-Dial your scores into a two-player,
double-digit scoreboard

.GAMES in which the scores for in-
dividual players must be kept are a
popular pastime. Not so popular is the
usual search for paper and pencil need-
ed for keeping the score. The Electronic
Scorekeeper described here eliminates
the search so you can get right to the
game. As designed, the Scorekeeper
can keep score for two players up to a
maximum count of 99. However, with a
couple of simple modifications, the num-
ber of players and the count range can
be increased as desired. The circuit
uses readily available and inexpensive
TTL devices and seven-segm&ni nu-
meric LED displays. :

i

About the Circuit. Since the circuit
for each player is identical, only the cir-
cuit for player A is shown in Fig. 1. Play-
er B's circuit connects to the pin-6 output
of gate IC1B. Integrated circuits IC4 and
IC5 and display DIS2 make up a con-
ventional 0-to-9 units decade counter
whose carry output at pin 8 of /C4 is fed
to a similar tens counter made up of IC2,
iC3, and DIS1. Seven-segment displays
DIiS1 and DIS2 are common-anode LED
types.

The count for the circuit shown in Fig.

1 can easily be increased as desired

simply by adding extra decade counters.
When the additional decade counters

are used, the input of each successive
counter is connected to the carry output
of the preceding counter and the RESET
lines are connected in common.

Both decade counters shown in Fig: 1
are set to zero by operating CLEAR push-
button switch $2 to momentarily raise
the reset-to-zero (RST) input at pin 3 of
IC2 and IC4 to high and then back to
ground as the switch is released and

pulidown is accomplished by R2. When - -

S2 is pressed and released, both DIST
and DIS2 should display zeros.
SELECTOR switch S$1 permits the per- .
son keeping score to choose between
player A and player B for score display

Electronic Scorekeeper
for Recreation Rooms

BY JOSEPH FORTUNA
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PARTS LIST
C1—15-uF, 15-volt electroiytic S1—Dpst switch
DiS), DIS2—Common-anode 7-scgment 52— Normally epen pushbutton switch

LED display
IC1—T7408 quad AND gate
IC2, IC4— 7490 decade counter
IC3, IC5—7447 BCD-to- T-segment decoder
LED1, LEIX2—Any discrete red LED
R 1, R5—2200-chm, Va-watl resistor
R2—100-chm, Y2-watf resistoy
R3, R4—270-chm, Y5-wall resistor

S$3-Telephane dialer-switch mechanism (see
ext)

Mise. —Duplicate circuit for player B; reguiat-
ed S-voit, 1-ampere dc power supply; per-
forated or printed-circuit board and hard-
ware, suitable enclosure; sockets for ICs
(optional}; machine hardware; hookup wire;
solder; dry-transfer lettesing kit; ete.

Fig. 1. Schematic shows scorekeeping circuit for anly one player,

and incrementing. When the player-A
posilion is selected, pin 5 of IC1B is
grounded and held low, causing LED2
for player A to come on. At this time, the
output of IC1B is low and the gate is dis-
abled. Hence, the player-B decade
counters will not operate.

Pin 1 of IC1A and pin.4 of IC1B are
made high by puliup resistor RS, and
mechanical DIALER switch §3 is con-
nected from ground to this common
point. (A surplus mechanical telephone-
dial switch assembly can be used for 83
to allow you to conveniently “dial in” the
score updates. Aiternatively, you can
substitute an ordinary normally open
pushbutton switch for this operation, but
it will have o be operated for each and
every unit increment in the scoring.)

Operaling S3 shorts the common
IC1A pin-1 IC1B pin-4 point lo ground
the same number of times selected on
the DiIaLER. As the DIALER is operated,
IC1A turns on and off with each closure
of §3. This generates cne or more input
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Fig. 2. A scorckeeper
for more than two
peaple can be made
by using AND gates
and switching as
shown here as long )
as truth table !

is satisfied. |
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pulses, depending on the DIALER num-
ber selected, for player A's decade
counter. (This assumes S1 is set to A;
operalion is identical for player B, except
that 51 must be set to B.) Every time the
1C4 units decade overflows at the tenth
pulse from IC1A, the carry output from
IC4 taggles the IC2 decade counter,

The circuit in Fig. 1 can be expanded
to keep score for more than two players,
as shown in Fig. 2. Note here thal sepa-
rate player LEDs are not used. Using the
AND gate and truth table shown, you
can design further switching to increase
the number of players beyond the three
shown in Fig. 2.

Construction. Since companent lay-
oul is not critical, you can use just about
any wiring technigue that suits you. Per-
haps most convenient is a printed-circuit
board of your own design, but perforated
board and Wire Wrapping is equally suit-
able. In either case, it is recommended
that you use sockets for the ICs.

Once you have assembled and
checked the circuit, mount itin an enclo-
sure so that the two pairs of displays can
easily be viewed. Mount the LEDs and
switches, including the DIALER mech-
anism, on the top of the enclosure. Fi-
nally, use a dry-transfer lettering kit to
label the switches and LEDs according
to function.

