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Preface

I don’t like to revise books. Correct, yes. Revise, no. So I won’t.

A book becomes history the instant it appears in print. To tamper
with history messes with what others and I were thinking at the time
and distorts the way things were, forcing new contexts.

With the TTL Cookbook, it is now January 1982, and this book is
eight years old. It is also one of the best selling technical paperback
classics of all time. And looking around, both nothing has changed
and everything has changed.

TTL is still the largest and most popular general purpose logic
family, although it now shares the spotlight with an only somewhat
smaller and very aggressive CMOS logic family. Most all TTL in use
today is the Low Power Schottky or the “74LS” variety. The latest
version of this is now called “ALS” for Advanced Low Power Schot-
tky, with speed and power advantages. At this writing ALS is new
enough that it has not replaced LS yet, but it is only a matter of time.

Surprisingly few new devices have been added to the original TTL
list. We now have a handful of new “octal” or eight-wide registers,
counters, latches, and bus drivers. These usually come in slightly
longer 18, 20, 22 or rarely 24 pin narrow packages. Mercifully, a few
of the older TTL device with really atrocious pinouts have been re-
arranged for sane PC layout. Most notable of these is the 7415244
bidirectional bus driver, which now has a “straight thru” layout and is
called the 74LS640.

The TTL bipolar Programmable Read Only Memory, or PROM,
isn’t used nearly as much as it was. Smaller 32 X 8 devices have been
discontinued by some manufacturers, while others have sharply raised
prices. Larger sizes remain available. The reason for the decline is a
NMOS family of EPROMs that includes the 2716, 2732, and 2764.
Besides being erasable, reusable, denser, and much easier to program,
NMOS family EPROMS are now also super cheap. They seem to have
run away with almost all the marbles.

Bipolar PROMS using TTL technology do still have one advantage.
They are still ten times faster than the 2716, with a typical access time
of 50 nanoseconds, compared to the 500 or so of a 2716. So, you
might still use bipolar ROMS if speed is essential.

The Programmable Logic Array, or PLA, has recently taken off.
A wide variety of reasonably priced devices are available, from Mono-
lithic Memories, National, and others. These combine gates and regis-
ters in a you-program-it array that meets your custom logic needs.



Advantages are far fewer packages and simplified stocking. These
PLA’s have largely replaced data selector logic designs.

Another thing that hasn’t changed is that a thorough understanding
of TTL remains central to understanding and using just about every-
thing new and modern in electronics. TTL is very much mainstream
and will stay that way for a very long time.

What has changed explosively, though—in case you have been
asleep for the last five years—is the microprocessor revolution. Very
simply and very bluntly, if it is electronic and doesn’t have a micro-
processor in it, it is not worth doing. And that applies to ALL elec-
tronics, radio, radar, television, communications, power control, hi-fi,
video disks and recorders, appliances, cameras, pagers, satellite re-
ceivers, data acquisition, process controls. Everything electronic. You
name it.

Very few people are dumb enough to still go out and design an
electronic something by taking a bushel basket of TTL or other gen-
eral purpose logic family and then hand-wiring everything together.
Today you do everything you can with changeable software, making
any remaining hardware very general and flexible.

What does this do to TTL?

Almost all microprocessor systems need some TTL as “glue” to
hold them together. Many of the exciting new peripheral add-ons for
micros extensively use TTL. These new microprocessor support ap-
plications are so exciting and so widespread that they are now the
dominant use of TTL chips.

While micros have dramatically increased the use of TTL and made
an understanding of TTL even more essential than before, they have
also very much narrowed the focus of what is important in TTL and
what gets used how. Today, we use TTL bus drivers, registers, latches
and low level logic gates extensively with micros. We have to thor-
oughly understand latches and D-flops, and the logic of handshaking
communications between micros and the outside world. We also see
new and special TTL devices to handle such things as dynamic refresh
and memory management.

But we no longer worry too much about how to build a divide-by-37
counter, since this is better done with software. We no longer would
build a TTL clock, digital voltmeter, or frequency counter, except as
a student exercise, since you can get ready-to-go chips that do the
entire job for you. And building your own TTL central processing
unit for a computer, when you can buy an entire microprocessor for
$3, is lunacy. Unless, of course, you are the military or into extreme
speed.

