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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. 
ITL 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 'ITL 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 74LS244 
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 modem 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 TI'L 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, "I", "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 2 1398) 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 
?I?, 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 deslgn and conaultlng flrm in- 
volved in microcomputer a plications and electronic design. He is well known as 
the author of the classic ~ M O S  and TTL Cookbooks. His many other books. and 
hundreds of artlcles on personal computing and electronic a plicationa have set 
new standards as understandable, useful, and exciting technicaPwritlng. Don's other 
interests include ecological studies, flreflghting, cave exploration, bicycling, and 
tinaja questing. 
Other SAMS books by Don include Active Filter Cookbook, CMOS Cookbook, Cheap 
Video Cookbook, Son ot Chea Video, TV Typewriter Cookbook, The Hexadecimal 
Chronicles, Don LancastWt? hicro Cookbook, and The lncredlble Secret Money 
Machine. 
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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 cailed 
Transistor-Transistor-Logic, otherwise known as TTL, T2L, or "Tee 
Squared Ell." Important advantages of TTL are its low cost (as l ~ w  as 
304 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 difTerent 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 5400 line is a premium 
military line good from -55 to +I25 degrees C. There are a few im- 
portant non-7400 TTL devices, particularly in the Motorola MC4000 
MTTL, the Signetics 8200, and National Tri-Statea 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 d@cult to get the in- 
puts down to ground where they belong for a 'blow" 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 'ITL; 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 

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 T'I'L 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? Q1 
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 so 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 resistanke, there will be a voltage drop across this resistance, 

CHART 1-3. L ~ i c  Rules for the NAND Gate 

Either or both inputs grounded . . . . . . . Output POSITIVE 
Both inputs positive . . . . . . . . . . . . . . . . . Output GROUNDED 



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 buflers; 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. 



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. 

Fig. 1-2. A pull-up redstor may be added 
to a Tll gate if the full supply-voltage 

Z - D L O  wrwr 
swing is wanted as en 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 limes. 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 



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 dEer from the totem-pole type we 
have just discussed. One version is called an open collector system. A 
second is called the Tri-Stat& 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 

OUTPUT 

Fig. 13. 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 bufler or driver, depending on whether the 
output foIlows or complements the input. In complementary circuits, 
the output will be a zero when the input is a one and vice versa. Other 



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 IK 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 SSI 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 
decoder-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 +5 volts. 
Pin 12 is ground and pin 24 is +5 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 $-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-PIN PACKAGE 

16 -PIN PACKAGE 

TOP VlEW 

TOP VlEW 

24 - PIN PACKAGE 

Fig. 1 4 .  TTL package numbering. 



together or in totally separate circuits. Other common examples are 
hex inverters with six 1-input gates per package, and dual counting 
flip-flops, which contain two individual bistable logic blocks that can 
count and shift as well as remember data. 

TYPES OF TTL AVAILABLE 

There are several different subfamilies of TTL that trade off speed, 
power, and additional complexity for special uses. The TTL we have 
talked about so far is usually known as regular TTL. The other sub- 
families are called Low-Power TTL, High-Power TTL, Schottky TTL, 
and Low-Power Schottky TTL. Table 1-1 compares the typical char- 

Table 1-1. Typical Characteristics of TTL Subfamilies 

acteristics of each subfamily, while Table 1-2 shows the usual part- 
numbering system to identify a family of a given temperature range. 
Finally, Table 1-3 is a rough "rule of thumb" for the tradeoffs you 
can expect in terms of speed and power as you change subfamilies. 

Family 

Regular TTL 
High-Power TTL 
Low-Power TTL 
Schottky TTL 
Low-Power 

Schottky TTL 

Table 1-2. TTL Subfamily Numbering 

Regular TTL 
Regular TTL is normally the widest available and the lowest-priced 

type of TTL, and it has far and away the greatest variety and second- 
sourcing. A typical gate-propagation time is 10 nanoseconds; this is 
the time it takes for a logic change at a gate input to appear as a logic 
change on the output. Around 10 milliwatts per gate is needed, and 
counting flip-flops go as high as 35 MHz. 

Maximum 
Counter 

Frequency 

35 megahertz 
50 megahertz 

3 megahertz 
125 megahertz 
45 megahertz 

Gate 
Propagation 

Time 

10 nanoseconds 
6 nanoseconds 

33 nanoseconds 
3 nanoseconds 

10 nanoseconds 

Family 

Regular 
High-Power 
Low-Power 
Schottky 
Low-Power 

Schottky 

Power per 
Gate 

10 milllwatts 
22 milliwatts 

1 milliwatt 
19 milliwatts 
2 milliwatts 

-5S0 to +12s0 C 

5400 
54H00 
54100 
54MO 
54LSOO 

O0 to +70° C 

7400 
74H00 
74LOO 
74S00 
74LSOO 



Such devices as the Motorola MC4016 and MC4018 and the Sig- 
netics 8280 and 8288 counters were originally "non-7400" devices. 
They now have 7400 equivalents and are essentially identical to regu- 
lar 7400 TTL. They may have a slightly different fan-in requirement 
and the output positive-voltage swing may be slightly different, but the 

Table 1-3. A Comparison of TTL Subfamilies 

devices can usually be freely mixed with traditional 7400 devices. Fan- 
out is normally ten regular TTL devices. 

Low-Power TTL 

Power 

X1 
X2 
~ 1 1 1 0  
X2 
XI /S 

Family 

Regular 
High-Power 
Low-Power 
Schottky 
Low-Power 

Schottky 

Low-power TTL exchanges power consumption for speed and is 
identified by an L in the part number. For instance, a 74L00 is a low- 
power, commercial version of the 7400 regular TTL NAND gate. 
There is roughly a 10: 1 tradeoff in the low-power version-+$o the 
speed to counters at %o the power, although the simpler gates run 1/4 
the speed on xo the power. Flip-flops and counters have a maximum 
toggle frequency of 3 MHz or so. Within the low-power subfamily, the 
fan-out remains ten, but a low-power TTL gate can drive only one 
regular TTL gate. While the 54L00 and 74LOO series TTL do offer 
low-power consumption, many of their advantages are being pre- 
empted by the CMOS logic families, particularly the RCA 4000 series 
COSMOS and the Motorola MC 14000 series McMOS lines. 

Speed 

X  1  
X2 
X l l l 0  
X3.5 
X I  

The high-power TTL devices are designated with an H in the part 
number. 74H00 is the equivalent of a 7400 gate, and so on. Typically 
you get twice the speed for twice the power. Counters are good to 50 
MHz. Within the high-power subfamily, the fan-out remains at 10, 
but the fan-in is typically 1.3 times regular TTL loads. Thus, a regular 
TTL gate can drive at most only 7 high-power TTL inputs. High- 
power TTL is largely being replaced by the newer Schottky TTL 
which is faster and draws less supply power. Quite a few high-power 
devices remain available. One advantage they do have over the 
Schottky devices is that the outputs are "quieter," a handy feature 
in high-speed digital-to-analog converters, but hardly useful elsewhere. 



Schottky TTL 
Schottky TTL is an improved version of TTL that has a better 

speed/power tradeoff than the older types. To do this, Schottky diodes 
(a fast diode with a 0.3-volt forward drop) are placed across most 
of the transistors in the basic TTL gate. This prevents the transistors 
from saturating and thus eliminates any storage-time delays inside the 
transistors. The part numbers have an S in them, as in a 74S00. 
Propagation delays of 3 nanoseconds are combined with flip-flops 
that can run at 125 MHz. 

Where high speed is essential, Schottky TTL is a logical choice. Its 
competitor is MECL and other emitter-coupled logic families which in 
general are much faster, but considerably more difficult to use. 

A high-speed, unsaturated logic family such as Schottky TTL pre- 
sents serious restrictions in the type and quality of test equipment you 
must have to work with it intelligently. A 60-MHz triggered oscillo- 
scope is essential and a 120-MHz one is preferable. As might be ex- 
pected, Schottky devices are much more critical as to layouts and sup- 
ply decoupling than ordinary TTL because of their higher speed. 
Nevertheless, where high speed is essential, they are often the simplest 
solution to system problems in the 30- to 120-MHz range. 

Low-Power Schottky TTL 
Devices such as the 74LS00 are emerging as a more recent varia- 

tion on TTL. The low-power Schottky TTL family is slightly faster 
than regular TTL, but requires only % the power. It does this by us- 
ing the Schottky diodes to eliminate storage-time effects, but then 
raises the circuit impedance levels to slow things down to normal and 
pick up power savings. For many applications, this represents a near- 
optimum combination of values. Being newer and inherently more 
complex than regular TTL, the LS series is higher priced. As of this 
writing, it also does not have as extensive a variety of devices or sup- 
pliers as the regular 5400/7400 series TTL does. 

Which Family? 
While all these variations of TTL are available as design options, 

the regular-power traditional TTL remains the cheapest and usually 
the widest available choice. Very often, it is also the best overall de- 
sign choice. 74s is essentially replacing 74H, and 74L is being chal- 
lenged by CMOS. 74LS will represent a good choice when it is cost 
competitive with regular TTL and has enough different devices readily 
available. 

The best rule today seems to be to choose regular TTL unless you 
have a specific speed problem, and then choose 74s. Remember that 
for all but the simplest high-speed systems, you will need a high- 



performance oscilloscope and high-quality circuit layouts to intelli- 
gently use the faster subfamily. If ultra-low-power operation is essen- 
tial, particularly at low clocking frequencies, consider using CMOS as 
an alternate to the low-power TTL subfamily. 

POWER SUPPLIES AND SPIKE DECOUPLING 

Good power-supply design is essential with TTL. When choosing a 
power-supply design, there are three important considerations: assur- 
ance of a regulated supply of voltage, provision for a low-impedance 
supply distribution system, and effectiveness in decoupling the current 
spikes that happen every time a totem-pole output stage changes state 
in either direction. 

TTL needs a single 5-volt positive supply. It  should be regulated 
within 250 millivolts of this value, particularly if there are many ICs 
in the system. While some simple gate circuits can be run with batter- 
ies or wider-range unregulated supplies, a solid, tightly regulated sup- 
ply is almost essential for any circuit that is more complex. You can 
use batteries with TTL if you place a regulator between the battery 
and the circuit. Allowing for the drop across the regulator, this means 
a supply in the 7.5- to 12-volt range. 

At the TTL package, the absolute limit recommended for supply on 
most devices is 7 volts. There are some specific TTL devices whose 
output lines can withstand 15, 30, and even 60 volts, but even these 
packages must have their supply pins tightly held at 5 volts. 

Power-Supply Circuits 
Fig. 1-5 shows a 5-volt, 750-milliampere, regulated, line-operated 

supply, while Fig. 1-6 shows a battery and regulator circuit. In both 
11 l6VCT 

640 mA 
SIGNAL PC-16-bZG 

7805 

Fig. 1-5. Five-volt, 7SO-mA, line-operated supply suited for TTL use. 
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Fig. 14. Battery-powered 111 supply. Maximum current depends on battery chosen. 

circuits, a type 7805 regulator (Fairchild, Motorola, etc.) gives a 
single-package, low-cost (around $2) way of precisely sensing and 
holding the output at 5 volts. The dropout voltage of the regulator is 
about 2.5 volts, so a minimum input supply of 7.5 volts must be used. 
If you need more than 100 mA in your circuit, the regulator should 
have a heatsink, either to a free-standing vertical unit intended for this 
regulator (IERC, Wakefield, etc.) or mounted to the case or chassis. 
The regulator is automatically current limiting at 750 mA and protects 
itself and the rest of the power supply from short-circuit damage. 

The 1-pF electrolytic shown on the output must be a high-quality 
tantalum capacitor and must be very near the regulator as it greatly 
aids the stability and transient response of the sensing electronics 
inside the 7805. 

If you need more power, fixed 5-volt regulators good to several 
amperes are available from several sources, including National Semi- 
conductor, or pass transistors may be added to lower-power regulator 
circuits, following the manufacturer's recommendations on a data 
sheet or application note. 

Any other power supply that can deliver the right amount of current 
and hold its output in the 4.75-volt and 5.25-volt range from no load 
to full load can be used as well. 

At 5 volts, there is no shock hazard to personnel, but as you get into 
heavier current supplies for large systems, the supplies start looking 



more and more like an arc-welding circuit. Screwdrivers have been 
burned in half in more than one instance, so, even with current limit- 
ing, use extreme care not to short a high-current supply. 

How Much Current? 

There is only one accurate way to calculate supply-current needs. 
This is to check the data sheet for each and every component in the 
system and add up the totals. There is usually a difference in power 
consumption on a gate whose inputs are all 1's from one whose inputs 
are all O's, and this should be allowed for if the circuits are predomi- 
nately in one state. 
TTL power needs are essentially independent of frequency, except 

for very high speeds where additional current must be allowed for. 
A TTL MSI counter that changes only twice a day to show the AM/PM 
position of a clock needs about the same operating current as a device 
running at 100 kHz. 

Usually two power values are given on the data sheet. Typical 
values rnay be used rather than maximum, provided the power supply 
has at least an extra 25 to 50% capacity. 

A quick, but much less accurate, way to calculate the supply power 
is to use the estimates of Chart 1-4, which has some average currents 
for more-or-less typical regular-power TTL. For instance, if your sys- 
tem has 3 counters, 2 shift registers, a dual flip-flop, 2 gates, a hex 
inverter, and 6 pull-up resistors, you will need around 350 mA. A 
supply that can handle 450 to 500 milliamperes would be recom- 
mended, and the circuit of Fig. 1-5 would be ideal. 

Another way to estimate supply power is on a package dissipation 
basis. Very simple TTL circuits need 75 milliwatts per package. Cir- 
cuits of medium complexity need about 125 milliwatts, and very large 
ones need about 250 milliwatts. By dividing the total milliwatts by 5, 
you will get the current in milliamperes. Once again, enough supply 
reserve should be provided to allow for worst-case operation and pos- 
sible circuit expansion. 

Chart 14 .  Estimating Regular TTL Currents 
? 

Each simple gate package .................. 8 mA 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Each hex inverter 12 mA 

.................... Each more complex gate 18 mA 
......................... Each dual flip-flop 25 mA 

........................... Each MSI block 60 mA 
Each 2.2K pull-up resistor ................... 3 mA 

Final values should be multiplied by at least 50% and pre- 
ferably should be doubled, 



Supply Leads 

The interconnections between supply and circuit have to be low im- 
pedance at all frequencies below 50 MHz with regular TTL, and at all 
frequencies below 150 MHz with Schottky TTL. Sudden changes or 
high-speed operation in one TTL circuit must not be subject to carry- 
over into other circuit areas via the supply lines. Low impedance 
means low inductance. This is most easily achieved by short lengths 
and wide, thin conductors. Low impedance means that several differ- 
ent values of capacitors have to be used in parallel. While a 50,000-pF 
electrolytic might be an excellent ripple filter on a power supply, its 
power factor and self-resonant frequency allow it to provide little or no 
high-frequency bypassing. In fact, at high frequencies, an electrolytic 
usually looks like a large inductor. Thus a 50,000-pF electrolytic needs 
a 1 -pF tantalum, a 0.0 1 -pF disc, and possibly a 500-pF mica capacitor 
in parallel with it, with the smaller capacitors placed as near as possi- 
ble to the potential sources of high-frequency noise. It is not the total 
capacitance, it is how the capacitance is distributed throughout the 
circuit that determines how quiet the supply lines will be. 

The supply runs themselves should have the lowest possible im- 
pedance. Wide foil runs on pc boards are essential, with a ground at 
least x,," wide recommended as the main ground distribution run on a 
pc board, and $5'' the minimum width for a master supply run. When 
power leaves a pc board, it should go by way of heavy terminals or 
through several connector pins in parallel. If the regulator circuit al- 
lows it, each board should have additional electrolytics in addition to 
high-frequency bypassing. Runs outside the pc board should be very 
heavy leads of minimum length. Flat bonding-strap material or the 
removed outer shield of a large shielded cable is ideal, but No. 14 or 
No. 16 wire may be used in smaller systems. 

When several pc boards with TTL are used, it is usually better to 
put one smaller regulator on each board rather than to have one huge 
regulator at the main power supply. How much time and effort you 
spend on supply distribution depends on the size of the system and 
how far it is from the farthest IC back to the power supply. The best 
overall rule is to use a distribution scheme that is somewhat more than 
you think you will need--and then make it heavier? Glitches and er- 
ratic operation traced to supply problems are very hard to find, so 
extra effort at the beginning can eliminate a lot of headaches. 

How you treat ground-return leads is equally important. Ideally, 
there should be only one common ground-return point for your entire 
system, and the location should be preferably at the point where the 
regulator is sensing the output voltage. In larger systems, more ex- 
otic ways of transmitting information from pc board to pc board may 
be needed. These include such things as line drivers and receivers--or 



optical couplers may be used to isolate both signal and ground. The 
rule in any system is to give the TTL a chance to operate properly. 
Good practice calls for buffering or gating reset lines before they leave 
a pc board and not running input ground-return signals through the 
same lead that is carrying the master current back to the supply. 

One effective solution to power-supply distribution is to use mini- 
ature laminated-buss distribution systems. You can purchase these or 
build your own out of tape and flat metal. The object is to place wide, 
flat conductors close together, but insulated from each other, and use 
one for supply and one for ground. This minimizes and distributes the 
inductance and provides lots of distributed bypassing capacitance at 
the same time. Another benefit of the busses is that they often can re- 
duce a multilayer pc board to a double-sided one, or a double-sided 
one to a single-sided one. 

Despiking Capacitors 

TTL is not only sensitive to supply- and ground-line noise, but it 
also generates a lot of its own noise when any totem-pole output struc- 
ture changes state and draws a heavy current spike from the supply 
lines. These narrow spikes must be kept from going through the sup- 
ply system, ringing the lines, and upsetting other stages. Local capaci- 
tors have to be used to momentarily provide the energy for the supply 
during the output transitions. These are called despiking capacitors. 
Small disc capacitors in the 0.1- to 0.01-pF range, 10 volts or higher, 
with the shortest possible lead lengths are recommended. Other capaci- 
tor types will self-resonate on their own lead lengths and look induc- 
tive at the frequencies where they are needed most. 

Here is a list of rules for capacitor placement. But the cardinal rule 
is this: Use enough for your needs--and then add some more! 

Use one 0.01- to 0.1-pF short-leaded disc capacitor for every four 
gate packages. 

Use one 0.01- to 0. 1-pF short-leaded disc capacitor for every two 
MSI packages. 

Use a separate 0.01- to 0.1-pF short-leaded disc capacitor for every 
package separated more than three inches from the nearest bypass 
capacitor. 
Use a 10-pF 6-volt tantalum electrolytic where the +5-V line leaves 

any printed-circuit board. 
Enough despiking capacitors properly placed are absolutely essen- 

tial for proper TTL operation. Note that a 1-pF capacitor at the supply 
is not equivalent to 20 capacitors of 0.05 pF each, properly spread 
through the system. This is, first, because the capacitors are not in 
parallel-they are separated by the inductance and transmission time 
of the interconnecting leads. Second, the larger single capacitor has a 
much Iower resonant frequency for a given lead length and style of 



capacitor, so it is more likely to behave as an inductive reactance at 
frequencies of interest. 

Remember to always use despiking capacitors; small discaps with 
ultra-short leads, no fewer than one for every four ICs, are essential 
for proper TTL operation. 

If you are using Schottky or high-speed TTL subfamilies, be sure 
to consult the manufacturer's application notes for further recommen- 
dations. Ground-plane type of construction and terminated inputs are 
sometimes needed with these higher speed subfamilies, particularly in 
larger systems or where the timing and overlap may become critical. 
These families are inherently more sensitive to noise since they are 
faster. 

BREADBOARDING AND MOUNTING TECHNIQUES 

There is one very simple rule about using perf-board and "rats nest" 
hand-wired construction with TTL-DON'T! One possible exception 
to this is the newer perf-board techniques where foil tapes are used 
for lead routing. Here there is at least a chance of minimizing supply 
distribution problems, provided the foil runs are wide and thin. Careful 
use of these newer techniques can sometimes be made in simpler sys- 
tems without too many problems. 

There are several good ways to safely and properly mount TTL, 
both for breadboarding, system tests, and final circuits. One of these 
systems is shown in Fig. 1-7 and consists of a large plastic block with 

Courtesy API, Inc. 
Fig. 1-7. API Super Strip. 



integral multiple conductors made of flat strips. Dual in-line packages 
and other components simply plug in as needed. Wires and comgo- 
nents are easily added and removed, and circuit changes are quite 
simple. While they are somewhat expensive (about $1 8 for a medium- 
sized version), they rapidly pay for themselves if you do much bread- 
boarding or rework, particularly on smaller (7 ICs or less) systems. 
Several firms offer these test modules in complete systems that include 
power supplies, pulse generators, state indicators, and other support 
circuitry. These are obviously more expensive, but they are often a 
good choice where extensive breadboarding is needed. 

Wire-Wrap Systems 

One widely used industrial mounting technique is wire wrapping, 
based on socket and panel systems. The ICs push into sockets from the 
front. At the rear, long pins stick out (Fig. 1-8). Wires are twisted 

Courtesy Augat, Inc. 

onto these pins, using special tools. The connection system is as good 
as soldering, possibly better, and the wires are easily changed and the 
panels are reuseable. The cost is high ($200 for a medium-sized 
panel), as are the prices of automatic tools for wrapping and unwrap- 
ping. Still, wire wrap often ends up being the most economical route 
for a medium- or larger-size TTL system where only a few units have 
to be built or where field changes or customizing are to take place. 
These boards are starting to turn up as surplus at bargain prices, and 
hand wrapping and unwrapping tools are also becoming available at 
reasonable cost. 

Sockets 

It is usually very easy to remove a TTL IC that has been soldered 
to a pc board, particularly if a solder syringe or other removal tool is 
used. Because many of the present day ICs are so inexpensive, reuse 



is not very practical, particularly if you have to pay someone to remove 
the old ICs. The obvious exceptions are expensive ICs or systems that 
are not fully debugged. 

Sockets are available for TTL, but often they cost three to five times 
as much as the IC they are supporting, besides adding bulk and height 
to the circuit. Sockets are best used in testers and other places where 
you purposely want to make frequent changes of the ICs in use or 
under test. 

A very interesting and practical solution to the reuse problem is 
a device that is available through most semiconductor and surplus 
houses. This is called the Molex Soldercon system and is simply a 
group of prespaced socket pins on a metal carrier, available in num- 
bers of 7, 8, or 12, or as a continuous strip. As many as you need are 
cut off and simultaneously soldered into the pc board. The common 
carrier is then broken off and the IC is inserted. Cost is under 1 per 
point, and none of the bulk of a socket is present. 