Power for the Scorekeeper can be ob-
tained from any regulated 5-volt dc sup-
ply capable of delivering 1 ampere or
more of current. &

PLAYER A

WJ

PLAYER B

PLAYER C

¥

75



CONSTRUCTION

Popular Electronics

AUGUST 1975

A DIGITALTIMER-SCOREBOARD
FOR ATHLETICEVENTS

Gymnasium-sized digitaf readouts simultaneously time up or down

and keep score. Ideal for schools and amateur sports groups.

g

LECTRONIC timers and score-

boards for athletic events are
often too expensive for amateur or-
ganizations and small school groups.
This is particularly true of a display
that can be read across a gymnasium
or stadium. The combination timer/
scoreboard described here can be
built with readily available compo-
nents (TTL logic), many of which can
be obtained from surplus dealers.
Though variations on the display are
possible, the prototype has four sev-
en-segmentdigits, each one foot high.
It can be buiit for about $100.
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" BY PHILIP HARMS

The project has two independent
modes of operation — timing and
score displaying — both remotely
controlled. Usually, the time is dis-
played, but while the score is being
displayed, the internal electronic
clock keeps operating so that the time
display is always available. In addition,
the timing can be made to run back-
ward and the operator can start the
timer at any selected time and run the
time up or down from that point. If it is
desired to stop the timing (for time-
outs in basketball or football), this can
also be done. The readouts wiil hofd

the time and will start to operate
(either up or down) when timing is re-
sumed.

The four-digit readout can be set to
indicate a preset score. When the time
is displayed, a colon is lit between the
two sets of digits. For a score, thereis
no colon. Provision is also made foran
instant test of all the display lamps.

The electronic portion of the
scoreboard control is easily assem-
bled on printed circuit boards.
Though some carpentry is involved in
the construction of the display, itis not
beyond the capability of a high-school
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student. Ordinary 7Y-watt lamps
{Christmas-tree type) are used to il-
luminate the display. The remote con-
trol board and the display are con-

Pioto of tnterior of prototype displey board shows how lamps
are placed i each segment and for colon. Note plastic
frowt panel with all but figures painted flat black.

Circuit Operation. An overall logic
diagram is shown in Fig. 1. Portions of
the circuit are shown in individual
schematics and will be discussed

Control Box. The control switches
for the various functions are shown in
Fig. 2. All of the circuits to which they
are connected are terminated in resis-

nected by a mutti-conductor cable. separately. tors connected to the +5-volt line.
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Intervior of the two electronic chassis. The power supply,
main electronic board, and relay board for two digits are In
one chassis. Relay boards for other two digits are in second chassis,

Thus, when the switches are open, the
lines indicate a logic 1 state.

The four sections of thumbwhee!
switch 53 have a complementary BCD
output. Each section has a common
wiper contact and four ouiput lines.
System ground is tied to each com-
men line and the selected code is pre-
sented at the output terminals. The
complementary BCD code is as fol-
lows: (C = closed contact; O = open
contact)

D C B A

Digit 8 4 2 1
0 cC ¢ ¢ ¢
1 ¢C ¢ ¢ ©
2 c ¢ 0 ¢
3 cC ¢ 0 o0
4 C 0 ¢€ ¢
5 C 0o ¢ O
8 cC 0 0 ¢
7 c 0o 0 o
8 O C ¢ ¢
9 0O ¢ ¢ 0O

Power Supply and Clock. The sys-
tem requires two power supplies (Fig.
3). One, using a two-transistor reg-
ulator, provides +5 volts for the logic.
The other is a simple rectifier (D4) and
filter {C2) circuit to provide 9 voits for
the segment relays.

The 117-volt ac supply is applied to
the display lamps to light each seg-
ment. When S2 is closed, the full ac
supply is applied to provide a bright
display. With S2 open, diode DT per-
mits only the positive half cycles to be
applied to the lamps, producing a
dimmer display.

Integrated circuit /C8 is a one-shot
multivibrator which provides a clean
60-Hz pulse from the ac supply so that
any noise on the power line can't
cause fatse timing. This pulse is then
coupled to IC® (a divide-by-six
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counter). To prevent contact bounce
from the RUN switch from producing
false signals, the switch signal is con-
ditioned by /C7. The latter operates
IC10C {an AND gate) 1o allow the 60-Hz
signal to pass to the countdown cir-

- cuits,

Seconds Decoder. In this circuit
(Fig. 4), IC12 is an up/down counter
whose direction is controlled by S6 in
the control box. Note that the 1-Hz
signal is applied to /C12 through two
sections ot /IC70. These gates control
the up and down count lines. When
theunitissettotime up, the 1-Hz clock
is routed to pin 5. For count down, the
input is to pin 4.
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PARTS LIST

C1—4000-uF, 15-V 1antalum capacitor

C2—2000-uF, 15-V tantalum capacitor

C3—1000-pF, 15-V tantalum capacitor

C4—4700-pF, 100-V ceramic capacitor

C5 to C10—0. I-uF, 100-V ceramic capa-
citor

D1.02,D4— Diede {IN40D1 or similar)

