Use ETI TIMING MODULES to build this

CLOCK MODULE ETI 551

The main modufe is a nine digit
crystal-controlted clock with an
easily varied counting format — it
.can count in "‘hrs hrs, mins mins
secs secs, 1/10th, 1/100ths,
1/1000ths,” or in 000,000.000
secs, or, with slight modifications,
in some other formats such as
hours, minutes and fractions of
minutes, or in 00.0000000 hrs.

LATCH MODULE ETI 552

The second module of which any
number may be added to one basic
clock module, is a nine digit latch
which can either contain the same
data as the clock module, or can
store the number in the latter when
a switch is pressed or a control
pulse received. This enables one to
‘freeze’ the time in the clock module
without interrupting counting — a
stopwatch “split’ facility.

COMPARATOR MODULE ETI 553

The third module can give out a
pulse, set a Flip-Flop or reset the
clock module to zero. Any number
of these modules may be connected
to one basic clock module. One
comparator could be used to sound
an alarm after a preset time, or
several could be connected together
to switch a video tape recorder on
and off at preset times, or to control
some machine or an industrial
process. (This will be described next
month.
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DIGITAL STOPWATCH

This STOPWATCH uses two

of the ETI TIMING MODULES -~ the

clock and the LATCH. This month we git{e
details of these two modules. Next month we will

discuss the final module — the COMPARATOR.

WHAT IF NINE DIGITS IS TOO MANY?
|Although the counter, latches and
comparators can all accommodate
nine digits, those who only need to
‘see’ a few digits should not be put
off. Because of the elegance of the
SR (shift register) counting system
used a nine digit counter requires
nearly the same number of com-
ponents as a six digit counter. In
fact, on the PCB layouts we have
only provided sufficient compon-
ents to drive 6-digit displays. Those
who require more will have to use a
few additional components.

The 6 digits to be displayed can
be chosen from any of the 9 digits:
laboratory timers wusually display
minutes down to milliseconds;
stop-watches can display hours to
tenths of seconds, or tens of
minutes to hundredths of seconds,
whilst owners of video and other
tape recorders could choose tens of
hours to seconds. As yet we know no
perfectionist who wants tens of
hours to milliseconds!

COUNTING WITH A SHIFT REGISTER

The conventional design for a
multi-digit counter used to be a
chain of BCD counters, and a large
arrangement of switches which
sequentially feed the data from each
stage of the counter to a single
‘multiplexed” BCD output, suitable
for driving the displays. This is the
system found in most clock ICs, in

some watch ICs and in nearly all
circuits for clocks which used TTL.

However, as first realised three
years ago, it is more efficient to
make multi-digit counters by storing
a number in a shift register and
‘circulating” it through a binary
adder adding one to a digit or
setting it to zero at the required
times. This system is found in most
timing 1Cs designed in the last few
years (e.g. the Mostek MK5030).

Figure 1 shows a block diagram
of an SR counting system. The main
advantages of the system are that as
the data is handied sequentially
(digit by digit) it is already in a
format suitable for interfacing to
multiplexed displays, and that
increasing the size of the counter
only requires increasing the shift
register capacity and slightly modi-
fying the control circuitry.

Fig. 1. An SR counter.
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r _. PARTS LIST
CLOCK MODULE ETI551
CAPACITORS