When I wrote the TTL Cookbook, I purposely changed some of the
pin callouts on some devices to clarify their use to an absolute begin-
ner. For instance, “1”, “2”, “4”, and “8” was used instead of “A”,



“B”, “C”, and “D”, “OUT” was used for “Y”, and so on. Enables
were called enables, even if they were really a strobe or a chip select,
and so on. Some uses of some pins were also simplified. On the whole,
this has eliminated a lot more confusion than it created, and I am still
glad I did it, and no, I won’t change things. Same goes double for my
not using negative logic symbols.

Taken together, the TTL Cookbook, and its companion CMOS
Cookbook (SAMS 21398) remain essential for your understanding
both the hardware background and the technical fundamentals driving
the microprocessor revolution.

Rather than add new devices to these books, watch for a new vol-
ume in the works called Don Lancaster’'s Micro Cookbook, Volume
111, which shows you devices from all the important logic and support
families, similar to chapter two of the TTL cookbook.

Don Lancaster
January, 1982

DON LANCASTER heads Synergetics, a new-age design and consulting firm in-
volved in microcomputer applications and electronic design, He is well known as
the author of the classic CMOS and TTL Cookbooks. His many other books. and
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new standards as understandable, useful, and exciting technical writing. Don’s other
interests include ecological studies, firefighting, cave exploration, bicycling, and
tinaja questing.

Other SAMS books by Don include Active Filter Cookbook, CMOS Cookbook, Cheap
Video Cookbook, Son of Cheap Video, TV Typewriter Cookbook, The Hexadecimal
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CHAPTER 1

Some Basics of TTL

A digital logic family consists of a group of integrated circuits or
other elemental, compatible blocks that can be combined in various
ways to perform a series of “yes-no” decisions based on the presence
or absence of “yeses” and “nos” on various inputs, and possibly taking
into account the history of previous “yeses” and “nos” gone before.

Depending on how you interconnect these logic blocks, you can
build a computer, a calculator, an electronic music system, a digital
voltmeter or counter, a television terminal readout display, a color-tv
dot-bar generator, educational demonstrators, or any of thousands of
other possibilities. While a single “yes-no” decision by itself usually is
not too useful, the proper combination of grouped “yes-no” decisions
taken together can represent a number, a word, a command, a musical
note, a test signal, or practically anything else you might like.

One digital-logic family that is extremely popular today is called
Transistor-Transistor-Logic, otherwise known as TTL, T2L, or “Tee
Squared Ell.” Important advantages of TTL are its low cost (as low as
30¢ per package in single quantities on the surplus market), its high-
speed capability (20 MHz typical; to 125 MHz with special devices),
its moderate drive capability and noise immunity, and the industry-
wide availability of hundreds of different devices. This gives you a
broad selection of simple and elaborate logic blocks that may be di-
rectly interconnected to produce more unique functions with fewer
packages than virtually any other present logic system.

TTL started out as many device lines by many manufacturers.
Today, the bulk of the available and useful devices are in a 5400-7400
numbering system, originally pioneered by Texas Instruments, but
now an industry standard. The 7400 line is lower in cost and is useful



over a 0- to 70-degree C environment. The 34Q0 line is a premium
military line good from —55 to +125 degrees C. There are a few im-
portant non-7400 TTL devices, particularly in the Motorola MC4000
MTTL, the Signetics 8200, and National Tri-State® product lines.
Some of these devices offer unique advantages and are widely second-
sourced, but even these are beginning to pick up 7400-type number
equivalents as they become more of an industry standard, (on page
39).

There is a tendency to assume that most integrated-circuit logic
families are pretty much the same, particularly if they work on the
same -+5-volt supply. This simply is not so, and each logic family has
some unique characteristics and use restrictions that are all its own.
In the case of TTL, the first-time user is often surprised that the out-
puts of his circuits never seem to get much more than halfway up to
the +5-volt supply, and that unconnected inputs pull themselves up
to a positive value. Further, he finds it is very difficult to get the in-
puts down to ground where they belong for a “low” input condition,
unless whatever is pulling them down can sink a reasonable amount
of current. It turns out there are very good reasons for these design
quirks of TTL; most of these peculiarities are necessary for reliable,
high-speed operation. Let us take a closer look at a typical TTL de-
vice and see what the basic input-output characteristics are.

THE TWO-INPUT, POSITIVE-LOGIC NAND GATE

Fig. 1-1 shows the internal schematic of one-quarter of a 7400 NAND
gate. This is one of the most versatile building blocks in the TTL line.
In fact, you could build almost any TTL circuit with nothing but this

INPUT 1

oUTPUT

INPUT 2

Fig. 1-1, Two-input positive NAND gate.



particular device if you had enough of them and did not mind all the
extra packages. We will shortly see that this is an elemental logic block
whose output is positive if either input is grounded, and whose output
is grounded only if both inputs are positive.

