
By Forrest M. Mims 

THREE-STATE LOGIC 

IF YOU want to stay abreast of the lat­
est developments in digital logic and 

microprocessor technology, you need to 
know something about three-state logic. 
This month, we're going to experiment 
with circuits that will teach you the bas­
ics of three-state logic in an hour. 

Suppose you need to connect the out­
puts from two or more gates to a com­
mon terminal, perhaps the input to 
another gate. This is OK in the unlikely 
event all the outputs are consistently low 
or high; but what happens if the outputs 
are at different logic states? Obviously, 
it's not possible to place logic O's and 1 's 
on a common terminal without creating 
mass confusion-and possibly damag­
ing one or more gates. 

Three-state logic provides an efficient 
solution to this design problem. The out­
put of a conventional logic gate is a/­
ways low or high as long as power is ap­
plied . A three-state gate, however, em­
ploys a clever circuit that effectively iso­
lates the gate from the output terminal. 
This requires that a special control ter­
minal called the enable input be added 
to the gate. 

Figure 1 shows two buffers with three­
state outputs. When their enable inputs 
are activated , these buffers pass the 
logic state of their inputs to their outputs. 
When the buffers are not enabled, the 
outputs enter a high-impedance state. 
This high-impedance output state 
means the outputs of a dozen or more 
buffers (or any other three-state logic 

L061C IN~ - OUT 

ENABLE - ----- - --- __ _J 

t<NA6LE~ ENA!JLE ~ 

m~our 


u.JPBLE JN our 
I 0 0 

I I 

0 X HI-& 

gate) can be connected to a common 
terminal if only one is enabled at any 
onetime. 

Many digital circuits, particularly mi­
croprocessors and memories, use com­
mon terminals called buses to transmit 
binary bits or words (a group of bits) . 
Thanks to three-state logic it's possible 
to connect many different circuits to a 
common bus so long as one simple rule 
is followed: The output of only one circuit 
connected to a bus can be enabled at 
any one time. If more than one output is 
enabled , logic O's and 1 'swill be placed 
on the bus at the same time, and we're 
back to the problem that first caused us 
to employ three-state logic. 

We'll look at three-state buses again 
later. First, let's get some hands-on ex­
perience with a three-state buffer. 

Three-State Buffer Demonstra· 
tor. Figure 2 shows a simple circuit you 
can quickly build on a solderless bread­
board to demonstrate how three-state 
logic works. It uses one of the gates in a 
7 4125 quad three-state buffer. The two 
LED's indicate the logic state applied to 
the input of the buffer when the enable 
input is at logic 0. When LED1 is on, the 
input is low. When LED2 is on, the input 
is high. 

When the enable input is high, the 
output of the buffer enters and remains 
in the high-impedance state irrespective 
of the logic state at the buffer's input. 
Both LED's will then glow at about half 
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Fig. 1. Two three-state buffer configurations (left). 
Fig. 2. Three-state buffer demonstrater (right). 

their normal brightness, conducting a 
limited amount of current along the path 
between 5 volts and ground through the 
series resistors and the LED's. 

Here's a truth table that sums up the 
operation of the demonstrator circuit: 
Enable Input Output 

LED1 LED2 
0 0 ON OFF 
·o OFF ON 

0 

*Both LED's at half brightness. 

Three-State Multiplexer. A multi­
plexer is a data selector. Apply an ap­
propriate input select signal and one of 
several inputs will be applied to a single 
output. Figure 3 shows how you can 
make a 4-to-1-line multiplexer from a 
quad, three-state buffer like the 74125. 
The enable inputs of the buffers are 
used as the data select inputs. Remem­
ber, only one buffer can be enabled at 
any one time. With that in mind, here's 
the truth table for the multiplexer: 
Data Inputs Data Select Output 
ABCD ABCD 
ox xx 01 0 
1 x x x 0 1 
x 0 x x 1 0 1 0 
x 1 x x 1 0 1 1 
x x 0 x 1 1 0 0 
x x 1 x 0 1 
x x x 0 1 1 0 0 
x x x 1 1 0 

Note : The X means "don't care"; the 
input can be either a 0 or 1 . 

If you build the circuit in Fig. 3, you 
can apply the data select inputs with a 4­
position rotary switch (rotating contact 
connected to ground) or a 1-of-4 decod­
er .like half of a 7 4139. The decoder will 
condense the data select inputs to four 
2-bit addresses. 

