!

Hours of fun for the whole family!

Build your own
Video Ball Game

Do you find TV programs boring? If so, help is at hand. Our Video
Ball Game will provide hours of fun, for all your family and friends.
Using only thirteen CMOS ICs and a number of discrete components,
the kit is easily assembled on a printed circuit board.

In recent months a large number of
home video games have come onto the
market. These usually cost in the vicinity
of $100.00 or more, and are available
either as fully assembled units or in kit
form. Our Video Ball Game should cost
you considerably less than this to
construct—in fact it should cost you only
about $40.

Used in conjunction with a standard
VHF TV set, either colour or black and
white, the unit produces a display similar
in outline to that of a lennis court or ping-
pong table. There is a central dotled ver-
tical line, called the net, and upper and
lower houndaries from which a small
rectangular “ball” can be bounced.

Along the side boundaries may be
moved small “bats™, which can be con-
trolled by fwo players using small hand-
held units. The players move their bats
up and down, hitling the ball to keep il
in play. A player scores a poinl when his
opponent misses the ball, and allows it
to continue off the court. ’

The ball is brought back into play by
pressing the appropriale serve button,
Each player is provided with one of these

a8
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buttons on his control unit.

The speed at which the ball maves,
and hence the rate of play, is varied by
a control on the front of the case.

Small slider switches are used to alter
the display, allowing several fypes of
games, by one or two players, to be
played.

Turning now ta the main circuit
diagram, we can see how the display is
produced, and how the design is
implemented. 740 series CMOS logic has
heen used in the design, with gates func-
tioning both in the normal digital manner
and also as linear amplifiers. In addition
to the CMO5S gales, four discrete transis-
tors have been used, as well as a number
of diodes,

The box labelled “modulator” is a self-
contained unit, which converts the video
information generated by the remainder
of the circuil into a form suitable for
decoding by a standard VHE TV set. It
is connected directly 1o the aerial ter-
minals of the TV, and is described in
detail later in the article.

Before commencing with a detailed
description of the circuit operalion, we

R T

by DAVID EDWARDS

will digress for a short time, and explain
the way in which the 1C gates have been
identificd. Only two types of 1Cs have
been used, the 74C00 type, which is a
quad NAND gate, and the 74C02 type,
which is a quad NOR gate. Each of the
individual gates in each IC has been
labelled “a”, “b", “c” or “d”, while the
ICs themselves have been numbered
consecutively, Thus gate 1a is the firsl
gate in the first IC. The pin numbers of
each gale are shown next to the respec-
tive terminations.

Five NAND gates, 1a, 1b, 1¢, Id and
ja arc connecled as a free running
haorizontal sweep oscillator. The horizon-
tal hold control is used to set the opera-
ting frequency to about 15625Hz. In
operation, a “low” pulse circulates
through the gates, ;:rn.nudur:irmEl appropri-
ate outpuls at each gate. D7 ensures
reliable starting and operation.

The line sync (LS), bal left {BL), centre
line (CL) and bat right (BR)} pulses
produced by this oscillator determine the
horizontal spacing of the display.

Four NAND gates, 2b, 2c, 2d and 2a
are connected as another free running
ascillator, this time with a irequency of
about 50Hz. This oscillator produces the
frame sync (FS), upper line (UL). net
height (MH) and lower line (LL) pulses,
which determine the vertical spacing of
the display.

The LS and FS% pulses are added
together by gale 3b, to form a composite
sync pulse, which is then injected into the
video line by TR4, The LS and FS pulses

Al left is a photograph of the completed
Video Ball Game, showing the hand-held
corfrol units. On the facing page is the
circuit diagram. Circuit details of the
modulator are given later in the article,



& |

=

HOLE

®

&

o8

) @

W L

MODULATOR 1w

sk T

CONTRGL B
T mn L e

W

L n L
BCT A8 10 - TACO0 BG4 86 T B, 11 12,13 4002 e L AR S T .@c
ALL A TRY1.2 - BCSAE TRY . BCESE Tna mi 7?3 .
VTDE?EEE skﬂ“:‘iw ME ALL DICHRCS  TRETA TNA TR 5

YEG)-

ELECTROMNICS Austraha, May. 1976 39




Video Ball Game

are also used to generate line and frame
ramps. The line ramp is produced by D%
and its associated components. The
ramp is positive going, and is reset when
the LS pulse discharges the 330pF capaci-
tor through D9 and the 1k resistor,

