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when an IC is called upon to drive Carry
even large (0.6- to 0.8-inch) LED nu- 3-6V out
meric digits. Segment resistors should, Counters

however, be used when these ICs are advance on

Optional

segment
resistors
(10-47Q)

powered from a 5- to 6-volt source. faling edge "
though they can be dispensed with
when less than 5 volts is used to pow-
er the chips.

If very large, bright displays that
draw greater current than the count-
er/driver ICs can safely deliver are to
be used, high-current drivers like the
CD4050B hex buffer can be included
between the combined counter/driv-
er IC’s outputs and the displays.

Digit driver outputs A through D
are limited to a maximum source cur-
rent of about 1 mA. This is enough
current to drive a general-purpose
npn transistor like the 2N2222 or
2N3904 that is then used to sink cur-
rent from the common cathodes of a
single LED decade. The four outputs
are switched high in succession, with
one and only one being high at any
given moment in time. Each output
has an on time of 22 percent of a sin-
gle duty cycle, leaving a 3-percent
“‘dead’’ time during which no decade
is on. This dead time keeps the seg-
ment signals from traveling to the
wrong display and causing ‘‘ghost-
ing”’ (faint lighting of wrong seg-
ments). In severe cases, ghosting can
cause the display to faintly light all
eight segments continuously.

As each driver output is switched
high, the segment drivers switch to
the corresponding counter stage’s
outputs. Actually, the outputs of the
7-segment decoder driver remain
connected the same way (to the seg-
ment output pins). It is the BCD in-
putsto the decoder that are switched
from the outputs of one 4-bit latch
to the next.

Each latch is connected to the out-
put of one of the four counter stages
and all four latches are controlled by
the latch-enable (LE) input. When
LE is high, the latches are in flow-
through mode, and the outputs of
the counters are directly passed to
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Fig. 2. Basic application circuit for all versions of counter. Segment resistors are
optional but should be used whenever power supply delivers 5 volts or more.

the segment decoder. When LE is
brought low, the count in the latches
at that point—and the display—is
frozen until the input is brought high
again. The counters continue to
count, however, and their output (in-
stead of the count being held in the
latches) can be displayed by bringing
the display-select (DS) input high.
When DS is low, the value in the
latches is displayed, whether static or

changing with the counters. When
DS is brought high, the value held in
the latches is ignored and the counter
outputs drive the decoder.

It is in the counter sections where
the only differences between the four
ICs lie. The 74C926 has four divide-
by-10 counters with BCD outputs.
The clock input is connected to the
least-significant  digit’s (LSD’s)
counter stage. The carry output of
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Fig. 3. Basic event counter can use switch (A), phototransistor (B) or any other
sensor that can produce a 0-to-5-volt pulse.

October 1987 / MODERN ELECTRONICS / 27

waany amaricanradinohicton..com.



www.americanradiohistory.com

www.americanradiohistorv.com


www.americanradiohistory.com

more pieces), it is cheaper than the
74C926. In the small quantities an
experimenter usually buys, there is
no price advantage worth considering.

The 74C927 is identical to the
74C926 in that it is housed in an
18-pin package and has both reset
and carry output pins. The dif-
ference is that the second most-
significant (hundreds) digit has a
maximum count of 6 and rolls over
to O when it is incremented past 5 (the
6 count is the result of 0 being used as
a count digit). This yields a max-
imum count for the four-digit device
of 9599, which is useful for timing
and clock applications. (If a 10-Hz
clock signal is used with the 74C927,
the output would display seconds in
tenths up to 10 minutes, which would
be displayed as 9:59.9.) The carry
output pin follows the same logic as
that of the 74C926, going high at
6000 and low at 0000.

Except that its most-significant
digit divides by 2, giving a maximum
count of 1999, the 74C928 is also
identical to the 74C926. The carry
output latches high when the count
reaches 2000. It returns to low only
when the counter is reset. The 74C928
is, thus, a 3%-digit counter, with the
carry output acting as an overflow

indicator. This counter/driver is
suitable for many types of panel-me-
ter circuits.

Applications

All of the application circuits we will
be discussing use the basic circuit
shownin Fig. 2. This is the circuit im-
plied in later figures by a box with in-
terral callouts. Power supply deliv-
ery is assumed to be 5 volts dc. If a
lower voltage is used, you might have
to make some adjustments in the cir-
cuifts to be shown.

@ Event Counter. The resettable
event counter circuit shown in Fig. 3
is about as simple an application for
the National ICs as you can get. A
switch (detail A) or a phototransistor
(detail B) are two possible input
sensors than can be used to count,
say, openings of a door or objects
passing on a conveyor belt. Any kind
of sensing device that produces a 0-
to-5-volt pulse can be used in this cir-
cuit in place of the switch or photo-
transistor.

The Fig. 3 circuit uses a manual re-
set function, and the display-select
and latch-enable inputs are wired
high to provide for a continuously
updating display. As with all these
cireuits, you can make any modifica-

tions you see fit to suit your particu-
lar applications.

® Gated Timer. Figure 4 shows a
very useful circuit that turns the
counting function of the basic circuit
into a timing function with a digital
display and an adjustable timebase.
If the project you incorporate the ba-
sic circuit into does not generate
countable pulses, you can probably
arrange it to produce a variable pulse
width to drive this circuit or a vari-
able frequency to drive a frequency
counter (see below).

An astable multivibrator or clock
source, built around the popular 555
timer or a pair of CMOS gates, is
used to provide a timebase frequency
for this circuit, the frequency of
which can be adjusted to suit the proj-
ect’s needs. The output of the time-
base is connected to the clock input
of the counter circuit via a gate. The
other input of the gate is used to turn
on and off the counter.

Two different gating circuits are
shown. One counts when the input is
high, the other when the input is low.
On each, when the output returns to
the ‘‘don’t count’’ state, the LE in-
put is briefly enabled to store the
count, and then the reset input is
pulsed high to reset the counters to
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Fig. 5. Basic frequency-counter circuit.
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