
Technology 

New Logic Function Symbols 
Here is what these latest graphic symbols mean and why they 
are now being used in many data books and schematics 

By Jan Axelson 

T. the surprise (and confu- 
sion) of many readers who 
refer to manufacturers' data 

books for information, different 
graphic symbols are used to portray 
logic functions. In these new sym- 
bols the familiar shapes of AND and 
OR gates may not be seen. Instead, 
digital logic can be illustrated by rec- 
tangular symbols that contain a vari- 
ety of other special symbols and no- 
tations. Texas Instruments, for ex- 
ample, use these modern symbols in 
their data books while also illustrat- 
ing logic diagrams with the well- 
known symbology. 

What are the new graphic sym- 
bols, and why and where are they 
used? The following article answers 
these questions. In addition, by de- 
coding the symbols for three differ- 
ent ICs, you'll learn how to go about 
interpreting the graphics symbol for 
just about any logic chip. 

A New Logic Language 
Why develop a whole new graphic 
language when one already exists? 
The reason rests on the fact that 
functions and capabilities of inte- 
grated circuits are becoming more 
and more complex. Consequently, 
it's becoming very difficult to draw a 
logic diagram that describes both 
fully and completely how a particu- 
lar IC behaves. 

Realizing this, the IEEE (Institute 
of Electrical and Electronics Engi- 
neers) developed a new standard for 
symbols that could show the func- 
tions and behavior of any logic cir- 
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Fig. I. The newer logic symbol in (B) represents the same device as the logic dia- 
gram in (A) does. Each rectangle in the logic symbol represents a dual -input 

NAND gate. 

cuit much more concisely. The new 
standard (ANSI/IEEE Std 91-1984 
and IEC Publication 617-12) was 
written to be compatible with the re- 
commendations of the IEC (Interna- 
tional Electrotechnical Commis- 
sion), whose standards are followed 
world-wide. Contributors included 
members of industry, government, 
and education. 

The new logic symbols can portray 
the functions of complicated logic 
circuitry in detail, yet compactly. In 
contrast, "old-style" logic diagrams 
often require a maze of connections 
among logic gates and other circuit 
elements. To understand how a de- 
vice operates, you often find your- 
self laboriously tracing a signal 
through the maze. 

A space -saving alternative way to 
portray a device is to draw a simple 
rectangle and label the inputs and 

outputs. But this doesn't tell you 
very much about how the circuit be- 
haves-you have to go back to the 
data sheet to find out more. 

The new logic symbols offer a 
third choice. They're concise be- 
cause many functions can be de- 
scribed by a single symbol within the 
main logic symbol, and related sig- 
nals are coded to show how they af- 
fect each other. Also, logic symbols 
can give you more information- 
there are notations to represent 
open -collector, open -emitter, and 
three -state outputs, for instance. 

(From here on, I'll refer to the 
"old-style" drawings as logic dia- 
grams, and to the "new -style" draw- 
ings as logic symbols.) 

The official document describing 
the new symbols is called Graphic 
Symbols for Logic Functions. As 
standards go, this one is easy to un - 
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derstand and use. It includes full de- 
finitions of terms used, many exam- 
ples, and much more detail than this 
brief article does. 

Single copies of the full standard 
cost $12 plus $4 shipping and han- 
dling, from the American National 
Standards Institute, Attention: Sales 
Department, 1430 Broadway, New 
York, NY 10018. Ask for ANSI/ 
IEEE standard 91-1984. Also, a 
helpful summary of the symbols and 
their meanings can be found in The 
TTL Data Book, Volume 1, 1984, 
from Texas Instruments. 

Decoding a Symbol 
How do you interpret the new sym- 
bols? A logic symbol is made up of 
two, or sometimes three, elements: 
the outline, qualifying symbols and, 
optionally, dependency notation. 
Each of these elements has its own 
symbolic language. In addition, in- 
puts and outputs are normally labeled 
on the symbol. 

Let's look at an example. Figure 1 

shows both the logic diagram and the 
logic symbol for a 7403 quadruple 
NAND gate. The logic diagram con- 
sists of four familiar NAND gate 
symbols and their inputs and outputs. 

