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SYSTEM 74 INTRODUCTION

System 74 is a new look at logic design.

Texas Instruments have the justifiable reputation
for anticipating the needs of designers with the con-
tinued introduction of technically innovative devices.
To complement this technical capability we now
introduce System 74. The most comprehensive
service to designers of logic equipment. It is your
guarantee of quality, reliability, economy and service,
and is available only from Texas Instruments Ltd. and
the approved System 74 Distributors.

System 74 starts with a range of over 300 TTL and
TTL compatible devices from these 6 major families:

SN74N Standard TTL

SN74LN Low Power TTL
SN74LSN Low Power Schottky TTL
SN74HN High Speed TTL

SN74SN High Speed Schottky TTL
SN75N TTL Compatible Interface.

But System 74 is more than just this.

Logic design is complex. To optimise your systems
for speed, power, reliability, and economy, you will
want to mix all the families contained in System 74.

Take an example

4 Standard TTL Inputs
0 Low Power TTL Inputs
One High Speed } //_2 Schottky Inputs
TTL Output Driving <5 Low Power Schottky
\ Inputs
2 High Speed TTL Inputs

This immediately poses some questions:—

. Will it work?

. How can I compute the loading?

. How reliable will it be?

. Can 1 modify it?

. Can | buy all the devices from one source and can
1 be sure that they will be compatible?

wv bW -

This Manual shows a way of answering these
questions in minutes. It contains full information on
devices and pin-outs, and extensive sections on the
application of TTL and interface devices. Also
included are sections on quality and reliability
together with a unique method of computing inter-
family loading.

In the unlikely event that you find a question that
cannot be answered by this manual the System 74
Technical Enquiry Service is now available at' Texas
Instruments—Dial Bedford 67466, ask for System 74
and you will be connected to the World’s largest
semiconductor manufacturers.

System 74 is also a new pricing concept. For the
first time the Design Engineer is given mixed pricing
on list price quantities across all the families.

Now you can buy all your devices on the same
order and qualify for the price of the total quantity
mix.

This not only saves money but simplifies purchases
on Design Quantities. We call it “One Stop Shopping”
and think you will find this a great advantage.

The field of logic design will continue to grow
with the introduction of new technologies and more
complex devices. System 74 will keep you up to date
with all these developments as they happen. Ask us to
add your name to the System 74 mailing list by
completing the card atthe back of this book.

SYSTEM 74 — ONE STOP SHOPPING
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TECHNICAL ASPECTS OF SYSTEM 74

As suggested in the introduction to this manual.
System 74 allows the designer to readily select from
around 300 TTL compatible functions. In order to
make this an attractive and practical philosophy, the
basic characteristics and parameters of the individual
families comprehended in System 74 are presented in
this manual to allow the reader to make a com-
parative evaluation of the five TTL ranges available.
The information presented does not replace the
comprehensive data sheets available but is intended to
outline the basic compatibility of all 74 series TTL
products and their relationship to the 75 series of
interface devices.

The basic family in System 74 is the SN 74N series
transistor — transistor logic, and a thorough dis-
cussion of the history and evolution of this popular
form of digital integrated circuit logic is given in
Application Report B124. The complete range of
product included in System 74 is contained in the
Selection Guide section of this manual.

All System 74 products are offered in the commer-
cial 0°C to 70°C operating temperature range and are
packaged in “plastic” dual-in-line N Pack. The
product.ranges included are as follows:-

SN74N Standard TTL

SN74LN Low power TTL
SN74LSN Low power Schottky TTL
SN74HN High speed TTL

SN74SN Schottky TTL

SN75N Interface devices

The SN74 series ranges have basically similar
circuit design, logic capability and operate on similar
voltage levels. The differences are those of speed and
power dissipation. For example, SN74LN has very
low dissipation and hence has a low speed of
operation, and SN74SN is fast and consumes a greater
power. This can be summarised as in Table 1 using
typical gate characteristics for power dissipation and
propagation delays:-

PARAMETER 74L 74L° 74LS 74 74H 745 UNIT
Typical Propagation Delsy 33 20 10 10 6 3 ns
Typical Power Disipation 1 5 2 10 22 20 mw
Speed/Power Product 33 100 20 100 132 &0 Pi
Flip-Flop Clock input DCw DC to OCto |DCto | DCto OCto

Frequency Range +] 3MHz | 20MHz | 45MHz | 35 MHz | 50MNz | 125 MHz

NOTE : SN74L *N devices are those low power products derived from SN74 series
. which ers half-power versions of the standard products. These are Klentified in the
. selection guide by use of ssterisks.

The speed/power product in picojoules is .a
commonly accepted figure of merit for integrated
cdircuit families obtained by multiplying typical
propagation delay in nanoseconds by typical power
dissipation in milliwatts. As would be expected the
most recently designed families are demonstrably
improving this measure, (with 74LS at 20 picojoules
offering the best speed/power product). It should be
remembered that speed/power product is derived
from typical gate parameters and that complex
functions can improve this considerably. Thus, a
speed/power product for a System 74 system using
principally complex functions will be better than an
equivalent system built using gates.

SN75 series includes functions such as line drivers
and line receivers, memory drivers, sense amplifiers,
and peripheral drivers to provide TTL compatible
interfaces with transmission lines, core and MOS
memories, and simple interfaces to relays, lamps and
other electromechanical devices. All SN75 series
products specified in the selection guide have SN74
series compatible inputs or outputs, as relevant, and
with few exceptions have parameters similar to
standard SN74 TTL.

Before deriving and considering the D.C. para-
meters of System 74 TTL families the significance
and notation of these parameters will be discussed.

P o Vee

4kQ) 16
/1 KQ3R2 130§} R4

Ground

Fig. 2 Schematic diagrsm and logic symbol for SN74 NAND gate.

The output shown for this gate is similar to all
active pullup output devices throughout System 74
and is subject to two voltage parameters.

VoL, is maximum low state output voltage when
driving full load (i.e. maximum fan-out)

Voy is minimum high state output voltage when
driving full load (i.e. maximum fan-out)

These parameters, thus, fully determine the worst-
case voltage swing of the output.

The inputs are similarly subjected to voltage
parameters.

VL is maximum input voltage guaranteed to appear
as a low state input voltage.

Viy is minimum input voltage guaranteed to appear
as a high state input voltage.

These parameters fully determine the worst case
voltage operating thresholds of an input. All voltages
are positive w.r.t. the ground or zero voltage terminal.



The voltages are accompanied by current para-
meters, which obey the following convention.
Currents flowing into inputs or outputs are positive
and those flowing out of inputs or outputs are
negative.

IOL is maximum positive current into a low state
output at not more the Vo
Iog is maximum negative current out of a high

state output at not lower than VOH

These parameters indicate the capability of an
output to drive inputs of other functions.

I is maximum negative current out of an input
held at Vg1

SYSTEM 74 D.C. PARAMETERS

Ijg is maximum positive current into an input held
at VOH

These parameters indicate the input requirements
with worst case driving voltages.

Other parameters and operating conditions are
specified in the data sheet and once again Application
Report B124 provides excellent background.

The basic: parameters outlined above will be used
to compare the families in System 74 to estimate
worst case noise immunities and drive capability and
demonstrate the basic compatibility that exists across
all System 74 TTL families.

SN74L SN74L* | SN74LS SN74 SN74H SN74S UNITS
VoL 0.3 0.4 0.5 0.4 0.4 0.5 \'
VoH 24 2.4 2.7 24 24 2.7 v
oL 2.0 8.0 8.0 16.00 - 20.00 20.00 mA
loH -200 -400 -400 -400 -500 -1000 MA
ViL 0.7 0.8 0.8 0.8 0.8 0.8 \'
VIH 20 2.0 2.0 20 2.0 2.0 \';
hL -0.18 -0.8 -0.36 -1.6 -2.0 -2.0 mA
I 10.00 20.00 20.00 40.00 50.00 50.00 PA

This chart pulls out from the data, those para-
meters having significant effect on inter-range compat-
ibility. All devices operate with a positive supply
voltage of nominally 5 volts and have similar absolute
maximum ratings for supply and applied input
voltages. The tabulated values apply only to active
pullup output devices with inputs of unit load. Thus,
flip-flops and other devices having inputs which
represent two or more loads and also devices with
open collector, resistive pull-up or buffer outputs,
represent special cases.

NOISE IMMUNITY

Worst case D.C. noise immunity is a primary
consideration and is defined as follows:-

D.C. noise immunity is the Difference between
input threshold and input voltage applied using worst
case values.

Thus: Low state Noise Immunity = ViL— VoL
High state Noise Immunity = Vqpy — Vi

A comparison across the range reveals the follow-

ing results:-

SN74L | SN74L® [ SN74LS | SN74| SN7aH | sN74as

~| w~oise
MMUNITY| 0% | 04v | 03v |04y [ oew | 0.3v | (low state)
vOLTS o4 | 04 | 0w |04 [ 04 | 0 | inigh state)

The worst case across the range is SN74LSN or
SN74SN driving SN74L when low state noise
immunity is 0.2V, (see table above).

These results indicate a favourable condition of
overall noise immunity in a system employing pro-
ducts from all the ranges, bearing in mind that
worst-case D.C. noise immunity is really a guarantee
of worst case operation and typical noise immunities
are closer to 1.0 volts for both low and high states.

Fan-out is the term used to describe the capability
of our output to drive inputs. This is normally
specified within a range and is guaranteed as follows:—

LOW STATE FAN-OUT =IOL - IIL
HIGH STATE FAN-OUT =IOH -~ IIH
This gives the results:—

SN74L

SN73L*

SN74LS

SN74

SN74H

SN74s

FAN-QUT

LOW STATE
HIGH STATE

20

20

10

20

20

20

10(20))

10

10

10

Thus the commercial ranges of SN74LN and
SN74SN have a fan-out of 20 in the high state only.
All recent devices in standard SN74N also provide a
high state fan-out of 20 and where this becomes
important the data sheet should be checked.

It is possible to derive fan-outs from range to range
by using the simple formulae above and this together
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with a rationalised approach to estimating System 74
inter-range fan-out is presented in the section on
Loading and Compatibility.

This discussion on the technical aspects of System
74 has listed the product ranges initially offered. A
comparison of the ranges from both an A.C. and a

D.C. point of view has established that a philosophy
of both horizontal and vertical selection of devices
can offer the designer not only an effective increase
of functions available, but also, the opportunity to
optimise system design for speed and power dissi-
pation.
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LOADING AND COMPATIBILITY

In the previous section on the technical aspects of
System 74 sufficient basic information is supplied to
show that all the products offered share a similarity
of characteristics allowing them to be used together.
They are fully compatible.

The principal aim of this section is to demonstrate
a method of inter-range Fan-Out computation that is
simple, effective and allows optimal specification of
each range. The argument is based on the SN74N
ranges of TTL, but SN75N series Interface products

can be considered as standard SN74N in that their
designed capability to drive or be driven from TTL is
parametrically based on standard SN74N.

Having demonstrated that the TTL ranges of
SN74LN, SN74LSN, SN74HN, SN74N and SN74SN
are completely compatible with regard to operating
voltage levels, it becomes an elementary exercise to
derive inter-range fan-out by respectively considering
the current output capabilities of the different ranges
and the input current requirements. The following
matrix chart shows the result of calculating D.C.
fanout across all the TTL ranges.

DRIVING

74L 74L* 74LS 74 74H 74S

74L 5 25 25 25 2.0 1.0

~| 74| 20 10.0 10.0 5.0 4.0 4.0
W74Ls | 10 5.0 5.0 5.0 4.0 2.0
no‘: 74 40 20.0 20.0 10.0 8.0 8.0
74H 50 25.0 25.0 12.5 10.0 10.0
748 50 25.0 25.0 12.5 10.0 10.0

SYSTEM 74 INPUT WEIGHTING CHART (STANDARD OUTPUT-UNIT LOAD)
Notes

1. This chart applies only to standard outputs driving
unit load inputs. Buffer outputs, open-collecter
outputs and resistive pull-up outputs are con-
sidered separately, as are greater than unity load
inputs.

2. SN74L* includes half power versions of standard
SN74 as identified by asterisks in the Selection
Guide.

As stated, the fan-outs shown are calculated simply
by considering the current parameters contained in
the data sheets of each range. It should be noted that
in most cases the fan-out is limited by the low-state
output sink current. In other cases the fan-out is
limited by the high-state output source current. Some
examples of different cases are given.

SN74L SN74L* SN74LS SN74 SN74H SN74S UNITS
lo| 40 8.0 8.0 16.0 20.0 20.0 mA
loH| —200 —400 —400 —400 —500 —1000 JA
hy | 100 20.0 20.0 40.0 50.0 50.0 LA
h | —0.18 —0.8 —0.36 —1.6 —2.0 —20 mA

SYSTEM 74 D.C. CURRENT PARAMETERS (STANDARD OUTPUT-UNIT LOAD)

EXAMPLE ONE

16 mA
08mA
400mA _
10 mA

SN74 TO SN74L LOW STATE FANOUT IS

SN74 TO SN74L HIGH STATE FANOUT IS 40

LIMITING CASE 1S HIGH STATE FANOUT OF 40

6

EXAMPLE TWO

SN74S TO SN74H LOW STATE FANOUT |S____22 :: = 10

1000 mA

SN74S to SN74H HIGH STATE FANOUT IS
50 mA

=20

LIMITING CASE IS LOW STATE FANOUT OF 10



An appreciation of this mechanism is necessary.
Where the high state fan-out is greater than the low
state, it is permissible to connect unused inputs to
used inputs since this has no effect on low state
fan-out but does increase high state fan-out require-
ments. In fact SN74S, SN74L* devices and recently
introduced SN74N products are specified to provide

high state fan-outs of 20 and low state fan-outs of 10

specifically to deal with unused inputs. SN74L and
SN74LS devices provide fan-outs of 20 in either state.

This derivation and charting of fanout rules
provides useful information, but does leave a signifi-

cant question unanswered. Where for example an
SN74 output is driving a combination of inputs from
some or all of the other ranges, the designer is still
faced with the task of computing, in terms of input
currents, the total loading effect. Thus, the fanout
chart given is useful in computing the fan-out
situation where the driven inputs are all from the
same range. To improve the overall usefulness a
normalising technique is applied to the fan-out chart.

Divide all fan-out values into 100 provides the
following Input Weighting Chart.

DRIVING

74L 74L" 74LS 74 74H 74S

74L 5 25 25 25 2.0 1.0
74" | 20 10.0 10.0 5.0 4.0 4.0
GlzaL" | 10 5.0 5.0 5.0 4.0 2.0
x| 74 40 20.0 20.0 10.0 8.0 8.0
74H | 50 25.0 25.0 125 10.0 10.0
74s | 50 25.0 25.0 125 10.0 10.0

SYSTEM 74 INPUT WEIGHTING CHART (STANDARD OUTPUT-UNIT LOAD)

This variation of the fanout chart converts the
fanout values to input weighting where the maximum
weight applied to an output is one hundred. As
shown the weight of a driven input is dependent on
the type of driving output i.e. SN74L driven from
SN74 has a weight of 2.5, or a weight of 2 when

driven by SN74H.

Thus, to compute the loading effect of a com-
bination of inputs simply add the appropriate input
weight values. Up to one hundred represents a
permissible loading, greater than one hundred will
cause data sheet operating conditions to be exceeded.

EXAMPLE ONE

74N

74N

74H

&——0

74LS |

74LY ¢——

TOTAL WEIGHT = 90 AGAINST 100 ALLOWABLE

10
— 10
10

125
—-125

¢——— 5.0
¢——— 50
5.0
5.0

5.0
6.0
6.0

>~—

—

In this case a complex loading situation is simply
computed and found to be satisfactory.



EXAMPLE TWO

10
10
10
10
10
10

74N

[
74LS §

S

74N

o o0 g 0 o,

o—————— 125

12.5

TOTAL WEIGHT = 122.5-WRONG

Here the loading requirement exceeded the permissible weighting but replacing the SN74N driving output with a
more powerful SN74H device brought the loading to within that allowable.

——— 8
¢—— 8

74N 8
8

8

8

4

4

74LS 4
4

4

74H
10
10

TOTAL WEIGHT = 98-RIGHT

Notes

1. The input weighting chart demonstrates the fact
that System 74 allows very high fan-out situation.
For instance a standard SN74S output can drive
100 SN74L inputs and thus simplify many design
problems.

2. The input weighting chart is derived for standard
outputs driving unit load inputs. However, its use
can be simply extended to other situations. Thus,
an SN74 buffer driver has three times the drive
capability of a standard output and this allows the
weighting to be increased to 300. This applies to
all buffers with normal active pull-up outputs and
thus an SN74S buffer can drive 300 low power
inputs.

3. A certain number of System 74 products have
input loading of greater than unity, i.e. flip-flops.
In this case the input weighting is increased in
proportion to the increase in input loading above
unity.

Thus, when driving the clock input of an SN74L
flip flop from SN74, the input weighting shown on
the chart should be increased from 5 to 10.

This system is derived from the data sheets, and
they represent the most authoritative and complete
source of design information. However, given an

8

understanding of the derivation of this input weight-
ing system, the designer has a valuable tool for quick
evaluation of complex loading problems.

The most effective method for utilizing this sytem
is to use it as a feasibility check. In the standard case
where total allowable weighting is one hundred the
following procedure is suggested:-

A RESULT OF UP TO 90 — NO PROBLEM

A RESULT OF BETWEEN 90 — 110 — CHECK
AGAINST DATA

A RESULT OF OVER 110 — FIND ANOTHER
SOLUTION.

The system can be extended to any situation
where it is possible to derive a loading figure from the
data sheets and can be simply modified to include
SN75 series products, open collector TTL functions
and pull-up resistors, by adding additional rows and
columns. The designer can thus maintain flexibility
by generating additional information and discarding
that not required for a particular project thus keeping
complexity and possibility of error to an acceptable
minimum.
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USE OF TTL

System 74 is a very easy family of logic to use. With
some types of logic there are many complications
both from the logic design point of view and the
system building. These add up to cost time and
money before. producing the final unit. Fan out
caiculations, the number of inputs that one gate can
drive, can be different for almost every output,
whereas, as seen it is very simple with System 74. The
designer is also helped, more than many realise, by
the multitude of complex functions which are
standard catalogue items. It is no longer necessary to
design an up/down counter from basic gates and flip
flops. Such a function and others which are even
more elaborate are now quite commonplace.

The ability to make sophisticated devices allows
new techniques which would otherwise be unthink-
able. An example is the use of ROM look up tables
for multiplication. Another is the use of multiplexers
instead of shift registers for parallel to serial con-
version and vice versa. These new techniques can give
a reduction in package numbers and apparent com-
plexity.

Ambient temperature and supply voltage con-
siderations are simpler with System 74. Due to the
worse-case worse-case way in which System 74
devices are specified, provided they are nowhere
outside the operating voltage and temperature ranges
but no matter what the combination and distribution
of voltage and temperature, then the devices will
work correctly.

On top of this comes the safety margin which
System 74 devices have. A typically series 74N
output can sink about twice its guaranteed logical ‘O’
current of 16mA and still have an output voltage of
less than 400mV.

Usually that output transistor will sink 40 or
50mA before it comes out of saturation. The logical
‘I” output current will typically be several milliamps
giving an even greater safety factor.

As will have been seen there are few special
considerations which need to be made. A brief look
at the design of the logic and its testing will justify
this.

Design Characteristics

System 74 TTL digital integrated circuit families
optimize the advantages of saturated logic circuitry
and monolithic semiconductor technology, yielding
improved performance in the speed/power ranges
which meet the needs of current and future designs.
In other forms of logic circuitry (non-monolithic)
maximum use is made of lower cost passive com-
ponents (diodes and resistors) instead of higher
performance- (and higher cost) transistors. However,
in monolithi¢ circuitry it costs very little more to
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build transistors than diodes or resistors. Therefore,
transistors are used to take advantage of the improved
performance and also to buffer the fluctuations in
currents that occur as resistor values change. The TTL
multiple emitter input transistor replaces con-
ventional input diodes, and an active pull-up output
transistor eliminates the slow rise times associated
with passive pull-up.

Each low-capacitance emitter of the input transis-
tor offers very little loading to the driving circuit. In
addition to providing some gain when this transistor
is turned on (one or more emitters at a low voltage), a
low impedance path (approximately VCE(sat)) is
established to remove the base charge from and turn
off the phase-splitter transistor. When compared to a
passive-component input, the TTL input is con-
siderably faster.

Another important feature which reduces overall
switching time of the TTL circuit is the active pull-up
output. In addition to reducing the turn-off time, the
double-ended output provides a low-impedance path
in both the logical 0 and logical 1 states for sourcing
or sinking current to highly capacitive loads and for
rejecting capacitively-coupled a.c. noise.

A comparison of typical saturated digital logic
family speed/power products is shown in Table A and
Figure |

Table A
Speed/
Pr Power Typical
Circuit tpd(ns) (mW) Product Fan-Out
74L 33 1 33 10
TTL
74 10 10 100 10
TTL
74H 6 23 138 10
TTL
DTL 25 5 125 8
DCTL 15 10 150 3
RCTL 30 10 300 4
RTL 50 10 500 4
745 3 19 57 10
74LS 10 2 20 20
7% 10 10 100 10
100
? 70
z
a 0T
=]
z
8 2
5
G 74LS 74 and 75
<4 10 '
Q. 1
[} 7 1
& 74H
8 a
<
« @
Y 748
2 2
b
& 1
1 2 4 7 10 20 40 70 100
PT—AVE RAGE POWER DISSIPATION--mW
(PER GATE)
Figure 1.



Specification sheets can be misleading unless test
conditions are clearly stated. One of the most
important but least apparent benefits of System
74 TTL ICs is the guarantee that worst-case test
conditions are used when specifications are prepared.
The data sheets verify these worst case test
conditions, including supply currents which are
specified at maximum supply voltages.

Worst-Case Temperature

All dc. limits shown on the data sheet are
guaranteed over the entire temperature range of 0°C
to 70°C. Texas Instruments guarantees one value over
a temperature range since the designer is limited by
whatever happens to be the worst value of a
particular parameter regardless of the temperature at
which it occurs.

Worst-Case Loading

For a logical one output voltage test, a guaranteed
fan-out of ten is simulated by drawing at least ten
times the current drawn by a worst-case input.

For example: 400 uA is drawn from the output of
a Series 74N gate. Since an input at 2.4V can draw no
more than 40 uA, the 400 pA drain represents a
worst-case normalized fan-out of 10. Similarly, in the
logical zero state, current equal to a. worst-case
fan-out of ten is *“sunk™ into the lower output
transistor. See Figure 2.

LOGICAL 1 LOAD LOGICAL 0 LOAD

Figure 2.
Worst-Case Supply Voltage

The logical one output voltage follows changes in
the supply voltage practically volt for volt; therefore,
when measuring logical one output levels, the worst-
case supply voltage is the lowest allowable.

Similarly, the low supply voltage limit is used
when a logical zero output is tested since the lower
voltage reduces the base drive to the output transistor
and makes it more difficult to keep the transistor in
saturation. See Figure 3.

Vee €——]ALOWER Voo €+—
VOLTAGE
HERE

MEANS MEANS

LOGICAL 1 VOLTAGE LOGICAL 0 VOLTAGE

Figure 3.

Requirements are different, though, when an input
is tested. Here, the high-limit power supply voltage is
used, i.e. 5.25V, since the higher voltage results in
more current into and out of the input. See Figure 4.

A HIGHER

Vec ¢ yoLtace  YCC €
HERE
MEANS MEANS
‘ A HIGHER
A HIGHER CURRENT
CURRENT HERE ™

HERE

LOGICAL 0 CURRENT LOGICAL 1 CURRENT

Figure 4.

These tests are extreme since supply voltages
remain generally constant throughout any given
system, but worst-case testing here gives added
assurance of reliable system operation.

Worst-Case Conditions on Unused Inputs

In addition to selecting worst case supply voltages
for various output conditions, worst-case voltages are
also applied to the unused inputs as shown in the
illustrations.

When a worst-case logical zero (0.8V) is applied to
an input and where that voltage is required to hold
the output transistor Q in the off state — unused
inputs are returned to the maximum supply voltage.
This represents the worst-case condition since these
high voltages would tend to turn on the transistor Q
if it were not for the low input. See Figure 5.
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o8V

Worst Case Logical 0

Figure 5.

When a minimum logical one (2.0V) is applied to
an input to turn on the output transistor Q, the worst
case is to hold all other inputs at the minimum logical
one voltage which is 2.0V. Therefore, all inputs are
tied together and taken to this voltage. See Figure 6.

20V

Worst Case Logical 1

Figure 6.
Worst-Case Supply Current

Power supply current requirements for all System
74 TTL circuits are specified as maximum current
drains with power-supply voltage at V- =MAX.
When power supply currents are specified at the
nominal Ve (5 volts), the true worst-case current
drain is not obtained. ICC at nominal VCC is, in fact,
approximately 91% of the worst-case value, and the
resulting power dissipation is approximately 82% of
the worst-case value.

In summary, worst-case testing of every parameter
may tesult in figures that look less impressive than
those obtained with more typical testing, but it gives
you extra assurance that every circuit will perform
correctly in your system, under worst-case con-
ditions.

With a linear system it is possible to very simply
measure the performance and accuracy. A digital
system however either works correctly or has faults.
It is difficult to tell how near equipment is to
malfunctioning. Although it has been said that there
are few things to take into special consideration,
there are simple guidelines which enable the best to
be obtained from a system.

These general guidelines will be covered in the
next few pages. Idiosyncrasies and features of indi-
vidual devices will be discussed in the Applications
Sections.
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Power Supply

The supply voltage can be between 4.75V and
5.25V. Also different parts of the system do not have
to be at the same voltage, provided it is never outside
the above limits. As well as regulation only having to
be 5%, ripply can also be up to 5%.

One of the things to bear in mind about power
supplies for TTL systems is that not only must they
cope with power consumption of the TTL circuits
and any external resistors, but they must also be able
to handle circuit switching transients and system
capacitance at the designed operating frequency.
Consider a simple TTL gate with a load capacitance

130a

CL.

itka C.

Figure 7.

When the input to the gate goes low there comes a
point in the transition when the upper transistor in
the totem pole output turns on, while the lower
output transistor is still in the process of turning off
due to the stored charge in the base/collector
junction, discharged through the 1k{l resistor. As a
result there is 2 brief period in time during the
transition when both output transistors are on.

Now the dynamics of the switching and internal
feedback are such that this condition only lasts for
about 7ns with 74N Series TTL. The maximum
current which flows down the output is not so much
governed by the 130 ohm resistor (which would allow
up to 25mA) but rather by the switching dynamics,
and it is in fact about 8mA max. One can illustrate
the current drawn by the circuit when switching as
below.

The charge represented by the current spike is
independent of frequency and input rise and fall
times (so long as these are submicrosecond) and is
about 30. 1012 coulombs. As the frequency rises
these small spikes start to contribute to the average
I current. A graph7below shows1 2this. At 10 MHz
for instance, Ioc =107 x 30 x 107" 4 amps = 0.3mA.
Thus 1 (total) = 2.3mA = I~ (DC) + 15%.
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Now one of the other factors one should consider
is the charge/discharge of load capacitance CL,
typically 15pF in a system with short lead lengths.
Cp is charged from about 0.3 volts to 3.3 volts each
cycle, which represents 15 x 10° 12 v3=45x1071
coulombs. At 10MHz this can be expressed as
follows.

I (capacitance) = 107 x 45 x 10712 = 0.45mA.

- ICC (tOtal) = ICC (DC) + ICC (transient) + ICC
(capacitance)

=2.0+03+045=275mA.

This is a typical figure for a gate circuit.

The increased system current required at 10MHz
can be directly related to the number of output nodes
in the system by adding the DC current to 0.75mA x
the number of nodes.

From these considerations, it is possible to deter-
mine the size of power supply required. One can then
arrange for the supply to have sufficient regulation
and stability. Even with the best regulation some
mains-borne noise can propagate through the regu-
lator. In severe cases, R.F. filter the primary of the
transformer and use one wound with an electrostatic
screen.

Decoupling

Decoupling should be distributed on the board
with 0.1 uF ceramic capacitors for every 5 to 10
packages. These are designed to decouple high fre-
quency noise which the logic, being fast, is capable of
propagating. They must therefore be connected
across the V(- and ground lines (that go to the same
package) by short leads and good R.F. practice. The

actual power supply, which may claim to be a low
impedance, will cease to be so at frequencies above a
few kilohertz. Therefore earth planes and broad
tracks with decoupling are necessary to give a low
impedance supply at the device.

Grounding

Care should be taken with the construction and
layout of the logic. System 74 is fast (it has fast
edges), even the low power devices. Therefore some
consideration must be given to the way gates are put
together. A ground plane is desirable. It can also have
the -VCC track on the same side of the p.c.b., if it is
wide and decoupled well. If this physically cannot be
done, then the earth and supply rails should be as
broad as possible wherever possible.

In terms of inductance, it is advantageous to
parallel tracks. Paralleling two tracks is much better
than doubling the width of a narrow track.

Data rise and fall times into TTL devices should be
50ns except in the case of Schmitt triggers.

If the edges are not this fast then it is possible for
a gate to be affected by noise or feedback as the
input voltage is at the threshold. The effect looks like
a burst of oscillation as the gate output switches from
one state to the other. This can of course affect
bistable elements such as counters giving an apparent
random change in the outputs. Slow edges usually
come from input signals (or deliberate time constant
circuits which should thus be avoided). Schmitt
trigger gates ('13, *14 and "132), as will be seen, can
be used to advantage here.

Unused inputs of ALL TTL devices should be tied
to guaranteed logic levels.

An input left open circuit on the bench will act as
a logical ‘17 input. In practise this should definitely
not be done. Again it can be connected to Ve but
this should be done with caution.

One of the first things to remember is that even
the most stable power supplies can have transients. In
most industrial applications these days it is usual to
see considerable coupling of external noise sources
(controllers, motors, contactors, etc.) into power
supply distributions in logic systems.

It is unwise to tie up unused inputs to Vo since
in most environments it is difficult to maintain power
supplies within the 5.5 volt rating demanded by this.
There are four alternatives:

1. Leave them open circuit.

2. Tie them to Ve through a current limiting
resistor.

3. Tie them to the output of an unused gate held in
the one state.

4. Common them with another input on the same
gate and drive them.
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Whilst “1” is satisfactory for gates, it slows down
propagation delay because the capacitance to ground
associated with the input (bond wire, package pin,
etc. approx. 1.5pF) adds an extra time constant in
the tpd(O equivalent to about 1.0 ns.

Data inputs to flip-flops and counters should
always be tied somewhere, and preset/clear lines
MUST be tied to a voltage. This is because of high
regeneration from preset/clear lines which causes
latching to occur for much lower levels of noise
energy.

“2” is satisfactory, but requires an external com-
ponent. The value of the resistor should be a
minimum of 750%2. The capacitance-to-ground time
constant is eliminated, but there is still emitter-
emitter capacitance accounting for approximately 0.5
ns delay in tpd o)

“3” is a very good method since unused inputs are
then in the same environment as driven inputs, i.e. a
low impedance system (Z. out (1) = 100§2) with two
diodes up to V(¢ for over-voltage protection. Speed
is the same as “2”.

“4” If there is spare fan-out capability in the
system, commoning up inputs results in optimum
speeds, since all stray capacitance associated with
inputs is being driven from low impedance. For the
purposes of fan-out computation, two inputs paral-
leled (on the same gate) have a fan-in of 1 in the zero
state, and may be taken as 1.5 in the high state.
System 74 TTL has, in many cases, a fan-out of 10 in
the low state, and 20 in the high state, allowing
extensive commoning of inputs for optimum speed.

Summarizing:
Do not, if possible, tie spare inputs to V(.
Do not, if possible, leave gate inputs floating.
Do not, if at all possible, leave date inputs floating.
NEVER leave preset or clear lines floating.

In small to medium systems, try to tie unused
inputs to a spare gate held in the one state — if this is
not possible, use a resistor to V. In large systems,
drive all spare inputs for optimum speeds.

INPUT RATINGS
Positive Rating

The date sheets guarantee a 5.5 volt rating on
inputs with a ImA current maximum. Essentially this
guarantees a breakdown condition on the input rather
than a leakage current, and TI test for the worst case
configuration with other inputs at earth.
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In this way TI guarantee the base emitter break-
down voltage of the input under test and include the
effect of all the currents flowing as a result of the
emitter — emitter gain in the multi-emitter transistor.
The base of the transistor sits a Vg above earth, and
therefore the actual junction breakdown is
guaranteed at 5.5 — Vpp = 4.8 volts.

When driving the input from another TTL gate in
the one state, the driven input sees about 100 ohms
in series with two diodes as shown below.

55V min.

AN

Vout 55V

Zo=100n

Figure 9

When V- rises above the recommended operating
limits of 5.25 to 7 volts — the maximum rating for
System 74 devices — the Vj , of the driving gate rises
to about 1.5 volts below VCC’ i.e. 5.5 volts which
represents the DC rating of the following gates’ input.

So when you’re driving into TTL from any device
with a resistive pull up to Ve, there’s no Vgp
limiting like we have in the TTL stage outlined above,
and in these circumstances you must define a
minimum value for resistor R to limit the breakdown
current which will flow into the TTL input under
Ve fault conditions. We recommend a minimum
value for this resistor of 750 ohms. This limits the
maximum breakdown current in any input to 2mA
which is a safe value to use as a DC rating.

If you need a lower value resistor (for instance to
increase the wired AND capability of open collector
TTL devices) then you can make use of the higher
breakdown voltage obtained if other inputs are not at
earth, but tied together.

24kn

R=750 amin

Figure 10.



The base of the multi-emitter transistor will now
sit at 2.1 volts and the breakdown voltage seen at the
emitters will be 4.8 + 2.1 = 6.9 volts. And only a
nominal current limiting resistor, R, of 100 ohms is
needed for a maximum V~ rating of 7 volts. This
gives plenty of scope for a wide wired AND appli-
cation. In all cases it is preferable to use the highest
value resistor possible up to 1 kilohm, consistent, of
course, with the application.

Negative transients caused by switching on trans-
mission lines are well within the device rating, so they
are no problem. However, DC ratings are governed by
a current or a voltage limit, whichever is the more
stringent, and they are defined as follows:

Current Limit
5-0V
4dka
1ka
iV vV S
Figure 11.

The current above is drawn from the substrate via
the collector isolation diode shown — 1 = 5mA per
input maximum or 25mA total, whichever is smaller.