D3—6.2-V zener diode

D5 e D33—1IN914 diede

F1—2A fuse and holder

i1 to 130--117-V, 7%-W incandescent
lamp

ICEAC2IC 12, 1CI7T—74192 decade
upfdown counter

1C3,1C4,1C13,1C 18—8233 quad 2-10-1
multipiexer

ICS.1C6,1C14,1C19—7447 BCP-to-7-
segment decoder

1C7—7474 dual-D flip-flop

1C8—74121 monostable mullivibrator

1C9— 7492 divide-by-6/12 counter

1CI0—=7400 quad 2-input NAND gate

1C 117490 decade counter

ICI15.1C16—74153 dual 4-to-1
plexer

1C20—7404 hex inverter

1C21,1C22—74H21 dual 4-input AND
gate

1C23—7473 dual JK fiip-flop

1C24—7410 triple J-input NAND gate

K! to K29—12-V reed relay

Q1.Q3—2N3225 transistor

Q12— 2N3055 transistor

R1—150-0hm, ¥-W resistor

R2,R5,R6,R11—1000-0hm, Y5-W resis-
tor

R3.R4—220-0ohm, Y:-W rusistor

R7t0 R10, R12 1o R26—2200-0hm, }4-W
resistor

R27—4T700-0hm. Y4-W resistor

S1—Dpst switch

52.54,56,.59—Spst switch

S3—Four-decade 1thumbwheel
(FECO 1776 or similar)

S5—Spst switch

S7—Normally open spst pushbutton
switch -

S8—Normally closed spst 6u-shhuuon-
switch

T1—6.3-V, 2-A filament transformer

Misc.—Heat sink kit for Q2; lamp sock-
ets {30%; hookup wire: 1" %X 2 wood
strips for display frame; peghboard for
display back: translucent white plastic
for display front, glossy white or silver
paint; flat black paint; thin wood or
metal strips for scgment dividers: suit-
able metal chassis; mulliconductor
cable: press-on type: mounting hard-
ware; line cord; perforated board; [C
sockets (24); componenl mounting
clips: ete.
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Fig. 5, Schematic of the waits and fens of minutes slages,

Part of civeuit is elso nsed to preset the score.

When pin 11 0f IC12 is low, the BCD
present on pins 15, 1, 10, and 9 s
toaded into the counter; and when tim-
ing hegins. it starts from this preset
code. The preset code is generated in
the applicable thumbwheel switch in
the control box.

When the counter is being clocked
{up or down), carry and borrow lines
cascade fC12to/C17, another decade
up/down counter that forms the 10's
of seconds counter. Each time {C12
reaches a zero on its up ceunt, an out-
put pulse increments /C17. Likewise,
on a down count, a borrow pulse is
generated for every zero transition. In-
tegrated circuit /C713 acts as a four-
pole, two-position switch. When pin @
1S low (indicaling a score display), the
BCD code from the thumbwheel
switch is routed to /C74. When pin 9is
high, the BCD from counter 1€12 is
routed 10 /C13. Note that changing the
display from TIME 10 SCORE does not
affect the timing operation. The
selected output from /C13 is decoded
in IC14 and converted to seven-
segment format with the standard
segment (A through G) designations.

Decade counters can be cascaded
for as many digits as required. How-
ever, since a minute consists of 60
seconds (not 100), external circuitry
must be added to /C17 to make it a
divide-by-six counter. This is not too
much of a problem, except that both
up and down counting are involved.
For counting, up, the sequence must
ke 1-2-3-4-5-0-1-2etc.; while for count-
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ing down, the sequence is 5-4-3-2-
1-0-5-4 etc.

The feedback to produce this logic
is implemented as follows {for the up
count; the down count logic is identi-
cal). When the counter cycles from 5
to 6, we want it to replace the 6 with a
0. The 6 count from /C77 is sensed by
{C21A and the resulting high state
presented to the J (pin 14) input of
{C23A is stored. The high output of
IC23A causes /C17 to enter a load
condition; and, at the same time. /IC714
and I/C16 (arranged as a four-pole,
four-paosition switch) force a count of
0 into the counter. When this Q is de-
tected by IC23A, the load command is
removed and the counter continues to
time from the 0 state. While the invalid
& digitwould be displayed. itisonly for
1/60 of a second and will not be ob-
served. IC15 is wired for a code of 0
(used during time up) and a code of 5
{used during time down), with the BCD
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code from the thumbwheel switch
routed into the counter during the
normal loading time.

The minutes and tens of minutes
decoders are shown in Fig. 5. These
are conventional circuits receiving
their instructions from the control
box.

Relay Board. The outputs of the
BCD-to-seven-segment decoders
(fC14, IC19, IC5, and /C§) are con-
nected to their respective reed relay
coils shown in Fig. 6. Other than the
colon circuit, the reed-relay circuits
are duplicated for each digit on the
display. One side of each relay coil is
connected to the nine-volt supply and
the other to the decoder output. The
diode across each coif eliminates the
inductive spike thatis generated when
the segment drive voltage is removed.
The switching is arranged so that each
117-volt segment lamp is placed in the
circuit as its reed relay operates.