In the logic symbol, the outline is 

four rectangles stacked vertically. 
Unless arrows indicate otherwise, in- 
puts are assumed to be, as here, on 
the left, and outputs on the right. 
The particular dimensions of the rec- 
tangles aren't significant. However, 
the fact that the rectangles are stacked 
vertically-perpendicular to the left - 
to -right signal flow-is significant. 
It tells you that there is no logic con- 
nection between the blocks and that 
each block functions independently. 

The logic symbol for the 7403 uses 
three different qualifying symbols. 
Qualifying symbols are notations 
that describe logic characteristics af- 
fecting the inputs, outputs or overall 
characteristics of a logic circuit. 

Table I shows some of these as spe- 
cified by the standard. Many of the 
symbols represent functions that 
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Fig. 2. The familiar logic diagram for a 74365 hex bus driver is shown in (A), the 
logic symbol in (B). The distinctively shaped common control block in the logic 

symbol contains the signals that enable the six drivers. 

are difficult to portray concisely us- 
ing the traditional logic gates. By 
using a qualifying symbol, you can 
describe a logic operation without 
showing every circuit element and 
connection involved. 

One qualifying symbol in Fig. 1 is 

easy to guess the meaning of: the & 

means that the two inputs to each 
block are ANDed. If there is little 
chance for confusion, a symbol that 
applies to all blocks in a row need be 
included only in the top block. In this 
example, you can assume that the & 

applies to all four rectangles. 
The triangular symbols at each 

output tell you the outputs are ac- 
tive -LOW, or inverted. Combine 
these inverters with the AND func- 
tion and you have four NAND gates. 

The other qualifying symbol in the 
top block indicates NPN open -col- 
lector outputs. This is the kind of in- 
formation that is helpful to have in- 
cluded in the logic symbol; you no 

longer have to search through the da- 
ta sheet to ferret out such details. 

From this example, you can come 
up with ways to portray similar cir- 
cuits. To draw the symbol for a quad 
NOR gate, replace the AND symbol 
with the symbol for an OR gate. To 
show AND gates, leave out the in- 
verting triangles. And so on. 

Pin numbers can be added to the 
symbol if desired. Power supply con- 
nections can also be shown, using the 
symbol for non -logic connections 
(see Table I). 

Finally, you may be relieved to 
learn that the NAND -gate symbols 
in IA aren't forbidden by the new 
standard. Either system is al- 
lowed-it's up to you to choose the 
appropriate symbols for a particu- 
lar situation. 

Common Control Blocks 

Drawing or reading the logic sym- 
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Table 1-General Symbols 

SYMBOL 
& 

>_1 

1 

d 
X/Y 

MUX 
DMUX 

An. 
SRGm 
CTRm 
ROM' 
RAM' 

-I 
J 

K 
R 
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T 
D 

EN 

P -- 

FUNCTION 

AND gate 
OR gate 
EXCLUSIVE -OR gate 
Buffer/driver with amplification 
Schmitt trigger; input with hysteresis 
Coder (example: BIN/BCD) 
Multiplexer 
Demultiplexer 
Adder 
Retriggerable monostable 

Astable element 
Shift register; m = number of bits (example: SRG 4) 
Counter; m = number of bits (example: CTR 8) 
Read-only memory; * = number of addresses and bits (example: ROM 256 X 4) 
Random-access memory, `number of addresses and bits (example: RAM 256 X 1) 
Negated input (external 0 causes internal 1) specify (positive logic: LOW = 0, 

HIGH = 1) or (negative logic: HIGH = 0, LOW = 1) 
Active -LOW input (same as -q in positive logic) 
Dynamic input, transition causes temporary logic 1 

J input to JK flip-flop 
K input to JK flip-flop 
Reset 
Set 
Toggle 
Data input to storage element (flip-flop, shift register, etc.) 
Enable input 
Analog input 
Non -logic connection (such as to power supplies) 

GENERAL SYMBOLS 

SYMBOLS DESCRIBING OUTPUTS 

Negated output (internal 1 causes external 0) (specify positive logic or negative 
logic) 

Active -LOW output (same as p- in positive logic) 
NPN open -collector output, or equivalent 
NPN open -emitter output, or equivalent 
Three -state output 
Postponed output (change in state delayed until initializing input returns to its 

original state) 

bols for simple logic gates is relative- 
ly straightforward. A symbol that's a 
little more complex is the one de- 
scribing a 74365 hex bus driver, 
shown along with its logic diagram in 
Fig. 2. The outline of the logic sym- 
bol is made up of six matching rec- 
tangles topped off by a distinctively 
shaped common control block. And 
the common control block has an- 
other rectangle embedded in it. 