While the Soldercon pins are not intended for continuous testing or 
repeated insertions, they can be reused dozens of times. They do not 
interfere with most TTL test procedures, and the TTL leads remain 
solder-free. 

One good possibility is to mix direct soldering with the Soldercon 
system. Low-cost ICs can be directly soldered in place, while more 
expensive or potentially reusable ICs can be "unsocket" mounted. 

PC Boards 
Printed circuitry gives the best overall control and the lowest in- 

stalled price for TTL, provided the system is complete and checked, 
and provided there is enough volume to justify the costs of the initial 
pc layout. 

One approach is to use "universal" pc boards. These are available 
from several sources and are listed in most distributor's catalogs. They 
consist of a pc board with several dozen DIP patterns, often with 
supply runs connected and despiking capacitors present or provided 
for. You then add ICs and wires as needed for your complete system. 
Changes are easy to make, and the boards are theoretically reusable, 
although the component removal effort often exceeds the replacement 
cost. 

Sometimes, construction projects in technical magazines offer pc 
boards already etched, drilled, and marked for a particular project. 
As these usually have amortized several hundred or even a thousand 
dollars of layout, mask, and process time, they generally are a bar- 
gain. Services are also available that deliver a pc board to you in ex- 
change for the artwork. Cost, quality, and services offered vary with 
the company. Unless a firm is specially set up for a rapid turn-around 
service, charges above $20 per board are typical. 



You can also do your own pc layouts, either on a 1 : 1 basis or on 
the more accurate 2: 1 or 4: 1 photographic reduction systems. PC ma- 
terials are usually carried by most electronic distributors. 

Newer pc processes use ammonium persulfate etchant and are gen- 
eraIly less messy and better behaved than the older ferric chloride sys- 
tems. Best results with ammonium persulfate may be obtained by sup- 
porting the board to be etched upside down and having it well-covered 
by the solution at a temperature of 90 to 100 degrees F. New develop- 
ers such as CAE Dye-Veloper have an integral dye that lets you 
verify if the pattern is good before etching. The dye is powerful and 
should only be used while wearing old clothes and in areas where 
spills will not hurt anything. The mercury catalyst specified for use 
with ammonium persulfate is highly poisonous. It is best not to use 
it for short runs or home etching setups. Etching time will be some- 
what longer without the catalyst. 

One possible do-your-own pc process starts with a 2: 1 or 4: 1 
replica of the desired layout, often built up by taping stock artwork 
and pc layout symbols on a Mylar sheet. This is then taken to a photo- 
lithographer and converted to a 1 : 1 litho negative at a cost of around 
$2. A chemically cleaned pc board is then carefully coated with 
spray-on light-sensitive photoresist such as Dynachem DCR-3140A. 
The resist is then heated and hardened. You then expose the pc board 
by contact printing, either in the sun or with a quartz lamp. The 
board is then developed, etched, and drilled. 

Fancier versions of this basic process let you do double-sided and 
multilayer boards. If the final layout is relatively simple and is needed 
in quantity, silk-screen processes are available that are much faster 
and far cheaper than the one-at-a-time photo processes. 

TESTING AND MONITORING STATES 

Logic systems are tested, debugged, and serviced by sequentially 
operating them and comparing the results against what the circuit is 
supposed to do. This testing can be done dynamically at the intended 
system operating speed, or statically on a one-step-at-a-time basis. 

Dynamic testing is usually done in conjunction with an oscilloscope. 
The scope MUST have a triggered sweep and its speed should be good 
enough to handle the particular circuit problem. A 5-MHz triggered- 
sweep oscilloscope can handle most routine low-frequency TTL test- 
ing, although scopes as fast as 125 MHz may be needed for critical 
testing of Schottky TTL systems, particularly if delays and overlap 
are critical. 

Static or dynamic testing is greatly simplified with an IC Glomper 
clip such as the one shown in Fig. 1-9. These clips snap onto an IC 
and bring out pins for easy testing. One design rule often learned the 



hard way is to do your pc layouts so that Glomper clips like this will 
fit. This means keeping resistors and despiking capacitors far enough 
away from the sides and ends of the IC to let the Glomper clip fit on. 
End-to-end spacing should also be sufficient, particularly with 14-pin 
packages, so that the Glomper clip can fit over either end, even if it has 
16 pins. 

Courtesy API, Inc. 

Fig. 1-9. API Glomper clip. 

Static testing is usually much simpler than dynamic testing, and it 
should be done first if something obvious is wrong with the circuit 
operation. One essential piece of test equipment is called a bounceless 
push button, a circuit that gives you a noise-free single command on 
request. Several suitable circuits are covered in Chapter 4. 

A second essential ingredient to static testing is a state checker. This 
is any means of verifying what the output and input pins of each IC 
are doing at any given time. At zero or very slow speeds, a voltmeter 
is an excellent state checker. The 0's should be less than 0.8 volt; the 
1's more than 2.4 volts. High-frequency counting chains will give a 
meter indication halfway between these values if the duty cycle is 
50-50 and if the frequency is fast enough that the meter averages out. 
Do not forget to verify ground and supply voltages when state check- 
ing. 



A logic pen is a state checker that is easier to use. Touching the tip 
of the pen to the IC pin either lights or does not light one or more 
lamps, indicating a 1, a 0, or pulsed operation. Some of these units are 
quite sophisticated and include pulse detection and other elegant cir- 
cuitry. They are priced accordingly. A simple state checker you can 
build into a test lead or ball-point pen is shown in Fig. 1-10. The clip 
lead is connected to the positive supply. The light emitting diode lights 
for a grounded-output state and remains off for a high-output state. 
Fan-in is about 6. 

Fig. 1-10. Simple logic-state checker. 
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A more elaborate state checker (Fig. 1- 1 1 ) is called the Digiviewer. 
It simultaneously monitors, via a modified Glomper clip, all 14 or all 
16 pins of an IC under test. The states are displayed on panel lamps. 
A slide that shows the circuit for the IC under test fits over the panel 
lamps. In this way, the states are easily related to their logically similar 
pins. 

Any of the slow or static test methods are useful for servicing, 
checking for good ICs, or testing circuits of proven design. They also 
can indicate the presence of a brief pulse, such as those generated by 
a counter being reset or something similar. Various techniques of 
checking duty cycle vs voltage or brightness will indicate whether 
counting chains are operating. They usually will not indicate problems 
caused by glitches, high-frequency pulse overlap, improper setup 
times, or other inherent high-speed problems, possibly caused by a 
poor circuit design. Two other minor limitations are that they might 
give a "wrong" logic indication of an unterminated, open-collector 
output stage, and the capacitive loading caused by the test cable can 
upset a very few TTL devices such as monostables and high-speed 
Schottky counters. 



Courtesy Popular Electronics 

Fig. 1.1 1. Digiviewer logic state checker. 

INTERFACE 

Getting signals into and out of TTL is called interfacing. There are 
three types of interface: TTL to TTL, TTL to other logic, and TTL 
to outside world. 

TTL to TTL 
We have already seen that most TTL circuits can be directly con- 

nected to any of the others, so long as fan-out rules are observed. 
Whenever you interface between TTL subfamilies, you have to be very 
careful about the available fan-out. For instance, most low-power TTL 
gates will only drive two regular TTL gates. Regular TTL will only 
drive 6 or 7 high-power TTL or Schottky TTL inputs. Low-power 
Schottky can only drive 3 regular TTL inputs or 1 high-power or 
Schottky TTL input. Some of these relationships are shown in 
Chart 1-5. 

As a general rule, any given subfamily has a fan-out of 10, except 
for a few buffer circuits with higher fan-outs, typically 30. Some old 
TTL designs had fan-in requirements of 2 and sometimes even 3 loads 
on certain inputs, but the majority of new designs have a fan-in stan- 
dardized at 1 when referred to its own subfamily. 



Chart 1-5. Some TTL Subfamily Fansut Rules 

Regular TTL . . . . . . . . . Will drive 10 regular TTL inputs 
Will drive 40 low-power TTL inputs 
Will drive 6 high-power TTL inputs 
Will drive 6 Schottky TTL inputs 
Will drive 20 low-power Schottky TTL inputs 

Low-Power TTL . . . . . . Will drive 2 regular TTL inputs 
Will drive 10 low-power TTL inputs 
Will drive 1 high-power TTL input 
Will drive 1 Schottky TTL input 
Will drive 5 low-power Schottky TTL inputs 

High-Power TTL . . . . . . Will drive 12 regular TTL inputs 
Will drive 40 low-power TTL inputs 
Will drive 10 high-power TTL inputs 
Will drive 10 Schottky TTL inputs 
Will drive 40 low-power Schottky inputs 

Schottky TTL . . . . . , . . Will drive 12 regular TTL inputs 
Will drive 40 low-power TTL inputs 
Will drive 10 high-power TTL inputs 
Will drive 10 Schottky TTL inputs 
Will drive 40 low-power Schottky TTL inputs 

Low-Power Schottky . . Will drive 5 regular TTL inputs 
Will drive 20 low-power TTL inputs 
Will drive 4 high-power TTL inputs 
Will drive 4 Schottky TTL inputs 
Will drive 10 low-power Schottky inputs 

Usually, 7400-Series regular-power TTL can be freely intermixed 
with Motorola 4000-Series MTTL or Signetics 8200-Series TTL, al- 
though you should always check the individual data sheets to be sure. 
There are sometimes slight differences in output high voltage due to 
different types of totem-pole output design. These do not affect TTL- 

Table 1-4. Comparison of Output Current and lnput Needs 

Input Needs 

1.6 mA 
0.18 mA 
2.0 mA 
2.0 mA 
0.4 mA 

111 Subfamily 

Regular 
Low-Power 
High-speed 
Schottky 
Low-Power 

Schottky 

Output Provides 

16 mA 
3.6 mA 

20 rnA 
20 mA 
8 mA 



to-TTL interface but can make a difference in going between logic 
families. For instance, some 8000-Series TTL will directly interface 
with MOS without needing a pull-up resistor, while a 7400Series 
usually needs one. 

Table 1-4 compares output low-state current with input low-state 
needs for the various families. If you have a more complicated inter- 
mix, simply add up the input currents you need to drive it and make 
sure the sum is less than the available drive capability. In wide-temper- 
ature designs or where you are driving a large number of inputs, the 
high-state currents need also to be considered for exactness. Values in 
Table 1-4 have been conservatively rounded off to eliminate having 
to make this calculation for most circuit problems. 

T t L  to Other Logic 

Interfacing between logic families is usually easy to do, but there 
are several problems. You must select the supply and ground connec- 
tions between the families to optimize the logic states. You have to 
honor the output voltage and current swings of the one logic family 
and provide the minimum 1 and 0 conditions of the other. For de- 
tailed interfacing information, you have to carefully study the manu- 
facturer's data on the IC line to b'e interconnected. However, Figs. 1- 
12 through 1-16 give some general interface guidelines that usually 
work. 

RTL-RTL to TTL or vice versa may be directly connected (Fig. 
1-12). Grounds of both systems are common, and the RTL may be 
driven from its usual 3.6-volt positive supply or from a 5-volt TTL 
supply. No RTL loads should be presented to an RTL device that is 
driving TTL. 

RN+ m lTL -t RIL 

RTL t3.6 - ANY TlL ANY Tn R N  GATE 
OR +s-VOLT GATE GATE EXCEPT 0, t3.6 OR 
SUPPLY +5 V OPEN -COUECTOR 

SUPPLY 0, ts-VOLT SUPPLY 
0, *5 v 
SUPPLY 

Fig. 1-12. RTL-to-TTL and TTL-to-RTL interfacing. 

DTL--DTL to TTL and back again are usually directly compatible 
(Fig. 1-1 3). Consult data sheets for fan-out information. 

MOS--Silicon gate or n-channel low-threshold MOS sometimes 
needs a pull-down resistor on its outputs to properly drive TTL (Fig. 
1-14). When TTL drives MOS, a pull-up resistor is usually needed. 
TTL fan-out into MOS is very high, but MOS fan-out into TTL is 
usually one input and often you cannot simultaneously drive MOS and 
TTL. Older, high-threshold PMOS families may need open-collector 
outputs and pull-up resistors on the TTL drivers if the positive sup- 



ADD 2.2K RESISTOR 

0 

0 

ANY DN ANY lTL ANY TTL 
GATE: 0, +5-VOLT GATE, 0, +5-VOLTS 

ANY DTL GATE 
GATE MCEPT 0, +5-VOLT 

SUPPLIES SUPPLIES OPEN- CaLECTOR 
0, +5-VOLT SUPPLIES 

SUPPLIES 

(A) D T L  to TTL. (0) TTL to DTL. 

Fie. 1-13. DTL-TTL interfacing circuits. 

ply voltage is + 12 V. Older MOS runs on a + 12-V, - 12-V supply 
system. Newer silicon-gate MOS runs on +5 V, - 12 V, and the +5-V 
supply should be common with the +5 V of the 'ITL. Newest of all is 
n-channel MOS. It usually works on a single +5-V suppIy and is 
directly compatible with TTL. 
CMOS--CMOS (Fig. 1-15) can directly drive low-power TTL. It 

can drive one regular-powered TTL input if a device is chosen with 
two parallel transistors to ground, as shown in Fig. 1-15, or it can 
drive several TTL inputs, using a buffer, such as the CD4049 or 
CD4050. TTL can directly drive MOS, although noise immunity is 

:=&- PMOS: + 12-VQ' 

- 1 2 - v a ~  supn' oMnC +I~-VOLT, 
nDm IlDAlN a, J0I.T 

LI , 
.LIES: r+FFaT . I..w- - .- . 

" I  U. "I-... 
7416 -194 

OUTPUT SUPPLIES ONLY 
O. + s - v a ~  "". . -. 

PMOS - rn SUPPLY lTL- PMOS 

(A) High-threshold PMOS. 

-lL *1.2b , 

SIL GATE MOS lN GATE S IL GATE MOS 
+ ~ - v ~ T . - I ~ - v ~ T  r+yLiT 0, t 5 - v ~  + 5 , - 1 2 - v a ~  SUPPLY 
SUPPLIES, 

SUPPLIES SUPPLIES 
OPEN DRAIN 
OUTPUT m --t MOS 

MOS - ill 
(B) Silicon gate or low-threshold MOS. 

s s 
N CHANNEL TIL TIL N CHANNEL 
0, +5-VOLT 0, +5-VOLT 0, +5-VOLT 0, +5-VOLT 

SUPPLY SUPPLY SUPPLY SUPPLY 

(C) N-channel MOS (single f 5-volt supply). 

Fig. 1-14. Some typical MOS-to-TTL interfacing techniques. 



ANY CMOS 
GATE +5 -VOLT ANY LOYY - PWER 
SUPPLY rn GATE, + S - V ~ T  

SUPPLY 

0 

PARALLEL 
INPUTS W E  REGULAR ... . .- 

CD4001 NOR l l L  GATE 
GATE, 0, +5- VOLT 0, +5 -VOLT 
SUPPLY SUPPLY 

0 

MOS BUFFER ANY ill 
m GATE 
0, +S-VOLT 

CMOS GATE 

0, +5-VOLT SUPPLY GATE 0. +5 -VOLT 
SUPPLY 

0, +5-VOLT 
SUPPLY SUPPLY 

(A) CMOS to TTL. (B) TTL to CMOS. 

Fig. 1-15. TIL-CMOS interfacing. 

improved with a pull-up resistor. The minimum TTL high state should 
be well above one-half, but less than the positive MOS supply voltage. 
MECL and ECLEmitter-coupled logic families (Fig. 1 - 16) have 

unique logic swings, and it is difficult to build simple interfacing. In- 
stead of this, commercial IC logic translators that do the job quickly 
and reliably are readily available. 

If the family to be interfaced has wildly different supply- and volt- 
age-swing restrictions or if it is on an entirely Werent power-supply 
system, a more elaborate interfacing system can be used. One possibil- 
ity is to use optical couplers that isolate both signal and ground. A sec- 
ond possibility is to use integrated-circuit line drivers and receivers for 
translation. Be sure to consult individual data sheets when intermixing 
IC families. 

TTL to Outside World 
In a sense, this entire book explains how you use TTL processing 

to get from outside-world signals to a group of outside-world outputs. 
MECL TO SATURATED 
LOG lC TRANSLATOR 

MC 1068 

TTL TO MECL 
TRANSLATOR 
MC1067 

+5, GND Tn GATE TTL GATE 45-VOLT, GND, MECL CAE 
MECL GATE - 5 . 2 - v a ~  O, ts-VOLT 0, +s-VOLT - s - v a ~  0, - 5.2-VOLT 
08-5.2-VOLT SUPPLIES SUPPLIES SUPPLIES SUPPLIES SUPPLIES 
SUPPLIES 

(A) MECL to TTL. (B) TTL to MKL, 

Fig. 1-16. TTL emitter-coupled logic interfacing. 



We will pick up much more detail as we go along, but the general con- 
cepts of interfacing are as follows. 

At a 'ITL input, you have to guarantee a current-sinking capability 
of at least 1.6 milliamperes at a voltage of 0.8 volt or less for a low- 
input condition. You also have to guarantee a minimum voltage of 
+2.4 volts and provide only for a leakage current as an input-high con- 
dition. The input swings cannot normally be allowed to exceed the 
positive supply or go below ground. 

The high-to-low transitions and vice versa must be very fast, and 
one and only one transition can be allowed per intended input change. 
This means push buttons and other mechanical contacts must be suit- 
ably conditioned to make them bounceless and noise free, and that 
low-frequency and analog signals must have snap-action added to 
them to improve the rise time. These techniques are further covered 
in Chapter 4. 
TTL will directly drive a light emitting diode, provided a suitable 

current-limiting resistor is placed in series, as shown in Fig. 1-17A. 
Incandescent lamps can be driven with a small transistor, as shown in 
Fig. 1-17B. Note that the output-low condition on TTL is more suit- 
able to provide lots of current. Interface to the outside world should 
optimize this fact. 

LIGHT 

n L  OUTPUT 

LIGHTS LED 

TTL OUTPUT 

2N5139 

5 V 6 0 m A  
LAMP - MURA 

OUTPUT LOW 
LIGHTS LAMP 

(A) LED. (B) Incandescent lamp. 

Fig. 1-17. TTL lamp driven. 

TTL-to-analog conversion may be done simply with lK, 2K, 4K, 
and 8K resistors summed into an op-amp, or TTLcompatible D/A 
converter ICs, such as the Motorola MC1406 and MC1408, may be 
used. 

In general, any interface system requires that you rapidly and 
bouncelessly provide guaranteed input-high conditions (high voltage/ 
low current) and guaranteed input-low conditions (low voltage/high 
current) at all TTL inputs without exceeding the supply or going 
below ground. In addition, it requires that you stay within the current 
and voltage limitations of the TTL output stage. Chapter 6 discusses 
more output interface circuits, particularly those dealing with readouts. 



TOOLS 

All of the small hand tools used for electronics can be used for TTL 
work, with the "jeweler"-sized tools being preferable to the larger 
"electronic" ones. Traverse-cutting pliers are particularly handy for 
TTL lead cropping, A small soldering iron with a fine tip is a must. 
One good combination is an Ungar 1235 unit of 40 watts with a 
PL-338 tip. 

Some means of removing ICs is also needed. A solder syringe and 
its wire cleaner is one good route to take, while solder-removing capil- 
larity braid is another, 

A miniature pin vise with a No. 68 drill is handy for cleaning pc 
board holes and adding components, while a carbide-tipped machin- 
ist's scriber is one easy way to open a run on a pc board, but still 
allow a "solder blob" to fill in later. 

A good pocket magnifier, a high-intensity lamp, and a hobby knife 
with renewable blades are some useful items to have on hand when 
working with TTL. 

You will almost certainly want to add a homemade bounceless push 
button, a Glomper clip or two, and a state checker to your basic tools. 
These are almost essential for any work with TTL. 

"BAD" AND "BURNED OUT" INTEGRATED CIRCUITS 

Occasionally you will get a faulty IC-maybe one or two out of a 
hundred from a quality distributor, perhaps a few more from a surplus 
source unless you are obviously buying seconds. TTL ICs will also 
withstand more than a reasonable amount of abuse, including output 
shorts, brief applications of reversed supply polarity, excess voltage, 
and so on. In short, TTL ICs are reliable and rugged. 

There is a tendency to blame the poor IC for every circuit problem, 
including incorrect logic design, pc layout errors, shorted outputs, 
solder blobs, lack of pull-up resistors on open collector outputs, un- 
connected supply leads, layout mixups (watch the 7400 and 7402!), 
poor supplies and bypassing, layouts done topside and etching done 
backwards, floating inputs, etc. 

If an experimental or breadboard circuit appears defective, the 
problem is almost never a bad or burned-out IC. Every other possibil- 
ity should be exhausted before an IC is replaced. The rule, and this is 
the hardest one in this book to learn, is simply: Always blame yourself 
@st, the IC last. If you follow this rule, you will fmd that it saves time 
and money 99 % of the time. 

By the same token, if you ever do find a genuinely bad IC, be sure 
to destroy it so it does not work its way back into some other circuit 
later on. 



SOME CONVENTIONS 

In the rest of this book, we have omitted the obvious connections to 
an integrated circuit in order to make the circuit function we are trying 
to show more apparent. This is very common in all digital logic cir- 
cuits. Thus, every circuit in the book needs a +5-volt, regulated and 
properly despiked supply and a ground return connected to all ICs in 
use. All unused input leads must go somewhere-disabled to +5 volts 
or (very rarely) ground, or tied to a logically similar input. Presets, 
preclears, enables, inhibits, and other control pins must be properly 
provided for. These connections are all shown in Chapter 2 and on the 
data sheets. As you go from circuit to breadboard, be sure not to over- 
look any of them. 

We also have not tried to keep track of fractional ICs. A "7400" 
callout usually means one-quarter of a 7400 NAND gate. A "7473" 
usually means one-half of a 7473 dual JK flip-flop, and so on. As you 
use a circuit, be sure to check back to Chapter 2 or the manufacturer's 
catalog to see how many of these you get per package, and what all the 
remaining pins on the package do. Output leads that are unused should 
be left u n ~ ~ ~ e c t e d ;  all others must go somewhere. 



CHAPTER 2 

Some TTL integrated Circuits 

This chapter is primarily a catalog of the more popular TTL cir- 
cuits. It differs in several ways from the detailed information you are 
likely to find in a manufacturer's catalog. 

First, it covers only the essential information you might need to con- 
nect or intelligently use the integrated circuit. Second, it includes only 
the more popular devices, the ones you are most likely to be using. 

Third, it is an industry-wide selection that favors no particular man- 
ufacturer or product line. It includes non-TTL and support devices 
(timers, regulators, etc. ) . 

Finally, and most important, this chapter explains as simply as pos- 
sible what the circuit does and at the same time points out use restric- 
tions or hangups. 