Suppose that neither input is connected. There is no current out of
either emitter of our dual-emitter input transistor, so it does not behave
as a transistor. Instead, the base-collector junction is forward biased,
and a current flows from the +5-volt supply through the junction diode
and into the base of Q2. Q2 will turn on. This also turns on Q3. It
robs Q4 of base current, so it simultaneously turns Q4 off. The output
goes to within a few tenths of a volt of ground, and we say the output
state is low. Note that in this condition, the output is capable of ab-
sorbing or sinking to ground considerable outside-world current. This
is why TTL is called current-sinking logic.

If we connect both inputs to a voltage that is more positive than the
voltage drop across a few diodes (2.4 volts to be exact), transistor Q1
still does not behave as a transistor, since the emitter-base junction
remains reverse biased. While we should never leave a TTL input un-
connected because of noise problems, there is no difference between
an unconnected input and an input connected to a voltage greater
than 2.4 volts but equal to or less than the +5-volt supply.

With both inputs positive or at a positive logic 1, the output of
the gate goes to ground. What happens if we ground one input? Ql
now behaves as a transistor, and it turns on, pulling its collector near
ground. This turns Q2 off, which then turns off Q3. With Q2 off, the
current now can flow through the base junction of Q4. Q4 is now free
to turn on. The output swings positive. Note that the output cannot
reach the positive supply, for there has to be some voltage drop across
the 1.6K resistor, and we get a 0.6-volt drop across the base-emitter
junction of Q4 and a second 0.6-volt drop across the output diode. The
output typically will only go positive by 3.3 volts or s¢ on a +5-volt
supply.

When either input is grounded, the output is forced positive. What
if both inputs are grounded? The same thing happens, so the operating
circuit rules for the 7400 are as stated in Chart 1-3.

We will find in Chapter 3 that this logical operation is called a posi-
tive-logic NAND or a negative-logic NOR function.

When an input is grounded, about 1.6 milliamperes of current has
to flow through the grounding lead. If we attempt to ground the input
through a resistance, there will be a voltage drop across this resistance,

CHART 1-3. Logic Rules for the NAND Gate

Either or both inputs grounded ....... Output POSITIVE
Both inputs positive ................. Output GROUNDED
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and the emitter will not be pulled close enough to ground to let the
gate operate reliably. The maximum permissible low-state input volt-
age is around 0.8 volt. At any input above that, the gate will either
lose noise immunity or stay in its active region and possibly oscillate,
Thus, any resistive connection to ground should be less than 500 ohms
(with the regular 7400 TTL family), and any input-low connection
must place and hold the input below 0.8 volt positive.

These input and output conditions may seem strange when com-
pared to older logic families. There is one big benefit. When two TTL
circuits are cascaded, they “look” at each other transistor-to-transistor.
There are no coupling resistances or stored charges to contend with,
and the logic family thus turns out to be extremely fast in operation.

A CLOSER LOOK

Circuits in the TTL logic family may be directly interconnected—
the output of one to the input of one or more other packages. The
drive capability of a digital logic IC is called its fan-out. Its input needs
needs are called its fan-in. The voltage and current conditions needed
for a medium-power TTL gate usually are normalized to a fan-in of
one unit load. The average TTL gate can drive ten unit loads, and thus
has a fan-out of ten. The typical TTL input has a fan-in of one, and
all newer TTL devices are designed to have a unity fan-in. Logic blocks
with higher fan-outs are usually called buffers; these typically have a
fan-out of 30. Another type of logic block may be called a decoder-
driver or simply a driver. Here the outputs are converted to a group
of currents or voltages compatible with some outside-world device,
such as a 7-segment readout or a Nixie® tube, and “fan-out” as such
has no meaning as these outputs do not drive additional TTLs.

If you exceed the fan-out of a gate, the noise margin first becomes
impaired, and then the voltage and current swings become too small
to operate all the attached loads reliably. Fortunately, it is only rarely
that you have to interconnect more than ten inputs to a single TTL
output.

There are usually only two steady-state output conditions on a TTL
gate, The output-low state is within a few tenths of a volt of ground
and is called a positive logic 0. It is capable of sinking considerable
current, usually 16 milliamperes. The output-high state is usually
called a positive logic 1. When it is connected to other TTL circuits,
all it has to do is hold the emitters of the various inputs reverse biased.
It need only provide for leakage currents. The output-high state is
above 2.4 volts and well below the positive supply; 3.3 volts is typical.