The common control block is iden- 
tifiable by its indentations at the bot- 
tom (or top, if that's where it at- 
taches to the rest of the circuit). The 
inputs to a common control block af- 
fect the signals in the blocks in the 

row attached to the control block's 
indented end. 

The symbol shows that G1 and G2, 

the inputs to the control block, are 
inverted, and the & tells you that the 
two inverted inputs are then ANDed 
inside the chip. 

Note that the two blocks making 
up the common control block have a 
vertical side in common. This tells 
you that there is a logic connection 
between the blocks. When the output 
of the AND function is active (logic 
1), the Enable function is also active, 
and the six Y outputs are enabled. 

Common control blocks might 
have any of a number of functions 

besides Enable. Counter (cTR), Shift 
Register (sRG), and Multiplexer 
(Mux), all functions that may affect 
several circuit elements at once, are 
just a few. 

Two other qualifying symbols 
complete the logic symbol. The tri- 
angular symbol in the center signifies 
a buffer or driver with amplification. 
The downward -pointing triangular 
symbol at YI tells you that the out- 
puts are three -state: When enabled, 
they are either HIGH or LOW. 
Otherwise, they are in a state of high 
impedance. Again, the symbols in 
the top driver block apply to the 
blocks below them-each of the six 
blocks represents a driver with three - 
state output. 

Dependency Notation 
Figure 3 shows the logic diagram and 
logic symbol for a 74LS378 hex D - 
type flip-flop. This symbol intro- 
duces the one type of notation we 
haven't yet seen-dependency nota- 
tion. Dependency notation describes 
functions that affect only some of a 
circuit's signals. 

Many functions, such as AND and 
Enable, can be portrayed with either 
qualifying symbols or dependency 
notation. But dependency notation 
is unique because each notation in- 
cludes a code to indicate which in- 
puts and outputs are affected. If an 
enable input affects a particular sig- 
nal, the enabling input can be labeled 
EN! and the enabled signal labeled 1 

to show the relationship. 
The position of the numeric code 

in the label distinguishes the affect- 
ing, or controlling, signal from its af- 
fected, or controlled, signals. In the 
affecting signal, the identifying 
number follows the dependency la- 
bel (as in ci). In the affected signal, 
it precedes the signal label, if one is 
present (as in ID). Any convenient 
numeric code can be used, as long as 
a different number is chosen for each 
dependency effect in the symbol. 

In all, eleven kinds of dependency 
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Fig. 3. In the logic symbol for the 74LS378 hex D -type flip flop, signals G1, 1C2, and D2 are coded to show 
which signals they affect and/or are affected by. 

notation are specified by the stan- 
dard. They're listed in Table II. The 
symbol for the 74LS378 uses two of 
these: AND (G) and Control (C) 

Dependency. 
Examining the symbol tells you 

just what effects the dependency no- 

tations describe in the circuit. The la- 
bel GI describes the virtual, or inter- 
nal, signal created by the negated G 

input. Inside the outline, signals la- 
beled 1 are active only when G is 

LOW. The affected signal in this 
case is 1C2, at the CLK input. 