Sixteen 10nF Alf ceramic
THE CLOCK MUDULE One each 27pF, 47pF, 68pF

ane trimmer 2- 22pF
two 100UF 2V electrolytics

RESISTO
F. 2is i . . . l';lme %gg Al 1/8th W
igure 2 is identical to Fig 1 but the output using a two input NOR gate One each 560 ohm, 1k, 8.2k, 15k
circuit blocks are filled in with actual (a of 4001 (1)). This signal is used DIODES
components. For simplicity we will  to clock the shift register. Lyer 1N914 1N4001
first discuss a clock using the “‘hrs Thus in one millisecond the 2000 4008 2030 4059 asil,
hrs, mins mins, secs secs, 1/ 10th, number in the SR is circulated once, 4006 4008 4027 4081
1/100th, 1/1000ths’" format. and the 4017 goes through a NS S04 ansistor
This project does not have a  complete cycle. The clock polarities Eriaar A opystal
separate _How it works” section; are such that the SR is clocked (that Seven 1o pirE\N[‘)_lL sockets
rather thls is expl;nned as we cover is, new data is latched into its first (82e 24p;'>r|'n LSlsggcﬁest)*
the various design options. The stage, and new data appears at its Two soidercon pins for Xtal socket
numbe_r n t_he counter is stored in a output) at the same instant as a D=sm_'/nwe|3|oe|:r>ut.s ETI551D
9 x 4 bit shift register (4006 (1) and change occurs in the 4017 outputs. Ihree D33 3-Digit packs
A i ne pc
(2)). The output of the SR is The data present at SR outputs 6” 14 way flat cable
returned to its input via a 2 digit and during the time in which QO is high S R OBULE ETIES2
carry, 4 bit, binary adder (4008 is defined as the value of the least RESISTO o
(1)), and a set of 4 AND gates significant digit, called DO, that CAPAdiTORs @ 1E0K
(4081 (1) ). In one pass around the  present while Q1 is high defines the SANE
loop any _dlglt may be left value of D1, and so on. Q0 to Q8 F(f)wuc;sdlodes(lN914) 6
unchanged, incremented by one, or  can be used to drive display “'digit | ope. 4ovs" 493 4933 492
reset to zero. All that needs drivers”, and the SR outputs drive AT DT aeaysistor
changing is the carry input to the the display segments via a 4511 Five 16 pin DIL. sockets
adder and the common control to BCD-to-seven-segment decoder- (Fc')vneelfz;p;;'?nDl_'é‘;s::gf;ts)*
the 4 AND gates. driver. DIL Pin Header w "
. DIGITAL STOPWATC
A 10kHz signal goes to the clock One ETI551 One ETI552 Two ETI5510
input of a 4017 decade counterand  “SET DIGIT T0 ZERQ” with Gptional LSI pragg)r Y |t €aptes
the 4017 produces 10 consecutive A digit is recirculated unchanged Two miniature todgle switches
. . i 1
output pulses on its 10 output pins, until there is a ‘carry’ from the One push-to-make switch
QO to 9, such that only one output  previous (less significant) digit. At | 3PCE mountng pilars
is ‘high” at any one time. One in this point it is incremented by "1’ B2 ST g 2d perspex
ten of the 10kHz pulses which clock by the adder, and the new value * {ih’zouﬁ]e of pounds can be saved If
H . L. e connections are soldered in rath
the 4017 is blanked by the Q9 recirculated. If however the digit in than using Elluﬁs and sockets. °r
—
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Fig. 2. Circuit diagram of the clock. Figs. 3,4,5,6 and 7 show ather circuitry on the clock board.
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question had already reached its
maximum value ('5’ for the tens
mins and tens secs digits, ‘9" for
all the others), instead of the value
being incremented, it should go to
zero, and a carry be transmitted to
the next digit. This "‘Set to Zero"
signal is derived from various gates
as shown. In addition, pushing the
Reset button for more than one
millisecond sets all digits to zero.

“CARRY”

Before describing this part of the
circuit it is worth looking at the
operation of the 4027 J-K Flip-Flop.
The J and K inputs are used to set
(logical “1°) or clear (fogical 'O’} the
Q output as follows:

If Qis ‘0", and Jis "1", Q will go
to '1" a few nanoseconds after the
clock input goes from ‘0" to 1.
This occurs whether the K input is
“1"or 0",

IfQis 1", and Kis "1, Q will go
to ‘0" just after the clock input goes
from ‘0O’ to ‘1’ (irrespective of the
state of the J input.) This a ‘1’ on
the J input will set the Q output on
the positive edge of the clock puise;
a ‘1" on K will similarly clear it. If J
and K are both "1', Q will toggle
between ‘1’ and 'O’, changing at
every positive transition of the clock
pulse. Q can be independently set
or cleared by a ‘1’ on the set or
reset inputs. .