Remember that a TTL output-positive logic 0 pulls to ground and
sinks a lot of current; a TTL output-positive logic 1 simply provides a
positive voltage a little over half the supply voltage.

1



If we ever want the full power-supply voltage as an output, we can
use the circuit of Fig. 1-2, where we add a 2.2K pull-up resistor. This
is never needed in a TTL-only circuit, but is handy if we are interfac-
ing some other logic family or want the full supply swing for outside-
world circuits. Without the resistor, a positive logic 1 is about 3.3 volts
with a +5-volt supply. '

+5V
Fig. 1-2. A pull.up resistor may be added
to a TTIL gate if the full supply-voltage

"

3 H TP | 'Y
swing is as an p

2.2

OUTPUT

Another unique feature of TTL that almost always causes trouble
if it is not understood is the way in which the output switches. In the
output-low state, only the bottom one of the totem-pole pair of tran-
sistors conducts. In the output-high state, only the top transistor in
the totem-pole output conducts.

During the transition from low to high or vice-versa, both transistors
conduct heavily. The instantaneous current is perhaps ten times the
normal supply current. This speeds up the switching time of the output
stage nicely, but at the same time, it pulls a large current spike out
of the power-supply lines. This spike could be a fraction of an am-
pere or more and typically lasts 10 nanoseconds.

Unless a good bypass capacitor is provided immediately beside the
IC, this current spike can raise havoc with other ICs in the system!
This is an inherent feature of TTL and is one of the key sources of its
speed. We will be looking at some bypassing rules soon when we talk
about power supplies. Another inherent feature of the current spiking
and high-speed potential taken together is that TTL can and usually
will behave erratically in “rats nest” breadboarding or in traditional
“perf-board” construction unless extreme care is taken with layout and
conductor shapes and sizes.

The TTL output swing is from a few tenths of a volt of ground with
a large current-sinking capability up to a positive voltage somewhere
above half the supply voltage that needs only hold subsequent inputs
positive and provide a very small leakage current.

The TTL input swing is also two-state. In the low condition, we
have to sink 1.6 milliamperes to ground, and regardless of how we do
it, we have to guarantee that the emitter voltage is 0.8 volt or less. In
the high condition, all we have to do is hold the input positive above
2.4 volts and provide a very low leakage current. An unattended, un-
connected TTL input will pull itself high to the positive logic 1 condi-
tion, but will be susceptible to noise and ringing. Good practice calls
for an unused input to be tied to +5 volts or tied to a logically similar

12



input. (The military practice of tying to +5 volts via a 1K resistor is
usually not justified by the benefits and causes more problems than it
solves.) As a practical matter, TTL inputs can usually be floated in a
breadboard circuit if there is no lead connected to the package pin,
but in final circuit versions, all inputs must be properly terminated.

A few TTL output structures differ from the totem-pole type we
have just discussed. One version is called an open collector system. A
second is called the Tri-State® logic system. These are in the minority
and are covered in more detail in Chapter 3.

There are also some protective diodes placed on the inputs to all
newer TTL gates. When these are added, the actual 7400 schematic
looks like Fig. 1-3. Most TTL gates have input clamping diodes as

-

INPUT 1
[

INPUT 2

Fig. 1-3. Protective diodes connected to input gates.

shown. The purpose of these diodes is to prevent high-frequency ring-
ing, particularly when longer leads or sharp rise inputs are applied.
They improve the high-frequency noise immunity considerably. By the
same token, they and the rest of the IC can be immediately destroyed
if an input is brought below ground by more than 0.6 volt from a low-
impedance source. This can be a problem in interface circuits. Prefer-
ably, the inputs should never be allowed to go below ground. If they
must be below ground in your particular circuit, be sure to limit the
reverse bias current to 10 mA or less with external series resistance.
Avoid reverse biasing, if at all possible.

OTHER LOGIC BLOCKS

While the two-input NAND gate is an extremely versatile logic block,
there are hundreds of others available. A one-input gate is called an
inverter or a noninverting buffer or driver, depending on whether the
output follows or complements the input. In complementary circuits,
the output will be a zero when the input is a one and vice versa. Other

13



two-input gates are available that perform different logic on the two
inputs. These include the AND, OR, NOR, NAND, and EXCLUSIVE OR
gates and are detailed in Chapter 3. We can have more than two logic
inputs, with three-, four-, and eight-input NAND gates being common.