Ta e II-Dependence Notations 

Result when affecting input = 
Symbol Type Logic 1 Logic 0 Comments 

Boolean Functions 
G AND Does not alter state Logic 0 Acts like an AND gate 
V OR Logic 1 Does not 

alter state 
Acts like an OR gate 

N Negate Complements logic Does not Acts like an Exclusive -OR 
state alter state gate 

Enable Functions 
C Control Permits action Prevents 

action 
Produces an action 

EN Enable Permits action Prevents 
action 

Has a single preparatory 
effect 

M Mode Permits action Prevents 
action 

Has alternative effects 

A Address Permits action Prevents 
action 

Selects an address 

Bistable Functions 
R Reset Acts as if S = 0, R=1 No effect In bistables, specifies result 

when R = S =1 
S Set Acts as if S =1, R = 0 No effect 

Other Functions 
X Transmit Path established No path 

established 
Forms transmission path 

Z Interconnect Logic 1 Logic 0 Indicates a logic connection 

In turn, the 2 in 1C2 tells you that 
CLK controls inputs labeled 2D in- 

side the outline. Again, because the 
bottom five blocks are unlabeled, 
you can assume that the notation 2D 

applies to all six flip-flops. (Be care- 
ful here not to confuse the qualifying 
symbol 2D, which applies to each 
of the six flip-flops, with the input 
label 2D, which identifies the second 
flip-flop.) 

The triangular symbol at CLK 

means that CLK is a dynamic input: 
When CLK changes state from LOW 
to HIGH, the rising edge of CLK 

causes a transitory, or temporary, 
logic 1 at 1C2. So in all, the symbol 
tells you that when G is low, the ris- 
ing edge of CLK transfers the data at 
the six inputs to their correspond- 
ing outputs. 

Other types of dependency nota- 
tion show OR, exclusive -OR, mode 
select (such as count up and count 
down), and other functions. The R 

and s dependency notations specify 
what happens in a bistable when 
both Set and Reset are HIGH. An 
output that is affected by two or 
more dependencies is analyzed by de- 
termining the effects of the depend- 
encies from left to right as shown on 
the symbol. 

(Continued on page 92) e 
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New Logic Function Symbols (from page 19) 

In short, any time a function af- 
fects only some of the signals in a 
logic function, dependency notation 
can concisely specify which signals 
are affected. 

Decoding Other Symbols 
These examples illustrate how to in- 
terpret the new logic symbols. In prac- 
tice such relatively simple and famil- 
iar functions really don't require the 
new symbols to portray them clearly. 
In general, the more complicated the 
device, the more likely it is that a log- 
ic symbol will help. 

Any logic symbol can be decoded 
using the same techniques as were 
used with these three ICs. First, ex- 
amine the blocks that make up the 
symbol and look for a common con- 
trol block. Then determine how the 
qualifying and dependency symbols 
affect the inputs and outputs. Many, 

Now You Can Learn Electronics 
From VHS Video Tape!!! 

UCANDO Now Has Four Video 
Tapes Designed For The 

Electronic Enthusiast. 

ELECTRONICS AND YOU-PART ONE DC 
PRICE $32.95 

You will learn about Series circuits, Parallel cir- 
cuits, the combination of Series -Parallel cir- 
cuits, Ohms Law, Voltage, Current and Resis- 
tance as well as how to use the Digital multi - 
meter. 

ELECTRONICS AND YOU-PART TWO AC 
PRICE $32.95 

You will learn about AC theory, Coils Trans- 
formers, Capacitors, Filter circuits and how 
they are used in actual circuits. 

VCR MAINTENANCE AND REPAIR 
PRICE $32.95 

This tape was designed for the average VCR 
user. No special tools or schooling are required 
for this tape. You will learn how to clean the en- 
tire tape path in the VCR as well as how to re- 
place some of the belts in the VCR. 

INTRODUCTION TO VCR REPAIR 
PRICE $59.95 

You will learn how the VCR Processes the Lum- 
inance, Chromance and Audio signals in the 
VCR, in both the playback and record modes. 
you will also learn about the Servo systems 
used to control the Capstan motor and the 
Video Drum Cylinder. This tape also covers 
many more aspects of the VCR. 

ORDER YOUR TAPES NOW! 
VISA and MASTER CARD are accepted. 
CALL: (513) 548.6113 or mail check or money 
order to: 

UCANDO P.O. Box 386 
Greenville, 
Ohio 45331 

and hopefully most, of the symbols 
used in the standard are already fa- 
miliar or are easy to guess the mean- 
ings of. Once you've mastered the 
system, the specifics aren't difficult 
to pick up. 

