 

X 

X 

X 

X 

X 

X 

X 

X 

H 

X 

X 

X 

X 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

H 

The 9309 is two 4-input multiplexers with common 

select logic and True and Complement outputs. The 2-
bit code on the S inputs selects one of the four inputs in 
each of the two sections and routes it to the appropri-

CHARACTERISTICS 

TYPICAL DELAYS 

PACKAG E 

TYPICAL POWER 

DISSIPATION 

S to Z 24 ns 

I to "2- 9 ns 

16 Lead DIP or Flatpak 

150 mW 

10a a 129 13a 1013 11b 121) 1313 

ate output. In addition to conventional multiplexing, 

the 9309 generates any two of the 256 possible func-

tions of three variables, a useful feature for implement-
ing random control functions. 
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93153/74153 DUAL 4-INPUT MULTIPLEXER 

DESCRIPTION AND OPERATION 

LEADS LOADING 

a :E-13 
So,Si 

10a -3a ,10b-3b 
Za,Zb 

Enable 

Address Inputs 

Data Inputs 

Outputs 

MAIL 

1 UL 

1 UL 

1 UL ADDRESS 

10 UL INPUTS 

Si So 

DATA I 

a 

X X 

L L 

L L 

L H 

L H 

H L 

H L 

H H 

H H 

ADDRESS DATA 

12a 13a St SO 

DATA INPUTS ENABLE OUTPUT 

10X 11X 12X 13X 

X X X X 

L X X X 

H X X X 

X L X X 

XH X X 

X X L X 

X X H X 

X X X L 

X X X H 

ENNUI 

lob 11b 12b 13p 

d 
Z. OUTPUT Zb OUTPUT 

Ex zx 
H 

H 

H 

H 

H 

The 93153/74153 is a dual 4-input multiplexer with allows two bits of data to be selected from two sets of 4-
common Select inputs and separate Enable inputs. It input sources. 
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9309 DUAL 4-INPUT MULTIPLEXER APPLICATIONS 

DUAL 2-INPUT MULTIPLEXER 

S 

118 

ZA 28 28 

10. 11. 13a 13a 1101) lb 1211139 
SO 

9309 
DUAL 4.INPUT MULTIPLEXER 

SI 
1 I Zb Zb 

The 9309 dual 4-input multiplexer can be used as two 

independent 2-input multiplexers by connecting the in-
puts in parallel as shown above. 

MULTIPLE WORD DATA BUSSING 

DATA COMMUTATION 

ENARt F 
cOMMuTATiON  

_1
 PF Po Pi P2 P3 C,),clali.NIE uTATION 

CEP 9316 4 BIT ENDED 
CET BINARY IC 

  cp COUNTER 

MR Co 01 02 03  

ill I I 

Y I I 

CLOCK FREO DATA INPUT 

1234 t 234 

Sp 
104 124 13 4 1100 lb /21) 130 

9309 
OVAL 4 INPUT MULTIPLEXER 

Za 9 Z 

DA A OUTPUTS 

THE DATA COMMUTATOR SPENDS A VARIABLE AMOUNT OF TIME 

IN EACH POSITION CLOCK FREQUENCY DETERMINES AMOUNT 

OF TIME SAMPLING DATA INPUT W. THE TIME SPENT IN EACH 

POSITION IS RECIPROCALLY RELATED TO FREQUENCY INPUT. 

This circuit uses a 9309 dual 4-input multiplexer and a 
9316 up binary counter for data commutation. In each 
selected position, 10 -13, the data commutator samples 
data for a length of time that is determined by the clock 
frequencies at the four lb multiplexer inputs. The 9316 

CEP input serves as a commutation enable, while the 
9316 TC output indicates the end of the commutation 
cycle. 

so 

si 
S2 

S3 

A 

oa 

1111111 
a B. 

10a 11a 12a 13a 100 11b 129 139 
SO 

9309 
DUAL 4 INPUT MULTIPLEXER 

si 2. 

o 
Za  

I ° 

II 1 I I I 
104 114 12, 13a ICIb lb 121, 139 

SO 
9309 

DUAL 4 INPUT MULTIPLEXER 

2, 21, 

o 

Ob  7b 

1 1 1 1 
10 ,14 124 134 10b ib 12e 130 

Su 

9309 
DUAL 4 INPUT MULTIPLEXER 

SI 

o 
Zb 

1 ° 
29 

1 

89  159 

1 1 1 1 Ill 
104 114 124 134 10b 11 b 12b 131, 

S0 

9309 
DUAL 4 INPUT MULTIPLEXER 

o 

10. 114 2 13., 1 
So 

9309 
DUAL 4 INPUT MULT1Pt EXER 

¶$ 
BIT a 

OUTPUT 

Five 9309 dual 4-bit multiplexers connected as shown 
can be used to switch two bits of data from one of 16 
words to a 2-bit data bus. The address supplied to the 
So,S1,62,S3 inputs selects the word to be transferred. 
If 12-bit words are to be transferred to a 12-bit bus, 
the circuit is repeated six times. The complementary 

zÍl 
Ii, 

BIT b 
OUTPUT 

2 BIT DATA BUS 

outputs are used at both levels in order to minimize the 
through delay. (The Z output is derived from the i out-
put through an additional inverter and is therefore de-
layed by one additional gate delay.) The two inversions 
of the two multiplexer levels cancel, so that data is not 
inverted. 
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9312/9313 8-INPUT MULTIPLEXERS 

DESCRIPTION AND OPERATION 

LEADS LOADING 

Select Inputs 

Enable (Active Low) Input 

Multiplexer Inputs 

Multiplexer Output 

Complementary Multiplexer Output 

So 

S1 9312/9313 
WINPUT MULTIPLEXER 

S2 
I Z 

1 UL 

1 UL 

1 UL 

10 UL 

9 UL 

lo 

CHARACTERISTICS 

TYPICAL DELAYS 

PACKAGE 

TYPICAL POWER 

DISSIPATION 

S to Z 24 ns 

È to Z 14 ns 

I to Z 9 ns 

16 Lead DIP or Flatpak 

135 mW 

INPUTS OUTPUTS 

É S2 S1 So 10 12 13 14 15 
16 17 2 Z 

H X 

H 

H 

H 

H 

H 

H 

H 

H 

12 

X 

H 

H 

H 
H 

H 
H 

H 

H 

113 

X 

H 

H 

H 

H 

H 

H 

H 

H 

X 

H 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

H 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

H 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

H 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

H 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

H 

X 

X 

X 

X 

12 

Output of the 9313 has open collector. 

The 9312 and 9313 are 8-input multiplexers which se-
lect one bit of data from up to eight sources. They have 
internal select decoding, active Low Enable and Com-
plementary outputs. When the Enable input is active, 
(Low) data is routed from one particular multiplexer 
input to the outputs according to the 3-bit code applied 
to the Select inputs. When the Enable is inactive, (High) 
the Z output is Low and the Z output is High regardless 
of all other input conditions. 

X 

X 

X 

X 

X 

X 

X 

X 

X 

H 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

On the 9312, both the Z and 2- outputs have a conven-
tional TTL active pull up structure. On the 9313, the 

output has an open collector which simplifies multi-
plexer expansion by Or-tying the Z outputs of several 
9313s. Since the Z output is generated by inverting the 
Z output, it is available as a TTL output even from an 
array of OR-tied 9313s. 



9312 8-INPUT MULTIPLEXER APPLICATIONS 

PAOLTIPLEXING OR DATA ROUTING 

XO 

Xl 

X2 

X3 

X4 

0  7 

104 '24 13, ICO le I3/, 
So 

9309 
DUAL 4./NPuT MULTIPLEXER 

Z. Z 26 

o 1 ° I 

a 

11111111 
15 

IO• II, '24 13,1 'OA ,16 7r) '36 
So 

9309 
DUAL 4 INPuT MULTIPLEXER 

7, 1,, 7 1, 

o 1 ° 1 

16  23 

II 11 
.04 11, 124 I3a ,(10 lb 17b 13t, 

So 

930 
DUAL 4.1NPUT MuLIPI EXER 

S, 
Za 

o 1° 1 

_JILÍtill 
.3 4 

11111  
.• .3 .1 .11 

S, •1 ,3 

24  131 

1 1 1 1 1 1 1  

toils ,243.3 101016 '26 131) 

9309 

DuAL 4 INPUT MULTIPLEXER 

SI 
Z. la 1b Zb 

o 1 ° I 

0 1 2 3 4 5 6 7 

51 9312 El-INPUT MULTIPLEXER 

S2 

î 
OUTPUT 

a. 32-INPUT MULTIPLEXING CIRCUIT 

__;11111111 j. I ¡WM  
.3 

43.3 4. 4113 II Mine S.a.e... 

13 

à 

• .3 .1 • • y • 

4, 

b. 64-INPUT MULTIPLEXING CIRCUIT 

Alone, the 9309 and the 9312 permit time multiplexing 

of a maximum of four and eight data lines, respectively. 

By cascading these devices in two or more levels, the 

number of inputs can be increased. The circuit in a above 

shows two levels of multiplexers cascaded to implement 

a 32-input multiplexer with a delay of about 50 ns. It 

can be expanded to the 64-input multiplexer shown in 

b without adding delay. In the 32-input multiplexer, 

the 9312 Enable can be used to gate the selected data 

out. Note that the negative outputs are used at both 

levels to improve through delay. As indicated in the cir-

cuit schematic, the assertion output is generated by re-

inverting the negative output and is therefore slower. 
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9312 MULTIPLEXER APPLICATIONS 

MEMORY 

DATA IN 

WRITE LINE 

CLOCK 

MUST GO HIGH FOR 
ONE CLOCK TIME ONLY 

1,4 9002 

1/6 9016 

 o 

CD II  
PE Po P, P, P, 

" 9300 
SHIFT REGISTER 

03 
MR 0.3 01 02 03 

1 4 9002 

0-

So 10 11 17 13 14 15 16 17 

SI 9312 8 INPUT MULTIPLEXER 

52 

NOTE 1 SWITCH IS NORMALLY CLOSED 
PUSH BUTTON BAILING SWITCH 
OPEN BEFORE MAKE 

A 9328 dual 8-bit shift register in conjunction with a 

9300 universal 4-bit shift register counter and a 9312 

8-input multiplexer, offers an 8-word-by-n-bit memory 
with parallel input and parallel output capabilities. 

A switch with eight push buttons is used to select the 

data word for the data output. The push button for this 

output, when depressed, allows enough clock pulses to 
the counter and shift registers to bring the selected word 

to the last position in the registers, thus providing that 

word as an output. In effect, the 9300 counter scans 

the 8-input multiplexer until a High is detected on a 

—AD 
Ds Do Di 

1,2 9328 

CP 8 BIT SEHET 
REGISTER 1 

MR 

-E> 
Ds Do Di 

12 9328 

CP B BIT SHIFT 
REGISTER 

MR 

o 

DATA OUT 

 N. DATA OUT 

N REGISTERS 

9312 input (an open switch) which causes gate G1 to 

block the system clock. 

To write into any location, that location is selected by a 
push button, the desired data is furnished to the 9328 
inputs and the write line is held High for one clock per-

iod. The High write line both releases the counter, 

shifts registers, and at the same time selects the paral-

lel data in (in place of the recirculation output) as an 

input to the shift register. Expansion of this memory 
to any even number of bits is limited only by the drive 

capability of the write input and the clock. 
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9312 8-INPUT MULTIPLEXER APPLICATIONS 

8-STEP CONTROL SEQUENCE 

PROGRAMMABLE 
INPUTS 

JUMP INPUT / 

CLOCK INPUT 

START INPUT 

CEP 
PE Po Pi P2 P3 

9316 UP 
CET BINARY TC 

CP COUNTER 

MR C10 ai 02 03 

INITIATOR 

E 1 11 12 13 14 15 16 17 
Sp 

SI 9312 8-INPUT MULTIPLEXER 

S2 

A° AI A2 43 

9301 1 10 DECODER 

on 01 02 03 On 05 05 07 08 09 

RECEIVER 

PERFORM n 

FUNCTION - 

PERFORM 
FUNCTION 

REPEATED 
PERFORM FUNCTIONS 

STEPS 2-6 

In this circuit, the 9312 multiplexer is used as part of a 

control sequencer which steps through eight steps, each 

initiating a test. The controller advances only when the 

test result is positive. It can also cycle through any por-

tion of the sequence or jump, conditionally or uncondi-

tionally, to any other step. 

The 9316 counter is the modulo 8 program counter; 

its state is decoded by the 00 - 07 outputs of the 9301 

which initiate the program steps. The counter also ad-

dresses the 931 2 multiplexer which acts as a receiver. 

When the 931 2 input is Low, the test indicates that the 

program step is not yet completed. When the input is 

High, the test indicates completion of the program step. 

The active Low Start pulse initiates the sequence by re-

setting the counter. This state is decoded and activates 

the 9301 00 (step zero). This step lasts until the 9312 

10 is activated which in turn activates the count Enable 

7 

ACTUATORS 

LIGHTS, 
SOLENOID 

VALVE 
MOTORS. ETC 

INTERFACE 

AMPLIFIER 

DRIVER 

SENSORS 

MICROSWITCH 
PHOTOCELL. 

PRESSURE 
SWITCH. ETC 

input of the 9316 counter, causing it to advance on the 

next Low-to-High clock transition. The next decoder 

output is then activated and this state lasts until the 

9312 Ii is activated, etc 

When the multiplexer inputs are tied High permanently, 

the sequencer advances to the next state on each sub-

sequent clock pulse. Conditional or unconditional jumps 

can be made by activating the counter PE input with one 

of the decoder outputs and feeding the destination ad-

dress into the counter's programmable inputs. 

The system can be made asynchronous by using the i 

output of the multiplexer as the clock source for the 
counter, which then advances whenever the multiplexer 

input goes from High to Low. This system is easily ex-

panded to 16 or more control steps. 
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9313 8-INPUT MULTIPLEXER APPLICATIONS 

DECADE MULTIPLEXER 

AO e  

A1 IN  
BCD 

INPUT A2 or  

0 1 2 3 4 5 6 7 

o 

A3 lo-0 

E 10 1 12 13 14 15 16 
So 

S1 931 3 8 INPUT MULTIPLEXER 

S2 

17 

8 9 

9962 or 9963 

TTL OUTPUT 

  DTL OUTPUT 

This circuit provides a decade multiplexer with comple- a triple 3-input gate. This circuit makes use of the OR-

mentary outputs and uses only two packages; a 9313 and tie capabilities of the 9313 output and the DTL gates. 

DIGITAL 32-INPUT MULTIPLEXER 

ENABLE 

Ao 

Ai 

A2 
A3 

A4 

 o 
3 

E 

1 2 2 
Ao 9321 

A1 
o 

o  

o  

o  

o 

I 

I f 74   31 

o 
10 '1 ,2 3 14 15 16 17 

9313 
8 11\14(. MULTIPLEXER 

2 

o 

SO 
9313 Si 

10 117 13 14 15 16 17 

57 8 INPUT MULTIPLEXER 

o 

_1 5,0 

s, I R 

9313 
8 INPUT Mtn TIPLEXE 

10 1 12 1314 5 6 7 

o 

o 

1S0 
11 13 4 5 16 17 

S1 
52 8 INPUT MLR TIPT EXER 

1 

10 2 

93 3 

Rx• 

o 

MULTIPLEXER OUTPUT MULTIPLEXER OUTPUT 

This 32-input digital multiplexer uses the 9313 open 

collector device with the Z outputs OR-tied. Up to seven 
9313s can be wired-OR using a pull up resistor (21d2), 

and the Z output to drive one unit load. The True out-

put may be taken from any of the 9313 Z outputs. 
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93150/74150 16-INPUT MULTIPLEXER 

DESCRIPTION AND OPERATION 

LEADS LOADING 

So,Si ,S2,S3 

É 

lo thrc gh 115 

Select Input 

Enable Input 

Multiplexer Inputs 

Multiplexer Output 

1 UL 

1 UL 

1 UL 

10 UL 

CHARACTERISTIC 

TYPICAL DELAYS 

PACKAGE 

TYPICAL POWER 

DISSIPATION 

E 10 11 12 13 14 15 16 17 1E1 19 110 111 112 113 114 115 

93 150Z74 150 
So 

S) 16 INPUT MULTIPLEXER 

S2 

53 

Sto i 23 ns 

É to 17 ns 

Ito 10 ns 

24 Lead DIP or Flatpak 

200 mW 

INPUTS OUTPUT 

S3 S2 Si So É 10 11 12 13 14 15 16 17 19 19 110 Ili 112 113 114 115 

XXXX H XXX XXX XXXXXXX XXX H 
LL LL L LXXXXX XXXXXXXXXX H 
LLLL L HX X X X X XXXXXXXXXX L 
LLLH L X L X XXX X XX X X XXX XX H 
LLLH L XH X X X X XXXXXXXXXX L 

TL T HHHH L X X X X X X X X X X X X X X X LTH 
HHHH X X X X X X XXXXXXXXXHL 

DATA INPUT DATA SELECT (BINARvo 

ENABLE 10 11 I 13 14 15 19 17 le 19 110 h 1 112 113 114 1 5 S0 31 S3 S2 

ouTPur 

The 931 50/741 50 16-input multiplexer can select one 
bit of data from 16 sources. This data is routed accord-
ing to a 4-input binary code applied to the Select inputs 

and appears inverted at the output. When the active Low 
Enable is inactive, the multiplexer output is High, re-
gardless of all other input conditions. 
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93150/74150 16-INPUT MULTIPLEXER APPLICATIONS 

PATTERN GENERATOR 

PT Po P, p, A, 

CEP 93 ,6 OP 
CET BINARY Tr 

COUNTEMT CoOl °I% 0, 

o 

—0 

O O O O 00 

'o , 

92 

'2 '3 I I, '6 40 ,11 12 1, 3 714' 

93150 74150 
16 INPUT MULTIPLEXER 

¡ENABLE 

Only two packages and sixteen single-pole, double-throw 

switches are used to implement at 16-bit pattern gener-

ator. The operation is self-explanatory, When the enable 

switch is Low, the output is the complement of the par-

o 

061 ,PuT 

SYNCH.PN, ,,• 

ticular input of the 931 50 multiplexer being addressed 

by the 9316 binary counter. A re-synchronizer may be 

added (1/2 dual JR or D flip-flop) to eliminate any 

decoding spikes. 

15-KEY-TO-BINARY CODE CONVERTER 

CO,MTER 

PEGIS -EP 

PE Po PI P2 P3 
CEP 

93 16 UP 
CET BINARY IC 

CF COUNTER 

MR Qo 01 02 02 

OUTPUTS NO KEY 
DEPRESSED 

PF PO PI P2 P3 
CEP 

This scanning keyboard encoder generates a 4-bit binary 
coded output corresponding to the depressed key. The 

9316 modulo 16 counter runs continuously, stepping 
the multiplexer and searching for a Low input. When a 

key is depressed, the multiplexer output goes Low (via 

an inverter), activating the Parallel Enable input of the 

second 9316 used as a 4-bit register. The correspond-
ing counter code is loaded into this register, and the 

SEYBOAP0 

15 SETS 

93160 74150 
16 INPUT MULTIPLEXER 

counter is reloaded with code zero. If several keys are 

depressed simultaneously, this encoder detects only 

the first one. Thus, it operates as a priority encoder and 

switch zero has the highest priority. When the keyboard 

is inactive address 15 selects the grounded input and the 
register inputs are all High. This state is internally de-

coded and activates the TC output. 
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MULTIPLEXERS AS FUNCTION GENERATORS 

In most digital systems there are areas, usually in the control 

section, where a number of inputs generate an output in a 

highly irregular way. In other words, an unusual function 

must be generated which is apparently not available as an 

MSI building block. 

In such cases, many designers tend to return to classical 

methods of logic design with NAND and NOR gates, using 

Boolean Algebra, Karnaugh maps and Veitch diagrams for 

logic minimization. Surprisingly enough, multiplexers can 

simplify these designs. 

• The 9322 quad 2-input multiplexer can generate any four 

of the 16 different functions of two variables. 

• The 9309 and 93153 dual 4-input multiplexers can gener-

ate any two of the 256 different functions of three 

variables. 

• The 9312, 93151, and 93152 8-input multiplexers can 

generate any one of the 65,536 different functions of four 

variables. 

• The 93150 16-input multiplexer can generate any one of 

the over 4 billion different functions of five variables. 

If a function has a certain regularity, adders or a few NAND, 

NOR, AND, OR, exclusive-OR and inverter gates are possibly 

more economical. However, for a completely random func-

tion the multiplexer approach is more economical, certainly 

more compact and flexible, and easier to design. 

Function generation with multiplexers is best explained with 

examples. An 8-input multiplexer such as the 9312 can ob-

viously generate any possible function of three variables. The 

desired function is written as a truth table. The variables A, 

B, and Care applied to the Select inputs So, Si , and S2 and 

the eight inputs are connected to either a High or a Low level, 

according to the truth table. This method is simple, but 

inefficient. 

E lo II 2 13 14 15 6 7 
SO 

S1 9312 8-INPUT MULTIPLEXER 

The same function can also be generated by one half of a dual 

4-input multiplexer such as the 9309. For this purpose, the 

truth table is divided into four blocks as shown. Within each 

block, inputs A and B are constant, but output F can exhibit 

any of four characteristics 

• Low for both input codes independent of C. 

• High for both input codes independent of C. 

• Identical to C. 

• Identical to Z. 

Therefore, the function can be implemented by a 4-input 

multiplexer, using the input variables A and B as Select inputs 

So and Si, and feeding the appropriate input with one of four 

signals: either a High, a Low, or the input variables C or e. 

The other half of the 9309 can be used to generate any other 

function of the variables A, B, and any third variable, not 

necessarily C. 

The same reasoning can be applied to a function of four 

variables: 

HIGH 

LOW 

An 8-input multiplexer such as the 9312 can generate any of 
the 65536 (216) possible functions of the four variables A, ,  

B, C, and D. 

A 16-input multiplexer like the 93150 can generate any of 
the more than 4 billion (232) possible functions of five vari-

ables A, B, C, D, and E. 
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MULTIPLEXERS AS FUNCTION GENERATORS 

FULL ADDER, FULL SUBTRACTOR 

FULL ADDER (A plus B plus CIN) 

INPUTS OUTPUTS 

A B CIN S Co 

H 
H 

H 

H 

CARRY 

H 

H 

H 

H 

H 

H 

H 

H 

SUM CARRY OUI 

a I2a I3a 'OD lb '2b 35 
So 

9309 
DUAL 4 INPUT MULTIPLEXER 

A 9309 dual 4-input multiplexer can implement any two 

functions of three variables. Therefore, it can be used as 

a full adder or as a full subtractor. These circuitsdemon-

strate the versatility of the multiplexer as a function 

FULL SUBTRACTOR (X minus Y minus BIN) 

INPUTS OUTPUTS 

BORROW 

X Y BIN D Bo 

L L 

L L 

H L 

H L 

L H 

L H 

H H 

H H 

Oa la '2a'3a Ob lb 2b 131, 
So 

9309 
DUAL 4 INPUT MULTIPLEXER 

DIFFERENCE BORROW OUT 

generator. However, the 9304 dual full adder and the 

9383 4-bit adder are more efficient circuits for adding 

several bits in parallel. 

X OF Y PATTERN DETECTOR 

3 of 6 

The detection of a specific number (or a specific set) of 
ones among many inputs is a common design problem, 

particularly with error correcting codes and when read-

ing parallel data from multitrack digital tape decks and 

discs. A straightforward gate-minimized design is quite 
complex and usually inefficient. Multiplexers or adders 

can simplify such designs to some degree, but the most 

cost-efficient design uses a combination of both. 

These designs use Full Adders to reduce the number of 

inputs to four variables, and then use an 8-input multi-

plexer to generate any desired function of these four vari - 

ables. The result is an output which is High for a speci-
fied number (or specified set) of High inputs. 

INPUTS 

17 I 'NON 4 13 

C B • 

9XI4 
FULL AMER 

S S Co 

o 
C 

2 9X. 
FULL ADDER 

S S 

C 8 A 

S S Co 

1'2 9304 

FULL ADDER 

I 2 9304 

FULL •DDFR 

S S Co 

7 

o 
Si 
Sj 

.0 11 2 13 I4 Is 6 7 

9312 91•PuT NIL8•IPLEXER 

3014olbo,60IO 

In the first example, two MSI packages (9304 + 9312) 

generate a High output when three (and only three) of 

the six inputs are High. 

In the second example, three MSI circuits generate a 

High output when 3, 4, 5 or 6 of the eight inputs are 
High. 

This combination of adders and multiplexers reduces 
package count to less than half of the equivalent conven-

tional implementation. It also makes this circuit easily 

programmable for the detection of different patterns. 
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Decoders 

1-of-64 Decoder 

Demultiplexing 

4-Phase Clock Generator 

Function Generation 

Address Decoding 

Minterm Generation 

Scanning Thumbwheel Switch Encoder 

1-of-32 Decoder 

Read Only Memory Control 

Read/Write Memory Control 

Decoding and Encoding 

Switch Encoding 

Data Demultiplexing 

Clock Demultiplexing 

Single-Master/Multiple-Slave Flip-Flop 

Counters 

6 

111 

10 

111 
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DECODER SELECTION GUIDE 

*One Enable Active High 
*130 mA at VOL 
***Outputs Active High 

Function Device Address Inputs 
Active Low 
Enable 

Active Low 
Outputs 

Open 
Collector 

Select 
Delay,ns 

(typ) 

Enable 
Delay,ns 

(typ) 

Power 
Dissipation 
mW(typ) 

Fan Out 
UL 

'MAX 
mA 

VMAX 
V 

Dual 1 -of-4 9321 2 + 2 1 + 1 4 + 4 14.0 12 150 10.0 
93L21 2 + 2 1 + 1 4 + 4 43.0 34 45 2.5 
935139 2 + 2 1 + 1 4 + 4 7.5 6 300 12.5 
93155,74155 2 2 + 2 4 + 4 21.0 18 125 10.0 
93156,74156 2 2 + 2 4 + 4 X 23.0 20 125 16.0 5.5 

1-of-8 9301 3 1 

co
 :
o
3
o
o
c
o
c
o
c
o
c
o
c
a
 

•
 

I
 

 

22.0 22 145 10.0 
93L01 3 1 36.0 36 45 2.5 
9302 3 1 X 30.0 30 145 16.0 5.5 

9345,7445 3 1 X 40.0 40 215 20.0** 30.0 
93145,74145 3 1 X 40.0 40 215 20.0** 15.0 
9352,7442 3 1 26.0 26 140 10.0 

935138,74S138 3 3* 8.0 7 225 12.5 

9334 3 1 30.0 19 280 6.0 

1-of-10 9301 4 (BCD) 10 22.0 145 10.0 
93L01 4 (BCD) 10 36.0 45 2.5 
9302 4 (BCD) 10 X 30.0 145 16.0 5.5 
9345/7445 4 (BCD) 10 X 40.0 215 20.0 30.0 
93145.74145 4 (BCD) 10 X 40.0 215 20.0 15.0 
9352,7442 4 (BCD) 10 26.0 140 10.0 
9353,7443 4 (Excess-3) 10 26.0 140 10.0 
9354,7444 4 (Excess-3/Gray) 10 26.0 140 10.0 

1-of-16 9311,74154 4 2 16 21.0 17 175 10.0 

93L11 4 2 16 70.0 48 58 2.5 
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DECODERS 

INTRODUCTION 

There are two categories of decoders, logic decoders and 

display decoder/drivers. Logic decoders are MSI devices 

controlled by an address. They select and activate a particu-

lar output as specified by the address. Display decoders and 

display decoder/drivers generate numeric codes such as 7-

segment and then provide the codes to a driver or drive the 
displays directly. 

Logic decoders are the type discussed here and are available 

in many configurations as indicated by the selection guide. 

Logic decoders are used extensively in the selective address-

ing structures of memory systems. They are also used for data 

or clock routing, demultiplexing and can also act as minterm 

generators in random and control logic. 
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9321 DUAL 1-0E-4 DECODER 

DESCRIPTION AND OPERATION 

LEADS LOADING 

Decoder 1 and 2 

Ao, Ai 

01, 01, 02, 03 

b II 
E A0 A1 

I 2 9321 

DECODER 

DO ° I 02 0 3 

Enable (Active Low) Input 

Address Inputs 

(Active Low) Outputs 

b II 
AO A1 

1 2 9321 

DECODER 

00 01 02 03 

1 UL 

1 UL 

10 UL 

The 9321 is two separate decoders, each designed to 

accept two binary weighted inputs and provide four 

mutually exclusive active Low outputs as shown in the 

logic symbol. Each decoder can be used as a 4-output 

demultiplexer by using the Enable as a data input. 

CHARACTERISTICS 

TYPICAL DELAY 

PACKAGE 

TYPICAL POWER 

DISSIPATION 

TRUTH TABLE 

A to Output 22 ns 

"É to Output 15 ns 

16-Lead DIP or Flatpak 

150 mW 

E Ao A1 0 1 2 3 

H X 

H 

H 

X 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

Depending on the number of address bits that are 

changing simultaneously, the delay from address to out-

put is equivalent to either two or three gate delays. The 

delay from Enable to output is always two gate delays, 

typically 15 ns. 
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9321 DUAL 1-0E-4 DECODER APPLICATIONS 

DECODING 

DATA MP1J 

•  

WRITE  
ENABLE 

0 o 

0 0 0 0 

WE 

93403 
MEMORY 

16W x 48 

00 0 1 0 2 0 3 

CS Do 01 

A, 

33 

0 2 03 WE 

93403 
MEMORY 

16W x 48 

00 01 02 03 

0000 

O O 

DI 07 03 WE 

93403 
MEMORY 

16W x 48 

Oo 01 02 03 

0 0 0 0 

Ao 

Ai 

A, 
43 

Do DI 07 03 

93403 
MEMORY 
19W x 48 

0001 02 03 

O  

WE 

0 0 0 

ENABLE 

E A, AI 

2 9321 

00 01 02 03 
Q 9 Ï 

The most obvious use of the 9321 is in logic decoding 

and memory addressing. As shown, the decoder sup-

plies the extra decoding necessary to address a word 
in a 64-word semiconductor memory. One 1-of -4 de-

coder is used to decode the two most significant bits of 

AO Al A2 A3 A4 A6 

WORD ADDRESS 

DATA  
OUTPUT 

\Icc 

memory address and to enable the appropriate memory 

units. The four least significant bits are decoded on the 

93403. The high fan out capability of the 9321 allows 

it to drive ten 93403 memory units with a word length 

of 40 bits without additional buffers. 
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9321 DUAL 1-0E-4 DECODER APPLICATIONS 

1-of-64 DECODER 

10 Z1 22 ,3 

.0 I 23 3 

93 . DECOD5R 

00 0 ,02.5 0. 0 ,00 ,0 ,2che ,o, 

.0 •1 .2 

9311 I 16 DECODER 

00 0, 0 2 0 3 OE 0 5 0 60 / 05090100110170130 14 0 15 

The 9321 can be used to make a 1-of-64 decoder out 

of four 9311 1-of-16 decoders. Each of the four 9311s 

shown is selected by one of the 9321 decoder outputs. 

Thus, the two most significant bits are decoded by the 

1-of-4 decoder and are used to select the appropriate 

0,0 I 02 03 

911, I le DECO>, 

Op 01 02 030. 0 0902 t.1.0,0,00110,O,DIED, 

Infi???f???MUI 

MET 

.0 1 .2 £3 

911 I 16 DE00066 

Op 0, 09 04 06 05 0, 05 09016,0110160 130 14.15 

9311 decoder. The dual AND Enable of the 9311 per-

mits the use of one Enable for selection and the other 

for strobing. It is preferable to frame decoder address 

changes at the last level for higher Enable switching 

speeds. 

DEMULTIPLEXING 

DATA SOURCE 

ADDRESS AO 

Al 

DATA TO DESTINATION 

The 9321 can be used as a demultiplexer, routing data 

from a single source to a destination chosen by the ap-

plied address. The data is applied through the Enable 
and routed without inversion to the output specified 

by the address inputs Ao and Al. All unselected out-

puts remain High. For example, with both address in-

puts High, output 3 follows the state of the Enable 

OUTPUT 
Ao A1 SELECTED 

0 0 0 
0 1 1 
1 0 2 

1 1 3 

input — Low when the Enable is Low and High when the 

Enable is High. Demultiplexing can be employed for 

either data routing or clock distribution. A 2-bit data 

demultiplexer is shown. Two bits of active Low data 

are routed to the outputs selected by the applied ad-

dress as shown in the table above. 
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9321 DUAL 1-0E-4 DECODER APPLICATIONS 

4-PHASE CLOCK GENERATOR 

CLOCK 

p;o4 
O 0— 

- CP 9,13224 

CLOCK 

Ci 

02 

03 

Oa 

Ao Ai 

1 2 9321 

DECODER 

°C 0 1 02 03 

l'YTT 
01 02 04 03 

Clock demultiplexing for clock distribution and genera-

tion is readily accomplished with the 9321. This is a 

4-phase clock generator producing non-overlapping 

clock pulses for TTL circuitry or to drive MOS circuitry 

through interfaces. Note that the Enable is used as the 

clock input, eliminating glitches by framing address 
changes which occur when the flip-flops, registers, or 

counters change state on the rising clock edge. 

FUNCTION GENERATION 

E 

AD 

A; 

E 

01 Ao 

A1 

02 Ao 

Aj 

03 Ao 

A1 

a. 

A; 

4 9;.1 ,2 

1 6 
9016 

pe Po P P P 

C'P 9310 UP 
Ct" DFCADF C 
cp COUNTFR 

MR 0,01 07 0 

b. 

01 

03 

Each half of the 9321 generates all four minterms of 

two variables. These four minterms are useful in some 

applications, replacing logic functions and thereby re-

ducing the number of packages required in a logic net-

work. Gate functions which the 9321 can replace are 

shown in a above; b illustrates a nines complement cir-

cuit utilizing these gate functions. 
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9301 AND 9352/7442 DECODER 

DESCRIPTION AND OPERATION 

LEADS LOADING 

Ao, A1, A2, A3 

Ô to à 

Address Inputs 

Outputs (Active Low) 

40 

1 UL 

10 UL 

I I 
Ao A, A2 A3 

9301 9352 7442 

00 01 02 03 04 05 08 07 08 0E, 

CHARACTERISTICS 

TYPICAL DELAY 

PACKAGE 

TYPICAL POWER 

DISSIPATION 

A3 

00 Ô1 02 03 0, 

The 9301 and 9352/7442 1-of-10 decoders are high 

speed, complex function integrated circuits suitable 
for use in high speed digital equipment. These de-

coders have four inputs which act as an address to pro-

duce an output at the corresponding output terminal. 
They have high speed and excellent noise margins 

with reasonable power consumption and are com-

patible with other Fairchild MSI/TTL and DTL inte-

grated circuits. With applications in a large number of 
areas, they considerably reduce integrated circuit pack-

age count, simplify packaging and increase system 

reliability. 

The 9301, 9352/7442 1-of-10 decoders accept four 

active BCD inputs and provides ten mutually exclusive 

05 06 07 08 09 

A to Output 22 ns 

16 Lead DIP or Flatpak 

145 mW 

active Low outputs. All outputs are High when binary 

codes greater than nine are applied to the inputs. 

The most significant address input A3 acts as active 
Low Enable or active High Inhibit input when the circuit 

is used as a 1-of -8 decoder or it can be used as the data 

input for a 8-output demultiplexer. Depending on the 

number of address bits that are changed simultaneously, 

the delay from address to output is equivalent to either 

two or three gate delays, typically 16 or 23 ns. 

When the 9301, 9352/7442 are used as 1-of-8 de-

coders or demultiplexers, the three address inputs Ao 

- A2 can be interchanged and/or considered active Low, 

provided the outputs are relabeled appropriately. This 

may simplify printed circuit board layout. 
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9301 AND 9352/7442 DECODER APPLICATIONS 

ADDRESS DECODING 

ADDRESS 

A B C 

I OV I I R A INPUT 

A0 Al 4 2 43 

1,10 DECODER 
9301 9352 ,7442 

00 0, 02 03 04 05 06 07 Og Cg 

??????T?Y? 
NOT 

OUTPUTS USED 

a. 

.0 14 

I I I t I I I I I I I I I I 5' 
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

Pe Po P P2 P3 

9300 
CP SHIFT R GISTFR 

03 

MR 0 0 0 0 2 0 

1 2 3 4 5 6 7 g - - - - - 15 

POWER DRIVER 

TO ADDRESS LINE 

a, 54 ,14 PornelillT 

1 1 1 1 
.0 A, .1 .3 

I 1003(001A 

01 03 03 0.1 44.74.e 
o 0 0 0 

b. 

1 
•<, 01 .7 .3 

I 1.0.CO011l 

.0 .1 .3 .1 

LIICOOf • 

',00 DA 0“1. 0301 07 00 00 000103 030. 0700 07 00 00 

TYY???Trf 1 ??????Y??IS 
TB 

.0 •I .3 

I 10 DÉCODER 

.0 .1 .7 .3 

1 10 PECOOf 

•1 .3 .3 

I 100100031 

Al A .3 

1 10 De €0 0(3 

1 
.4 01 0332 

loo.cooe• 

0000,0,0. 00007 000, 0001 40007 000, 00010,0,0. 000070001 00 0 10703 0 .1 034 0 7 01.0 000, 03 00 0300070101  

9IYIUTTri_??',F1"????/?? 11"?????V7 li????? I??  rf????Y7153 1  
. .  

C. 

The 9301, 9352/7442 can be a 1-of -10 decoder, or a 
1-of-8 decoder with Inhibit by using the A3 input as 

a control line. Thus it can be considered a 1-of -8 de-
coder with active Low Enable or an 8-output demulti-

plexer using the A3 input as data input. Note that all 

non-addressed outputs are High. 

One method of decoding four binary digits to produce 16 

outputs is shown in b above. A 9300 shift register holds 

the input variables with the most significant digit of the 
binary word on the right. The shift register has active 

High outputs from all stages as well as an active Low 
output from the last stage. The first three outputs of 

the register are inputs to the A0A 1A2 terminals of 

the decoders. The active High output of the last stage 
of the register is the A3 input to the first decoder. The 
active Low output is the A3 input to the second de-

coder. The outputs of the decoders drive inverting 

power gates which supply the fairly high currents re-

quired for addressing a memory of reasonable size. 

Alternate outputs (0', 1', 8' and 9') are available from 

the unused decimal outputs of the decoders. 

A 1-of-64 decoder (c above) can also be made by using 

several decoders. The three most significant bits of 

the input address are decoded in the first decoder to 

produce eight outputs which are then used as gating 

signals. The three least significant address bits are 

inputs to the A0A1A2 terminals of a bank of eight 

decoders. Each decoder in the bank is selected by the 
appropriate output of the first, or gating, decoder via 

the A3 input terminal. This design can be extended to 

produce a 1-of -80 decoder by having four most signifi-
cant address bits and by using the two outputs 8 and 9 

from the gating decoder to control two additional de-

coders. This basic idea of using one or more decoders 

to select more decoders can be extended to decode even 
larger addresses. 
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9301 AND 9352/7442 DECODER APPLICATIONS 

DEMULTIPLEXING 

ADDRESS 

ADDRESS 

X0 X1 X2 DATA 

I I I I 
AO AI 42 43 

1 10 DECODER 

000102 03 04 050607 0809 

????????TT 
0 1 2 3 4 5 6 7 0 1 

DATA OUT 

ADDRESS 

Xo XI X2 X3 X4 DATA INHIBIT 

Ao AI A2 43 

1 10 DECODER 

0001 02 0304 050607 08 CO 

0 0 0 0 ???C??? 

X0 X1 X2 

OUTPUT 

SELECTED 

o 

o 

o 

o 
o 

o 
o 

o 
o 
o 
o 

o 

2 

3 

4 

5 

6 

7 

AO A1 42 43 

I 10 DECODFR 

000,020304 0506 07 08 09 

?????????7 
5 

Ao AI A2 43 

I 10 DECODER 

0 0 0 1 02 03 04 Ob ON 07 0809 

8 15 

A, A, 43 

1 '00E0001H 

0 00,02 0 3 04 0 50 6 0 7 0 8 0 9 

p?????p? 

47 AI 47 A3 

1 10 DF CODER 

0001 020304 060607 0808 

p?????T?? 

DATA OUTPUTS 

The 9301 and 9352/7442 decoders can be used as 8-

output demultiplexers. The first three inputs select the 

appropriate output; the logic level of the signal on the 

A3 terminal determines its polarity. Therefore, data on 
the A3 input is switched to the output terminal selected 
by the address, AoA i A2. The last two outputs, 8 and 

9, are the complements of the first two outputs, 0 and 1; 
note that data is not inverted when switched from the 

A3 terminal to the selected output. The A2 input 

of the decoder can also be used as a data input. In this 

mode, the A3 terminal becomes an active High Inhibit 

and inputs Ao and A1 are a 2-bit address. Decoder 

outputs 0, 1, 2 and 3 are the assertion outputs of the de-

multiplexer and decoder outputs 4, 5, 6 and 7 are 

corresponding complements. 
The multistage decoding scheme can also be used for de-

multiplexers requiring a large number of output chan-

nels. This design shows a 32-output demultiplexer. 

One decoder has two inputs to produce four active Low 
outputs, which are then used to select one of other four 

decoders. The remaining inputs of the first decoder are 

used as Data and Inhibit inputs. 
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9301/9302 AND 9352/7442 DECODER APPLICATIONS 

MINTERM GENERATION 

SINGLE ONE DETECTOR 

a. 

The 9301 and 9352/7442 decoders can function as 

active Low output minterm generators producing the 

first 10 minterms of the 16 possible from four variables. 

The appropriate minterms can be summed with the use 

of an active Low input OR. 

This technique is suitable for all types of control, se-

quencing, and decoding logic, and can considerably 

simplify the problem of generating a required sequence 

of outputs on a set of lines. 

INPUT-OUTPUT TABLE 

DIFFERENCE BORROW 

E • IX minus Y minus B) 
b. 

See the Multiplexer section for use of multiplexers as 

function generators. 

The circuits above show 

a) a single one detector (output F is High whenever one 

and only one of the X0 - X3 inputs is High) and 

b) a gated full subtractor generating the Difference 

and the Borrow outputs of variables X, Y and B 

when the Enable input is Low. 

INPUT CODE 

Ao A1 A2 A3 0 1 2 3 4 5 6 7 8 9 101112131415 

1 2 4 8 

1 2 8 4 

1 4 8 2 

2 1 4 8 

2 1 8 4 

2 4 8 1 

4 1 2 8 

4 1 8 2 

4 2 8 1 

8 1 2 4 

8 1 4 2 

8 2 4 1 

INPUTS APPLIED 

O 1 2 

O 1 2 

O 1 8 

O 2 1 

O 2 1 

O 8 1 9 

O 2 4 6 

O 2 8 

O 8 2 

O 2 4 6 

O 2 8 

O 8 2 

3 

3 

9 

3 

3 

The 9301/9302 decodes 10 of the possible 16 min-

terms of the four variables applied to the inputs Ao - 

A3. The table above shows how differentgroups of min-
terms can be decoded by changing the assignment of 

4 5 6 7 8 9 

89 4 5 6 7 

23 45 67 

4 6 5 7 8 9 

8 9 4 6 5 7 

2 3 4 5 6 7 

1 3 5 7 8 9 

1 3 9 46 57 

1 9 3 4 6 5 7 

8 1 3 5 7 9 

46 1 3 9 57 
4 6 1 9 3 5 7 

OUTPUTS ACTIVATED 

the 1248 input signals to the Ao - A3 address inputs. 
Interconnection of outputs can generate many different 

functions of four variables. 
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9302 1-0E-10 DECODER 

DESCRIPTION AND OPERATION 

LEADS LOADING CHARACTERISTICS 

A O, A l A 2' A 3 
Ô to à 

Address Inputs 

Outputs (Active Low) 

Open Collector 

1 UL 

10 UL 

I I I I 
Ao A1 A2 A3 

9302 

(-,0 01 02 03 04 05 06 07 08 09 

TYPICAL DELAY 

PACKAGE 

TYPICAL POWER 

DISSIPATION 

A to Output 22 ns 

16 Lead DIP or Flatpak 

145 mW 

The 9302 is functionally and lead identical to the 9301 can therefore be wired together to simplify function 
1-of -10 decoder, but has open collector outputs. These generation and provide output bussing. 
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9302 1-0E-10 DECODER APPLICATIONS 

A SCANNING THUMBWHEEL SWITCH ENCODER 

ALTFIENADvE BCD ENCODER USING 
TWO OIL GATE PACKAGES 

111916 

ENABLE 

DECADE 
INPUT 
ADDRESS 

TO OTHER 

DIGITS 
ZERO CONNECTION 
NOT REQUIRED 
FOR BCD CODE 

o  
0--

So 

010 

BO---

90— 

• 

• 

• 

Loo 

10 POSITION SINGLE POLE 
THUMBNINEEL SNITCHES 

,(\ 

10-
20-

3o  
Do -

5 0  
“ei  
70--

BO— 

BO— 

• 

00 

20  

30  
40  

SO  
60  
70— 

• 

•  

MO> 

• 

ALL 
1 2 k 

9007 
LSB 

I 2 9004 

ADD OUTPUT 
MULTIPLEXED 

n 2 9004 

Thumbwheel switches are becoming increasingly popu-

lar for remote programming of counters, displays, in-

dustrial control systems, etc. To reduce the number of 

interconnections between the switches and the destina - 

tion, it is desirable to use multiplexing techniques. Ten 

decades of BCD thumbwheel switches unmultiplexed 

would require > 40 interconnections, while a multi-

plexed system requires < 20 interconnections. 

The conventional method of multiplexing uses BCD (or 
any 4-bit code) thumbwheel switches, each with a diode 

in series with the four outputs. These are connected to 

four parallel bus lines to the system output. The wiper 

arm of each switch is then selected from a decoder. 

Since the code is generated by the switch, this conven-

tional system requires different thumbwheel switches 

for different codes, some of which are considerably 

more expensive than others e.g. nines complement. 

4 90D2 
.11.».1S6 

The system described here requires no diodes and uses 

standard, low cost, single pole decade switches. The ten 

outputs are bussed to a simple encoder that generates 

the code required; the schematic shows BCD nines com-

plement is equally simple. 

The wiper arm of each switch is separately addressed by 
the active Low output of the 9302 open collector de-

coder. Nine pull up resistors at the encoder inputs 

insure proper noise immunity. Open collector decoder 

outputs are required since two or more switches might 

be in the same position, thus interconnecting several 

decoder outputs. The address applied to the decoder 

determines which switch is addressed; its position 

appears at the outputs of the four NAND gates. This 

system uses fewer and simpler parts and fewer solder 

joints than a conventional system, providing improved 

reliability. 
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9345/9352/9353/9354 1-0E-10 DECODERS 

ONEOF•EIGHT DECODER SOLENOID DRIVER 

DESCRIPTIONS 

The 9345/7445 and the 93145/74145 are 1-of-10 
decoders with open collector outputs that can sink 
more current and withstand more voltage than the 9302. 

These decoders accept BCD inputs on the Ao - A3 ad-

dress lines and generate ten mutually exclusive active 

Low outputs. When an input code greater than nine is 

applied, all outputs are off. These devices can thus be 

used as 1-of -8 decoders with active Low Enable. 

Both devices can sink 20 mA while maintaining the 
standardized guaranteed output Low voltage (VOL) of 

0.4 V, but they can sink up to 80 mA with a guaranteed 
VO L of less than 0.9 V. 

The 9345/7445 has an output breakdown voltage of 
30 V, while the 93145/74145 has an output break-
down voltage of 15 V. These devices are ideally suited 
as lamp and solenoid drivers. 

ONE OF TEN DECODER LAMP DRIVER 

Ao A, A2 A) IBCD CODE/ 

12 V 

The 9352/7442 is a 1-of -10 decoder, logically identi-
cal to the 9301 but with different lead assignment and 
somewhat slower. 

The 9353/7443 is an Excess-3 to 1-of -10 decoder that 
accepts Excess-3 coded inputs (binary range 3 through 
12) and generates ten mutually exclusive active Low 
outputs. 

The Excess-3 code is used in decimal arithmetic be-
cause of its self-complementing feature (the bit-wise 
complement of a number is also the nines complement) 

which simplifies subtraction. 

The 9354/7444 is an Excess-3 Gray code to 1 -of-10 

decoder that accepts Excess-3 Gray coded inputs and 

generates ten mutually exclusive active Low outputs. 

The Excess-3 Gray code is used in decimal position en-
coders, since it retains the characteristics of a Gray 
code (only one bit changes between adjacent states) 
even on the change between 9 and 0. 

DECODER OUTPUT STATES FOR COMMONLY USED INPUT CODES 

DECIMAL VALUE 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

INPUTS 

I Ao 
Ai 

A2 

A3 

LHLHLHLHLHLHLHLH 

LLHHLLHHLLHHLLHH 

LLLLHHHHLLLLHHHH 

L LLLLLLLHHHHHHHH 

BCD — 9301, 9352 TTL Outputs 

9302 Open Collector Outputs 

9345, 93145 High Current, High I 

Voltage, Open Collector Outputs 

EXCESS-3 9353 TTL Outputs 

EXCESS-3 GRAY 9354 TTL Outputs 

0 1 2 3 4 5 6 7 8 9 

— — — 0 1 2 3 4 5 6 7 8 9 — — — 

— — 0 — 4 3 1 2 — — 9 — 5 6 8 7 

ACTIVE OUTPUTS (LOW) 

This is a consolidated truth table for all Fairchild TTL ferent output leads depending on decoder types used, 

1-of -10 decoders. A given set of inputs activates dif- BCD, EXCESS 3, or EXCESS-3 Gray. 
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9311 1-0E-16 DECODER 

DESCRIPTION AND OPERATION 

LEADS 

A0,Ai,A2,A3 
fo,E 
Oto 15 

00 01 02 03 04 05 0602 0809010011012013014 0 15 

AND 09 ENABLE 

1 2 9005 

LOADING 

Address Inputs 

AND Enable (Active Low) Inputs 

(Active Low) Outputs 

HIGH LEVEL ADDRESS INPUTS 

STROBE ADDRESS 

00 01 02 03 04 05 06 02 0809010011012013014 0 15 

1 UL 

1 UL 

10 UL 

EG Et 

0150140130120110100908 02 06 05 04 03 02 01 00 

CHARACTERISTICS 

TYPICAL DELAY 

PACKAGE 

TYPICAL POWER 

DISSIPATION 

A to Output 21 ns 

É to Output 17 ns 

24 Lead DIP or Flatpak 

175 mVV 

LOW LEVEL ADDRESS INPUTS 

A2 A3 

The 9311 is a 1-of-16 decoder with two active Low 

Enables in a 24-lead Dual In-Line package. All leads 

are used to provide maximum flexibility and function-

al capability. It has buffered inputs to reduce input 

loading and uses NAND gates to produce the 16 possible 

outputs from four address inputs. One particular out-

put goes Low when its address is applied to the inputs 

Ao - A3 and both Enable inputs are Low. This 2-input 

active Low Enable gate increases logic flexibility. The 

9311 can be controlled by other decoders or gates and 

still retain an overriding active Low Enable input, or a 
matrix of 9311 can be controlled by two decoders or 

NAND gates, one in the x, the other in the y direction. 

Depending on the number of address bits that are chang-
ing simultaneously, the delay from address to output 

61 62 63 64 OS 66 07 68 09 0 10 511 512 5'13 614 

is equivalent to either two or three gate delays. The 
delay from Enable to output is always two gate delays, 

typically 14 ns. The four address inputs have 16 dif-

ferent states, each activating one particular output. 

The logic symbol is normally drawn for active High ad-

dress inputs, but it can equally well be drawn for active 

Low address inputs, in which case the outputs have to 
be relabeled as shown. 

The 2-input active Low Enable AND gate can also be 

considered a 2-input active High Inhibit OR-gate. Logic 

power of the active Low AND Enable gate is shown. 

The decoder is enabled only during an AND/OR condi-
tion. The remaining input on the AND Enable gate can 

then serve as an active Low strobe signal. 
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9311 1-0E-16 DECODER APPLICATIONS 

ADDRESS DECODING 

All II 
1 CEP PE Po Pl P2 P3 

9316UP 
CET BINARY IC 

cis COUNTER 

MR 0 0 0 1 0 2 0 3  

STROBE 

Ao A1 A 

9311 1 16 DECODER 

A3 

00 01 02 03 04 05 06 02 0505010011012013014 0 15 

TifTri"M"firMl'I'T 
I I 

I I 

POWER DRIVER 

TO ADDRESS LINE 

Address decoding is one of the prime applications of 

the 9311 decoder in core, thin film, and semiconductor 

memory systems. The decoder does not normally have 

enough drive capability to drive memory elements 

directly. Therefore, some form of buffer is often used 

TO OTHER DRIVERS 

between the decoder outputs and the memory cells. 

Since these buffers are generally inverting units, the 

active Low level outputs of the decoder are an advantage. 

The address decoder above uses a 9316 4-bit binary 

counter as a holding register. 

1-0E-32 DECODER 

STROBE X0 Xl X2 53 54 

Ao A A2 A 

9311 1 16 DECODER 

00 01 02 0304 05 0 60205 0 9010011 0 120 130 14 0 15 

TriTYT7771"Urr? 
o   

o 

rg• 

AO A1 A2 A 

9311 1,16 DECODER 

00 01 02 03 04 05 06 07 08 0 90100110120130 14 0 15 

16  —31 

Several 9311 decoders can be operated together to de- shows two 9311 decoders decoding five binary digits. 
code words of more than four bits; the example above 
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9311 1-0E-16 DECODER APPLICATIONS 

LARGE ADDRESS DECODING 

a. 
52.179. 

I  
.91 

119,1 1•19ECO/n• 

.43 0, 0 7 0 2 G• .9 0 ,32 4 ,40 

UTTYYTYYTTYTTU 

•22 • •2 • 

931, 1 11 MOO.. 

0. 02 02 0,0. 0, 0.02 u•O•n2,22,02,2, 30141319 

prrirrY??????11 

•3!)!A p.p.. 

a 0, 02 Y 132 0•090,220G‘,20,302•01 

Urfrf 7TY 7TiViT? è, 

on 0. 02 02 212. you, 0•0920 '002122,29 92•1• 19,1 

rfrfrrilITYY711 

.001,99 

à • 3 

130, ,2,012-1312. 

[1,0,0,02 y y 09 Os 

 T o 9 y 

A. • 32 4, 

931 , , 11 12/00139. 

u. 02 02 02 0Y u G*G•Yo ,t1, 212 

/TYYYTYYTYYITYY/ 

.0 .1 

9321 I Go 05,0000 

Go 0, 02 Coo u• 103 y  0, .20.90200, 00 33', 33111012 

rl'Y'rfriYYTTY'fll 

u* , 03, .9 YO,2 090 90,00,0,22,0 ,40 111 

ITYYTYYYYTYYTYY1 

The decoding scheme in a uses a 9301 1-of-10 de-
coder to select a particular 9311. The address inputs of 
the 9301 represent the three most significant address 
bits and the address inputs of the 9311 decoders com-
monly represent the four least significant address bits. 

A. .,..à Y 

" 

b. 

.2 •2 

6122. 82.2. 

.3 0202 01, .9 u• 

VITYTYYT 

„ 

-4 0 *3 .2 94 08 Y Y. 91 

TYTTYYPY 

0. 3,03 ,30. oào...220, •o• 10212,2, 

FrTYTTYTTYTY7Y% 

• • 

Y 0, *2 03, 2. Y Y •Ourà.23,3249,22.8 

,I, YTTYTYYTTYYY In M 

••• • 2 • 

* *2 Y Y*1•24 4.90. ova 92 3.2* •  

p'TYYTTYYTYYT 7U ITYYS'YYYTY Y??P% 

A 7-bit binary address is decoded to 128 output lines, 
and the second AND Enable input is used as a strobe. 
An even larger 1-of-1024 decoding scheme, using an 
XY matrix approach, is shown in b. 

I •to119. 
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9311 1-0E-16 DECODER APPLICATIONS 

READ ONLY MEMORY CONTROL 

ADDRESS 

WOROS 
G-3I 

STROBE 

X0 X1 X2 X3 54 5 X6 X7 X8 

E AO A1 A2 53 

9311 1.'16 DECODER 

00 01 02 03 04 05 06 07 0 60 90 100110120 130 14 0 15 

oî?????????????? 

•  

4 1D 4 1 4 2 4 3 44 

ROM 93434 
32W 8 El 

0, 0, 02 03 04 0, 0, 03 

E A, A, A2 A, A, 

ROM 93434 
32W 8 6 

00 0 1'2 0 3 0 4 0 500/ 

OUTPUTS 

A 9311 decoder can select a particular bipolar read 
only memory from a group of memories (93434s) 
comprising a complete stack. A single 9311 can control 

a group of 16 of these memories. Each memory contains 

256 bits arranged in a 32-word x 8-bit format, with 

WORDS 
32-63 

1 TO OTHER 
.." 93434s 

'0 

93434, 

the outputs of common digits OR tied. An output from 
the 9311 can drive up to ten 93434 memories, allow-

ing control of a 512-word x 80-bit memory or 40,960 
bits of information with a single decoder. 
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9311 1-0E-16 DECODER APPLICATIONS 

READ/WRITE MEMORY CONTROL 

WORD LOCATION ADDRESS 

Ao An A, 4.3 

9311 1 16 DECODER 

1, On 02 03 04 Os 0607 08090,001101,01,014016 

WM1°11111111  
ingEE 9,16 

TEXINVERTE,,S 

,0 ME, OR CELLS 3 OIE 

STACK AD HESS 

Ao Al A; A] 

1 '0 DECODER 

0 0 0 1 0 2 0 3 0 4 0 5 0 6 0 7 0 8 0 9 

10 STACKS 2 TO 10 

Another memory configuration incorporating the 9311 

decoder is built around the 93435 16-word x 4-bit read/ 

write memory. The design shows a typical semicon-

ductor memory stack of 160-words x 40-bits. The 
93435 is a linear select device requiring both active 

high inputs and inverting buffers between the decoders 

WO1TE ENABLE 

DATA INPUTS 
on E 2 3 4 5 

a o O 

CS j Di 

Als 0o 

I 5 

93435 All MORT 
16W 48 

01 

o 

O a 
D2 

93435 MEMORY 
'OWE 48 

o, 02 03 

DATA OUTPUT 

 VT 1 
 UT 2 

TO MEMORY CELLS 3 TO 10 

110 

and memory cells as shown above. Since the decoder 

outputs can drive ten inverters, and each of these can 

drive ten 93435 memories, a single 9311 with a 9301 

can control a fairly large semiconductor random access 
read/write memory. 
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9311 1-0E-16 DECODER APPLICATIONS 

DECODING AND ENCODING 

ENABLE 

00 01 02 03 04 05 06 02 0 80 90 10 0 11 0 120 13 0 14 0 15 

The 9311 decoder can decode any 4-bit weighted or 

unweighted code simply by selecting the appropriate 

DECIMAL 

DIGIT 

OUTPUT ACTIVATED 

8421 5421 EXCESS 3 GRAY 

o o 
1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

o 
1 

2 

3 

4 

8 
9 

10 

11 

12 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

o 
1 

3 

2 

6 

7 

5 

4 

12 

13 

outputs in the desired sequence. Decoding for several 

well-known 4-bit codes is shown above. 

SWITCH ENCODING 

CLOCK 

PE Po P, P2 P3 
rEP 

9316 UP 
rlr BINARY IC 
, COUNTER 

MR Clo 0, 02 03 

Ao Al , A 

93111 ,16 DECODER 

0f0'0020ifffifffffieff 
fifil(ffn(ff.(f.(ff  

o 
1 P, 

C" 9316UP 
CFI BiNARY IC 

  c ., COUNTER 

MR 00 0 1 0 2 0 3  

YIIII 
OUTPUTS 

The 9311 1 -of -16 decoder can be used in a scanning 

switch encoder. A 9316 modulo 16 free running syn-

chronous counter is decoded by the 9311, and 16 push-

button switches are connected to its outputs. The clock 
is connected to the Enable inputs to prevent output 

glitches when the counter outputs change after the 
rising clock edge. This scheme assumes that only one 

switch can be activated at a time. The common point of 

all switches is normally High, going Low when the posi-

tion of the activated switch is decoded, which loads the 

counter contents into the synchronous holding register, 

another 9316 counter used in parallel load mode. 

CLOCK 

OUTPUTS 

Pf Po P, P2 P3 
CEP 

9316 SIP 

CET BINARY IC 

c „, COUNTER 

MR 00 0, 02 03 

PS PO PI E2 P3 

1111111111111111' 
c .0 .1 .2 ,3 ,b .6 .7 8 9 I10 .'1 112I13 '14 IIS 

93150 74193 
16 INPUT MULT1PIF XER 

When it is possible for several switches to be activated 

simultaneously, it is better to take a different approach 
using a 16-input multiplexer controlled by a free running 

counter. The output of the multiplexer controls the 

loading of the counter contents into the synchronous 

holding register, consisting of another 9316 used only 
in the parallel load mode. The counter stops whenever 

a closed switch is decoded, thus ignoring further switch 
closures until the first switch has been released. This 

feature is called 2-key roll over. 
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9311 1-0E-16 DECODER APPLICATIONS 

DATA DEMULTIPLEXING 

DATA INPUT 

STROBE 
ADDRESS 

AO AI A2 A3 

9311 1 16 DECODER 

00 01 Op 0304 05 0 60 20 80 90100 11 0 120 130 14 0 15 

CLOCK 

00 °??Y`fr????Yr? 
11111 1111111 
11111111111 

o 

11111 

—0 

1  PE PO PI P2 P3   J 
9300 

CP SHIFT REGISTER 

K 03 
MR 00 01 0 2 0 3  

 10_ PF po P, p2 P3 

9300 
SHIFT REGISTER 

03 
MR 00 01 Op 03 

Y1111 

11111 

PE P0 11.1 Pp P3 

9300 
CP SHIFT REGISTER 

03 

mR120 Ui 02 03 

OTHF T 
REGISTERS 

The 9311 decoder can select a particular output under 

the control of an address; and the active Low Enable 

can be used as a data input that is routed to a specified 

output under control of the address input. If the address 
configuration selects output zero, then this output goes 

Low if the AND Enable is active, and High if it is in-

active. Therefore, when data is inserted into one input 

of the active Low AND Enable gate, it is switched to 

the output under control of a strobe present on the 
other AND input. Thus, the decoder performs a demulti-

plexing function. Note that all unselected outputs are 
High. 

CLOCK DEMULTIPLEXING 

CLOCK 

ADDRESS 

AD AI A2 A 

9311 1/16 DECODER 

00 01 02 03 04 05 0 60 708 0 9010011012013014 0 15 

00 

II I I I I I I I I I 
I I I I I I I I I I I 

11111 
P3 PE Po PI Pp 

  CP SHIFT REGISTER 

MR 00 0 1 0 2 0 3 

9300 

0 3 

1  PF PO PI P2 P3 
CEP 9316 UP 
CET BINARY IC 

COUNTER 

MR 00 0 1 0 2 0 3  

?I 1H 

if 1 1 1 1 

11111 

CP 

1111 
PL 

CPU 

CPD 

MR 

ele 

PO PI P2 P3 

TCD 0--

9360,9366 
TCD 0-

0 0 0 1 0 2 0 3 

1111 
UP,DOWN 
COUNTER 

OTHER 
COUNTERS 
REGISTERS 

Many applications of this demultiplexing principle are 

possible; that above shows the 9311 decoder serving 

as a clock demultiplexer. Under control of the address, 

the clock is routed to the appropriate register or counter. 

If the address to the decoder changes after the Low-

to-High clock transition, there are no glitches or spikes 

on unselected outputs. 
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9311 1-0E-16 DECODER APPLICATIONS 

SINGLE-MASTER/MULTIPLE-SLAVE FLIP FLOP 

1•0,1 

doC. 

00 000 
n65,ANDWIESS 

00 00 .2 .3 

Op 0. 07 0, O. 0, Og 0,0e 

9308 

S. .0 .1.2 .3 

930. 
410,A G17 

• 00 0.07 

This application uses the 9311 decoder to control a 

group of latches working as a single-master/multiple-

slave flip flop. When the clock is High, information 

from a parallel set of busses is entered into the master 

latches. When the clock line is Low, this information 

is transferred to the appropriate slave latch addressed 

by the decoder. Two dual latch blocks function as mas-

ters to share the load to drive the 16 slave registers. 

3 000 0 

110 LA [▪ . 

00 

¡III 

▪ 4 ,C.tf 

Alternatively, inverting buffers could be placed be-

tween the master and slave for loading purposes but 

this would cause additional delay. Since each decoder 

output can drive 10 latch blocks, the circuit shown can 

be extended to 40-bit words. This multiple slave method 

offers considerable hardware savings compared to a 

register approach in which each register contains its 

own individual master/slave latches. 

COUNTER 

CI.00K 

INPUT 

INPUT r 

AO A1 4 2 4 

9311 1 16 DECODER 

00 01 0 7 0 3 0 4 OS 0 6 0 7 0 80 90 100 11 0 120 13 0 14 0 1b 

00000 .0 000900U 

o 1 
PE Po P1 P2 P3 

—CEP 
9316 UP 

-- CET BINARY TC 

— CP COUNTER 

MR 0001 0203 

TI 

PE Po P, P2 P3 
CEP 

9316 UP 
— CET BINARY TC 

COUNTER 
— CP 

MR 0001 02 03 

o 
PE Ao 1 P2 P3 

CEP 
9316 UP 

CET BINARY IC 

CF COuNTER 

[ MR 00 01 02 03 

?H 

o 
PF Po P1 P P3 

CEP 9 i6 
UP 

CET B NARY TC 

OP COUNTER 

MR 00 C/1 02 03 

TI Ill 

1 2 9004 

A programmable counter can be designed using a 9311 

decoder that counts in modulo 2, where n is the pro-

grammable input. Shown above is a 9311 decoder and 
four 931 6 binary counters capable of counting up to 

215. The input n drives the selected output Low so 
that when a parallel load occurs, all Highs are written 

into the register except at the stage represented by 

the address n. The counter counts pulses and reaches 

OUTPUT 2' 

the condition 0000111111111, at which point, the ter-

minal count of the last stage goes High. Ater 14 ad-

ditional pulses bring the total to 2n -1, the three remain-

ing inputs to the 9004 gate are High, and the next clock 

pulse reloads the counter to its original condition. The 

circuit therefore performs as a 2n programmable 

divider. 

2-22 



Digital Display Systems 

Display Devices 

Decoder/Drivers 

Decode Formats 

Zero Suppression 

Multiplexed Systems 

Incandescent Display Systems 

Fluorescent Display Systems 

Gas Discharge Display Systems 

Light Emitting Diode Display Systems 

o 

3-1 



DIGITAL DISPLAY SYSTEM SELECTION GUIDE 

Display Manufacturer 
Fairchild 
Circuit 

Type Of 
Decoder Active 

Outputs 
Volts mA Remarks 

Gas Discharge 

1 -of •10 
(Nixie • Type) 

ZM 1000 — Amperes — Slaytorsville, RI 

Burroughs — Plainfield, N.J. 

9316 
(7441) 

93141 
(54141/ 

1-of-10 

1-of-10 

Low 

Low 

0-65 

55 

7 

7 

Direct Drive 
or Multiplexed 

All Drive Directly 

(All cold cathode) NL5750, 1— National Electronics — Japan 
NL 940. etc 

74141) 

Raytheon — Quincy. MA. 

Gas Discharge Panaplex — Burroughs — Plainfield, N.J. 9307 7-Segment High Logic Levels 1 Requires Discrete 

7-Segment SP Series — Sperry — Scotsdale. AZ. 
10 Units Loads I Transistor Interface 

National Electronics — Japan 
Direct Drive 
or Multiplexed 

Elfin — Alco — Lawrence. MA. 

Incandescent 9301 1-of-10 Low Logic Levels 

1-of •10 
10 Unit Loads 

(Protection (16 mA Sink) 

Displays) 9302 1-of-10 Low 7 16 — Open Collector 

9345 1-of -10 Low 30 80 — Open Collector 
(7445) 

93145 15 80 — Open Collector 
(74145) 

Incandescent Dialight — Brroklyn. N.Y. 9317 B 7-Segment Low 20 40 
— 

7-Segment Appollo — Diametrics — Torrance, CA. C 7-Segment Low 30 20 

EDP — Orlando. FL. 9357A 7-Segment Low 30 20 
James Electronics — Chicago. IL. 

Luminetics — Pompano Beach, FL. 

(5446/ 
7446) 

All Drive 
Directly 

9367B 15 20 Mesa — Bristol. PA. (5447/ 
Pinlight — Fairfield. N.J. 7447) 

Numitron — RCA — Harrison. N.J. 9370 7-Segment Low 7 26 — Contains Input 

Minitron ___ Readouts — Del Mar, CA. Latches — 

LED FND 10 — Fairchild Optoelectronics — 9307 7-Segment High Requires 

Common Cathode Palo Alto, CA 
9368 7-Segment High 1.7 19 — Contains Input 

Current 
Limiting 

5 to 15 mA/ MAN 3 — Monsanto — Cupertino, CA. Latches Resistors 
Segment MOR 33 — Motorola — Phoenix, AZ. 

HP 5082 — Hewlett-Packard — Palo Alto, CA. 9369 
7-Segment High 3.5 50 —Multiplex Applications 

7200 Series — Hewlett-Packard — Palo Alto, CA. Contains Input Latches 

15 - 20 mA/ R7M Elite — Bowmar — Canada 9368 7-Segment High 1.7 19 —Requires Current Contains 
Segment Limiting Resistors Input 

FND 70 — Fairchild Optoelectronics — 9388 7-Segment High 1.7 19 —Drives Directly J Latches 

Palo Alto, CA. 

LED Data Lite 6 9317B 7-Segment Low 20 40 'i Requires Current 
Common Data Lite 8 Litronix — Cupertino, CA. C 7-Segment Low 30 20 JLimiling Resistors 
Anode Data Lite 10 

9357A 7-Segment Low 30 20 
MAN 1 (5446/ 

1-- Monsanto — Cupertino, CA. 
MAN 1001 

7446) 

93578 15 20 
SLA 1 - 4 Opcoa — Edison, N.J. (5447/ 

TIXL 301 ]-- Texas Instruments — Dallas, TX. 
7447) 

TIXL 302 9370 7-Segment Low 7 25 — Contains Input Latches 

7730 Series Hewlett-Packard — Palo Alto. CA. 

Fluorescent GE Y1938: General Electric — Owensboro, KY. 9307 7-Segment High — Requires Either 
Y4075; 

r 
Discrete Transistors 

Y4102,05 or Interface Units 

Legitron DG 10.— Legi Electronics -- L.A., CA. 
12H. 19C (Iseden -- Japan) 

NEC DG12E/ 
LD915,DG10E/ Nippon Electric — Japan (L.A., CA.) 
L0938 

Digivac — Tung-Sol — Livingston, N.Y. 

Fluorotron — Sylvania — Seneca Falls, N.Y. _ 
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DIGITAL DISPLAY SYSTEMS 

INTRODUCTION 

Automation continues to demand better display readout 

devices for point of sale equipment, DVMs, frequency meters, 

counters, etc. The result is a wide variety of shapes, sizes, in-
put drive requirements and principles of operation of display 

units. Most electronic readout devices use neon, fluorescent, 
incandescent, electroluminescent or gallium arsenide methods 

to form or illuminate the readout display. 

A display decoder/driver takes 4-bit (usually BCD) input 

data and decodes it into the correct format for the particular 

display being activated. Outputs must be of sufficient current 

and voltage and correct polarity to drive the display. Such de-

coder/drivers are now available for many display types in a 

single integrated circuit. 

DISPLAYS 

One of the oldest electronic numeric readouts is the one-of-ten 

display such as the NIXIE" tube. An inherent disadvantage is 

that each of the numbers within the tube is not on the same 

plane. This is very evident when a number of displays are 

used side by side. Additionally, the red illumination of the 

displays makes it difficult to change the readout color. Also, 

they are difficult to multiplex because of relatively high volt-
age requirements. Seven-segment displays have become 

popular due to their lower prices and pleasant, modern numer-

al format. These displays are available in a wide variety of 

size, color and type. 

Incandescent displays can be made in a wide range of sizes 

and colors and are among the brightest available depending 

upon the lamps used. Until recently their main disadvantage 
was reliability due to segment failure. New materials, pack-

ages and methods however, have improved their reliability. 

Many newer incandescent displays have all seven segment 

filaments contained within a single vacuum envelope and are 
compatible with standard DTL and TTL voltages. Multi-

plexing incandescent readouts doesn't offer much advantage 

in part count as each of the display segments requires a diode 

to stop sneak electrical paths. 

Cold cathode displays, also known as neon, gas discharge, or 

plasma displays are improved nixie-type displays with seven 

segments instead of 10 numeral cathodes. Easily read and 

red-orange in color, they are available in sizes up to 0.75 

inches high. They do have a disadvantage in that a high anode 

potential is required making them difficult to multiplex. 

Fluorescent displays are blue-green, available to approxi-

mately 0.6 inch character height, and are used primarily in 

imported calculators. Their relatively low current and voltage 

requirements make them easy to multiplex. 

The light emitting diode is a modern technology, solid state 

device using either gallium arsenide or gallium arsenide 

phosphide. Generally, the advantage of these displays lies in 

their smaller size, more reliable operation under severe me-

chanical conditions, and voltage current compatibility with 

standard integrated circuit technology. LEDs are available 

from 0.1 inch to 0.8 inch heights and are typically red in 

color; however, yellows and greens are offered at a price. 

Most of the smaller 0.1 inch LEDs are used in domestic hand 

calculators. 

Liquid crystal displays are unique because they scatter, rather 

than generate, light. There are two basic types: reflective 
which requires front illumination, and transmissive which re-

quires rear illumination. Liquid crystal display devices have 

the lowest power requirements of any display; however, they 

require an ac drive system which makes them difficult to 
multiplex. Short operating life, low reliability, and sensitivity 

to ultraviolet light have impeded the progress of these displays. 

Other technologies for making 7-segment displays are elec-
troluminescent and light emitting thin films with very high 

voltage requirements, but IC decoder/drivers for these dis-

plays are cumbersome and difficult to make. 

NIXIE is a registered trademark of Burroughs Corporation 
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DIGITAL DISPLAY SYSTEMS 

7-SEGMENT DECODER/DRIVERS 

9307 
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RBO a b c H e 

?IIIIIII 
SEGMENTS ACTIVE HIGH 

RESISTIVE PULL-UP OUTPUT CIRCUIT 
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R I 

INPUTS 

Ao A1 A2 A3 
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Decoder/drivers for 7-segment displays accept a 4-bit 
BCD 8421 input code and produce the appropriate out-
puts for selection of segments in a 7-segment matrix 
display used for representing the decimal numbers 0-
9 and alpha characters when necessary. The seven out-
puts (a, b, c, d, e, f, g) of the decoder select the corres-
ponding segments in the matrices shown. The numeric 
designations chosen to represent the decimal numbers 
are shown in the decode fonts above. 

The 9368; 9369, and 9370 devices have built in latch 
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..... 
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FUNCTION 

TEST 
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4 
e 
e 
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16 

circuits for data storage. Latches are activated by a 
single active Low Enable input. When the Enable is Low, 
the latches are transparent; when High, the data present 
at the inputs prior to the Enable going High is stored. 

When decoders have active Low input Lamp Test LT, 
this input overrides all other conditions and enables a 
check on possible display malfunctions. The RBO ter-
minal of the decoder can be OR-tied with a modulating 
signal via isolating buffer for either pulse duration in-
tensity modulations or display blanking. 
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DIGITAL DISPLAY SYSTEMS 

7-SEGMENT DECODER/DRIVERS 
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LLHLLHLH 
ILLLHHLH 

HLLHHLLH 

LHLLFILL 

HHLLLLLH 

ILL HUH HH 
LLLLLLLH 

ILLHFILL 
HHHLLHLH 

FILLHSIL F4 

L• FIFIL• FILLH 
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R80 ENCRef 
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1111 
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LUI NHL 11 11 I. 14 14 5 
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X 14/1HHHLLILIIIIH F 

.R80 used as an Input 

1H1là 
Ao 47 42 A, t RBI 

9370 
7 SEGMENT DECODER 

DRIVER LATCH 

R1313aocoe 

???????? 

LATCH 
ENABLE OUTPUTS 

L Data follows Input 
Store 

SEGMENTS ACTIVE LOW 

OPEN COLLECTOR OUTPUT CIRCUIT 
INPUTS OUTPUTS 
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LH 11 L 
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LHHILLL 

LHHILLI 
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d 

E 
F X 14 14 14 HINHFILLL 14 

•RBO used as an input 
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DIGITAL DISPLAY SYSTEMS 

7-SEGMENT DECODE FORMAT 

cúrn 

•  

2 3 

Decoder/driver logic for 7-segment displays is based on 

four basic decode formats. Output drive capability and 

polarity are adjusted to suit the display device. The de-

coder/drivers listed are grouped by logic decode format. 

• 9307 
• 9317 

• 9357 (7445 & 7446), 9358 (7448), 9359 (7449) 

• 9368, 9369, 9370 

4 5 e 7 

Decode format is an important consideration for 7-seg-

ment displays, not only for appearance and reliability, 

but also because certain segment shapes selected by 

manufacturers do not represent certain numerals well. 

For example, a left-hand one or a six without a tail would 

be difficult to decipher using the displays in 1, 2, and 

3 above. 

SEVEN SEGMENT DECODER/DRIVER WITH NUMERIC ONE ON THE RIGHT HAND SIDE AND TAILS 

ON NUMERIC SIX AND NINE 

Li 

HHELPE 

2!--Ibb3E1H 
EHE 

PRHRR -IHEI 

E' IEE1O 
2-ifE11 -12 

7 POSSIBLE FAILURES, 5 CRI TICAL LAMPS 

DECODE FORMAT 

SEGMENT lel FAILS 

SEGMENT IbI FAILS 

SEGMENT 171 FAILS 

SEGMENT 101 FAILS 

SEGMENT AI FAILS 

SEGMENT In FAILS 

SEGMENT 101 FAILS 

9317 DECODER/ORIVER WITH NUMERIC ONE ON THE LEFT HAND SIDE AND NO TAILS 

ON NUMERIC SIX AND NINE 

Li 
E 
E 

HHbR 

1 1(3R 

' I 'I L 
OSL'S P0551 LE EAILOIRES 4 CRITICAL LAMPS 

CONSIDERING A. B & C FAILURES FOR THE 9317 FORMAT ON THE RIGHT ABOVE, THERE IS A READABLE NUMBER. FAILURES 
A 0 , B 0 , AND C 0 ARE IN THE WRONG DECODE FONT. A CAREFUL OBSERVER WOULD NOTICE THAT THESE ARE THE 

WRONG NUMBERS. OF COURSE, THEY SHOULD READ 7 FOR A, 8 FOR B, AND 8 FOR C 

Another consideration involves possible failures and 

critical lamp considerations for both formats (decimal 
one on right segments with tails on six and nine and 

decimal one on left segments without tails on six and 

nine). Note that for the 9317 font, dotted circles show 

actual numerals even with segment failures but the nu-

meric formats are wrong. Thus, there are actually only 

two possible failures and two critical lamps if the viewer 

realizes that the numbers 1, 6 and 9 are in the wrong 
format. Considering all readable numerals, there are 

five failures and four critical lamps. 

The elimination of the tails on the six and nine provides 

the greatest single contribution to reliability. Placing 
the decimal one on the left hand segments also increases 

reliability. This is because the distribution of segment 

use for all ten numerals is more equal. 

LAM P 

SEGMENT 
USED 

SEGMENT USE DISTRIBUTION 

NUMERIC ONE POSITION ON 

L.H.SIDE R.H.SIDE 

E 

7 

8 

5 
7 

8 
9 

4 

6 

Because of improved segment use distribution and 

fewer critical lamps, the 9317 format is an advantage 

in military or other applications where there is increased 

concern with erroneous readout. 
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DIGITAL DISPLAY SYSTEMS 

ZERO SUPPRESSION 

II 
j 

 , 
1111 1111 1111 

DISPLAY WITHOUT RIPPLE BLANKING 

INTENSITY 

MODULATION 

INPUT 

LEAST SIGNIFICANT DECADE 

4, A, 4,0 8 

MOST SIGNIFICANT DECADES 
BLANKED BY USING RIPPLE 

BLANKING CIRCUIT 

a 0, 1,, 0,, 

1 I I I 
I I I I 

LEAST SIGNIFICANT 
DIGITS CAN BE BLANKED 

MOST SIGNIFICANT DECADE 

C C2 C. C8 0,020401 

LAMP   

TEST 

INVERTER CAN BE 
IMPLEMENTED WITH ONE 
TRANSISTOR AND A RESISTOR 
FOR EACH DECADE 

aJ) 
I 2 3' r " 1 

7SEGIIENT DECODER 

1)0000 o 

AO I 2.1L'" 

?SEGMENT DECODER 

RE,C e • 

0000000 

tempo aEccout 

.ev c e 'I 

000 00 

0 0 

80 7 .' 

ecio0NT DECODER 

R8C c e • 

Li 0000000 

TO 7-SEGMENT DISPLAYS 

ALL INVERTERS ARE DTL 9936 OR OPEN COLLECTOR TTL 9N05 (7406) 

Leading or trailing edge zero suppression is particular-

ly valuable in multidigit displays with a decimal point. 

Legibility is enhanced by blanking irrelevant decades. 

All devices except the 9359 have provision for automat-

ic blanking of the leading and/or trailing edge zeros in 

a multidigit decimal number, resulting in an easily read-

able decimal display, conforming to normal writing 

practice. In an 8-digit, mixed integer, fraction decimal 

representation, using the automatic blanking capability, 

0007.200 would be displayed as 7.2. Leading edge 

zero suppression is obtained by connecting the Ripple 

Blanking Output RBO of a decoder to the Ripple Blank-

ing Input RBI of the next lower stage device. The most 
significant decoder stage should have the RBI input 

grounded. Since the suppression of the least significant 

integer zero in a number is not usually desired, the RBI 

input of this decoder stage should be left open. A simi-

lar procedure for the fractional part of a display provides 

automatic suppression of trailing edge zeros. 

The 9368, 9369, and 9370 devices have built in latch 

circuits for data storage. Latches are activated by a 

single active Low Enable input. When the Enable is 

Low, the latches are transparent; when High, the data 

present at the inputs prior to the Enable going High is 

stored. Note that with the 9368, 9369 and 9370, the 
RBI and RBO is activated by data stored within their 

latch functions. 

As shown, the RBI of the most significant decade de-

coder is grounded. If a BCD zero is present on this 

decade's inputs, this display is blanked and RBO is Low. 

The remainder of the decoders operate in the same man-

ner; consequently, this system is called Ripple Blanking. 

The RBO of these decoders has two functions: In addi-

tion to its use as an active Low output to detect BCD 

zeros when RBI is Low, it can also be used as an OR-tied 

input for either blanking the entire display or control-
ling brightness by applying pulse duration intensity 

modulation. The OR-tie capability of the RBO is tied to 
open collector TTL, DTL or discrete device inverters to 

control brightness shown in shaded area. 
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DIGITAL DISPLAY SYSTEMS 

DISPLAY MULTIPLEXING SYSTEMS 

•111•71.111101.001 
flOel 

Typically, multiplexing is a result of economic considera-

tions such as requirements for simple drive circuitry, 

or minimum interconnections between the displays and 

the system providing the data to be displayed. The 

multiplexed or direct drive display selection is based 

upon each system's design characteristics. Overall cir-

cuit complexity and cost are primary considerations in 

the majority of consumer and industrial design efforts 

as opposed to military applications where the priority is 

more commonly maximum reliability. 

In some systems, this choice is quite clear. For example, 
the popular pocket calculators use a single chip produc-

ing data in a serialized format while multiple digit LED 

displays employ data bussing for ease of manufacturing 

and to reduce connections. Therefore, the connections 

and drive units between display and chip are held to a 

minimum. 

Conversely, in a system where the data is presented in 

parallel format and close to the display, multiplexing 

the data would greatly increase system complexity and 

cost. Any data sent a considerable distance should be 

sent on a single cable and serialized (an advanced form 

of multiplexing). However, a display subsystem located 

a few feet away may warrant a simpler form of multi-

plexing using fewer wires. Even though purchase price 

and maintenance costs of cables, connectors and joints 

is increasing, the cost of MSI per function is decreasing. 

Multiplexing and the degree of multiplexing, therefore, 
is to be considered carefully. 

Five units are used in this basic multiplexing circuit. 

• A decoder/driver usually decoding BCD input data 

to the code requirements of the display device, 

normally 7-segment or 1 -of-10 decode. 

• An input address selector (multiplexer or shift regis-

ter) taking the BCD input data to be displayed to 

the decoder/driver. 

• A scan decoder selecting the display to be energized. 

10,31,1, 

• A scan counter addressing the scan decoder and in-

put address selector. 

• A clock input determining the multiplexing rate. 

Multiplexing a small number of displays is not economi-

cal unless the data input is in serial form. Multiplexing 

can offer advantages after about four digits for some 

display types. The maximum number of digits is about 

12 (except with LED displays). Beyond this number, it 

becomes difficult to power each display unit for its dimin-

ishing share of time. For a given brightness the display 

will require a given power whether or not it is multi-

plexed. When multiplexed, this power is supplied to the 

display in pulses for a fraction of the complete scan 

cycle. Hence, voltage and/or current must be increased 

over that required for the dc conditions. Multiplexing 

incandescent displays is less attractive because each 

filament of the display requires a diode to stop sneak 

electrical paths. 

Advantages: 

• Fewer parts—lower system cost. 

• Easier printed circuit layout. 

• Reduced interconnection wiring when readout is re-

mote from display logic. 

• System hook-up requires fewer parts. 

Disadvantages: 

• Higher operating voltages or current required for 

equivalent brightness. 

• Scan rate must be above 1 kHz to reduce flicker. 

• Careful uncoupling of power supplies to stop switch-

ing transients is required. 

• A clock is required to drive multiplexed systems. 

• Clock failure results in full power to displays, damag-

ing an unprotected system. 
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DIGITAL DISPLAY SYSTEMS 

DISPLAY DEMULTIPLEXING SYSTEM 

le 

STROBE 
INPUT   

ORDIGIT • 

ADDRESS e  

 s. 

MuLTIP,.ExED e 

BCD DATA   

AO A1 A2 A3 E1 RBI 

7-SEGMENT DECODER 
DRIVER , LATCH 

RBOabc 3,1 

LEAST SIGNIFICANT 

DIGIT 

00 
A43 A, A2 A3 EL RBI 

7 SEGMENT DECODER 

DRIVER LATCH 

RBO b de 

O 

OTHER 

DIGITS 

Ac, A. A2 A3 EL RBI 

7-SEGMENT DECODER 

DRIVER LATCH 

RBO 

9368 Sources 19 rnA at 1.7 V, Drives FND 70 Directly 

9370 Sinks 25 mA, Vcc MAX 7 V 

This system takes advantage of the storage capabilities 

of the 7-segment decoder/driver/latch combination. 
The input data is in multiplexed form while the displays 

operate in the static mode. 

The principle advantage of this system is that 5 V incan-

descent or FND 70 LED displays are driven directly with-

out any other components using the existing 5 V supply. 

There are other advantages over the standard multiplex 
system. 

• Low multiplexing rates can be used without flicker. 

• Relatively low power line spiking. 

• Economically sound on many systems up to 5 digits 

(incandescents allow even more). 

• Clock failure does not cause excessive voltage or 

currents to be applied to any one display. 

MOST SIGNIFICANT 
DIGIT 

Some disadvantages include: 

• BCD data and strobe timing (digit address) is criti-

cal. 

• PC layout can be slightly more difficult depending 

on display mounting configuration. 

The input BCD data must be stable during the last 30 ns 
of the active Low enable pulse. All strobe pulse glitches 

must be avoided. 

This method is particularly advantageous in the case of 

5 V incandescent displays because the total cost of the 

decoder/driver/latches compares with the standard 
multiplex system which uses seven diodes (high inser-
tion cost) per display, two power supply voltages, and a 

clock failure detection system. 
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DIGITAL DISPLAY SYSTEMS 

A SIMPLE, 8-DIGIT MULTIPLEXED SYSTEM 

HO 4 1 H2 HS - M.S. DECADE 

Ao A1 A2 A3 • L.S. DECADE 

• 

c • . 

C0442, a°, 

1.01 A51.4.1. 

DECODE ' 000- STATE 

9015 

( 

Vecr.ePo‘deo 

1 • .10 

• 1. 

• He. eye 111.1 I 

BCD INPUTS 

4, S 

• 
I .1 I 

"ea'a'z'a CgI,A2 "? s'sfies'ee • 

1 '2 .1 0 4 e 
• 

; • el, •14.. 'PA 

9 

SCAN 
DE  CODER 

" •60V 

1001, 
EACH 

I sra r 

s, 

5' 

M.S DECAD 
BLANKING 

• SECONOAMES AT It V 
EACH TRANSFORMER 

BY TRANEY 

pEo.... 

ng  

10 

9937 HEX INVERTER 

ACH 

60V 

REPEATED FOR OTHER DISPLAY ANODES 

DECADE 

1„J -1.1 -71   77J   77J   -71   71 -ti -1.,_ 

l, , , , 4 4 4 , 

This circuit illustrates one of the simpler and more 
straightforward methods of a multiplexing system. Four 

9312 8-input multiplexers select the BCD input data for 
the 9307 decoder. Address for the multiplexers and the 
scan decoder from the 9316 binary counter uses only the 
first three bits. Each 3-bit address selects the BCD input 
data to be displayed and the scan decoder energizes the 
correct display readout device. The counter progresses 

through all eight counts and repeats, activating each dis-
play unit for 1/8th of the scanning cycle. Higher op-
erating voltage must be applied for the displays to have 
the same brightness as displays in a static mode (dc). 
The circuit as shown uses fluorescent diode displays. 
Other displays may be substituted with the appropriate 
drive circuitry. 

MOST SIGNIFICANT DECADE BLANKING 

The objective of the shaded circuit is to hold RBI Low 

during a scan period until a decimal number other than 

zero appears and then shift RBI High for the rest of the 
scan period. The most significant decade is at the start 
of the scan period; the least significant is at the end. 

When RBI is Low, any BCD zeros to the decoder will be 
blanked on the display, however any BCD number is dis-
played. Control of this input achieves most significant 
digit blanking. 

The circuit sets the flip-flop (gates A and B) so gate B 
output is Low at the start of the scan period (zero count 
on scan decoder, active Low). With RBI Low and BCD 
zeros into the decoder, RBO is Low. With the first deci-

mal number of the scan period, RBO goes High. As the 
reset line is also High, gate C output goes Low setting 
flip-flop, (gate B output High, therefore RBI is High). 
This sequence repeats each scan period. 
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DIGITAL DISPLAY SYSTEMS 

MULTIPLEXED 8-DIGIT DISPLAY WITH MEMORY 

T73-I- 1i 1 1-1 1 1 1' 
g I, .2 O 
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IS 
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• • MI 61,01 
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0 0 0 11 
11$ 

— 
*de 

This multiplexing system has storage capability. Each 

bit of the 4-bit BCD code input is supplied to one of the 

four 9312 multiplexers. The multiplexer input addres-

ses are selected by a 3-bit binary output from 9316 

counter. The multiplexer outputs are fed into four 8-bit 

shift registers when Data Select Ds is Low. The multi-

plexer steps from one input address to the next on each 

clock pulse. Simultaneously, information is propagated 
through the shift registers to the decoder/driver. With 

Ds High, shift register output information is returned 
to the input to form a recirculating memory. Informa-

tion continues to circulate as long as Ds is High and 

power is applied. Information must be present at the in-

puts for at least one complete scan period to insure that 
the multiplexers sample all inputs. 

Li 
ào , 

53111 7.SEGNel 707003,0 

. • r 

OTO 
mums I 

000(900 
3z sz lz  

AL, el....5,01.5 M1667 
Al. >00(5 • Y31.1 

A., AMPS 41,16 . 6 V 20mA 

OA We/ IIIKANDiSCIÉ41. 

The failsafe circuit detects clock failure and disables the 

address to avoid excessive voltage to any one display. 

Incoming clock pulses are applied to a diode and C2 is 

charged to the peak voltage of the incoming pulse, 

which, through the transistor base resistor, supplies suf-
ficient drive to maintain the transistor on. For protec-

tion, ac coupling is used in case the clock fails in the High 

state. The transistor output is applied to the most sig-

nificant bit of the scan decoder and in normal operation 

stays Low. If the clock fails, the transistor output goes 

High and the scan decoder addresses the two unused out-

puts. As shown, it operates satisfactorily from 1 kHz up 
with duty cycle pulse widths down to 10%. This circuit 

uses incandescent displays. Other displays may be sub-

stituted with appropriate drive circuitry. 
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DIGITAL DISPLAY SYSTEMS 

8-DIGIT DISPLAY USING SHIFT REGISTERS AS A RECIRCULATING MEMORY 

01, 

I1; To ,T?t  

ASTABLE 

MuL Tb IR RA TOR 

D— O A— 

.000 

SCAN COUNTER 

• 
79 

SCAN DECODER 

o 2 , 

.° 

:51.0.• DI 

MOST SIGNIFICANT DECADE =Il. H, H2 003 

I EAST SIGNIFICANT DECADE - A0 A, A2. A3 

9937 OW REX INVERTER 

—  le 11r V 

17-1 
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COY 

8 SECONDARIES AT 16V 
PART NO 4/2610 

6 SECONDARIES AT 1 6V 
1 SECONDARY AT 70V 

PART NO 102255A 

ITRANE X-MTN VIEW 
CAL. , 0 

Four rows of 8-bit, parallel loadable shift registers with 
outputs fed back to inputs form a recirculating memory, 

storing the four BCD bits in parallel and the eight char-
acters serially. The four lines of serial information are 

fed into the 7-segment decoder circuitry which drives 

the display tubes. All tube anodes are in parallel. Mul-

CONNECTED TO ALL OTHER DECADES AS SITOWN 

.FET  

LOB 

3 

tiplexing is achieved by sequentially switching the cath-
odes (filaments) to ground with the scan decoder. Eight 

BCD digits of parallel data are entered into the shift reg - 
ister when the Load input goes from High to Low. This 
transition is detected by the digital differentiator and 

activates the PE inputs for one clock period. 
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INCANDESCENT DIGITAL DISPLAY SYSTEMS 

Seven-segment incandescent displays are the oldest of all 

digital displays and have been used extensively for many mili-

tary applications. They are available with character heights 
from 1/4 inch to several feet in a variety of colors. 

