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The brain” in the digital clock described in
this article is the clock-IC MM5314, which
needs only a few external components. The

time of day is indicated by
seven-segment Ga-As displays,
which are now offered at
agreeable prices.

qu
Another attractive feature is that if no seconds reading is included in the
design, a considerable saving can be made, whilst seconds indication can
always be added at a later stage,

The clock-1C

The clock infegrated circuit type MMS314
is designed 1o indicate the time in hours,
minutes and seconds with the aid of
seven-segment displays. In contrast 1o the
MMS5313 it has no BCD outpul. Conse-
quently, it & smaller (DIL 24 pirs), has
s simpler construction, and, whal is
pethaps even more important, bs a lot
cheaper. However, 33 appears from the
circuit diagram of the MM5314 (figure 1),
all the compoments needed for building
a clock are available.

The IC receives its chock palse from the
mains, and can be used for 50 Hz or 60 Hz
drive, The supply voltage may vary from
BY o 17V and meed not be stabilized,
If nat connected, all drive imputs are at
1 level because resistors are incorporated
which connect them fo the plus pole of
the supply voltage.

Ax regards the clock design, the IC offers
the choice of various possibilities that
depend only on & cerfain logic state of
the drive input concerned.

It is possible, for instance, 10 choose be-
tween a M-hour and a |2-hour cycle.
With the 12-hour cycle the leading zero
indication is sutomatically suppressed,
which saves a lot of power. If in addition
no seconds neading is required, two seven-
segment displays and two transistors can
Be omitted, which gives a considerable
saving. By means of the input ‘strobe’,
readout can be suppressed, and there
are, of coume, control inputs for re-
tarding or advancing the clock. The clock
can ali be stopped for correct fime sel-
ting. The table gives all possible settings
of the control inputs, Figure 2a shows a
top wiew of the pins of the MM3314
imtegrated circuit,

Operation

In the overall circuit of the IC 1wo main

sections can be distinguished

3 the counter with correspanding
circuits

b, the circuits for decoding and driving
the displays (surrounded by the dashed
lise in figure 1),

Pulses to drive the counter are obtained
from half cycles of the mains supply. The
pulse shaper at the input of the counter
changes the sinc-waves inlo square waves
by means of a Schmitt trigger. This trigger
has o hysteresis of aboul 5 V. Depending
an the logic state at pin 11 of the IC, the
pulse signal is divided by 50 or 60, so
that a wignal of | Hz becomes available
for the mext divider. In the next three
wages of the ¢ 2 the palse signal is
dividod into minutes and 12 or 24 hours,
depending on  the cycle chosen, and
determined by the logic state of pin 10,
Via the gates of the individual stages of
the caunter the clock can be set correctly
If pin 14 of the IC is at 0", the clock
will run at the rate of | minste per
second. If pin 15 is a1 *0", the houn will
run at the rate of 1 hour per sccond
When pin 13 is a "0°, the clock is stopped.
I 5 | 2hour cycle is chosen, the leading
zero fs suppressed by a special clreuit
in the

Counter read-out and display drive are
achieved with a multiplex technique. The
multiplexer senses the various counter
positions successively in the rhythm of a
multiplex. frequency, and passes the value
found to a decoder, and from there to an
cutpul memory (ROM-Read Only Mem-
ory). The mubliplex frequency can be
varied by mears of a simple RC network
connected 1o pin 23

The multiplex oscillstor is followed by 3

divider that, depending on the logic
state of pin 24, produces four- of six-digit
drive pulses iwith or withoul seconds,

respectively). Using the multiphex tech-
nique implies that the displays are pot
driven in parallel, but in series. Parallel
drive means that all counter positions can
be read out simubtsneously, To that end
the counter reading of cach decade i, 3t
3 certain moment, fed to 8 memery
corresponding 1o each  decade, The
information this stored drives the dis-
plays of the counter readings via a
decoder. This happens simultanecusly for
all decades; hence the term parallel drive,
Multiplex technique, however, means that
all counter readings are scanned quickly
in successive order and are fed in the

