
DRAWING
BOARD
A complete circuit

OVER THE LA ST COU PLE OF M ONTHS Now let's turn all the pi eces into a
w e've go ne throu gh th e ste ps . useful circuit.

- n e e de d-to- d e s ign-E-u sto m -- - - The-hand iest-thing-to-com e up
characte r gene rato rs and looked with is a way to use one character
at some simple ways to use th em. generato r to drive several digits.
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The basic id ea here is to build a
general-purpose di splay ci rcuit.

Let's lay down some crite ria:
1. The circuit w ill drive fo ur digits.
2. Each digit w ill have its own set of
inputs.
3. Only on e characte r generator
will be used .
4. The ci rcuit will di splay all the
hex di gits from OOOOh to FFFFh.

Even though we've been design
in g a characte r generator that can
handl e a lot of th e ASCII charac
te rs, limiting our di spl ay to hex
w ill keep th e ci rcuit simpler. If yo u
abso l ute ly mu st d isplay ASCI I
characte rs, t he circuit w ill be
basically th e same, but you' ll need
more bi ts assigned to each of the
di gits. A hex di spl ay o n ly cares
abo ut the .lower four bits whil e a
full ASCII di splay has to deal wi th
seven bits.

Wh en you co me right down toFIG. 2
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it, we want the display circuit to be
your basic black box with sixteen
inputs-four for each of the four
digits we'll be driving. Since we're
actually building something that
can be used elsewhere , we can
eliminate some of the parameters
we put into the EPROM. We're al
ready disregarding the ASCII stuff
and now we'll make the decision
to use common-cathode displays.

That last decision is no big deal
because it 's a relatively trivial thing
to convert the circuit to work with
a common-anode digit...but we 're
getting ahead of ourselves.

The block diagram of the circuit
we'll be designing is shown in Fig.
1. The heart of the circuit is really
th e control logic becaus e it has the
job of keeping everything in sync.
We have to be sure that when
we're sending character number 1
to the input multiplexer, that we're
also turning on seven-segment
LED number 1. If things get out of
sync you might have something up

. on the display but it's not going to

FIG. 5

be anything useful.
The starting point of the circuit

is shown in Fig. 2. It's similar to the
circuit that we looked at in May,
but there are two main dif
ferences. The first is that we're
only using AO-A3 on the EPROM
and the second is that the 4051 is
going to drive only four digits so
the "C" input (pin 9) is tied low.
The same thing is done with all of
the unused EPROM address lines.

We've already decided on the
4051 asthe digit multiplexer so let's
take a look at the input multiplexer
as well before getting to the con
trol logic. After all , you can't de
sign control logic until you know
what you have to control.

Just as the 4051 will sequentially
turn on one digit after another, the
input multiplexer has to select the
corresponding digit data to be dis
played . What we need is the elec
tronic equivalent of a four-pole,
four-position rotary switch, and
one way to do that is to use a pair
of 74LS257's. You can use the TTL

version of the chip or the 74HC257
or 74HCT257 pin-equivalent
CMOS parts.

The inputs that will appear at the
outputs depend on the state of the
SEL input. Making that pin low will
select the first set of inputs and
making it high will select the
others. What makes the 257 a good
IC for our application is that it also
has an OUTPUT·ENABLE pin so that our
output can have three states.

Now that we know what multi
plexers we'll be using, we can
wo-rkout what we need for control
logic. Designing this kind of cir
cuitry can be a really brain-bend
ing exercise but one way to cut it
down to size is to use a truth table
like the one shown in Fig. 3.

It may seem a bit confusing at
first glance, but one thing it tells us
right away is that the OUTPUT·ENABLE

pins of the 257's are always op
posite each other. When one is E
high, the other is low, and vice ver- ~

sa. That means we can tie them u;
continued on page 85 s
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continued from page 29

togethe r thro ugh an inverter and
eliminate on e co lumn in the table.
We can t ie the two SEL inputs to
gether as well since th eir state is
only important when the chip is
enabled . By re-arranging t he truth
table slightl y we' ll w ind up with
th e one shown in Fig. 4, and that,
as you sho uld realize , is simple to
implement because it's ju st count
in g up in a pl ain binary.

Not o nly that, but we can use a
st raig ht binary counte r and use
th e "C" output to toggle the reset .
Putt in g t hat into practice will pro
duce a ci rcuit li ke the on e shown
in Fig . 5. You sho uld wo rk ou t th e
logic in yo ur own mind to make
su re t hat yo u un derstand what 's
goi ng on t he re.

The last part of th e co nt ro l logic
is the co unter and that can be any
binary co unte r. You can use a
74LS93, 4040, half a 4520 or 4518,
half a 74LS393, o r just abo ut any
t hi ng that can co unt up to four in
b inary. The 4040 in Fig. 5 is a good
choice because it's easy to use and
is a mai nst ream CMOS part , but
don ' t hesit ate to use so met hing
you happ en to have lyin g around .

The ci rcuit we've com e up wi th
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will fill all the design criteria we
laid out earlier but it has three sec
tions we still have to go over. The
first is the clock, the second is the
input latching, and the third is the
useof pass transistors to drive the
cathodes.

Some time ago we spent several
columns talking about the ins and
outs of scan oscillators and we
found that you can use any f re
quency as long as it 's high enough
to eliminate flickering. Anything
over 10 kHz or so will fill the bill
and any oscillator capabl e of driv
ing the clock inputs will be as good
as any other. I've built mine out of
a pair of inverters but if your ap
plication has a handy clock line
t hat fill s those minimal require
ments, you may use that.

Input latches aren't reall y neces
sary but they can be useful if th e
data you want di splayed doesn't
stay around too long. That would
be th e case if you want to snatch
bu s data wh en a certain pul se
shows up elsewhere in th e circuit.

I'm usin g 4508 octal latch es bu t
on ly because I happened to have a
bunch of th em in the parts box.
Notice th at I didn 't say " j unk
box"-the o n ly thing jun k parts
are good fo r is bu ilding junk. One
thing that's nice about 4508's is that
they're really two separate four-bit
latches in a sing le package.

CIRCLE 182 ON FREEINFORMATION CARD

The last thing to talk about is the
use of pass tr ansisto rs. If you pu t
together t he ci rcuit we showed
you in May you probably not iced
th at the display was rather di m.
There's noth ing you can do abo ut
the scan t ime, but it is poss ib le to
zip more current through a di gi t
wh en it 's selected . That is exactly
wh at t he pass transistors are
doing.

One d isadvantage of that ap
proach is that the brigh tness of the
di git will depen d somewhat on
how many segments are being lit,
bu t it's not enough of a prob lem to
make the use of individual cu rrent
limiting resistors in your circuit an
absolute necessity.

Breadb oard the circu it of Fig. 5
and feed the sixteen in puts with
two cascaded 4040's. You'l l see the
di spl ay co unt up in true binary,
and yo u' ll also know that the cir
cuit wo rks. The circuit is extremely
useful and it's we ll worth the t ime
to gene rate a PC board for it. The
co mplexity is such that it wi ll more
than likely requi re a double-side d
board , but once you 've got i t
don e, yo u can make as many of
th em as you want. I know it's not
easy to p roduce a double-sided
board , but there are some tricks <...

c
yo u can use to make the job easier. ~

We'll be looki ng at that, and some <0

ot he r things as well, next time. R-E ffi
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