Now for voltages, the limit in the configuration
shown below is limited by the 5.5 volt emitter —
emitter DC breakdown condition, and therefore the
maximum negative voltage guaranteed on the inputs
is —2.2 volts.

Figure 12.

As with positive voltages greater than 5.5 volts,
there is also a limit with negative voltages above the
5.5 volt rating, and a maximum current limit of 2mA
must be observed into any input.

Consider the circuit below. Here the maximum
negative value for V is given by Lhax = 2mA (DC
rating), so where V = —2.2 volts maximum this gives
R,in = 850 ohms with a nominal Vee of 5.0 volts.

Figure 13.

It is not recommended to use System 74 devices
with inputs taken to negative voltages. However, if
this is really necessary, one can make use of the
increased negative voltage rating available by driving
all the inputs together as shown in the circuit below.

AR
WV

loz2

Figure 14.

In this way no emitter breakdown can occur and it
ensures that the Z j of the source is sufficient to limit
the current to 5 mA per input (one can safely assume
equal current sharing).

Increased fan out can be obtained by paralleling
devices in the same package.

Gate expanders should lie as close as possible to
the gate being expanded. This avoids capacitive
loading and noise pick-up.

Input date to master slave JK flip flops should not
be changed when the clock is high.

NOISE IMMUNITY

Noise immunity is a vital consideration when
evaluating integrated circuits since noise can, under
certain conditions, falsely trigger gates and introduce
errors into the system.

First consider the effect of noise on the individual
device.

a-c or d-c noise

It is difficult to define a-c noise and even more
difficult to relate it to a specification. Generally, d-c
noise is worst case. When noise immunity is plotted
against pulse width, it can be shown that the circuit is
more immune to noise as pulse width decreases. See
Figure 15.
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NOISE IMMUNITY

PULSE WIDTH ( @& = DC)

Figure 15.
Susceptibility

When discussing a-c noise, the term *‘noise sus-
ceptibility” is more appropriate than “noise
immunity”.

Low logical one a-c noise susceptibility

An important feature of the design is the output
configuration which both supplies current (in the
logical 1 state) and sinks current (in the logical 0
state) from a low impedance. Typically, logical O
output impedance is 12§ and logical 1 output
impedance is 70$2 for standard Series 74N circuits.
See Figure 16. This low output impedance in either
state rejects capacitively coupled a-c pulses and
ensures small R—C time constants which preserve
waveshape integrity.

This means a-c noise susceptibility is far better
than logic circuits which have 2000-ohm logical one
output impedances.

As a result, System 74 TTL is much more effective
than other forms of logic at preventing noise from

ever appearing at the output. In addition, it has high
immunity to d-¢ noise from supply voltage and
ground sources.

Supply Voltage Noise

Notice that the output of a System 74 gate, Figure
17, is similar to an emitter-follower circuit. For loads
even considerably higher than fan-outs of ten, the
transistor Q; does not saturate when the gate is in the
logical one state. Therefore:

Vout = Vee — IR = Vg ~ Vb

RESULTING
NOISE

ZfouT =70Q

Il

RESULTING

cor-ngen CED\ -

TTLL
5102

Figure 16.
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O Vourt

LOGICAL 1 VOLTAGE

Figure 17.

As the voltage changes across the resistor R, the
base emitter junction of Ql’ and the diode are small,
the output voltage follows the supply voltage very
closely in the logical one stage. A negative voltage
change on the supply line is reflected almost directly
to the signal output line.

The high logical one d-c noise immunity reduces
the probability of false triggering due to supply
voltage variation.

Ground line noise

In the logical zero state, Q, saturates and a
positive transistion on the ground line is seen on the
signal line.

Therefore, both supply voltage noise and ground
line noise appear as signal line noise. Thus, the
treatment of d-c noise can be discussed compre-
hensively by concentrating on the signal line only.

Typical d-c noise immunity
System 74 gates change state as the changing input

voltage passes through an approximate 1.4 volt
threshold. The output is typically 3.3 volts in the



logical one state (see Figure 18) and 0.2 volt in the
logical zero state. Therefore, the output can typically
tolerate 1.9 volts of negative-going noise in the one
state and 1.2 volts of positive-going noise in the zero
state before causing the gate it is driving to falsely
trigger. In both states, System 74 has more than one
volt typical noise immunity. See Figure 19,

33v
1.9V
I 14V DO/

LOGICAL 1

14v D
1.2V
—Do——m 02V

-
LOGICAL O
Figure 18.
2.25 ——
175 Fan-Out= 10 - LoGIcAL 1]
// NOISE
1.50 IN
- 4 MARGIN
L1128 ]
[ [—
& 1.00
2 LOGICAL O T~
g 0.75 NOISE
0.50 MARiGIN4
[ 4SYSTEM 74
0.25 ' i
0
-55 -36-15 5 25 45 65 85 105 125
Tp — Free-Air Temperature — °C

Figure 19.

Guaranteed d-c noise immunity

Simply stating that a circuit will not falsely
trigger is not an adequate guarantee for a design
engineer. The manufacturer must also guarantee an
absolute output voltage limit which will not be
exceeded when noise is applied to an input. Figure 20
shows these guaranteed voltages.

08 v 2.4V
400 mV
D—I_M 04V
LOGICAL OIN LOGICAL 1 OUT
Lor—mmy—24v
400 mV
04v
20v
LOGICAL 1IN LOGICAL OOUT
Figure 20.

The logical zero input test voltage is 0.8 volt, and
Tl guarantees a maximum logical zero output of 0.4
volt which gives a guaranteed noise immunity of 400
millivolts.

Likewise, the logical one input test condition is
2.0 volts which is 0.4 volt below the guaranteed
minimum logical one output of 2.4 volts.

In both states, guaranteed noise immunity is 400
millivolts.

Having seen what noise immunity is inherent in
the device design now consider the noise immunity of
a system and how it can be simply improved.

Noise considerations in digital systcms may be
summarised as shown in Figure 21.

Each topic shown cannot be considered in iso-
lation, but must take into consideration the influence
of other factors, for example, internal noise only
becomes important if it is significant compared with
data levels.

Internal Noise Generation

High frequency signal components due to fast
transition times at the outputs of logic elements are
the main source of internally generated noise. These
components are still present when data rates are low,
demanding that high frequency techniques should be
used no matter what the pulse repetition rate.

As device logic levels change,circuit currents
flowing also change. These changes are due to:-

(i) Different currents required to maintain the new
logic level.

(ii) Transients due to lines charging and dis-
charging.

(iii) Conduction overlap of the transistors in a TTL
output stage.
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Figure 21.

IS being Cs‘ V/tr, where V is the voltage difference
between the logical ‘1’ and ‘0’ levels and t, is the
voltage rise time at the gate output. For standard
TTL with typical rise and fall times of 7 ns or less,
interconnection charging currents can be greater than
8mA per output. This together with conduction
overlap in the output stage indicates that care should
be taken with system layout so as to minimise supply
line impedance and interconnection inductance.

In a practical system the following steps should be
taken to minimise the generation of internal noise.

@

Figure 22.

Figure 22 shows the stray circuit elements
associated with these transients.

Capacitance C is the capacitance to ground the
surroundings of the output connection from gate Gl
to the input of gate G2. L and L, are the self
inductances of the ground and supply lines respec-
tively.

When the gate output changes from a logical ‘0’ to
a logical ‘1’ capacitance Cg must be charged through

inductance L¢ from the supply. The charging current
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The power supply distribution system should
be of low impedance.
This can be achieved by two methods:

(a) A low impedance transmission line
formed by a stripline above a ground
plane — or line.

(b) Medium impedance line with decoupling
to ground at regular intervals by discrete
R.F. capacitors, e.g. disc ceramics. De-
coupling should be carried out every 8 to
10 packages. Use 0.01 uF to 0.1 uF or
200pF per totem pole output, whichever
is the greater value. These should be
distributed throughout the circuit, not
lumped together. Both ends of a long
ground bus-bar should be returned to a
common point.



(ii)  Gates that drive lines must be decoupled at the
package. The decoupling capacitor and trans-
mission line ground should be commoned as
near to the driving device ground as is practical.

(iii) Power gates formed by paralleling gates should
utilise a single package with its decoupling
capacitor.

Noise that has gained entry to equipment as well
as that which is internally generated can couple into
adjacent signal and power lines. This can take place
through common impedances or as shown in Figure
23.

Here two lines carrying signals, or signal and noise,
are in close proximity to one another. Cross coupling
exists between these two lines due to mutual capa-
citance and inductance C., and L. In order to
analysc this configuration, it is convenient to consider
C,, and L,, forming a mutual impedance Z
between the two lines. If the line impedances are Z,
the gate output impedances are Z,, the logic swing at
the output of gate GI is V. and the coupled
component of V¢ at the input of G4 1is V, .

Vin =Vl 1S+ Z/Z) (1 +Z)[Z) ........ !

Cg ‘
— Gt G2
Cm
Lm
Cm

Cg = L ine capacitance
to ground

Figure 23.

The following practical conclusions can be drawn

from equation 1.

1. To minimise cross talk between two lines their
mutual impedance should be as high as possible
and the line impedance as low as possible.

2. Such lines should be codaxial cables with low
impedances Z, and very little external field giving

ahigh Z, .

In practice the line impedance cannot be too low
or the logic swing at the receiving gate will be
restricted and line reflections’ will be significant
compared with logic levels.

Stripline conductors above a ground plane can
have controlled impedances giving excellent crosstalk
properties.

Single wires, whilst being inexpensive and con-
venient, have poor cross-talk and reflection charac-
teristics limiting their usable length to 25cm or less
with standard TTL.

For lines less than 5m in length twisted pairs with
Z, between 5082 and 150 are satisfactory provided
that the sending gate is restricted to line driving. (This
is explained in more detail in the section on driving
transmission lines.)

External Noise

In any digital system provision must be made for
the transmission of input and output data and control
signals between the logic system and its peripherals.
The current and voltage levels chosen for transmission
are generally incompatible with TTL as they are
dictated by considerations such as line impedance,
noise environment, contact resistance, etc.

The influence of external noise on a TTL logic
system is determined mainly by the type of interface
circuits used to transfer signals into the logic system.
These circuits cannot be designed effectively unless
the input requirements of a TTL gate are understood.

1k6 130Q
VT3
T2 D4
VT4
1k
Gnd.

Figure 24,

Figure 24 shows the circuit diagram of a standard
74N series gate, where lg) is the current to be
‘sourced’ and lgy to be ‘sunk’ by the driver circuits
S1 and S2.

Transistor VT1 is a multiemitter transistor with a
4k base resistor to the supply voltage Vee- If any
input emitter is grounded base current flows out of
the grounded emitter saturating transistor VT1 and
turning ‘off” transistor VT2 allowing its collector to
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rise towards V. The output of emitter follower
transistor VT3 is, therefore, a logical ‘1’. If all input
emitters of VT1 are high, i.e. logical ‘1’ then its base
collector diode is forwarded biassed and transistors
VT2 and VT4 are saturated. The collector of VT4 is
therefore at VCE(sat)’ i.e. logical ‘0’. Since the input
transistor is now operating in an inverse mode with
the collector to base diode forward biassed, an inverse
emitter current, dependent upon inverse gain and
base current, must flow into each emitter. The input
voltage at which VT1 changes from normal to inverse
mode of operation, i.e. the gate threshold voltage, is
determined by its collector potential. This is defined
by the Vgp’s of VT2 and VT4, giving a typical
threshold of 1.4V.

A typical transfer characteristic of the circuit of
Figure 24 is shown in Figure 25.

VoutT

24V - -/ L0l

Guaranteed operating areas'
(data sheet)

Figure 25.

To obtain maximum noise immunity logical ‘0’
and ‘1’ input levels should be far removed from the
gate threshold. This means that any interface circuit
must be able to sink base current of VT1 when in the
logical ‘O’ state and source the inverse emitter current
when in the logical ‘1’ state in order to maintain
maximum noise immunity.

Interface Circuits

An interface circuit must perform the following
operations:-

(i)  Transform input logic levels to those of TTL.
This must be achieved without loss of noise
margin.

(i) Filter out unwanted noise whose frequency
components lie outside the signal frequency
range. Noise that occurs within the signal
frequency spectrum, i.e. comparable with data
bit rate, can only be removed by logical means.
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(ifi) The interface circuit must take into con-
sideration the transfer characteristics of the
circuit that it is driving. The basic TTL gate is a
saturating amplifier with a range of input
voltages around its threshold where the gate
will act as a high gain (>55dB power gain at
10MHz) high frequency linear amplifier.

The rise and fall times of data edges into TTL
required for oscillation-free switching, are dependent
upon a number of factors. These include the driving
source impedance, gate loading, layout and supply
decoupling. In practice, interface circuits should have
rise and fall times (10—90%) <50 ns between logical
‘0’ and ‘1’ levels.

Input Interfacing

Figure 26a shows one of the simplest ways of
connecting into TTL.

Vee
4k7
Yax 132
Figure 26a.
Vee
4k7
Y x 114N
Figure 26b.

The transistor, when switched on and saturated,
sinks the input current of the gate and when the
transistor is off the gate input current which is then
very small is provided by the resistor. Ideally, the gate
should be a Schmitt trigger such as the '132N, to
avoid oscillation and noise problems when the input
voltage is around 1.5V. (A phototransistor can also
be interfaced by this scheme as in Figure 26b).

Another well tried method where the inputs are
driven by a low impedance such as a switch, uses a
pair of gates across coupled as a latch, as shown in
Figure 27. This arrangement can reduce the problems
of switch bounce without needing a time constant.



% x '00

Figure 27.

A transistor, as in Figure 28, allows interfacing
with high impedances, although with this simple
arrangement the threshold will be at only 0.7 of a
volt. There is therefore less than 0.7V noise
immunity.

In most systems it is advantageous to have higher
thresholds in order to overcome voltage drops down

lines and contact resistance etc. Such circuits which
have thresholds of about 12V are shown in Figures 28
and 29.

Both circuits consist of CR low pass filters
followed by a transistor buffer and a Schmitt trigger.
Capacitor Cl is a lead through ceramic. This, together
with L (lead inductance), forms a low pass filter
removing high frequency components that would
otherwise, due to layout, be very difficult to remove.
The logic threshold for the circuit of Figure 28 is
arranged to be 12V midway between the input logic
levels, 0 and 24V. The values of Cl, C2 and C3
should be chosen to give the required frequency
response.

Both circuits have a series resistor between
capacitor C3 and transistor VT1. This limits the rate
of discharge of C3 through the base emitter diode of
transistor VT1.

—_—t + 24V
+5V
2k2
1% SN7413N
ak7
{,_, L1 ¢ ak7 ak7
Ty —o VWM————— A AAA VT
Q InF l J. BC182L
c2 c3
T T "
— _12v
Figure 28.
_T_ + 24V +5V
2k 2
c1 % SN7413N
L 39k 39k v 39k
~— T —— ANV —— A » vT1
T 1nF l ‘ BC182L N1
T c2 T c3 10k
Figure 29.
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Optical Interfaces

In many industrial systems it is possible for very
large transient common mode voltages to exist
between equipments. In cases such as these an
isolated coupler such as reed relays, transformers or
optical devices must be used in order to transmit
date. An alternative is to attenuate the signal and
common mode offset until the common mode voltage
is sufficiently low to be acceptable. The signal is then
detected by a high gain differential comparator. This
system does, however, have poor noise rejection
unless common mode paths are carefully balanced.

An economical method giving a high degree of
isolation (>1kV) and reasonable speed is the optical
coupler, as shown in Figure 30.

p—O +5V
1kQ 1K
TixL1021103 sm@ko
O———— TIL107/108 | OUTPUT TO
54/74 TTL,
INPUT -
-

[0 e —

Figure 30.

The optical isolator consists of an infrared emitter
and receiver diode electrically isolated from each
other, but maintained in the same package. The
emitter diode forward current is in the order of
15mA to obtain a receiver current of 2mA (TIL 111).
A suitable buffer between the diode output and TTL
input must be provided which in the simplest form
would be a TTL Schmitt trigger. A maximum bit rate
of approximately 60kHz can be obtained with the
circuit of Figure 29. If higher bit rates are required
then the TIL 111/2 should be followed by a
wideband operational amplifier such as the SN7511
operated in the virtual earth mode.

Interface Filters

The previous few circuits have concentrated on the
voltage requirements of an interface, although Figures

The filter shown in Figure 30 is all that is needed
in the majority of cases, to eliminate noise associated
with input signals. To maintain noise immunity at the
Schmitt input the maximum value of resistor R
should be limited to 25082 when being driven from
standard 74N Series TTL.

This, therefore, determines the value of capacitor
C for a given 3dB cut-off frequency, f . of the filter,
i.e. C=1/2 11 R.f. The rate of attentuation past the
cut-off frequency is 6dB/octave. For larger rates of
attentuation and faster response times mulitipole
Chebyshev filters can be used. Since the input to the
Schmitt is always positive with respect to ground,
capacitor C may be a large value electrolytic.

Low pass filter, Chebyshev

These filters should be used when digital equip-
ment is required to operate under conditions of
extreme electrical noise. The Chebyshev filter is
characterised by an amplitude frequency response
that ripples in the pass band and falls off rapidly past
the cut-off frequency f . The general form of this
type of filter is shown in Figure 31.

L1 L2

Figure 32.

The amplitude frequency response of such a filter
is shown in Figure 32.

28 and 29 will be low pass filters. Ly-dB
R
T c w rad
o— -0
Figure 31. Figure 33.
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This circuit form is well suited to mechanical
construction since the capacitive elements can be lead
throughs. The required D.C. operating conditions for
the Schmitt trigger are easily satisfied since the filter
has almost zero impedance at D.C.

A compromise has to be made between the
number of elements and the rate of attentuation past
the cut-off frequency. In practice, a four element
filter that has an attenuation of 60dB at 4w is
usually satisfactory. The load impedance R, +1lis
determined by the input impedance of the Schmitt
trigger, which in turn determines the filter source
impedance R . For this reason it is more practical to
use a different filter design which will match a low
source impedance to the input impedance of the
Schmitt trigger (4k approx.).

Such a design is shown in Figure 34 and com-
ponent values are tabulated in Table B for various
cut-off frequencies.

SCREEN

SCREEN

c2
= fm%:":Eo_
INPUT B E

+Vee

L1 L2 SN7413N

DATA
SOURCE

c1 c2

L1,

Figure 34.

Element values for 4 element filter with Lar =1dB
and La = —60dB at 4w0.

Table 8
folkHz) Li(mH) Ctl(pF) L2(mH) C2(pF)
100 8.0 420 8.2 760
200 45 220 4.1 380
500 1.8 84 1.6 150
1000 0.9 42 0.8 76

Since the inductive and capacitive components are
oC 1/fy, element values for any cut off frequency f,
may be calculated from the tables given. Additional
components may be added to the circuit of Figure 9
to enable it to handle very large voltage surges at the
filter input as shown in Figure 35.

Figure 35.

Diodes D1 and D2 limit the input swing into the
Schmitt trigger, they should be situated after in-
ductor L1 so that the rate of rise of voltage across
diodes D1 and D2 is limited.

Interfacing to Other Devices

The equipment may require an interface between
High Noise Immunity Logic and TTL or between
MOS and TTL. Specially for the former there is a
HNIL to TTL device (and also one for the opposite
direction, TTL to HNIL). MOS to TTL et vice versa is
usually simple. Interfacing with the high threshold
versions is described fully in report CA170. The low
threshold (TTL compatible) types can be interfaced
directly, or with perhaps a few resistors.

Memories are another area requiring interfacing.
The series 75 sense amplifiers can be used to detect
the low output from a core memory or certain MOS
memories. They sense the pulse of 20mV or so
between two sense lines of the memory plane
regardless of its polarity and convert it into a TTL
signal. Balanced-line receivers such as the 75107 can
be used, as well as for their original purpose, as level
detectors or comparators. They have the advantages
of high speed, up to about 20MHz, and a full fan-out
TTL output. In fact, they make good interfaces
between high frequency, low amplitude signals and
TTL, such as is required at the input to a frequency
counter.

Output Interfacing

A standard TTL output stage can sink 16mA. This
is sufficient to operate LEDs and small relays as
shown in Figure 36.
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5V

Figure 36.

The LED can be visible or infra-red. It can even be
the first half of an Optically Coupled Isolator.
Interfacing with CMOS can be achieved as shown in
Figure 37.

Y

A
Yry

TTL CMOS

Figure 37.

A gate can drive a SCR for switching on a lamp as
in Figure 38.

Lamp

Load Current

Figure 38.

The SCR solution for driving lamps is useful as it is
not affected by the cold current of the lamp which
may be 10 or 20 times the nominal operating current
of the lamp. Another way of driving a large load
without using an SCR is via a transistor. The current
into the base which is available from the gate when its
output goes high, is at least 70 percent of the
minimum specified short circuit current.
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Base
Current

Load Current

Figure 39.

For more specific outputs there are memory
drivers, peripheral drivers and balanced line drivers.
There is even a Nixie tube driver. Outputs are an
unexpected source of faults.

The output must not inject noise back into the
logic, either on the SV rail or as earth noise. For
instance, when laying out the circuits in Figure 38
and 39 it is important to make sure that the load
current does not flow along the logic ground line.

Line Driving

When an interconnection is above a certain length
depending upon the edge speeds being propagated, it
is necessary to consider the interconnection as a
transmission line. As the different families within
System 74 have different speeds this length will vary
from family to family.

Table C
length line
Series Speed (ns) {approx) (cm) impedance ( £ )
74 10 50 100
74H 6 50 75-100
74L 33 200 150
74LS 10 50 150
74s 3 25 75
75 (=74) 10 50 100

These lengths are listed in Table C along with a
suggested line impedance for using with each series of
outputs. Due to the input and output characteristics
of TTL very acceptable waveforms can be obtained
using System 74.

The following rules have been established for the
elimination of transmission-line troubles in
TTL systems.

1. Use direct wire interconnections that have no
specific ground return for lengths up to about
half those in Table C. A ground plane is always
desirable.

2. Direct wire interconnections must be routed
close to a ground plane if they are longer and
should never exceed Table C.



3. When using coaxial or twisted-pair cables,
design around approximately 10092 charac-
teristic impedance for series 74N. Coaxial cable
of = 100€2 impedance is recommended. For
twisted pair No. 26 or No. 28 S.W.G. wire with
thin insulation twisted about 30 turns per foot
works well. Higher impedances increase cross
talk, and lower impedances are difficult to
drive. Use the impedances listed in Table C for
other series.

4. Ensure that transmission-line ground returns are
carried through at both transmitting and
receiving ends.

5. Connect reverse termination at driver output to
prevent negative overshoot.

6.  Decouple line-driving and line-receiving gates as
close to the package Ve and ground pins as
practical, with a 0.1 uF capacitor.

7. Gates used as line drivers should be used for
that purpose only. Gate inputs connected
directly to a line-driving output could receive
erroneous inputs due to line reflections, long
delay times introduced, or excessive loading on
the driving gate.

8.  Gates used as line receivers should have all
inputs tied together to the line. Other logic
inputs to the receiving gate should be avoided,
and a single gate should be used as the
termination of a line.

9. Any device that derives internal feedback from
its outputs should not be used for line driving.
Such devices are bistables, shift registers and
monostables.

10. Gates that drive back wiring via an edge
connector should be mounted near the con-
nector ground in order to provide a low
impedance return for line currents.

One of the useful things about System 74 TTL is
that it does not need clamp diodes. Clamp diodes are
low forward impedance diodes placed under TTL
inputs with the object of minimizing “line ringing” or
“line reflection” when mismatching occurs between
driving and driven gates and the line along which the
signal is propagating.

imA
A K”
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los(1) -18mA at OV

Jop

Vout(1).2-4v
at0-4ama
[LLURIIY
at2.4v

Tntt)- 1ma
BT -3

lin©)< 16ma
at 0-av

' Vout(o)« 0-av
at 16mA

-30 ‘Oop

Figure 40.

To perform line ringing calculations one can use a
graphical approach. In Figure 40 are the input and
output characteristics of a 74N Series gate. The data
sheet guaranteed parameters are indicated by the
crosses.

Quadrants A and B respectively are the inverse
output and inverse input characteristics — areas of
operation which are not normally guaranteed, but of
vital importance to the study of line ringing
phenomena. The B characteristic is usually known as
“input clamping”. Added is the plot for a perfect
clamp at Vg below zero volts.
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Figure 41.

Load lines are also superimposed on the second
diagram with slope equal to line impedance so that
line ringing can be calculated for a negative edge of
the waveform. These are for a 100 ohm line showing
normal 74 Series clamping compared with perfect
clamping and no clamping at all. There is virtually no
difference in the resulting overshoot for the three
cases, and the reason for this is the nature of the
characteristic in the A quadrant.
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The exact portion of the characteristic which is a
design feature of System 74 TTL, is the ‘knee’ and
the point at which it crosses the current axis. If this is
pushed up the current axis, bad overshoot results. So
we make sure that our process control maintains this
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knee at about 4mA. In this way we eliminate the
need to add extra components to our circuits to
modify characteristics in the A quadrant by, for
instance, adding clamp diodes.
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QUALITY AND RELIABILITY

This subject can be divided into separate areas of
discussion. The reliability of components is a
function of good design and processing by the
manufacturer. The quality of components supplied to
the user is a function of measurement and selection.
The Quality Assurance personnel are responsible for
supplying a defined quality of product and also to
perform a continuous monitor of production pro-
cessing in order to feed back information to manu-
facturing personnel who can then control processing
to maintain quality.

Clearly, this feedback and maintenance of quality
during production is important both to the user and
producer. No producer can afford to produce such a
quality that a significant part is rejected by Q.A.
Neither can a Q.A. department tolerate continued
rejection of poor quality from production. This
situation would mean less product of acceptable
quality available to the user at relatively higher cost.

Thus, the Quality Assurance and Reliability de-
partment has two distinct functions.

1. To test to a defined quality level by statistical
means all product from manufacturing and then
either return the product to manufacturing for
rescreening or pass them to finished goods inventory.

2. To take random samples of product, straight
from production and fully subject these to rigorous
100% electrical, mechanical and environmental
testing. The results of this are made available on a
quarterly basis in the form of a report. The primary
object of this, in addition to providing test results, is
to generate a failure rate analysis from which Mean
Time Between Failures (MTBF) can be calculated.

These aspects of quality and reliability are dis-
cussed below. The third aspect is the feedback
obtained from customers. Using this information an
in-use failure rate can be estimated from results for
major projects in the industry. This is expected to
indicate that product quality is better than defined
by the Q.A. Department in line with the philosophy
of manufacturing product of a higher quality than
defined by published quality levels.

QUALITY

In common with most industries supplying
components in high volume a statistical method is
used to estimate the quality level of product supplied
to the customers. It can be shown that to guarantee
quality by individual testing would require 300%
testing. That is, each component would have to be
tested 3 times by different operators using different
test equipments. Even at this level of testing some
non-perfect components would evade this surveil-
lance. A statistical sampling method is currently used
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whereby a sample of each production lot submitted
to Q.A. is 100% tested and acceptance or rejection of
the total lot depends upon the performance of the
sample. All lots are 100% tested during the pro-
duction phase. but this testing is not that used to
guarantee the final quality. It is part of the procedure
where every production process is monitored and
immediate feedback supplied at each process step.

Texas Instruments currently uses an AQL sampling
plan. The AQL (Acceptable Quality Level) plan
specifies the maximum deviation from perfect
quality that is acceptable to the industry. The AQL is
considered as that quality of a lot which has a
probability of acceptance of 0.95. An inspection level
is specified with the AQL which determines the
number of samples to be tested. Although the
number of samples increases with lot size, the ratio of
sample size to lot size decreases.

The defence specification DEF-131-A contains the
details of sample size, lot size, and failures permitted
for a given AQL and inspection level.

System 74 quality is governed by the following
AQL and inspection levels:-

A.Q.L. INSPECTION LEVEL
FUNCTIONAL 0.15% ]
D.C. PARAMETERS 1.0% "
A.C. PARAMETERS 2.5% |

It is the experience of Texas Instruments that
where customers 100% test at goods inward, it is
verified that the actual quality supplied is in fact
considerably better than the quoted AQL.

Thus, the AQL defines the quality of product
shipped to customers. The reliability of that product
is not directly related to AQL and is assured by good
engineering practice. The method used by Texas
Instruments to monitor this is by a continuous
surveillance of failure rate and this is discussed under
the heading of reliability.

RELIABILITY

Reliability of a device can be defined as the
probability that it will deliver without failure a
specified performance under specified operating con-
ditions for a required period of time. Thus, reliability
can only be achieved through correct design and
careful production.

Quality is related to reliability in the following
way:-

Reliability is the ability to operate to the electrical
specification during the period of utilization.



Quality is conformance to the electrical specifi-
cation.
Reliability is indicated by the rate of failure with
time and the commonly accepted method of
stating this is Failure Rate per cent per 1000
hours.

The test conditions used by Texas Instruments for
failure rate analysis for System 74 products are as
follows:-

TEST CONDITIONS

The operating life tests are carried out in an
ambient temperature of 125°C. The devices are
connected with V, = 5V, outputs loaded, and
inputs switched at 100KHz.

The environmental test sequence is based on tests
laid down in BS9400 and K1007 and is performed in
the order indicated below:

1. Solderability BS9400 Para. 1.2.6.15.1.

Leads are immersed for 2 secs in molten solder at
230°C after a five second immersion in an inactive
flux. To pass the test. leads must have at least a 95%
uniform covering of solder under 10x magnification.

2. Swept Frequency Vibration BS9400 Para.
1.2.6.8.1.
Devices are vibrated at peak acceleration of 196
m/s? at a frequency varying from 150 Hz to 2KHz
every ten minutes. This is continued for 2 hours in

each of three mutually perpendicular directions.

TABLE 1

3. Moisture Resistance K1007 Para. 5.3.13. Method

C.

The devices are introduced into the climatic
chamber and the temperature increased to 65°C over
a period of 23 hours, with a relative humidity of
90-98%. These conditions are maintained for 3
hours, then the temperature falls to room ambient in
2—4 hours with a R.H. of 80--98%. This procedure is
repeated and then the devices are maintained at
90--98% RH and room temperature for 8 hours. This
constitutes one cycle, the test consists of 10 con-
tinuous cycles.

The extended moisture resistance is carried out on
devices having already completed the environmental
test sequence. These are returned to the climatic
chamber to complete a total of one thousand hours in
the chamber.

Tables 1 and 2 summarize the results obtained
from life and environmental tests respectively on
devices produced since the beginning of 1969. The
failure rates obtained from the 125°C operating life
tests have been converted to the equivalent failure
rate at 55°C, using a procedure described in the
“1966 Proceedings of the Annual Symposium on
Reliability”.

Two distinct classes of failure are reported herein,
functional and parametric. A functional failure is a
device which fails to perform its published truth table
and hence would cause an equipment malfunction. A
parametric failure is a device which while continuing
to perform its published logic function, fails to meet
its data sheet parameter limits. A parametric failure
will often not cause an equipment malfunction. The
two are distinguished in the tables by the letters P
and F.

FAILURE RATE INFORMATION WITH REFERENCE TO MANUFACTURING PERIOD.

SN74N SERIES OPERATING LIFE TEST

Year of Manufacture 1969 1970 1971 1972 TOTAL
Sample Size 1156 720 818 540 3233
Test K Hrs @ 125°C 2000 2867 3162.2 940 8969.2
Equivalent Test 9600 13762 15178 4512 | 43052
K Hours @ 55°C
Failures P/F 2/2 4/3 0/5 0/0 6/10
Failure Rate| Overall
90% Conf. P+F 0.083 0.082 0.06 0.05 0.051
%/K Hr.

Funct.

only 0.054 0.048 0.06 0.05 0.035

P—Parametric failures

F—Functional failures

Parametric figures do not include functional failures.
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TABLE 2

ENVIRONMENTAL TEST SEQUENCE

Year of Manufacture 1969 1970 1971 1972 TOTAL
Sample Size 650 400 320 100 1470
Failures P/F 0/0 0/2 0/0 0/0 0/2
Solderability Failures 0 0 0 1 1
No. on extended
moisture 350 200 190 60 800
Failures P/F 0/0 0/0 0/1 0/0 0/1
FAILURE RATE CALCULATIONS SUMMARY

The upper 90% confidence limit is determined in
the following way:

1 3
nefren €1 - (9(f+11)> MRV )

where

then ?\ =

f = No. of failures observed
d = confidence factor
100 n

- %/K Hr.
No. of device K Hours on test

The failure rate calculated in this way is always
higher than the observed failure rate, but in 90% of
instances the failure rate of the product will be below
this value.

TEMPERATURE ACCELERATION FACTORS

For some years it has been agreed that tempera-
ture is a prime accelerating mechanism for failure
rates of semiconductor devices. It has been found by
experiment that if failure rate is plotted on a log scale
against the inverse of wafer temperature in absolute
degrees, a straight line is obtained.

A number of laboratories have verified this and
produced quantitative results. The figures for this
report are taken from the “1966 Annual Symposium
on Reliability”; from the data presented there the
following acceleration factors have been calculated:

(M ess°c)
() @ 25°C) = -
25 35 12

()6 70°C) (h@l25°C)

Dernee  (Nerzsc) (Be 150°C)
(N essoc) = - -

1.4 4.8 6.6
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Since January 1969, the QRA Laboratory at Texas
Instruments Ltd., Bedford have tested over three
thousand plastic integrated circuits on max. rated life
test at 125°C. All devices completed 1000 hours and
about a half were continued to 5000 hours, the
equivalent of nearly three years’ continuous operation
at 55°C. The equivalent of more than forty three
million device hours at 55°C have been accumulated,
and sixteen failures have occurred, only ten of which
were functional failures.

During the same period, almost fifteen hundred
devices have been subjected to the environmental test
sequence. Only four failures have occurred.

This report predicts, with 90% confidence, that
the failure rate of plastic encapsulated TTL integrated
circuits operating in an ambient temperature of 55°C
will be better than 0.035%/KHr.

The final most recent figure for failure rate shown
can be used to estimate MTBF (Mean Time between
Failures).

1

MTBF = ——————
FAILURE RATE

Related to a single device this states how reliable a
component is during its useful life.

In a system of series components (i.e. if one fails,
the system fails) the MTBF of the system is:-

EXAMPLE a) Single Component
Failure Rate = 0.35%/KHrs.

1000 x 100

MTBF= —
0.035

L 3% 108 Hrs.



b) System—1000 Series Components

3 x 108 Hrs.
System MTBF =
1000
£X 3000 Hrs.