The Q output of Flip-Flop A (V2 of
4027 (1)) is set to "1’ by pressing
the Start button. This "1’ is then
used to set the Q output of Flip-Flop
B (V2 of 4027 (2)) to "1 at the start
of QO time (the period during which
QO of the 4017 is high). This Q
output is the ‘carry’ signal, and
when DO (the digit whose value is
present at the SR outputs during
QO time) is clocked back into the SR
at the end of QO, it is incremented
by 1 once every loop of the SR, i.e.
once every milisecond.

Until DO has reached its maxi-
mum value, D1 must not be
incremented, and the carry must be
0. every time D1 is clocked back
into the SR (at the end of QO time.)
The condition that DO is not at its
maximum value is indicated by a "1’
on the MAX output of the ‘'Set to

24

Zero™’ circuit, which goes to the K.
input of Flip-Flop B and cancels the
carry at the beginning of Q1 time. If
DO has reached its maximum value,
then MAX is low during QO time,
the carry is not cancelled and
increments D1 at the end of Q1
time.

if both DO and D1 have their
maximum values, the carry will
propagate to Q2 time, etc. Thus if
the counter is counting, the carry is
set during QO time, and propagates
‘down’ the number until cancelled.
It is also cancelled by Q8 at the
beginning of Q9 time so that the
counter behaves itself if it over-
flows.

10 kHz SOURCE

The 10 kHz signal is obtained by
dividing the output of 2 5.12 MHz
crystal oscillator by 512 (29 using
the first nine stages of a 4020 14
stage binary counter (see Fig 3.)
The disadvantage of using a crystal

of this frequency is that a transistor-

oscillator has to be used rather than
a CMOS inverter oscillator (which
doesn’t have enough gain at this
frequency to sustain oscillation).
The advantages are that crystals

My

over 5 MHz are cheaper, inherently
more stable, and physically smaller
than lower frequency crystals.

DISPLAY DRIVING

The digit and segment driving
circuits are straightforward (Fig. 4).
The SR outputs are fed to a 4511
BCD-to-seven-segment decoder-
driver, which drives the display
segment lines through current-li-
miting resistors. The maximum
recommended continuous output
current per segment on the 4511 is
25 mA, and with a 8V supply
{(typical output voltage of a 9V
battery) the resistor value required
is 150 Ohm.

The digit driver as shown will
drive 6 digits. The digits required
are selected by wiring jumpers
between six of the nine QO to Q8
outputs and the six 4050 hex buffer
inputs. For convenience on the
PCBs these connections have been
laid out in a standard DIL format so
that the jumpers can be wired onto
a pin-header and the required
selection ‘plugged in". QO corre-
sponds to the least significant digit,
i.e. milliseconds, and Q8 to the
most significant, i.e. tens of hours.

The component layouts for the clock, latch and display boards.
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Here are three examples:

Qo
a1l

Q2

Q3
Q4

Qs
Q6

Q7

Qo
(o)}

Q2

Q3
Q4

Qs
Qe
Q7

Qo
a1
Q2

Q3
Q4

Q5
Q6

Q7

1]

(¢]
o

O
O

\j

RO AR

DO
D1
D2

D3
D4

D5
N.C.

Qs

Do
D1

D2

D3
Da

D5
N.C.

Qs

DO
D1
D2

D3
D4

D5

N.C.
Qo8

(a) is wired
to display
mins Db
secs D4
secs D3
1/10 D2
1/100 D1
1/1000D0
{b) is wired
to display
hrs D5
hrs D4
mins D3
mins D2
secs D1
secs DO
{c) is wired
to display
hrs Db
mins D4
mins D3
secs D2
secs D1
1/10 DO

Pair

The 4050 buffers are needed to
drive the. 75492 hex digit driver.
The latter contains six Darlington
NPN transistors with the
required resistors and can supply
digit currents up to 250mA per
digit.

Decimal points may be Ilit if
required by wiring jumpers from the
required 4050 buffer output to the
decimal point driving circuit (Fig.
5). Thus decimal points are
wanted after hrs and mins on a
display (hrs hrs . mins mins . secs
secs) for right-hand decimal point
digits, the Q5 and Q7 time dec pts
have to be lit, and jumpers are
connected from the outputs of the
4050 buffers corresponding to Q5
and Q7 (D2 and D4) to two of the
diodes in the dec pt driving circuit.