Transistor Q3 saturates when the .

TIME switch on the control box is op-
erated. Thisenergizes K29 and /129 and
[30 to form the colon.

Horn Option. An additional circuit
(not included in the prototype) can be
used to sound a horn or buzzer at zero
time (Fig. 7}. The BCD code from each
counter is routed to its own four-input
NOR gate (7425). When all lines are at
a zero level {zero time), the output of
four-input NAND gate (7420) goes low
causing the SR flip-flop composed of
the two 7400 NAND gates to produce a
high state. This state is retained until
the RESET switch on the control box is
operated. The output transistor is
used to operate a relay whose switch
contacts should have the capability of
handling the current demand of the
selected horn or buzzer. Any relay that
can operate at 9 volts can.be used and
the transistor should have sufficient
collector current (when saturated) to
operate the relay coil.

Construction. The electronic cir-
cuits can be wired on perforated
boards, using sockets for the IC's. No
particular arrangement is required.
The circuits can be grouped on boards
as shown in the schematics, but sepa-
rate boards will be required for each
retay system (Fig. 6). (Only one colon
circuit is needed.) In the prototype,
most of the circuits, including two sets
of segment lamp drivers, were assem-
bledin one aluminumbox (12" X 17" %
32" with the other two segment driver
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Fig. 7. This optioval circull cau take the outputs
from the counters wad counect power to sownd
a horn aeeessory when the frme 15 00:00,

circuits in a smaller box (8" % 12" x37).
Other, possibly smaller arrangements
could be used; but if overall size is not
important, the extra room facilitates
wiring and maintenance.

Since the logic circuits operate at
low frequencies, special iayouts are
not necessary. However, since there
are current spikes flowing in the 5-volt
and ground leads, it is a good idea to
insert bypass capacitors (0.1 uF) be-
tween each 5-volt line and ground.
Decoupting all counter IC's is also a
good idea.

The control box can be connected
to the electronic circuits through a
length of multiconductor cable, or the
control box can be mounted on the
farger package.

The display board can be con-
structed to fit your needs. The pro-
totype was 48" long and 14" high. A
wooden frame was constructed. The
front face was made of translucent
white plastic (available from most
building supply stores) the same size
as the frame. The face was prepared
by masking out the four digits (seven
segments each) and the colon on the
back of the face. The back was then
sprayed with flat black paint so that
only digits and colon remained trans-
lucent.

Peghoard was used to mount the
lights and provide ventilation. After
cutting the board to size, it was
painted glossy white (or silver) to add
brightness to the lamps. A 7V2-watt
lamp socket was mounied at the
center of each segment and wired as
shown in Fig. 6. Pressboard or sheet
aluminum was then used to separate

the lamps for each segment so that the
light did not spill over. Black masking
tape can alsc be used to avoid light
spill.

The front face can be secured {o the
frame in any way that will provide a
good overall appearance. Keep in
mind that the front may have to be
removed to replace lamps. A light
shade can be added over the top of the
front to make the digits more visible in
bright ambient light. It has been founa
that yellow lamps in the display pro-
vide better definition. However, avoid
lamps rated at more than 7%: watis, or
the reed relays may be damaged. If
brighter lamps are needed, an extra
driving stage (with SCR's or triacs) will
e necessary.

Operation. The controls are as fol-
lows:

THUMBWHEEL SWITCH: Used to set in
the time and score.

LAMP TEST: Lights all segments of all
digits for testing.

LoaD: Timer is forced to time set by
thumbwheel switches.

TIME/SCORE: In the TimE position, the
display indicates the preset time and
the celon is lit. In SCORE, the colen is
dark and the display indicates the
score preset on the thumbwheel
switches,

DOwWN: Makes the timer count down
from preset time. If switch is not
closed. time counts up from preset
fime.

RESET: Returns timer to all zeroes.

RUN: Starts timer. When opened, the
timer stops. (This switch is useful for
time-out periods.) S
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price, such as the $15 for the MN3001. For
OEM needs, contact Matsushita (Pana-

sonic}), One Panasonic Way, Secaucus, NJ

07094.

o

i
TIME AND SCORE
| would fike to pass on to my fellow hob-
byists the following corrections for “Build

a Giant-Size Digital Timer-Scoreboard For
Athietic Events”. {August 1975); connect

" pin 6 (not pin 5) of /C7 to pin 10 of JC10;

connect pin 4 (not pin 2) of /C8 to ground;
reverse ‘the pins 4 and 5 connections of
1C12; connect pin 7.t6 ground and pin 14 to

V.. to get power to IC72 through /C22 and
1G24 if you're using 14-pin DIP's {for 16-pin
DiP’s, pins 8 and 16 go to ground and V.,
respectively); connect pin 4 to V.. and pin
11 to ground to get power to IC23.— Phillip
Partin, Homestead, FL



Large Digital Scoreboard

Do your achievements
. go unnoticed? Build this

big, bright display board
‘and make sure that
everyone knows the
‘score.
‘By Ken Wood -
THIS SCOREBOARD has been designed
for use in a gymnasium or other large area

*and uses regular light bulbs to provide a
large, bright display easily visible from a

&

_dzstance The scores or other numerical -

information are normally entered from
“thumbwheel switches but the system could
.also be adapted to accept data from a
.microcomputer. The basic model has a
“four. digit display which could be used to
show a two-digit score for each of- two
. teams, but the number: of digits can easily
be increased to suit other applications.