Learning a new language always 
involves some effort in learning the 
rules and a new vocabulary, but your 
reward is being able to communicate 
in new and often improved ways. 
This new language is no exception. 

IUE 

512K Hardware RAMdisk (from page 26) 

range. Once again, connect the me- 
ter's common lead to the circuit - 
ground point and, while observ- 
ing the display, touch the "hot" 
probe to all socket pins shown in the 
schematics connected to ground. In 
all cases, you should obtain a 0 - 
ohm reading. 

If you fail to obtain the proper 
voltage or resistance reading at any 
point in the circuit, carefully check 
your wiring. Correct the problem be- 
fore proceeding. 

When you are sure that your wir- 
ing is correct, power down the compu- 
ter and unplug the RAMdisk board. 
Then install the ICs in their respec- 
tive sockets, making certain each 
plugs into the correct socket in the 
proper orientations (see Fig. 3). Take 
care to prevent any IC pins from 
overhanging the sockets or folding 
under between ICs and sockets. 

To have the Hardware RAMdisk 
respond to the address assumed in 
the device -driver code, set the toggles 
on the SI DIP switch assembly as 
follows: 

Position 
1 

2 

3 

4 

5 

6 

7 

8 

Controls 
N.A. 
A9 
A8 
A7 
A6 
A5 
A4 
A3 

Status 
N.A. 
Off 
Off 
On 
Off 
Off 
Off 
On 

To set the board to another ad- 
dress, change the switch settings and 
device driver. An open (off) switch 
position corresponds to a logic 1, a 

closed (on) position to a logic O. Sim- 
ply set the switches to the binary 
value of the desired address range. 
Do not forget to change the device - 
driver and diagnostic source code! 

If you build only a 256K RAM - 
disk, modify the device driver as de- 
scribed. Then install RAM chips into 
the U21 through U28 sockets to fill 
bank 0 in Fig. 3. 

The RAMdisk device driver has 
been written to initialize ("format") 
the disk each time the system is re- 
booted. This includes power -up and 
any time a reset or ALT/CTRL/DEL 
key combination is executed. Initial- 
izing the RAMdisk erases any data 
previously written to the device. If you 
wish to be able to reboot the system 
without altering the RAMdisk, the 
easiest method of doing so is to re- 
move the initialization code from the 
device driver and make it a separate 
executable file. Then each time the 
Hardware RAMdisk is to be "for- 
matted," simply run the initializa- 
tion program. 

In addition to serving as a fast 
"disk," the Hardware RAMdisk has 
other uses. For example, it can serve 
as a debugger that can store system 
status, or you can store in it a map of 
the system's memory before execut- 
ing a new program. Since the RAM - 
disk is protected from random mem- 
ory writes by the computer's micro- 
processor, data in it can be used to 
restore system status after a "crash." 
The RAMdisk could also be used 
as a print spooler, which can buffer 
large files without taking up sys- 
tem memory. 

CIRCLE 36 ON FREE INFORMATION CARD 
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New Logic Function Symbols (from page 19) 

In short, any time a function af- 
fects only some of the signals in a 
logic function, dependency notation 
can concisely specify which signals 
are affected. 

Decoding Other Symbols 
These examples illustrate how to in- 
terpret the new logic symbols. In prac- 
tice such relatively simple and famil- 
iar functions really don't require the 
new symbols to portray them clearly. 
In general, the more complicated the 
device, the more likely it is that a log- 
ic symbol will help. 

Any logic symbol can be decoded 
using the same techniques as were 
used with these three ICs. First, ex- 
amine the blocks that make up the 
symbol and look for a common con- 
trol block. Then determine how the 
qualifying and dependency symbols 
affect the inputs and outputs. Many, 
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UCANDO Now Has Four Video 
Tapes Designed For The 
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ELECTRONICS AND YOU-PART ONE DC 
PRICE $32.95 

You will learn about Series circuits, Parallel cir- 
cuits, the combination of Series -Parallel cir- 
cuits, Ohms Law, Voltage, Current and Resis- 
tance as well as how to use the Digital multi - 
meter. 