As an additional aid, particularly when you are working with several 
ICs at once, the information in this chapter is also available on a large 
poster (Catalog No. 21080). You can wall mount this poster for in- 
stant reference for TTL layout and servicing work. 

Unless otherwise noted, all the listed parts need a f 5-volt regulated 
and despiked supply and operate with a fan-in of one load and a fan- 
out of ten loads. Only the regular TTL subfamily is shown; other sub- 
families usually have identical pinouts. 

An input-low state means the input is pulled below +0.8 volt and 
1.6 milliamperes is being pulled out of the input. An input-high state 
means the input is being held more positive than 2.4 volts and that a 
small leakage current is being provided. 



Both the currents and the propagation delays are typical averages. 
The following list is an index and selection guide for this chapter. 

The devices are listed by type number and are covered in the order 
shown. 

Type Number 
HD0165 
PROM 1-05 12 
555 
2513 
CD4001 
MC40 16 

Description 
Special Circuit, Keyboard Encoder, 4-bit output 
Memory, read-only, sixty-four $-bit words 
Timer, astable or monostable 
Support, MOS alphanumeric character generator 
Gate, CMOS quad 2-input interface element 
Counter, decade, ripple down, presettable, unit cas- 
cadable 
Counter, base 16, ripple down, presettable, unit cas- 
cadable 
Astable, dual, voltage-controlled 
Gate, quad %input NAND 
Gate, quad 2-input NAND, open collector 
Gate, quad %input NOR 
Gate, quad 2-input NAND, normal pinouts, open col- 
lector 
Inverter, hex 
Inverter, hex, open circuit 
Inverter, hex, open circuit to 30 volts 
Driver, hex, open circuit to 30 volts, noninverting 
Gate, quad %input AND 
Gate, triple 3-input NAND 
Schmitt Trigger, interface, hex 
Driver, hex, inverting to 15 volts 
Driver, hex, noninverting to 15 volts 
Gate, dual 4-input NAND 
Gate, single 8-input NAND 
Gate, quad 2-input OR 
Bufler, quad 2-input NAND 
Bufler, dual &input NAND 
Decoder, BCD to 1 of 10, TTL output 
Decoder, BCD to 1 or 10, 30-V, 80-mA output 
Decoder, BCD to 7 segment, 40-mA, 30-volt output 
Flip-Flop, dual JK level-triggered, preclear only 
Flip-Flop, dual D, edge-triggered, preset and preclear 
Memory, quad latch, level sensitive 
Flip-Flop, dual JK level-triggered, preset and preclear 
Arithmetic Unit, 4-bit full adder 
Arithmetic Unit, &bit magnitude comparator 
Gate, quad EXCLUSIVE OR 



Type Number 
7489 
7490 
7492 
7493 
7495 
7496 
7497 
74107 
74121 
74122 
74123 
74141 
74142 
74148 
74 150 
74151 
74153 
74154 
74155 
74157 
74160 
74161 
74164 
74165 
74167 
74174 
74175 
74180 
74181 
74190 
74191 
74192 
7805 
DM8093 
DM8094 
8223 
8280 
8281 
8288 
8290 
829 1 

Description 
Memory, 64-bit (sixteen 4-bit words) 
Counter, decade, ripple, not presettable 
Counter, base 12, ripple, not presettable 
Counter, base 16, ripple, not presettable 
Shift Register, 4-bit, right-left, parallel in and out 
Shift Register, 5-bit, parallel in, parallel out 
Special Circuit, binary-rate multiplier (base 64) 
Flip Flop, dual JK level-triggered, preclear only 
Timer, monostable multivibrator, not retriggerable 
Timer, monostable multivibrator, retriggerable 
Timer, dual monostable multivibrator, retriggerable 
Decoder, BCD to Nixie tube 
Counter, decade with latch and Nixie driver 
Special Circuit, 8-bit priority encoder 
Data Selector, 1 of 16 
Data Selector, 1 of 8 
Data Selector, dual 1 of 4 
Data Distributor, 1 of 16 
Data Distributor, dual 1 of 4 
Data Selector, quad 1 of 2 
Counter, decade, synchronous, presettable, up only 
Counter, base 16, synchronous, presettable, up only 
Shift Register, 8 bits, serial in, parallel out 
Shift Register, 8 bits, parallel in, serial out 
Special Circuit, rate multiplier, 74 167 
Memory, hex D flip-flop, edge-clocked 
Memory, quad D flip-flop, edge-clocked 
Special Circuit, parity generator checker 
Arithmetic Unit, 
Counter, decade, up/down, synchronous, presettable 
Counter, base 16, up/down, synchronous, presettable 
Counter, decade, up/down, synchronous, presettable 
Support, regulator, fixed 5 volt 
Driver, quad, Tri State 
Driver, quad, Tri State 
Memory, read-only, 256 bits (thirty-two 8-bit words) 
Counter, decade, ripple, presettable 
Counter, base 16, ripple, presettable 
Counter, base 12, ripple, presettable 
Counter, base 10, high speed, ripple, presettable 
Counter, base 16, high speed, ripple, presettable. 

The following paragraphs list the devices according to their func- 
tion. 



Arithmetic Units: 

Adder. dbit  binary . . . . . . . . . . . . . . . . . . . . . . .  7483 
Arithmetic Logic Unit . . . . . . . . . . . . . . . . . . . .  74181 
Magnitude Comparator. 4bit . . . . . . . . . . . . . .  7485 

Counters: 

Base 10 (decade) : 
Ripple down. presettable . . . . . . . . . . . . . . . . . .  MC40 16 
Ripple up. presettable . . . . . . . . . . . . . . . . . . . . .  8280 
Ripple up. presettable. high speed . . . . . . . . . . .  8290 
Ripple up. not presettable . . . . . . . . . . . . . . . . .  7490 
Ripple up. latch. Nixie output . . . . . . . . . . . . .  74142 
Synchronous up . . . . . . . . . . . . . . . . . . . . . . . . .  74160 
Synchronous up/down .................... 74 190 
Synchronous up/down. carry/borrow ........ 74 192 

Base 12 
..................... Ripple up. presettable 8288 

Ripple up. not presettable .................. 7492 
Base 16 

Ripple down. presettable . . . . . . . . . . . . . . . . . .  MC40 1 8 
Ripple up. presettable .................... 8281 
Ripple up. presettable. high speed . . . . . . . . . . .  8291 
Synchronous up ......................... 74161 

.................... Synchronous up/down 7419 1 
Ripple up. not presettable ................. 7493 

Data Distributors: 

1 of 16 ................................ 74154 
1 of 8 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7442 

............................ 1 of 4. dual 74155 

Data Selectors: 

1of  16 ................................ 74150 
1of  8 ................................. 74151 
1 of 4. dud ............................ 74153 
1 o f 2 .  quad ............................ 74157 

Decoders and Decoder/ Drivers: 
............... BCD to 1 of 10. TTL output 7442 

....... BCD to 1 of 10. 30.volt. 80-mA output 7445 
BCD to 7 segment. 40-mA. 30-volt output . . . . .  7447 

............... BCD to Nixie. 60-volt output 74141 



Flip-Flops: 
........ Dual JK. preclear only. special pinouts 7473 

Dual JK. preclear only. standard pinouts ...... 74107 ............... Dual JK. preset and preclear 7476 
..................... Dual D. edge-clocked 7474 

Gates: 

Two Input: 
NAND. quad ............................. 7400 

. . . . . . . . . . . . . . . .  NAND. quad. open collector 7401 
NAND. quad. open collector. std pins .......... 7403 
NOR. quad .............................. 7402 
OR. quad ............................... 7432 

.............................. AND. quad 7408 
EXCLUSIVE OR. quad ...................... 7486 

Three Input: 
NAND. triple ............................ 7410 

Four Input: 
N A N D . ~ U ~ ~ .  ............................. 7420 

Eight Input: 
NAND. single. ............................ 7430 

Interface and Support Circuits: 

CMOS Quad 2-input NOR gate interface ...... CD4001 
Character generator. MOS alphanumeric ...... 2513 
Hex Schmitt trigger interface ............... 7414 
Regulator. fixed 5.volt. 34 ampere .......... 7805 

Inverters. Buffers. Drivers: 

Inverting : 
Hex. TTL output ........................ 7404 
Hex. TTL output. open circuit .............. 7405 
Hex. 15.volt, open-circuit output ............ 7416 
Hex. 30.volt. open-circuit output ............ 7406 

Multiple Input: 
Quad 2-input NAND buffer ................. 7437 
Dud 4-hput NAND buffer .................. 7440 

Noninverting : 
Quad Tri State. low enable ................ DM8093 
Quad Tri State. high enable ................ DM8094 
Hex. 1 5-volt open-circuit output ............. 7417 
Hex. 30-volt open-circuit output ............ 7407 



bgic Fundion Generators: 

See Chapter 3 for details . 
Any function of five variables . . . . . . . . . . . . . . .  74150 
Any function of four variables .............. 74 15 1 
Any two functions of three variables . . . . . . . . .  74153 
Any four functions of two variables .......... 74157 
Any eight functions of six variables . . . . . . . . . .  PROMI-05 12 

Memories: 

4.bit. level-clocked . . . . . . . . . . . . . . . . . . . . . .  7475 
4.bit. edge-clocked . . . . . . . . . . . . . . . . . . . . . . .  741 75 
6.bit. edge-clocked . . . . . . . . . . . . . . . . . . . . . . .  74 174 
64-bit RAM. sixteen 4-bit words . . . . . . . . . . . .  7489 
256-bit (Read-only) thirty-two 8-bit words . . . .  8223 
5 12-bit (Read-only) sixty-four 8-bit words . . . .  PROM1-05 12 

Shift Registers: 

4.bit. right/Ie£t. parallel in/out . . . . . . . . . . . . . .  7495 
. . . . . . . . . . . . . . . . . . . . .  5.bit. parallel in/out 7496 

. . . . . . . . . . . . . . . .  8.bit. series in. parallel out 74164 
. . . . . . . . . . . . . . . . .  8.bit, parallel in. series out 74165 

Special Circuits: 

. . . . . . . . . . . . .  Keyboard Encoder. 4-bit output HD0 165 
Rate Multiplier. binary .................... 7497 

. . . . . . . . . . . . . . . . . . .  Rate Multiplier. decade 74167 
. . . . . . . . . . . . . . . . . .  Parity Generator/checker 74 1 80 

. . . . . . . . . . . . . . . . . . .  Priority Encoder. 8-line 74 148 

Timers: 

Astable/Monostable ..................... 555 
............ VoltageControlled Astable. dual MC4024 

.............. Monostable. not retriggerable 74 12 1 
Monostable. retriggerable ................. 74 122 
Monostable. dual. retriggerable ............. 74 123 

Some recently assigned 7400 numbers for popular 'ITL integrated 
circuits are given in Table 2-1 on the next page . 



Table 2-1. Recently Assigned 7400 Numbers for Popular 
TTL Integrated Circuits 

Traditional 
Number 

PROM1-0512 
MC40 16 
MC40 18 
MC4024 
DM8093 
DM8094 
8223 
8280 
828 1 
8290 
829 1 

All these parts are 

TTL 
Assignment 

74186 
74416 
7441 8 
74424 
74125 
74126 
74 188 
741 76 
74 1 77 
74196 

Fundian I Original 
Manufacturer 

- -- 

Read-only Memory, 64 X 8 
Decade Counter 
Base-16 Counter 
Dual Astable 
Tri-State driver 
Tri State driver 
Read-Only Memory, 32 X 8 
Decade Counter 
Base-16 Counter 
Decade Counter, fast 

Harris 
Motorola 
Motorola 
Motorola 
Nationa I 
National 
Signetics 
Sig netics 
Signetics 
Signetics 

74197 ) Base-16 Counter, fast I Signeticlr 

listed and referenced by their traditional numbers. 



HD0165 

KEYBOARD ENCODER, 1 &KEY 

+5 V TOP VIEW 

This i s  a keyboard encoder. When any single input i s  high, it pro- 
duces a binary code corresponding to that input on outputs Q1, Q2, 
Q4, and Q8. 

Note the unusual supply connections. The inputs are RTL-style cur- 
rent sourcing; the outputs are TTL compatible. An input is  turned on 
i f  i t  goes above +3.5 volts. It stays off if grounded or left uncon- 
nected. Unconnected inputs may safely be left unconnected, unlike 
virtually all other logic circuits. 

If no inputrare high, the i@ output remains high. If any input goes 
high, the KP output drops, indicating a key-pressecd ondition. If more 
than one input goes high at the same time, the KRO or key rollover 
output also goes to ground, indicating an invalid code. 

Outl?uts care binarily weighted 1-2-4-8. For instance, input 7 gives a 
01 1 1 output code. 

Required source current is  3 milliamperes. 

Current per package . . . . . . . . . . . . . . . . . . . . . . . . 88 milliamperes 

Settling time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 200 nanoseconds 



PROM1 -051 2 
(741 86) 

PROGRAMMABLE READ-ONLY MEMORY 
(64 Words-8 Bits/Word) 

DATA OUTPUTS 

ADDRESS INPUTS ADDRESS INPUTS - r 
This device is a Read-Only Memory. It can be field programmed 
once to provide sixty-four different 8-bit words. See Chapter 3. 

For a given input address, the word programmed at that address is 
output on the Data Output lines. Both Enable inputs must be high to 
get an output. The memory is expanded to other packages by con- 
necting identical outputs together and enabling only one package at 
a time. 

ROMs may be used for random logic generation, to generate com- 
plex waveforms, or to provide a microprogrammed sequence of 
states. Refer to original data sheet for programming information 
and to Chapter 3 for more application details. 

Variations on this device are available with either open collector or 
tristate outputs. The open collector versions must have external output 
pullup resistors. Typical pul lup resistor value i s  2.2K. 

Response time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55 nanoseconds 

Current per package . . . . . . . . . . . . , . . . . . . . . . . . 80 milliamperes 



555 

TIMER-ASTABLE OR MONOSTABLE 
UCI(0SlABLI 
C(]IiYIIClION 

ASTAElE 
CONNCCl IQY 

This circuit may be used for astable or monostable in timing appli- 
cations from microseconds to hours. Complete details for its use ap- 
pear in Chapter 4. 

As a monostable, the circuit is triggered by bringing the Trigger in- 
put momentarily below 2 volts. The output pulse width is determined 
by R and C, and the curves are shown in Fig. 4-26. R can vary from 
1K to 3.3 megohms. C can range from 500 pF up. TTL fan-out is 
more than ten. 

As an astable, the circuit is free running. The charging time is de- 
termined by R, and Rb in series with C. The discharging time is de- 
termined by C and Rb. Design curves appear in Fig. 4-16. The 
minimum value of R, is 1K; the maximum value of Ra + Rb is 3.3 
megohms. TTL fan-out is more than ten. 

The RST input (pin 4) will drive the output low if it is grounded. If 
unused, it should be tied to +5 volts. The Bypass input should be 
bypassed to ground with a suitable capacitor (0.1 p F  upward) in 
critical timing applications. 

The output is high during the monostable on time and low otherwise, 
The output is high during the astable charging time and low during 
the discharge time. 

Operating current . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3 milliamperes 



MOS ALPHANUMERIC 2513 
CHARACTER GENERATOR 

This is a MOS alphanumeric character generator. It generates all the 
numbers and all the alphabet in a 5 X 7 dot format suitable for dis- 
play on a line-scan tv set. Output is five simultaneous dots for any 
given row on the character. 

Note that there are three supplies: -12, -5, and +5. 

The desired ASCII character is  placed on inputs 81 through 86. The 
row of the character to be output is  binarily coded onto the Row 1, 
Row 2, and Row 4 inputs. All these inputs are TTL compatible if a 
2.2K pull-up resistor is  used. 

For the selected row of the selected character, a dot pattern appears 
on outputs 0 1  through 05. 0 1  i s  on the right side of the character. 
0 5  i s  on the left. These outputs are usually parallel-loaded into a 
TTL shift register such as the 74165 and marched out as serial video. 
Output 0 5  should go to the shift register stage nearest the output; 
Output 0 1  should go to the shift register stage nearest the input. 

The shift register should be loaded not earlier than 700 nanoseconds 
after the address or ASCII character changes on the inputs of the 
2513. The output of the 2513 is directly TTL compatible without 
any pull-up or pull-down resistors. See Chapters 3 and 8. 

The Enable must be low to provide an output. All outputs are high 
if the enable is high. 

Maximum response speed .................... 600 nanoseconds 

Current per package ........................ 25 milliamperes 

i L 



CD4001 

CMOS NOR GATE 

TOP VIEW 

This i s  a CMOS Logic Block. It is  useful whenever a very high input 
impedance is needed in a TTL system. There are four independent 
positive-logic NOR gates in the package, 

With either input high, the output is  low. With both inputs low the 
output is  high. 

The output will drive a low-power input or a low-power Schottky TTL 
subfamily input directly. The output will drive one regular power 
TTL input if both CMOS inputs are paralleled and driven from fhe 
same source. 

More details appear in Chapter 3. 

.......................... Propagation time 65 nanoseconds 

.................................. Supply current negligible 



DECADE (+I 0) RIPPLE DOWN-COUNTER 
(Presetta ble, Unit-Cascadable) 

TOP VIEW d. 

I This is a single-package, decade, divide-by-10 counter. It counts 
backwards in the BCD code from 9 down to zero. 

I Outputs Q1, Q2, Q4, and Q8 are weighted 1-2-4-8. Load inputs L1, 
12, L4, and 18 are weighted 1-2-4-8. 

The ground-to-positive transition of the clock advances the circuit one 
count. For use as a conventional counter, connect RST to +5 and 
ground the Load input. The clock must be conditioned to be bounce- 
less and noise free. 

For use as a unit-cascadable decade counter, or to count to some 
modulo less than 10, refer to Chapter 6. This counter is unique in 
that the number loaded is the number divided by in unit-cascadable 
systems (see Chapter 6). 1 The circuit may be reset to zero by briefly bringing the RST input 
low. RST should be held at +5 volts, otherwise. 

I State 0 is  decoded and appears at the Buss output. One resistor in 
one package should be connected to the Buss output by shorting 
pin 12 to pin 13. 

I Typical toggle frequency ....................... 8 megahertz 

I Package current ............................ 50 milliamperes 
I 

NOTE: This i s  a MTTL device; not to be confused with CMOS 4016 analog switch. 
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MC4018 
(7441 8) 

BINARY (+I 6) RIPPLE DOWN COUNTER 
(Presettable, Unit-Carcadable) 

TOP VIEW 1 
This i s  a single-package hexadecimal or divide-by-16 counter. It 
counts backward in the binary code from 15 down to zero. 

Outputs Q1, Q2, Q4, and Q8 are weighted 1-2-4-8. Load inputs 11, 
L2, L4, and L8 are weighted 1-2-4-8. 

The ground-to-positive transition of the clock advances the circuit one 
count. For use as a conventional counter, connect RST to +5 volts 
and ground the load input. The clock must be conditioned to be 
bounceless and noise free, 

To count to some modulo less than 16 or to unit-cascade the 
counters, refer to Chapter 6. The number loaded is the number 
divided by in unit-cascade systems. 

The circuit may be reset to zero by briefly bringing the RST input low. 
RST should be held at +5 volts otherwise. 

State 0 is  decoded and appears at the Buss output. For unit cascad- 
ability, one resistor in one package should be connected to the Buss 
output by shorting pin 12 to pin 13. 

........................ Typical toggle frequency 8 megahertz 

........................ Current per package 50 milliamperes 

NOTE: This ir a MTTL devlcej not to be confused with CMOS 4018 counter. 
5 1 



MC4024 
(74424) 

DUAL VOLTAGE-CONTROLLED ASTABLE 
OSC 2 

Contains two independent voltage-controlled oscillators. In fixed- 
frequency mode, a capacitor is  connected across the Cap terminals 
and the Freq input is  connected to $5 volts. 

In variable-frequency mode, a capacitor is  connected across the Cap 
terminals and the Freq input i s  connected to a bypassed variable 
voltage from +3 to +5 volts. A 3:l frequency change can be ob- 
tained. 

In a crystal mode, a crystal replaces the capacitor and the Freq input 
is connected to +5 volts. Crystals in the range of 3 to 20 megahertz 
work best. Lower-frequency crystals may need additional padding or 
phase shift. 

Capacitor size (nomincll) is  determined by C = 300/f where C i s  in 
microfarads and f is in hertz. 

Output can drive ten TTL loads. 

Note that there are three supply terminals and three ground fermi- 
nals. All must be connected if both oscillators are used. 

The separate supplies are handy to decouple oscillators to minimize 
interaction. The separate grounds may be used to gate the oscil- 
lators on and off. Gating via the positive supply is not possible. 

Maximum operating frequency .................. 25 megahertz 

Package current requirements ................. 37 milliamperes 

NOTE: .This is a M l T L  device; not to be confused with CMOS 4024 counter. 
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7400 

QUAD IINPUT NAND GATE 

- - - - - -  
TOP VIEW I+ 

All four positive-logic NAND gates may be used independently. On 
any one gate, when either input is  low the output is driven high. If 
both inputs are high the output is  low. 

.................. Propagation delay 10 nanoseconds average 

................ Current per package 12 milliamperes average 



7401 

QUAD 2-INPUT NAND GATE 
(Open-Collector Output) 

TOP VIEW 

All four positive-logic NAND gates may be used independently. On 
any one gate, with either input low the output i s  driven to an open 
circuit. When both are high, the output is  low. An output-high state 
can be obtained only by adding an external resistor, usually 2.2K, 
from output to $5 volts, 

The pinouts on the 7401 are different from the logically similar 7400 
and 7403. 

Propagation delay . . . . . . . . . . . . . . 8 nanoseconds to output low, 
35 nanoseconds to open circuit 

Current per package . . . . . . . . . . . . . . . . . . 8 milliamperes average 



7402 

QUAD 2-INPUT NOR GATE 

All four positive-logic NOR gates may be used independently. 
On any one gate, with either input high the output is low. 

When both inputs are low the output is high. Note that this circuit 
is both logically different from the 7400 and has different pinouts. 

.................. Propagation delay 10 nanoseconds average 

................. Current per package 12 milliamperes average 



7403 

QUAD 2-INPUT NAND GATE 
(Open-Collector Output) 

All four positive-logic NAND gates may be used independently. On 
any one gate, with either input low, the output is driven to an open 
circuit. When both inputs are high, the output is  low. An output-high 
state can be obtained only by adding an external resistor, usually 
2.2K, from output to +5 volts. 

The pinouts on the 7403 are identical to the logically similar 7400. 
The circuitry is identical to the 7401. Note that this is a NAND gate. 
not a NOR gate. 

Propagation delay . . . . . . . . . . . . . . . . 8 nanoseconds to output low. 
35 nanoseconds to open circuit 

Current per package . . . . . . . . . . . . . . . . . . 8 milliamperes average 



7404 

HEX INVERTER 

TOP VIEW 

All six inverters may be used independently. On any one inverter, 
the low-input condition drives the output high. The high-input con- 
dition drives the output low. 