The test conditions used to establish the published
failure rate are clearly very rigorous and do not apply
to the majority of systems actually in operation.
Thus, returned information from major users allows a
different look at failure rate. That is, in-use failure
rate.

The difference between published failure and
in-use failure rate can be attributed to the following
typical factors.

T1 “WORST CASE” TESTING PROCEDURES

*Environmental stressing to BS9400.

*Storage Life performed at maximum data sheet timits.
Operating Life performed in Accelerated burn-in conditions.

*Humidity environment twice world's worst condition.

*Incompasses only limited temperature devices.

*No special electrical/environmental screening or
preconditioning.

*Comprehends both catastrophic and degradation failures.

*Utilizes conservative temperature related derating factors.

ACTUAL FIELD USE CONDITIONS

*Manufacturing and applications less than BS9400
enviroments.

*Storage and operation seldom at maximum rated conditions.

*Qperation in controlled enviroments.

*Commercial/Computer utilizes limited temperature devices.

*Varied screening and preconditioning depending on
applications.

*“Failure to Function’’ used as failure defect criteria.
*No derating factors—N ormal system applications.

The value of in-use failure rate for Texas Instru-
ment plastic dual-in-line is currently estimated at
0.009%/KHis.

In the system previously described the System
MTBF would be as follows:-

EXAMPLE a) Single component

Failure Rate = 0.009%/KHrs.

1000 x 100
MTBF = ——————
0.009

= 107 Hrs

b) System 1000 series components
107
SYSTEMMTBF = ——
1000

< 10,000 Hrs

Therefore, as a result of the Texas Instruments
philosophy of “‘worst case” reliability testing, and
with reasonable considerations, the customer may
enjoy device reliability levels as great as one order of
magnitude in excess of those published by Texas
Instruments.
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SYSTEM 74 MECHANICAL DATA

N PLASTIC DUAL-IN-LINE PACKAGES (INCH DIMENSIONS)

These dual-in-line packages consist of a circuit
mounted on a 14-, 16-, or 24-lead frame and
encapsulated within an electrically nonconductive
plastic compound. The compound will withstand
soldering temperature with no deformation and
circuit performance characteristics remain stable
when operated in high-humidity conditions. These

packages are intended for insertion in mounting-hole
rows on 0.300 inch (or 0.600 inch) centers. Once the
leads are compressed and inserted, sufficient tension
is provided to secure the package in the board during
soldering. Silver-plated leads require no additional
cleaning or processing when used in soldered
assembly.
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NOTES

a. Each pin is within 0.005 radius of true position (TP) at the

guage plane with maximum material condition and unit installed.
b. All dimensions are in inches unless otherwise noted.

P PLASTIC DUAL-IN-LINE PACKAGE

This dual-in-line package consists of a circuit
mounted on a 8 lead frame and encapsulated within a
plastic compound. The compound will withstand
soldering temperature with no deformation and
circuit performance characteristics remain stable
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when operated in high humidity conditions. This
package is intended for insertion in mounting-hole
rows on 0.300 inch centers. Once the leads are
compressed to 0.300 inch separation and inserted,
sufficient tension is provided to secure the package in
the board during soldering. Silver-plated leads require
no additional cleaning or processing when used in
soldered assembly.



ORDERING INSTRUCTIONS AND MECHANICAL DATA

The complete number of any device type in System 74 must be quoted when ordering. The number quoted consists of four parts.

Example

SN 748 00 N

PREFIX (in all cas.es)——'L

FAMILY (must be 2, 3 or 4 characters)

e.g. 74 Standard TTL
75 Interface Circuit
74L LowPower TTL
74H High Speed TTL
74S Schottky TTL
74LS Low Power Schottky TTL

FUNCTION {must be 2, 3 or 4 characters)
e.g. 00
09A
30
38A
185A
298

Package (one character)

e.g. N= Plastic Dual in Line 14, 16 or 24 leads.
P = Plastic Dual in Line 8 leads.

ABBREVIATIONS USED IN SELECTION GUIDE

O/P Output PROM Programmable Read Only Memory
o/C Open Collector SSi Small Scale Integration
A/O And-Or MSH Medium Scale Integration
AOI And-Or-Invert PIPO Parallel In Parallel Qut
ROM Read Only Memory PISO Parallel in Serial out
RAM Random Access Memory SIPO Serial in Parallel out
SISO Serial in Serial out
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Circuit Selection Guide: TTL

&,
TYPE FUNCTION TN | THN | 7ALN | TALSN | 7ash | g H E :_E g EEEE ;".;!“I
aigﬁaaé'aailéz 8|25
00 |Cusd 2 Input Nand 14
01 [Gusd 2 tnput Nand 0/ i 114
014 |Cuad 2 Input Nand 15¥ O/P 14
02 | Qusd 2 Input Nor 4
03 |Ouad 2 Input Nand 0/C 14
034 | Gusd 2 Input Nand 15¥ Q/F 14
04 |Hex Inverter 14
06 | Hex Inverter QG R 14
064 | Hex Inverter 15V OfF 14
06 Hex Inverter [ Buffer 30V O/P 14
07 | Hex Buffer 30V O/F 14
08 | Qusd 2 input And Bl ] 14
09 | Cuad 2 Input And O/C 14
D94 | Cuad 2 Input And 15% O/F B 1 EIEET] "
10 |TripgledinputMand 14
1 Trigle 3 inpur And 14
12 | Tripde 3input Nand O/C L 4] 14
124 | Tripie 3 Input Nand 15V Q/P : ! g 14
13 | Dual & Input Nand Sehrmitt i 14
14 | Hex Inverter Schmin 3 14
15 | Tripie 3 Input And 14
16 |Hex Inverter/Bulier 15¥ OJP 14
17 | Hex Bufter 15v Q/P 14
20 | Duwal 4 Input Nand 14
Fal Dual 4 Inpur Ang 14
72 | Dual 4 Inpur Mand Q/C L
224 | Dusl 4 Input Mand 15V O/F = 14
23 | Dusl 4 Input Nor-Swobe L
25 | Dual 4 Input Nor-Serobe L T'F.
27 | Tripie 3-ingut Nor N | E 14 |
28 | Guid2input Nor Buffer l HE 14
30 | B-lnput Nand 4
3 |OuadZ-mpuror B 42 S 14
33 | Cuad 2-Input Nor Bulier O/C 14
334 | Quad 2-Ingut Nor Buller 15V E L] 14
37 | Guad 2-Input Mand Buffer S R 1EEED | 14
38 | Guad input Nand Buffer QfC T 14
38A | Quad 2-1nput Nand Bulter 15V 14
0 | Cual % Input Nand Buffer T [r4]
42 | BCD - Decimal Decoder * 16
43 Exces J:Decimal Decoder - e FIEE 16
44 | Excess 3 Gray-Docimal Decoder = 15 E 16
457 BCD - Docimatl Decader 30V O/F = i 15
46A | BCD - Seven Segment Decoder 30% O/F * 16
aTa | BCD - Seven Segment Dacoder 15 VP " Y |16 |
48 | BCD - Seven Segment Decoder : 16
50 | Dual 2amige 2-Input ADL 14
51 | Dual 2-wide 2-1npist ADL 14
52 | Expandabie 2.2.23 Input AD 5B 1E 1E 14
63 | 4wida 2.1nput ADT 14
o4 | dowade T inpur ADT —AEIE] 14
6 |Expandabls Z-wide 4-dnput ADT 14
B0 | Dual 4-input Espander o 14
61 Triple 3-input Expander 14
62 |3-2-2.3Input AD Expander = 14
6 Loz 2o i ADT 14
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Circuit Selection Guide: TTL

TYPE FUNCTION 74N TAHN | 74LM | 74LSN | 74SN

st
[Flig-Fiom
Latches

matic)

Funct sond

i

| 65 | 4.2.3-2- Input ADI |

Fii] - K Flip-Fl Inputs)

1| Flig-Flop

=K Flip-Flop [And Inputs]

Dual O-Type Flig-Flop

72
73 Dual J—K Flip-Flop
il
75

Cusd Latch &

16 Dupd J<K Flip-Flop

HEEBR33 3

ki:] Dusd J—K Flip-Flop

BO Gated Full Adder

B14A | 16-Bit Random Acoess Marmary

2:-Bit Binary Full Adder

B2
B3A | 4:Bit Binary Full Adder
B4A | 16Bit Random Acceis Memory

4-Bit Comparator

Duad Exclugive Or

A&.Bit TrusfComplemant ferc/One Elsment

‘256 Bit Read Oniy Mermary

B4 Bit Aamdem Access Memory

§EEEEE

Dacache Eounlrd_

=
>

B Bit Bhift Register 5150

Divide by 12 Counter

4 Biv Binary

‘!§|§

4 Bit Bhiln Reganer PLISO

964 | 4 Bir Shift Register FIFD

9 it Shify Fagister PIPO b

a7 6 Bit Binary Rate Multiplier

98 4 Bit Dot Selectiori/Siorege Regivters

48 | 4 Bit Righe-Shite Lelt-Shify Regater

100 | Dual Ousd Latch

101 | J—K Flip-Flop

102 | J=K Flip-Flop [And Inputsl

103 | Dual J=K Flip-Flop

104 | Gated J—K Flap-Fiop

105 | Gaed J—K Flip-Flop

106 | Dual J—K Flip-Flop

107 | Duasl J—FK Flip-Flop

108 | Dual J-K Flip Flop

108 | Dual J-K Flip-Flop

110 | J<K Flip-Flop Data Lockort

111 | Dual J—K Flip-Flop Data Lockout

112 | Dusl J—K Flip-Flop

113 | Dusl J=K Flip-Flep

114 | Dual J—K Flip-Fiop

116 | Dusl Ousd Latch

118 | Hex 5—A Latch

118 | Hex 5=H Latch

120 | Dual Pulse Synchronie

21 Monostable Multivibrator *
122 | Monostable Multivibeator *
123 | Dual Monostable Multivibrator 5

125 | Oued 3 State Buffer

126 | Quad 3 State Bufler

128 | Quad Z.Input Mor Line Driver

132 | Guad 2-Input Mand Schmitt

133 |13 Input Nand




Circuit Selection Guide: TTL

TYPE FUNCTION 14N TadHMN TALM T4LSM | 745N

Mlamiorees.

Others

L]
isTars
eclors

Flip-Flops
14

Latches

Ganes

o
Dacoders
&
Arithmetic
Functions

134 | 12 Inpurs 3 State Mand

135 | Oued Exclusive QriMor

135 | Ouad Exclusive OF D/C : A
138 | 3 Line to 8 Line Decoder/ Demultipleser il | S

13 | Dual 2 Line 104 Line Decoder/Demultiplexar

140 Crual 4 Input Nand Line Driver |

141 | BCD - Decimal Decoder/ D iver

142 | Counter-Latch-Decimal Decoder/ Driver

143 | Counter-Latch - 7 Segment Decodar/Driver

144 | Counter-Latch - 7 Segment Decoder/Drner B |
145 | BCOD - Decimal Decoder/Driver 15V Q/F !

147 10to4 Line Preority Encoder 7 |
148 | Bto 3 Line Prigrity Encoder

150 16-Bit Data Sedeclor

151 | B-Bit Data Selector i . |

163 | Dual 4 10 1 Line Selector ; )

154 | 4 - 16 Line Decoder Sy #
155 | Dusl 210 S Line Degoder :

166 | Dual 2 10 4 Line Decoder O/C

157 | Quad 2 1o 1 Line Selecior L *

168 Quad 2 Line 10 1 Line Selectar Inverting
150 | 410 16 Line Decoder

160 S'.Indlmmnﬂef.ade Counier -

_'|E!_ : Sy nEhrGnous Bi:‘urv Counter

162 Sy nchronous Decade Counter

163 | Synmchronous Binary Counier

164 | B-Bur Siifr Aegister SIPO *F i #*

165 | B.Bit Shift Aegaster FISD

166 |8 Bir Shift Regaver PISO

167 |4 Bat Drecode Rate Multipler i |

170 | 4 by 4 Register File
172 | 16 Bit Quadripart Register File

173 | QGuad 3 Stace Larch

174 | Hex D-Typa Flip-Flop

175 | Cuad D-Type Flip-Flop

176 | Decade Counter

137 | Binary Counter

176 | 4 Hit Shilt Aegister FIFO

179 | 4 Bit Shift Aegister PIPO

180 | & Bat Paroy Generanor iR

181 |4 Bit Arithroetis Logic Unit

182 | Carry-Look-Ahead Unit

183 | Dual Corry-Save Full Adder

1
184 | BCD - to - Binary Comierter

18EA| Binary to BCD Comverter

186 | 512 Bit PROM Fusible

187 | 1024 Bat Aead-only-Memory

188 | 256 BIT PROM Fusibia

190 | Aeversiple Decade Counter

191 | Reversibde Binary Counter

192 | Aeversible Decade Counter

193 | Aeversible Binary Counter

194 | 4.Bic Shife Aegisier PIPO

196 | 4-Bit Shift Register PIPO

196 | Decade Counter

197 | Binary Counter
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Bl |z =lz :!EE k:
2lels| 5|2 5E8|% bl
TYPE FUNCTION AN | 7aHN | T4LN | 7aLSN | rasN glE |5l E|Ls E =525 _Ee_o“
HEEEE R
198 | & @it shit Regaer FIPO e |y e B L E’;ﬁ E Al 24
109 | B Bit Shift Aegister PIPD - | . | 24
200 | 266 Bit Aandem Access Memary . I BEE
206 | 256 Bit Read Virits Momory O/C — f ! | s
251 | B Input Selector 3 State R 16
263 | Dual 4 Line ta 1 Line Selector .ﬂS'I:I!u > L BB e [ _:1.
757 | Quad 2 Line 1o 1 Ling Selector 3 giate Non-|my, =5 6
266 | Ouad 2 Line to 1 Line Selector 3 State Imv. o | Dis
260 | Dual 5 Input Mor Gate =g |14
266 | Ouad 2 Input Exclusive Nor OVC | [14
278 | 4 Bit Prigtity Registar 1 e }.._"] €]
779 | Quad B—5 Latch | | | 16
780 | @ Bit Parity Generator/Checker | E 14
283 | 4 Bit Full Adder ! B | 16
284 | 42 4 Muttiptier | gl 16
285 | 4.5 4 Multiplier | i 16
7090 | Decade Countar 3 | b | |14
203 | 48it Binary Counter = [ ' a2
295 | 4 Bit Aight Shift Left Shift 3 State Register Ead |14
298 | Qusd 2 Input Multiplexer with Storage i= AL
|
Interface
TYPE FUNCTION ﬂ.m&pl:i:'aim H';c”:ulwl nli:::u “E?I,T ﬂ':'n“’a.l“f'," i T;E
Zo
7520 | Dual Channel Serse Amd with Complamantary Outpu s 16
7521 ) Cual Channed Sense Amp with Complementary Outpu s 16
7522 | Dual Chanrel Sense Armplitier el [
7523 | Dual Channed Sense Amglifier Sl v T2
7524 | Dual Sensa Amplifier il M 16
T525 | Dusl Sense Amplifier R 18
7626 | Dual Channel Sanse Amp with Output Data Registers YR 16
7627 | Duwal Chanral Sanse Amp with Output Data Registers 16
528 | Dual Sense Amplifier with Pre-amp Test Poinis e | e | e 16
7529 | Dusd Sense Amplifier with P‘rrnma_'r_r_ltt F_'n_im! B - 16
751075| Dusl Line Receivers e e 14
751084 Dual Line Recerers 14
78103 | Duwal Line Drivers 14
75110 | Dusl Line Drivers 7 14
75150 | Dual Ling Drivars it "
75164 | Quedruple Line Receners o 16
75234 | Dual Sense Amplitier : 15
75735 | Dusl Sense Ampl ifier ; i kT
75238 | Dual Sense Amplifier with Pre-Amp Test Points 116
75239 | Dual Sense Amplifier weith Pre-Amp Test Points i 3 16
76324 | Memaory Driver with Cecode nputs s R 14
75325 | Memory Driver B 16
7545041 Dusl Pergbaral Positae And Driver 14
75451A| Cual Perigheral Pasitve And Driver B B ]
75457 | Dusl Peripheral Positive Mand Driver i R o e i g
TE453 | Dusl Peripherad Positees Or Drvar : e B i 8
75454 | Dual Peripheral Positee Nor Drver 5 I ]
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PIN CONFGUNATION GUIDE

00 01
Where only one Pin Configuration
diagram is shown for a particular Vec 48 4A 4Y 3B 3A 3y Vec AY 4B 4A  3Y 3B 3A
function, all versions are the same. 14] |13] [12] |11 ]{10] o] 8 14] [l f2lIn ol 9f]8
Where alternative versions of the
same function have different Pin LG’jJ \—C)\——l_‘
Configurations these are shcwn.
Where the Input Loading for a I’% ,_’D_—‘ ’_Gyj_] ’—Gr—l——l
particular function is other than
unity, the Loading Factor is shown t112113]14]I5]16]]7 tl12113[14]]|5116]]7
in bold figures next to the relevant 1A 1B 1Y 2A 2B 2Y GND 1Y 1A 18 2Y 2A 2B GND
Input.
HO1 02 03
Vec 48 4A  4Y 3B 3A  3Y
14] 13| 112}t j]ol]9i]8
1{12]]3{]4]]|5]]|6]]|7
1A 1B 1Y 2A 2B 2Y GND
04 05 06
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PIN CONAGUNOTION GUIDE

12

11

10

24 28 2€ 2Y GND

1B

1A

2C  2Y GND

18 2A 28

1A

15

14

13

23

22

21

45

1Y GND

1D

NC 1C

%[ ~]z
glo ©o|x
e d B
gle <o
Ak o|2
RIR Nje
gl= -]«




PN CONFIGUNATION GUIDE

28

TROBE

1y 3¢ 38 3A 3y

Vee 1€
141113 12| j11{]10]}9]] 8
1112][3]]4]|51|6]]7

1A 1B 2A 2B 2C 2Y GND

30

33

1112 4(15)[6{]7
A B C D E F GND 1Y 1A 1B 2Y 2A 2B GND
37 38 40
Vcc 20 2C NC 2B 2A  2Y
“j3p12nijtojlo||s
1[[2][s]{a]]s[18]]7]
1A 18 NC 1C 1D 1Y GND
42 43 44
INPUTS OUTPUTS INPUTS OUTPUTS INPUTS OUTPUTS
vcc ™A B ¢ D "9 8 7 vcc A B8 C D 9 8 7 Vcc A 8 ¢ D 79 8 7
BL{15] [14]|13] 12| n|J10]]9 Bl Mz ijol]l9 6115111312} n{|0}]9
A [] C D A B [« 3] A B [§ o
0 1 2 3 4 5 6 7 89 0 1 2 3 4 5 6 7 8B 9 0 1 2 3 a 5 6 7 B 9
1112]13][14]15]]|6]]7[]|8 1112[13|14}]|5]]|6[|7]]®8 1]12]13]{j4]|S[I6]]l7]]8
0 1 2 3 4 5 6&_ GND O 1 2 3 4 5 6_GND 0 1 2 3 4 _ 5 6 GND
OUTPUTS ouTPUTS OUTPUTS
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45

46

47

vee “A

INPUTS OUTPUTS
B c D 9 8 7

W65 413 |12] |10l ] 9

2
I

A B C 2]

0 1 2 3 4 5 6 7 8 9

3[14]15]16}]17]|8
2 3 4 s

OUTPUTS

OUTPUTS

a b c d e

BCLT%MDA

(T [ 1]
08 60,6) 020

B C Lamp RB RB D A GND
Test out- in-
INPUTS put  put INPUTS

26

OUTPUTS
a b c d e

][] o] [o]
0| [T

1 g a b c d e

BCLTKB‘!/)MDA

T[T
08180, B0,2)0

B C Lamp RB RB [»] A GND
Test out- in-
INPUTS put  put INPUTS

2:6

f

48

51

OUTPUTS

B C
INPUTS

Lamp RB RB 1 A GND

Test out- in-
put  put INPUTS

1A 2A 2B 2C 2D 2Y GND

1112113114 f5][16]]7
A 2A 28 2C 20 2Y GND

LS/L51

52

53

vee

A [of D E F NC GND

H53

H54

47



PIN CONFIGUNCITION GUIDE

LS/L54 H55 LS/L55
vee J [ H G F NC vee H G F € X v vee H G F E N Y
14} [13] [12}in|{0] Jo ]| 8 12]{n]]0]J9]] 8] 1| [13lj2]in|lolis}]8
1[]2 4[]s 7 [1]12]]3[]4]]5] 111211314 ]15]le]]7
A B c D € Y GND A B [ D X A B c D NC NC GND
60 61 62
Vee 10 X 1X 2X 2X 2D
WHij3p2iin}joljoLise
1]12]13]14]s]1e]]7 [2]]3]]4][5]]6]
1A 18 1C 2A 2B 2C GND 1A 18 1c A ] [ D E X GND
64 65 70
Vee D C
14] ]13| |12
2]]3
A E F NC CLR J1 2 ] @ GND
H71 L71 72

2

Vee CK K2B K2A KiB K1A Q@
K3 j2pjnjojlolys

1112{13]141]|5][16]]|7
NA NB J2A JB PR Q GND

3

1112
NC CLR §1

2

NC CLR N1

2

J2
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PIN CONAGUNATION GUIDE

73

74

75

3 2 2

2
vee CLR 20 2¢x

PR 20 20

1 1D 1CK PR 1@ 18 GND
CLR
2 2 2 2 3 2 2
76 78 LS78
2 4 2 4

vee

7

‘41151617

1112(}|3

1ICK PR 1 1 Vec 26K 2PR 2 CK 1PR 1 Vgec CLR 2PR 2K
CLR CLR
2 2 2 2 2 4 2 4
16 10 25 10 05
ADDRESS WRITE SENSE WRITE ADDRESS
A2 B2 Z2 GND C2 NC NC
‘i3l nijojloslis
82 p3 c2
(A2
bl
Al B1 [«s)
(5[] 6] 1[]2])3[|4[l5]]6[|7
z 2 GND X3 X2 X1 Vg Y1 Y2 Y3 Z1 Al Bl vgc C NC NG

Th#t
ADDRESS ADDRESS
05 1 10 10 0 10 10 4 4 4
83 84 85
05 3 3 3 3 3 3 3
WRITE SENSE WRITE ADDRESS DATA INPUTS

1{A) 1B) 1 0

GND O{A) 0(B) Y4

10

ADDRESS
10 10 10

Voc A3 82 A2 A1 B1 A0 BO

DAB:’ A<BA=BA>BA>BA=B A<B GND
INPUT CASCADING INPUTS  OUTPUTS
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L85

86

L86

3 3 3 3 3

INPUTS  OQUTPUTS INPUTS
—— e Nee——
Vee A3 B3 A>BA<B B0 A0 B1

61151114 13]|12] 11 1]10}]9

A3 83 A>8 A<B [ AD

82 Bl

AsB A>B  A<B  AeB
A2 ouT IN N IN Al

1i{2]]13]]14]15]]|6]t71|8
B2 A2 A=BA>BA<BA=8 Al GND
INDIITS CASCADING INPUTS

3 3 3 3

Vee 4R 4A 4y 38 3A  3Y

1B 1Y 2A 2B 2Y GND

87

89

Vec Al Y4 NC A3 Y3 B
14| |13 |12]In}j0L | 9] 8
A4 Y4 A3 Y3
C B|
Al hil A2 2

c Al Y1 NC A2 Y2 GND

ENABLE
C

V¢ G E D € 8

BINARY SELECT
QUTPUT
A Y8

SELECT INPUTS 'chtl sense data sense
nput output input output
D 4 fu gut

select mem write data sense data sense GND
input A~~~ input output input output
ENABLES 1 1 2 2

90

91

92

2 2
VT ne Qs Op GND Qg Q¢ [T ™ ingut B GND dock NC INUT ne Qs Op GND Q¢ Qp
“insjj2iinyjorje s
G O oC
pa apf
b8 RO(2)
Rom
1{12113114])5]}61}]|7
INEUTRo(1) Ro(2) NC Ve Rou Rat2) NC NC NC NC vVcc NC NC INPUT NC NC NC vcc Rotr) Ro2)
3 3
93 L93 94
2

'N’;UTRomﬁo(Z) NC Vcc NC  NC

3

PIA PIB PIC P1D Voc PEt serisl clock
input

2
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95A L95 96
OUTPUTS k2 _ OuTRUTS OUTPUTS dlogk 2 OUTPUTS OUTPUTS
Vee @4 Qg O¢ Op f\“’.‘v.'?fﬁi?ﬂ)' 2" ‘Gn G GND O¢ Gp T‘&E&'} Qa GNO Bp OF et

{13121t J10l]19]]8

0a Op oc  Op
Input A ck2
Serial Input (3]
Mode B8 [ O Mode
[«TTsITe] 1188)0)8|0}E a
serisl A B8 [ D, mode GND serial B C, Vgc D mode clock 1 dock A B C Vec O € preset
input control i S’ i i \—?—/ enab!
INPUTS input INPGTS input controtR shift PRESET PRESET le
2 2 5
2
RATE INPUTS .
unity/enable
Vee D C  clesr cescade input strobe clock

W5 {4l |13 12]|n]]0l]9

D C Clear Unity/  Enable Stuobe
Cascade Input
B o3
Enable
E £ A Z Y Output
1112]13[[4]]s]]e[|7]]e
8 E F A, 2 Y _ ensbie GND
RATE INPUTS OUTPUTS
100 H101
8 2 2 2 2
enable 5 B
Vee 1G 1D3 1D4 104 103 203 204 2D4 203 NC NC Vee CK K28 K2A Ki1B KiA Q
24} [23] 122] [21] [20] [10] |18 [ 7| [16] [15] [1a} |13 8 |
[
1fl12]13]le[Isfle[]7]]8[]9]|o]{n]]= [5]]6]
NC 1Dt 1D2 102 101 NC GND 2Q1 2Q2 2D2 2Dt on;gll Nna 1B J2A J2B PR Q GND
2 2 2 2 8 2
H102 H103 104
2 3 3 2 2 2
W 1@ 1a GND 2k 20 20 Voo cleer U3 K3 K2 clock @

2

1] J13]f12]| n{J10] [0 ][8)

| ] [
oé o
I L"
12 3] e ] 5] e ]7]

1ICK 1 1K Vgg 26K 2 2
CLR CLR
3 2 3 2
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105

H106

H107

1K

\[*]

1@ GND 2k 20

20 2
W15 w3 2[inn]]0l]l9

K
pCx

TR - R

p CK

2 2 2 2

1 2
vee CLR 1CK 2K CLR 2CK 2

! a K o @
1([2f}3]]4]15]161]|7(]|8
1CK PR m‘.n U Vge 26K 2PR ctz.n
2 2 2 2
H108 109 110
2 4 4 2 2 4
Vec PR CLR 2 vee czn 20 2k 2k 2R 20 20
8115|114 ] |13 ]12|nn]]|0]]9
CLREH >CKPR ¢
b K _] I3 a
. Q'-Ll_ CLR

1112]|3f|4][5|16]17]1]8 1112]13]]4a]]|5(]6]]|7
1.1 1K 1CK PR 10 13 GND NC CLR 1 J2 43 & GNnD
CLR
4 2 2 4
11 112 13
3 3 4 3 4 3
vee C|1.R cfa 26K 2k 20 2PR 20 Vee 26K 2¢ 20 2R 20 20
Hin3pin2iintjopleis
o
X
X [¢]
I a3}
CK
J pg Q
1112(]3]||41]|5]]6]]|7
1IcK 1K 13 1R @ 1@ 20 GND 1CK 1K 14 PR 10 10 GND
4 3 4 2
114 116
8 5 15 15 15
ENABLE
Vcec 204 204 203 203 202 202 2Q1 201 2G2 2G1 clesr
24] j23] |22] j21] |20) |19 (l18] iT7 |16 |15 14| 113
04 D4 a3 D3 Q2 274 ar D|(3
Clear
Clear
GD! o D2 Qa2 D3 Q3 04 Q4
1§12)13|14]i51]|6|j7](8]|]|9]]|w0]In]|]|
CLR 1K W 1 _1G1 1G2_ 1D1 101 102 102 103 103 1D4 1Q4 GND
clesr S ENKBLE
6 15 15 15 5
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118

119

§$1 Q1 Q2 S22 Q3 S§3 NC GND

120

121

122

2
INPUTS OUTPUTS
—_—
Ve M 252 25t 2R 2¢ 3y oY

1B81[15{]14||13] 12| in |10} ]9

1 A i Y 1
M s2 St R 8
v Y

=

v ¥
M s s2 R C
. S AR A
L2 te [« ]1s (e 7]Le]
M 151 182

1R 1C, 1Y 1Y GND
INPUTS OUTPUTS

Rext/
Vcc NC  NC Gext Coxt Rint NC

] 131211t j10)j9]8

=]}

NC A1 A2 8

Rext/
Vee Coxi NC Coxt NC Rig @

1[12]]13]|4]15]16]!7
[}

Al A2 Bt 82 CLR

2

GND

123

125

126

2

1 Rext/ 1 2
o ey 10 20 CLR 28

vee  Coxt

1A 1B 1 18 20 2 2 GND
cLR vl

Cext

1IC 1A 1Y 2€ 2A 2Y GND

128

132

133

1Y 1A 18 2¥ 2A 2B GND

1A 18 1Y 2A 2B 2Y GND
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134

135

136

output
Vg control L K J

3]z
o]~

o[~

[~]
Z
o

1A 18

1Y 1C,2C 2A 28

138

139

140

DATA OUTPUTS
Vce YO Y1 Y2 Y3 Y4 Y5 Y8

Vg 26 2A 28

DATA QUTPUTS
2v0 2v1 2v2 2v3 Ve

SELECT

28 2A 2Y

1112113]14]15]116]|7

B G2A G28 G1 Y7 GND 1G 1A 18 _ 1Y0 1Y1 1Y2 1Y3 GND 1A 1B NC 1C 1D 1Y GND
output onabls
SELECT ENABLE SELECT DATA QUTPUTS
OUTPUTS OUTPUTS ‘l'nch LATCH OUTPUTS LED/LAMP DRIVER OUTPUTS
max robe
0 1 5 4 GND 6 7 3 Vce PCEl countinput Qp Qc Qg Qs b » < 9

8 0 1 5 4 6 7

BCD-TO-DECIMAL
DECODER/DRIVER

24| 123} j22] |21] j20] |18 J18| |17 ]161 |15{[14] |13

Ser 4-bitlatch ‘decoder/diver
MC| strobe b
C QAJ 2 2
K gl 9
s [« Q| {
ciear 7| b opt—
1{l2]]13]|«]I5]16[]|7]|I8]]9]]|0]|n]][”

SCE1 clock clear RB1 B1 RBO decimel dp d f e« GND

c
S—— output point
OQUTPUTS  INPUTS INPUTS LED/LAMP DRIVER OUTPUTS
2 2 2
clock/ _  latch  DRIVER QUTPUTS fsch _LATCH OUTPUTS LED/LAMP DRIVER OUTPUTS

count Qp strobe
Ve input output input 9 8 0 1

16 |15][14]]13] |12] |11 ||101]9
et s W S B
Qg 0 ocp—roAc
ok Q¢ ol g —
Ig" Q o
clear ]
t{12¢]13]]4]]15}]|6]||7}]|8

clear (7 6 4 5 3 2 _ GND
DRIVER OUTPUTS

max strol
Vec PCE1 count input Qp Qc Qg Qa b 8 c g
241123} 122] 121] J20Lj19| 18| |17| |16 |15] 14| |13

S Frr— ‘_J
e N:Cj Ls:o:e‘ o J— A g__]
A I
m=n-—3
clear 3 |
1[12[]3f{a[ls[|efl7[18[o]]w]]n]]e

RBO decimal dp d f e GND

node point
LED/LAMP DRIVER OUTPUTS

SCE1 clock clesr RB1 B1
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145

147

148

2 2
OUTPUTS INP!
INPUTS OUTPUTS OUTPUT INPUTS UTPUT uTS ouTPUT
Vec A 8B € D 9 8 7 Vgc NC D T3 2 1 9 A Vec EO GS 3 2 1 0
B4 13 |12]|nj1OLl® B115] ] |13 12] 11| ol e
I3} 3 2 1 9 s GS 3 2 1 0
4 Al 4 ADf
5 ] 7 8 C B 5 6 7 £l A2 Al
1]12113]14]]|5][]|61]7]]18 1 2[13]]4[]|5]16][]7]]8
4 5 8 7 8 c B__ GND 4 3 6 7 _E1_ _A2 A1_GND
OUTPUTS INPUTS OUTPUTS INPUTS OUTPUTS
2 2 2 2 2
DATA INPUTS DATA SELECT DATA INPUTS DATA SELECT
vee 8 9 0 11 12 13 4 15 A 8 C Vece 4 5 6 7 A ] c
16151 4] 13} 112111 | |10]1] 9
Da D5 D6 D7 A B
D3 <
02 D! DO Y W S
1 2{13(]4[]|5]16]]7]]8

DATA INPUTS

3 2 1 0
DATA INPUTS

OUTPUTS

W  strobe GND

163

154

strobe A
Vee 2G  select

DATA INPUTS

strobe 8
1G  select

DATA INPUTS

output GND
W

155

156

157

select
data strobe input
Vee 2€  2G

OUTPUTS
A 2Y3 2Y2 2v1 2Y0

data strobe seiect
1c i

mgu'

Y3 1¥2 1yt
OUTPUTS

1Y0 GND

1c

da
Vee 2€ 26 A

OUTPUTS

U
ta strobe ?7‘535
2Y3 2Y2 2v1 2Y0

data strobe select 1Y3 1Y2 1Y1

roe = 10 GND
it
g ouTPUTS

INPUTS
—— O
Vee strobe 4A 4B 4
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158