ELECTRONICS AND YOU-PART TWO AC 
PRICE $32.95 

You will learn about AC theory, Coils Trans- 
formers, Capacitors, Filter circuits and how 
they are used in actual circuits. 

VCR MAINTENANCE AND REPAIR 
PRICE $32.95 

This tape was designed for the average VCR 
user. No special tools or schooling are required 
for this tape. You will learn how to clean the en- 
tire tape path in the VCR as well as how to re- 
place some of the belts in the VCR. 

INTRODUCTION TO VCR REPAIR 
PRICE $59.95 

You will learn how the VCR Processes the Lum- 
inance, Chromance and Audio signals in the 
VCR, in both the playback and record modes. 
you will also learn about the Servo systems 
used to control the Capstan motor and the 
Video Drum Cylinder. This tape also covers 
many more aspects of the VCR. 

ORDER YOUR TAPES NOW! 
VISA and MASTER CARD are accepted. 
CALL: (513) 548.6113 or mail check or money 
order to: 

UCANDO P.O. Box 386 
Greenville, 
Ohio 45331 

and hopefully most, of the symbols 
used in the standard are already fa- 
miliar or are easy to guess the mean- 
ings of. Once you've mastered the 
system, the specifics aren't difficult 
to pick up. 

Learning a new language always 
involves some effort in learning the 
rules and a new vocabulary, but your 
reward is being able to communicate 
in new and often improved ways. 
This new language is no exception. 

IUE 

512K Hardware RAMdisk (from page 26) 

range. Once again, connect the me- 
ter's common lead to the circuit - 
ground point and, while observ- 
ing the display, touch the "hot" 
probe to all socket pins shown in the 
schematics connected to ground. In 
all cases, you should obtain a 0 - 
ohm reading. 

If you fail to obtain the proper 
voltage or resistance reading at any 
point in the circuit, carefully check 
your wiring. Correct the problem be- 
fore proceeding. 

When you are sure that your wir- 
ing is correct, power down the compu- 
ter and unplug the RAMdisk board. 
Then install the ICs in their respec- 
tive sockets, making certain each 
plugs into the correct socket in the 
proper orientations (see Fig. 3). Take 
care to prevent any IC pins from 
overhanging the sockets or folding 
under between ICs and sockets. 

To have the Hardware RAMdisk 
respond to the address assumed in 
the device -driver code, set the toggles 
on the SI DIP switch assembly as 
follows: 

Position 
1 

2 

3 

4 

5 

6 

7 

8 

Controls 
N.A. 
A9 
A8 
A7 
A6 
A5 
A4 
A3 

Status 
N.A. 
Off 
Off 
On 
Off 
Off 
Off 
On 

To set the board to another ad- 
dress, change the switch settings and 
device driver. An open (off) switch 
position corresponds to a logic 1, a 

closed (on) position to a logic O. Sim- 
ply set the switches to the binary 
value of the desired address range. 
Do not forget to change the device - 
driver and diagnostic source code! 

If you build only a 256K RAM - 
disk, modify the device driver as de- 
scribed. Then install RAM chips into 
the U21 through U28 sockets to fill 
bank 0 in Fig. 3. 

The RAMdisk device driver has 
been written to initialize ("format") 
the disk each time the system is re- 
booted. This includes power -up and 
any time a reset or ALT/CTRL/DEL 
key combination is executed. Initial- 
izing the RAMdisk erases any data 
previously written to the device. If you 
wish to be able to reboot the system 
without altering the RAMdisk, the 
easiest method of doing so is to re- 
move the initialization code from the 
device driver and make it a separate 
executable file. Then each time the 
Hardware RAMdisk is to be "for- 
matted," simply run the initializa- 
tion program. 

In addition to serving as a fast 
"disk," the Hardware RAMdisk has 
other uses. For example, it can serve 
as a debugger that can store system 
status, or you can store in it a map of 
the system's memory before execut- 
ing a new program. Since the RAM - 
disk is protected from random mem- 
ory writes by the computer's micro- 
processor, data in it can be used to 
restore system status after a "crash." 
The RAMdisk could also be used 
as a print spooler, which can buffer 
large files without taking up sys- 
tem memory. 
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