................... Propagation delay 10 nanoseconds average 

Current per package ................ 12 milliamperes average 



7405 

HEX INVERTER 
(Open Collector) 

All six inverters may be used independently. On any one inverter, 
the low-input condition drives the output to an open circuit. The high 
input condition drives the output low. An output-high state can be 
obtained only by adding an external resistor, usually 2.2K, from out- 
put to +5 volts. 

Propagation delay . . , . . . . . . . . . . . 8 nanoseconds to output low, 
40 nanoseconds to open circuit 

Current per package . . . . . . . . . . . . . . . . . 12 milliamperes average 



7406 

HEX DRIVER, INVERTING 
(Open Collector to 30 Volts) 

TOP VIEW 

All six inverting drivers may be used independently. On any one 
inverter, the low-input condition drives the output to an open circuit. 
The high-input condition drives the output low. In the low state, the 
circuit can sink 30 milliamperes in the output-low condition and can 
withstand up to 30 volts on the output in the output-high condition. 
An output-high state can be obtained only by adding an external 
resistor to some positive voltage less than 30 volts. Note that the 
supply voltage remains at 4-5 volts. 

Propagation delay . . . . . . . . . . . . . . 10 nanoseconds to output high, 
15 nanoseconds to output low 

Current per package , , . . , . . . . . . . . . . , 30 milliamperes average 



7407 

HEX DRIVER, NONINVERTING 
(Open Collector to 30 Volts) 

TOP VIEW 

All six noninverting drivers may be used independently. On any one 
driver, the low-input condition drives the output low. The high-input 
condition drives the output to an open circuit. In the low state, the 
circuit can sink 30 milliamperes. In the output-high condition, the 
output can withstand 30 volts. An output-high state can be obtained 
only by adding an external resistor to some positive voltcige less than 
30 volts. Note that the supply voltage remains at +5 volts. 

Propagation delay . . , . . . . . . . . . . . 6 nanoseconds to output high, 
20 nanoseconds to output low 

Current per package . . . . . . . . . . . , . , . . 25 milliamperes average 



7408 

QUAD 2-INPUT AND GATE 

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

Propagation delay .................. 15 nanoseconds average 

Current per package ................ 16 milliamperes average 



r 

741 0 

TRIPLE 3-INPUT NAND GATE 

TOP VIEW 

All three positive-logic NAND gates may be used independently. On 
any one gate, when any input is low, the output is driven to a high 
state. When all three inputs are high, the output is driven to a low 
state. 

Propagation delay . . . . . . . . . . . . . . . . . . . . 9 nanoseconds average 

Current per package . . . . . . . . . . . . . . . . 6 milliamperes average 



7414 

HEX SCHMITT TRIGGERS (Inverting) 

All six Schmitt triggers may be used independently. On any single 
trigger, a low input produces a high output. A high input produces a 
low output. 

Unlike a normal TTL gate, the inputs possess a snap action used to 
condition slowly changing or noisy inputs. The input impedance of 
this circuit i s  about 6K. The trip point for a positive-going signal is  
1.7 volts. The trip point for a negative-going signal is 0.9 volt. The 
snap action or hysteresis range is  0.8 volt. 

Propagation delay . . . . . . . . . . . . . . . . . . . . 17 nanoseconds typical 

Current per package . . . . . . . . . . . . . . . . 30 milliamperes average 



741 6 

HEX DRIVER, INVERTING 
(Open Collector to 15 Volts) 

TOP VIEW 

All six inverting drivers may be used independently. On any one 
inverter, the low-input condition drives the output to an open circuit. 
The high-input condition drives the output low. In the low state, the 
circuit can sink 40 milliamperes. In the open-circuit or high-output 
condition; i t  can withstand up to 15 volts on the output. An output 
high state can be obtained only by adding an external resistor to 
some positive voltage less than 15 volts. Note that the supply voltage 
must remain at 4-5 volts, 

Propagation delay . . . . . . . . . . . . . 10 nanoseconds to output high, 
15 nanoseconds to output low 

Current per package . . . . . . . . . . . . . . . . 30 milliamperes average 



741 7 

HEX DRIVER, NONINVERTING 
(Open Collector to 15 Volts) 

TOP VIEW 

All six noninverting drivers may be used independently. On any one 
driver, the low-input condition drives the output low. The high-input 
conditior~ drives the output to an open circuit. In the low state, the 
circuit can sink 40 milliamperes. In the output-high or open-circuit 
state, the output can withstand 15 volts. An output-high state can 
be obtained only by adding an external resistor to some positive 
voltage less than 15 volts, Note the supply voltage remains at $5 
volts. 

Propagation delay .............. 6 nanoseconds to output high, 
20 nanoseconds to output low 

Current per package ................ 25 milliamperes average 



7420 

DUAL 4-INPUT NAND GATE 

NC 

TOP VIEW a 
Both 4-input gates may be used independently. On either gate, any 
input-low condition drives the output high. When all inputs are high, 
the output is low. 

Propagation delay .................... 10 nanoseconds typical 

Current per package .................. 4 milliamperes average 



7430 

8-INPUT NAND GATE 
o +N 

NC NC NC 

TOP VIEW - 
There is only a single gate per package. Any input-low condition 
drives the output high. When all inputs are high the output is low. 

Propagation delay .................... 10 nanoseconds typical 

Current per package .................. 2 milliamperes average 



7432 

QUAD 2-INPUT OR GATE 

w w w w w w  

TOP VIEW 

All four positive-logic OR gates may be used independently. On any 
one gate, when either input is  high, the output is driven high. When 
both inputs are low the output is low. 

Propagation delay .................. 1 2 nanoseconds average 

Current per package ........................ 19 milliamperes 
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7440 

DUAL 4-INPUT NAND BUFFER 

Y W V W W V  

NC 

TOP VIEW I 
Both positive-logic NAND buffers may be used independently. On 
either buffer, when any input i s  low, the output i s  high. When bofh 
inputs are high, the output is low. 

Either output can drive 30 TTL inputs. Thus, the 7440 has three times 
the drive capability of an ordinary dual gate such as the 7420, 

Propagation delay .....,............ 1 1 nanoseconds average 

Current per package .............. 17 milliamperes, output low, 
4 milliamperes, output high 



7442 

BCD T O  1-OF-10 DECODER (TTL Output) 

TOP VIEW 

This package accepts a 1-2-4-8 Binary Coded Decimal (BCD) input 
code and provides a grounded output for the selected state. For in- 
stance, a 01 11 input or "1" = 1, "2" = 1, "4" = 1, and "8" =O gives 
output line No. 7 a low state; all others remain high. 

Outputs are TTL compatible and can sink 16 milliamperes. For higher 
currents, go to the 7445. 

Note that the package can serve as a binary to 1-of-8 decoder 
simply by grounding pin 12. 

Slight settling glitches and overlaps during address (input) changes 
are possible. Any input code over 1001 sends all outputs high. 

Propagation delay . . . . . . . . . . . . . . . . . . . . . . . . . .  17 nanoseconds 

Current per package ....................,.... 28 milliamperes 



7445 

BCD TO 1 -OF-1 o DECODER/DRIVER 
(30-Volt, 80-mA Output) 

TOP VIEW 

This package accepts a 1-2-4-8 Binary Coded Decimal (BCD) input 
code and provides a grounded output for the selected state. All other 
outputs remain an open circuit. For instance, a 0111 input or 
/I 1 11 = 1 , ll2ll - - 1, "4"= 1, and "8" = 0 gives output line No. 7 a 

low state; all others remain open circuited. 

Outputs can sink up to 80 milliamperes in the low state and withstand 
up to 30 volts in the off state. An output-high condition can only be 
obtained by a resistor or lamp load pulling up to some voltage less 
than 30. Note that the supply voltage for this package must be +5 
volts. 

The package can serve as a binary to 1 -of-8 decoder by grounding 
pin No. 12. 

Slight settling glitches and overlaps during address (input) changes 
are possible. Any input code over 1001 sends all inputs to the open- 
circuit condition. 

Propagation delay , . . . . . . . . . . . . . . . . . . . . . . . . . 45 nanoseconds 

Current per package . . . . , . . . . . . . . . . . . . . . . . . . 43 milliamperes 



v 

7447 

BCD TO 7-SEGMENT DECODER-DRIVER 
(Low=on, 40=mA, 30-Volt Outputs) 

d 
SEGMENT 

IDENTlF ICATION 

TOP VIEW 

This package accepts a 1-2-4-8 positive-logic Binary Coded Decimal 
input and converts it to the proper pattern to light a 7-segment dis- 
play. A low output is  intended to light the segment. 

The outputs can sink 40 milliamperes in the low state and can with- 
stand 30 volts in the high state. Note that the supply must remain 
at +5 volts. An output-high state can be obtained only if a display 
device or resistor pulls the output to some positive voltage less than 
30 volts. 

Current-limiting resistors, typically 330 ohms, must be used when 
drving a light emitting diode display with this package. Incandescent 
or fluorescent readouts can be directly driven. 

The Lamp Test input should remain high. Bringing the Lamp Test to 
ground simultaneously brings all the outputs to ground. 

A low on the Blanking input will extinguish only character "0." A low 
on the Blanking output is  provided to extinguish the character "0" of 
the next stage if leading-edge blanking is desired. 

A low on the Blanking output will extinguish the display. It is  per- 
missible to short this output to ground. 

Propagation delay . . . . . . . . . . . . . . . . . . . . . . . . . . 45 nanoseconds 

Current per package . . . . . . . . . , . . . . . . . . . . . . . . 43 milliamperes 



7473 

DUAL JK LEVEL-TRIGGERED FLIP-FLOP 
(With Preclear Only) 

TOP VIEW 

Contains two independent level-clocked JK flip-flops. Note the un- 
usual supply connections. The same circuit in more normal supply 
pinouts is the 74107. 

This is a clocked logic block and is covered i ~ d e t a i l  in Chapter 5. 
There are two outputs: Q, and its complement Q. 

Under certain input conditionst Q and a can change whenever the 
Clock input goes to a low level. The Q and b outputs do not change 
for a change in the J and K inputs; the only time they can change is 
as the input clock goes to a low level. 

If J and K are grounded, the clock does nothing. If J and K are made 
positive, the clock changes the output states on Q and G, or 
binarily divides, If J is high and K is low, clocking makes Q high and - 
Q low. If J is low and K is high, clocking makes Q low and G high. 

information on the J and K inputs can be changed only once, im- 
mediately affer clocking. Further changes can bring abouf invalid 
operation (See Chapter 5). The clock must be conditioned to drop 
only once and then very rapidly. 

The Clear input should be left or tied positive for normal operation. 
If the Clear input is grounded, the flip-flop immediately goes or stays 
in the state with the Q output low and the Q output high. 

Maximum toggle frequency .................... 20 megahertz 

Current per package ......................... 20 milliamperes 



7474 

DUAL D EDGE-TRIGGERED FLIP-FLOP 
(With Preset and Preclear) 

W W W W W V  

lUR 10 lCLK 1SET 10 10 

TOP VIEW 1: 
Contains two independent positive-edge-clocked D flip-flops. This is 
a clocked logic block and is covered in detail in Chapter 5. There are 
two outputs: Q, and its complement 8. 
The information presented to the D input goes on to the Q output 
whenever the clock input changes from a low to a high level. The 
only time the output can change i s  when the clock goes positive; 
changes on the D input are not passed on if the circuit is  not clocked. 

If D is high, on clocking, Q goes high and T j  goes low. If D is low, 
on clocking, Q goes low and B goes high. 

Information on the D input can be changed at any time. It is only 
its value at the instant of the positive clock edge that matters; this i s  
what i s  entered into the flip-flop. 

The Clear and Set inputs should be left or tied positive for normal 
operation. If the Clear input i s  grounded, the flip-flop immediately 
goes into the state with Q low and a high. If the Set input i s  
grounded, the flip-flop immediafely goes into the state with Q high 
and Q low. Set and Clear should never be simultaneously grounded 
or a disallowed state will result. 

Maximum toggle frequency . . . . . . . . . . . . . . . . . . . . 25 megahertz 

Current per package . . . . . . . . . . . . . . . . . . . . . . . . 17 milliamperes 



. 
7475 

QUAD LATCH (Level-Sensi tive) 

1-2 . 

TOP VIEW 

This package contains four memory elements. Note the unusual sup- 
ply connections, 

The memories are controlled in pairs with an Enable control. If the 
Enable control is high, the memories follow the input, thereby pro- 
viding the input signal at Q and the complement of the input at a. 
A low at the D input appears as a low at Q and a high at a. 
For use as a quad storage latch, both Enables are paralleled. En- 
able-high follows the input. Enable-low holds the previous value. 

Note that this is not a clocked system and cannot be used as a shift- 
register element. Stages cannot be cascaded, 

Propagation delay .................... 24 nanoseconds typical 

......................... Current per package 32 milliamperes 



7476 

DUAL JK LEVEL-TRIGGERED FLIP-FLOP 
(With Preset and Preclear) 

TOP VIEW 

Contains two independent level-clocked JK flip-flops. Note the un- 
usual supply connections. 

This is a clocked logic block and i s  covered in detail in Chapter 5. 
There are two outputs: Q, and its complement 8. 
Under certuin input conditions Q and a can change whenever the 
Clock input goes to a low level. The Q and a outputs do not change 
for a change in the J and K inputs; the only time they can change is 
as the input clock goes to a low level. 

If J and K are grounded, the clock does nothing. If J and K are made 
positive, the clock changes the output states on Q and a, or Lnarily 
divides. If J is high and K is low, clocking makes Q high and Q low. 
If J is  low and K is high, clocking makes Q low and high. 

lnformcrtion on the J and K inputs can be changed only once im- 
mediately after clocking. Further changes can bring about invalid 
operation (see Chapter 5). The clock must be conditioned to drop 
very rapidly per desired operation. 

The Clear and Set inputs should be left, or tied positive for normal 
operation. If the Clear input i s  grounded, the flip-flop immediately 
goes into the state with Q low and B high. If the Set input is 
grounded, the flip-flop immediately goes into the state with Q high 
and b low. Set and Clear should never be simultaneously grounded, 
or a disallowed state will result. 

Maximum toggle frequency .................... 20 megahertz 

Current per package ......................... 20 milliamperes 
I 



7483 

4-BIT FULL ADDER 

b t5V 

TOP VIEW 

This is  an arithmetic unit that provides the sum of two 4-bit binary 
numbers. Note the unusual supply connections. 

The A number is weighted A1 = 1, A2 = 2, A3 = 4, A4 = 8 and is  
used as one input. 

The 0 number' is  weighted B1 = 1, B2=2, B3=4, B4=8 and is 
used as a second input, 

The sum of these two numbers, A and B, appears as 81 = 1, 22 = 2, 
83 = 4, and = 8. 

If the answer exceeds decimal 15 (binary 11 1 I), a 1 also appears on 
the C4 line as a Carry Output. 

When used only with 4-bit numbers, the CO input should be grounded. 
When used as the upper 4 bits on an &bit number, the CO input is 
connected to the C4 output of the previous (less significant) four 
stages. 

Positive logic with 1 being at high level is used. 

Propagation delay . . . . . . . . . . 16 nanoseconds typical per package 

Current per package . . . . , . . . . . . . . . . . 60 milliamperes average 

b 



7485 

4-BIT MAGNITUDE COMPARATOR 

This package compares two 6bi t  words and provides an output indi- 
cating whether they are equal or which is larger. 

Usually the input data words to be compared are weighted A1 = 1, 
A2 = 2, A3 = 4, and A4 =8, while the second word is weighted 
B1 = I ,  8 2 ~ 2 ,  B3=4, and B4=8. 

If only 4-bit words are being compared, the A =  B Cascade input 
should be wired high. The A > I3 and A < B Cascade inputs should 
be grounded. 

If the two words are equal, the A = B goes high. If A > B, the A > B 
output goes high. If A < B, the A < B output goes high. Thus, a high 
state appears at the proper output; the other two remain low. 

To work with 8-bit words, the outputs of the first 4-bit comparison 
(least significant bits) are connected to the Cascade Inputs of the 
second stage. The final answer appears as the outputs of the most 
significant 4-bit comparator, with the proper output going high. 

Propagation delay . . . . . . . . . . . . . . . . . . . . . , , . . . 23 nanoseconds 

Current per package . . . . . . . . . . . . . . . . . . . . . . . . 55 milliamperes 



J 

7486 

QUAD EXCLUSIVE-OR GATE 

TOP VIEW 

The package contains four independent EXCLUSIVE-OR gates, They 
may be used separately. 

On any one gate, when one, but not both, inputs are high, the out- 
put is high. When both inputs are high or both inputs are low, the 
output is low. 

........................... Propagation time 18 nanoseconds 

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



7489 

64-BIT (1 6 x 4) MEMORY 

ENABLE 
TOP VIEW 

This package contains a memory arranged as sixteen different words 
of four bits each. It keeps its internal information as long as power i s  
applied. 

To place information in the memory, a 4-bit word is placed on the 
1 In, 2 In, 3 In, and 4 In lines. This is  the information to be stored. 
Next, a location in the memory i s  selected by using Select or Address 
lines A, B, C, D. These are binarily weighted A = 1, B = 2, C = 4, 
D = 8. The Write Enable line is then brought low to enter the data. 
Information that was in the four storage locations corresponding to 
the selected address is destroyed. The Write Enable line i s  left high 
unless new information is to be entered in the memory. 

The Read Enable line i s  normally left in the low condition, and the 
complement of the selected word will appear as an output. Do not 
change addresses with Write Enable low. 

If both Read Enable and Write Enable are held high, the output goes 
to an open-circuit condition. The memory may be expanded by con- 
necting package outputs together, so long as all packages but one 
have their Write Enable and Read Enable outputs held high at any 
given time. 

................................. Read time 33 nanoseconds 
................................. Write time 48 nanoseconds 

........................ Current per package 75 milliamperes 



7490 

DECADE COUNTER (+ 10) (Ripple, 
not Presettable, not Unit-Cascadable) 

TOP VIEW 

This is a divide-by-2 and a divide-by4 counter in a single package. 
They may be used together as a divide-by-10 or separately, It ripple- 
counts in  the BCD-up direction. Note the unusual supply pinouts. 

For a BCD counter, weighted 1-2-4-8, enter via Clock 1, and iumper 
Q1 to Clock 2. Both 9-Set and both 0-Set inputs must be grounded 
for normal counting. 

The counter advances on the negative-going clock edge. The clock musf 
be properly conditioned and made bounceless and noise free. If a 
conventional decade counter i s  needed, all set terminals must be held 
af ground. 

The counter may be reset to zero by bringing either or both 0-Set 
inputs positive. The counter may be preset to 9 by bringing either or 
both 9-Set inputs positive. 

An external jumper must be provided between counter halves. If entry 
is via Clock 2, and Q8 is jumpered to Clock 1, a counter weighted 
1-2-4-5 results, with Q1 as the most significant output and a sym- 
metrical square wave at the output. More details on this device ap- 
pear in Chapter 6, The circuit is not unit-cascadable. 

Typical maximum toggle frequency . . . . . . . . . . . . . . 18 megahertz 

Current per package . . . . . . . . . . . . . . . . . . . . . . . . 32 milliamperes 



7492 

BASE-TWELVE (+ 12) COUNTER (Ripple, 
not Presettable, not Uni t-Carcadable) 

TOP VIEW 

This is a divide-by-2 and a divide-by-6 counter in a single package, 
They may be used together as a divide-by-12 or separately. It ripple- 
counts in the BCD-up direction. Note the unusual supply pinouts. 
Note also the pin connections are not the same as the 7490 or 7493, 

For a base-12 counter, weighted 1-2-46, enter via Clock 1 and 
jumper Q1 to Clock 2. The 0-Set inputs must be grounded for normal 
counting. The output is  low for six counts and high for six. 

The counter advances on the negative-going clock edge, The clock 
must be properly conditioned and made bounceless and noise free. 
If a conventional base-12 counter i s  needed, both 0-set ferminuls 
must be held at ground. 

The counter may be reset to zero by bringing either or both 0-Set 
inputs positive. 

An external jumper must be provided between counter halves. If 
entry is via Clock 2, and Q6 i s  jumpered to Clock 1, an unweighted 
counter with a different sequence results. Q1 becomes the most sig- 
nificant output and has a symmetrical square wave. This other con- 
nection also allows the use of the divide-by4 section as a divide-by-3. 

Typical maximum toggle frequency . . . . . . . . . . . . . . 18 megahertz 

Current per package . . . . . . . . . . . . . . . . . . . . . . . . . 31 milliamperes 



7493 

BINARY (11  6)  COUNTER 
(Ripple, not Presettable) 

d +N 
TOP VIEW 

This is a divide-by-2 and a divide-by-8 counter in a single package. 
They may be used together as a divide-by-16 or separately. It ripple- 
counts in the binary-up direction. Note the unusual supply pinouts. 
Note also the pin connections are not the same as the 7490 or 7492. 

For a base-16 counter, weighted 1-2-4-8, enter via Clock 1 and 
jumper Q1 to Clock 2. Both 0-Set inputs must be grounded for nor- 
mal counting. 

The counter advances on the negative-going clock edge. The clock 
must be properly conditioned and made bounceless and noise free. 
Both set ferminals must be held at ground for normal counting. 

The counter may be reset to zero by bringing either or both 0-Set 
inputs positive. 

An external jumper must be provided between counter halves. 

Typical maximum toggle frequency . . . . . . . . . . . . . . 1 8 megahertz 

Current per package . . . . . . . . . . . . . . . . . . . . . . . . 31 milliamperes 



SHIFT REGISTER, 4 BITS 7495 

(Parallel in, Parallel Out) 

This is a 4-bit shift register with outputs and inputs on all stages. 
Depending on how you use it, you can parallel load data or shift 
information to the right. By making external feedback connections, 
you can also shift information to the left. 

To use this chip as a parallel-load, right-shift-only device, hold SLT 
pin 8 low. Data may be entered on the A,B,C,D inputs when the 
Mode control pin 6 is made high. Data is immediately entered 
asynchronously. 

Data will be shifted to the right if the Mode control pin 6 is made 
low. Shifting takes place on the positive to ground (negative edge) 
transition of SRT, pin 9. 

During the right shift mode, informatlon at the serial Ai, input i s  
entered into the first register stage (Stage A). On a shift right, the 
contents of A,, go to QA. The contents of QA go to QB; the contents 
of QB go to QC; and the contents of QC go to QD. The contents 
of QD are destroyed or passed onto a following package. 