Gate-only circuits usually operate immediately and without regard
to the history of the ones and zeros fed to the device, If history is im-
portant, we get into memory and counting devices, such as JK Flip-
Flops, D Flip-Flops, Latches, and so on. Gates and the simple flip-
flops are usually called SSI, short for small-scale integration.

One step beyond SS1 is MSI or medium-scale integration. Here gates
and flip-flops are suitably interconnected to produce system blocks that
are called shift registers, counters, adders, decoders, data selectors,
distributors, and memories. When an MSI device is aimed at one spe-
cific special-purpose task, it will have some functional name instead,
such as a parity generator, a rate multiplier, a priority encoder, or a
deccder-driver. The majority of TTL devices are MSI.

LSI stands for large-scale integration and is usually reserved for
entire systems on a chip. The only common TTL LSI chip is the
74181 Arithmetic Logic Unit, used for central calculations in a com-
puter or calculator.

In Chapter 2, we will take a closer look at the more popular TTL
devices and see what they do and how to use them. One of the big
benefits today in TTL is the incredible variety of MSI devices avail-
able.

PACKAGES

Some TTL is available in Mil-spec ceramic flat packages. These
are expensive and very hard to use. The majority of devices are avail-
able in the common 14- and 16-pin DIP or dual in-line package, where
plastic and more expensive ceramic versions are common. A very few
TTL devices have too many input pins for the 16-pin package; these
are reserved for the larger 24-pin DIP.

The pin conventions of the three common packages are shown in
Fig. 1-4. The supply connections usually, but not always, go on diag-
onally opposite pins. On a 14-pin package, pin 7 is ground and 14 is
+5 volts. On a 16-pin package, pin 8 is ground, and 16 is +35 volts,
Pin 12 is ground and pin 24 is +35 volts on the 24-pin package. There
are just enough exceptions to these supply rules, particularly with early
devices, that you should double check each device before wiring it.

Usually, more than one logic block goes into a package. For in-
stance, a quad 2-input gate contains four separate 2-input gates in a
single package. A dual 4-input gate holds two separate 4-input gates
in the same package. Except for the supply and ground connections,
the individual blocks are completely independent. They may be used

14



O OFTEN +5V

14-PIN PACKAGE

o OFTEN +5v

o OFTEN +5V

TOP VIEW

16 - PIN PACKAGE

TOP VIEW

24 - PIN PACKAGE

TOP VIEW

Fig. 1-4. TTL package numbering.

15


































































































































































7437

QUAD 2-INPUT NAND BUFFER

TOP VIEW =

All four positive-logic NAND buffers may be used independently. On
any one buffer, when either input is low, the output is high. When
both inputs are high the output is low.

Any output can drive 30 TTL inputs. Thus the 7437 has three times
the drive capability of an ordinary quad gate such as the 7400.

Propagation delay .................. 11 nanoseconds average

Current per package .......... 5 milliamperes, all outputs high,
34 milliamperes, all outputs low






























































































74157

QUAD 1-OF-2 DATA SELECTOR

+5V 0o

)

ENABLE 4A 48 40UT 3A 38 30uUT

SELECT 1A 18 1OUT 24 28 2QuT

TOP VIEW

This is a four-pole double-throw data selector. All four switches are
simultaneously enabled or selected.

If the Enable input is high, all outputs will be low, regardless of the
input data.

If the Enable input is low, and the Select input is low, the A inputs
will provide an output.

If the Enable input is low and the Select input is high, the B inputs
will provide an output.

Note that this is a data selector and not a distributor. There are two
inputs that may be selected to provide one output.

Select time .......coviiiiiiiiiiiiiiiiinn 18 nanoseconds

Current per package .............oo0veveenn. 30 milliamperes











































DM8093
(74125)

QUAD TRI-STATE DRIVER (Low Enable)

The package contains four separate drivers that may be used
independently.

Unlike regular TTL, this package has three possible output states—an
output-low, an output-high, and an open-circuit that presents no load
either to positive or ground on the output line,

If the Tri-State Control input is low, the input gets passed to the out-
put without inversion. If the Tri-State Control is high, the output as-
sumes an open-circuit condition. These types of circuits are covered in
Chapter 3.

Propagation delay .......................... 10 nanoseconds
Enablingdelay .............................. 6 nanoseconds
Package supply current ...................... 32 milliamperes
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to use them.
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applications to aid the user who wants to learn about and
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