Since these displays employ incandescent lamps, high bright-

nesses can be achieved and they are available in a wide range 

of voltages and currents. The simplest 7-segment display is 

lamps placed behind seven slots on some opaque material. 

MULTIPLEXING 7-SEGMENT INCANDESCENT DISPLAYS 

Incandescent displays using seven aligned filaments to com-
prise a 7-segment character within one package are now 

available. One package is a small vacuum tube envelope; 
while another is a special, miniature flat package which in-

serts directly into a standard 16-lead Dual In-line socket. 

Many of the incandescent displays can be driven directly from 

a wide range of available decoder drivers (see selection 
guide). 

9016 
—147 

A>°  
CLOCK 

27 

FAIL SAFE 

CIRCUIT 

2 7 k 

— 47 

FROM SCAN   
COUNTER e 

,C( 

1 2 k 

Ao A1 A2 A3 

930 , 1 10 DECODER 

0 0 0 1 02 03 04 05 08 07 08 09 

0 0 0 0 0 0 0 0 T 

MSD 

3 k 

4 Displays 
6 Displays 
8 Displays 
10 Displays 
12 Displays 

2 x dc Voltage 
2.45 x de Voltage 
2.8 x dc Voltage 
3.1 x dc Voltage 
3.45 x dc Voltage 

ALL TRANSISTORS - 2N3567 NPN 
ALL DIODES 1N333 
ALL LAMPS GE 345 6 V 40 ,,A RON AT REDUCED RATING) 

OR GE 381 6 V 20 rrIA 

18 V 

2 2 k RL 

3 k 

18 V 

2 2 k 

LSD 

MULTIPLEXED e 

BCD INPUTS   

(11 
LT RB Ao A1 A2 A3 

9317 7 SEGMENT DECODER 

RBO 0) I g 

0 0 0 0 

Multiplexed incandescent displays receive power in 

pulses for only a fraction of the complete scan period. 
For adequate brightness, voltage must be increased. The 

wattage for an incandescent lamp at a stated brightness 
will remain constant regardless of duty cycle or wave-

form shape, providing the multiplexing rate is faster 

then the time-constant of the filament. Power dissipa-

tion for a constant load is proportional to the square of 

the input voltage. Therefore, calculation of the required 

supply voltage for multiplexed operation is possible. 

TO OTHER 
DECADES 

TO OTHER 

DECADES 

Multiplexed voltage =-"\iNumber of displays x dc volt-
age of lamps, i.e., eight digits of multiplexed display 

readouts-6.3 volt lamps z -\.1$ x 6.3 = 17.5 volts. 

This table gives the factors for common numbers of 

multiplexed units. Voltage drops across the integrated 

circuits and switching transistors must be added to these 

figures. Some of the more advanced types use fiber op-

tics or light-carrying beams to illuminate the seven 
segments. 
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FLUORESCENT DIGITAL DISPLAY SYSTEMS 

FLUORESCENT 7-SEGMENT DISPLAYS 

1=1 

----

DIGI VAC 
CONVENTIONAL 

7 SEGMENT 
FORMAT 

SYLVANIA 

F LUOROT RON 

Fluorescent displays are basically vacuum tube diodes 

or triodes in which the arodes form a visible 7 or 8-

segment character. Each anode is coated with phosphor. 

A positive potential between anode and cathode (fila-

ment) accelerates electrons to the anode phosphor caus-

ing the anode to glow. The light emitted by the phos-

phors is a wide spectrum in the blue/green region which 
can be filtered to certain other colors with little light 

loss. The cathode (filament) is suspended in front of the 
display segments and is hardly visible since it is only 

heated sufficiently for electron emission. 

Of the two types of fluorescent displays, triodes are 

somewhat easier to operate in a multiplexed mode 

because they have an extra, almost invisible control grid 
electrode between the filament and the anode. Multiple 
digit displays of up to ten digits in a single glass and 

metal enclosure are available using fluorescent triodes. 

The main advantages of fluorescent displays are their 

economy, low power requirements, wide viewing angle, 

•Digivac is a registered trademark of Tung-Sol division of Wagner 

LEGI 

DGIO 

NEC 

11111111-

LEGI 

DG12 
DG19 

NEC 

LD 

single plane readout, and minimum likelihood of erro-

neous readout with display failures. Two disadvantages 

are the need for a filament supply and their fragile 
structure. 

The selection of a decoder for fluorescent displays should 

take into account the fact that some displays have alter-

ed segment shapes as shown, Some decode formats pro-
vided by the decoders generate aesthetically unpleasant 
characters. Following are some points to note when se-

lecting a fluorescent display decoder/driver. 

9307 The decoder format is acceptable for all 

types of 7-segment displays. The deci-
mal one appears on the right hand seg-

ments. 

9358/9359 With these decoders, the decimal six 

looks poor on all except the Digivac* 
display. The decimal one is shown on 

the right hand side. 
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FLUORESCENT DIGITAL DISPLAY SYSTEMS 

DRIVING FLUORESCENT DISPLAYS 

SHUNT MODE SWITCHING 

Vcc 

TO DISPLAY 
ANODES 

BCD MULTIPLEXED INPUT 

III  
Ao A1 A2 A3 LT RBI 

93574 B 7446 47 

7 SEGMENT 
DECODER DRIVER BI 

c7 I6 IIIBO 

o 
AL 131, 

I 

SERIES MODE SWITCHING 

9901 7407 

HEX BUFFER DRIVER 

OPEN COLLECTOR 

30 V BREAKDOWN 

ALL 1 

Driving fluorescent displays requires a 7-segment de-

coder and extra components. There are two basic 

methods of switching, the shunt method and the series 

method. As seen, the shunt method has a slightly better 

cost/part count when supply voltages of less than 30 V 

are involved because an open collector, hex inverter 

integrated circuit can be used. With supplies above 

30 V, both systems require approximately the same 

number of parts; however, the series method is super-

ior for power consumption. The shunt method shown 

draws maximum current when the display is blanked 

while the series method draws maximum current when 

all segments are illuminated. 

The value of the load resistor selected for use with the 

shunt method is the result of a compromise between re-

sistor power dissipation in the segments On and Off 

states. When the display is Off, the full supply voltage 

is across the resistor and maximum power is dissipated. 

While On, however, the only voltage drop is due to the 

segment current. Typical operating conditions for a 

non-multiplexed fluorescent display are 25 V and 0.5 mA 

to 1 mA per segment. The following example shows a 
driving method for 30 V supplies. 

-30 V MAX 

With a 30 V supply, allowing for a 5 V drop across 

the resistors at 0.5 mA per segment, R = 10 kO 
For displaying a decimal eight (all segments illu-

minated) total current = 7 segments x 0.5 mA = 3.5 

mA. This means 105 mW supply power is required. 

In a blanked display, the current is 3 mA per seg-

ment (7) or 21 mA requiring 630 mW supply 

power. The Off to On power ratio is 630:105 or 

6:1, worst case. 

This would indicate that supply voltage regulation is 

required to maintain even brightness for all numerals 

displayed. A substantially better On to Off ratio is ob-

tainable with a higher supply voltage. 

With a supply voltage of 60 V, allowing for a 35 V 

drop across R, 0.5 mA per segment = 70 kS-2. When 

displaying a decimal eight (3.5 mA), W = 60 x 3.5 

or 210 mW. With the display blanked, current per 

segment is .85 mA or 6 mA. W = 60 x 6 or 360 mW. 

The Off to On power ratio is 360:210 or 1.7:1. 

The higher supply voltage with larger resistance pro-

vides a more constant current source. 
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FLUORESCENT DIGITAL DISPLAY SYSTEMS 

MULTIPLEXING FLUORESCENT DIODE DISPLAYS 

600 V 

TO 
FAA. SAFE 
CIRCUIT 

CLOCK 
INPUT 

DECODER 
ADDRESS 

MODULO 6 COUNTER 
FOR 6 DIGITS Of 
MULTIPLE SED 

DISPLAY 

NOTE OM ROTH MODULO 13 
AND 11. SPARE AL FE 
LEFT OVER 

FAIL SAFE 

CIRCUIT 
C2 11 1 

47 DF 27 

/2 ICel" 

MULTIPLE SED 
BCD 

INPUTS 

I 2 I. 

vcc 

SCAN 

F2.1 DECODER 

TO INPUT -.H.— 1506 D--
MULTIPLEXER - O. D  

ADDRESS - 
o, 

F.2 0— 

'rer7.11 

- ii15?  
-plot be D-

",  MODULO 8 
I SCAN COUNTER 

CLOCK 
OUTPUT 

ALL TRANSISTORS 2E13569 NI% 
ALL DIODES IN467 OR Mill 

TO 
0TH P 

DIGITS 

9937 HEX INVERTER 

HEATER 
VOLTAGE 

_ 

— 

I i> K m. 

I I - 

..J 

REPEAT 

9937 on. 
IN 

The multiplexing system shown supplies the display 
heaters from convenient +5 V logic levels using a 1/8 
(eight digit display) duty cycle. Heater power to the dis-
plays is supplied in pulse form and the thermal inertial 

of the filaments keeps them hot during the off period. 
Each of the display heaters has a transistor and a diode. 
The display is active when the transistor is conducting. 
When the transistor is Off, active resistor R pulls up the 

cathode to a +V potential, reverse biasing the diode 
leaving no potential across the display tube. 

All the logic operates from a +5 V supply and thus it 
dictates a positive display voltage and a shunt method 
of switching. Because the display filaments are resis-
tive, they have a given resistance value for a given emis-

sion value (ignoring switching losses) for either a 
pulsed or a dc power supply. The listed dc current and 
voltage specifications allow the calculation of the pulsed 
values. 

Vp = VAT x VF) + diode and switching losses 

where: Vp = required voltage 

N = number of parts in scan cycle 
VF = dc filament voltages of the display 

1 

116 

Current is determined by substituting 

IF filament current 

For the 8-digit example shown, the required pulsed volt-
age calculation is given. 

Vp = ( '#ffix 1.4 V) + .9 V = 4.9 V 

where: 8 = number of digits, 
1.4 = filament voltage, 
.9 = diode/switching loss (.7 V/diode 

and .2 V/transistor) 

This circuit is easily changed to a 6-digit system by 
changing the scan counter to a Modulo 6. 

A failsafe circuit is added to the most significant digit 
of the scan decoder to prevent full filament supply volt-
age from being applied to any one heater should the 
clock fail. With the counter operating, pulses are sup-
plied to diode DF and the R-C network, biasing tran-
sistor OF on. Failure removes the bias on OF and 
the input code to the scan decoder addresses unused 
outputs 8 and 9. This circuit operates with clock fre-
quencies up to 20 kHz. 
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FLUORESCENT DIGITAL DISPLAY SYSTEMS 

MULTIPLEXING FLUORESCENT TRIODE DISPLAYS 

690 
.6 V 

FD 111 

+ 

-0 

-C 

200 

+5 V •—•Aev  

-60 vo  

ALL 100k 

Aeill2AILT fi 

1307 7 SEGMENT D(COCI(R 

D2 

BASIC PNP DRIVE 

CIRCUIT 

.5V 

- SUPPLY 

VOLTAGE 

HEATER 

VOLTAGE 

ALL TRANSISTORS 

2N4249 PNP) 
(LOW COST EPDXY) 

MPSA 55 
MPSA 56 

• 

+5v 

D-
ôD.-
8 D  
D-
0-
0-

D 
D 

REPEAT 
AS 

ABOVE 

TO 

OTHER DIGITS 
85V ° 

t-
\fir e I 

LS. DECADE 

OTHER 
DECADES 

CONTROL GRID 

FILAMENT 

M.S DECADE 
- - 

/.\ 

-60V 0  

The only decoder/driver which provides the correct de-

code format for fluorescent triode displays is the 9307 

and it requires the use of extra drive components. The 
most economical method uses pnp drive transistors 

with negative supply voltage. The active high output of 

the 9307 biases the transistor emitter more positive 

than the base, turning the transistor on. Diodes D1 and 

D2 insure that the transistor is back biased in the Off 

position (right). Collector resistors are used so anode 

capacitance charges can be leaked off quickly. 

Control grids of fluorescent displays are activated to the 

same potential as the anodes to obtain full brightness. 

They are activated by a pnp switch transistor. This is 
driven directly by the output of the 9301 scan decoder 

which has active low outputs. The base-emitter current 

on the pnp transistor is limited by a single resistor in 
common with all the pnp emitters. 
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GAS DISCHARGE DIGITAL DISPLAY SYSTEMS 

DESCRIPTION 

Ao A. 42 43 

93 ,5 93141 
DECODER DRIVER 

Gas discharge displays, otherwise known as cold cath-

ode, are available in a wide variety of shapes and sizes. 

The oldest and most familiar is the NIXIE*, with the 

newest sample being the Burroughs Panaplex or the 

Sperry displays. All of these displays require a high sup-

ply voltage in the range of 80 to 200 V to cause ioniza-

tion for display. 

The nixie-type tube is not a 7-segment display but a 

1-of-10 multiplane display with ten stacked cathodes 

shaped as characters mounted behind an almost invis-

ible anode in a glass envelope filled with neon gas. A 

high potential between the anode and one of the cath-

ode characters causes an ionization to occur and the 

character glows a dull red. These displays are available 

in a wide variety of shapes and sizes from miniature 

COLD CATHODE 
INDICATOR TUBE 

sizes with character heights of just over 1/4 inch to 

jumbo sizes with 2 inch characters. 

The advantages of this type of display are: availability, 

reliability, wide selection of sizes and styles, and low 
power consumption. Special characters are available. 

Some disadvantages of this display system are: high 

voltage requirements, multiplexing difficulty, multi-
plane display readout, and limited color selection. 

Cold cathode displays require a 1-of -10 decoder/driver 
with high voltage breakdown npn transistors on the out-

puts. The transistors must have low leakage character-

istics in the Off mode since leakage causes a background 

glow. Voltage across the displays after ionization is 

controlled by a series resistor, as shown above. This 

resistance value is given by the display manufacturers. 

NIXIE is a registered trademark of Burroughs Corporation 

3-18 



GAS DISCHARGE DIGITAL DISPLAY SYSTEMS 

MULTIPLEXING GAS DISCHARGE DISPLAYS 

NIGH VOLTAGE 

RAuLTIPI.EXED 
SCO indPuES 

1111  
.4) .1 .2 .1 

9315 93101 

DECODER DRIVER 

000,02 03 00 0606 0708 02 

o 00 00 o o o 

SCAN ADD,E55 

A, A. A, .3 

9341 9352 - 03E00( 

D G. 0 a >s 3, 0, 0, 09 

TO OTHER DRIVE 

TRANSISTOR CURCUITS 

330 I,  ,J 

10 0."O 
DIG'S 

ALL TRANSISTORS SE 7054 (NPR/ 
WITH SUPPLY BELOW 220 V 

SE TOSS II0AY BE USED 

Ei woo—) 
 1114 

•  44. 

SERIES METHOD 

TO DECODER 

DRIVER 

NOTE VALUE R FROM 

MANUFACTURERS 

SPECIFICATIONS 

TO 

OTNER 
DIGIT 

CATHODES 

It is necessary to sequentially switch the high voltage 

anode supply when multiplexing this type of display so 

that only one digit is addressed at a time. There are two 

basic approaches for accomplishing this, the series 

method and the shunt method. Part count and economy 

HIGH VOLTAGE 
170v 

MULTIPLEXED 
BCD INPUTS 

1 1 1 
AC A, 47 43 

9315 93141 

DECODER DRIVER 

00 On 0 03 04 05 06 0, 06 09 

0000000009 

SCAN ADDRESS 

9301 9352 1 10 DECODE, 

0.2 0, 02 03 04 05 OE 07 00 09 

Tî Tî 

TO OTHER DRIVE 
TRANSISTOR CIRCUITS 

68 

4 7 k 

ALL TRANSISTORS 

SE TOSS 

 -`) DIGITS" 

BURROuGHS 8 5750 
NATIONAL NL 5750 

c-0090000000 

SHUNT METHOD 

TO DECODER 

DRIVER 

NOTE RATIO OF RI AND R2 IS SUCH 

THAT WHEN THE SWITCH IS CLOSED. 

ANODE POTENTIAL IS LOWER THAN 

IONIZATION POTENTIAL 

are not considerations since both methods use identical 
hardware. The series method offers an advantage with 

lower power dissipation but places higher voltage and 

leakage requirements on the transistors. Leakage is not 

as important in the shunt method. 

There are several different 7-segment gas discharge displays 

available, ranging widely in configuration and complexity. 

The oldest type are simply seven neon lamps arranged behind 
seven slots in an opaque material. Another form of 7-segment 

gas discharge displays is a small tube envelope which encloses 

a specially constructed 7-segment unit with a character height 
of 7/16 of an inch. The newer types are Burroughs Pana - 
plex and the Sperry units. Burroughs Panaplex is a multi-digit 

unit and, therefore, must be multiplexed. Special drive con-

siderations are required, best obtained from the manufactur-
er's literature. Sperry displays can be either driven directly 

or can be multiplexed if desired. 

Neon 7-segment displays require a resistor in serieswith each 

of the cathodes. A separate resistor is required because the 
ionization start-up voltage required is higher than that needed 

to maintain ionization. Once ionization takes place the re-

sistor lowers the voltage applied between segment cathode 

and anode thus maintaining correct segment current. Neon 
7-segment displays can be multiplexed with the same tech-

niques used for 1 -of -10 cold cathode displays previously 

described. 
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LED DIGITAL DISPLAY SYSTEMS 

LIGHT EMITTING DIODE DISPLAYS 

COMMON CATHODE 

(DECODER/DRIVER SOURCES CURRENT) 

SINGLE DIODE LED DISPLAY CIRCUIT 

GaP GaAsP 

1 DIODE r-'2.1 V 

COMMON ANODE 

(DECODER/DRIVER SINKS CURRENT) 

SINGLE DIODE LED DISPLAY CIRCUIT 

GaP GaAsP 

1 65 V 1 DIODE 

Light emitting diodes (LEDs) are now found in a wide 

variety of portable electronic equipment including 

pocket calculators, electronic stop watches, thermom-

eters, digital voltmeters, and similar equipment. They 

have gained popularity by virtue of their compact size, 

voltage and current compatibility with integrated cir-

cuit technology, and solid-state reliability. Typically 

small in character size, they can be made up to 0.8 inch 

using hybrid construction techniques. 

The standard LED display color is a bright, penetrating 

monochromatic red with sharply defined characters 

which appear about twice as large as their actual size. 

Green and yellow displays are also offered, but are some-

what more expensive. The primary disadvantage in-

herent with LEDs is a narrow spectrum of light output. 

This makes them not only difficult to filter for high am-

bient light applications, but impossible to filter for 

alternate colors. A polarized filter improves viewing 

under normal light circumstances. See the Selection 

Guide for a list of currently available LED displays. 

LED displays use either gallium phosphide (GaP) or 

gallium arsenide phosphide (GaAsP). Both types seem 

2.1 V 1.54 V 

DUAL DIODE LED DISPLAY CIRCUIT 

GaP GaAsP 

2 DIODES •"-' 4.2 V 3.4 V 

to have equal advantages and disadvantages. They are 

available in two character formats, a 5 x 7 dot matrix 

which can display alphanumerics and lower cost, 7-

segment displays. LED 7-segment displays use either 

common anode or common cathode techniques. The 

0.1 inch character height calls for the common cathode. 

Hybrid construction can be either, but the common 

anode has more popularity. With the common cathode 

method, the decoder/driver must be able to source cur-

rent into the display. The common anode variety re-

quires the decoder/driver to sink current, which is pres-
ently easier. 

Electrically, the LED is the same as the familiar solid-

state diode with its inherent characteristics although 

with a higher forward voltage drop. Below the knee of 

the I/V curve, they pass little current. Above the knee, 

current increases linearly with voltage. Thus, uniform 

brightness of each segment and digit requires a constant 

current source rather than constant voltage. Light out-
put increases linearly with current for low values until 

light saturation is reached and further current does not 

increase light output. Current should be limited to avoid 

device failure. 
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LED DIGITAL DISPLAY SYSTEMS 

COMMON ANODE 

DRIVING LED DISPLAYS 

CURRENT 
FLOW 

LED displays have electrical and light output rise times 

in the nanosecond region. This means they can be opera-

ted at a low duty cycle with high scanning rates when 

multiplexed. Scanning rates above 1 kHz are recom-

mended. As many as 24 or more displays can be multi-

plexed. Because the human eye tends to peak-detect, a 

low duty cycle with high peak current pulsed into LED 

displays provides high apparent brightness. 

Drive requirements for 7-segment decoder/drivers are 

not as stringent as those for character or digit address 

where the total pulsed current of all seven segments 

must pass through. Ideally, the decoder/driver is a 

constant current source or sink, depending upon the de-

vice. The digit address is a low resistance switch. Resis-

tors may be required for current control to the displays, 

AO Al A2 A3 LT RBI 

SOURCE 
CURRENT 

RBOabc de t 

0 0 
• 

COMMON CATHODE 

CURRENT 
FLOW 

depending on displays and decoders used. 

In some applications, a common cathode LED display, 

when driven by the fixed current output of a 9368 de-

coder/driver/latch, is too bright. Since the 9368 has 

no provision for output current adjustment, an intensity 

modulation technique is used to reduce both brightness 

and power dissipation — and thus, heat. Because the 

human eye tends to peak detect, and because decreas-
ing current to the display would decrease its efficiency, 

a pulsed duty cycle technique is superior to a "brute 

force" current reduction. A thirty percent savings in 

power can be realized without a significant loss of 

brightness. When a reduction in brightness is desired, 

further savings of power is possible. 
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LED DIGITAL DISPLAY SYSTEMS 

MULTIPLEXING COMMON ANODE LED DISPLAYS 

INPUTS 

STROBE OR 
DIGIT DRIVER 
(SOURCE) 

  TO OTHER 
" DIGITS 

INPUTS 

I—  — EG—  — — — I 
I SMENT DRIVER I OR  

I 7 SEGMENT l 
I DECODER/DRIVER i 

Lea 
ISINK) 

-i-o-r —i 
• 

0 0 0 0 0 0 

CURRENT 
FLOW 

IO OTHER 
DIGITS 

END 507 

7730 Series 

DL 1A, 6, 8, 10A, 62, 707 

MAN 1, 6A, 10, 1001 

TIL 302 

SLA 1, 3, 4, 7 

7-SEGMENT DECODER/DRIVERS (SINK 
CURRENT) 

9317 7-segment decoder/driver sinks 40 mA and re-
quires seven current limiting resistors. TTL inputs. 

9357 7-segment decoder/driver sinks 40 mA and re-
quires seven current limiting resistors. TTL inputs. 

93707-segment decoder/driver/latch sinks 40 mA and 
requires seven current limiting resistors. TTL inputs. 

SEGMENT DRIVERS (SINK CURRENT) 

9662 Quad LED digit/lamp driver sinks 600 mA has 
Inverting Enable input control for inverting or non-
inverting operation. If used as a segment driver, two 

INPUT 

INPUT 

vcc 

STROBE 
DRIVER 
(SOURCE) 

COMMON ANODE 
DISPLAYS 

P 
SEGMENT 
DRIVER 
(SINK) 

Fairchild Optoelectronics 

Hewlett Packard 

Litronix 

Monsanto 

Texas Instrument 

Opcoa 

9662 devices and seven current limiting resistors are 
needed to drive 7-segment displays. MOS/TTL compat-

ible inputs. 

9663 Hex LED digit/lamp driver sinks 600 mA is the 

same as 9662 but with six outputs. 

STROBE OR DIGIT DRIVERS (SOURCE CURRENT) 

9661 Programmable current quad segment driver 
sources 5-75 mA. MOS/TTL compatible inputs. 

75491 Quad segment driver sinks or sources 50 mA. 
Each section has two transistors, Darlington connected, 
with uncommitted emitter and collector. 

Transistors, High current npn or pnp transistors with 
resistors can be used for strobe or digit drive. 
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LED DIGITAL DISPLAY SYSTEMS 

MULTIPLEXING COMMON CATHODE LED DISPLAYS 

INPUTS 

n  

SEGMENT DRIVER 
OR 

7-SEGMENT 
DECODER/DRIVER I 

I (SOURCE) I 

 •—•—•••• 

INPUTS 

- - - - 
STROBE OR 
DIGIT DRIVER 

(SINK; 

LT. 7 T  _ _ • 

TO OTHER 
DIGITS 

CURRENT 
FLOW 

} - TO OTHER 
DIGITS 

 i 

FND 70, 500 

FNA 30. 45 

DA 1007, DA 1009 

R7M 

4700 Series 

DL 4, 33, 34. 704 

NSN 33. 133 
MAN 3, 4 

7-SEGMENT DECODER/DRIVERS (SOURCE 
CURRENT) 

9368 7-segment decoder/driver/latch sources 19 mA 
@ 1.7 V output. Hexadecimal decode format. TTL 
inputs. 

9369 7-segment decoder/driver/latch sources 50 mA 

@ 3.4 V output and requires current limiting resistors. 
TTL inputs. 

9660 7-segment decoder/driver with decimal point 
drive, sources 5-50 mA. Output current is controlled 
by one external resistor. MOS/TTL compatible inputs. 

SEGMENT DRIVERS (SOURCE CURRENT) 

9661 Programmable current quad segment driver (two 
per system required) sources 5-75 mA @ 3 V output. 
One output can be reduced by approximately 1/2 for 
decimal point drive. One external resistor determines 
the output currents of both devices. 

75491 Quad segment driver sinks or sources 50 mA. 
Inverting when used in sink mode. Two devices and 
seven current limiting resistors are required to drive 
seven segments. Each section has two transistors, 
Darlington connected, with uncommitted emitter and 
collector. 

INPUT 

INPUT 

Vcc 

SEGMENT 
DRIVE 

(SOURCE) 

COMMON CATHODE DISPLAY 

Fairchild Optoelectronics 

Fairchild Optoelectronics 

Antes 

Bowmar 

Hewlett Packard 

Litronix 
National Semiconductor 

Monsanto 

STROBE 
DRIVE 
(SINK) 

75492 Hex LED/lamp driver sinks 250 mA. Each sec-
tion has two transistors. Darlington connected, with 

uncommitted collector. 

STROBE OR DIGIT DRIVERS (SINK CURRENT) 

9662 Quad LED digit/lamp driver sinks-600 mA, has 

Inverting Enable input control for inverting or non-
inverting operation. MOS/TTL compatible inputs. 

9663 Hex LED digit/lamp driver sinks 600 mA is the 

same as 9662 with six outputs. 

9345, 7445 1-of-10 decoder/driver sinks 80 mA. TTL 
inputs. 

93145, 74145 1-of-10 decoder/driver sinks 80 mA. 
TTL inputs. 

75491 Quad segment driver sinks or sources 50 mA. 
Each section has two transistors, Darlington connected, 
with uncommitted emitter and collector. 

75492 Hex LED/lamp driver sinks 250 mA. Each sec-

tion has a Darlington transistor with uncommitted col-
lector. 
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LED DIGITAL DISPLAY SYSTEMS 

MULTIPLEXED COMMON CATHODE LED CALCULATOR DISPLAY 

MULTIPLEXED 
SEGMENT INPUTS 

MOS/TTL 
COMPATIBLE 

STROBE OR 
DIGIT INPUT 
MOS/TTL 

COMPATIBLE 

Vcc 

11 12 13 14 DP REXT 
SEO 

9661 QUAD 
SEGMENT DRIVER 

01 02 03 04 too 

DECIMAL 
POINT INPUT 

ONLY ONE RESISTOR 
REQUIRED FOR BOTH 
9661s 

III 
SI 11 12 13 14 DP NEXT 

SEG 
9661 QUAD 

SEGMENT DRIVER 

01 02 03 04 MO • 

11 12 13 14 CINV 

9662 QUAD LED 
DIGIT LAMP 

DRIVER 

01 02 03 0 4 

1 0 99 

INVERT/NON 
O INVERT 

CONTROL 

FOR ADDITIONAL DIGITS. ADD 9662 
OR 9663 DRIVERS 

The multiplexing circuit shown uses two 9661 quad 
segment drivers. The four outputs of the first unit drive 
segments a, b, c, and d of each display. The four out-
puts of the second 9661 drive segments e, f, g, and the 
decimal point of each display. 

In this circuit, the two 9661 segment drivers can be re-
placed with one 9660 7-segment decoder/driver when 
current required is less than 50 mA @ 3 V and BCD to 
7-segment decoding is required. 

Other segment/digit/lamp drivers can be used depend-
ing on display requirements. 

9661 — Programmable current quad segment driver 

TO OTHER DIGITS 

can source current from 5 to 75 mA @ 3 V. Output cur-
rent is determined by one external resistor RExT to 

ground. If the DP/Segment inputs are not connected to 
Vcc, the current at 04 is reduced by 50%, which is suit-
able for driving the decimal point. All inputs are TTL/ 
MOS compatible. 

9662 — Quad LED digit/lamp driver is capable of sink-
ing 600 mA on each of four outputs and all inputs are 
TTL/MOS compatible. Inverting operation is selected 
by grounding the Control Invert input. 

9663 — Hex LED digit/lamp driver is the same as the 
9662 but with six outputs. 
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Encoders 

Serial and Parallel Expansion 

Switch Encoder 

Linear Priority Encoder 

Code Conversion 

Computer Priority Interrupts 

Simultaneous A/D Conversion 

D/A Conversion, Binary Rate Multiplier 

D/A Conversion, BCD Rate Multiplier 

Single Zero Detection 
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ENCODERS 

4 

INTRODUCTION 

Encoders are circuits with many inputs that generate the 

address of the active input. If a system design guarantees 

only one encoder input active, the encoder logic is very simple 

and can be implemented with gates. 

If several inputs can be active at one time, a simple encoder 

would generate the logic OR of their addresses, which is 

probably undesirable (i.e., inputs 2 and 4 active would gener-

ate address 6). 

A priority encoder generates the address of the active input 
with the highest priority. The priority is pre-assigned accord-

ing to the position at the inputs. This chapter describes the 

9318 8-input priority encoder and applications. 
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9318 8-INPUT PRIORITY ENCODER 

DESCRIPTION 

LEADS 

Priority (Active Low) Input 

Priority (Active Low) Inputs 

Enable (Active Low) Input 

Enable (Active Low) Output 

Group Signal (Active Low) Output 

Address (Active Low) Outputs 

El 10 11 ¡2 13 14 T5 16 17 GS A.0 A1 A2 EO 

(DISABLED) H X X X X X X X XHHHHH 

(NO ACTIVE INPUT) L HHHH HHHHHHHHL 

L X X X X X X X L L L L L H 

L X X X X X X L H LHLLH 
L X X X X X LHHLLHLH 

L X X X X LHHHLHHLH 

L X X X LHHHHL L L HH 

L X X LHHHHHLHLHH 

L X LHHHHHH L LHHH 

LLHHHHHHHLHHHH 

The 9318 8-input priority encoder is a multipurpose 

device useful in a wide variety of applications such as 

priority encoding, priority control, decimal or binary 

encoding, code conversion, analog-to-digital and digital-

to-analog conversion. A priority encoder can improve 

computer systems by providing the computer with high 

speed hardware priority interrupt capabilities. 

The 9318 provides three bits of binary coded output 

representing the position of the highest order input, 

along with an output indicating the presence of any 

input. It is easily expanded through input and output 

enables to provide priority encoding over many bits. 

The 9318 is a member of the 9300 TTL/MSI family and 

is compatible logically and electrically with other 

members of the family. It features active pull up out-

puts which provide high speed and excellent noise mar-

gins, and has input clamp diodes to reduce negative 

line transients. 

LOADING 

1 UL 

2 UL 

2 UL 

5 UL 

6 UL 

10 UL 

The logic symbol, lead functions, loading rules, and 

truth table for the 9318 are shown above. The 9318 
accepts eight active Low inputs (10 - 17) and produces 

a binary weighted output code (À0À-1,E1/42) representing 

the position of the highest order active input. A priority 

is thus assigned to each input (i7 has the highest prior-

ity). Thus, when two or more inputs are simultaneously 
active, the input with the highest priority is encoded and 

the other inputs are ignored. In addition, all inputs are 

OR tied to provide a group signal indicating the pres-

ence of any Low input signal, This group signal is Low 
whenever any input is Low and the encoder is enabled. 

The drive requirements for all priority inputs and the 

enable input are two or less TTL loads, thereby reducing 
the output needed from the driving circuitry. The ad-

dress outputs can drive 10 unit loads, and the group 

signal and enable outputs drive six and five unit loads 

respectively. 
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OPERATION 

10 11 12 13 '4 15 16 1/ 

9318 

8 INPU T PRIORITY ENCODER 

E0 AO Al A2 OS 

17 16 15 14 13 12 11 lo el 

9318 
8-INPUT PRIORITY ENCODER 

o AO Al 82 GS 

When High, the Enable input (Él) overrides all inputs 

and forces all outputs High. The active Low Enable out-
put indicates that the encoder is enabled and no active 

signal has been applied. The combination of Enable 

input and Enable output permits series expansion of 

priority encoding to many levels with little additional 

logic, explained later. The truth lable lists all the input 

combinations and the resulting outputs. All inputs and 

outputs are active Low, providing logic compatibility 

with other Fairchild TTL devices. 

The 9318 priority encoder also can be represented with 
active High address outputs, but in this case disabling 

the input generates an address 7. Also, input zero has 
the highest priority. Because the 9318 is a combina-
tional network, a wrong address can appear during 

input transients. This must be considered when strob-
ing the outputs. Moreover, when all priority inputs are 

High, a High-to-Low Enable change can cause a tran-

sient on the Group Signal output. 

PRIORITY ENCODER EXPANSION 

The 9318 priority encoder can be expanded in series or in 

parallel. Expansion in series requires a minimum of com-

ponents while expansion in parallel offers the highest opera-

ing speed. 

The expanded priority encoder generates the binary address 

of the highest order priority input in two or more levels. The 

inputs are applied to what can be considered the first level of 

priority encoders. Since a binary code is cyclic, the output 

of each encoder potentially represents the three least signifi-

cant bits of the output. Series and parallel expansion differ 

in the way the proper encoder and its output code are selected. 

In both cases, the group signals of the encoders go through 

a second level of encoding to determine the more significant 

group. Two levels of encoding are required for up to 64 inputs, 

and three levels are required for 65 to 512 inputs. 

SERIES EXPANDED ENCODERS 

11/11111  

1 2 13 14 15 16 17 

9318 
8-INPUT PRIORITY ENCODER 

E0 ho AT 82 GS 

0 0 

HIGHEST PRIORITY LEVEL 

8 9 10 It 12 13 14 15 

1111111i 

U, II 12 13 4 15 16 I/ 

93' 8 
8 INPUT PRIORITY ENCODER 

Ao Al A2 GS 

ENABLE-

0 0 ot o 

y1/4 9N08 1 4 9N08 I 4 9N08 

AIl A3 

PRIORITY ADDRESS 

MOST SIGNIFICANT ENCODER 

y1'4 9N08 

PRIORITY ILA, 

In this 16-input expanded encoder, and in the 64-input 

version shown next, the priority encoders are enabled 

in series; the Enable output of the more significant en-

coder is connected to the Enable input of the next less 

significant encoder. This allows the highest order 

encoder with an active Low input to disable all less 

significant encoders. The selection of the three least 

significant bits is simple since this particular encoder 

is the only one with active outputs; all less significant 

encoders are disabled and all more significant en-

coders have no active inputs and consequently no active 

outputs. Therefore the appropriate address outputs 

can be ORed with active Low input and output OR gates 

(ANDs) to generate the least significant bits. The group 
signals of each first level encoder are encoded, if neces-

sary, to provide the most significant bits of the output. 

In a series array, only the highest order encoder with an 

active input has a Group Signal output and its address 
can be generated with gates. 

The disadvantage of series expansion is that (worst 
case) the Enable signals must ripple through every en-

coder before a valid output is provided. 
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64-INPUT SERIES EXPANDED ENCODER 
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64-INPUT PARALLEL EXPANDED ENCODER 

11111111 

Ar • 

Áli).11À1 I  
e 'I AI 4 • 7 7 

y 77.4,7 ..0,00.• 

A • 

dd111111 
• 1'3 4 4 V '7 

F.1000 f•Cœr•fr 

.0 •I r're • GS 

•••rty 

1111.1111 J1 I 11 

'0 1 .1 3 '4 r• • • 

101 
• serrut ...In I Kam • • ORO 0.011.• I orroots 

T 
, 

didleedd 
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• •0010.001, RASODIR 

«Korn 
  741.41, 

Lela 

1.111111 

r— 

• 

OW II. 11.010s. 

$3 

• • • • r 

•• or • On •••1•.•••• 

0.113.3,133 

A fast expansion method (only 80 ns delay) is shown 
above. Each of the first level priority encoders operates 
independently. The group signals of each of the en-
coders are applied to another priority encoder that 
selects the highest order group signal and provides the 

-ea 4 4 0103‘1, 11,004 

most significant bits of the priority address. These bits 
are supplied as an address to three multiplexers which 
select the appropriate least significant bits. In this 
case the second level encoder must be a priority encoder, 
since more than one group signal can be active. 
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DECIMAL (10-INPUT) BCD 8421 ENCODER 

0 1 2 3 4 5 6 7 

éo 1, r7 13 5, 15 16 17 E 1 

9318 
8 INPUT PRIORITY ENCODER 

EO Ao Ai A? GS 

I 4 9002 1 6 9016 

A1 87 

EICD CODE 

A 10-input, decimal-to-BCD 8421 code priority en-

coder is useful for a decimal keyboard or can be con-

nected directly to a display decoder. 

A 2-input NAND gate disables the 9318 when inputs 

18 or 19 go Low and is used to produce the correct 

DECIMAL (20-INPUT) BCD 8421 ENCODER 

4 9002 

901E 

output code. When is ori9 are not Low, the encoder 

is enabled and encodes input To -1-7 normally. This 

decimal encoder has active High outputs representing 

the highest order input. However, just inserting the 

two inverters in the Ao and A3 lines instead of the 
A1 and A2 lines provides active Low outputs. 

7 'Sh 89 1,111121.114151617 

0 0 0 

I 17 13 14 15 1- 17 El 

0 0 0 

10 

9318 

8 1NPul PRIORITY ENCODER 

E0 Ao Ai A2 GS 

o 

0 0 
lo 

0 0 0 0 0 

12 13 14 15 6 17 

93113 
8 INPUT PRIORITY ENCODER 

FO Ao A, A2 GS 

0 0 o 

,04 lIR Ilb 10c 116 10,1 11c1 

9322 QUAD 
>INPUT MULTIPLEXER 

17 7 7„ 

A 20-input BCD encoder is formed by generating a 

Group Signal from the most significant decimal encoder, 
using this output as the 10s output and also using it to 

tII 

select the proper least significant digit through the 2-

input multiplexer (9322). 
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SWITCH ENCODER 

CLOCK 

'0 II 2 a ,A 'S IF 

9303 
'NINA mown FRC00111 

FO Ao A, A, GS 

Re Po P P P 

S300 
5.131 PE,ISUR 

PB P T P P, 

9300 
'P SHIFT R ((OSIER 

0, 

yo 00 01 Op 0 1 

AC n Nun 'AIPARA, 

Switches or keys must be encoded for data entry into 

many digital systems. The 9318 is often most efficient 

for encoding groups of a moderate number of keys, 

from eight to 16. Other approaches, such as scanning, 

are more efficient for large keyboard arrays. 

In this circuit, the output of the 9318 is sampled, stored, 

and compared over several clock periods. A Data 

Valid signal appears only after the 9318 outputs and 

the keys have stabilized. The clock rate supplied to the 

shift register must be adjusted to the bounce character-

istics of the particular switch used so that all switch 
bounce is ignored. 

Two 9300 shift registers are connected as four 2-bit 
shift registers so that codes from the 9318 are stored 
for two successive clock periods. All outputs are com-

pared and Data Valid signal appears one clock pulse 

after identical output addresses have been clocked 

twice into the 9300 register. This insures that the out-
put address is correct whenever the Data Valid signal 
is High. 

LINEAR PRIORITY ENCODER 

it 12 13 14 

7 6 5 4 3 2 1 0 

(0 11 17 13 14 lb 16 17 LI 

9318 
8-INPUT PRIORITY ENCODER 

60 AO Al A2 GS 

EWE 

The linear encoding network shown accepts eight active 

Low inputs and produces a single active Low output 

corresponding to the highest order input. The network 

consists of a 9318 to establish the address of the highest 

order input and a 9301 to decode this address and acti-

vate the appropriate output. This method offers a con-

siderable package reduction over discrete linear priority 

networks and is easily expandable by adding more en-
coders and decoders. A 16-input encoding network re-

quires only two 9318s, a 1-of-16 decoder (9311), and 

one gate package. 
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CODE CONVERSION 

1 OF 32 DECODER 

INPUT CODE 

Al 43 A3 

AO A, 43 A) 

9311 1 16 DECODER 

00 01 02 03 04 05 06 07 08 0 90 100110120 130 14 0 15 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 
11 12 13 14 .5 16 1/ 

9318 
8-INPUT PRIORITY ENCODER 

E0 Ao A• 42 GO 

T° 

1 2 9004 

E 1 

Ao Ai 43 A3 

9311 1 16 DECODER 

Oo 01 02 03 04 05 06 07 08090100110120130 14 0 15 

0 0 0 0 0 0 0 0 0 0 0 0 0 9 0 t 

CUSTOM INTERCONNECTIONS 

0 0 0 0 0 0 0 -11  
10 F2 13 14 15 16 17 E 

9318 
8-INPUT PRIORITY ENCODER 

LO A 41 47 GS 

2 9004 .0e 

There are many instances where high speed, easily pro-

grammed conversions must be perfomed between bi-

nary codes, weighted or unweighted. A 5-bit arbitrary 

code converter utilizing the 9318 priority encoder is 
illustrated. 

The 5-bit input code is applied to the 1-of -32 decoder 

(two 9311 1 -of -16 decoders). Any state of the input 

code produces one Low output. This Low decoder out-

put activates the particular encoder input that has 

been connected to the decoder output to produce the 
desired 5-bit output code. To cover all combinations 

of input codes, connections are made between every 

r(101 

9318 
8 INPUT PRIORITY ENCODER 

E0 Ao Ai A2 GS 

9318 
8 INPUT PRIORITY ENCODER 

E0 Ao Ai 2 GS 

ENABLE 

possible decoder output and the appropriate encoder 

inputs. Because only one output on the decoder is 

active for one input combination, it is not necessary 

for the 9318s to be interconnected in a priority configu-

ration. Correspondingly, the group signal outputs of 
the first level do not occur simultaneously and can 

therefore be encoded with two gates. 

The connections between decoder and priority encoders 

may be hard-wired or use switches, plug boards or 

multiplexing to facilitate a change of the code 
conversion. 
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COMPUTER PRIORITY INTERRUPTS 

PRIORITY INTERRUPTS (ACTIVE HIGH1 

MASTER 
RESET 

PRIORITY 

LEVEL 
MASK 

CLOCK 

e e 

o 

iNTERRUPT ACKNOWLEDGÉ 
TRANSFER. RESET. ETC.) 

, , . I 

o o 

MR 

o 

Do 90 DI Si 02 S2 03 53 

9314 4 BIT LATCH 

00 0 1 0 2 0 3 

00000  

DO SQ Di Si 02 52 03 53 

9314 4-131T LATCH 

R 00 0 1 0 2 0 

0 0 0 0 

00 01 02 03 04 08 08 07 08 09 

9301 1/10 DECODER 

Ao A1 A2 A3 

00 O 

CLEAR  
ENABLE 

ççç 

lo I 12 13 14 5 16 12 

31 
8 INPUT PRIORITY ENCODER 

FO Ao AI A2 GS 

Y 
O 
E Do So DI S1 07 52 03 53 

9314 4 BIT LATCH 

MR 00 0 1 0 2 

0 0 0 o 

.1  

03 BUFFER 

LATCH 

•  

PRIORITY INTERRUPT 
ADDRESS 

The primary use of priority encoders is in priority inter-
rupt systems, such as the system illustrated. Interrupts 

control the access of input and output units to the pro-

cessing unit. By assigniqg priorities to the requesting 

units, simultaneous or multiple requests can be handled 

according to their significance, (priority). The interrupt 

circuitry in this system provides a signal to the pro-
cessor indicating that an interrupt request has been 

made, and also generates the address of the highest 

order interrupt. All other lower order interrupt requests 

are ignored until the highest order interrupt is cleared. 

When deactivated, the asynchronous interrupt lines 

hold the 9314 latches set. When a device initiates an 

INTERRUPT 
PRESENT 

interrupt request in the form of a High logic level, the 

priority encoder input is activated if that particular 

priority level is not masked. The masking is usually 

dynamically controlled from the program. The priority 

interrupt address is strobed from the encoder while the 
9314 latches are disabled to insure that the 9318 input 
cannot change. After the interrupt has been acknowl-

edged, the decoder is enabled to clear the priority input 
and send an acknowlegement signal to reset the inter-

rupt request and initiate the transfer of data. The only 
requirement for the behavior of the interrupt signal is 

that it be reset (Low) before a new interrupt on that line 

can be recognized. 
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SIMULTANEOUS ANALOG TO DIGITAL CONVERSION 

•12 V 

INPUT 

3 3 k 

7 V 

Super fast A/O conversions can be performed by simul-
taneous multithreshold techniques. In this 3-bit binary 
A/D converter, the 9318 priority encoder provides all 
the encoding required. The analog signal voltage to be 
converted is connected to one input of each analog 
comparator. The other input of each comparator is con-
nected to one of the seven reference voltages developed 
in the resistor voltage divider. The input signal is corn-

F 00 DI 

9308 
4 BIT ATCH 

03 

MR 00 0 1 0 2 0 3 

DE D DI D2 D 

9308 
4 BIT LATCH 2 

MR 00 01 02 03 

00000000 

10 I 1 13 14 15 1 I 

9318 
8 INPUT PRIORITY ENCODER 

80 A0 AI A2 GS 

STROBE 

pared to the reference voltages and the comparators 
generate a High output when the input signal is greater 
than the reference voltage. The priority encoder detects 
the highest order zero, which corresponds to the lowest 
reference voltage that still exceeds the input voltage. 
To prevent transient incorrect encoder outputs while 
strobing the 9318 outputs, the yA710 outputs are 
stored in latches. 
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DIGITAL-TO-ANALOG CONVERSIONS, BINARY RATE MULTIPLIER 
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The 9318 can be used for digital-to-analog conversions. 
In this conversion technique, a rate multiplier is formed 
and the output is integrated. This technique is very 
economical for multiple D/A conversions because each 
additional channel of conversion requires only one 
multiplexer and one integrator. 

In the converters illustrated, the eight bits of binary 

data are sampled (rate multipled) and during 256 clock 
periods converted to a PDM signal that is fed to an 
integrator producing the analog output. Each eight bits 
of digital input is independently sampled by an 8-input 
multiplexer. The 9318 supplies a code sequence to 
each multiplexer such that the most significant binary 
input is sampled for 50% of the count cycle, the next 
most significant input is sampled for 25% of the cycle, 
and so on. This sampling retains the weighting inherent 
in the binary code. 

The converter above generates a well interlaced PDM 
signal equivalent to a narrow bandwidth that is easily 
integrated. The output can follow digital input data 
changes faster than in the other approach shown on the 
right. The output of the modified converter is not well 

PONT OUTPUT 

ve. r, 
ANA OG 
OUTPUT 

,r 

IN 

II 
TO MULTIPLEXERS 

interlaced and generates a wide bandwidth PDM signal. 
It therefore requires a longer integrating time constant, 
but it only has a maximum of eight logic changes per 
conversion cycle (vs. 256 changes) and is much less 

sensitive to switching delays, rise and fall times, etc. 

At high speeds, switching delays in the priority encoder 

and multiplexer introduce errors in the PDM output. A 

resynchronizing D flip-flop at each multiplexer output 
eliminates these cascaded delays. The maximum clock 
rate must allow enough time after the counter transition 
for the propagation delays in the priority encoder and 
multiplexer. The output of the multiplexer can be inte-
grated or fed to integrating type devices such as panel 

meters, solenoids or motors. 

For each additional channel, a multiplexer and inte-
grator are required. To expand the conversion to more 
bits, the counter, priority encoder and multiplexer 

must be expanded. For example, a 16-bit converter 
requires a 16-bit counter, 16-input priority encoder 
and 16-bit multiplexer. As before, each additional 
channel only requires the addition of one multiplexer. 
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DECIMAL D/A CONVERSION, BCD RATE MULTIPLIER 
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BCD 8421 code to analog signal conversion is similar 
to binary conversion. All the advantages of the binary 
D/A conversion are retained and only one additional 
gate package per channel is required. The extra pack-
age is needed to manipulate the BCD input data slightly 

so that correct sampling occurs. In the 2-digit BCD D/A 
converters or rate multipliers shown, a complete clock 
gate occurs every 100 clock pulses. The most significant 
digit is sampled 90% of the time and the least signifi-
cant digit sampled 10% of the time. To obtain the correct 
weighting, the Ai A2A4 inputs are sampled respective-

S 
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S1 9312 8-INPUT MULTIPLEXER 

S2 
Z Z 
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9014 

MOST LEAST 
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INTEGRATOR 
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ly for one, two, and four sample times. The most signifi-
cant input (A8), is sampled two sample times alone and 
in addition is OR tied with the A4 and A2 inputs. There-
fore, if the A8 input is a one, the output is High for 
eight clock pulses. The PDM output is fed to an inte-
grator to produce an analog output. The two decimal 
converters shown here differ in the same way as the bi-
nary converters shown in the preceding digital-to-
analog conversions diagram. The first converter pro-

duces a well interlaced pattern and the second has less 
transitions per conversion cycle. 

4-13 



9318 8-INPUT PRIORITY ENCODER APPLICATIONS 

SINGLE ZERO DETECTION 
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The circuit indicates both that a single zero is applied 

and which position it occupies. The outputs of each 
encoder are added so that the most significant bit of the 

619511 ZERO 

ADDRESS OF ZERO 

sum is High only when a single active Low input signal 

is applied. 
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Adders/Subtractors 

Multipliers/Dividers 

Comparator Systems 

Error Detection/Correction 
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OPERATOR SELECTION GUIDE 

Function Device 

# Of Devices Required 

For 16-Bit Function 

Delay Over 

16-Bits, ns 

(tYP) 

Power 

Dissipation, mW 

(WP) Leads 

Dual Full Adder 9304 8 150 150 16 

Gated Full Adder 9380 16 150 105 14 

2-Bit Full Adder 9382 8 150 175 14 

4-Bit Ripple Carry Adder 9383 4 150 390 16 

4-Bit Arithmetic Logic Unit 9340 4 38 425 24 

4-Bit Arithmetic Logic Unit 

Carry Lookahead Generator 

9341 

9342 

4 

1 

— 

= 

— 

= 

— 

= 

1 
40 

450 
180 

24 

16 

4-Bit Arithmetic Logic Unit 93S41 4 500 24 

Carry Lookahead Generator 93S42 1 — — — 
] 20 260 16 

2 x 4-Bit 2s Complement Multiplier 93S43 32 165 490 24 

2 x 4-Bit Full Multiplier 9344 32 350 550 24 

5-Bit Comparator 9324 4 72 200 16 

5-Bit Comparator 93L24 4 100 50 16 

12-Input Parity Checker/Generator 9348 2 40 235 16 

9-Input Parity Checker/Generator 93S62 2 28 225 14 
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OPERATORS 

INTRODUCTION 

The term 'operators'' describes a broad category of combina-

torial (non-memory) devices which perform logic operations 

such as AND, OR, Exclusive-OR, INVERT — arithmetic opera-

tions: Add, subtract, multiply, divide — and compare the mag-

nitude of two operands or generate/check parity. 

Because operators tend to be used in the heart of digital sys-

tems, they strongly influence system design and architecture. 

It is important to investigate the large number of alternate 

devices before settling on a system design. These devices 

represent compromises of speed, cost, part count, and con-

nection complexity. The following points are some major 

design considerations. 

SPEED — Slower systems usually require fewer and less ex-

pensive components and are less sensitive to noise. The sys-

tem designer should always attempt to use all available time; 

perhaps by changing to serial architecture, or to increment-
ing counters, etc. 

CODES — Binary arithmetic is simpler than decimal arithme-

tic. BCD and Excess-3 codes are preferred for decimal opera-
tion. Special codes (BCD and Excess-3 Gray) require exten-

sive conversion before use in arithmetic operations. 

NEGATIVE NUMBERS — For addition and subtraction, nega-

tive numbers are best represented as complements, one or 

twos complement in binary notation, nine or tens comple-

ment in decimal notation. The easiest to generate are one 

and nines complement; however, two and tens complements 

permit faster and simpler arithmetic. For multiplication and 

division, and for human interfacing (input/output) negative 

numbers are best represented in signed magnitude notation. 

VERSATILITY — When several different operations are to be 

performed, a well designed Arithmetic Logic Unit (ALU) may 

be able to execute them in sequence. For example, an ALU 

can count by incrementing or decrementing a register, or it 
may be used to control a display multiplexer, etc. 

Fairchild offers a broad range of operator devices in the TTL/ 

MSI family, ranging in complexity from 2-bit adders to 4 x 

2-bit multipliers and 4-bit Arithmetic Logic Units (ALUs). 

The selection chart lists the operator devices and their more 

important parameters. For better comparison of the dis-

similar devices, the through-delay is listed for typical opera-

tion on a 16-bit word. 
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9304 Dual Full Adder 

b 
GINB A 

FIRST I 2 9304 
DUAL FULL ADDER 

S S Couy 

I I 

SECOND 1 2 9304 
DUAL FULL ADDER 

S S Cow' 

The most versatile full adder circuit is the 9304, two com-

pletely independent full adders. One of these adders has an 

additional set of opposite polarity inputs. The 9304 is used 

for serial addition and for addition of more than two variables. 

9383 4-Bit Ripple Carry Adder 

111111  

__AO 80 Al 8 11 42 812 A3 83 

9383 7483 
Co 4.817 BINARY C4 

FULL ADDER 

SO Si S2 S3 

1 1 I I 

The 9383/7483 is four cascaded full adders. They add 

four bits of A with four bits of B plus a carry input, genera-

ting four sum bits and a carry output. There are no control 

inputs and the speed is limited by the internal ripple carry 

structure. However, this low cost 4-bit adder in a 16-lead 

package is useful in medium speed parallel binary systems 

and in character-serial BCD arithmetic. 

9340, 9341 and 93S41 4-Bit Arithmetic Logic Units 

9341 74181 
4 BIT ARITHMETIC 

LOGIC UNIT 

The 9340 and the 9341/74181 are 4-bit Arithmetic Logic 

Units of much higher complexity, versatility, and speed than 

the adders mentioned so far. They come in 24-lead packages 

and are used in parallel, high speed binary systems. They 

accept four bits of one operand (A) and four bits of a second 

operand (B) and generate four outputs (F). Operation is con-

trolled by Mode and Select inputs. 

The 9340 can perform two arithmetic functions (add, sub-

tract) and two logic functions, while the 9341/74181 can 

perform 16 different arithmetic functions and all 16 possible 

logic functions of the two variables. In their arithmetic mode 

both the 9340 and the 9341/74181 use fast carry lookahead 

circuitry, but only the 9340 has sufficient carry inputs to ex-

tend the carry lookahead over 16 bits. The 9341/74181 

requires an auxiliary circuit, the 9342/74182, to perform 

fast carry lookahead arithmetic over more than eight bits. 

9342,93S42 Carry Lookahead Generator 

_ .1 PO GO P1 0 1 P2 0 2 P3 0 3 

9342/74182 
C, CARRY LOOKAHEAD 

GENERATOR 

C,., C, Cn ., 

bb bb bb bb 

I 1 

9344 Combinatorial Multiplier 

bbbbbbbb 
—0 

—0 

—0 

MO M1 YO Y1 X0 X1 X2 53 
Ko 55 

K 1 

K2 

K3 

9344 
BINARY (4 BIT X 2-BIT) 

FULL MULTIPLIER 

So Si 

S4 

S3 

S2 

0-

0-

0-

0— 

The 9344 is an expandable 4 x 2-bit combinatorial multiplier 

building block with inputs and outputs in signed magnitude 

notation. 

93S43 Combinatorial Multiplier 

111111 1111  

X-1 X0 X1 X2 53 54 KO X1 K2 K3 

93543 
4 s 2 

TWOS COMPLEMENT 
MULTIPLIER Cr,4 

So SiS2 S3 54 55 

The 93S43 is a super-fast expandable 4 x 2-bit combinatorial 

multiplier building block with inputs and outputs in twos 
complement notation. Both the 9344 and 93S43 are used 

for fast multiplication in systems which can not tolerate the 

delay of conventional shift-and-add circuits. Two binary 

factors of any length can be multiplied using nothing but a 

number of 9344s or 93S43s. This is useful in fast real-time 

applications such as Fast Fourier Transform. 
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9324,93L24 Comparator 

1111111111  

1 
Ao Ai A2 A3 AA BO 81 82 83 84 

E 
9324 

5,BIT COMPARATOR 

A>B A<8 4,13 

1 I I 

The 9324 is a 5-bit magnitude comparator that can also be 
considered an expandable 4-bit magnitude comparator. It 

accepts two sets (A and B) of five bits each and generates 

three mutually exclusive outputs A > B, A < B, A = B. 

The simpler function of identity comparison (detecting 

whether or not two numbers are identical) is faster and more 

economical with Exclusive-OR circuits. 

9348 Parity Checker Generator 

111111111111 
b 12 13 14 15IB 7 18 19 110 111 

9348 
12 INPUT PARITY 

CHECKER GENERATOR 

PO PE 

1 

The 9348 is a 12-input parity checker or generator circuit 

used in error detecting and correcting applications on 

parallel data. 

TERMINAL CONFUSION or 

HOW CAN TWO STATES LEAD TO SO MANY TERMS? 

The signals used in digital systems are described in several 

different and sometimes confusing terms. A logic signal can 

be either ACTIVE (=TRUE) or NOT ACTIVE (NOT TRUE = 

FALSE) Digital circuits, on the other hand are defined for 

voltage levels that are either HIGH (more positive) or LOW 

(less positive or more negative). Either of these levels can 

be considered ACTIVE (TRUE), the opposite level is then 

NOT ACTIVE (FALSE). 

MIL Std 806 has established a clear symbology: The HIGH 

level is considered ACTIVE unless a small circle ("bubble") 

at the input or output describes the opposite assignment 

(LOW = ACTIVE). 

In non-arithmetic circuits the symbols "0" and "1" are un-

necessary and confusing because some people think that a 

one implies a HIGH level, others think of it as an ACTIVE 
(TRUE) signal, and some mistakenly think that it must mean 

both ACTIVE and HIGH. 

Therefore, this book generally does not use zero and one, 

but uses the terms ACTIVE and NOT ACTIVE for systems 

descriptions and the terms H and L for circuit descriptions 
and truth tables. 

In arithmetic (binary and BCD) systems the terms zero and 

one can not be avoided, since they have a mathematical 

significance. They have to be related to the logic terms in a 

consistent and unambiguous way. 

Arithmetic 1 = ACTIVE = TRUE 

Arithmetic 0 = NOT ACTIVE = NOT TRUE = FALSE 

The rules of Mil Std 8068 are then used to describe whether 

a HIGH level means a one (active High, no bubble) or whether 

a LOW level means a one (active Low, with a bubble at the 

input or output of the logic symbol). 

FUNCTIONS 

A full adder produces sum and carry outputs as a function 

of the three inputs A, B, and C. The center truth table above 

describes the electrical function in terms of High and Low. 

The two logic truth tables and the two logic symbols describe 

this circuit in terms of either active High or active Low logic 

levels. Any logic network which perfoms binary addition or 

subtraction can be described in terms of active High as well 

as in terms of active Low inputs and outputs. 

Such equivalence is a basic feature of adder structures and 

is true regardless of the number of bits and the method of 

carry propagation. It applies to a single full adder as well 

as to a complex ALU system. 

CARRY SIGNALS IN PARALLEL BINARY ADDERS 

High speed digital systems perform addition and subtraction 

on parallel words of typically 8 to 64 bits. The result of an 

addition or subtraction at any bit position, however, depends 

not only on the two operand bits in that position, but also on 

the less significant operand bits. More specifically, the result 

depends on the carry from the less significant bit positions. 

Ripple Carry 

In the simplest scheme, each position receives a potential 

carry input from the less significant position and passes a 

potential carry on to the more significant position. Thus the 

worst case delay for the addition of two n-bit numbers is n-1 

carry delays plus one sum delay. This technique is used with 

simple adders like the 9304 and the 9383/7483 4-bit ripple 
carry adder. It uses a minimum of hardware, but it is rather 

slow. 
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Carry Lookahead 

Addition and subtraction can be made much faster if more 

logic is used at each bit position to anticipate the carry into 

this position instead of waiting for a ripple carry to propagate 

through all the lower positions. An adder constructed with 

carry anticipation is called a "carry lookahead adder". 

The carry into position 0 is Co 

The carry into position 1 is Ci =,A0 • Bo + Co (A0 + Bo) 

The carry into position 2 is C2 = Ai •8i + Ci (A 1 + B1) 

If the two auxiliary functions & and V are defined 

&i - ABi 

Vi = + 
) 

then the carry equations are: 

Ci = &o + VoCo 

C2 = & + Vi (&o + VoCo) 

C3 = &2 + V2 (8ki + Vi &0 + ViVoCo) 

or, in general terms: 

Ci+1 = &i + Vi&i_i + ViVi_i & + ViVi.i Vi_2&i_3 + 

The anticipated carry into any position can thus be generated 

in two gate delays (counting AND/OR/INVERT as one gate 

delay), one gate delay to generate all the & and V functions, 

and a second gate delay to generate the anticipated carry. 

The sum/difference outputs are generated in one additional 

delay for a total of three gate delays, independent of word 

length. The auxiliary functions & and V can be interpreted 

as 

nyi Carry Generate- AB generates a carry, independent of 

- any incoming carry 

(V) Carry Propagate-A + B pass on an incoming carry 

This "brute force" carry lookahead scheme is conceptually 
simple, but, due to the large number of interconnections and 

the heavy loading of the & and V functions, becomes imprac-

tical as the word length increases beyond five or six bits. 

The same concept, however, can be applied on a higher 

level by dividing the word into practical blocks of 4-bit 

lengths, using carry lookahead within each block, generating 

new auxiliary functions G, Carry Generate and P, Carry 

Propagate which refer to the whole block. G is obviously the 

carry out of the most significant position of the block. P is 

defined as Carry Propagate through the block i.e., P is True 

if a carry into the block would result in a carry out of the 
block. For a block size of four bits (the 9340 and the 9341/ 

74181) 

)=8,3,,v38,2+ v,vel + V VV 8to 
--tee,ve ie re30,-\ 

- 
Neither of these fu(I ctions is affected by the incoming carry; 
they will therefore be stable within two gate delays and can 

be used to supply carry information to the more significant 

blocks. The carry into block n is: 

Cn = Gn.1 + Pn_iG n_2 + Pn_iPn_2Gn_3 + 

This carry in signal is used in the internal carry lookahead 

structure: 

Co = Cn 

C1= ?go + VoCn 

C2 = 

C3 = &2 + V2& + V2Vi &o + V2V VoC n 

The TTL MSI carry lookahead arithmetic logic units, the 

9340 and the 9341/74181 use this 2-level carry lookahead, 

but because of connection differences, they differ in parti-

tioning. The 9340 incorporates the carry in logic in the adder 

device, but limits it to inputs from three less significant 

blocks. This gives full carry lookahead over 16 bits, using 

four 9340 packages. 

The 9341 has more logic flexibility, which requires three ad-

ditional mode control inputs. It can not therefore, contain 

any carry in logic. It is contained in a separate device, the 

9342/74182. Only one 9342 is needed to achieve full carry 

lookahead over 16 bits. 

NUMBER REPRESENTATION 

All presently available TTL/MSI adders and ALUs work on 

binary numbers. Operation in other number systems, such 

as BCD, Excess 3, etc. is achieved by additional logic and/or 

additional cycles through the binary adder. 

There is only one way to represent positive binary numbers, 

but negative binary numbers can be represented in three 

ways. 

• Sign Magnitude — The most significant bit indicates the 

sign (0 = positive, 1 = negative). The remaining bits indi-

cate the magnitude, represented as a positive number. 

Sign LSB 

0 1 1 0 1 = +13 

1 1 1 0 1 = -13 

This representation is convenient for multiplication and 

division, and may be desirable for human-oriented input 

and output, but, for addition and subtraction, it is incon-

venient and rarely used. 

• One Complement — Negative numbers are bit inversions 

of their positive equivalents. The most significant bit 

indicates the sign (0 = positive, 1 = negative). Thus -A 

is actually represented as 2n -A -1. The one complement 

is very easy to form, but it has several drawbacks, notably 

a double representation for Zero (all Ones or all Zeros) 

• Two Complement - This is the most common representa-

tion. It is more difficult to generate than one complement, 
but it simplifies addition and subtraction. The two com-

plement is generated by inverting each bit of the positive 

number and adding one to the LSB. 

Sign LSB 
0 1 1 0 1 +13 

1 0 0 1 1 = -13 

Thus an n-bit word can represent the range from 

+ (2" -1) to 

A 4-bit word can represent the range from 0111 = +7 to 

1000 = -8. 
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ADDITION AND SUBTRACTION OF BINARY NUMBERS 

Addition of positive numbers is straightforward, but a carry 

into the sign bit must be prevented and interpreted as over-

flow. When two negative numbers or a negative and a positive 

number are added, the operation depends on the negative 

number representation. In two complement methods, ad-

dition is straightforward, but it must include the sign bit. 

Any carry out of the sign position is simply ignored. 

+14 01110 

- 7 11001 

+ 7 00111 

+ 7 00111 

-14 10010 

-4 11100 

-3 11101 

- 7 11001 -7 11001 

If one complement notation is used, the operation is similar, 

but the carry out of the sign bit must be used as a carry input 

to the least significant bit (LSB). This is commonly called 

"end-around carry". 

+14 01110 

- 7 11000 

00110 

+ 1 

+ 7 00111 

-14 10001 

-4 11011 

-3 11100 

- 7 11000 10111 

+ 1 

+ 7 00111 -7 11000 

In two complement subtraction the arithmetic is performed 

by inverting; i.e., one complement, the subtrahend and add-

ing, and by forcing a carry into the least significant bit (LSB). 

+14 01110 

-(+ 7) -00111 

01110 

+11000 

• 1 

+ 7 00111 

+ 7 00111 

-(+14) -01110 

00111 

+10001 

+ 1 

-6 11010 

4+8) -01000 

- 7 11001 -14 10010 

In one complement methods, subtraction is performed by 

inverting, i.e., one complement, the subtrahend and adding, 

using the Carry Out of the sign position as carry input to the 

LSB (end-around carry). 

+14 01110 

—(+ 7) -00111 

01110 

+11000 

+ 7 00111 

-(+14) -01110 

00111 

+10001 

-6 11001 

-(+8) -01000 

11001 

+10111 

00110 -7 11000 10000 

+ 1 4- 1 

+ 7 00111 -14 10001 

It is interesting to note that the Carry Out of the sign position 
occurs when the result does not change sign; no carry occurs 

when the sign changes, implying a "borrow". 

OVERFLOW 

Adding two numbers of the same sign or subtracting two 

numbers of opposite sign might generate a result which can-
not be represented by the given word length. This is overflow. 

It must be detected and used to initiate some corrective rou-

tine. Overflow occurs when the Carry Out of the sign position 

differs from the Carry In to the sign position. 

OVERFLOW = Cs e Cs+1 

Overflow Generation 

o o o o o 
—0 

—0 

—0 

—0 

—0 

ADD S-OEI 

,A0 BO 4 1 BI A2 (52 A3 B3 co, 

CX I CO GG 

CG-2 

CP_2 

CG 

s3 

9340 

HUIT ARITHMETIC 

LOGIC UNIT 

F0 F 

o o 

CE 

o 

0— 

So Opta IaI I0b Ilb I2h I3h 

9309 

DUAL 4 INPUT MULTIPLEXER 

4, 4 

When the sign is in the most significant position of a 9340 or 

9341 ALU, the carry signal into this position is not directly 

available but must be regenerated in one of several ways. The 

simplest method is to use the equation 

Cs = Ss G) As Et) Bs and 

OVERFLOW = Ss ED As e Bs e Csf1 

An improved method of generating the overflow signal re-

quires only two gate delays after the Carry Out is available. 

This allows the overflow to appear at about the same time as 

the sum. The sign bit is processed completely outside the 

ALU. The last bit of the ALU where the sign bit would nor-

mally be, is set with B3 = Low and A3 = Add/Subt. This 

will force a permanent Carry Propagate condition on bit F3 

so that the Carry Out of the ALU will be the Carry Out of the 

bit F2 position. The Carry Out of the ALU is then Cs, the 

Carry In to the sign bit. The equation for the overflow can be 

written as: 

OVERFLOW = 

As• Cs • (B se Add/Subt) + As • Cs • (Bs e Add/Subt) 

Both the overflow and the final sum sign can be produced by 

an 9309 dual 4-input multiplexer used as a random function 

generator as shown. Since the Cs signal goes into the data 

input of the multiplexer, the overflow is generated only two 

gate delays later; the final sum digit is produced at approxi-

mately the same time as the other sum digits since the logic 

has to wait for the Cs signal before the sum bit can be 

generated. 
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9304 DUAL FULL ADDER DESCRIPTION AND OPERATION 

FIRST HALF 

2' A 

' 

-D-
D 

SECOND HALF 

-D -D.  
_D-

s C) 

C) 

Eo 

• 3 2 

Cod 

FIRST 1/2 0304 
DUAL FUI ADDER 

S S Coin 

4 3 

IN 

FIRST 1 2 9304 
DUAL FULL ADDER 

S S Cour 

10 9 11 

1613 114 

4 3 2 12 66 
Cod B A 

FIRST 1/2 9304 
DUAL FULL ADDER 

S S COOT 

I ? I 
8 7 

Jj'IN B A 

SECOND 1/2 9304 
DUAL FULL ADDER 

S S Cou/ 

? 
10 9 11 

••••••• 

4 

CIN B A 

FIRST 1/2 9304 
DUAL FULL ADDER 

S S Cour 

12 

13 A CIN 

SECOND 1/2 9304 
DUAL FULL ADDER 

• COUT 

6 7 5 ID 9 11 

FIRST HALF 

INPUT LEADS OUTPUT LEADS 

4 3 2 5 6 7 

H 

H 
H 
H 

H 

H 

H 
H 

H 

H 

H 

H 

H 
H 

H 

H 

H 

H 

H 
H 

H 

H 

H 

H 

The 9304 dual full adder contains two independent full 

adders with both polarities of the Sum output brought 
out. The Carry Out signal is produced in one AND/OR/ 
INVERT gate delay, while the Sum requires one more 

A01 delay. This minimizes ripple carry delays, which 

are usually the critical parameter in a parallel adder. 

The second adder has dual inputs (one active High, one 

active Low) for A as well as B. This feature greatly 

A 

SECOND HALF 

INPUT LEADS OUTPUT LEADS 

12 13 14 15 1 11 10 9 

L L L L L HHL 

LLLLH H L H 

LLLHL H L H 

LLLHH L H L 

LLHLL HHL 

LLHLH HHL 
LLHHL H L H 

LLHHH H L H 

LHLLL HHL 
LHLLH H L H 

LHL HL HHL 

LHLHH H L H 
LHHLL HHL 
LHHLH HHL 

LHHHL HHL 

LHHHH HHL 

HL L L L H L H 

HL L LH L H L 
HL LHL L H L 

HL LHH L L H 

HLHLL H L H 

HLHLH H L H 
HLHHL L H L 
HLHHH L H L 

HHLLL H L H 

HHLLH L H L 
HHLHL H L H 

HHLHH L H L 

HHHLL H L H 
HHHL H H L H 
HHHHL H L H 
HHHHH H L H 

enhances the versatility of the device. Because full 

adder functions are symmetrical the 9304 can be des-

cribed in terms of active High as well as active Low 

inputs and outputs. Both logic representations and all 

four methods of using the 9304 dual full adder are 
shown here. Note that inputs A, B, and C can be arbitra-

rily interchanged, without affecting the operation of 

the device. This can simplify printed circuit board layout. 
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SERIAL BINARY ADDITION 

B A 

Half a 9304 dual full adder and one half of a 9024 dual 

flip-flop perform serial binary addition. For active 

High operands the carry flip-flop must be set when 

the least significant bit is applied. For active Low op-

erands, the flip-flop must be reset when the least 

significant bit is applied. 

SERIAL BINARY ADDITION/SUBTRACTION 

ADD SUBTRACT H 13 A 

SECOND 1 2 9304 
DUAL FULL ADDER 

S S COUT 

IN 

FIRST 1/2 9304 

DUAL FULL ADDER 

S S Cu 

S - A PLUS MINUS B 

The most obvious design of a serial adder/subtractor 

inverts the B input for subtraction, using the other half 
of the 9304 as a conditional inverter. This design re-

quires either a second pass for end around carry or it 

requires that the carry flip-flop starts out set for add, 

reset for subtract (with active High operands, opposite 
with active Low operands). 

X 
- ADD SUBTRACT 

)r)---.• SUM DIFFERENCE 

X Pt US MINUS Y 

This second pass is avoided by using two Exclusive-OR 

gates (1/2 9014) in the data path, thereby effectively 
using the adder with active High operands in one mode, 

with active Low operands in the other. For both addition 

and subtraction, the carry flip-flop must start out set 
for active High operands, reset for active Low operands. 
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SERIAL ADDITION OF MORE THAN TWO VARIABLES 

A B 

C1N B A 

FIRST 1,2 9304 
DUAL FULL ADDER 

S S Cool 

o 

o 

INITIALIZE  

INITIATE 

A 

SD 
0 

1 
9024 

CF DUAL 
JR 

FLIP FLOP 
0 

CD 

SD 

1,2 
9024 

CF DUAL 
JR 

FLIP-FLOP 
0 

CD 

o 

C1N 8 A 

FIRST 1,2 9304 
DUAL FULL ADDER 

S S COUT 

o 

o  

C1N B A 

SECOND 1-'2 9304 
DUAL FULL ADDER 

S COUT 

SUM 

a 

o 

C1N B 

SECOND 1 2 9304 
DUAL FULL ADDER 

S S Cote 

o 

D E 

I  

B 

FIRST 1,2 9304 
DUAL FULL ADDER 

S S C0uT 

o 

¿0 0 
C19 

FIRST 1/2 9304 
DUAL FULL ADDER 

CorT 

o 

CIN LI A 

SECOND 1- 2 9304 
DUAL FULL ADDER 

S S CouT 

Î 
SUM 

—0 

BB BO B1 B2 B3 

9300 
CR 4 BIT UNIVERSAL 

SHIFT REGISTER 03 

MR Go 01 02 03 

The 9304 dual full adder can be used to add more 
than two operands. A 3-input adder (S 1 = A plus B 

plus C) using one 9304 and one 9024 dual flip-flop is 

shown in a. 

A 6-input adder (S = A plus B plus C plus D plus E plus F) 

using 2 1/2 9304s and one 9300 4-bit register is 

shown in b. The adders are arranged such that all Carry 

outputs are active High, allowing the 9300 4-bit regis-

ter with common asynchronous clear to be used for carry 

storage. This decreases package count, simplifies inter-

connections and decreases clock and clear loading. 
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5-DIGIT BIT-SERIAL BCD ADDER SUBTRACTOR (ACCUMULATOR) 

MODE   
HIGH HIGH ADD 
LOW = SUBRACT 

D   

CF 

DS 00 D1 

I 2 9328 
8 BIT SHIFT 
REGISTER 

MR 

7 

Ds Do DI 

1,2 9328 
 D eCP 8 BIT SHIFT 

REGISTER 

MR 

o 

0 70  

Ciry B A 

FIRST I 2 9304 
DUAL FULL ADDER 

S S COOT 

Cy 13 A 

SECOND 12 9304 
DUAL FULL ADDER 

S S Co uT 

E 'Oa a ICry I 810c IciOd 

9322 GUAD 
2 INPUT MULTIPLEXER 

Za zb 

CIN 8 A 

FIRST 1/2 9304 
DUAL FULL ADDER 

S S COUo  

o 

HIGH 

C1N 8 A 

SECOND 1 2 9304 
DUAL FULL ADOFR 

S S Cu 

SD 

l j 901,224 

CP DUAL 
JR 

FLIP•FEOP 

CD 
0— 

H 
SD 

1 2 

9024 

CPOLJAL 

FLIP FLOP 

PE Po P, P2 P3 

9300 
CF 4.1311. UNIVERSAL 03 

SHIFT REGISTER 

MR Clo 01 02 03 

PE Po P1 P2 P3 

CEP 9310 BCD 
  CET DECADE TC — 

COUNTER 
— CF 

K 
CD 0 0— 

,- — 7 5— 

Bit serial operation of the 9304 is slower but requires 

fewer components than parallel addition/subtraction. 

A 5-digit bit serial BCD adder/subtractor makes use of 

the functional flexibility of the 9304. A 9328 16-bit 

shift register and a 9300 4-bit shift register form a 

20-bit (5 digit) serial BCD accummulator. The modulo 

20 counter (1/2 9024, 9310) keeps track of the data 
position in this register. When the counter is at count 

zero the LSB is stored in the last position of the 9328, 

the MSB in the first position of the 9300(home position). 

Data can now be entered serially on the D input of the 

9304 while the mode input defines the mode of opera-

tion (High for ADD, Low for SUBTRACT). 

When adding, the first 9304 adder performs serial 

binary addition (active High Data, Carry inputs and 

Sum output, active Low Carry output). The Carry Out 

is stored in a carry flip-flop (1/2 9024). The other 
three full adders are used for BCD correction, adding 

six whenever the digit sum exceeds nine. The Carry 

output of this 3-bit adder is strobed whenever the most 
significant bit (weight 8) of each digit is at the data 

iffloo01 0203 

? H 

input and in the first adder. A carry out of either adder 

is shifted into the decimal carry flip-flop and if there is 

a decimal carry, the output of the 3-bit adder is parallel 

loaded into the 9300, adding six to the binary result 

(BCD correction). 

For subtraction the mode line must be Low and this 

mode line may only be changed when the counter is in 

the home position, possibly requiring a flip-flop. In 

this mode, the first adder has active Low Data and 

Carry In and an active High Carry Out. However, with 

respect to the shift registers, this is compensated by 

the change in the 9322 multiplexer. 

Because the carry flip-flop is reset operation starts with 
an automatic carry bit added to the LSB, required for 

10 complement subtraction. The 3-bit adder adds 10 

to each digit. A decimal borrow is indicated by a Low 

output from the first adder when it contains the MSB 
(weight 8) of each digit. This loads the adder output 
into the 9300, effectively adding 10 - subtracting six 
for BCD correction. 
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9383/7483 4-BIT RIPPLE CARRY ADDER 

1 1 1 1 1 1 I I  
AO BO A1 BI e2 82 e3 83 

9383/7483 

Co 4 BIT BINARY C4 
FULL ADDER 

So Si S2 S3 

1 1 1 

Ao Bo AI B1 A2 82 A3 83 
e0 80e1B1e2 82e3 83 

1 1 1 1 I 1 1  

COI 1 

9383 7483 
4 BIT BINARY — C4 
FULL ADDER 

So 
1 1 
2 s3 

As with all other adders, 9383 operation can be des-
cribed in terms of both active High and active Low 

inputs and outputs, (refer to dual logic representations). 

Note that with active High inputs, Carry In can not be 

left open, but must be held Low when no carry-in is 

intended. 

LEADS LOADING 

A0 ,130,A 2, B2 

Ai ,f3 ,A3, B3 

Co 

SO,S1,S2,S3 

C4 

Data Inputs 

Data Inputs 

Carry Input 

Sum Outputs 

Carry Output 

4 UL 

1 UL 

4 UL 

10 UL 

5 UL 

-ço sl 52 53 

The 9383/7483 4-bit ripple carry adder logic diagram 

and loading rules are shown with inputs and outputs 

numbered from 0 to 3, consistent with 9300 family 

terminology. This device provides 4-bit addition in a 

single 16-lead package, very useful in applications 

which do not require the speed and functional versatility 

of more sophisticated 4-bit Arithmetic Logic Units. 

THE 9383 AS A 3-BIT OR A 2 + 1-BIT ADDER 

0 et 1 2 2 

9383/7483 
4.8IT BINARY 
FULL ADDER 

Because all 16 leads of the 9383 are needed for basic 
input, output, and supply connections, functional ver-

satility is minimal. The 9383 can be connected as a 

3-bit adder (a) with carry input and output by using 

the least significant data inputs and the Carry In; nor-

mally tying A3 and 13 3 together and terminating them 

either High or Low. The Carry Out signal is available 

on the S3 output. 

C10 

Ao Bo A1 Ell ri A10810 
1 1 1 1( 1 1  

AO B0 eI BI se2 B2 e3 B3 

9383,7483 
Co 4.BIT BINARY ss 

FULL ADDER 

So S1 C2 S3 

Slo 

C11 

The 9383 is useful as two independent adders, (b) one 

two bits wide, the other one bit wide. The two least 

significant bits are used as a 2-bit adder with Carry 

Out on the S2 output. Inputs A2 and B2 are tied 

together and used as carry input for the second adder. 

The A and B operands of the second adder applied on 

the A3 and B3 inputs, carry-out appears on the C4 

output. All these configurations work with active High 
as well as active Low inputs and outputs. 
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BCD ADDER /SUBTRACTOR 

SD 

I 2 

9024 

CP DUAL 

FLIP-FLOPJr 

Co 

9 
GROUND 

ACTIVE HIGH 

OPERANDS 
HIGH -

ACTIVE LOW 
OPERANDS 

SUBTRACT 

9014 

-)D  

"Da',000'11, 10c 114 10c01,1 

5 2 INPU93T212.4 AD UaLUTI XER 

Do 

This circuit performs BCD corrected addition and sub-

traction on four bits (one digit) in parallel. For addition, 

the control input (SUBTRACT) is LOW, the first 9383 

4-bit ripple-carry adders adds the Bo_3 inputs the Ao_3 

inputs, generating the binary sum on outputs So_3 and 

the binary carry on output C4. Whenever the binary 
sum exceeds 9, i.e., when S3 • (S2 + S1) + C4, a 
decimal carry is generated by the gating structure shown, 
setting the carry flip-flop and forcing a binary 6 onto 

the B inputs of the second 9383 4-bit adder. The out-

puts Do-D3 represent the BCD corrected sum D = A 

plus B. 

For subtraction, the control input (SUBTRACT) isHIGH, 

inverting B0_3 inputs to the first 9383 adder. The 9322 

Al 43 A3 

9383 ,74.83 
4.8IT BINARY 

FULL ADDER 

Ao Bo AI 81 A2 82 
9383 , 7483 

Co 4.BIT BINARY 04 

FULL ADDER 

ATAD 

EACTIVE HIGH 

A3 83 

So SI 52 S3 

1111 
DI 02 03 

ACTIVE LOW 

9015 

multiplexer feeds the Q output of the carry flip-flop 

into the Carry In of the first 9383 which performs 

Carry plus A plus B, the well-known algorithm for binary 
subtraction. The Carry Out (C4) signal is inverted before 

it is routed through the multiplexer into the J • K input 

of the Carry Borrow flip-flop. Whenever this flip-flop 
is being set, the binary result at So_3 requires cor-
rection, by subtracting 6 or adding 10. This is perform-

ed in the second 9383 by routing the "E4 signal into 
the Co (weight 2) and the 82 input (weight 8). 

The outputs DŒ.3 represent the BCD corrected result 

D = A minus B. Since BCD addition is an asymmetrical 
function, the circuit must be slightly modified for active 

Low operands. 

5-13 



ADDERS/SUBTRACTORS 

16-DIGIT BCD ACCUMULATOR 

CP 

SUBTRACT 

PE PO P1 P2 P3 

CEP 9316 4 BIT 
CET BINARY IC 

CP COUNTER 

W 00 0 1 0 2 0 

vcc 

AAA, 

—A/VN.  

o 

CS 

AO 

A1 

0o0102 D3 WE 

94303 
16 WORD X 4-BIT 
READ WRITE 
MEMORY 

A3 

00 01 02 03 

0 0 0 0 

Eo 1 
DO D1 02 

9375 47 
4 BIT LATCH 

3 

E2 
00 00 0 1 0 1 0 2 02 03 0 3 
0 0 0 0 

BCD ADDER, SUBTRACTOR 

The same BCD adder/subtractor described in the pre-

ceding diagram can be used in a 16-digit BCD accumu-
lator. The 9316 modulo 16 counter and the 93403, 
16 word by 4-bit read/write memory form a 16-digit 

serial memory (serial by digit, parallel by bit). The 9316 

increments and thus changes memory addresses on the 
rising edge of the clock. When the clock is High, the 
memory is in the READ mode (WE = High) and presents 

its contents on the active Low outputs 00_3. When 

the clock is High, the 9375 4-bit latch with complement 

outputs is enabled, effectively re-inverting the memory 
outputs, cancelling the memory inversion. The BCD 

adder/subtractor adds the B inputs to, or subtracts them 
from, the accumulator. When the clock goes Low the 

9375 latches are disabled, freezing the accumulator 

outputs, and preventing a race condition when the Low 

clock (WE = Low) enters the output of the adder/ 

subtractor into the memory. 
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SLOW BCD ADDER/SUBTRACTOR/ ACCUMULATOR USING COUNTERS 

02 

ID I ) I  

PL Po P1 2 P3 

CPU 936074192 TCU 

UP ,DOVVN BCD 
cpoDECADE COUNTEIc 

D 

MR 00 al 0 2 0 3  

ADD SUBTRAC —4—t>0— 

START ..r  -

PL PO P1 P2 P3 

PU 3360,74192 TCU 

UP , DOWN BCD 
DE CADE COUNTER 

,D  TCD 
MR 00 al 0 2 0 3 

PL PO P1 P2 P3 

PU 9360 ,74192 TCU 
UP DOWN BCD 

DECADE COUNTER 
Po TCo 

MR 00 0 1 0 2 0 3 

iii 
Co 

az 

1111  11111 
Pi- PO PI P2 3 

--- CPU 9360 74192 TCU 

UP DOWN BCD 
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C Po 
'CD 

MR oo 0 1 0 2 0 3 

1 H 
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1902% 
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I LIP FLOP 
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1111 
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MR 00 0 1 0 2 0 3 
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— 

0 — 

Po PI P2 P3 

PU 9360/ 74192 TC 
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MR 00 01 02 03 
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cp0DECADE COUNTEIc 
D 

MR o Qi 02 (33  

1 1 
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— 
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1 2 
9024 

••'" 

F F 0 

SD 
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CF 

FLIP Fl OP 

Li 0— 0 2 

B S1 

- 

For very slow applications, BCD addition/subtraction 

can be economically performed with counters. This 

circuit adds/subtracts (or accumulates) 4-digit BCD 

numbers in less than 3 ms, using eight up/down BCD 

counters, three gate packages, and a dual flip-flop for 

control. This uses considerably less hardware than an 

equivalent bit-serial or character-serial BCD adder/ 

subtractor requi res. 

In the idle condition the Start input is Low, the Busy 

output is Low, Q1, is Low, and the internal clock is 

High and steady. A Low-to-High transition of the Start 
input generates a parallel load signal to counters A and 

B, asynchronously presets Q2, and starts generating a 

Busy output while starting the internal oscillator 

MHz). During the first Low clock period, both 

counters are asynchronously loaded and Q2 is asyn-

chronously preset. The second Low-to-High clock tran-
sition resets Q2 which generates an active Low clock 
pulse on the CPD input of counter B and on either the 

CPU (for addition), or the CPD (for subtraction) input 

of counter A. The next Low-to-High clock transition 
terminates this pulse and causes both counters to 
change, provided the TCD output of counter B is still 

High. This clocks the two counters together until the 

TCD output of counter B goes Low indicating that the 

 Do-

TO ALL PL 

previous clock pulse decremented B to zero. The clock 

pulse that has already started must, therefore, neither 

increment or decrement counter A. This is accomplish-

ed by keeping the Q2 High and leaving the clock to the 

counters Low. Thus, counter B is at zero and counter A 

contains the desired sum or difference. 

If the Start input has gone Low, the output Busy line 

goes Low when the TCD output from counter B goes Low. 

This causes the internal clock generator to stop indica-

ting the operation is finished. If the Start input has not 
gone Low, output Busy stays High. The internal clock 

continues, but both counters remain fixed. The first 

clock pulse after Start goes Low terminates output Busy, 

stops the clock, and ends the operation. 

This circuit is easily converted to an accumulator by 

keeping the PL inputs of the A counter High. Such a 
circuit operates in either binary or BCD notation, as 

long as the appropriate counters are used (9366 for 
binary, 9360 for BCD). Binary operation offers no ad-

vantage because a straightforward ripple carry adder 
using 9383s for both faster and more economical. Using 

binary devices in one counter and BCD devices in the 
other makes this circuit a code converter (binary-to-

BCD or BCD-to-binary). 
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9340 ARITHMETIC LOGIC UNIT 

ACTIVE HIGH (ALTERNATE) 

I 1 I 1 1 1 1 1 1 
R0 BO Al 81.42 82 A3 B3 COE 

OLI 

CY_1 

0X-2 
9340 

CY_2 4 13IT ARITHMETIC 
LOGIC UNIT 

CX_3 

SO 

SI Fo F1 F2 F3 

CO/CX 

CV 

LEADS 

Z"o to 71/43,Tio to 

OESi 
CGi 

CPi 

CG2 

CP2 

CG3 

COE 

CP 

1 1 I 

ACTIVE LOW 

Ao ào AI gi A2 132A3E1.3 

Operand Active Low Inputs 

Mode Select Inputs 

Active Low Carry Generate Input from immediately preceding stage 

Active Low Carry Propagate Input from immediately preceding stage 

Active Low Carry Generate Input from second preceding stage 

Active Low Carry Propagate Input from second preceding stage 

Active Low Carry Generate Input from third preceding stage 

Carry Out Enable Input 

Function (Active Low) Outputs (•") 

Carry Out/Carry Generate (Active Low) Output (**) 

Carry Propagate (Active Low) Output (*•) 

LOADING (•) 

3 UL 

1 UL 

3 UL 

1 UL 

2 UL 

1 UL 

1 UL 

1 5 UL 

10 UL 

10 UL 

10 UL 

"1 Unit Load (UL) = 401.1A High/1.6 mA Low 
••10 UL is the output Low drive factor and 20 UL is the output High drive factor. 

The 9340 MSI Arithmetic Logic Unit is a high speed 

combinatorial circuit capable of performing not only 
addition and subtraction, but also several logic func-

tions on two 4-bit binary words. Internally, the device 

uses carry lookahead logic for its high speed. Provision 

is made for carry lookahead interconnections between 
several 9340s without the need for additional logic. 

The ALU is suitable for use in general and special pur-
pose digital computers as the center of high speed 

arithmetic units. The 9340 can perform arithmetic on 
binary numbers in ones complement or twos comple-

ment. The input data can be either active High or active 
Low. 
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9340 OPERATION 

CG -1 

CP_, 

C6_2 

CP -2 

CG_3 

So 

The 9340, functionally, can be divided into several 

parts. At the top is a set of gates that produce the AND 

and OR functions of the A and B inputs. 

AB i = 

Ai + Bi = Vi 

The gates that form the & and V functions are under 

the control of the So and Si inputs so that several 

different AND and OR functions can be formed. The 

functions, instead of being AB and A + B, may be Ag 

and A + B. This control is used to vary the functions 

performed by the circuit. The two sets of functions 

cited above are typically used for addition and subtrac-

tion, respectively. At the bottom of the figure shown is 

a set of adders, which add (Ex OR) the & and V signals 

for a particular bit, and the appropriate carry in. At the 

left of the logic diagram is a set of gates producing a 

carry in function. These gates accept CG and CP out-

puts from other 9340s to produce a carry in. Carry In = 

CG_i • CP_i + CG_ • CG _2 • CP_2 + CG_ • CG _2 • CG _3 

The subscripts -1, -2, and -3 refer to the preceding 

devices. A carry in to one 9340 is produced by a Carry 

Generate from the immediately preceding device (CG_i) 

or by a propagate from the preceding device and a 

Carry Generate from a 9340 two devices back (CP_I 
CG_2), etc. One of the select lines, Si , blocks the pro-

pagation of carries between bits. This control is used to 

select logic or arithmetic functions. For example, sub-
traction is basically A (i) B e Carry. 

If Si is High, carries are forced at all bits and the 
output becomes A EE B e 1 = A ED B. 

At the right of the figure is a series of gates producing 

look ahead carry out functions. One gate produces an 

active Low carry propagate over the block of four bits. 
Logically, it is the AND of the four internal Carry Pro-

pagates. Functionally, it means that if there is a carry-

-A-2 73-2 7>3 113 

CoE 

in to this package, there should be a carry out to the 

next package. It is activated by the presence of 1111 in 

the 9340. CP = V3V2ViVo 

MSB LSB 

Word A 1 0 1 0 

Word B 1 1 0 1  

Sum 1 1 1 1 "Carry Propagate" 

The other gate forms an active Low Carry Generate for 

the block of four bits. The CG is a carry out from this 

particular device. 