You can convert this into a shift-right-shift-left register by making 
external connections from QD to C; from QC to B; from QB to A 
and from QA to the serial input. In this mode, if you make the Mode 
control pin 6 high and provide a positive to ground transition on 
the SLT input pin nine, the information shifts to the right. Making 
the Mode control low and providing a positive to ground transition 
on the SRT input shifts data to the right. 

Thus, with the external connections, the chip acts as a two-clock 
right/left register. Without the external connections, the chip acts 
as a parallel load, shift right only, parallel out register. 
Maximum operating frequency . . . . . . . . . . . . . . . . . . 36 megahertz 
Current per package . . . . . . . . . . . . . . . . . . . . . . . . 39 milliamperes 



7496 

SHIFT REGISTER, 5 BITS 
(Shift Right, Parallel In, Parallel Out) 

TOP VIEW 

This is a 5-bit shift register with outputs and inputs on all stages. De- 
pending on how you use it, you can parallel-load data or serial-shift 
data to the right. Stage A is nearest the Input; stage E is  nearest the 
output. There are two modes, Load and Shift. 

To clear the register to all zeros, the normally high Clear input 
should be briefly brought to ground. 

To load data into the register, the desired pattern i s  set up on the 
A, B, C, D, E, inputs and the normally low Load input should be 
briefly brought high. This register must be cleared before loading. 
You cannot change a I aready in the register to a 0 with the Load 
inputs. The load inputs can only enter 1's or leave 0's already pres- 
ent as they are, A 1 is designed as a high state. 

To shift data to the right, the Clear input should be high, the Load 
input should be low, and data will be shifted one stage to the right on 
the ground-to-high transition of the Clock input. The clock must be 
made bounceless and noise free so that only one ground-to-high 
transition occurs per desired shift. On a shift operation, the informa- 
tion at the Serial input goes to stage A. A goes to B. B goes to C. 
C goes to D. D goes to E. E goes to the next package down the line 
or is  destroyed. 

Remember, you cannot load a low state into this shift register using 
the parallel inputs. 

Maximum operating frequency . . . . . . . . . . . . . . . . . . 10 megahertz 

Current per package . . . . . . . . . . . . . . . . . . . . . . . . 48 milliamperes 



L 

7497 

BINARY RATE MULTIPLIER (Bare 64) 

R? a16 wu nl 

TOP VIEW 

This is a specialized TTL package detailed in Chapter 7. For every 
64 clock-input pulses, a selected number of 0-through43 output pulses 
are provided. 

For normal operation, ground the Strobe, Clear, and Enable lines. 
Make the Cascade input positive. Apply a square wave to the Clock 
input. At the Enable output you will have a 1-of44 decoding of the 
input clock, i.e., one pulse for every 64 clock-input pulses. 

At the normal output (pin 5), you will get as many pulses per 64 
input-clock cycles as you select on the Rate inputs. For instance, i f  
R32 is high, R16 i s  low, R8 is low, R4 is high, R2 is  low, and R1 i s  high, 
you will get 37 output pulses per one enable-out pulse or 37 output 
pulses per 64 clock cycles. 

In general, the pulses are not evenly spaced as they can occur only 
concidentally with a time slot on the input clock. Jitter is inherent in 
a rate multiplier system (see Chapter 7). 

If the Clear input is made positive, the internal divide-by44 counter 
is reset to zero. If the Strobe input i s  made high, the counter will op- 
erate, but no rate pulses will appear at pins 5 or 6. Pin 6 is the 
complement of pin 5 and is gated by the Cascade input. The Cascade 
input-low inhibits the output of pin 6. Refer to data sheet for more 
operation details. 

Maximum operating frequency . . . , . . . . . . . . . . . . . . 25 megahertz 

Current per package . . . . . . . . . . . . . . . . 65 milliamperes average 



74107 

DUAL JK LEVEL-TRIGGERED FLIP-FLOP 
(With Preclear Only) 

TOP VIEW 

Contains two independent, level-clocked JK flip-flops. This is a 
clocked logic block and is covered in detail in Chapter 5. There are 
two outputs: Q, and its complement G. 
Under certain input conditions, Q and a can change whenever the 
Clock input goes to a low level. The Q and a outputs do not change 
for any change in the J and K inputs; the only time they can change 
is as the input clock goes to a low level. 

If J and K are grounded, the clock does nothing. If J and K are made 
positive. the clock changes the output states on Q and a or divides 
binarily. If J is high and K is  low, clocking makes Q high and Q low, 
If J is low and K is high. clocking makes Q low and a high. 

Information on the J and K inputs can only be changed once immedi- 
ately after clocking. Further changes can bring about invalid opera- 
tion (See Chapter 5). The clock must be conditioned to drop only 
once and then very rapidly. 

The Clear input should be left or tied positive for normal operation, 
If the Clear input is  grounded, the flip-flop immediately goes or stays 
in the state with the Q output low and the Q output high. 

Maximum toggle frequency . , . . . . . . . . . . . . . . . , . . 20 megahertz 

Current per package . . . . . . . . . . . . . . . , . . . . . . . . . 20 milliamperes 



74121 

MONOSTABLE MULTIVIBRATOR 
(Single, Not Retriggerable) 

This is a monostable multlvibrator or pulse generator. The circuit must 
be triggered. 

In response to a trigger, the Q output goes high and the a output 
goes low, staying there for a predetermined time and then returning 
to the initial state. 

A capacitor connected between pins 10 and 11 determines the pulse 
width in combination with a resistor between pin 11 and pin 14. The 
resistor can range from 2 to 40K and the capacitor from 10 pF up- 
ward. Fig. 4-30 gives the time-constant curves. 

There are several ways to trigger the monostable multivibrator, de- 
termined by what you do to the Al ,  A2, and B inputs. 

If A1 and A2 are grounded, bringing B from ground to a positive 
level produces triggering. This is a level-sensitive input with Schmitt 
trigger snap action or hysteresis. 

If A1 is high and B is high, bringing A2 from high to low triggers. 
If A2 is high and B is high, bringing A1 from high to low triggers. 

Most other combinations of At, A2, and B inhibit the operation. 

Be sure to properly terminate all three Trigger inputs, The circuit can- 
not be retriggered during the on time and a duty cycle of less than 
75% is recommended. Certain forms of clip-on digital testers can 
upset the operation of this stage, particularly on the resistor and ca- 
pacitor inputs. 

Unless very short times or complementary outputs are needed, the 
555 is a better choice. 

Current per package . . . . . . . . . . . , . . . . . . . . . . . . 23 milliamperes 



741 22 

MONOSTABLE MULTIVIBRATOR 
(Single, Retriggera ble) 

This is a monostable multivibrator or pulse generator. The circuit must 
be triggered. 

In response to a trigger, the Q output goes high and the output 
goes low, staying there for a predetermined time and then returning 
to the initial state. 

A capacitor connected between pins 1 1 and 13 determines the pulse 
width in combination with a resistor between pin 13 and pin 14. Fig. 
4-30 gives the time-constant curves, The resistor can range from 5K 
to 25K and the capacitor from 10 pF upward. 

There are several ways to trigger the monostable multivibrator, de- 
termined by what you do to the Al, A2, B1, 82, and Clear inputs. 

If Al, A2, and 82 are high, a low-to-high transition on B1 triggers. 
If Al, B1, and 82 are high, a high-to-low transition on A2 triggers. 
The Clear input should remain high. If grounded, it inhibits trigger- 
ing and returns the circuit to the state with Q low and a high. 

The circuit may be retriggered at any time. Be sure to properly ter- 
minate all four trigger inputs. Certain forms of clip-on digital testers 
can upset the operation of this stage, particularly on the resistor and 
capacitor inputs. 

Unless very short times or complementary outputs or retriggerability 
i s  needed, the 555 is a better choice of monostable multivibrator. 

Current per package . . . . . . . . . . . . . , . . . . 23 milliamperes typical 



741 23 

MONOSTABLE MULTIVIBRATOR 
(Dual, Retriggerable) 

+5 V 

R? 

This is a dual monostable multivibrator or pulse generator. Each 
half of the circuit must be triggered. Each half of the circuit may be 
used separately. 

In response to a trigger, the Q output goes high and the a output 
goes low, staying there for a predetermined time and then returning 
to the initial state. 

A capacitor and resistor connected as shown determine the pulse 
width. Fig. 4-30 gives the time-constant curves. The resistor can range 
from 5K to 25K and the capacitor from 10 pF upward. 

There are two ways to trigger the monostable multivibrator. If input 
A is held low, bringing B from low to high triggers. If input B i s  held 
high, bringing input A from high to low triggers. 

The Clear input should remain high. If grounded, it inhibits triggering 
and returns the circuit to the state with Q low and B high. 

The circuit may be retriggered at any time. Be sure to properly ter- 
minate all Trigger and Clear inpufs. Certain forms of clip-on digital 
testers can upset the operation of this stage, particularly on the 
Resistor and Capacitor inputs. 

Unless very short times or complementary outputs or retriggerability 
i s  needed, the 555 is a better choice of monostable multivibrator. 

Current per package . . . . . . . . . . . . . . . . . . 46 milliamperes typical 



741 41 

BCD TO  NIXIE^ DRIVER 
(7-mA, 60-Volt Outputs) 

TOP VIEW 

This device i s  intended to convert the TTL level 1-2-4-8 BCD outputs 
of a BCD counter to levels that will drive a Nixier or other neon 1- 
of-10 indicator. 

The cathodes of the Nixie tube are connected to the outputs as indi- 
cated. The Nixie tube anode i s  connected to a suitable high-voltage 
supply, typically +I75 volts dc, through a current-limiting resistor, 
typically 15K. (Consult readout data sheet for more information.) 

One, and only one, output is  pulled low per selected input code. 
Codes 10 through 15 (1 01 0 through 1 1 1 1 ) are considered invalid and 
may be used to blank the outputs, leaving all outputs high. 

For non-Nixie applications, the outputs will withstand up to 60 volts 
and can sink up to 7 milliamperes in the low condition. The output 
saturation voltage is high-2.5 volts for a 7-milliampere load. 

Note that the supply voltage remains at +5 V. Be extremely careful 
when testing this device. A short from pins 2 to 3, however brief, will 
destroy the IC. 

Current per package . . . . . . . . , . . . . . . , , . . . . . . . 16 milliamperes 



741 42 

1 -OF-1 0 COUNTING SYSTEM (BCD 
Counter, Latch, Decoder, NixieR Output) 

(60 V, 7 mA) 

TOP VtEW 

This is a one-package-per-decade counting/storage/display system 
intended to drive a Nixier or other neon high-voltage 1-of-10 indi- 
cator. 

The counter advances one state on the ground-to-high or positive 
edge of the input Count clock. The Clear input is normally left high; 
bringing it to ground briefly will reset the counter to zero, The 
counter counts to ten, The Carry output may be directly connected to 
the Count input of the next stage to cascade decades. 

If the Latch input is low, the output follows the counter. If the Latch 
input is  high, the output dores the state of the counter the instant 
before the Latch input went high. The circuit can thus display an old 
answer while working on a new one. 

The outputs are similar to the 74141 and directly drive a NIxie indi- 
cator whose anode is connected to a 175-volt dc source through a 
current-limiting resistor of 1 SK. Consult readout data sheet for other 
operating possibilities. For other applications, the outputs can with- 
stand 60 volts and can provide up to 7 milliamperes. The saturation 
voltage in the on state i s  very poor: +2.5 volts. 

Note that the supply voltage remains at +5 volts. Be extremely 
careful when testing this device. A shorf from pins I to 2 or from pins 
9 to 12, however brief, will destroy the IC. 

............ Typical maximum operating frequency 20 megahertz 

........................ Current per package 68 milliamperes 
I 
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741 48 

8-BIT PRlORlTY ENCODER 

TOP VIEW 

This is a specialized TTL device. It lets you rank eight inputs in order 
of importance. It produces as an output a binary word indicating the 
most important input present at any given time. 

Selected inputs are placed on the 1-2-3-4-5-6-7 input lines. At the 
1,2,4 outputs, the binary equivalent of the most significant (largest) 
input line selected will appear. 

The Enable input must be low to get an output. 

The EO output will go low if any input (one or more) is selected. The 
GS output will go high if any input (one or more) is selected and the 
Enable input is low. 

The package may also be used as a keyboard encoder or as an 
8-line-to-3-line encoder. It is expandable. Consult data sheet for 
more information. 

Propagation time . . . . . . . . . . . . . . . . . . . . 14 nanoseconds, typical 

Current per package . . . . . . . . . . . . . , . . . . . . . . . . 40 milliamperes 



741 50 

I =OF-1 6 DATA SELECTOR 

TOP VIEW I 
This package selects one of sixteen inputs and provides the comple- 
ment of the selected input as an output. It will also generate any 
logic function of five or less input variables (see Chapter 3). 

Inputs are selected by applying a code from 0000 through 11 11 on 
the 1, 2,4, and 8 Address inputs. The complement of the data on the 
selected input appears as an output. 

The Enable input must be low for normal operation. Driving it high 
drives the output high, independently of the condition of the se- 
lected input. The Enable input i s  sometimes called a Strobe input. 

For logic function generation, four of the variables are applied to 
the Address inputs. The selected Data inputs are connected low, 
high, to the fifth variable, or to the complement of the fifth variable 
per the desired truth table. See Chapter 3 for more details. 

Note that this package inverfs the data. 

Select time . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 23 nanoseconds 

Current per package . . . . . . . . . . . . . . . . . . . . . . . . 40 milliamperes 



74151 

1 =OF-8 DATA SELECTOR 

TOP VIEW 

This package selects one of eight inputs and provides the data on 
the selected input or its complement as an output. It will also gene- 
rate any logic function of four or less input variables. (See Chapter 
3.1 

Inputs are selected by applying a code from 000 through 11 1 on the 
1, 2, and 4 Address inputs. The data on the selected input appear 
at pin 6; the complement of the selected data appears at pin 5. Pin 
5 is faster in responding, as pin 6 is an inverter/follower. 

The Enable input (sometimes called a Strobe) must be low for normal 
operation. Driving i t  high drives the p i n4  output low and the p i n4  
output high, independently of the condition of the selected input. 

For logic function generation, three of the variables are applied to 
the Address inputs. The selected Data inputs are connected low, 
high, to the fourth variable or to the complement of the fourth vari- 
able per the desired truth table. See Chapter 3 for more details. 

Select time ................................ 19 nanoseconds 

Current per package ........................ 29 milliamperes 

b 



741 53 

DUAL 1-OF-4 DATA SELECTOR 

I I  
ENABLE 

TOP VIEW I 
This package selects one of four inputs and provides the data on 
the selected input as its output. There are two separate 1-of-4 se- 
lectors with two separate outputs, but their addresses are common. 

Inputs to the 1 Address and the 2 Address select the output connec- 
tion for both sides simultaneously. Input data is not inverted and 
passed onto the output. 

The Enable must be low to get an output. A high Enable drives the 
output low, independently of input data. 

Note that both halves of this circuit have common address lines, 
although they have separate inputs, outputs, and enables. 

Select time ............................... 44 nanoseconds 

Current per package . ...................... 36 milliamperes 



741 54 

1 -OF-1 6 DATA DISTRBBUTOR 

OUTPUT LINES 

TOP VIEW 1. 
This package may be used to provide a 1-low-out-of-16 output or 
may be used to send input data to one selected output of sixteen, 
the remaining fifteen staying high, 

The output address is selected with the 1, 2, 4, and 8 select lines. 
For instance, 1 low, 2 high, 4 high, and 8 low selects output No. 6. 

If Enable and Data lnput are both low, the selected output address 
goes low. 

If Enable is low, and a Logic lnput is provided the Data input, the se- 
lected output address follows the Logic input. 

Note that the functions of data selector and data distributor cannot 
be interchanged in TTL. This circuit accepts one input and routes it 
to sixteen outputs. 

Select time . . . . . . . . . . . . . . . . . . . . . . . . . . , , , . . . 49 nanoseconds 

Current per package . . . . . . . . . . . . . . . . . . . . . . . . 34 milliamperes 



b 

741 55 

DUAL 1 -OF-4 DATA DISTRIBUTOR 

r i WIWTS 

TOP VIEW 

This dual package may be used to provide two 1-low-out-of-4 out- 
puts or may be used to send input data to one selected output of 
four, the remaining three staying high. Both halves of the circuit are 
identically addressed. 

The output address is selected with the 1 and 2 Address inputs. For 
instance, a 1 low and a 2 low input selects output No. 0 on both 
sides of the circuit. 

If the Data input is made high and the Enable input low on circuit 
No. 1, the selected output address goes low. If the Data input is 
made low and the Enable is made low on circuit No. 2, the selected 
output address goes low. 

If the Enable i s  made low on circuit No, 1, the complement of the 
input data appears at  the selected output. If the Enable is made low 
on circuit No. 2, the input data appear at the selected output. 

Note that the two halves of this circuit are not identical. Side No. I 
inverts the data. Side No. 2 does not. 

The circuit is converted into a 1-of-8 data distributor by connecting 
the two Data input lines together and using them as a 4-address line. 
If both Enables are low, the selected 1-of-8 output goes low. If both 
Enables are paralleled and fed data, the data are routed to the se- 
lected output. 

Address select time . . . . . . . . . . . . . . . . . . . . . . . . . 21 nanoseconds 

Current per package . . . . . . . . . . . . . . . . . . . . . . . 25 milliamperes 





741 60 

DECADE (+ 1 0) COUNTER (Synchronous, 
Presetta ble, Unit-Cascada ble) 

L M D  INPUTS 

TOP VIEW 

This is  a synchronous, up-only decade counter. For normal counting 
operation, the Clear input is  made high, the P and T Enables are 
made high and the Load input is  left high. 

The count advances one count synchronously every time the clock 
goes from the low to the high state. The circuit triggers on positive 
edges. Outputs at Q1, Q2, Q4, and Q8 are BCD-weighted. 

To clear to zero, the Clear line is brought momentarily to ground, 
To load a number in parallel, the desired code is placed on the Load 
inputs L1, L2, L4, and L8 and the Load terminal is  briefly brought to 
ground. 

For fully synchronous operation, the Carry Out of the first stage goes 
to the T Enable of the second. All stages are synchronously driven 
from the input clock, Refer to data sheet for more design information 
(covered in Chapter 6). 

The clock must be properly conditioned to be bounceless and noise 
free, providing one, and only one, positive edge per desired 
clocking. 

............ Typical maximum operating frequency 25 megahertz 

........................ Current per package 34 milliamperes 

b 



741 61 

BINARY (+16) COUNTER (Synchronous 
Presetta ble, Unit-Cascadable) 

LQAO INPUTS 

TOP VIEW 

This i s  a synchronous, up-only binary (base-16) counter. For normal 
counting operation, the Clear, Load, P, and T pins are made high. 

The count advances one count synchronously every time the clock 
goes from the low to the high state. The circuit triggers on positive 
edges. Outputs at Q1, Q2, Q4, and Q8 are binarily weighted. 

To clear to zero, the Clear line is brought momentarily to ground. 
To Load a number in parallel, the desired word is placed on the 
Load inputs L1, 12, 14, and 18 and the Load terminal is  briefly 
brought to ground. 

For fully synchronous operation, the Carry Out of the first stage goes 
to the T Enable of the second. All stages are synchronously driven 
from the input clock. Refer to data sheet for more design information 
(covered in Chapter 6). 

The clock must be properly conditioned to be bounceless and noise 
free, providing one, and only one, positive edge per desired 
clocking. 

Typical maximum operating frequency . . . . . . . . . . . 25 megahertz 

Current per package . . . . . . . . . . . . . . . . . . . . . . . . 34 milliamperes 

I 



741 64 

SHIFT REGISTER, 8 BITS 
(Serial input, Paral lel  Output) 

TOP VIEW 

This is an eight-stage, shift-right-only shift register. It may be used 
as a serial-in/serial-out or serial-in/parallel-out. 

For normal operation, one of the Serial inputs is held high and data 
is sent to the second serial input. Clear is  held high. Every negative- 
to-positive transition (positive edge) of the clock shifts the data one 
stage to the right. 

For instance, the data on the input gets shifted into A. A goes to 0. 
B goes to C. C goes to D. D goes to E. E goes to F. F goes to G. 
G goes to H. H goes to a following stage or i s  destroyed. 

The contents of the register may be cleared to zero by briefly bring- 
ing the Clear input low. Both Serial inputs must be high to enter a 
high-input state. Bringing either Serial input low forces a low-input 
condition. 

The clock must be bounceless and noise free, producing one, and 
only one, positive transition per desired shift. 

................ Typical maximum shift frequency 36 megahertz 

........................ Current per package 37 milliamperes 



741 65 

SHIFT REGISTER, 8 BITS 
(Parallel Input, Serial Output) 

FIG 60 

TOP VIEW I 
This is an eight-stage shift-right-only shift register. It may be used as 
a serial-in/serial-out or parallel-in/serial-out register. 

For normal operation, the Enable i s  held low and the Load is held 
high. Every negative-to-positive clock transition (positive edge) shifts 
the data one stage to the right. 

For instance, the data on the Serial input goes into A. A goes to B. 
B goes to C, C goes to D. D goes to E. E goes to F. F goes to G. G 
goes to H. H goes to the next stage or i s  lost. The complement of the 
eighth stage is also available and provides inverted data. 

To parallel-load the register, the Load input is  briefly brought to 
ground while applying the desired input word to the parallel inputs 
A through H. 

Shifting may be inhibited by bringing the Enable input high. 

The clock must be bounceless and noise free, producing one, and 
only one, positive transition per desired shift. 

................ Typical maximum shift frequency 26 megahertz 

........................ Current per package 42 milliamperes 



741 67 

DECADE (+I 0) RATE MULTIPLIER 

TOP VIEW I 
This is a specialized TTL package detailed in Chapter 7. For every 
ten input-clock pulses, a selected number of 0 through 9 output 
pulses are provided. , 

For normal operation, ground the Strobe, Clear, and Enable lines. 
Apply a square wave to the Clock input. At the Enable output, you 
will have a 1-of-10 decoding of the input cloqk, i.e., one pulse for 
every ten input-clock pulses. 

At the normal output (pin 5), you will get as many pulses per ten 
input-clock cycles as you select on the Rate inputs. For instance, if 
R8 is low, R4 is high, R2 is low and R1 is high, you will get five output 
pulses per one Enable output pulse or per ten input-clock cycles. 

In general the pulses are not evenly spaced us they can occur only 
coincidentully with a time slot on the input clock. Jitter is inherent 
in a rate multiplier system. (See Chapter 7.) 

If the Clear input is made positive, the internal divide-by-10 counter 
is reset to zero. If the Strobe input is made positive, the counter will 
operate, but no rate pulses will appear at pins 5 or 6. Pin 6 is the 
complement of pin 5 and is gated by the Cascade input. The Cas- 
cade input-low inhibits the output of pin 6. Refer to data sheet for 
more operating details. 