1569

2

INPUTS INPUTS
outpu
Vee strobe 4A 4B 4Y 3A 3B

select 1A 18 1Y 2A 28 2Y GND
“——~—— output ~————" output
INPUTS INPUTS

INPUTS

OUTPUTS

OUTPUTS

160

161

162

OUTPUTS
carry ensbie
Vecoutput Ga Qg Q¢ Qp T  load

615} {Wl13 12| ]10]]9

L1 [ |

carry Ca Qg Q¢ Qp  enable
oulput T

clear 10uef fmd

DATA INPUTS

OUTPUTS
corry ']
Vecoutput Q4 Qg Q¢ Qp T loed

DATA INPUTS

carry OUTPUTS erable
Veccoutout Qo Qg Qc Qp T  loed
wBlis]{]3]]12lin]]o]]9e

carry OA O 3
s s 0c Do ewe
clear load
enable
x A B [o D P

tl{2[13[|4]]|5]16]{]|7][]8
clewr clock A 8 [ O _ eneble GND
DATA INPUTS

163

164

165

OUTPUTS
carry enable
Vecoutput Q4 Qg Q¢ Qp T  losd
161]15] 4] 13|12l | 0} }9

v OA Og  OC  Op endbe

outpat
clear loaa
enable

x A B C P

112131411816 117]]8

clear clock A 8 C D _ enable GND

OUTPUTS
Vee Q4 Qg Qf Qg clear clock

14| 1B3r2ynjolls| |8

[ | 1 1 1

On . Vg O O e

B 0a  0s Q¢ Op°

LI T 1
1{]2]|]3]|a]l5]|6]|]|7
A B Qa Qg Q¢ Qp GND

PARALLEL INPUTS .
clocl serial output
Ve inhibit D [ B8 A input Qn

115141312}t |09

ok D [ B A Senal
nhiont i

ruitloact Gn

X [ + [ H Oy

1112]13]|(4]]5]]6|]7(]|8
shift/ clock € F G H o'spul GND
load H

DATA INPUTS SERIALINPUTS oUTFUTS PARALLEL INPUTS
2
2
perallel PARALLEL INPUTS RATE INPUTS . WRITE SELECT ENABLE OUTPUTS
shift/ innut output unity/ enabie Data A e
Ve load Qy F E  clesr Vce B A clear cascade input strobe clock Vee D1 A B  wiite resd Q1 Q2

6151|413 12| | j10]9

I I I I

s/ H O G F 3
iad

soral it chear

K

clog
Db

A 8 ¢

| O O
1112]|3114115]16]]7]|]|®8
serial A B [ D _ clock clock GND

¢ S ———— inhibit
PYt e ARALLEL INPUTS

Chear umy/ eoabie Strobe,
30 a0 0pu

K
enable
oupur

NC C o] set z Y enable GND
S’ 10 G S———— output
RATE INPUTS OUTPUTS

DATA READ SELECT QUTPUTS
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172 173
data write/resd address
write  inputs te tm outputs
lmi;‘h 20/ Zggl " r—A\
-t write
% ensdle ims read sdaress outputs output control outputs
174 175 176
data inputs ock
Ve 4Q 40 4D 30 30 3 dock Vec cer 0p D B ag o1
B 115] |14} ]13] j12] |11 J10]] 9 14]1]131]12]|nij0]]|9|]l8
C?ﬂ o 0 CLR] clear [} D B O
C D 0 i D B
. y count/fioad CK1
A o &0 K o o ¢ A__on
1] (5] 6] 1]12]]3[[a[]s]le[]7[]s 1{12]13]]a]15]]se]]7
cesr 1@ 1D 20 20 3D 3Q GND cdesr 1@ 13 1D 20 20 20 GND °f'°‘:':;/°c C A_ Qa cdock GND
data inputs 2
177 178 179
det inputs
Voo dee Gp ‘D B g %

14]113| 12| Inn]jo]l9}]]l8

Clear  Qp D 8  Op

Count/Load X194

Oc ¢ A0y o2
1112{]|3[|4]I5[]16]}7

A il Qs cdock Qg GND
Ty % T A 0n sk ovo L e % o
data inputs inputs
inputs INPUTS OUTPUTS

Vcc F € D C B A Voc At Bl A2 B2 A3 B3 "G Cpng P A=B F3
i3 j2fingjoliells 241123] |22] 1211 J20 jo| 8] |17 | jel |151 4] |13

F £ D [ 8 At 8! Az B2 A3 B3 G Chug P A=B

G A B0 F3

H e o ek o A0 83 52 SIS0 € M F0O A f2
11{2]}3]||al]l5]16]]7 1{12]f|3]|f{s]]|5]|6[[7][]|8]lo]]w]]n]]|2
G H_ ewn odd 5evenzodd GND 80 A0 S3 s2 SIS C, M, F0O F1 F2 GND
inpotsTPut input outputout INPUTS OUTFUTS
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182

183

184

Vee

BINARY, EE LECT

B A

Yt Y2 Y3 v4 Y§

G E D [
1] 151]e]i3] ]2 |n 109
¢ £ 0 ¢ 8 A
v »
2 vaowo v w v
1112113514 (IS]161]17]|8

Y8 Y7, GND

OuUTPUTS

185

186

BINARY SELECT

187

188

190

selsct  ensbles data Qutputs
mﬂut
C ME2 ME1 Y1 Y2 VY3 Y4

w151 12[IN]]101]9

1{12113]14]]5]16]17]]|8

G F E O A B _C.GND
SELECT INPUTS

BINARY SELECT
engble
vec ¥ F 0 ¢ & A

w15 4] 13L112] 1] 10149

Y1 8|

1{l2113[141|5]]|¢il7]|]8

Yt Y2 Y3 Y4 Y6 Y6 Y7 GND
OUTFUTS

_inpyts =~ _outpus = ingus
i max/ dets  data
VCC A dock cock min loed C D
18] |15] [14] |13] |12 |j1O}] 9
AT o e o e C
B Df
[o]:] Qa G downiup  Oc Qp
1{12(13]]|e115[16]]17]]|8
R A
\-ﬁ/—’
input  ourputs inputs outputs

191

192

193

Til mex, data
Vee A" dock dock mn losd C

- ~ ,
nput o ests mpuu

in% ou J inputs
data (

VCCA borrow carry D
w5 w3211 10l 9

A clear  borrow  carry Joad C

B
input  outputs “—~—" outputs

’-”‘L,_"s&\ﬁ%

data Qg QA count count
B down up
input outputs inputs,

mputs output inguts
“Gata deer S “ioed dara date
vee TOW Carrv D
16|15 |14]|13]12] || |01}
A Cclear botow cany  load T
B D|
count  count
Qg 0Qa Oown wp o Op
1{12]}3[j4]|5]|6]l7]}|8

Qc Op GND
outputs
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194 195 196

OUTPUTS it/ DATA INPUTS dock
Vec Ga Og Q¢ Qp dock St SO vec Ga O Oc Gp Up dock losd Vec der 0p D B Qg 1

161 {15]1141]13] 12| In|J10] ]9 s iinijojlels

x 0 ac_ Op Bl

ok cear _Qp O B )
clear S0 clock14
A A 8 ¢ oL ac A G Co2

C
|
3[1«ITsTe 17
C

1112[13[14[1s[le[17 18 B 1
cdeer shift A B C D shift GND cdeer 4 K. A B C D GND count/ Qg A_ Qs dock GND
right serisl loft serisl ST~ DATA TNPUTS 2
input  PARALLEL INPUTS input SERIAL INPUTS PARALLEL INPUTS T

197 198

shift laft
DATA INPUTS dock  afe
Vec dew Qp "D B> Qg 1

141 13{|12]In|]|10]j9l]8

clear  Qp [ B QB

foad clockl

ac ¢ A Qn clock?

1112]]3]]4]]5]]6]]7

count/ Oc _C A _ Qa dock GND
load DATA TNPUTS 2

199 200

shift/ input . . . addvess “"""
voo B B aw B a5 T o "B or e s voe A o
24| 123] |22} [21] [20) [19| J18] |17 ]8]| I15] [a] |13 18] 1151 |14} 13] [12] |1t [|v0l] 9
Shhy/ M G 05 F O E  0p Cha C WD WE G F
Load A E
k I 8 ME ¥ D
J A O 8 % c % o O i T
111213 ]4]]|5]|6]]7[181]9]o]|n]|]t 1112]]|3fj4]]|5][]l6l]7]]8
K J_ input Qp iy Qg input Q¢ input Qp clock GND A 8 M1 MEz ME3 our D GNOD
sm.rrs gut [ B“ inhibit padiee put . np\rl't-

206 251 253

ess address

9adrex dats write addren DATA INPUTS DATA SELECT
Vee 7 C H™ input snable G F 3 Vee 4 5 [ 70 A 8 Cc
161 [15] 14| [13] 12]j11{]10]] 9 611511413 ]12}I1n]]0]]9e

C H Dif WE G 3 D4 05 D6 D7 A B

A £ 03 c

B ME M 0

D2 01 00 Y W S

1[12113]|4f]|5][|6(]|7][]|8 t{12[13]]a][]|5f]|6[l7[]e
A _B_ ME1 ME? ME3 out- D GND 3 2 1 [1) Y_ _W_ strobs GND output B ‘output GND
H,_/ t o~ ~ ” ~ ’ by
focess e DATAINPUTS  OUTPUTS control siect data inputs 2




PN CONFIGUNATION GUIDE

257

258

260

inputs
output /—’Routeut
Veccontrol 4A 4B 4

smlect 1A 18 1Y 2A 28 2Y GND
S OUPUL N QUL UL
inputs inputs

inputs inputs
output /_'\“W'eu! —— outy
Voc control 4A 48 & 34 38 3

slect 1A 1B 1Y 2A 2B 2Y GND
S OUIPUt " output
inputs inputs

Vcc 1E D 26 20 2¢ 28
4(|13j12]|n]joljoll8

=

1112{13({]4]]|5]]|6}]]|7
1A 18 1IC 2A 1Y 2Y GND

266

278

279

151 182 1@ 2R 28 20 GND

strobe D3 Y4 GND
INPUTS o] uUTS

280

283

284

INPYTS
vec F E D C B A

4] 1312 njofjoj 8

3 € D < 8
G Al
t 1
H |___even odd
1112]]13[]4]I5]]|6]}7
G H NC 1 }3 I GND
S——— input _even odd

word enable outputs
input —m—N——

Vec 20 GA GB Y4 Y5 Y6 Y7
1615|413 }12] || jOL119

2C 28 2A_ 1D 1A 1B 1C_ GND

word inputs word inputs

285

290

293

word enable
vee ;D GA GB YO Yi Y2 Y3

wBlsp vy i2pnjolle

20 Enable Yo ALl Y2
i Y3

1112[13f14]151161{7]|8
28 2A_ 1D 1A 18 1C_GND

outputs

in| input
Vee Rot2) Rog) B "R Qa  Qp

Ror  Row

Ro(1)

Rgi2)  O¢

Rg(1) NC "942).3t Qg NC GND
ol

input input oUIRUS
Vce Rogz) Row B "R Qa Op
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295 298

OUTPUTS OUTPUTS data
output word input
Vec Qa Qg Q¢ Qp clockcontrol Vec Qa Qg Q¢ Qp dlock select
141113 12| j11{j10L19]]8 16| |15 14| 3] 2l jn 10l ) @
O[A Olg olc OID CIK J Q Qg QA U ok WS
G 82 cl

A? Al =1} C2 02 Dt

1{l2[|3][|4]115]|6][7]|8

sial A B GND B2 A2 A1 Bl C2 D2 DI_GND
input INPUTS control DATATNPUTS

sysTem 74
NTEeNFOCS
CIPOUITS

SN7520 7521

7522

strobe gate OUTPUTS strobe gate strobe gate OUTPUTS strobe gate
Vect SA Gy Y Z Sg Gz GND Vees sp Gy © Y Z Sg Gz GND

out-
strobe gste GND put strobe
Veee Sa G2 Sg

Y

Cext A1 A2 -Vief +Viet B1 B2 Vec- Cext A1 A2 -Vigt +Vigf Bl B2  Vge- Coxt (Al A2 =Vigf +Vrgr B1 B2  Veoo
INPUTS INPUTS INPUTS INPUTS INPUTS INPUTS
obe GND Put strobe GND wobr pui GND gt strobe GND o o
str ote put  stri strobe put put  stro| strobe put GND it strobe GND
Vees Sa G 2 Y sg RL 1 Vees 15 W 2W 25 NC 1 Vees 1S W2 W TR e )

Cext A1 A2 -Vigf +Vier BI B2 Vgoo Cext JAT 1A2 =Vigf +Vig 2A1 2A2 Vge-
INPUTS INPUTS INPUTS INPUTS

INPUTS

INPUTS

Coxt 1A1 1A2 -Vigf +Vref 2A1 2A2 Veo-

61




PN CONAGUNATION GUIDE

SN7526

SN7527

SN7528

strobe
Vees Sa cesr ~ Q Q

NC Al A2 Vgt +Vief B1

OUTPUTS strobe
Sg  presst GND

82 vce-

QUTPUTS strobe
Sg preset GND

strobe
Vecr Sa cesr G Q

B2 Vvce-

Coxt VA1 1A2 -Viap +Vegt 2A1 2A2 Voo

INPUTS INPUTS INPUTS INPUTS
SN7529 SN75107A SN75108A
OUTPUTS o input i output strobs
Vees 1 MTTW W " % GND Veor Voo TAT BT ne 090U uRe Vecr Vec- 24 2B NC 2V 26
14ff13]]2]in]|01]o]]|8 a2l injogi9(l8

Vo

1]121|3]14][5]1|6][]7
input in NC output strobe strobe GND
|1pAu 1%“‘ 13“ 1G S

1]112113]]14]|5]|6][]7
input input NC output strobe strobe GND
S R 2 -

SN75109

SN75110

SN75150N

vee+ 1

input input INH INH input input GND
T e %

output output INH output output
3 1£ Vee- O 25 2y

1IC 2C¢ 2A

output output INH output output
veer Hiaker s vee- D 22"

input input INH INH input input GND
TR 2 TA

1]c 2B

outputoutput
NC veee 1Y

2Y Vge- NG NC

NC strobe input input GND NC NC
S 1A 2A

SN75150P

SN75154

SN75234

output output
Vees 1Y 2Y Ve

strobe input input GND
2,

QUTPUTS
3y 4y Rt

THRESHOLD
ALT NORM CONT
vcez Vecr 4T Yy ay

61151114131 J12]In|]0]]9®

threshoid controls INPUTS

[ M | |
1{j2]13[]14]]5]]|6[|7]]|8
3T 2T 1T__1A 2A 3A 4A_GND

NC 1Al 1A2 =Vygs +Vrgt 2A1 2A2 Vee-

INPUTS INPUTS
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SN75235

SN75238

SN75239

INPUTS

NC A1 1A2 -Vigs +Vegq 2A1 2A2 V,
ret *Vret 2A1 242 Vee-
INPUTS

OUTPUTS
strobe " —— strobe
Vees WP 1§ W 2w 25 2P GND

NC  1A1 1AZ ~Veor +Vegr 2A1 2A2 Vee-

SN75324

SN75325

SN7540B

out oUtput soUrcRoutpUt O
Yommll.o- ;?m

source tors source sink

Vec 2A 2y 28 2¢ 2E sue

G 1A 1Y 1B 1IC 1€ GND

SN75451B

SN75452B

SN7543B

Ve 28 2A 2y

1A 18 1Y GND

Ve 28 2A 2y

1A 1B 1Y GND

SN75454B

Vcc 28 2A  2Y

1A 18 1Y GND
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GATES

POSITIVE-NAND GATES AND INVERTERS WITH TOTEM-POLE OUTPUTS

TYPICAL TYP. POWER DEVICE
DESCRIPTION PROPAGATION | DISSIPATION TYPES
DELAY TIME PER GATE
3ns 19 mW SN74504
6 ns 22 mW SN74H04
HEX INVERTERS 9.5 ns 2mwW SN74LS04
10 ns 10 mW SN7404
33 ns 1Tmw SN74L04
3ns 19 mwW SN74500
QUADRUPLE 2-INPUT 0 g :: 2§ :‘x 3':333&
POSITIVE-NAND GATES 10 ns 10 mW SN7400
33 ns 1mw SN74L00
3ns 19 mW SN74S10
POSITIVE-NAND GATES 10 ns 10 mwW SN7410
33 ns 1Tmw SN74L10
3ns 19 mW SN74S20
DUAL 4INPUT 25 s G| nvais2o
POSITIVE-NAND GATES 10 ns 10 mW SN7420
33 ns 1 mw SN74L20
3ns 19 mW SN74S30
6 ns 22 mW SN74H30
&INPUT
17 ns 2 mW SN74LS30
POSITIVE-NAND GATES 0ns 10 mW SN7430
33 ns 1mwW SN74L30
13- INPUT POSITIVE-NAND GATES 3ns 19 mW SN745133

POSITIVE-NAND GATES AND INVERTERS WITH OPEN-COLLECTOR OUTPUTS

TYPICAL TYP. POWER DEVICE
DESCRIPTION PROPAGATION | DISSIPATION SNPES
DELAY TIME PER GATE
5 ns 17.5 mW SN74505
8 ns 22 mw SN74H05
HEX INVERTERS 16 ns 2 mW SN74LS05
22 ns 10 mW SN7405
5ns 17,5 mW SN74S03
8 ns 22 mw SN74HO1
QUADRUPLE 2-INPUT 16 ns 2mW SN74LS01
- 16 ns 2 mw SN74LS03
POSITIVE-NAND GATES oo 10w aN7401
22 ns 10 mW SN7403
41 ns 1 mw SN74L03
TRIPLE 3-INPUT
POSITIVE-NAND GATES 2208 10 mw SN7412
DUAL 41NPUT 5 ns 17,5 mW SN74522
8 ns 22 mw SN74H22
POSITIVE-NAND GATES
° 16 ns 2 mW SN74L522
22 ns 10 mwW SN7422




POSITIVE-AND GATES WITH TOTEM-POLE OUTPUTS

TYPICAL

TYP. POWER

DEVICE
PROPAGATION | DISSIPATION
DESCRIPTION ELay TIvE. | pent ante TYPES
QUADRUPLE 2-INPUT 12ns 4.25 mW SN74LS08
POSITIVE-AND GATES 15 ns 19 mW SN7408
TRIPLE 3INPUT 4.75 ns 31 mW 2N3431111
POSITIVE-AND GATES 8.2 ns 40 mw N74H
12ns 4.25 mw SN74LS11
DUAL 4INPUT 8.2ns 40 mw SN74H21
POSITIVE-AND GATES 12 ns 4.25 mw SN74LS21
POSITIVE AND GATES WITH OPEN-COLLECTOR OUTPUTS
TYPICAL | TYP.POWER | oo\
DESCRIPTION PROPAGATION | DISSIPATION TYPES
DELAY TIME | PER GATE
QUADRUPLE 2-INPUT 18.5 ns 19.4 mW SN7409
POSITIVE-AND GATES 20 ns 4.25 mw SN74LS09
TRIPLE 3NPUT 6 ns 28 mW SN74S15
POSITIVE-AND GATES 10.5 ns 38 mw SN74H15
20 ns 4.25 mw SN74LS15
POSITIVE-OR GATES WITH TOTEM-POLE OUTPUTS
TYPICAL TYP.POWER | oo o
DESCRIPTION PROPAGATION | DISSIPATION | T pes
DELAY TIME | PER GATE
QUADRUPLE 2-INPUT 12ns 24 mW SN7432
POSITIVE-OR GATES 12 ns 5 mW SN74L532
POSITIVE-NOR GATES WITH TOTEM-POLE OUTPUTS
TYPICAL | TYP.POWER | ovice
DESCRIPTION PROPAGATION | DISSIPATION |  Typee
DELAY TIME | PER GATE
QUADRUPLE 2-INPUT 35 ns 29 mw SN74502
POSITIVE NOR GATES 10 ns 2.75 mw SN74LS02
10 ns 14 mW SN7402
33ns 1.5 mW SN74L02
TRIPLE 3-INPUT 8.5 ns 22 mW SN7427
POSITIVE-NOR GATES 10ns 4.5 mw SN74LS27
DUAL 4-INPUT POSITIVE-NOR
CATES WITH STROBE 10.6 ns 23 mW SN7425
DUAL SINPUT 35ns 20 mW SN745260

POSITIVE-NOR GATES
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AND-OR-INVERT GATES WITH TOTEM POLE OUTPUTS

TYPICAL TYP. POWER DEVICE
DESCRIPTION PROPAGATION | DISSIPATION TYPES
DELAY TiME PER GATE
12.5ns 2.75 mW SN74LS55
2WIDE 4-INPUT 43 ns 1.5 mW SN74L56
4WIDE 4-2-3-2-INPUT 3.5ns 29 mW SN74564
4WIDE 2-2-3-2-INPUT 6.6 ns 41 mW SN74H54
4 WIDE 2-INPUT 10.5 ns 23 mW SN7454
4WIDE 2-3-3-2-INPUT 12.5ns 45 mw SN74LS54
4WIDE 2-3-3-2-INPUT 43ns 1.5mw SN74L54
3.5ns 28 mW SN74S51
6.5 ns 29 mW SN74H51
DUAL 2-WIDE 2-INPUT 10.5 ns 14 mwW SN7451
12.5ns 2.75 mW SN74LS51
43 ns 1.5 mW SN74L51
AND-OR-INVERT GATES WITH OPEN-COLLECTOR OUTPUTS
TYPICAL TYP. POWER DEVICE
DESCRIPTION PROPAGATION | DISSIPATION TYPES
DELAY TIME PER GATE
4AWIDE 4-2-3-2-INPUT 5.5 ns 36 mwW SN74S65
EXPANDABLE GATES
TYPICAL TYP. POWER DEVICE
DESCRIPTION PROPAGATION | DISSIPATION TYPES
DELAY TIME PER GATE
DUAL 4INPUT POSITIVE-NOR 10.5 ns 23 mW SN7423
GATES WITH STROBE
4WIDE AND-OR GATES 9.9 ns 88 mW SN74H52
6.6 ns 41 mW SN74H53
awi -OR-

WIDE AND-OR-INVERT GATES 10.5 ns 23 miW SN7453
2-WIDE AND-OR-INVERT GATES 6.8 ns 30 mW SN74HS5
DUAL 2-WIDE AND-OR-INVERT 6.5 ns 29 mW SN74H50
GATES 10.5 ns 14 mw SN7450

EXPANDERS
TYP. POWER
DESCRIPTION DISSIPATION E.E,\;LCSE
PER GATE
4amw SN7460
DUAL 4-INPUT EXPANDERS 6 mW SNT4HE0
TRIPLE 3-INPUT EXPANDERS 13mw SN74H61
3-2-2-3INPUT AND-OR EXPANDERS 25 mW SN74H62




BUFFERS/CLOCK DRIVERS WITH TOTEM-POLE OUTPUTS

LOW-LEVEL HIGH-LEVEL TYPICAL TYP. POWER DEVICE
DESCRIPTION OUTPUT OUTPUT DELAY PER TYPES
CURRENT CURRENT TIME GATE
g’_‘f@%’}””“ 48 mA —~24mA 7ns 28 mW SN7428
POSITIVE-NOR 24mA —1.2mA 12ns 5.5 mW SN74L.528
BUFFERS 12 mA - 1.2mA 12ns 5.6 mW
60 mA —3mA 4ns 21 mw SN74S40
DUAL 4-INPUT 60 mA - 1.5mA 7.5ns 44 mwW SN74H40
POSITIVE-NAND 48 mA - 1.2mA 10.5 ns 26 mW SN7440
BUFFERS 24 mA —1.2mA 12ns 4.3 mW SN74L.S40
12 mA —1.2mA 12 ns 4.3 mwW

50-OHM/75-OHM LINE DRIVERS

LOW-LEVEL | HIGH-LEVEL | TYPICAL TYP. POWER DEVICE
DESCRIPTION OUTPUT OUTPUT DELAY PER PES
CURRENT | CURRENT TIME GATE

QUADRUPLE 2-INPUT
POSITIVE-NOR 60 mA —40mA 4ns 22 mW SN745140
LINE DRIVERS
DUAL 4INPUT 48 mA —42.4mA 7ns 28 mW SN74128
POSITIVE-NAND e e ore 28 m
LINE DRIVERS m m

BUFFER AND INTERFACE GATES WITH OPEN-COLLECTOR OUTPUTS

HIGH-LEVEL | LOW-LEVEL TYPICAL TYP. POWER DEVICE
DESCRIPTION QUTPUT OUTPUT DELAY PER TYPES
VOLTAGE CURRENT TIME GATE
30V 40 mA 13ns 21 mw SN7407
HEX 30V 30 mA 13 ns 21 mW
BUFFERS/DRIVERS 15V 40 mA 13ns 21 mwW SN7417
15v 30 mA 13 ns 2t mw
30v 40 mA 12.5ns 26 mW SN7406
HEX INVERTER 30V 30 mA 12.5ns 26 mW
BUFFERS/DRIVERS 8V 40 mA 126 ns 26 mW SN7416
15v 30 mA 125 ns 26 mW
QUADRUPLE 15V 16 mA 13.5 ns 10 mw SN7426
2-INPUT 55V 48 mA 12.5 ns 244 mwW SN7438
POSITIVE-NAND 55V 24 mA 19 ns 4.3 mW SN74LS38
BUFFERS 55V izZmA 19 ns 4.3 mwW
QUADRUPLE 5.5V 48 mA 11 ns 28 mw SN 7433
2-INPUT POSITIVE- 85V 24 mA 19 ns 5.45 mW SN74LS33
NOR BUFFERS 5.5V 12mA 19 ns 5.45 mW
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SCHMITT-TRIGGER POSITIVE-NAND GATES AND INVERTERS WITH TOTEM-POLE OUTPUTS

TypicaL | TYPICAL DEVICE
DESCRIPTION vysTEResis | DELAY TYPES
TIME
HEX SCHMITT TRIGGER INVERTERS | 08V 15 ns SN7414
QUADRUPLE 2-INPUT 0.55 V 8ns SN745132
POSITIVE-NAND SCHMITT TRIGGERS | 0.8V 15 ns SN74132
DUAL 4INPUT POSITIVE-NAND
SCHMITT TRIGGERS 08V 16.5 ns SN7413
GATES WITH 3-STATE TOTEM-POLE OUTPUTS
TYPICAL TYP.POWER DEVICE
DESCRIPTION PROPAGAT!ON DISSIPATION PES
DELAY TIME PER GATE
QUADRUPLE BUS BUFFERS 10 ns 40 mw SN74125
' 10 ns 45 mw SN74126
12-INPUT
POSITIVE-NAND-GATES 45 ns 45 mw SN745134

USEFUL INFORMATION AND TIPS
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Unused Inputs NAND, AND

- Should be taken to Vo when V(o is guaranteed

< 5.5V, or, if VCC is ever >5.5V (due to
transients, etc.) take to V via a series current
limiting resistor of value not less than 1k§2. Several
inputs may be connected to one resistor provided
that the total input current in the logical 1 state
does not cause the input voltage to fall below
2.7V.

. May be taken to the output of a device whose

output is permanently at a logical 1. Many devices
in System 74 are characterised to ensure extra fan
out in the logical 1 state in order to facilitate this
procedure.

. May be tied to a driven input of the same gate as

long as the fan out of the driving gate is not
exceeded in the logical 1 state.

NOR OR Inputs

. Unused inputs should be grounded.
. May be tied to a driven input of the same gate as

long as the fan out of the driving gate is not
exceeded when its output is in the logical 1 state.

Input Currents

. Should not be allowed to exceed 0.5mA per gate

input when the input is at a voltage >5.5V
(breakdown condition). This current should be
limited to 5SmA per package.

B. Should not exceed —5mA per gate input or 25mA
package total when the input is below ground.
This current flows through the input clamp diodes.

Rise and Fall Times

Data rise and fall times should be <50ns when
measured between 0.5V and 2.7V levels except for
devices with Schmitt inputs, where there is no
restriction. 1f this criteria cannot be met then a
Schmitt trigger should be used between the data
source and gate input.

LINE DRIVING

Gates whose outputs drive transmission lines
should be situated close to the board periphery so as
to minimise line ground return impedance. Line
grounds are returned to the package ground and not
the system ground. The output from a gate that is
driving lines (sending end) should not be used as the
input to other logical elements, unless the input has
Schmitt action. ‘Local’ decoupling should be applied
to line driver gates.

TRISTATE GATES

Ensure that system delays give minimal ‘skew’
between the enable inputs of gates whose outputs are
OR’d together.

GATES

Increased output current in the logical 1 state may
be obtained by using a ‘pull up’ resistor between the
output and the V- supply.



predetermined sequence defined by gating func-
tions. Bistables used are D types.

Typical Applications
1. Simple 3 stage counter that counts through a

COUNT SEQUENCE ac aC 8c
A B c A A A
0 1 0 00 01 11 410 00 01 11 10 00 01 11 10
0 0 1 VS I SV rade DA “olieh o ERE
1 ] o oflx|1:0]0 O:X:1:1£0 _0_.3(_,:0 o1
1 0 o0 TR x o |71 it ixf1]o 11X 717 o
1 1 1 P P [P Se —paoofd L [P ORI S
0 1 1
0 1 0 Dp=B+ACT Dg=B+C De=BC +AC+AC
1(a) IMPLEMENTATION
‘7427 ‘7408
c B
7427 B
c
_ A
A A
7427 7474 ‘7474 ‘7474 T
D A +— —D Bft— L—D C|— ‘7408
— CLOCK — CLOCK —1 CLOCK
B
A— B |— Cr—
COUNT INPUT @

The method shown illustrates the technique of and obtaining the true function (OR) at the Q

driving the D inputs by the inverse function (NOR) outputs.
1(b)} ALTERNATIVELY
1. ‘7400
A
C
——:
T
B
7400 C
—OG: ¢ '7410
B
‘7400
* Do
A D A }— LD B8 b—— D [of
CLOCK —1 CLOCK —1 CLOCK
A — B Cl—
‘7474 ‘7474 ‘7474
COUNT
\ &

INPUT




Combinational logic, typical examples

2.

Grey code to binary convertor

3. BCD 9's Complementer

‘7486 4 2 1
Gy B,
-
]
S,
i
o) > & ez v
4. Open collector exclusive OR used as a binary comparator.
Vee
2.2k §2
N
—> OUTPUT
A=8
'7486

Ay B4 A2 32 A3 B3 A4 By

A

A

A

As Bg Ag Bg A7 By Ag Bg

2 )5 ‘7404
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Flip-Flops and Counters

SYSTEM




COUNTERS

ASYNCHRONOUS COUNTERS (RIPPLE CLOCK)-NEGATIVE-EDGE TRIGGERED

TYP. TOTAL
DESCRIPTION CF%%%T PA&?A';E L CLEAR POWER DEVICE No. OF
DISSIPATION | TYPES PINS
50 MHz Yes Low 20 mwW SN74196 14
35 MHz Yes Low 150 mW SN74176 14
32 MHz Set-t0-9 High 160 mW SN5490A 14
DECADE 32 MHz Set-t0-9 High 160 mW SN74290 14
30 MHz Yes Low 60 mW SN74LS196 14
3MHz Set-to9 High 20 mwW SN74L90 14
50 MHz Yes Low 240 mW SN74197 14
35 MHz Yes Low 150 mW SN74177 14
32 MHz None High 160 mwW SN7493A 14
4BIT BINARY 32 MHz None High 160 mW SN74293 14
30 MHz Yes Low 60 mW SN74LS197 14
3 MHz None High 20 mW SN74L93 14
DIVIDE-BY-12 32 MHz None High 160 mW SN7492A 14

SYNCHRONOUS COUNTERS—POSITIVE-EDGE TRIGGERED

TYP. TOTAL
DESCRIPTION %%%T PALROA:'[')'EL CLEAR POWER [:.EY\'/,IECSE No. OF
: DISSIPATION PINS

DECADE 25 MHz Sync Sync-L 3056 mW SN74162 16
ca 25 MHz Sync Async-L 305 mW SN74160 16
25 MHz Async Async-H 85 mwW SN74LS192 16
25 MHz Async Async-H 325 mw SN74192 16
SE/CDAODVEN 20 MHz Async None 90 mW SN74LS190 16
20 MHz Async None 326 mwW SN74190 16
3 MHz Async Async-H 42 mW SN74L192 16

DECADE 1
RATE MULTIPLIE R’ﬁ 25 MH2 Set-to-9 Async-H 270 mwW SN74167 16
25 MHz Sync Sync-L 305 mwW SN74163 16
4BIT BINARY 25 MHz Sync Async-L 305 mW SN74161 16
25 MHz Async Async-H 85 mW SN74LS193 16
25 MHz Async Async-H 325 mW SN74193 16
4BIT BINARY 20 MHz Async None 90 mW SN74LS191 16
20 MHz Async None 325 mW SN74191 16
3 MHz Async Async-H 42 mW SN74L193 16

6-BIT BINARY
RATE MULTIPLIER,‘N 256 MHz Async-H 345 mwW SN7497 16
2
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DUAL J-K EDGE-TRIGGERED FLIP-FLOPS

]

A —_—_J) B

PRESET PRESET PRESET
— QpF— J Qr— —J Q]
——c}cK Tomcx —pCK

OTHER
— 1K Q f—— FF— 1k O} —Kk @
CLEAR CLEAR

7

— )

—

TO
OTHER

Q

L

PRESET

—CpcK

—_—J
—(;CK
—]k Q

CLEAR

7

] K Qb

CLEAR

SINGLE J-K EDGE-TRIGGERED FLIP-FLOPS

F G _—________?k H
PRESET PRESET
Q J Qr—
CK CK
K  @t— K (o)
CLEAR
FLIP-FLOP SELECTION GUIDE
pwg. |TYPICAL CHARACTERISTICS| DATA TIMES DEVICE No. OF

REV. fmax. Pwr/F-F SETUP HOLD | TYPES PINS

(MHz) (mw) (ns} {ns)
125 75 64 0L | SN74s5112 16
50 100 134 04 | SN74H106 16
A 45 10 204 04 | SN74LS76 16
45 10 204 0¢ | sn74LS112 16
125 75 64 04 | SN74s114 14
50 100 134 0 | SN74H108 14
B 45 10 204 04 | SN74LS78 14
45 10 204 04 | SN74LS114 14
c 125 75 64 04 | SN745113 14
45 10 204 04 | SN74LS113 14
D 50 100 134 0+ | SN74H103 14
45 10 204 0+ | SN74LS73 14
E 33 10 20t 51 | SN74LS109 14
33 45 104 6t | sn74100 14
F 50 100 134 04 | SN74H101 14
50 100 134 04 | SN74H102 14
35 65 20t ot | SN7470 14

1 ¢ The arrow indicates the edge of the clock pulse used for reference:  for the rising edge, ¥ for the falling edge.
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DUAL PULSE-TRIGGERED FLIP-FLOPS

| J — K —
PRESET PRESET
—J aF— J Q| J Q
—OpCK —pCcK TO <:|—<) cK
OTHER
—Jk o K @& FF K o
CLEAR CLEAR CLEAR
i | | > TO OTHER
FF

SINGLE PULSE-TRIGGERED FLIP-FLOPS

M

FLIP-FLOP SELECTION GUIDE

TYPICAL CHARACTERISTICS | DATA TIMES

g‘é"f- DEVICE No. OF

' frnax. Pwr/F-F SETUP HOLD | TYPES PINS
(MHz) {mw) {ns) {ns)

30 80 04 0v | SN74H73 14
| 20 50 o4 ov | SN7473 14
20 50 ot 0¢ | SN7a107 14
3 38 o1 ov | sNn74L73 14
J 30 80 ot 0v | SN74H76 16
20 50 ot 0y | SN7476 16
K 30 80 ot 0¢ | SN74aH78 14
3 3.8 ot ov | SN74L78 14
L 30 80 ot 04 | SN74H71 14
30 80 ot O¢ | SN74H72 14
M 20 50 ot O¢ | SN7472 14
3 38 04 ov | sn74aL72 14
N 3 38 o4 0Oy | SN74L71 14
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4K FLIP-FLOPS WITH DATA LOCKOUT

DUAL

SINGLE

DUAL

|

PRESET
—J Q

‘C#CK
— K o

CLEAR

.