Three-State Bus Demonstrator. 
Figure 4 shows a simple circuit that will 
teach you how a three-state bus works. 
The circuit uses a 7 4173 4-bit data reg­
ister with a built-in , three-state output 
buffer. This means you can connect 
both the inputs and outputs of the regis­
ter to the same bus (!) and control the 
transfer of data into and out of the regis­
ter· by applying appropriate signals to the 
register's read and write inputs. 

For best results , build this circuit on a 
solderless breadboard. Use four rows of 
adjacent terminal receptacles for the 
bus and an 8-position DIP switch for the 
data input and control switch. To write a 
data word into the register, place the 
word on the bus by loading it into the first 
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Fig. 3. Three-state multiplexer. 

four poles of the DIP switch (let on = 
and off= 0) and turning switch 8 on. The 
LED's will display the word you've 
switched into the input (LED one = logic 
1 and LED off = logic 0). 

The register will accept a data word 
from the bus when the WRITE input is low 
and the positive edge of a clock pulse 
arrives at pin 7. Prepare to load the data 
word into the register by turning 
switches 6 and 7 on. Then apply a clock 
pulse by turning switch 7 off . This dis­
connects the CLOCK input of the 74173 
from ground , which is the equivalent of 
applying a positive pulse (unconnected 
TTL inputs go high). Don 't worry about 
extra clock pulses from the bouncing 
that occurs when you throw the switch. 
The data word is copied on the first ris­
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Fig. 4. Three-state bus demonstrater. 
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ing bounce, and any subsequent 
bounces simply recopy the same word. 

After the data word is written into the 
74173, turn switch 8 off to remove the in­
put data from the bus. Then turn switch 
6 off . To see the word stored in the reg­
ister, just turn switch 5 on. This will acti­
vate the READ input of the 7 4173 and 
connect the register's output to the bus. 
This will display the stored word. 

Going Further. You can expand the 
three-state demonstrator by adding a 
second 74173 to the data bus. You can 
connect the CLOCK input of the new reg­
ister to the CLOCK input of the original 
7 4173, but you'll need a couple oi 
switches on a second DIP switch for the 
additional READ and WRITE inputs. 

Can you think of a practical use for the 
three-state bus demonstrator? A bus 
system like this can send data between 
registers in either direction. Therefore, 
it's often called a bidirectional data bus. 
If that rings a bell, it's because the bi ­
directional data bus is used in most mi­
croprocessors. In fact the simple three ­
state bus demonstrator we've been ex­
perimenting with is functionally equiva­
lent to part of a microprocessor. 

In a real microprocessor, of course, 
the signals that activate the control in­
puts of the various registers and circuits 
are automatically supplied by a circuit 
called a controller. The signals from the 
controller are binary bit patterns called 
microinstructions. 0 
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systems. 

They're the 


real 

thing. 


Use Sol computer systems for 

scientific and business applica tions ­
not just entertainment. 


V isit your So l dea ler soon. He ca n 
show you how the Sol in conjunction with 
our new Helios II Floppy Disk System 
can often do the same j ob as fast or faster 
than typi ca l minicomputers at about 
one-t hird the price. 

So l systems are com plete. K eyboard, 
interfaces, RAM and ROM memory, 
and a complete, we ll written manual are 
all there. As a standard software 
package, each Sol comes with our own 
BASIC/ 5 language. A t modest 
extra cost. Ex tended BASIC, Assembler, 
PlLOTt FORTRAN'.' and FOCA L as 
well as game software are also ava ilable. 
Processor Technology backs up its 
prod ucts wi th an exce llent warranty and 
support program after they're out 
in the fi eld. 

• Sol 20/8 Terminal Computer with 
8192 bytes of RAM memory and SOLOS 
module (ROM). 
Factory Assembled/Tested ...... Sl850 
Kit ........................ Sl350 

• Sol System II includes Sol -20/16 
with 16,384 bytes of RAM memory and 
SOLOS module (ROM), video monitor, 
cassette recorder, and BASIC/5 cassette . 
Factory Assembled/Tested . . . S2250 
Kit . . . S1825 

• Sol System III includes Sol-20 with 
49,152 bytes of RAM memory and BOOT­
LOAD module (ROM), Helios II Model 
2 Floppy Disk System with Extended 
Disk BASIC, and video monitor. 
Factory Assembled/Tested . . S5750 

*Avai lab le soon. 

Processor logy 
Processor Technol ogy Corpora 1ion. 


Box I. 7100 Johnson lndus1rial Drive, 

Pleasant o n. CA 94566. Phone (415) 829-2600. 
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