CG - &3 + V3&2 + V3V2& + V3V2Vi &0 

Note that neither CG nor CP outputs are in any way 

affected by a carry in signal. They are only functions 

of the A and B operand inputs. 

The CG signal can be turned into a true carry out if one 

additional term is added to include a carry in condition. 

This term is controlled by the COE lead (Carry Out 

Enable). Since Carry Out = CG + CP CIN, for the 9340 

CG/CO = CG + CP CIN COE. The internal carry signals 

for the 9340 are defined by the following equations 

(Co Ci C2 refer to the internal carry signals to the 

four bits): 

CIN = CG_ + CP 1 CG _2 + CP_ 1 CP_2 CG_3 

C0=51 + ciN 
= Si + (&0 + Vo CIN) 

C2 = Si + (89 + Vi &o + V1 Vo CIN) 

C3 = Si + (&2 + V2 &I + V2 Vi &o + V2 Vi Vo CIN) 

CP (output) = V3 V2 Vi Vo 

CG (output) = (&3 + V3 &2 + V3 V2 & + V3 V2 Vi &o 

+ V3 V2 Vi Vo CIN COE) 
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9340 FUNCTIONS FOR ACTIVE LOW A. B. AND F 

The So and S1 inputs control the function of the 9340 

in two ways. First, they determine the particular AND 

and OR functions produced by the input gating, and 

second, the Si input determines whether or not car-

ries are propagated between the bits in the 9340. The 

functions of the 9340 are outlined in the table. Each 
Fi output is & Vi e Carry'. If S1 is High, a carry 

is forced and the function becomes &i Vi ED 1. The 

table is for active Low A, B, and F. 

So Si & V &V e Carry Function 

L L 

H L 

L H 

H H 

AB 

AB 

AB 

AB 

A+E -

A+B 

1 

A e 11 e Carry 

AeBe Carry 

Ae el 

AB 01 

A subtract B 

A add B 

A Ex-OR B 

A AND B 

9340 FUNCTIONS FOR ACTIVE HIGH B AND ACTIVE LOW A AND F 

The corresponding function for inputs and outputs of 

various polarities may be determined by making the 

required inversion of the variables. For example, if B 

is active High and A and F are active Low, the functions 

are found by replacing B with B. 

So S1 &V Carry Function 

L L AegeCarry A add B 

H L A 63i3-0)Carry A subtract B 

L H A eie 1 A compare B 

H H Abe l A AND 11 

9340 FUNCTIONS FOR ACTIVE HIGH A, B. AND F 

The functions for active High A and B and active High F 

are found by replacing A and B and carry in the first 

table with À and 7F3- and carry and then inverting the 
entire function. 

So Si Ve Carry Function 

L L 

H L 

L H 

H H 

i1/4E0B- 4) Carry =AeBe Carry 

Ae ile Carry = Ae Be Carry 

A(DrIED1=AEDB 

ÀfiE)1=A+B 

A subtract B 

A add B 

A compare B 

A OR B 
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9340 LOGIC EQUIVALENTS 

40 BO 4 1 BI 4 2152 43 B3 

ACTIVE LOW 

ACTIVE HIGH 11111111 1 
Ao 90 A1 81 A2 82 A3 83 COE 

CX_1 

CY_ l 

CX-2 
9340 

CY_2 4-131T ARITHMETIC 

CX_3 LOGIC UNIT 

SO 

SI Fo F1 F2 F3 

CO/CX 

CY 

1 I 

Functions for all useful representations of the 9340 are 

shown in Logic Equivalents. The output signals labeled 
CG and CP are "carry generate" and "carry propagate" 

only in the active Low representation. When the oper-

ands are active High, the nature of the CG and CP sig-
nals changes. The CG output becomes similar to an 

active High CP, and the CP output becomes similar to 
an active High CG. It is important to recognize at this 

point that an adder is always an adder. Once the carry 
signals are connected, the polarities of the inputs and 

So s1 Function 

H 

H 

H 

H 

A subtract B 

A add B 

A EX OR B 

A AND B 

Function 

H 

H 

H 

H 

A add 

A subtract 

A equivalent 

A AND 

Function 

L L 

H L 

L H 

H H 

A subtract 

A add 

A equivalent 

A OR 

Function 

H 

H 

H 

H 

A add B 

A subtract B 
A EX OR B 

A OR if 

outputs of an adder can be changed, but the device is 
still an adder. 

This implies that even though the carry signals from 
the 9340 are no longer "carry propagate" and "carry 

generate", they can be connected to other devices ex-

actly as if they were, and the adder will operate proper-
ly. To be accurate, the carry signals have been relabel-

ed CX and CY in the active High case. 
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SIGN MAGNITUDE ADDITION AND SUBTRACTION 

The 9340 can be used to perform arithmetic operations 

in all three binary signed number representations, in-

cluding the most complex, sign magnitude. Sign mag-

nitude is complex because when the signs are different 

— and an addition takes place, or when the signs are 

the same and a subtraction takes place — the absolute 

magnitude of the difference between the numbers is 

required. There is also the problem that the sign bit 

must be handled separately. The figure shows a sign 

magnitude 5-bit Arithmethic Logic Unit that uses two 

9340s, one for performing addition and subtraction on 

the two operands and the other to form the twos comp-

lement of the result, if the result of the previous opera-

tion is negative. The scheme can be extended for larger 

word lengths; unused inputs at the most significant end 
of the first level of ALUs should have the A inputs at 

ground and the r3 inputs at a High logic level. Because 

of these complications, sign magnitude arithmetic is 

rarely used except where a small amount of processing 

is involved and the operands are available in the sign 

magnitude representation. In most systems it is more 

efficient to work in complement arithmetic converting 

to sign magnitude as required. 

ADD SUBTRACT 
Bs 1As 

CiN B A 

FIRST 1 2 9304 

DUAL FULL ADDER 

S S Cou 

AO BO Al BI A2 82 43 83 

11111111 

AO 80 AI 81 A282 A3 83 COE 
 o 
-0 

-0 
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-o 
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S S Couy 

? 1 ? 

SS 

co o 
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O 

 O CG 

—0 CP-1 

—0 CG-2 

—0 CE-2 

—0 CG-3 

Fo 

9340 

4-BIT ARITHMETIC 

LOGIC UNIT 

3 

CO/GG 

CF 

SO Si S2 53 

0-

0 — 

COMPLEMENT ARITHMETIC 

FUNCTION 
SELECT 

9340 
4-BIT ARITHMETIC 

LOGIC UNIT 

FUNCTION 
SELECT 

ONES COMPLEMENT 

ACTIVE 

LOW 
LEVEL 

NEGATIVE) 

LOGIC) 

ACTIVE 
HIGH 

LEVEL 
(POSITIVE 

LOGICI 

Some machines use ones complement arithmetic be-
cause of the apparent simplicity of performing subtrac-

tion in this representation. The main disadvantage is 

that the end around carry causes extra delay, and only 

three ALUs can be cascaded in the first section of sys-

tems using 9340s. The connections are shown. 

The most popular method used in binary machines is 

twos complement arithmetic. The sign bit is treated in 

an identical manner to the rest of the word and, instead 
of an end around carry, a carry in is immediately forced 

FUNCTION 

SELECT 

FUNCTION 

SELECT 

--e -

11111111 1  

AO BO Al 8 1 A2 B2 43 83 COE 1 
CX _I 

CYi CO CX — 

C5_2 
9340 

CV-2 4-BIT ARITHMETIC 

LOGIC UNIT C8_3 

So CY — 

S1 
Fo F1 F2 F3 

I I I 

TWOS COMPLEMENT 

TO 

OTHER 
9340s 

TO 

OTHER 

9340s 

when a subtraction takes place. This can conveniently 

be done in an ALU built using 9340s by connecting the 

So input to the CG_-1 input of the first ALU in the 

chain. All applications performing arithmetic assume 

that the twos complement representation is used. The 
16-bit Arithmetic Logic Unit shown is for numbers re-

presented in the two complement notation using active 
Low operands; for active High operands the connection 

is the same except that an inverter must be inserted 

between the So input and the CX_i line. 

5-20 



ADDERS/SUBTRACTORS 

16-BIT FULL LOOKAHEAD SYSTEM 

1ObO*l1l2 13313 
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TYPICAL DELAY TABLE 

WORD LENGTH 

(bits) 

ADD SUBTRACT 

(ns) (ns) 

1-4 

5-16 

17-28 

19-40 

41-52 

53-64 

65-76 

77-88 

89-100 

Additional blocks of 12 ALU stages can be connected to 

form ripple block addition and give very high speed 
arithmetic over large word lengths with no extra carry 

circuitry required. Since only two additional gate de-

lays are incurred for each 12-bit increment, and when 

a separate carry lookahead package is used, two delays 

are incurred for each level of lookahead, the 9340 is 

at least as fast as a 2-level lookahead for up to 28-bit 

words. 

23 

38 

53 

68 

83 

98 

113 
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143 

27 

41 

56 

71 

86 
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146 
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Four 9340 ALUs can be connected to form a 16-bit 

full lookahead ALU. This ALU can work in one or two 

complement arithmetic representations and in the 

active Low or active High logic representations. If long-

er word lengths are required, 12-bit ALU blocks con-

nected as shown in the dotted area of the diagram can 

be cascaded at the end of the 16-bit full lookahead 

portion. 

COMPARISON FUNCTIONS 

Magnitude comparison of the inputs to the 9340 is perform-
ed with the device in the subtract mode and observing the 

Carry Out signal. In a twos complement subtraction (with 
Carry In active), the function performed is A - B. If the Carry 

Out signal from the sign is active, then A is greater than or 

equal to B. If the Carry input is removed, the function is A 

minus B minus 1. If the Carry output is active for this opera-
tion, then A is greater than B. When only the first case is true, 

obviously A = B. 

Equivalence between A and B may be detected directly by 

using the Carry Generate and Carry Propagate outputs of the 

9340. If A and B are equal, then in the subtract mode or in 
the Exclusive OR mode, all the internal V signals will be active 

and none of the internal & signals will be active. This is de-

tected at the outputs by the condition, Equivalence = CP • CG. 

Equivalence over the entire word is detected by forming the 

above function for each 9340 and ANDing all the signals. 
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9341 ARITHMETIC LOGIC UNIT 
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A2 82 
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G 0— 

P 0— 

LEADS LOADING 

Á 3,130 - B3 

So,S,S2,S3 

Co 

A=B 
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This ALU is a parallel 4-bit MSI device that can perform 

16 arithmetic and all 16 possible logic operations on 

two 4-bit parallel words. The significant arithmetic 

operations are add, subtract, pass, increment, decre-

ment, invert, and double. The operation is selected by 

four select lines So - S3 and a mode control line M, 

which is Low for arithmetic operations and High for 

Operand (Active Low) Inputs 

Function — Select Inputs 

Mode Control Input 

Carry Input 

Function (Active Low) Outputs 

Comparator Output 

Carry Generate (Active Low) Output 

Carry Propagate (Active Low) Output 

Carry Output 

3 UL 

4 UL 

1 UL 

5 UL 

10 UL 

Open Collector 

10 UL 

10 UL 

10 UL 

logic operations. The device has a Carry In, a Carry 
Out for ripple carry cascading of units, and two look-

ahead auxiliary carry functions, Carry Generate and 

Carry Propagate for use with the carry lookahead 9342. 

An open collector A = B output is also provided that can 

be AND-tied to the A = B outputs of other ALUs to de-
tect an all High output condition for several units. 
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9341 OPERATION 

In the logic of this ALU, four identical AND/OR net-
works gate the A and B input operands with the four 

select lines So - S3 to produce the required first 
level auxiliary AND and OR functions. These are then 

used to generate the sum and carry functions. Internal 

carry lookahead gives high speed. The A = B output is 

generated by sensing the all one condition at the F out-

puts. When control M is in the High state, carries are 

inhibited from propagating and logic functions are gen-
erated at the outputs. The functions available with the 

device form a closed set such that inversion of the logic 

inputs produces a function which is still in the set. 

Therefore, the device performs the same logic and arith-

metic functions in the active High representation as it 
does in the active Low representation, but with a dif-
ferent select code. If a mixed representation is employed, 

the majority of useful functions are still available. The 

four modes of ALU use are shown above. The operation 

tables for each mode are shown on the next page. 
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9341 OPERATION TABLES 
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9342 CARRY LOOKAHEAD GENERATOR 
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The 9341 ALU can be used in a variety of carry modes. 

The simplest of these is in a ripple carry mode where 

the Carry In Ci, of an ALU is driven by the Carry Out 

signal C4 from the previous ALU. This method of pro-

pagating the carry is slow for large word lengths but 

has the advantage that additional carry circuits are not 

required; if several levels of lookahead are permitted 

and extra logic is used, the speed of the ALU can be 

improved. The 9341 gives the auxiliary carry functions 

Carry Generate and Carry Propagate which can be used 

with the 9342 to give complete carry lookahead or 
ripple block lookahead. In this latter mode, the ALU is 

split into 16-bit blocks, each with its own lookahead 

with carries allowed to ripple between the blocks. The 

9342 accepts up to four sets of Carry Generate and 

Carry Propagate functions and a Carry In and provides 

3 

the three Carry Out signals required by the ALUs and 

also the next level auxiliary functions. These auxiliary 

functions generated by the carry lookahead circuit 

allow further levels of lookahead. Unfortunately, to 

satisfy signal polarities, a penalty of two gate delays 

is incurred for each level of lookahead, and the aux-

iliary functions are rarely used over more than two 
levels of lookahead. The logic symbols and logic diagram 

of the 9342 carry lookahead circuit are shown above. 

The auxiliary logic functions in the active High case are 

not Carry Generate and Carry Propagate, they have been 

labeled X and Y, respectively. Of course, they are con-

nected in the same manner as the active Low case. In 

this logic design, the auxiliary functions are used to 

generate the three Carry Out signals and the two aux-

iliary functions required for further levels of lookahead. 
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cól 
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a 1 13 1 14 F s 

WU} 
COMY.004.4.40 

GC4444,00 

A single carry lookahead circuit is used with four 9341 

ALUs to perform arithmetic operations with complete 

carry lookahead over 16-bit words. For word lengths of 
20 and 24 bits, the fastest speed is achieved by only us-

ing a single 9342 as above and letting the carry ripple 

through the additional one or two 9341s. For word 

lengths of 28 and 32 bits, the fastest speed is achieved 

by using two 9342s, constructing two blocks similar to 

the 16-bit block above, and letting the carry ripple from 

the first block to the second. Only when the word length 

exceeds 32 bits is there a speed advantage in using three 
levels of carry lookahead. 
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9341 CARRY METHODS 
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ARITHMETIC WITH THE 9341 

The 9341 can be used as an arithmetic element in all the 

common binary number representations. The basic concepts 

as discussed for the 9340 apply also to the 9341. The most 

difficult number representation is sign magnitude. The 9341 

is more flexible than the 9340 but additional peripheral logic 

must be used to decode the desired functions required by the 

select lines, and the Carry In at the first stage. The two most 

useful additional arithmetic operations that the 9341 has as 

COMPARISON WITH THE 9341 

compared to the 9340 are "double A" multiplication, division 

and square root operations. It is often possible to use the 

select code on the ALU to effectively perform additional de-

coding, for example if a control signal is to select between 

"add A and B" when S is High and "pass A" when S is Low, 

then (for the active High case) So is tied to S3 to form S, 

and S1 and S2 are tied Low. This type of operation (Add or 

Pass) is useful in multiplication routines 

Output State Operation Active LOW Logic Active HIGH Logic 

Ar--B H A minus B A=B A = (B minus 1) 

H 

H 
A fli B 

A ibB 

A * B 

A=B 
A=B 

A t B 

Carry Out 

(E4 for active High operands) 

(C4 for active Low operands) 

H 

L 

H 

L 

A minus B 

A minus B 

A minus B minus 1 

A minus B minus 1 

A >8 

A <B 

A >6 

A ‹B 

A< B 

A >B 

A <13 
A >6 

Several comparison functions can be performed 

the 9341 by using the A = B and the C4 outputs. 
A = B output is better described as "F = 0," since 

output goes High anytime all the F outputs are 

Therefore, the outputs are not only used for comparing 

A = B during a subtract operation, but also to 

that the function outputs are all High after any 
methic or logic operation. In the PASS operation, 

output indicates that one of the operands is 

with zero. In 

The the two 
this operation, 

High. plementary. 

nificant 
ascertain relative 

arith- son functions 

the active Low 
equal to 

the Exclusive-OR operation, 

operands are identical. 

it indicates that the two 

For unsigned numbers 

bit positive, the Carry Out 
magnitude. This table lists 

which can be performed 

logic. 

it indicates that 

In the EQUIVALENCE 
operands are corn-

with the most sig-

of the ALU indicates 
the various compari-

in active High and 
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ARITHMETIC REGISTER SYSTEMS 

In most digital machines, the Arithmetic Logic Unit is part of 

a data processing section which includes one or more data 

storage registers and some multiplexers for data routing, shift-
ing, etc. Because different MSI functions work together so 

well in this application, it is important to consider several 

such systems. The most useful components for these systems, 

besides the 9340 and 9341 ALUs are the 9300 universal 

register, the 9338 multiple-port register, and the 9309 dual 
4-input multiplexer. The 9338 is used in many mini computer 

applications because it provides eight accumulators in a con-

venient 3-address structure in one package. The systems 

shown can use either the 9340 or the 9341, though for illus-
tration purposes only one of the two devices is shown. 

SINGLE ADDRESS ARITHMETIC REGISTER 

The 4-bit slice of a single address arithmetic register shown 

opposite incorporates a 9340 arithmetic logic unit, 9309 
multiplexers for shifting capability, and 9300s acting as work-

ing registers A, B, and C. Double length is possible by shifting 
the operand through the adder and the other half through the 

9322 associated with the second working register. A third 

register, C, allows multiplication and division. This register 
normally would hold the divisor in division and the multipli-
cand in multiplication. The 9340 ALU is very useful in con-

junction with the 9338 multiple-port register for processing 
systems with 2, and with 2 or 3-address formats. 
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SINGLE ADDRESS ARITHMETIC REGISTER 
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3-ADDRESS ARITHMETIC REGISTER 
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This is a 4-bit slice of a typical 3-address arithmetic 
register system where two operands can be taken from 
any two registers, operated upon, and the result written 
into any register in the system. Three addresses are 
required, two for the source operands and one for the 
result. The unit can perform arithmetic, shifting, and 

logical operations in a 3-address format. By appro-
priate microinstructions, two consecutive register ad-
dresses can be used as a double-length register for 
multiplication and division. Provision is made by 9309 
multiplexers in the design to allow peripheral and stor-
age inputs to be sent to the ALU. 
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SECTION OF 3-ADDRESS ARITHMETIC LOGIC UNIT WITH EIGHT REGISTERS 
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A slightly simpler system using the 9341 ALU is shown. 

The 9338 provides eight working registers in a 3-

address format, as before. Only one multiplexer is used 
in the loop, instead of three. This means the outputs of 

the 9341 can be shifted left, right, or remain unchang-

LOAD NEW DATA 

NO SHIFT 

SHIFT LEFT 

SHIFT RIGHT 

ed before being returned to the 9338. There is only 
one location for new data to enter the system. The L-L 
code on the multiplexer's select inputs routes data from 

the external .-ource to the inputs of the 9338. 
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MULTIPLICATION/DIVISION USING COUNTERS 

MULTIPLIER 
OR DIVISOR 

LOAD 

CLOCK 

REMAINDER 
(DIVISION ONLY I 

PE = SYNCHRONOUS 
PARALLEL ENABLE 

E = ENABLE 
CE = COUNT ENABLE 
CP • CLOCK PULSE PRODUCT 

OR 
QUOTIENT 

Many digital systems perform multiplication and divi-

sion; computers generally break these operations down 

into simpler functions such as add, subtract or shift and 

existing arithmetic logic units (ALUs) can perform these 

operations under program control. In these systems, 

multiplication and division are actually performed by 

software. 

However, there are systems requiring special hardware 

to perform multiplication and division. These are either 

small, simple systems in which overhead (program stor-
age and control necessary for software implementation) 
is prohibitive, or they are sophisticated high speed sys-

tems (like Fast Fourier Transforms and other scientific 

real time computers) in which software multiplication 

and division is too time consuming. 

Multiplication and division in slow systems can be per-

formed in several different ways. The slowest method 

uses counters and is particularly attractive for BCD oper-

ation or in special cases where the operands are ex-

pressed in different numbering systems. The algorithm 
used in a counting multiplier/divider either counts M 

pulses n times for multiplication or counts the number 
of times n can be subtracted from M for division. In the 

MUL TIPUCAND 
OR DIVIDEND 

COUNT = 1 

method illustrated, a switch is used to select multiplica-

tion or division. The same system can perform addition 

and subtraction with slight modification. During multi-

plication the multiplier is stored in a latch or register. 

The multiplicand is loaded into one of the down coun-

ters while the multiplier is loaded into the other one. 

Clock pulses are then fed to the multiplier (down coun-

ter) and the totalizer (up counter). The multiplier is 

counted down until it reaches state "1". This state is 

decoded and used to reload the multiplier into the coun-

ter and also to decrement the multiplicand counter by 
one. This process continues until both counters reach 

state "1". This condition is decoded, stops all counters, 

and generates an Output Ready signal. 

Division is performed by loading the divisor into the 
latch and one of the down counters and loading the 

dividend into the other down counter. In division, the 

two down counters are decremented simultaneously 
until both reach state "1"; but every time the divisor 

counter reaches "1", it is reloaded and the totalizer is 

incremented once. Thus the totalizer counts the number 
of times that the divisor must be reloaded in order to 

exhaust the contents of the dividend counter. 
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FULLY SERIAL BINARY MULTIPLIER 
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The simplest binary multiplier uses the conventional 

shift-and-add algorithm with a bit-serial (shift register) 

accumulator. Depending on the LSB of the multiplier, 

the multiplicand is serially added to the accumulator or 

is ignored; then the multiplier is shifted one bit and the 

process repeated. An n x n-bit multiplication requires 
n serial additions and approximately n2 clock pulses; 

but it is possible to save almost half of these in an aver-

age multiplication. 

The circuit shown is a fully serial 16 x 16-bit binary 

multiplier. Initially the multiplicand is stored in the B 

register and the multiplier in the MO register. During 
the next 16 clock pulses the multiplicand is ANDed with 

the multiplier. This partial product is added to any con-
tents of the accumulator and the sum is returned to the 
accumulator. Carries are stored in the carry flip-flop. 

The 17th clock pulse sets the Count 17 flip-flop. This 

H FINISHED AFTER 

NEXT CLOCK 

prevents the multiplicand from shifting, but allows the 

accumulator and MO register to shift once. As a result, 

the LSB in the accumulator enters the MO register, the 

carry flip-flop contents shifts to the MSB of the accumu-

lator, clearing the carry flip-flop. This circuit saves time 

by skipping zeros in the multiplier. When the LSB of the 
multiplier is a zero, an artificial Terminal Count is 

forced, saving 16 unnecessary clock pulses. An average 

multiplication needs 144 clock pulses; the longest mul-
tiplication requires 272 clock pulses (55 ps at 5 MHz). 

At the end of the multiplication, the IC of the second 

9316 counter goes High. After the next clock pulse, 
the most significant 16 bits of the product is properly 

aligned in the accumulator and the least significant 16-

bits of the product is in the MO register. Operands of 
any length can be used by varying the shift register 
length and the counter modulo mode. 
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8 BY 8-BIT BINARY MULTIPLIER 
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This circuit performs the conventional shift-and-add 

algorithm for binary multiplication. It accepts two 8-bit 

words (A0 _ 7 and Bo _ 7) and generates the 16-bit 

product Co _ 15 after 10 clock pulses. The system is 

self-contained, requiring a continuously running clock 

and generating a Ready signal that indicates when the 
product is available at the 16 outputs. In the Idle mode, 

the 9316 control counter is stopped in position 0 and 

the Q0 Busy output is Low, inhibiting clock pulses to the 

input/output register. A High-to-Low transition on the 

Start input initiates a multiplication. The next Low-to-

H igh clock transition resets 00 (Ready), generating Cto 

= Busy and enabling the clock to the input/output regis-

ters. It also activates the Parallel Enable (PE) inputs of 

both the 9316 control counter and the A register, as 

well as the Master Reset (MR) inputs of the remaining 

output register. After the next clock pulse, the 9316 
control counter is loaded with code 8, the A register is 
loaded with the eight bits of factor A, and the remaining 

C o Co 

registers are cleared. The next eight clock pulses per-

form the actual multiplication. Each clock pulse does 

the following. 

• Increments the 9316 control counter, and 

• Right shifts the eight right-hand bits of the input/ 
output register, and 

• Right shifts the entire C register when the LSB of 

the A register is zero, or 

• Adds factor B (Bo _ 7) to the contents of the eight 

leftmost positions of the C register (C8 _ 15) and 

inserts the sum one position further to the right 

when the LSB of the A register is one. 

When the control counter has reached TC (position 15) 

it sets Q0 which generates Ready, removes the Busy out 

• indicating that the product is available at the out-

puts Co _ 15. 
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CONTROL SECTION OF A 16 BY 16-BIT BINARY MULTIPLIER 

9383 9340 

PE PO P1 P2 P3 

CEP 9316 4-BIT 
CET BINARY IC 

CP COUNTER 

MR 00 Oi 0 0 

8 x 8 16x 16 8x8 16x 16 

Max. clock frequency MHz 

Multiply cycle time ps 

Number of components 

6 

1.6 

7 MSI 

21/4 SSI 

3 

6.4 

13 MSI 

3 SSI 

10 

1 

7 MSI 

21/4 SSI 

10 

2 

13 MSI 

3 SSI 

The binary multiplier previously described can be ex-

panded to provide 16 x 16-bit multiplication. The con-

trol counter must be extended by adding a least signifi-

cant flip-flop and the adder and register arrays must be 

doubled. The longer ripple delay through the 9383 add-

TO PE 1W11 

CP TO OUTPUT 
REGISTER 

ers limits the clock frequency to 3 MHz (vs 6 MHz 

for the 8 x 8 multiplier) resulting in a cycle time four 

times longer. System speed can be improved by using 

the faster (but larger and more expensive) 9340 carry 

lookahead adders. 
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COUNT AND SHIFT BCD MULTIPLICATION 

BCD multiplication is considerably more involved than 

binary multiplication due to the many binary-to-BCD 

corrections required. 

Since BCD notation is predominantly used in slow 

human-oriented systems, several unconventional meth-

ods are attractive which trade off longer response time 

for less circuit complexity. One such method already 

illustrated uses counters for multipliers, A faster sys-

tem multiplies two 4-digit numbers to generate an 8 - 

digit result in less than 300 ps (typically in 150 ps) 

using 16 MSI and 3 SSI devices. It performs multipli-

cation on a digit-by-digit basis, going through 16 opera-

tions to generate the 16 partial products. Each partial 

product is generated by counting, but an 8-decade syn-

chronous counter is used to accumulate and store the 

result using the synchronous parallel load feature to 

perform decimal shifts in accordance with the decimal 

weight of each partial product. 

In the Idle mode both control flip-flops Cto and Qi are 

reset. -do loads counter D continuously forcing its Q3 

output High which inhibits shifting and counting in the 
result counter/register currently holding the result of 

the previous multiplication. 

The first clock pulse (f 6 MHz) after a Low-to-High 

transition on the Start input sets Cto which activates the 

Busy output, allows counter D to count, clears the C 

and R counters, and activates the PE input of counter B. 
The next clock pulse advances counter D to zero (where 

it stays until reloaded by TCB), and lets the two counters 

A and B count up, starting with the complement of the 
least significant digits of A and B. Counters C and R, 

however, are still held at zero by their MR inputs. When 

(after < 90 clock pulses) TCB goes High, it activates PE 

of counter D, so that the next clock pulse loads a binary 

15 into this counter. TCB also activates the J input of 

control flip-flop Ql so that the next clock pulse termi-

nates the Clear input to counters C and R. This ends the 

initializing housekeeping. 

When counter D was at 15, it had again loaded the 15 

complement of the LSDs of factors A and B into the two 

counters. When counter D goes to zero, it starts the first 

partial multiplication; letting counter A count to TCA, 

reload, count to TCA, reload, etc., each TCA increment-

ing counter B, until TCB is reached. Counter R (the re-

sult counter) is incremented every time, except when 

counters A or B are at TC. When TCB is reached, it 

increments counter C, so that the next digit of factor A 

is loaded into counter A. TBC also loads counter D with 

a binary 15, which shifts the contents of counter R one 

step down thereby effectively dividing R by 10. The 

same clock pulse loads counters A and B and increments 

counter D to zero, which starts the next partial product. 

When the last digit of A has been used, it is necessary to 

shift the contents of counter R two positions up (instead 
of one position down). This is achieved by loading a bi-
nary 10 (instead of 15) into counter D. which results in 

six decimal down shifts, equivalent to two upshifts, 

since counter R shifts in a ring. 

The multiplication is finished when the last TCB incre-

ments counter C from 15 to zero and generates TCC, 

which resets Q0, and inhibits all operations. Counter R 

now contains the product in its eight decade counters. 

The decimal positions are indicated in the result coun-

ter/register. This circuit lends itself very readily to dis-
play multiplexing of A, B, and R, since all the necessary 

multiplexing hardware is already there. 
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COUNT AND SHIFT BCD MULTIPLICATION 
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BINARY DIVISION 

Division is a more complex operation than multiplication for 

several reasons. 

• Multiplication is usually performed by a sequence of shift 

and conditional add operations, where the bits of the mul-

tiplier determine whether or not the multiplicand should 

be added into the accumulator. Division, on the other 

hand, is usually performed by a sequence of shift and con-

ditional subtract operations, but the decision about sub-

tracting the divisor from the dividend is based on whether 

or not this subtraction would cause underflow. This re-

8.0 ›, 

REMAINDER 

quires either either a magnitude comparator, or a trial subtrac-

tion, followed when necessary by an addition to cancel it 

(restoring method), or it requires a more sophisticated 

control sequence, alternating between subtraction and 

addition (non-restoring method). 

• While the result of a multiplication is always as long as 

both factors put end to end, division in most cases gener-

ates a result that is an infinite stream of bits and must 

therefore be cut-off by either truncating or rounding. 
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• Moreover, while any number can be multiplied by any 

other number generating a meaningful and defined result, 

division by zero requires special consideration; dividing a 

non zero number by zero results in infinity (overflow), and 

dividing zero by zero results in an undefined answer. 

Most digital systems perform division by a sequence of sub-

tract, test, and shift operations controlled by software and 

employing the same Arithmetic Logic Unit normally used for 

addition and subtraction. However, the addition of special, 

hard-wired circuits for the sole purpose of performing divi-

sion is sometimes required in systems which are either too 

small to have an ALU, or so large and fast that several opera-

tions must be performed simultaneously in the shortest pos-

sible time. 

The opposite page shows an example of such a hardware 

divider, an 8-bit binary divider built with MSI devices. This 

circuit accepts an 8-bit dividend (X0 - X7) and an 8-bit divisor 

(Yo - Y7) and generates a 16-bit quotient. It is assumed that 

the binary points of the dividend and divisor are originally 

lined up before they are loaded into this divide circuit. The 

actual position of the binary point is not important as long as 

it is in the same position for both operands. 

The quotient has a binary point in the middle of the 16 bits, 

thus it always consists of an 8-bit integer portion and an 

8-bit fractional portion. The circuit, as shown, may be used at 

clock frequencies up to 5 MHz. At this speed, the result is 

generated in 2.2 to 5 ps (11 to 25 clock periods). If the divi-

sor contains a ONE in the most significant position the mini-

mum divide time (2.2 ps) results. If the divisor is all ZEROs 

except for a ONE in the least significant position, the maxi-

mum divide time (5 ps) results. If speed is critical, the maxi-

mum time for a division may be decreased to about 2 is with 

9340s, 9341s, or 93S41s in place of the 9383s, using high 

speed versions of some of the other devices, and increasing 

the clock frequency. 

This circuit starts its operation by first shifting the divisor and 

the dividend (if necessary) until they are of a proper magni-
tude for dividing. It then performs a series of shift and condi-

tional subtract operations, the results of which determine the 

contents of the quotient register. X and Y are stored in two 

shift registers (9300s). The parallel inputs to the X register 

are multiplexed from two sources, either the dividend inputs 

(when loading) or the outputs of the subtractor (9383s), sup-

plying the remainder of a subtraction, multiplied by two, 

through a 1-bit shift to the right. 

When performing a division, the circuit cycles through the 

following steps. 

• The X and Y registers (9300s) are loaded. The counter 

(9316) and quotient register (9334s) are reset. The two 

flip-flops are set. 

• Both the X register and the Y register are shifted until 

either X7 or Y7 is a ONE (High). This does not affect 

the placement of the binary point in the result. 

• A priority encoder (9318) is used to load the counter 

(9316) with a number corresponding to the placement of 
the binary point in the result. (If both X7 and Y7 are ONE, 

a seven is loaded into the counter. If Y contains leading 
ZEROs, a correspondingly smaller number is loaded). The 

Control Flip-Flop (CFF) is reset. 

• If Y7 is still ZERO, the Y register is shifted until Y7 is a 

ONE, but the counter is not allowed to count. Dividend and 

divisor are now properly aligned for the division to start. 

• Division is started by subtracting Y from X. If X <Y. X is 

shifted right (PE, = High). If X Y, X is loaded with the 

result of the subtraction, shifted one place (PE, = Low), and 

a ONE is loaded into the latch (9334) position addressed 

by the counter. In either case, the counter is incremented. 

This step repeats until the counter reaches 15 (IC = High). 

• CFF is set, division is complete. 

Subtraction is not necessarily possible when X7 is ONE. To 

permit the shifting of X in this case, an additional flip-flop 

(4) is used to store the most significant bit. Subtraction is 
performed by adding the ones complement of Y to X and add-

ing ONE by forcing a carry into the least significant adder 

stage. The most significant adder output is not used, since a 

successful subtraction always generates a ZERO in this posi-

tion. 

Any attempt to divide by zero is indicated by an output of the 

priority encoder. The "Division Complete" output is not 

activated. 

One precaution should be observed when using the circuit as 

shown. The Load input (normally one clock period wide) must 

persist beyond the falling edge of CP, since this Load input is 

used as an asynchronous reset or set signal for the latches, 

counter and flip-flops, and they must be prevented from clock-

ing on this clock edge. 

This divider does not attempt to round off the result, but pro-

vides an exact result in the form of a quotient and a remain-

der. The remainder may be re-entered and used to generate 

additional less significant bits. Alternatively, when shifting 

the dividend, instead of entering all ZEROs, a ONE followed 

by ZEROs or a ZERO followed by ONEs may be entered in the 

X registers. This has the same effect as generating a longer 

quotient and rounding it off, but the remainder is meaning-

less. 

The 8-bit divider can easily be modified in one of several ways 

to meet specific system requirements. Expansion to 16 bits 

requires duplicating all MSI devices except the counter (an 

additional flip-flop suffices) and adding a few gates. If de-

sired, shift registers (93164s) may be used in place of the 

addressable latches. In a serial system, the X and Y registers 

can be loaded serially and the quotient shifted out serially as 

it is generated. 

The divider circuit can be modified to divide two floating 

point numbers, (exponential notation). Since, in this nota-

tion, the most significant bit of both the dividend and divisor 

is always a ONE, the 9318 priority encoder is not needed and 

the counter should always be loaded with the number seven. 

The division can be started immediately after loading the 

registers. A subtractor is needed to generate the exponent of 

the quotient by subtracting the exponent of the divisor from 

the exponent of the dividend. Assuming a number representa-
tion consisting of a fractional mantissa (1 > X, Y ≥.. 1/2 ) and an 

exponent, the quotient will be (2 > Z >; 1/2). The quotient reg-
ister need only be nine bits long, but the ability to perform a 

1-bit shift on the quotient and to add ONE to the exponent 
must be included in the circuitry. 
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9344 4 BY 2-BIT BINARY MULTIPLIER DESCRIPTION 
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W•3 

9344 

BINARY 14 BIT X 2 BIT; 

FULL MULTIPLIER 

W•5 

W•4 

W•3 

W•2 

This block represents the basic 4 by 2-bit multiplier, 
and indicates the weighting factors (power of two) 

attached to each of the inputs and outputs 

Multiplication is one of the more common and time 

consuming operations in data processing. Most com-

puters multiply by a series of additions and shifts, a 

process that is acceptable for occasional multiplication 

(as in business computations) but is very time consum-
ing in many scientific calculations (matrix inversions, 

Fast Fourier Transform) and becomes intolerably slow 

when these calculations are performed in a real time 

system. 

A faster method is direct, combinatorial multiplication 

with a circuit that accepts two factors and generates 

the product without any sequential delays. Such a 

circuit uses a gate array to multiply (AND) each bit 

of factor A with each bit of factor B, and an adder array 

to add all partial products by binary weight. A 16 by 

16-bit multiplication generates a 256-bit partial 
product for a 32-bit sum. This addition is fairly in-

1I3 4, 42 E3 TO T1 00 .K1 «I 33 .0.1 

volved and must be performed with several levels of 

adders, because many partial products have identical 

weights. 

The 9344 binary full multiplier offers a simple, fast 

and economical solution. It can be used as a building 
block (iterative cell) to build high speed binary multi-

pliers of any size, without requiring any additional com-

ponents. 

The 9344 multiplies one set (X) of four inputs with an-
other set (Y) of two inputs, generates eight partial prod-
ucts and adds them in a fast carry lookahead adder. It 

also adds two sets of additive inputs, one four bits wide 

(K), the other two bits wide (M), generating a 6-bit sum 
at the S outputs. The range for X and K is: O - 15, the 

range for Y and M is 0 - 3. The range for the sum out-

put is 0 - (3 x 15 + 15 + 3) = 63. 
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MULTIPLIERS/DIVIDERS 

8-BIT BY 8-BIT MULTIPLICATION ARRAY 

10.1.2.3 A0 

iSB 

BOA 2.3 

— I A2.3 

6344 

02 

(2) 

P2 

MULT,PLICAND 
INPUT 

80 1 2 3 5 b 

84 56 7 

, 

.144 

(6) 

(3) 

I I 
P4 P5 

MuLTIPLIER 

INPUT 

90 1 2 34 56 7 

0 0 0 0 

8456 7 

—• A23 

(6) 

••• 

Bo 1 2 3 
— , 

"\1 

9344 

06 

(4) 

..ODUCT 

I I 

445 6 

9344 

a a 

(7) 

Binary Weight of Inputs and Outputs on the 9344s 

X Y S 

(8) 

I I I I 
P9 P9 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

(7) 

(8) 

0,1,2,3 

0,1,2,3 

0,1,2,3 

0,1,2,3 

4,5,6,7 

4,5,6,7 

4,5,6,7 

4,5,6,7 

0,1 0,1,2,3,4,5 

2,3 2,3,4,5,6,7 

4,5 4,5,6,7,8,9 

6,7 6,7,8.9,10,11 

0,1 4,5,6,7,8,9 

2,3 6,7,8,9,10,11 

4,5 8,9,10,11,12,13 

6,7 10,11,12,13,14,15 

The 9344 can be used to build binary multipliers of any 

size, using one device for every eight partial products. 

For example, an 8 by 8-bit multiplier generating 64 par-
tial products requires eight 9344s. The first 9344 mul-

tiplies the lowest four bits of B with the lowest two bits 

of A, the second 9344 multiplies the lowest four bits of 
B with the next two bits of A, etc. 

The table shows the binary weight (power of two) asso-

ciated with each input and output of the eight devices in 

an 8 by 8-bit multiplier. It indicates that many S outputs 
have the same weight and must, therefore, be added to-

0,1 

2,3 

4,5 

6,7 

4,5 

6,7 

8,9 

10,11 

0,1,2,3 

2,3,4,5 

4,5,6,7 

6,7,8.9 

4,5,6,7 

6,7,8.9 

8,9,10,11 

10,11,12,13 

2 , 13 14 lb 

MSP 

gether. Since the 9344 has six additive inputs, these 

can be used to reduce the outputs to one set of So _ 15 

outputs, representing the 16-bit result. 

Speed: The 9344 uses internal carry lookahead, but 

propagation between devices is by rippling. The delay 
from M to the outputs S is typically 40 ns; the delay 

from inputs K to the outputs S is typically 25 ns. With 

proper interconnection only the K-to-output delays form 

a critical path. This 8 by 8-bit multiplier has a delay 

of 6 x 25 ns = 150 ns (typ). 
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16-BIT BY 16-BIT MULTIPLICATION ARRAY 

Ao XI .2 113 
eto Ss 

9144 
BINARY. Ile X2 8171 S' 

A, TULL MULTIPLE,' S, 

‘3 S, 
So S, 

MCI TIPI 1FR 

INPUT 

A0-15 

810 12.3 80.1,2,3 

AA5 A6 7 

Bo. 1.2,3 8 0.1.2.3 

Ao.1 A2.3 

PO P1 P2 P3 P4 P5 P6 P7 

8 01.2.3 80.1.2.3 

— A8.9 A10 11 

Ps P9 

80.1.2.3 '012.3 

Al2.13 A14.15 

P28 P30 

KEY 

X 4- BIT MULTIPLICAND INPUT B 

Y = 2-BIT MULTIPLIER INPUT A 

ALL INPUTS AND OUT.UTS ACTIVE LOW 

<-1 180-15 

MULTIPLICAND 
INPUT 

P10 PI 1 P12 P13 P14 P15 P16 P17 PIB PI 9 P20 P21 P22 P23 

.J.—.. 1 12-12 12-14 

77 I 1 

P24 P25 P26 P27 

P29 P3I 
PRODUCT 

In this 16 by 16-bit multiplier, the critical path involves 4-bit B input, and the second number is the 2-bit A 
14 K-to-S output delays or 350 ns (typical). Each block input. For instance, 12-0 refers multiplicand bits 

represents one 9344. Labels inside the blocks identify B12513,14,15 and multiplier bits A0,1. 
bits multiplied in that block. The first number is the 

INCREASING THE SPEED OF A 16 BY 16-BIT BINARY MULTIPLIER 

BO 1.20 BO 1.2.3 

A4.5 

80.1.2 3 801 2.3 

.140.1 A23 

0-0 

1301 2 3 Ba1.2 3 

AT 13 A14.I5 

'131.2 3 B01.2.3 

Ae 9 A 0 T• 

Ao BO Al 51 A2 .2 Al 53 COE 
C% 

CY • CO CO 

CX 2 
9340 

CY 2 4 EMT ARITHMETIC 

cx, LOGIC UNI' 

P2 F. P4 PS P6 P7 ye Pe Plop 11 P. Pt3 P14 15 

TWO 
ADDITIONAL 

9340, 

VV 

PI6 PI7 P18 P 9 P20 P27 

AD Bo A, R A 9, A3 83 COE 
— CA , 

CV_I CO C% 

9340 
CCYX--22 4.1317 ARITHMETIC 

CX_3 LOGIC UNIT 

P 8 P29 P30 P31 

The 16 by 16-bit multiplier just described can be made some of the additions in external fast adders (9340s). 

even faster by rearranging the structure and performing This decreases the delay to 250 ns (typ). 
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MULTIPLIERS/DIVIDERS 

93S43 4-BIT BY 2-BIT TWOs COMPLEMENT MULTIPLIER DESCRIPTION AND OPERATION 

ACTIVE LOW 

ACTIVE HIGH 

93543 
4 2 

TWO COMPLIMENT 

MULTIPLIER 

LEADS LOADING 

X_1,X3,X4 

X0,X1,X2 

YO 

Y-1 ,Y1 
Ko,Ki,K2,K3 

Cn 

So,Si,S2,S3,S4,S5 

Cn.1.4 

The 93S43 is a super high speed digital multiplier 
building block which multiplies binary numbers repre-
sented in twos complement notation and generates a 
twos complement product directly, without corrections. 
The 93S43 is a 4x 2-bit multiplier that can be connect-
ed to form iterative arrays multiplying binary numbers 
of any length, either directly or in a time sequenced 
arrangement. The device assumes that the most signif-
icant bit of the multiplier and the multiplicand has a 
negative weight. It can be used in arrays where the two 
factors have different word lengths. This multiplier uses 
the quaternary algorithm and performs the function S = 
(X times Y) plus K, where K is the input field used to add 
the partial products generated in the array. At the out-
side of the array the K inputs can be used to add a signed 

Multiplicand Inputs 

Multiplicand Inputs 

Multiplier Input 

Multiplier Inputs 

Constant Inputs 

Carry Input 

Polarity Control (Active Low 
for High Operands) 

Product Outputs 

Carry Output 

1 UL 

2 UL 

2 UL 

1 UL 

2 UL 

1 UL 

3 UL 

12.5 UL 

12.5 UL 

constant to the least significant part of the product. 

The 93S43 operates with either active High or active 
Low inputs and outputs, provided the polarity control is 
properly terminated — grounded for active High oper-
ands (positive logic), terminated High for active Low 
operands (negative logic). The 93S43 is functionally 
and lead equivalent to the Am2505 and can be used as 
a plug-in replacement, but since the 93S43 uses 
Schottky technology, it is significantly faster. Through 
delay is improved by 40% (reduced to 60% of the values 
given for the Am2505) which allows either a 66% in-
crease in system clock rate, or a simpler interconnec-
tion scheme at the same clock rate. 
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8 BY 4-BIT BINARY MULTIPLIER 

MULTIPLIER 

Yo  

YL   

Y2 

Y3 — 

MULTIPLICAND 

Xo X, X2 x3 >L4 55 X6 X, 

CONSTANT 

Ko K, K2 K3 K4 K5 x6 ix7 

I  

li 

•  

X I X0 XI X2 X3 X4 KO K I X2 X3 

93543 
4 2 

TWOs COMPLEMENT 
MUL TPLIER 

SU Sr ,2 S3 S4 St 

Cn•4 

X 1 X0 XI X2 53 54 KO K1 K2 X3 

1 

Yo 

YI 

C, 

93543 
4 g 2 

TVVOs COMPLEMENT 
MULTIPLIER Cn.4 

So S1 52 53 S• 55 

Y 

 o 

X X0 X, 52 X3 X4 Ko X, e( K3 

93543 
4 . 2 

TWO. COMPLEMENT 
MULTIPLIER 

50 51 S2 S3 54 55 

Cn 4 

So S, S2 53 54 55 

Typical Multiplication Times 

Array Size 

Number of 

93S43s Used Through Delay 

4 x 4 

8 x 8 

12 x 12 

16 x 16 

24 x 24 

2 

8 

18 

32 

72 

40 ns 

80 ns 

125 ns 

165 ns 

150 ns 

Multiplication time can be reduced by using addi-

tional carry lookahead adders (93S40). 

The 93S43 can be used as a building block to form large 

binary multiplier arrays. The number of 93S43 devices 
required is given by 

M x N 

8 

where M and N are the word lengths of the multiplier 

and the multiplicand respectively. As shown above, 

four 93S43s can be connected to form a 4 x 8 array, 

multiplying an 8-bit binary multiplicand X (twos comp-

lement notation) with a 4-bit binary multiplier Y (also 
in twos complement notation), generating a product in 

twos complement notation. 

The scheme is shown for active High operands (positive 

logic), but can easily be changed to active Low operands 

X I X0 X, X2 X3 54 
Y 

Ko KI K2 K3 

93543 
4 g 2 

TWO. COMPLEMENT 
MULTIPLIER 

SO SI '2 53 S4 S5 

e•-• 

58 5 7 59 S9 $10 Si, 

(negative logic) by holding the polarity control input P 

High. 

The X-1 and Y-1 inputs at the least significant level must 

be held at the zero level. The S4 and S5 outputs are 

ignored except at the most significant edge of the array. 
The K inputs allow the accumulation of partial results 

as information passes through the array. On the first 
level the K inputs are not required for this purpose and 

can therefore be used to add a number to the least sig-

nificant part of the product. This feature is very useful, 

since many arithmetic operations consist of a series of 

multiplications and additions. For multiplication of 
larger words the array can be extended in both the X 

and the Y dimensions. 
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COMPARATOR SYSTEMS 

Comparator systems fall into two classes. 

• Identity comparators, that detect whether 

words are identical. 

Of not two 

• Magnitude comparators, that also detect which of the two 

words is larger. Magnitude comparators are more com-

plex and tend to be slower. 

All comparators are defined in binary terms, but they can ob-

viously be used with BCD or any other monotonic code with-

out change. 

IDENTITY COMPARATORS 

BIT-SERIAL OPERATION 

One Exclusive OR and one flip-flop form a serial identity 

comparator. The flip-flop must start out reset. As long 

as the A and B inputs are identical the output of the 
Exclusive OR is Low, leaving the flip-flop in its state. 

When A B the flip-flop is set and stays set until a new 

cycle is initiated by asynchronously clearing the flip-

flop. The state of Q after the last bit has been clocked 
indicates the result of the comparison: 

: A : A=B 
Obviously the bit sequence does not affect the identity 
comparison. 

PARALLEL OPERATION 

A1 

B1 

A2 

82 --i 

A3 

83 

A3 

83 

A = B 

A88 

Parallel identity comparison is most efficiently perform-

ed with Quad Exclusive OR gates with outputs NORed 

or NANDed. The NAND configuration is faster, but re-

quires opposite polarities of the two operands. 
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COMPARATOR SYSTEMS 

BIT SERIAL MAGNITUDE COMPARISON LEAST SIGNIFICANT BIT FIRST 

104 N a 11a ,3a 11, ,20 130 
SO 

9309 
DUAL 4 INPUT MULTIPLEXER 

S' 4 4 I 4 

a 

104 Ile 124 134 , lOb lib 2b 13b 
So 

9309 
DUAL 4-INPUT MULTIPLEXER 

1Z, Z. Zb Zb 

Magnitude comparison discriminates between three 
possible conditions. A > B, A < B, and A = B, usually 
encoded on two output signals. 

A serial magnitude comparator for LSB first (a) is most 
efficiently implemented by either a dual 4-input multi-
plexer (9309) and a dual flip-flop (9024), or by an 
Exclusive OR gate and a dual flip-flop with Enable 
(9022). (Note that the 9022 master/slave flip-flop re-
quires stable inputs during the entire clock Low period.) 

SD 

1.,2 
9022 
DUAL 
JK 

IDFLIP-FLOP O 

CD 

H —• 

0-al 

A>B 02: A*B 

52: A = B 

SD 

1,2 0 
9022 

CP DUAL 

SD 

1/2 a — a2 
9022 
DUAL 

— CP 
JK 

FOP-FLOP 
0 0— 52 

CD 

FLIP • FLOP 

0 0— 17) 1.43 
CD 

A>B 02: A< B 

5 1: A‘B A)B 

SD 

1 2 02 
9022 

CP DLi t 

FLIP-FLOP 

IL O— E12 
CD 

Assuming active High notation, 

Q1 is set by A .i reset by A. B, unaffected by A • B 
or À • TI! (A = B) 

02 is set by A * B, unaffected by A -= B. 

Thus, if both flip-flops start out reset, their state after 
clocking in the most significant bit indicates the result 
of the comparison. A slight rearrangement of the same 
basic circuit (b), generates a different set of outputs. 
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MOST SIGNIFICANT BIT FIRST MAGNITUDE COMPARISON 

104 Ila 12a 13a !100 111, 126 13b 
SO 

9309 
DUAL 4 INPUT MULTIPLFXER 

SD 

0 
1 2 

9074 
CP DUAL 

jg 
FLIP FLOP 

CD 

01: A > B 

A < B 

02: A B 

2 : A = B 

a 

SID 

1 2 ° 
9024 

CP DUAL 
JR 

FLIP FLOP 

CD 

Magnitude comparison is also possible when the serial 
words come in "backward", with their most significant 
bits first (a). In this case the first bit where A differs 
from B determines the result. This circuit sets GI when 
A • -1§• C12, i.e., if A> B and all previous bits have been 
A = B, leaving sal unaffected under all other conditions. 

01 

109 1 a1 a, a 1430 1lb 12b 13h 
SO 

9309 
DUAL 4 INPUT MULlIPIbSIft 

al: A > B 

: A < B 

02: A < B 

T(12: A B 

al 

It sets 02 if A * B, but does not reset it until a new com-
parison is initiated by clearing both flip-flops. 

A slight rearrangement of basically the same circuit (b) 
generates a different set of outputs: 

Q1: A >B, 02: A<B. 
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COMPARATOR SYSTEMS 

High speed parallel systems require a direct magnitude com-

parison over many bits in parallel. In a computer this function 

is usually performed by the arithmetic logic unit. Subtract-
ing B from A yields a negative result if A <B, a positive result 

9324/93124 5-BIT COMPARATOR 

LOADING 

9324 93L24 LEADS 

if A >6 and zero if A = B. If an isolated parallel comparison 

is needed, it is performed most economically by the 9324 

5-bit magnitude comparator. 

A 8 

1 1 1 1 1 1 1 1 1 1  1 Ao A, AB AB 44 80 Al 62 63 64 

9324 
5 BIT COMPAAAION 

A ,B A,8 A 8 

I I I 

É-

Ao,A ,A2,A3,A4 

B0 ,13 1,62,B3,B4 

A< B 

A ->B 

A=B 

Enable (Active Low) Input 

Word A Parallel Inputs 

Word B Parallel Inputs 

A Less than B Output 

A Greater than B Output 

A Equal to B Output 

2 UL 

2 UL 

2 UL 

9 UL 

9 UL 

10 UL 

..È Ay By A<B A>B A=B 

H 

L 

L 
L 

X X 

VVord A = Word B 

Word A >Word B 

Word A <Word B 

L 

L 

L 
H 

L 

L 

H 
L 

L 

H 

L 

L 

The 9324 is a 5-bit (or expandable 4-bit) magnitude 
comparator. It accepts two 5-bit numbers, Ao _ 4 and 

Bo _ 4 and generates three mutually exclusive, active 
High outputs: A greater than B, A less than B, and A 

equal to B. When the active Low Enable input is High, 

all outputs are forced Low. The delay from the operand 
inputs to the A< B and A > B outputs is a maximum of 

.5 

.5 

.5 

2.25 

2.25 

2.50 

five gate delays, approximately 4.0 ns. The A = B output 

is derived from the other two outputs and is therefore 

delayed by another gate. The 9324 might be ripple ex-

panded as an expandable 4-bit comparator, but since it 

is a true 5-bit comparator, it can be expanded in parallel, 

resulting in much faster operation at no extra cost. 

Parallel comparator arrays are shown for up to 65 bits. 

5-48 



COMPARATOR SYSTEMS 

PARALLEL COMPARATOR ARRAYS 

10 TO 13 BITS 6 TO 9 BITS 

f o 

A3 A2 53 57 A5 Al2 85 813 

1111111111 11111 11111  
Ao A, A2 A, Ay So 15, 52 53 Ely 

E 9324 
5 BIT COMPARATOR 

ASS A<B AS 

AO .1 AT 

1 II 
AO A, .2 A3 A4 50 al 82 s3 0. 

1 

Ao A, A2 43 Ay So II, 52 83 84 

9324 
1517 COMPARATOR 

ASS A<II A-8 

Bo B1 B2 

II! 

ENA/LE   E 9324 
5 MT COMPARATOR 

A211 A<I5 .5+5 

1 1 1 
A215 A< 5 AIS 

A2 At 52 BE 

1 

14 TO 17 BITS 

42 .11 87 el, 

1111111111 11111 11111  
Ao A, A2 A3 Ay 60 51 52 53 54 

93 4 
E 5 111, COMPARATOR 

A SEI A El Ali 

1 

Ao O 4.3 A3 Ay Bo 5, 52 93 By 

E 9324 
5 BIT COMPARATOR 

A T8 *48 A,I5 

1 

ENABLE 

fo 

.0 Al A2 .3 

1111 

Ao AI 

Ay Ay At A, A8 Sy Ss 54 82 Be 

1 1 1 1 1 1 1 1 1 1 
.0 Al .2 .2 .4 80 RI 82 82 

9 24 
5 BIT COMPARATOR 

ASIAN All 

A4 110•1 112 63 

1111 

CE  o E 

A2 A3 Ay 50 8, 52 S3 Ely 

324 
5 BIT COMPARATOR 

ASS A<EI AB 

I I 

A 4 13 A<E1 A411 

Al2 AIR 8 12 8 16 

1111111111  
AlLo  A2 *2 AA BO B, 87 03 84 

9324 
E b BIT COMPARATOR 

A /B A-. 4-5 

A, A, A A3 Ay So 8, B2 

9324 
5 BIT COMPARATOR 

A.15 *41 A=B 

A IT-15 A.<1 15 

94 

22 TO 25 BITS 

1 

Ao A. B0 54 As A, Is 113 A., .14 5 10 8 14 Al5 -413 BIS ate 

11111 11111 1 1 1 1 1 1 1 111 11111 11111 1111111111  
Ao A, A2 A3 Ay B0 B1 62 133 4114 

9324 
5 811 COMPARATOR 

AB AB AB 

1 

Ao AT A; 43 Ay Bo Eh 53 83 By 

9324 
-C E 5 WI COMPARATOR 

AB AR AB 

Ao •2 A, A,;; Bo 5, 83 93 By 

rc" 
9324 

5 ITT COMPARATOR 

A A • el A 8 

1 

AO Al A2 .3 .4 RO al 82 83 84 

r OE 
9324 

5 BIT COMPARATOR 

A •El AB AB 

1 

ENABLE 

A20 A2A 8 20 B24 

11111 11111  
A0.1 A? 43 A. so B1 e, 83 Bo 

9324 
5 E111 COMPARATOR 

A IT A 5 A-15 

.0 .1 A? .3 .4 Bo B, 82 3 

E 932 
5 BIT COMPARATOR 

A.0 A. 0 A 5  

I I 1 
A 5 A-5 

By 

1 
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65-BIT PARALLEL COMPARATOR ARRAY 

A. 80 - 4 

A •5 A< • 

A.85 _ 9 A Blo-14 

9124 

• +9 A‘ 5 

9324 

A, A, A •• ••• 5 

9324 

• •111 4 , 9 

.0 Ai . .1 .4 AO Al 2 54 55 

9324 
5 B' CONIAA9ATOR 

A e • 9 AS 

932 

.[" •>19•• A, 4, 

9324 

441.4“• 

9324 

5.<15 4)0 

9324 

4.• 

.0 Al 3 .4 440. .1.3 

9324 
5 Ai' [1,1APAPAT011 

• • e 

8. 

9324 

•)19 44 

9324 

5,11 4(5 

A ,B60 - 64 

9324 

.0I .2 .3 .4 lo 5, 92 9 3 54 

324 e 
e [044•AAATOR 

AS 

I I I 
•a• 4,3 • 9 
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ERROR DETECTION/CORRECTION 

Whenever digital data is transferred from one location to an-

other, there is a probability for error due either to device fail-

ure or noise. There are numerous ways to handle errors at the 
system level. Some systems detect errors and request retrans-

mission of data. In other systems, retransmission may be im-

possible or prohibitively expensive. In such systems, the 

receiving equipment must not only be able to detect, but also 

correct the error. 

Both error detection and error correction rely on the trans-

mission of redundant information. This requires additional 

bits of data and lowers the overall efficiency of transmission. 

In parallel systems additional wires, transmitters, and receiv-

ers are required, whereas serial transmission systems use 

additional time to transmit the redundant information. All 

these methods cannot completely eliminate errors, but as the 

percentage of redundant data bits increases, the probability 

of undetected or uncorrected errors decreases. 

The simplest and most common method of dealing with errors 

is the addition of a single extra bit, called a parity bit. The 

parity bit is chosen such that the total number of ones in the 

word (counting the parity bit) is odd (in an odd parity system) 

or even (in an even parity system). Odd parity is generally 

preferred, since it insures at least one "1" in any word. At 

the receiving end, the parity of the word is examined. If any 

single bit in the word was changed, the detector indicates 

wrong parity. However, if an even number of errors occurs, 

this simple method cannot detect it. The parity bit provides 

only single error detecting. 

PARITY GENERATION 

SERIAL 
DATA 

PARITY BIT -IMF 

SFRAl PARIT'r GENERATOR OIT SEPIAI RARITY CNECAER 

ce 

O D— 

SERIAL 
DATA 

In a serial parity generator, a flip-flop is toggled for 

every "1" in the data word and the state of this flip-flop 

is inserted as a trailing parity bit. On the receiving side, 

the parity checker has an equivalent flip-flop. Its state 

is interrogated after the data has been received. Both 

circuits are easily adapted for odd or even parity sys-
tems. 

For parallel systems it is necessary to generate the 

modulo 2 sum of many inputs simultaneously. This re-
quires an array of cascaded Exclusive OR circuits. The 

9348 12-bit parity checker/generator is specifically de-
signed for this function. 

'For a detailed description of the theory behind and the applications of 

Second Edition, The MIT Press, Cambridge, Ma, 1972 

ERROR CORRECTION' — HAMMING CODES 

A parity bit can only detect single errors. It cannot reliably 

detect multiple errors and it cannot correct single errors either. 

A single redundant bit does not carry enough information to 
do so. It is possible, however, to add more redundant informa-

tion to the data, formulated such that errors are not only de-

tected, but also corrected. 

A data word containing an error-correcting field of redundant 

information is called a Hamming code. It uses a series of par-

ity bits generated and arranged such that a unique set of par-

ity errors results from an error in any given bit position. For 

example: Three redundancy bits can have a total of eight dif-

ferent states. Since one of these states must indicate "no 

error", the other seven states can be used to locate an error in 

any one of seven transmitted bits. Three of the transmitted 

bits are the redundancy bits themselves, leaving four data bits 

in which an error can be uniquely detected, and also corrected. 

The coding of the parity bits is done conveniently so the pat-

tern of parity errors is the binary address of the bit in error. In 

general, a Hamming code contains 2m -1 bits, m of which are 

the Hamming or check bits, 2m -m -1 are the data bits. 

Total Bits Hamming Bits Data Bits 

7 

15 

31 

3 

4 

5 

4 

11 

26 

Thus three additional parity (Hamming) bits can provide single 

error correction for 4-bit data words. The seven bits are ar-

ranged in the following way: 

Po P1 Do P2 D1 D2 D3 

where Do,Di,D 2,D3 are the four data bits 

Po is odd parity 

P1 is odd parity 

P2 is odd parity 

over bits Do,D,D3 

over bits Do,D 2,D3 

over bits Di,D2,D3 

At the receiving end the three parity bits are again generated 

from the data bits using an identical scheme. Then these three 

parity bits are compared with the three transmitted parity bits. 

If they all match, there was no single error. If they differ, the 

pattern of mismatches is interpreted as a binary address of 
the bit in error. 

A practical system would avoid the additional comparison and 

generates the error address (E0 - 2) by including the received 

parity bits in the parity check: 

E0 is the odd parity over bits Po Do D1 D3 

El is the odd parity over bits P1 Do D2 D3 

E2 is the odd parity over bits P2 D1 D2 D3 

This Hamming code can detect and correct single errors, but 
it will fail on double errors. It would correct the wrong bit. 
If, however, one more overall parity bit is added, it is also 

possible to detect (but not correct) double errors. When the re-
ceiver finds the overall parity check correct and the error ad-

dress is zero, there was no error. If the overall parity check is 

wrong and the error address is not zero, there was a single 

error which can be corrected. If, however, the overall parity 

check is correct, but the error address is not zero, then there 
was a non-correctable double error. 

error correcting codes, see Peterson and Weldon, ERROR CORRECTING CODES, 
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ERROR CORRECTING — HAMMING CODES 

re, 
• 

f 1 

I I I 
•$, •$$ 

e par', 

MP 'NM. 

• l• 

WC. 

This figure illustrates the Hamming circuit for a 20-bit 
data word. Five 934.8s are used, and each bit of the 

data word is sent to several parity generators. As a re-

sult, information about the state of a given bit is contain-

ed in several bits of the 25-bit data plus parity Hamming 
code. The Hamming generator is duplicated at the re-

• oubt• 
r•or•• ordure* 

ceiving end, incorporating the received parity bits in 

the parity generation. This generates the 5-bit address 
for the bit in error. Address 00000 indicates "no error". 

This address can be fed to a 1-of-32 decoder, the out-

puts of which are used to invert the erroneous bit. 
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9348 12-INPUT PARITY CHECKER/GENERATOR 

LEADS LOADING 

lotolii 
PO 

PE 

Parity Inputs 

Odd Parity Output 

Even Parity Output 

2 UL 

10 UL 

10 UL 

INPUTS 

1111111111H 
/0 11 12 13 14 15 18 17 18 19 110 Ill 

9348 

12 INPUT PARITY 

CHECKER GENERATOR 

PO PE 

OUTPUTS 

10,1 1,12,13,14,15,16,17,1819110,1 11 Po PE 

All Twelve Inputs Low 

Any One Input High 

Any Two Inputs High 

Any Three Inputs High 

Any Four Inputs High 

Any Five Inputs High 

Any Six Inputs High 

Any Seven Inputs High 

Any Eight Inputs High 

Any Nine Inputs High 

Any Ten Inputs High 

Any Eleven Inputs High 

Any Twelve Inputs High 

The 9348 is a 12-input parity checker/generator that 

produces both odd and even parity outputs. It is gener-

ally used for error detection applications, including the 

generating and checking of parity codes and error cor-

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

I 1 

recting Hamming codes. The 9348 can be used for any 

number of inputs up to 12, particularly for the popular 

9-bit byte format, and it can also be easily cascaded for 

longer words. 

9348 OPERATION 

The 9348 accepts 12 data inputs and provides both odd 

and even parity outputs. The Even Parity output (PE) 
is High if an even number of inputs is active (High or 

Low) while the Odd Parity output (PO) is High if an odd 

number of the 12 inputs is active (High or Low). The 
Even Parity output (PE) is generated from the Odd Par-
ity output (PO) through an inverter. The two outputs are 

therefore always complementary and Po is always the 

P0 10' 11 12' 13' 14 15 '16' 17 18. 19' 110 111 

PE I1 e 12 e13*14 "5 G IVI7 "8 4'19' 110 '111 

faster output. The logic diagram shows the internal log-

ic design of the 9348, using a multilevel Exclusive NOR 

structure. The inverters are level restorers and cause a 
1-gate delay. The through delay from the first four 

inputs to the outputs is one Exclusive NOR delay short-
er than the through delay from the other eight inputs. 

This feature can be used to balance system delays by 
applying later signals to these faster inputs 10 _ 3 . 
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OPTIMUM TERMINATION OF UNUSED INPUTS 

Number 

of 

Inputs 10 11 12 

5 Do L D1 L 

6 Do L DI 

7 Do D1 

8 Do D1 D2 

9 Do D1 D2 

10 Do D1 

11 Do D1 D2 

12 ALL INPUTS USED 

D2 

D2 

13 
14 

D2 

D2 

L D3 

D3 D4 

D3 

D3 

D3 

D4 

15 16 

D4 D5 

D5 

D4 D5 

The parity function of the 9348 shows a symmetry 
(inherent to the Exclusive NOR function) which allows 

additional flexibility. Pairs of unused inputs may be 

tied Low or High without changing the logic function 

performed on the other inputs. When some of the 12 

inputs are not used, the delay through the 9348 can be 

minimized by appropriate termination of the unused in-

D3 

D3 

D4 

D5 

D6 

D6 

17 

D7 

D6 D7 

18 19 110 111 

D4 L L 

D4 L D5 L 

D5 L D6 L 

D6 L D7 L 

L D8 L 

D8 L D9 L 

D8 D9 D 10 

D7 

puts. The delay through an Exclusive NOR gate is mini-

mized if the unused input is held High. Consequently, 

delays through the 9348 can be minimized by terminat-

ing unused inputs in such a way that all unused inputs 

of the internal Exclusive NOR gates are held High. The 

table gives appropriate input terminations for different 

input word lengths. 
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CODE CONVERSION 

Numbers can be represented in a large variety of codes. The 

binary code is the most natural, the simplest, and the one most 
commonly used in high speed computer systems. For con-
venience this code is often grouped in 3-bit groups and called 
an "octal code", but since these are just different ways of 
interpreting the binary code, all its features are retained. 

Unfortunately, a different numbering system, based on the 
number 10, is in everyday use, and also, mixed numbering 
systems are used for some special applications (time, angles, 
etc.). This has created a need for binary-to-BCD (binary coded 
decimal) and BCD-to-binary converter circuits. 

The number of bits and digits involved, the time available, 

and the amount of general purpose (perhaps even micropro-

BCD-TO-BINARY CONVERTER USING ADDERS 

grammed) logic available in the system are important factors 
in selecting one of the many different methods available for 

code conversion. 

Any arbitrary code can be converted into any other arbitrary 
code by using a Read Only Memory (ROM) as a lookup table. 
This method is very fast with Bipolar ROMs, but in most cases 
it is unnecessarily expensive, since most codes show some kind 
of regularity. Cheaper and fewer MSI circuits can take advant-
age of this regularity and provide a more economical solution. 

Binary adders are used in high speed parallel BCD-to-binary 
conversion. Every bit in a BCD number can be expressed as 
a binary number, and their sum is the binary equivalent of the 

whole BCD number. 

BCD Bits 

Binary Bits 1 2 4 8 

1 2 5 0 0 0 1 

1 3 6 2 5 1 2 4 9 9 

1 2 4 8 6 2 4 8 6 2 4 8 6 2 

1 X 

2 X 

4 X 

1 0 X 

2 0 X 

4 0 

8 0 

1 0 0 X 

2 0 0 

4 0 0 

8 0 0 

1 0 0 0 

2 0 0 0 

4 0 0 0 

8 0 0 0 

xxxxx 

xxxxx 

xxxxx 

xxxxx 

BCD INPUTS ACTIVE HIGH OR ACTIVE LOW 

1 4 

\25 

î-
COMBINING 
CIRCUIT 
X 

CO 

10 20 40 80 

AO 50 AI 51 A2 52 A3 53 

9383.'7483 
Co 4 BIT BINARY C4 

FULL ADDER 

So Si S2 S3 

100 200 400 

Ao BO A1 B1 A 2 B2 A3 B3 

9383 7483 
Co 4 OLT BINARY C4 

FUL ADDER 

So Si S2 53 

Ao Bo A1 Bi A2 82 A3 B3 

9383/7483 
Co 4-BIT BINARY C4 

FULL ADDER 

SO Si S2 53 

A000 AI B1 A2 B2 A3 83 

I 1 1 
22 23 24 25 

9383 /7483 
Co 4.811 BINARY C4 

FULL ADDER 

so SI S2 53 

26 27 

COMBINING CIRCUIT X 

ACTIVE HIGH 

4D-

The parallel parallel BCD-to-binary converter shown uses four 
9383 4-bit ripple carry adders to sum all the binary 
equivalents of the 12 bits in a 3-digit BCD number and 
generates a 10-bit binary number. 

As indicated in the table, there are four inputs to the bin-
ary eight. This would normally require a considerably 
more complex adder structure, but since the BCD bits of 

BINARY OUTPUTS ACTIVE HIGH OR ACTIVE LOW 

ACTIVE LOW 

weight four and eight are mutually exclusive, they can 

be ORed outside of the adder array and the eight can be 
split up into two fours. The diagram shows several dif-
ferent implementations for active High and active Low 
operands. Carry lookahead adders (9340) can be used 
for faster operation. This method is practical for three to 
four digits (four digits require 10 adders). Beyond this, 
the complexity of the adder structure is prohibitive. 
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BIT SERIAL BINARY-TO-BCD CONVERTER 

BINARY IN 

MS8 FIRST 

9300 

CP 4-8IT UNIVERSAL 03 

SHIFT REGISTER 

e MR 00 01 02 03 

Hi ll 

GO 

LOW 

0 1I 0 2 03 

HIGH 

Ao Bo AI B1 A2 82 A3 83 
9383 , 483 

Co 4.13IT BINARY C4 

FULL ADDER 

0 SI S2 S3 

FE Po PI 87 83 h 

BCOOUT LSD 

The reverse of the BCD-to-binary algorithm is used for 
binary-to-BCD conversion. The binary word is shifted, 

most significant bit first, into a shift register consisting 

of several series-connected 9300s. Each shift doubles 
the contents of the registers in terms of BCD notation. 

Therefore, a correction is required whenever any of the 

4-bit registers contains a number greater than four, 

which when shifted generates a non-BCD code. This 

correction is performed by adding three to the contents 

of the register and inserting the sum one bit downstream 

Qo 

LOW 

01 IO2 

HIGH 

03 

Ao Bo AI B1 A2 62 A3 83 
9383 983 

Co 4 BIT BINARY C4   
FULL ADDER 

so Si S2 S3 

p4 BIT UN VERSAL 

Clo 01 02 03 

85 Po PI P2 P3 31 

MR SHIFT REGISTER 

9300 

BCD OUT 

TO NEXT STAGE 

into the parallel data inputs. By adding 11 and then ig-

noring the most significant bit, the same 4-bit adder 

also detected whether or not the correction is necessary. 

A binary number is completely converted when its LSB 

has been shifted in, but the shift register must be long 

enough to hold the BCD result, always longer than the 

binary number. This circuit can be used for any number 

of bits and digits. It requires only one 93004-bit shift 

register, one 9383 4-bit adder, and one inverter for each 

resulting BCD digit. 
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SERIAL IN/SERIAL OUT BCD-TO-BINARY CONVERTER 

CONVERT 

IN 
PE RO P P2 P3 

9300 
CR 400 UN VERSA. 03 

SHIFT R G1ST(R 

000 0 03 

0-

O  

1 3 9014 

P0 P P2 P3 

9300 
CF 4 BIT UN VERSAI 03 0--. 

SHIFT R G1STER 

MR 00 0 02 03 

--11C> No 

 )1D  

A well-known algorithm generates the binary equiva-

lent of a BCD number by repeatedly dividing it by two. 

The series of least significant bits generated is the bin-

ary output, least significant first. This algorithm can be 
implemented with 9300 shift registers and some gates 

or adders. 

When a BCD number is stored in the 9300 shift register 
with its LSB in the 03 stage, a right shift effectively 

divides it by two. A problem arises if the LSB of the 

more significant digit is a one, implying a value of 10 

with respect to the first digit. Shifting this one into the 

00 position changes the 10 to an eight, instead of divid-
ing it by two. To correct for this, a three must be sub-

tracted from the new contents of the 9300 register. The 
circuit shown provides a gate-minimized implementation 

2 9014 

F P0 P, P2 P3 

9300 
Cl 4 BIT UNIVERSAL 

5901 REGISTER 

MR 0 01 02 03 

0-

iD 

2 93•0 

Out 

of this algorithm using the parallel inputs of the 9300 for 

the correction. It converts a 4-digit ) 9999) BCD num-

ber into its 14 -bit binary equivalent. Operation is start-
ed by bit-serially shifting in the three least significant 

BCD digits (LSB of the LSD first) while the Convert in-

put is Low. The actual conversion starts when the three 

digits have been shifted in and the LSB of the most sig-
nificant digit is being applied to the serial input. At this 

point, the Convert input is made High, activating the 

three correction networks whenever there is a one to be 

shifted into any of the registers. The next 14 clock pul-

ses shift out the binary result, LSB first. This circuit can 

be used for any number of digits. It requires only one 

4-bit shift register with a conversion network for each 

decimal digit except the MSD. 
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BCD-TO-BINARY CONVERTER USING COUNTERS 

BUSY 

HiGH 

START 
BUTTON  

-1- I 

vcc 

CO  

• J 

e 9100 

CD 
0— 

o 
SD 

1 2 
9014 

  :P 71.4. 
JR 

WP FLOP 
--0 K 0— 

CD  

o 

CLOCK GENERATOR 

LSD BCD INPUTS MSC, 

),),J, 
9360 76192 TC, 

UP 'DOWN BCD 
DECADE COUNTERPC c 

MR Or 0/ 02 03 

0— 

o  

IIIJ  
Pt P0 P/ 117 P3 

— CPU 9360 74192 
UP SOWN DOWN BCD 

0 ,8ECACIE COUNIElci2.0 

MR Or Of Of 

I
PL 010 )1 )12 )1, 1 CPU 936. 36193  
UP DOWN BCD 

.6RECADE COUNTE R e:, 

MR Or Oi 03 
Oî  

I I 

0 01  
PL R. Po P, P2 M, 

j IIJ  

9360 74192 'CUO.-- --«CP,, 9360 74192 'CU C'..-

UP DOWN BCD UP DOWN EICO 
.ZECADE COUNTER,.. 0___ u pECADf COUS (Il  0 , 

4p o, 0, Oi Of V4E100 01 Oz 03  

I I I IIII 

 o 

1-0 
CPO 9393 7493 

4 BD 
BINARY COUNTER 

CPI 
E10 00 0, 02 03 

-0 CPO 9393 7493 
4 90 

BINARY COUNTER 
1-Pl 
R, 0, 0, 02 03 

II 

_ o 
CPO 9393 '493 

4 BIT 
BINARY COuNTER 

CPI 
Ft, 00 01 CTi Or 

I 

-0 

—0 

P° 9393 7493 
4 RIT 

BINARY COJNIF R 
CP, 

Flo 

o 
Go 0, 02 0, 

BINARY OUTPUT 

Counters can be used for binary-to-BCD or for BCD-to-

binary conversion, if sufficient time is available. The 
code to be converted is loaded into a counter, which is 
then counted down while another counter is counted up. 

When the first counter reaches zero the second counter 
has reached the original numeric value represented in 
the desired code. This method is easily expanded and 
can also be used for mixed modulo codes (like 6/10 
for minutes and seconds, 36/10 for degrees of angle). 
It is also very easy to perform accumulation. 

The circuit above is a BCD-to-binary converter capable 

of taking a 5-digit BCD number and converting it into 
a 17-bit binary number in less than 33 ms using a clock 
generator running at 6 MHz. The circuit, as shown, is 
completely self-contained including a clock generator 
and a debounce/edge detect circuit for use with a push 
button to initiate the conversion. Only 11 integrated 
circuit packages are required. 

A 9020 dual flip-flop is used to debounce and detect a 
new closure on the start button and to generate a pulse 
one clock period wide which loads the BCD number into 
a decimal down counter and clears a binary up counter. 
The two 9020 flip-flops are normally in an idle state 
with the first flip-flop set (CI = High) and the second re-

215 

SD 
2 0 

9024 
CP DuAl 

JR 
FLIP FLOP 

0 0— 
CO 

FOR BINARY TO BCD CONVERTER REPLACE 9360s 
WITH 9366s AND 93937493s MATH 9390 ,7490s 

set (0 = Low). Depressing the start button causes the 
first flip-flop to set, activating the asynchronous Load 
and Reset inputs on the respective counters and asyn-
chronously setting a 9024 flip-flop used to drive the 
clock inputs on both counters. While a clear direct sig-
nal initially exists to this flip-flop, it quickly disappears 
as the clock input to the down counter is forced High 
and the counter is loaded with a new number. 

The next clock pulse causes both 9020 flip-flops to set, 
removing the counter load and reset signals, generating 
a "busy" signal, and enabling the 9024 flip-flop to tog-
gle on subsequent clock pulses. The two counters count, 
one down and the other up, at half the clock generator 
frequency until the decimal down counter reaches zero. 

After the down counter has reached zero and the 9024 
flip-flop has again reset, the TCD output from the coun-
ter goes Low holding the flip-flop in the reset state and 
thus locking the counters. TCD = Low also enables the 
second 9020 to reset if the start button has been re-
leased. The push button must be released and depressed 
again to initiate a new conversion. 

The converter provides the correct binary output for any 
number within the range of the counter including zero. 

216 
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BINARY ANGLE TO BCD CONVERTER WITH DISPLAY 

SB MSS 

—0 

PT P0 r‘f l  r;1.  
3 

E  

9316 4811 —i "' 9316 4 Ril CETBINARY TO   Cf IINAR TO 

COUNTER fouNIER 
cp Cf' 
MR (30 CI 02 03 MR 03 Or 0) 03  

?Ill' NI( r 

PE ) r P2 

CEP o rtr 4 811 
Cil BINAR 

00NTER 

3 

ME Oj (71 02 03 

TC 

I'll' 

o 6, 

• H 

 0 CEP 
9316 4 BIT 

cE T BINARY 

COUNTER 

JIM-
P Po PI P2 P3 , 

—0 CEP 93,6 4 Ein 

— CET BINARY TO   

BINARY 
CONVERTER 

COUNT R 

-MR Oo Or 02 r3i3 

I 2 9009 

1 P Po or p2 Fr o 

—° CEP 9316 4 B11 
CET BINARY IC 

COUNTER 

MR 00 0102 0 3 

? 1 1 1 1 

Er Oo 01 02 03 

930 . 
1 OF 10 DECODER 

00 01 02 03 04 0506 07 06 0 9 

?TT?? o o EjE 

4WJ, 
CEP 

9310 BCC 
CET DECADE IC 

p COUNTER 

MR 00 01 0 2 03 

Pt Po P1 P2 P3 
CEP 

9310 BCD 
CET DECAE IC 

COUNTER 

MR C[  

  ÎTT  
PT Po Pp P2 P3 

CEP 
310 BCD 

CET DECADE IC 

ce COUNTER 

MR CaO, 02 0 

A.5 MH: OSCILLATOR 

This converter can perform a code conversion and dis-
play the result continuously in binary coded decimal 
(BCD). The converter, as shown, operates in either of 
two modes, binary-to-BCD or binary angle-to-BCD. In 
the binary angle code, the most significant bit repre-
sents 180° (half circle), the next 90° (quarter circle), 
the third 45° (eighth circle), etc. The converter accepts 
12 bits of this code and converts it to degrees and tenths 
of degrees (0.0° to 359.9°). The converter is a self-
contained circuit requiring only 17 packages capable of 

running at a 5 MHz clock rate. The BCD output is dis-
played in an economical manner by multiplexing the 
four digits. 

The circuit operates by automatically loading the com-
plement of the input code into the binary counter at the 
beginning of the cycle while the decimal counter is 
cleared. The binary counter reaches terminal count 
after n clock pulses where n = binary input number. In 
the binary conversion mode, the decade counter also 
counts n times and thus reaches the BCD equivalent of 

the binary input. If the ability to convert angles to BCD 
is not needed, the two lower 9316s and two gates are 
not needed. 

PE Po Fr, P2 Po 
CFP 

9310 BCD 
CET DECADE IC 

COUNTER 
CP 

TTÎ 
Ao Ai 42 A3 IT RBI 

9307 
7 SEGMENT 

DECODER DRIVER 

R130 bcde 

MUI IPIER D 
DISPLAy 

(LEDs OR FOUIVALENTr 

After the conversion, the BCD data is displayed by 
multiplexing the digits, most significant digit first. The 

four stage binary counter slowly shifts the digits through 
the decimal counter while enabling one display digit at 

a time by counting 4096 clock pulses per digit. After 

displaying the least significant digit, the cycle is 
repeated. 

In the binary angle-to-BCD mode, the decimal counter 
is incremented at a slower rate than the binary counter 
to adjust for the weights of the binary angle bits entered 
in the binary counter. The most significant bit in a 
binary-to-BCD conversion has a weight of 2" or 2048, 
but in this binary angle-to-BCD conversion it has a 
weight of 180° or 1800 tenths of a degree. The BCD 
counter is therefore incremented at 1800/2048 or 
225/256 the rate of the binary counter by inhibiting 
the decimal counter 31 times during every 256 clock 
pulses. This rate multiplier function is performed by 
two 9316s (modulo 256 counter) and two gates decod-
ing every eighth state except TC of the counter for a 
total of 31 states. These evenly distributed inhibit pul-
ses minimize the conversion error. 
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GRAY CODE CONVERSIONS 

SERIAL, MSB FIRST 

SERIAL GRAY N 

BINARY IN 

PARALLEL 

Go GI (,; 

GRAY IN 

BINARY OL 

BINARY IN 

SERIAL BINARY (Re 

Ro RI 
B" 

UCJUU 
GRAY OUT 

Go Cl 

Binary codes are not particularly suited for electrical or 

electro -optical encoder systems (angular position shaft 

encoders, etc.) because a movement from one state to 

the next often results in more than one bit change, i.e., 

from seven to eight, the binary code changes from 0111 

to 1000. Such bit changes can never really be simul-

taneous, so the encoder always generates erroneous 

transient codes when switching between certain posi-

tions. This problem is avoided with a Gray code because 

only one bit changes between adjacent states. The Gray 

code is a non weighted code and awkward for other app-

lications. It must be converted to binary or BCD before 

any arithmetic can be performed. 

In Gray-to-binary serial conversion, a flip-flop that tog-

gles for every one performs the conversion. The most 

significant bit, however, must come in first. Gray to-

binary parallel conversion is performed by a series of 

Exclusive OR gates. 

In binary-to-Gray serial conversion, a flip-flop acts as 
a 1-bit delay element and an Exclusive OR gate is used 

between the present and the previous binary bit. Note 

that, in this case as well as in Gray-to-binary serial con-

version, the most significant bit must come in first. 

Binary-to-Gray parallel conversion is performed by a 

series of Exclusive OR gates. 

EXCESS 3 GRAY CODE 

DECIMAL BINARY GRAY X3 BINARY X3 GRAY 

O
 
—
 
c-N
 rn 

nt 
o
 
co 

r•-• 
co 

cnc:).— 
rq 

rn 

0000 0000 0011 0010 
0001 0001 0100 01 10 
0010 0011 0101 0111 
0011 0010 0110 0101 
0100 0110 0111 0100 
0101 0111 1000 1100 
0110 0101 1001 1101 
0111 0100 1010 1111 
1000 1100 1011 1110 
1001 1101 1100 1010 
1010 1111 
1011 1110 
1100 1010 
1101 1011 
1110 1001 
1111 1000 

Decimal systems use Excess 3 Gray Code because this 

code has the feature of changing only one bit at a time 

even on a nine-to-zero transition. Excess 3 Gray Code is 
detected or generated in the same manner as Gray codes, 

but adding a three to the binary value for binary-to-

Excess 3 conversion and subtracting a three (i.e., adding 

binary 13) from the binary value for Excess 3-to-binary 
conversion. 
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GENERATING NINES COMPLEMENTS 

so,Cla 'la '2a 13a I 'Oh lb ,21D ,31o, 9309 

DUAL 4 INPUT MULTIPLEXER 

SI I 4 za  zb 

03 0o 01 

The one complement of a binary number is easily gener-
ated by inverting each bit. The equivalent in a decimal 

I (BCD) system, nine complement, is not that easy. These 

three circuits convert a 1 -digit BCD input into its nine 

complement. They use about one equivalent gate or 
MSI package per digit (decade). 

CONTROLLED NINE COMPLEMENT CIRCUIT 
USING TWO GATE PACKAGES 

10 Ii 12 13 Compl. 00 01 02 03 

X X X X =10 =1 1 =12 =13 

L L L L 

HLLL 

LHLL 

HH L L 

LLHL 

HLHL 

LHHL 

HHHL 

LLLH 
HLLH 

COMPLEMENT 

12 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

LLLH 
LLLH 

HHHL 

LHHL 

HLHL 

LLHL 

HHLL 

LHLL 

HLLL 

L L L L 

iL> 
3 4 9002 7400 

00 

01 

This controlled nine complement circuit, using two gate 

packages, either generates the nine complement or 

transfers the BCD inputs through unchanged. 
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Latches 

Register Selection 

Register Using Latches as M/S Flip-Flops 

Holding Register in Counting and Display 

Multiplexing to a Data Bus 

Contact Bounce Eliminator 

One or Zero Catching 

Count and Hold Display System 

16-Word by 4-Bit Memory 

64-Word by 4-Bit Memory 

Demultiplexing and Decoding 

Output Interface Buffer 

Successive Approximation A/D Converter 

Serial-to-Parallel Converter 

4096-Bit, 15 MHz Serial Memory 

Noise and Contact Bounce Suppression 



LATCH SELECTION GUIDE 

*Ft input used as 5 input when S is grounded 
**With SLE input grounded 

Required 
Corn- Enable Enable Enable to Q Data to Q Power 

Data mon Inputs Pulse Width Delay, ns Delay, ns Dissipation 
Function Device Inputs Clear (Level) ns (typ) (typ) (typ) mW (typ) 

4-Bit R-S Latch 9314 4 x L 1 (L) 12 18 18 175 

(r11-S1) 
93L14 4 x L 1 (L) 30 51 45 50 

(R1g1) 

4-Bit D Latch 9314 4 x D* L 1 (L) 12 18 18 175 

93L14 4 x D* L 1 (L) 30 51 45 50 
Dual 2-Bit D 9375, 7475 4 x D 2 (H) 20 16 16 160 

Latch 9377, 7477 4 x D 2 (H) 20 16 16 160 

Dual 4-Bit D 9308(74116) 8 xD 2 xL 2 x 2 AND 15 25 20 310 
Latch (L) 

93L08 8 xD 2 xL 2 x 2 AND 30 32 32 100 

(L) 

8-Bit Addressable 9334 1 xDL 1 (L) 11 18 28 280 
Latch 3 Address 

Bits 

8-Bit Multiport 9338 1 x D 1 (L) 7 35 35 425 
Register** 9 Address 

Bits 
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LATCHES 

INTRODUCTION 

Latches are the simplest data storage devices. The basic 

latch circuit consists of two cross-coupled gates, usually 

NAND gates. 

A Low on the input sets the latch (Q High, Ô Low), a Low on 

the -1-3- input resets it. When both inputs are High the latch 

stays in its previous state. 

Using two more gates, the latch can be strobed or enabled. 

When the Enable input is High, the S or R input affects the 
latch, when E is Low the latch is not affected by the inputs. 

By generating R = -§ (using an additional inverter) the latch is 
changed to a D type. The Q output follows the D input as long 

as E is High, but the latch stays locked when E goes Low. 

Latches are transparent, i.e., when enabled the output can 

change as the inputs change. Latches should not, therefore, 

be used in applications where the latch output feeds back 
into the input, since this could create a race condition (oscilla-

tion). Registers should be used in such cases. 

Memories are latch arrays with addressing structures common 
for input and output and are covered in the memory section 

Five different latch circuits are presently available in the 

Fairchild family of TTL MSI circuits. The selection guide sum-
marizes their capabilities and features. 

Latches can be grouped in three catagories: 

• 4-bit and dual 4-bit D-latches with parallel access to all 

inputs and outputs. (9308, 9314, 9375, 9377) 

• 4-bit RS latches (9314) 

• 8-bit addressable latch arrays (9334) 
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LATCHES 

9375/5475, 7475 And 9377/5477, 7477 4-Bit 

Latches 

1E0 

1111 

E2.3 

Do DI 02 03 

9375/5475. 7475 

GO 0001 0102 0 2 0 3 0 3 

I?1?1?1? 

E0-1 

E2-3 

liii  
Do DI 02 03 

9377 , 5477 7477 

0001 0203 

The 9375 and 9377 are 4-bit D-type storage latches sepa-

rated into two 2-bit sections, each with an active High Enable. 

Data enters the latches when the Enable is High and is stored 

when the Enable is Low. The 9375 has dual polarity outputs; 

the 9377 14-lead version does not have the complement 

outputs. 

Both devices are useful for data storage in groups of two bits 

rather than the usual four. The 9375 is useful when comple-

mentary outputs are required. However, their high Enable 
drive requirements, active High Enable polarity, lack of re-

set (clear), and non-standard power lead locations must be 

considered. 

9308 And 9314 Dual 4-Bit Latches 

8till 81111 
E Do 01 02 73 

9308 
4-131T LATCH 1 

M9 00 01 0 2 0 3 

? I I I I ? 1 1 1 

E Do DI 02 D3 

9308 
4-81T LATCH 2 

M 9 00 0 1 0 2 0 3 

E DO SO DI Si 02 S2 D3 S3 
9314 4-B1T LATCH 

MR Clo 01 02 03 

The 9308 and 9314 are dual 4-bit parallel D type storage 
latches which both offer asynchronous overriding Reset 

(clear), active Low Enable compatible with other MSI decod-

er elements, on-chip buffering to reduce input loading and 

standard power lead locations. Both the 9308 and 9314 in-

clude circuitry to eliminate glitches or logic transients when 

the Enable is removed. 

The 9308 is a 24-lead device with two separate 4-bit latch 

sections, each with an overriding Master Reset and a 2-input 

active Low AND Enable. The AND Enable increases flexibility 

for controlling data entry. One input can be tied to the clock 

disabling the latch during logic transitions, the other can be 

used for latch selection, or both Enables can be used for 

expansion. 

The 9314 is a 4-bit latch with active Low Enable and Reset. 

Each of the four latches can operate as gated active Low Set/ 
Reset latches, (with reset override) or as D-type storage 

latches (-S" input to ground). Thus, the 9314 can reduce inven-

tories because it is equally appropriate in both RS and D latch 
applications. In D applications it may be preferred over the 

9308 due to the smaller space required by two 16-lead pack-

ages (compared to the 24-lead 9308 package). The 9314 is 

the only 4-bit gated RS latch currently available. It offers 

an Enable for controlling the RS latch and has no undefined 

states or unallowed input conditions (typical with RS latches 

built with cross-coupled gates). 

In general, the 9308 and 9314 are the best suited devices 

in the 4-bit and dual 4-bit latch category for parallel data 

storage. They are compatible with other MSI, incorporate 

more features and in most cases, require less additional logic. 

9334 8-Bit Addressable Latch 

0 AO Al A2 

9334 
8-BIT ADDRESSABLE LATCH 

Cl 0001 02 0204 0506 07 

1 1 1 1 1 1 1 1 

The 9334 latch offers high density storage. The outputs 

from eight latches are available and a common active Low 
Enable and Clear are provided in a 16-lead package. In 

addition to storing information, the 9334 also can serve as 
a 1 -of -8 decoder or demultiplexer. It has a single D-type 

data input; three Address inputs select and a fourth input 
enables writing into only one of the eight latches. It is valu-

able for random or sequential bit by bit data storage appli-

cations where all stored bits must be continuously available. 