J,

PRESET
-

CLEA

CK

.

FLIP-FLOP SELECTION GUIDE

owg. | TYPICAL CHARACTERISTICS | DATA TIMES DEVICE No. OF
REF.
frnax. Pwr/F-F SETUP HOLD| TYPES PINS
(MHz) {mw) (ns) (ns)
(0] 25 70 ot 30 | SN74111 16
P 25 100 204 54 SN74110 14
110 75 3t 2¢ | sN74s74 14
43 75 154 54 SN74H74 14
Q 33 10 254 54 | SN74LS74 14
25 43 204 5¢ | SN7474 14
3 4 504 ot SN74L74 14

$4 The arrow indicates the edge of the clock pulse used for reference: 4 for the rising edge, ¥ for the falling edge.

LATCHES
NO. TYPICAL TYP. POWER |:
DESCRIPTION OF CLEAR OUTPUTS DELAY POWER 2_5‘;?; NFf’l'N%F
BITS TIME DISSIPATION
8 Low Q 11 ns 250 MW  [SN74116 24
None Q 15ns 320mwW |SN74100 24
D OCKED) LATCHE
G (CLOCKED) LATCHES None [eXo! 15 ns 160 mW |SN7475 16
4
None Q.Q 30ns 80mW [SN74L75 16
S-R Latches (SSI) 4 None Q 12 ns 90 mW [SN74279 16
S-R LATCHES
TYPICAL TYP. TOTAL
DESCRIPTION PROPAGATION POWER DEVICE No. OF
DELAY TIME DISSIPATION | TYPES PINS
QUADRUPLE S-R LATCHES 12 ns 90 mw SN74279 16
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USER TIPS

1.

Unused asynchronous inputs such as clear and load
should be taken to defined logic levels as described
in the section on gates. Unused inputs should
never be left ‘floating.’

. Counters should be treated as though they are edge

triggered, requiring <50ns rise and fall times on
clock inputs. Many devices have internal clock
buffers that require fast edges for correct opera-
tion.

. Transmission lines, capacitive and filament lamp

loads, should not be driven directly from counter
outputs. Such loads can cause loading rules to be
violated resulting in incorrect transfer of data. If
such loads are to be driven then a buffering gate
should be used.

. If an asynchronous preset or clear is present at the

same time as a clock edge, then it should be
maintained for a time at least equal to the
minimum preset/clear hold time.

. When asynchronous feedback is used to reset or

load a counter in order to shorten its count cycle,
ensure that the minimum preset/load pulse width
is greater than that specified for correct operation.

. Synchronous counters do not overcome the

problem of transient outputs being produced by
decoding gates. There are generally sufficient
differential propagation delays between clock
inputs and counter outputs to be detected by a
gate.

. Decoded outputs from counters such as ‘ripple

carry,” ‘max/min,” should not be used as clocks to
counters or memory devices unless they are gated
to ensure that they are transient free.
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Typical Applications
Counters may be cascaded in three ways.

1. Ripple clock, where the changing output of a

counter clocks the succeeding stage.

This mode of operation can be very fast. It allows
the user to obtain a good power speed product for
the complete counter by using high speed devices
at the counter ‘front end,” medium in the middle
and low speed, low power devices at the end.
Disadvantages are long settling time compared to
count speed, and when parallel loaded with data
care has to be taken to ensure that the loaded data
does not clock succeeding stages. The count
direction of some reversible counters cannot be
changed when the clock is in a particular state
with this mode of operation.

. Synchronous, ripple enable.

In this mode all counters are clocked together
(synchronously). Each counter, when it and the
preceding stages are full, produces an output
which enables the succeeding counter, allowing it
to change on the next clock pulse. This mode of
operation gives minimal output settling time, but
the maximum frequency of operation reduces as
further stages are added due to the ‘ripple’ action
of the enable signal.

. Synchronous, parallel look ahead enable.

Again, all counters are clocked in parallel, but the
enable function is generated separately for each
stage. This can be achieved with parallel gating or
with a carry look ahead package.

As examples various methods of cascading the
SN74190 and SN74160 series of 4 bit counters
will be described.



SN74190 Ripple Clock Mode

RIPPLE L RIPPLE RIPPLE L RIPPLE| _
DN/UP DN/UP DN/uP DN/UP
/ CLOCK 0\ CLOCK>\\ CLOCK O\ CLOCK
COUNT
INPUT CLOCK PCLOCK > CLOCK D CLOCK
MAX./ MAX./ MAX./ MAX./
ENABLE N, M IC ENABLE N, [ IC ENABLE pun |-C ENABLE MIN. —
2
ENABLE O
Note: Do not change count direction when clock is low if operated in this mode.
If a particular stage is full or empty a ripple clock to the next stage will be produced.
SN 74190 Synchronous clock, ripple enable
DIRECTION
CONTROL T_ t
DN/UP RIPPLE DN/up RIPPLE DN/up  RIPPLE — RIPPLE [
) CLOCK CLOCK OCK CLOCK
> CLOCK P CLOCK > CLOCK —> CLOCK
MAX./ MAX./ MAX./ MAX./
ENABLE ENABLE "\un [~ ENABLE MIN. ENABLE N, - ‘JENABLE iy =
COUNT
INPUT

The maximum clock frequency is determined by
the time-taken for the ripple clock-enable to ripple
through to the last stage. All outputs change syn-

SN74190 Synchronous clock, parallel enable

chronously and the count direction control may be
changed independent of the clock line state.

DIRECTION
CONTROL r
COUNT ® PS ®
INPUT l_
pN/up RIPPLEL | Llpnjup RIPPLE L p RIPPLE | | [[o\/up RIPPLE] onjup  RIPPLE|
v cLocK CLOCK DN/U cLOCK CLOCK n cLOCK
P CLOCK > cLocK > CLOCK PcLocK > CLOCK
MAX./ MAX./ MAX./ MAX./ MAX./
_Eo ENABLE " r ENABLE gn. ] r ENABLE "\ ENABLE ) J ENABLE MIN. —]
‘74504
A vy 4 ¥y \
Go Chex G4 Chvy G2 Cn+z Gg G Go
Ch 745182

Po Py Py P3
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The carry generate section of the SN74182 pro-
vides a convenient means of obtaining the required
enable functions with minimal delays.

Up/Down Divide-by-5 Counter

Often a count to a base other than 10 or 16 is
required. This means presetting or clearing when a
certain number is reached. Fully synchronous
counters such as the 162 and 163 make this easy.
An up/down counter based on the ’190 family
requires a little more thought.

Consider a divide by 5 counter with the desired
states equivalent to O, 1, 2, 3 and 4. When counting
up and at 4 the output must next go to 0, and when
counting down from 0, 4 must be next. Figure 1
shows a possible count sequence and some of the
outputs from either a ’192 or *193. These devices can
be cleared to obtain O and loaded to obtain 4. It will

OUTPUT

3 l 4 l 0 ‘ 1 | 0 l 4 |3
UP CLOCK
DOWN CLOCK \_I_U_]_J—_

1
L

a 1

C

be seen that the O to 4 change comes at the end of
the borrow pulse. It is therefore necessary to use the
positive going edge to load the counter. The load (and
clear) pulse for the standard 192 and ’193 is 20ns
minimum. A sufficiently long pulse can be obtained
by using the circuit of Figure 2.

Figure 2

The low power gates have a typical propagation
delay of about 30ns. Using three in series will give a
sufficient propagation delay to give an ample load
pulse.

Gating the up clock pulse with the QC and putting

BORROW it through such an edge detector will generate a pulse
which can be used to clear the counter to 0.
Figure 1
o<}
(ly "I)' 'I "I'" LOAD % x 74L04

L 4 ’ A B C D

[ = QA O‘B Qe Q -

¢ "D CLEAR Oq

DOWN CLOCK ' I I

3g-x 74L04

Figure 3.

Dead End Counter

Another thing which is often required is a dead
end counter, This is a counter which counts so far but
will not go beyond a certain limit. If it is reversible
(and one could conceive of an unidirectional version),
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it will count between two limits. An example might
be in a digital servo loop where there ought to be an
end stop on the error signal or in trying to increase its
value from the maximum count it suddenly steps to
the minimum.



Figure 4 shows two possible ways of obtaining a 0
to 9 dead end counter.

Figure 4 (a) inhibits the clock input by using the
max. and min. output.

UP/DOWN
190 (a}
cLOCK M/M
CLEARI ] ]B RROW
UP CLOCK 0
192
DOWN CLOCK . CARRY
LOAD (b)
Figure 4

Because this max. and min. output is internally
gated with the direction control line changing the
Up/Down input will remove the clock inhibit. Figure
4 (b) uses the carry output which is produced when
the counter normally overflows from nine to nought
to reload nine, and similarly the borrow output to
clear back to zero.

Other values of end stops can be chosen. Figure 5
shows an example. The upper limit, which inhibits
the Up Clock, is chosen as 1011, 1i.e. 13.

SN74160 carry look ahead mode

UpP

DOWN

Figure 5.

The lower limit is X100, (where X represents a
‘don’t care’ condition) i.e. 2 or 3. The first of these
values reached when counting down is 3. Therefore
the end stops will be 3 and 13 giving the counter
eleven possible states.

The SN74160 series of ‘up’ counters may be
cascaded in ways similar to those shown for the
SN74190 series. There is however, one basic dif-
ference, that is they have a modified carry look ahead
logic incorporated on the chip. A carry from the least
significant (fastest cycling) counter is carried forward
to all of the higher order counters. This carry is then
‘ANDed’ in each counter with a ripple carry produced
from all stages except the first. This method allows
10 or 16 clock periods for the ‘ripple enable’ signal to
run down the counter. The appropriate stages are
thereby enabled in parallel by the carry from the least
significant counter stage on the next clock pulse,

COUNT
INPUT I ) ]
> cLocK > cLOCK
»
g N
Tt ENABLET & Tl enaBLeT
ENABLE P g ENABLE P

1> CLOCK

ENABLE T

ENABLE P

l——> CLOCK

ENABLE T

ENABLE P

:

Since the circuit is not a full carry look ahead
circuit gate delays can cause sufficient signal skewing
to cause problems when the highest operating speed is

required. This may be overcome by using enable
gating that is fully synchronous as shown.
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COUNT INPUT N
L> CLOCK L> CLOCK L CLOCK L> CLOCK
qr e e e
> > > >
E ENABLET & T—— ENABLET I T enasLe T x T enaBLeT o
ENABLEP & ENABLEP S — ENABLEP St ENaBLEP Sl 4
o
w
het
| o] ; c
¢k
R m 3
m
e L4 il
"74H11 "74H11 "74H21
-

An alternative method of generating the required
enable functions would be to use the SN74182 carry

SN74162 with carry look ahead SN745182

look ahead generator. For increased speed Schottky
devices may be employed.

..

Py Py P3

COUNT INPUT
" L> CLOCK I— cLoCK ,1[ B> CLOCK ,Ib cLocK ,I~> cLOCK ,1l,—> CLOCK,
t ENABLET 7| THENABLET | T{ENABLET % ENABLET x| HENABLE T | T{ ENABLE T
o o o v s
ENABLEP & ENABLEP ENABLEP & 1 ENABLEP & ENABLEP S| | ENABLE P
74504 74504 74504 ,{
v | Go Po Cn+x Gy Cnty G2 Cn+z G3 G

745182

0 l

The 160 series of counters may be used to divide
to any base using the synchronous parallel load
facility. Two methods of changing the counter
modulus may be used. The carry output from a

7404

| LOAD CARRY —l—

COUNT OUTPUT
—>CLoCK -
iNPUT | 74160
Do Dg Dc  Dp
“qr . ‘0’
\ /
v
PARALLEL DATA
IN “X’
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modulo N counter may be used to synchronously
load a number X into the counter. The counter will
then count to a base of (N—X), for example using the
SN74160 decade counter to divide by 7, here N = 10
and X = 3,

COUNT SEQUENCE
A
LOAD

CARRY PRODUCED
3 LOADED

O=—20O00O0OOOQ
OO0 aaa0n
- 00 ==00-=-mm

1
0
1
0
1
0
1
1



This method can, of course, be expanded to cover The second method is to detect when the counter
more than one decade. If a sub-multiple of the input  reaches a number, one less than the base, and then to
clock is required, this may be obtained from the carry  synchronously clear it to zero. This detection may be
output after gating with the clock to remove tran- carried out using nand gates, comparators or exclusive
sients, ORs. The example shown illustrates a modulo 13

binary counter,

COUNT SEQUENCE
'7400 I OUTPUT ABCOD
'OG FINjq3 0 0 0 0 LOAD
+ l 1000
0100
Qp Qg 0Qf Q
z A Qg C D
2 4 1100
K CLOCK 74163
4
8 L— Ol CLEAR Dg D¢ Dp 0101
3 o 110 1
0 0 1 1 ENABLE LOAD
0000
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Shift Registers




SHIFT REGISTERS

NO. SERIAL | TYPTOTAL
DESCRIPTION ofF | swiFT | Data | ASYNCITTT ng g| powem | DEVICE | NO.
BITS | FREQ. INPUT cLear | g |2 | S| ©| pissipaTiON | TYPES PINS
1 X
8 25 MHz D tow | XEX|x]X 360 mwW SN74198 24
PARALLEL-IN, 70 MHz o Low | XIx|[x|x 450 mwW SN74S194 16
PARALLEL-OUT 4 25 MHz (o] tow | X |Xx|x|Xx 1956 mW SN74194 16
(BIDIRECTIONAL) 20 MHz D Low | X [X}{X][X 60 mwW SN74LS194 16
8 25 MHz FK Low | X X | x 360 mW SN74199 24
5 10 MHz D Low | X X 240 mW SN7496 16
5 MHz D Low | X X 120 mW SN74L96 16
70 MHz K tow | X X 375 mW SN74S195 16
30 MHz JK Low | X X 195 mwW SN74195 16
25 MHz D None | X X 195 mW SN7495A 14
PARALLEL-IN, 25 MH2 D Low | X X|x 230 mW SN74179 16
25 MHz D None | X XX 230 mW SN74178 14
PARALLEL-OUT 4 20 MHz K Low | X X 50 mW SN74LS195 | 16
20 MHz D None | X X 50 mW SN74LS95A | 14
20 MHz D None | X X 62 mW SN74LS295 14
3MHz JK None | X X 19 mW SN74L99 16
3MHz D None | X X 19 mwW SN74L95 14
8 25 MHz Gated D Low | X 167 mW SN74164 14
PARALLEL-OUT 12 MHz Gated D Low | X 84 mW SN74L164 14
25 MHz D None | X x| x 210 mW SN74165 18
PARALLELIN, 8 | 20MH:z D Low | x| |x|x| 3somw [ sn74a166 16
SERIAL-OUT
4 10 MHz (5] High |X X 175 mW SN7494 16
8 10 MH2z Gated D None | X 176 mW SN7491A 14
SERIAL-OUT 3 MHz Gated D None | X 17.6 mW SN74L91 14
S R = shift right, S-L = shift left
REGISTER FILES
TYPICAL | TYP READ DATA TYPTOTAL | ey NO.
DESCRIPTION ADDRESS ENABLE INPUT POWER OF
TIME TIME RATE DISSIPATION | TYPES PINS
EIGHT WORDS OF TWO BITS 33ns 15 ns 20 MHz 560 mW | SN74172 24
FOUR WORDS OF FOUR BITS 30ns 15 ns 20 MHz 635mW | SN74170 186
OTHER REGISTERS
TYP TOTAL NO.
DESCRIPTION FREQ. ASYNC POWER DEVICE OF
CLEAR DISSIPATION TYPES PINS
75 MHz Low 450 mW SN74S174 16
HEX D-TYPE REGISTERS 30 MHz Low 65 mW SN74LS174 | 16
25 MHz Low 225 mwW SN74174 16
75 MHz Low 300 mwW SN74S175 16
QUADRUPLE D-TYPE REGISTERS 30 MHz Low 45 mwW SN74LS175 | 16
25 MHz Low 150 mW SN74175 16
26 MHz None 195 mW SN74298 16
QUADRUPLE MULTIPLEXERS WITH STORAGE [ “- - None 25 mW SN74L98 6
QUADRUPLE BUS-BUFFER REGISTERS 25 MHz High 250 mW SN74173 16
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USER TIPS

1.

Unused inputs such as preset/clear should be taken
to defined logic levels and not left ‘floating’.

. Shift register clock inputs should be treated as

though they are edge triggered, requiring <50ns
rise and fall times.

. Transmission lines, capacitive and filament lamp

loads should not be driven directly from register
outputs.

. If an asynchronous preset or clear is present at the

same time as a clock edge, then it should maintain
for a time at least equal to the minimum preset/
clear hold time.

. Ensure that there is minimal time skew between

data and clock on interconnected registers. This
may be caused by logic delays, interconnection
lengths, etc. If this cannot be avoided then variable
skew JKs should be used.

- Registers with clock input selection gates should

only have the mode control changed when both
clock inputs are inactive, i.e. logical 0. If the mode
control is changed when one or both clock inputs
are high a spurious clock to the register may be
produced.

. Registers whose first stage is a JK master slave

should not have J and K input data changed when
the internal clock is high. If however the first stage
is an RS that has been logically modified by feed
back to perform the JK function, this restriction
does not apply. e.g. 745195, 74199.

. When decoding output states from registers with

gates there is usually sufficient data skew to
produce false outputs from the gates as data is
shifted.

. Data should be present at the data inputs for a

time at least equal to or greater than the data set
up time before the clock is applied. The clock edge
to which this time is referenced is that which
causes output data to change. The only exception
to this is the variable skew master slave.

e
FIN
COUNT

—>—-PCLOCK CLEAR

‘74164

T

FiIN./g

Qa Qg Q¢ Qp Qg Of Qg Q COUNT

1 0 0 0 0 0 0 0O 1
0 1 o 0 0 0 0 (o] 2
0 O 1 o 0 0o 0 0 3
0 0 0 1 0o 0 o 0 4
0 0 0 0 1 0 O0 o 5
0 0 0 0 0 1 0 0 6
0 0 0 0 0 0 1 0 7
0 0 0 o 0 0 0 1 8
Applications

1. Ring Counters

Ring Counters may be used as sequence genera-
tors, multiplexers, dividers, etc.

The simple ring counter illustrated is self starting
and correcting and will operate at frequencies in
excess of 12MHz. The division ratio is N where N
is the number of register stages. The principle may
be extended to any value of N. The two multi-
input gates form with the 2 input AND gate at the
register input a 7 input OR gate acting as an AND
gate for zeroes. For a value of N the number of
gate inputs required is N—1. This counter has the
advantages that it is self correcting and the outputs
are transient free.

. Johnson, twisted ring counters

A shift register may be made to divide by 2N by
inverting the output and using this as the input to
the register. Additional logic must be used to
ensure that the correct count sequence is main-
tained. The examples show 4 and 8 stage counters.

COUNT

q

T—— SHIFT/LOAD
INPUT E: CLOCK INHIBIT
> CLOCK ‘74199

J
K Qa Qg OcQp Qg QF Qg Qy

T T T

‘7410

—(=—— ,

‘7404

A
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COUNT SEQUENCE

F,\%%NFT Qa Q8 Qc Qp Qe QO Qg Qy
0 0 60 0 0 0 0 0 O
1 1t 00 0 0 0 0 O
2 1 1. 0 0 0 0 0 ©
3 1t 1. 1 0 0 0 0 O
4 1 1.1 1 0 0 0 0
5 1 1 1 1 1 0 0 0
6 1 1.1 1 1 1 0 o0
7 1 1 1 1 1 1 1 0
8 11 1 1 1 1
9 0 1 1 1 1 1 1 1
10 o0 1 1 1 1 1 1
1 000 0 1 1 1 1 1
12 o0 0 0 1 1 1 1
13 0 0 0 0.0 1 1 1
14 o0 0 0 0 0 1 1
15 0o 0 0 0 0 0 0 1

An N stage Johnson countgr will sequence through
2N gates. They have the advantage that only two
input gates are required to decode any state. The
count séquence is obtained by inverting the output
from the last register stage and using this as the serial
input to the first stage. Additional gating is again
required to ensure that the counter will always
sequence through the correct states and not ‘stick’ in
one of the remaining (2% —16) states. The number of
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inputs to the nand gate that cairies out this cor-
rection varies as the number of register stages N
varies.

Number of inputs required = next_integer
above %], in the example shown N = 8§, 13\—I = 2,67
therefore the nand gate requires 3 inputs.
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DATA SELECTORS/MULTIPLEXERS

TYPICAL DELAY TIMES
T‘(’)';E DATATO | DATATO | ..o T\L';JV%;AL DEVICE No. OF
DESCRIPTION INV NON-INV TYPES PINS
OUTPUT | outpuT | outpuT | ENABLE | DISSIPATION
16-LINE-TO-1-LINE 2-state 11 ns 18ns 200 mW SN74150 24
3state 4.5 ns 8ns 14 ns 275 mW SN745251 16
3state 17 ns 21 ns 21 ns 250 mW SN74251 16
3state 17 ns 21 ns 21 ns 35 mW SN74L.5251 16
2-state 4.5ns 8ns 9ns 225 mW SN74S151 16
8-LINE-TO-1-LINE 2-state 8ns 16ns 22 ns 145 mW SN74161A | 16
2-state 11 ns 18 ns 27 ns 30 mW SN74LS151 16
3-state 12 ns 16 ns 35 mW SN74LS253 16
DUAL 2-state 6 ns 95ns 225 mW SN74S5153 16
4-LINE-TO-1-LINE 2-state 14 ns 17 ns 180 mwW SN74153 16
2-state 14 ns 17 ns 31 mW SN74L.8153 16
2-state 27 ns 34 ns 90 mW SN74L.153 16
QUADRUPLE 2-state 20 ns
2-LINE-TO-1-LINE 2-state from 195 mw SN74298 16
WITH STORAGE clock
3state 4ns 14 ns 280 mwW SN745258 16
3-state 5ns 14 ns 320 mW SN745257 16
QUADRUPLE 2-state 4ns 7 ns 195 mw SN74S158 16
2-LINE-TO-1-LINE 2-state 5 ns 8ns 250 mW SN748157 16
2-state 9ns 14 ns 150 mW SN74157 16
2-state 18 ns 27 ns 75 mW SN74L157 16
DECODERS/DEMULTIPLEXERS
TYPE OF TTEP'SA" Z;Z'gfg‘ TYPPOWELAL DEVICE No. OF
OUTPUT SELECT TYPES PINS
TIME TIME DISSIPATION
Totem-Pole 23 ns 19 ns 170 mW SN74154 24
4-LINE-TO-16-LINE Totem-Pole 46 ns 38 ns 85 mw SN74L154 24
Open-Collector 24 ns 19 ns 170 mW SN74159 24
4-LINE-TO-10-LINE Totem-Pole 17 ns 140 mW SN7442A 16
BCD-TO-DECIMAL Totem-Pole 34 ns 70 mW SN74LA42 16
4-LINE-TO-10-LINE, Totem-Pole 17 ns 140 mW SN7443A 16
EXCESS-3-TO-DECIMAL Totem-Pole 34 ns 70 mwW SN74L43 16
e OO Totem-Pole 17 ns 140 mW | SN7444A 16
TO-DECIMAL Totem-Pole 34 ns 70 mW SN74L44 16
3-LINE-TO-8-LINE Totem-Pole 8ns 7ns 225 mW SN745138 16
Totem-Pole 22 ns 21 ns 31 mW SN74LS138 16
Totem-Pole 7.6ns 6 ns 300 mW SN74S139 16
Totem-Pole 22 ns 19 ns 34 mW SN741.5139 16
DUAL-2LINETO4LINE | 15i0m pole 18 ns 16 ns 30mW | SN74LS156 16
Totem-Pole 21 ns 16 ns 250 mw SN74155 16
Open-Collector 23 ns 18 ns 250 mW SN74156 16
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OPEN-COLLECTOR DISPLAY DECODERS/DRIVERS

QUTPUT OFF-STATE TYP TOTAL DEVICE No. OF
DESCRIPTION SINK OuTPUT POWER BLANKING
CURRENT VOLTAGE DISSIPATION TYPES PINS
80 mA 30V 216 mwW {nvalid Codes | SN7445 16
8CO-TO-DEC!I
Dggggsac/:om\';sns 80 mA 16V 215 mW Invelid Codes | SN74145 16
7 mA 60V 80 mw tnvalid Codes | SN74141 16
40 mA 30V 320 mw Ripple SN7448A 18
BCD-TO- 40 mA 15V 320 mW Ripple SN7447A 16
SEVEN-SEGMENT 20 mA 30V 133 mW Ripple SN74L46 16
DECODERS/DRIVERS 20 mA 15V 133 mwW Ripple SN74L47 16
10 mA 65V 265 mW Ripple SN7448 16
RESULTANT DISPLAYS USING '48A, '47A, '48, ‘49, 'L48, 'L47
| ] =] ] (O il (N Y ) ] P D ) el O
Il N | ! [ I__ e | — R
0 1 2 3 4 65 6 7 8 9 10 11 12 13 14 15
OPEN-COLLECTOR DISPLAY DECODERS/DRIVERS WITH COUNTER/LATCH
OUTPUT OFF-STATE | TYPTOTAL | OF
DESCRIPTION SINK OUTPUT POWER BLANKING [T’s,‘,’E(S:E N:I N°s
CURRENT VOLTAGE DISSIPATION
BCD COUNTER/
4BIT LATCH/ 1
8CO-TO.DECIMAL 7mA 65 V 340 mwW SN74142 6
DECODER/DRIVER
BCD COUNTER/
4BIT LATCH/ Constant
BCD-TO-SEVEN Current A" 280 mwW Ripple SN74143 24
SEGMENT DECODER/ 16 mA
LED DRIVER
BCD COUNTER/
4BIT LATCH/
8CD-TO-SEVEN- 741 4
SEGMENT DECODER/ 25 mA 15V 280 mwW Ripple SN74144 2
LAMP DRIVER
RESULTANT DISPLAYS USING ‘143, '144
Y P=l = Tl Y i R | i ]
0 1 2 3 4 5 ] 7 8 9
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DECODERS, DEMULTIPLEXERS,
MULTIPLEXERS AND ENCODERS

User tips

1.

Data and decoded outputs are not always transient

free due to internal delays in the address decoders.

Outputs should always be strobed before driving

edge triggered devices. .

. Unused inputs should be taken to defined logic
levels. If inputs are left ‘open’ propagation delays
will increase and noise immunity will be degraded.

. Output lead lengths on Nixie tube decoder/drivers

should be minimal in order to reduce transient

radiation from the high voltage outputs.

4. With decimal decoders, non BCD input codes may

cause more than one output character to appear.
Check with data sheet to confirm if this is so.

. When non valid input codes are used for blanking
nixie drivers the anode voltage may be required to
be lowered in order to fully blank the display.

6. When using incandescent lamp loads care should
be taken to ensure that the peak lamp current does
not exceed the device ratings. Most incandescent
lamps pass 1020 times their rated current when
cold. Simplest solution is to use VLED displays.

Random Data Selection

Data selectors can select at random one source out
of a multitude of information sources, and couple the
output of this source through to a single information
channel or input. Data inputs can be selected by
applying the appropriate binary-coded address to the
data-select inputs.

The number of data inputs can be increased by
using additional data selectors. A system using two
data selectors is shown in Figure 1. When a strobed
system is required, the control network of Figure la
should be used with the network in Figure 1¢. Use of
the networks of Figures 1b and lc results in a
non-strobed system.

STROBE
PULSE
o *
[ STROBE
pULSE | Sa DS, DS,
o 10r0 | inhibited | Inhibited
{a) 1 0 Enabled | Inhibited
1 1 inhibited | Enabled
<L P Q R
—e {><;
{b) S DS, Ds,
0 Enabled | Inhibited
or éa 1 Inhibited | Enabled J_, R
QP °a OR
Bar
OUTPUT
(c)
o | L
S30- D w D W
s c
20- d ¢ DATA | DATA -
$1 o—————8B SELECTOR 1 8 SELECTOR 2
S SN54/74150 A SN54/74150
0 H——— A
Eo €15 Eo Eqs5

Figure 1. Block Diagram of Data Selectors Being Used to Select 1 out of 32 Information Sources
Controi Circuit (b) + Circuit (c) Gives a Non-Strobed System
Control Circuit {a) + Circuit (c) Gives a Strobed System
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Sequential Data Selection

Sequential data selection can be performed with
data selectors if the data-select address is taken from
the outputs of a binary counter (SN7493), as in
Figure 2. Operation of such a system resembles that
of an electromechanical stepping switch. With each
clock pulse, the binary counter switches to the next
state, causing the data selector to select in sequence
the information sources connected to its data inputs.

CLEAR

Ro(ny o}p—po W M

BiNaRY ¢ |—dc DATA
R... COUNTER SELECTOR S |—o©
02) “sn7493 BB  snsa7a150

INNA  INPB A T A
cLOCK Eo Eyg
PULSE

T

Figure 2. Block Diagram Using a Data Selector to Sequentially
Select 1 Out of 16 Information Sources

The number of data-inputs can be expanded by
cascading data selectors and using appropriate control
networks. A sequential data selection system with *n’
data selectors is shown in figure 3.

In the system shown, two counters are used.
Counter 1 supplies the binary coded address to the
data selectors. Counter 2 followed by a decoder, to
be described later, sequentially enables the data
selectors.

Multiplexing to Multiple Lines

In general, multiplexing means transmitting a large
number of information units over a smaller number
of channels or lines. Consequently, the number of
outgoing lines of multiplexing system is not neces-
sarily restricted to one. Multiplexing to multiple lines
is necessary for instance when a multitude of words
have to be transferred, a whole word at a time. For
multiplexing n-bit words, n data selectors are neces-
sary.

V/E
INHIBIT/ENABLE
o g

i |

BINARY-TO-n LINE DECODER

COUNTER 1l

——
il
=i
=
]

L

CLEAR

CONTROL n

BINARY
COUNTER

+4++4++4+—

[ 2

CONTROL 2

('

. >

CONTROL 1

PULSE

o
v
(d)
W o -
D 0 s s |
L s
CLEAR/MOLD RO, ¢ c D D a
RO, 8 8 c c
® | snsazars0 4 8
A A a A
COUNTER |
SN54/7493 SN54/74150 SN54/74150
INP A INP B Eo E1s Eg Eig Eo 15
R T & 4 5 4
CLOCK

Figure 3. Block Diagram of Data Selectors Being Used for Sequential Selection of 1 out
of n X 16 Information Sources
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Figure 4. Block Diagram Showing Data Selectors Used to Multiplex Up to
16 Words of n Bits Onto n Parallel Lines

A system for multiplexing up to 16 words of n bits
onto n parallel lines is shown in Figure 4. This system
can be used either for random word selection, or with
a binary counter (SN7493) for sequential word
selection,

Data Selectors as Character Generators

Data selectors with a binary counter for sequential
selection can be used as character generators. The
characters to be generated may be either fixed

ENABLE INPUT
Lo,

SUPPLY VOLTAGE

< 1 L - <
2383
‘\c S
o i D, OUTPUT
—O
.‘\<= Dy
o D; DATA
N SELECTOR
o 4 SN54/74161
Dg QUTPUT
Q Og wF—o
D
c B A
D C B
CLOCK
PULSE O
1 sinvany
COUNTER
SN54/7493

CLEAR O———]

Figure 8. Block Diagram of a 8-Bit Character
Generator for Manually Changeable Characters
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(wired-in), or manually changeable (switches).
Further, they may be controlled and/or determined
by a logic system,

In Figure 5 a character generator for manually
changeable characters using an SN74151 is shown. In
fact, every data selector circuit with sequential
selection can be used as a character generator. The
circuits shown previously can be used as character
generators with each character appearing in serial
form at the output,

Implementing Logic Functions with Data Selectors

Almost any logic function can be implemented
with data selectors. The simplest implementation is
obtained when the logic function can be written as a
true or an inverted sum of products of its logic
variables, because the characteristic logic expression
of data selectors is an inverted sum of products.

To implement a given logic function it is necessary
to select a data selector which is able to satisfy all
(min) terms of the function, directly or through
conditioning of the inputs,

For example using the SN74150 and taking the
enable input to a logical 0, the logical function
obtained at the output is;

F = ABCDE o + ABCDE ¢ + ABCDE, + ABCDE 5 + ABCDE 4 + ABCDEg
+ ABCDEg + ABCDE + ABCDEg + ABCDE g + ABCDE 1 + ABCDE ¢4
+ ABCDEy, + ABCDE {3 + ABCDE 44 + ABCDE g

The logic function to be implemented can be

obtained by conditioning the desired minterms, and
eliminating unused minterms. A minterm is con-



ditioned by applying the appropriate logic signal to its
corresponding data input. Such a conditioning signal
can vary from a simple logical “1” to the output
signal of a complex gate array of combinational logic.
Minterms are eliminated by applying a logical “0” to
the appropriate data inputs,

If more minterms than are available are required,
they may be created by appropriate conditioning of
one or more data inputs and/or using more than one
data selector as in Figure 6. Use of n data selectors
with m data inputs provide a total of mn minterms.

am MINTEAMS

: — —
e | L T

Figure 8. Block Diagram Showing How Minterms Can Be
Expanded by Cascading Data Selectors

Decoders

The use of the SN74154 as a 4-line to 16-line
decoder is illustrated in Figure 7. Since Enable and
Data are at logical 0", the addressed output will be
logical “0”. This type of circuit is often referred to as
a 1-of-16 decoder,

naBLE Pmae) |
1O o
[ PATA

ik
e

3
4
[}
L
TPt 7 > OUTIUTS
L
8
»

H PO 11

¢ 13 Jpeemma) 13
7] S

o o ?