DISPLAYS

The driving circuitry will drive any
common cathode LED displays,
such as the DL33MMB (0.08in),

DL704 or DL704E (0.3in) and
FND500 or DL750 (0.5in and
0.6in).

POWER ON CLEAR

A simple circuit is provided which
sets the counter to ‘0’ and puts it
into the stop mode when power is
turned on (Fig. 6).

THE LATCH MODULE

The essence of the latch module is
that it contains a shift register and
display driving circuitry identical to
that of the clock module. There is
also switching circuitry to enter into
the latch SRs the same data as is
entered into the clock SRs, or to
circulate the data unchanged.
Finally there is circuitry to time the
change between these two states.
The data routing is accomplished by
a 4019 Quad AND-OR gate which is
basically a 4 pole 2-way switch
which routes data from the inputs of
the clock SR to the inputs of the
latch SR when KA is ‘1" and KB is
‘0", It connects the latch SR.input to
its output when KA is ‘0O’ and KB is
1

The 4027 J-K Flip-Flops time the
changeover of the 4019 switch.
These Flip-Flops can be wired in two
modes. In the ‘hold-transparent’
mode the latch starts ‘transparent’
(the data it contains follows the
contents of the clock module).
When the latch push-button is
pressed the latch stays transparent
until the beginning of the next word
{until the next QO time occurs) and
then the 4019 switches over and
the number in the SR is circulated

Y mstana
OO® P

——
oOwW

A 4006 4006
A
H N
4019 B [onit | {9t F
c —_ . e B
9 bit 9 bit J ¢
KA KA [ f ]r
N—n—
TO 4511
DECODER
DRIVER ( AS IN

(+){+)
4027
A1 41T
! - -
) a
1N914
cl cl
R R >
! N 5 5 1'20k
: ; 19+ CHANGEOVER
/7h7 % OF 4011 (1) PUSH-BUTTON
. POWER
ao cf ON CLEAR
FROM
COUNTER
MODULE | L .

Fig. 8. Circuit diagram of the latch.

CLOCK MODULE)
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and displayed: the latch ‘holds’ the
time at which the button was
pressed, accurate to within
+1msec. Further pressing of the
latch button causes the module to
alternate between the 'transparent’
and 'hold’ states.

Wiring the J-K Flip-Flops the
second way makes it operate in the
‘hold-hold” mode. [n this mode the
latch starts off 'holding’ its con-
tents. If the latch button is pressed,
in the middie of the next QO time
the 4019 is switched to loading
new data into the SR. In the middle
of the following QO time the 4019
switches back to: recirculating and
holding the data. Thus in this mode
the display always appears ‘frozen’,
but each time the latch button is
pressed the contents of the latch are
‘updated” to show the number in
the clock module at that moment.
This mode is expected to be found
most useful in applications where
the latch is controlled by an external
source. In either mode the ~"Power
On Clear’” circuit is connected so
that when power is switched on, or
when the Master Reset button is
pressed, the latch is loaded with
zero, and in the first mode it is set to
its ‘transparent’ state. In both

modes, two NAND gates (% of

4011 (1)) eliminate any effect of
contact bounce in the push-button
switch.

Selection of one mode or the
other is governed by wiring up three
jumpers or switches. On the PCB
there are holes for three horizontal
jumpers and three vertical jJumpers.
If the horizontal ones are connected
(indicated by faint dotted lines in
Fig. 8) the latch will operate in the
hold-hold mode. If the vertical ones
are connected (indicated by bold
dashed lines in Fig. 8) it will operate
in the hold-transparent mode. The
display selection and driving cir-
cuitry used in the latch modules are
identical to those wused in the
counter module.

Some users may find it best to
attach a display to only the latch
module, thus saving cost while still
obtaining a Stop-watch - ‘split’
action. As mentioned earlier, any
number of latch modules may be
connected to one clock module. The
outputs from the clock module are
simply attached to several modules
instead of just one.
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Fig. 8. How to make connections through the board. '

CONSTRUCTION

The modules are best assembled on
double-sided PCB’'s as shown, due
to the circuit complexity. Connec-
tions between copper on the top
and bottom of the boards are made
using component leads where
possible. Otherwise small pieces of
tinned copper wire are used (see fig
9 above).