same onder 10 an oatpul memory | ROM),
which for this IC is programmed for seven-
segment displays. A1 the same time that
the counters are read, each comesponding
display receives the supply voltage via the
drive Jogic of the block marked ‘Digit
Emable’. This means that, with this clock,
the counters can be read | out of 4 if a
four-digit display is used, or | out of &
for a six-digit display; the logic state of
pin 24 determines the displsy mode,
If, for imstamce, the omesecond counter
is read, the onesecond display receives
supply voltage via “Digit Ensble’, and the
reading of this decade becomes visible.
Corresponding segments of each display
are interconnected, but only the particular
segments of 3 display that receive a
voltage will light up, In spite of the fact
that series drive b used, visual read-out
remains constant, provided the multiplex
frequency ks higher than sbout 100 Hz
In the MM5314 the multipiex frequency
can be chosen up 10 60 kHz, If the read-
oul is suppressed via pin | (‘strobe’) of
the IC, ihe clock will continue lo mun
narmally. Thamks to this feature it is
quite easy 1o build an emvergency sapply.

The circuit

The complete circuit in figure 3 shows
that apart from the MM5314 only few
components are needed 10 build 8 com-
plete clock. Perhaps somewhat urusually,
the circuit description staris with the
supply, because if s from thore that the
counter pulses are detived. Since the
supply woliage for the IC need not be
stabilized, the source has been kepl s
simple as possible, The d.c. supply voltage
may be anything between 8 V and 17 V,

The half cycles of the $0 Hi mains are fed
1o the pubse input via s decoupling net-
work Rap/Cy. This input s peotected
against overloading by means of diode
D

The RC network (Rz/C4 ), connected 10
pin 23 of the IC, determines the mulli-
plex frequency which,

values, is sbout 10 kHz.
integrated circuit cannot provide suffi-
cient current 1o drive the se it
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display simple buffer stages are requised
Thewe use normal TUN's and o
connected belween pins 3 to 9 and the
display segments. The coflector resistors
provide curtent limiting for the sogments,
0 thesr values determine the lumisous
intensity of the displays. The minimum

rmisuble valse for these fesistors is
3052 (#Vp = 17 V); in praciiee 4700
gave satisfactory results for all supply
voltages, A lower value produced no
noticesble increase in luminous intensiry,
30 that in fact only the lfe of the display
I then unpecessarily shortened.

Buffer transistors, acling as switches, are
alw connected  between the
Enable” outputs amd the
the displays, These switches comnect the
second-, minute- and hour displays 1o the
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supply voltage at the ¢omect moment
The switching transistors used here are
TUPs.

The circuit is mounted on two printed
carcuit hoards: one for the displays, and
ome for the sctual clock circuit with mains
supply.

Printed circuit boards

Figure 4 shaws the printed circait hoard
and figure 5 the component layout for
the maims-fed clock circuit, The boards
are quite small, 8o that the whole unit can
be housed in & small attractive cabinet. So
much space has been reserved on the board
For the supply transformer and electrolytic
capacitor Cy that, if necessary, fairly lange
types can be used, All terminals and con-
trols (50/60 Hz selection, strobe, etc. } are
placed in 3 row on one side of the board,
dircctly opposite the terminals they are
connected 10 on the display board, which
b shown in figure 6. This display board
holds the displays and small push buttons
foor "wtop’, ‘Wow’ and ‘st

Displays
The display board (figuse 6) is mounted

3

Various Semiconduston:
Te = maing trafo, 8. 12V/250mA © = MMEN14
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Fagure 3. The tatal eircuit complots with ma

i o X mnt
.T7 ta.g. BE1OT), the resistons
g P14 can bs omitied

Figurs & Tha printed esrcuit board of the clock
circuit with mains wpply, The pins ars position-
d 15 1hat only very shart connectsons are nesd
o batwsens clock and deaplay circwit boarti.

Figurs 5. Companant lay-out for the clack o
cuit. Thare in sufficient tpace for simat sny
type of tramformes. fven s 40V slsctrolytic
capasitor could be sccommadated on the eirust
[y
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