Figure 7. 4-Line-to-16-Line Decoder

Figure 8 illustrates four SN74154 decoders used to
‘decode 6 variables to 1 of 64 lines. Both Enable and
Data inputs are used on the four devices to determine
which device is activated. Since Enable and Data must
be logical “0” to activate a device, proper decoding of
the signals at these inputs is necessary to activate only
one device at a time.

The above method can be extended to any number
of variables with additional SN74154 devices. For
instance an 8-line to 256-line (1-0f-256) decoder can
be constructed with seventeen SN74154 devices. As
shown in Figure 8 one SN74154 decoder controls the
Data inputs of sixteen others. By controlling the
Enable line of device-16, all 256 outputs can be
disabled simultaneously.

— )

Figure 8. 8-Line-to-Line Decoder with
Inhibit Capability

Minterm Generator

When operated as a decoder, the SN74154 can
function as low active-output minterm generator
producing 16 possible minterms from four variables.
The desired minterms can be summed by a positive
NAND (negative NOR) gate as illustrated for func-
tions Fl, F2, F3, F4, and F6 in Figure 9,

Although limited to 10 outputs, the SN7442 4-line
to 10-line decoder can be used in decoding appli-
cations similar to the SN74154 d.line to 16-line
decoder. By use of NOR gates, an ANDing of input
variables can be obtained from the outputs of the
decoders as shown for functions F7, Fg, F, 1> and
F12' Since H and I can be any variable, the outputs
of other decoders can be used. Therefore, the number
of variables ANDed together could far exceed the 9
variables listed for Fi».

Code Decoders

Several special purpose 4-line to 10-line MSI
decoders are available in the SN74 series. An SN7442
BCD-to-Decimal decoder is used for 8421 decoding.
An SN7443 Excess 3-to-Decimal decoder decodes
Excess-3 inputs directly. It also can decode the 2421
code if the D input is inverted and the outputs
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Figure 9. Minterm Generator

rearranged. Excess-3 Gray inputs are decoded by an
SN7444 Excess-3 Gray-to-Decimal decoder.

Each special-purpose decoder above accepts only
one specific four-bit code. The SN74154 with strobe
capability can decode any four-bit code if the
appropriate outputs are selected in the desired
sequence. For example, Figure 10(a) illustrates the
output selection sequence necessary to completely
decode the four-bit Gray code. Figure 10(b) shows an
output selection matrix by which the SN74154 can
decode each of the four-bit decimal codes described
above.

:m[- ;D

DATA

SN74154

PDNRNE WN -0

AQ—1

FOUR BIT sO—1s8 15 DECODED
GRAY CODE 14 GRAY CODE
INPUTS cO—1c 10 ouTeuTs

00—

Fig. 10a} Four-Bit Gray Code Decoder
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Decimal SN74154 Output Selection
Digit 8421 Excess 3 241 Excess 3 Gray
1] 0 3 0 2
1 1 4 1 6
2 2 5 2 7
3 3 6 3 5
4 4 7 4 4
5 5 8 1" 12
6 6 9 12 13
7 7 10 13 15
8 8 1 14 14
9 9 12 15 10

Fig. 10b) Output Selection for Decoding Four-Bit Decimst Codes

Figure 10. Using an SN54/74154 To Decode Any Four-Bit
Codes by Selecting Appropriate Qutputs

Demultiplexer

A typical application of the SN74154 used as a
demultiplexer is illustrated in Figure 11. Parallel
input data is converted to serial form by an SN74150
16-line to 1-line multiplexer. This serial information
is then transmitted to the Data input of an SN74154.
By operating the address inputs of the SN74150 and
SN74154 synchronously, parallel information is
transferred bit-by-bit from the parallel inputs of the
SN74150 to the parallel outputs of the SN74154.
Latches may then be used to store this data in parallel
form.

Multiple bits of data may be transmitted from one
parallel input of the SN74150 to the corresponding
parallel output of the SN74154. When the system
illustrated in Figure 11 is used in this manner, parallel
storage latches at the output of the SN75154 are not
necessary. Since the SN74150 inverts information, an
inverter has been used at its output to re-invert the
serial output data. No inversion occurs at the
SN74154.

Often the digital transmission system illustrated in
Figure 11 is entirely adequate. However, transmission
of error-free data over long lines in a noisy environ-
ment may require special transmission-line drivers and
receivers and careful selection of a suitable trans-
mission line. If necessary, the SN55107 series of Line
Drivers and Line Receivers should be used to inter-
face between transmission lines and TTL devices.

Priority Encoders

A priority encoder is basically an N line to binary
encoder except that the.binary output code always
corresponds to the highest order input. For example
if inputs 5 and 9 are present then the encoder output
code would be binary 9. Priority encoders may be
used as conventional encoders if the priority function
is not required. As an example the SN74147 is shown
as a 10 line to binary keyboard encoder in figure 12.
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Figure 12. SN74147 as a 10-Line Keyboard Encoder

The implied decimal zero position requires no
specific input to the encoder since a zero is encoded
when all nine input data lines are at a logical 1. The
SN74148 8-line priority encoder is provided with an
enable input and output together with a group strobe.
The strobe indicates if any of the 8 inputs are present
and is used when cascading encoders as shown in
figure 13.

The 2 input nand gates operate as OR gates for
zeros, ORing the outputs of the two encoders.

An application where the priority function is used
is shown in figure 14, an 8-bit digital to analogue
converter.

The principle on which this circuit operates is to
select the most significant binary input for half the
cycle time, the next least significant for quarter the
cycle time and the next for one-eighth the cycle time
etc. The binary inputs to be converted are selected
and multiplexed to a single line by an SN74151A. 8
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Figure 14, 8 Bit D-A Converter

to 1 line multiplexer. The select inputs are driven by
the output of an 8.line priority encoder. The inputs
to the priority encoder are obtained from a con-
tinuously cycling 8-bit counter. Since the 7’s input is
connected to the most significant stage of the counter
and the O’s input to the least, the output from the
priority encoder would be binary 7 for half, binary 6
for quarter, binary 5 for one eighth etc of the counter
cycle time.

The output of the SN74151A is therefore a pulse
duration modulated signal whose mean value is
proportional to the 8-bit binary input. In order to
recover the analogue signal the output is fed through
a low pass filter.
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ADDERS

TYPICAL | TYPICAL TYP POWER TEMPERATURE
DESCRIPTION CARRY ADD DISSIPATION RANGE
TIME TIME PER BIT °C1t070°C
SINGLE 1-BIT GATED FULL ADDERS 10.5 ns 52 ns 105 mW SN7480
SINGLE 2-BIT FULL ADDERS 14.5 ns 25 ns 87 mwW SN7482
10ns 16 ns 76 mW SN7483A
SINGLE 4-BIT FULL ADDERS 10 ns 16 ns 76 mW SN74283
50 ns 33ns 19 mW SN74LS83
DUAL 1-BIT CARRY-SAVE FULL ADDERS 1Mns 1M ns 110 mW SN74H183
4BIT ARITHMETIC LOGIC UNITS/ 7ns 1 ns 600 mwW SN745181
FUNCTION GENERATORS 125ns 24 ns 455 mw SN74181
16 ns 24 ns 102 mwW SN74LS181
7ns 260 mW SN74S182
LOOK-AHEAD CARRY GENERATORS 13 s 180 mW SN74182
MULTIPLIERS
TEMPERATURE
DESCRIPTION RANGE
0°Cto70°C
4BIT-BY-4-BIT PARALLEL BINARY MULTIPLIERS
(8BIT PRODUCT IN 40 ns TYPICAL) SN74284, SN74285
25-MHz 6-BI T-BINARY RATE MULTIPLIERS SN7497
25-MHz DECADE RATE MULTIPLIERS SN74167
COMPARATORS
TYPICAL TYP TOTAL TEMPERATURE
DESCRIPTION COMPARE POWER RANGE
TIME DISSIPATION 0° C 10 70° C
M5ns 365 mW SN74585
4-BIT MAGNITUDE COMPARATORS 21 ns 275 mW SN7485
82 ns 20 mW SN74L85
PARITY GENERATORS/CHECKERS
TYPICAL TYP TOTAL TEMPERATURE
DESCRIPTION DELAY POWER RANGE
TIME DISSIPATION 0° ¢ to 70° C
9-BIT ODD/EVEN PARITY GENERATORS/CHECKERS 13ns 335 mwW SN745280
8B!T ODD/EVEN PARITY GENERATORS/CHECKERS 35 ns 170 mW SN74180
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OTHER ARITHMETIC OPERATORS

TYPICAL TYP TOTAL TEMPERATURE
DESCRIPTION DELAY POWER RANGE
TIME DISSIPATION 0° C 10 70° C
7ns 250 mwW SN74586
QUADRUPLE 2-INPUT EXCLUSIVE-OR 10ns 30 mw SN74LS86
GATES WITH TOTEM-POLE QUTPUTS 14 ns 150 mw SN 7486
55 ns 15 mwW SN74L86
QUADRUPLE 2-INPUT EXCLUSIVE-OR-GATES 18ns 30 mw SN74LS136
WITH OPEN-COLLECTOR QUTPUTS 27 ns 150 mW SN74136
QUADRUPLE 2-INPUT EXCLUSIVE-NOR GATES 18 ns 40 mw SN741.5266
QUADRUPLE EXCLUSIVE OR/NOR GATES 8ns 325 mwW SN745135
4-BIT TRUE/COMPLEMENT, ZERO/ONE ELEMENT 14 ns 270 mwW SN74H87
CODE CONVERTERS
TYPICAL TYPICAL TEMPERATURE
DESCRIPTION DELAY TIME | Lo\ bOWER RANGE
PERPACKAGE | 'hsgipaTION
LEVEL 0°C to70° C
6-LINE-BCD TO 6-LINE
BINARY, OR 4LINE TO 4-LINE 25 ns 280 mw SN74184
BCD 9's/BCD 10's CONVERTERS
6-BIT-BINARY TO 6-BIT-BCD CONVERTERS 25 ns 280 mW SN74185A

ARITHMETIC DEVICES
User Tips

1. For correct operation of magnitude comparitors,
logic levels on cascade inputs of first stage should
be,(A=B)=1,(A<B) =0, (A>B) =0.

2. Many arithmetic devices such as adders, ALUs,
exclusive ORs, may be used with negative or
positive logic notations. For example, the ALU
data sheet specifies negative and positive logic

. ‘Carry Look Ahead’ generators may be used to

generate high speed carry enable functions for
synchronous counters such as the SN74LS160.
This is shown in the section on counters.

. Unused inputs on adders should be taken to a

logical ‘0’ if positive logic convention is used or a
‘1’ if negative convention is used.

ARITHMETIC DEVICES

One of the simplest, but versatile, arithmetic

interpretation of the ALU functions.

. The outputs of a device that have been forced to a
logical ‘1’ or ‘0’ by control inputs, may produce
transients on these outputs when the input data
(operands) are changed. e.g. SN74S181.

. Carry outputs from adders should be strobed if
they are required to clock storage devices. This

functions is the ‘Exclusive OR’. It will perform half
adder, parity generation and checking, comparison
and code conversion functions. The Exclusive OR of
two variables is true if one OR other of the inputs is
true but not both, i.e. it is exclusive of both.

The simplest application is as a controlled inverter.
The truth table for the SN7486 quad 2 input
exclusive OR is shown in figure ‘1°.

also applies to ALUs and parity generator outputs.

5. Many ROM ‘look up tables’ have open collector
outputs to allow expansion. Pull up resistors must
be used to ensure correct operation. If maximum
speed is required the data sheet values (generally
330%2) should be used, otherwise a value of 39 k§2
will give minimal power dissipation.

6. Combinational logic trees such as ‘Wallace’ adders
need careful choice of device type in order to
achieve the best possible speed/power ratio.

A B Y=A(®)B
A
0 0 0
0 1 1 Y
1 0 1
1 1 0 B
Figure 1.
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If the A input is considered to be a control and B
the data, then when the control is at a logical O the Aq Ag Aj Ag
data appears at output Y unchanged. If A is at a
logical 1 then the data appears inverted at the output. By B2 B3 B4
A four bit controlled 1’s complementer (used for SN7486
subtraction in conjunction with an adder) using the
SN74LS86 is shown in figure 2.
SN74LS88
>
DATA 12SN7402
INPUT :ID_ DATA
(N) \, 0UTPUT 14 SN7400
: t (2M™-N)ORN
Figure 3a. F A=B
T
CONTROL A4 Aj Aq
Figure 2, B B3 é-4
Further logic may be added to the basic circuit of
figure 2 to produce a controllable ‘true, zero, SN7486
complement element’, Such a device is the SN74H87.
Figures 3a and 3b show how the exclusive OR may
be used for comparison of two binary words A and B.
Figure 3b requires one of the numbers to be in 1’s
complement form. 12 8N7420
The exclusive OR may be used for code conver-
sions, for example conversion from Gray to Binary Fiaure 3b _
and Binary to Gray. Figure 4a and 4b. fgure 4. FA=B
BINARY : Bn_1...B2 81 Bo
NUMBER CODE
GRAY Gp.1---G2Gq Gp
G = B. @ B. 41
! 1 |
PARALLEL CONVERTER
3 80 SERIAL CONVERTER
BOB1...B,-1 1/4 SN7486
SN7486
GOG1...G,-1
1/2SN7474
cLOCK o—CL

Figure 43.
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NUMBER CODE BINARY: B, _{...B;BqBg

GRAY . Gn 1...626160

B, = G .®G®1 - -@Cn-1

or

PARALLEL CONVERTER

G4 G3 G2 *G1 GO

W l—% [_% Wswuaa CLOCK O————CP a
s & & ED

B4 B3 B2 B1 BO

SERIAL CONVERTER

GOG1...G, . 1/4 SN7488
O A\

1/2 SN7474 B0B1...8B,.

Figure 4b.

Parity Generation & Checking

By forming the modulo 2 sum of a number of data
bits in a word, it is possible to determine if the word
contains an odd or even number of ones (parity). If
after transmission through a data link the word
maintains the original parity then it cannot contain
an error of 1 bit, it may however contain multiple

errors that produce identical parity to the original
word.
If more than single bit errors are to be detected
and corrected ‘Hamming codes’ should be employed,
The SN74180 and SN74S280 are 9 bit odd/even
parity generators, checkers. A simple parity checker
using the SN74180 is shown in figure 5.

TRANSMISSION LINK
—~—
- N
pata<l — [T — "~ > DATA
------ ouT
N T )
A A
8 B
c c
D D
E E
'74180 ‘74180
F F
G G
H — H
11— E Te € Z © —¢Rponr
Zo 3 €& |— NOERROR
10 —|v o

Figure 8, Data Error Detector
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The system may be expanded to cover any number
of data bits. Parity generators may be cascaded in two
ways depending on the speed required. Figure 6
shows two methods by which additional inputs may
be provided on the SN745280 by using the SN74586.

74586 745280
1
A

» ) >—
3 B
4

Q:::>____ c
5
6 D X _} PARITY
7 :::i[:>___5 sol_f our
8
9 F
10 G
1 H
12 I

For maximum speed with a large number of inputs
are required the configuration shown in figure 7 may
be used.

L IIgLg ; ; I—LLUJJJ-U-l
745280 745280 745280 745280
2o 2o Zo So
T ] I |
V rass

PARITY OUTPUT

Figure 6.

r A 'S280

—i8

—C EVEN

—D

: § 81-LINE PARITY/GENERATOR CHECKER

—6G

—{H

—1

—a A 'S280

—B EVEN B

— e c | _1=EVEN
- {—]D D EVEN 0=0D0
2% —E £
2 |—F F 0=EVEN

— G G ©0pD 1=0DD

—H H

! 'S280 !

A '$280

—i8

—c EVEN -

-—{o

—E

—F \_V_/

S TO OTHER

—H '$280's

1
~
Figure 7.

This will generate parity for 81 bits within 25 ns.
Alternatively, if extreme speed is not required parity
generators may be cascaded as shown in figure 8.

o

DATA INPUT
_/\
/0 7 8 15 16 23 24 29\
1 T 7 77 B
0 0 0 0

O'_Eze Xo Exe xo —E e o Exe o
L____l L | | I J—— i) (L

4SN74 180

L__V_/

PARITY OUT

Figure 8.
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An unusual application of parity generators is their
use as modulo 2 adders for generating feedback
functions for Pseudo Random Number Generators. A

configuration that will generate cycle lengths from
(22—1) to (28 —1) is shown in figure 9.

CLEAR l

CLEAR
CLOCK

—L1s

74164

QAQB Oc 9p Og Qf O Qy

1
1 [}
i |

|

CONNECT AS
i APPROPRIATE

! |
¢ '
J !
A B

c D

74180
3 EVEN 2 0DD

|

OUTPUT CODE
SEQUENCE

Figure 9,

As previously mentioned parity checks will indi-
cate a single bit error but will not allow the erroneous
data to be corrected. A method of overcoming this
problem is to add additional check digits that are
distributed throughout the message group in such a
way as to provide parity checks on various digit
positions. Such codes are known as Hamming codes.

To correct an error, parity checks on the received
data groups are made in order, a successful check
being designated by an O and an error by a 1. The
resulting binary number formed by these checks
indicates the position of the error, which may then be
corrected.

xn ?
L)
Y ©
L .
DATA | 35
INPUT :: °
n4e
x3
x2
an
“r
o ) 1
; . 7] 4 7'
SN74|80 SN74180 SN74180 SN74180
£ oven Leven Coven 0 oven 0
J - |

=

L

& W2k

12 34 5 67 8 %101121314151BLY

Wine

ks ks)

DATA OUT + + CHECK BITS

Figure 10a
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DATA P,

INPUT

“ el
sN74180 ' SN74180
L Eoven _ovan

. 4 ]
sN74180 SN74180 J
£ even £ oven Of

o]
SN74164
) 1 1 1

SN7486

SN7486

SN7486

2 X SN7404

y! v2 y3 y4 6 y6 y7 y8 vy vyi10 y11 y12j
\ \/
CORRECTED DATA OUT
Figure 10b.

Figures 10a and 10b show a 12 bit Hamming Code
generator and corrector. The 12 data bits have an
additional 5 check bits inserted in positions 1, 2, 3, 8
and 16.

The decoder shown in figure 10b determines the
error position and then inverts the erroneous bit,
producing the correct data code at outputs Y1 to
Y12,

Adders and Arithmetic Logic Units (ALUs)

It is difficult to show how arithmetic devices may
be used in isolation, they generally form a part of a
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much larger system or subsystem. For example a fast
adder tree may be used to sum the partial products
developed by a parallel multiplier, which together
with comparitors, may be used to generate recipro-
cals. The following application examples illustrate
the use of some of the available arithmetic devices.
Figure 11 shows how the SN7483 four bit binary
adder may be used for addition and subtraction in
conjunction with the SN74H87 true-zero com-
plement element, Subtraction is carried out by the
addition of 2’s complements. Negative values of a
number X are represented by the 2’s complement of
X ie. (2"1_X), this when added to Y gives the
result (Y — X). :

ie. 2Ml_x)+Y=(Y - x)+27*!



Y X
Augend/minuend Addend/subtrahend
T_Aﬁ /—J\__\
(| { ¢ ¢ ¢ ¢True/complementunit
Yy _
| A4 A3 A2 A1
SN74H87 : sN74ng? B
C
1 Y4Y3 Y2Y1
. S 'oye®
_¥Yy
1 BAB3B2B1 Ad A3 A2 A
SN7483 | N1 cO
coM———4c4 SN7483 C°—°<}_(
{ M
e Z4 23 22 2
LsB M=0, subtract
M=1, add
Sum/difference
Figure 11.

The 2s complement of X is generated by inter-
changing the 1s and Os in X and adding 1 to the
result. The interchange is carried out by the
SN74H87 and 1 is added at the carry input to the
adder.

The 27*! term appears as a carry from the last
adder stage and indicates that the result of the
subtraction is positive (sign bit). When the sign bit is a
zero the output represents a negative quantity and
appears in 2’s complement form.

Addition and Subtraction of Decimal Numbers with
Binary Representations

In some instances it is desirable to perform
arithmetic operations directly, using decimal
numbers. This need often occurs in systems where the
result of the arithmetic operation is to be displayed
directly and it is desired to avoid code conversions.
Two of the most used decimal arithmetic codes are
Binary Coded Decimal (BCD) and Excess-3. For BCD
the coding is identical to the equivalent binary
numbers 0 to 9. Excess 3 code is similar to BCD
except that an ‘offset’ of 3 is added to all decades, e.g.
99 is represented by 1100, 1100. This code has the
advantage that it is self-complementing.

When two four bit BCD numbers and a possible
carry from a previous decade are added, nineteen
different sum digits can be produced. Of these only
ten will be in correct BCD form, the remainder
requiring some form of correction. To correct sums
greater or equal to ten, it is necessary to subtract ten
from the sum and produce a carry bit. The subtrac-
tion is carried out by the addition of the 2’s
complement of ten, i.e. 0110. Figure 12 shows how
two four bit adders may be used for BCD addition.

From next lower digit
Addend {Cp.1=0 for units digit}
A

4 2 1
Augend ‘|
A

SN74H52 8 4 2 1

y

B4 A4 B3 A3 B2 A2 B1 Al

c4 SN7483 CO[€=Cn1
Z4 Z3 Z2 Z

NC

cﬂ
To next
higher digit
B4 A4 B3 A3 B2 A2 B1 Al
NC—C4 SN7483 co 4;‘"
4 33 22 2yl
8 4 2 1,
—
Sum
Addend
{ =g V2 Augend
NC4—C, Cpy H ~==[Cn Cnij¢ €n Cna
T v v
10 102 100

Figure 12.

The first adder adds the two BCD numbers as
though they were in binary notation, If the resultant
sum is equal to or greater than ten, which is detected
by the SN74HS2, binary six is added i.e. ten
subtracted by the second adder. This method of
adding a ‘filler digit’ to the sum from the first adder
may be used to construct adders that operate to any
base.

An example of a BCD adder being used to produce
a reversible BCD counter is shown in figure 13. Here
subtraction of one from the counter register is
achieved by the addition of the 10’s complement of
one.

The same overall function could of course be
obtained by using two reversible BCD counter
packages, it does however illustrate how adders may
be used.

BCD Subtraction

BCD subtraction is carried out by the addition of
complements.. The 10’s or 9’s complement may be
used. It is generally easier to generate the 9’s
complement of a number X ie. (9—X) and then the
10’s complement (10—X) by adding one to the carry
input of the adder.

Complement generation may be carried out by
random logic as shown in figure 14 or by using part
of a Read only Memory ROM such as the SN74184,
figure 15.
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2 DECADE REVERSIBLE COUNTER 1248 CODE CLOCK PULSE

FrRom X OUTPUTS Frov T JLTPUTS
MODE COxT| *
It
Inpur ‘:n&wr |llgur TRNT mDNT ‘;xrguv .Imnn'
| Sn7a9sN | | SN7A95N
Dout lc + LByt LAoyh Dout  Cout | Bour
LP/ DOWN
] LINE
g ) 0 ) 1
: 111 11
J
A ! 1 1 - - 4
a G Dy D2iC €2 81 By A Az c. Dy D2 :Cn Cz By Bz A Az j
4 | sn7483N | S | SN78B3N | —
< | i ! L4 , ! | in
CZ) Z4 | S2 1 Z2 1 Zy Za I 1 Za 'y
E p |
5 (= ml)a|
< = . —{
o
(= 1-° o 3
| : o I l o °
T
Dz D ICz G Bz B 1Az A _] D: D1 |C2 i 1Bz BiiAz A l
| SN7483N | - | SN7483N | =
T4 | T 1E2 I, " L4 L3 i T2 I "
/7
S s/
TO REGISTER INPUTS TO REGISTER INPUTS
Figure 13.
BCD INPUT
A
Vo \
D4 C1 B4 A
3
J
D2 ) B2 A2
\ /
v—
9's COMPLEMENT QUTPUT

Figure 14.




BCD 9's
COMPLEMENT CONVERTER

BCD
o\
7/ Al

D C B A

E D C B A

SN54184 OR SN74184

Y8 Y7 Y6

Np N¢ Ng Np

\

A4
BCD 9'S COMPLEMENT

BCD 10'S
COMPLEMENT CONVERTER
BCD
A
o Y

Sv D C B A

E D € B A

SN54184 OR SN74184

Y8 Y7 Y6

vV Vv Vv
To Te T8 Ta

\—-.._w_/

BCD 10'S COMPLEMENT

Figure 15.

FUNCTION TABLE
BCD 9'S OR BCD 10°S
COMPLEMENT CONVERTER

BCD INPUTS OUTPUTS
WORD {See Note C) (See Note D)
et D c B A G Y8 Y7 Y6
0 L L L L L L H L H
1 L L L L H L H L L
2 L L L H L L L H H
3 L L L H H L L H L
4 L L H L L L L H H
5 L L H L H L L H L
6 L L H H L L L L H
7 L L H H H L L L L
8 L H L L L L L L H
9 L H L L H L L L L
0 H L L L L L L L L
1 H L L L H L H L L
2 H L L H L L H L L
3 H L L H H L L H H
4 H L H L L L L H H
5 H L H L H L L H L
6 H L H H L L L H L
7 H L H H H L L L H
8 H H L L L L L L H
9 H H L L H L L L L
ANY | X X X X X H H H H

H = high level, L = low level, X = irrelevant
NOTES: C. Input conditions other than those shown produce highs
at outputs Y6, Y7, and Y8.
D. Outputs Y1 through Y5 are not used for BCD 9's or
BCD 10's complement conversion.
tWhen these devices are used as complement converters, input € is
used as a mode control. With this input low, the BCD 9's complement
is generated when it is high, the BCD 10’s complement is generated.

Arithmetic Logic Units, Carry look ahead, and Carry
save adders

Arithmetic Logic Units are building blocks that
may be used for very high speed parallel data
addition, subtraction, magnitude comparison and
shifting etc. The function performed by the ALU is
determined by logical control inputs. The
SN74S181/181 will perform 16 binary arithmetic or
16 logic function operations on two 4 bit data words
as shown in figure 16. The operation is selected by
four function select linés (S0, S1, S2, S3). When used
to perform arithmetic operations, as opposed to
boolean functions, the internal carries from the
adders must be enabled by taking the mode control
low. When the mode control is high the device
operates in the logic function mode.

ALU Signal Designations

The ’181,°’LS181, and ’S181 can be used with the
signal designations of either Figure 16A or Figure
16B.

The logic functions and arithmetic operations
obtained with signal designations as in Figure 16A are
given in Table 1 those obtained with the signal
designations of Figure 16B are given in Table 2.
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2) (1) (23) (22) (21) (20) (19} (18)

(2) (1) (23} (22) (21) (20) (19) (18) é) é) é) & é é (5 é
Ao Bo A1 BqAy By Az B3 Ag Bo A1 By Ay ByA3 B3
7 —e-qSn n _L_ C,
'181,°Ls181, or 's181  A=B [— (14) ‘181, 'LS181, or 'S181  A=B |—(14)
(8) M (8) M
Fo F1 F2 F3Chma v X Fo F1 F2 F3Chia G P
9 (100 (11.(13) (16) (17) {15) 9) (100 (11 (13) (16) (17) (15)
|
(30 (4 (1) (20 (14} (15) (5) (6) (j)) g) (N (2) (15;) (15) (Fé)) ;li)
Yo Xp Y1 Xq Y Xp Y3 X3 Gg Pg Gy Py Gy PyGy Py
x| (7) pfO— M
Ld ¢, '182 or 'S182 —Ch "182 or 'S182
(13) Y[ 19 Go-(10)
Chtx Cn+y Cotz Crax Cn+y Cn+z
(12) (11) ) (12) () (e)
FIGURE 162 FIGURE 16 b
(FOR TABLE 1) (FOR TABLE 2)
TABLE 1 TABLE 2
ACTIVE-HIGH DATA ACTIVE-LOW DATA
SELECTION
M=H M = L; ARITHMETIC OPERATIONS M= H M = L; ARITHMETIC OPERATIONS
LOGIC
$3525150 [FUNCTIONS .(:;c::y) (\Sit:ctrry) §3525150 FULN?:?-:SNS (:onc:rl:y) (v(ji'::c':rrv)
LLLL | F=R& F=A F=APLUS 1 LLLL |F=R F = AMINUS 1 F=A
LLLH|F=AFB | F=A+B F=(A+B}PLUS1 LLLH|F=<AB F = AB MINUS 1 F=AB
LLHL | F=2B F=A+E F=(A+BIPLUS 1 LLHL |F=A+8 | F=ABMINUS1 F=AB
LLHH | F=0 F = MINUS 1 (2'sCOMPL] | F = ZERO LLHH | F=1 F = MINUS 1{2'sCOMP) | F = ZERO
LHLL F=AB F = APLUS AB F=APLUS AB PLUS 1 LHLL F=A¥B | F=APLUS(A+B) F=APLUS(A+BIPLUS 1
LHLH|F=B F = (A + B) PLUS AE F=(A+B)PLUS AB PLUS 1 LHLH|F=-§ F=ABPLUS (A + B} F=ABPLUS (A +B)PLUS 1
LHHL F=A(®B | F=AMINUSBMINUS1 | F=AMINUSB LHHL | F=A®PB | F=AMINUSBMINUS1 | F=AMINUSSB
LHHH | F=AF F=ABMINUS 1 F=AH LHHH | F=A+B | F=A+B F={(A+8)PLUS
HLLL | F=R+B | F=APLUSAB F = A PLUS AB PLUS 1 HLLL |F=<AEB F=APLUS (A +B} F = APLUS {A + B} PLUS 1
HLLH | F=ATB | F=APLUSB F=APLUS BPLUS 1 HLLH|F=a@8B |F=-arLusE F=APLUS BPLUS 1
HLHL | F=8 F=(A+B)PLUS AB F={A+B)PLUS ABPLUS 1 HLHL | F=8B F=AB PLUS (A +B) F = AB PLUS (A + B} PLUS 1
HLHH| F=a8 F = ABMINUS 1 F=AB HLHH | F=A+B | F=A+8B F=(A+B}PLUS 1
HHLL | F=1 F=APLUSA® F=APLUSAPLUS 1 HHLL | F=0 F=APLUS A* F=APLUSAPLUS t
HHLH| F=A+B | F=(A+BIPLUSA F=(A+B)PLUSAPLUS 1 HHLH/|F=aB F=ABPLUS A F = ABPLUS A PLUS 1
HHHL | F=A+8 | F=(A+BIPLUSA F=(A+HBIPLUS APLUS 1 HHHL | F=n8B F = AB PLUS A F= AB PLUS A PLUS 1
HHHH | F=a F = AMINUS § F=A HHHH | F=a F=A F=APLUS1

*Each bit is shifted to the next more significant position.
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The SN74S181 may be used with either active low
or active high data. Compared with a conventional 4
bit adder three additional outputs are provided. An
equality output, indicating when the two input words
are identical, together with a carry propagate (P) and
a carry generate (G) output. Why these outputs are
generated and how they are used to speed up
operations is best explained with reference to a
simple adder stage. The truth table for such an adder
is shown in figure 17.

INPUTS OUTPUTS
Cn An B, l=n Cn +1
0 0 0 0 0
1 ] (o] 1 0
(o] 1 0] 1 4]
1 1 4] 0 1
0 0 1 1 ]
1 o] 1 0 1
[ 1 1 (o] 1
1 1 1 1 1
Figure 17.

The sum output F is expressed by A, ®B ®C,
the modulo 2 sum of the inputs. Carry output Cht1
is generated if 2 or all 3 of the inputs are present,
therefore C | may be expressed as;

Cot1 =AyB+AC tBCy
This boolean expression can be factored,
Cnt1 = Ag By +Cp(Ap + By)

The first term is called a ‘carry generate’ condition
in stage n.

Gp=AyBy

There will be a carry Cp+1 if Gy, is true indepen-
dent of the input carry C, to stage n.

The term A, + B is called a carry propagate
condition in stage n because a carry input C,, will be
propagated through stage n and will generate a carry
C,+1 Independent of the sum F from stage n. When
all the P and G terms are fed forward to more
significant stages a full carry look ahead scheme
between the four bits in a package can be achieved.
Thus for n stages,

=0 Co = Cin
=1 C =G +PG,
=2 Gy =Gy + PGy + PyP G

=T~ < -}

This method allows a very fast carry to be
produced by the ALU. This reasoning may be

expanded to cover carry look ahead between ALUs
by using the P, and G, outputs. Ifa 4 bit ALU package
is called a group then the same logic equations that
provide simultaneous carry between the bits within
the group may be used for ‘group level’ look ahead. If
the G and P outputs from 4 groups (SN74S5181s) are
fed into an SN74S182 then carry look ahead over 4
groups (16 bits) may be achieved. This method may
be extended to produce carry look ahead over 3
levels. Various possible arrangements are shown in
figure 18.

If the speed requirements for arithmetic functions
are such that ripple carry between packages can be
tolerated the output C, 4 can be fed directly into
the C; carry of the next package and no SN54182
package is required.

Subtraction is achieved by 1’s complement
addition. The 1’s complement of the subtrahend is
generated internal to the package. Subtraction times
are in the same range as summation times. 1’s
complement arithmetic of course necessitates an “end
around” carry or a ‘forced’ carry.

If two operands with equal magnitude are applied
to the data inputs and the ALU is operated in the
subtract mode (1’s complement addition) all function
outputs (Fg...F3) will assume a logical ‘1’ state.
This state is decoded and logical equivalence’ is
indicated at the COMP. output. This output has an
open collector so that the compare function for the
entire ALU can be achieved by wire-ANDing the
COMP. outputs. By observing the carry outputs C,, 4
in the subtract mode magnitude comparisons of the
two operands can be made.

For active low operands: C_ ., High: A<B
Cheq Low: A>B
For active high operands: C,,, High: A>B
Chegq Low: A<B

Besides the arithmetic sum and difference (and the
comparison operation in the difference mode) a
number of other useful arithmetic functions can be
generated. (See Function Table). Some masking
operations can also be performed internal to the
device. Most noticeable the operand A can be
decremented by one or shifted to the left by one
position (A plus A).