"The Circuit
The heart of this pro_]ect is a digit driver
- modute, This uses a 7447A, BCD to seven
segment decoder, to drive a digit compos-
ed of regular 15W decorator light bulbs
: via seven triacs. The BCD inforrhation-in
fed serially through a shift register, and
used to drive the dlsplay
One module is used per digit in ‘the
.display, and they are chained together so
:that they form a long shift register of four
bits per digit. The control logic is isolated
from the 120V line by an epto-isolator
module at:the start of the chatm, and-only
-one o these is needed for the display.
Third module is a power supply. This
' provides two separate 5V supplies, one for
_the circuitry in the display drivers and
theother for. circuitry isolated from the
[20V supply by the opto-isolator module.
The supplies shown only offer up to
'100mA, so for displays with lots of digits
a different regulator may be needed.
Finally there is a controiler module.
This takes data from up to four thumb-
wheel switches and turns it into a serial
stream to send to the display drivers, It
“also takes 120V zero crossing pulses from
_the power supply and uses them to time
the serial transmission. This allows the
display to be updated while the displays
are off at the zero crossing point of the
‘AC cycle.
22

AC SYNC ‘

’ SYNC BLANKING
GENERATOR - -
i ;
] .
- PULSE -
lconniTioNING—™] SEQUENCER
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| CLOCK lL
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SWITCH

- OPTO-
ISOLATOR

DATA
BANK SELECTOR

Wi

DATA

[' e | TO MEXT
{ I STAGE
r SHIFT

REGISTER

DECODER
DISPLAY |

Fig. "1 Block diagram of the complete system.
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mu How it Works

NOTE: ‘
1C9, 10 = 78105 : 9 - ) +5V FLOATING
Qt = 2N5210 i
BR1, 2 = 1A 200v - ' LEDT W
D1 = 1N400Y o €6 adn -
LED1, 2 = miniaturered LED | .. 18V 00n =T~
714
230
> : O 0V FLOATING
6Y
AG INPUT
w10 G4 5V GROUNDED
Leo2 W RIS !
E o _AG SYNG
A3 :
, : 330R oM
Gnounnu -0 OV GROUNDED

The power supply is in two sections, each of
which has a bridge rectifier and a
. smoothing capacitor followed by a voltage
regnlator {ICs 9 and 10). C6 and C8 cut out,
any high frequency spikes and protect the

also fitted with an LED and carrent limiting -
resistor as a visual check of operation.

" . The section that supplies power to the
control electronics has its 0V connected t¢
ground as a safety precaution, and also pro-
vides AC sync pulses to the controller
module. The bridge rectifier BR2 is isolated
from the smoothing capacitor with a diode
D1, so full wave rectified AC waveform ap-

- regulators from oscHlation. Each section is -

Fig. 2 Circuit diagram of the po r supply. Note the use of séparate grounded avid floating
+5v supplies. The controller operates from the grounded supply.

pears at the junction between D1 and RI2.

* This s fed 10 TR1, which is driven hard on
_.for all but the brief interval when the

waveform is at less than 0.7V, 100 times a
second. ‘
The AC sync pulses are not necessarily

at the zero crossing point of thé AC becaise '7

of the phase shifts that can oceur through
the transformer. To overcome this, they are
-fed into 2 monostable 1C1a which is trimm-
ed so that its output Is truly at the AC zero
crossing poini. This is fed into a second
monosiable whose output is gated with the
controller blarking outpui to hold the
triacs off for a period into the AC half cy-

Fig. 3 Circuit details for the controller.

= Yy |¥i¥ 2323233me
eyl ¥y ?‘é§='§=’§=";‘-:
lll l - ‘
AT T PR AR
7 ALE 8 o8 E X |
RN SN SO N A

de. This achieves the dimming function.

- IC2a, 2b, and 3a- produce a square..

wave dock at about S0KHz. It is also ased

to eontrol the operation of the remainder of '

the module.

I1C4a, 4b, and Ga produce a pulse
Iasting for exactly one dock period at each
AC crossing, This is used to reset IC7, a
four bit counter. The counter controls IC8,

an eight input multiplexer, to sequence -

throngh-the bit inpats from the thambwheel

‘switches. Output D from the counter selects -

one switch bank or the other via IC2d. -

When the counter reaches 15 the carry
outpui goes high and the counter is in-. -
hibited via IC2e. This means that after each

AC zero crossing, the data bits from the

thumbwheel switches appear in turn at the: | -

serial data omtput and via IC2f and 5c at

- the shift data output to the digit drivers. .-
The beginning and end of this sequence '}

is detected by IC3b whick produces an
envelope signal while data is coming out of

the controller, The signal is made available
to an external controiler via IC6, and also
gates the shift data and shift clock outputs

. to the digit drivers. I is also fed into the

blaaking signal so that, even with a very.
short period set for the monostable IC1b,
the triacs cannot come on wlnle data is be-
ing transmitted.