The 9334 also is efficient for storing parallel data in arrays 
of eight or more words. 
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9308 DUAL 4-BIT LATCH 

DESCRIPTION AND OPERATION 

LEADS LOADING 

Do, D1, D2, D3 

Éo, 

MR 

cto, al Q2, Q3 

Ff13 

Di 

03 

Parallel Latch Inputs 

AND Enable Inputs 

Master Reset Input 

Parallel Latch Outputs 

o   
D  De> 

1.5 UL 

1 UL 

1 UL 

.43 

oD 

NOTE ONLY ONE 4 BIT LATCH SHOWN 

9 UL 

3 

The 9308 dual 4-bit latch is monolithic MSI circuit de-

signed for general purpose storage applications in high 

speed digital systems. It is a high speed, versatile and 
economical storage building block particularly suitable 
for use with the 9301 1-of-10 decoder, the 9311 1-of - 

16 decoder and the 9309 and 9312 multiplexers to 

form high speed storage systems. 

The logic diagram for one block of four latches is 

shown. Data is entered in parallel into the four latches 

when the Enable inputs are both at the Low logic level. 
The information appears at the outputs within 20 ns of 

CHARACTERISTICS 

TYPICAL DELAYS 

PACKAGE 

TYPICAL POWER 
DISSIPATION 

E to Output 20 ns 

D to Output 15 ns 

24-Lead DIP or Flatpak 

340 mW 

1 1 I 1 I 1 1 I 
E Do DI D2 D3 

9308 4-BIT LATCH 1 

MR 00 01 0 2 0 3 

? 1111 ? I I I 1 

E Do DI D2 0 3 

9308 4-BIT LATCH 2 

MR 00 01 02 G3 

MR E0 El D ON OPERATION 

H 

H 

H 

H 

H 

L 

L 

L 

LH 

HL 

HH 

X 

L 

LH 

X 

L 

X 

X 

X 

X 

L 

H 

ON-1 

laN _1 

ON-1 

L 

Data Entry 

Data Entry 

Hold 

Hold 

Hold 

Reset 

receipt of the Enable pulse and is held in each latch by 

the feedback logic. Each latch incorporates an addition-

al AND gate to prevent glitches or logic spikes when the 

Enable inputs are removed. A common Reset which 
overrides all other input conditions is provided for the 

four latches, holding their outputs Low while it is active. 

The Master Reset and Enable inputs are buffered, 
presenting one TTL input load. Typically, one active 

Low input Enable is used to select the latch block 

and the other is used for the clock or strobe input. 

Latch operation is summarized by the truth table. 
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9308 DUAL 4-BIT LATCH APPLICATIONS 

REGISTER SELECTION 

On the left is a block of four latches used with a 3-
input NAND gate feeding into one input on the active 

Low Enable and a strobe signal on the remaining 
active Low Enable. This logic allows data entry into  
the latch block for an AND condition A • B • C • Strobe 

A  
e 1/2 9005 

emir 
DATA 

E 00 01 02 03 

9308 4-err LATCH I 

MR 00 0 1 0 2 0 3 

on the right is the logic for several AND conditions (A • B 
or C • D) using an AND/OR/INVERT gate. These exam-
ples indicate the logic power of the active Low inputs 
on the Enable gate. 

REGISTER SELECTION 

STAOle 

CLEAR 

DATA PUSSES 

E 00010203 

9308 4-8(T LATCH 1 

MR 00 01 0 2 0 3 

— — — WORD 0 

WORD ADDRESS 

A 

9301 1/10 DECODER 

.21
21 02 03 04 E 06070809 .erir 

E DO DI D2 03 

9308 4-RIT LATCH 2 

MR 0°0102 03 

1 1 1 1 

— — —WORD 1 

p1511 oo.i.2 D: 
9308 4-" LATCH 2 

MR .o 0 1 02 0  

The 9308 was specifically designed to work with the 
other members of the 9300 MSI family, and the active 
Low Enable AND inputs prove useful for logic designs 
in conjunction with the 9321 1-of-4, the 9301 1-of-10 
and the 9311 1-of-16 decoders. This diagram shows 
a register selection scheme in which information is 
presented on parallel busses. The register receiving 

— — — WOAD 9 

data is selected by a 9301 decoder. The only condition 
necessary for correct entry is that register address in-
puts to the decoder must be stable before the registers 
are strobed. Since only a single unit load is presented 

by a 9308 Enable input, one 9301 decoder can control 
up to 10 registers containing up to 40 bits each. 

6-6 



9308 DUAL 4-BIT LATCH APPLICATIONS 

MATRIX REGISTER 

WORD ADDRESS 

DATA BUSSES 
STROBE 

3 

9301 1/10 DECODER 

00 01 02 03 04 05 05 07 05 09 

0 0 Î1ÏÎ 

A A3 

9301 110 DECODER 

oc?0 0, (D I y Oci 0506 0 07 Of  Of 

E Do D D 0 

9308 4-1317 LATCH 2 

MR 00 0 1 0 2 0 3 

T III 
WORD 0 

E 00 01 02 03 

9308 4-81T LATCH 2 

5D3 C53 01 02 0 3 

111 

WOE D 1 

E Do Di D 03 

9306 4 RUT LAICH 2 

MR 00 0 1 0 2 03 

11 

WORD 7 

E 00 01 02 D3 

9308 4-BIT LATCH 2 

MR 00 0 1 0 2 0 3 

H 
WORD 8 

E Do DI D D 

9308 4-OIT LATCH 2 

MR 00 0 1 0 2 0 3 

F Do DI 02 D 

9308 4-BIT LATCH 2 

MR 00 GI 02 

liii 
WORD 15 

E 000, 0203 

9308 4-OTT LATCH 2 

MR 00 01 02 03 

T 

F Do D, 02 D3 

9306 4 -OIT LATCH 2 

MR 00 01 03 03 

II, I 
WORD 56 WORD 57 

A circuit for display or special storage applications is 

shown. Two decoders select the register to receive 

information from a set of common bus lines. The ma-

trix above has 64 registers in an 8 x 8 matrix. Out-

puts 0-7 of each decoder are used in a coincident select 

scheme with one decoder's outputs common in the X di-

rection and the other decoder's outputs common in the 

Y direction. Outputs 08 and 08 of the 9301 decoders 
are not used; therefore the most significant A3 input 

on the decoders can be employed as a strobe input. The 

Low level fan out of the decoder is 10 unit loads. As 
shown, each decoder output drives eight enable inputs. 

For systems with larger word length, buffers should be 

provided, (requiring two extra logic levels) or the more 

economical method of duplicating the decoding scheme 

E D0010 03 

9308 4-BIT LATCH 2 

MR 00 01 02 03 

1 1 1 1 
WORD 63 

should be used. The size of the matrix can be extended 

to 10 x 10 words by using the A3 inputs of the decoders, 

but to accept a strobe input, 2-input gates must be add-
ed to both the A2 and A3 inputs of one of the decoders. 

These gates force the code for 12 or a greater number 

on the inputs of the decoder when a strobe is not pres-

ent, forcing all decoder outputs High. 

The 9311 1 -of-16 decoder can also be used in a matrix 
format. However, since the fan out at the Low logic 

level is 10, a 256-word matrix must share the load 

between two 9311 decoders. Various other decoding 
methods to select a single register from a group of regis-

ters can also be used with the 9301 and 9311 decoders. 
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9308 DUAL 4-BIT LATCH APPLICATIONS 

REGISTER USING LATCHES AS M/S FLIP-FLOPS 

DATA IN 

E D Di D2 D3 

9306 4 BIT LATCH 1 

MR 00 0 1 0 2 0 3 

RITET 
1.'8 9018 

E 00 0 1 02 03 

9306 1 BIT LATCH 2 

MR 00 0 1 0 2 0 3 

DATA OUT 

The 9308 can be used as a bank of four master/slave 

flip-flops by providing two Clock or Enable signals, one 

for the latch block acting as a master and another for the 

slave. A single inverting gate can generate these two 

clock phases from a single clock input. This diagram 

shows the dual latch as a 4-bit shift register using this 

two phase clock system. This scheme can be extended 

providing one master latch and several slave latches. 

SINGLE MASTER/MULTIPLE SLAVE 

SLAVE REGISTER 
ADDRESS 

?°????°??? 
I I I I 

1 1 1 I 

One 4-bit latch acting as the master drives six 4-bit 

latches acting as slaves. A decoder selects the slave to 
receive information from the master. This method is 

very economical in terms of hardware and offers con-

REGILOf 

siderable savings over a multiple flip-flop register ap-

proach. The receiving slave is determined by the 9301 

decoder acting as a demultiplexer for the strobe or clock 
signal. 
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9308 DUAL 4-BIT LATCH APPLICATIONS 

HOLDING REGISTER IN COUNTING AND DISPLAY 

dill' 
10EP 

9310 UP 

CET DECADE TC 

COUNTER 
CLOCK  CP 

HOLD 

LAMP 

TEST 

PE Po P, P2 P3 

MR 0 0 0 1 0 2 0 3 

o 

PE Po P, P2 P, 

CEP 
9310UP 

CFT DECADE IC 

COUNTER 

MR 00 0, 02 0 3 

o 

DO DI 0 2 0 3 

9308 

4-817 LATCH 1 

MR 00 01 02 03 

E Do Di 0 

9308 

4-RIT LATCH 2 

MR DO 0 1 0 2 03 

00 
A, A, A2 A3 LT RBI 

9307 7 SEGMEN` 

DECODER 

RBOassE1.1 

?WI 

The dual 4-bit latch can be used as a holding register 

in counting operations. Two 9310 synchronous decade 

counters are illustrated in a typical counter design. At 

a specified time, the information from the counters is 

00 
No A, A2 3 IT RBI 

9307 7 SEGMENT 

OFtoreP 

480abccleTB 

11111 

latched into the holding register where it is held and 

displayed via the 9307 7-segment decoders until the 

next sample time. 

MULTIPLEXING TO A DATA BUS 

ESAU., 
Ai R 

• 

• 

F DI 0, 0, 

B308 41tot LATrs 

G/, OE 02 02 

RE 02 (22 f 0, D n 02 01 

9308 a BIT Al, 2 9308 BiT LAN- I 

MR G, UjQ MR 0, 0, 02 02 

I 0, 0, 02 02 

9708 aRrESTOS 2 

rk 0, 02 0 

Î 

‘04 I• '7• ,la .08 '211 

9309 
TRIAL INPUT MULTIPLEXER 

s, 
1, 1, 1, 

REGIS ER 
TO BUS SELECT 

In addition to selecting a particular register consist-

ing of latches, it is often necessary to multiplex the 

information from several latch registers onto a bus sys-
tem. The 9309 and 931 2 digital multiplexers are useful 

OUTPUT BUSSES 

,O• I • 13, 13• se 1, all Ob 
5 

9309 
DUAL U INPUT MULTIPLEX, 

Si Z. 4, Z., 

I I 3 

building blocks for this purpose. Here, four 4-bit regis-
ters are switched to the appropriate busses under control 
of the So and S1 inputs of the multiplexer. 
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9314 4-BIT LATCH 

DESCRIPTION AND OPERATION 

CHARACTERISTICS 

TYPICAL DELAYS 

PACKAGE 

TYPICAL POWER 

DISSIPATION 

È to Q 20 ns 

D to 0 15 ns 

16-Lead DIP or Flatpak 

175 mW 

MR ÈD CIN OPERATION 

HLLL L D MODE 

HLHL H 

HH X X0N -1 

H L L 

H L H 

H L L 

H L H 

H H X 

H 

H 

X 

H 

0 N-1 

ON-1 

R/S MODE 

L X X X L RESET 

MA D si 

00 07 03 

Fairchild's 9314 is a monolithic MSI circuit designed 

for general purpose storage applications in high speed 

digital systems. The 9314 is a 4-bit latch with a com-

mon active Low Enable and Master Reset. Each of the 

LEADS LOADING 

E 

Do, D1, D2, 03 

S1, S2, S3 

MR 

Q2,133 

g2 02 

Enable Input 

(Active Low) 

Parallel Data Inputs 

Set (Active Low) Inputs 

Master Reset 

(Active Low) Input 

Parallel Outputs 

53 D3 

1 UL 

1.5 UL 

1 UL 

1 LIL 

9 UL 

four latches can operate as a gated active Low set/reset 

latch with reset override, or as a D-type storage latch. 

The four latches have a common active Low Enable and 

active Low Master Reset. 
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9314 4-BIT LATCH APPLICATIONS 

OPERATIONAL MODES 

4-BIT 

D LATCH 

4-BIT 

LATCH 

ArIT St Ri3 

E Do So DI Si 02 52 03 53 

9314 4-BIT LATCH 

MR 00 0 1 Q2 0 3 

Each latch can be operated in one of two modes, (see 

Truth Table) and the operation and connection of the 

9314 in both modes is shown above. In the active Low 

RS mode, the latch is reset by a Low on the D (R) input 

and is set by a Low on the input, effective only while 
the common Enable is Low. If both S and D (Fi) inputs 

are Low, the D (ii) input dominates and the latch is re-

set. This avoids the undefined states normally found in 

RS laiches. Mode D operation is obtained when the S 

input of a latch is held Low. While the common Enable 

is active, (Low) the latch output follows the D input. 

Information present at the latch input is stored in the 

latch when Enable goes High. 

CONTACT BOUNCE ELIMINATOR 

SPOT SWITCHES 

The 9314 can be used as a contact bounce eliminator. 
When a mechanical switch is closed, the contacts 
usually bounce a number of times before settling. This 

could be misinterpreted by a high speed digital circuit. 

The latch eliminates this problem. When the switch is 
in the left-hand position, the latch is reset repeatedly as 

bouncing occurs; when it is in the right-hand position, 
it is set repeatedly. The Enable, shown tied to ground, 

can be used to strobe the switches to store the switch 

pattern at any particular time. 

ONE OR ZERO CATCHING 

RESE 

DATA INPUT 

ONE CATCHING 

DATA INPUT 

ZERO CATCHING 

4/6 9016 

SFr 
(ACTIVE LOW) 

This is the 9314 used as a one or zero catcher. In this 

application, data inputs that arrive at different times or 

are of short duration set or reset each latch. Such in-
puts normally come from asynchronous data sources. 

Once the input has gone Low (or High), the output stays 

in the corresponding state until reset. Again, the Enable 
can be used to frame data entry into the latch. 
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9314 4-BIT LATCH APPLICATIONS 

COUNT AND HOLD DISPLAY SYSTEM 

J.1 H 
PE PO P1 03 P3 

COUNT — CEP 9310 uP 

ENABLE CET DECADE 1, 

_  CLOCK COUNTER T 
UTERI  
MABEE 

O 

MR Clo 0, 02 0, 

PE Po P, Pg Po 

9310 UP 
— CET DECADE IC 

cp COUNTER 

MR 1:10 0 07 03 

0 SO 13, 5, 02 52 0, 53 

9316 4-911 LATCH 

MR Clo 0 t 02 MR 

O So 12, Sp 01 Sg 03 S3 

931• 4-6 IT LATCH 

00 0 1 Q Q 

Ao A, A2 A3 LT RBI 

9317 7-SEGMENT DECODER 

1280aoca.Ig 

TTP????? 

A primary application of the 9314 is in count and hold 

display systems. The 9314 is used as a D type storage 

latch with the 9310 decade counter and the 9317 

Ao A, A A3 LT RBI 

9317 2-SEGMENT DECODER 

NAO.  g 

TO THE OSPLA 1 

7-segment decoder/driver. Counter data is strobed by 

the Enable line and held for display until the next strobe. 

LATCH SELECTION 

ert ,PD •JURt 
,,OOF 

A° Al A2 4, 

931 1,16 DECO°. 

.0.1 .7 03 .4 .5 06.7.8 0 11 0 10.11 0 1,0 130 14 0 15 

?_????????1' ? ?  ° iirtritimir 

DATA ELNIES 

9314 AM? LATCH 

mA 00 132 02 133 

CESES 

The 9314 Enable and Reset polarities are compatible 
with MSI decoder outputs allowing the decoders to be 
used in selection schemes. In this 16-latch array, the 

information on the parallel data busses is stored in the 
latches selected by a 9311 decoder. The word address 

39090 1 

E Op Sp Di Si 0, 53 03 S — 

9314 441 LATCH 

MR Do ,3, 0, 03 

ED0 SOD,Si2 S2O3S3 r 

1324 4.1 16404 

MR Op 0, 0 Os 

WORD TS 

inputs should be present before the decoder is strobed. 
Since the 9314 Enable requires only one unit load, 10 

9314s representing 40 bits of storage can be control-

led from each decoder output. 

6-12 



9334 8-BIT ADDRESSABLE LATCH 

DESCRIPTION AND OPERATION 

LEADS LOADING 

Ao, A1, A2 

D 

CL 
0 to 7 

Address Inputs 

Data Input 

Enable (Active Low) Input 

Clear (Active Low) Input 
Parallel Latch Outputs 

A O A I A2 

1Ç7  

1UL 

1 LIL 

1.5 UL 

1 UL 

6 UL 

H 

CHARACTERISTICS 

TYPICAL DELAY 

PACKAGE 

TYPICAL POWER 

DISSIPATION 

E D AO Al A2 

9334 
8-B1T ADDRESSABLE LATCH 

CL 000/ 02 0304 0506 07 

1 I 1 1 1 1 1 1 

D to Q 17 ns 

16-Lead DIP or Flatpak 

250 mW 

11 0 1 03 

The 9334 8-bit addressable latch is designed for storage 
applications in high speed digital systems. It provides 

high density storage of eight bits with parallel outputs 

in a 16-lead package. The 9334 can serve as an 8-bit 
addressable latch and 1-of-8 decoder or demultiplexer. 

It is also valuable for random or sequential bit-by-bit 
data storage applications where all stored bits must be 
continuously available. 

04 a 

Writing into a latch uses three Address inputs and the 

active Low Enable. Data enters through the single data 

input. With the Enable Low, data can enter an address-

ed latch; with the Enable High, data entry is inhibited. 
Latch storage is controlled by the Clear input so when 
the clear input is Low, storage in all latches is inhibited; 

when High, the latches can store data. 
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9334 8-BIT ADDRESSABLE LATCH 

MODE SELECTION 

MODE SELECTION 

E CL MODE 

L 

H 
L 

H 

H 

H 
L 

L 

Addressable Latch 
Memory 
Active High 8 Channel Demultiplexer 

Clear 

PRESENT OUTPUT STATES 

CL É D Ao A1 A2 00 01 0 2 0 3 04 05 0 6 07 MODE 

LH X X X X L L L L L L L L CLEAR 

---- 

LLLLLL 

LLHLLL 

LLLHLL 

LLHH L L 

-- 
LLHHHH 

L L L L L L L L 

H L L L L L L L 

L L L L L L L L 

L H L L L L L L 

L L L L L L L H --- 

DEMULTIPLEX 

-r 
I 

HH X X XON_1 X MEMORY 

HLLLLL L UN 0 N-1 0 N-1 ADDRESSABLE 
HLHLLL 

-1 
H 0 N-1 UN LATCH 

HLLHLLQN _1 
-1 

L 0 N-1 
HLHHLLQN_i H QN-1 --, --- 

--- 
H L L H H HQN_i 

..--, 
---

0 N-1 L 

..---

1 

HLHHHHQN-1 ONH I -1 

The 9334 can be used as an addressable latch and a 1- mode, all data is stored and all latches remain in their 

of-8 demultiplexer or decoder with active High outputs. previous state unaffected by the Address or Data inputs. 

To perform these functions, the 9334 has four modes While in the demultiplexing mode, the addressed output 

of operation, as shown in the tables above, follows the state of the D input with all other outputs 

When in the addressable latch mode, the addressed Low. In the clear mode, all outputs are held Low and 

latch will follow the data input and all non-addressed are unaffected by the inputs. 

latches remain in their previous state. In the memory 

OPERATING NOTES 

PRESENT 
STATE 

NEXT 

STATE 

RESTRICTIONS COMMENTS 
-E- É- éii 

H 

L 

H 

L 

H 

H- 
L 

L 

L L 

H L 
L H 
H H 

None 

None 
A0A 1A2 Stable 

E Overlap C 

Memory to Demultiplex 

Addressable Latch to Clear 
Clear to Addressable Latch 
Demultiplex to Memory 

When operating the 9334 as an addressable latch, 

changing more than one bit of the address could impose 

a transient wrong address loading data into the wrong 
latch. Therefore, this should be done only while in the 

memory mode, i.e. while disabled. The operating mode 
is varied by changing the Enable and Clear inputs. 

Operating mode changes requiring simultaneous En-
able and Clear transitions are accomplished as shown 

in the transition table. Entry into either the clear or 

demultiplex modes is not critical, since storage is in-
hibited in both cases. When entering the addressable 
latch mode from the clear mode, the Address should 

remain stable. When entering the memory mode from 
the demultiplex mode, the Enable should be deactivated 
slightly later than the Clear. 
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9334 8-BIT ADDRESSABLE LATCH 

ALTERNATE MODE SELECTION SCHEMES 

ENABLE 

RESET 

Addressable Latch with Overriding Master Reset 

DE MUL TIPt EX 

STORE 

Demultiplexer With Storage 

E O Ao Ai A2 

9334 
880 ADDRESSABLE LATCH 

E 0 AO Al A2 

9330 
8 811 ADDRESSABLE LATCH 

CL 0001 02 0304 050602 

Addressable Clear or Reset 

All four modes of operation of the 9334 may be requir-

ed in some applications. However, many applications 

require only two or three modes. For example, when 

using the 9334 as a decoder/demultiplexer or address-
able latch, the Clear line is grounded or held High 

respectively. Other combinations are shown above. 

In most latch applications it is sufficient to bring the 
Clear line Low to reset the 9334 latches. However, an 
active Low overriding Master Reset can be incorporated 
on the addressable latch as shown to override all inputs 

and force all outputs to zero. When the Reset line is 
Low, the 9334 is forced into the clear mode. When the 

Reset is removed, the Enable places the latch in either 
the addressable latch or memory mode. 

A decoder/demultiplexer with storage is also shown. 

With the control line Low, the selected output follows 
the Data input. When the line goes High, the data on 

the selected output is stored and allows the address to 

change or be removed. The inverters insure that En-

able slightly overlaps Clear. 

To implement an addressable reset, one latch location 

is reserved to reset the 9334 by connecting this latch 

output to the Clear input. When this location is address-

ed and the 9334 enabled, a zero on the D Input resets 
all the latches. To resume normal operation, the latch 

is addressed and the D Input is changed from Low to 

High, removing the Low level on the latch output and 

Clear input. This places the 9334 in the addressable 
latch mode, where the Enable can be removed and 
other latches addressed 
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9334 8-BIT ADDRESSABLE LATCH APPLICATIONS 

07 a 15 

ADDRESSABLE LATCH EXPANSION 

LATCH 
ADORESS 

STROBE 
DATA 
44PUT 

DATA 
INPUT 50 XI X2 55 0. STRreE 

I-
2 932 , 

0 1 2 3 

D Ao A, A, 

9134 
8 le ,f000515SABLE LAIC,/ 

CL 000, 02 030. 0,0, 0, 

07 

A, A, A2 

9334 
Bo ADDRESSABLE LATCH 

CL 00 OE 02 030. 05 [7,, 0, 

11111111 
15 

A0 AI A, 

9334 
MIADDOESSABLE LATCH 

C. 0001 02 050. 050. 01 

0 11111111 
1623 

O A, A, A2 

9334 
MTADORESSABLE LATCH 

0o 01 02 03 08 05 0,3 03 

11111111 

The 9334 is easily expanded to form larger storage 

arrays. Additional 9344s with expanded addressing 
can form addressable latch arrays of 16, 24, 32 and 
64-bits or can be expanded in parallel to form memory 
arrays of arbitrary word lengths. 

A 16-bit and a 32-bit addressable latch are shown here. 
The mode selection polarities of the 9334 facilitate ex-
pansion, and in both examples, the Enable is used to 
place the selected 9334 in the addressable latch mode 
and the remainder in the memory mode. The individual 
latch is selected by the three least significant Address 
inputs applied in common to all addressable latches. 
If 1-of-16 demultiplexing is also required, the Clear 
can be brought Low, the selected 9334 placed in the 

2431 

demultiplex mode and the others placed in the clear 
mode. When the Clear line is High, the Address should 
be stable before the Strobe is applied. An overriding 

Reset can be added to unconditionally place all 9334s 
in the clear mode and force all outputs low by gating 
the Reset with the X3 Address or Strobe. 

The mode selection of the 9334 allows the use of MSI 
decoders for expansion. In the 32-bit addressable 
latch, the 1-of -4 decoder activates the appropriate 
9334 according to the two most significant address 
bits, and data enters the individual latch addressed by 
the three least significant address bits. Larger arrays 
are formed by using the 9301 1-of-10 decoder or the 
9311 1-of-16 decoder and additional 9334s. 
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9334 8-BIT ADDRESSABLE LATCH APPLICATIONS 

16-WORD BY 4-BIT MEMORY 

DATA 

RUSS S 

MASTER RESET STROF11 

WORD 

ADDRESS 

X0 Xi X2 53 

0 A0 A, A2 

9334 
13 BIT ADDRESSABLE LATCH 

CL 00 0, 02 03 04 05 06 07 

o 1 1 1 I Ill 
I I I 

o 
E O AO .1 e2 

93 4 
8 BIT ADDRESSABLE LATCH 

CL 0001 02 0304 0506 07 

O 1 1 1 1 1 1 1 1 

I I 
I I 

E D AO .1 A2 

9334 
BIT ADDRESSABLE LATCH 

CL 0001 02 0304 0506 07 

• 1 1 I 1 1 1 1 

D 4.0 Ai A2 

9334 
8 811 ADDRESSABLE LATCH 

CL 00 0, 02 03 04 05 06 07 

O 1 1 1 1 

E D 

9334 
8-BIT ADDRESSABLE LATCH 

CL 00 On 02 03 04 05 06 07 

o 11111111 
I I 

6 
E D A0 .1 2 

9334 
8 BIT ADDRESSABLE LATCH 

CL 0001 02 0304 0506 07 

• 1 I 1 

I I 
I 

I I 
I  

I I 

I I 
E D 40 A, A2 

93 4 
8 BIT ADDRESSABLE LATCH 

CL 000, 02 0304 0 5 0 8 0 7 

oI 1 1 1 1 1 1 1 
. I I I  

The 9334 can be used as a 1-bit by 8-word memory 
slice, and is efficient for storing parallel data when 
arranged to store eight words or multiples of eight 
words. The 9334 provides twice as much data storage 

per package as other latches. Addressing 9334s in pa-
rallel obtains the desired word length and the use of 16-
bit or 32-bit, etc., addressable latch arrays increases 

word storage capacity. The diagram for a 16-word by 

4-bit memory is shown. In this memory all bits are 

continuously available and can be utilized to drive dis-

o 
E 0 /10 4, A2 

93 4 
B-BIT ADORES ABLE LATCH 

CL On 01 0, 01 04 Os OA 07 

woRo 

plays or relays, for example, in industrial control. A 

word is presented on the data busses, and the address 
(X3X2X 1X0) determines where it will be stored. 
Note that the word stored in address zero appears in 

the zero output of the left column of 9334s. A word 
length of eight bits would require eight additional 

9334s driven in parallel from the four Address lines 
(XoXiX2X3). The overriding Master Reset uncon-
ditionally resets the memory. 
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9334 8-BIT ADDRESSABLE LATCH APPLICATIONS 

64-WORD BY 4-BIT MEMORY 

DATA 

PUSSES *ORD ADDRESS 

•0 81 92 H3 •4 

• 

.0 .1 .2 .3 

9301 1/10 DECODER 

00 0 1 0 0 3 04 OS 09 0 7 01 0 9 

• • • 

o 
E 0 A0 E A2 

9334 
BIT ADDRESSAHLE LATCH 

CL 00 0. 02 03 04 05 09 01 

Y11111111 

.0 •1 .2 

9334 

aim ADDRESSABLE LATCH 

CL 00 0, 02 03 04 Os 0E1 01 

711111111 

o 
D •.0 •. A2 

9334 
9-SIT ADDRESSABLE LATCH 

CL 00 0. 02 03 04 05 09 02 

?11111111 

0 AO .1 A2 

E EL Ao A, A2 

9334 
Sil ADDRESSASLE LATCH 

CL Op OE 02 03 04 05 09 07 

11111111 

E 0 A, A, A2 

9334 
HUIT AOINIESSAHLE LATCH 

Cl 00 0, 02 03 04 05 Os OE 

?11111111 

E D 

9334 
SAIT ADORESSABLE LATCH 

CL oc 0, o, 03 0. 05 05 07 

?11111111 
• 
• 
• 

WORD 9 

• • • 

E D Ao 4, A2 

9334 
8 90 ADDRESSABLE LATCH 

CL 00 CI, 0) 03 04 05 09 OE 

?11111111 

• • • 

• • • 

0 AO .1 .2 

9)34 
B ADDRESSABLE LArcm 

Cl 09 0, 02 03 04 05 05 OE 

711111111 

• • • 

A 64-word by 4-bit memory scheme using the 9301 
decoder is shown here. Data is entered while the Strobe 

is Low. The word stored in address zero appears at the 

9334 
II BIT ADDRESSABLE LATCH 

CL 00 0, 02 03 04 Os 05 OE 

41111H11 ?11111111 

E 0 A, A, A2 

133. 
9 SIT ADORESSASLE LATCH 

CL 00 OE 02 03 0. Os OB OE 

zero outputs on the top row of 9334s. The word stored 
in address one appears at the one outputs of the top 
row of 9334s, and so on 
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9334 8-BIT ADDRESSABLE LATCH APPLICATIONS 

DEMULTIPLEXING AND DECODING 

a) ACTIVE HIGH DEMULTIPLEXER 

E AO Al A2 

9334 
B-BIT ADDRESSABLE LATCH 

CL 0001 02 0304 060807 

1 1 1 1 1 1 1 1 1 

b) 1-0E-16 DECODER 

A0 AI A2 A3 

E OAO AI A2 

9334 
El-BIT ADDRESSABLE LATCH 

CL 00 01 02 03 04 05 06 07 

1 2 3 4 5 6 7 ":"B 9 10 11 12 13 14 15 

C) 1-0E-16 DEMULTIPLEXER 

AO AI A2 A3 

DATA 
INPUT 
OR 
ENABLE 

10 11 12 13 14 16 

The 9334 can be used as a 1-of -8 active High demulti-

plexer or decoder. In such applications the Clear is 

grounded, the Enable input can be considered as an 
active Low Enable input and the Data input as an ac-

tive High Enable input, ANDed as shown in a above. 

The Enable must be Low and the Data input must be 
High for an output to be High. 

The 1 -of -16 decoder shown is possible without addition-

al logic by utilizing the Data and Enable inputs for de-
vice selection. A decoder Enable or Data input for 

demultiplexing is added by applying it to the Data 
inputs of both 9334s and applying A3 and its comple-
ment to the Enable of the 9334s as illustrated. 

A larger decoding array, such as a 1-of -32 decoder, can 

be formed by using four 9334s and an inverter. A 
1-of -32 demultiplexer can be formed by using the ad-

dressable configuration in c, with the Clear input Low. 

DRIVING DISCRETE DEVICES 

E D A0 Ai A2 

9334 
B-BIT ADDRESSABLE LATCH 

The 9334 can be used, for example, in industrial appli-
cations where eight or more bits of information must 

be stored and used to set up testing patterns to control 
industrial processes. In many of these applications, 

discrete output devices such as transistors and triacs 

are required. The active High outputs of the 9334 have 
the correct polarity to drive these discrete devices direct-
ly, so minimum interface components are required. The 
9334 latch outputs Shave active pull ups and require 
current limiting in the High state when driving discrete 

devices. (The output high voltage must be maintained 
at >2.4 V for good noise immunity, since it is part of 
the latch feedback loop.) The pull up resistor to Vcc 

is optional and is used to supply additional base drive. 
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9334 8-BIT ADDRESSABLE LATCH APPLICATIONS 

8-BIT A/D CONVERTER 

I 4 9002 

CLOCK 

1.4 9002 

V REF rnA 

nX 

dll H 
PE Pc, P, P2 P3 

CEP 
9316 UP 

CET BINARY TC 
COUNTER 

CP 
MR 00 0, 0, 03 

2 9024 

J 

— CP 
A 

K 0 0 

Rx .15 V 

614 k 1 k 

Vp 64 

777 

15 V 

.5 V 

o 

4 9002 

2 9024 

CP 

o  

O Ao AI A, 

8 ElIT ADDRESSABLE LATCH 

CL 00 0, 02 03 04 06 06 0, 

_C-

51 k 

-15 V 

16 

5 
9650 

7 4 BIT CURRENT 10 

,2 SOURCE 

8 15 14 13 11 

Ok 20E 40 eo 

16 3 

6 
9650 

4 BIT CURRENT 10 

SOURCE 

9 IS 14 13 II 

0k 20 40E 80 

This circuit is an 8-bit successive approximation analog 

to digital converter. A complete conversion cycle occurs 

every 16 clock periods with the eight bits generated 
successively from most significant to least significant 

bit. During each even clock period the appropriate latch 

is forced to a one, and during the subsequent odd clock 

period this latch is conditionally reset. After a one is 
inserted into a latch the analog equivalent of the 9334 

contents is compared with the input voltage. If the 
9334 analog equivalent is greater, then the latch is re-
set; thus, a digital representation is obtained by build-

ing up an analog voltage that is compared with the 

analog input voltage. 

After 15 clock periods, the conversion is complete and 
during the next clock period, Terminal Count (TC) can 

ANALOG 
NPuT 

•I5 

130 

00:t 220 k 

SERIAL OATA 
CLOCK OUTPUT 

CONVERSION 
COMPLETE 

,%EURTII:ULT DATA 

}PARALLEL DATA 
OUTPUT 

be used to strobe the parallel data from the converter. 

Serial output data is available and can be clocked from 
the converter by means of an output clock operating at 
one half the input clock frequency. 

Besides the counter and addressable latch, two flip-flops 
provide delay and isolation. Flip-flop B permits only 

one logic decision every two clock periods to prevent 
possible oscillation between the digital and analog cir-
cuits and provides the serial output. The IC output is 

delayed one clock period by flip-flop A and used to 
clear the 9334 initializing the conversion cycle. The 
clock frequency, discussed in more detail later, is deter-
mined primarily by the fact that the clock must be High 
longer than the settling time of the linear circuits. 
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PROGRAMMABLE A/D CONVERTER LOGIC 

50 1.1 

CLOCK 

n 6 9016 

, 6 9016 I F 9016 

o  

1,6 9016 

0 < 9 

Po P, 

I 

PE PO P, P2 P2 

 11111 CEP 9316 UP 

CET BINARY 
COUNTER 

MR00 010, 03 

—1 HIGH 

in  
PE Po P1 P, 

9300 
C ' SHIFT REGISTER 

" 00 0 1 0 2 0 3 

6 9016 

ANALOG 1NPuT 

1 4 9002 • 4 9002 

° AO A 1 62 

9334 

8-13IT ADDRESSABLE LATCH 

CL 00 0 1 0 2 0 3 04 05 06 07 

Another A/D converter capable of handling longer 

words and still requiring only six packages is shown in 

this diagram. The mode of operation is identical with 

the 8-bit converter but additional parts are required to 
handle the longer words. The converter logic can be 

easily programmed for 9, 10, 11, 12, 13, 14 or 15 bits 

by applying the appropriate code to the PoPi P2P3 
inputs. As with the other converter, both serial and 

parallel output data is available. 

With this converter logic the two flip-flops in the 8-bit 
converter are replaced with a 9300 shift register and 

the addressable latch is expanded to 16 bits. The shift 
register performs the same functions as flip-flop A & B 
and serves as the least significant toggle stage of the 
counter. 

X y 

Ao A, A, 

9334 

8-BIT ADDRESSABLE LATCH 

CL 00 01 02 03 0 9 05 06 0 2 

1 6 9016 

C.JPRENT SPeTCHES 
COMPARATOR ETC 

COMPARATOR 
OutPuT 

CONVERSION 
COMPLETE 

SERIAL 

DATA OUTPUT 

SE1ITAZ 

6ÁTA a-0Z% 

,S6 

PARALLEL 
DATA 

OUTPUT 

VISO 

To obtain maximum speed, the clock for these conver-
ters should be asymmetrical with the clock High a ma-

jority of the time to allow the linear circuits to settle. 
Also, since the analog circuitry tends to be slower than 
the digital logic, a relatively long period should be 

provided after setting a one to the latch (occuring during 

an even clock) while a shorter period is sufficient when 
conditionally resetting the latch, (occuring during an 
odd clock). A clock generator providing these unequal 
clock periods is shown in the next figure. The syn-

chronization between the converter logic and the clock 
generator is provided by connecting the first toggle 

stage of the counter to this multivibrator thus alternate-
ly producing short and long clock pulses coinciding 

with the state of the toggle stage. 
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SERIAL-TO-PARALLEL CONVERSIONS 

CLOCK 

RESET 

MS So Si 

CP° 9305 VAR MOD 0 
cpt COUNTER 3 

MR 00 00 0 1 0 2 03 

0-

9 o 

Ao Ai A2 

9334 
8 811 ADDRESSABLE LATCH 

CL Oo 01 02 03 04 05 06 02 

o 

SERIAL 
DATA 
INPUT 

LI AO Al A2 

9334 
BIT ADDRESSABLE LATCH 

CL 00 01 02 03 04 05 06 02 

o 

LSB 

This 16-bit serial-to-parallel converter uses a binary 

counter (9305) to supply the addressing for a 16-bit 
addressable latch. The addressable latch strobe is con-
nected to the clock so that as a new address is selected, 

the latch is disabled. The most significant address bit 

is supplied from Go and the three other address bits 
from (1 1, 02, Q3 respectively. When using the 9334 

1 1 1 1 1 1 1 1 
MSB 

in serial to parallel converters, the parallel data bits do 

not change after each clock period as in a shift register. 
This characteristic allows the parallel data to be ac-

cepted by slower speed, lower cost and higher density 
devices such as MOS shift registers, as in the 4096-bit 
serial memory described next. 
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4096-BIT, 15 MHz SERIAL MEMORY 

SERIAL DATA INPUT 

CLOCK 

CLOCK DRIVER 

FROM 
9300. seo 

MS So 5, 

CPO 9305 03 

VAR MOD 
CP, COUNTER 

MP GO 00 0 1 02 03 

? ? I 

0— 

INPUT/RECIRCULATE 
CONTROL 

2 9005 

2030 

1 4 9015 

1 4 9015 

•50 V 

26 4121 
TO SILICON 
GATE MOS 
SHIFT REGISTER 

B-PHASE COCK GENERATOR 

-5 0 V 

 -0 

MOD 
REGISTER 
NUMBERS 

P2 P3 

9300 
CP SHIFT REGISTER 

03 
MR Clo 01 CLÎ 03 

0— 

bill!  1, Po P, P2 P3 

CP SHIFT REGISTER 

MR 00 0, 0 

EIGHT CLOCK DRIVERS 

11 

2 3 

3,8 DUTY CYCLE OUTPUTS TO APPROPRIATE 
LD, AND 02 SHIFT REGISTER CLOCK INPUTS 
USTED BELOW 

4 5 e e l 

7 e 

This serial memory is the equivalent of a long, high 

speed shift register. It combines the speed of TTL with 

the high density, low power and low cost of MOS. This 

memory can be used to simulate disk, drum or shift reg-

ister memories in such applications as the refresh buffer 

in a CRT display, the buffer register in a printer or other 

computer peripheral, or in a recirculating random 

access memory. In this scheme, serial input data is 

converted to parallel, stored in MOS shift registers, and 

reconverted to a serial output. The system takes ad-

vantage of the fact that parallel data on each 9334 out-

put is present for nearly eight clock cycles and con-
sequently can be accepted by slower (2 MHz) but higher 
density MOS shift registers. The incoming high speed 

serial data bits are routed sequentially to the latches, 
the first data bit to latch 0, the second bit to latch 1, 
and so on. The MOS shift registers are driven by an 

8-phase clock generator, staggered to match the data 
appearing on the 9334 outputs. The first MOS shift 

register accepts data from latch 0 after the new data 

appears and is ready to accept the next bit of infor-

2 3 4 5 02 

Ao Al A2 

9334 
8-BIT ADDRESSABLE LATCH 

CL 03 01 02 03 04 05 05 07 

S, 

S2 

10 II 12 13 I, I I 

3 
8.INPUT MU1L2TIPLE %ER 

7 

1 2 9024 
.11M1.111, 

CR 

SERIAL DATA 

OUTPUT 

mation eight clock periods later. The clock to the next 

MOS register are delayed one clock period so that the 

register accepts data from latch 1. 

Three successive states of the eight of the 3-bit address 

counter (9305) are decoded into the two 9300 shift 

registers. This produces staggered signals of 37% duty 

cycles at each shift register output which are fed through 
clock drivers to the appropriate 01 and 02 shift re-

gister Clock inputs. The chart underneath the 9300s 

shows the 01 and 02 connections for the registers. 

The order in which data from the MOS registers is re-
serialized is shifted one bit and resynchronized by a 

flip-flop. This insures high speed performance and pre-
serves the memory length. The memory capacity of 

4096 bits can be increased by cascading the MOS shift 
registers. For example, an additional 3329 can be 
connected in series with each existing 3329 to produce 
an 8192-bit memory. For more parallel channels, the 
same counter and clock generator can be used to drive 

the additional 9334, 9312 and MOS registers required. 
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NOISE AND CONTACT BOUNCE SUPPRESSION 

11 12 13 14 15 16 17 

111111111 

E 10 11 12 13 14 15 16 17 

S1 9312 8-INPUT MULTIPLEXER 

S2 

18 19 1•0 111 112 113 114 115 

II 

E 10 11 12 13 14 15 
So 

16 17 

S1 9312 8-INPUT MULTIPLEXER 

57 

CLOCK 

PE Po PI P2 P 
CEP 

9316 UP 
CET BINARY TC 

COUNTER 
CP 

MR 0 0 0 1 0 2 0 3 

Till 

b 1 
PE PO P1 P2 P3 

CEP 
9316 UP 

CET BINARY TC 

COUNTER 
CP 

MR 00 01 02 03 

PE Po PI P2 P3 
CEP 

9316 UP 
CET BINARY TC 

COUNTER 
CP 

MR 0 0 al 0 2 0 3 

D Ao A A2 

9334 
8-BIT ADDRESSABLE LATCH 

CL 00 01 02 03 04 05 06 07 

00 01 02 03 04 05 06 07 

A digital method for masking noise and bounce on in-

puts to a digital system is shown. This circuit performs 
this masking function for 16 inputs. 

Each input is sequentially sampled for 16 clock periods. 

When an input is High for eight or more clock periods, 

the output corresponding to that input is set High; other-

wise the output is set Low. All 16 inputs are sampled in 

D AO AI A2 

9334 
8 BIT ADDRESSABLE LATCH 

Cl 000, 02 0304 050 1> 

1 1 
08 090 100 110 120 130 140 15 

this manner and all outputs are updated as a result. 

Assume a 10 kHz clock rate for this application. Each 

input is sampled for 1.6 ms every 25.6 ms. Thus, to af-

fect the output, a noise pulse must reverse the input for 
at least 800 ps and a contact bounce must last longer 
than 25.6 ms. 
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9375/5475, 7475; 9377/5477, 7477 4-BIT LATCHES 

DESCRIPTION AND OPERATION 

STANDARD LOGIC SYMBOLS 

1111 

lil e° E2a 

00 00 0 1 0 1 0 2 0 2 0 3 0 3 

Do DI D2 D3 

9375/7475 

1?1?1?1? 

1111 
DO D1 02 03 

9377 ,7477 
  E0•1 

E2 3 

00 0 1 0 2 0 3 

1111 

LEADS LOADING 

Do, D1, D2, D3 

Eo_1 

E2_3 

GO, Ql• Q2, Q3 

Q. d1 , 5- 2,53 

Data Inputs 

Clock Input Latches 0 & 1 

Clock Input Latches 2 & 3 

Latch Outputs 

Complementary Latch 

Outputs 

2 UL 

4 UL 

4 UL 

10 UL 

10 UL 

The 9375 and 9377 4-bit latches are suitable for tem-

porary storage of digital information typically between 

processing units and input/output on indicator units. 
Both devices are compatible with all other members of 
the TTL/MSI family. 

The logic symbols, alternate logic symbols and logic 

diagram for the 9375 and 9377 are shown above. 

The 9375 and 9377 feature two separate 2-bit D latch 
sections each with an active High enable. The 9375 has 

complementary outputs; the 9377 does not. The al-

ALTERNATE LOGIC SYMBOLS 

Do 

Fo 
9377 

02 

.3 

3 

ao 0 1 0 2 03 

E D QN OPERATION 

H L L 

H H H 

L X QN_i 

DATA ENTRY 

DATA ENTRY 

HOLD 

ternate logic symbols present the active Low clock 

inputs as active High Enables, consistent with the no-

menclature traditionally used for single-rank storage 
devices (latches) in the Fairchild TTL family. 

Information present at a data input is transferred to the 

output when the Enable (or Clock) is High. The output 

will follow the data input as long as the Enable remains 

High. When the Enable is Low, the information that 

was present at the data input at the time of the High-to-
Low transition is retained until the Enable is permitted 

to go High again. 
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Bipolar Memories 

Memory Organization 

Addressing Techniques 

General Timing Considerations 

RAMs 

Word Expansion 

256 By 8-Bit Buffer Memory System 

LIFO Push Down Memory Stack 

ROMs 

Expanding ROMs 

Changing ROM Format 
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MEMORY SELECTION GUIDE 

Function Device 

Size 

Words x Bits 

Chip 

Select 

Address Access 

Time, ns 
Typical Max 

Required Write 
Pulse Width 

Worst Case Typical 

Power Dissipa -

tion/Bit, mW 

Typical Max Input Loading 

Read/Write 93403 16 x 4 1 45 60 45 30 7.0 9.0 1.0 UL 

93410 256 x 1 3 45 60 30 25 1.8 2.8 0.5 UL 

93410A 256 x 1 3 35 45 30 20 1.8 2.8 0.5 UL 

93415 1024 x 1 1 60 90 55 30 0.4 0.7 0.25 UL 

Read Only 93434 32 x 8 1 32 50 NA NA 1.3 1.7 1.0 UL 

93406 256 x 4 2 30 50 NA NA 0.5 0.67 0.5 UL 
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BIPOLAR MEMORIES 

INTRODUCTION 

Bipolar memories fall into two very different categories: 

random access read/write memories (RAMs) and read only 

memories (RO Ms). 

A RAM is an array of latches with a common addressing 

structure for both reading and writing. A Write Enable 

input defines the mode of operation. In the write mode, the 

information at the Data input is written into the latch select-

ed by the address. In the read mode, the contents of the 

selected latch is fed to the Data output. 

All semiconductor memories have non-destructive readout as 

opposed to the destructive readout of most magnetic core 

memories. Bipolar RAM operation is static, i.e., the informa-
tion is stored in bistable transistor cells (latches) and requires 

no refreshing such as required in some popular MOS RAMs 

using capacitor storage. Data storage in all semiconductor 

read/write memories is volatile; data can only be stored as 

long as power is uninterrupted. 

In a read only memory (ROM), the data content is fixed, 

normally by a unique metallization of the chip. Addressing 

is similar to that of a RAM; the operation is static and the 
readout is obviously non-destructive. A ROM offers non-

volatile storage; data is retained indefinitely even when 

power is shut off. 

Today, bipolar memories are an integral part of a large num-

ber of digital equipment designs. In six years, density has 
increased by a factor of 64, with a corresponding decrease 
in power per bit without penalizing speed. Fairchild is cur-

rently producing 1024 bit RAMs with 500 mW typical power 
and 60 ns typical access time. 

MEMORY ORGANIZATION 

Memory subsystems are generally identified by number of 

words, number of bits and function. For example, a 1024 x 16 

RAM is a random access read/write memory containing 1024 

words of 16 bits each. Semiconductor memory device organ-

izations follow the same rule. Since the advent of LSI allow-

ing densities of hundreds of gates on a chip, most memory 

devices contain address decoders, output sensing, and various 

control and buffer/driver functions in addition to the array of 

storage cells. High density RAM devices tend to be organized 

n words by one bit to optimize lead usage. ROM devices tend 

toward n words by four or eight bits to reduce cost of truth 

table changes. 

ADDRESSING TECHNIQUES 

Addressing (word selection) in a semiconductor memory sub-

system consists of two parts. First, a given device or group of 

devices must be selected, second, a given location in a device 

or group of devices must be selected. Device selection may be 

accomplished by linear select using a binary-to-n decoder 

feeding the chip select function on n chips, or by coincident 
select using two binary-to-4/Fi decoders and two chip selects on 

each device. When n is large, linear select requires excessive 

hardware. For example, if n = 64, linear select requires four 

1-of -16 decoders and a 1-of-4 decoder, or nine 1-of-8 decod-

ers; whereas coincident selection can be accomplished with 
two 1-of -8 decoders with final decoding at the two input chip 

select gates included on the memory devices. Selection of a 

given location on a chip is accomplished by connecting the 
binary address lines directly to the chip. In summary, 64 

256 x 1 RAMs in a 16K x 1 bit array using coincident selec-

tion requires 14 address lines, as follows: eight connected 
to 20 through 27 inputs on all chips (using necessary drivers), 

three feeding a 1 -of-8 decoder to the CS1 inputs, and three 

feeding a 1-of -8 decoder connected to the CS2 inputs. 
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BIPOLAR MEMORIES 

MEMORY TYPES 

A number of choices must be made in selecting bipolar mem-

ory devices for a specific application. First, should TTL or ECL 

be used? The ever increasing need for speed in new designs 

may impose a propagation requirement on the memory that 

cannot be met with current TTL technology. This may in turn 

influence the selection of the logic family used for implement-

ing the ALU or other functions associated with the memory. 

Currently, the fastest 256-bit RAM available is the 95410 

ECL memory. 

Next, should RAM or ROM be used? For data storage the 

choice is obviously a RAM since fast write capability is a 

"must". For microprogramming the decision is not so clear-

cut. Since most system designs continue to evolve and change 

through prototyping and preproduction, RAM may be the 

logical choice; its higher device cost is offset by eliminating 

the cost of replacing ROMs as changes are made to the firm-

ware. In this situation, RAM also offers the advantage of 

eliminating system downtime during firmware modification, 

a very significant factor in development schedules. 

Numerous other decisions must be made, such as power con-

sumption level, relationship of density and speed, and other 

parameters. The selection guide is provided for assistance in 

choosing Fairchild bipolar memories for various applications. 

GENERAL TIMING CONSIDERATIONS* 

A simple way of analyzing a semiconductor memory in terms 

of its delays is based on the assumption that it is an ideal de-

vice with three types of input and one type of output. The de-

vice may be a single storage cell, or an array of such cells. 

Being ideal, it has no intrinsic delays, but its external connec-

tions have individual delays — Al on the Data input, AW on 

the Write Enable signal, AA on the Address input, and AO 
on the Data output. And if the device is a large array, the 

external lines may be multiple, carrying whole bytes or words 

instead of single bits, for example. 

Ideal Memory System 

IA 

T POT 

Each input and output in the diagram is binary — that is, it 

has only two stable conditions, a more negative level and a 

more positive one. For a given device, each delay shown has 

two values, one for the propagation of a negative-to-positive 

transition through the delay element, and one for the propa-

gation of a positive-to-negative transition. Moreover, com-

binations of these input and output delays create the real de-

vice delay times. Access time, for instance, is the sum of the 

delays on the Address input, AA, and on the Data output, 

A 0 (since the delay through an ideal device is zero). Since 

AA and AO each have maximum and minimum values, their 
sum also has a maximum and a minimum value. Likewise, 

data may appear on the Input lines, and at some later time a 

Write Enable signal appears, making the device data setup 

time A I - AW. 

In general, a memory system contains many devices for which 

the delays are different, but the maximum and minimum 

limits of each must be known. Moreover, when a system is 

intended for high volume production, the range for the de-

vices to be used in all systems must be known to avoid the 

need to tune each system individually. A given pair of paths 

may turn out to have the maximum delay, and, for the system 

to operate reliably, this defines system minimum timing. Yet 

the designer must also remain aware of the fact that access 

time may be shorter than the maximum, and that the output 

of the memory device is unknown between (AA + AO)m in 

and (AA + )max. 

At this point, relationships between the individual delays in 

the simple model must be considered. In the absolute sense, 

this would involve specifying the delay in every pair of paths 

— a rather large number of parameters. More practically, 

the output delay is usually important only during a read opera-

tion, so only a few measurements need be specified. But the 

input timing is completely under control of the system, and 

must be specified for every input path with respect to every 

other input path. Once he knows how these inputs behave in 

relation to each other, the designer can guarantee a reliable 

system. 

All these delays are internal device parameters, not system 

parameters. But because of the widespread failure to dis-

tinguish between the two kinds of measurements, some manu-
facturers list a guaranteed minimum access time and others a 

guaranteed maximum — the maximum for the device is the 

minimum for the system. For clarity, this section designates 

all device delays with a small t and all system delays with a 

capital T. 

There are eight important memory device delays, all some 

combination of the four delays in the simple model. The eight 
device delays are access time, read recovery time, write time, 

data setup time, data release time, address timing, write re-

covery time, and chip select delay. 

•Reprinted in part from Electronics, October 25, 1971, 

Copyright McGraw-Hill, Inc, 1971 7-4 
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Access time may be specified as tpd+ and tpd_, or simply as 

taccess. It is the length of time from the appearance of a valid 
address on the Address input to the appearance of valid data 

on the Data output — and also, if specified, the time from the 

disappearance of the address to the disappearance of the ac-

tive level. Where both are specified, system access time can 

sometimes be improved by taking advantages of the differ-

ence between them at the gate driven by the Data output line. 

Where only one is specified, it may be the larger of the two, 

but more often it is just tpd _, the active output state being the 

more negative one. Since the output stage of a memory usu-

ally has open collector circuits, access involves pulling the 

output line from its normal positive level to the negative level 

if the stored data demands it. 

Both maximum and minimum access times are important. 

The maximum access time specifies how long the system must 

wait for valid data after it supplies an address; the minimum 

time specifies how long the data remains good after the ad-

dress has been removed. 

The read recovery time, trr is the time required for the output 
of the memory to return to its normal (usually the positive) 

level, after the address has been removed. This delay, which 

is mostly caused by the sense amplifiers inside the device, 

must be taken into account when two successive read opera-

tions from different addresses within a single device cause the 

Data output line to be first Low, then High. The High level 

cannot be attained until after t, has elapsed. Read recovery 

time is basically the tpd+ for an open collector output. It is usu-

ally of no consequence, because it will be covered by the ac-

cess time of a second read cycle. 

The write time tw  is the length of time that an active level must 

be present on the Write Enable to guarantee successful writ-

ing in the memory. (A better name for it would be "write 

pulse width," but this would confuse it with a similar system 

parameter.) The system must provide the Write Enable signal 

for the full length of tw(max) to guarantee writing in the slow-

est memory devices, and if the Write Enable signal is generat-

ed by a decoder circuit, any glitches on the decoder output 

must be less than tw(mih) to guarantee not writing in the 

fastest devices. 

Because the Write Enable signal begins and ends the writing 

operation, it is a convenient reference for the other input de-

lays, serving as a clock or basic timing pulse. Data setup time 

and the data release time for both High and Low output levels 

make up four parameters associated with a memory data in-

put and symbolized as tdsh, tds i, tdrh, and td rl. 

Consider the two external delays, A I and AVV, shown in the 
ideal memory system. Since the write time is the critical para-

meter, let the time scale begin at the point when Write Enable 

becomes active — in most cases, when it undergoes a High-

to-Low transition. The level on the Data line is not important 

at this time, because most memories accept input data up to 
the Low-to-High transition of the Write Enable line, just like 

an edge-triggered flip-flop. But when this Low-to-High tran-

sition occurs, the Data input to the ideal cell must represent 

the data to be stored. Thus the correct levels must be present 

at the input of the memory A I earlier. This deadline is A I - 
AW before the end of the Write Enable signal at the real 
memory input. 

Only the Low-to-High transition of the Write signal is impor-

tant, but both transitions of the data are significant. These are 

the setup times for High and Low data. 

tdsh = Al+ - AW 

tdsl - 

Suppose that these are 20 ns and 10 ns respectively. If data 

represented by a High level is to be stored, then it must be on 

the Data input lines at least 20 ns before the Write Enable sig-

nal rises — at the real memory, not at the ideal device. This 

High data must also remain on the Data lines long enough to 

get stored in the memory. Now a Low level takes 10 ns to get 

through the delay, and, if it appears less than 10 ns before the 

rise of the Write Enable signal, will not get to the ideal device 

before the preceding High level has been stored and the Write 

Enable signal is gone. 

Therefore, the High level must be applied at least 20 ns, and 

be removed at most 10 ns, before the rise of the Write Enable 

signal. The 10 ns time is commonly called the data release 

time for the High level, or tdrh, but it is obviously also the data 

setup time for the Low level, or tds i. Hence tdrh = t -dsl• not 
only in magnitude, but in every other respect too. 

In a system containing more than one device, however, the 

ranges of setup and release time affect the timing of data 

availablability on the inputs. For example, to store data 

represented by a High level, the level must be applied not 

later than the longest tdsh before the rise of Write Enable, and 

maintained at that level until after the beginning of the short-

est tdrh, or equivalently the shortest td si. Conversely, to store 

the Low level, it must be present before the maximum tdsi 

and remain until after the minimum tdsh. 

If the delay through the data path is very short, the Al - AW 
may be negative, and appear as a negative value for one or 

both of the minimum data setup times. That is, under certain 

circumstances, data that changes after the removal of the ex-

ternal Write Enable signal will be stored at its new value be-

cause in fact the Write Enable signal was still moving slowly 

through the delay when the new data arrived. Data sheets 

specify this as either a negative release time or a positive hold 

time. 

The four setup and release times are really only two different 

quantities, which can have maximum, minimum, and some-

times negative values. Some of the difficulties in specifying 

them are illustrated on the following page and five methods 

of publishing timing specifications (A - E) are shown. The 

timing chart is for a memory device with a Write Enable pulse 

that ends (goes High) 100 ns after the reference time. The 

chart also shows the required inputs for High and Low data. 

Data can change in the shaded areas, but must be stable in the 

unshaded areas to guarantee writing as specified. 

The first specification (A) follows the recommended method. 
To write High data, the Low-to-High transition must occur no 

later than 80 ns after the reference time, which is the maxi-

mum tdsh before Write Enable rises; and the level must stay 

High until 105 ns after reference, a time later than the rise of 
Write Enable because the minimum tdsi is negative. A later 

rise or earlier fall makes the correct storage doubtful. But to 

write Low data, the High-to-Low transition can occur as late 
as 85 ns after reference, allowing the maximum tds i, and can 
be reversed as early as just after 90 ns, for the minimum tds h. 
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Data Timing (Write Mode) 

TIME 

END 
WRITE 

ENABLE 

HIGH, 
DATA 
INPUT 

LOW 

l'IdAZI 

Method 

75 80 85 90 95 100 105 

I i l I I I 

110 

I I ) 

OF )' 

clstlihinl wa— Idahlrnaal 

7 
\ 

'Oslimm) 

Mahlmwl 

Parameter 

Min Typ Max 
Definition (os) 

A tdsh 

Ids' 

High Data Setup Time 10 

Low Data Setup Time -5 

20 
15 

B ts Data Setup Time -5 20 

C 
ts 

tr 

Data Setup Time 

Data Release Time 

20 

-5 

D 
ts 
th 

Data Setup Time 

Data Hold Time 

20 
5 

E Ts 
Th 

Meaning of shading 

System Data Setup Time 20 

System Data Hold Time 5 

is explained on the right. 

Specification B ignores the difference between setup times for 

High and Low signal levels. Specification C chooses to list 

High data release time instead of Low data setup time. Speci-

fication D uses still another term, data hold time, which simul-

taneously changes the sign of the quantity and changes the 

minimum to a maximum, so that now the column is correct. 
Specification E is written from the system instead of the de-

vice point of view. 

Address timing, like data timing, involves four different quan-

tities: setup time, tas, release time, tar, hold time, ta h, and an-

other quantity that is often called simply address time, or ta. 

But unlike data timing, both edges of the Write Enable signal 
are important relative to the Address signal. In most devices, 

an address is always present on the Address inputs, and this 
must remain unchanged during the write process. 

There is likely to be less difference between the times at which 

nominally simultaneous High and Low address bits arrive at 

the ideal memory than there is with data bits, because address 

Address Timing (Write Mode) 

,M) 

w8)11 
ENABLE 

50 60 70 80 90 100 110 

DEVICE I 
ADDRESS M  
UNES   

DEWCE 2 
ADDRESS 
LINES 

wt--'antmax) 

- 

Device Parameter Definition Min Typ Max Units 

1 

2 

tas 
tah 

tas 
tar 

Address Setup Time 
Address Hold Time 

Address Setup Time 
Address Release Time 5 

10 
7 

-10 

ns 
ns 

ns 
ns 

Transition Time Uncertainties 

TIMING DIAGRAM MEANING 

SYMBOL 

Forcing Functions Other Functions 

geee 

Must be Steady 

High or Low 

High•to•Low 

Changes Permitted 

Low to High 

Changes Permitted 

Don't Care 

Will be Steady 

•High or Low 

Will be Changing 

From High to Low 

Sometime During 

Designated Interval 

Will be Changing 

From Low to High 

Sometime During 

Designated Interval 

Slate Unknown 

Changing 

bits usually pass through less combinational logic enroute 

from their source. This means the worst case fast and slow 

bits are usually fairly close together, and differences between 

High and Low address bits need not be specified. However, 

two parameters must be carefully considered; these are the 
maximum setup time relative to the leading edge of the Write 

Enable signal, and the minimum setup time relative to the 

signal trailing edge. 

The first parameter is the longer of AA + - AW_ and AA_ - 

AW_. It specifies how much time the device with the slowest 
address path requires to get the address into the ideal mem-

ory ahead of the Write Enable pulse. Its symbol is tas(max). 

The second parameter is the shorter of AA+ - AW+ and AA_ 
- AW+, It specifies how long the fastest device takes to get an 
address into the ideal cell. No change in an address can be 

permitted until less than this time remains before the end of 

the Write Enable signal. Although it is actually the minimum 
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address setup time, it is measured relative to the rising edge 

of Write Enable; whereas the maximum setup time is meas-

ured relative to the falling edge and deserves a different 

name. Since the minimum setup time is likely to be either 

zero or negative, it is commonly designated address hold time, 

or tah; where it is positive, address release time, or tar is used. 

The Address Timing figure shows this for two hypothetical 

memories. Device 1 is typical of most semiconductor mem-

ories, but occasionally one is encountered with the character-

istics of device 2. In both, a substantial difference between 

A W + and A W_ is assumed, emphasizing that the address 
setup and release times are not two limits of the same para-

meters. As the diagram and the accompanying table indicate, 

a release time is a minimum, but a hold time, because it has 

the opposite sign, is a maximum. 

Although addresses for most memories are in binary form, 

occasionally one has some other scheme. Then the minimum 

address pulse width becomes important, because sometimes a 

nonexistent address may be presented between valid address 

pulses to the array. Since writing can be guaranteed only if a 

valid address is present long enough for the slowest memory 

to respond, the address time, ta, is analogous to, and lasts 

about as long as, the write pulse width, tw . 

But the really important criterion for writing is that, at the 

ideal memory, both the address and the write pulse coincide 

for long enough to allow the slowest device to respond — dur-

ing a maximum time, again, from the device point of view, 

and a minimum time from the system point of view. Either of 

the two pulses can start the operation when the other is pres-

ent, and the trailing edge of either can end it. Generalizations 

are difficult but in most systems, the address brackets the 

write pulse, so that the write operation depends on the dura-

tion of the latter. 

The write recovery time, twr, restricts the use of the Data out-

put lines following a write operation. It is quite like the read 
recovery time — the sense amplifiers respond to the data being 

written just as they do during a read operation, and when the 

written data drives the output to its more negative level, the 

amplifiers require a short time to go positive. 

An example of this behavior is found in Fairchilds 93403 

4-bit by 16-word memory, with output following the input 
during a write operation, but inverted during a read operation. 

Thus, writing Low level data into the memory causes the out-

put to be Low while the Write Enable pulse is present; but, 

when the Write Enable ends and the address remains un-

changed, the newly written data appears as a High level at 

the output. Because the sense amplifier inverts the data, each 

stored Low level appears as a High level — but not until after 
the write recovery time has passed. 

Finally, most memories have Chip Select inputs that permit 

address and data lines to be shared by several chips. One chip 
can be enabled for a read or write operation. 

In some memories the Chip Select is simply part of the Ad-

dress. It is decoded in the same way and is subject to the same 

delays. But in newer designs such as the 93410 256 x 1 TTL 
RAM and the 93415 1024 x 1 TTL RAM, where the Chip Sel-

ect is independent of, and is considerably faster than, the Ad-
dress, it has its own delay time specified. The delay from the 

leading edge of the Chip Select signal to the time the output 

becomes active is the enable time, te, while that from trailing 

edge to inactive output is disable time, td. For a write opera-

tion, the enable time has minimum and maximum values rela-

tive to the trailing edge of the write pulse, just as the Data in-

put does, although in general the Chip Select signal should be 

active at least as long as the Write Enable signal. 

In designing the timing of a memory system within the frame-

work of these eight device delays, it is best to start by showing 

all the signals relative to a single time axis in a timing diagram. 

Only one pulse train can be precisely known at all times, and 

that pulse train must be taken as the reference. All other sig-

nals will show some uncertainty relative to this reference. 

(See Transition Time Uncertainties Chart) 

To illustrate the foregoing discussion, consider the task of im-

plementing the scratchpad function in a typical minicompu-

ter requiring temporary storage of 64 4-bit characters. The 

following block diagram of one possible logic configuration 

shows how all the different delays can be balanced against 

one another. Using the approach defined in the Fast Access 

Timing Chart permits fast operation at the expense of com-

plex timing signal generation. The other chart shows an 

alternate approach which simplifies timing signal source 

design but sacrifices speeds. 

Scratchpad Memory 
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Fast Access Timing Chart 

TIME ,r 

0 10 20 30 50 60 70 BO 90 100 110 120 130 140 150 160 170 

O 100 

ADDRESS 

OCK Imenexill I 

tpdHoonIII) 

ADDRESS 

CHIP 

SELECT 

DATA OUT 
FROM 
MEMORY 

DATA 
ENABLE 

DATA IN 
TO MEMORY 

WRITE 
ENABLE 

iodimad2) 
—1411/4491rtuniI2)-.-

20 _ 
'Hearin) — 4-

'accIrnsx1141 

35‘  ‘ 120 

NOTES 1 FOR ADDRESS COUNTER 
2 FOR DECODER 
3 FOR QUAD LATCH 
4 FOR MEMORY DATA OUT 

AT LATCH 

—"\ 

65 N  110 

130 

166 

I44,r,1,404) 

Conventional Timing Chart 

IIMI 

ADDRESS 
CLOCK 

0 25 50 75 100 125 150 175 200 225 

1 1 1  

o 120 170 

30 

ADDRESS 

20 60 

CHIP 
SELECT 

DATA OUT 35 
FROM 
MEMORY 

190 

120 

o 120 

175 200 

4,1171/1Z 

180 

170 

DAT 
A 

176 

ENABLE 

170 

DATA IN 
TO MEMORY 

0 120 

WRITE _/ 
ENABLE 

1 70 

INTERFACE 

In most applications of bipolar memories, the devices are com-

bined with other TTL or ECL logic elements into a subsystem 

such as a CPU buffer controller or other function. The mem-
ory device interface is at standard logic levels, and the addi-
tional hardware required is usually limited to pull up resis-

tors at the outputs of most TTL memories, and load resistors 

or termination resistors for the ECL memories. 

In some cases, the application may require location of the 

memory several feet or more away from the other functions in 

the subsystem. The resulting requirement for data trans-

mission necessitates additional hardware. Data transmission 
is discussed in detail in Communication Line Interface and 

should prove helpful to the designer. In addition, the reader 

should refer to the Computer/Interface Section of the Fair-

child Linear Integrated Circuits Catalog for information on 

line drivers, line receivers, display decoders/drivers, EIA/ 

MIL interface circuits, and other products useful in interface 
design. 
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SCRATCHPAD/FILE APPLICATIONS 

A scratchpad, often called a file, is a small memory integrated 
into the arithmetic section of a CPU and used for temporary 

storage of current data. Speed is of the essence with cost rel-

atively insignificant. Early files consisted of flip-flop regis-

ters, later followed by 4 to 16 word RAM or MSI flip-flop 

arrays. A number of existing designs are based on the 93403, 

16 x 4 TTL RAM. Currently, files of 256 words or more are 

in development. The 93410A and 95410 are good candi-

dates for new design applications. 

MICRO-CONTROL STORAGE USING READ/WRITE 

MEMORY 

Early in semiconductor memory development, a significant 

amount of attention was devoted to read only memories for 

micro-control storage. In many cases, difficulties were en-
countered in developing firmware for new machines. These 

difficulties involved turnaround time of weeks and months in 
making firmware changes, with costs ranging from tens to 
thousands of dollars per change. One solution to these prob-

lems is to use RAMs for micro-control storage. Firmware may 

then be changed almost instantaneously, thus greatly acceler-
ating the development program and eliminating cost and 
downtime for pattern changes. If desired, conversion from 

RAM to ROM can be made at the preproduction phase. Avail-

ability of 1024 bit bipolar RAMs such as the 93415 and 

95415 has prompted numerous designers to consider this 

approach. 

BUFFER MEMORIES 

Buffer memories are small to medium memories inserted be-

tween I/O interfaces and CPU, between main memory and 

CPU, or at other locations where fast intermediate storage is 

required. The availability of 256 and 1024-bit RAM devices 

has resulted in many bipolar buffer memory designs. 

MAIN MEMORIES 

Main memories vary from 4K to 16K bits in minicomputers 

up to 256K or more words in large mainframes. Before the 
availability of bipolar 1024 RAMs, system designers were 

limited to low cost core with 1 to 2 ps access, expensive core 
with 400 ns to 1 is access, or MOS with > 200 ns access. 

Some n-channel MOS products promise faster access time at 
low cost. Present bipolar RAM technology allows implement-

ing large main memories with 70 to 100 ns worst case maxi-
mum access times for the subsystem. A read-modify-write 

cycle of less than 150 ns is possible using the 93410 RAM 

and 93XX/93SXX TTL logic. 
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93410/93410A RANDOM ACCESS MEMORY 

DESCRIPTION AND OPERATION 

AO 

Al 
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10 UL is the output Low drive factor. An 

external pull up resistor is needed to provide 

High level drive capability. This output will 

sink 16 mA max at V -OUT - 0 45 V. 
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Not Selected 

Write Zero 
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.. 

ADDRESS 
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W0 -Ii•WE•CS 

WI =D•WE•CS 

The 93410 and 93410A are high-speed 256-bit TTL 

random access read/write memories with full decoding 

on the chip. Each memory, organized as 256 words x 

1 bit, is designed for scratchpad, buffer and distributed 

main memory applications. Both devices have three 

Chip Select inputs to simplify their use in larger mem-

ory systems. Address input lead locations are specific-

ally chosen to permit maximum package density and to 

provide ease of PC board layout. An uncommitted col-

lector output is available to permit OR-ties for easy mem-

ory expansion. 

The 93410A is a high speed version of the 93410, offer-

ing a 35 ns access time. Since the 93410 and 93410A 
logic functions are the same, the term 93410 used in the 

following discussion applies to both types. 

As shown in the logic diagram, word selection is achiev-

ed with the 8-bit address input, Ao - A7. Three Chip 
Select inputs are provided — two active Low (CSi and 

CS2) and one active High (CS3) — for maximum logic 

flexibility. This permits memory array expansion up to 

2048 words without additional external decoders. For 
larger memories, the fast Chip Select access time per-

mits the decoding of Chip Select from the address with-

out increasing address access time. The read and write 

16 

ARRAY 

MEMORY (Ell 

SENSE AMP 

WRITE DRIVE*I 

DECOM 

Y ADDRESS 

A4 JE . 15 . I 7 

addressed ocation 

CS 

Dour 

CF-- cs-2 
CS3 

oC 
DIN 

operations are controlled by the state of the active Low 

Write Enable WE. With WE held Low and the chip selec-

ted, the data at DI is written into the addressed loca-

tion. To read, WE is held High and the chip selected. 

Data in the specified location is presented at DouT and 

is not inverted. 

In many applications such as memory expansion, the 

outputs of many 93410s can be tied together. In other 

applications the wired-OR is not used. In either case, an 
external pull up resistor RL must be used to provide a 

High at the output when it is off. Any value of RL within 

the range specified below may be used. 

5.25 2.25  
< RL< 

16 - FO (1.6) n (0.05) + FO (0.04) 

Where: RL is in kQ 

n = number of wired-OR outputs tied together 

FO = number of TTL Unit Loads (UL) driven 

The minimum value of RL is limited by output current 

sinking ability. Maximum RL is determined by the out-

put and input leakage current which must be supplied to 

hold the output at the required output high voltage 

VOH• 

7-10 



93410/93410A RANDOM ACCESS MEMORY APPLICATIONS 

WORD EXPANSION 
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DECODER 

% 01 02 03 

TO 
ALL 

93410. 

512 - WORD BY 2-BIT ARRAY 

II  
E 40 

1 2 9321 

DECODER 

00 ° 1 °2 03 
0 0 0 

AO el e2 e3 e4 e5 e6 e7 

CS 

DIN 

93410 
256 WORD 

BY ONE BIT 
READ /WRITE 

MEMORY 

DOUT 

93410 
256-WORD 
BY ONE BIT 
BEAD/WRITS 

MEIROIW 

JID  93410 
258-WORD 
BY ONE BIT 

READ nvvrE 
MEMO., 

93410 
266 -WORD 
BY ONE 111T 
READ/WRITE 
MEMORY 

93410 
266-WORD 
BY ONE VT 
READ/WRITE 
MEMORY 

LID 93410 
2541-WORD 
11, ONE SET 
READ /WRITE 
MEMORY 

93410 
256 WORD 
BY ONE BIT 
REAO ,WRITE 
MEMORY 

11DI 93410 
256 WORD 
B1 ONE BIT 
READ WRITE 
MEMORY 

1-AD 93410 
256 WORD 
BY ONE RIT 
READ 'WRITE 
MEMORY 

II 

93410 
256-WORD 
BY ONE 811 
READ "WRITE 
MEMORY 

1-£3  934'0 256 WORD 

3, 091 BIT 
READ WRITE 
141MORY 

113 

4096 - WORD MEMORY PLANE 

The 93410 may be used in memories requiring expan-

ion of both the number of words and number of bits. 

A 512 x 2 array and the necessary signal interconnects 

93410 
256 WORD 
BY ONE BIT 
READ/WR.TE 
MEMORY 

93410 
256 WORD 
BY ONE BIT 

READ WOOF 
MEMORY 

93410 
2515 WORD 

BY ONE BO 
READTA/R111 
MEMORY 

41.) 93410 

258 WORD 
BY ONE BIT 
READ/WRITE 
MEMORY 

93410 
266-WORD 
BY ONE 1111T 
READ/WRITE 
MEMORY 

LtD 93410 
25/3•WORD 
11Y ONE Ra 
READ/WRITE 
MEMORY 

1005, BIT 0 

DouT BIT 1 

for accomplishing expansion is shown above. The num-

ber of words may be expanded to 4096 by using only 

one 9321 dual 1-of-4 decoder. 
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93410/93410A TTL RANDOM ACCESS MEMORY APPLICATIONS 

266—WORD BY 8-BIT BUFFER MEMORY SYSTEM 

STROBE OUTPUT LATCH 

BOARD ENABLE 

STROBE ,MAL,T LATcH 

MR 

03 02 0, DO 

till 
E D0 0, 02 03 

2 9306 DUAL 
4 BIT LATCH 

MR Clo 0, 02 03 

epLeR, e RLRL 

 a 

CS D OUR 

93410 

256 WORD 
B, ONE BIT 
READ -WRITE 
MEMORY 

WE 
OIS 

CS DOUT 

93410 

256 WORD 
BY ONE BIT 
READ WRITE 

MEMORY 
WE 

DIN 

1--13 CS DOUT 

93410 

256 WORD 
Br ONE BIT 
READ WRITE 

MEMORY 
 a WE 

 o 

CS DOuT 

93410 
256-WORO 
BY ONE BIT 
READ IRRITE 

MEMORY 
WE 

DIN 

D7 DR 05 DA 

lii i 
E DO 0, 02 03 

1.'2 9306 DUAL 
4-BIT LATCH 

MR 00 0, 02 0) 

o 

CS DOUT 

93410 
256 WORD 
BY ONE BIT 

READ WRITE 

MEMORY 

 O WE 
DIN 

E 00 01 0 2 0 3 

2 93013 DUAL 
4-1311 LATCH 

MR 

003002 D01000 

CS DOUT 

93410 

256 WORD 
BY ONE BIT 
READ WRITE 

MEMORY 
  W 

CS DOUT 

93410 

256-WORD 
81 ONE BIT 

READ-WRITE 

MEMORY 

WE DIN 

1-1—) Cs DOUT 

93410 
256 WORD 
BY ONE BIT 
READ WRITE 

MEMORY 
WE 

DIN 

LOAD 

mel 

E DO DI 0 2 0 3 

I 2 93013 DUAL. 
4 BIT LATCH 

MIE ar 11 0( 0( 
007009005004 

MOD 256 ADDRESS COUNTER 

Ao Ai A2 A3 

OH11 
1,,,, ,E PO PI P2 P3 

9316 4 ea 
CET  

  ET COUNTER 

MR 0 0 01 0 2 0 3  

• 1 11 1 
ADDRESS TO ALL 

93410 

ICEPPE PBoINARY P, P2 P3 
9316 4 BIT 

CET BINARY TC 

  CE COUNTER 

MR Go 0, 02 03 

A, A5 4.5 A7 

All I 

 Y1111 
ADDRESS 10 ALL 

93410 

A 256-word by 8-bit buffer memory based on the 93410 devices such as the 9308 quad latch and 9316 binary 

is shown. Input and output data latches and a modulo counter. 

256 address counter may be implemented with MSI 

7-12 



93410/93410A TTL RANDOM ACCESS MEMORY APPLICATIONS 

LAST IN/FIRST OUT (LIFO) PUSH DOWN STACK MEMORY (254 Words Deep x 4 Bits Wide) 

REA 

«Rot 

CM MINI I. NI •31.725 44.11024) 

YAW 

SAA 
500 

.2 

SO 

1 A 7402 

1,31003 

IC. .14 Me 11004 11t Ge 11u 

5323 011AD 
NINO MULTIPLEXER 

O,2. 1. 

w4 11 

'Ii 

MEMOW ADDRESS 

Cl'AR GO 01 02 03 

1.2 

O 93072 03 

CA%100 GI 02 03 

Y I  

1 2 
$024 

CP 

it IP it OP 

CO 

GM'S 

GO 

01 

04 

REGISTER 
O 

7415 

REG1:TER 

11. 

¡seared, 

Write 0 

Read 

Ao A1 

1 1 
1 

1 0 

0 0 

A2 

o 
o 
o 

A3 A4 A5 A6 A7 

O000 
O 0 0 0  Almost Empty 

000000Empty 

O 0 0 1 Full 
O 0 0 1 Almost Full 

O 0 1 1 
o 

o 

000-
Du, 934104 

Pout 
DIN 

1,11003 

9014 

00 

L  nnl  
f Po 11, 112 PE 

D 93172 OE 

R00 O• CO OE 

y LL 1 
00 

o 
o 
o 
o 

o 
o 
o 
o 

b . . • •1 4.5.6 .7 17 

o 
o 
o 
0 0 0 1 1 

nnn .0., P1 3 

U 93577 OE 

MT no 0, 07 03 

1 

3 5.3 

LLL 

This synchronous memory system accepts data on four 

parallel inputs (10 -13) and, controlled by two independ-

ent inputs (Read and Write), presents the "youngest" 

word that has not yet been read on the four outputs 

(Qo - Q3). It also provides status information on four 

outputs: Full, Almost Full, Empty, Almost Empty. 

Operation is synchronous and edge triggered on Data as 

well as Control inputs. It depends on the state of the 

lo -13, Read and Write inputs, and a setup time(30ns) 

before the rising edge of the clock that should not ex-

ceed 15 MHz at 50% duty cycle. 

There are four different modes of operation: 

W • R = WRITE — I is shifted into Q, the old informa-

tion in Q is shifted into R, the address counter is incre-
mented, and on the next clock Low period, the content 

of R is written into the new memory location. 

W • R = READ — Data in the wired-OR D is shifted into 

Q, the information in R is maintained, the address coun-

a 
Pe Oa to %Oa Orb', Oa 

322 MAO 
INPUT MuLtetERFR 

Z. Z zc 23 

1 I EMPTN 

ALMOST EMPW 

ALMOST PULL 

CONTROL OUTPUTS 

EMPTY 00 NOT READ 
ALMOST WAIN' ONE MORE TO REAP 

ALMOST 11/11 ONE MORE TO WRITE 
tULL - 00 NOT WRITE 

ter is decremented. If the previous clock cycle had ex-

ecuted a Write instruction, then D is controlled by the 

register R. If the previous clock cycle had been one of 

the other three modes, then D is controlled by the 

memory. 

W • R = READ & WRITE SIMULTANEOUSLY — Input 

data is shifted into Q; register R and address counter 

are maintained. 

W • Ti = DO NOTHING — No change. 

The control outputs allow normal computer "hand-

shaking", and also supply a warning signal one opera-

tion in advance. 

The synchronous up/down address counter is built as a 
shift register counter. This is both faster and more eco-

nomical than using 9366 binary counters. The non-

binary count sequence is no drawback in this applica-
tion, and the sacrifice of two of the 256 states is insig-
nificant. 
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93415 RANDOM ACCESS MEMORY 

DESCRIPTION AND OPERATION 

LEADS LOADING 

CS 
Ao 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

Ag 

A9 

DIN WE 

93415 
1024 WORD X 1.BIT 

READ ,VVRITE MEMORY 

Dour 

Ao 

Al   

A2 

Ag 

A4 

ADDRESS 
DECODER DRIVES ,),REs 

A5 A6 A7 AB Ag 

The 9341 5 is a fully decoded 1024-bit TTL read/write 

memory organized 1024 words by 1 bit. Bit selection 

is achieved with a 10-bit address Ao - A9. One Chip 

Select input is provided for memory array expansion up 

to 2048 words by using one external inverter. For larger 

memories, the fast Chip Select access time permits the 

decoding of Chip Select CS from the Address without 

affecting system performance. The read and write oper-

ations are controlled by the state of the active Low 

Write Enable WE. With WE held Low and the chip selec-

ted, the data at DIN is written into the addressed loca-
tion. To read, WE is held High and the chip selected. 

Data in the specified location is presented at DOUT and 

CS 

Ao - A9 

WE 

DIN 

DOUT 

Chip Select (Active Low) 

Address Inputs 

Write Enable (Active Low) 

Data Input 

Data Output 

INPUTS OUTPUT 

0.25 UL 

0.25 UL 

0.25 UL 

0.25 UL 

10 UL 

MODE 

CS WE DIN 

Open 

Collector 

H X X 

L L L 

L L H 

L H X 

H 

H 

H 

DOUT 

Not Selected 

Write Zero 

Write One 

Read 

is not inverted. Uncommitted collector outputs are 

provided to allow maximum flexibility in output connec-
tion. In many applications such as memory expansion, 
the outputs of many 93415s can be tied together. In 

other applications, the wired-OR is not used. In either 

case, an external pull up resistor must be used to pro-
vide a High at the output when it is off. RL is calculated 
using the same formula as shown for the 93410. 

The primary advantages of the 93415 over the 93410 

are higher density and lower power achieved by making 

a speed tradeoff. Refer to data sheet parameters to de-

termine specific advantages in each application. 

7-14 



READ ONLY MEMORIES 

Read only memories are fixed-contents memories used for 

random code conversion, for table look-up of certain mathe-

matical functions (multiplication, sine log) and for storing 

and decoding microinstructions. 

BIPOLAR ROMs 

Bipolar ROMs offer fast operation, high output drive capa-

bility, and operate from a single +5 V supply. Fairchild offers 

two mask-programmed bipolar read only memories — the 

93434, organized 32 words by 8 outputs, and the 93406, 

organized 256 words by 4 outputs. Both have open collector 

outputs, chip select inputs (programmable on the 93406) and 

a through delay of 50 ns max. 

MOS ROMs 

Fairchild also offers a silicon gate MUS read only memory, 

the 3524, organized 512 words by 8 outputs. MUS offers 

greater packing density and lower cost per bit at the expense 

of an extra supply voltage (-12 V), lower output drive capa-

bility and considerably longer access time (650 ns max). The 

64 x 5 x 7 and 64 x 5 x 9 silicon gate MUS character gener-

ators (3257, 3258, 3260) are specialized ROMs with on-chip 

counters, used to display 64 ASCII characters on raster scan 

television displays. 

EXPANDING ROMs 

The two popular ROM formats, 32 words by 8 outputs, and 

256 words by 4 outputs, often have to be expanded into bigger 

arrays with more addresses and/or more outputs. How to do 

this efficiently is explained in the applications of the 93434/ 

93406 ROM. 

CHANGING THE ROM FORMAT 

Many applications need more addresses, but fewer outputs, 

or they need fewer addresses, but more outputs than provided 
by the available ROMs. Applications are included to show 

how the format of the 93434/93406 ROM can be modified 

to meet these requirements. 

SELECTIVE POWER DOWN 

The power consumption of large ROM arrays can be reduced 

significantly by applying power, Vcc, only to the selected 

ROMs. However, this technique increases the access time. 

7-15 



93434 READ ONLY MEMORY 

DESCRIPTION 

E 

AD 

Al 
93434 

A2 32 WORD X 8-BIT 
43 READ ONLY MEMORY 

A4 

oo 01 0 0 04 0 0 07 

111 1111 

Ao 42 

LEADS 
LOADING 

HIGH LOW 

Ao- A 4 

É 

00 - 07 

Address Inputs 

Enable (Active Low) 

Outputs 

2 UL 

2 UL 

0.C. 

1 UL 

1 UL 

6.25 UL 

Propagation delay or Ax to Ox , 30 ns (tYO). 50 ns (max) 

A, A4 

ADORE SS BUFFERS 

AD A3 A, AI 42 A-2 A3 43 A4 4. 4 

OF 32 
ADDRESS DECODER 

32 • 8 BIT 
PROGRAMMABLE ARRAY 

OUTPUT BUFFERS 

OD 02 03 

The 93434 is a 256-bit bipolar TTL read only memory, 
organized as 32 8-bit words. The words are selected 
by five address lines with full decoding included on the 
chip. The eight outputs are uncommitted collectors 
which may be wired-OR with other ROMs or other TTL 

04 05 06 0 7 

logic devices. When the active Low Enable (Chip Select) 
input is High, all outputs are High. The contents of the 
memory are permanently programmed to customer 
order. 
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93406 READ ONLY MEMORY 

DESCRIPTION 

rE 
A, CS 

A1 

67 

63 93406 
256 WORD X 4 BIT 

READ ONLY MEMORY 64 

65 

66 

67 
0 0 0 1 0 2 0 3 

•CS2 

A7 - 

6 6 - 

A3 - 

A2 

A, 

1 OF 32 

DECODER 

LEADS 

LOADING 

HIGH LOW 

AO - A 7 
CS,CS2 

00 - 03 

Address Inputs 

Chip Select Inputs 

Outputs 

1 UL 

1 UL 

Open 

Collector 

0.5 UL 

0.5 UL 

9.3 UL 

Propagation delay CS or Ax to Ox 30 ns (nip). 50 ns (max) 

1024 BIT CELL 

32 d 32 
MEMORY MATRIX 

I 1 OF 8 

DECODER 

1 OG 

DECOUFF 

•Chip Select level is programmable per customer requirements. If not 

specified, CS I and CS 2 are active Low. 

The 93406 is organized 256 words by four bits, with 

eight address inputs and full decoding on the chip. 

Chip Select leads are programmable to customer selec-

tion of any of four patterns thus reducing external de-

coding requirements. When the Chip Select logic is not 

True, all outputs are High. Refer to the Fairchild TTL 
Catalog or 93406 data sheet for details on user gener-

ated truth table format. 
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93434/93406 READ ONLY MEMORY APPLICATIONS 

EXPANDING ROMs — INCREASING THE NUMBER OF OUTPUTS 

AO • 

A1 

A2 

43 

A4 

o 

Ao 

A, 
93434 

47 31 WORD X 8 RI' 

A3 RIAD ONLY MEMORY 

A4 

00 0, 0 0 04 05 06 07 

'liii '' I 
oo 0 2 0 4 0 6 

0 1 0 3 05 07 

o 
E 

AO 

A1 
93434 

A2 31 WORD X 8-RIT 

A3 READ ONLY MEMORY 

A4 

Oo 01 02 004 0 06 07 

1 1 1 1 1 1 
08 010 012 0 14 

09 0,1 013 0 16 

EXPANDING ROMs — INCREASING THE NUMBER OF ADDRESSES 

A, 

AO 

A1 

A2 

A3 

44 

E 

Ao 

Al 
93434 

A2 32-WORD X 8-BIT 
A3 READ ONLY MEMORY 

A4 

00 01 02 0304 05 08 07 

Ao 

A, 
93434 

A2 32 WORD X 8.811 
A3 READ ONLY MEMORY 

44 

00 0 1 0 7 0 30 4 0 50 6 0 7 

The open-collector outputs are OR-wired and the addi-

tional address bit is used to select the individual ROM. 

This concept can be expanded to more parallel ROMs. 

00 

0, 

02 

03 

04 

05 

06 

07 

The 93434 then requires a decoder to control the Enable 

inputs, while the 93406 can decode two address lines 

with its programmable chip select. 
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93434/93406 READ ONLY MEMORY APPLICATIONS 

CHANGING THE ROM FORMAT — MORE ADDRESSES, FEWER OUTPUTS 

64 WORDS BY 4 OUTPUTS ROM 

512 WORDS BY 6 OUTPUTS ROM 

93034 
A2 32 WORD X 8.611 
A, READ ONLY MEMORY 

0 0 0 1 0 2 0304 0 5 0 6 0 7 

114 /00 /15 10, 1 r 1o. 11a 

9372 OUAD 
S 2 INPUT MULTIPLEXER 

26 1„ 7, 

A0 Cs (PROGRAMMED/ 

A7 

A3 93006 
256 WORD X 4 611 

44 READ ONLY MEMORY 

As 

A6 

A7 
uo 01 02 03 

J L 

Ac CS (PROGRAMMED/ 

A, 

A7 

A3 93406 
156 WORD X 4 BIT 

A4 READ ONLY MEMORY 

46 

A6 

A' 00 0 1 0 0 

40 CS (PROGRAMMEDI 

A, 

A7 

A3 93406 
256 WORD X BIT 

A4 READ ONLY MEMORY 

A6 

A6 

00 0, 07 O 

0—We  

vcc 

The 93434 32 x 8 ROM can be converted into a 64 x 4 

ROM by using a quad 2-input multiplexer (9322). A 
High level on the El input forces all outputs High, but a 
High level on the E2 input overrides and forces all out-

puts Low. 

Three 256 x 4 ROMs can be interconnected to form a 

512 x 6 ROM without wasting any bits. This concept 

can be modified to efficiently provide many other un-

conventional configurations. 
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93434/93406 READ ONLY MEMORY APPLICATIONS 

CHANGING THE ROM FORMAT — MORE OUTPUTS, FEWER ADDRESSES 

2e0 

100, 

330u 

CS1 

CS2 

Ao 

A, --. 

A? 

43 

A4 — 

A5 

46 

Ao CS (PROGRAMMED) 

A, 

A2 

Aj 93406 

156 WORD 4-13IT 
AA READ ONLY MEMORT 

Ab 

AE 

A 7 
01 02 03 

PE le° °I 02 03 
J 

9300 
CV 4 BIT UNIVERSAL 03 

SHIFT REGISTER 
—0 IT 

MR c¡ Or  

00 01 02 03 

A 256 x 4 ROM can be converted into a 128 x 8 ROM, 

but this change in format requires two ROM access 
operations for each code conversion. A 5 MHz oscillator 

vcc 

9300 
Cl'4 BIT UNIVERSAL 03 0— 

SHIFT REGISTER 

,̀4 0 5 OR 07 

is used to modify the address, and two 4-bit universal 

registers (9300) assemble the output information. This 

increases the apparent access time to 200 ns. 
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Registers 

Quad D Flip-Flop and Dual 2-Bit Register 

Left/Right Shift Register 

Serial-to-Parallel Converter 

Dual Input Shift Register 

Recirculation 

Edge Detector with Storage 

Parallel-to-Serial Converter 

Variable Length Shift Register 

Serial Memories 

Multiplexed 7-Segment Count and Display 

Modulo 16 Counter 

Pseudo-Random Sequence Generators 

Arithmetic Logic Unit 

First In/First Out Memory 
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REGISTER SELECTION GUIDE 

S — Synchronous 

A — Asynchronous 

P — Preset (Asynchronous ones transfer only) 

Function Device 

# 

of 

Bits 

Serial 

Entry 

Parallel 

Entry 

# Of Bits 

# Of 

Outputs 

# Of 

Clocks 

Clock 

Edge 

Max. 

Clock 

Freq. 