. . . . . . . ........... Maximum operating frequency 25 megahertz 

. . ...................... Current per package 65 milliamperes 



741 74 

HEX "D8' MEMORY (Edge-Clocked) 

- - - - - - -  

TOP VIEW 1 
There are six separate storage latches, each with a noninverted out- 
put. All latches are simultaneously updated. 

Information at the D inputs is entered into the latches on the ground- 
to-high (positive edge) of the clock command. The only time that 
information is entered into this package is on the positive edge of the 
clock. 

The Clear input is  normally held high. Briefly bringing it to ground 
will clear the memory, making all Q outputs low. 

This is a fully clocked system and can be used as a shift-register 
element. Stages can be cascaded, Note that there i s  no "Follow" 
mode; storage is  updated only on the positive-clock edge. 

Propagation delay .......................... 23 nanoseconds 

Maximum update frequency .................... 35 megahertz 

Current per package ........................ 45 milliamperes 



741 75  

QUAD "Dl' MEMORY (Edge-Clocked) 

TOP VIEW 1 
There are four separate storage latches, each with normal and com- 
plementary output. All latches are simultaneously updated. 

Information at the D inputs i s  entered into the latches on the ground- 
to-high (positive edge) of the clock command. The only time that 
information is entered into this package is on the positive edge of the 
clock. 

The Clear input is normally held high. Briefly bringing i t  to ground 
will clear the memory, making all Q outputs low and al l  Q outputs 
high. 

This is a fully clocked system and can be used as a shift-register 
element. Stages can be cascaded. Note that there is no "Follow" 
mode; storage is updated only on the positive-clock edge. 

.......................... Propagation delay 23 nanoseconds 

.................... Maximum update frequency 35 megahertz 

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



741 80 

PARITY GENERATOR/TESTER 

TOP VIEW 

This is a special-purpose TTL device that will indicate whether the 
number of 1's on the inputs is even or odd. It is used as an error 
tester in computer systems or as a "single note" detector in electronic 
music. 

The inputs to be tested are applied to A through H. Unused inputs 
are terminated either to ground or high, as needed. 

If the Even input is made high and the Odd input is  made low, an 
even number of input 1's drive the Z Even output high and the 
2 Odd output low. An odd number of 1's drives the Z Even output 
low and the 2 Odd output high. 

If both Even and Odd inputs are high, both outputs will go low, re- 
gardless of the A-through-H inputs, If both Even and Odd inputs 
are low, both outputs will go high, regardless of the A-through-H 
inputs, 

If the Even input i s  made low and the Odd input is made high, an 
even number of input 1's drive the X Even output low and the 2 Odd 
output high. An odd number of 1's drive the Z Even output high and 
the 2 Odd output low. 

.................. Maximum operating speed 45 nanoseconds 

........................ Current per package 34 milliamperes 



741 81 

ARITHMETIC UNIT 

TOP VIEW 1 
This is a versatile arithmetic element. It may be used to add, sub- 
tract, or shift two 4-bit words, make magnitude comparisons, perform 
numerous other arithmetic operations, and generate logic functions. 
It is normally used as the central processing unit for a computer. As 
many stages as needed are cascaded. 

Refer to data sheet for more information. 

............................. Operating time 35 nanoseconds 

........................ Current per package 94 milliamperes 



b 

741 90 

DECADE (11 0 )  UP/DOWN COUNTER 
(Synchronous, Presettable) 

TOP VIEW 

This is a synchronous decade counter that counts in either direction. 
One input clock i s  used. 

For a normal up-counting sequence, Load should be high, Enable 
should be low, UpfDown should be low, 

The counter advances one count on each ground-to-positive transi- 
tion of the input clock. Outputs Q1, Q2, Q4, and Q8 are weighted 
1-2-4-8 BCD. The clock must be noise free. 

To count down, the Up/Down input is  made high. 

To load, the desired word is placed on Load inputs L1, L2, U, and 18, 
and the Load input is briefly brought low. There is no separate Clear 
input; to clear the counter, load all zeros. 

The ripple clock output can be used for cascading, along with the 
Max/Min output gating. Refer to data sheet for more information 
about applications. 

Maximum counting frequency . . . . . . . . . . . . . . . . . . 20 megahertz 

Current per package . . . . . . . . . . . . . . . . . . . . . . . . 65 milliamperes 



74191 

BINARY ( 1 1  6) UP/DOWN COUNTER 
(Synchronous, Presettable) 

TOP VIEW 

This is a synchronous binary (base16) counter that counts in either 
direction. One input clock i s  used. 

For a normal up-counting sequence, Load should be high, Enable 
should be low, Up/Down should be low. 

The counter advances one count on each ground-to-positive transi- 
tion of the input clock. Outputs Q1, Q2, Q4, and Q8 are weighted 
1-2-4-8 binarily. The clock must be conditioned to be bounceless 
and noise free. 

To count down, the UplDown input i s  made high. 

To load, the desired word is placed on Load inputs 11, U, 14, 18 and 
the Load input is  briefly brought low. There i s  no separate Clear in- 
put. To clear the counter, load all zeros. 

The ripple clock output can be used for cascading, along with the 
Max/Min output gating. Refer to data sheet for more information 
about applications. 

.................. Maximum counting frequency 20 megahertz 

........................ Current per package 65 milliamperes 
, 



741 92 

DECADE ( 4 0 )  UP/DOWN COUNTER 
(Carry, Borrow, Presettable, 

Synchronous) 

TOP VIEW I 
This is a synchronous decade (base-10) counter that counts in either 
direction, Two input clocks are used, and stages are Carry/Borrow 
cascaded. 

For a normal up-counting sequence, Load should be high, and Clear 
should be low. 

The counter advances one count on each ground-to-positive transi- 
tion of the Up-Count input clock. It backs up one count on each 
ground-to-positive transition of the Down Count input clock. When 
up-counting, hold the Down-Count input high. When down-counting, 
hold the Up-Count input high, 

To load, the desired word is placed on Load inputs 11, L2, L4, and 
18. The Load input is  then briefly brought low. To clear the counter, 
the Clear input is briefly made positive. Note that the Clear must be 
low for normal counting. 

Stages are cascaded by connecting Carry to Up Count and Borrow 
to Down Count. See Chapter 6. For more details, consult data sheet. 

Maximum operating frequency . . . . . . . . . . . . . . . . . . 32 megahertz 

Current per package . . . . . . . . . . . . . . . . . . . . . . . . . 65 milliamperes 



7805 

5-VOLT, 750-mA REGULATOR 

+IN GND +5 VOLTS OUT 

This voltage regulator is recommended for TTL supplies to 750 
milliamperes. 

It must have a heat sink for high currents. The minimum applied sup- 
ply voltage a t  a ripple trough and low line voltage must be  more 
than 7 volts. The maximum applied supply voltage at a ripple peak 
and high line voltage must be less than 12 volts. 

A I -microfarad, highquality tantalum capacitor should be placed 
from output to ground for stability. Fig. 1-5 shows a suitable circuit. 

Standby current drain . . . . . . . . . . . . . . . . . . . . . . . . 5 milliamperes 





t 

DM8094 
(741 26) 

QUAD TRI-STATE DRIVER (High Enable) 

TOP VIEW 

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

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

.......................... Propagation delay 10 nanoseconds 

............................ Enabling delay 10 nanoseconds 

...................... Package supply current 36 milliamperes 



? 

8223 
(741 88) 

PROGRAMMABLE READ-ONLY MEMORY 
(32 Words-8 Bits/Word) 

TOP VIEW 1 
This device is a Read-Only Memory. It can be field programmed once 
to provide 32 different 8-bit words. See Chapter 3. 

For a given input address, the word programmed at  that address 
is output on the Data Output lines. The Enable input must be low to  
get an output. The memory is expanded to other packages by con- 
necting identical outputs together and enabling only one package at  
a time. 

ROMs may be used for random logic generation, to generate com- 
plex waveforms, or to provide a microprogrammed sequence of 
states. Refer to original data sheet for programming information and 
to Chapter 3 for more application details. 

Response time .............................. 31 nanoseconds 

Current per package ........................ 82 milliamperes 

J 



8280 
(74 1 76) 

DECADE (1 1 0) COUNTER (Ripple, 
Presetta ble, not Unit-Cascada ble) 

TOP VIEW 

This is a divide-by-2 and a divide-by-5 counter in a single package. 
They may be used together as a divide-by-10 or separately. It ripple- 
counts in the BCD-up direction. 

For a BCD counter, weighted 1-2-4-8, enter via Clock 1, and jumper 
Q1 to Clock 2. Outputs Q1, Q2, Q4, and Q8 will be BCD-weighted 
1-2-4-8. The counter advances on the negative-going clock edge. The 
clock must be properly conditioned and made bounceless and noise 
free. If a conventional decade counter is needed, Load and Reset 
terminals should be held at +5 volts. 

The counter may be reset to zero at any time by bringing the RST 
input briefly to ground. The counter may be loaded to  any desired 
state by bringing the 11, L2, L4, and L8 Load terminals to the proper 
code and then briefly dropping the Load input to ground. 

An external jumper must be provided between counter halves. If 
entry is via Clock 2 and Q8 is jumpered to Clock 1, a counter 
weighted 1-2-44 results with Q1 as the most significant output and 
a symmetrical square wave. More details on this device appear in 
Chapter 6. This circuit is not normally unit-cascadable. 

Typical maximum toggle frequency . . . . . . . . . . . . . . 25 megahertz 

Current per package . . . . . . . . . . . . . . . . . . . . . . . . 35 milliamperes 



828 1 
(741 77) 

BINARY (el 6)  COUNTER 
(Ripple, Presettable) 

TOP VIEW 

This is a divide-by-2 and a divide-by-8 counter in a single package. 
They may be used together as a divide-by-16 or separately. It rip- 
ple-counts in the up direction. 

For a binary counter, weighted 1-2-4-8, enter via Clock 1 and 
jumper Q1 to Clock 2. Outputs Q1, Q2, Q4, and Q8 will be binary- 
weighted 1-2-4-8. The counter advances on the negative-going clock 
edge. The clock must be properly conditioned and made bounceless 
and noise free. If a conventional binary counter is  needed, Load and 
Reset terminals should be held at +5 volts. 

The counter may be reset to zero at any time by bringing the RST 
input briefly to ground, The counter may be loaded to any desired 
state by bringing the L1, 12, 14, and L8 Load terminals to the proper 
code and then briefly dropping the Load input to ground. 

An external jumper must be provided between counter halves and 
normally is placed between Q1 and Clock 2. More details on this 
device appear in Chapter 6. This circuit is not normally unit-cas- 
cadable. 

Typical maximum toggle frequency ............., 25 megahertz 

Current per package ........................ 35 milliamperes 

J 



8288 

BASE- 1 2 (+ 1 2) COUNTER (Ripple, 
Presettable, not Unit-Carcadable) 

22- 
U 

TOP VIEW . 

This is a divide-by-2 and a divide-by4 counter in a single package, 
They may be used together as a divide-by-12 or separately. It 
ripple-counts in the up direction. 

For a base-12 counter, weighted 1-2-4-8, enter via Clock 1 and 
jumper Q1 to Clock 2. Outputs Q1, Q2, Q4, and Q8 will be binary- 
weighted 1-2-4-8. The counter advances on the negative-going clock 
edge. The clock must be properly conditioned and made bounceless 
and noise free. If a conventional divide-by-12 is needed, Load and 
Reset terminals should be held at +5 volts. 

The counter may be reset to zero at any time by bringing the RST 
input briefly to ground. The counter may be loaded to any desired 
state by bringing the L1, 12, 14, and L8 Load terminals to the proper 
code and then briefly dropping the Load input to ground. 

An external jumper must be provided between counter halves and 
normally is placed between Q1 and Clock 2. More details on this 
device appear in Chapter 6. This circuit is  not normally unit- 
cascadable. 

Note that the Q8 output is low for the first eight counts and high for 
the last four. If entry is  made via Clock 2 and Q8 i s  jumpered to 
Clock 1, an output will be obtained at Q1 that is high for six counts 
and low for six counts. 

Typical maximum toggle frequency . . . . . . . . . . . . . . 25 megahertz 

Current per package . . . . . . . . . . . . . . . . . . . . . . . . 35 milliamperes 



8290 
(74 1 96) 

DECADE ( 4 0 )  COUNTER, 50 MHz 
(Ripple, Presettable, not Unit-Cascadable) 

TOP VIEW . 

This is a divide-by-2 and a divide-by8 counter in a single package. 
They may be used together as a divide-by-1 0 or separately. It ripple- 
counts in the BCD-up direction. 

For a BCD counter, weighted 1-2-4-8, enter via Clock 1 and jumper 
Q1 to Clock 2. Outputs Q1, Q2, Q4, and Q8 will be BCD-weighted 
1-2-4-8. The counter advances on the negative-going edge. The 
clock must be properly conditioned and made bounceless and noise 
free. If a conventional decade counter is needed, Load and Reset 
terminals should be held at +5 volts. 

The counter may be reset to zero at any time by bringing the RST 
input briefly to ground. The counter may be loaded to any desired 
state by bringing the L1, L2, 14, and 18 Load Data terminals to the 
proper code and then briefly dropping the Load input to ground. 

An external jumper must be provided between counter halves. Only 
the divide-by-2 can operate at 50 megahertz, so it must be used first 
in high-speed applications. 

This package is similar to the 8280, except i t  is faster, consumes more 
power, costs more, and is more noise susceptible. 

Typical maximum toggle frequency . . . . . . . . . . . . . . 50 megahertz 

Current per package . . . . . . . . . . . . . . . . , . . . . . . . 48 milliamperes 



8291 
(741 97) 

BINARY (+16) COUNTER, 50 MHz 
(Ripple, Presettable, not Unit-Cascadable) 

TOPVIEW 

This is a divide-by-2 and a divide-by-8 counter in a single package. 
They may be used together as a divide-by-1 6 or separately. It ripple- 
counts in the binary-up direction. 

For a binary counter, weighted 1-2-4-8, enter via Clock 1 and 
jumper Q1 to Clock 2. Outputs Q1, Q2, Q4, and Q8 will be binarily 
weighted 1-2-4-8. The counter advances on the negative-going clock 
edge. The clock must be properly conditioned and made bounceless 
and noise free. If a conventional binary counter is needed, Load and 
Reset terminals should be held at +5 volts. 

The counter may be reset to zero at any time by bringing the RST 
input briefly to ground. The counter may be loaded to any desired 
state by bringing the L1, L2, L4, and 18 Load Data terminals to the 
proper code and then briefly dropping the Load input to ground. 

An external jumper must be provided between counter halves. Only 
the divide-by-2 can operate at 50 megahertz, so it must be used first 
in high-speed applications. 

This package is similar to the 8281, except it i s  faster, consumes more 
power, costs more, and is more susceptible to noise. 

Typical maximum toggle frequency . . . . . . . . . . . . . . 50 megahertz 

Current per package . . . . . . . . . . . . . . . . . . . . . . . . 48 milliamperes 



CHAPTER 3 

Logic 

A logic circuit has digital inputs and digital outputs. The one or 
more outputs follow a rule or a set of rules that are determined by the 
conditions placed on the input leads and by the specific function de- 
sired of the circuit. 

There are two basic types of logic. Circuits that respond immediately 
to changes in the inputs are called direct or asynchronous logic. Cir- 
cuits that wait until a system-clocking pulse arrives are called clocked, 
synchronous, or sequential logic circuits. In this chapter, we will look 
at the direct logic techniques. 

We will start with some simple 1-gate circuits and follow this up 
with a powerful logic trick that can save on system packages and con- 
nections. Then, we will examine some advanced logic design tech- 
niques. One is a medium-power tool called data-selector logic. A 
second is a heavyweight approach called Read-Only Memory, or 
ROM logic design. Both of these techniques are new methods that 
work directly with a state chart or truth table and immediately give 
workable results. Usually the result is a 1-package solution, low in 
cost, and easy to change. Best of all, design time with these techniques 
is measured in seconds rather than hours! 

Finally, we will end up with two design examples: a code converter 
from 5-level Baudot teletype systems to modem ASCII 8-level com- 
puter teletype systems, and a keyboard encoder that will convert the 
single-make contacts of any keyboard into a complete 7- or 8-level 
computer-compatible ASCII code. 

We will reserve the clocked or synchronous logic circuits for the 
chapters on clocked flip-flops, counters, and shift registers. 



THE TWO-INPUT GATE AS A SIMPLE SWITCH 

As an example of digital logic, suppose we wanted to turn a train 
of pulses off and on upon command. We could do this with any of 
the single-gate circuits of Fig. 3-1. In Fig. 3-lA, we use j/i of a 7400 
NAND gate. If we ground the control input, the output stays high and 
the pulse train is blocked. If we make the control input positive, the 
output is an inverted replica of the input. Thus, our control line de- 
termines whether the pulse train is passed on by the gate. 

One possible use of a circuit like this would be in the input of an 
electronic frequency counter. If we pass input pulses for exactly one 
second, the digital display will be the frequency of the input in hertz 
(cycles per second). If we pass pulses for only %, of a second, the 
display will be 4/1, the frequency of the input, and so on. If we want 
only whole pulses out, a more complicated circuit is needed. The 
point is that we can use a gate as a simple logic switch to turn the 
output load on and off. 

By using different gates, we can get different results. In Fig. 3- lB, 
a 7402 NOR gate is used. The output is still an inverted replica of the 
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Fig. 3-1. Two-input Bate used as switch. 



input, only now a grounded control line passes the pulse train and a 
positive one blocks. In the blacked condition, the output is at ground. 
Figs. 3-1C and 3-1D are similar circuits that do not invert the pulse 
train. 

STATE DEFINITIONS: WHAT IS A ZERO? 

With digital logic, we have a choice of definitions. Any input, and 
most logic outputs, normally will have two possible conditions. With 
regular TTL, a positive-output state somewhere between 2.4 and 5 
volts holds the output load positive, or a low or grounded state holds 
the load within a few tenths of a volt of ground and is capable of ab- 
sorbing or sinking considerable current. A TTL input either can be 
held positive above 2.4 volts or can be pulled to ground and have 
current removed from it. The usual TTL gate can sink 16 mA in the 
low-output state. A gate input normally needs 1.6 mA, so the output 
of one gate can drive 10 inputs. 

We usually call one state a "1" and the other one a "0." We have 
a choice. With relays and older circuits, an open contact was tra- 
ditionally called a 0 and a closed contact was traditionally called a 
1. But with digital logic, the choice (except for the benefits) is com- 
pletely arbitrary, as shown by the following rules: 

If + = 1 and ground = 0, we are using POSITIVE logic. 
If + = 0 and ground = 1, we are using NEGATIVE logic. 

The names of the TTL logic gates are usually based on the posiiive- 
logic definition, but we will see that both are equally useful. We will 
also see that you can change what a gate does by changing the logic 
definition. For instance, a positive-logic NAND gate is the same piece of 
hardware as a negative logic NOR gate. Your choice of positive- or 
negative-logic definition depends on which way the inputs and outputs 
are defined, and which way economizes on parts, or allows combina- 
tion of gates into the minimum number of packages. It is often con- 
venient to alternate between positive and negative logic in the same 
system, because the cheaper and simpler TTL gates invert the logic 
anyway. 

With TTL, the positive-logic definition tends to predominate, but 
both are equally useful. As a general rule, if you find yourself adding 
several inverters and extra gates to a circuit, or if you end up with 
several unused fractional packages, a change from positive logic to 
negative logic or vice versa will often simplify the overall circuitry. 

The logic is independent of the state definitions, but the device i s  
100% dependent on the state definitions. 

Let us turn to some of the more popular logic circuits, remembering 
that they can be built either as positive- or negative-logic circuits, but 



that the choice of TTL components will change with the choice of logic 
definition. In any system, positive logic, all negative logic, or a mixture 
of the two can result in the simplest overall circuitry, and all possibili- 
ties should be checked. 

ONE-INPUT LOGIC 

Suppose that we have a logic device with one input and one output 
and that we require that the output always obeys some rule relating 
to the input in deciding what the output will be. We will further re- 
quire that it changes its output immediately after the input does and 
without regard to the history of the input and output. With these re- 
strictions, there are only four possible circuits of this type, as shown in 
Fig, 3-2. 

OUTPUT ALWAYS 
A ZERO 

(A) Not useful. 

El 
OUTPUT FOUOUS 

OUTPUT ALWAYS 
A ONE 

(B) Not useful. 

Kl 
OUTPUf COMPLEMENTS 

INPUT INPUT 

(C) Noninverting buffer. (D) Inverter. 

Fie. 3.2. The four possible l-input logic blocks. 

Beside each circuit, Fig. 3-2 shows a state chart that indicates the 
output we can expect for all possible combinations of all possible in- 
puts. This is called a truth table. It is very simple for 1-input logic, for 
there is only one input, which can have only two s t a t e d  or 1. 

In Fig. 3-2A, we always get a 0 out. This is not very useful. In Fig. 
3-2B, we'always get a 1 out. This is also worthless, for both these 
circuits ignore the input. 

In Fig. 3-2C, we get a 1 out if the input is a 1 and a 0 out if the 
input is a 0. While this does not seem useful either, it can have a 



number of system uses. For instance, we can increase the drive level 
or increase the fan-out. Or we can interface with the outside world or 
another logic family. With some feedback, we can use it as a snap- 
action circuit or a rise-time improver. And finally, in high-speed sys- 
tems, we may be able to use the inherent tens of nanoseconds of in- 
ternal delay to make sure that timing signals end up in the right 
sequence and do not get ahead of each other. While logically useless, 
this circuit, called a noninverting bufler, can be handy in several ways. 

Fig. 3-2D is the only circuit of the four that performs a logically use- 
ful task. It puts out a 0 if the input is a 1 and a 1 if the input is a 0. 
It is called an inverter. 

Inverters are used to generate the complement of an input signal. 
Two inverters back-to-back form a simple latch with two stable states. 
Inverters may be used to change from positive to negative logic 
definitions. One capacitor and one or two resistors in front of an in- 
verter form a simple pulser to detect either the rising or falling edge of 
a waveform. Three or more cascaded inverters form a high-frequency 
oscillator whose rate may be easily controlled. And, we can use in- 
verters just as noninverting buffers to increase the system drive level, 
add delay, improve rise time, obtain snap-action, or interface with the 
outside world or some other logic family. 

Inverters often come six per package. The 7404 is a typical example. 
Three open-collector versions also exist, the 7405, 7416, and 7406. 
These latter three devices lack an internal pull-up mechanism and can 
have 5, 15, or 30 volts applied to their output collectors without dam- 
age. This makes them useful for driving outside-world signals, D/A 
conversion, and translating to a new logic family or other circuit. 

