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This month we're going to have a look at a bit of actual circuitry .In designing with logic, 
sometimes you just have to put your pencil away and get down to hot lead 

The simple sorts of logic arrays and 
single flip-flops that we've been 

looking at over the past few months rarely 
come up in real world logic design. Such 
things as binary adders, decade counters 
and so on are so commonly used that 
they're potted in single chips. Rather than 
having to wire together a binary adder, all 
you need do to have its functionality is to 
go spring about fifty cents for a single in
tegratedcircuit. 

Logic design often assumes the 
aspect of assembling black boxes for this 
reason. After a while you'll stop being 
conscious of what the boxes are up to in
side, only what their results are. In a sense, 
this is the proper mindset for designing 
with logic. The truth table of a logic 
array ... whether it has been wired together 
with individual gates or potted in a chip ... 
is the only thing that really matters. Tran
sistors are forradio designers. 

This month we're going to look at a 
very simple bit of logic design, but one 
that's both interesting and a spingboard to 
larger efforts. With two chips and an LED 
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display, you can make your soldering iron 
count to ten. 

Sixteen Fingers 
The object of this exercise is to create a cir
cuitwhich willcountinputpulses. The cur
rent count will be shown on a seven seg
mentLEDdisplay. Because this is a simple 
counter, we '11 only have one digit on hand. 
When the count exceeds nine it will wrap 
back to zero. 

There are two basic problems to be 
overcome in this design. The first one is to 
find a way to count to ten. The second is to 
find a way to make the binary repre
sentation of numbers produced by a 
counter into something a seven segment 
LED display can make some sense of. 

Counting with logic, as we saw last 
month, isn 'tparticularly difficult. 

A single flip flop is essentially a fre
quency divider or, if you like, a box that 
counts to two. The output of the flip flop 
will go high upon every second input 
pulse. An array of two flip flops with the 
input of the second connected to the out
put of the first will count to four. Three 

will count to eight and four to sixteen. We 
only want to count to ten. Ten, regrettably, 
is no tan even power of two. 

In order to count to ten, as we dis
cussed last month, one must watch the out
puts of the four flip flops and reset the 
counter when the number ten appears. As 
such, the counter will be forced to wrap at 
ten rather than at sixteen. 

The 7490 chip consists of four flip 
flops and all the logic necessary to make it 
reset at ten. This single package replaces 
four discrete chips. All you have to do is to 
send some pulses into its AIN input and a 
four bit binary number ranging from zero 
through ten will appear at its output. 

It's worth noting that the internal 
structure of the 7 490 is a bit more complex 
than it may appear at first. It actually con
sists of a single flip flop for the first stage 
counter followed by three more flip flops 
and the gates to make them reset. As such, 
while we've made it behave like a decade 
counter by simply wiring the output of the 
first flip flop to the input of the remaining 
three, it can also be used in other ways. 
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The first flip flop can be a divide by two 
counter and the other three a divide by five 
counter if you haveneedofthese facilities. 

The Ro1, Ro2, R91 and R92 inputs of 
the 7490 are grounded in this circuit. In 
some applications it's useful to be able to 
explicitly reset a counter, or bank of 
counters, to a known state before you start 
counting. This is handled by the R inpul<i. 
The 7490 allows for a variety of reset op
tions. You can "jam" either a zero or a 
nine value into the counter prior to count
ing. 

truth table 
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In this simple application it doesn't 
really matter where the counter starts, so 
we won't worry about the R inputs. 

The second half of the circuit is the 
logic to tum the binary coded output of the 
counter into the on and off states todrivea 
seven segment LED display. Now, while 
the complexity of such a task might seem a 
bit daunting, its nature will be familiar to 
you. The black box in question has four in
puL<;, corresponding to the four outputs of 
the counter, and seven outputs, one for 
each segment of the LED display. It's a 
finite state logic array, and can be repre-
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sen ted by a truth table, if rather a large one. 

If you wanted to, you could design a 
logic array to generate this truth table. In 
practice, it would be somewhat enormous. 

The 7448 chip consists of all the logic 
to drive a seven segment display. It's dead 
easy to work with. In addition, it has a few 
other useful features, such as the ability to 
blank the display during periods when the 
data being sent to it might not be valid. 
This is useful, for example, in applications 

. wherein the counter driving the display 
decoder might spend part of its time count-
ing and, as such, in flux. Blanking the dis
play for a fraction of a second while its 
counter is updating doesn't make it go 
dark, but just a little dimmer. Persistence 
of vision allows us to see it as continuously 
illuminated. 

Bigger Numbers 
This little counter doesn't do very much, 
but you can make it into bigger things. For 
example, if you build a second one and 
gang them together, you can count from 
zero to ninety-nine. You can gang up as 
many decades of counters as you like. 

In practice, wiring up eight lines ... 
seven segments and ground... to every 
digit of a display is impractical. It's also 
unnecessary. Commercial devices which 
usc seven segment readouts drive them 
through a technique called 
''multiplexing''. In this case, there would 
be only one 7448, with its seven outputs 
connected to all the segments of the dis
play. In practical terms, it would usually 
be necessary to usc transistors to buff cr the 
outputs of the 7448. Each of the common 
ground lines of the displays would be 
driven by a multiplex generator. This is 
simply a chip which accepts a binary input 
and turns on one of its output lines at a 
time. 

In order to drive this display, then, a 
multiple decade counter would have to 
output two binary numbers ... one to 
decide on which digittodisplay and one to 
select which of the LED displays it's to ap
pear on. By scanning through all the LED 
displays quickly enough, someone look
ing at the readout would sec all of them il
luminated, even though only one is on at a 
time. 

Wc' lllookatcountcrsanddisplays in 
greater detail next month, and we'll be 
back to details of handling a multiplexed 
display later in this series .• 
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