MHz (typ) 

Clock To 

Output 

Delay,ns 

(typ) 

Power 

Dissipation 

mW (typ) Leads 

Parallel In 9300,74195 4 Ji R 4 S 4 + 1 1 __I—  38 16 300 16 

Parallel Out 93H00 4 J, R 4 S 4 + 1 1 __I—  55 12 325 16 

Shift Right 93L00 4 J,R" 4 S 4 + 1 1 __I—  17 28 75 16 

93S00,74S195 4 J,K 4 S 4 + 1 1 __I—  105 10 350 16 

93H72 4 D 4 S 4 + 1 1 __I—  60 12 475 16 

93178,74178 4 D 4 S 4 1 — 1_ 39 23 230 14 

93179,74179 4 D 4 S 4 + 1 1 L. 39 23 230 16 

93199,74199 8 J,K 8 S 8 2 (OR) _I—  35 20 360 24 

9395,7495 4 D 4 S 4 2 (SP) — I__ 36 20 195 14 

9396,7496 5 D 5 P 5 1 __I—  10 25 240 16 

Parallel In 93194,74194 4 DB,DL 4 S 4 1 ___(— 36 17 195 16 

Parallel Out 93S194,74S194 4 DR.DL 4 S 4 1 __I—  105 10 425 16 

BiDirectional 93198,74198 8 DB,DL 8 S 8 1 _.I—  35 20 360 24 

Serial In 93164,74164 8 DA OR DB 8 1 _I—  36 19 185 14 

Parallel Out 

Parallel In 9394,7494 4 D (4 - 4) P 1 1 _I—  10 25 175 16 

Serial Out 93165,74165 8 D 8 A 1 + 1 2 (OR) __I—  26 19 210 16 

93166,74166 8 D 8 S 1 2 (OR) __F. 35 20 360 16 

Serial In 9328 16 2X 2 + 2 3 (OR) _I—  30 17 300 16 

(2-Input MUX) 
Serial Out 93L28 16 2X 2 + 2 3 (OR) __I—  15 42 80 16 

(2-Input MUX) 

9391 8 DA AND DB 1 + 1 1 __I—  18 25 175 14 

Multiport Register 9338 8 D 2 1 __I-- 25 23 425 16 

93S39 8 D 3 1 _I—  16 
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REGISTERS 

INTRODUCTION 

Registers are data storage devices that are more sophisti-

cated than latches. They use edge triggered flip-flops (see 

the SSI Chapter for detailed descriptions) and are there-
fore non-transparent, i.e., the outputs change as a result 

of a clock edge according to input signals that were present 

before this clock edge. Outputs can therefore be fed back 

to inputs without incurring any race conditions. (The asyn-
chronous data inputs of the 9394 and 9396 registers do 

not follow this rule and must be used more carefully.) 

There are 13 registers in the Fairchild TTL/MSI family, 

and they can be classified into four groups. 

• 4 and 5-bit general purpose shift registers for general stor-

age, shifting, counting and code conversion. 

• 8-bit shift registers for parallel-to-serial and serial-to-
parallel conversion. 

• 8 and dual 8-bit (16-bit) shift registers for serial data 

storage. 

• An 8-bit multiple port register for multiple access storage. 

The selection guide summarizes the features of all of these 

registers. The largest number of registers are in the 4-bit 

general purpose category. 

9300, 93L00, 93H00, 93S00 4-Bit Shift Registers 

1 1 H 

—0 

Pt Po P, P7 P3 

.1 
9300 

CP SPIFT REGISTER 

03 

rvIR ao al 02 03 

1 H 1 

The 9300 is a universal 4-bit shift register with serial and 

parallel synchronous operating modes. It has parallel inputs 
and outputs on each stage, a complement output on the last 
stage, an active Low overriding Master Reset and JR input 
configuration for increased functional capability in the serial 

mode. The 93L00 is the low power version (10 MHz at 
75 mW) of the standard 9300 (38 MHz at 300 mW). The 

93H00 is the high speed version (55 MHz at 325 mW). The 

93S00 is a super high speed Schottky TTL version (100 MHz). 

The 93L00, 93H00 and 93S00 are all logic equivalents to the 

9300. 
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REGISTERS 

93H72 4-Bit Shift Register With Enable 

The 93H72 is a 60 MHz shift register similar to the 9300 

with three synchronous modes of operation: Shift, Parallel 

Load and Hold (do nothing). (The 9300 cannot "do nothing" 
without sacrificing its parallel load capability, but it has a 

more flexible serial input structure, JR.) The device has 

parallel inputs and outputs on each stage, an overriding 
active Low Master Reset and a single line D-type input for 

serial data entry. A High on the Enable input overrides shift-

ing and parallel load and holds information in the register. 

The synchronous parallel load capability of the 9300 (93L00 

and 93H00) and 93H72 makes these devices flexible and 

easy to use for a wide variety of applications. The 9300 or 

variations (93L00, 93H00) are preferred for applications 
where the serial JR input flexibility is needed or where power 

and speed requirements dictate its use. The 93H72 should 

be used when information must be parallel loaded, shifted 

and held. 

9395 4-Bit Shift Register 

—0 
—0 

PE PO PI '2 P3 
CP1 

CP2 9395 7495 

OS 
Clo 0102 03 

1 H 1 

The 9395 is similar to the 9300 or 93H72 in that parallel 
and serial data operation is synchronous. However, unlike 
the 9300, the 9395 has two active Low clocks that provide 
independent clocking for serial and parallel data entry. Also, 

the mode polarities are reversed from those of the 9300, 

with parallel data entry occurring when the mode line (PE) 
is High on the 9395 (Low on the 9300). 

Since the 9395 shifts and loads synchronously it is as flexible 

in this respect as the 9300, 93L00 and 93H72. However, 
mode change restrictions, the lack of a Master Reset, Jr< 

inputs and non-standard clock polarities (outputs change on 
a High-to-Low transition) must be acceptable. In some cases 
the independent clock control for serial and parallel opera-

tion, and the high output drive capability (10 unit loads) can 
be used to advantage. 

9394 And 9396 4 And 5-Bit Shift Registers 

1 1 1 1 1 1 1 1 1 PLI P IA P2A P 1B P2E1 PIC P2C Pip P2D 

PL2 9394 5494 7494 

  Ds 4 BIT SHIFT REGISTER 

CF CL OD 

PO P1 P2 P3 P4 

9396 7496 

OD 0 1 0 2 03 04 

11111 

The 9394 and 9396 are 4 and 5-bit shift registers with syn-
chronous shifting and non-synchronous ones transfer parallel 

data entry. Both registers are resettable and both have pos-

itive edge clocks, D-type serial inputs and output drive capa-

bilities of 10 unit loads. When the parallel load control is 

activated, ones on the parallel inputs force the register bits 

to one, but the parallel inputs cannot force the register bits 
to zero. Two parallel load controls and two sets of inputs 
are provided on the 9394 to facilitate parallel ones transfer 
from two data sources. But, in order to accommodate the 
extra set of inputs, only the output of the last register bit is 

brought out. Outputs are available from each stage of the 
9396. 

The ones transfer type of parallel data entry lends itself to 
asynchronous ones-catching applications but is cumbersome 
for data entry since the registers must be reset (through the 

asynchronous reset or through the serial entry of zeros) before 
loading parallel data (ones). The 9396 is the only 5-bit shift 
register available and can save packages in certain applica-

tions. 
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REGISTERS 

93164 Serial-To-Parallel And 93165 

Parallel-To-Serial Converters 

D 

93164 

CP 
MR CIO 0 1 0 2 0 3 04 0 5 06 0 7 

The 93164 and 93165 devices are 8-bit shift registers 

designed for parallel/serial conversions. The 93165 is a 

parallel-to-serial converter or 8-bit shift register with non-

synchronous parallel data inputs, synchronous serial opera-
tion, negation and assertion outputs from the last stage and 

positive edge ORed clock inputs. In addition to the basic 
parallel-to-serial function, this register can be used as a 

serial storage register where a special code must be inserted 

in parallel. The 2-input OR clock can be used to combine 

two independent clock sources, or one input can act as a 

clock enable (active Low). 

The 93164 is a serial-to-parallel converter or 8-bit shift regis-

ter with outputs from each stage, AND-type serial data input, 

positive edge clock and active Low overriding Master Reset. 

The 93164 can be used in many applications to replace two 

4-bit shift registers if parallel entry is not necessary. 

9328 And 93L28 Serial Storage Registers 

D I DS DO D1 071-

8 BIT SHIFT 
REGISTER 1 07 

9328 

MR 

-D CF 
Ds Do 

9328 
8 BIT SHIFT 

REGISTER 2 

MR 

These devices are long registers without parallel outputs 
suited for serial data storage. The 9328 is a dual 8-bit shift 
register and the 93L28 provides the identical function in a 

low power version. Each 8-bit shift register has a True and 
Complement output available on the last stage, a 2-input 

multiplexer with data control on the input for data source 

selection and a 2-input OR clock input. Both registers have 

a common clock obtained by internally tying one input of 

each clock OR gate together, and an overriding asynchronous 

Master Reset. 

9391 8-Bit Shift Register 

ils 

9391 

CT 

The 9391 is an 8-bit shift register with D-type AND serial 

input, complementary outputs and a positive edge clock. It is 

an alternative to the 9328 when only eight bits of serial stor-

age are required and when non-standard power leads and the 

lack of a Master Reset can be tolerated. 

9338 8-Bit Multiple Port Memory 

I I d 
AD DA CT SLE 

AI 

A2 

BO 

B1 

B2 

CO 

Cl 

C2 

933B 
BIT 

MULTIPLE 
PORT 

REGISTER 

78 2c 

I I 

The 9338 is an 8-bit multiple port register. Data can be 

written into any one of the eight bits and read from any two 

of the eight bits independently. The device features master/ 

slave operation, so that data is written when the clock is Low 

and read when the clock is High. The device is designed for 

use as a 1-bit slice of eight or more working registers/accumu-

lators, or in scratch pad memory applications in a three 

address processing unit. 

Three address fields are provided: one write field (A0A1A2) 
for data entry and two read fields for data readout (BoBi B2, 

CoCi C2). Data on the input is routed to one of eight 
latches by the write address code Ao, A1, A2. Data from 
any one of these latches can be read out through a slave latch 
on the ZB output by applying the desired read address to Bo, 
B1 and B2. Independently, data also can be read out 

through a slave latch on Zc from the latch addressed by 

Co, C1 and C2. Because of the master/slave operation, the 

write address can be the same as one of the read addresses 
without incurring a race condition. The Slave Enable control 

(SLE) overrides the clock to the slaves. If SLE is Low, the 
slaves are enabled all the time. 
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9300 SHIFT REGISTER 

DESCRIPTION AND OPERATION 

LEADS LOADING 

PE 

Pei ,P2,P3 

CP 

MR 

Q0,Q1 ,C12,Q3 

Q3 

PE 

C P 

MR 

Parallel Enable (Active Low) Input 

Parallel Inputs 

First Stage J (Active High) Input 

First Stage K (Active Low) Input 

Clock (Active High Going Edge) Input 

Master Reset (Active Low) Input 

Parallel Outputs 

Complementary Last Stage Output 

PO 

00 al 0 2 03 

D CI 

CD 

The 9300 4-bit Shift Register is a general purpose, 

sequential MSI unit. Operation of the 9300 Shift Reg-
ister is indicated by the logic diagram shown here. The 

device has four clocked master/slave flip-flops with 

D inputs. The D input of each stage can be switched 

between two logical sources by the Parallel Enable (PE) 

2.3 UL 

1 UL 

1 UL 

1 UL 

2 UL 

1 UL 

6 UL 

8 UL 

P2 

DC O20  

CPSHIFT REGISTER 

—0 03 
MR C10 CI 0 2 03 

I ill 
I D _  PP PO PI P2 P3 

9300 

P3 

CD O  

input. When the PE input is Low, the D inputs of the 

four stages (00, Ci l, Q2 and (13) are connected to the 

parallel inputs (Po, P1, P2 and P3). These inputs 

determine the next condition of the shift register syn-

chronously with the clock. With the PE input Low, the 

element appears as four common clocked D flip-flops. 



9300 SHIFT REGISTER 

MODE SELECTION/DATA ENTRY 

MR PE J k (10 al 02 Q3 

LXXXLLL 

H hhhH go g1 
H h I I L (10 q1 

H h ht 40 q0 c11 

H h lh go go q 1 

H / X X PO PI P2 

L Asynchronous Reset 

q2 Shift, set first stage 

q2 Shift, reset first stage 

q2 Shift, toggle first stage 

q2 Shift, retain first stage 

P3 Parallel load 

Lower case letters describe the state of the input or output) 

one set-up time prior to the Low to-High clock transition 

When the PE input is High, the D inputs of stages al 
02 and 03 are connected to the outputs of Q0, Qi, 

Q2 respectively, forming a 4-bit shift register. The D 
input to stage Q0 with PE High is obtained from the 
J and k inputs via gating elements to produce the action 

of the first stage as shown in the truth table. As a result, 
the shift register performs a 1-bit shift for each clock 
input. In both the serial and parallel modes the outputs 
change state after the Low-to-High clock transition. All 

stages are set to zero when the Master Reset (MR) 

input is Low, regardless of any other inputs. 

Except in response to the Master Reset input, the out-

puts of the 9300 shift register change only on Low-to-
High transition of the clock input signal. As a result 

of this synchronous operation, much less external logic 
is required in most applications. The logic operation 

performed is determined by the logic levels on the J, 

K P or PE inputs and set up time before the rising 

edge of the clock (non ones-catching). There is no 

other restriction on the activity of those inputs. 
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9300 SHIFT REGISTER APPLICATIONS 

QUAD D FLIP-FLOP OR DUAL 2-BIT REGISTER 

DA 0 13 

Do DI 02 03 

CLOCK 

1 1 1 1 
1 0..._ PE P0 P1 P2 P3 

CP 
9300 

SHIFT REGISTER 

03 03 
MR 00 0, 02 03 

TI III 
Qo cli Q2 0 3 

As mentioned earlier, when the 9300 is operated in 

the parallel mode it appears as four common-clocked 
D flip-flops. These four flip-flops can be externally 

CLOCK 

PF Po P1 P2 P3 

9300 
CP SHIFT REGISTER 

03 
MR 00 0 ' 03 Q3 

0 A2 0 82 

interconnected to form other combinations as in the 

dual 2-bit configuration above 

LEFT/RIGHT SHIFT REGISTER 

LSFIS SELECT ILOW LSi 

LS DATA INPUT 

RS DATA INPUT 

MASTER RESET 

CLOCK 

o 
PE 

CF 

K MR 

o 

PO IPI I P2 P3 
I 

9300 SR I 

03 
0011 0 2 0 3 

Ii II 

o 

 o 

PE POI PI IP2 

CF 93010 SR 

K 00 101 :0 
03 

03 

The synchronous parallel inputs of the 9300 can be 
used to produce a register that shifts left or right on 
each clock. As shown above, each 9300 has the Q1, 
02 and Q3 outputs connected to the Po, P1, P2 

11— RS DATA OUT 

 LS DATA OUT 

LS = LEFT SHIFT 
RS = RIGHT SHIFT 

inputs respectively so that each element now shifts 
right when the Parallel Enable is High and left when it 
is Low. For left shifting, Qo is the serial data output 

and P3 is the serial data input. 



9300 SHIFT REGISTER APPLICATIONS 

SERIAL-TO-PARALLEL CONVERSION 

SERIAL DATA 

INPUT 

PE PO PI P2 P3 

9300 
CP SHIFT REGISTER 

03 

MR 00 01 0 2 0 3 

CLOCK 

MASTER RESET 

•••• DATA 

READY 

The 7-bit serial-to-parallel converter shown counts the 

incoming data bits with a zero marker so that a High 

signal results on the data ready line when the next 

seven bits of data are present on the seven data output 

lines. When the register is full, a zero marker bit has 

reached the last position of the register and provides a 

vcc 

PE PO PI P2 '3 

9300 
CP SHIFT REGISTER 

03 

M 0 1 0 2 0 3 

DATA OUTPUT 

Low signal to the PE input so that on the next clock a 

parallel load takes place. The next data bit from the 

serial line plus the zero marker bit followed by ones is 

loaded to fill the register. The 03 output of the last bit 

in the register provides a signal indicating the register 

is full. 

SERIAL-TO-PARALLEL CONVERSION WITH HOLDING REGISTER 

MASTER 

RESET 

SERIAL DATA 

INPUT 

Vcc 

1/2 9024 

CP 

 0 K 

SD 0 

D 

o 
PE PO PI P2 P3 

9300 

Ce SHIFT REGISTER 

O 

MR GO 01 02 03 

o 

o— 

 o 

o 

PE Po P1 P2 P3 

9300 

CP SHIFT REGISTER 

MR 00 01 0 2 0 3° 

o 

Do-
1,6 9016 

CLOCK 

0— 

— D °  

1 4 9002 

- 0 

PE Pp PI P2 P3 
.1 

9300 

CP SHIFT REGISTER 

03 

NiA 00 01 0 2 0 3 

o  10_ PE Po Pi P2 P3 

9300 

CP SHIFT REGISTER 

03 

MR CIO 01 0 2 0 3 

1 1 1 1 1 I 1 1 

This figure shows an 8-bit serial-to-parallel converter 

with two 9300s used as a holding register so that the 
parallel data is available for more than one bit time. 

The 03 output of the last bit position of the serial-to-

PARALLEL OUTPUT 
DATA 

CHANGF 

parallel converter gates the clock into the holding reg-

ister. A High-to-Low signal change on the data change 
output line indicates that the next eight bits of data are 

present at the parallel output. 
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9300 SHIFT REGISTER APPLICATIONS 

DUAL INPUT SHIFT REGISTER 

DATA INPUT 2 

SOURCE SELECT 

DATA INPUT 1 

DATA CLOCK 

CV‘TÀ 

OUTPUT DATA 

For shifting data into a register from two sources, the 

synchronous parallel load capability of the 9300 is 
useful. The circuit has a 4-bit register with the 00, C11 

and 02 outputs connected to the P1, P2 and P3 inputs 

so that right shifting occurs independent of the PE 

input. The PE input thus selects either the Po or the 

..1Z1 inputs to the register. 

SHIFT/HOLD CAPABILITY 

SHIFT HOLD 

DATA 

INPUT 

CLOCK — 

CF 

o 

PE Po PI P2 P3 

9300 
SHIFT REGISTER 

MR OD 01 02 03° 
o  OUTPUT 

OUTPUT 

The synchronous parallel load also can provide a shift 

enable capability by connecting the register outputs to 
the same weighted parallel input as above. With the 
Parallel Enable High, information normally shifts right. 

When the Parallel Enable is Low, register data is re-

loaded continuously on each clock to hold data. The 
93H72 is better suited for this application since it can 

hold data without sacrificing the parallel load capability. 

RECIRCULATION 

NEW DATA 

ENTER CIRCULATE 

CONTROL 

CLOCK 

O 

PE Po P P P3 

o 

9300 
CF SHIFT REGISTER 

03 

MR 00 0 0 2 0 3 

O  

DATA OUT 

One obvious use of the 2-input shift register is to use 

one input for new data and the other for recirculation 

with the Parallel Enable input acting as an enter/ 

circulate control as shown. With these connections, 
four clock periods are required to recirculate data. 

EDGE DETECTOR WITH STORAGE 

CLOCK 

RECIRCULATE , M -ATIt 

4 9002 

ij 1 4 9002 

— 0  

PC Po F. P2 P3 

J 
9300 

CF SHIFT R GISTER 

K MR 00 01 07 03 
o  

' I 1/4 9002 

IT 

In this circuit, the four D flip-flops obtained by opera-

ting the 9300 in the parallel mode form an edge detec-
tor plus a circulating storage bit. The positive transition 
of the input is detected and a one is stored in the recir-

culating storage bit as a flag bit to indicate that the 
edge has occurred. The edge is detected by decoding the 
information in the 2-bit shift register 02, 03. The 

register holds input information during two clock 
periods so that when a Low-High sequence appears 
(corresponding to an edge) a one is inserted into the bit 

of recirculating storage (Q1). The one will recirculate 

until the clear line is brought Low. The unused first flip-

flop could serve as a storage bit for the carry of an 

arithmetic operation or as an extra bit of shift register 

if the clock and reset signals are compatible. 
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9300 SHIFT REGISTER APPLICATIONS 

PARALLEL-TO-SERIAL CONVERSION 

PARALLEL INPUTS 

CLOCK 

RESET 

CL ELf 

a 

PE F. PI P, Pj 

9300 
CF 011IF 1 REGISTE9 

03 

MR 00 0 02 0 3 

SERIAL OUTPUT DATA 

, RA.LE,_ ',PUTS 

SD 

1. 2 

P 9024 

CD 

o 0-
0-0 

PF Pc +, 

9300 
CF ShIFT REGISTER 

11 03 
MR 00 0 02 

aE 

9300 
CF SHIFT RIGISTER 

cloO 02 03 a 
Q 

900 

Figures a and b above show two parallel-to-serial con-
version circuits. The circuit on the top is a 7-bit con-

verter which illustrates the approach used when the 

number of bits to be converted is one less than an in-
tegral multiple of four bits. The circuit on the bottom has 
an additional flip-flop to produce an 8-bit converter. 

One additional gate is used in both circuits to time the 

conversions so that a marker bit can be used to deter-
mine when the next parallel input must be loaded. The 

parallel load enable (PE) input to the shift register(s) 

is activated in both circuits when the shift register 
contains ones in all but the last two positions. At this 

time, the last position contains the last data bit for serial 

output from the previous parallel load, and the next-to-

last bit contains a 0. Until this 0 was shifted into the 
next-to-last position, it held the PE input High during 
the shifting out of the data. The output of the gate 

driving the parallel load enable now goes Low so that 

TrerA 

SERIAL OUTPUT DATA 

on the next clock the next parallel data word will be 

loaded along with a new zero marker bit. 

This converter uses a zero marker bit to count the data 
bits shifted out. After the parallel load, (which loads a 

zero followed by seven data bits), each shift brings in a 

one. When the register contains six adjacent ones, the 

output of the last stage is the last data bit from the pre-

vious load. At this time, the gate output becomes Low, 

enabling a load on the next clock. 

The 8-bit shift register shown uses the two 9300 shift 

registers and half of a 9024 flip-flop. When the first 

seven bits of this register are ones the 9007 gate is en-
abled. The output of this gate enables the Parallel Load 

of the 9300s and supplies a zero input to the flip-flop 

so that on the next clock the register is loaded with a 
zero followed by eight bits of data. Seven clocks after 
the parallel load, the last data bit is in the last position. 

The Fairchild 9300 4-bit shift register is a general purpose 
sequential building block not limited to register operation 

but useful in a wide variety of sequential digital applications. 

It can be used in many counting circuits including simple 
counters, variable modulo counters, up/down counters and 

increment/decrement counters. These applications are illus-

trated and described in counter applications. The 9300 
can be used for BCD-to-binary and binary-to-BCD conver-

sion as described in operators. 
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93164 8-BIT SERIAL TO PARALLEL CONVERTER 

DESCRIPTION AND OPERATION 

LEADS LOADING 

A, B 

MR 

Q0 - 07 

CP 

MR 

CF 

Serial Data Inputs 

Master Reset (Active Low) Input 

Parallel Outputs 

Clock (Active High Going Edge) Input 

Ds 

93164 

CF 
MR 00 01 02 03 04 0 5 06 0 7 

11111111 

—0 CF 

00 s 

—0 CF 

0 0 0-- R 
CL 

01 

01 
CL 

1 UL 

1 UL 

5 UL 

1 UL 

—0 

0— 

CF 

CL 

0 2 

0 2 

CHARACTERISTICS 

TYPICAL SPEED 

TYPICAL DELAY 

PACKAGE 

TYPICAL POWER DISSIPATION 

CL 

03 • S 

—0 CF 

03 R 04 
CL 

t n 

36 MHz 

20 ns 

14-lead DIP or Flatpak 

180 mVV 

tn+1 

A 00 

H 

H 

H 

H H 

tn = present state 

tn+i = state after next clock 

-0 CP 

05 
CL 

o 

05 

—0 CF 

CL 

06 

06 

06 

CF 

CL 

The 93164 is an 8-bit shift register with serial data 
entry. The output of each stage is available. A Master 

Reset is also provided for asynchronously clearing the 
register. Data enters serially through one of two inputs 
(A or B). The unused line must be held High or both 

lines should be connected together. Each Low-to-High 

clock transition shifts the data one place to the right. 
Master Reset (MR) Low overrides all other inputs and 

asynchronously clears the register. 

0-

07 
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93165 8-BIT PARALLEL TO SERIAL CONVERTER 

DESCRIPTION AND OPERATION 

LEADS LOADING 

PL 

PO 

Ds 

CP 

Q7 

P7 

Parallel Load (Active Low) Input 

Parallel Inputs 

Serial Data Input 

Clock (Active High Going Edge) Inputs 

Serial Output from Last Stage 

Complementary Output 

2 UL 

1 UL 

1 UL 

1 UL 

10 UL 

10 UL 

The 93165 is an 8-Bit parallel load or serial-in shift 

register with Q7 and ed7 outputs available from the 
last stage. Parallel loading is accomplished asynchron-
ously when the Parallel Load (PL) input is brought Low. 
With the PL input in the High state, data enters the 

CHARACTERISTICS 

TYPICAL SPEED 

TYPICAL DELAY 

PACKAGE 

TYPICAL POWER DISSIPATION 

26 MHz 

20 ns 

16-lead DIP or Flatpak 

230 mW 

register serially at the D input and is shifted one place 

to the right with each positive-going clock transition. 

The clock has two inputs; either can be used as the 
actual clock input. The other input can then be used as 

a clock inhibit by holding it High. 
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9328 DUAL 8—BIT SHIFT REGISTER 

DESCRIPTION AND OPERATION 

D I °S 00 DI 

1/2 9328 ° 

CP 8 BIT SHIFT 
REGISTER 1 

MR 

-D CF 8 BIT SHIFT 

DS 00 0 1 

1/2 9328 

07 

REGISTER 2 (1 7 

MR 

o 

CP 

00 cl— ,1 01 
CD CD 

a 

CP 

R 02 
CD 

LEADS LOADING 

Ds 

Do, DI 

CP 

MR 

Q7 

S 0 

Data Select Input 

Data Inputs 

Clock (Active High Going Edge) Input 

Common 

Separate 

Master Reset (Active Low) Input 

Last Stage Output 

Complementary Output 

CP CP 

0, R 04 y 
CD c 

— r —   v— 1 — 

CD 

CP 

CV 

....) 

S C10 GI 02- 5 

...—. 

— 
D.— _ .p 

R 00 0— 

S 

_ p 
R 01 0—.. 

S 

_ c. 
0 2 0—  

0, 

.._ CP 
0 03 0—  

S 0.. 

.— 

0 0 ., 0—  

S os 

0 Os 0—  

s Os , 

—  Ce 

FI Os 0—  

0, 

--, , 

I., G, 0 — 

CD CO CO CO CO CO CO CO 

The 9328 dual 8-bit shift register features active pull 

up outputs, high speed, excellent noise margins and 

input clamp diodes that minimize the adverse effects 

of line reflections. 

The 9328 dual shift register includes two groups of 

eight clocked RS master/slave flip-flops and several 
gates. The logic symbol and loading rules are shown 

above. The two shift registers have both a common 

clock input (lead 9) and separate clock inputs (leads 7 

and 10). The clock OR gate drives the eight clock inputs 

of the flip-flop in parallel. When the two clock inputs 
(the separate and the common) to the OR gate are Low, 

the slave latches are inactive, but data can enter the 

master latches via the R and S inputs. If either clock 

input goes High with the other Low, or if both go High 

simultaneously, two things happen. Data inputs R and 
S are inhibited so a subsequent change in input data 

does not affect the master, and the information in the 
master is transferred to the slave. When the transfer is 
complete, both the master and the slave remain steady 
as long as at least one clock input remains High. 

During the High-to-Low transition of this last High 
clock input, the transfer path from the master to the 

slave is inhibited so the slave does not change its state. 

2.0 UL 

1 UL 

3.0 UL 

1.5 UL 

1.0 UL 

10.0 UL 

10.0 UL 

Also, data inputs R and S are enabled and new data can 

enter the master. Either clock input can act as a clock 

enable input and a logic Low signal enables the other 

clock input. The three clock inputs can be used in 

several ways: 

• One common clock for 16 bits and two separate 

clocks for eight bits each. 

• One common clock for 16 bits and two separate 

clock enables, one for each 8-bit shift register. 

• Two separate clocks and one common clock enable. 

Each 8-bit shift register has a 2-input multiplexer in 
front of the serial data input. The two data inputs, Do 

and D1 are controlled by the Data Select input Ds 

according to the Boolean expression: 

Serial Data In: So = DsDo + DsDi 

Both assertion and negation outputs of each 8-bit shift 

register are available for use. An asynchronous Master 

Reset (MR) with a Low logic level clears all 16 stages 
regardless of other inputs. 
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9328 DUAL 8-BIT SHIFT REGISTER 

RECIRCULATION DATA ENABLE 

DATA IN 

INSERT CIRCULATE 

CLOCK 

SHIFT ENABLE 

DS DO DI 

1/2 9328 07 
CF 8 BIT 

SHIFT REGISTER c , 

MR 

DATA DJ' 

The 9328 provides economical high speed serial stor-

age. It can accept data from any of two data sources 

via the 2-input multiplexers at the input of each 8-bit 

shift register. This figure illustrates how this capability 

is frequently used. With the setup shown, information 

continues to circulate through the feedback connection 
and new data is inserted at the required time by the 

Data Select control. 

MINIMUM INPUT PATTERN/TWO VARIABLES 

DATA DATA 

ENABLE IN 

CLOCK 

ONO 

The input multiplexer of the 9328 can be used as a data 

enable circuit, shifting zeros into the register whenever 

the Data Select input is Low. 

A B HIGH LOW 

I I I 

CF 

Ds Do Di 

1 2 9328 
8 BIT SHIFT 
REGISTER 

MR  

07 

0, 

FUNCTION DELAYED 
BY EIGHT BITS 

The input multiplexer of the 9328 can also be used to 
generate any one of the 16 theoretically possible func-

tions of the two variables A and B. The table shows how 

the three inputs Ds, Do and D1 must be connected for 

this purpose. 

CONNECTION TO 

FUNCTION Ds Do D1 

A LHLH 

BLLHH 

All Zeros  X L L 

A •B=A+B A L 

A • É B A L 

B H L 

À • B A B L 
A H L 

AB   A B 

A +B=A • B A H TI1 

A • B A L B 

ASB A B 
A A L H 

A + B B H A 
B L H 

A + B A H B 

A + B A B H 

All Ones X H H 

LLLL 

HLLL 

LHLL 

HHLL 

LLHL 

HLHL 

LHHL 

HHHL 

LLLH 

HLLH 

LHLH 
HHLH 

LLHH 

HLHH 

LHHH 

HHHH 
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9328 DUAL 8-BIT SHIFT REGISTER 

DATA INPUT SELECTION 

REGISTER 
ADDRESS 

ENABLE 

AO AI A2 A3 

9301 1/10 DECODER 

00 01 02 03 04 05 06 07 08 09 

1 1 1 1 1 1 

I I II I I 
INPUT 

CLOCK 

GND 

CP 

Os DO DI 

1/2 9328 0 
8 BIT SHIFT 
REGISTER 1 07 

MR 

ONO 

The use of Ds, Do, D1 to provide enable capability 
can be extended with a 9301 active Low output de-
coder to control data flow in a bank of eight shift regis-

REGISTER 0 

-D 
Ds Do 

1/2 9328 
CP 8 BIT SHIFT 

REGISTER 2 

MR 

07 

07 

REGISTER 7 

0— 

ters. In this circuit, data enters the selected register 
under control of the address of the 9301. Data recircu-
lates in the non-selected registers. 

SHIFT REGISTER SELECTION 

SHIFT 
ENABLE 
ADDRESS 

AO Al A2 ^3 

9301 1,10 DECODER 

CLOCK 

TRIWIEr 

INPUT 

One of the clock inputs on the shift register can serve as 
an active Low shift select control. The 9301 deter-
mines which shift register from a bank of shift registers 

DS DO D1 

1/2 9328 07 

CP 8 BIT SHIFT 
REGISTER 1 07 

} REGISTER 0 

} REGISTER 7 

can accept data inputs. The input clock loading of the 
9328 permits a single 9301 decoder to control 10 shift 
registers of up to 48 bits in length. 
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9328 DUAL 8-BIT SHIFT REGISTER APPLICATIONS 

SERIAL MEMORIES 

,V111F 

ADDRESS 
Y lITE I NABLE 

CLOCK 

A r 62 A3 

9301 I o DECODER 

Oc 0,02 03 04 05 06 07 08 09 

INPUT BUS 

ONO 

Ds Do CI, 

2 9328 7 

ce 8 BIT SHIFT 

REGISTER I 0 

MR 

ONO 

Ds Do DI 

12 9328 

CF 8 BIT SHIFT 

REGISTER 2 0 , 

MR 

ONO 

0— 

Ds Do 0, 

12 9328 

Ce 8 BIT SHIFT 
REGISTER I 

MR 

7 

GND 

0-

-D 
00 Or 

1 1 9328 

CP 8 BIT SHIFT 

REGISTER 2 07 

MR 

ONO 

ONO -D 

Ds Do I), 

1,2 9328 

CP 8 BIT SHIFT 
REGISTER 1 

MR 

OS 

ENABLE A 

52 

I° I, I 13 14 I I 17 

93, 
PAUL INPUT PAULL teLExER 

Z 

READ 

ADDRESS A 

OUTPUT BUS A 

0-

Do 01 a 

1,'2 9328 

CP 8 BIT SHIFT 
REGISTER 2 0 7 

MR 

GND 

Ds Do D 

1,2 9328 

CP 8 BIT SHIFT 
REGISTER 1 

MR 

al   

07 

GND 

Ds Do D 

1,2 9329 
cP 8 BIT SHIFT 

REGISTER 2 

MR 
03 

Shown is a circuit diagram of an 8-word by 8-bit serial/ 
parallel memory using eight 9328s. In this circuit, 
serial data enters any of the four 9328s. A 9301 1-of-

10 decoder determines which register the data enters 
and whether the data is old or new. The eight outputs 

ENABLE B 

E 43 r I I 16 Il 

9312 
8 INPUT MuLTIP EXER 

S2 

READ 

ADDRESS B 

OUTPUT BUS 

of the parallel shift registers are multiplexed by two 
8-input 9312s providing two serial independent output 
data streams, A and B. These data streams are then 
applied to additional serial processing logic. 
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9328 DUAL 8-BIT SHIFT REGISTER APPLICATIONS 

VARIABLE LENGTH SHIFT REGISTER 
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The 9328 can be used with other MSI devices as a vari-

able-length shift register. This example uses three 
9328s, three 9309 dual 4-input multiplexers and two 

9300 shift registers. This shift register can shift data 
to 31 locations with appropriate logic to the shift ad-
dress inputs. 

Data enters the first half of one of the 9309 multi-

plexers, governed by a circulate/enter control. The out-

put of this half of the 9309 then enters the second half 

in one of two ways: directly, if the required length regis-

T 

ONO 

Ds Do 

I 2 9328 
CF 8 fla SHIFT 

REGISTER 2 

MR 

Ds Do D, 

1/2 9328 

CP 8 811 SHIFT 
REGISTER I o7 

MR 

OUTPUT 

ter is even; or via a single shift delay if the required 
length register is odd. Then, the output of the second 

half of the 9309 multiplexer is fed directly to another 

9309 or via a 2-bit shift register if a shift of two places 
is required. 

This procedure continues with each half of each multi-
plexer switching the data either directly from a pre-

vious stage or via a binary-weighted shift to its output. 

The final output is fed back to the first multiplexer to 

provide circulation capability. 

8-18 



9328 DUAL 8-BIT SHIFT REGISTER APPLICATIONS 

VARIABLE LENGTH SHIFT REGISTER 
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A variable-length shift register with slightly different 

wiring is illustrated above. In this circuit, the first 
9300 permits two lots of data to enter: (1) the input in-
formation to the variable-length shift register, and (2) 

the variable-length shift register's final output (which 
recirculates through the circuit). To provide for these 

two inputs, the device is connected as a shift register 
in the parallel mode and the Parallel Enable line is 

used as a circulate/enter control. The second 9300 
does not have this dual entry mode of operation. These 

GRO 

GRO 

GAD 
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CP R BIT SHIFT 
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I j----
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,P 8 BIT SHIFT 
REGISTER 2 07 

MR 

OS DO 0107 

CP 8 BIT SHIFT 

MR REGISTER 2 0, 
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GRO 

SI 

S2 
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9 12 
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OtJfPLIT 

two 9300s constitute an 8-bit shift register. A 9312 
8-input multiplexer switches the outputs of the two 
9300s to provide variable-length shifting up to eight 

stages. The output of the 9312 is then fed to one of the 

eight inputs of a second 9312. The seven other inputs 
come from three and one-half 9328s which provide 

shifting in increments of eight bits. The address inputs 

of the two 9312 multiplexers can shift the incoming re-

the required number of places, up to a maximum of 64 
places. 
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9328 DUAL 8-BIT SHIFT REGISTER APPLICATIONS 

MULTIPLEXED 7-SEGMENT COUNT & DISPLAY CIRCUIT 
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Ds D0 DI 
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A counting multiplex display scheme for controlling 7-
segment numeric displays is shown here. The two 
9328 shift registers hold eight decades of information 
and each decade sequentially addresses a 9307 de-

coder which drives the segments of 7-segment displays 
via buffer transistors. The 9310 decade counters count 

to the desired value and when display is required, the 
recirculation loop is broken and the eight new decades 

1/2 9328 

CF 8 BIT SHIFT 

REGISTER 2 

MR 

0 

R80 

AO Al 8 2 8 3 LT RB 

9307 7 SEGMENT 

DECODER 

d 

TO SEGMENTS OF DISPLAYS 

VIA BUFFER TRANSISTORS 

of information are shifted into the shift registers. At 

any clock time, the character to be displayed is con-
trolled by two devices: a 9316 counter connected to 
divide by eight and a decoder with eight mutually ex-
clusive control lines. These control lines are usually 

buffered by transistors for each character. Low speed 
industrial counter applications are covered in counters. 
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9328 DUAL 8-BIT SHIFT REGISTER APPLICATIONS 

MODULO 16 COUNTER 

ONO 

The 9328 can act as a shift register counter in which 
several states are decoded and fed back to the input to 
force the register to pass through a loop of states. Only 
the last stage of each shift register is available so a 
limited number of counters can be built using one 9328. 
This figure shows one half of a 9328 connected as a 
modulo 16 counter producing a sequence of eight 
zeros and then eight ones. The counter must be initial-
ized since the same logic configuration could also pro-
duce other sequences; e.g., 010101, the sequence gen-
erated by a modulo 2 counter. The 9328 can also be 
used in increment/decrement counting schemes for 

multi-decade operations. This application is covered 
in counter applications. 

LONG PSEUDO-RANDOM SEQUENCE GENERATOR 

SIMPLE PSEUDO-RANDOM SEQUENCE GENERATOR 
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A simple pseudo-random sequence generator is illus-
trated. The circuit uses only two ICs and recirculates 
every 50 milliseconds with a 20 MHz clock frequency. 
The required feedback connection can be expressed as: 

Q2 ® Q19 = "52-C119 + Q2Q19. 

To provide this logic without additional gates, 02 is 
fed into the Parallel Enable of the 9300 shift register 
connected to act as a shift register even when parallel 
loading takes place. When 02 is Low, the input to the 
shift register is d19; when 02 is High, the input is Q19 
via the normal JR inputs. 
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1:2 1328 
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MR 

The 9328 can be used as part of a long shift counter to 
provide a pseudo-random sequence, as shown. This 
counter passes through 260-1 states, so many that 

Out MT! 

even at a frequency of 20 million states per second the 
counter would not repeat until more than 18 centuries 
had elapsed. 
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9338 8-BIT MULTIPLE PORT REGISTER 

DESCRIPTION AND OPERATION 

LEADS LOADING 
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The 9338 8-bit multiple port register can be considered 
a 1-bit slice of eight high speed working registers. 

Data can be written into any one and read from any two 

of the eight locations simultaneously. Master/slave 

operation eliminates all race problems associated with 

simultaneous read/write activity from the same loca-

tion. 

Timing of data transfer is similar to that of a standard 
master/slave flip-flop. When the clock is Low the slaves 

are held steady but the information on the D (data) in-
put is permitted to enter the selected master. The next 
Low-to-High clock transition locks the masters and they 

become insensitive to D and write address inputs. This 
rising clock edge also connects each of the two slaves 
to the selected masters, causing their contents to be 
reflected on the outputs. Therefore, outputs change 
following the Low-to-High clock transition as in most 

Fairchild TTL/MSI devices and TTL flip-flops. The Slave 

Enable (SLE) input can be used to defeat the master/ 
slave operation. If the Slave Enable line is held low 

Ao, A1, A2 

DA 

Bo, B1, B2 

ZB 

Co, Cl, C2 
Zc 

CP 

SLE 

Write Address Inputs 

Data Input 

B Read Address Inputs 

B Output 

C Read Address Inputs 

C Output 
Clock Active High 

Going Edge Input 

Slave Enable (Active Low) 
Input 

2/3 UL 

2/3 UL 

2/3 UL 

10 UL 

2/3 UL 

10 UL 

2/3 UL 

2/3 UL 

(SLE), the slaves are continuously enabled allowing 
immediate transfer of information from the selected 

masters to the outputs. 

The 9338 features master/slave operation permitting 
simultaneous read/write without race problems, easy 

expansion for larger word size and word count, typical 

power dissipation of 265 mW and two output lines al-
lowing two words to read simultaneously. The two out-
put lines mean both inputs to an arithmetic or logical 

operation may be provided from one register bank of 
9338s. Other characterisitics of the 9338 include 

high speed with typical delay from clock pulse to out-
put of 35 nanoseconds, TTL integrated circuitry with 

active pull up providing high speed with reasonable 

power consumption and excellent noise margins, in-

put clamp diodes to ground minimizing the effects of 
line reflections and input/output characteristics that 

provide easy interface with all Fairchild TTL and OIL 
devices. 
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9338 8-BIT MULTIPLE PORT REGISTER 

LOGIC DIAGRAM/FUNCTIONAL EQUIVALENT 
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The logic diagram for the 9338 is shown above. When 
the clock input (CP) is Low data applied to the data 

input line (DA ) enters the selected master. This selec-

tion is accomplished by coding the three write input 

select lines (A0,A1,A2) appropriately. Data is stored 

synchronously with the rising edge of the clock pulse. 

The information for each of the two slaved (output) 

latches is selected by two sets of read address inputs 

(Bo, B1, B2 and Co, C1, C2). The information 
enters the slave while the clock is High and is stored 

while the clock is Low. If Slave Enable is Low (SLE), 

the slave latches are continuously enabled. The signals 

are available on the output leads (ZB and Zc). The 
input bit selection and the two output bit selections can 

be accomplished independently or simultaneously. 
The data flows into the device, is demultiplexed accord-

ing to the state of the write address lines and is clocked 
into the selected latch. The eight latches function as 

masters and store the input data. The two output 
latches are slaves and hold the data during the read 

operation. Thé state of each slave is determinect by the 

state of the master selected by its associated set of read 
address inputs. 
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9338 8-BIT MULTIPLE PORT REGISTER 

EQUIVALENT IMPLEMENTATION OF FOUR 9338s 
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9338 8-BIT MULTIPLE PORT REGISTER 

SERIAL EXPANSION CAPABILITIES 

w R1TE CLOCK 

DATA BIT 

A.* 

DA LP 

A 

o 9338 

'2 3; 

78 ZC 

DA CP 

4,—. A 

A 9338 

4, 

Ze 2C 

9322 

9322 

9338s can be extended serially form banks of n bits each 

by designing several n stage registers and multiplexing 
the outputs. Two banks of 16 registers are shown. Ad-

ditional banks are possible by extending the address-

ing scheme using larger multiplexers and using a de-

coder to drive the clock inputs. Information is written 

into the required register bank by pulsing the clock line. 
The master/slave arrangement functions properly with 
this clocking scheme but is defeated by tying Slave 

Enable Low. 

E11.11) 

91.21 

6(.4) 

C I I, 

C I,2I 

C , 

C 4 

The A, B and C address lines are each four lines. The 
three low-order bits (A0_2, B0_2, C0_2) are common 

to all 9338s and organized as in the next figure. The 

high order bits (A3, B3, C3) select the bank for read 

or write operation. Bit A3 gates the.cloc pulse to one 
of the banks. This pulse loads all of the data bits into 

the bank selected by A3 and the position determined 

A0-2. Bits B3 and C3 select the source of the infor-
mation to be passed through the multiplexers. 
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9338 8-BIT MULTIPLE PORT REGISTER 

PARALLEL EXPANSION 

C 00. 

As'7PLUETu 

WEW 
OUTPUT 
SELECT 

D. De 

A 
DA CP SIC 

oo 
A2 A 

9338 
80 8 111IT 
81 MULTIPLE 

82 PORT 
REGISTER 

co 
CI 
C2 

Ze Ic 

A 
SLE OA 

.0 
4, 

A2 e 
9338 

00 8 SIT 
Eli MULTIPLE 
82 PORT 

REGISTER 

GP 

0 Sb 
B W0',0 

For parallel expansion, one 9338 is needed for each bit 
of required word length. The clock and address input 

lines should be connected in common on all of the de-

C. CO 
C WORD 

vices. This register configuration provides two words of 
n bits each at one time as illustrated, where n devices 

are connected in parallel. 
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9338 8-BIT MULTIPLE PORT REGISTER APPLICATIONS 

ARITHMETIC LOGIC UNIT 
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The basic application of the 9338 is as a 1-bit slice 

of eight registers/accumulators for use with an arith-

metic logic unit. A 4-bit section of such a system is 

shown. This is easily expandable to a larger word length. 

The 4-bit section uses four 9338 8-bit multiple port 
registers and two 9309 dual 4-input multiplexers with 

a 9340 4-bit arithmetic unit. The system provides eight 
storage registers that can be used as accumulators, 

data registers or scratch pad memories. Because of the 

versatility of the 9340, this design results in a flexible 
arithmetic unit. One or two words can be written into 

the 9340 and operated on according to the two select 
lines. The output can be fed back to the registers into 

IQl alliI3a Ictolte12te 
SO 

9309 

SI 
z. z. z8 z8 

TO NEXT 

MULTIPLEXER 

.ROM 

,C.TP TS 

S2 
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S3 
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H 

OPERATION 

LOAD NEW DATA 

NO SHIFT 

SHIFT LEFT 

SHIFT RIGHT 

the same or a new location, and it may be shifted left or 

right by the multiplexers before being reloaded. New 

data also enters through the multiplexers. For increased 

speed, two words can be operated on by the 9340 at the 

same time new data is being loaded. 

This arithmetic unit is capable of operating by itself 

without additional access to the main memory. It can 

execute short subroutines very rapidly by using the 

eight registers of the 9338. The shifting capability 

provided by the multiplexers permits multiplication 

and division. With additional gating, this section can 

be part of a BCD arithmetic unit instead of the hexa-

decimal (binary) mode described here. 
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9338 8-BIT MULTIPLE PORT SHIFT REGISTER APPLICATIONS 

FIRST IN/FIRST OUT MEMORY 
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The First In/First Out memory above is capable of stor-

ing up to eight words. Separate write and read clocks 

allow asynchronous data entry and retrieval. Two bin-

ary counters (9316s) separately keep track of the read 

address and the write address. 

In normal operation, the write address counter advances 

following each write clock and the read address counter 

advances following each read clock. Assuming one to 

seven words are stored in the 9338s, the read and write 

addresses will differ. Should a read clock cause the last 

word to be read from the memory or a write clock cause 

an eighth word to be written into the memory, the two 

counters will contain the same value. A 9324 compara-

tor detects this condition and enables either the gate 

labeled Memory Full or the gate labeled Memory Empty 

depending on the state of the latch (two cross-coupled 

9003 gates) determined by the last write or read clock. 
If the memory is empty, the read clock is not permitted 

to advance the read address counter. If the memory is 

full, additional write clocks advance both counters and 

cause the oldest data to be lost. 

>,, 

A Low on the Master Reset line initializes the memory 

by clearing both counters and setting the latch to the 

Memory Empty state. Care should be exercised in using 

this circuit if the Low-to-High transitions of both clocks 

can occur simultaneously. The state of the latch would 

be undeterminable if this occurred. Needless to say, 

the scheme is easily expanded to more words and to as 

many bits per word as needed by adding more 9338s, 

more counter stages, and buffers as needed in the ad-
dress lines. 

By using one 9366 up/down binary counter for both 
read and write address, a Last In/First Out memory 

can be designed. A write clock increments the counter 

following a write into the memory. A read clock causes 
the counter to decrement. The current address would be 

the most current word written into the 9338 bank. 

If two words are to be read without a write, then the 
latest and the next latest word would be read. The 

Terminal Count output from the 9366 can be used to 

prevent the counter from overflowing or underflowing. 
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93H72 HIGH SPEED 4-BIT SHIFT REGISTER WITH ENABLE 

DESCRIPTION 

LEADS LOADING 
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The 93H72 is a high speed 4-bit synchronous shift reg-

ister with three modes of operation permitting serial 

and parallel data entry and data hold. The 93H72 can 

CHARACTERISTICS 

TYPICAL SHIFT RATE 

TYPICAL POWER DISSIPATION 

PACKAGE 

57 MHz 

400 mW 
16-lead DIP 

Flatpak 

be used in any serial/parallel and input/output com-

bination such as serial-serial, shift-left-and-right, 

parallel-to-serial and serial-parallel data transfers. 

OPERATION 

The 93H72 consists of four master/slave D flip-flops. 
The D input of each flip-flop can be logic switched 

among three sources; the parallel input, the output of 
the previous stage or the flip-flop's own output. The 

Shift Select and Enable inputs are decoded to provide 

source selection. The input for the first stage in the 

serial mode is a D type input. All flip-flops have asyn-

chronous resets which are tied in common and buffered 

to provide the Master Reset capability. 

The register is fully synchronouswith information trans-
fer to the outputs occurring when the clock goes from 

Low to High. The proper information for serial and 

parallel load need only appear on the serial or parallel 

inputs just prior to the Low-to-High clock transition. 
Synchronous operation allows any input/output com-

bination, and in most cases a minimum of logic is 
required. 

8-29 



93H72 HIGH SPEED 4-BIT SHIFT REGISTER WITH ENABLE 

MODE SELECTION 

MR S D Q0 Qi Q2 03 

L X XX L L L 
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Lower 
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q3 Hold 

q2 Shift right 
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case letters describe the state of the input 

(or output) one set-up time prior to the Low-to-

High clock transition 

The 93H72 has three modes of operation. The active 

Low Enable (E) input and Shift Select (S) input deter-

mine the mode of the register. A high on the E input 

overrides the Shift Select causing the register flip-flops 

to retain information. When the Enable is Low, the 

shift control operates the register in a shift right or 

parallel data entry mode. 

When the Enable and Shift control inputs are both Low, 

the parallel inputs are selected and determine the next 

condition of the register synchronously with the clock. 
In this mode the element appears as four common clock-

ed D flip-flops. With E Low and the Shift input High, 

the device acts as a 4-bit shift register with serial data 

entry through the D input. 

The logic operation performed is determined by the 

logic levels on the D,P and S inputs one set-up time prior 

to the rising edge of the clock (non-ones catching). 
There is no other restriction on the activity of these 

inputs. The active Low Master Reset overrides all inputs 

and clears the register, forcing outputs Q0.3 Low 
and (1 3 High. 

The 93H72 4-bit shift register is similar to the 9300, but the 
JK— shift inputs on the 9300 are replaced with a single D-type 

input on the 93H72. The 93H72 also has an active Low 

Enable with its associated "do nothing" mode. This active 

Low enable overrides all register operations except Reset and 
provides synchronous start and stop as well as shift and 

parallel load control. The active Low polarity of the Enable 
is compatible with other MSI devices such as decoders, 
allowing easy register selection in multiple register systems. 

The 93H72 can be used in all parallel/serial data transfer 

applications where the Low Enable with its associated hold 
mode is required. 

The 9300 (or 93L00, 93H00) should be used when serial JR 

input flexibility is required or when speed or reduced power 

consumption indicate the use of a low power or high speed 
9300. An Enable can be incorporated on the 9300 version 

in shift applications by sacrificing parallel data entry and 

externally connecting the register output to the parallel 
inputs allowing data to recirculate as shown earlier. (There 

are similarities between the 8270/71 and the 93H72. How-

ever, the 8270/71 have overriding shift and the 93H72 has 

overriding disable. In addition, the 93H72 uses the more 

conventional clock polarity while the 8270/71 change on 

High-to-Low clock transition.) 
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9391/5491, 7491 8-BIT SHIFT REGISTER 

DESCRIPTION AND OPERATION 

LEADS LOADING 

A, B 

CP 

Q7, 07 

D° 
—0 

cp-1).0 

Data Inputs 

Clock Input 

Data Output 

CP —0 Ce 

1 UL 

1 UL 

10 UL 

—0 

S 

CP —0 

0 0— 

CP 

Q 

—0 CP 

CHARACTERISTICS 

SHIFT FREQUENCY 

POWER DISSIPATION 

PACKAGE 

AB 07 

L L 

L H 

H L 

H H H 
= Olt bme before clock 

tr, • 8 = Olt tune after 

8 clock pulses 

0—•—• 

CP —0 CP 

o 

18 MHz 

175 mVV 

14-Lead DIP or 
Flatpak 

—0 

The 9391/5491, 9391/5491, 7491 is a serial-in, serial-out 8-bit 
shift register for serial storage applications. The 9391 
has eight R-S master/slave flip-flops, input gating and 

a clock driver. The register is capable of storing and 
transferring data at clock rates up to 18 MHz. The input 

to the first bit of the shift register is formed by 2-input 

AND gating. Drive for the internal common clock line 

is provided by an inverting clock driver. Each of the 

inputs (A, B, and CP) appears as only one TTL input 

CP 

o 0-7 

OUTPUT 

7 

load, and the output has 10 unit load drive capability. 

The AND gating facilitates data entry as shown in the 

truth table. This circuit shifts information to the out-

put on the positive-going edge of an input clock pulse, 

making this shift register fully compatible with other 

MSI functions. Data must be present prior to the pos-
itive edge. The 9391 is an alternative to the 9328 
when only eight bits of serial storage are required and 
a Master Reset is not needed. 
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9394/5494, 7494 4-BIT SHIFT REGISTER 

DESCRIPTION AND OPERATION 

LEADS LOADING 

P1A P2D 
PLi 
PL2 
Ds 
CP 

CL 

Preset Inputs 
Preset 1 Input 
Preset 2 Input 
Serial Data Inputs 
Clock Input 
Clear Input 
Serial Data Output 

PL2 
(PRESET 2) 

PLI 

(PRESET I) 

1 UL 
4 UL 
4 UL 
1 UL 
1 UL 
1 UL 

10 UL 

CHARACTERISTICS 

CLOCK FREQUENCY 
PROPAGATION DELAY (CP to OD) 
POWER DISSIPATION 
PACKAGE 

1 1 1 1 1 1 1 1 
PL IPIA P2AP18 P2BPIC P2CP10 P20 

PL2 9394,549e 7494 
Ds 4-BIT SHIFT REGISTER 

CP 00 

PRESETS 

' la ' LIN • ID ' CD ' IL LI. ' r I V ' LI 

.1- 2. mil. imara 

OS 
(SERIAL INPUT) 

PRESET 

A 

CLOCK 

CLEAR 

PRESET 

S B 

—0 CLOCK 

CLEAR 

—0 

PRESET 

S 

CLOCK 

CLEAR 

—0 

PRESET 

S D 

CLOCK 

-• 6 

CLEAR 

CP (CLOCK) 0—t>0—•—•—•--0--

CL (CLEAR) 0—*0-41---•—•----

The 9394 is a 4-bit shift register with serial and parallel 

(ones transfer) data entry. To facilitate parallel ones 
transfer from two sources, two parallel load inputs with 
associated parallel data inputs are provided. To accom-
modate these extra inputs only the output of the last 
stage is available. The asynchronous clear is active High; 
most MSI elements have active Low. 

Four flip-flops are connected so that shifting is synchron 
ous; they change state when the clock goes from Low to 
High. Data is accepted at the serial D input prior to this 
clock transition. The two parallel load inputs and pa-
rallel data inputs allow a non-synchronous ones trans-

OD 
(OUTPUT) 

15 MHz 

25 ns 
175 mW 
16-Lead DIP 

fer from two sources. The flip-flops can be set indepen-
dently to the one state when the appropriate parallel 
input is activated. Preset inputs P1 A through Pm 
are activated during the time the PLi is High and Pre-
set inputs P1A through P10 are activated when PL2 
is High. If both sets of inputs are activated, a one on 
either input will set the flip-flops to a one. The register 
should not be clocked while the Preset Enables are 
activated. The active High Clear will override the clock 
and clear the register. The Preset Enable and active 
Preset input will override the clear if both are activated 
simultaneously. However, for predictable operation 
both signals should not be deactivated simultaneously. 

The 9394 can be used in parallel-to-serial conversions where 
four bits of parallel data from either of two sources must be 
converted to serial. However, the ones transfer form of par-
allel entry is cumbersome for data entry since zeros must be 
present in the register. This requires either asynchronously 
resetting the register or clearing it through the serial input. 

Once the register is initialized, parallel data can be preset into 
the register. Connecting the serial input Low as the informa-
tion is shifted out shifts in zeros to clear the registers. The reg-
ister must not be clocked while loading. Despite these minor 
inconveniences, the asynchronous parallel data entry is use-
ful when an extra clock pulse for parallel load is impractical. 
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9395/5495, 7495 4-BIT SHIFT REGISTER 

DESCRIPTION AND OPERATION 

LEADS LOADING 

Cpi 
ÉT2'2 
PE 

PO, P1 , P2, P3 
CIO, C11, Q2, 0 3 
DS 

CPI  

(CLOCK 1) 

EP2  

(CLOCK 2) 

Ds SERIAL 
INPU1) 

PF (PARA,. EL 

ENABLE) 

Clock 1 Input 
Clock 2 Input 
Parallel Entry 
Parallel Data Inputs 
Parallel Data Outputs 
Serial Data Input 

1 UL 
1 UL 
2 UL 
1 UL 

10 UL 
1 UL 

CHARACTERISTICS 

CLOCK FREQUENCY 
PROPAGATION DELAY (CP to Q) 
POWER DISSIPATION 
PACKAGE 

1 1 1 1 1 

—0 
CP1 PC Po PI P2 P3 

CP2 9395/7495 

DS 
00 0 1 0 2 0 3 

11 11 

31 MHz 
25 ns 
250 mW 

14-Lead DIP 

OLTPUIS 

 • 
0 0 01 0 2 03 

00 

CLOCK 

The 9395 is a 4-bit shift register which performs syn-

chronous shift and synchronous parallel data transfers. 
Dual input clocks permit separate clock sources for the 
shift and parallel modes. Register clocking occurs on 

the negative (High-to-Low) transition of the clock's in-
put; most MSI elements are Low-to-High. Several reg-
isters can be connected in series to form an n-bit right-
shift or left-shift register. This register can also be used 
as a parallel-in, parallel-out storage register with gate 
(mode) control. 

The 9395 is four master/slave flip-flops with AND/OR/ 
INVERT gating to permit serial and parallel operation. 
When a Low level is applied to the PE control input, 
right-shift operation results. When a High level is ap-
plied, parallel data entry results. The PE control should 
only be changed when both clock inputs are Low. When 
a Low level is applied to the PE control input, the out-
put of each flip-flop is coupled to the R-S inputs of the 
succeeding flip-flop and right-shift operation is per-
formed by clocking at the clock 1 input. In this mode, 
serial data is entered at the serial input. Clock 2 and 

0 2 

CLOCK 

03 

CLOCK 

parallel inputs Po through P3 are inhibited. When a 
High level is applied to the mode control input, the out-

puts are decoupled from the succeeding R-S inputs to 
prevent right-shift and the data entry is enabled through 
parallel inputs Po through P3. This mode permits 
parallel loading of the register, or with external inter-
connection, shift-left operation. In this mode, shift-
left can be accomplished by connecting the output of 
each flip-flop to the parallel input of the previous flip-

flop (03 to input P2, etc.), and serial data is entered 
at input P3. 

Clocking for the shift register is accomplished through 
the AND/OR gate, (E) which permits separate clock 
sources to be used for the shift-right and parallel modes. 
If both modes can be clocked from the same source, a 
common clock input may be applied to clock 1 and clock 
2. Information must be present at the R-S inputs of the 
master/slave flip-flops prior to clocking. Transfer of 
information to the outputs occurs when the clock input 
goes from High to Low. 
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9395/5495, 7495 4-BIT SHIFT REGISTER 

TRUTH TABLES 

IIIH 
—a 

—a 

PE Po PI P2 .P3 
CP1 

9395 ,5495 7495 
CP2 4.81113 ,L 

Ds SHUT REGISTER 

ao 07 0 2 0 3 

PE Ds Cto 0.1 Q2 Q3 

I h H PO 

/ / L PO 

h X PO Pl 

q1 q2 Shift (on CP1) 

q1 q2 Shift (on CP1) 

[32 p3 Parallel load (on CP2) 

Lower case letters describe the state of the input or output, 

one set up time prior no the 1-1191110-Low clock transition 

Shift is activated by clock CP1 

Load is activated by clock CP2 

The 9395 is similar to the 9300 or 93H72 in that parallel 
and serial data operation is synchronous. However, unlike 

the 9300, the 9395 dual active Low clocks provide indepen-

dent clocking for serial and parallel data entry. Also, the 

mode polarities are reversed with parallel data entry occur-
ring when the parallel entry line (PE) is High on the 9395, 

Low on the 9300. Since the 9395 does have synchronous 

parallel and serial operation, it is as flexible in this respect 

as the 9300, 93L00 and 93H72, and it can be used in most 

of the applications shown for the 9300. However, mode 

change restrictions, the lack of Master Reset and JR- inputs 

and the non-standard clock polarities (outputs change on a 

High-to-Low transition) must be acceptable. In some cases 

the independent clock control for serial and parallel opera-
tion can be used to advantage. 
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9396/5496, 7496 5-BIT SHIFT REGISTER 

DESCRIPTION AND OPERATION 

LEADS LOADING 

PL 

PO, P1 , P2, P3, P4 
Ds 
CP 

MR 

Q0, 0 1, 0 2, 0 3, 0 4 

Parallel Load Input 

Parallel Data Inputs 

Serial Data Input 

Clock Input 

Master Reset Input 
Parallel Data Outputs 

Pl-
(PARALLEL 

LOAD) 

DS 
SERIAL 
INPUT) 

MR 

MASTER 
RESET 

CP 

(CLOCK) 

—0 

PO 

1;5 
PRESET 

Qo 

5 UL 

1UL 

1 UL 

1 UL 

1 UL 

10 UL 

CHARACTERISTICS 

CLOCK FREQUENCY 

PROPAGATION DELAY (CP to Q) 

POWER DISSIPATION 

PACKAGE 

1 1 1 1 1 
PO P1 P2 P3 p4 

9396 7496 

0 0 0 1 0 2 0 3 04 

Clo Pi 0 1 P2 0 2 P3 03 P4 04 

LOCK 

Qo 

C, FAR 

—0 

1; 
PRESET 

S 01 

CLOCK 

0 1 

CLEAR 

E.-10 

PRESET 

S 0 2 

CLOCK 

R 0 2 

CLEAR 

—0 

PRESET 

S 03 

CLOCK 

R 03 

CLEAR 

PRESET 

S Cl(s 

CLOCK 

04 

CLEAR 

The 9396/5496, 7496 is a 5-bit shift register with 

both serial and parallel (ones transfer) data entry. Since 

the 9396 has the output of each stage available as well 

as a D-type serial input and ones transfer inputs on 

each stage, it can be used in 5-bit serial-to-parallel, 

serial-to-serial and some parallel-to-serial data opera - 

tions. 

The 9396 is five master/slave flip-flops connected to 

perform right shift. The flip-flops change state on the 

rising edge of the clock with data accepted at the serial 
D input prior to this clock transition. 

Each flip-flop has asynchronous set inputs allowing them 
to be independently set to a one. The set inputs are con-

15 MHz 

25 ns 
240 mVV 
16-Lead DIP 

nected through preset enable gating to allow non-syn-

chronous parallel ones transfer. The flip-flops are in-

dependently set to the one state when a High logic level 

is present on the parallel input and the preset enable is 
High. The clear can be used to load zeros into the regis-

ter, since preset inputs cannot force the flip-flops to 

the zero state. The register should not be clocked dur-

ing the ones transfer operation. Each flip-flop has clear 

inputs connected together to provide reset capability. 

An active Low overrides the clock and clears the register. 

The preset inputs override the clear (forcing the output 
High) if both are activated simultaneously. However, 

for predictable operation, both signals should not be 
deactivated simultaneously. 

The 9396 is the only 5-bit shift register and can be used 

when five bits of information must be handled. In such appli-

cations, the 9396 is useful not only as a 5-bit shift register but 

also for parallel -to-serial conversion. However, because of the 

ones transfer type parallel entry, the register must be cleared, 

either through the asynchronous reset or serial entry of zeros. 
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Counters 

Overview 

Asynchronous Dividers 

Controlled Modulo Dividers 

186 Different Divide Rates 

Built-In Bounce Eliminator 

Basic TV Sync Generators 

2-Digit BCD Rate Multiplier 

Fully Synchronous Presettable Counters 

Programmable Dividers 

Generating Complements 

50% Duty Cycle Output Counters 

Multistage Programmable Counters 

Combination Counter/Serial Registers 

Combination Counter/Decade Register 

Cyclic D/A Conversion 

Up/Down Couoters 

Light Controlled Up/Down Counting 

Dead-Ended Counters 

Synchronization and Coincident Pulse Prevention 

Single Line Up/Down Control 

Shift Register Counters 

Twisted Ring Reversible Counters 

Feedback Shift Register Counter 

Divide-by-n Counters 

Up/Down Counter with Multiplexed LED Display 

Crystal Controlled Stopwatch 

10 
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COUNTER SELECTION GUIDE 

A — Asynchronous 

S — Synchronous 

Max. Clock to 

Function Device Modulo 
Parallel 
Load 

Clock 

Transition 

Clock Rate, 
MHz 

(1YP) 

0 Output 
Delay ns 

(tYP) 

Power 
Dissipation, 
mW (typ) Leads 

Asynchronous 9390, 7490 

9350 
9391, 7492 

9393, 7493 
9356 

93176, 74176 
93177, 74177 

93196, 74196 

93197, 74197 

2 x 5 (10) 
2 x 5 (10) 
2 x 6 (12) 
2 x 8 (16) 

2 x 8 (16) 
2 x 5 (10) 
2 x 8 (16) 

2 x 5 (10) 
2 x 8 (16) 

A 
A 
A 
A 

18 

18 
18 
18 
18 
50 

50 
70 
70 

60 
60 
60 
75 

75 
45 
61 
38 
52 

160 

160 
160 
160 

160 
150 

150 
240 
240 

14 
14 
14 
14 
14 
14 
14 
14 

14 

Semisynchronous 9305 

93S05 

2x 5,6,7,8 
(10,12,14,16) 

2x 5,6,7,8 
(10,12,14,16) 

26 

100 

44 

20 

210 

300 

14 

14 

Synchronous 9310 
93L10 
93S10 
9316 
93L16 
93S16 

10 (presettab le) 
10 (presettab le) 
10 (presettab le) 
16 (presettab le) 
16 (presettab le) 
16 (presettab le) 

45 
23 
90 
45 
23 
90 

15 
26 
9 

15 
26 
9 

325 
85 

410 
325 
85 

410 

16 
16 

16 
16 
16 
16 

Up-Down 9360,74192 
9366, 74193 
93190, 74190 
93191, 74191 

10 (presenab le) 
16 (presettable) 
10 (presettab le) 
16 (presettab le) 

A 
A 
A 
A 

J--

J--

30 
30 
25 
25 

27 
27 
24 
24 

325 
325 
325 

325 

16 
16 
16 

16 
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COUNTERS 

INTRODUCTION 

Integrated circuits are used in a wide variety of counting 

applications in scientific instruments, industrial controls, 

computers and communications equipment as well as many 

other areas. Fairchild offers a large selection of MSI counter 

circuits, differing in complexity, functional versatility, speed, 

power and cost. 

All of these MSI counter circuits consist of four master/slave 

flip-flops plus the necessary gating. With the exception of 

the 9392, they all normally count in a binary weighted code 

(binary or BCD) and they all have their four data bits brought 

out in parallel. 

The counter selection guide includes the major parameters 

of all Fairchild MSI counters presently available. The coun-

ters are listed in order of complexity and cost. However, the 
lowest cost counter does not necessarily ensure the lowest 

cost system. The versatility of the more complex counters 
can often save external controls and buffer circuits, thus 

optimizing both system performance and cost. 

ASYNCHRONOUS AND SEMISYNCHRONOUS 

COUNTERS WITHOUT PARALLEL LOAD 

9390/7490, 9392/7492, 9393/7493 

The simplest MSI counter is the 9390/7490. It is two 

separate counters, (a toggling flip-flop and a 3-stage mod-
ulo 5 counter) with separate Clock inputs and common Clear 

and Preset. For BCD (1248) counting, the output of the first 
stage is used as a clock input to the 3-stage counter. For 

biquinary counting, (50% duty cycle), the two counters are 
connected the opposite way with the modulo 5 counter feed-

ing the modulo 2 counter. Asynchronous reset is provided 

through a 2-input AND gate (active High). Asynchronous 

preset to nine (preset first and last stage, clear the two center 

ones) is provided through another 2-input AND gate. The 

9392/7492 is similar, but the second section divides by six. 

Therefore, the whole counter divides by 12. There is no Pre-

set input. The 9393/7493 is the same, but its second section 

divides by eight, also with no Preset. 

These counters have been available for several years. They 

are used in simple counting and frequency division appli-

cations when the improved features of more complex coun-
ters are not necessary, and when the application can tolerate 
the non-standard clock polarity (outputs change on the High-
to-Low clock transition), the high clock loading (up to four 
unit loads) and the non-standard leads (Vcc lead 5, ground 
lead 10). Since these are ripple counters there is consider-

able delay between the clock and the change of the last flip-

flop, particularly when several counters are cascaded. De-
coding these counters thus generates glitches or spikes 

which can be minimized by using synchronous counters. 
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COUNTERS 

9350, 9356 

—0 

MS 

CP0 
9350 

cp, DECADE COUNTER 

MR 0 0 0 1 0 2 0 3 

pm' qIIII 
—0 

CP0 9356 

BINARY COUNTER 
CPI 

MR 00 01 07 03 

The 9350 is the same circuit as the 9390/7490 and the 

9356 is the same circuit as the 9393/7493 but with differ-
ent connections. The power leads have been moved to the cor-

ners by rotating the chip inside the package. This is consistent 

with most TTL and MSI circuits simplifying PC board layout. 

9305,93S05 

MS S0 Si ii CP0 9305 03 10— 

CP, COUNTER 

MR 00 00 01 07 03 
i 

VAR MOD 

b 1 I 

4 91111 

The 9305 Variable Modulo Counter is basically in the same 

category as the counters previously mentioned but is con-
siderably more flexible, versatile and easier to use. 

The 9305 has two separate counters, a toggling stage and 

a 3-stage counter with separate Clock inputs and common 

asynchronous Clear and Preset inputs. This device can sub-

stitute for the 9390/7490, 9392/7492, 9393/7493, 9350 

and 9356. It also offers the following advantages. 

• The 3-stage counter is synchronous, meaning less ripple 
delay and easier decoding. 

• The 3-stage counter can be wired to divide by five, six, 

seven, or eight. Moreover, the Select inputs can be con-
trolled by external gating to divide by any factor — even 
prime numbers. The applications section shows how two 

9305s and one gate package can divide by any number 
up to 128 and by any even number up to 256. 

• Both polarities of the first and last flip-flop outputs are 
brought out, simplifying systems design. 

• The clock inputs are buffered, representing only one unit 

load. The polarity on the clock input is consistent with 

all other MSI sequential circuits (outputs change on the 

Low-to-High clock transition). 

• Vcc and ground are on corner leads, consistent with 
most TTL and MSI circuits and simplifying PC board 
layout. 

The 9305 is useful for counting or frequency division by a 

fixed number. It is faster with less ripple delay than the 

9390/7490 and 9350 family counters, making decoding 

somewhat easier 

SYNCHRONOUS COUNTERS WITH SYNCHRONOUS 

PARALLEL LOAD 

9310, 9316, 93L10, 93L16, 93S10, 93S16 

1  n '0 PI P2 '3 CEP 
9310 UP 

CE 7 DECADE IC 
COUNTER 

b 1 1 1 1 b 1 1 1 1 

CF 

Pe F.0 P, P7 P3 
CEP  

936UP 
CE I BINARY IC 
cp COUNTER 

MR Oc 0, 07 03 I VR Oc 0, 07 03 

? 1 1 1 1 91111 

The 9310 (BCD) and 9316 (binary) counters offer synchro-

nous counting and synchronous parallel load. Any change of 

any flip-flop is controlled by the Low-to-High transition of the 

incoming clock. When the PE (active Low Parallel Enable) 

input is High and the Count Enable inputs are High, the clock 

causes the counter to increment. When the PE input is Low, 

the clock causes the four flip-flops to assume the state of the 

respective parallel input. Maximum counting frequency is 

comparable to the 9305, but the delay between the clock 

edge and any output change is typically only 15 ns, which is 

much faster than in the asynchronous (ripple) counters des-

cribed above. Moreover, this synchronous operation can be 

extended up to 11 packages (44 bits) without additional com-

ponents by proper use of the decoded Terminal Count (TC) 

output and the Count Enable inputs. 

These counters are ideally suited for operation in synchro-

nous systems. The synchronous parallel load and decoded 

terminal count make the design of arbitrarily presettable 
counters easy and free of any race conditions. The synchro-
nous data inputs can be interconnected in such a way that 

the counter operates either as a shift register or counter con-
trolled by the PE input. Data can be shifted out for a multi-

plexed display. 

SYNCHRONOUS UP-DOWN COUNTERS 

The counters already mentioned are unidirectional, counting 

up. Some applications require down counters, but often the 
design can be modified to use an up counter instead, e.g. 

by complementing the parallel input signals. In some cases, 
particularly in industrial applications, counters that count 
both up and down are needed. 
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COUNTERS 

9360, 9366 

III  
CPu 

MR 00 01 02 03 

9360 74 ,92 CPD ¡Co 

IC [) 

P0 PI P2 P3 

1 1 1 1 1 

PI 

0-

0— 

/ I I I  

Pl P2 P3 

CPu 

CPD 9366' 74193 'C I' 
¡CO 

MR 00 01 02 03 

1 1 1 1 

The simplest bidirectional counters are the 9360/74192 

(BCD decade) and 9366/74193 (binary) synchronous up/ 

down counters with non-synchronous parallel data entry 

These counters change state on the Low-to-High transition of 

either clock. Therefore, both clocks should not be Low simul-

taneously. Terminal Count Up (code 9 for BCD, code 15 

for binary) and Terminal Count Down (code 0 for both count-

ers) are decoded and brought out as active Low signals. This 

allows simple cascading of counters but results in a ripple 

delay of about 20 ns between counters. 

The parallel data entry on these counters is non-synchronous, 

(independent of the clock), activated only by the active Low 
Parallel Load line. This can be an advantage since no clock 

pulse is required for loading the counter, but parallel load 

must be timed more carefully than in a synchronous scheme. 

COUNTING WITH SHIFT REGISTERS 

The MSI devices mentioned so far are designed as counters 
and are best suited for most counting applications. There are, 
however, cases where unconventional counting methods 
are more practical and economical. 

Johnson (Moebius) Counters 

The twisted-ring (Johnson or Moebius) shift register counter 

offers simple and glitch-free decoding with 2-input NAND 

gates. It uses n shift register stages for counting modulo 2n, 

therefore it is economical only for small values of n. The 
applications section shows the 9300 universal 4-bit shift 

register used as modulo 6 and 8 Johnson counters. 

Linear Feedback Shift Register Counters 

By applying a more sophisticated feedback, the 9300 can 

be used to count by any number up to 16, to count up and 

down and can easily be programmed, (e.g., as a program-

mable divider for a frequency synthesizer). Using the 9300 

as a counter can offer two advantages. It reduces the number 
of parts required, and it can decrease component cost. 

Serial lncrementers and Decrementers 

In serial incrementer/decrementer systems the functions of 

data storage and arithmetic operation, normally combined 

in MSI counters, are completely separated. Data storage is 

performed in the least expensive way by shift registers (in 

extreme cases by long MOS shift registers). The arithmetic 

operation is performed by a carry flip-flop and by adders 

(four bits parallel) or one exclusive-OR (bit serial). 

Serial incrementers are inherently slow, incrementing by one 

unit for a complete circular data shift. However, they offer 

several advantages. 

• They can be easily gated to increment or decrement, result-

ing in up/down counters. 

• Their modulo is easily controlled, simplifying the design 

of mixed modulo counters such as those for timers 
(seconds, minutes, hours, days). 

• They combine naturally with display multiplexers result-

ing in economical display counters. The applications 

section includes a decimal 8-digit up/down counter with 
LED display and a digital stopwatch (milliseconds to hours) 
employing this technique. 
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9305 VARIABLE MODULO COUNTER 

DESCRIPTION 

LEADS LOADING 

So, S1 

CP0 

CPi 

MS 

MR 

Select Inputs 

First Stage Clock (Active High Going Edge) Input 

Three Stage Clock (Active High Going Edge) Input 
Master Set (Active Low) Input 

Master Reset (Active Low) Input 

First Stage Output 

Complementary First Stage Output 

Three Stage Counter Outputs 

Complementary Last Stage Output 

b 1 I 
MS So S 

Ceo 9305 

VAR MOD 
CP, COUNTER 

MR 0 0 0 0 0 '. 0 2 0 3 

0-

1 UL 

1 UL 

1 UL 

1 UL 

1 LIL 

HIGH STATE 

16 UL 

16 UL 

16 UL 

20 UL 

COUNTING MODES 
Without Additional 

Logic 

FREQUENCY 
DIVISION MODES 

(With 50% Duty Cycle) 
Without Additonal 

Logic 

ODD 
DIVISION MODES 
With Additonal 

Logic 

Modulo 2 
4 
5 
6 
7 
8 
10(1248BCD) 
12 
14 
16 

Modulo 8 
10 
12 
14 
16 

Modulo 11 
13 
15 

The 9305 variable modulo counter is designed to serve in 
many counting and dividing applications in a digital 

system. The 9305 is an extremely versatile device, offer-

ing standard counter modes such as those tabulated 
without additional logic. In addition, the 9305 allows 

LOW STATE 

8 UL 

8 UL 

8 UL 
10 UL 

the design of difficult divide functions and divide/count 

functions economically both in terms of cost and logic 

required. The versatility of the 9305 is obvious from 

the many operational modes listed. The logic symbol, 

lead functions and loading rules are shown. 
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9305 VARIABLE MODULO COUNTER 

OPERATION 

L s S. a 

CP0  

CPI 

51 ,7 

CP 

r D 0 0-4 

D 
113—sQ-- sr) 

 o CP 

—13. co 

-Co Go 

STATE TABLE FOR PROGRAMMABLE + + THREE STAGE COUNTER 

0 

o 

ILS S0 

CP 

_D cc 0— 

The 9305 is four RS master/slave flip-flops. The four 

flip-flops are separated into two functional units, a single 

toggle stage (first flip-flop) and a 3-stage programmable 

synchronous binary counter (2nd, 3rd and 4th flip-flops). 
A clock buffer drives the first RS flip-flop toggle stage 

and a second clock buffer drives the three RS flip-flops 

in parallel to obtain 3-stage synchronous operation. 

This sequence of events defines the operation of the 

master/ slave flip-flops relative to the clock input. When 

the Clock input (CP) is Low the slave is steady, but data 

can enter the master via the R and the S inputs. During 

the Low-to-High transition of CP, the data inputs (R and 

S) are inhibited so that a later change in the input data 
does not affect the master, and the information trapped 

in the master is transferred to the slave and appears at 

the outputs. When the transfer is completed, both the 

master and the slave are steady as long as the Clock 

input remains High, regardless of any other logic input 

except Master Reset (MR) and Master Set (MS). During 

the High-to-Low clock transition, the transfer path 
from master to slave is inhibited leaving the slave steady 

in its present state, and the data inputs (R and S) are 

enabled permitting new data to enter the master. 

The first stage RS flip-flop is cross-coupled to provide a 
toggle stage. The RS flip-flops of the 3-stage counter 
are connected for synchronous binary counting. The 
synchronous AND reset with inputs So, Si and output 
Q3 controls the modulo of the 3-stage counter by 

 0 CP 
-DR cc 0— 

03 

synchronously resetting all three flip-flops to zero when 

all inputs are High. One input of this gate is fed internally 

from the last counter output (03) and prevents the 

counter from being synchronously reset before five 

binary states have occurred. Therefore, the count 

modulo depends on the programming connections made 

to these two inputs (S0,S1). For example, if the So 

input is connected to the Q2 output and the Si input is 

connected to the Q1 output (or vice versa), the counter 

will count until Qi, Q2, and 03 are all High and then 

reset to zero synchronously with the clock to produce a 

modulo eight binary counter. 

The complement output as well as the true output are 

available on the first toggle stage and last stage of the 3-
stage counter. These complement outputs allow binary 

ripple clocking on the correct transition when the first 

toggle stage and 3-stage counter are connected together 

and/or are cascaded. The asynchronous Set and Reset 

are connected through noninverting buffers to the ap-

propriate Set Direct and Clear Direct inputs of all four 

flip-flops. 

All inputs are buffered presenting only one unit load to 

the driving logic. Also, all the outputs have a high drive 

capability of at least eight unit loads. Both the low fan in 

and high fan out of the 9305 reduce the package count of 
a digital system (fewer external buffers are required) and 
improve performance (fewer buffers, less delay). 
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9305 VARIABLE MODULO COUNTER 

SYNCHRONOUS BINARY COUNT 

MS So S, 

, c 9305 
Ogg MOD 

COLann 

Mg 03 Or, 0, 0, (,) 

2.- 5 4-6 4-7 

These connections provide the most convenient and most 

appropriate method of terminating unused Select inputs 

The 3-stage counter is programmed with external 

connections as shown providing synchronous binary 

count modulo five, six, seven, or eight. The programming 

of the three stages is independent of the toggle stage, 
and the basic configuration allows synchronous binary 

MS So S, 

Cgo 930S 0, 
vgg MOD 

CP, COUNIER 

MM Go Co 0, 0, 0 

?? I 

+8 

counting by the last three stages and modulo 2 operation 

by the first stage. Simultaneous frequency divisions of 

two, four and eight are available from the 3-stage 

counter when programmed to divide by eight. 

STANDARD 4-BIT COUNTER CONFIGURATIONS 

MODULO 12 COUNTER 

KoS So S, 

o MOOS 03 
,,A01 M00 

Cg, COuls•Sg 

MR tào 000, 0, Os 

CLOCK 

INPUT 

MODULO 10 COUNTER (BCD 1248 DECADE) 

CLOCK 

MP, 

MODULO 16 DIVIDER (4-BIT BINARY) 

cgo 

Mo 

oC Th 

0, 

0, 

OC 

Count Sequence 

o 
o 
o 
o 
o 
o 
o 
o 

Count Sequence 

00 01 02 03 
0 
1 

o 1 

1 
o 
o 
o 

o 
o 

o 
o 

o 
o 

o 
o 
o 
o 

o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 

Count Sequence 

a0 0 1 a2 03 

0 0 
1 0 
0 1 
1 1 
o 

o 
o 

o 
o 

o 

o 
o 

o 
o 

o 
o 

o 
o 
o 
o 

o 
o 
o 
o 
o 
o 
o 
o 
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9305 VARIABLE MODULO COUNTER 

50% DUTY CYCLE OUTPUT DIVIDERS 

MODULO 10 DIVIDER. 50% DUTY CYCLE OUTPUT 

MODULO 12 DIVIDER, 50% DUTY CYCLE OUTPUT 

02 

A 4-stage divider with 50% duty cycle output is produced 

by feeding the incoming clock to the 3-stage counter and 

clocking the single toggle stage with the 03 output. 

Divider configurations of modulo 10 and 12 are illus-

trated. Modulo 16 division with 50% duty cycle is ob-

tained from the 03 output of the modulo 16 binary 
counter. In either the binary or 50% divison mode the 

modulo (10, 12, 14 or 16) is determined only by the 

external programming connections for the 3-stage 

Count Sequence 

Count Sequence 

°O 0 1 C12 0 3 

o 
o 
o 
o 
o 
o 

O 0 
1 0 
O 1 
1 1 
O 0 
1 0 
O 0 
1 0 
O 1 
1 1 
O 0 
1 0 

o 
o 
o 
o 

o 
o 
o 
o 

counter. These 4-stage counters or dividers are not fully 

synchronous (semisynchronous) but have only one flip-

flop ripple delay in any of these configurations. This 

flip-flop delay compares favorably with the more typical 

ripple delay of three in other counters, thus allowing 
higher operating speeds when counter states must be 

decoded. Also, 4-bit dividers with odd divide modulo 

can be formed with a few extra gates, illustrated later 

in 4-bit modulo dividers. 

ASYNCHRONOUS MODE 

MS MR ao (710 01 Q2 03 7()3 

L H 

H L 

HH 

HLHHHL 

LHLLLH 

COUNT" 

•As determined by programming connections 

The Master Set and Reset asynchronously sets or resets 
all four stages when activated. The active Low Reset in-

put, when Low, clears the counter overriding the clock 

and forcing the outputs DO-3 Low and outputs (20 and 53 

High. The active Low Set input, when Low, presets the 
counter overriding the clock and forcing the outputs 

00_3 High and outputs 00 and Q3 Low. The Master 
Set provides a synchronous clear, since the first clock 
pulse following the asynchronous Master Set resets all 
stages. This action is independent of the modulo pro-
grammed. 
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9305 VARIABLE MODULO COUNTER APPLICATIONS 

MULTISTAGE COUNTERS/DIVIDERS 

CLOCK 

MASTER RESET 

so SI 
CPO 9305 03 

VAR MOD 
CP, COUNTER 

MR 00 00 0 1 0 2 0 3 

_22 I I_ 

I 
MS 

CPo 

CP, 

MP 00 00 0 1 0 2 0 3 

So S1 

9305 
VAR MOD 
COUNTER 

03 

Ci III 

Variable Modulo 9305 counters can be connected 
together without additional logic to form ripple-type 
multistage counters or dividers. This is accomplished by 
connecting the active Low E1-3 or do output of the less 
significant counter to the Clock input of the following 
counter. The more significant counter is clocked when 
the less significant counter changes from its terminal 
count value to zero. 

The ripple multistage counter formed with the 9305s has 

I  
MS so si 

CFO 9305 03 
VAR MOO 

CPI COUNTER 

Me CO 00 0 1 02 0 3 
TO MORE 
SIGNIFICANT 

COUNTERS 

less ripple delay than conventional ripple counters, 
because it has only two ripple delay per four bits. The 

number of ripple delays for a typical 16-bit ripple binary 
counter would be 15, while a 16-bit counter composed of 
9305s would have only seven ripple delays. In certain 
applications, the large ripple delay of conventional 
integrated 4-bit counters might dictate fully synchronous 
operation using more expensive counters. 

COUNT MODULO CONTROL 

INPUT 

INPUT 

BETWEEN 5 AND 6 

MS So Si 

CP0 9305 

VAR MOD 

CP, COUNTER 

1/6 9016 

MP Go ao 0 1 0 2 0 3 

BETWEEN 6 AND 8 

MS S0 SI 

CPU 9305 03 
VAR MOD 

Cp, cOUNTbR 

MR 00 00 0, 02 03 

1/4 9002 

4. 6 ENABLE 

: 8 ENABLE 

INPUT 

INPUT 

BETWEEN 5 AND 7 

MS S0 S1 

CR0 9305 
VAR MOO 

OP, COUNTER 

MR 00 0001 07 03 

MS S0 S, 

CP0 9305 
VAR MOO 

CP, COUNTER 

MR 00 00 01 02 03 

The count of the 9305 can be controlled with additional 
gating logic. This logic is inserted between the ap-
propriate counter output(s) and the Select inputs, and 
controls the programmable 3-stage counter reset times. 
The amount of logic required depends on the number of 
different counts desired. Control between two counting 
levels is all that most applications require, although con-

1/4 9002 

BETWEEN 6 AND 8 

INPUT 

-17 ENABLE 

INPUT 
4 9002 

+13 ENABLE 

9002 

BETWEEN 6 AND 7 

BETWEEN 7 AND 8 

MS SO -1 

CPO 9305 
VAR MOD 

cp, COUNTER 

MR 00 00 0, 03 03 

16 9016 

MS So SI 

CPO 9305 
VAR MOD 

CP, COUNTER 

MR 00 00 01 02 03 

+7 ENABLE 

4 9002 

+ 8 ENABLE 

trol between three or four distinct counting levels would 
be possible with additional logic. Such controllable 
modulo configurations can be used with the first stage or 
can be cascaded to produce counters and dividers with 
two or more count bases. These controllable con-
figurations are the basis of odd modulo and multistage 
dividers. 
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9305 VARIABLE MODULO COUNTER APPLICATIONS 

ODD MODULO DIVIDERS 

MA «Pe 

FREO *PUT 

FARO INPUT 

MODULO 11 

MOO 

RUt fly 03 

Out . 

MODULO 13 

«5 50 Si 

r% 9305 
owl «00 

CR, COureTER 

5.11 00 00 01 03 Ci 

MODULO 15 

MS 

f1.3 3305 03 0— 
vunIOD 

Co, (CRATER 

00 00 01 03 03 

?? 

533% OUTo COCU 
OUTPuT 

41002 

•1002 

Odd modulo dividers use one of the several logic con-
trollable counter configurations. The single toggle stage, 
3-stage counter or other combinations of other 9305 
counters are used to control the modulo and simul-
taneously divide the output of the controllable counter. 

Illustrated are some 4-bit odd modulo dividers; modulo 
11, modulo 13 and modulo 15. Each of these 4-bit di-
viders is easily implemented by adding two gates, or 
one gate and an inverter, to a single 9305. The first 
single stage in all of these dividers is clocked by the 3-
stage counter and alternately switches the 3-stage 
counter's modulo between the upper and lower modulo 
The incoming clock is applied to the clock of the 3-stage 
counter, and the output is taken from the first stage. The 
output obtained for these 4-bit modulo counters is near-
ly 50% duty cycle. Full count speed is maintained since 
the control logic is not in a critical path. The first stage 
changes states (clocked) after the terminal state of the 
3-stage counter, which is at least four states before the 
inputs to the select gates must be present and stable. 

TWO 93053 AND ONE GATE PACKAGE PROVIDE 

172 DIFFERENT DIVIDE RATES 

0, N2 NI 

D 

b II  
MS So Si 

b I I 

IN 

MS So SI 

CPO 9305 03 

VAR MOO 

CPI COUNTER 

MR Go Clo 0, 02 03 

MS So SI 

CPO 9305 Q3 
VAR MOD 

CR, COUNTER 

MR Oc Ceo 0, 02 03 

N3 N 

MS Sc S 

CP0 9305 
VAR MOO 

CI' COUNTER 

MR GO GO 0 1 0 2 0 3 

CPO 9305 
vAll MOD 

CE [MATES 

MR 00 030, 02 03 

o 

A 

E 

MS So SI 

CRo 930 013 
VAR MOD 

Co, COUNTER 

N '0 10 0 00 11 0 120 13 

MS o Si 

CP3 30, 0, 3 

VA MOD 
Co, COU, ER 

mnoloa 00 11012013 

MS So SI 

CP0 9305 013 
VA MOD 

C COUNTER 

M00 100 00 11 0 12 0 13 

MS 

( . 3.1S 0 13 
VA MOD 

A f OUNIE 

MRE1,00 00,10,2013 

MS So Si 

OP0 9305 013 
VAR MOD 

Cp, COUNTER 

" 0 10 0 00 11 0 20 13 

MS 

CP, 

CE 

HA 0 1 0 100 110 12 0 13, 

7? I II ? 1111 

5 10 5 11 

9305 0,3 

VAR MOD 
COUNTER 

The 9305 variable modulo counter is particularly suited 
for low cost frequency dividers or counters that count by 
any fixed number, even primes. Division by any odd 
number from 21 to 127 and by any even number from 
128 to 256 is possible with only two 9305 counters and 
one gate package. Six basic counter configurations are 
shown and the table lists the additional interconnections 
required for each division rate. 
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9305 VARIABLE MODULO COUNTER APPLICATIONS 

172 DIFFERENT DIVIDE RATE INTERCONNECTIONS 

Ni N2 N3 CC* INTERCONNECTION ALGORITHM 

21 42 84 A 
0, 

21 = 3 x 5 + 1 x 6 a, , - MD 0.--Eso  
al: s, 

22 44 88 A 22 = 2 x 5 + 2 x 6 
L» 

:'„ Lor—E 
s, 

23 46 92 A 23 -_ 1 x 5 + 3 x 6 
so 

0,, 
roch 3.„E 

S. 
012 

24 48 96 A 0, E scs, 24 = 4 x 6 

25 50 100 8 .3 ss: 25 = 5 x 5 E 

26 52 104 B 3,:j , r>" 26 = 4 x 5 + 1 x 6 I—D,,--E ss° 

27 54 108 8 27 = 3 x 5 + 2 x 6 
0, r>° 
(2,2 1-0,2.__E s° s, 

28 56 112 A , E s: 28 = 4 x 7 

29 58 116 8 
o, 

29 = 1 x 5 + 4 x 6 7o r>"  
s, 

30 60 120 B ., 

31 62 124 A 

0, 

31 = 1 x 7 + 3 x 8 0,, so 012  rip,>_HDD-- 

32 64 128 A 02 - Si Cli - So 32 = 4 x 8 

33 66 132 C 33 = 3 x 5 + 3 x 6 1-1D,,..,E s° 
0, s, 

34 68 136 C 34 = 2 x 5 + 4 x 6 t-o., 1-1>_Es0 
s, 

35 70 140 B °- E 35 = 5 x 7 ss°, 

36 72 144 C ' E 36 = 6 x 6 ss'. 

37 74 148 B 37 = 3 x 7 + 2 x 8 :,, 1-0. so 
0,-s. 