TWO-INPUT LOGIC 

The situation becomes more interesting when we add a second input 
to the logic block. Now there are four possible input conditions (00, 
01, 10, 1 I) ,  and our truth table has four possible places on the output 
side of the chart where we could put a 1 or a 0. We could look at these 
four possible places, "vertically" as a 4-bit binary word. There are then 
apparently 16 possible truth tables for the 2-input logic block. Six are 
trivial or worthless, Six are common and used extensively. The remain- 
ing four are specialized but can solve a particular logic problem. 

Fig. 3-3 shows the six trivial states. As with the inverter, the all-1's 
and all-0's outputs have little value. The remaining four ignore one in- 
put and provide either the other input or its complement as an output. 
What this does is degenerate a 2-input logic block into a 1-input one. 
This lets us provide the inverter or the noninverting buffer functions 
with part of a remaining 2-or-more input gate and can save us pack- 
ages in a total circuit. Fig. 3-4 shows various ways we can convert 



ALWAYS A ZERO 
(A) Not useful. 

ALWAYS A ONE VERIFY A 
(8) Not useful. (C) Noninverting buffer. 

VCR IFY B 
(D) Noninverting buffer. 

INVERT A 
(E) Inverter. 
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(F) Inverter. 
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(E) 7486 EXCL OR. May be used either as an inverter or as a noninverting buffer. 

Fig. 34. Inverters or buffen can ba mrde from muhipldnpu) gates with rhno 
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from a 2-input gate to an inverter or noninverting buffer. At one time, 
a resistive pull-up to +5 volts was recommended to disable the input 
of a gate. With a tightly regulated power supply this is unnecessary, 
particularly in industrial and room-temperature circuits, and the extra 
parts introduce more problems than they solve. Sometimes you can 
drive all the inputs simultaneously as well, but you have to watch the 
logic of the device as you do this. This works with AND, NAND, OR, and 
NOR gates, but it does not work with EXCLUSIVE OR gates. Fan-out 
from the signal source is decreased by one input load when you do 
this, but the pc layout may be simpler. 

The most useful 2-input logic functions are shown in Figs. 3-5 
through 3-12. We have shown them in truth-table form, and then we 
have listed the possible positive- and negative-logic realizations both 
for the least-expensive TTL gate and the best or simplest gate con- 
figuration. Note that if we choose the wrong logic definition, the solu- 
tion using the cheapest parts takes too many of them to be economi- 
cally reasonable. 

Fig. 3.5. the OR gate. 

POSITIVE - LOGIC CIRCUITS NEGATIVE -LOGIC CIRCUITS 



These circuits are called the OR, the NOR, the AND, the NAND, the 
correlator or EXCLUSIVE NOR, and the EXCLUSIVE OR circuit. 

The OR circuit of Fig. 3-5 provides a 1 out if either or both inputs 
are 1's and a 0 out if both inputs are 0's. The OR circuit normally is 
used if you want to detect or use the presence of any input. The NOR 
circuit of Fig. 3-6 does the opposite-the presence of any input drives 

POSITIVE-LOG IC  CIRCUITS I NEGATIVE-LOGIC CIRCUITS 

Fig. 34. The NOR gate. 

the output to ground. Generally, the inverting logic gates either take 
less hardware or have less circuitry inside the package-therefore, 
they are preferred for system design to save cost and power. Thus, the 
NOR and the upcoming NAND functions are preferrable to the AND and 
OR in TTL systems design. 

The AND gate appears in Fig. 3-7. It is used to detect the coincidence 
or presence of 1's on both inputs. The NAND gate of Fig. 3-8 is the 
complementary device-it provides a 0 out for a coincident pair of 
1's on the input. Note that there are at least three good ways to realize 
most of these logic functions. They may be built out of 7400 NAND 
gate parts, out of 7402 NOR gate parts, or out of fancier 7400 ICs that 
directly realize the desired function. Note further that the choice of 
whether to use a 7400 or 7402 is usually clear-one will be more 



complicated in the final circuit. The chosen route depends on the 
economics of the circuit and the remaining unused parts from other 
logic in the system. 

The EXCLUSIVE OR gate of Fig. 3-9 is more complex than the com- 
mon AND, NAND, OR, and NOR functions and has a number of useful 

POSITIVE - LOGIC CIRCUITS I NEGATIVE - LOGIC CIRCUITS 

Fig. 3-7. The AND gate. 

and interesting applications. It provides a 1 out if only one input is 1. 
Looking at it slightly differently, it gives a 0 out if the inputs are identi- 
cal and a 1 out if the inputs are diflerent. 

The EXCLUSIVE OR gate is extremely versatile, as the variety of dif- 
ferent ways of applying this device (Fig. 3-10) indicate. 



In Fig. 3-10A, the gate is treated as a controllable complementer. 
On command it will either invert a logic signal to be controlled or else 
pass it on noninverted. If the control is a 0, the output follows the in- 
put. If the control is a 1, the output complements the input. In Fig. 
3-10B, the EXCLUSIVE OR is used as a dc to ac converter, a function 
that is particularly handy in liquid-crystal displays, motor controls, and 
some instrumentation circuits. A square wave that is equal in ampli- 
tude to both the supply voltage (usually 5 volts with TTL) and the 

Fig. 3-8. The NAND gate. 

POS ITIVE-LOG IC  C IRCU ITS 

zero-to-peak needs of the load resistor is applied to both one side of 
the load and one of the OR gates. If the other input to the EXCLUSIVE 
OR gate is a 0, the square wave at the output of the EXCLUSIVE OR gate 
will be identical to the source, and the same square wave will be 
applied to both sides of the load. The net load voltage will be zero 
since the voltages on both sides of the load go up and down together. 
Thus, a logic 0 at the input puts zero voltage on the load. Now, if a 
logic 1 is the input, the square wave is inverted going through the gate. 
Its output will be out of phase with the original square wave, and the 
full supply power will appear across the load, alternating in polarity 
each cycle. Note that the peak-to-peak load voltage will equal twice 
the supply voltage, for if you monitor one end of the load resistor, the 

NEGATIVE-LOG IC CIRCUITS 



other end is first made positive by the supply voltage and then is made 
negative by the same amount. 

Fig. 3-10C shows the traditional use of an EXCLUSIVE OR gate--as 
a binary adder. The rules of binary addition (Chart 3-1) are state 
ments that are identical to those in the EXCLUSIVE OR truth table. We 
apply two inputs A and B, and the sum appears as an output. This is 
called a half udder, because we have neither generated a carry nor 
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Fig. 3-9. The EXCLUSIVE OR gaw. 

allowed for the carry from the lower stage. To build a full adder, you 
sum A and B and derive an output. This output is then summed with 
a possible carry from the previous stage, and the main output is 
formed. The generation of a new carry is accomplished by ~ ~ ~ i n g  the 
A and B inputs,  AND^^ the carry in and A and B outputs, and o~ ing  
the two possible carry sources. The circuits for one possible half adder 
and a full adder appear in Fig. 3-1 1. 



CONTROL 
(A) As a controllable complementer. 

(8) As a dc-to-ac converter. 

(C) As a binary adder. 

GOOD SCRAMBLED -. .- 

~ _ 1  DATA 
SECURE I I 

PSNDO NOISE TRACKING PSEUDO 
SOURCE NOISE SOURCE 

(D) As a data scrambler. 

Fig. 3-10. The EXCLUSIVE OR gate is extremely versatile. Here are some 
typical applications. 

EXCLUSIVE OR gates are often combined into larger standard cir- 
cuits. It is common to add at least four binary bits at a time in a sys- 
tem, or else to work with cascaded 4-bit bytes of an 8-, 12-, or 16-bit 
word. Thus a 4bi t  full adder is a versatile device and is available as 
the 7483. More complex addition, along with other shifting and house- 
keeping functions are handled by a more elaborate unit, the 741 8 1. 
Another use for cascaded EXCLUSIVE OR gates is as a parity generator 
or checker. The cascaded gates can tell whether the total number of 1's 
in a digital word is even or odd. By tacking a new 1 or 0 onto the in- 
put, you can transmit words that are always even parity, or else that 
are always odd parity. If the parity is rechecked at the other end of the 
system and is diflererzt from what you sent, a transmission error has 

Chart 3-1. Rules of Binary Addition 

o + o = o  
0+1=1 
1+0=1 
1 + 1 = 0, plus carry 1 



been made. Parity is a simple and highly useful way of error testing 
and indication. The 74180 is one available parity generator. 

A final use of exc~usrve OR gates is as a data coder or scrambler, 
as Fig. 3-10D shows. Good data is mixed with a random stream of 1's 
and 0's from a pseudo-random noise generator and combined with an 
EXCLUSIVE OR circuit to form a chain of mixed good and bad data. 
This is transmitted. At the far end, another EXCLUSIVE OR gate driven 
from the same pseudo-random noise source, or a copy of it that is in 
sync, extracts the good data. The reason for all this elaborate mixing 
is security and secrecy-unscrambling data in the middle is very diffi- 
cult. The circuitry finds use in cryptography, electronic locks, and 
security measures for computer data banks. 

0 

SUM 

(A) Half adder. 

CARRY IN 

OUT 

(0) Full adder. 

Gin B A 

0 0 0  
0 0 1  
0 1 0  
0 1 1  

1 0 0  
1 0 1  
1 1 0  
1 1 1  

Fig. 3-1 1. EXCLUSIVE OR circuits used in binary addition. 

SUM C,, 

0 0  
1 0  
1 0  
0 1  

1 0  
0 1  
0 1  
1 1  

Fig. 3-12 is the EXCLUSIVE NOR circuit, otherwise known as a corre- 
lator. It puts out a 1 if the inputs are identical and a 0 if they are differ- 
ent. Mien cascaded with an AND gate, the correlator can compare 
the bits of a pair of words and provide an output if they are identical. 
One elaborate version is the 7485, which contains four correlator 
gates and some support logic. 

Correlators and EXCLUSIVE OR gates are also used in various forms 
of code generation and sequence setups. A Barker code is one possi- 
bility. Another is the Pseudo Random Sequence (see Chapter 7 ) .  
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Fig. 3-12. The EXCLUSIVE NOR gate. 

OTHER TWO-INPUT LOGIC FUNCTIONS 

The remaining four 2-input logic functions are shown in Fig. 3-13. 
While they are theoretically just as useful as the previous six functions, 
they simply are not used much and do not have common names. 
They are A AND 8, B AND x, B=, and A AND B. Note that 
one variable is always inverted with respect to the other. You can work 
up the circuits of these four functions on your own as an exercise. 

THREE AND MORE INPUTS 

The number of possible logic functions for three and more inputs 
becomes astronomical. There are eight possible states of a 3-input 
asynchronous gate. Thus, there are apparently 25 or 256, different 

, truth tables you can write. For a 4-input gate, there are 218 possibili- 



ties, or 65536. And for people who like big numbers, the 5-input gates 
number 4,294,967,296. 

Obviously many of these see little use. What generally happens is 
that the common AND, OR, NAND, and NOR functions carry over to the 
larger numbers of inputs, with 3-, 4-, and 8-input NAND circuits being 
common. Other many-input systems go by their functional names, like 
an 8-position data selector, a BCD-to-Binary converter, a Decimal 
Decoder/Driver, a True-Complement element, and so on. 

(A) A AND B. (B) B AND A. 

(C) B AND -A. (D) A AND B. 
Fig. 3-13. The remaining 2-input logic fundions are workable but seldom used. 

Some older logic families made extensive use of Gate Expanders 
that let you arbitrarily extend certain logic functions to any reasonable 
number of inputs. While one or two TTL gates are expandable, this 
is neither a common nor a popular practice. With TTL, you are usu- 
ally limited to what is available in package form. For instance, a 24- 
input AND gate is obtained by cascading three 8-input NAND gates with 
a 4-input negative logic NAND gate and disabling the one unused input. 
Generally speaking, logic that is this complex is almost never needed. 
If an excessive amount of hardware appears to be required, often re- 
thinking the problem will allow the use of one falling edge somewhere, 
or preloading a number or changing some other factor will eliminate 
the complexity through a different approach to the problem. The rule 
is simple-if the logic you are about to use seems unwieldy or com- 
plex, stop and try to find a different way to do the same thing. This 
almost always works. 

A TRICK CALLED DEMORGAN'S THEOREM 

We can easily change what a TTL device does by changing our 
logic definitions. This simple and powerful logic trick can greatly re- 



duce system complexity if it is properly used; almost always it will sim- 
plify circuitry. The rules for logic conversion are as follows: 
A positive logic AND is a negative logic OR 
A positive logic NAND is a negative logic NOR 
A positive logic OR is a negative logic AND 
A positive logic NOR is a negative logic NAND 
A positive logic EXCLUSIVE OR is a negative logic EXCLUSIVE NOR 
A positive logic EXCLUSIVE NOR is a negative logic EXCLUSIVE OR 

Inverters are independent of logic definition. 
These rules may seem hard to believe until you go back to the truth 

tables and substitute 1's for 0's and see what the hardware does. Thus, 
a 7400 is a NOR gate-if you are using negative logic. A 7402 is a 
NAND gate-if you are using negative logic. Remember that the title in 
the catalog of a TTL component is its positive logic function. It will do 
other things for you if you change the logic definition. 

The usual trick is to use inverting logic and change the definition 
with each successive stage. Thus, the first logic stages might be posi- 
tive logic. Since their outputs invert, there is negative logic on the next 
successive stage, and so on. Remember that both positive and negative 
logic definitions are equally useful, and that the proper combination of 
both in a system will usually drastically simplify the overall circuitry. 

OPEN-COLLECTOR LOGIC 

Some TTL gates are available with open-collector outputs. These 
may be safely connected to other open-collector output gates to per- 
form additional logic provided one pull-up resistor, typically 2.2K, is 
included. This is sometimes cailed the WIRED OR or IMPLIED OR con- 
nection and, while free, it is not really as handy as you might suspect. 
With ordinary TTL gates, there is a totem-pole output structure. The 
gate either pulls the output high or pulls the output low. Put two out- 
puts together and you can have a fight if one of them decides 0 and the 
other decides 1. The output logic would be indeterminate, supply 
power would be excessive, and one of the devices might be destroyed. 
On the other hand, if you tie one load resistor to +5 volts and attach 
as many open-collector gates as you want, the gates can only pull the 
output down, not up. Only when none of the gates are pulling down 
does the load resistor swing positive. Thus, we have a positive-logic 
NOR function, and it is apparently free, 

While this works nicely with such things as a 7405, which is an open- 
circuit hex inverter and can give us a 6-input NOR gate, it is easy to get 
in trouble if the same thing is tried with NAND logic. For instance, 
tying four 7401 open-collector NAND outputs together would work, 
but the logic would be (A and B) OR (C and D) OR (E and F) OR 



(G and H), instead of the simpler 8-input NAND or NOR you may have 
expected to get. The wired or implied OR function is primarily useful 
for expanding positive-logic NOR or negative-logic NAND functions. It 
always provides a NOR combination for positive logic, regardless of 
what happens previously inside the gate. 

Two open-collector logic circuits are shown in Fig. 3-14. 
System designers do not like open-collector logic for several rea- 

sons that become important if lots of ICs are in use. First, there is an 
increased noise probiem. Second, system speed can suffer, as a pull-up 
resistor cannot hope to be as fast as an active totem-pole output 

P +lV 
2.2K 

A 0 OUTPUT 

0 I 

A 
C B OUTPUT 

(A) Output = A or B or C or D or E or F. (8) Output = (A & B) or (C & D) or (E & F) 
or (G & H) 

Fig. 3-14. Examples of the "wired NOR" function of open-collector TTL logic. 

pull-up. Third, and worst of all, there is no reasonable way to service 
a point that has several open-collector gates tied to it. If one gate is 
defective, the entire circuit appears defective. There is no easy, reason- 
able way to find the faulty part-short of a lot of foil cutting, device 
removal, or wire unwrapping. For larger systems, Tri-State Logic is 
recommended to overcome these problems, but at a somewhat higher 
price and with either larger packages or fewer functions per packages. 

Open-collector logic is a neat trick that only rarely can be used- 
and then on systems that are inherently simple or small. 

Incidentally, there is a possibility for creative logic expansion by 
gating the ground line to an entire IC package. For instance, if you 
lifted the ground off a 7400 gate, you would have four 3-input logic 
gates in a single package, because to get the output to go to ground, 
the package ground would have to be present and both inputs would 
have to be positive. Obviously, the four functions will have one com- 
mon logic line-the one controlling the package ground. This can 
simplify things, but it takes careful consideration of what is going on 



inside the package. Also, higher-power devices are normally needed to 
control an entire package at once. Simply running a whole package 
through the open collector of another one generally is very bad 
practice. 

As an example, if you wanted to enable 12 lines simultaneously, 
you could do this normally with three gate packages, or else you could 
use two hex inverters and key the ground line. Since TTL is a current- 
sinking logic, removing the supply power is not the same as a grounded 
output. To get an output-low state (positive-logic O), you must pro- 
vide a low-impedance current path to ground. This technique is handy 
sometimes, particularly in small systems, but you have to be very care- 
ful how you use it. 

TRI-STATE LOGIC 

To overcome the limitations of open-collector logic, such as limited 
speed, poor noise immunity, and difficulty of servicing, Tri-State logic 
was invented. National Semiconductor has been responsible for much 
of the development and application of Tri-State logic. It has turned out 
to be a very powerful tool for any application where many logic gates 
have to "talk" to each other over a common "party line" or system 
buss. One obvious application is in minicomputers where any number 
of input and control devices must be able to selectively talk to each 
other in any combination, over a single group of buss rails. 

The third state in Tri-State logic is an open circuit. It is not a level 
halfway up, nor does it have anything to do with 3-input gates or 
majority logic. Any Tri-State device has an output enable control. 
With the enable control activated, the output behaves as an ordinary 
TTL gate, either with active totem-pole pull-up for a logic 1 (positive 
logic) and current-sinking pull-down for a logic 0. In the third state, 
the internal circuitry is essentially disconnected from the output. The 
output is then free to assume any value it likes, and the integrated cir- 
cuit is essentially transparent to anything connected to the output. 

Fig. 3- 15 shows two applications in Tri-State logic. In the first (Fig. 
3-15A) we can use the enable controls on Tri-State packages to re- 
place several data selectors. Suppose we have four lines that are to 
obtain digital data from any of four possible sources. Done tradition- 
ally, this would take two dual 4-input data selectors. Each selector 
would be taught with a $-state code (00, 01, 10, 11) which input to 
select. With Tri-State logic, we simply short four outputs together and 
then selectively enable only that output we want to use. The three out- 
puts not selected are essentially transparent to the output, pulling it 
neither up nor down. Of course, we have to be careful to enable only 
one output at a time, but this is what Tri-State is all about. Enabling 
two at a time would be the same as shorting conventional TTL. 



(A) Outputs shorted together. May be done 
only with Tri-State devices. 

t B C D  SELECT 

SBECT 
(B) "Party line" or system buss. 

Fig. 3-13. Using Tri-State logic to shnplify system connections. 

If the source of the logic signals can be converted to Tri-State, the 
operation is essentially free, and we have replaced a group of data 
selectors with nothing. The only price paid is a small one-Tri State 
gates cost slightly more than regular ones, are available in fewer func- 
tions, and take either a larger package or fewer functions per package 
to make room for the enable commands. 

In Fig. 3-1 58, we have a buss-oriented system, such as is typical of 
a minicomputer. Here, any one of the devices can talk to any other 
one over the same line, provided, of course, that only one source is 
enabled at a time. 

The hallmarks of the Tri-State system are its use to eliminate selec- 
tors, to combine signals, or to build a buss-oriented system. Tri-State 
logic is normally reserved for only these applications and normal logic 
should be used elsewhere. The rule is that Tri-State logic solves a 
number of design problems, but you do not use it where you do not 
need it. 

ADVANCED LOGIC DESIGN: DATA-SELECTOR LOGIC 

We will look at some logic design examples shortly and try to for- 
mulate a set of rules of logic design. Generally, for a simple logic task, 



you pick the few TTL devices needed to provide the function. If the 
task is more complex, a standard piece of MSI may do the job or be 
readily adapted to do the job. For very complicated tasks, several 
advanced logic techniques are available to solve the problem. 

In the past, standard procedure was to learn all about Boolean Al- 
gebra, minimization techniques, subsets, Karnaugh mapping, and re- 
lated time-consuming horrors. After hours of labor, the end product 
was a circuit that was "minimum" in a sense of using the minimum 
possible number of gates. 

Today this approach is no longer reasonable. A logic problem 
should be solved in the least possibIe time, using the most reasonable 
combination of TTL packages to get the job done. Preferably, it should 
be easy to alter, unlike the complex logically minimum network of the 
past that required extensive reworking. The name of the game is 
changed; today you use the simplest and most direct method to get 
the job done, 

There are two I-package solutions to any logic design problem, and 
the design time is measured in seconds with either technique. One is a 
middleweight technique called data-selector logic. The second is a 
heavyweight block buskr, called Read-Only Memory logic. A third 
technique, called programmable logic arrays also exists, but it is re- 
served for special problems and is not readily available to the average 
designer. 

A data selector is a TTL version of a one-way selector switch. On 
proper command, it routes a selected input to its own output line. It is 
normally used to sequentially sample a number of logic inputs. You 
can get four SPDT units per package (741 57), two $-position selec- 
tors (74 153), one &position selector (741 52), and, finally, one 16- 
position data selector (74150). This last circuit, being a little more 
complex, requires a 24-pin package. 

An obvious way to use data selectors is to put 1's and 0's where they 
are needed on the inputs to directly generate the logic truth table. The 
select lines become the logic inputs, and the output goes to the proper 
position for each combination of inputs and picks a 1 or a 0 as called 
for in the truth table. 

A nonobvious way to obtain the same result, with only half the 
hardware is to apply a 1, a 0, a new variable, or the complement of 
that new variable to each successive input. The only restriction here 
is that one of the logic inputs must have its complement available for 
the majority of truth tables. 

With this "folding" technique, you can realize one function of four 
variables with one 8-position data selector. In this manner, any desir- 
able logic function can be achieved in a single-package solution. What 
is even better is that it will always work, it is easy to change, and it 
takes only seconds to design. 



The best way to show the process is with an example. Suppose we 
had four variables as inputs and we wanted the truth table shown in 
Fig. 3-16. 

At first inspection, there is no apparently reasonable way to obtain 
a single-package solution to this truth table by conventional means. 
But, with data selector logic, the results are obvious and instantaneous. 
All it takes is a single 8-position data selector. 

D C B A OUT 

0 0 0 0  0  
0 0 0 1  1  
0 0 1 0  1  
0 0 1 1  0  
0 1 0 0  0  
0 1 0 1  1  
0 1 1 0  1  
0 1 1 1  0  
1 0 0 0  1 
1 0 0 1  0 
1 0 1 0  1  
1 0 1 1  0  
1 1 0 0  1  
1 1 0 1  1  
1 1 1 0  0 
1 1 1 1  0 

Fig. 3-16. Truth table for problem stated in 
the text. 