The recommended method. of
mounting the CMOS IC’s is to use
Soldercon pin sockets which can be
soldered to both sides of the board
{and are inexpensive}. The ICs may
be soldered in but this makes
fault-finding very difficult. On the
component side of the board, care
must be taken only to apply solder
to the flat side of the Soldercon
Pins.

Connections between modules
are made very simple, and easy to
check, using flat cable and 24 pin
plugs and sockets (using 24-way
pin-headers and Soldercon pins in a
24-pin  DIL layout). Connections
between modules and display PCBs

GETTING HOLD OF THE
COMPONENTS
Sintel (53 Aston Street, Oxford), who
designed these modules can sell the
following at reduced prices.

Stopwatch Module Kit (SMK). . £19.95
(This comprises the PCB and all the
parts normally soldered to it: CMOS,
SKTS, CRYSTAL, Resistors, Caps, etc.
etc...)

Latch Moduje Kit {LMK) . ... £11.25
(This comprises all parts plus Vero
pillars for support and flat cable for
interconnection with SMK)

CHOICE OF DISPLAY MODULES

DL704 Display Kit (DL7K) {.3""). £6.96

{This kit comprises a display PCB and
6 DL704).

DL33 Dispiay Kit (DL3K) (.1”"). . £7.10
(This kit comprises of a display PCB and
3 DL33 3-Digit packs)

FND500 Display Kit (FNDK) (.5”). . . .
................... £11.15
(This kit comprises a display PCB and
6 FND500)

CASE

Verocase. . . . . .......... £3.17

(This case is big enough to accomodate
one SMK and one LMK plus two DL3K
or one of DL7K or FNDK, and the case
is supplied with a red perspex panel).

ALL PRICES ARE INCLUSIVE
OF VAT AND P&P

.are also made using flat cable and

14-way DIL pin-headers and IC pin
sockets.

The PCB’s were designed so that
one clock module, one latch module
and either two DL33 6 digit
displays or one DL704 or FND500
8 digit display, with batteries,
switches, etc, would all fit into the
smallest of the new Vero plastic
cases, using a transparent red
perspex front window in the space
normally occupied by an aluminium
panel. If greater complexity is
required, one of the larger boxes in
the same range may be used.

EXTRAS

A stop-watch which gives time to
mitlisecs is great but the average
human finger can’t do much better
than 1/20th of a second. We
expect some constructors will need
to actuate their modules using
electronic, rather than mechanical,
pulses.

ELECTRONIC START-STOP

Electronic starting and stopping can

+12v

Microphone
(near Starting
Gun}

Set Threshoid

+12v

To Stop-Watch (+}

IN914
1k

COMPARATOR

To Start input
{Flip-Fiop Set}

To Stop-Watch ()

-12v o

Clamp

Fig. 10. A simple circuit for using the sound of a starting gun to start the Stopwatch.
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The insides of the stopwatch. The clock board is at the
top,the latch beneath. Here we show one display, but a

second djsplay module will plug in directly. A small saving

be achieved by feeding positive
going pulses to the set and reset

inputs of the clock module 4027 A

Flip-Flop. These pulses do not have
to be ‘clean’ but it should be noted
that the state of this Flip-Flop is not
determined if both these inputs are
high simultaneously.

Obvious electronic timing sys-
tems would be ones where the start
time is derived from a signal driving
a solenoid operated starting gun, or
from sound pulses. Below is a
simple circuit of a suggested sound
‘operated start system (see tig 10).

A simplified suggested light
operated start or stop is as shown in
fig 11.

Source, focussed
an detector

{ACTUATED BY
BREAKING LIGHT BEAM)

Fig. 11. This
circuit shows
how a light
beam can be
used to stop
and start the

Stopwatch.

can be made by soldering the flat cable directly onto the
boards rather than using the LS/ plugs as shown.