38 76 152 8 
0, 
7o; -----1>°-1-1D0 so 38 = 1 x 6 + 4 x 8 

39 78 156 8 39 = 1 x 7 + 4 x 8 0 r>°-111>  S, 013 
02-5, 

N1 N2 N3 CC • INTERCONNECTION ALGORITHM 

40 80 160 B Oi - So C12 - S 1 40 = 5 x 8 

41 82 164 0 41 = 1 x 5 + 6 x 6 
0, 

er_H :>__E s° 
o,, 

s, 
on 

42 84 168 D °' 42 = 7 x 6 .E ss°, 

43 86 172 D °1 57; —4>°-11:>__E s° 43 = 3 x 5 + 4 x 7 
s, 

44 88 176 C —  Sp = 442 x 6 + 4 x 8 013 3 ° 
0,-s, 

45 90 180 C 
ol 

c,„1Do— so 
02-S 1 

45 = 3 x 7 + 3 x 8 

46 92 184 C 46 = 2 x 7 + 4 x 8 
01 

a—,3 IlDo— so 

ors, 

47 94 188 D 

0, 

47 = 1 x 5 + 6 x 7 
so 

co, 
S1 

013 

48 96 192 C Q1 - SO 0 2 - S1 48 = 6 x 8 

49 98 196 D ''2  49 = 7 x 7 E 

50 100 200 D 
0, C>) 

50 = 3 x 6 + 4 x 8 L E> so T,,,Î 
02-S, 

51 102 204 D 51 = 5 x 7 + 2 x 8 
01 

SO 0,2 DO 
013 02-S, 

52 104 208 D 52 = 4 x 7 + 3 x 8 
01 t» 
013 L E> So 

0,-s, 

53 106 212 D 53 = 3 x 7 + 4 x 8 
0, D>o 

I--Do so ,,' 
ors, 

54 108 216 D 54 = 1 x 6 + 6 x 8 so13 , r c ichDo so 
0 (11-S, 

55 110 220 D 55 = 1 x 7 + 6 x 8 

01 

..2 0 

o•, 02-S, 

56 112 224 0 Oi - So 02 - Si 56 = 7 x 8 

57 114 228 E 57 = 7 x 7 + 1 x 8 

01 

°" ---Dc' so 
1:101, 

58 116 232 E 
0 

58 = 6 x 7 + 2 x 8 0" —Ds' '3 
012 02-S, 

'CC = COUNTER CONFIGURATION 
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9305 VARIABLE MODULO COUNTER APPLICATIONS 

172 DIFFERENT DIVIDE RATE INTERCONNECTIONS 

N1 N2 N3 CC* INTERCONNECTION ALGORITHM 

59 118 236 E 

o, 

59 = 5 x 7 + 3 x 8 so °,, 
012 02-51 
012 

60 120 240 E 
0 1 

60 = 4 x 7 + 4 x 8 
I 

o„ »La- so 
ors, 

61 122 244 E 

0, 

61 = 3 x 7 + 5 x 8 °oho so 
0,3 ors, 

62 124 248 E 62 = 2 x 7 + 6 x 8 0,2 rog,_>-.50 
0,3 

63 126252 E 63 = 1 x 7 + 7 x 8 
o, fr 
0, so 
012 

32-S , 

01] 

64 128 256 E C11 - SO 02 - S1 64 = 8 x 8 

65 130 F os -f s° 0,2 5 11 5, 65 = 13 x 5 
0,o 

67 134 C 
- 67 - 5 x 5 + 7 x 6 

0 

So 

00 < 
0,, 4:::›1-13°----E -• 
Eh, 

69 138 C 69 = 3 x 5 + 9 x 6 
o, 

so 
0 o 

rt c.... ..›._E 

5, 

71 142 B 71 = 9 x 7 + 1 x 8 °,3--kp°-  so 
Oro 02-Sr 

73 146 B 

0 

73 = 7 x 7 + 3 x 8 
P° 

0 10 -- :),5 Sc 

012 r> 0 2- 51 

75 150 F 
°' ' 

75 = 15 x 5 03 -E ss°, o: . o 1:» Lipp- So 
00-5,. 

77 154 8 

o, 

77 = 1 x 5 + 9 x 8 
so 

°o',0 
013 

79 158 8 79 = 1 x 7 + 9 x 8 ono ripo_Hps So 

81 162 C 

ol 

81 = 5 x 5 + 7 x 8 
0, 

s° 0,0 

0,2 

83 166 D 83=1 x 5 +13 x 6 0,0 
0,, S 

013  

85 170 C 

01 

85=11x 7+1 x 8 °'° so 

013 

87 174 E 87 = 9 x 5 + 7 x 6 

01 
50 

ac,', 

0,3 

89 178 C 

0, 

89 = 7 x 7 + 5 x 8 °'° 
o 

o, '', 

012 

N1 N2 N3 CC* INTERCONNECTION ALGORITHM 

91 182 C 91 = 5 x 7 + 7 x 8 

a, 

01° 5° 

ors, 
012 

93 186 C 

01 

So 

93 tt 1 x 5 +11 x 8 
02 

0,0 
St 

Ott 

95 190 C 95=1 x 7 +11 x8 

0, 
° 0 S° 

ors, 00 

97 194 D 

Or 

97 = 5 x 5 + 9 x 8 
02 

so am 
013 s, 
012 

99 198 D 
0, 

99.13x 7+1 x8 °'° so 
012 

0 75 1 
013 

101 202 D 101=11x 7+3x8 
0 I» 

0,0----Do- so 
0,3 OrS1 

103 206 D 

01 

103 =9 x 7 + 5 x8 °J; s° 
ors, 

012 

105 210 D 105 =7 x 7 + 7 x8 
al 1>° 
olo____IDD- 5,3 

02.S1 

107 214 D 

o, 

107 =5 x 7 + 9 x8 °6-5'° so 

012 

109 218 D 109.3x 7+ 11 x 8 0,3--110-- so 
02-s, o o 

111 222 D 
0, 

111=1x7+13x8 °'° so 

113 226 F 

0,,-Dso-AD, 5,0 

113=7x 7+ 8 x 8 0,   D.„,Do_ so 02-S, 

012 -S• I 010 

115 230 E 

0, 

 115=13x7+3x8 
t>° 

cc;;`3' s° 0,1 0, -5, 
012 

117 234 E 
01 

117=11x 7+5x8 n s° 
0,-5, 

012 

119 238 E 

0, 

119 = 9 x 7 + 7 x8 01 o ,0 50 3,, 0, S• 
013 

121 242 E 
01 

121 = 7 x 7 + 9x8 °„:? s° 

012 °2.S. 
013 

123246 E 123=5x 7+11x 8 
010 
0,, 50 
0,2  
0,3 

125 250 E 125=1 x5+15x8 f,':`,' 

0,3 s, 

127 254 E 

0 

127=1 x7+15x8 

0,3  

*CC0 COUNTER CONFIGURATION 
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9305 VARIABLE MODULO COUNTER APPLICATIONS 

COUNTER WITH BUILT-IN BOUNCE ELIMINATOR 

When IC counters are operated by push buttons or 

switches, the unavoidable contact bounce must be sup-

pressed. Two cross-coupled NAND gates are common-

ly used to suppress bounce in a type C contact, but they 

are an additional component, increasing size and cost. 

The first stage of a 9305 can be used as a debouncing 

latch. It is a master/slave flip-flop, but when the clock 

input CP0 is Low, the master is isolated from the slave 

and Qo and 7(10 can be used as latch outputs. This 

circuit accepts bouncing contacts and counts modulo 5, 

6, 7, or 8, depending on the So and Si connections 

to the 0 1,2,3 outputs. The steady state contact cur-

rent is negligible (<2 mA), momentary current is 
50 mA for < 20 ns. 

TWO TYPICAL COUNTERS 

SINGLE/MULTIPLE COUNT ENABLES 

COUNT 

NAM, I 

ENABLE 

Single or multiple count Enables can be added to the 

9305 with an inverter and a NAND gate. The 9305 will 

not count if any of the count Enables are Low. Changes in 

the Enables should only be made when the clock is High. 

CLOCK 

INPUT 

MODULO 50/100/200 DIVIDER 

MODULO 50.100 200 DIVIDER 

MOD 50 OUTPUT 

MOD 100 OUTPUT 

MOO EDD OUTPUT 

Two counter designs based on the information in the 

preceding table are shown. The 50/100/200 modulo 
divider uses a controllable modulo configuration of six 

and eight (first 9305) that clocks a modulo 7 binary 

counter. The control for the modulo 6 or 8 counter is 
taken from the complement of the last stage of the 

modulo 7 counter, which directs the controllable modulo 
counter to divide by six, three times, and by eight, four 

times. The modulo 50 output of the modulo 7 counter is 

divided by the first stage of each 9305 used, providing 

modulo 100 and modulo 200 division. The two toggle 

stages could operate independently if modulo 100 or 
modulo 200 division were not needed. 

INPUT 

MODULO 45/90/180 DIVIDER 

MODULO 45 90. IRO OVIDIO 

In the modulo 45/90/180 divider, the programmable 3-
stage counter of the first 9305 divides by seven and 

eight. This 3-stage counter clocks the 3-stage program-

mable counter of the second 9305, which divides by six. 

The first stage output of the second 3-stage counter con-
trols the seven/eight counter and directs it to divide by 

seven, three times, and by eight, three times. The 
modulo 45 output occurs at the Q3 output of the second 

3-stage counter. As before, the first stages of each 9305 

are used to divide the modulo 45 output further to obtain 
modulo 90 and modulo 180 division. 
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9305 VARIABLE MODULO COUNTER APPLICATIONS 

BASIC TV SYNC GENERATORS 

MODULO 525 

MS So S1 

CPO 9305 
vAR MOD 

OP, COUNTER 

MR 00 00 0 1 02 0 3 

INPUT IT 
CLOCK  

31 50 KHz 

Y ° I II 

1/6 9003 

I 
MS So ST 

CP0 9305 03 
VAR MOD 

CPI COUNTER 

MR 00 00 0 1 0 2 03 

? I 
1/3 9003 

0-

I I______ 

MS So S1 

CP0 9305 03 
VAR MOD 

CF 1 COUNTER 

MR 00 00 01 02 0 3 

0— 

VERTICAL 
BLANKINGS (2IH) 

VERTICAL 
DRIVE (9H) 

1 3 9003 1/6 9003 
GATINGS FOR 
FQUALIZINGS 
PULSES 

1'3 9003 
GATINGS FOR 
VERTICAL SYNC. 
SERRATIONS 

1 3 9003 1/6 9016 

1/3 9003°Cr 

820 pe 1'6 9016 

HORIZONTAL 
CLOCK 

VERTICAL 

BLANKING   - 
VERTICAL I 
DRIVE 1 

GATING 
FOR 
EQUALIZING 
PULSES 

GATINGS 
FOR VERTICAL 
SYNC SERRATIONS 

CLOCK 
INPUT 

9H 

MS So Si 

CPO 9305 0 
VAR MOD 

^P. COUNTER 

MR 00 00 0 1 02 0 3 

525 H - 16 67 ins 

- 1 f-

MODULO 625 

MS 

CP0 

CRT 

So SI 

9305 
VAR MOD 
COUNTER 

03 

MR 00 0 00 1 0 2 0 3 

1,4 9002 

SO SI 

9305 0 
VAR MOD 
COUN ER 

MR 00 0001 0 2 03 

305 

— 62511 20 - 

Two basic TV sync generators are illustrated above. The 
525 divider produces waveforms basic to the American 
EIA standard and the waveforms of the modulo 625 
divider are basic to the European standard. The wave-
forms of the modulo 525 divider and modulo 625 

n 

HORIZONTAL 
DRIVE (H) 
(15.75 KHz) 

WAVEFORMS 

divider are the primary timing waveforms. By gating the 
waveforms shown with appropriate equalizing, vertical 
serration and blanking signals, standard sync wave-
forms can be generated. 
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9305 VARIABLE MODULO COUNTER APPLICATIONS 

SYNCHRONOUS COUNTER/SEQUENCER 

INHIBIT ___Icp.os S90305Si 03 

VAR MOD 

CLOCK CPI COGNEEP 

MR 00 0001 0 2 0 3  

I  

11) 

AO Al A A3 

9301 1.10 DECODER 

00 01 02 03 04 05 06 0/ 08 09 

rirfri"??1"? 
0 6 1 2 7 8 3 4 9 

Output Sequence 

Multistage semisynchronous or synchronous dividers 

are possible by simultaneously clocking two or more 

9305 counters that are relative prime (have no common 

factor). This 1-of -10 sequencer uses the 9305 as a 

modulo 10 counter for generation of the decoder ad-

dress. The 9305 is connected synchronously to mini-

mize the delay between counter outputs and the corres-

ponding transients on the decoder outputs. Synchronous 

operation is possible because the modulo of the first 

Count Sequence 

00 0 1 G2 03 
o 

o 

o 

o 

o 

o 
o 

o 

o 

o 
o 

o 
o 
o 

o 

o— 
o 
o 
o 

o 
o 
o 
O 
- 

state (two) and the modulo of the 3-stage counter (five) 

are relative prime numbers. Ten unique states are pro-

duced by clocking the two counters simultaneously. 

The count sequence is also shown. 

The Master Set inhibits the sequencer by setting all 
counter outputs (Q0 1 2 3) to one, thus blanking the 
9301 which does not ie'cógnize codes above nine. When 
the Master Set is deactivated, the counter sequences to 
zero synchronously with the next clock. 

A 2-DIGIT BCD RATE MULTIPLIER 

MS S0 Si 

CP0 9305 O-1 

VAR MOO 

CLOCK  cp, COUNTER 

Affl Go Go 0• 02 0 3 

?? 

o 

1'2 9004 

1/6 901 

MS So St 

CP0 9305 
vAR MOD 

CD. COUNTER 

MR Go Gc 01 0 2 0 3 

03 0-

1 6 9016 

0 0 0 0 0 0 0 
O ' 7 3 4 5 6 / El 

938 
8 INPUT PRtom*Y ENCODER 

o o o 

MOST LEAST 

SIGNIFICANT SIGNIFICANT 

BCD DIGIT BCD DIGIT 

68 84 62 8 1 AS A4 A/ Al 

The 9305 counter can also act as the master counter in a 
BCD rate multiplying scheme. The 9305s are connected 

synchronously because this count sequence, as applied 

Si 

S2 

to I, 12 1 .5 I 17 

9312 
8 INPUT Mgt TIPLEXER 

/ 

I 
OUTPUT 

.44— 9014 

to the priority encoder, produces a code which gives an 

interlace sampling pattern for rate multiplying BCD 1248 

numbers. 
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9310/93L10 AND 9316/93116 COUNTERS 

DESCRIPTION 

1 PE PO P1 P2 P3 
CEP 

9310 UP 
CET DECADE IC 

ci' COUNTER 

MR Go 0, 02 03 

I I I 

LEADS 

CEPPI '3 I'3 

93'6 UP 
CET BINARY IC 

CO3NIER 

MR 013, 02 a, 

LOADING 
9310/9316 93L10/93L16 

PE 

PO, P1. P2, P3 
CEP 
CET 
CP 
MR 

clo, al, Q2, Q3 
TC 

Parallel Enable (Active Low) Input 
Parallel Inputs 
Count Enable Parallel Input 
Count Enable Trickle Input 
Clock (Active High) Going Edge Input 
Master Reset (Active Low) Input 
Parallel Outputs 
Terminal Count Output 

Count Enable = CEP • CET • PE 

TC (9310) = CET • Cto • • TI/2 • 03 

TC (9316) = CET • 00 • 01 • 02 • 03 

2 UL 0.5 UL 
2/3 UL 0.167 UL 
1 UL 0.25 UL 
2 UL 0.5 UL 
2 UL 0.5 UL 
1 UL 0.25 UL 
8 UL 2 UL 
10 UL 2 UL 

NOTE. PE and MR are active Low inputs, implying that they must be brought to a logic Low level in order to perform the function. Thus, 
data on P0_3 is loaded into C10_3 by the rising edge of the clock when FE is Low. The counter is asynchronously reset when MR is Low. 

The 9310/93L10 BCD decimal counters and the 9316/ 
93L16 binary hexadecimal counters are multifunction-
al devices with the following features: 

• Synchronous parallel loading 

• Asynchronous Master Reset 

• Assertion output from each stage 

• Terminal count activated (High) at count 9 on the 
9310/93L10 and at count 15 on the 9316/93L16 

• Count Enable Parallel (CEP) input and Count Enable 
Trickle (CET) input permitting "enable while count-
ing" in high speed multiple decade counting 
operations 

• TTL integrated circuitry with active pullups to provide 
high speed with reasonable power consumption 
and excellent noise margins 

• Input clamp diodes to ground to minimize the effects 
of line reflections 
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9310/93L10 AND 9316/93L16 COUNTERS 

OPERATION 

9310 

CFP 

CE 

—Do 

CP 

Co 

 -Dot  -0 

 -0 

CP 

o D— 

X 

 D-1 

—1;10— 

 o 

CP 

o 

9316 

CEP 

CET.,  

CP•  

 o 

—Do 

CP 

o 

—Do 
 o 

o 0-• 

 o 

o 
 o 

0-• 

.3 

a, 

D  

—Do  o 

Logic diagrams for the 9310 and 9316 are shown. In 

each circuit, an inverting clock buffer drives the four 
clocked RS master/slave flip-flops in parallel to obtain 

synchronous operation. When the Clock input (CP) is 

Low, the slave is steady, but data can enter the master 
via the R and the S inputs. During the Low-to-High tran-

sition of the CP, data inputs R and S are inhibited so a 

later change in the input data does not affect the master, 

and the information trapped in the master is transferred 
to the slave and reflected at the outputs. When the 

transfer is completed, both the master and the slave are 

steady as long as the Clock input remains High, 
regardless of any other logic input except MR. During 

the High-to-Low clock transition, the transfer path 
from master to slave is inhibited leaving the slave steady 

in its present state, and the data inputs R and S are 

enabled permitting new data to enter the master. This 

arrangement permits synchronous operation at high 
clock frequencies and simplifies control logic in most 

applications. 
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9310/93L10 AND 9316/93L16 COUNTERS 

MODE SELECTION 

PE CEP CET MODE 

L L L PRESET 

L L H PRESET 

L H L PRESET 

L H H PRESET 

H L L NO CHANGE 

H L H NO CHANGE 

H H L NO CHANGE 

H H H COUNT 

Three control inputs — Parallel Enable (PE), Count 
Enable Parallel (CEP) and Count Enable Trickle (CET) — 

select the mode of operation. There are three different 

modes: count, preset and no change. 

Conventional operation of the 9310/9316, as shown 

above, requires that the mode control inputs (PE, CEP, 

CET) are stable while the clock is Low. This is no con-

straint for a normal synchronous system where all sig-

nals are generated by the rising edge of the clock. 

For some applications, the designer may want to change 

those inputs while the clock is Low. In this case the 

9310/9316 will behave in a predictable manner. For 

example: 

If PE goes High while the clock is Low, but Count Enable 

is not active during the remaining clock Low period 
(i.e., CEP or CET are Low), the subsequent Low-to-High 

clock transition will change Cio . . . Q3 to the Po . . 

P3 data that existed at the set-up time before the rising 

edge of PE. 

If Count Enable is active (i.e., CEP and CET are High) 

during some portion of the clock Low period, but PE is 

High (inactive) during the entire clock Low period, the 
subsequent Low-to-High clock transition will change 

Q0 . . Q3 to the next count value. 

If PE goes High while the clock is Low, but Count En-

able is active (CEP and CET are High) during some por-

tion of the remaining clock Low period, the 9310/9316 

will perform a mixture of counting and loading. On the 
Low-to-High clock transition, outputs Q0 . . 03 will 

change as the count sequence or the loading requires. 

Only the outputs that would not change in the count 

sequence and are also reloaded with their present value 

stay constant. 

When Low, the asynchronous Master Reset overrides all 
other inputs resetting the four outputs Low. 

COUNT SEQUENCE 

9310 

9316 

Count Enable = CEP • CET • PE 

IC for 9310 = CET • Qo • 01 • 7:52 • 03 

TC for 9316 = CET • 00 • Qi • Q2 • 03 

Preset = PE • CP+ {rising clock edge) 

Reset = MR 

The 9310 can be preset to any state, but will not count beyond 9. If 

preset to state 10, 11, 12, 13, 14, or 15, it returns to its normal se-

quence within two clock pulses 

In each stage of the counter, the R and S inputs can be 
switched between two sources by the Parallel Enable 
(PE) input. When the PE input is in the Low state, the R 

and S inputs of each of the four flip-flops are connected 

to form four independently clocked D flip-flops whose D 
inputs are the parallel inputs Po, P1, P2 and P3 . This 

mode takes precedence over the two synchronous count 

enable controls, CEP and CET. The counters can be 
preset to any number between 0 and 15 by applying the 

binary equivalent of the number to the parallel inputs Po, 

Pi, P2 and P3 and activating the PE input (PE Low). The 
counter is preset on the following Low-to-High clock 
transition. Counting is resumed when PE, along with 

CEP and CET, is High and follows the sequence shown. 
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9310/93L10 AND 9316/93L16 COUNTERS 

MULTISTAGE COUNTING 

a. SLOW MULTISTAGE COUNTING SCHEME 

CLOCK 

CLOCK 

1 1 1 1 I 
PE PO Pt P2 P3 

CEP 9310 UP 
CET DECADE TC 
cp COUNTER 

MP 00 0 1 02 03 

71111 

d 1 1 1 1 

re9 00 0 1 02 03 

PE PO PI P2 P3 

CEP 9310 UP 
—• CET DECADE TC 

cp COUNTER 

11 11 
PE PO P1 P2 P3 

CEP 
9310 UP 

CET DECADE IC 
COUNTER 

- MR 00 01 02 03 

9 1 1 1 1 

11 1 1 1 
PE Po P1 P3 P3 

CEP 9310 UP 
CET DECADE IC 

COUNTER 
CP 

MP 00 0 1 02 03 

r 9 1 1 1 

1 1 1 I 
PE PO PI .2 P3 

CEP 9310 UP 
CET DECADE TC 

r
cp COUNTER 

MR 00 01 02 03 9 1 1 I 1 

b. HIGH SPEED MULTISTAGE COUNTING SCHEME 

11 1 1 
PE Po P, P2 P3 

— CEP 
9310 UP 

CET DECADE TC 
COUNTER 

rCP MR Go GI 02 03 9 1 1 1 I 71 
bl1H 
PE PO PI P2 P3 

•—• CEP 
9310 UP 

CET DECADE TC 

CR COUNTER 

MR 0001 02 03 

?11H 

b1111 I  11111 
PE PO PI P2 P3 PE Po PI P2 P3 

CEP 9310 UP - CEP 9310 UP 
CET DECADE TC _ CE' DECADE TC 

cp COUNTER CP COUNTER 

E.TR 00 0 1 02 03 I MR 0001 02 03 

?1111 

For multistage counting, all less significant stages must 
be at their terminal count before the next more signifi-

cant counter is enabled. The 9310 and 9316 internally 
decode the terminal count condition which is ANDed 
with the CET input to generate the Terminal Count (TC) 

output. This arrangement allows series enabling by 
connecting the TC output (Enable signal)to the CET input 
of the following stage, (a above). This setup requires 
very few interconnections but has a drawback: the 
counter chain is fully synchronous, but since it takes 
time for the enable to ripple through the counter stages, 
maximum counting speed is reduced. This drawback can 

be overcome by proper use of the CEP and CET inputs. 
The CEP input of the 9310 or 9316 is internally ANDed 

?II 1 1 

11111 
PE PO PI P2 P3 

CEP 
9310 UP 

CET DECADE TC 
cp COUNTER 

MR 00 01 02 03 

?III' 

TO MORE 
SIGNIFICANT 
STAGES 

TO MORE 
SIGNIFICANT 
STAGES 
(UP TO ELEVEN 
TOTALI 

with the CET input and connected to the R and S inputs of 
the individual flip-flops within the counter. This feature 
makes it possible to build a multistage counter (b) that 
can operate as fast as a single counter stage. The ad-
vantage of the "enable while counting" method is best 
seen by assuming all stages except the second and last 
are in their terminal condition. As the second stage ad-
vances to its terminal count, an Enable is allowed to tric-
kle down to the last counter stage, but has the full cycle 
time of the first counter to reach it. When the TC of the 
first stage goes active (High), all CEP inputs are activated 
allowing all stages to count on the next clock. The fan out 
of TC (FO= 10) limits the configuration in b to 11 decades. 
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9310/93L10 AND 9316/93L16 COUNTER APPLICATIONS 

PROGRAMMABLE DIVIDER 

PROGRAMAS E 
INPUTS 

9310 

DIVIDE 
RATIO 

NPUT REQUIRED 

PO P P2 P3 

2 
3 
4 
5 
6 
7 
8 
9 
10 

8L 
7 
6 
5H 
4 
3 
2 
1 
OLLLL 

HHHL 
LHHL 

LL 
HHLL 
LHLL 
HLLL 

L 

L 

L 

HL 
HL 

H 

L = LOW = GROUND 
H = HIGH = OPEN OR Vcc 
(WITH 1 k LIMITING RESISTOR) 

9316 

DIVIDE 
RATIO 

INPUT REQUIRED 

PO P1 P2 P3 

2 14 L HHH 
3 13 HLHH 
4 12 LLHH 
5 11 HHLH 
6 10 LHLH 
7 9 HLLH 
8 8 LLLH 
9 7 HHHL 
0 6 LHHL 
1 5 L H L 
2 4 L H L 
3 3 H L L 
4 2 H L L 
5 1 L L L 
6 0 L L L 

The 9310 and 9316 can be converted into synchronous 

programmable counters with modulo 2 to 10 or 2 to 16 
respectively, simply by adding a single inverter. The 

resulting counter actually simplifies certain applications. 

For example, most applications that seem to require a 
count either from zero to a predetermined number or 

from the number down to zero need not be implemented 

in this way. Instead, the operation can be performed with 

fewer gates by using a 9310 (or 9316) programmed with 

the complement of the number and allowed to count up 

until the terminal count is reached. Thus, if it is neces-
sary to Enable a line for three counts, a 9310 may be 

used by entering 6 (0110) (9s complement of 3) on the 

parallel inputs and counting up. 

GENERATING COMPLEMENTS 

ROTARY SWITCH PROGRAMMING 

Hoot 
SWOT 

4,01D 

This 9310 is programmed by a 4-pole switch and is used 
to permit zero to nine pulses to pass through a gate. 

Various types of readily available thumbwheel switches 

function well with these devices. Because all 9300 

series devices belong to the current sinking logic family, 

an open input appears to be High and must be grounded 

if a Low is desired. For this reason, nines complement 

switches providing closed contacts for High only will 

not function directly with these devices. A type provid-

ing shorts for Lows must be used. The proper type is 

sometimes called "nines complement plus complement" 

or "inverted nines complement" by thumbwheel switch 

manufacturers. 

a. 

BINARY 

A, A 

I 6 9016 

EACH 

Of P3 P3, P3 
CEP 

93 19 UP 
CFI B AAR. if 

COUNTER 

MR 00 0, 02 Op 

BCD INIADS 

AO AI 63 63 

PE PO 1 Pi P3 

C" 9310UP 
CET DECADE TC 
,„ COUNTER 

MP 000, 02 Op 

b. 

2.b .3a '01, 'lb .2b 
0 

9309 
I, Ai TIPA' MIA TIPI PREP 

The complement of a number may be generated with 

logic circuits. In a binary counter (9316), the negation 
outputs of the circuits supplying the number furnish 

the proper complement. If these outputs are not avail-
able, inverters will generate the complement as shown 

C. 

BCD INPUTS 
 OS 

9321 
DUAL 

DEO'DER 

3013 Y I f 90 ,6 

4 9002 I 4 60n2 

PE PG P. P2 22 

CEP 9 10 UP 
DECADE IC 

co COuNTER 

MR flu 0, 02 (1, 

in (a) above. In a decimal counter (9310), the nines 
complement is generated by a 9309 dual 4-input multi-

plexer plus one inverter (b), or by half of a 9321 dual 

1-of -4 decoder plus a few gates, (c). 
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9310/93L10 AND 9316/93L16 COUNTER APPLICATIONS 

COUNTER EXPANSION 

PROGRAMMABLE MODULO 32 

PROGRAMMABLE INPUTS 

COUNT 
ENREKE 

CLOCK 

RESET 

OUTPUTS 

COUNT 
ENA9tE 

CLOCX 

- SET 

MODULO 64 

•  

OUTPUTS 

05 

50% DUTY CYCLE OUTPUT COUNTERS 

r-, 
1 CEP 9 01,2P CET INIMPs TC 

, COUNTER 

- NNt 00 0, 03 03 

MODULO 6 

PI P P 

rc 9 0 UP 
e 
COUNIi, 

NH 0 Ul 

Ufl 

MODULO 12 

Count Sequence 

Q  I Q 2 0 3 

o 
o 

o 
o 

o 

o 

o o 
o 
o 

Count Sequence 

G O 0 1 ° 2 0 3 

o 
o 

o 
o 

o 
o 

o 
o 

o 

o 

o 

o 

o 
o 
o 

o 
o 
o 

o 
o 
o 
o 
o 
o 

Four circuits which divide by 6, 10, 12 and 14 are shown. 

The 03 output provides a 50% duty cycle output. No ad-

ditional gates are required except in the divide-by-14 

circuit. In addition, all the count sequences start on 0000 
and end on 1111, which means the Master Reset (MR) 

input and the Terminal Count (TC) output still function 
properly. 

PE PO P, P2 p3 
CEP 

CET 91194/0 TC 
„ COUNTER 

MR 00 0, 02 03 

7 I I 

MODULO 10 

1-••-•• OuTPu• 

MODULO 14 

PE P, Pi 2 E, 
CEP .31., 

CET Rituun. It 
, COEN ER 

MP 00 O P 02 0, 

7 

cicE 900 

Count Sequence 

ao 0 1 0 2 0 3 

o 
o 

o 

o 
o 

o 

o 
o 
o 

o 
o 
o 

o 

1 

o 

o 
o 
o 
o 
o 

Count Sequence 

0 E3 0 1 Q 2 0 3 

o 

o 
o 

o 

o 

o 
o 

o 

o 
o 

o 
o 

o 
o 

o 
o 

o 
o 
o 

o 
o 
o 

o 
o 
o 
o 
o 
o 
o 

Synchronously parallel loading the 9316 forces the 
counter to skip some of the states it would otherwise 

count through. In each circuit, either the Q1 or Q2' out-

put is connected to the active Low Parallel Enable (PE) 

input. Whenever this output is Low, the counter loads 

instead of counting on the next clock pulse. 
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9310/93L10 AND 9316/93L16 COUNTER APPLICATIONS 

MULTISTAGE PROGRAMMABLE COUNTERS 

DECIMAL 

PROGRAM WITH NINES COMPLEMENT 

MSS 

'CLUCK 

• 

" IQ uP 
LXCAOF C 
C0,7. 

MR:k.0, 0, G 

TIII 

o 
"` Ta T • •.1 

1310 nu. ut• 
CIE OtCNOE 

COUNTER r MN 000. 0, OT  Tim 
o 

r 9310 07 
alcool 

• COuN,U. 

MR %O. 00 G, 

71111 

O1  
.t I., • • 

". saw UP 
CE' OECNOE 
„ COUNten 

Nu 05 Or 02 03 

TI III 

o 
ce_PO o e 

9 IOU, 
ClE DECADE C 
„ COUNCIL* 

rAR 000, 09 03 

TIII I 

BINARY 

PROGRAM WITH ONES COMPLEMENT 

M1,13 

•E PO I •2 • 
CEP 

9316 UP 

Ml  

CE, C 
COun . 

,71 On oi o 

I I 

CEP ", "0 'T •3 
tale W. 

Col 11.1.41, OC 
COUNTER 

C• 

PE it P 13 

▪ MI UP 
CET MANY IC 
cp, COUNTER , ERR 00 0, 02 03 ERR 000, 00 03  ,„„  

o 

T 
PE Po • P 

9319 
CE Thein C 

COUN Cl 

o 
•F Pp P, P 9 

'e 9 19 UP 
CET ITONUTT C 

COUN9E11 

UR O. 0 0, 0 EAR Cloth 00 03 

TIII TIIII 

In the multistage programmable decimal and binary 

counters shown above the state prior to Terminal Count 

(TC-l) is decoded and activates the PE input. There-

fore, the next clock pulse does not increment the 

counter to Terminal Count (all nines for decimal, all 

ones for binary) but rather loads the program value into 

the counter. The counters are programmed with the 

• 7 90CN OR 
1 2 9009 

nines or ones complement of the count modulos, in-

stead of the more complicated tens or twos complement 

used in the conventional approach. The maximum 

count frequency is limited by the delay in TC decoding 

and the setup time of the PE input. This can be im-

proved with an additional flip-flop as shown next. 
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9310/93L10 AND 9316/93116 COUNTER APPLICATIONS 

MULTISTAGE PROGRAMMABLE COUNTERS 

DECIMAL 

PROGRAM WITH NINES COMPLEMENT 

CLOCK 

CLOCK 

011H 
PE Po Pi P2 P3 

CEP 
9310 UP 

CET DECADE TC 
COUNTER 

CP 
MR OQQ Cl2 C13 

01111 LPE Po PI P2 P3 

CEP 9310 UP 
CEI DECADE IC   

COUNTER 

III 0 I III 
PE Po PI P2 P3 I o PI P2 P3 

9310UP CEP 9310UP 
CE. 

CET DECADE TC   CET DECADE TC 
COUNTER COUNTER 

CP CP  From f— trio °I'll [ rm.,3  
o III 
PE Po PI P2 P3 

CEP 
9310 UP 

CET DECADE IC 
COUNTER 

MR c., oÇ .3 
î I 

BINARY 

PROGRAM WI TH ONES COMPLEMENT 

HIGH 

1/2 9004/7420 

O 

1/2 9S109 

0-

01111 
PE PO P1 P2 P3 

9316 UP 
— CEP 

— CET BINARY TC 
cp COUNTER 

[MR 00 0 1 0 2 0 3 

7 17 

o 
PE  CEP PO P1 P2 P3 

9316 UP 
--- CET BINARY TC 

ce COUNTER 

[  MR 00 0 1 0 2 0 3 

TI Ill 

o 
PE PO P1 P2 P3 

EP  
9316 UP 

CET BINARY TC 
ce COUNTER 

MP CIO al 02 0 3 

o 
PE PO P1 P2 P3 

CEP 
9316 UP 

CET BINARY TC 
cp COUNTER 

MR a0 0 1 0 2 03 

O Ill 
CEP 

9316 UP 
CET BINARY TC 

COUNTER 
CP 
MR 00 01 02 03 

PE Po PI P2 P3 

The maximum count frequency of a programmable 
counter can be improved by decoding the TC-2 state of 
the counter and synchronizing this state in a fast flip-
flop such as the 9S109. 

The clock pulse that increments the counter to IC-I 

HIGH 

1/2 9004/7420 12 

OP 

9S109 

0— 

also resets this flip-flop, thus activating the PE input. 
The next clock pulse loads the counter with the pro-
gram value. Guaranteed count frequency can be as 
high as 25 MHz, limited only by the sum of the tpd of 
the flip-flop plus the setup time of the PE inputs. 
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9310/93L10 AND 9316/93116 COUNTER APPLICATIONS 

FAST MULTISTAGE PROGRAMMABLE COUNTERS WITHOUT PROGRAM RESTRICTIONS 

DECIMAL 

PROGRAM WITH NINES COMPLEMENT 

CLOCK 

CLOCK 

LSB 

.... 
PE PO PI P2 P3 

•--. CEP 
9310 UP 

— CET DECADE IC 
COUNTER 

[ MR 00 0 1 02 0 3 

LSB 

i 0 1 P2 3 
CEP 

9310 UP 
CET DECADE TC 

CP COUNTER 

MR 00 01 03 03 

TIIII 

PE PO PI P2 P3 
CEP 

9310 UP 
CET DECADE TC 

COUNTER 

MR 00 01 02 03 

TIIII 

PE Po P1 P2 P3 
CEP 9310 up 

CET DECADE TC 

CP COUNTER 

MR 00 01 02 03 

CEP 
9310 UP 

CET DECADE TC 
COUNTER 

CP 

PE Po P P2 P3 1_ 

MR 000 1 0 2 0 3 

TI III 

BINARY 
PROGRAM WITH ONES COMPLEMENT 

CP 

IT o 

  CP 

  K 

95109 OR 9024 

o 0— 

PE PO PI P2 P3 
CEP 

9316 UP 
CET BINARY TC 

COUNTER 
CP 
MR 00 0 1 0 2 0 3 

TII 

1;"•P 
PE PO P1 P2 P3 

CEP 
9316 UP 

CET BINARY TC 
COUNTER 

CP 
MR Clo 01 02 03 

TI II 

o 

PE Po PI P2 P3 
CEP 

9316 UP 
CET BINARY IC 
p COUNTER 

MR 00 0 1 0 2 0 3 

T1 II 

—9  
PF Po PI P2 P3 

— CEP 
9316 UP 

CET BINARY TC 
COUNTER 

— CP 
MR 00 0 1 0 2 0 3 

TI III 

PE PO PI P2 P3 
CEP 

9316 U 
CET BINARY TC 

CP COUNTER 

MR 00 01 0 2 0 3 

T1111 

The programmable counters described in the previous 

two figures suffer from a decrease in maximum count-
ing speed when they are programmed with certain un-

favorable numbers which do not allow enough time 
for the decay of the TC ripple chain. 

For example, assume that a BCD counter is program-

med for modulo 90. The counting sequence is: 

MSD 99996 LSD 
99997 
99998 activates PE 
99909 nines complement of 90 

is loaded 
99910 
etc. 

The ripple TC output from the MSD must disappear 
during one clock period (when 99909 has been loaded). 

CP  CP 

—0 K 

9S109 OR 9024 

0 0-

MSB 

MSB 

If the clock period is shorter than this ripple delay, the 
next clock pulse reloads and the counter divides by the 
wrong number. This problem is overcome by a second 
flip-flop, as shown above. 

The dual flip-flop provides additional time for the TC 

outputs to ripple Low, since it activates the PE signal 

for two clock pulses instead of one. The two flip-flops 
form a modulo 3 counter and are normally set. TC-3 is 
decoded and activates the reset (71) input of the first 
flip-flop. The next clock pulse increments the counter 
to TC-2 and resets the first flip-flop. This activates 
the PE inputs and the reset (K) input of the second 
flip-flop. The next clock pulse loads the program value 
into the counter and resets the second flip-flop. Since 
the first flip-flop remains reset, the following clock 
pulse loads the counter again and it sets both flip-
flops. The next clock pulse increments the counter. 
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9310/93L10 AND 9316/93116 COUNTER APPLICATIONS 

SELF-STOPPING COUNTER 

START VALUE 

START 

CLOCK 

An inverter between the TC output and the CEP Enable 
input is all that is needed to stop a counter at its terminal 
state. The inverter, however, must be connected to CEP, 
not to the CET Enable input. Since TC is a function of 
CET, such a connection causes oscillation. 

HIGH SPEED PROGRAMMABLE DIVIDER STAGE 

COUNTER WITH THREE ENABLES 

ENABLE I 

I-- 
ENABLE 2 

PE Po P, P P3 
CEP 

9 10 UP 
ENABLE 3 CET DECADE TC 

CLOCK COUR ER 
MR 00 0 0 03 

If a particular application does not require the program-

mable feature but does require three Enables on a 
counter, each Q output should be tied to the corres-

ponding P input as shown, permitting the PE input to 
function as an enable. 

FREQUENCY 
INPUT 

HIGH SPEED 
10/11 COUNTER 

INPUT 
E10/1 I 
OUTPUT 

1.10 ENABLE 

LSB 

PROGRAM WITH NINES COMPLEMENT 

MSB 

o 

PE 110 P1 P P3 
CEP 

9310 UP 
CET DECADE IC 

CP COUNTER 

MP 00 0 1 02 03 

Hill 

o 

PT PO PI P2 P3 
CEP 

9310 UP 
CI T D CADE C 

COUNTER 
CP 

MR 0001 02 03 

11 

o 

PE P0 P1 P P 
CE. 

9310UP 
CET DECADE TC 

CP COUNTER 

MR 00 01 02 03 

Î I I I I 

1/6 9016 

The 9310 and 9316 can control a higher speed counter 
that is one of the stages of a programmable divider, ex-
tending the operating frequency by a factor of 10. A 
selectable divide-by-10 or divide-by-11 high speed 
counter acts as the clock source for the subsequent 
counter stages and for a control counter. The control 
counter and 10/11 counter form the units counter of the 

LPE P0 Pi 2 P3 
CEP 

9310 UP 
CET DECADE TC 

CFCOUNTER 

MR ao at 02 0 3 

I' I Ill 

I /4 9002 OR 
1/2 9009 

FREQUENCY 

OUTPUT 

programmable divider. After loading the four 9310s, the 
control counter enables the divide-by-11 mode of the 
high speed counter for the duration of the units cycle. 
When the units cycle is over, the control counter enables 
the divide-by-10 mode, causing the high speed counter 

to become a divide-by-10 counter functioning as a 
normal decade units counter stage. 

UP/DOWN COUNTERS 

The 9310 and 9316 combined with gating circuitry can be 
used as up/down counters, but the 9360/74192 and 9366/ 
74193 up/down counters are generally move applicable for 
this function. 

SPECIAL APPLICATIONS 

The synchronous parallel load capability of the 9310 and 
9316 enables these counters to be used in applications not 
customarily associated with counters. For example, if the 
PE input of the 9310 (or 9316) is permanently grounded, the 
device behaves like four dual-rank D-input flip-flops, de-
creasing the number of different parts needed in certain sys-

tems. 

RESYNCHRONIZER 

RE SYNCHRONIZATION 
SIGNAL 

ASYNCHRONOUS INPUTS 

CEPPE P0 PI P P 

9 10 UP 
CET DECADE • TC 

  CP  COUNTER 

MR 00 01 02 03 

?WI 

SYNCHRONOUS OUTPUTS 

TOR 9316 

A resynchronizer using a 9310 (or 9316) as four D-input 
flip-flops is shown. In this circuit the PE input is 
grounded, and the resynchronizing input is applied to the 

CP input. In most cases, the 9300 universal shift register 
is preferable for this function. 
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PROGRAMMING COUNTERS 

PE Po P., p2 P 
CEP 

9310 UP 
CET DECADE C 

COUNTER 
CP 

MR 00 01 0 0 

DIODE INCLUDED TO ENTER 

"1 WHEN SELECTED 

ENTER 

AO Al A A3 

9301 1 10 DECODER 

PE PO PI pP3 
CF. 

9310 UP 
CFT DECADE IC 

COUNTER 
CP 

1 6 9935 

EACH 

MR 00 0 1 0 2 0 3 

ANY DATA SOURCE 

19310. 9316. LATCH, 

SWITCHES. ETC I 

A general scheme for programming a 9310 (or 9316) 

counter is shown here. A diode matrix used as a read 

only memory or a decoding matrix (depending on how 

it is viewed) generates the desired code to be entered in 

the 9310 (or 9316). A 9301 or 9311 decoder selects 

the proper word, and 9935 inverters present this word 

to the parallel inputs. These inverters (standard DTL 

inverters without input diodes) are needed to maintain 

noise immunity on the inputs. 

COMBINATION COUNTER/DECADE REGISTER 

COMBINATION COUNTER/SERIAL REGISTERS 

DATA IN 

CLOCK 

SHIFT ENABLE 

CEP 
k0.0 PI P2 3 

9310 UP 

CET DECADE TC 

COUNTER 

MR 0.001 02 03 

o 
PE Po P, 

CEP 
9310 UP 

CET DECADE COUR ER 

MR 00 01 0 
CF 

P P3 

03 

DATA OUT 

The contents of a 9310 or 9316 can be shifted out 

serially. This circuit shows each 9310 (or 9316) with Q 

outputs connected to the next more significant P input for 

shifting the most significant bit first. When the Shift 

Enable is High, the 9310s (or 9316s) perform the normal 

counting operation. When the Shift Enable is activated 

(Low), the contents of the two decade countersare 

shifted out serially at the 03 output of the second 

decade counter. If each 9310 (or 9316) output is con-

nected to the next less significant parallel input, the 

least significant bit is shifted out first. Q0 of the least 

significant stage provides the serial output. 

SI-Ht.TTE 

CLOCK 

PARA,LEL DATA IN 

o 
PE PO P1 P P3 

EP 9310 UP 
CET DECADE TC 

CF COUNTER 

MR Clo 0, 0 03 

o 
PE Po P P P 

CEP 
9 10 uP 

CET D CADE C 

Ce COUNTER 

MR 00 C.)1 02 0-

The decade counter illustrated shifts data out of each 

counter in parallel by decade, with the most significant 

decade shifted first. To shift the least significant decade 

PE PO Pi P P 
CEP 

9 10 uP 

CFT DECADE C 

CF COUNTER 

MR 00 0, 02 03 

Î III 
PARALLEL DATA 

OUT 

first, each output is connected to the next less significant 
decade parallel inputs. 
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PROGRAMMABLE COUNTERS STARTING AT ZERO 

SWITCH PROGRAMMABLE 

CLOCK 

CLOCK 

o 
PT PO P1 P2 P3 

'-PP 
9310 LIP 

CET DECADE IC 
COUNTER 

CP 
MR Oo 0, 0 03 

TERMINAL COUNT LS8 

VALUE SELECT 
SWITCHES J0000 

o 
PE Po P, P2 p 

CEP 
9310 UP 

CET DECADE C 
COLIN ER 

CP 
mR Oo 01 0 0 

MS8 

9007 

TERMINAL COUNT VALUE INPUTS 

e  

LSB MS8 

o 
PE Po PI P2 P3 

CEP 
9310UP 

CET DECADE TC 
COUNTER 

CP 
MP 00 0 1 0 2 0 3 

Pe PO PI P P 
CEP 

9310 UP 
CET DECADE TC 

COUNTER 
CP 

MR Oo 0/ 0 0 

—0 

Ao A, A2 Ao A4 Bo El B A 84 

ABC 9324 5 BIT COMPARATOR 

AB AT El AB 

o 
PE 0 t P2 P3 

CEP 
9310UP 

CET DECADE TC 

CP COUNTER 

MR 00 0/ 0 03 

A0A, A2 A3 A4 Bo B B 83 B4 

ABC 9324 5 BIT COMPARATOR 

A B A B 

Some applications call for counters that start at zero and 
reset at a predetermined number. This number may be 
derived from a switch position, from internal logic 
signals, or it may be permanently fixed. Two such 
counters are shown. In the circuit on top, a NAND gate 
decodes the terminal count, and on the next clock pulse 
the decoded output resets the counter through them in-

Ao A, A2 A3 A4 Bo BB BB 

ABE 9324 5 BIT COMPARATOR 

A >13 A B H 

puts. The PE inputs make it possible to reset the counters 
synchronously by grounding all the P inputs. If the 
asynchronous MR input were used to reset the counter, a 
race condition would result. In the second circuit 9324 
comparators compare the count value against a value 
generated by logic circuits. The A <6 output of the corn - 
parator serves as a preset signal to the counters. 
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CYCLIC D/A CONVERSION 

CHANNEL 1 BCD INPUTS 
HIGH 

HIGH SPEED 
CLOCK 

PEP0P1P P3 

CEP 9310 UP 

CET DECADE IC 
COUNTER 

CP 
MR 00 0 1 02 03  

l'1III 
•  

1 Pt PO PI P ° 

CEP 9310 UP 
  CET DECADE IC 

COUNTER 

MR 00 0 1 02 0 3  
CP 

1'1111 
CHANNEL 2 BCD INPUTS 

PE Po P1 P P3 
CEP 

9310 UP 
CET DECADE IC 

CP COUNTER 

MR 00 0 1 02 03 

TIM 

PE po P1 P P 
CEP 

9 10 up 
CET DECADE IC 

COUNTER 
CP 

MR 00 01 02 03 

?WI 
REFERENCE 

11111 
PE Po PI P, P3 

CEP 
9310 UP 

CF, DECADE IC 
COUNTER 

MR Clo 0, 03 03 

COUNTER 

111H 
PP  cEA PO P1 P2 >3 

9310 UP 
Cl DECADE IC 

ce COUNTER 

AAR 00 0, 02 03 

0 

16 9016 
OR 

1/2 9009 

This is a schematic of a dual D/A PDM converter using 
9310s (or 9316s). This circuit uses one programmable 
counter per channel plus one reference counter. The 
number to be converted is supplied to the parallel inputs 
of the programmable counter and entered when the 
reference counter is at Terminal Count (TC active). The 
programmable counter count value is greater than the 
count value of the reference counter by a number of 
counts equal to the digital input. To produce a PDM out-

USE 9009 BUFFER 
IF MORE THAN IWO 
CHANNELS ARE USED 

1/2 

CP 9020 

MORE D•TO•A CHANNELS 
MAY BE USED 

MPLACE ALL 9310s WITH 9318s 
FOR BINARY D•TO•A CONVERTER 

CHANNEL 1 
POM 

OUTPUT 

CHANNEL 2 
POM 

OUTPUT 

put directly proportional to the phase difference of the 
two counters, the Terminal Counts of the programmable 
and reference counters alternately set and reset the 
9020 flip-flop. Additional D/A conversion channels are 
easily obtained by adding a programmable counter and 
flip-flop for each channel desired. An alternate D/A 

converter (more economical for multichannel con-
version), using the 9318 priority encoder is included in 

encoders. 
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9360/74192, 9366/74193 UP/DOWN COUNTERS 

DESCRIPTION 

LEADS LOADING 

,2 Pa 

CPu ,CU 
9360 74192 

COO rCp 

MP Op 0, Ca 03 

The 9360/74192 is an up/down decade (8421) counter 

and the 9366/74193 is an up/down 4-bit binary 

Counter. Both devices are synchronous dual-clock 

up/down counters with asynchronous Parallel Load, 

asynchronous overriding Master Reset and internal 

Terminal Count logic which allows the counters to be 

easily cascaded without additional logic. The 9360 

PL 

PO PI , P2, P3 
CFILJ 

CPD 
MR 

Oi. 02. 03 

TCD 

Parallel Load IACtIve Low) Input 
Parallel Data Inputs 

Count Up Clock Pulse Input 
Count Down Clock Pulse Input 
Master Reset (Clear) Input (Asynchronous) 

Counter Outputs 
TermInal Count Up (Carry) Output 

Termlnal Count Down (Borrow) Output 

1 UL 

1 UL 
1 UL 

1 UL 
1 UL 

10 UL 

10 UL 
10 UL 

and 9366 can be used in many up/down counting ap-

plications, particularly when the initial count value must 

be loaded into the counter and multistage counting is re-
quired. The counters have active pullups for high speed, 

input clamp diodes to minimize the effect of line reflec-

tions, excellent noise margins and are compatible with 
all members of the Fairchild TTL family. 

OPERATING MODES AND COUNT SEQUENCES 

9360/54192, 74192 STATE DIAGRAM 

COUNT LP 

COUNT DOWN 

MR PL CPU CPD 

L H H H No Change 

L H CP H Count Up 

L H H CP Count Down 

L L X X Preset (Asynchronous) 

H L X X Reset (Asynchronous) 

H H X X Reset (Asynchronous) 

MODE 

9366/54193, 74193 STATE DIAGRAM 

The 9360 and 9366 can be Reset, Preset and can count 

up and down. The operating modes of the counters are 

listed and are identical. The only difference is in their 

count sequences. 

Counting is synchronous with the outputs changing state 

after the Low-to-High transition of either the count up 
clock (CPU) or count down clock (CPD ). The direction of 

the count is determined by the clock input which is 

pulsed while the other count input is High. 

Incorrect counting can occur if both the count up clock 

and count down clock inputs are Low simultaneously. 
The counters respond to a clock pulse on either input by 

changing to the next appropriate state of the sequences 
shown above. The 9360 diagram shows the regular BCD 

(8421) sequence as well as the sequence of states if a 

code greater than nine is preset into the counter. 

COUNT UP 

COUNT DOWN 

The 9360 and 9366 have an asynchronous parallel load 

capability permitting the counter to be preset. When the 

Parallel Load (PL) and the Master Reset (MR) inputs are 
Low, information present on the parallel data inputs (PD, 

P2 and P3) is loaded into the counter and appears on 
the outputs regardless of the conditions of the clock in-
puts. When the Parallel Load input goes High, this in-

formation is stored in the counter and when the counter 

is clocked it changes to the next appropriate state in the 
count sequence. The parallel inputs are inhibited when 

the Parallel Load is High and have no effect on the 
counter. A High on the asynchronous Master Reset (MR) 

input overrides both clocks and Parallel Load and clears 

the counter. Obviously, for predictable operation, the 
Parallel Load and Master Reset must not be deactivated 

simultaneously. 
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9360/74192, 9366/74193 UP/DOWN COUNTERS 

OPERATION 

9360 

o  

Y/(7 

9366 

co O  
NP DU, 

o 
oo 

YÍ Yf 
o  

_D— 

YÍ) 

Both the 9360 and 9366 have four master/slave flip-

flops plus steering, Terminal Count decoding and Preset 

logic. Each flip-flop is designed to toggle after each clock 

pulse. Counting occurs by steering clock pulses from 

either the up or down clock input to the appropriate flip-

flops and output changes are coincident, two gate delays 

after the rising clock edge. 

The steering logic in the 9366 allows a particular flip-flop 
to receive an up clock pulse when all preceding stages 

are one and to receive a down clock pulse when all 

preceding stages are zero. The first flip-flop toggles if an 
up or down clock is received. The 9360 incorporates 

slightly different steering logic to a llow decade counting. 

Each flip-flop is a master/slave toggle flip-flop operating 

as follows. When the toggle clock input is Low, the slave 
is steady but the master is set to the opposite state of the 

slave. During the Low-to-High clock transition, the 

CUT1,11 

env.« 
Ounun 

master is disabled so a later change in the slave outputs 

does not affect the master. Also, the information now in 

the master is transferred to the slave and appears at the 

output. When the transfer is completed, the master and 

slave are steady as long as the clock input remains High. 

During the High-to-Low clock transition, the transfer 

path from master to slave is inhibited, leaving the slave 

steady in its present state and allowing the master to be 

set to the opposite state of the slave. 

Asynchronous Set and Clear inputs on each flip-flop 
allow the respective flip-flops to be set or cleared 

independently of the clock inputs. All inputs are buffered 

and require only one unit load of drive. All outputs have 

drive capability of 10 unit loads. The input loading and 
drive capability of this device reduce the need for ad-
ditional external buffers in digital systems. 
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9360/74192, 9366/74193 UP/DOWN COUNTERS 

TERMINAL COUNT LOGIC 

9360/54192, 74192 

TCu = (10 • • T1-2 • 03 • El3u 

TCD = U.0 • T(I l • 512 • T(/3 • CPD 

9366/54193, 74193 

TCu = Q. (1 1 • 02 • 03 • CPU 

TCD = 7(10 -ill • Ti2 • (53 • CPD 

The 9360 and 9366 have Terminal Count Up (TCu) and 
Terminal Count Down (TCD) outputs which allow multi-
stage ripple binary and decade counter operations 
without additional logic. The Terminal Count Up output is 
Low while the up clock input is Low and the counter is in 
its highest state (15 for the 9366, nine for the 9360). 
Similarly, the Terminal Count Down output is Low while 
the down clock input is Low and the counter is in state 
zero. The logic equations for Terminal Count are given 
here. 

COUNTER CASCADING 

PARALLEL 
LOAD 

o I I I I 
PL Po PI P2 P3 

UP CLOCK - CPU ICU 
9360,74192 

DOWN CLOCK - CPD TCD 

MR 00 0 1 02 0 3 

MASTER RESET 

I'll 

o 1 1 1 1  
PL Po PI P2 P3 

CPU ICU 
9360 74192 

0- cep TCD 

MR Do 0102 03 

I I I I 

0-

0— 

1 1 1 1  

PL Po PI P2 P3 

CPU ECU 
9360 74192 

CPD TCD 

MR 00 0 1 0 2 0 3  

1 1 1 1 

0— 

PL Po PI P2 P3 

CPu TCu 

9360.74192 
CPD TCD 

MR 00 0 10 20 3 

The counters are cascaded by feeding the Terminal 
Count Up output to the up clock input and the Terminal 
Count Down output to the down clock input of the follow-
ing (more significant) counter. Therefore, when a 9366 
counter is in state 15 and counting up or in state zero and 
counting down, a clock pulse will change the counter's 
state on the rising edge and simultaneously clock the 
following counter through the appropriate active Low 
terminal output. The operation of the 9360 is the same, 

FOLLOWING 
STAG LS 

except when counting up, clocking occurs on state nine. 
The delay between the clock input and the Terminal 
Count output of each counter is two gate delays (typically 
18 ns). Obviously these delays are cumulative when cas-
cading counters. When a counter is reset, the Terminal 
Count Down output goes Low if the down clock is Low 
and, conversely, if a counter is preset to its terminal 

count value, the Terminal Count Up output goes Low 
while the clock is Low. 

9-32 



9360/74192, 9366/74193 UP/DOWN COUNTER APPLICATIONS 

LIGHT-CONTROLLED UP/DOWN COUNTING 

COUNT 
UP 

COUNT 

DOWN 

01 

= 56 

56 k 

sec 

6k 

56 

see 

,) 971 

5 6 1 

56 k 

MO. 

CLOCK 110 MHz 

9024 

.3„,o, 3 6 9016 

PL •0 1 2 P3 

CPU Te, 

9360 74192 

CPD ¡CD 

MR 0 0 0 

MASTER RESET TO DISPLAY 

TO 

FOLLOWING STAGES 

Pt 2 3 

CPU TC, 

9360 74192 
CPD TCD 

MR 00 0, 02 03 

Many industrial or scientific applications require a count 

of objects traveling in different directions. The circuit 

shown counts moving objects as they move between a 

light source and phototransistors. This permits a count of 

objects passing in either direction and allows for 

reversals in movement or non-uniform movement. Each 

object passing from bottom to top increments the 

counter. Each object passing from top to bottom 

decrements the counter. Any object passing between 
the light source and the two phototransistors is counted 

as long as the object is large enough to cover both tran-

sistors simultaneously. Hex inverters serve as a clock 

generator and as phototransistor amplifiers. The dual 
flip-flop and 3-input NAND gates are used to route the 

phototransistors' signals to the up/down counters. 

When an object moves from bottom to top it covers 

phototransistor 2 first, bringing line B Low. This stores a 

zero in the 2-bit shift register. As the object continues, 
phototransistor 1 is then covered and brings line A High. 

As the object moves even further, it uncovers phototran-

sistor 2, bringing line B High again. The next clock pulse 

loads a 1 into the first bit of the shift register. This one - 

zero combination in the shift register and High level on 

line A are decoded and gated with the clock to increment 

the counter. For an object moving from top to bottom, the 

sequence is reversed and the counter decremented. 

PROGRAMMABLE DIVIDER 

HIGH 

CLOCK 

PROGRAMMABLE 

INPUTS IN 1 

PL 1.0 P, P P 

CPU TC, 

9366/74193 
ePD TCD 

MR 00 01 09 09 

OUTPUT 

DIVIDE 

RATIO 

INPUT 

REQUIRED 

PO P1 P2 P3 

DECIMAL EQUIVALENT 

OF INPUT 

1 HLLL 

0
, 
.i„
 

r
.
0
 

,,s
,
 _
, 

c
,
 0
 
C
O
 
-4

 
CO

 
CO

 
A
C
4
 
N
 
4.

 

2 LHLL 

3 HHLL 
4 LLHL 

5 HLHL 

6 LHHL 
7 HHHL 

8 LLLH 

9 HLLH 

10 LHLH 

11 HHLH 

12 LLHH 

13 HLHH 

14 LHHH 

15 HHHH 

The 9360 and 9366 can act as programmable dividers 

without additional logic. The divide ratio, n, is directly 

programmable in binary or BCD by using the count down 

capabilities of either counter. The divider shown 

operates as follows. The counter counts down until the 

terminal count value is reached, and when the clock goes 

Low again the Terminal Count output goes Low and 

starts to load the initial count value into the counter. 

When the preset number appears on the counter out-

puts, the Terminal Count Down output disappears and 
the counter decrements when the clock goes High. 

The input clock width must exceed the sum of the 

Terminal Count delays (two gate delays per counter), the 

asynchronous load delays and the clock setup time. The 

Terminal Count output is a short pulse which should be 

lengthened for some applications before it is applied to 

other logic. It can be applied to a 9601 one-shot or to a 

TTL flip-flop divide-by-two stage producing a symmet-

rical output at half the programmed frequency. Al-
though the Terminal Count disappears as soon as a 

single output changes, the internal delays are such that 

all flip-flops become preset before Terminal Count 

disappears. This is because the Preset signal must 

propagate through both the flip-flop and the Terminal 

Count gate before the preset signal is removed. Ad-

ditional delay may be desired between the Terminal 

Count output and the Parallel Load input and is ac-

complished with an appropriate number of inverters. 
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DEAD END COUNTERS 

UP C• OCK 

°OWN Cf OCK 

OUTP1.76 

Some systems using up/down counters require that 

underflow or overflow be inhibited. A change from the 
maximum count to zero in the count up mode or from zero 

to the maximum count in the count down mode must be 

prevented. To achieve this limited range operation, the 

feedback connections illustrated for two 9360 decade 

counters are used. The same feedback can be used over 

any number of stages and can also be used with the 9366 

binary counter. However, 15 must be loaded into the 

9366 to prevent overflow. 

The lower limit for counting is established at zero by 

inverting the Terminal Count Down output and apply-

ing it to the Master Reset input. Therefore, when the 

counter is at state zero and a down clock is applied, 

Terminal Count Down activates Master Reset during 

the entire time the clock is Low, keeping the counter at 

zero and preventing the counter from decrementing. 

After the down clock goes High, Master Reset is re-

moved but the counter is still in state zero. The upper 

limit for counting is established by connecting the 

Terminal Count up output to the Parallel Load input and 

applying the terminal count value to the preset inputs. 

SINGLE LINE UP/DOWN CONTROL 

UP 00P4N 
CONTROL 

This figure illustrates the addition of a single line 

Up/Down Control and Enable to the 9360 and 9366. All 

changes in the Up/Down Enable should be made while 

the clock is High. This restriction is not a problem since 

logic transitions in most of the Fairchild TTL family follow 

the Low-to-High transition of the clock pulse and the in-

puts are steady before the clock goes Low. 

SYNCHRONIZATION AND COINCIDENT PULSE PREVENTION 

P 

1 6 9016 

MASTER 

CI OCK 

—0 

XE ‘30 1P, 0933 

2 I I 

CP SNIFT9ZISTE 61 Q 3 

I 1 

MR 0 0,01 0 2 P3 

I 1 2 9034 

6 9016 

A method of synchronizing asynchronous up/down in-
put pulses and avoiding coincident pulses to the counters 

is illustrated here. The counters decrement or increment 

when either up or down asynchronous input makes a 

Low-to-High transition. If both inputs make the tran-

sitions simultaneously, the counters do not decrement or 
increment. A master clock with a frequency of at least 

twice the frequency of the asynchronous inputs is 

needed to avoid the loss of input pulses. The 9360 

counter outputs are synchronized with the master clock. 

The asynchronous up/down inputs are fed to a 9300 4 - 

bit shift register connected to form two independent 2 - 

bit shift registers. The outputs Q0 and Qi reflect the in-

LOAD 

/  

PL P0 13, P2 P3 

CPD 7CL; 

9360 74192 

CPD TCD 

MR 0 0 0 1 0 2 0 3 

I'll 

I II I 
0— 

PL Po PI P2 P3 

CPu 7Cu 

9360 74192 

CP0 TCD 

M 9 OL) 01 02 03 

1 I 1 1 

MASTER RESET 

formation on the asynchronous down input during two 
clock periods and the Q2 and 03 outputs reflect in-

formation on the up input during the same clock periods. 

This information is decoded by the three 4-input NAND 
gates and gated with the clock to produce the 9360 (or 

9366) up or down pulses. A Low-to-High transition on 
the up input results in 03 Low and Q2 High. This is 

decoded and gated with the clock to increment the 

counter. A Low-to-High transition on the down input 

results in Qi Low and Q0 High. This is decoded and 

gated with the clock to decrement the counter. A 4-input 

NAND gate disables both clocks to the counter when 

both transitions have occurred simultaneously. 
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THE 9300 SHIFT REGISTER AS A COUNTER 

COUNTING WITH SHIFT REGISTERS 

MODULO 8 

PE Po Pi p, 

CP 9300 
SHOT REGISTER 

« C3 
AIR 00 01 02 0  

Count Sequence 

00 01 a2 0 3 

o 

o 
o 
o 

o 
o 

o 
o 

o 
o 
o 

o 

o 
o 
o 
o 

gl•—• 

MODULO 6 

Count Sequence 

00 at a2 0 3 

o 

o 
o 

o 
o 

o 
o 
o 

o 
o 
o 

o 

The 9300 4-bit universal shift register can be used for a 

wide variety of counting circuits including simple 

counters of different modulo, variable modulo counters 
and up/down counters. Twisted ring counters offer 

glitch-free decoding of any individual state with one 

Count Sequence 

MODULO 6 

ET PO P 1 P2 E T 

9330 

SWFT REGIST ER 

03 

FAR 00 0, 0 OE 

GO 0 1 0 2 0 3 

0 0 0 1 
0 0 0 
1 0 0 
1 1 0 
1 1 
Q  1 t  

inverter and one 2-input NAND gate. Decoding any 

group of adjacent states (2,3,4,5,6 or 7) is equally sim-

ple. The unused states of these counters are non-

persistent, i.e., the counter reverts into its operating loop 

if accidentally set to an unused state. 

TWISTED RING (JOHNSON OR MOEBIUS) REVERSIBLE COUNTERS 

CODE., 

FORWARD 

MODULO 8 

CPI, 

300 

SweTAF .ds ,E4 

RIROQO FE 0 

11  
'DA ... 10 

S1OR 
DUAL RINEY, 00.1.10..•fir 

Count Sequence 

cto al 0 2 0 3 

o 

o 
o 
o 

o 
o 

o 
o 

o 
o 
o 

o 

o 
o 
o 
o 

Twisted ring reversible counters are possible with 9300 

shift registers and 9309 multiplexers. Individual or ad-

jacent states are easily decoded without glitches with 2-

COON! 

FORw A D 

MODULO 6 

o E E T 

JoD 

W .TAtT,STE • 

4u Do O. OT 

CT 'T IE. El 

DAhU WPUT TERFTEe TERER 

Count Sequence 

cto al 2 
o 

o 
o 

o 
o 

o 

o 
o 
o 

input NAND gates and inverters. Again, all unused states 

are non-persistent. 
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THE 9300 SHIFT REGISTER AS A COUNTER 

LINEAR FEEDBACK SHIFT COUNTERS 

The most economical approach to the design of a counter 
with the 9300 is the shift counter technique. The general 
state diagram of a 4-bit feedback shift register is shown. 

Each state is identified by a decimal number which is the 
equivalent of the contents of the register taken as a 
binary number. The first bit in the register is the least 
significant bit. Each state has two entrances and two ex-
its. One exit results from shifting a zero into the register 
and the other from shifting in a one. A wide variety of 
loop sequences can be chosen from the state table by as-
signing one and zero exits from successive states. Count 
sequences can be selected based on decoding re-
quirements, simplicity of feedback logic or other system 
constraints. 

There are several feedback shift counter designs using 
the 9300. One approach would be to select the desired 
sequence of states using this general state diagram. 
Then, the necessary input functions would be developed 
to produce the selected sequence. On the first attempt to 
generate the input function, those states not appearing 
in the desired sequence (except the all zero and all one 
states) can be considered as "Don't Care- conditions. 
However, it is necessary to check the states considered 
as "Don't Care" conditions against the generated input 
function to see that they do not form any unwanted 
loops. The all one and all zero states are special cases 
since they may be persistent states (loops of one state). If 
an all one or an all zero state is not wanted, this re-
quirement can be taken into consideration on the initial 
development of the input function by supplying a zero in-
put for the all one state and a one for the all zero state. 
If the unused states form a loop, it may be necessary to 
modify the input function to eliminate the secondary 
loop. Examination of the relationship between states in 
the desired and undesired loops indicates the required 
changes in the input function for eliminating the 
undesired loops. Except for the 2 -state loop (1010, 
0101), there are several distinct loops for all loop 
lengths. For example, there are 16 different loop se-
quences of length 16. The implementation of the neces-
sary input function is much simpler for some loops than 
for others. 

FEEDBACK SHIFT REGISTERS 

INPUT 

J INPUT 

oi 

I° o 

o o 

02 

03 

1 4 9002 

 o 

K INPUT 

X 

02 

03 

1111 0100---9.1010 

0011 1011 

011o 

0,01_..0010 -.1001 

C.  9 SPIT 1PPGrSTEN 
G3 

.4 ooO . 02 0 3 

1:2 9004 

An example of this approach to the design of a feedback 
shift register is illustrated here. A 10-state loop is 
selected, and the Veitch diagrams for the J and K inputs 
are shown with the resulting state diagram for the sim-
plest gate implementation. With the simplest gate im-
plementation of the main loop, the all one state is 
persistent. This condition can be relieved by several ap-
proaches. 

A new input function and its gate implementation results 
in a zero input for all one state. 

Another method of eliminating the all one persistent 
state is to connect a 4-input gate as shown so that the all 
one condition produces a Master Reset input. At least 
one stage is then set to zero. 
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THE 9300 SHIFT REGISTER AS A COUNTER 

MODULO 15 COUNTER 

JUMP WILL PRODUCE 

MODULO 10 COUNTER 

O 0 0 0 
1 0 0 0 
O 1 0 0 
1 0 1 0 
O 1 0 1 
O 0 1 0 
1 0 0 1 
1 1 0 0 
O 1 1 0 
1 0 1 1 
1 1 0 1 
1 1 1 0 
O 1 1 1 
O 0 1 1 
O 0 0 1 

RIF 

Another approach to the generation of a count sequence 
with a feedback shift register is to first generate a simple 

sequence such as one obtained by toggling the first stage 

of an n-bit shift register whenever the last stage is zero. 
This simple function produces a loop of 2n - 1 states and 

a single all one persistent state for the values of n = 

2,3,4,6,7,15 and 22. Here is a 9300 connected in this 

manner and the resulting sequence of states. Ex-

amination of this sequence shows that a 10-state 

counter results if a jump is caused from the 1000 state to 

the 1100 state. It is only necessary to inhibit the Reset of 

the first state to obtain this jump. Further examination of 

the sequence reveals that the inhibit function is simply 

the Q2 output. This approach creates exactly the same 

counter as obtained by the previous methods. 

VARIABLE MODULO COUNTERS 

UP/DOWN COUNTERS 

OR DOWN 

CP DOOR 
SHIFT REGISTER 

0,  o 

PE Pp P, P3 P, 

9100 
SNOT REGISTER 

OT 

MR 00 01 Os 

E>  

An up/down shift register counter is possible by con-

necting the 9300 as a right/left shift register (using 

the synchronous parallel inputs) and supplying a zero to 

the left shift input when the first two stages are different. 

This is the reverse of toggling the first stage whenever 

the last stage is zero. This is a modulo 127 up/down 

counter using this technique. 

HIGH 

PE PO PI PaP 

p 9300 

Salle REGISTER 

03 

MR 00 0, 02 03 
0-

Sco Si 82 S3 N 

1 1 1 1 16 
0 1 1 1 15 
0 0 1 1 14 
0 0 0 1 13 
0 0 0 0 12 
1 0 0 0 11 
0 1 0 0 10 
1 0 1 0 9 
0 1 0 1 8 
0 0 1 0 7 
1 0 0 1 6 
1 1 0 0 5 
0 1 1 0 4 
1 0 1 1 3 
1 1 0 1 2 
1 1 1 0 

Another use for the parallel input of the 9300 shift 
register is illustrated by the variable modulo or divide-by - 
n counters on the left. Again, the simple feedback (toggle 
the first stage when the last stage is zero) is used. This 

time a single gate produces the Parallel Load signal 
whenever the first three stages contain all ones. The 
parallel input combination to be loaded into the register 

ITIROGRAWN , 
wows 

e fl an 

e. 11TIS ER 
TIo 0, 

P. , P, 

SRIT'erSTER 

OMI C, 0, 0'3' 
0— 

900/ 
,ITE >WOE RAT/0 or.'as IS NOT 050114F, 

TRTS EXCEUSIVE NO« CATE MAT RE OTAITIFG 

is determined by the four switches. Note that this 
counter can divide by any integer up to and including 16. 

The divide-by-n counter shown on the right is simply an 
extension to seven bits of the 4-bit divide-by-n counter. 

The table opposite gives the loading values for this 
7-bit counter. 
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THE 9300 SHIFT REGISTER AS A COUNTER 

MULTISTAGE PROGRAM DIVIDER 

INPUT 

0 1 2 3 4 5 6 7 8 9 

LSD 

0 1 2 3 4 5 6 7 8 9 

N INPUT 

1/4 9002 

PE Po 

CP SHIFT AEGIS ER 
03 

MR 00 0, 02 03 

1/6 9016 

1/4 9002 

NASD 

CP SHIFT REGISTER 

K 03 
MR Oo GI 0 0 

Î I 

0—, 

1,2 9004 

4, OUTPUT 

COUNTING STATES 
9 0011 

8 0001 

7 0000 

6 1000 

5 1100 

4 0110 

3 1011 

2 1101 

1 1110 

0 0111 

This circuit divides by any number n from 1 o 00. The selected n is one greater than is shown on the slide switches. 

As an example, the switches show 56, therefore the circuit will divide by 57. 

Divide-by-n counters are difficult to use in a large 
number of program divider applications due to the 

unwieldy nature of the n -input format when large values 
of a variable input are required. This can be overcome 
by building the counter in stages. This diagram is a 
simple, fully synchronous 2-stage decade counter. Each 
stage counts down modulo 10, with the first stage gat-
ing the clock to the second stage when it is in the zero 

condition. When both stages are in the zero condition, 
the Parallel Load is enabled, setting the value of n into 

the two decade stages. Since the decade count 00 is in-
cluded in the sequence, the counter counts one more 
than the value of n loaded. Each additional decade stage 
using this approach requires either much more logic or 
a reduction of operating speed. 

LOADING VALUES, DIVIDE-BY-n COUNTERS 

n l I 12 

128 1 1 1 
127 0 1 1 
126 0 0 1 
126 0 0 0 
124 0 0 0 
123 0 0 0 
122 0 0 0 
121 0 0 0 
120 1 0 0 

119 
118 
117 
116 
115 
114 
113 
112 
111 
110 

109 
108 
107 
106 
105 
104 
103 
102 
101 
100 

o 

o 

o 

o 
o 

o 
o 
o 

o 
o 
o 

o 

1 0 
O 1 
1 0 
O 1 
1 0 
O 1 
1 0 
1 1 
O 1 
O 0 

1 0 
1 1 
O 1 
O 0 
O 0 
1 0 
O 1 
O 0 
O 0 
1 0 

13 

o 
o 
o 
o 
o 

14 15 

1 
1 1 
1 1 1 
1 1 1 
1 
O 1 1 
O 0 1 
O 0 0 
O 0 

16 

1 
1 

1 1 

O 

O 0 0 0 
O 0 0 0 
1 0 0 0 
O 1 0 0 
1 0 1 0 
O 1 0 1 
1 0 1 0 
O 1 0 1 
1 0 1 0 
1 1 0 1 

o 
o 

o 
o 
o 

o 
o 

o 
o 

o 
o 
o 

o 

1 0 
1 1 
O 1 
O 0 
1 0 
1 1 
O 1 
O 0 
O 0 
1 0 

99 
98 
97 
96 
95 
94 
93 
92 
91 
90 

89 
88 
87 
86 
85 
84 
83 
82 
81 
80 

79 
78 
77 
76 
75 
74 
73 
72 
71 
70 

^ 10 11 12 13 14 15 

39 1 1 0 0 0 1 
38 0 1 1 0 0 0 
37 0 0 1 1 0 0 
36 1 0 0 1 1 0 
35 0 1 0 0 1 1 
34 1 0 1 0 0 1 
33 1 1 0 1 0 0 
32 1 1 1 0 1 0 
31 0 1 1 1 0 1 
30 1 0 1 1 1 0 

29 1 1 0 1 1 1 
28 0 1 1 0 1 1 
27 0 0 1 1 0 1 
26 0 0 0 1 1 0 
25 0 0 0 0 1 1 
24 1 0 0 0 0 1 
23 1 1 0 0 0 0 
22 1 11000 
21 0 1 1 1 0 0 
20 1 0 1 1 1 0 

10 11 12 13 14 15 

1 0 1 0 0 0 
1 1 0 
o 1 1 0 1 0 
1 0 1 1 0 1 
O 1 0 1 1 0 
O 0 1 0 1 1 
1 0 0 1 0 1 
1 1 0 0 1 0 
1 1 1 0 0 1 
O 1 1 1 0 0 

O 0 1 1 1 0 
1 0 0 1 1 1 
O 1 0 0 1 1 
O 0 1 0 0 1 
O 0 0 1 0 0 
O 0 0 0 1 0 
1 0 0 0 0 1 
o 1 0 0 0 0 
O 0 1 0 0 0 
1 0 0 1 0 0 

O 1 0 0 1 0 
1 0 1 0 0 1 
o 1 0 1 0 0 
O 0 1 0 1 0 
1 0 0 1 0 1 
O 1 0 0 1 0 
O 0 1 0 0 1 
1 0 0 1 0 0 
1 1 0 0 1 0 
o 1 1 0 0 1 

16 

o 
o 
O 

1 

1 

O 
o 

o 

o 

o 
o 
o 

16 n 10 11 

1 69 1 0 
O 68 1 1 
O 67 0 1 
O 68 1 0 
1 65 1 1 
O 64 1 1 
1 63 0 1 
1 62 0 0 
O 61 0 0 
1 60 1 0 

O 59 1 1 
O 58 1 1 
1 57 1 1 
1 56 0 1 
1 55 1 0 
O 54 0 1 
O 53 0 0 
1 52 0 0 
O 51 0 0 
O 50 0 0 

O 49 1 0 
O 48 1 1 
1 47 0 1 
O 46 1 0 
O 45 0 1 
1 44 1 0 
O 43 0 1 
1 42 0 0 
O 41 0 0 
O 40 1 0 

^ 10 11 12 

19 0 1 0 
18 1 0 I 
17 1 1 0 
16 1 1 1 
15 1 1 1 
14 0 1 1 
13 0 0 1 
12 1 0 0 
11 1 1 0 
10 1 1 1 

9 1 1 1 
8 1 1 1 
7 0 1 1 
6 1 0 1 
5 1 1 0 
4 1 1 1 
3 1 1 1 
2 1 1 1 

13 

O 

o 

o 
o 

14 

o 

o 

O 

o 
1 

I 1 
1 

1 1 
0 1 

0 1 
1 1 0 

/2 13 14 /5 

1 1 0 0 1 
O 1 1 0 0 
1 0 1 1 0 
1 1 0 1 1 
O 1 1 0 1 
1 0 1 1 0 
1 1 0 1 
1 1 1 0 
O 1 1 1 
O 0 1 1 1 

O 0 0 1 
1 0 0 0 1 
1 1 0 0 
1 1 1 0 
1 1 1 1 
O 1 1 1 
1 0 1 1 1 
O 1 0 1 
O 0 1 0 1 
O 0 0 1 0 

O 0 0 0 
O 0 0 0 
1 0 0 0 
1 1 0 0 
O 1 1 0 
1 0 1 1 
O 1 0 1 
1 0 1 0 
O 1 0 1 
O 0 1 0 

1O 
1 

16 
O 

o 

o 

16 

o 

o 
o 
o 

o 
o 
o 
o 
o 

o 
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SERIAL COUNTING WITH SHIFT REGISTERS 

UP/DOWN COUNTER WITH DISPLAY MULTIPLEXER DRIVING 7-SEGMENT LED ARRAY 

DOW 

St 

111.2. 
IIFT Sur • KU SF, 

St 

0. II elt't.1.'.NIEN 

OC 

SF 

93L2E 
SINT SNIFF, RECOCER F 

•I .0 .F t 

SufrelSOR 

13o OF OF 

St 

ta— 

.3 °F 

93.10 LIP 
CET DECADE IC 

COUNTER 

Oa OF 0 00 

By separating the data storage (serial shift register) and 

arithmetic (adder or exclusive OR) functions, a separ-

ate class of counters develops, which is economical but 

slow. This approach uses four 8-bit serial shift regis-

rs (two 9328 dual 8-bit shift registers) to store BCD 

data four bits in parallel but serial by character. Incre-

menting or decrementing is performed by a 9383 4-bit 

ripple/carry adder. 

Eight BCD digits are stored in two 93L28 dual 8-bit 

shift registers connected as four 8-bit registers feeding 

through a 4-bit adder back to themselves. Counting 

is performed by presetting the carry flip-flop (1/4 

93L00) when the least significant digit reaches the out-

puts of the shift registers. Whenever the carry flip-flop 

is set, a 1 (count up) or a 15 (count down) is added to 
the digit passing through the adder. BCD correction 

(convert 10-- O or 15 9) and generation of 
the carry for the next digit are performed by monitor-

ing the adder outputs. Whenever S1 and S3 are High 

simultaneously, a carry to the next digit is generated 
and data is corrected by activating the other input to 

the shift register, where a 0 (for count up) or a 9 (for 

count down) is applied. A modulo 8 counter (93L10 

o  

-( 

EIGHT DIGIT .t...St 

SEGMENT LtDe 

SD ISO 

o  

o  

- o-

330, 

TO ALL C. SPOTS 

and 93L01) keeps track of data position and controls the 

display position (cathodes of the LEDs). Anode informa-

tion to the 7-segment LED array is generated from the 

outputs of the four shift registers through a 9307 7-

segment decoder and seven current-limited npn drivers. 

The 93L00 control register performs three functions: 

• 02 and 1213 are connected as a 2-bit shift regis-

ter that detects the rising edge of the input (count) 

signal (digital differentiator). 

• Qi delays this increment or decrement instruction 

until it can be used to preset the carry flip-flop. 

(0 is brought out as an input busy signal). 

• Q0 is the carry flip-flop. 

This counter counts (up or down) asynchronous input 
signals at a maximum rate of 1/8 the clock frequency, 

which in turn is defined and limited by the timing re-
quirements of the display elements and their decoder 
drivers. (•,-;,- 500 kHz for the LED scheme shown, only 

10 kHz for neon discharge displays). The clock rate 

can be increased by using a separate scan counter and 
holding register and by using full power MSI devices. 
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SERIAL COUNTING WITH SHIFT REGISTERS 

BATTERY OPERATED,CRYSTAL CONTROLLED STOPWATCH WITH MULTIPLEXED DISPLAY 

¿MI 
0,C, Se 

Off S.. 0197-ER I 

 j VP SE 

IWO 
°. • gur sma, r000not a 

07 

o 

07 

MIT 
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DO SIT seber rims*. 3 
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Do I DIT OlIn DESISTEN I 
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DI 0— 
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93.17 
eel, Mu, YARD 

7 

"1--J4 01 

T 11 

C.  531W 
55W e S t, EF 

TAR 00 0, 0, 0,'' 

PUS 

RE ST 

DECUP. 

.0 R. .2 .3 

" 

oR 110 Ci Si 

OF OE 
Off o  

„F SOW 

9002 o 

T002 

0— 

•002 

TO TARO( 
•31.7 

This circuit stores nine digits bit-serially in a 36-
bit shift register comprised of two 9328 dual 8-bit shift 

registers and a 9300 4-bit universal shift register incre-
menting or decrementing with an exclusive OR. Both 

this and the preceding counter offer very economical 

display multiplexing and are shown driving 7-segment 

light emitting diode displays. 

The circuit above operates as a crystal-controlled stop-

watch, displaying milliseconds to hours on eight 7-

segment light emitting diode display devices. The time 

counter is a 36-bit (9-digit) bit/serial incrementer (two 

93L28s, one 93L00) controlled by a 3.6 MHz crystal 
oscillator and time base (9305, 93L00, 93L10 and 
9301) so that the 10-second and 10-minute digits are 

counted modulo 6. A second set of shift registers stores 

CO  

88°:  
▪ e   

• 20  
2 $ 0 

0-

e 

EIGETT DIGIT ARRAY 
OF 

SEGMENT stO• 
10,0.0dow ceneoe, 

MUM 

0T02 310 it 

NM" 

3302 7600 INM 

•COE 

Fro) 

All 
So S, 

cPo DIOS 
VAR 500 

CD. COUNTER 

AT  Og 0 O. 0, C3 

71'1111 

VI PIT TO CP Of 113E211 MOO DOTO 
3110 EEO 

•All 9300, 9310, 9312 and 9328 devices 

in this circuit are Low Power version 

display data independently of the state of the counter 

whenever the Stop contact is activated. The contents of 

the storage register are strobed every four clock pulses 
into a 93L00 feeding a 9307 7-segment decoder. This 
decoder, through current-limited buffers, drives the 

anodes of the 8-digit LED display matrix. The cathodes 

are sequenced by the 93L01 and eight pnp transistors. 

Since this counter requires 36 clock pulses to increment 
the least significant digit (1/10 ms, not displayed), the 

shift frequency is 360 kHz, derived from a 3.6 MHz os-

cillator through a 9305 decade counter. In this case, the 
low count rate inherent to serial incrementers is ad-
vantageous, resulting in a shorter divide chain for the 

time base. The use of low power MSI keeps total power 
consumption under 2.5 W and also simplifies clock dis-

tribution. 
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TTL Small Scale Integration 

Edge Detector 

Dual Edge Detector 

Simple RC Clock Generator 

Clock with Active Low Enable 

Inexpensive Wide Range VCO 

Johnson (Moebius) Counters 

Switch Bounce Eliminator 

Digital Differentiator 

Switch Synchronizer 
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SSI GATE, INVERTER, BUFFER SELECTION GUIDE 

TTL 
8 ns/10 mW 

per gate 

Low Power 
TTL 

20 ns/2 mW 
per gate 

Standard Speed 
TTL 

10 ns/10 mW 
per gate 

High Speed 
I'm 

6 ns/22 mW 
per gate 

Super High Speed 
Schottky TTL 
3 ns/19 mW 

per gate 

NAND GATES 

Quad 2-Input NAND Gate 9002 9L00 9N0054/7400 9H00,54/74H00 9S00,54/74S00 
Quad 2-Input NAND Gate 9N01,54/7401 9H01,54/74H01 
with Open Collector Output 9012 9NO3,54/7403 9S03,54/74S03 

Quad 2-Input NAND Gate (15 V) 9N26,54/7426 
Triple 3-Input NAND Gate 9003 9N10,54/7410 9H10,54/74H10 9S10,54/74S10 
Triple 3-Input NAND (0.C.) 9N12,54/7412 
Dual 4-Input NAND Gate 9004 9N20,54/7420 9H20 54/74H20 9S20,54/74S20 
Dual 4-Input NAND Gate (0.C.) 9H22,54/74H22 9S22,54/74S22 
8-Input NAND Gate 9007 9N30,54/7430 9H30,54/74H30 
13-Input NAND Gate 9S133,54/74S133 

12-Input NAND Gate (3-State Output) 9S134.54/74S134 

NOR GATES 

Quad 2-Input NOR Gate 9NO2,54/7402 
Quad 2-2-2-4-Input NOR Gate 9015 
Triple 3-Input NOR Gate 9N27,54/7427 
Dual 4-Input NOR Gate (with strobe) 9N23-25, 

54/7423-25 

AND GATES 

Quad 2-Input AND Gate 9N08.54/7408 9H08,54/74H08 
Quad 2-Input AND Gate (0.C.) 9N09,54/7409 
Quad 2-2-3-3-Input AND Gate 9S41 
Triple 3-Input AND Gate 9N11,54/7411 9H11,54/74H11 9S11,54/74S11 
Triple 3-Input AND Gate (0.C.) 9S15,54/74S15 
Dual 4-Input AND Gate 9H21,54/74H21 

OR GATES 

Quad 2-Input OR Gate 9N32,54/7432 

EXCLUSIVE OR GATES 

Quad Exclusive OR Gate 9186 9N86,54/7486 
Quad Exclusive OR Gate, Two Inverted Outputs 9014 

AND/OR. AND/OR/INVERT GATES AND EXPANDERS 
Dual 4-2-Input AND/OR Gate 
Expandable 2-2-2-3-Input AND/OR Gate 

1 
9H52,54/74H52 

9S42 

Dual 2-Wide 2-Input A/O/I Gate 9N51,54/7451 9H51,54/74H51 
Expandable Dual 2-Wide 2-Input A/O/I Gate 9005 9N50,54/7450 9H50,54/741-150 
Expandable 2-Wide, 4-Input A/0/1 Gate 9H55,54/74H55 
4-Wide 2-Input A/O/I Gate 9L54 9N54,54/7454 9H54,54/74H54 
4-2-3-2-Input A/O/I Gate 9S64,54/74S64 
4-2-3-2-Input A/O/I Gate (0.C.) 9S65,54/74S6.5 
Expandable 4-Wide 2-Input A/O/I Gate 9N53,54/7453 9H53,54/74H53 
Expandable 4-Wide 2-2-2-3-Input A/O/I Gate 9008 
Triple 3-Input Expander 9H61,54/74H61 
Dual 4-Input Expander 9006 9N60,54/7460 9H60,54/74H60 
3-2-2-3-Input AND/OR Expander 9H62,54/741I62 

INVERTERS AND BUFFERS 
Hex Inverter 9016 9L04 9N04,54/7404 9H04,54/74H04 9SO4-4A,54/74SO4-4A 
Hex Inverter with Open Collector Output 9017 9N05,54/7405 9H05,54/74H05 9S05-5A,54/74S05-5A 
Hex Inverter Buffer/Driver (30 V) 9N06,54/7406 
Hex Inverter Buffer/Driver (15 V) 9N16,54/7416 
Hex Buffer/Driver (30 V) 9N07,54/7407 
Hex Buffer/Driver (15 V) 9N17,54/7417 
Quad 2-Input NAND Buffer 9N37,54/7437 
Quad 2-Input NAND Buffer (0.0) 9N38,54/7438 
Quad 2-Input NAND Buffer (0.C., 15 V) 
Dual 4-Input NAND Buffer 9009 9N40,54/7440 9H40,54/74H40 9S40,54/74S40 
Dual 4-Input NAND 50S1 Driver 9S140,54/74S140 

SCHMITT TRIGGER 
Dual NAND Schmitt Trigger 9N13,54/74131 
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TTL SMALL SCALE INTEGRATION 

INTRODUCTION 

SSI circuits (gates and flip-flops) are useful to extend logic 
functions available in MSI. They should be used sparingly, 

essentially as "glue" between MSI circuits, because they 

require considerably more PC board area, interconnections, 

power, and volume compared to equivalent functions avail-

able in MSI circuits. 

GATES 

Fairchild offers a wide variety of compatible gate circuits, 
covering different logic families (NAND, NOR, EXCLUSIVE 

(N)OR, AND/OR/INVERT, BUFFERS) and different semicon-
ductor technologies (DTL, standard TTL, low power TTL, high 

speed TTL and very high speed TTL (Schottky). Emitter 

Coupled Logic (ECL) is covered separately. 

The TTL technologies offer various power/speed trade-offs, 

while DTL and open collector TTL circuits offer the con-

venience of the wired-OR (collector ANDing). Typical input/ 

output configurations, performance and power dissipation 
are listed in the selection guide. 

The selection guide lists devices presently available. The 

functions are described in terms of positive logic. Obviously, 

a positive NAND gate can be considered a negative NOR 
gate and a positive NOR can be interpreted as a negative 
NAND. 

The normal use of TTL/DTL gates is well understood and need 

not be covered here. The following notes describe miscellan-

eous uncommon circuits. 

COLLECTOR-ANDed DTL GATES 

When several DTL gates are collector-ANDed, (wired-OR) the 

original fan out for 6 kí DTL gates (8.5 TTL unit loads) is 

reduced by approximately 2/3 unit load for each additional 

6 1(11 output connected to the node. The original fan out for 

2 kr1 DTL gates (7.5 TTL unit loads) is reduced by approxi-

mately 2 unit loads for each additional 2 k sl output connected 
to the node. Obviously, High drive capability is improved. 

INCREASING THE VOLTAGE SWING OF TTL OUTPUTS 

When interfacing with MOS devices or discrete transistors it 

may be desirable to increase the logic swing out of a TTL out-
put, which (worst-case) is only 2.0 V. A 1 kn resistor con-

nected from any TTL output to Vcc will pull the output 
close to Vcc, increasing the output swing to more than 4 V, 
while decreasing the available fan out by three unit loads. 

DRIVING TRANSISTORS FROM DTL GATE OUTPUTS 

Any 2 kn DTL gate output that does not drive any other logic 
can be tied directly to the base of a grounded emitter transis-
tor to provide a worst case base drive of 1.5 mA. An addition-
al pull up resistor of 470n to Vcc increases the base drive 

to 10 mA. 
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TTL SMALL SCALE INTEGRATION APPLICATIONS 

EDGE DETECTOR 

FD3— DO -De-

This edge detector circuit generates a negative-going 

pulse on output A for each Low-to-High transition of 

the input, and generates a negative-going pulse on out-
put B for each High-to-Low transition of the input. The 

pulse width is adjustable by varying the Miller capaci-

N 

tance. A non-adjustable short pulse (%2Ons) on the Low-

to-High transition of the input can be generated by 

replacing the transistor inverter stage with the unused 

fourth NAND gate. 