The three control signals connected to-

the digit drivers are fed through an op-
to—isolator circuit to prevent apy AC poten:
tials from reaching the confrol eircults,
théreby makiag the unit completely safe for
connection to 3 home computer for exam-
ple.

Each of the three channels is identical,
so reference will be made 1o one channel
only. An emitter-follower transistor Q2
drives the LED in the opto-isolator IC11,

‘The opto-isolator transistor, biased by R19 .
to improve iss high frequency response, is.
buffered by a Schmitt trigger (IC14a and . §
'R25), amd a final output buffer ICldb

drives the output.
" IC15 is a four bit shift register, which

converts the serial data to parallel at its out- )

puts. The fourth outpat passes serial data
on to the next driver module in the chain,

thus with four digit drivers each gets its new -

data after sixteen clocks. The parallel BCD
.data is decoded by TC16 to form fhie seg- .
. ment drive to each of seven triacs.

The blanking signal drives Q5 which
switches off the outputs of IC16, preven-

ting the possibility of a digit being displayed
while the shifting -process goes on and |

allowing the display té6 be dimmied. -

continued on next page
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Digital Scoreboard

How it Works

\

+5Y -
GROUNDED O~ O +5Y FLOATING
) | a2 ngo 1
PIN 1
[l
INPUT 1 [0 Somm. 3 2 14 < 1“'|b5 OUTPUT 1
{BLANKING) A
s .
104 =k
R17 !
1] 5 R25
) 160K =, K21 4
: meuT2, | 1e12 ~ s fotde N
SHIFT DATA, 4l iz QUTPUT 2
¢ ! ae (SHIFT DATA) .
R18
150R R26
1613 a7k
INPUT3 SN IC14f
O 3 LY OUTPUT 3
[SHIFT CLOCK) (SHIFT CLOCK)
+C9 KA PINS
== $50u AL 114
: 1oV IG11, 13 = MOG3010 RZ7
ov . IC14 = 4050
GROUNDED O : ,',;32* 4 = 2N5210 i OOV FLOATING
Fig. 4 Circuit of the optollisolator module,
r 45V o, .
FLOATING O 1 1 O +5V
I
. : 10v 100n PIN B o
ov i f TO NEXT
FLOATING O——3 : ‘ . —Q oV BIGIT
SHIFT sHIET | MODULE
-0 CLOCK
cock m © SuT
O SHIFT
DAT/
scR1 ouT
- ——OSEGMENT a |
FROMPOWER L=
 EIPHER OBTO. §
ES%LAE.{RSUOR* > SEG_MENT b
DIGIT 10 5ﬂ 3
MODULE : 4 v 1 *7 SEGMENT ¢
4 o A ¥ TO AC
1 s 1 b LIGHT
K sars . BULBS
& : B c SEGMENT d 7, BULES
7 IC15 4 2 IC16 4 s
3 L c e 7-SEGHENT
SHIFY . . _ 2 1 SEGMENT o [ DISPLAY
DaTA INO—T 3] apE Elp '
i ry SEGMENT
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1016 = 741547 A as SEGMENT g
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The controtler also provides connec-
tions so that the display can be driven by a
special purpose external contéoller, or by
a simple I/0 port on a home computer. In
the case of a display with more than four
digits, this is probably the easiest way to
enter data and the circuitry for the thumb-
wheel switches can be omitted.

Construction
The box should be built first, and this is
probably the trickiest part. It’s not possi-
ble to give exact details and dimensions
because these will vary according to the
size of the digits and the number required.
Fig. 6 shows the arrangement used in the
prototype and this should be a nsed only
as a guide,

The circuit boards are all single sided
except for the controller which is double
sided. The leads of the components on the

24

controlier board are used to bridge bet-

~ween tracks on each side of the board;
components should be soldered on the top
side as well as the bottom. Unfortunately
this rules out sockets for the ICs.

Printed circuit board pins are used
for the flying lead connmections to the
power supply (except the 120V into the
transformer), the isolator module, and the
display drivers. In the case of the display
drivers, no flying leads are used for the
triac-to-lamp connections. The pins
should be installed first, followed by the
wire links, the resistors, capacitors, and
the semiconductors. Be careful with the
ICs, some are CMOS types. Leave the
power supply, transformer, and triacs for
the time being.