Logic Functions

When the carry between bits and packages is
inhibited all possible 16 logic functions of the 2 bits
A, B, can be generated according to the control
inputs X). . .X3. This implies that the operands can
be transferred to the outputs without any arithmetic
or logic manipulation, F = (An, ;‘n’ B, En) and
that the outputs can be held independent of the
inputs to all zero or all one states F, =0, 1.
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Figure 19. 16-BIT HIGH-SPEED PARALLEL ACCUMULATOR WITH FULL LOOK-AHEAD

High Speed Accumulator using ALUs.

The high speed parallel accumulator shown in
figure 19. features full look ahead to reduce the
typical add time to 36 nanoseconds and the typical
subtract time to 40 nanoseconds through the
arithmetic logic unit (ALU) and the look-ahead carry
generator. Used in conjunction with the quadruple
two-input multiplexers and the eight-bit parallel-
access shift registers the total times are typically 88
nanoseconds for addition and 92 nanoseconds for
subtraction.

The arrangement shown in figure 19 provides for
high speed processing of arithmetic operations. As the
SN74198 is a bidirectional shift register, some
multiplication (and power-of-two division) steps can
be made with a simple shift-left or shift-right
operation. In addition, complete arithmetic capability
is provided as the accumulator outputs are multi-
plexed with and may be selected as the B input to the
ALU’s with the result that successive additions are
performed with minimal delays.

Addition or subtraction
a. Clear and set register for parallel load (register

control inputs = 1,1.)
b. Select and enable the word B input multiplexers.

c. With ALU mode control (M/C) low, set function
select (F/S) for addition (1001) or subtraction
(0110).

d. Apply words A and B, clock the register, and read
sum or difference at accumulator output.

Two methods are available for handling the carry
for subtraction:

a. A forced carry input, the fastest method, produces
the two’s complement of negative answers.

b. The end-around carry produces the one’s comple-
ment of negative answers.

Division

Division is accomplished by successively sub-
tracting the divisor from the dividend and counting the
number of successive subtractions to obtain the
quotient, see figure 20.

When no remainder exists, the cycle is.terminated
by detecting all zeros at the accumulator outputs and
the content of the counter is the quotient.

A remainder is detected when Ch+4 8oes low
causing the 16-bit binary counter clock to be
inhibited. When this situation exists the quotient is
again read from the 16-bit counter and the remainder
is read from the accumulator.
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Multiplication

To multiply A by 2:

. Clear and set register for parallel load (register
control inputs =1, 1.)

. With ALU mode control low, set function select
for A plus A (SO =0S1 =0S2=183=1).

. Apply word A, clock the register, and read 2A at
accumulator output.

To multiply A by 3:

. Multiply A by 2 as above.

. Select and enable the accumulator outputs to
supply the ALU B inputs.

. Change function select to add (S0 =1. S1=0, 82
=0, 83 = 1), clock and register, and read 3A at
accumulator output.

To multiply A by 4:

. Multiply A by 2 as previously explained.

. Change register control to shift in direction of
most significant bit.

. Clock the register once and read 4A at accumu-
lator output. ‘

TO CLOCK

DIVIDE
CLOCK
Cnea

16817 BINARY COUNTER

€LOCK

14 SNT4163)

LLLELLLALLLRLY
e e il

QUOTIENT

ANOM
ACCUMULATOR

2SN7423s

Figure 20. DIVISION CIRCUIT

Carry Save Adder

‘Carry save’ adders are used where it is necessary
to generate the carry term at the same time as the
sum. They nearly always employ high speed parallel
logic. An example using the SN74H183 dual carry
save adder as an M out of N code detector is shown in
figure 21.

‘M OUT OF 9 INPUT CODE’
N\
Y e ™~
SN74H183
Ch+1 > Ch+1 2 Cntn 2z
B A
Cin
Cnt1 >
B4 A4 B3 A3 B2 A2 A1 BI1
SN7483A Cin
Za X3 Z2 I
/
v
BINARY OUTPUT CODE

Figure 21.
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Figure 22, IMPLEMENTATION OF A HIGH-SPEED MULTIPLIER FOR TWO 6-BIT BINARY WORDS

Each input to the adder tree has a ‘weighting’ of
one. The weighted inputs are successively combined
to produce a Binary weighted output from the final
adder. The binary number represents the number of
inputs that are present out of a possible total of 9.

Binary Multiplication using Carry Save Adders

Figure 22 shows how carry save adders may be
used to produce a high speed 6 bit binary multiplier.
A numerical example is shown in figure 23 which
shows how 55 would be multiplied by 45.

Binary multiplication can be expressed as a two
step operation: ANDing the multiplicand with the
multiplier one bit at a time, and adding. Furthermore,
since adding is commutative (not dependent on the
order in which made) the ANDed subproducts can be
combined in any order that observes the binary
weight of each bit.

Another fact, not so obvious, is that groups of
multiplier and multiplicand bits can also be ANDed,
summed, and combined. As Figure 23 shows, the
effect is the same whether the bits are ANDed and
summed in complete groups, or whether they are
ANDed, summed in subgroups, and then the sub-
groups added. The only difference is in the way the
subproducts are added, due to the difference in the
weight accorded the binary bits in each method.
‘Weight’ means the exponent or power of each b1t
for example, if the MSB in a 4 blt multiplicand (2 )is
ANDed with the 2nd bit (2 ) in a multiplier, the
resuit is a (23 x2l=23 +1=2 ) 2% bit (or 4th
power bit).

The basic concept of the Wallace adder scheme is
to consider carry outputs as sum bits of a higher
order; that is, a carry in the 2N column of binary bits
is treated as a 2N*1 binary sum bit. This results in
the generation of two groups of outputs; a carry
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Figure 23.

group and a sum group. The SN74H183 is ideal for
this application since the carry and sum propagation
delays are identical. Because the carry and sum
groups must be combined, a high speed adder using
the SN74 181 ALU and 74 182 look-ahead carry
generator that will accumulate the groups is used.

Performing Arithmetic functions with Read Only
Memories (ROMs)

TTL Read Only Memories can be used effectively
to perform high speed multiplications. For example,
by programming two 1024 bit ROMs such as the
SN74187, a binary 4 bit x 4 bit multiplier can be
fabricated as shown in Figure 24. These ROMs are
available as catalogue products as the SN74284 and
SN7428S.

Consider multiplications using ROMs, in which 4
bit x 4 bit products will be considered as subproducts
for - larger numbers. After the subproducts are
developed, high speed multiplication requires that a
fast addition scheme be used to sum these sub-
products, The carry save tree can be used here and is
best accomplished with the Wallace adder scheme.
When using ROMs, almost any TTL adder can be used
to combine subproducts, such as the SN74283 four
bit full adder, which will give minimum package
counts, or carry save trees in which the SN74H183
carry save adder is employed to give the best
propagation delays.

Figure 25 shows a 16 bit x 16 bit multiplier with a
SN74H183 Wallace tree network, SN74S181,
SN74S182 carry look-ahead adder, SN74284 and
SN74285 multiplier chips, and featuring a 32 bit
product in (typically) 103 nanoseconds.

BINARY INPUTS
WORD 2 WORD 1

2322 2190 237291 30

1 |

e

20 2C 2B 2A 1DIC 1B 1A 202C 28 2A D IC1B 1A
GA GA
SN74284 SN74285
GB
GBys ve vs va4 Y3 Y2 Y1 YO
27 28 5 A4 28 22 ' 0

BINARY OUTPUTS

vV

Figure 24.
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MONOSTABLE MULTIVIBRATORS WITH SCHMITT-TRIGGER INPUTS

NO. OF INPUTS QUTPUT TYP TOTAL DEVICE NO.
DESCRIPTION PULSE POWER TYPES OF
POSITIVE | NEGATIVE RANGE DISSIPATION PINS
SINGLE 1 2 40 ns—28 s 90 mw SN74121 14
1 2 40 ns—28 s 40 mwW SN74L 121 14
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS
NO. OF INPUTS DIRECT OUTPUT TYP DEVICE NO
DESCRIPTION CLEAR PULSE TOTAL TYPES OF
POSITIVE | NEGATIVE RANGE POWER PINS
SINGLE 2 2 Yes 45 ns—oe 115 mwW SN74122 14
2 2 Yes 90 ns—oe 55 mW SN74L122 14
DUAL 1 1 Yes 45 ns—co 230 mwW SN74123 16
1 1 Yes 90 ns— o0 115 mwW SN74L123 16
MONOSTABLES

The ’121 devices are non-retriggerable monostables
and the “122s and °123s retriggerable.

The ’121 has two negative edge triggered inputs
and one positive edge Schmitt-trigger input. The
former expect a typical TTL transition while the
latter will give a jitter free output pulse from a ramp.
The output pulse width is compensated for variations
of temperature and V¢, giving a device which has a
very good stability.

Apart from not being retriggerable, it has no clear
facility and loses its accuracy for high duty cycles. A
clear can be added externally as shown in Figure 1.

The longest time that can be obtained with the
121 is determined by the maximum allowable timing
resistor and capacitor. To get a longer time the circuit
in Figure 2 can be used.

The 122 and ’123 are retriggerable monostables
having clear inputs. The ’122 has two positive and
two negative transition triggering inputs, while the
"123 which is dual, only has one of each for each half.
In both types the clear is also gated with the inputs so
that removing the clear signal can, for certain
conditions of the inputs, trigger the monostable
again.

The 122 and "123 will operate up to 100 percent
duty cycle or thereabouts,

If the clear is used with a timing capacitor of
greater than 1000pF then a diode must be used in
series with the Cext/Rext terminal as shown on the
data sheet. This allows a short clear pulse to reset the

122

device and then be removed before the capacitor has
been recharged. The diode however modifies the
timing equation and teduces the maximum allowable
value of Ry. The pulse width will also be more
temperature sensitive.

+5V

121
Cx Cx/Rx Q

Figure 1.

The diode is also suggested for use with elec-
trolytic capacitors which will not tolerate being
reverse biased by more than 700 millivolts. The
possible current is limited to less than 200uA.

The timing resistor can be increased above the data
sheet maximum value by using a transistor in a similar
circuit to that used with the ’121. This is shown in
Figure 3,




Cx

:E}):DO— Cx Cx/Rx

Qo

Figure 2.

The pulse width will be slightly longer than 0.7 CR
and it will be temperature sensitive. R can be h
R ax 80 the maximum value for R will be a megohm
or two. But notice that the actual pulse width is hpg
independent.

5v

Cx

Cx Cx/Rx

Figure 3.

The timing equation is similar to that with the
diode.

One of the useful functions that can be made with
the retriggerable monostables is an oscillator. Oscilla-
tors can be made easily and cheaply using one of the
Schmitt trigger gates (13, 14 or ’132). One draw-
back is that the timing resistor is limited to about 390
ohms. This means two things. The frequency can only
be adjusted by changing the capacitor and as the
resistor is small the timing capacitor must be large for
low frequencies.

Using a ’122 or 123 as in Figure 4 avoids these
problems.

——WT—«NV“

Cx Cx/Rx a

' Clear

Figure 4.

The clear input can act as an enable/inhibit. The
state of the other inputs is immaterial, all high gives
the lowest power dissipation.

The rise and fall times of all input signals should
meet the normal TTL requirement of better than
50ns. If input waveforms are slow the devices may
trigger on the wrong edges (as well as the correct
ones). The noise immunity at the inputs is the same
as other TTL. If noise is affecting a device it is usually
getting in at the R /C timing pin, which is a high
impedance and it w1ll terminate the output pulse
prematurely. It is not likely to fire the monostable. A
couple of hundred picoFarads can decouple the

/C pin without affecting the timing if Cy is much
larger The timing resistor should be as close to the
device as possible and decoupled at the rail. Where a
variable resistor with long leads is used as a front panel
control it is better to put 5K or more of it close to
the package and the rest in the control.

cc
R
Cx 5k
0.1 pf ._.J.._. 0.1 uf
Ceramic ‘[ 500 pf — Ceramic

/ GND

Suggested Layout
Figure 5.
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LINE CIRCUITS

LINE DRIVERS

TYPE SN75109 SN75110 SN75150t SN75450A
. 10 kHz at
* Operating Frequency > 10 MHz > 10MHz 2600-pF Load { 1 MHz
. Balanced or Balanced or . Balanced or
* Type of Lines Single-E nded Single-Ended Single-£ nded Single-Ended
* Length of Line Up to 5,000 Up to 10,000 Up to 500 Up to 500
* Input TTL TTL TTL TTL
* Qutput Current Mode Current Mode Voltage Mode Current Mode
* Party Line Operation Yes Yes No Yes
* Strobe Control Yes Yes No
* Power Supply +5V and—5 V +5V and—5 V +12 V and—12 V +5V
* No. of Pins 14 14 N=14P=8 14
LINE RECEIVERS
TYPE SN75107A SN75108A SN75154

* Input Sensitivity, Max 25 mV 25 mV

* Switching Time, Max 25 ns 25 ns 50 ns

* Strobe Capability Yes Yes No

* Output TTL, Active Pull-Up | TTL, Open-Collector| TTL, Active

Pull-Up

* Fan-Out 10 10 10

* Power Supply +5 V and—5 V +5V and—-5 V +5Vor+12 Vv

No. of Pins 14 14 16

Application Notes

t Satisfies requirements of EIA standard RS-232-C
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SERIES LINE DRIVERS & RECEIVERS

General Considerations

1. All inputs of any device must be connected to
something. In the case of unused parts of multi-
channel devices the strobes or inhibit inputs and the
logic inputs must be connected to ground or the
nominal input voltage, via a resistor, as the truth table
of the device and your system dictate. Failure to do
so may cause a malfunction of the parts of devices
which are used.

2. Where strobing or inhibiting are not required in
the system concept, then inputs which will allow the
driver or receiver to function MUST be provided.
Failure to do so may cause an uncertainty at the
output of the device.

3. In systems which are subject to noisy environ-
ments, it is advisable to bias one input of each line
receiver, or one of the lines, at a voltage which can be
overcome by a required signal but not by the general
noise level — this will reduce chatter at the output of
the receiver to a minimum.

N.B. In the above it has not been possible to give
the exact voltages required as these vary from system
to system, however, wherever connection to a voltage
is required, this should be made via a resistor, (a 1k$2
resistor should be suitable in most applications).

4. Some users have adopted the practice of disabling
line receivers by disconnecting power supplies, this
practice should not be used unless the system concept
dictates, and if it is adopted, special precautions, and
in some cases alternative devices, are required. In
these circumstances further assistance can be
obtained from Texas Instruments Ltd.

5. Transmission lines should always be terminated, at
both ends, in the Characteristic Impedance of the
line. In the case of coaxial lines a single resistor
between the inner and outer conductors is all that is
required. In the case of twisted pair lines, for
differential data transmission, each wire of the
twisted pair should be connected to earth via a
resistor of a value of half the Characteristic Im-
pedance. For both party-line and single channel
transmission lines, it is only necessary to have a
termination at each extreme end of the line.

6. In party-line systems the number of receivers
which can be attached to the line is governed by the
following criteria:-

Length of Line — attenuation and noise pick-up

Type of Line — Characteristic Impedance and
noise immunity

Type of Driver — output power

|

sensitivity and threshold
voltage.

Type of Receiver

Applications of SN75107

One-Channel Balanced Transmission System:-
SN75107 Series dual line circuits are designed for
use in high-speed data transmission systems that
utilize balanced, terminated transmission media such
as twisted pair lines. Such a system operates in the
balanced mode, so that any noise induced on one line
is also induced in the other. The noise appears as
common-mode at the receiver input terminals, where
it is rejected. The ground connection between the line
driver and line receiver is not part of the signal
circuit, so that system performance is not affected by
circulating ground currents and ground noise.

The unique output circuit of the driver allows
terminated transmission lines to be driven at normal
line impedances. High-speed operation of the system
is ensured since line reflections are virtually
eliminated when terminated lines are used. Crosstalk
is minimized because of the low signal amplitude, low
line impedances, and because the total current in a
line pair remains constant.

A basic balanced transmission system using
SN75107 Series devices is shown in Figure 1. Data is
impressed on the twisted-pair line by unbalancing the
line voltages by means of the driver output current.
Line termination resistors labelled Ry are required
only at the extreme ends of the line. For short lines,
termination resistors only at the receiver end may
prove adequate. Signal phasing depends on the driver
output and receiver input polarities on the line.

Party-Line Balanced Systems: The need to com-
municate between many receivers and line drivers
using the scheme in Figure 1 could require large
amounts of wire and consequently increase the
installation costs. For example, in transmitting and
receiving information from the cockpit of an airplane
to some remote area in the tail of the plane, the wire
required for a multi-channel system might well weigh
more than all of the equipment involved. Thus a
method for sharing a single transmission line by
several drivers and receivers is desirable.

The strobe feature of the receivers and the inhibit
feature of the drivers allow SN75107 Series dual line
circuits to be used in party-line (also called data-bus)
applications. Examples are shown in Figure 2, 3, and
4. In each of these systems, an enabled driver
transmits data to all enabled receivers on the line
while other drivers and receivers are disabled. Data
can therefore be time-multiplexed on the trans-
mission line.
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USE OF SN75107 SERIES DEVICES IN A TYPICAL SINGLE-DRIVER, SINGLE-RECEIVER TRANSMISSION SYSTEM
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Figure 2. SIMPLE PARTY LINE SYSTEM WITH DRIVING
AND RECEIVING STATIONS SCATTERED ALONG
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Figure 3. PARTY-LINE CONCEPT OF ONE DRIVER
TRANSMITTING TO ONE OF MANY RECEIVERS
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Fig. 4. CONCEPTUAL DIAGRAM OF FOUR TRANSMISSION
CHANNELS SHARING THE SAME PARTY LINE

The SN75107 Series specifications allow widely-
varying thermal and electrical environments at the
various driver and receiver locations. The party-line
system offers maximum performance at minimum
cost for those applications in which it is usable.

Figure 5 shows an eight-channel party-line system
similar to that in Figure 4, including clocking
arrangements. This method uses two twisted pair
lines: one for data transmission and the other for
clocking and control information. Details of this
system appear in Figures 6 and 7. Careful matching of
the line delay is necessary to insure synchronized
clocking. Some compensation networks might be
needed.

Unbalanced or Single-Line Systems: SN75107
Series dual line circuits may also be used in un-
balanced (that is, single-line) systems. Although these
systems do not offer the same performance as
balanced systems for long lines, they are adequate for
very short lines where environmental noise is not
severe.



In such systems, the receiver threshold level is
established by applying a d-c reference voltage to one
receiver input terminal and supplying the trans-
mission line signal to the remaining input. The
reference voltage should be optimized so that signal
swing is symmetrical with respect to it for maximum
noise margin. The reference voltage should be in the
range of —3 V to +3 V. It can be provided either by a
separate voltage source or a voltage divider from one
of the available supplies.

A single-ended output from a driver is used in
single-wire systems as shown in Figure 8. A coaxial

line is preferred, to minimize noise and crosstalk
problems. For large signals swings, the SN75110 is
recommended because it has the higher output
current. Two drivers may be paralleled for even
higher current. The unused driver output terminal
should be tied to ground as shown in the figure. The
voltage at the output of the driver is then given by
Vout = (Vp —R2 1,0 (R1)/(R1 + R2), where I, is
the given output sinking current. The values of R1
and R2 affect the amplitude of the pulse and its
position with respect to ground.
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cLock CLOCK
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SN7400 :| SN7400
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GENERATOR o DETECTOR v DETECTOR —T
5152 P
L1 sn7s 109 SN75 108A |—

Figure 5. A MULTI-CHANNEL SYSTEM WITH CLOCKING (SEE DETAILS OF DETECTOR, CLOCK,
AND TEST CIRCUIT IN FOLLOWING FIGURES)
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APPLICATIONS OTHER THAN LINE TRANS-
MISSION

The possibilities of using line drivers and receivers
for applications other than line driving and receiving
is limited only by the ingenuity of the design
engineer. The ability to go from unbalanced to
balanced lines or balanced to unbalanced, to sense
voltage levels, to program outputs, and other
characteristics should generate many ideas for uses of
these devices. Some examples are the following:

Receiver Applications:

ECL-To-TTL Level Translators

Dual Comparators

Window Discriminator

Pulse Amplitude Detectors

Analog-To-Digital Converters

Sense Amplifiers

Double-Ended Limited Detectors
Driver Applications:

TTL-To-ECL Level Translators
Memory Pre-Drivers

Ramp Generators
Digital-To-Analog Converters
MOS Digit Drivers

Lamp Drivers

Some of these applications are outlined below.

Receiver As Dual Differential Comparator: There
are many applications for differential comparators,
such as voltage comparison, threshold detection,
controlied Schmitt trigger, and pulse width control.

As a differential comparator, an SN75107A
or-108A may be connected so as to compare the
noninverting input terminal with the inverting input
as shown in Figure 9. Thus a logical “1” or “0” is
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REFERENCE 1

STROBE 1, 2 O— I

2A
+

28

REFERENCE 2 A-AME—E
STROBE 2

I*

OUTPUT 2

|
18] DJ—Q OUTPUT 1
| |
:}Jlr*
_J

Figure 9. SN75107 SERIES RECEIVER AS A DUAL
DIFFERENTIAL COMPARATOR

experienced at the output resulting from one input
being greater than the other. The strobe inputs allow
additional control over the circuit so that either
output or both may be inhibited.
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SCHEME

Figure 10. FURNACE CONTROL USING SN75108A

Furnace Control Using The SN/75108A: The
furnace control circuit in Figure 10 is an example of
the possible use of the SN75107 Series in areas other
than what would normally be considered electronic
systems. Basically the operation of this control is as
follows. Where the room temperature is below the
desired level, channel 1 noninverting input is above
(more positive than) the reference level set on the
input differential amplifier. This situation causes a
high output, operating the ‘“heat on” relay and
turning on the heat. The output is tied to one of the
strobes of channel 2, so that when channel 1 is on,
channel 2 can be turned on. The channel 2 non-
inverting input is turned on when the bonnet tem-
perature of the furnace reaches the desired level.
Normally the furnace is shut down when the room
temperature reaches the desired level and channel 1 is
turned off. There is also a safety switch in the bonnet
which shuts the furnace down if the temperature here
exceeds desired limitations. The types of temperature
sensing devices and bias resistor values used are
determined by the particular operating conditions
encountered.

Repeaters For Long Lines: In some cases, the
driven line may be so long that the noise level on the
line reaches the common-mode limits or the attenua-
tion becomes too large and results in poor reception.
In such a case, a simple application of a driver and a
receiver as repeaters (shown in Figure 11) restores the
signal level and allows an adequate signal level at the
receiving end. If multichannel operation is desired,
then proper gating for each channel must be sent
through the repeater station using another repeater
set as in Figure 11b. In most cases two twisted-pair
lines suffice, one for the information and the other
for the clock pulses.
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Figure 11. DRIVER-RECEIVER REPEATERS.

Window Detector: The window detector circuit in
Figure 12 has a large number of applications in test
equipment and in determining upper limits, lower
limits, or both at the same time — such as detecting
whether a voltage or signal has exceeded its limits or
“window”. A mode selector is provided for selecting
the desired test. For window detecting, the upper
and lower limit test position is used.

Applications of SN75150 Line Driver and SN75154
Line Receiver

These devices have been specifically designed to
meet the requirements of EIA Standard RS-232-C.
They are primarily to be used, therefore, as interfaces
between data terminal equipments and data com-
munications equipment over comparatively short
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Figure 12. WINDOW DETECTOR USING SN75107A
SERIES RECEIVER

lengths of line, (500 feet is the maximum recom-
mended distance), normally using coaxial line. These
devices are not normally used in party-line systems,
although bi-directional transmission over one line is
possible as long as only uni-directional transmission
occurs at any one time.
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SENSE AMPLIFIERS

TYPE SN7620, SN7521

SN7522,SN7523

SN7524, SN7525
SN75234, SN75235t

SN7526, SN7527

SN7528, SN7529
SN75238, SN752391

* Provide Memory Data
Register

Features * Complementary Outputs

* Open-Collector
Qutput Stage

* High Fan Out

* Dual Sense Channels

* Independent Strobes

* Complete Memory

Data Function

* Effective Strobe
Width of Less than
10 ns

* Test Points for Strobe

Timing Adjustment
* Dual Sense Channels

No. of Pins 16

16

16

N

N

Applications Large Memories

Large Memories

General Purpose
Sense Amplifiers

High Performance
Sense Amnhifiers

General Purpose
Sense Amplifiers

BLOCK DIAGRAMS

A1l
INPUTS {0, A
STROBE OUTPUT Y |NPUTs{A2
SA STROBE g,
INPUTS{B1 weurs | o
B2 OUTPUT Z SUTPUT v
STROBE g B2
GB STROBE Sg
GATES {Gy
GZO GATE G
SN7520, SN7521 oN7522, SN7523
PRESET
1A1 g
1A2
INPUTS N o
STROBE = 15 OUTPUT 1W INPUTS § A5 )
2A1 OUTPUT Q
INPUTS { 2A2 Sa
stroBe | 25 OUTPUT 2w STROBE { Sg cLoCK
Q —
SN7524, SN7525 INPUTS { B! CLEAR |OUTPUT Q
SN75234, SN752341 B2 I
CLEAR
SN7526, SN7527

TEST POINT 2P

1A1

1A2g':[:

STROBE 15 O—

INPUTS%

2A1

INPUTS{

UTPUT 2W
S§2 °

SN7528, SN7529
SN75238, SN75239t

TEST POINT 1P

OUTPUT twW

t Types SN75234, SN75235, SN75238, and SN 75239 are indentical to types SN7524, SN7525, SN7528, and SN7529,
respectively., except that an additional stage has been added to the output gate to provide an inverted output.
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MEMORY DRIVERS

SN75324 SN75325
TYPE DRIVER WITH DRIVER WITH
DECODE INPUTS DECODE INPUT
* Four 400-mA Transistors | * Four 600-mA Transistors
* TTL-Compatible Inputs * TTL-Compatible Inputs
* internal Decoding and * Internal Decoding
Features Timing Gates
* Single 14 V Supply * 5V Supply
* 24 V Output Capability
* Core Memories * Core Memories
Application * Plated-Wire Memories
* Hammer Driver
No. of Pins 14 16

General Considerations
Sense Amplifiers

1. Power supplies should be regulated to +5% or
better and should have low-inductance by-pass
capacitors as physically close as possible to each sense
amplifier.

2. The data input/sense line should be terminated in
its Characteristic Impedance and should be as short as
possible. It should be kept as far away as possible
from any lines carrying high level logic signals.

3. If the input signal from the momory does not have
a high enough slew-rate the output of the sense
amplifier may oscillate.

4. Strobe inputs to unused channels should be
grounded, failure to do this may cause a malfunction
inthe used channel, due to unused channels switching
on noise signals. Care should be taken in the timing of
the strobe signals, allowing for the propagation delay
through the device.

Memory Drivers

5. Circuit-board mounting of memory drivers should
be carefully considered, with special regard for heat
sinking, signal transmission, and noise. Furthermore,
because memory drive and logic currents may share
the same electrical ground in a direct-coupled system,
special care is necessary to minimise ground noise. In
the case of the SN75324 this is especially so because
the logic and driver are monolithic.

Application of Series SN7520 Sense Ampli-
fiers

General

Series 7520 sense amplifiers are designed
specifically for use in coincident current memories
organized in the 3D (three dimensional) and 2 1/2D
configurations. In these applications, memory output
information is transformed from low-level (10-60mV)

bipolar pulses into high-level digital logic levels.
Memory information is categorized as representing
stored logical “0” or “1” information on the basis of
signal amplitude and position in time, regardless of
signal polarity.

In these memories, it is common practice to limit
the number of cores on each sense line to about 4K.
Large core planes are sectored into small sub-planes
of approximately 4K bits as shown in Figure 1 with
separate sense lines for each sub-plane.

1l { 1] I

Sense Line N k! ! + l +4 1 — Sense Line

#1 —~+— - #2
-

Sub-plane §__}
#1 #2

h .
“Sectored” /J L

Sub-plane

1

core-plane

: Sub-piane Sub-plane T1~
#4 #3
-/
Sense Line _.__—1? l I T IT [ = Sense Line
#4 1 T T T #3
| W— -~ —
Figure 1.

Discrete sense amplifier designs usually utilize
reactive components such as inductors and capacitors
to eliminate problems due to d.c. bias level drift.
Integrated sense amplifiers usually use capacitive
coupling for the same reason. Or, a d.c. comparator is
used with a complicated input resistor network to
obtain threshold action. These methods, however,
introduce additional problems:

(1) Reactive coupling usually results in thres-

hold shift with increased repetition rates

(2) Reactive coupling results in excessive over-

load recovery time

(3) Input resistor networks degrade the

common-mode rejection of the design and
require expensive, precision components.

(4) Redundant circuitry results in excessive

power
(5) High package or component count uses
excessive board area, excessive inter-

connections, and reduces reliability.

Series 7520 devices incorporate the necessary
circuitry to perform sensing for two sense lines
without the above undesirable characteristics. This
performance results from the unique Series 7520
“matched-amplifier” circuit design which utilizes the
inherent matching and tracking characteristics of
integrated circuit components. This design permits an
all d.c.-coupled circuit without the associated d.c.
drift problems. The result is close matching of all the
sense channels for maximum system performance.
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This results in a much higher signal-to-noise ratio
than can be obtained with a larger number of cores
on a sense line. Also, delays from various bit locations
are more uniform, allowing more precise strobing.

The following sections show some of the appli-
cations for which the Series 7520 devices were
designed.

SN7520/21N Applications

The SN7520/21N Sense Amplifier is a complete
monolithic sub-system incorporating all the necessary
threshold, strobing, and logic functions for sensing,
gating, and storing information from up to 8K cores
in the memory. The output circuit of the
SN7520/21N is composed of two cascaded NAND
gates. External inputs are available as logic inputs to
each of the gates. The gates may be connected in a
cross-coupled gate latch configuration, (Q output to
Gate Q input), as shown in Figure 2, thus enabling
the output circuit to function as part of the Memory
Data Register (MDR). Information extracted from
the sense lines during the strobe enable pulse can be
retained as long as desirable for use with the
computer logic section. A negative going pulse
applied to the Gate Q input clears the latch prior to
the next strobe enable pulse.

J1¢ Strobel
SL =1
2
- _ Q
C_ - o Q
=y
SL=2 !E
L4 Strobe 2
e . External
r Set r Clear Connection
Figure 2.

In those applications where output pulse stretch-
ing is desirable, the gates in the output section of
the SN7520/21IN may be capacitively coupled, as
shown in Figure 3.

Strobe 1

SL =1 e Voo

SL#2 ‘EE I ’ / L4 le

Strobe 2 External Connection

Figure 3.
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In some applications, neither the latch con-
figuration or output pulse stretching may be required.
In these applications, the gates in the output of the
SN7520/2IN may be used as a part of the logic unit,
supplying complementary output logic levels with
standard TTL fan-out capability.

In applications that do not utilize the external gate
inputs (Gate Q and Gate Q inputs) these terminals
should be tied to the positive supply (Veey) to
prevent capacity coupling at these terminals from
affecting delay times. Strobe inputs should be treated
similarly.

In some memory applications, more than 8K
words may require sensing. The dual sense input
function of the SN7520/2IN may be expanded to
four sense inputs by the addition of a dual-input
SN7522/23N sense amplifier. (The 4K bits per sense
line referred to in this report is a good rule of thumb,
resulting in a good signal-to-noise ratio, thereby
permitting good system performance. However, in
especially clean (low noise) memory designs, it may
be possible to have 8K or more bits per sense line).
Details in using the SN7522/23N as an expander will
be considered in detail in the next section.

SN7522/23N Applications

The SN7522/23N has as its output circuit an
open-collector gate that may be connected to per-
form the Wire-OR logic function, thus permitting a
level of logic to be implemented without additional
gate delays. Each SN7522/23N also has an internal
load resistor of value approximately 2K€2. One end of
the resistor is internally connected to the positive
supply (Vcey) while the remaining end is brought out
through a separate pin. The resistor may be used as a
collector pull-up resistor in those applications where
its value is acceptable. Load resistors from several
SN7522/23N packages may be connected in parallel
for lower impedance.

The output gate of the SN7522/23N is designed to
have a very high sink current capability. Although the
specifications indicate a limit of 0.4 volts maximum
output logical O voltage level while sinking 16
milliamps, this limit is conservative as indicated by
the typical curve for this parameter, shown in the
data sheet.

The high output sink current capability increases
the versatility of the SN7522/23N in a variety of
applications. Several SN7522/23Ns may be Wire-OR
connected in order to provide the necessary number
of sense-inputs for large memory applications. Also,
the output may be Wire-OR connected with other
sense amplifiers such as the SN7520/2IN. In this
application, shown in Figure 4, the output of a single
SN7520/21N is connected as a latch to function as



part of the Memory Data Register. As many
SN7522/23Ns as necessary are connected to provide
additional sense inputs to the MDR. The Gate Input
terminal of each of the SN7522/23Ns, in this
application, serves as an external set input for the
MDR, allowing information to be entered into the
MDR from the logic section. The Gate Q input of the

SN7520/21N serves as the Clear input for the latch in
this application.

The output of the SN7522&23N may also be
Wire-OR connected with logic gates that feature this
capability. This includes most diode-transistor logic
(DTL) gates and the Series 74, SN7401N, quad
two-input positive NAND gate.

n ? Strobe \J o MDR Clear
SL #1
e = ©Q
=t MDR
- Output
2 puts
SL #2 I
SL #3
E SN7522/23N
$ Wire—AND
/ Connection
SL #4
=4 l "/ & MDR Set # 1
T JS
SL # n-1
m L;-D> SN7522/23N
ity —

D—

[/

SL#n

VLMDRSet#n

Figure 4. USE OF THE SN7522/23N AS AN INPUT EXPANDER FOR THE SN7520/2IN

In applications in which more than a simple latch
is desirable for the MDR, several options may be
considered. For example, the SN7474N dual D-type
edge-triggered flip-flop is an excellent device for use
with the SN7522/23N. The SN7474N features direct
clear and preset inputs and complementary outputs.