DUAL EDGE DETECTOR 

1 2 9014 

OUT 

Half of a 9014 quad Exclusive-OR gate with one ca-
pacitor provides a circuit generating an output pulse 
for both a Low-to-High and a High-to-Low transition 
of the input signal. This function is useful for regenera-

tp 

o 
200 pF 

1000 pF 

10 ns 

30 ns 

70 ns 

ting the clock in a self -clocking PDM transmission 

system. When fed with a square wave input, this cir-

cuit acts as a frequency doubler. 
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TTL SMALL SCALE INTEGRATION APPLICATIONS 

SIMPLE RC CLOCK GENERATOR 

---1>0--MA.-•-t>0-•-ta•- CLOCK 

330 

1 2 9016  - CL OCK 

200 pF 

1600 pF 

0.018 uF 

0.18 uF 

5 MHz 

1 MHz 

100 KHz 

10 KHz 

The simple T-11 clock generator circuit shown provides 

a clock satisfactory for most simple TTL systems and 

it always starts oscillating without coaxing. This cir-

cuit requires only 1/2 of a hex inverter package and 

three passive components -two resistors and a capacitor. 

ACTIVE LOW ENABLE 

CLOCK 

An active Low Enable input can be provided by replac-

ing the 9016 with a 9002 quad 2-input NAND gate as 

shown above. The cross-coupled gates guarantee that 

clock pulses are not cut short if the Enable input is re-
moved at the wrong time. Once the clock goes Low it 

stays Low for its full normal width even if the Enable 

signal is returned High. The clock pulse starts two gate 

delays (15 ns) after the High-to-Low transition of the 
Enable input. 

INEXPENSIVE WIDE RANGE VOLTAGE CONTROLLED OSCILLATOR 

li  

02 

The voltage controlled oscillator shown uses 5/6 of a 
DTL hex inverter package (9936 or 9937), three tran-

sistors and two capacitors. It can be tuned over a wide 
range (>30:1) because the control voltage (VC) affects 

not only the voltage swing on the timing capacitor (by 
using Q3 as a clamp), but it also controls the amount 
of charging current by using 01 and the pull up re-

J-

0 UT PuT 

lOkL. VC 

sistor of the DTL output as a controlled current source). 

A low input voltage (•-:-,'0.5 V) generates a high fre-
quency; a high input voltage (2,14 V) generates a low 

frequency. The 10 pF speed-up capacitor provides 

glitch free transitions. This circuit is limited to fre-
quencies under 1 MHz. 
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TTL SMALL SCALE INTEGRATION APPLICATIONS 

SINGLE AND DUAL FLIP-FLOPS 

Fairchild offers a wide variety of single and dual flip-flops 

with various differences in logic configuration, speed and 

power. Flip-flops presently available are listed in the selec-

tion guide on the following page. 

There are three independent aspects to the selection of flip-

flops: 

• Logic configuration 

III Speed and power 

• Clocking scheme 

LOGIC CONFIGURATION 

All flip-flops (except for the 7474/74H74/74S74) are J K 

flip-flops; therefore, their response to any digital input con-

dition is logically defined according to the truth table below. 

0 n+1 

not active 

active 

not active 

active 

not active 

not active 

active 

active 

Ctn (i.e. remain unchanged) 

High (= SET) 

Low (= RESET) 

(= TOGGLE) 

(Essentially J is a Set input and K is a Reset input, but apply-

ing both J and K simultaneously toggles the flip-flop.) The 

flip-flops differ in the logic controlling the J and K condition. 

Some have no extra logic, others have a J • K Enable, some 
have a multi-input AND gate controlling J and K, and some 

have an AND/OR structure, accepting data from different 

sources. Note that some of the inputs are active Low. The 

input is particularly useful since tying J and i together 

results in a D input. 

All flip-flops have an asynchronous, active Low Preset or 

Clear input, and some of them have both. On all flip-flops 

except the 7470, these inputs are truly asynchronous, affect-
ing both master and slave directly. On the 7470 the Preset 

and Clear inputs are active only when the clock is Low. 

SPEED AND POWER 

As a rough guideline, typical values for maximum clock fre-

quency and for the delay between clock edge and output 
change are given in the selection guide. For more details, 
consult the individual product technical data sheets. Power 
consumption varies between 50 mVV for the 9L24 (the only 

lqw power dual flip-flop) and 200 mW for the 9022. 

CLOCKING SCHEME 

Perhaps the most important and certainly the most confusing 

and misunderstood aspect of flip-flops is their clocking 

scheme. This defines when the flip-flop accepts data and 
when the outputs change with regard to the clock. 

While most MSI circuits follow consistent and simple rules 

(data is accepted a set-up time before the rising edge of the 

clock, and the outputs change after the rising edge of the 

clock), flip-flops are not that standard. 

There is a functional difference between edge-triggered and 

true master/slave flip-flops. In addition, some flip-flops use 

inverting clock buffers and others do not. As a result, there 

are four different clocking schemes, which are indicated in 

the selection guide by their clock wave shapes. 

Rising-Edge Triggered 

The 7470 single flip-flop and the 9024,9L24, and 7474 dual 

flip-flops accept data a set-up time before the rising edge of 

the clock and change their output after this rising edge of 

the clock. Clock pulse width is not critical as long as it ex-

ceeds worst case set-up time. This is consistent with the 

behavior of most MSI devices. 

Falling-Edge Triggered 

The 74H101/102 single flip-flops and the 74H103/106/ 

108 and the 74S112/113/114 dual flip-flops accept data 

a set-up time before the falling edge of the clock and change 

their outputs after this falling edge of the clock. Their clock 
input is therefore shown with an inverting symbol. Inter-

facing with most MSI devices requires a clock inverter unless 

this offset triggering is desired. 

Negative Clock Pulse Master/Slave 

The 9000/74104 and 9001/74105 single flip-flops and the 

9020/9022 dual flip-flops accept input data while the clock 
is Low and change their outputs after the rising edge of the 

clock pulse. (Of course, the clock pulse is not a negative 

voltage but rather a pulse going High to Low to High). The 

Set and Reset inputs to the master are gated with the outputs 

of the slave in order to achieve the JK configuration. There-

fore, if an input condition has put the master into a state 
opposite that of the slave's during a clock pulse, nothing can 

change the master until the beginning of the next clock pulse. 

This is commonly called "ones-catching" (really "opposite 

state catching"), and in a conventional system it means that 
the clock pulse should be made as short as possible and the 

time between clock pulses as long as possible, for two reasons: 

to accommodate all ripple delays between clock pulses, and 

secondly, to increase ac noise immunity of the system. There 
are special cases where ones-catching can be used as an ad-

vantage, but in general it must be regarded as an inherent 
drawback of all true master/slave JK flip-flops. 

Positive Clock Pulse Master/Slave 

The 7472/74H22 and the 74H71 single flip-flops and the 

7473/74H73, 7476/74H76, and 74H78 dual flip-flops 

accept input data while the clock is High and change their 

outputs after the falling edge of the clock pulse. As explained 

in the preceding paragraph, these master/slaves are ones-
catching. Since their clock polarity differs from most MSI 

circuits, they usually require an external clock inverter, 
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SSI SINGLE AND DUAL FLIP-FLOP SELECTION GUIDE 

SINGLE 

OUTPUT CHANGES ON 
POSITIVE GOING EDGE 

OUTPUT CHANGES ON NEGATIVE GOING EDGE 

M
A
S
T
E
R
/
S
L
A
V
E
 

1
 

9000,74104 9H71,74H71 9N72,7472 
20 MHz/16 ns 30 MHz/22 ns 20 MHz/25 ns 

9H72,74H72 

• . ° 30 MHz/22 ns 

-i0pni-r 

ID-
1 1:1  9001,74105 

50 MHz/16 ns 

• „ • 

E
D
G
E
 

T
R
I
G
G
E
R
E
D
 9N70,7470 9H101,74H101 9H102,74H102 

35 MHz/27 ns 50 MHz/16 ns 50 MHz/16 ns 

• , . 2- 

DUAL 

M
A
S
T
E
R
/
S
L
A
V
E
 

I
 

_ 9N73,7473 • 9N107,74107 9020 

- 
...,‘. 
- 

°- - 
-, 

- -. 30 
• 

- 20 MHz/25 ns 
9H73,74H73 

MHz/22 ns 

I. 
, 

I, 
50 MHz/16 ns 

4 Y 

- 9022 9N76,7476 9H78,74H78 
50 MHz/16 - 

_. 

‘ _ 

- 

20 MHz/25 ns 
9H76,74H76 
30 MHz/22 ns • . " . ° 

30 MHz/22 ns 

• . °• 

ns 

Y 
_FL 

I
E
D
G
E
 
T
R
I
G
G
E
R
E
D
 

9024,74109 
25 MHz/22 ns 
9L24 

9H103,74H103 
1 d 

9H106,74H106 

- .- 

50 MHz/16 ns 

---l._ 

_. - ,_ 50 MHz/16 ns 

-L 

-0 

8 MHz/66 ns 
9S109 

1,-- 1 00 MHz/7 ns 
y 4 Y 

T 

_or 9H108,74H108 9S112,74S112 
50MHz/16 ns 1 125 MHz/5 ns 

-I_ 

o 

- • , • _ 9N74,7474 

25 MHz/20 ns 
9H74,74H74   

a 

? 

9S113,74S113 ‘. 

co ° 

-. 
- 
- 0-

c. 

43 MHz/13 ns 
9S74,74S74 

,o• 100 MHz/7 ns  
9S114,74S114 

1--à- 1-, 125 MHz/5 ns 
c, 

, - , 
‘, 

125 MHz/5 ns 

-I_ 

7 

MASTER/SLAVE (or "ONES CATCHING" MASTER/SLAVE)- The master is sensitive to input conditions during the active portion of the clock pulse. 

EDGE TRIGGERED — Only sensitive to input conditions immediately prior to active clock edge. 
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TTL SMALL SCALE INTEGRATION APPLICATIONS 

9024 

JOHNSON (MOEBIUS) COUNTERS 

COUNT ENABLE 

COUNT SEQUENCE 

With this modulo 3 Johnson counter, each state can be 

easily decoded with a 2-input NAND gate. As shown, 

the unused state is non-persistent. 

MODULO 4 

COUNT ENABLE 

9024 

UI 
COUNT SEQUENCE 

ao al 

o 

o r: 

The modulo 4 counter also provides for glitch free, easy 

decoding of each state with a 2-input NAND gate. 

SWITCH BOUNCE ELIMINATOR AND 
DIGITAL DIFFERENTIATOR 

CLOCK 

SWITCH 

00 

0 1 

This circuit eliminates switch bounce and generates 

active Low output pulses; one on output A after switch 

depression and one on output B after switch release, 

and a bounce-free level output C between them. 

SWITCH SYNCHRONIZER 

9020 

In many digital systems, a switch is used to initiate a 

routine or program. This seemingly simple task poses 

several design problems for the following reasons. 

• The switch is activated asynchronously 

• It bounces 

• It may or may not stay activated longer than it takes 

to complete the routine. 

The circuit shown above implements this function us-

ing only one dual flip-flop, the 9020, and a single-pole 

double-throw (SPDT) switch. When the switch is not 

activated, FF A is set and FF B is reset (A à). Depress-

ing the switch activates the K input of FF A, causing the 

next clock pulse to reset it (A à). This activates the J 

input of FF B, causing the subsequent clock pulse to set 
it (À B). The two flip-flops stay in this state regardless 

of any changes in the switch because the active Lowk 

inputs from the switch are inoperative due to a Low 

level on the other K inputs. When the routine or pro-
gram ends, the Response input goes High, causing the 

next clock pulse to set FF A (A B). If the switch has 

been released, the subsequent clock pulse resets FF B 
(A returning the system to the idle state. If the 

switch has not yet been released, the AB state persists 
until the switch is released and the next clock pulse re-

sets FF B, returning the system to the idle state. In 

either case, FF A can be used as a synchronous control 
flip-flop. 
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LOW POWER TTL 

PRESENTLY AVAILABLE LOW POWER MSI DEVICES 

DECODERS/DEMULTIPLEXERS —93L01 1 -of-10 Decoder 
—93L11 1-of -16 Decoder 
—93L21 Dual 1-of-4 Decoder 

ENCODERS —93L18 8-Input Priority Encoder 

MULTIPLEXERS —93L09 Dual 4-Input Multiplexer 
—93L12 8-Input Multiplexer 
—93L22 Quad 2-Input Multiplexer 

REGISTERS —93L00 4-Bit Shift Register 
—93L28 Dual 8-Bit Shift Register 
93L38 , Multiport Register 

LATCHES —93L08 Dual 4-Bit Latch 
—93L14 4-Bit Latch 
93L34 8-Bit Latch 

OPERATORS —93L24 5-Bit Comparator 
—93L40 4-Bit Arithmetic Logic Unit 

93L41 4-Bit Arithmetic Logic Unit 

COUNTERS —93L10 Decade Counter 
—93L16 Binary Counter 

PRESENTLY AVAILABLE LOW POWER SSI DEVICES 

INVERTERS — 9L04 Hex Inverter (lead identical to 9N04/7104) 

GATES — 9L00 Quad 2-Input NAND (lead identical to 9N00/7400) 
— 9L54 4-Wide, 2-Input AND/OR/INVERT (lead identical to 9N54/7454) 
— 9L86 Quad EXCLUSIVE OR (lead identical to 9N86/7486) 

FLIP-FLOPS — 9L24 Dual JR Positive Edge Triggered Flip-Flop (lead identical 9024) 

11 -2 



LOW POWER TTL 
INTRODUCTION 

Over the years, the demands of the computer, instrumenta-

tion and communication industries have pushed TTL tech-

nology to higher and higher speeds, culminating in the Schot-

tky series of super high speed TTL. 

For a large number of applications, however, even standard 

TTL circuits are faster than required, and it is desirable to 

trade off the excess speed for a decrease in power consump-

tion. LOW POWER TTL accomplishes this. Fairchild has a 

comprehensive line of low power TTL/MSI and SSI devices 
offering many advantages in slow and medium speed systems. 

All these circuits are derived from standard TTL/MSI and 

SSI circuits by effectively increasing all resistors by a factor 
of four. This reduces all currents, and therefore power con-

sumption, by 75% while the speed is degraded 65%, (i.e., 

all delays are three times longer). 

This gives a new degree of freedom to the systems designer. 

He can use standard high speed circuits where speed is 

essential, and can use low power circuits for the sections of 

the system where speed is not critical. 

Fairchild's line of low power TTL/MSI and SSI offers a unique 

combination of advantages. 

LOWER POWER CONSUMPTION 

Power consumption is reduced by 75%, resulting in smaller, 

cheaper power supplies or batteries, reducing the cost, size 

and weight of the equipment. 

LESS HEAT GENERATED 

Low power consumption means less heat is generated, sim-

plifying thermal design. Thus, component and board den-

sity can increase and fans or ventilation holes may be reduced 

or even eliminated. Because the low power circuits use the 

same chip size and package as standard circuits, junction 
temperatures are lower, increasing reliability. 

LESS NOISE GENERATED 

Since low power circuits switch only 25% of the current of 
standard circuits, they generate less noise. Thus, fewer or 

smaller power supply decoupling capacitors are needed, 

simplifying printed circuit board design. 

LESS NOISE SENSITIVITY 

Because it is inherently slower, low power TTL is less suscep-

tible to fast, short duration noise pulses. 

ELECTRICAL AND LEAD COMPATIBILITY 

The fan out is only reduced by a factor of four, so all low 

power TTL outputs can drive more than one standard TTL 

load, and most can drive more than two unit loads. All low 

power devices are functionally and lead identical with equiv-

alent standard devices. Therefore, a design can easily be 

changed from standard to low power and vice versa, provided 

the loading rules are observed. 

INCREASED FAN OUT 

The effective fan out of standard TTL driving low power TTL 

is increased by a factor of four. Thus, a standard gate can 

act as a clock driver for 20 93L00 shift registers and a 9009 
buffer can drive as many as 120 low power inputs. 

IDEAL FOR MOS TO TTL INTERFACE 

The fan out from MOS circuits is usually quite limited, since 

MOS is inherently a high impedance process. Most modern 

MOS circuits provide a fan out of one standard TTL load, 

which means they can drive four low power TTL inputs. 

LONGER DELAYS CAN BE USEFUL 

Properly mixing fast and slow circuits can eliminate clock 

skew, glitch, and race problems. For example, a fast syn-

chronous counter driving a slow low power decoder is less 

likely to produce glitches, and a properly designed mix of 
standard and low power shift registers can take advantage 

of the longer set-up and propagation times and can eliminate 

clock skew and clock distribution problems. 

LARGE NUMBER OF MSI FUNCTIONS 

The large number of MSI functions available in low power 

TTL makes it possible to design entire systems with low 
power TTL, drastically reducing power consumption. 
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SCHOTTKY TTL 

PRESENTLY AVAILABLE SCHOTTKY TTL/MSI 

MULTIPLEXERS 93S12 
93S13 
93S153,54/74S153 
93S157,54/74S157 
93S158,54/74S158 
93S253,54/74S253 
93S257,54/74S257 
93S258,54/74S258 

8-Input Multiplexer 
8-Input Multiplexer with 3-State Output 
Dual 4-Input Multiplexer 
Quad 2-Input Multiplexer 
Quad 2-Input Multiplexer 
Dual 4-Input Multiplexer with 3-State Outputs 
Quad 2-Input Multiplexer with 3-State Outputs 
Quad 2-Input Multiplexer with 3-State Outputs 

DECODERS/DEMULTIPLEXERS 93S137 
93S138,54/74S138 
93S139,54/74S139 

1-of-8 Decoder with Input Latches 
1-of-8 Decoder/Demultiplexer 
Dual 1-of-4 Decoder/Demultiplexer 

OPERATORS 93S41,54/74S181 4-Bit Arithmetic Logic Unit 
93S42,54/74S182 Carry Lookahead 
93S43,25S05 Twos Complement Multiplier 
93S46 High Speed 6-Bit Comparator 
93S47,71S60/81S60 High Speed 6-Bit Comparator (O.C.) 
93S62,82S62 9-Bit Parity Generator/Checker 

REGISTERS 93S00,54/74S195 4-Bit Universal Shift Register 
93S39 8-Bit Multiport Register (to be announced) 
93S174,54/74S174 Hex D Flip-Flop/Register 
93S175,54/74S175 Quad D Flip-Flop/Register 
93S194,54/74S194 4-Bit Bidirectional Shift Register 

COUNTERS 93S05 High Speed Variable Modulo Counter 
93S10 Edge Triggered, Fully Synchronous Decade Counter 
93S16 Edge Triggered, Fully Synchronous 4-Bit Binary Counter 

MEMORIES 93S404 16-Word x 4-Bit Read/Write Memory (to be announced) 

PRESENTLY AVAILABLE SCHOTTKY SSI 

NAND GATES/HEX INVERTERS 9S00,54/74S00 
9S03, 54/74S03 
9SO4, 54/74SO4 
9SO4A 
9S05, 54/74S05 
9S05A 
9S10,54/74S10 
9S20,54/74S20 
9S22,54/74S22 
9S133,54/74S133 
9S134,54/74S134 

Quad 2-Input NAND Gate 
Quad 2-Input NAND Gate (O.C.) 
Hex Inverter 
High Speed Hex Inverter 
Hex Inverter (O.C.) 
High Speed Hex Inverter (O.C.) 
Triple 3-Input NAND Gate 
Dual 4-Input NAND Gate 
Dual 4-Input NAND Gate (O.C.) 
13-Input NAND Gate 
12-Input NAND Gate (3-State Output) 

AND GATES 9S11,54/74S11 
9S15,54/74S15 
9S41 

Triple 3-Input AND Gate 
Triple 3-Input AND Gate (O.C.) 
Quad 2-2-3-3 Input AND Gate 

NAND BUFFER/DRIVER 9S40,54/74S40 
9S140,54/74S140 

Dual 4-Input Buffer 
Dual 4-Input Line Driver 

AND/OR/INVERT GATES 9S64,54/74S64 
9S65, 54/74S65 

4-2-3-2 Input A/0/1 Gate 
4-2-3-2 Input A/0/1 Gate (O.C.) 

AND/OR GATE 9S42 Dual 4-2 Input A/0 Gate 

DUAL D FLIP-FLOP 9S74,54/74S74 Positive Edge Triggered D Flip-Flop 

DUAL JK FLIP-FLOPS 9S109,54/74S109 
9S112,54/74S112 
9S113,54/74S113 
9S114,54/74S114 

Positive Edge Triggered JR Flip-Flop 
Negative Edge Triggered JK Flip-Flop 
Negative Edge Triggered JK Flip-Flop 
Negative Edge Triggered JK Flip-Flop 
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SCHOTTKY TTL 

INTRODUCTION 

Modern TTL systems can be operated at clock rates over 

20 MHz. For considerably faster systems the obvious choice 

is Emitter Coupled Logic (ECL) which can be operated at sys-

tem clock rates in excess of 100 MHz, and count up to 500 

MHz. But, ECL uses different supply voltages (-5.2 V, -2 V), 

has less absolute signal swing and noise margins and imple-

ments logic in a manner unfamiliar to many TTL designers. 

In a system not requiring the speed of ECL, but more speed 

than conventional HL offers, Super High Speed (Schottky) 

TTL is an excellent choice. Schottky TTL circuits, logic con-

figurations, supply voltages and logic levels are identical or 

very similar to conventional TTL, but Schottky circuits avoid 

the saturation delay inherent in saturated logic. In such logic 

(RTL, DTL, TTL) transistors are turned on by applying suf-

ficient base current for the lowest expected current gain. 

The average transistor, therefore, receives far more base cur-

rent than necessary, which forward biases the collector base 

2-INPUT NAND GATE 

Junction and saturates the transistor. In order to turn off 

such a saturated transistor, the excess base charge must first 

be removed, resulting in considerable delay. Gold doping is 

commonly used to speed up the charge recombination, but 

this decreases the current gain. 

Schottky transistors overcome this limitation. They use a 

surface barrier diode with very low forward voltage drop 

(0.3 V) and without minority carrier charge storage as a by-

pass between base and collector. When the transistor starts 

conducting and is about to become saturated, the excess in-

put current is not fed into the base, but routed through the 

Schottky diode into the collector (Baker Clamp). As a result, 

the transistor is never fully saturated and recovers fast when 

the base current is interrupted. Since gold doping is not re-

quired, the transistors also have higher current gain, require 

less base current, and turn on faster. 

SCHOTTKY TRANSISTOR 
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SCHOTTKY TTL 

ADVANTAGES OF SCHOTTKY TTL 

• Through delay is significantly reduced to about half of the 

delay for High Speed TTL and one third of the delay for 

standard TTL. This means shorter delays through com-

binatorial circuits, shorter propagation delays and set-up 

times for sequential circuits and faster possible clock rates. 

A Schottky device used as a memory address register is 

one of the most inexpensive and attractive methods of 

improving the performance of a high speed memory system. 

• Even though the static power consumption of Schottky 

circuits is generally higher than conventional TTL, it does 

not increase as rapidly when the circuit is operating at 

high clock rates. In a fast system, the actual power con-

sumption (static and dynamic) of a Schottky device may 

be less than its equivalent conventional TTL device. 

• Schottky input clamp diodes (0.3 V) are more efficient 

and suppress ringing better than the clamping diodes of 

conventional TTL (0.6 V). 

• Most Schottky TTL devices are logic, electrical and lead 

equivalents to conventional TTL devices. This makes 

them ideal for improving existing systems because inter-

face elements, new supply voltages and basic design 

changes are not required. 

GENERAL RECOMMENDATIONS 

DISADVANTAGES OF SCHOTTKY TTL 

In addition to very attractive advantages, Schottky TTL has 

some significant disadvantages over conventional TTL. 

• Schottky TTL achieves high performance not only by elim-

inating saturation delays (which is always desirable) but 

also with considerably faster output transitions. The 

edge rate of Schottky TTL outputs is typically >1 V/ns 

(>1000 V/ps), or two to three times steeper than con-

ventional TTL and three to five times steeper than the 

popular ECL circuits of the 10K and 95K families. This 

high edge rate causes ringing and other transmission line 

effects on even moderately long (5-10 inches) PC board 

interconnections. 

• It is difficult to terminate Schottky interconnections pro-

perly without wasting fan out capability and power. 

• Because the Schottky output transistor does not saturate, 

VOL (max) is 0.5 V and noise immunity in the Low state is 

100 mV less than conventional TTL. Instead of 400 mV 
worst case it is 300 mV worst case when Schottky TTL 

drives conventional High Speed or Standard TTL, and 

200 mV worst case in the exceptional situation when 

Schottky TTL drives Low Power TTL. 

High edge rate and reduced noise margins demand very careful PC board layout and much attention to interconnection 

length, ground and Vcc distribution, decoupling, cross talk, and clock distribution problems. It is wise to follow 

these general recommendations. 

• Keep interconnections short 

• Use wide, low inductance ground lines or better yet, 

dedicate one side of a double sided PC board to 

ground and Vcc (ground plane). 

• Use generous, distributed supply decoupling with 
RF type capacitors 

• Apply series or parallel termination of long inter-
connections, but watch the resulting loss in fan out. 
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Pulse Duration Modulator 

Pulse Duration Detector 

Frequency Discriminator 

Schmitt Trigger 

Malfunction Indicator 

Gated Clock Generator 

Unstoppable Oscillator 

Voltage Controlled Monostable 

Contact Bounce Eliminator 

Dual Edge Triggering 

Delayed Pulse Generation 

Keyed and Synchronized Oscillators 
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MONOSTABLE SELECTION GUIDE 

•Not recommended for new designs, use 9600, see comments below. 
Not recommended for new designs, use 9602, see comments below. 

Function Device 

Typical Pulse 
Width Variations (%) 

For Commercia Grade Devices 

Number 
Of Inputs 

0°C — 70°C 4.75 — 5.25 V Positive Negative Resettable 

Minimum Output 
Pulse Width, 

ns (typ) 

Power 
Dissipation, 
mVV (typ) 

Single 
Retriggerable 

Dual 
Retriggerable 

Single Non-
Retriggerable 

Single 
Retriggerable 

Dual 
Retriggerable 

9600 
9601 

9602 
96L02 

9603,74121 

74122' 

74123" 

+15 
±2 7 

±1 5 
±0 4 

±0 2 

+2 7 

127 

+15 
±1 0 

±15 
±15 

±0 15 

+1 0 

3 2 
2 2 

1 1 
1 1 

1 2 ' 

2 2 

1 1 

9601 The original retriggerable monostable. 

Advantages — Independent of duty cycle up to 100%. 

Retriggerable or non-retriggerable operation. 

Disadvantages — Temperature coefficient 10 -3/°C. 

No Schmitt triggered input. 

9600 Reset = Clear = Terminate input added to the 9601, 

outputs come from a latch (reset overrides). 

Advantages —Temperature coefficient better than 10-3/°C. 

9602 Two 9600s in a package, but with fewer trigger inputs. 

Advantages — OR inputs allow non-retriggerable as well as 

retriggerable operation on either edge. Fewer parts. 

Disadvantages — Fewer trigger inputs. 

96L02 Low Power version of the 9602. When Speed Permits, 

Always Use the 96L02! 

Advantages — Less power, smaller timing capacitor requir-

ed. Wider resistor range, (5 k S-2 to 220 k Çfl. Excellent 

temperature stability (0.15 • 10-3/°C). 

75 
50 

72 
110 

40 

45 

45 

125 
125 

250 
50 

90 

115 

230 

9603/74121 The simplest monostable. 

Advantages — Excellent temperature stability (< 0.16 

10-3 /°C. One input has hysteresis (Schmitt trigger). 

Disadvantages — Non-retriggerable; duty cycle sensitive. 

Do not use when duty cycle exceeds 60 - 80%. 

74122 A poor imitation of the 9600. 

Disadvantages — Reset input tied internally to one of the 

AND trigger inputs. Removing Reset causes the 74122 to 

trigger if input logic is True (i + • 3 • 4. 

74123 A poor imitation of the 9602. 

Disadvantages — Triggered by AND gate, thus cannot be 
connected in the non-retriggerable mode without external 
gates. Chip layout and lead assignment cause crosstalk 

which is very difficult to overcome with external de-
coupling. Reset input tied internally to one of the AND 

trigger inputs. Removing Reset causes the 74123 to trigger 

if input logic is True + 2). 

Disadvantages — Fewer trigger inputs. 
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MONOSTABLE MULTIVIBRATORS 

INTRODUCTION 

A monostable multivibrator is a half analog/half digital 

circuit that produces a pulse on its output in response to a 

trigger signal at its input. The output pulse width is deter-

mined by a resistor/capacitor network. 

The 9600 series integrated circuit monostable multivibrators 

(or one-shots) were designed for ease of application as gen-

eral purpose delay elements. Without these one-shot circuits, 

a discrete component one-shot must be built each time a 

delay element is needed. Also, the 9600 series offers several 

advantages over the discrete component and earlier integrat-

ed circuit one-shots, i.e., DTL 941, DTL 951: 

• Retriggerable — the devices can be restarted during a 

timing cycle (9600, 9601, 9602, 96L02, 74122 and 

74123). 

• Resettable — a timing cycle can be stopped while in pro-
gress and/or inhibited at its start (9600, 9602, 96L02, 
74122 and 74123). 

• DTL/TTL Compatible — edge triggered inputs provide 
reliable operation with normal TTL input signal levels. 

Also, Schmitt trigger inputs provide reliable triggering on 

waveforms as slow as 1 V/s (9603/74121). 

• Operation from a single +5 V supply. 

• Large timing pulse width range. 

On the other hand, because these monostables are half analog 

and half digital, they are inherently more sensitive to noise 

on the analog portion (timing leads) than standard digital 

circuits. They should not be located near noise-producing 

sources or transient-carrying conductors and liberal power 

supply by-passing is recommended for greater reliability and 

repeatibility. Also, a monostable should not be used as a fix 

for asynchronous systems; synchronous design techniques al-

ways provide better performance. 

TRIGGERING CONDITIONS 

Each of the monostable multivibrators in the 9600 family 

has multiple inputs to allow triggering of the device on either 

the Low-to-High or High-to-Low transition of the input wave-

form. The devices trigger whenever the value of the input 

logic equation goes from a False to a True condition. To 

retrigger the 9600, 9601 or 9602, the input logic equation 
must go from a False to a True condition again (the 9603/ 

74121 is not retriggerable). A continuous True state of the 
input logic equation does not retrigger the device and time 

out occurs. Only the False-to-True transition triggers or re-

triggers the devices. 

The Boolean expressions for triggering the devices, truth 

tables and logic symbols appear in the "Description" sections 
for individual devices. 
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MONOSTABLE MULTIVIBRATORS 

NON-RETRIGGERABLE OPERATION 

Vcc 

INPUT OUTPUT 

INPUT 

NEGATIVE EDGE TRIGGER 

POSITIVE EDGE TRIGGER 

INPUT 

NEGATIVE EDGI EA1GGEP 

INPUT 

J-

R, 

POSITIVE EDGE TRIGG 

R, 

vcc 

OUTPUT 

Note. Unused active level High inputs should be tied High. A floating 

(unconnected) input is technically I n a High logic state, but 

noise immunity is greatly impaired. 

When non-retriggerable operation is required, i.e., when 

input triggers are ignored during the output cycle, input gat-

ing is used to inhibit retriggerability. This configuration may 

be used for frequency division of a fixed frequency input. 

Selecting appropriate values of Rt and Ct causes the one-

shot to retrigger on some multiple of the input pulses. Note 

that the 9600 and 9601 require an inverter for non-rétrigger-
able operation using Low-to-High transitions as triggers. The 

9602 input gating allows non-retriggerable operation using 
either positive or negative triggers with no external inverter 
required. The 9603/74121 is a non-retriggerable mono-

stable, and requires no external wiring or inverter to perform 

this function. 

TIMING EQUATIONS AND NOMOGRAPHS 

The timing equation for the 9600, 9601 and 9602 mono-

stable multivibrators is: 

t = At RtCt ( A2 ) 1 + — 
Rt 

where Rt and Ct are the timing resistance and timing 

capacitance and A1 and A2 are multiplication 

constants. 

The timing equation represents the sum of the charge cycle 

time and the discharge cycle time. 

tcharge - At RICI 

A2 
tdischarge - A1RtCt --FT— = AiA2ct 

The At multiplication constant was derived by circuit 

analysis and verified empirically. For the 9600 and 9601, 

A1 = 0.32, for the 9602 A1 = 0.31. 

The A2 constant was similarly determined and verified to 

be 0.7 kS) for the 9600, 9601 and 1.0 k() for the 9602. 

Thus the timing equations for the 9600, 9601, and 9602 are: 

9600: 

9601: 

9602: 

t = 0.32 RtCt 0.7 ke +   
Rt ) 

0.7 kS2  
t = 0.32 RICt 14 + 

Rt ) 

1.0 kQ 
t = 0.31 RtCt (1 +   

Rt ) 

The above equations apply only to capacitor values greater 

than 1000 pF. For timing circuits using less than 1000 pF, 
see Typical Pulse Characteristics curves to determine output 

pulse width. The above timing equations have a nominal 

prediction accuracy of +10%. Thus for precise pulse width 
applications, trimmer resistors and/or trimmer capacitors 

should be used to allow setting of the output pulse width to 

the desired value. 

The equation t = 0.32 RtCt may be solved on a nomograph. 

A straightedge intersecting all three scales is used to solve 

for either t, Rt or Ct when the other two variables are known. 
The nomograph does not include the discharge cycle time 

and therefore is not as accurate as the timing equations. 
The graphical solution is a good approximation of the values 

needed to obtain a given pulse width. 
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MONOSTABLE MULTIVIBRATORS 

9600, 9601, 9602 TIMING NOMOGRAPH 9603 TIMING NOMOGRAPH 

C>103 pF 

Ct 

4 

3 

15 — 

•••• 
.••• 

•••• 
••• 

.••• 

••• 

16, 

140 

120 

60 

51) 

40 

30 

••• 
••• 

20 
••• 

  15 

t = 032 Fit Ct• 

SCALING 

Ct 

pF x 103 ps 

p 4 ps x 10 F x 10 

ps x 100 pF x 105 

ms x 10 pF x 10 

ms x 100 pF x 100 

pF x 103 

ms 

10 

9 

e 

7 

6 

5 

3 

2 

160 

At 

45 

.0 

35 

30 

25 

20 

15 

7,3 

  7 

›Z  6  

- 5 

EXAMPLE Want t 150 ms 

Have Ct s 22 pF 

Use Rt = 21 3 k SI 

'Approximate equation neglects discharge portion of timing 

cycle (usually small relative to main or charge cycle time). 

.n 

The 96L02 is a low power version of the 9602 and has essent-

ially the same circuitry. However, the resistor values in the 

96L02 circuit are four times the values of those in the 9602 

circuit. The timing equation is: 

3.0 k(2 ) 
t = 0.33 RtCt +  for Ct> 103 pF 

Rt 

The nominal accuracy of the timing equation is ±10% as long 

as the capacitor leakages are 5_ 1 pA at 5 V forward bias and 

< 1.6 pA at 1 V reverse bias. A distinct advantage of the 

96L02 is the increased allowable timing resistor range. For 
the 0 - 75° temperature range device, Rt may be any 
value from 16 to 220 kS). 

2 

.15 

Ct 

ms 

ms x 10 

ms x 100 

t = RI; 1042 

= 0.69 RI; 

SCALING 

Ct 

pF e 10* 

pF x 100 

pF x 103 

pF x 104 

pF x 105 

pF 

pF x 10 

pF x 100 

300 

250 

200 

150 

100 

BO 

Bo -*** 

- AO 

20 

12 

6 

5 

4 

15 

10 

'Note Minimum output pulse width is typically 30 os 

EXAMPLE: Want t = 5O is 

Have Ct s 3.3 x 103 pF 

= 0.0033 pF 

Need At = 21.7 kil. 

E-

30 

  20 

15 

6 

4 

3 

2 

— 15 

kil 

The timing equation for the 9603/74121 consists of the 

charge cycle time only. Since the 9603/74121 is not retrig-

gerable, the charge cycle time alone determines the output 
pulse width (The discharge cycle occurs after time out instead 

of during the timing cycle.) The timing equation is: 

t = RtCtloge2 

The timing equation may be solved on the nomograph. A 
straight line connecting a Ct value and an Rt value intersects 

the t line so that t =- CtRtloge2. Scale factors relating Ct and t 
are included. 
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MONOSTABLE MULTIVIBRATORS 

TYPICAL CHARACTERISTICS 

Output Pulse Width Variation Output Pulse Width Variation 
vs Ambient Temperature vs Power Supply Voltage 

10 

.5 

55 

o 

5 

10 

9600/9602 

Vcc 50 
Aj= 10 88 
C.. 103 oF 

-76 -25 0 26 75 125 

TA • .0 

9601 
10 

o 

10 
-75 -25 0 25 76 125 

TA • °C 

.2.0 

.10 

o 

10 

20 

A. 0 

.0.5 

8 o 

-05 

96L02 

Vcc • 5.0V 
Pt= 3950 
Ct 000 Pf  

.1\  

-60 -25 0 25 50 75 100 125 

TA ,c 

9603/74121 

= 42C n4 

VCC ° S V 

-1.0  
-75 -60 -25 0 25 50 76 100 125 

TA • OC 

55 

1 

.10 

4 

o 

-6 

9600/ 9602 

TA = 25•C 
▪ 050 
'Fs - OFF 

10  
4.0 4.5 50 55 50 

Vcc — V 

9601 
.10 

o 

4 

10 
46 

TA • ire 

▪ • 
'C.. 0. oF 

OS £0 

10 

o 

4 

10 
40 45 SO 55 

Vcc V 

5.0 

Vœ — V 

96L02 

to 

TA • 25.0 

7 777 

1.0 

.06 

o 

-as 

1.0 
4.0 4.6 60 

VCC V 

9603/74121 

60 

TA .'25•C 
Pi • Isis 
-C1410. of 

5.5 60 

103 

102 
80 
60 
40 

20 

10 

Output Pulse Width 
vs Timing Capacitance 

(Ct < 10 3 pF) 

9600/9602 
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10 
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Output Pulse Width Variation 
vs % Duty Cycle 
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MONOSTABLE MULTIVIBRATORS 

USE OF ELECTROLYTIC TIMING CAPACITORS 

When long output pulse widths are required, large value 

capacitors, usually electrolytic capacitors, are needed. While 

electrolytic capacitors have the advantage of a high capaci-

tance to volume ratio, they also have the disadvantages of 

high leakage current and large capacitance tolerances. 

As previously indicated, the prediction accuracy of the timing 

equations for the 9600, 9601, and 9602 is ±10%. This toler-

ance only accounts for the device-to-device variation, and 
does not include the effects of timing capacitor leakage cur-

rent or the value tolerances of the timing resistor or capacitor. 

(It also excludes Vcc and temperature variations from the 

nominal 5 V Vcc at 25°C.) The timing capacitor leakage 
current has a negligible effect on the timing cycle of the 

9600, 9601, 9602 if the leakage is less than 3 pA at 5 V 

forward bias and less than 5 pA at 1 V reverse bias over the 

operational temperature range. If the leakage currents are 

less than the above values, an electrolytic capacitor may be 

used normally without special circuit modifications; the pre-

diction accuracy of the timing equation (exclusive of timing 

resistor or capacitor tolerances) remains at +10%. The 

96L02 requires 1/3 the above leakage currents for proper 

operation, i.e., < 1 pA at 5 V forward bias and <1.6 pA at 

1 V inverse bias. For the 9601, the differential voltage across 

the timing capacitor is ±750 mV. Over temperature and Vcc 

the maximum differential voltage can be expected to be less 

than ±1 V. This requires the capacitor to withstand a repeated 

-1 V without degradation in the normal RtCt configuration for 

satisfactory one shot operation. Since most tantalum elec-

trolytic capacitors are rated for safe reverse bias operation 

at up to 5% of their working forward voltage rating, a 20 

WVDC capacitor should be used. Capacitor leakage current 

is usually specified as a constant plus a CV product. This 

CV product may make the capacitor too "leaky" for good 

operation if higher working voltage ratings are used. It is 

helpful to know what working voltage rating provides safe 

operation at a maximum of 1 V reverse bias. If the capacitor 

leakage is greater than 3 pA at 5 V forward bias and greater 

than 5 pA at 1 V reverse bias, one of the following two protec-

tive arrangements can be used. 

TIMING NETWORK — Diode Protective Arrangement 

C, 

TIMING 

LEAD 

vcc 

R,C, 

TIMING 
LEAD 

A diode may be added to the timing network as shown above. 

While this circuit allows the use of capacitors with greater 
inverse leakage, it reduces the prediction accuracy of the 

timing equation and imposes a more restricted timing resis-
tor range. 

The timing fomula is now: 

t 0.3 RCt where R < 0.6 Rt(max) 

The accuracy of this equation (not including the tolerances of 

the timing resistor or timing capacitor) is about ±20%. Since 

the Vf of the diode is uncompensated, the output pulse 

width variation over the temperature range is increased. 

Variations in the diode forward conductance will contribute 

to the degradation of the accuracy of the above equation. 

The diode is intended to operate as a fixed offset voltage 

device to move the differential voltage across the capacitor 

up from +1 V to 0 to +2 V. However, the current through the 

diode varies during the timing cycle and therefore causes the 

diode forward voltage drop to vary. This can cause the second 

discharge cycle (in response to a retrigger input) to be less 

complete than the initial discharge cycle. Since excess charge 

can be present on the capacitor during the second (retrigger) 

cycle, this cycle can be much shorter than predicted by the 

timing equation. The net effect may be early time out on sub-

sequent cycles. The diode configuration is not recommended 

for applications requiring retriggerable operation, or for use 

over wide temperature ranges. 

TIMING NETWORK — Transistor Capacitance 

Multiplier Arrangement 

C, 

._EAT TIMING LEAD 

In this circuit, a larger timing resistor is used to obtain long 

output pulse widths. Timing capacitors with high inverse 

leakage may also be used since the emitter base junction pre-

vents the capacitor from being reverse biased. The transis-

tor Q1 can be any silicon npn transistor with good Beta at 

low collector currents such as the 2N5961 or 2N5962. 

The collector resistor Ry must be in the range of 5 to 

50 kQ (commerical grade) or 5 to 25 la2 (military grade); 

the lower values (5 to 10 l(Q) are preferred for improved 

Beta linearity. The timing resistor value is limited to a range 

of 5 Id2 to 0.7 (hfecn) Ry or an upper limit of 2 MQ, which-

ever is smaller. The timing equation is t = 0.3 RCt. 

The prediction accuracy of the above equation is worse than 

that for the circuit using the diode. The output pulse width 

may be more than 30% from the predicted value, depending 
on the particular transistor and the forward leakage of the 

timing capacitor. 

This circuit also is more temperature sensitive than the nor-

mal (Rt and Ct only) circuit. It is not recommended when 

retriggerable operation is required for the same reasons out-

lined in the discussion of the diode arrangement. In summary, 

electrolytic capacitors with low leakage currents are recom-

mended to obtain the highest accuracy and temperature sta-

bility where long output pulse widths are required. 
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MONOSTABLE MULTIVIBRATORS 

SPECIAL CONSIDERATIONS 

The monostable multivibrator is a practical building block for 

many applications but it is not a panacea for all system de-

signs. Many times, system performance can be improved by 

using other types of delay elements. For example, a memory 

subsystem sequencer can be built with a chain of one shots, 

but tighter timing tolerances are obtained with a crystal os-
cillator and a Johnson (twisted ring) shift counter and de-

coder. For time delays over 1.5 s, or timing capacitors over 

100 pF, it is usually better to use a free running astable multi-

vibrator and a couple of inexpensive decade counters (7490) 

to generate the equivalent of a long delay one shot. Astable 

oscillators made with monostable building blocks have sta-
bilities approaching 5 parts in 100 and should not be used if 

system timing is critical. Crystal oscillators provide better 

stability. 

In all one shot applications follow these guidelines: 

• Use good high frequency 0.1 pF (ceramic disk) capacitors, 

located 1 to 2 inches from the monostable package, to by-

pass Vcc to ground. 

• Keep timing components (Rt, Ct) close to the package 

and away from high transient voltage or current carrying 

conductors. 

• Keep the Q output trace away from the "C only lead; the 

negative-going edge when the one shot times out may 

cause the C lead to be pulled down, which may restart the 

cycle. If this happens, constantly High (Q = H, Q = L) out-

puts with 50 ns Low spikes will occur at the repetition rate 

determined by Rt and C. If sufficient trace isolation 

cannot be obtained, a 50 pF capacitor bypassing the C 

lead to ground usually cures the problem. 

• Beware of using the diode or transistor protective arrange-

ment when retriggerable operation is required; the second 

output pulse may be shorter due to excess charge left on 

the capacitor. This may result in early time-out and ap-
parent failure of retriggerable operation. Use a good capa-

citor, one that is able to stand 1 V in reverse and meet the 

leakage current requirements of the particular one shot. 

• Remember that the timing equation associated with each 
device has a prediction accuracy. Generally, for applica-

tions requiring better then ±10% accuracy, trimming to 
pulse width is necessary. 

• Applications involving the 9601 such as the Schmitt trig-

ger and the "unstoppable" astable oscillator will not work 

with the 9600 or 9602 since the latter have a latch circuit 

controlling the outputs whereas in the 9601, the internal 

Schmitt trigger controls the outputs. 
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9601 RETRIGGERABLE MONOSTABLE MULTIVIBRATOR 

DESCRIPTION 

T r (To • y  • 12 • 13 

vcc T0 T 12 13 OPERATION 

H-i-L H H H 

H H-4.-L H H 

L X L-.-H H 

X L L-.-H H 

L X H 

X L H L-i-F1 

10 DIF FE RE NT IA TOR 

r, 

13 

The 9601 provides an output with duration and accura-

cy a function of external timing components. It has four 
inputs, two active High and two active Low, that allow 

a choice of leading edge or trailing edge triggering. 

The TTL inputs make triggering independent of input 
transition times. The 9601 has five subcircuits; 

Trigger 

Trigger 

Trigger 

Trigger 

Trigger 

Trigger 

C1 R1 

SCHMITT 
TRIGGER 

fr 

DISCHARGE 

MONOSTABLE 

INPUTS LOADING 

High 

Low 

OUTPUTS 

1 UL 

1 UL 

DRIVE 

High 

Low 

16 UL 

8 UL 

• A flip-flop with reset which acts as a differentiator 

• A monostable for timing capacitor discharge 

• An emitter coupled Schmitt trigger used as a com-

parator 

• An output logic drive circuit to provide both High 

and Low (Cl and 0) outputs. • Input trigger gating logic 
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9601 RETRIGGERABLE MONOSTABLE MULTIVIBRATOR 

DESCRIPTION 



9601 RETRIGGERABLE MONOSTABLE MULTIVIBRATOR 

OPERATION 

The five subcircuits of the 9601 are: Input trigger gat-
ing logic, C11 - 04 plus the trigger transistor 05; A fl ip-
flop, 06 and 07 with reset 08; A monostable, 012 
and 09; An emitter coupled Schmitt trigger, 010 and 
011; An output logic drive circuit, 013 - 021. 

In the quiescent state, Q5 is off and the discharge mono-
stable is in its stable state (012 ON, 09 OFF). The 
Schmitt trigger is held on (010 ON, 011 OFF) by the 
holding current through the timing resistor Rt. With 

011 OFF, 013 is held on and the 0 output is held Low 
by current through the base collector junction of 014. 

To initiate a timing cycle, 05 is turned on by the input 
trigger gating logic 01 - Q4, and the differentiator 
flip-flop is set (Q6 OFF, 07 ON) when (15 goes into 
saturation. When 07 turns on, Q15 is turned off through 
the emitter of 014, thus forcing the Q output to go 
High and the 5 output to go Low. When 07 turns on it 
also sets the discharge monostable (012 and Q9) to its 
unstable state (012 OFF, 09 ON) by turning 012 off 
with current through D8. The extra emitter on Q9 al-

lows 09 to turn on at the same time that 012 turns off. 
Turning Q12 off allows 08 to supply base drive to 06, 
turning 06 on and restoring the differentiator flip-flop 
to its stable state (06 ON, 07 OFF). Thus, the collector 
of 07 produces a narrow, negative going pulse approxi-
mately 50 ns wide. Simultaneously, the collector of 
09 pulls the base of 010 down and resets the Schmitt 
trigger (010 OFF, 011 ON). 011 causes 013 to turn 
off, removing the base drive to 015. This insures that 
015 remains off with the Q output High during the re-
mainder of the timing cycle. 014 provides a speedup 
path to bypass the time delay through the Schmitt trig-
ger section. When the discharge monostable is set 
(012 OFF, 09 ON), timing capacitor Ct is allowed to 
discharge (actually charge in reverse) into the collector 
of 09 and D9, with current supplied through the 1.5 k 
resistor on the base of 012. After Ct loses sufficient 
charge, the emitter base junction of 012 is forward 
biased, turning 012 on; the monostable now returns to 

its stable state (012 ON, 09 OFF). Ct then begins 
charging toward Vcc through Rt. Because the 1.5 k 
resistance is much less than Rt, discharge time is only 
a small percent of the total timing cycle. During the 
charge portion of the timing cycle, Ct charges with the 
charge path through the base emitter junction of 012 
and 09 and charge current supplied through Rt. 

When the timing capacitor is charged to the threshold 
of the Schmitt trigger, the timing cycle ends as 010 
turns on and 011 turns off. As 011 turns off, 013 
turns on, turning Q15 on again through the base 
collector junction of 014. As 015 goes on, the Q and s5 
outputs are restored to their quiscent states: Q is Low 

and 0 is High. The Schmitt trigger input impedance 
changes from high to low when input voltage exceeds 
threshold voltage. This input impedance remains low 
as long as the voltage does not drop below the turn 
off threshold. Thus, the timing capacitor discharges in-
to the base of 010 and the 860Q emitter resistor of 
011. The maximum limit on the value of the timing re-

sistor insures that 010 receives sufficient base drive to 
remain on after the timing capacitor has discharged 
(off state). Because the Schmitt trigger remains fired, 

the 0 and O outputs remain in their quiescent states 
(0 = L, Q = H). The minimum value for the timing re-
sistor insures that 09 is not unsaturated during the dis-
charge cycle by excess collector current. 

Retriggering of the 9601 occurs when 05 is turned off 
and then on unless the discharge monostable is already 
in the unstable state (Q12 OFF, 09 ON). Retrigger 
pulses are ignored during the discharge cycle because 
the cycle is self-sustaining and only resets when Ct has 
discharged enough to forward bias the base emitter junc-
tion of 012, allowing the discharge monostable to reset. 
Retrigger pulses, occuring after the discharge cycle but 
before the Schmitt trigger turns on to end the timing 

cycle, cause the discharge cycle to start again but the 
outputs remain in the High state (0 = H. 5 = L). 
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9601 RETRIGGERABLE MONOSTABLE MULTIVIBRATOR 

TIMING WAVEFORMS 

10 INPUT 

OUTPUT 

VRC 

vc 

VRC VC 

I I 
A B 

a. SINGLE TIMING CYCLE 

To INPUT 

CI OUTPUT 

VRC 

Vc 

V V RC - C 

To INPUT 

OUTPUT 

VRC 

VC 

VRC VC 

c. RETRIGGERS DURING DISCHARGE CYCLE 
ARE IGNORED 

e. RETRIGGERABLE OPERATION 

VC > VC QUIESCENT 

Typical waveforms of a single timing cycle are shown 
in a above. The top waveform is the input trigger (the 
monostable triggers on the negative edge of the input 

trigger). The second trace is the Q output. The third 
trace is the voltage waveform at the RC lead (input 
to Schmitt trigger), and the fourth trace is the voltage 
waveform at the C lead (base of 012). The fifth trace 
is the differential voltage across the timing capacitor. 

On the negative edge of the trigger input (point A in a), 
trigger transistor Q5 turns on, firing the differentiator 
flip-flop. The negative going pulse at 07 causes: the 
discharge monostable to set; the C lead (base of 012) 
to be pulled down (trace 4) by D8; the RC lead to be 

clamped to VCE(SAT)Q9 + VD9 and; the Schmitt trig-
ger to reset 011, causing the Q output to go High and 
the Et output to go Low. 

The timing capacitor charges in the reverse direction 
until the base emitter of 012 is forward biased (point 

5 V 

O 
5 
O 

2.3 

1.1 

1.7 

1.1 

+1 

O 

To INPUT 

OUTPU 

VRC 

VC 

V RC VC 

io INPUT 

OUTPUT 

VRC 

Vc 

VRC VC 

o INPUT 

OUTPUT 

VRC 

Vc 

VRC VC 

b. TIMING CYCLE (Same as a. with reduced 

time scale) 

d. RETRIGGERABLE OPERATION 
V < C - VC QUIESCENT 

f. TRIGGER AFTER TIME OUT 

B in a); this causes the discharge monostable to reset 
(012 ON, 09 OFF). With 012 on, the C lead is clamp-
ed by the base emitter of Q12 and D9, and the timing 
capacitor is allowed to charge through Rt. When Ct 
has charged to the threshold voltage, the Schmitt trig-

ger fires (point C in a), the Q output goes Low, the a 
output goes High and the timing cycle is complete. 

Traces in b are the same as those in a but at a reduced 
sweep speed. A retrigger pulse during the discharge 
cycle (note that retriggering does not occur) is shown 
in c, while d shows a retrigger cycle. In this case, the 
discharge cycle takes less time than the initial cycle 
since Ct possesses less charge at retrigger time than 
it had at the start of the cycle. A trigger pulse occurring 
just after time out (note the increased discharge time 
on the second cycle) is shown in f. The increased dis-
charge time is responsible for the increase in output 
pulse width as a function of duty cycle. 
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9601 RETRIGGERABLE MONOSTABLE MULTIVIBRATOR APPLICATIONS 

PROGRAMMABLE DELAY TIME — PDM GENERATOR 

Vcc 

CONTROL 
INPUT 

1.1 2 UL 

TRIGGER 

INPUTS 

The 9600 family may be programmed to have either 
of two delay times. The transistor is a high beta pnp 

(2N4250 or 2N5086) used in the inverse saturation 
mode as a low offset voltage analog switch. The 10 k 
and 1.5 kS2 resistors allow programming with TTL 
logic gates. The fan in is 2 unit loads. 

A logic High at the control input turns the transistor off, 
so that delay time is determined by R1 and Ct. A logic 
Low at the control input turns the transistor on, reduc-
ing the time delay. The lower delay time is determined 
by Ct and the parallel combination of R1 and R2. 

R1R2  
Reffective = R1 + R2 

For PDM modulator applications, the control input 

becomes the Data input and a clock is fed to the appro-
priate trigger input. Cr R1 and R2 are set so that 
CtR1 produces a 66% duty cycle pulse with respect to 

the clock. The CtReffective produces a 33% duty cycle 
pulse. When the control input (Data) is High, a 66% 
duty cycle pulse is sent; when it is Low, a 33% duty 
cycle pulse is sent. 

PULSE DURATION DETECTOR 

10NAP',Z 
CLOCK TO 

9300 SR 1.11nnannnnnf 

DATA OUT 
OE 9300 
SR 01 

A circuit for decoding PDM signals is shown above. If 

the input data presents a logic zero (33% duty cycle) to 
the 9601 detector, the timing cycle is longer than the 
input data pulse. The Zi output of the 9601 returning 
to its normally High state clocks a logic zero into the 

9300 4-bit shift register. An input logic one signal 
(66% duty cycle) is still High after the 9601 times out, 
thereby clocking a logic one into the shift register. 

FREQUENCY DISCRIMINATOR 

4 V 

v„ 

FRE I NCY 

0 32 R,C,(1 • ?ii7) 

A simple resistor-capacitor integration network may be 

used on the 9601 output to produce a linear output 
voltage curve proportional to frequency over a limited 
range. For a given value of Rt and Cr the output duty 
cycle is directly proportional to the input frequency. 
The duty cycle output is integrated by R1 and Cl to 
produce the output voltage. 

DOUBLE PULSE DETECTION 

The 9601 may be used to detect an index point on a 
rotating drum or disk. If a double pulse is recorded to 
indicate an index point, this circuit will detect the index. 
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9601 RETRIGGERABLE MONOSTABLE MULTIVIBRATOR APPLICATIONS 

SCHMITT TRIGGER (9601 only) 

Fit 

INPU' --

OUTPUT 

OUTPUT 

Schmitt trigger operation is provided by a triggering 
signal through Rt directly into the Schmitt trigger 
section of the 9601. Input peak amplitude should sup-
ply >100 pA at 2.5 V and <1 mA. 

MALFUNCTION INDICATOR 

INPUT 

I 4 9002 

A.ARM 

A monitor to detect low speed malfunctions in a sys-
tem may be constructed using the 9601 plus gating cir-

cuitry. For fixed values of Rt and Ct, the 9601 
retriggers if the triggering pulse period is less than the 
timing cycle. The Q output remains High as long as 
the 9601 continues to retrigger. A missed input pulse 
or a decrease in the input frequency allows the 9601 
to time out, thereby setting the latch and indicating 
low speed malfunction. Applications include clock 
pulse and motor speed monitoring. 

GATED CLOCK GENERATOR 

UNSTOPPABLE OSCILLATOR (9601 only) 

tH -I I-
5Ons 

t O 3 RIC' 

In the 9601 one shot, the Schmitt trigger circuit (con-
nected internally) controls the state of the outputs. If 
the Schmitt trigger is above its upper threshold, the out 

are Low (Q = L, Q = H); when it is below its lower 
threshold, the outputs are High (Q = H. Q = L). By con-
necting a diode, positive feedback is obtained causing 
the 9601 circuit to become an astable oscillator. If the 
Q output is Low, the Schmitt trigger turns off, causing 
a charge cycle (Q goes High). Upon time out, the cycle 
repeats. This results in a pulse output from Q which 

has a repetition rate determined by the RtCt network. 
The inputs are grounded since the normal triggering 
path is not used in this application. A wider pulse can 
be obtained by connecting the diode to the C lead in-
stead of the RC lead. 

The first clock pulse is generated immediately after 
applying Clock Enable (active Low). Clock pulse width 
is unaffected by any change on the Clock Enable input. 

CP 

Feeding the timing resistor from the Clock output pre-

vents accidental latch up and the output transistor 
provides a fan out of >50 unit loads. 
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9601 RETRIGGERABLE MONOSTABLE MULTIVIBRATOR APPLICATIONS 

VOLTAGE CONTROLLED MONOSTABLE 

• 5 y 

INPUT 

INPUT 

a. 

b. 

The 9601 may be used as a voltage controlled one shot 
using a single TTL power supply. Circuit operation re-
quires the use of the 2N4248 as a current source driven 
by the pA741 to control the output pulse width. When 
used as shown in a, the control range will extend in a 
positive direction from two diode drops above ground 

N 

VIN 

(maximum pulse width). An additional two diodes, 

placed as shown in b, offset the control range to 
ground and, at the same time, stabilize the operation 
over temperature. The current control range should 
not extend lower than 60 pA for the 0 - 75°C range 9601. 

FORM "A" (SPST) CONTACT BOUNCE ELIMINATOR 

• 5 y 

i
CONTAC T EPST) 

The use of a Form C (SPOT) contact and an RS latch 
formed by cross-coupled gates is a widely accepted 
method of removing contact bounce on a mechanical to 
logic interface. In some systems, a Form C contact 
arrangement is not available, but instead, a Form A 
(SPST,N ) contact must be used. The circuit above 
will remove the bounce from a Form A contact with 
only two resistors, one capacitor, and two digital logic 
packages (one 9601, one 9015). 

The 9601 triggers each time the input A goes Low, 
causing the Cl output to go High. The 9601 time delay 

INPUT A 

9601 

OUTPUT D  

OUTPUT D L 

BOUNCE BOUNCE 

-L__ 

is set by RtCt to be longer than the bounce period (t 
of 10 ms is usually adequate). Two of the NOR gates in 

the 9015 are connected as an RS latch to remember 
that a contact closure has occured. The 4-input NOR 
in the 9015 is used as a negated input AND gate that 
provides a High output when the contact has closed 
AND the 9601 has triggered AND it has timed out 
(D = Toii•E). The logic shown is needed to avoid out-
put glitches due to the difference in propagation delays 
of the 9601 and the RS latch. The remaining NOR gate 
in the 9015 is used to provide the complement of point 

D and is in the same logic sense as the contact closure. 
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9600/9602/96102 RETRIGGERABLE RESETTABLE 
MONOSTABLE MULTIVIBRATORS 

9600 SINGLE MONOSTABLE MULTIVIBRATOR DESCRIPTION 

R. 

Ii 

13 

14 

CD0 E151 

vcc 

T =Fo •12. 13.14 
icDo and M i must be HI 

1(3 il 12 13 14 CO0 CD1 OPERATION FAN IN FAN OUT 

1+6-L H H H H H H Trigger 

H 1-1.--L H H H H H Trigger 

L X L..-1-1 H H HH Trigger 
X L H H H H Trigger 

L X H L-«+1 H H H Trigger 
X L H L••+1 H H H Trigger 

L X H H H H Trigger 

X L H H L-•--H H H Trigger 
X X X X X L X Reset 

X X X X X X L Reset 

DIEU RENTIA TOI4 

INTERNAL STATE SEQUENCE 

(Note: Delays exaggerated to show sequence of events) 

Refer to Internal Logic Diagram 

SCHMITT 

TRIGGER 

OPERATION D S A B CE CD Ci TICOMMENT 

Quiescent State HHHHHH L L H 

Differentiator (1_)H H H H H L L 

Starts L H L L H L L 
L H 
L H L L L L L 

Schmitt Trigger L O L L L L L H L 
Turns Off 

Differentiator 0 L L L L L L H L 

Restores 

H Triggered 

H —Start Dis-
H charge Cycle 

Charge Cycle 

Schmitt Trigger H H L L L L L H L End of Cycle 
Turn On H H H L L L L H L 

H H H L H L L H L 
H H H L H H L H L 
H H H 
H H H 

Quiescent State H H H 

The 9600 circuit is similar to the 9601 except for the 
following. 

• Different input gating arrangement 

INPUTS LOADING 

High 
Low 

1 UL 
1 UL 

OUTPUTS DRIVE 

High 
Low 

16 UL 
8 UL 

• Improved temperature compensation on Schmitt 
trigger 

• Added gate circuitry for reset inputs and feedback 
from -ci output to allow reset operation. 
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T + I (Monostable 1) _p 1 
T2 12 +13 (Monostable 2) 

(CD inputs are H) 

9600/9602/96102 RETRIGGERABLE RESETTABLE 
MONOSTABLE MULTIVIBRATORS 

9602/96102 DUAL MONOSTABLE MULTIVIBRATOR DESCRIPTION 

v„ 

vcc 

11 To CD0 
13 12 •CD1 OPERATION 

L H 
H L-.-H H 
X X L 

Trigger 
Trigger 
Reset 

D1FFERENTIATOR 

1 2 9602 96L02 

DISCHARGE 
MONOSTABLE 

9602 96L02 
INPUTS LOADING LOADING 

High 1 UL 0.5 UL 
Low 1 UL 0.66 UL 

OUTPUTS DRIVE DRIVE 

High 
Low 

SCHMITT 
TRIGGER 

11D 

16 UL 
8 UL 

-410-- CD 

INTERNAL STATE SEQUENCE 

(Note: Delays exaggerated to show sequence of events) 

Refer to Internal Logic Diagram 

OPERATION e7 -77-"":=7D• COMMENT 

Quiescent State HHHHHH 

Differentiator 

Starts L H 

L H 
L H 

L (I) Schmitt Trigger 
Turns Off 

L L 

L L 

L L L L L 

LLLLLHL 

Differentiator LLLLLLHL 

Restores 

Schmitt Trigger H 
Turn On H 

H 
H 
H 
H 

Quiescent State H 

H 

H H L 
HHLH 

HHLH 
H RF .  H 

The 9602/96L02 circuits are essentially the same as 
the 9600, except that they are dual, and are similar to 
the 9601 except for the following. 

• Different input gating arrangements 

• Improved temperature compensation on Schmitt 
trigger 

Fi 

H Triggered 

H —Start Dis -
H charge Cycle 

Charge Cycle 

L L LHL End of Cycle 
LLHL 

L H L 

L H L 

H L L 
H L 

9 UL 
3 UL 

• Added gate circuitry for reset inputs and feedback 
from Q output to allow reset operation 

• 96L02 incorporates very stable temperature com-
pensation to yield less than 1.6% timing change over 
O - 75°C range. 
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9600/9602/96L02 RETRIGGERABLE RESETTABLE 
MONOSTABLE MULTIVIBRATORS 

9600 

vcc 

vcc   

'20  

0 - 
13 0  

'4 0  

RC 

4 4k 2 2 k 

GND .0 

1 5 

04 

06 

2 3 k 15 4 

51 k 

07 

05 

— 

vcc 

07 

07 

I 3 k 

02 

20 
5•4•11e,  

o 

D 

-= 

010 

802 

I 7 k 

2 0 k 

011 

1 
154 3 5 k 

013 

IA 

  D11 

012 

060 

020 

021 

014 

41, 

08 

016 

ISO 

017 

1 5 k 

014 

Vcc 

0134 0136 

OISA 

1 4 k 

aloe 

1 k 

023 

D 

023 

0104 

0108 

Coo 

RESET 

1/2 DUAL 9602/96102 

Vcc 

qC) 

D 

EIO 

EO OE 

C, R, 8 
Vcc 

4 k 

vcc 

03 

05 

k 0k 

04 

1 5 k 

Resistor values for 96L02 are 

four times values shown. 

O Side A leads 
Cl Side B leads 

ONO kEJI 

08 

06 

2 3 k 

3 k 

5 1 k 

07 

as 

vcc 

VED   

ClOoo 

020 

50 

01 

01 

07 

02 

I 3 k 

70 

09 

08 

1Z 09 1 2k 

L110 

2 

011 

660 

DI1 

04 

0108 
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9600/9602/96102 RETRIGGERABLE RESETTABLE 
MONOSTABLE MULTIVIBRATORS 

9600/9602/96102 OPERATION 

INPUT 

RESET 

OUTPUT 

VRC VC 

INPUT 

RESET 

CI OUTPUT 

VRC VC 

a. RESET NOT ENABLED 

c. INHIBIT OF DISPLAY OF OUTPUT CYCLE 

The 9600 and 9602/96L02 monostable multivibrator 
circuits are similar to the 9601 except for the following: 

• Different input gating arrangements, 01 - 04 

• Modified temperature compensation on Schmitt 

trigger, D10A, B 

• Added gate circuitry for reset inputs, Q22, 023, 
015B, and feedback from ti output to allow reset 
operation, 012, D13, 013A. 

The operation of the 9600 and 9602/96L02 follows 
the same timing cycle as the 9601. Triggering initiates 
a discharge cycle, then a charge cycle begins and con-
tinues until the Schmitt trigger fires to end the timing 
cycle (a above). The Reset Logic input 022, Q23 and 
the added transistor across the output drive transistor 
015B allow the outputs to be held in the Low state 
(Q = L, Q = H) by applying a logic level Low to the Reset 
input. D13 and the added 013A transistor allow the 
outputs to be held Low after the Reset input is restored 

INPUT 

RESET 

CI OUTPUT 

V RC VC 

INPUT 

RESET 

OUTPUT 

VRC VC 

b. EARLY TERMINATION OF CYCLE 

d. EARLY TERMINATION OF CYCLE 

to a logic High, even if the discharge/charge cycle has 
not yet completed (011 still ON). 

Thus the Reset input may be used to terminate the tim-
ing cycle before normal time out (b and c above) or to 
inhibit a new cycle (d). Note that the Reset input does 
not affect the discharge/charge cycle, but instead in-
hibits the Q and 51 outputs from displaying the timing 
cycle. Retriggering of the 9600, 9602 occurs in the 
same manner as in the 9601, but the Reset input must 

not be enabled, i.e., must be at a logic level High, at the 
time the new trigger pulse occurs. The outputs are set 
to a High state (0 = H, .5 = L) only during the time the 
differentiator flip-flop is on (07 ON). The Reset input 
must not be enabled during this time, otherwise the 
outputs will remain in the Low state (0 = L, Q = H) while 
the discharge/charge timing cycle continues (d). The 
action of the output latch may be considered as a reset 
dominant Set/Reset (RS) flip-flop. The Internal Logic 
diagrams and Internal State Sequence Tables show the 
internal logic operation of the devices. 
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9600/9602/96L02 RETRIGGERABLE RESETTABLE 
MONOSTABLE MULTIVIBRATOR APPLICATIONS 

The 9600/9602/96L02 monostables may be used in most 
of the applications shown for the 9601. Exceptions: Schmitt 
trigger and unstoppable oscillator. 

DUAL EDGE TRIGGERING 

'N PU' 

This scheme uses 1/2 of a 9014 Quad Exclusive OR/ 
NOR gate to allow the 9602 to trigger on l=e-H and 
H-*-L transitions of the input. The first Exclusive OR 
gate with the attached inverter (shunted by a capacitor) 
acts as a delay network. The second Exclusive OR gate 

compares the input data with the delayed input data 
signal and produces a Low when the two are different. 

DELAYED PULSE GENERATION 

INPUT 

INPUT 

OUTPUT 

C,1 fto 

One 9602 connected as shown above provides a means 
of delaying an input pulse and varying the output pulse 
width. The first half of this dual one shot determines 
the time t1 before the initiation of the output pulse, 
and the second half determines the output pulse width. 
While the timing cycle is active, 5 output of side A is 
Low. The 711 output Low-to-High transition at the end 
of the timing cycle triggers side B. By returning the Q 
output of side B to the input of side A, a free running 
oscillator with variable duty cycle output is achieved. 
Due to the edge triggered nature of this oscillator, if 
an edge is missed, oscillation locks up. If independent 
adjustment of on and off periods is not required, the 
9601 unstoppable oscillator circuit is preferred. 

KEYED OSCILLATOR 

SYNC KEY 
INPUT 

SYNC ,KEY 
INPUT 

CI OUTPUT 

I-H 
The reset feature of the 9600 and 9602/96L02 mono-
stables may be used to construct keyed or synchroniz-
able oscillators. A non-inverting delay network may be 
inserted between points X and Y to increase the output 
pulse width. 

KEYED OR SYNCHRONIZED OSCILLATOR 
WITH CONSTANT OUTPUT PULSE WIDTH 

SYNC H 

--1.1 

OUTPUT 

H 

KEY L 

OUTPUT H 

t1 = 0.31 Rt1 C11 ( 
1 + Rt2 

1 ) 

1 ) 
t2 = 0.31 Rt2 C - 

t2 1 + TIti" 

Ycc 

The 9602 may be used with a 1/4 9002 (1/4 7400) 
NAND gate to produce a synchronized (keyed) oscilla-
tor with constant output pulse width determined by the 
timing network on the second one shot in the 9602. 
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9603/74121 MONOSTABLE MULTI VIBRATOR 

T = +171) • 12 • 5 (see note) 

DESCRIPTION 

To 

X 

12  

L-0-H 

L-b-H 
H 
H 

OPERATION 

Trigger 

Trigger 
Trigger 
Trigger 

NOTE - Triggering occu s only when 

the rl output is H (not in timing 
cycle) and one of the above truth 

table conditions is met. 

• CHMITT 
TRIGGER 

INPUTS LOADING 

High 1 UL 

Low 1 UL 

OUTPUTS DRIVE 

High 10 UL 
Low 10 UL 

USE INTERNAL 
OR EXTERNAL 
TIMING RESISTOR 

.5 V .9 V 

RI RXINTI 

INTERNAL STATE SEQUENCE 
(Note: Delays exaggerated to show sequence of operation) 

Refer to Internal Logic Diagram 

OPERATION 12ABCDE Flail- COMMENT 

L L H 
H L H 

L H H 

12 goes H 
H 

H 
H 
H 

H 
H 

E goes L 

12 goes L 

H 
H 

H 
H 
H 

H 
H 

H 

H 

H 
H 

LLLH 

LLLH 
LLLH 

LLLH 

L H 
H 

H 

HHHL 
H HL 

H LHL 
HHLHL 
HHLHLL 
HHLHLLL 

H L HLLLLH 
LLLLH 

H H L LLLLH 

The 9603/74121 is a TTL monostable multivibrator 
with dc triggering from positive or gated negative go-
ing inputs and with inhibit facility. Both positive and 
negative going output pulses are provided with full fan 
out to 10 normalized unit loads. There are four sub-
circuits. 

1 I 
Ready 

2 
States 

3 

Trigger — (f rom 
quiescent state 3) 

Start timing 

—Triggers locked 
out for remainder 

of cycle 

Capacitor Discharges 

(Timing Cycle) 

— Capacitor 
charges 

— End Cycle 

— Remove trigger 

signal 
— Ready to accept 
new trigger 

(ready state 3 1 

• Input trigger logic 

• Input Schmitt trigger 

• Timing capacitor charge and discharge circuit and 
threshold detection 

• High and Low output circuits 
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9603/74121 MONOSTABLE MULTIVIBRATOR 

OPERATION 

INPUT 12 0 

OUTPUT 0 

5 V/DIV 

VOLTAGE AT 

CAPACITOR LEAD 4 

Vc 

4 
DIFFERENTIAL VOLTAGE 

ACROSS CAPACITOR 

GU ESCENT 

VOLTAGES 

200 ns/DIV 

2 h 

CIRCUIT USED TO GENERATE 

TYPICAL WAVEFORMS 

Vcc = 5 V 
TA = 25°C 

OUTPUT 
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9603/74121 MONOSTABLE MULTIVIBRATOR 

OPERATION 

The 9603/74121 Monostable has four subcircuits. 

• Input trigger logic 01, Q11 — Q15 

• Input Schmitt trigger Q2, Q4, which allows jitter-

free triggering on input rise time as great a 1 V/s 

• Timing capacitor charge and discharge circuit, 05 - 

07 and threshold detection Q8 

• High and Low output circuits, Q16 - Q19, 020 - Q23 

Trigger inputs To and -1.1 are active Low while 12 is active 

High. To trigger the one shot, To or Il must go Lovv 

while 12 is High or 12 must go High while either To or 

l. is Low. Triggering will not occur if 5 is Low, i.e., 
during the timing cycle. A Schmitt trigger circuit 02, 

04 is provided on the 12 input so that very slow rise-

time signals may be used to trigger the one-shot with-

out causing output jitter. 

Before an input trigger occurs (i.e., To or Ti is Low, 12 

is Low and () = High), the Schmitt trigger output transis-

tor Q4 is on, since Q2 is held off by the collector of 01, 
and 03 is held off by the Q output through 09. With 

Q4 on, 05 is off and thus Q.6 is on and 07 is off. The 

600 Q resistor pulls the C lead to Vcc (voltages are 
shown at point A on waveform). Q17 is then held on by 

base drive through the base collector junction of 016. 

Since 017 is on, the Q output is Low. Q21 is off, thus 
the 5 output is High. 

When 07 turns on (point B on waveform), both C and 

RC leads are pulled down and the timing capacitor is 

allowed to discharge through the timing resistor and 

the collector of 07. Since the RC lead is now pulled 
down through Ct, (18 goes off, allowing Q3 to turn on 

(base drive supplied through the base collector junction 

of 09), and thus Q4 is held off during the remainder of 

the timing cycle. The timing capacitor continues to dis-

charge until the base emitter junction of 08 becomes 

forward biased, causing 08 to turn on (point C on 

waveform). When 08 turns on, the base drive to Q3 is 

removed via 09, causing 04 to turn on again. 04 

turns off 05, and Q6 turns on while 07 turns off. Turn-

ing 06 on allows the 0 output to return to a Low state 

and the 5 to go High, while Ct begins charging 

through the emitter collector of 06, the 70 Q resistor 

and the base emitter junction of 08. The 600 Q re-
sistor allows Ct to continue charging when the voltage 

at the C lead is less then Vcc - VBE(06) (point D on 
waveform). 08 is held on by base current through the 

timing resistor R. 

When the 5 output returns to High at the end of the 

timing cycle, the input gating logic is ready to accept a 

new trigger pulse. If a new trigger pulse occurs before 

the timing capacitor is fully charged to its quiescent 

4 V, the output timing cycle will be less than that pre-

dicted by the timing formula, t = RtCtloge 2. If 

a 2 kQ timing resistor is used, the recommended maxi-
mum duty cycle is 66%. Duty cycles of 90% may be 

achieved by using a 40 kQ timing resistor. Even higher 

ratios are obtainable if some pulse width degradation 

is acceptable. 
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74122 RETRIGGERABLE RESETTABLE MONOSTABLE MULTIVIBRATOR 

DESCRIPTION AND OPERATION 

LEADS LOADING 

10,11,12,13,14 

CD 

Ti 

Data Inputs 

Clear Input 

Outputs 

TO 71 12 13 14 CD Response 

H—L H H H H H Trigger 
H H'LH H H H Trigger 
L X L—H H H H Trigger 
X L L—H H H H Trigger 

L X H L—H H H Trigger 
X L H L—H H H Trigger 
L X H H L—H H Trigger 
X L H H L—H H Trigger 
X X X X X H—L Reset 
X X X X X L Reset 
L X H H H L—H Trigger 
X L H H H L—H Trigger 

CD 

The 74122 is similar to the 9600 but there are impor-
tant differences in the operation of Reset input CD. 

In the 9600, the trigger logic and the reset function are 
completely separated. The device triggers only when 
the value of the trigger logic equation goes from False 
to True. It resets either with normal time out or when a 
logic Low is applied. Returning CD to High does not 
cause the 9600 to trigger. 

vcc 

1 UL 

2 UL 

HIGH LOW  

20 UL I 10 UL 

In the 74122, the CD is internally tied into the tliger 
network, therefore, the 74122 triggers when the CD in-
put is returned to the High state, provided the value of 
the trigger logic equation is True (see last two lines of 
the triggering truth table). This feature may be useful 
in a keyed or synchronized oscillator circuit; but it is un-
desirable and even unacceptable in the majority of ap-
plications. For new designs the 9600 is recommended. 
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74123 DUAL RETRIGGERABLE RESETTABLE 
MONOSTABLE MULTIVIBRATOR 

DESCRIPTION AND OPERATION 

RIA 

CDA 

vcc 

12 
13 

C-13 RIB 

To li CDA Response 

H—L H H Trigger 
L L—H H Trigger 

X X H—L Reset 
X X L Reset 
L H L—H Trigger 

1,2 (SIDE AI 74123 

vcr 

CDA 

The internal circuitry of the 74123 is the same as the 
74122 except for reduced number of trigger inputs 
per one shot, and the absence of the internal resistors 
Rt(int). The 74123 triggers when the CD input is re-
turned to the High state provided the value of the trig-
ger logic equation is True. If it is necessary to remove 
the CD signal without triggering under any input logic 
condition, the 9602 or 96L02 should be used. The 
9602 and 96L02 do not have any internal connections 
between the CD and input gating logic, so the triggering 
and resetting functions are logically and physically in-
dependent. 

An additional problem arises when the 74123 is used 
in a non-retriggerable mode. The only safe method of 
providing non-retriggerable operation under all input 
conditions is to force the trigger network to be True dur-

VCC 

CIA 

LEADS  

70 ,1 1,71 2,13 

CD 

$3, a 

LOADING 

Data Inputs j 1 UL 

Clear Input 2 UL 

HIGH LOW 

Outputs I 20 UL j 10 UL 

72 13 CDB Response 

H—L H H Trigger 

L L—H H Trigger 
X X H—L Reset 
X X L Reset 
L H L—H Trigger 

LA 

o 

ing the timing period. This is not possible with the AND 
input structure of the 74123. The only possible connec-
tion of inhibiting trigger inputs during the time period 
results in an astable (free running) operation, if the 
trigger input level is still active at the end of the timing 
period. The OR input structure of the 9602/96L02 
allows the trigger network to be forced True during 

time out, which avoids astable operation. The 741 23 
is not recommended for use where non-retriggerable 
operation is desired, unless the triggering signal is 
assured to be False when the 74123 times out. The 9602 
or 96L02 is recommended where non-retriggerable 
operation is desired, due to freedom from possible 
astable oscillation with the non-retriggerable feedback 
connection. In new designs, the 9602 or 96L02 is recom-
mended instead of the 74123. 
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TRANSMISSION LINE INTERFACE SELECTION GUIDE 

*SW — Single Wire over Ground Connection 
TP — Twisted Pair 
TPS — Shielded Twisted Pair 
COAX — Coaxial Cable 

Standard 

Interface 
Recommended 
Driver/Receiver 

EIA RS 232-C 

MIL STD 188C 

IBM 360 I/O 

9616 9617 

9616 9627 

8723 8724 

Comments 

0 to 20,000 bps, maximum cable length implied in standard is 50'. 

Use capacitor from 9616 output to ground to provide wave-shaping at 
applicable modulation rate. 

Recommended maximum of 10 ports on bus. 

Line 
Length 
(feet) 

Single-Ended Simplex 

Maximum 
Data Rate 
(NRZ Data) 

Line* Recommended 
Type and Zo Driver/Receiver Comments 

O - 2' 

2 - 20' 

20 - 500' 

> 500' 

20M bps 

10M bps 

10M bps@ 20' 
0.5M bps@500' 

SW 
TP ] >900 
COAX 

TP 
TPS 1 >90Q 
COAX 

COAX >50Q 

TPS l>5oÇ≥ 
COAX — 

O - 2' 

2 - 20' 

10M bps 

10M bps 

20 - 500' 10M bps @ 20' 
0.5M bps (d) 500' 

> 500' 

SW 

TTL 
Gate 

TTL 
Gate 

9009 TTL 
or Gate 
7440 

9S140 TTL 
Gate 

8T13 8114 

Single-Ended Multiplex 

Unterminated line. Obey loading rules. 

Use parallel terminated line with more than 
one receiver. Use series terminated line 
with only one receiver. 

Use parallel terminated line with more than 
one receiver. Use series terminated line 
with only one receiver. 

Use parallel terminated line. 

Not recommended. Use balanced differen-
tial form to gain system noise immunity. 

Open 
Collec-
tor TTL 

T 8113 
CPOAX1>75 or 

8723 

COAX >950 8123 

TTL 
Gate 

8T14 
or 
8724 

8724 

Use wired-AND with low value ( < 1 k0 ) 
collector pull up resistor. Obey loading 
rules. 

Single +5 V supply. Use parallel termina-
tion at both ends of bus. 

Use parallel termination at both ends of bus. 
Single +5 V supply required. 

Not recommended. Use balanced differen-
tial form to gain system noise immunity. 

Balanced-Differential Simp ex 

O - 50' 

50 - 4,000' 

> 4,000' 

10M bps 

Use signal 
quality graph. 

TP >800 
TPS 

TPS >800 

9614 9615 

75109/ 75107/ 
110 108 

9614 9615 

75110 75107/ 
108 

0 - 50' 

50 - 4,000' 

> 4,000' 

Use parallel termination. Single +5 V sup-
ply required. 

Split parallel termination. +5 and -5 V 
supplies required. 

Use parallel termination. Single +5 V sup-
ply required. 

Use split parallel termination. +5 V and 
-5 V supplies required. 

Cable loss exceeds 6 dBV. Perhaps non-
baseband techniques should be used, (i.e., 
MODEMS). 

Balanced-Differential Multiplex 

15M bps 

Use signal 
quality graph. 

TP >900 
TPS 

TPSP >900 T 

TPS >900 

75110 75107/ Use split parallel termination at each end of 
108 line. Requires +5 V and -5 V supplies. 

9614 9615 Connect as shown in half duplex differential 
circuit. Requires single +5 V supply. 

75110 75107/ Use split parallel termination at each end of 
108 line. Requires +5 and -5 V supplies. 

Cable loss exceeds 6 db V. Perhaps non-
baseband techniques should be used, (i.e., 
MODEMS). 
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TRANSMISSION LINE INTERFACE ELEMENTS 

INTRODUCTION 

The interface circuits discussed here are devices which con-

vert TTL signals into signals adapted for transmission lines 

(line drivers), and devices to convert transmission line signals 

back into TTL signals (line receivers). TTL logic (SSI and MSI) 

cannot normally afford the extra power dissipation required 

to drive low impedance (50 S-2 ) transmission lines. Regular 

TTL parts have only limited drive capability, and line driver 

circuits are needed to provide the transmission line inter-

facing. The drive capability of the various TTL families is dis-

cussed in Small Scale Integration. 

TTL can drive ordinary interconnections as long as those inter-

connect time delays are much less than the TTL Rise or Fall 

Time. This will reduce the current required to produce a given 
voltage on the line, and generally cause the transmission line 

to act more like a simple interconnection. This tradeoff of line 

delay vs. driver rise/fall time will allow TTL parts to use low-

er power output stages. This tradeoff will restrict normal TTL 

to a maximum interconnect distance of approximately 2 feet, 

which is adequate for device-to-device connections on a PC 

card or wire-wrap board. Interconnections longer than those 

recommended will result in more pronounced transmission 

line effects, and generally will degrade system noise immuni-

ty and performance. If long lines, large amounts of external 

noise, and a bus organized circuit are all required or present 

simultaneously, then the lack of drive and relatively small 

noise margins of regular TTL is severely felt. For most pur-
poses, any interconnection longer than two feet should be 

treated as a transmission line, and line drivers/line receivers 

should be used. 

Fairchild offers a number of line drivers/receivers which vary 

considerably in configuration, function, complexity and cost. 
The applications selection guide includes the major perform-

ancér/physical parameters of all currently available interface 

devices. 

USING THE SELECTION GUIDE 

The selection guide at the beginning of the chapter requires 

three basic decisions — standardized or special interface, 

single-ended or balanced differential form, simplex or multi-

plex mode. If a standardized interface is required (EIA RS 

232-C Mil Std 188C - low level, or IBM 360 I/O), use the 

standardized section of the guide. 

The first decision necessary for a non-standardized interface 

involves form of operation. Generally, in high noise environ-

ments or when long lines are required ( >500ft), the balanced 

differential form is preferred. 

After selecting the form, the mode of operation must be selec-

ted. The simplex mode is the easiest to implement and offers 

fewer potential design difficulties. The multiplex mode allows 

overall reduction in cable costs when a large number of bits 

is to be exchanged over transmission lines. 

FORMS AND MODES OF OPERATION OF DATA COM-

MUNICATION CIRCUITS 

There are two basic forms of data communication circuits, 

single-ended and balanced differential. The single-ended cir-

cuit uses a signal line and a common ground return. 

SINGLE-ENDED CIRCUIT 

DATA 
IN 

SIGNAL LINE 

COMMON GROUND 
RETURN 

RECEIVER 

DATA 
OUT 
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TRANSMISSION LINE INTERFACE ELEMENTS 

The advantage of the single-ended system is simplicity with 
only one signal wire required per circuit. The disadvantage 
is susceptibility to induced noise VN and ground shift noise 
VGs. Induced noise is caused by magnetic and capacitive 
coupling from adjacent signal lines or other noise generators 
such as brush-type motors or SCR lamp dimmers. Ground 
shift noise is the result of the voltage potential developed 
across a ground circuit with a finite resistance and inductance 
due to flow of current through the ground. The net effect of 
VN and VGs alters the voltage at the receiver input. VN and 
VGs are added to any signal produced by the driver, and a re-
ceiver cannot discriminate between a legitimate signal and a 
signal which is the sum of the noise in the circuit and the ac-

tual signal produced by the driver. The noise immunity of 
single-ended circuits, however, can be improved with three 
methods. 

• Use shielded cable and reduce ground impedance which 
decreases noise but adds cost. 

• Increase the induced driver output voltage levels which 
swamps out noise but increases power consumption. 

• Add hysteresis in the receiver which increases the dc noise 
margin but may introduce time distortion. 

BALANCED DIFFERENTIAL CIRCUIT 

DIFFERENTIAL DRIVER I DIFFERENTIAL RECEIVER 

DATA 
IN 

DATA 
OUT 

As illustrated, the balanced differential circuit uses a twisted 
pair of wires as a transmission line, a differential driver, and 
a differential receiver. The twisted pair transmission line 
cancels magnetically induced currents in the line because of 
adjacent twists of the line. 

Electrostatically coupled noise equally affects both lines of 
the twisted pair. Thus, it is transformed into a common mode 
signal at the receiver. The ground shift noise also appears to 
the receiver as a common mode voltage. Because the signal 
voltage VDIFF and the noise voltage VN V - GS appear to the 
receiver as differential and common mode voltages, respec-
tively, they can be separated by a receiver with high common 
mode rejection. In this manner, information can be transfer-
red through environments which would otherwise cause 
errors in a single-ended system. 

SIMPLEX VERSUS MULTIPLEX 

There are two basic modes of operation for data communica-
tion circuits: Simplex and multiplex. A simplex circuit allows 
one way, nonreversible data flow. A multiplex circuit allows 
bidirectional (half-duplex) or multidirectional (data bus or 
party line), non-simultaneous data flow. A general multiplex 
circuit has two or more pairs of drivers and receivers on the 
same line, but only one driver may be transmitting at any one 
time. A special multiplex mode is a distribution system that 
has one driver and two or more receivers placed at various 
locations on the line. Some basic multiplex modes of opera-
tion for data communication circuits are illustrated. 

MULTIPLEX MODES OF OPERATION 

DIFFERENTAL 
DRIVER 

DATA 
IN 

DATA 
OUT 

DIFFERENTIAL 
RECEIVER 

.19 

DATA 
IN 

TWISTED PAIR 
TRANSMISSION LINE 

HALF DUPLEX MODE 

BALANCED DIFFERENTIAL 

DATA OUT DATA OUT 
A 

DATA DATA 

IAN ENABLE A IBN ENABLE B ICN ENABLE C  ENABLE D 

DIFFERENTIAL 
DRIVER 

DATA 
N 

DATA 
OUT 

DIFFERENTIAL 
RECEIVER 

DATA OUT DATA OUT 

DATA DATA 

DATA BUS, BALANCED DIFFERENTIAL 

(CURRENT SOURCE DRIVERS) 

DISTRIBUTION BUS 

BALANCED DIFFERENTIAL 

DATA OUT 

Operating mode selection depends mainly on the system re-
quirements. As a general rule, simplex systems are easier to 
implement because timing problems are minimal. Multiplex 
systems conserve overall system wire costs but are more dif-
ficult to design. 



TRANSMISSION LINE INTERFACE ELEMENT APPLICATIONS 

MULTIPLEX OPERATION CONSIDERATIONS 

Some of the multiplex mode (data bus) operational methods 
and problems that must be considered are as follows: 

• The protocol or "handshaking" required for a particular 

port on the bus to send data must be designed. The proto-

col sequence must usually involve the following operations: 

1) The port must signal a desire to use the bus (inter-

rupt). 

2) Bus controller must acknowledge interrupt and send 

"go ahead" command. 

3) Port assumes control of bus and sends data, perhaps 

preceded by the code to indicate the recipient(s) of 

the following data. 

4) Receiving port(s) must acknowledge receipt of data. 

5) Transmitting port receives the acknowledgement, and 
releases control of the bus so that other ports may 

pass their data. 

The overall bus operation is either polled or asynchron-

ous. In polled operation, a central bus controller addresses 

each port in turn to ask if any data is waiting to be sent. 
If the addressed port has no traffic, it signals "no data" and 

the controller inquires at the next port. If the port has some 

data, then the controller gives a "go ahead" to the port; 

data is sent, and the controller then inquires at the next 

port. 

In asynchronous operation, any port having data essential-

ly "holds up its hand" and waits for a -go ahead" signal 

to ripple down the series enabling logic. The priority for a 

particular port is determined by the ports proximity to the 

master control port which sends a "go ahead" down the 

enable logic chain at regular time intervals. This scheme is 

well suited to bus-organized minicomputers. The Digital 

Equipment Corporation's Unibus,R and OmnibusiÑ,' architec-

tures are excellent examples. 

• The effect of powered-down drivers and receivers to nor-

mal bus operation must also be considered. Integrated 

circuit drivers and receivers contain parasitic diodes that 

are normally reverse-biased when the power supply is on. 

Unless special design techniques are used, these diodes 

can become forward-biased when the unit is powered-

down, thus causing the bus to malfunction. 

• The protocol timing must include sufficient time delays to 

allow for the different port-to-port signal propagation de-

lays. 

• Both physical ends of the transmission line comprising a 

channel for the bus must be terminated to prevent spurious 

signal levels due to reflections. (See following section on 

line matching.) 

• Stubs or taps from the main transmission line should be 
kept to a minimum length. A "daisy chain" wiring method 

is preferable to a tap off method. If stubs must be used, 
then to cause the least perturbations on the line, the stub 

length should be controlled such that the propagation de-

lay of the stub is less than 1/8 of the signal rise or fall 

time at the stub to line connection point. 

• If a 3-state driver system is used (Logic Zero, Logic One 

and "off", or driver in high impedance state), some means 

must be provided to detect the difference between a driver 

sending data and the all drivers off condition. In the 2-

state bus system, this problem does not occur because a 
logic Zero (usually a High) indicates either a logic Zero or 

that no port is currently sending. A logic One (usually a 

Low) on a 2-state system then indicates a port is transmit-

ting a logic One and the receiver should interpret it as such. 

• The data format must also be considered 

Parallel operation is fast but expensive, since it requires 

one transmission line and the associated interface for every 

bit of the word (or byte) transmitted in parallel. 

Serial operation is slower, but requires only one transmis-

sion line and interface per port. This saving may, however, 

be partially offset by the need for a parallel-to-serial con-

verter at the transmitting site, and a serial-to-parallel con-

verter at the receiving site. 

The parallel structure is commonly used for rapid exchange 

of data over short distances; e.g., within a computer or be-

tween computer and peripherals. The serial structure is 

used for communications over long distances, as between 

a terminal and its controller. 

• A final consideration concerns polled operation of a multi-

plex system. The amount of time necessary to address and 

receive acknowledgement from a port must be weighed 

against the volume of data the ports normally send, and 

the total number of ports on the bus. If there is a large num-

ber of ports on the bus, most of the time might be used by 

the polling operation with very little time devoted to actual 

exchange of information. A large number of ports com-

bined with a high relative volume of traffic expected per 

port can lead to data backing up at each port waiting to be 

sent, and an overall reduction in information throughput. 

In a "real time" system where fast response is essential, 

serious consideration should be given to splitting up a 

single large bus into several "satellite" busses, each with 

its own polling controller and protocol with respect to the 

central bus. Queuing theory can be used to estimate the 

throughput on a bus structure when many variables includ-

ing the number of ports, the mean transaction length, and 

the number of transactions per port per unit time are 
known. 