NPN

Photo Darlington
Detector (8PX29

v

Current to
Voltage
Converter

—E—————— |

AMPLIFIER

Set
Threshold

or
Comparator Start

To Stopwaitch (+)
1N914

1N914
To Stopwarch { -}
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4027 t8)
‘COUNT ENABLE LINE’ - +1
[ —
Close Switch to Count;
120k Open 10 hoid.
|__

Fig. 12.Controlling the counting with a
toggle switch.

COUNTING CONTROLLED BY TOGGLE
SWITCH OR CONTINUOUS SIGNALS

If the count enablé line (normally
driven by the Q output of the 4027
A Flip-Flop, on the clock module) is
high the module will count, if it is
low it will hold its value. Thus the
counting can be controlled by
driving this line from an external
signal instead of from the flip flop
output. For example the counting
can be controlled by a toggle
switch:

BACK!

7—NPN silicon driver transistors
6—PNP silicon driver transistors
4—1N4001 rectifier diodes
1—1NS14 switching diode
9—Carbon resistors
1—100uF/25v filter capacitors
2—.01uF/ceramic disc capacitors

1—Slide switch for time hold
2-~Etched and drilled p.c. boards

2—Push button switches for slow and fast settings

1-=Fully illustrated assembly manual

1N914 1N914
. (]
P / Master
< ’ ¢ : > Stop-Start
Count enable One pole change- Count enable Switch
Clock (1) over toggle switch. Clock (2) (Start = open)
120k (+) 120k

71

Fig. 13. Two clock modules can be wired up to give a chess clock.

CHESS CLOCK
To build up a system which
compares the accumulated time

spent in each of two states, such as
a chess clock; one could use two
clock modules with their count
enable lines connected like this:

They should also have their reset
lines connected together. When
using more than one clock module
in one system, such as this chess
clock, considerable savings can be
made by constructing the crystal
oscillator and 4020 divider on only
one of the modules, and taking the
10KHz signal from this to the other
boards.

* A FANTASTIC BARGAIN OFFER FROM THE UNITED STATES

6 DIGIT DIGITAL CLOCK KIT

To celebrate the opening our new subsidiary company, SABTRONICS INTERNATIONAL," we are slashing
th.e price of th!s fine quality digital clock kit which would normally sell for over £12.00. Rest assured, you
will get only first quality, prime tested components. SATISFACTION GUARANTEED OR YOUR MONEY

£6.96

KIT COMPRISES OF THE FOLLOWING:

1—NATIONAL MM5314 Clock chip, 12/24 hour, 50/60 Hz option
6—Bright red common cathode readouts, 0.27'' digit height
(legible within ten feet over a wide viewing angle)

(READOUT SHOWN
ACTUAL SIZEj

NO ELECTRONICS KNOWLEDGE REQUIRED TO BUILD THIS KIT. All you need provide is a 9-15 voit/ 200-mA transformer and a
case of your choice (or leave it uncased and it still looks good).

ENDLESS POSSIBILITIES

Virtually any timing necessity can be
satisfied using a system made up from
the ETI TIMING MODULES. in our
clock we used two displays — but we
could have used just one display
show the contents of the latch). We
could have made a more complicated
Stopwatch by adding more and more
latches. With ten latches and ten
switches you could give individual
times to the first ten runners,
swimmers, racing cars ......

The possibilities mushroom when
you consider the comparator module
as part of a system. A clock becomes
an alarm clock or timer. If you use the
output to reset the clock you have a
programmable pulse generator with a
period ranging from milliseconds to
tens of hours. o

+ 75p Airmail Postage, etc.

* 12/24 HOUR

* 50/60 Hz

* BRIGHT DISPLAY
* SLOW SET

* FAST SET

* TIME HOLD

ORDERING INFORMATION: 2
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currency

ge rates fi daily itis i

le to quote an exact price in British pounds. The above price
shown is an approximate equivalent of the actual U.S. Dollar price $16.50 post paid via airmaii. To order send a Bank Draft or
Intemational Money Order in U.S. FUNDS for $16.50 for each kit. SENT ANYWHERE IN THE WORLD.

‘Sabtronics International is a wholly owned subsidiary of Euray Trading, incorporated. Dallas Texas. U.S.A

SABTRONICS INTERNATIONAL

P.O. BOX 64683, DALLAS,
TEXAS 75206, U.S.A.
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