Input at the D input is transferred to the Q output of
the SN7474N on the positive edge of the clock pulse.
The outputs of one or more SN7522/23Ns can be
connected as shown in Figure 5 to provide inputs to
the SN7474N,
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SN7522/23N’s SN7474N
SL 1,4
d:},_ Preset # 1
Qv
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\ l D -0 Q,
—‘/ ’_D-‘ Clock —o0 Q,
SL1g 1 A v T
= Clear # 1 o~
VCCl P # 2 [ ]\O,llll)tl;uts
reset
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N D S\
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Note: Additional SN7522/23N’s may be Wire-OR
connected to supply required number of sense
preamps for each plane. A single SN7474N
will supply two storage elements for the
MDR.
Figure 5. USE OF SN7522/23N WITH SN7474N AS MEMORY DATA REGISTER
A single SN7474N can provide two storage application, an inversion occurs from the sense inputs

elements for the MDR. If a separate clock pulse is to the flip-flop output. Logical 1 sense inputs (> V1)
undesirable, the clocking function can be provided by will enter logical O levels into the Q output. This is
the strobe input. Proper delay must be provided to due to the negative-goining output from the
ensure that the D input is set-up at clock time. In this SN7522/23N.
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SN7524/25N Applications

The SN7524/25N sense amplifier is, in actuality,
two separate sense amplifiers in a single package.
Separate inputs, strobes, and outputs permit a single
SN7524/25N package to service two separate bit-
planes in a memory as shown in Figure 6. Since the
outputs of the SN7524/25N cannot be Wire-OR
connected because of its normally-low output level,
the SN7524/25N finds its widest application in small
memories of up to about 4K words. In this appli-
cation, the SN7524/25N will result in one-half the
package count normally required. It also increases
reliability and reduces the memory size by fewer
interconnections, less board area, and less power than
other sensing schemes.

Lo Strobe
~
st#t R :1 —+—o Bit1
3 i SN7524/25N
SL #2 Qﬁ >—;C)__° Bit 2
{ > To Memory
A Data Register
s#s >—:C)———-o Bit 3
{3
¥ SN7524/25N
st ( f >— :D——° Bit 4
£ )

Figure 6.

A useful application of the SN7524/25N is in
conjunction with the SN7475N quadruple bistable
latch, as shown in Figure 7.
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In this application, the SN7475N functions as the
memory data register (MDR) for two of the
SN7524/25N packages. Four bits of the memory
word can thus be sensed and stored with only three
integrated circuit packages. Operation can be ex-
plained as follows. As long as the clock input to the
SN7475N is high, the Q output follows the D input.
When the clock input goes low, the information
contained in the latch is retained until the clock input
is permitted to return to the high state. When used

with the SN7534/25Ns the SN7475N can be used
to retain information read from the memory for as
longasisdesirable. The negativeedge of the clockmustbe
timed so that it occurs while the desired information
is present at the output of the SN7524/25N sense
amplifiers.

For a more exotic application, a SN7474N dual
d-type flip-flop may be used with a SN7524/25N in
Figure 8.
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Figure 8. THE SN7474N FUNCTIONS IN A MANNER SIMILAR TO THE SN7475N

The SN7474N functions in a manner similar to the
SN7475N. Operation is as follows. The positive edge
of the clock pulse shifts the information present at
the D input to the Q output of the flip-flop. The Q

output does not “follow” the D input except in the
clock pulse command. The strobe input pulse may be
used to supply the clock input pulse by adding the
proper delays, see Figure 9.

Strobe Q ’ ‘
Gate Delays as required
r —A N
/ \ SN7474N
SN7524/25N Clock Preset \[
9
pdypdy—pie—r l
N =B . —o ¢
B | ! —0 Q
' ! L
] \ 6 [}
' I Cleat U I
Figure 9.
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The positive edge of the strobe pulse should occur
during the input pulse. The delays introduced from
the strobe input to the clock input will allow the
sense information to propagate to the D input of the
flip-flop, thereby insuring that the clock pulse is
properly timed with respect to the D input infor-
mation. Since each SN7474N contains two D-type
flip-flops two planes can be serviced by a single
SN7474N and a single SN7524/25N. The SN7474N

may be desirable over the SN7475N since it includes
external set and clear inputs, allowing entry into the
two bits of the memory data register (formed by the
SN7474N) from an external source.

If it becomes desirable to “OR” the outputs of the
SN7524/25N, this can readily be accomplished with
the addition of a positive NOR gate, such as is a part
of the SN7402N TTL device, as shown in Figure 10.
This device is a quadruple 2-input positive NOR gate.
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C phaiye e T / ‘;LJ
AR 3
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Figure 10.

The SN7402N can “OR” four pairs of
SN7524/25N outputs. If more than two outputs are
desired in the OR connection, it is more desirable to
utilize the Wire-OR capability of the SN7522/23N in
this application.

Typical System Applications

The following figures (Figures 11 to 14), show in
detail how the Series 7520 sense amplifiers can be
used in either 3D or 2 1/2D memory applications.

These are representative memories and may not appiy
to all memory configurations of the 3D or 2 1/2D
type. However, the basic sense amplifier application
can be seen.

In either application, the most optimum threshold
level can be determined for the memory by adjusting
the threshold levels of the sense amplifiers. In
extremely “tight’” designs, it may be desirable to
adjust sense amplifier threshold levels on an indi-
vidual package basis. On less stringent applications, all
threshold levels may be adjusted in parallel.
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Figure 11b. DETAILED MEMORY WIRING

Figure 11. TYPICAL 3D MEMORY APPLICATION (16K N-BIT WORDS}
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Figure 13b. DETAILED MEMORY WIRING

Figure 13. TYPICAL 2 1/2D MEMORY APPLICATION (8K N-BIT WORDS)
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Applications of the SN75324 Monolithic
. Memory Driver

This section briefly describes the SN75324 mono-
lithic integrated-circuit memory driver and illustrates
how to use it to address and drive a magnetic
memory. Detailed specifications of this circuit are
found in the appropriate data sheet.

Description of SN75324

A functional diagram of the SN75324 appears in
Figure 1. This unit is designed specifically to replace
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Figure 1. SIMPLIFIED FUNCTIONAL DIAGRAM AND
LOGIC TABLE FOR SN75 324 WITH TYPICAL
INTER-CONNECTION OF ADDRESS INPUTS

traditional discrete transistor-transformer circuits in
magnetic memory systems. However, it can also be
used as a lamp driver, relay driver, or high-fan-out
logic gate. It consists of four fast, high-current
switches controlled by seven logic inputs (denoted A
through G) that are compatible with 74 TTL and
other standard logic systems with precautions
mentioned under “Logic Input” below. One pole of
each switch leads outside the unit (outputs W, XY,
and Z). On their opposite poles, two of the switches
connect to the memory current source, and the other
two connect to ground. Thus two outputs are sources
and two are sinks for memory drive current.
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The decoding circuitry is arranged so that any or
all of the switches in a package may be conducting at
any given time. However, the unit will overheat if
more than one switch at a time carries memory
current. Therefore the system must be designed to
prevent this occurrence by such means as the external
logic inverters chown in Figure 1.
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Figure 2. TYPICAL APPLICATION OF SN75324 IN
MEMORY-DRIVE: A SELECTION SCHEME FOR
16 DRIVE LINES

Memory-Drive Applications

In memory-drive applications, the SN75324 can be
connected in any of several fashions. Typically,
however, sources and sinks are arranged in pairs from
which many drive lines branch off, as shown in Figure
2. Here each drive line is served by a unique
combination of two source/sink pairs, so that a
selection matrix is formed. The size of such a matrix
is limited only by the number of drive lines that a
source/sink pair can serve. This number in turn
depends on the capacitive and inductive load that
each drive line of the particular system imposes on
the driver.



Memory Unit With Cores:
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System inputs P1, Q1, and Rq control SN75 324 inputs
E, F, and G to select one of eight SN75324 packages.
System input Sq selects one source sink pair in that
package by acting through unit inputs Aq and D1.
System inputs P2, Q9, R2, and S perform analogous
selection among the other eight SN75 324 units. System
input V controls inputs B and C on all 16 SN75 324
units, thus deciding the direction of current flow in

the selected drive line. Thus when each input P4, Q1,
R4, 81, P, Qg, Rg, Sg, and V is held at some logic
level (comprising altogether a 9-digit binary number),
current flows in a particular direction in one particular
drive fine.

Figure 3. SN75324 SERVING 256 DRIVE LINES IN A
MAGNETIC MEMORY, WITH HYPOTHETICAL LOGIC
INTERCONNECTIONS TO SHOW INPUT FLEXIBILITY

A larger selection matrix is shown in Figures 3 and
4. The hypothetical interconnection of logic inputs
demonstrates one way to take advantage of the
multiple logic inputs of the SN75324.

Regardless of the particular line-selection and logic
scheme, the SN75324 can be densely mounted on
printed-wiring boards along with monolithic diode
arrays and IC logic packages. The result normally is a
system that is cheaper, faster, smaller, more reliable,
and simpler to connect than a conventional discrete
transistor-transformer version.
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SN75 324
Drive
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. 133333333333 3333
Sink
Division of Drive-Line
L AAAU Bus into Four Segments “i
Reduces Capacitive Load
On Driver i
—
—
—
—¢
el e
Sink Source
SN75 324

Figure 4. DETAILS OF CONNECTION OF DRIVE-LINES
TO DRIVERS IN Figure 3.

Logic Input from 74 TTL

Because of the high-noise environment in which
the SN75324 is intended to operate, the input logic
levels have been purposely designed to be somewhat
higher than standard 74 TTL logic levels, as compared
below:

54/74 TTL SN 75 324
Vout({0) 04V m?x. ——
Vout(1) 2.4 V min. ——
Vin(O) 0.8 V max. 1.0 V max.
Vin(1) 2.0 V min. 3.5 V min.
Vthreshold 1.4V typ. 2.3V typ.

The higher logical O input level, V; jy of the
SN75324 guarantees a d-c noise margin of ‘600 mV
when driven from 74 TTL. However, the higher
Vin(1) of the SN75324 (3.5 V) leads to some minor
difficalties when using 54/74 TTL. The minimum
guaranteed logical 1 level of 2.4 V at a 54/74 TTL
output falls short of the 3.5-V minimum level
required at the SN75324 input. However, this
problem can be readily solved by the proper selection
of a pull-up resistor at the gate output as shown in
Figure S.
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Vee Logic Inputs to SN75 324

frm— N\

Pull-Up Resistor

O e
(o

54/74 TTL Driving Gate

Figure 5. INPUT TO SN75324 FROM 74 TTL USING
PULL-UP RESISTOR

Because of the high logical O input current of the
SN75324 (12mA for the timing inputs, 6mA for the
address inputs), it may be desirable to drive the
inputs from 74 TTL buffer gates (SN7440 or
SN74H40) to assure adequate sink current capability.
Each SN7440 buffer gate output is specified at 0.4 V
maximum V at a sink current of 48mA. The
Vout(o) for the SN74H40 buffer gate is 0.4 V at a
sink current of 60mA. If additional sink current is
required, the inputs and outputs of both gates in the
SN7440 or SN74H40 package may be paralleled for
96 and 120mA capability, respectively. (This parallel
connection requires no significant sacrifice, if any, in
switching characteristics, but the outputs of these
gates should not be paralleled without also paralleling
inputs. Otherwise one or both of the gates can be
damaged because of the active pull-up or “totem-
pole” output configuration.)

A large number of SN75324 inputs may also be
driven from the output of any of several 74 TTL
decode/drivers. For example, the output of the
SN7445 BCD-to-Decimal Decode/Driver can sink
80mA at V) of 0.9 V or sink 20mA at VOUt(ZOAZ
of 0.4 V. Since the maximum V) of the SN753
is 1.0 V, the SN7445 can drive the’SN75324 with a
pull-up resistor.

When a pull-up resistor is used at the driving gate
output, its value must be determined to ensure proper
logic levels. The worst-case resistor values may be
readily calculated using available driving gate data
sheet information, as exemplified below.

The maximum resistor value is calculated to ensure
that sufficient current is available when the driving
gate output is high (off). This current must supply
the SN75324 input as well as the driving gate output.
For a logical 1, it is necessary to maintain 3.5 V
minimum at the SN75324 input. A suggested method
of calculating the maximum resistor value is shown in
Figure 6. The minimum value of the resistor is
calculated to ensure that its current plus that from
the SN75324 inputs will not cause the output voltage
Vout(SO) of the .driving gate to exceed the maximum
of 1.0 V. (See Figure 7).
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N Logic Inputs
To SN75 324 Units

M Driving Gates

M
[ e
g — -
lout(1)
| o
out (1)

Voltage across R = VR = Ve (min}= Voup(1)
Current through R = ig = M loyp(1) + N lin(1)
Vee (min) = Vour(1)

Miaut (1) * N Tin(1)
where Vot (1) = 3.5 V minimum to drive SN75 324 input

Therefore R(max) =

lout(1) = 250 yA maximum for 74 TTL gate output

hin() = 100 pA maximum for SN75 324 timing inputs
= 200 pA maximum for SN75 324 address inputs

M = number of parallel driving gates

N = number of parallel SN75 324 inputs

Figure 6. CALCULATION OF MAXIMUM VALUE OF
PULL-UP RESISTOR IN Figure 5.

N Logic Inputs
To SN75 324 Units

M Driving Gates M

O
o~ 1 -—
sink
]
Ij )5 Veaut(0)
I e
sink

Current in resistor = Ig.= M Igink = N 157(0)
Voltage across resistor = VR = Vee = Vout(0)

R(min) = Vee = Vout (0)
{min M Lsink = N lin(0)

where lin(0) = 6 mA maximum for address inputs
Iin(O = 12 mA maximum for timing inputs
lsink = maximum specified sink current of
driving gate

Veut(0) = maximum specified “0" fevel output
voltage of the driving gate (<1.0 V),
which is 0.4 V for 74 TTL

M = number of parailel driving gates

N = number of paralle! SN75 324 inputs

Figure 7. CALCULATION OF MINIMUM VALUE OF
PULL-UP RESISTOR IN Figure 5.




Assume The Following: = 6 mA Per Address Pin

|iﬂ(t))

N = 8 Address Inputs Driving Gate SN74H40:
M= 1., =60mA

sink

=3, .. v =0. .
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lin(l) = 200pA Per Address Pin lou'(‘) = 250pA (Assumed)
+520.25 V SN75324
Address Inputs
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Figure 8. SAMPLE CALCULATION OF PULL-UP RESISTOR
VALUE FOR SN74H40.

After determining the worst-case minimum and
maximum pull-up resistor values, any value between
the limits may be selected. (Obviously, the calculated
minimum value must be below the calculated maxi-
mum value to be practical). Selecting a resistor value
near the minimum limit will raise the logical 1 voltage
and thereby improve the logical 1 noise margin.

An example of an SN74H40 buffer gate driving
eight SN75324 address inputs is shown along with
sample calculations in Figure 8. If, in this example, a
value of 400 £ is selected for the pull-up resistor,
theguaranteed logic levels at the SN75324 inputs are
0.4 V maximum for Vin(O) and 4.0 V minimum for
Vin(l)‘ This resistor results in guaranteed d-c noise
margins of 600mV at thelogical O level and 500mV at
the logical 1 level at worst-case conditions.

Applications of the SN75325 Memory Driver

This device has the same use as the SN75324 but
does not incorporate the decode facility, however, it
is capable of sinking (sourcing more current, viz
(600mA.) An SN74154 can be used to provide the
required decode function.. Apart from this, the
applications of the SN75325 are similar to those of
the SN75324.
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PERIPHERAL DRIVERS

* Two Uncommitted
Transistors

* 8-pin Package

* AND Gates

* NOR Gates

TYPE SN75450B SN754518B SN754528 SN75453B SN 754548
Two TTL gates and two high current transistors on one chip. Each transitor sinks 300 mA of
current and has a minimum collector-emitter breakdown voltage of 30 V.

Features

* OR Gates

Applications

* Lamp Driver
* Relay Driver

* Lamp Driver
* Relay Driver

* Lamp Driver
* Relay Driver

* Lamp Driver
* Relay Driver

* Lamp Driver
* Relay Driver
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* MOS Driver
* Line Driver
No. of Pins 14 8 8 8 8
General Considerations tance from the device output to ground will
almost certainly be necessary for lamp driving
1. Figure 1 shows a typical load condition for a from a supply greater than 20 volts. It is important
circuit using the 75450 range of integrated circuit that the natural resonant frequency of the load is
peripheral drivers. Inductance will always be such that the device output transistor is firmly off
present in the load, since even a few inches of wire with a BV-pg breakdown characteristic before the
may have sufficient inductance to cause transistor output has risen above approximately 22 volts.
breakdown under certain conditions. A low induc- Quite small values of total capacitance are normally
tance decoupling capacitor will assist in reducing needed to ensure this condition (where dV/ <
supply rail inductance in many applications. A fast 1 V/ns); even PCB stray capacitance may be
catching diode with good overshoot characteristics sufficient.
such as the IS951 is essential for highly inductive 2. Figure 2 defines an unconditional maximum safe
loads, such as relays. This precaution should not operating area for all devices in the range under
be necessary for lamp driving, but may well assist any load conditions within data sheet specifica-
operation with certain circuit layouts. A capaci- tion, provided that a catch diode is present for
highly inductive loads. Below 10 volts a catch
diode is unnecessary. Dependent upon load charac-
| teristics; a catch diode may be unnecessary up to
DEVICE I LOAD
|
T 30v
|
l
I 300 ——————- +
|
; ZS 15951 :
| |
| t
I RESISTIVE '
! 200+ { 0AD LINE |
| == pF < |
‘ | approx = |
|
! T !
I !
. = 100 ~—
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— — — Dotte ine 1 maximum P n ,
— <K 1V/NS  DECOUPLING Y 9
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If — s restricted to 1 V/ns.
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Figure 1. Figure 2. SAFE OPERATING AREA CONSIDERATIONS



about 17 or 18 volts. The dotted area of Figure 2
defines safe operating area conditional upon the
rate of rise of output being less than 1 V/nS.

Safe operating area considerations must, of course,
be consistent with the maximum power dissipation
requirements of the package.

Applications of the SN75450B Series
Peripheral Drivers SN75450B

A TTL output connected to a discrete power transis-
tor provides a simple straightforward circuit for
driving relays, small solenoids, incandescent lamps or
low-impedance lines.

The TTL gate and the power transistor can be
replaced with a System 74 integrated circuit driver,
the SN75450B. The SN75450B circuit is shown in
Figure 1. It contains two standard 74 TTL NAND
gates and two 500mA NPN transistors. The NAND
gates are conventional TTL gates operating from a
supply voltage of +5 V and having a typical propa-
gation delay of 10 ns with an average power
dissipation of 10 mW per gate.

The SN75450B can be used to great advantage in
many output interface situations. Although the
SN75450B is primarily designed as a relay or lamp
driver, it is extremely versatile and is useful in a wide
variety of applications. Table 1 lists some of the
possible uses of the SN75450B.

This versatility is possible because of the pin
arrangement on the SN75450B package. Power
supply and ground are the corner pins and allow for
easy board layout. The NAND gate outputs and the
transistor bases are adjacent since many applications
require direct connection of these terminals. Also the
emitters, ground and chip substrate are placed close
to one another to permit easy interconnections. The
chip substrate is not connected to ground, as is
normal in TTL circuits, to permit the transistors to
operate at a level more negative than system ground.
The substrate pin is always connected by the board
interconnection pattern to the most negative d-c
voltage used in the application. This prevents inter-
action of components by reverse-biased isolation
junctions.

The following typical circuits show various
applications of the SN75450B series.

TABLE 1

SN754508 CIRCUIT APPLICATIONS

Dual Lamp Driver

Dual Relay Driver

Gated Comparator

Floating Switch

Dual MOS-to-TTL Driver

Dual TTL-to-MOS Driver

500-mA Sink-Driver

Dual Linear Amplifier

Dual Photo Switch (TTL Compatible Qutput)

Output
Dual High-Speed Gatel
Square Wave Generator

NAND Gate Schmitt (Timed Relay or Lamp Control)
High Input-Impedance Low-Speed Schmitt with TTL

SCR Gate Driver

Super TTL Gate With 250-mA Sinking Ability
Dual-Channel Single-Ended Line Driver
Memory System Current Sink

Memory System Current Source

Film Memory Digit Driver

Core Memory Driver

Phase Detector

DC-to-AC Converter

Dwell Meter Driver

Tachometer

MOS Memory Write Driver
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Figure 8. FLOATING SWITCH USING SN754508
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For further information on application of System 74 logic and interfacing devices the following Application
Reports are recommended. They are individually priced as shown and are available from Data Sales MS21, Texas

Instruments Ltd., Manton Lane, Bedford.

B10/12/14/16/19/21/25/26/30 Numerous TTL
Applications

Various small reports covering: a Parallel Input
Summing Counter, a Twenty-Four Hour Clock, A
Ripple Counter Using TTL D-Type Flip-Flops, a
16-Bit Parallel Binary Comparator, a Serial Gray to
Binary Converter, a Decade Counter with Uncon-
ditional Preset Facility, Dividing by Numbers Other
than Ten with the SN7490N, Twenty-Four Hour
Clock Using Only SN7490N Decade Counters and a
Digital Phase Meter. PRICE 15p

B20/31 A to D and D to A Converters

The ADC converter described employs the ‘Put
and Take’ method and is capable of converting a
voltage lying between *4V into an eight bit code in
1Qus with an accuracy of *15.6mV. The counter
employs SN7474N D-type flip-flops, wideband dif-
ferential amplifiers SN5510 and SN5511 are used in
the comparator and complementary transistors are
used to switch the ladder sections. An alternative
FET switch circuit is given.

The DAC converter described was built to test
analogue to digital converters. Correction procedure
for errors arising from the ladder metal film resistor
tolerances and device ON resistance is given. The 9 bit
plus sign converter, using positive and negative
references, could be set to give a maximum error of +
200uV over the £3.3V output range. The output was
within 1mV of the required value within 6us of
clocking the input. Temperature effects are also
considered. PRICE 10p

B50 Applications of the SN74121N TTL Integrated
Circuit Monostable

Basic uses of the SN74121N high performance
monostable circuit are given in this report, together
with its application in a frequency to voltage con-
verter system. FREE

B67 An L.C. Sequence Generator for Three Phase
Stepping Motors

A circuit is described which produces a twelve
state drive sequence for a stepping motor. Details of a
discrete component 28V output stage and an auto
stop facility are also included. PRICE 10p

168

B69 (or CA146) Applications of Line Drivers and
Receivers

Two data transmission systems are described
which make use of the SN55/75 109/10N line driver
and the SN55/75 107/8N line receiver. One system is
synchronous and the other non-synchronous. Some
suggestions are made for the reduction of common-
mode voltage spikes induced by the inhibit condition.

PRICE 10p

B75 Solid State Switching Using Triacs and Thy-
ristors

Although most of the solid state switching circuits
in this report are single phase, some three phase and
D.C. circuits are included. The actuation of solid state
contactors by logic, a light beam and pilot switches
are described. PRICE 10p

B78 A Programmable Synchronous Frequency Divider

This report describes an 8 bit shift register
generator having a basic division ratio of 255. A
means of modifying this basic count is described and
a list of jump state addresses given, which allow all
division ratios between 2 and 254 to be obtained.

PRICE 5p

B82 (or CA 160) Binary Rate Multiplier

Device principles and internal operation of the
Binary Rate Multiplier (BRM) are covered and it is
shown how simple arithmetic operations can be
performed with the minimum of control logic.
Mathematical operations such as integration are
covered. Examples are given where the BRM is used
for solving differential equations and function genera-
tion with a minimum of control logic. PRICE 15p

B90 Use of TTL Integrated Circuits in Industrial
Noise Environments

In certain environments, especially industrial ones,
noise may be a serious problem. It can be caused by
conditions internal or external to a TTL logic system.
This report attempts to isolate the various possible
sources of noise, show how, by careful design,
problems can be avoided, and by systematic investi-
gation how unwanted noise can be removed from
pre-production equipment. PRICE 15p



B93 Schottky TTL

This report is intended to introduce someone who
has some knowledge of TTL and emitter coupled
logic to Schottky clamped TTL. It shows the increase
in performance which can be obtained and the ease
with which this is possible.

After a very brief explanation of the Schottky
clamp action and the way speed is improved, the
various performance parameters of the basic gate are
examined. In the second half the manner in which
these gate parameters affect system design is con-
sidered. PRICE 10p

B101 Binary to BCD and BCD to Binary Converters

Two converters based on the BIDEC system are
described, one for converting pure Binary numbers to
BCD and the other for BCD to Binary.

The converters have fast conversion speeds and
both the circuit complexity and conversion time
increase only in direct proportion to the number of
bits converted. The shift/accumulate function is
provided by an SN74199N universal 8 bit shift
register and an SN74H52N gives fast look-ahead in
the binary to BCD circuit. PRICE 5p

B102 TTL Counters and Registers

Descriptions of complex 74 Series TTL registers
and counters are given followed by numerous prac-
tical circuits using them. To help the designer use the
series further the functional analysis required to
construct the circuits is provided where needed. This
report was originally CA102 ‘TTL Integrated
Circuits: Counters and Shift Registers’, but has been
completely revised and edited and a reference system

gives new approaches and devices now available.
PRICE 10p

B115 SN54/74184 BCD to Binary SN54/74185A
Binary to BCD Code Converters

The SN54/74184 and SN54/74185A are BCD to
binary and binary BCD converters which are derived
from the SN54/7488 custom MSI 256 bit Read Only
Memory. Both devices may be cascaded to perform
conversion of any number of decades or any number
of bits. This report contains a description of the
SN54/74184 and SN54/74185A device characteristics
and explains how the devices are cascaded. Circuit
diagrams for up to six decade BCD to binary and up
to 20 bit binary to BCD converters are included.

PRICE 15p

B121 Using Optoelectronics

Many simple applications are given showing how

to best use optoelectronic devices. These include
visible and infra-red sensors and emitters, optically
coupled isolators, modules, and visible displays.
Although the examples are specifically written about
low-cost high volume devices which are most readily
available, the techniques can be applied to all types.

FREE

B124 TTL — From the Beginning

Previous TTL applications reports have assumed
that the reader is familiar with TTL and only needs
an explanation of a new technique or circuit func-
tion. The newcomer to the subject has always been
thrown in at the deep end. What they have cried for,
those that have not sunk, is something more basic.
This report is designed to assist the non-swimmer and
give him an explanation of TTL from the beginning.

PRICE 20p

CA101 Operation and Use of Series 7520N Sense
Amplifiers

Series 7520 integrated circuit sense amplifiers are
designed for use in coincident memory applications
where discrimination input information is based on
input signal amplitude and position in time, regardless
of signal polarity. The characteristics of these sense
amplifiers are described and a variety of applications
are presented. FREE

CA129 TTL Design Cases and Guidelines

Seven standard 54/74 TTL “design cases” are
presented here, each consisting of a problem fre-
quency encountered and its solution (reprinted from
EDN magazine’s “Customer Engineering Clinic” of
January through April, 1969). Also included are
rule-of-thumb answers to 21 frequently asked
questions regarding practical use of standard 54/74
TTL. PRICE 15p

CA130 Line Drivers and Receivers SN55107 Series

This series of monolithic integrated circuits are
designed to transmit data in 54/74 TTL systems
rapidly over long lines subject to noise. Here, the
operation and use of the circuits are described and
many applications are outlined. PRICE 20p

CA132 TTL Data Selectors

[lustrations of the wide variety of functions which
the SN54/74 150/1/2 range of data selectors can
perform are given, e.g. random and sequential data
selection, parallel to serial conversion, multiplexing to
one and multiple lines as character generators, and
implementing logic functions.
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one and multiple lines as character generators, and
implementing logic functions. PRICE 15p

CA143 SN54/74154 Decoder/Demultiplexer

This integrated circuit is a 4-line-to-16 line decoder
or l-ine to-16-line demultiplexer. Its characteristics

and several applications are discussed in this report.
PRICE 5p

CA148 TTL 50MHz Flip Flops SN74H 100 Series

A general description of the series is followed by
sections on Synchronous Operation and Switching
Speed, Operating Frequency, Clock Skew Protection,
Asynchronous Operation and Switching Speed, D-C
Characteristics and Practical Operating Conditions.
Applications discussed are their use as Counters and
Shift Registers, Synchronising an Asynchronous
Input and a Frequency and/or Phase Comparator.

PRICE 15p

CA153 —7 Selected Optoelectronic Application
Reports

Reports Included are:-
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CA153 Optoelectronic fault indicator for logic cir-
cuits.

CA154 Optoelectronic Read Head for Punched cards
and tape.

CA155 Injection laser diode fundamentals.

CA156 Optically coupled isolators in circuits

CA157 Measuring light emitting diode output.

PRICE 25p

NA46 Bipolar Read Only Memories

Device description and characteristics are
followed by application details where various possible
organisations of the ROM are explained, e.g. in-
creasing length of words, memory capacity, etc. The
use of the SN7488 as a Boolean Function Generator,
Code Converter, Sequential Function Generator and
Function Table are then described in some detail
using truth tables and a flow diagram where neces-
sary. PRICE 15p

A Summary of all Application Reports is also
published by Texas Instruments and is available free
of charge on request.
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Entroducmg two unique new

research, teaching and design tools
in the field of solid state circuitry ...
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These are the first two volumes of a
series of textbooks to be published by
Texas Instruments. They enable the
reader to keep up-to-date with the
latest developments in circuit design
using semiconductors.

Most of the material used in the
books has been written by engineers in
the Texas Applications Laboratory at
Bedford. Other material has been drawn
from T.I. Laboratories throughout
Europe and the U.S.A. Together they
present a series of integrated papers
which give a comprehensive treatment
to both the theory and practical details
of the subjects covered.

K VOLUME 1 (first published in 1972)

Semiconductor

Circuit Design
Volume 2

Edited by: Bryun Noreic Manuger, Applications Laboratory, Texas Instruments Limited

is written with a broad industrial bias
and is divided into four sections which
cover applications for TTL Integrated
Circuits, Power Transistors,, Audio
Circuits and

Circuits and Power Control using
Triacs, Thyristors and unijunction
transistors.

VOLUME 2 (published June 1973)
has been compiled from the most up-
to-date material available and is divided
into three sections dealing with Digital
I.C.'s., operational amplifiers and
Optoelectronics. Each section is pre-
ceded by an introductory chapter
explaining the techniques of using
these devices.

Complete the order form at

the back of this manual.

These books are therefore of use
both to the moderately advanced stu-
dent and the designer in industry who
can apply the circuits as they stand or
adapt them as required.

Both volumes are massively illus-
trated with circuit diagrams, graphs,
oscilloscope test traces, circuit board
layout and data tables. The text matter
in both books runs to over 200 pages
and they are both bound with hardback

covers.

The cost of the books is £5.00 a
copy which includes post and packing
within the U.K.

SPECIAL OFFER

FOR A LIMITED PERIOD

o £7.50

FOR BOTH BOOKS.




Avital part of the System 74 concept, the new TTL Data
Book from Texas Instruments provides comprehensive
specifications on T.1.'s five families of 54/74 TTL I.C.'s.
This 640-page hard-bound book inciudes parametrical
data on standard Series 54/74, the high-speed Series
54H/74H, the low power Series 54L/74L, the Schottky-
clamped Series 545/74S and low power Schottky Series
541L.S/74LS. Also included are radiation-hardened and
beam lead circuits and TTL high performance random
access memories, as well as Series 29000 and Series
29 300/39 300.

a copy of the new
Texas TTL Data book

‘every design
engineer should
have one...

Indexes are provided so that the designer can quickly
locate the required information. Medium-scale inte-
gration (MSI) functions and small-scale integration (SSI)
pin assignment drawings are arranged
in sequence by type number to simplify
the job of finding a particular circuit.

“The TTL Data Book for Design
Engineers” is priced at £2.00 per copy
in the U.K. (postage and packing
included). Complete the order form at
the end of this manual.




SUSCEM A4
UPDATE MAaiLNg service

To keep you completely up-to-date with all the latest
developments in System 74, we have introduced a new
computerised mailing list.

To add your name to this list, please complete the
enrolment card included in this book and send it off.

As a member of this completely free service, you will
receive each issue of the System 74 newsletter which will give
details of new devices, application notes, price lists, and other
relevant literature.




SYSTEM

MAILING
SERVICE

SYSTEM 74 FREE UPDATE MAILING
SERVICE — ENROLMENT FORM

Please enrol me as a member of the SYSTEM 74
mailing service. | wish to receive regular up-dating
material absolutely free of charge.

NAME
DEPARTMENT.
JOB TITLE
COMPANY.
ADDRESS

SYSTEM

TTL DATA BOOK

Please send me ... copy(ies) of the new TTL Data
Book for Design Engineers at £2.00 a copy (n5P %%

*| enclose cheque/P.0O. for
*Please invoice me. My order number is ]

NAME ___. ;
DEPARTMENT S
JOB TITLE

COMPANY
ADDRESS ;

*delete as apphicable

SEMICONDUCTOR CIRCUIT DESIGN (volumes1&2)

“Please send me ~.Special offer pack(s) at £7.50
a set (comprising Semiconductor Circuit Design
Volumes 1 & 2)

“Please send me copy(ies) of Volume 1 at
£5.00 a copy
*Please send me ... ..copy(ies) of Volume 2 at
£5.00 a copy

(all prices include postage and packing within the U.K)

*| enclose cheque/P.O. for

*Please invoice me. My order number is|
NAME
DEPARTMENT.
JOB TITLE

COMPANY.
ADDRESS ;
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APPROVED SYSTEM 74 DISTRIBUTORS

Texas Instruments Anzac Components Ltd.,
Supply Division 396 Bath Road,
165 Bath Road, Slough, Bucks.
SLOUGH, Telephone: 0753 35446
Bucks.

27 Greek Street,
T8|ephone: 0753 33411 Stockport Cheshife.
Telex 84363 Telephone: 061-480 1118
46F Nicholls Road,
SOUTHAMPTON,
S02 ONU

Blueline Electronic Components,
Telephone: 0703 2767 Refuge House, River Front,
Enfield, Middlesex.

Telex 47580
Telephone: 01-336 6371
24 Rutland Stl’eet, Telex 22196
EDINBURGH
FH1 2AN
Telephone: 031-229 1481 and 7468
Telex 72637 Quarndon Electronics Ltd.,
Slack Lane, Derby.
Hammond House, Telephone: 0332 32651
2259-61 Coventry Road,
Sheldon, Telex 37163
BIRMINGHAM 26.
Telephone: 021-743 5293
Telex 338815 SDS Components Ltd.,
Gunstore Road,
Mersey House, Hillsea Industrial Estate,
Mersey Industrial Estate, Portsmouth, Hants.
Heaton Mersey, Telephone: 0705 65311
STOCKPORT,
Cheshire. Telex 86114

Telephone: 061-432 0645
Telex 66478
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