. The triacs on the digit driver modules
-are mounted with a small heatsink sand-
wiched between them and the board. This

D217 i e 1N4148
FS81 ..o it panel-mounting
fuse holder and 3A fuselink

LP1 ......... panel-mounting mains neon
SKi ........... 7-pin DIN socket or other
multipole connector to choice

SWi4 ... ... ..., BCD ten position
thumbwheel swtich with true

and inverse outputs

CSWSL el DPST toggle or other

CASE AND CONTROL PANEL

mains on-of f switch

15W light bulbs, lampholders as required;
wood, brackets, etc, for enclosure; col-
oured filter for front of display; small
aluminum panel for the controls and nuts
and bolts to mount; cable ties or spiral wrap
or similar, stand-off pillars, nuts and bolts
‘for mounting PCB’s; ribbon cable, writing
etc. The thumbwheel switches are available
from Electro Sonic, 1100 Gordon Baker
Rd., Downsview, Ontario (416) 494-1555,

POWER SUPPLY

Resistors

{all 4W 5%)

RI2 i e 10k
-8 T I 330R
RIS it e, 1k
Capacitors

[0 T 470u 16V radial

electrolytic

Co,8 ..ooiiin.. 100n 5% polycarbonate
Semiconductors

ICO, 10 ..ot 78L0O5
QI i e 2N5210
B 5 5 1N4001
BRi,2 .......... 1A, 200V (General Inst.)
LEDL2.............. miniature red LED
Miscellaneous

1 6-0-6V, 500mA

mains transformer, chassis mounting
PCRB; 1mm terminal pins; ground tag; nuts
and bolts for mounting transformer, The
bridge rectifiers are available from Active
Components. -

is a length of aluminum strip, details are
given in Fig. 9. The heatsink also provides
the extra two mounting points for the
board. Each triac is bolted to the board
through the heatsink with a mica washer
and bushing to insulate the tab. Silicone
grease should be used between the tab and
the aluminum to improve heat transfer.

Two of the pins on each triac are bent
down to pass through the board, while the
centre pin is bent up for a flying lead con-
nection to the lamps. Only after the
triac-heatsink assembly has been com-
pleted should the triacs be soldered to the
board.

Electronics Today October 1985
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Fig. 6 Details of the cabinet used for the profotype.

The bulb sockets can be mounted on-

a wooden panel which is also used as the
chassis for the PCBs. Mount the PCBs

with standoff pillars and keep the inter-

wiring neat by using spiral wrap around
the cables. Make sure suitable cable is us-
- ‘ed for the AC supply to the lamps, bet-
ween the famps and triacs, and the returns
from the digit driver boards.

The supply, return, and ground wires
have been taken to a central supply point
rather than chaining them from pomt to
point. This includes the power supply
module as well as each display. Remember
that quite a bit of AC voltage and current
is present throughout much of the wiring;
wire it for safety.

The diodes associated with the
thumbwheel switches are integral with the
switches themselves, and the arrangement
shown uses the inverse data outputs. If the

switches used do not have inverse outputs,
turn all the diodes around, swap the com-
mon counections . for the two pairs of
digits and alter the pull-up resistors on the
controller module so that they pull down
to OV, If a display of less than four digits

is required, simply omit switches and-

diodes starting with SW1, then SW2, etc.

Any convenient connector can be us-
ed for the outlet to the external controller.
A seven pin DIN socket has been used in
the prototype. The external controller can
interrogate the thumbwheel switches by
intercepting the serial data and control
signals. It can inject data in place of the
switch data by driving the switch disable

" input to a logic 1 (3.7V +), at which point

the output of IC8 goes high impedance
and can be driven externally,

If the switch inputs are never going to
be used, the controller module may be

dedicated to external control by omitting
IC4,7, and 8, as well as R2 to R9. The
copper track on the component side of the
board leading to IC3 pin 1 should be cut

" (close to the IC only) and a wire link

soldered between the pad of IC8 pin. 15
and IC5 pin 2. This allows the external
controller to generate the envelope signal.
IC6 pins 5 and 6, and IC3 pins 4 and 5 .
must be wired to OV to protect their
CMOS inputs,

Setting Up and Use )
Boot up the power supply with its outpuis
disconnected, if all is well, the LEDs
should light to show that something is get-
ting through. Check that both outputs are
producing 5V. :

Very little intermediate checking can
be done on the rest of the circuitry so be
careful while poking around the digit

AC
[

AC | GROUNDED
SYNGC | supPty

FLOATING
SUPPLY

Fig. 7 Component overlay of the power supply board. Note the ground connection to th

to the transformer, no! to the PCB.
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Digital Scoreboard

BLANK NG - - L ANKING

Y FLOAT G r=oed s

" FRON POWER
Y.

_ | Ben o

sweross -G YRS ' — . JEEler laTeons | DIGIT DRIVER MODULE

0¥ FLOATING tirreny Res
istors
. [HIF!’GLOGK-‘—— (all 14 W 5%)
R2B .. 330R
: , R29 it 10k
= AC NEUTRAL R30-36 ..ot 100R
Capacitors

Cil .......... 100u 10V radial electrolytic
wons | Laces | Clz2...... e 100n polycarbonate

n n Semiconductors
Q5 2N5210
i TR | 5 T 7415195
- ) : L0 1 741847
O\ /’fo SCRIS7..oiiieiieiiie TIC206

Miscellancous .