Of course, a 16-position data selector could be used instead. We 
connect A to the 1 Select logic line, B to the 2 Select logic line, C to 
the 4 Select logic line, and D to the 8 Select logic line. The data 
selector then sequentially scans the truth table, and all we do is put 
the desired output at each input sample point, or a 0-1 - 1-0-0-1- 1-0-1 - 
0-1-0-1-1-0-0. The circuit is shown in Fig. 3-17A. 

Even with the obvious solution, we end up with one package and an 
instant design that changes as quickly as you can write down your 
truth table. Let us now consider the "folding" technique that needs 
only a half-size data selector. 

Suppose we use the A, B, and C lines to step an 8-position data 
selector and temporarily set aside input D. We then look at our truth 
table and check pairs of entries with identical A, B, and C values. 

Starting at the top, 0-(000) is a 0, while 1-(000) is a 1 on our par- 
ticular truth table. Evidently we need an output that is a 1 when D is 
a 1 and a 0 when D is a 0, so we connect D to this input. This takes 
care of two states in the truth table. 

We continue. 0-(001) is a 1, while 1-(001) is a 0. Here, we need a 
0 when D is a 1 and vice versa, so we connect the complement of D, 
or n, to the input corresponding to C = 0, B = 0, A = 1. And two 
more states of the truth table are resolved. 



Going on further, the (010) state is a 1 output regardless of D, and 
the (01 1) state is a 0 regardless of D, so we put a 1 and a 0 on these 
respective inputs. 

We go on down the list, checking each pair of truth-table entries, 
providing either 0, 1, D, or as inputs to generate the entire truth 
table. The final circuit appears in Fig. 3-17B. 

1 0 INPUTS + 
0 1 
0 2 GN D 
1 3 ENABLE 
1 4 
0 5 
0 6 
I 7 W 
0 8 
1 9 
0 1 0  
1 11 74150 

0 12  
0 13 

NOTE: 
741% NORMAUY INVERTS LOGIC; 

INPUTS HAVE BEEN CWPLEMENTED TO 
GCT POSITIVE LOGIC UJTPUT. 

(A) Direct solution (obvious method). 

Fig. 3-17. Data selector logic solutions to problems. 

D - 
6- 
1 2  
O C  

0 - 
(B) Folded solution (best method). 

- 
D 
0- 

Had the truth table been different, the position and combination of 
1, 0, D, and on the inputs would be redistributed. Thus any truth 
table is equally easy to do this way. 

The design rules are simple. You write down the truth table. Then 
you pick a data selector having one less position logic line than you 
have variables in yourtruth table. You then look at the truth table and 
apply the 1, 0, D, or D to the right inputs. To make any changes, just 
change the truth table and repeat the process. Any medium-sized logic 
problem should take less than 30 seconds this way. 

O INPUTS + 
1 GND 

ENABLE 
3 Y 
4 74151 

5 
6 

SELECT 
l C B A  

4 
- 

-1 ? 

5 OUTPUT 



You use data-selector logic if the complexity of the problem is such 
that a 1-package or a 2-package "gates only" solution to the logic 
problem will not work, or if you find yourself spending a lot of design 
time on a system that probably will be changed later. Cost is another 
factor. Sometimes it is a comparison of IC prices, with data selectors 
costing more than simple gates. Most of the time, the extra design 
time, extra pc board space, and extra installation costs of the conven- 
tional system make the data-selector route attractive. Obviously, if the 
logic is simple enough to be handled with a basic NAND or NOR gate or 
perhaps two packages, the conventional route is better; above this, 
consider this powerful advanced-logic technique. 

In summary, a logic block with a tremendous amount of redundancy 
has been limited to performing only the specific task desired. This solu- 
tion is by no means logically "minimum," in that it can handle all pos- 
sible logic problems. But a "minimum" solution takes more parts and 
more design time, is difficult to change, and costs more. 

The number of functions that can be obtained per package is shown 
in Table 3- 1. 

For logic designs above five inputs or with a number of different 
outputs, we have to consider a stronger tool, the Read-Only Memory. 

Table 3-1. Date - Selector Logic 

; 1 li 
32 

7 64 

*24-pin package. 

Input Variables 

ADVANCED LOGIC DESIGN: THE READ-ONLY MEMORY 

For major design problems, perhaps eight outputs of six variables 
each, we can use a group of ICs called Read-Only Memories, or 
ROMs. A Read-Only Memory is a table look-up type of device. A 
truth table is decided upon and then the initially blank memory is 
"taught" the needed truth table. This teaching process can be done by 
the manufacturer with a masking step for volume use, or it can be done 
in the field either by yourself or with any of the programming services 
available at many electronic distributors. Chart 3-2 lists some of the 
leading Read-Only-Memory manufacturers and one source of pro- 
gramming machines. 

A ROM can be thought of as a universal logic block with A inputs 
and B outputs. For each unique combination of A inputs, a selected 

Selector Positions 
per Output 

Packages per 
Output 



Chart 3-2. Some Read-Only-Memory Manufacturers 

Circuits: 

Harris Semiconductor Motorola Semiconductor Products 
Box 883 Box 2091 2 
Melbourne, Florida 32901 Phoenix, Arizona 85036 

Intel Corp. National Semiconductor Corp. 
3065 Bower Avenue 2900 Semiconductor Drive 
Santa Clara, California 95051 Santa Clara, California 95051 

Intersil, Inc. Signetics 
1 0900 N. Tantau Avenue 81 1 East Arques Avenue 
Cupertino, California 95014 Sunnyvale, California 94086 

Microsystems International Solitron Devices 
Box 3529, Station C 8808 Balboa Avenue 
Ottawa, Canada San Diego, California 921 23 

Monolithic Memories, Inc. Texas Instruments, Inc. 
1 165 East Arques Avenue Box 1443, Station 612 
Sunnyvale, California 94086 Houston, Texas 77001 

Programmers: 

Spectrum Dynamics 
2300 East Oakland Park Blvd 
Ft, Lauderdale, Florida 33306 

! A 

and programmed series of outputs appears on the B lines. As with 
data-selector logic, the Read-Only Memory has an incredible amount 
of redundancy. During programming, the ability to realize any logic 
task is reduced to the particular job for which it is programmed. With 
most ROMs, the training is permanent. Once programmed, it retains 
the information forever. Since the programming is physical, loss of 
supply power has no effect; when power is returned, the ROM again 
provides the right information in the proper place. 

Fig. 3-18 shows how a "semidiscrete" Read-Only Memory might 
be built. Suppose we took four input lines (A = 4) and routed them 
to a 4-line to 16-line decoder such as a 74154. We now have 16 inter- 
mediate output lines. Only one of these lines will go to ground at a 
time; the rest will remain high. For instance on input code 0000, the 
top line will go to ground. On code 1001, the "9" line or the tenth line 
from the top goes to ground, and so on. 



We now arrange a diode array on eight possible output lines 
(B = 8). The diodes perform a negative-logic OR function. This means 
that those output lines we select by connection of diodes will also go 
low when the intermediate output lines do; the remainder will stay 
high. By inserting or omitting diodes, any truth table we wish can be 
generated. The particular truth table shown is for a 7-segment hexi- 
decimal display decoder. Any desired truth table, consistent with the 
number of available inputs and outputs or less, can be built this way. 

OUTPUTS 
(NOT l l L  COMPATIBLEI 

Fig. 3-18A. "Do it yourself'' Read-Only Memory shows how the fully integrated ones 
work. Program shown is for a hexidecimal 7-segment decoder. 



To change the logic, only the number of diodes used and their location 
need be changed.- 

In commercial ROMs, holes in a mask, a buried charge layer, or 
fuses that can be blown are used instead of diodes. The organization 
of a Read-Only-Memory determines how it is internally arranged. 
This particular version has four input lines capable of 16 possible indi- 
vidual output combinations. There are eight output lines. This is called 
a ROM of sixteen 8-bit words, a 16 x 8 or a 128-bit ROM. The num- 
ber of bits equal the number of potential diode, fuse, or buried charge 
points. 

While building a custom-integrated circuit may seem complicated 
and expensive, its 1-package solution and instant design make it very 
attractive. As of January, 1977, PROM prices start at $1.95 and 
average half a cent per bit for larger sizes. Many "ordinary" integrated 
circuits are really preprogrammed ROMs in disguise, and a wide 
variety of functions are available as stock items. Typical devices are 
decoders, character generators, trig look-up tables, code converters, 
and keyboard encoders. While you can do the programming your- 

FOR LAMP TEST, MAKE ENABLE ON 74154 POSITIVE. 
FOR BUNK INC, REMOVE +5 v a T s  FROM TOP OF RESISTORS. 

+=LJ 

SEGMENT 

PATTERN 

fl 
; 
( 
-7 
y 
_5 

7 
3 
9 
2 

INPU 

D C B A  

0 0 0 0  

0 0 0 1  

0 0 1 0  

0 0 1  1 

0 1 0 0  

0 1 0 1  

0 1 1 0  

0 1 1 1  

1 0 0 0  

1 0 0 1  

1 0 1 0  

Fig. 3-188. Truth table and pattern for "do it yourself" Read-Only Memory. By re- 
arranging diode positions, 2lS6 different truth tables can be handled. 

0 1 1 1 1 0 1 1  

1 1 1 1  1 0 0 0 1 1 1  1 
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l l l l l l 0 0  

0 1 1 0 0 0 0 1  

1 1 0 1 1 0 1 1  

l l l l 0 O l l  

O l l O O I l l  

1 0 1 1 0 1 1 1  

1 0 1 1 1 1 1 1  

1 1 1 0 0 0 0 1  

1 1 1 1 1 1 1 1  

1 1 1 1 0 1 1 1  

1 1 1 1 1 0 1 1  



self-all it takes is a power supply and a meter-the "zero defects" 
nature of the job and its tediousness makes distributor programming 
services a bargain. Their results are guaranteed-provided your truth 
table is correct. Charges vary somewhat, ranging from free to nomi- 
nal. 

We will save a design example on ROM use for the next section. 
The design process is almost trivial. The use of a ROM should be 
considered anytime the circuit complexity is too much for simple gate 
combinations or data-selector logic. Next, a check should be made to 
see if some standard product, maybe a ROM in disguise, is already 
available as a stock item that will do the job, or perhaps the task can 
be suitably modified to fit an available device. 

When a custom ROM is called for, a truth table should be gener- 
ated. If the first truth table seems to require a very large ROM or* a 
group of ROMs, you must attack the problem of minimizing the es- 
sential functions of the ROM. If the truth table seems too large, it can 
usually be reworked into a smaller form by the use of folding, multiple 
quadrants, or symmetry, or by factoring, eliminating don't-care states, 
or omitting functions that are trivial or easy to do with one or two 
external ICs. Some minimization and rethinking can be applied to vir- 
tually all ROM applications, especially if a very large ROM or more 
than one is needed. 

A ROM is then selected, programmed either by you or by a pro- 
gramming service, and proven out. Should you need a large quantity 
of ROMs, factory-programmable units are cheaper as they use a mask 
instead of fuses. The breakeven point is typically several hundred 
units. Field-programmable units should always be used in applications 
that are likely to change or need customizing in the future. 

A few ROMs are erasable, but the majority are not. One popular 
unit is the Harris HPROM 05 12 (now the 741 86). This was one of 
the earliest units available. It is a 512-bit unit, arranged as sixty-four 
8-bit words, giving you six input lines and eight output lines. It works 
on the same supply as the TTL does and is essentially a TTL device. 
Operating speed is around 50 nanoseconds. A second ROM is the Sig- 
netics 8223, arranged as thirty-two 8-bit words. 

Read-Only Memories are by no means limited to table look-up and 
logic applications. If you go through the inputs sequentially, you can 
generate waveforms with them. If you latch the outputs and let the 
output of one state determine the next input address, the ROM can be 
made to sequence in any way you like. Obvious applications are in 
special sequence and special length counters, and in minicomputer 
control circuitry. In minicomputers, ROM sequencing is called micro- 
programming. Loops are done by returning a ROM to its initial ad- 
dress, and branching is done by using an additional input line to break 
out of a loop or make a decision. 



Output enable controls are normally provided on a Read-Only 
Memory. Besides letting you turn the output load on and off, this lets 
you combine several ROMs for a bigger truth table. Note that the 
number of fixed-organization ROMs equals 2", where x is the number 
of extra inputs you need. Thus, to use 512-bit, 6-input ROMs, you 
need one for six inputs (zero extra inputs), two for seven inputs (one 
extra input), four for eight inputs (two extra inputs), eight for nine 
inputs (three extra inputs), and sixteen for ten inputs (four extra 
inputs). Truth tables that seem excessive can almost always be re- 
duced to manageabIe size by suitably rearranging or rethinking the 
problem. Unless you are using a simple truth table and a small ROM, 
always assume your initial truth table is 4 to 64 times bigger than is 
really needed to do that part of your problem which is handled best by 
a ROM. Always rethink and recombine truth tables to the minimum 
possible size. 

SOME EXAMPLES AND LOGIC DESIGN RULES 

In this chapter we have examined four good approaches to logic 
design. We can build our own logic blocks out of simple combinations 
of gates. We can make use of already available stock devices and func- 
tions wherever possible. We can use a data-selector logic for intermedi- 
ate, nonstandard problems, and, finally, we can use Read-Only Mem- 
ory logic for complex problems. 

The first step in any logic design is to ask if the design is needed at 
all. Is the* some easier way of thinking out the problem or an addi- 
tional or fresh approach that will be simpler or will completely elimi- 
nate the need for a design? This step is often eliminated-the result is 
a costly design, a waste of time, and possibly a later reworking. If it 
appears that a logic problem is going to take a number of parts, 
chances are the problem can be eliminated or greatly minimized. In 
fact, the more parts it seems to need, the greater the possibility of 
doing away with it entirely. 

Once you are convinced that a solvable problem does exist, a thor- 
ough search should be made for any stock ICs that will do the job or 
that can be adapted for use. Be sure to check cost and availability as 
well as technical suitability for the job. Only if you are absolutely con- 
vinced that the logic design is necessary and then are further convinced 
that no inexpensive, available IC in stock will do the job, should you 
consider your own custom design. Having made this decision, the com- 
plexity of the problem will decide whether it is best to use gate com- 
binations, data-selector Iogic, or a full ROM design. The best solution 
will often be a combination of the techniques-for instance, a ROM 
with several attached gates or a stock item with some added logic. The 
obvious solution to a logic problem is rarely the best. 



We have already seen how to use data-selector logic. Let us look at 
two example. that show the use of ROMs, standard parts, and multi- 
ple gates : 

Problem No. I-Redesign an old surplus teletype to speak modem 
computer language. 
Problem No. 2-Modify a single-contact keyboard assembly to 
speak modem computer Ianguage. 

Note that these problems are real-world ones, not generate-the-fol- 
lowing-logic ones. We will try to show the thought processes as well as 
the final solutions. 

THE ASCII COMPUTER CODE 

We obviously have to start with the modern computer code. It is 
called ASCII, short for American Standard Computer Information 
Interchange code. The code is shown in Fig. 3-19. (In the real world, 

Fig. 3-19. ASCII standard computer code. 

we would consult the Reference Data for Radio Engineers* or try 
some American Standards Association publications or back issues of 
computer magazines, particularly Communications of the A.C.M., as 
well as computer handbooks or textbooks.) 

*Published by Howard W. Sams & Co., Inc. 

1 SO 



The code is thought of in subsets. Sixty-four of the possible words 
are reserved for upper-case alphabet, numbers, a blank, and often- 
used punctuation marks. Thirty-two more words are reserved for 
transparent or machine commands: such as starts and stops, carriage 
returns, line feeds, etc. These never appear in a message or in print; 
they control and communicate between hardware at both ends. A final 
32 words are saved for lower-case alphabet and some little-used punc- 
tuation. These are rarely used. 

The total number of words is 128, so we can use seven bits to repre- 
sent all of the code. In practice, an eighth bit is added for parity and 
error detection, or is left blank. Eight bits make up the normal com- 
plete code. These may be sent either in serial form, one bit at a time, 
or in parallel, all bits at once. 

We will attack problem No. 1 first. The "old" teletype is probably 
a 5-level machine using the Baudot code of Fig. 3-20. This was a 5-bit 

Fig. 3-20. Baudot (five-level teletype) code. 

CODE LETTERS FIGURES 

00000 BLANK BLANK 
wool E 3 
a m 0  L INEFEED L INEFEED 
001 1 A 

MllOO SPACE S PtCE 
001 01 S 
001 10 I 8 
all11 U 7 

OlOOO CAR REr.  CAR RET. 
01 OD1 0 ACKNaULEDGE 
01010 R 4 
01 01 1 J BELL 

01100 N 
01101 F ! 
01110 C 
01111 K 1 

code that had "case" shift commands. If you hit the LETTERS key, a 
mechanical flip-flop was set, and 30 letters and punctuation were print- 
able. If the FIGURES key was pressed, 30 numbers and punctuation 
were printable, with machine commands mixed in for good measure. 

We first decide whether we need any logic at all. If the task must be 
done with an old teletype, and if we are to have all commands and be 
able to touch-type, the answer is probably yes. We next ask if any 
commercial unit is available to do the job. You can get ROMs that go 
from ASCII to SELECTRIC and back again, and ASCII to EBCDIC 
converters; but at this writing, no BAUDOT to ASCII ROM is readily 
available at low cost. 

CODE LETTERS FIGURES 

10MW) T 5 
1m1 z t 

10010 L I 
lWll W 2 

10100 H t 
10101 Y 6 
10110 P B 
10111 Q 1 

1 loo0 0 9 
11 Mll 6 ? 
11010 G & 
11011 FIGURES FIGURES 

11100 M 
11101 X I 
11110 v 
11111 LETERS LEITERS 



So, we can consider a custom design. It is fairly obvious that the 
task is well beyond what is reasonable with either simple gates or data 
selectors, although we will need some simple gates to straighten out 
the figures-letters problem. A ROM seems to be a solution, and since 
we apparently need sixty-four 8-bit words, a 512-bit, 64 x 8 ROM 
would be ideal. There also is no obviously good way to reduce these 
requirements, so this is the size we will use. 

Five inputs from the teletype go directly to the ROM (assuming 
they have been conditioned and made TTL compatible). From these 
five lines we decode the letters state and the figures state and use them 
to set and reset a set-reset flip-flop (see next chapter), so that LETTERS 
gives us a 0 and FIGURES gives us a 1. We use this lead from the flip- 
flop as a sixth ROM input line. 

We then generate a truth table. Each address is determined by the 
input code, and each output is determined by the equivalent ASCII 
code we want. Although we will leave the eighth bit all l's, we could 
put odd or even parity in instead. For instance, a Baudot R is coded 
01010. Letters would be a 0, and the input address is then 0-01010 or 
simply 001 01 0. An ASCII R has an output code of 101-0010. To this 
we add an eighth bit 1, for an output of 1101-0010. After completing 

Fig. 3-21A. Building a Baudot to ASCII converter, using a Read-Only Memory. 
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I 

ROM TRUTH TABLE 

IN OUT 

, 1-01100 1010-1100 
! 1-01101 1010-0001 
: 1-01110 1011-1010 
l 1-01111 1010-1000 

5 1-10000 1011-0101 
+ 1-10001 1010-1011 
) 1-10010 1010-1001 
2 1010011 1011-~10 

# 1010100 1010-0011 
6 1-10101 1011 -0110 
B 1-10110 lOllMlOO 
1 1-10111 1011-0001 

9 1-11000 1011-1001 
? 1-11001 1011 -1111 
& 1-11010 1010-0110 
FIG 1-11011 1000MX)O 

. 1-11100 1010-1110 
1 1-11101 1010-1111 

1-11110 1011-1101 
LET 1-11111 1000-0000 

I N  OUT 

NU1 0-00000 1000-0000 
E 0-00001 1100-0101 
LF 0-00010 1000-1010 
A 0-00011 1100-0001 

SP OdOlOO 1010-0000 
S 0-00101 1101-0011 
I 0-00110 1100-1001 
u 0-00111 1101-0101 

CR 0-01000 1000-1101 
D 0-01001 1100-0100 
R 0-01010 1101-Do10 
J 0-01011 1100-1010 

N 0-01100 1100-1110 
F 0-01101 1100-0110 
C 0-01110 1100-OOll 
K 0-01111 1100-1011 

T 0-10000 1101-0100 
Z 0-10001 1101-1010 
L 0-10010 11m-llw 
W 0-10011 1101-0111 

IN  OUT 

0 0-11000 1100-1111 
B 0-11001 1100-0010 
G 0-11010 1100-0111 
FIG 0-11011 1000-0000 

M 0-11100 1100-1101 
X 0-11101 1101-1000 
v 0-11110 1101-0110 
LET 0-11111 1000-0000 

NUL 1-00000 1000-0000 
3 1-00001 1011-0011 
LF 1-00010 1000-1010 
- 1-00011 1010-1101 

SP 1-00100 1010-0000 
' 1-00101 1010-0111 
B 1-00110 1011-1000 
7 1-0(1111 1011-0111 

CR 1-01000 1MK)-1101 
ACK 1-01001 1000-0110 
4 1-01010 1011-0100 
BEL 1-01011 1000-0111 

H 0-10100 11m-lcm 
Y 0-10101 1101-1001 
P 
Q 

NOTE THAT THE LETTERS !LET) AN0 FIGURES IFIG) 
F;O$M$~:N~~:FF~ERTEO TO AN ASCl l NULL lNULI OR 



the truth table, we program the ROM. The truth table and final circuit 
are shown in Figs. 3-21A aand B. 

If we wanted to approach the problem in the opposite way, we 
would reverse the process and design a new ROM that accepted ASCII 
for inputs and produced BAUDOT outputs. To avoid needing eight 
bits of input, we could use the ROM only with the six bits of letters/ 
numbers ASCII and somehow route the machine commands around 
the ROM. Since there are only three commands (Linefeed, Carriage 
Return, and Bell), only simple external logic is needed. This is a good 
example of cutting what would initially appear to need a 2048-bit 
ROM down to a 5 12-bit one. Some additional simple logic would take 
care of figures/letters shifting. Try it as an exercise. 

- 

The keyboard problem is obviously easy. All we need to do the job 
is eight 64-input gates! The challenge is to accomplish it with a few 
low-cost integrated circuits and simple wiring instead of a complex 
system. This is an outstanding example of the obvious way to do things 
being a very poor route indeed. 

tSV  ENABLE 

BAUDOT 
CODE 

IN 

"LETIERS" 
DECODE 

t 1 = FIGURES 
0 - LETTERS 

'F IGURES " 
DECODE 

ASCI I  
CODE 
OUT 

Fig. 3-216. Baudot to ASCII circuit. 




















































































































































































































































































































































