LINE MATCHING 

The purpose of line matching is to reduce or eliminate errors 

caused by transmission line reflections in data communica-

tion circuits. When system operation is not affected, these 

reflections can be ignored — similar to ignoring contact 

bounce in a mechanical switch. When data bit duration is 

long relative to line propagation delay, reflection effects die 

away in a relatively short time. However, in most transmission 

line circuits, relections do affect the system and there are 

three basic methods of minimizing reflection affects. 

Method I; Control Ratio of Signal Rise Time to Line Delay 

Most logic (TTL, ECL, etc.) has very low output impedance 

and high input impedance relative to the characteristic im-

pedance of normal interconnections (50 - 200Q). Trans-

mission line theory predicts that this combination, will 
exhibit large signal overshoot and undershoot at the receiver 

end of the line, assuming that the signal rise times produced 

by the driver are short relative to the time delay of the line. 
'Digital Equipment Corporation 

14-5 



TRANSMISSION LINE INTERFACE ELEMENT APPLICATIONS 

If, however, the rise time of the signal is greater than twice 
the one way time delay of the line, a different result is obtain-
ed: the ringing amplitude at the receiver is less than that 
predicted by classical theory. When the driver output signal 
rise time is four times as great as the time delay of the line, 
the ringing is considerably reduced and the line input and 
output waveforms are almost identical, with only a few small 
perturbations. This results from the superposition of ramps 
or exponential type waveforms instead of the unit step variety 
used in classical transmission line theory. To make an unter-
minated line driven by a voltage source type driver behave 
in a more civilized manner, one of two things can be done. 

• Reduce the maximum allowable length of the interconnec-

tion so its time delay is less than one quarter the rise or fall 
time of the driver (tD < tr/4). 

• Control the slew rate of the driver so the rise time at the 
line input is greater than four times the time delay of the 
line (again tr > 4tD). 

Maximum line length limiting is normally used to formulate 
logic wiring rules, while explicit driver slew rate control is 

sometimes applied by such standard interfaces as MIL STD 
188C or EIA RS 232-C. In any event, tr -to-tD ratio limiting 
with unterminated lines has a serious drawback in that delay 
times through the data communication circuit are always 
greater than those obtained using a terminated line with a 
fast rise and fall time signal. This is due to the delay of the 
signal to rise above the threshold level of the receiver. 

Method II; Parallel Termination 

According to transmission line theory, a line terminated by 

a resistor equal in value to the characteristic resistance 
of the line does not exhibit reflections. Waves arriving 
at the termination point pass into the termination resis-
tor without generating a reverse traveling wave, since 
Kirchoff's laws are satisfied at the line -termination 
boundary. 

With the parallel termination method, multiple receivers 
can be used on the circuit forming a distribution bus (one 

driver, many receivers). Each receiver placed along the 

line sees the full voltage swing produced by the driver 
onto the line, after a delay time for the signal to propa-
gate from the driver site to the receiver site. As soon as 

the wave reaches the opposite line end, it is absorbed 
by the termination, and the line assumes steady-state 
conditions. The primary disadvantage of the parallel 
termination method is the power dissipated in the ter-
mination resistor, since it does provide a dc load on the 
driver device. When voltage source type drivers are used, 
a capacitor can be inserted in the termination network 
to block the dc, but still provide a termination to the 
wavefront arriving at the line end. This ac coupled ter-
mination works well when the data is a symmetrical 
signal such as a clock. If random data is transmitted, 
long strings of like bits allow the line to charge up to the 
voltage compliance limit of the driver. A subsequent 
data bit of the opposite polarity will take longer than 
normal to cross the receiver threshold since it is starting 
from a greater potential than normal. This will result in 
time jitter of the recovered data, dependent on the pre-
vious data pattern. For this reason, the ac termination 

approach is not generally recommended unless the re-
sultant time jitter in the data can be tolerated. 

The choice and placement of the parallel termination 
network depends on the type of driver (voltage or current 

source) and whether the system is simplex or multiplex 
mode. For simplex mode with voltage source drivers 
(9614, 9621 or 8T13, 8T24), a single resistor is placed 
across the end of the line most distant from the driver. 
This applies to both single ended and balanced differen-
tial lines. In order to reduce the steady state output cur-
rent required for single-ended systems, a Thevenin 
equivalent termination can be used; for example, termin-
ation of ECL driver lines to -2.0 V through the termin-
ation resistor. This is possible with a single resistor 
connected to a -2.0 V power supply or a 2-resistor volt-

age divider between -5.2 and ground which produces 
the Thevenin equivalent. However, more power is con-

sumed by the latter method. Current source drivers such 

as the 75109/110 series require that each output have 
a dc path to the common signal return, or ground, so that 

a split termination is used. If simplex mode differential 
form is used, the parallel termination network must be 
two resistors, each equal to half the characteristic imped-
ance of the line connected from each side of the line to 
the signal common return. 

For multiplex operation, both ends of the line must have 
parallel termination networks. This prevents false signal 
levels from occuring when a driver along the line is enabled. 
The false signal levels would be caused by a reflection from 
the unterminated end. The use of single or split resistor ter-

mination is again based on the driver types used in the sys-
tem. Voltage source drivers (8T13 or 8124) use a single 
resistor termination, current source drivers (75109,110) re-
quire split terminations for balanced differential operation. 

Method Ill; Series Termination or Back Matching 

The matched source or backmatched driver method is useful 
for either single-ended or balanced differential simplex sys-
tems where only one driver and one receiver is required. A 
matched source is constructed by inserting a resistor RBm in 
series with the voltage source driver output of a value such 
that the sum of the driver output resistance plus RBm is equal 
to the characteristic impedance of the line. For differential 
backmatching with a differential voltage source driver, two 
resistors are used, one in series with each output. The value of 
RBm is such that the driver output impedance, plus RBm, 
equals half the characteristic resistance of the line. 

SIMPLEX BACKMATCHED DRIVER SYSTEMS 

,.A9621 

961S 
REIM 

R«è.1 

RS • ABM Z0 ,2 

BALANCED DIFFERENTIAL 

9615 
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The backmatched driver method is based on two points of 

transmission line theory. 

• An unterminated line approximately doubles the signal 
level at the receiver site. 

• When driver source impedance equals the line impedance, 
the line appears terminated with respect to signals return-
ing to the source. 

Initially, a voltage wave of approximately one half the volt-

age compliance limit of the driver VDRIVER zo + Rs RBm 
Zo 

LINE VOLTAGES WITH A BACKMATCHED DRIVER 

DRIVER 

VD — 

VS 

V L 

AS 

VD 

I TRANSMISSION LINE I 

REM ZO,TD 

N 
t 

!vim vL 

9 o 
TP -.• 370 To RECEIVER 

z0 

R5 • Rs% • Zo ) 

VO AZEloM • ZO ) (1 * PL ) 

To 11.0 

310 

2To 3To 

( (1.1) - T.D) • T D 

3To 

( V° RS • Rz:m • zo ) Pi) 

To "0 

TIME 

DATA 

OUT 

RIN - Zo 

PL 

is sent toward the receiver. When this wave arrives at the 

receiver, it sees an impedance discontinuity and a reflected 
wave is generated at the receiver/line boundary. This 
reverse wave propagates back toward the source. Its magni-

tude is P LOAD times the arriving wave. P LOAD is the 
voltage reflection coefficient of the load. It is defined as 

RLOAD -ZO  
P LOAD = ro. 

-LOAD +ZO 
Since the principle of superpostion applies, the voltage at 
any point on the line is the sum of all waves that have passed 
that point plus any initial voltage conditions. As the reflected 

wave travels toward the source, its voltage is added to the re-
sidual voltage of the initial wave. When the reflected signal 
returns to the source, however, no additional reflection is 
generated. 

It is apparent that any additional receivers placed along a 
transmission line do not receive a full signal swing until the 
initial voltage wave from the load end returns to their bridging 
points. As a result these additional receivers have severely 
reduced noise immunity and may falsely indicate the received 
data for as long as 2To (for a receiver located at the driver/ 

line boundary). Thus, the backmatched driver method is 

limited to: 

• Simplex mode operation only, and 

• Only one receiver located at the end of the line opposite 
the driver end of the line. 

Current source drivers (75109/110) with a split parallel 

termination at the driver site produce a backmatched driver. 
Likewise, the open emitter voltage source drivers (811 3/23) 

produce a backmatched source when the parallel termination 
resistor is located at the driver site. 

LONG TRANSMISSION LINE EFFECTS 

The last characteristic considered here on data communica-
tions circuits is the effect that a long transmission line has on 

the signals passing through it. In many ways, a long trans-
mission line resembles a low pass filter with loss. A fast sig-
nal transition applied to the input of the line becomes more 
rounded and exponential as the signal propagates down the 
line. Additionally, the resistance in the wires comprising the 
line causes an overall reduction in signal amplitude. These 
two effects combine to limit the data rate that can be carried 
by a given type and length of line. Of these two effects, the 
change in signal waveshape is the most limiting to the maxi-
mum data rate. If a new data bit is sent and arrives at the line 
end before the line has completed it's response to the previous 
data bit, then the signal representing the new data bit can 
cross the line receiver's threshold earlier than normal. This 
causes the recovered data from the line receiver to exhibit pat-
tern dependent transition displacement, or time jitter. In the 
limit, as a shorter and shorter pulse is sent, the signal at the 
line end may not even have time to cross the receivers thresh-
old, and the data bit might be missed completely. This phe-
nomenon is called intersymbol interference, and is due to the 
previous data bit (or bits) causing a time shifting of the thresh-
old crossing of the present data bit. Intersymbol interference 
starts to occur any time the minimum time duration of a data 
bit is less than the signal rise (or fall) time at the end of the 
line. The figure shows this effect. 

LINE DISTORTION EFFECT ON DATA BIT WIDTH 
RESOLUTION 

A clock signal (equivalent to alternating Ones and Zeros) will 
not show intersymbol interference, since the previous data 
pattern is highly symmetrical and also predictable. A random 
data pattern, however, is prone to intersymbol interference; 
the minimum bit duration occurs from a single bit preceded 
and followed by a long string of bits of the opposite polarity. 
Thus, to measure the amount of intersymbol interference 
present, and estimate the resultant bit transition time jitter, 
a long random or pseudo-random data sequence must be used. 
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TEST SETUP TO DISPLAY EYE PATTERN FOR MEASURING DATA SIGNAL QUALITY 

CLOCK 
GENERATOR 

 -0 

9300 
CF 4 BIT UNIVERSAL 03 

SHIFT REGISTER 

MR 00 01 2 03 

TO OSCILLOSCOPE 
HORIZONTAL 
TRIGGER 
INPUT 

NOTE: FREQUENCY OF CLOCK 
GENERATOR IS ALSO THE NRZ 
DATA BIT RATE IN BITS PER 
SECOND. 

Vcc 

2 2 k 

INITIALIZE —I 

01 7 

020 

Ds Do D1 

1 2 9328 
LP 8-BIT SHIFT 

REGISTER 

MR 

7 

7 

DATA 
08 OUTPUT 

DS 00 01 

1. 2 9328 07 
CP 8-BIT SHIFT 

REGISTER 07 

MR 

O 

CII 6 

Vcc - .5 0 V 

1.2 9614 LINE DRIVER TEST POINTS 

TWISTED PAIR LINE UNDER TEST ,1 

LINE LENGTH 

USE DIFFERENTIAL PROBE ACROSS 
TEST POINTS AND WIDE BANDWIDTH 
DIFFERENTIAL INPUT OSCILLOSCOPE 
TO DISPLAY EYE PATTERN. 

FEEDBACK LOGIC EQUATION 

DATA INPUT = 017 0 20 0 17 • 020 • *0 17 6 T:I20 
TO 

STAGE 1 

SEQUENCE LENGTH = 220 - I 1048575 BITS 

PSEUDO RANDOM SEQUENCE GENERATOR 

2500 PC POT 
FOR TERMINATION 

A bench setup to display the intersymbol interference is shown 

in the figure. Since the oscilloscope is triggered each time a 

new data bit can appear from the Pseudo-Random Sequence 

Generator (PRSG), the display will show the superposition of 
long strings of Ones and Zeros, Zero-to-One and One-to-Zero 

transitions preceded and followed by various data patterns. 

The 2-device PRSG shown will generate a sequence that will 

FORMATION OF A BINARY EYE PATTERN 

VON 

CONSTANT 'ONE 

BITS 

CONSTANT lER 
BITS 

ISOLATED 

TRANSITION 

ISOLATED 
04.1 

TRANSITION 

VOL 

o 

INPUT TO LINE OUTPUT SIGNAL FROM LINE 

repeat after 220-1 bits; this sequence is sufficiently long to 

allow display of possible intersymbol interference caused by 

previous data patterns to a depth of 20 bits. The figure shows 

how the superposition over one bit interval of the waveforms 

at the end of the line due to various data patterns will produce 

a stable display on the oscilloscope. 

ISOLATED 
1 0 1 

ISOLATED 
0 1 0 

SUPER IMPOSING 
ALL THE ABOVE 
SIGNALS 

1-•— •1 
I BIT 
TIME 

1 BIT 
TIME 

BINARY EYE 
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NRZ DATA — BINARY EYE PATTERN 

UNIT INTERVAL t ul 

EQUALS 

ONE BIT TIME 

111111•Minuir fee 

- 
OPTIMUM . 

RECEIVER 
..0" 

Ste 

ei iet 
THRESHOLD r  
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CROSSING 

tETC 

1 
LATEST 

THRESHOLD 

CROSSING 

ILTC 

t ETC -t LTC 
PEAK .TO -PEAK JITTER -  X 100% 

tUl 

Since the shape of the waveform displayed by the oscilloscope 
resembles an eye, the pattern is called a "binary eye pattern". 

The binary eye pattern provides a very useful tool to measure 
data signal quality. The spreading of the pattern at the receiv-
er's threshold level indicates the peak-to-peak time jitter of 
the signal due to intersymbol interference. If the receiver's 
threshold level (slicing point) is displaced from its optimum 
value (at the mean of the signal swing produced by the driver), 
then the data recovered by the line receiver will incur addi-
tional time distortion over that already caused by the inter-
symbol interference. Displacement of the threshold level 
toward the One level will cause received Ones to be relatively 

shorter than the Zeros received. Likewise, a receiver threshold 
displacement toward the Zero level will cause received Zeros 
to be relatively shorter than the received Ones. This effect is 

called bias distortion, and is the result of offset (or bias) in 
either the receiver's threshold, or asymmetry in the driver 
output levels. The net effect of bias distortion is to cause the 

duration of one logic state to be shortened while the duration 
of the opposite logic state is lengthened. To reduce bias dis-
tortion to a minimum, the driver must produce opposite sig-
nal levels with good matching, and the receiver should slice 

at exactly the mean of the signal swing of the driver. 

The height of the open space in the eye pattern directly gives 
the measure of the noise margin of the system. When no clear 
transition free area in the eye pattern exists, the eye is termed 
"closed", which indicates that error free data transmission is 
not possible at the data rate and line length without resorting 
to equalizing techniques. In some extreme cases, error free 

data will not be possible even with equalizing. 

By using the eye pattern to indicate signal quality at the end 
of a line, a graph can be constructed for a particular cable 
showing the tradeoffs in signal quality (peak-to-peak jitter 
expected) as a function of line length and data rate for a given 
pulse code (NRZ, Polar RZ, Bi -L, etc.). An example graph for 
NRZ data is shown in the figure. The graph was constructed 
using data from eye pattern measurements on a 24 AWG 
twisted pair line driven by a voltage source type driver and 
parallel terminated in its characteristic resistance. The graph 
is representative of the performance available with ordinary 
twisted pair cables using NRZ data. Since coaxial cables have 
a much wider bandwidth at a given cable length, their signal 
quality curves would be shifted toward the right (i.e., higher 
maximum data rate at a given line length with a specified 
amount of peak-to-peak jitter allowed). 
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DATA SIGNAL QUALITY 
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TRANSMISSION LINE INTERFACE ELEMENT APPLICATIONS 

The oscilloscope photographs show the eye patterns for NRZ 

data with various percentages of peak-to-peak jitter. As a 

general guideline, data communications circuits should be 

designed such that the time for one data bit is greater than 

four times the signal rise time at the end of the line. This al-

most always guarantees that the peak -to-peak time jitter of 

the recovered data due to intersymbol interference is less than 

5% of the nominal bit time. This also minimizes the effect of 

any bias distortion introduced by driver offset or receiver bias 

since the signal slope at the nominal threshold crossing is 

relatively steep. A moderate change in threshold point causes 

only a small amount of bias distortion. 

The signal quality graph shows the "best case" or minimum 

jitter expected at a given line length, and data rate for a parti-

cular cable, and only when the following conditions are met: 

• Driver One and Zero levels are matched exactly 

• Receiver threshold is exactly the mean of the One and Zero 

levels produced by the driver 

• Time delays through both driver and receiver for both 

logic states are symmetrical and have zero skew (impor-

tant when the minimum bit duration is close to the propa-

gation delay of the devices) 

• The line is perfectly terminated (no reflections on the cir-

cuit) 

If any of the above conditions are not satisfied, the signal 

quality is less than predicted by the graph. Thus, the bit 

duration should be greater than four times the signal rise 

and fall time at the end of the line to allow for tolerances 

inherent in IC drivers and receivers. 

If the line is operated unterminated with a voltage source 

type driver, the signal quality curves shown should be 

moved to the left (towards shorter lengths at a given data 

rate). Experiments have shown the required length reduc-

tion factor to be approximately 1/3. That is, an unter-
minated line of 333 feet shows about the same amount of 
intersymbol interference as a terminated line of 1000 feet 

at a given data rate with all other conditions the same. 

If the desired NRZ data rate and line length fall between the 
TUI = 4 Tr and the non-recovery line on the signal quality 

graph, eye pattern measurements should be made on the 

driver and cable selected for system usage. Direct eye 

pattern measurement is also recommended whenever a pulse 

code other than NRZ is selected for system usage. 

SELECTING LINE DRIVERS AND LINE RECEIVERS 

The problem of selecting which particular line drivers and re-

ceivers to use depends more on the desired system character-

istics, rather than merely the device electrical characteristics. 

The ultimate performance of the completed system will depend 

greatly on the form and mode of operation selected for the 

data communications circuits, and on the line drivers and line 

receivers themselves. Subtle peculiarities inherent in the form 

and mode of the data communications circuit selected may 

prevent the final system from achieving the design goals. Data 

communications circuit design requires the designer to keep 

in mind the tradeoffs between external noise and noise im-

munity, signal quality and line length, serial or parallel struc-

ture, and cost versus performance. The previous sections in 

this chapter have discussed the major design considerations 

involved in designing a data communications circuit. Some 

additional points follow. 

• The most limiting factor to data rate with long lines ( > 50 

feet) is usually the rise and fall time of the cable. The use 

of the eye pattern will allow easy measurement of signal 

quality (amount of time jitter). 

• Balanced differential forms are preferable to single ended 

forms where high noise environments are present. Opto-

isolators and transformers offer high common mode oper-

ating ranges and ground isolation. With transformers, a dc 

free, self clocking code such as Polar RZ or Bill) (digital bin-

ary phase modulation) is useful. 

• The total number of ports on a multiplex system should be 

restricted so that the parallel combination of the input im-

pedances of receivers and the output impedances of dis-

abled drivers is greater than the characteristic resistance 

of the transmission line. 

• Ground returns are necessary for proper operation of inte-
grated circuit line drivers and receivers. This may be ac-

complished by connecting the shield of the line to the 

ground pins of ICs connected to the line. 

• Data rates above 10M bps will usually require ECL to be 

used instead of TTL types for the drivers and receivers, be-

cause of the 20 to 50 ns propagation delays in the TTL 
compatible devices. 

• Liberal use of .01 to .1 pF capacitors to decouple the power 

supplies feeding line drivers and receivers is recommend-

ed. One capacitor per power supply for every two to four 
devices is usually sufficient. 
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9614/9615 SIMPLEX, BALANCED DIFFERENTIAL 
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SINGLE ENDED - SIMPLEX OPERATION 

PORT 1 PORT 2 PORT 3 PORT 4 PORT 5 PORT 6 PORT 7 

ENABLE DATA IN ENABLE DATA IN 

750 

STROBE 
PORT 1 

DATA OUT 
PORT 1 

DATA OUT 

PORT 2 

DATA OUT 
PORT 3 

DATA  
ENABLE IN ENABLE IN ENABLE IN ENABLE IN ENABLE IN 

DATA DATA DATA DATA 

STROBE STROBE STROBE 

DATA IN 

DRIVER 
ENABLE 

DATA OUT 
PORT • 

STROBE I STROBE 

DATA OUT 

PORT 5 

STROBE 

SINGLE ENDED SIMPLEX TRANSMISSION 

DATA OUT 

PORT 13 

DATA OUT 

1/2 8113 

VCC V 

750 

DATA OUT 
PORT 7 

STROBE 

VC =1.5 V 

IBM 360 I/O INTERFACE APPLICATION 

95 

STROBE 

POD XE 

DATA INPUT IC» 

POD XE D 

1/2 8723 

 _J 95 0 COAX OR 

TRI LEAD CABLE 

1/3 8724 

POR/ I 

DATA 
OUTPUT 

ST 

POD XE D POD XE D 

• • • 

POD XE D OD XE D POD XE D 

III III III 

1:2 8723 

I• • • 1/313T24 

T ST ST 

I 
DO DO 00 DO 

PORT 2 PORT 3 PORT • PORT 8 

POD IS POWER OFF DISABLE 

XE IS TRANSMIT ENABLE 

1:2 8T23 

S T 

DO DO 

PORT 9 PORT 10 

POD IS HELD LOW WHEN A PORT IS BEING POWERED UP OR POWERED DOWN. THIS PRE• 
VENTS SPURIOUS DATA FROM ENTERING THE BUS AFTER POWER SUPPLY IS UP. Fa IS 
SET TO A HIGH. ALLOWING THE PART TO TRANSMIT DATA WHEN XE IS HIGH 

ONE BIT SLICE OF I/O BUS IS SHOWN 

1,2 8723 

14-13 



TRANSMISSION LINE INTERFACE ELEMENT APPLICATIONS 

EIA RS 232-C INTERFACE WITH FAILSAFE RECEIVERS 
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TTL CHARACTERISTICS 

INTRODUCTION 

The previous chapters explain the logic operation of Fairchild 

TTL devices of medium and small scale complexity and their 

use in many different subsystems. The devices are described 
as functional units (black boxes) without special attention to 

electrical characteristics. 

The following pages describe the electrical aspects of TTL 

components and systems. The first section describes the in-

put/output characteristics, thermal characteristics and noise 

margins. The second presents physical system considerations 

when TEL devices are interconnected. It covers transmission 

line drive capability, ringing, crosstalk and gives general rules 

for circuit layout. The third section discusses the timing as-

pects of flip-flops and registers and explains the clock skew 
problem and how to avoid it. The last section shows how TTL 

devices can interface with other integrated circuit families 

and transistors. 
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TTL CHARACTERISTICS • ELECTRICAL PROPERTIES 

INTRODUCTION 

The TTL devices described in this book differ widely in func-

tion and complexity, but their electrical input and output 

characteristics are very similar and are defined, tested, and 

NAND Gate Example 

vcc 

guaranteed in common terms. As a result, all members of the 

TTL family interface perfectly. Circuit characteristics can be 

easily described with a 2-input NAND gate example. 

TYPICAL RESISTOR VALUES 

RI = Rd - 4 lc!! 

R2 z 1.5 kG 

R3 = 50LP 
R5 1 25 kil 

IN 

"Number of inputs depends on the gate - 

OUTPUT INPUTS r, 
AND 

GATING 

LEVEL 
SHIFTER 

3 

PHASE 

SPLITTER 
2 

LOW LEVEL 
DRIVER 

5 

HIGH 
LEVEL 
DRIVER 

CIRCUIT DESCRIPTION 

The circuit is actually five subcircuits and each performs a 

separate function. The input circuit is a multi-emitter tran-

sistor functioning as an AND gate. When all inputs are High 

(<2 V) the current in R1 mA) flows through the collec-

tor of Q1 into the base of 02, turning on 02 which then turns 

on 05, generating a Low output voltage. The base of Q1 is 

clamped three diode drops (2 VB E + VcB) above ground, 

V at room temperature. If any input goes Low (< 0.8 V), 

the current in R1 flows through the emitter of 01, out of the 

input lead into ground. Any stored charge in the base of 02 

is quickly removed through the transistor action of Q1, and Q2 

is thus rapidly turned off. This turns off 05 and turns on 03 
and 04, resulting in a High output voltage. 

The multi-emitter input transistor 01 has an input leakage 

current that is significantly higher than that of DTL. In TTL 
circuit design, this input leakage current is limited by reduc-

ing the inverse current gain of the input transistor through 

proper choice of transistor geometry and processing. 
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TTL CHARACTERISTICS • ELECTRICAL PROPERTIES 

The phase-splitter transistor 02 produces complementary 

drive signals for Q3 and 05. The collector and emitter of the 

phase splitter can be connected to additional phase-splitting 

transistors driven by AND gates, thus providing the logic 
AND/OR/INVERT function. This mechanism is a very power-

ful logic tool, enabling complex logic functions to be realized 

in a minimum integrated circuit chip area with a minimum 

number of gate delays. 

AND/OR/INVERT Function 

1,,PUTS 

R2 

INPUTS 

The Darlington connected transistors 03 and 04 act as a low 

impedance High level driver, speeding up the Low to High 

output transition and providing superior ac drive capability 

and good noise immunity in the High state. Resistor R4 acts 

as a current limiter for ac switching currents and for accident-

al output short circuits to ground. Resistor R5 provides a base 

turn-off current path for transistor Q4. Connecting R5 to the 

output rather than to ground reduces power consumption. 

Q5 is the Low level driver and R6 provides base turn-off cur-

rent to ground. 

OUTPUTS 

Different TTL devices use variations on the output pull up 

structure. Each configuration has advantages and disadvan-

tages, both from the manufacturer's and the user's point of 

view, as outlined in the comparison chart. 

A resistive pull up can be added to any TTL output circuit, 

increasing V0H to almost Vcc, but only circuits c. d, 

and e can be pulled higher than Vcc, e.g., to +7 V for driving 

MOS circuits. Configurations a and b have a diode associated 

with the resistor at the output which clamps the output one 

diode drop above Vcc. This is an important consideration 

in large systems where sections might be powered down 

(Vcc = 0). In this state, the outputs of circuits a and b repre-
sent a very low impedance at a fairly low voltage (<1 V); 

while the outputs of circuits c, d, and e represent a high im-

pedance and thus a logic High, more appropriate for isolation 

from the rest of the system. 

Most modern designs use a more sophisticated active pull 
down structure in the base of 05. This improves the transfer 

characteristic, increases noise immunity and speeds up the 
output delay. 

TTL Output Configurations 

a DARLINGTON 

ADVANTAGE 

Hugh ac drive capability 

OH CC V = V - VBE at 10 = 0 

Small size (transistors share one common 

isolation) 

DISADVANTAGE 

Output cannot be pulled higher than one diode 

drop above Vcc 

b 2-STAGE EMITTER FOLLOWER ("DARLINGTON SPLIT") 

ADVANTAGE 

High ac drive capability 

VOH - Vcc - VBE at 10 = 

DISADVANTAGE 

Larger than circuit A 

Output cannot be pulled higher than one diode 

drop above Vcc 

c. DARLINGTON WITH RESISTOR TO GROUND 

ADVANTAGE 

High ac drive capability 

Lower VoN (VCC - 2 VBE) increases speed 
Outputs can be pulled higher than Vcc 

DISADVANTAGE 

Higher dissipation 

Lower noise immunity in the High state 

d TRANSISTOR - DIODE 

ADVANTAGE 

Lowest power consumption 

Small size 

Outputs can be pulled higher than Vcc 

DISADVANTAGE 

Less ac drive capability 

e. OPEN COLLECTOR 

ADVANTAGE 

Bussable, allows collector ANDing (Wired OR) 

DISADVANTAGE 

Hugh output impedance in the High state 

Slow, especially with capacitive loading 

Requires additional resistor 
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TTL INPUT AND OUTPUT IMPEDANCE 

The input impedance of a TTL circuit is very high for positive 
input voltages > 2 V; it is 4 k Q between +1 and -0.5 V and 

is very low for more negative input voltages. Each TTL input 
has a clamp diode to ground that ensures this low input im-

pedance for negative voltages. These clamp diodes protect 

the TTL input and limit any negative input swing due to in-

ductive ringing or reflections on transmission line intercon-

nections. 

Typical Input/Output Characteristics 

INPUT CLAMP 
0100f 

rnA 

— 

40 -

30-

20 — 

TO 
NORMAL 
OPERATAC 
REGION 

1 1 I 
33 10 I 0 

1 I 
o ' 3 73 
- 10 

— 20 

— JO 

I 1 F 
30 40 50 

VOLTS 

INPUT OUTPUT 

C 50 60 
VOLTS 

04 NOT SATURATED 

The output impedance of a typical TTL device in both the Low 

and High state is shown above. In the Low state, the output 

impedance is determined by a saturated transistor ( 8 Q 
However, at very high sinking current, especially at low tem-

perature, the output device is not able to stay in saturation 

and the output impedance rises as shown. 

When switching from the Low to the High state, the totem 

pole output structure provides a low output impedance cap-

able of rapidly charging capacitive loads. However, charge 

and discharge currents must also flow through the Vcc and 

ground distribution networks. The Vcc and ground lines 
should therefore be short and adequately decoupled. More-

over, if during the Low to High transition, transistor 05 has 

not turned off by the time 04 is turned on, there is a narrow 
current spike through the totem pole, which acts as a noise 

generator unless the supply is properly decoupled. 

SUPPLY VOLTAGE AND TEMPERATURE RANGE 

The nominal supply voltage Vcc for all TTL circuits is +5 V. 

Commercial grade parts are guaranteed to perform with a ±5% 
supply tolerance (±250 mV) over an ambient temperature 
range of 0 to 75°C (some to 70°C). Mil grade parts are 

guaranteed to perform with a ±10% supply tolerance 

( ± 500 mV) over an ambient temperature range of -55 to 

125°C. 

The actual junction temperature can be calculated by multi-

plying the power dissipation of the device with the thermal 

resistance of the package and adding it to the measured am-

bient temperature TA or package (case) temperature T. 

Below are listed some of the standard dual in-line packages 

(DIP) and Flatpaks used by Fairchild, including typical junc-

tion-to-ambient thermal resistance 0 jA and typical junction 

to-case thermal resistance O jc. 

PACKAGE OJA °C/VV OJC °C/VV 

16-lead Flatpak 

24-lead Flatpak 

14-lead DIP, SSI 

16-lead DIP, SSI 

24-lead DIP 

14-lead DIP, MSI 

16-lead DIP, MSI 

14/16-lead DIP, plastic 

117 

91 
119 

105 

53 

115 

97 

125 

11 
9 

33 

25 

7 

30 

22 

20 

Example: A 9301 in ceramic DIP dissipates typically 145 mW. 

At 55°C ambient temperature the junction tempera-

ture is: 

Tj = (0.145 x 97) + 55 = 69°C 

INPUT AND OUTPUT VOLTAGES 

The following input and output voltage levels are guaranteed 

over a worst-case combination of the appropriate tempera-

ture and supply voltage range and, for the output, over a 

specified current range: 

Standard & 
High Speed 

TTL 

Low Power 

TTL 

Schottky 
TTL 

Maximum Low level 

output voltage VO L max 

Minimum High level 

output voltage V01.1 min 

Maximum Low level 
input voltage VIL max 

Minimum High level 

input voltage Vi Fi min 

0.4 

2.4 

0.8 

2.0 

0.3 0.5 V 

2.4 2.5 V 

0.7 0.8 V 

2.0 2.0 V 

VOL and V0H are the voltages generated by the output. 

VIL and VIE.1 are the voltages required at the input to gen-
erate the appropriate output levels. (See discussion of dc 

noise immunity below). The numbers given above are guar-

anteed worst-case values. Typical values are given in the 

data sheets. 
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VOL 

VOH 

is the sum of <100 mV off set voltage and a resistive 

drop that, within the limits of the output sink capability, 

is proportionate to the sink current. If only half the 

specified maximum fan out is used, VOL for a stan-

dard gate will be below 250 mV. The inherent off set 

voltage of Schottky outputs is higher,200 mV. 

depends on the output circuit configuration. The Dar-

lington configuration with a 1 k Q resistor to output 

has the following characteristics: 

When sourcing negligible current, i.e., under normal 

stationary operating condition, 04 is not conducting. 

VoH is one diode drop below Voc with a tempera-

ture coefficient of -2 mV/°C and an impedance of 1 k Q. 

When sourcing moderate current (a few mA), the V0H 

is two diode drops below Voc with a temperature co-

efficient of -4 mV/°C and a very low impedance of 

< 30 Q. 
When sourcing large current mA), the Darlington 

configuration is saturated and the output follows the 

resistive load line determined by the current limiting 

resistor R4. 

VIL and V1H have a temperature coefficient of -4 mV/°C. 

INPUT AND OUTPUT CURRENTS 

Four different current specifications are needed to char-

acterize the normal operation of a TTL device: 

Input Low Current 

Input High Current 

Output Low Current 

Output High Current 

'IL 

IIH 

the current flowing out of the 

input when it is held in the Low 

state (0.4 V). 

the current flowing into the 

input when it is held High.(leak-

age or reverse Beta current). 

IOL the current that the output can 
sink without exceeding the 

specified output Low voltage 

VOL. 

IOH the current that the output can 
source without dropping below 

the specified output High volt-
age VoH. 

To simplify interconnection rules, these currents have been 

normalized as TTL Unit Loads (UL). One UL is equivalent to 
the worst-case input current of a standard TTL gate, 1.6 mA 

in the Low state and 40 pA in the High state. The input re-

quirements of every TTL circuit are given in Unit Loads. 

Some MSI inputs have a fan in of several UL, high speed and 

Schottky circuits have a fan in of 1.25 LIL, while low power 

TTL has a fan in of only 0.25 UL. The drive capability of 
the TTL output is expressed in the same terms. The specified 

maximum fan out is the number of Unit Loads that the 

output can drive under worst case conditions. 

Modern TTL outputs use a 2-transistor pull up structure, 

which improves ac performance and also provides twice the 

high drive capability compared to the low sink capability. 
Unused inputs can therefore be tied to used inputs of the 
same NAND gate without burdening the fan out capability 

of the driver. When several inputs of one NAND gate are 

interconnected, the input High currents are added, but the 

input Low current is the same as for one input. 

DC NOISE MARGINS 

Knowledge of noise margins in digital devices is crucial to 

the systems engineer in specifying signal and power trans-

mission requirements. This knowledge also is essential in 

deciding whether shielding is needed to lower external noise. 

How noise margins occur and what range of quantities repre-

sent the levels in a digital system are best explained by study-

ing the transfer function of the device. 

Consider the simple feedback system built with two identical 

devices. The transfer characteristic of device 2 is drawn on 

the same diagram with device 1, with the input forcing func-

tion X2 on the vertical scale and the resulting response Y2 

on the horizontal scale. 

Simple Feedback System and Transfer Function 

The characteristics cross at three points and since the ordin-

ate represents X2, Yi and the abscissa X1, Y2 these three 

points represent the levels at which the simple digital feed-

back system can reside: only at these three points is X2 = 

Y1, and X1 = Y2. If device 1 has input and output quan-

tities specified by point A, then the input and output of device 

2 must be specified by point A also. Both devices can have 

identical inputs and outputs, represented by point B, but this 

is an unstable condition. 

In practice, the devices in the system would not be identical. 
The transfer characteristic, therefore, would not be a single 

line but would lie within an envelope. This envelope would 
contain the characteristic of any device used in the system. 

The dimensions of the envelope are determined by the output 

limits accepted by testing. An arbitrary point, called VOL is 

selected as the highest output voltage acceptable as a logic 

'zero'. A guard band is added to this, and the VO L plus guard 

band is applied to an input. The resulting output voltage is 
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designed as V0H, the lowest acceptable logic 'one' voltage. 

These parameters, VOL and VoFi are used to sort devices, 

and the envolope of transfer characteristics result. Two of 

these envelopes are plotted together below. Now the device 

levels may reside in one of the three areas of intersection. 

Again, the center area is unstable. 

The point at the upper left hand corner of region C represents 

the highest low output voltage a device can have if driven by 

another device in the simple feedback system. This output 

voltage is designated VO L*. A device driven by VO L* will 

have the output voltage at the lower right corner of Region A. 

These levels are the outputs of interconnected devices at the 

worst case accepted in sorting. 

Noise Margins/Characteristic Envelopes 

An input level, however, may extend all the way up to the 

unstable region B and still be interpreted as a logic Low. The 

output voltage falls to the opposite corner of region B. If this 
happens, a change of state of the system does not occur. These 

points, on the corners of region B, represent the most extreme 

input levels which do not result in a change in the system. 

They are designated VI L • and VIH *. The noise margin of the 

system is the vertical separation between the outputs in a 

noiseless system and the inputs limits VIL • and VIH *. These 

differences are VNH and VNL, the high and low noise margins. 

Note that if the envelopes become wider due to looser testing 

limits, or if the slope of the transition region becomes less 

steep, region B elongates toward regions A and C, resulting 

in a decreased noise margin. 

In the data sheets, the parameters given are VOH, VOL, 

VIH, and VIL. These are not the starred quantities on the 
diagram. The numbers in the data sheets are determined as 

follows: 

VOL 
VIL 

VOH 
VIH 

Arbitrary 
VOL + Guard band VN L 

Output when input is VIL 

VOH - Guard band VNL 

The apparent noise margins may then be determined by sub-

tracting VOL from VIL and VIH from VOH. The rela-

tionships between these points and the starred quantities, 
which give the real noise margins, are as follows: 

VIL 
VIH - 

VOH 

VOL 

VIL* 
VIH * 
Lies on the transfer curve slightly to the right of and 

below region A. 

Lies on the curve slightly to the left of and above 

region C. 

The actual noise margins then exceed the apparent margins 

given in the data sheets. 

TTL AC NOISE MARGINS 

In the discussion of dc noise margins, the transfer characteris-

tics were assumed to be dependent only upon the amplitude 

of input voltage and not on its rate of change. However, a 

digital circuit cannot respond immediately to an input wave-

form and most devices exhibit hysteresis. The ac noise mar-

gin of a circuit may therefore be different from the dc margin. 

In a well designed digital circuit with a low pulse rate and 

large pulse width, the ac noise margin should not be detect-

ably different from the dc noise margin. But, as the pulse 

width is narrowed, the noise margin changes depending on 

the coupling used. In certain types of circuits using capaci-

tive coupling, the ac noise margin can decrease with decreas-

ing pulse width. However, with the majority of circuit designs 

using dc coupling like the 9000 and 9300 series devices, 

noise margin increases with a decrease in pulse width. 

This effect occurs at pulse widths less than the device propa-

gation delay. It is caused by the inability of the circuit to 

respond instantaneously because of stored charge and exter-

nal loads. Narrow noise spikes at very high frequency can 

have the effect of biasing a device. This can result in lower-

ing the low frequency noise margin. Generally this biasing 

effect is small. 

The main interest in ac noise margins is the values of pulse 

widths caused by the circuits themselves acting as noise gen-

erators. This noise is caused by logic spikes resulting from 

different path delays and by voltage and current changes in 

distributed impedances. The device-generated noise usually 

has a narrow pulse width and high frequency. The noise mar-

gins to this internally generated noise should be superior to 

the dc noise margin. 

AC Noise Margins vs Pulse Width 

10 

PULSE WIDTH-, 
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TRANSMISSION LINE DRIVE CAPABILITY 

TTL FAMILY OR 

DEVICE 

9N/74 Series 

9000 Series 
9H/74H Series 

9S/74S Series 

9L Series 

9009 

9N40/7440 

9H40/7440 

9S40/7440 

9S140/74S140 

COLLECTOR 

RESISTOR 

130 

80 

58 

55 

320 

50 

100 

60 

25 

Lowest Transmission Line Impedance 

WORST CASE 

(R + 30%) 

241.4 

148.5 

107.7 

110.0 

594.2 

92.8 

185.7 

111.4 

50.0 

Supply Voltage (Vcc) 4.50 

204.8 

126.0 

91.3 

92.2 

504.2 

78.7 

157.5 

94.5 

41.9 

4.75 

NOMINAL 

136.8 

84.2 

61.0 

61.1 

336.8 

52.6 

105.2 

63.1 

27.7 

BEST CASE 

(R - 30%) 

84.6 

52.0 

37.7 

37.5 

208.3 

32.5 

65.1 

39.0 

17.0 

5.00 5.25 

Commercial grade 

range 

Military grade 

range 

75.8 

46.6 

33.8 

33.4 

186.6 

29.1 

58.3 

35.0 

15.2 

5.50 1 

Practical transmission lines, cables and strip lines used for 

TTL interconnections have a characteristic impedance be-

tween 50 and 150Q. Thus none of the standard or low power 

TTL circuits can drive a transmission line, and only the 9S40/ 

9S140 is truly capable of driving a 50 Q line under worst 

case conditions. 

These considerations, applicable only when the round trip de-

lay of the line is longer than the rise or fall time of the driving 

signal (2td > te), do not affect most TTL interconnections. 

Short interconnections do not behave like a resistive trans-

mission line, but more like a capacitive load. Since the rise 

time of different TTL outputs is known, the longest intercon-

nection that can be tolerated without causing transmission 

line effects can easily be calculated and is listed in the table 

below. 

PC Board Interconnections 

MAX INTERCON-

TTL FAMILY RISE TIME FALL TIME NECTION LENGTH 

9L, 93L 14-18 ns 4-6 ns 18 in. (45 cm) 

9000, 9300 6-9 ns 4-6 ns 18 in. (45 cm) 

9N/74N 

9H/74H 4-6 ns 2-3 ns 9 in. (22.5 cm) 

9S/74S 1.8-2.8 ns 1.6-2.6 ns 7.5 in. (19 cm) 

93S 
Assuming 1 7 ns/foot propagation speed, typical 

for epoxy fiberglass PC boards with Er  

Slightly longer interconnections show minimal transmission 

line effects; the longer the interconnections, the greater the 

chance that system performance may be degraded due to re-
flections and ringing. The chapter on line driving and receiv-

ing gives additional information on transmission line phenom-

ena on longer lines. Good system operation can generally be 

obtained by designing around 100Q lines. A 0.026 inch 
(0.65 mm) trace on an epoxy-glass board ( E r = 4.7) with a 
ground plane on the other side represents a 100Q line. 28 

to 30 gauge wire (0.25 to 0.30 mm) twisted together forms a 

twisted pair line with a characteristic impedance of 100 to 

115 Q. Wire over ground screen (3/4 squares) gives 150 

to 250Q with a significant improvement in propagation 

speed, since the dielectric constant approaches that of air. 

RINGING 

By far the worst problem with high speed TTL circuits is the 

possible rebound (ringing) of the signal into the input thresh-

old region (0.8-2.0 V) following a High-to-Low level change. 

When a driver switches from a High-to-Low state, the output 
voltage should fall below the threshold value. However, a 

line having a very low characteristic impedance does not allow 

transistor 05 in the NAND gate example to saturate, and the 

resulting output voltage may not be low enough to switch an 

adjacent device until after two or more line delay times. A 

worst-case situation can occur at the input of the driven de-

vice at the end of the line. The voltage at the receiver can 

swing negative and then positive after reflection from the 

driver (3td of the line). This positive excursion, which origi-

nates after three line delay times and lasts for two more line 

delay times, can rise above the threshold voltage causing the 

receiver to switch erroneously. This effect is most pronounced 

when the driver is fully loaded but driving only one distant 

device. A similar situation may occur when the driver is 
switching from the Low-to-High state, but in this case the out-

put impedance of the driver is larger and the effect, if present, 

is less pronounced. The input diode on each input of a TTL de-
vice limits the negative swing at the input of an element, thus 

lowering the next positive transient. These input diodes are 
extremely effective in reducing the amount of noise and tran-

sients in a digital system built with high speed circuits. 
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INTRODUCTION 

The properties of high speed logic gates discussed in the pre-

ceding section on electrical characteristics dictate that some 

care be used in design and layout of a system. In this section, 

some specific details on systems requirements are presented. 

TRANSMISSION LINE EFFECTS 

The fast rise and fall times of TTL outputs (2 to 6 ns) produce 

transmission line effects even with relatively short ( < 2 ft) 

interconnections. Consider one TI1 device driving another, 

and the driver switching from the Low to the High state. If 

the propagation delay of the interconnection is long compared 

to the rise time of the signal, the arrangement behaves like a 

transmission line driven by a generator with a non-linear out-

put impedance' Simple transmission line theory shows that 

the initial voltage step at the output just after the driver has 

switched is 

( Z0 ) 
VOUT - VE z , R 

o o 

where Zo is the characteristic impedance of the line, Ro is 

the output impedance of the driver, and VE is the equiva-

lent output voltage source in the driver, Vcc minus the for-

ward drop of the pull-up transistors. 

Initial Output Voltage of TTL Driving Transmission Line 

This initial voltage step propagates down the line and reflects 

at the end, assuming the typical case where the line is open 

ended or terminated in an impedance greater than its charac-

teristic impedance Zo. Arriving back at the source, this re-

flected wave increases VouT. If the total round-trip delay 

is larger than the rise time of the driving signal, there is a 

staircase response at the driver output and anywhere along 

the line. If one of the loads (gate inputs) is connected to the 

line close to the driver, the initial output voltage VouT might 

not exceed VII+ This input is then undetermined until after 

the round trip of the transmission line, thus slowing down the 

response of the system. 

TTL Driving Transmission Line 

Zo • 1050 

' 
UNDEFINED LOGIC LEVEL  

UNDEFINED LOGIC- LEVEL 

• 254 

UNDEFINED LOGIC LEVEL  

"  

If VouT is increased to > 2 V by either increasing Zo or de-

creasing Ro, additional delay does not occur. Ro is a charac-
teristic of the driver output configuration, varying between 

the different TTL speed categories. Zo can be changed by 
varying the thickness of the conductor and its distance from 

ground. The following table lists the lowest transmission line 

impedance that can be driven by different TTL devices to in-

sure an initial voltage step of 2 V. Note that the worst case 

value, assuming a +30% tolerance on the current limiting re-

sistor and a -10% tolerance on Vcc, is 80% higher than the 
value for nominal conditions. 
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A graphical method provides excellent insight into the effects 

of high speed digital circuits driving interconnections acting 

as transmission lines. The method is basically to draw a load 

line for each input and output situation. Each load line starts 

at the previous quiescent point, determined where the pre-

vious load line cuts the appropriate characteristic. The mag-

nitude of the slope of the load lines is identical and equal to 

the characteristic impedance of the line, but alternate load 

lines have opposite signs representing the change indirection 

of current flow. The points where the load lines cut the input 

and output characteristics represent the voltage and current 

value at the input or output, respectively, for that reflection. 

The method is shown below with and without the input diode, 

and illustrates how the input diode on TTL elements assists in 

eliminating spurious switching due to reflection. 

Ringing Caused by Reflections 

'JO CLAMP -\ 

INPUT 13 . 

VOLTS 

MANO  -

SECONDS 0 20  40, 

NANO 

SECOND' 0 29 40 60 80 100 120 140 160 180 

- - THEORETICAL 

- ACTUAL 

60 80 100 120 140 160 IBO 

- - THEORETICAL 

- ACTUAL 

VOLTS 

3 

2 

o 

WITH 

INPUT 

DIODE 

WITHOUT 

INPUT 

DIODE 

CROSSTALK 

Crosstalk, the coupling of energy from one circuit to another 

via real and parasitic capacitance and inductance, causes in-

creased problems in digital systems as the rise and fall times 

of the circuit decrease. The subject is extremely complicated, 

and no simple formula can give correct values in all cases for 

the amplitude of noise coupled from one circuit to another. 

In some circumstances where the input and output resistances 

of the circuits are high, a lumped equivalent circuit model can 

be drawn and reasonable calculations made. However, when 

the connections act as transmission lines, the situation is ex-

tremely complicated. TTL elements have a low output imped-

ance in both High and Low logic states, and it is very difficult 

to couple enough energy into a short interconnection between 

devices to switch an adjacent circuit erroneously. 

The effect of the fast rise and fall times of TTL devices is to 

increase the noise coupling between circuits. However, this 

greater noise coupling is more than offset by the low output 

impedance of TTL devices in both logic levels. 

POWER SUPPLY FOR TTL SYSTEMS 

A well regulated power supply should be used with ripple of 

≤ 5% and regulation ≤ 5%. For large systems a transmission 

line low inductance power bussing system and an adequate 

amount of RF bypassing may be necessary. 

DECOUPLING 

Decoupling capacitors should be used on every PC card, at 

least one for every 5 to 10 standard TTL packages, one for 

every five 9H and 9S packages and one for every one-shot 

(monostable), line driver and line receiver package. They 

should be good quality RF capacitors of 0.01 pF to 0.1 pF with 

short leads. It is particularly important to place good RF ca-

pacitors near sequential (bistable) devices. In addition, a lar-

ger capacitor (preferably a tantalum capacitor) of 2 pF to 

20 pF should be included on each card. 

GROUNDS 

A good ground system is essential for a PC card containing a 

large number of packages. The ground can either be a good 

ground bus, or better yet, a ground plane which, incorporated 

with the Vcc supply, forms a transmission line power sys-

tem. Power transmission systems are commercially available 

which can be attached to a PC card to give an excellent power 

system without the cost of a multilayer PC card. Ground 

loops on or off PC cards are to be avoided unless they approxi-

mate a ground plane. 

UNUSED INPUTS 

Theoretically, an unconnected input assumes the High logic 

level, but practically speaking it is in an undefined logic state 
because it tends to act as an antenna for noise. Only a few 

100 mV of noise causes the unconnected input to go to the 

logic Low state. On devices with memory (flip-flops, latches, 

registers, counters), it is particularly important to terminate 
unused inputs (MR, PE, PL, CP) properly since a noise spike on 

these inputs might change the contents of the memory. It is 
poor design practice to leave unused inputs floating. Instead, 

follow these important recommendations: 
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• Tie unused NAND, OR, AND inputs (multi-emitter inputs) 
to a used input of the same gate, provided the High level 

fan out of the driving circuit is not exceeded. Note that 

the Low level fan out is not increased by this connection 

because the inputs share a common base pull-up resistor. 

• Tie unused NOR or OR inputs to ground or connect them 

to a used input of the same gate, provided the fan out of 

the driving circuit is not exceeded. Note that this connec-

tion increases both High and Low level fan in since each 

OR input has a separate single emitter input transistor. 

• To provide a permanent logic Low on an input, tie it to 

ground. 

• To provide a permanent logic High to an input: 

— Tie the input Vcc, but note that Vcc must never, not 

even for a few ns, exceed 5.5 V. Inputs break down at 

some unspecified voltage about 5.5 V; the current then 

is not limited and the input and other circuitry on the 

chip may be permanently damaged. 

— Tie the input to Vcc through a current limiting resistor 

of 1 IcS2 . One resistor can be used to define a High 

for up to 50 inputs. 

— Tie the input to a separate power supply of 2.4 to 5.5 V 

if available. 

— Tie the input to the output of a spare gate that is per-

manently High. Grounding one or more inputs of a 

NAND gate generates a permanently High output. 

UNUSED GATES 

It is recommended that the outputs of unused gates be forced 

High by tieing a NAND gate input or all NOR gate inputs to 

ground. This lowers the power dissipation and supplies a 

logic High at the gate output which can be used at unused in-

puts to other gates. 

EXTENDERS 

For maximum speed, TTL extender gates (9006) or discrete 

diodes should be placed as close as possible to the gate being 

extended. This practice minimizes capacitance at the sensi-
tive extension points. 

INCREASING FAN OUT 

To increase fan out, inputs and outputs of gates on the same 
package may be paralleled. It is advisable to limit the gates 

being paralleled to those in a single package to avoid large 

transient supply currents due to different switching times of 

the gates. This is not detrimental to the devices, but could 

cause logic problems if the gates are being used as clock 

drivers. 

LINE DRIVING AND RECEIVING 

Open wire connections between TTL circuits should not be 

bundled, tied, or routed together. Instead, point-to-point 

wiring should be used, preferably above a ground plane which 

reduces coupling between conductors. 

Single line wire interconnections should not exceed two feet 

for wires longer than 15 inches, a ground plane is essential to 
provide adequate system performance. Over 2-foot twisted 

pairs or coaxial cable should be used. The characteristic im-

pedance of an open wire over a ground plane is about 150Q, 
while for twisted pairs of #26 wire the impedance is about 

120Q . For added protection against crosstalk, coaxial cables 

can be used but coaxial cables having very low characteristic 

impedances are difficult to drive. For best performance, co-

axial cables with a characteristic impedance Ro of 1000 

should be used. Resistive pull ups at the receiving end can be 

used to increase noise margins. If reflection effects are un-

acceptable, the line must be terminated in its characteristic 
impedance. One method is shown below where the output of 

the line is tied to Vcc through a resistor equivalent to the 

characteristic impedance of the line. Therefore 130 is fairly 

small, and the driving gate must sink the current through it in 

addition to the current from the inputs being driven. Termin-

ating the line in a voltage divider with two resistors, each 

twice the line impedance, reduces the extra sink current by 

50%. It is preferable to dedicate gates solely for line driving 

if the line length is in excess of five feet. 

TTL Driving Twisted Pair 

P, CHARACTERISTIC 

IMPEDANCE OF LINE 

/4 0 

DATA IN 

rAIISTFD PAIR OUT 

- 
= OP EOAX 

EE.ABLI ,,TPOBE 

RA = RB = 2 Zo 

Ro = Zo 

For additional noise immunity when driving long lines, the 

9614 or 9615 dual differential line driver and line receiver 

may be used. These devices drive a twisted pair of wires dif-

ferentially, permit easy termination of lines, and provide 

+15 V common mode noise rejection as described in Line 

Drivers and Receivers. 
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INTRODUCTION 

The simplest data storage circuit is the cross-coupled gate 

(latch), perhaps with an Enable input, sometimes misleadingly 

called a clock. These single rank circuits are called trans-

parent because the output can respond immediately to input 

data changes. Outputs may not be directly fed back to the in-

puts, since this creates a race condition (potential oscillation). 

On the other hand, flip-flops and registers are nontranspa rent, 

dual-rank data storage circuits consisting of two sets of latches 

per bit controlled by a common clock. The master latch is 

affected by the input conditions during each clock pulse; the 

slave latch is controlled by the master between clock pulses. 

Only the slave outputs are brought out and they can change 

only immediately after the end of a clock pulse. 

Because of the nontransparent, dual-rank nature of these cir-

cuits, the outputs can be fed back to the inputs without danger 
of race conditions. Multiphase clocking schemes are not re-

quired and system design is greatly simplified. To use these 

devices appropriately, the designer must, however, have a 

clear understanding of the timing parameters (output propaga-
tion delay, input timing requirements) and be aware of prob-
lems generated by clock delay variations (clock skew). 

PROPAGATION DELAY 

The outputs of any flip-flop or register change only as a result 

of a single clock edge — the Low-to-High clock transition in 

modern circuits. The delay between this clock edge and the 

output change is specified as tpd. Usually the delays are dif-

ferent for the two possible directions of output change and 

specified as 

tpd+ or tpLH 

the delay between the active clock edge and the output 

change from Low to High, and 

tpd_ or tpHL 

the delay between the active clock edge and the output 

change from High to Low. 

The manufacturers usually give typical and maximum values; 

the minimum value must obviously be >0. 

SET-UP TIME 

Edge triggered flip-flops and registers are affected by syn-
chronous input levels only at one moment, a short time before 
the active clock edge. This critical time is called the set-up 
time ts. Depending on the input levels at that moment, the 

flip-flop or register is either set, reset, or left unchanged. The 

levels and level changes on synchronous inputs at any other 

time do not affect the flip-flop or register. Since all device 
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parameters vary with temperature, supply voltage, and manu-
facturing tolerances, set-up time has a certain spread. It is 

important to make sure the synchronous input levels remain 

stable during this timing window between the longest ts 
(representing a slow device) and the shortest ts (representing 
a fast device). 

Timing 

We,» 

Semiconductor manufacturers have,at various times, used dif-

ferent and even conflicting nomenclature for the two borders 
of this timing window. The longest set-up time is often called 
ts(max), but sometimes ts(m in) since it describes the shortest 

time the inputs must remain stable before the next clock edge. 

The shortest set-up time is called t5(min), but also, less logic-
ally, ts(max). Fairchild uses the term tr (release time) and 

other manufacturers call it -thud (negative hold time). This 

name originated with early circuits (like the 7470) where the 

clock delay was longer than the data delay. These circuits re-

quired that the data inputs be held stable even after the active 

clock edge (positive hold time). All modern circuits have posi-

tive set-up times and therefore negative hold times. 

ONE CATCHING MASTER/SLAVE FLIP FLOPS 

As shown in the flip-flop selection guide, a number of older 
flip-flops (9000, 9001, 9020, 9022, 74H71, 7472, 7473, 

7476, 7478, 74104, 74105) are not edge triggered, but are 

true master/slave flip-flops. They consist of two latches, a 

master latch that accepts input data during the clock pulse 

and a slave latch controlled by the master between clock pul-

ses. Only the outputs from the slave are brought out. All these 
flip-flops have JK inputs and they toggle when both J and K 

are activated. This is achieved by ANDing the J input with 

the ü output to generate the Set input to the master, and AND - 

ing the K input with the CI output to generate the Reset input 

to the master. Thus a one in the slave latch prevents theJ in-

put from setting the master, while a zero in the slave latch 

prevents the K input from resetting the master. During the 

clock pulse, the master thus searches for an input that causes 
it to change state. If it receives such an input signal, even a 

very short one, it accepts it, changes state and can then no 

longer be affected during this clock pulse. This characteristic 

is called 'one catching' (better, 'opposite state catching') and 

can result in improper operation if the synchronous inputs are 

unsettled during the clock pulse. For these master/slave flip-

flops, the clock pulses should be as short as possible, accom-

modating all combinatorial delays and potential noise pulses 

between clock pulses. These considerations do not apply to 

edge triggered flip-flops (9024, 7470, 7474, 74H101, -102, 

-103, -106, -108, 74S112, -113, -114) and to the edge trig-

gered registers and counters of the 9300 family. 

As stated before, these devices are only affected by the state 

of their synchronous inputs one set-up time before the active 

clock edge. They are, therefore, insensitive to the duty cycle 

of the clock. The clock to any flip-flop or register, master/ 

slave or edge triggered, is a dc function. The devices are not 

directly sensitive to the clock rise and fall times, as are capac-
itance coupled flip-flops. However, if the rise or fall times 

are very long and the clock signal lingers around the threshold 

level longer than the flip-flop delay time, multiple clocking 
can result from the slightest noise on the clock line, or even 

from internal crosstalk on the chip. The clock signal should 
therefore generally have a transition time of less than 50 ns. 

CLOCK SKEW 

Clock skew is a problem inherent to any synchronous digital 

system using high speed TTL components. Independent of the 

system clock rate and affected only by the device speed, it 

often comes as an unpleasant surprise to the unsuspecting 

designer of low speed systems. 

Ideally, all clock inputs in a synchronous system should be 

activated simultaneously; in a large system, this is obviously 

impossible. There are time differences, called clock skew, due 

to line propagation time and/or delay variations between dif-
ferent clock buffers. 

Critical Timing 

CPA 

FFB 

0-

Consider the simple case of two flip-flops, FF A driving FF B 

through a combinatorial network with delay tc. If the clock 
pulse arrives at FF B later than at FF A. this delay must be less 

than 

At max = tpdA 4 tc ts8 

for the system to operate properly. If it arrives later, it affects 

FF 8 with the new, perhaps changed, contents of FF A. Note 

that for a worst-cased design, the critical values of tpd, tc, and 

ts are the minimum (shortest, fastest) values often not speci-

fied in the data sheets. 

There are two ways to avoid clock skew problems. One is to 

minimize clock skew by driving all clock inputs from one 

source, perhaps a parallel connection of several gates or buf-

fers. (Only outputs from the same chip should be paralleled 

to minimize power supply glitches). The other method is to 
arrange clock delays carefully so the clock delays run in the 

opposite direction of the data delays. This insures that the 

last device in the data chain is clocked first, and all clock skew 
problems are eliminated. If this is impossible, e.g., in a re-

circulating register, a flip-flop with opposite clock polarity 

can be inserted in the data stream. 
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INTRODUCTION 

All circuits in the Fairchild TTL family, in fact all TTL devices 

presently manufactured, are compatible. Any TTL output can 

drive a certain number of TTL inputs, as described in the load-
ing rules. There are only subtle differences in the worst case 

noise immunity when low power, standard, and Schottky TTL 

circuits are intermixed. Open collector outputs, however, re-

quire a pull-up resistor to drive TTL inputs reliably. 

While TTL is the dominating logic family, and many systems 

use TTL exclusively, there are cases where different semicon-

ductor technologies are used in one system, either to improve 

the performance or to lower the cost, size, and power dissipa-

tion. The following explains how TTL circuits can interface 

with DTL, ECL (CML), CTL, and discrete transistors. Inter-
facing with MOS is not covered, since it depends too much on 

the particular MOS technology (high or low threshold, metal 

or silicon gate, p-channel or n-channel or CMOS). 

INTERFACING TTL AND DTL 

Both DTL and TTL are current sinking families, operating on a 

+5 V supply. They interface perfectly. When TTL drives DTL, 

one DTL input represents 1 UL in the Low state, much less 

than 1 UL in the High state. When DTL drives TTL, a 2 k 

output has a drive capability of 8 UL, a 6 IcS2 output has a 
drive capability of 4 UL. 

INTERFACING TTL AND ECL 

Mixing ECL and TTL logic families offers the design engineer 

a new level of freedom and opens the entire VHF frequency 
spectrum to the advantages of digital measurement, control 
and logic operation. 

The chief advantages of emitter coupled logic are high speed, 

flexibility, design versatility and transmission line compati-

bility. But application and interfacing cost problems have 
traditionally discouraged the use of ECL in many areas, parti-

cularly in low cost, less sophisticated systems. Using 95K 

fully compensated ECL with new ECL/TTL interface devices 

and several new interfacing methods promises to extend the 

advantages of ECL to many low cost systems designs. 

The most practical interfacing method for smaller systems in-

volves using a common supply of +5 to +5.2 V. Care must be 

exercised with both logic families when using this technique 

to assure proper bypassing of the power supply to prevent any 

coupling of noise between circuit families. If only a few 95K 

ECL packages are designed into a predominantly TTL system, 

the safest method is to use a 0.01 pF miniature ceramic 
capacitor across each 95K device. This value capacitor has 

the highest O. or bypassing efficiency. When larger systems 
are operated on a common supply, separate power busses to 
each logic family help prevent problems. Otherwise, good 

high frequency bypassing techniques are usually sufficient. 

95K series ECL devices are fully compensated so that input 

thresholds and output levels are immune to broad variations 

in ambient temperature and supply voltage. This feature 

makes it easier to interface with TTL and to operate with the 
TTL power supply. 95K devices have high input impedance 
with input pull-down resistors( >20 kQ )to the negative sup-

ply. In the TTL to ECL interface circuits on the following page, 

it is assumed that the ECL devices have high input impedance. 

9500 series ECL elements are temperature compensated and 

have internal 2 kQ pull-down resistors at each input and out-

put. These resistors provide partial termination of intercon-

necting transmission lines, in many cases, eliminating the 
need for external terminations. For ECL inputs with 2 k 
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pull-down resistors, the 750Q resistors shown in the TTL to 
ECL circuits should be changed to 1.2 kQ to provide the prop-
er ECL input signal levels. 

All circuits described operate with +5% ECL and ±1096TTL 
supply variations, except those with ECL and TTL on a com-
mon supply. In those cases the supply can be -110% with 95K 

ECL, ±5% with 9500 series ECL. All resistors are /4 wwaatttt,, ±5% 
composition type. 

TTL to ECL Conversion 

TTL to ECL conversion is easily accomplished with resistors, 
which simultaneously attenuate the TTL signal swing, shift 

the signal levels, and provide low impedance for damping and 
immunity to stray noise pick-up. The resistors should be lo-
cated as near as possible to the ECL circuit for optimum effect. 
The circuits above assume an unloaded TTL gate as the stan-
dard TTL source. ECL input impedance is predominately 
capacitive ( 3 pF); the net RC time constant of this capac-
itance with the indicated resistors assures a net propagation 

delay governed primarily by the TTL signal. 

ECL to TTL Conversion 

When interfacing between high voltage-swing TTL logic and 
low voltage-swing ECL logic, the more difficult conversion is 
from ECL to TTL. This requires a voltage amplifier to build up 
the 0.8 V logic swing to a minimum of 2.5 V. The circuits 
shown below may be used to interface from ECL to TTL. 

The higher speed converters usually have the lowest fan out 
—only one or two TTL gates. This fan out can be increased 
simply by adding a TTL buffer gate to the output of the con-
verter. Another option, if ultimate speed is required, is to use 
additional logic converters. 

INTERFACING TTL AND CTL 

CTL (Complementary Transistor Logic) is a family of high 

speed digital circuits used mainly in computers. It uses AND 
gates and wired-OR outputs for logic flexibility, but logic levels 
are not restored in each gate. Level restoring buffers (9956) 

are therefore required, and all interfacing should be done with 
restored logic levels. 

rn. to CTL Conversion 

The CTL input threshold is 1 V, similar to TTL, but 1 to 
2 mA are required to pull the CTL input reliably over the 
threshold. A normal TTL output can drive a CTL input, but 
noise immunity is improved considerably by a 1 k Q pull up 
resistor. 

CTL to TTL Conversion 

The CTL output emitter follower can source > 30 mA but can-
not sink current. A resistive termination is therefore required. 
When the resistor is returned to ground, it may not exceed 

250 Q to guarantee a VOL of < 400 mV at a fan out of 1 UL. 
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A better, less power consuming way for a fan out of 1UL is to 

use the built-in pull down resistor (1 k (2 to -2 V). For in-

creased fan out, this resistor can be reduced by a parallel ex-

ternal resistor to 180 Q (8 UL). 

TTL DRIVING TRANSISTORS 

Although high voltage, high current ICs, such as the 9644, 

are available, it is sometimes necessary to control greater cur-

rents or voltages than integrated circuits are capable of han-

dling. When this condition arises, a discrete transistor with 

sufficient capacity can be driven from a TTL output. Discrete 

transistors are also used to shift voltages from TTL levels to 

logic levels for which a standard interface driver is not avail-

able. 

TTL Driving NPN Transistors 

vcc 

360. 

OPEN COLLECTOR 
TTL OR OTL 

lb > 10 rnA 

560 

vcc 

360, 

330 

lb • 3 rnA lb > 5 rnA 

The three circuits above show how TTL can drive npn tran-

sistors. The first circuit is the most efficient but requires an 

open collector TTL or DTL output. The other two circuits limit 

the output current from the TTL totem pole output through a 

series resistor. The last circuit increases the High drive capa-

bility of the ITL output with an external pull up resistor and 

uses a base return resistor for faster turn off and better ther-

mal stability. 

SHIFTING A TTL OUTPUT TO NEGATIVE LEVELS 

This circuit uses a pnp transistor to shift the TTL output to a 

negative level. When the TTL output is High, the transistor is 

cut off and the output voltage is -Vx. When the TTL output is 

Low, the transistor conducts and the output voltage is 

R1 

-Vx 2 (VCC 2 V) 

if the transistor is not saturated, or slightly positive if the 

transistor is allowed to saturate. 

PNP Transistor Shifting Tn. Output 

Non-Inverting High Voltage Drivers 

A TTL output can be used to drive high voltage, low current 

loads through the simple, non-inverting circuits shown above. 

This can be useful for driving gas discharge displays or small 

relays, where the TTL output can handle the current but not 

the voltage. 

TRANSISTORS DRIVING TTL 

It is sometimes difficult to drive the relatively low impedance 

and narrow voltage range of TTL inputs directly from extern-

al sources, particularly in a rough, electrically noisy envi-
ronment. The circuits shown above can handle input sig-

nal swings in excess of + 100 V without harming the cir-

cuits. The second circuit has an input RC filter that suppresses 

noise. Unambiguous TTL voltage levels are generated by the 
positive feedback (Schmitt trigger) connection. 
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AC Noise Margins, TTL   15-8 f 

Accumulator 

For Arithmetic Logic Unit  5-28 ff, 8-27 

8-Word 8-22 ff 

16-Digit Decimal (BCD) 5-14 

16-Word  8-25 

Active, Definition   5-5 

Adder  5-4 

(See also Adders/S ubtractors) 

Dual   5-8 

Serial Binary, For Many Variables  5-10 

1-Bit   1-19 

2-Bit and 1-Bit 5-12 

3-Bit  5-12 

4-Bit  5-12 

Adder/Subtractor 

Carry Lookahead  5-21, 5-25 ff 

Complement Number Representation  5-20 

Decimal (BCD)  5-13 

Decimal or Mixed Code 5-15 

Serial Binary  5-9 

Serial Decimal (BCD)  5-11 

Sign Magnitude 5-20 

4-Bit   5-16 ff, 5-22 ff 

Addition of Signed Numbers  5-7 

Addressable Latch, 8-Bit 6-13 if 

Addressing Techniques, Memory 7-3 

Advantages of 9300 Family XII 

Analog to Digital Converter  4-11, 6-20 f 

Arithmetic 

(See Adders/Subtractors, Multipliers/Dividers) 

With Carry Lookahead  

With 3 Registers  

With 8 Registers 

Astable Oscillators   

BCD 

(See Decimal) 

Blanking, Display   

Bounce Eliminator 

(See Switch Bounce Eliminator and Switch Encoder) 

Carry, Lookahead  5-6 

Arithmetic Logic Unit 5-4 

4-Bit   5-16 ff, 5-22 ff 

5-21, 5-25 ff 

5-28 I 

5-30 f, 8-27 

10-5, 13-14 

3-7 

(See also Arithmetic Logic Unit, 

Carry, Ripple 

Circuit Description, Gate 

Clock 

Driver, Discrete, For MOS  6-23 

Generator  10-5, 13-14 

Generator, 4-Phase  2-7 

Generator, 8-Phase  6-23 

Monitor   13-14 

Skew   15-14 

CMOS, Comparison to Other Logic Families  IX 

Code Converters  5-55 ff 

Angle-to-Decimal (BCD)  5-59 

Binary-to-Decimal (BCD), Serial  5-57 

Decimal (BCD)-to-Binary 5-55 

Decimal (BCD)-to-Binary, Serial  5-56 

Decimal (BCD)/Binary  5-58 1 

General Scheme 4-9 

Gray/Binary 5-60 

Commutator  4-14 

Commutator, Data  1-10 

Carry Lookahead) 

 5-5 

  15-4 1 
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Comparator 

Four Word Sorter   1-7 

Identity 5-45 

Magnitude  5-5, 5-48 ft 

Magnitude, Serial   5-46 f 

Magnitude, Using Arithmetic Logic Unit  5-22, 5-27 

Complement Generator, Nine Complement  5-61, 9-21 

Contact Bounce Eliminator 

(See Switch Bounce Eliminator and Switch Encoder) 

Control Sequencer  1-14 

Converter 

(See Analog-to-Digital, Digital-to-Analog, Serial-to-

Parallel, Parallel-to-Serial, or Code) 

Correction, Error  5-51 ft 

Cost of MSI Systems  XI 

Counter   

Survey   

Dead End 9-26, 9-34 

Decimal  9-6 ft 

Decimal (BCD)  9-17 ff 

For Stopwatch, With Display 9-40 

Johnson 9-35, 10-8 

Modulo Variable  9-10 

Modulo 11, 13, or 15 9-11 

Modulo 12 9-6 if 

Modulo 15, Shift 9-37 

Modulo 16  9-6 ft. 9-17 ff 

Modulo 16, Shift  8-21 

Any Modulo From 21 to 127  9-11 ff 

Modulo 32 and 64  9-22 

Modulo 525 and 625  9-15 

Moebius  9-35, 10-8 

Multistage  9-10, 9-20, 9-23 ft 

Chapter 9 

9-3 ft 

Programmable  9-17 ff, 9-21 if, 9-28, 9-33 

Programmable, 2 n 2-22 

Programmable, Shift   9-37 f 

Programmable, Super High Speed 9-26 

Shift Register, Combination 9-27 

Shift, Synchronous 9-35 if 

Synchronous  9-16 ff 

Universal  9-6 ff 

Up/Down  9-30 ff 

Up/Down Shift   7-13, 9-37 

Up/Down, for Asynchronous Inputs  9-34 

Up/Down, lncrementer 9-39 

Up/Down, Johnson  9-35 

Up/Down, Light Controlled  9-33 

Up/Down, Multistage  9-32 

Up/Down, Single Line Control  9-34 

With Multiplexed Display   8-20, 9-39 

With Switch Bounce Eliminator  9-14 

With 50% Duty Cycle  9-6 ff, 9-22 

4-Stage  9-6 ff 

Crosstalk   15-11 

CTL, Comparison to Other Logic Families   IX 

CTL, Interfacing With TTL  15-16 

Current, Input/Output, TTL 15-7 

Darlington Output, TTL  15-5 

Data 

Bussing, Multiple Word  1-10 

Commutator  1-10 

Latching 6-11 

Routing   1-5, 1-12 

Transmission  Chapter 14 

DC Noise Margins, TTL  15-7 ff 
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Decimal 

Accumulator, 16 Digit  5-14 

Adder/Subtractor  5-13 

BCD-to-Binary Code Converter  5-55 

BCD/Binary Code Converter   5-58 f 

BCD/Binary Code Converter, Serial   5-56 I 

Counter  9-6 ff 

Counter, Shift 9-36 

Counter/Shift Register  9-27 

Encoder 4-7 

Multiplexer   1-15 

Multiplexer, Dual  1-6 

Decoder  Chapter 2 

Dual 1 -of-4  2-4 

1 -of-8  2-8, 6-13 

1-of-10  2-8, 2-12 

1-of-10, Driver 2-14 

1 -of -16  2-15, 6-19 

1-of-32 2-16 

1 -of-64  2-6, 2-9 

1 -of-80  2-9 

1 -of -128  2-17 

1-of-1024  2-17 

7-Segment Display  3-4 ff 

Any 4-Bit Code  2-20 

Decoding, Address  2-5, 2-9, 2-16 ff 

Decoupling, Power Supply   15-11 

Delay, Programmable Using Monostable   13-13 

Delayed Pulse Generator   13-20 

Demultiplexer 

(See also Decoders) 

Clock, 16-Channel  2-21 

Data   6-13, 6-19 

Data, With Storage 6-15 

Data, Dual 4-Channel  2-6 

Data, 8-Channel  2-10 

Data, 16-Channel  2-21 

Data, 32-Channel  2-10 

Design Considerations, Device   XI 

Design Rules for Systems X 

Detection, Error 5-51 if 

Detector 

Double Edge  13-20 

Edge   8-10, 10-4, 10-8 

1-of-8 (Single Zero)  4-14 

Differentiator, Digital 

(See Edge Detectors) 

Digital Noise Suppression 6-24 

Digital-to-Analog Converter  9-29 

Binary 4-12 

Decimal (BCD)  4-13 

Discrete Devices, Driving with TTL   15-17 

Discriminator, Frequency   13-13 

Display System  Chapter 3 

Cold Cathode  3-18 

Gas Discharge 3-18 

Light Emitting Diode   3-20 f 

Multiplexed  3-8 f 

Multiplexed, Fluorescent  3-16 f 

Multiplexed, for Stopwatch  9-40 

Multiplexed, Gas Discharge 3-19 

Multiplexed, Incandescent  3-13 

Multiplexed, Light Emitting Diode  3-22 ff 

Multiplexed, With Code Converter  5-59 

Multiplexed, With Counter  8-20, 9-39 
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Display System, Cont. 

Multiplexed, 8-Digit  3-10 ff 

7-Segment Decoder 3-4 ff 

7-Segment Flourescent   3-14 f 

Distortion, Line   14-7 ff 

Divider, Binary  5-38 f 

Divider, Frequency 

(See Counters) 

Division Using Counters  5-32 

Double Pulse Detector   13-13 

Drive Capability of TTL, Transmission Line  15-9 ff 

Driver, Discrete, TTL to Relay, Motor, Etc 6-19 

Driver, 7-Segment Display   3-4 ff 

DTL, Comparison to Other Logic Families   IX 

DTL, Interfacing With TTL  15-15 

ECL, Comparison to Other Logic Families   IX 

ECL, Interfacing With TTL  15-15 f 

Edge Detector   8-10, 10-4, 10-8 

Double Edge   13-20 

Switch Synchronizer  5-58 

Edge Triggered, Definition   10-6 

EIA RS 232-C Interface  14-14 

Electrical Properties of TTL Circuits Chapter 15 

Encoder  Chapter 4 

Priority Linear  4-8 

Priority, 8-Input   4-4 

Priority, 10-Input   4-7 

Priority, 16-Input   4-5 

Priority, 20-Input   4-7 

Priority, 64-Input   4-6 

Thumbwheel Switch  2-13 

Error Correction 5-51 ff 

Error Detection   1-19, 5-51 ff 

Excess-3 Code Decoding 2-20 

Excess-3 Gray Code Conversion 5-60 

Eye Pattern, Binary 14-7 ff 

False, Definition   5-5 

Fan Out, Increasing TTL Drive  15-12 

Flip-Flop 

Characteristics   15-13 f 

Multiple Slave  2-22 

Quad D  8-8, 9-26 

Survey  10-6 1 

Frequency Discrimination   13-13 

Frequency Divider 

(See Counters) 

Function Generator   1 18, 2-7, 2-11 

Gates, Increasing Drive  15-12 

Generator, Clock   10-5, 13-14 

Gray Code Decoding  2-20 

Gray Code/Binary Code Converter  5-60 

Hamming.Code  5-51 

Hamming Code Generator/Checker  5-52 

High Speed TTL, Schottky Chapter 12 

High Voltages, Interfacing With TTL   15-17 

High, Definition   5-5 

Hold Time, Definition   15-14 

Holding Register   6-9, 6-12 

Identity Comparator  5-45 

Impedance, Input/Output, TTL 15-6 

Incrementers 

(See Counters) 

Input Characteristics, TTL 15-6 

Inputs, Unused TTL  15-11 f 
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Interface  

Discrete, TTL to Relay, Motor, Etc  

From TTL 10-3 

MIL STD 188C (Low Level)  14-14 

Interrupt, Priority 4-10 

JK Inputs, Truth Table for 10-6 

Johnson Counter 9-35, 10-8 

Keyboard Encoder  1-17, 2-20, 4-8 

Keyed Oscillator   13-20 
Latch  Chapter 6 

Addressable, 8-Bit  6-13 ff 

Addressable, 16/32/64-Bits 6-16 

Array  6-7, 6-17 f 

Master/Slave 

(See Registers) 

Multiplexing Outputs  6-9 

R/S  6-10 f 

Selection  6-6, 6-12 

Survey  6-4 

Dual 2-Bit  6-25 

4-Bit   6-10 f 

Dual 4-Bit   6-5 

Led Display 

(See Display) 

Levels, Worst Case, TTL  15-6 

Line Distortion 14-7 ff 

Line Drivers  Chapter 14 

Line Driver, Selection of 14-2, 1.4-11 

Line Receivers Chapter 14 

Line Receiver, Selection of 14-2, 14-11 

Linear Feedback Shift Counter  9-36 

Loading, Effect of Collector And/Or  10-3 

Logic Implementation, Random 1-18 

Chapter 14, 15-15 N Lookahead, Carry  5-6 

6-19 Low Power TTL Chapter 11 

Low Power, Mixing With Standard Power TTL 11-3 

Low, Definition   5-5 

Magnitude Comparator 

(See Comparator, Magnitude) 

Malfunction Detector   13-14 

Master/Slave, Definition  10-6 

Memory  Chapter 7 
(See also Latches, Registers, and Shift Registers) 

Addressing Techniques 7-3 

Array  7-11 

Buffer  7-9, 7-12 

First In/First Out 8-28 

For Display, Relays  6-17 f 

For Multiplexed Display 8-20 

Last In/First Out  7-13, 8-28 

Organization  7-3 

Push Down Stack   7-13, 8-28 

Random Access, 256-Bit  7-10 

Random Access, 1024-Bit  7-14 

Read Only 7-15 ff 

Read Only, Array 7-18 

Read Only, Odd Configurations  7-19 f 

Read Only, 32-Word x 8-Bit 7-16 

Read Only, 256-Word x 4-Bit  7-17 

Scratchpad   7-7, 7-9, 7-12, 8-27 

Serial  8-17 

Serial Random Access 1-13 

Serial, 4096-Bit 6-23 

Timing Chart  7-8 

Timing Considerations 7-4 if 
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Memory. Cont. 
Use of Bipolar for Main Memory  7-9 

Use of Random Access in Place of Read Only  7-9 

MIL STD 188C Interface   14-14 

Minterm Generator   2-7, 2-11 

Missing Pulse Detector   13-14 

Mixed Logic Functions 1-18 

Modulation, Pulse Duration   13-13 

Moebius Counter 9-35, 10-8 

Monostable Multivibrators Chapter 13 

Avoiding Use of X 

Characteristics  13-6 

Non-Retriggerable  13-21 ff 

Non-Retriggerable Operation 13-4 

Programmable Delay   13-13 

Resettable   13-16 ff 

Retriggerable  13-9 ff 

Retriggerable, Dual  13-16 ff 

Retriggerable, Resettable  13-16ff 

Special Considerations  13-8 

Timing Equations  13-4 

Timing Nomograph 13-5 

Triggering Condition 13-3 

Using Electrolytic Timing Capacitor  13-7 

Voltage Controlled   13-15 

MOS, Comparison to Other Logic Families   IX 

MSI 

Advantages of  X 

Advantages of 9300 Family  XII 

Device Design Considerations  XI 

Impact on Logic Design  IX 

Multi-Word Comparator/Sorter   1-7 

Multiplex Data Transmission   14-4 1 

Multiplexed Display 

(See Display, Multiplexed) 

Multiplexer  Chapter 1 

Quad 2-Input   1-4 

Dual Independent 2-Input  1-10 

Dual 4-Input   1-8 f 

8-Input   1-11 

10-Input  1-15 

Dual 10-Input   1-6 

16-Input  1-16 

Dual 16-Input  1-10 

32-Input  1-12, 1-15 

64-Input  1-12 

Multiplier 

Binary  5-34 f 

Combinatorial  5-5, 5-40 ff 

Combinatorial Array 5-41 f, 5-44 

Decimal (BCD)   5-36 1 

Serial Binary  5-33 

Two Complement   5-43 1 

Using Counters  5-32 

4 by 2-Bit   5-40, 5-43 

Names of Inputs/Outputs   XII,XIII 

Negative Levels, From TTL Outputs   15-17 

Negative Number Representation  5-3, 5-6 

Nine Complement Generator  5-61, 9-21 

Noise Margins, TTL  15-7 ff 

Noise Suppression, Digital  6-24 

Nomenclature for Inputs/Outputs  XII, XIII 

Number Representation   5-3, 5-6 

One, Definition   5-5 
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FUNCTIONAL CROSS REFERENCE 

One Catching 6-11 

One Catching, Definition   10-6, 15-14 

One Complement Number Representation   5-6 

One Shots Chapter 13 

(See Monostable) 

Open Collector Output, TTL  15-5 

Open TTL Inputs   15-11 f 

Operators  Chapter 5 

Oscillator 

Clock 10-5, 13-14 

Keyed, Synchronized   13-20 

Voltage Controlled  10-5 

Output Characteristics, TTL  15-6 

Output Configurations, TTL 15-5 

Output Swing, How to Increase  10-3 

Overflow in Addition and Subtraction  5-7 

Package, Constraint on MSI Devices  XI 

Parallel -to-Serial Converter  8-11 

Parallel-to-Serial Converter, 8-Bit  8-13 

Paralleling Gates  15-12 

Parity Bit  5-51 

Parity Generator/Checker  5-5 

Serial  5-51 

12-Bit  5-53 f 

Pattern Detector  1-19 

Pattern Generator 1-17 

PC Board Interconnections 15-9 ff 

Power Dissipation, TTL  15-6 

Powet Supply Decoupling  15-11 

Power, Constraint on MSI Devices   XI 

Priority Interrupt  4-10 

Priority Network 

(See Encoder) 

Programmable Counter 

(See Counter, Programmable) 

Programmable Delay Using Monostable  13-13 

Propagation Delay, Definition   15-13 

Pseudo-Random Sequence Generator 8-21 

Pulse Detector, Double Pulse  13-13 

Pulse Detector, Missing Pulse  13-14 

Pulse Duration Modulation Generation/Detection  13-13 

Pulse Shaper, Schmitt Trigger  13-14 

Push Down Memory 7-13, 8-28 

RAM 

(See Memory) 

RAM, Definition  7-3 

Random Access Memory 

(See Memory) 

Rate Multiplier, Binary 4-12 

Rate Multiplier, Decimal (BCD)   4-13, 9-16 

Read Only Memory 

(See Memory) 

Readout 

(See Display) 

Register  Chapter 8 

(See also Shift Register) 

Characteristics  15-13 I 

Definition  8-3 

For Arithmetic Logic Unit, Single Address  5-28 f 

For Arithmetic Logic Unit, Three Address ..5-30 1, 8-27 

Master/Slave  2-22, 6-8 

Multiple Port, 8-Bit  8-22 f 

Multiple Port, 16-Bit 8-25 
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FUNCTIONAL CROSS REFERENCE 

Register, Cont. 
Right Shift/Left Shift/Parallel Load   1-6 

Selection   6-6, 6-12 

Single Rank 

(See Latches) 

Survey  8-3 ff 

Release Time, Definition  15-14 

Retriggerable Monostable 13-9 ff 

Retriggerable Monostable, Resettable, Dual   13-16 ff 

Ringing, TTL 15-9 

Ripple Carry  5-5 

ROM 

(See Memory) 

ROM, Definition   7-3 

RTL, Comparison to Other Logic Families   IX 

Scanner, Thumbwheel Switch  2-13 

Scanner, 15-Key 1-17 

Scanner, 16-Key 2-20 

Schmitt Trigger   13-14 

Schottky TTL Chapter 12 

Scratchpad Memory 8-27 

Selection, Data Source   1-5 

Sequence Generator   1-17 

Sequence Generator, Pseudo-Random  8-21 

Sequence Generator, TV Sync  9-15 

Sequencer 

(See Multiplexers) 

Sequencer 9-16 

Sequencer, Control  1-14 

Sequencer, Data   1-10 

Serial 

(See Specific Function such as Adder/Subtractor, Serial) 

Serial Decimal Accumulator, 16-Digit  5-14 

Serial Memory 

(See Shift Registers) 

Serial-to-Parallel Converter   6-22, 8-9 

Serial-to-Parallel Converter, 8-Bit  8-12 

Set-Up Time, Definition  15-13 

Shift Register 

(See also Registers) 

Counter Combination  9-27 

With Enable   8-10, 8-14, 8-16, 8-29 f 

Left/Right  8-8 

Memory 8-17 

Memory, 4096-Bit  6-23 

With Recirculate  8-10, 8-15 1 

Right/Left/Parallel Load  1-6 

Use of Memory as  5-14 

Variable Length  8-18 f 

Dual 2-Bit   8-8 

4-Bit  8-23 ff 

4-Bit Universal  8-6 f, 8-29 f 

5-Bit  8-35 

8-Bit  8-12 1, 8-31 

Dual 8-Bit   8-14 f 

Sign Magnitude Number Representation   5-6 

Simplex Data Transmission  14-4 

Skew, Clock   15-14 

Sorter, Four Word Comparator   1-7 

SSI  Chapter 10 

Stepper, Control  1-14 

Stopwatch 9-40 

Subtraction of Signed Numbers  5-7 

Subtractor 

(See Adder/Subtractor) 
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FUNCTIONAL CROSS REFERENCE 

Subtractor, 1-Bit   1-19 Termination  14-5 ff 

Supply Voltage, TTL  15-6 True, Definition   5-5 

Switch Bounce Eliminator   6-11, 6-24, 10-8, 13-15 

Synchronizer  5-58 

With Counter  9-14 

Switch Encoder   1-17, 2-13, 2-20, 4-8 

Synchronized Oscillator   13-20 

Synchronizer  8-10 

Synchronizer, Switch 10-8 

Systems Considerations, TTL 15-9 N 

Systems Design, Impact of MSI on   IX 

Systems, Advantages of Using MSI in  X 

Systems, Design Rules  X 

Temperature Range, TTL 15-6 

Termination, Transmission Line  14-5 ff 

Terminology on Inputs/Outputs   XII, XIII 

Transfer Function, TTL 15-7 If 

Transistors, Driving from DTL 10-3 

Transistors, Driving from TTL   15-1 7 

Transmission Line 

Drive Capabilities of TTL 15-9 ff 

Interface  Chapter 14 

Driving  Chapter 14 

Driving with TTL   15-12 

TTL 

Characteristics Chapter 15 

Comparison to Other Logic Families   IX 

Driving Transistors with   15-17 

Interfacing with CTL  15-16 

Interfacing with DTL   15-15 

Interfacing with ECL   15-15 f 

Output Configurations  15-5 

TV Sync Generator 9-15 

Twisted Pairs of Wire, Driving Chapter 14 

Twisted Pairs of Wire. Driving with TTL  15-12 

Two Complement Number Representation   5-6 

Unused TTL Inputs   15-1 1 f 

Voltage Controlled Monostable  13-15 

Voltage Controlled Oscillator   10-5 

Voltage, Supply, TTL 15-6 

Voltage, Worst Case, TTL 15-6 

Wired-OR, Effect on Loading 10-3 

Worst Case Levels, TTL 15-6 

Zero Catching 6-11 

Zero Suppression, Display   3-7 

Zero, Definition   5-5 
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TTL/MSI PRODUCT INDEX 

DEVICE DESCRIPTION PAGE 

9300 4-Bit Universal Shift Register   8-6 

9301 1-of -10 Decoder   2-8 

9302 1-of -10 Decoder (Open Collector)  2-12 

9304 Dual Full Adder   5-8 

9305 Variable Modulo Counter   9-6 

9307 7-Segment Decoder   3-4 

9308 Dual 4-Bit Latch   6-5 

9309 Dual 4-Input Multiplexer   1-8 

9310 Decade Counter  8-17 

9311 1 -of -16 Decoder   2-15 

9312 8-Input Multiplexer   1-11 

9313 8-Input Multiplexer (Open Collector)   1-11 

9314 4-Bit Latch   6-10 

9315 1 -of -10 Decoder/Driver   3-18 

9316 4-Bit Binary Counter   8-17 

9317 7-Segment Decoder/Driver   3-4 

9318 8-Input Priority Encoder   4-4 

9321 Dual 1 -of-4 Decoder  2-4 

9322 Quad 2-Input Multiplexer   1-4 

9324 5-Bit Comparator   5-48 

9328 Dual 8-Bit Shift Register  8-14 

9334 8-Bit Addressable Latch   6-13 

9338 8-Bit Multiport Register  8-22 

9340 4-Bit ALU   5-16 

9341,74181 4-Bit ALU   5-22 

9342,74182 Carry Lookahead Unit   5-25 

93S43 4-Bit by 2-Bit Multiplier   5-43 

9344 4-Bit by 2-Bit Multiplier   5-40 

9345 1-of -10 Decoder   2-14 

9348 12-Input Parity Checker/Generator  5-53 

9350 Decade Counter  9-4 

9352,7442 1-of -10 Decoder   2-8 

9353,7443 Excess 3, 1 -of-10 Decoder  2-14 

9354,7444 Excess 3 Gray, 1-of-10 Decoder  2-14 

9356 Binary Counter  9-4 
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TTL/MSI PRODUCT INDEX 

DEVICE DESCRIPTION PAGE 

9357,7446/47 

9358,7448 

9359,7449 

9360,74192 

9366,74193 

9368 

9369 

9370 

93H72 

9375,7475 

9377,7477 

9383,7483 

9390,7490 

9391,7491 

9392,7492 

9393,7493 

9394,7494 

9395,7495 

9396,7496 

93141,74141 

93150,74150 

93153,74153 

93164,74164 

93165,74165 

93406 

93410 

93415 

93434,7488A 

9600 

9601 

9602 

9603,74121 

74122 

74123 

7-Segment Decoder/Driver   3-5 

7-Segment Decoder  3-5 

7-Segment Decoder  3-5 

Up/Down Decade Counter 9-30 

Up/Down Binary Counter 9-30 

7-Segment Decoder/Driver/Latch  3-5 

7-Segment Decoder/Driver   3-5 

7-Segment Decoder/Driver/Latch  3-5 

4-Bit Shift Register  8-29 

4-Bit Latch  6-25 

4-Bit Latch   6-25 

4-Bit Full Adder 5-12 

Decade Counter  9-3 

8-Bit Shift Register  8-31 

Divide by 12 Counter  9-3 

Binary Counter  9-3 

4-Bit Shift Register  8-32 

4-Bit Shift Register  8-33 

5-Bit Shift Register  8-35 

1 -of -10 Decoder/Driver   3-18 

16-Input Multiplexer  1-16 

Dual 4-Input Multiplexer   1-9 

8-Bit Serial to Parallel Converter   8-12 

8-.Bit Parallel to Serial Converter   8-13 

1024-Bit Read Only Memory 7-17 

256-Bit Read/VVrite Memory 7-10 

1024-Bit Read/Write Memory  7-14 

256-Bit Read Only Memory 7-16 

Monostable Multivibrator   13-16 

Monostable Multivibrator   13-9 

Dual Monostable Multivibrator   13-17 

Monostable Multivibrator   13-21 

Monostable Multivibrator  13-24 

Dual Monostable Multivibrator   13-25 

Equivalent Low Power and Schottky circuits are included with the basic product listing. 
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