PCB; lmim terminal pins; nuts and bolts,
mica washers arid insulating bushes for
triacs; heatsink (see text); IC sockets if
desired — 2 off 16 pin DIL,

Fig. 8 Component overlay of a digit driver board. The lamp connections are made directly to the
- centﬂe pins of the triges.

dnver areas as these are ripe with AC

. voltages. '
< i - 127 127 127 . 127 12. ;
- Make the set-up adjustments with a _ > 2 - 7 127,

single bulb plugged in somewhere, and ar- .
range for the display to show all 8s. Set . ,
" RV! on the controller module fully an- _ ' .
“ticlockwise and RV2 fully  dockwise. - ¥ '
" Switch the unit on and the lamp should be - _ O O O O O O O %
.at’ full brightness. Using an insulated

“sgrewdriver so that AC hum does not af- B O\ : o - /O

fgct adjustments, slowly turn RV1

128

dockwise until the lamp snddenly goes - - ol —
"dim; and stop there. Noew turn RV2 an- . ALUMINIOM S

- . . PR FEHABLV1 G
- ticlockwise and the lamp. should increase PRELERABLY TosW PANEL PG HOLES

in brightness. The lamp may now be set to
the desired operating brightness.

- If the display is to be run at full
brightness, either because you need that
much light or because you ‘want to keep.
RF interference to a minimum, continue
to turn RV2 anticlockwise until the lamp

Fig. 9 Drilling details of the heatsink for the digit driver-board.

.. suddenly goes out then turn it back to the

-/ point where the lamp comes on' again.

* - The display is now ready for use, 50 ] TRIAC .

- switch off and install all the lamps. Keép a : T

“few spare triacs on hand as well because JNSULATING

‘when bulbs blow they tend to take the - ; / MICA WASHER
triac with them. Running the display at a SEGMENT ¢
‘teduced brightniess should help a little, : - . - SEGMENT o
3 . f \ LT\ HEATSINK e

] : cm%g E%-EEE_“ soLT WASHER B SEGMENT d

Fig. 10 Mounting arrangements for the friacs.  Fig. 11 How ihe lamps are connected to forma
seven segment display. i
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MS DIGIT 8 NVELOFE
MS DIGIT 4 SWITCH DISABLE 10 EXAI’ERNAL
| ooz senonta. B ARECTon -
Rt o | - S | | coNTROrHER MODULE
LS DIGIT 4 ' : paTx - p 1O OFTR. “""A'J" - § Resistors i -
LS DIGITS ] rBI.ANI(ING % § . = (an y‘w 5"70) o :
' o BRI L el .. 1k8
e ca. _ 1= 1 Rz-u ............................. 10k -
° . h ] ° | P RVLZ.. e 220k miniature
5 g L : eosbopngee ) _ horizontal preset .
Capacitors s : .
Ci,2 ............ 120n 5% polycarbonate :
C3 ... 4n7 5% polycarbonate
. 22u 25V radial
— ' ‘ electrolytic
Rl .
. 3 Semiconductors . i
(] 4098
{2 . 4069
! I IC3 4 i e 4013
fy — - ' I oL 4001
\ L A 4011
o : - ‘ : i T oo P 40163
’ IO . i it a i a e 4512
\— RIGHT HAND BL. TO THUMBWHEEL o Miscellancous
Mo | EFT HAND BLOCK [ SWITCHES SW14 b PCR
Fig. 12 Component overlay of the controller board.
r +5V
GROUNDED - R i C %——rwv FLOATING |
e - :
oUTPUT
(sn..a"uﬁ?rﬁf oy . = {BLANK ING)
4 INPUT 2 o | @ e - = |, OUTPUT 2
{SHIET DATA) ) ¢ (BHIFT DATA) }
"
(SHIFT CLOGK) ] : § = ' : = T CLOGCK)
v s ——
GRDUN[—J'E'E‘"""K . .8 : & ﬁ——»w FLOATING |
FROM TO FIRST DIGIT
-CONTROLLER MOBULE
BOARD -
- : F:g 13 Companent overlay of the opto:solaror
. i - ) board.
'c‘:‘-‘»ﬁ‘rﬁi‘z‘i
! ‘ ISOLATOR MODULE
- } ] e T S Resistors .
e G " N )C:.‘:M(M ILM:::—-—-uO . (a_ll % w 50?‘0) . .
’"’.’4‘;'?5.5‘3‘ — [ .u:nn'n SHIFT DA TOATA BHFT DATAT =0 R16-18 ..... A B LR 150R "
nwﬁa';a,‘oes -1 rooon s - ov}——a0 R19,21,23 ......... e 100k
— >C PFTCLOGK  SNFT GLodKf———D R20,22,24 ..... SR Hoammacrnaannan 10k
‘CONTADL LER POARS AT AL ATOR AR b ement W : R25-27 i it easaines w47k
- — )] Capacitors .
T ha 3% bizgmsee TCOI0 e 100u 10V radial
= 50 OOgD . . _ ‘ electrolytic
PR 51,20 socos Semidconductors .

e r:f"_’_‘é_}ﬁ— o Q24 i e 2N5210
Lol M o ICI-13 .., MOC3010 opto-isolator.
worT a IC14.i ..ot PN 4050
Go _ a

Miscellaneous
PCB; Imm ferminal pins; 1C socket if
desired — ! off 16 pin DIL

Fig. 14 Interconnection of the boards.
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Digital Scoreboard
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