The frame ramp is produced by TR3
and its associated components. A linear
positive going ramp is produced as the
0.1uF capacitor discharges through TR,
connected as a Miller integrator. The
capacitor is charged by the F5 pulse, via
1270,

Gates 6c and 6d are connected as a
free running oscillator, with a frequency
of about 1000Hz. This oscillator s gated
on and off by the NH pulse connected
to pin 8. The oscillator outpul is com-
bined in gate 4d with a differentiated CL
pulse, and injected into the video line by
D4, This forms the central dolled line
called the net.

The two 22k bat controls are con-
nected as potential dividers across the
supply lines. The bat voltages are added
to the frame ramp at the inputs to gates
7b-and Bb. These pates act as compara-
tors, and produce negative going transi-
tions at their outputs whose positions
with respect to the FS pulse vary directly
with the positions of the bat controls.

These edges are squared up by gatles
7a and 8a, and then differentiated. The
differentiator time constants determine
the vertical heights of the bats, The dif-

ferentiated pulses are squared up by

This shat from the rear shows clearly the internal disposition of the component garts,
The modulator assembly is shown in the lower right hand corner.

gates 7o and B¢, and then inverted by
gates 7d and 8d. The bat pulses or their
complements are sclected by $1 and 52,
and then passed to the inputs of gates
4a and 4b,

The BL and BR pulses are differenti-
ated and fed 1o the remaining inputs of
gates 4a and d4b. The width of these dif-
ferentialed pulses determines the
horizontal widths of the bats. The
horizontal and vertical components of

The printed circuit board component overlay is shown below., Pay particular attention
to the polarity of diodes, electrolytic capacitars and integrated circuits.,

the bats are summed by gates 4a and 4b,
and injected into the video line by 2
and D3,

As with the bats, the horizontal and
vertical components of the hall are
generated scparately. The vertical
velocity of the ball is represented by the
viollage slored on the TufF tantalum
capacitor. This velocity is integrated by
gate 12¢; and the resullant valtage, which
represents. the vertical position of the
ball, is added to the frame ramp at the
input of gate 12h, to produce a negative
going edge representing the vertical

9V BATTERY
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paosition of the ball.

This edge is squared up by gate 12a,
and then differentiated to produce a
pulse proportional to the height of the
ball. This pulse is squared up by gate 11¢,
and fed 1o one input of gate 4c, and to
the inputs of gates 13b and 1%¢,

Consider first the case when the ball
is descending. The TuF capacitor will be
charged 1o a higher vollage than the
threshold of gate 12¢, and its output will
be falling. When the ball reaches the bot-
tom of the “court”, gate 13b will register
coincidence between the ball pulse and
the LL pulse. The resulling oulpul pulse
is inverted by gate 13a, and discharges
the TuF capacitor via D7 and the 470 ohm
resistor,

The inlegrator output (gate 12c) will
now commence to rise, and so the ball
will “bounce” ofi the lower line, and
commence to approach the upper line,
When this occurs, a coincidence is regis-
tered between the ball pulse and the
delayed UL pulse. (This pulse is delayed
s0 thal the ball will bounce off the bot-
tom of the upper line.)

The positive pulse from gate 13c will
now charge the TuF capacitor again, via
D4 and the 470 ohm resistor. Thus the
ball is consirained Lo stay belween the
upper and lower lines on the court.

The voltage on the 220uF electrolytic
capacitor represents the horizontal posi-
tion of the ball. This voltage is added to
the line ramp at the inpul of gate 11b,
producing a negative going transition at

the output corresponding to the horizon- -

lal position of the ball. This is squared up
by gate 11a, differentiated, and then
squared up again by gate 11d. The width
of the ball is determined by the diiferen-
tiator time constant,

The horizontal and vertical com-
ponents of the ball are added together
by gate 4c, and then injected into the
video line by D5. Gates 3¢ and 3d detect
coincidence between the ball and the left
and right bats. These coincidence pulses
are stretched by D11 and D12 and their
associaled circuitry, and then squared up
by gates 5a and 5b.

Gates 5c and 5d are connecled as a
flip-flop, and wsed to control the hori-
rontal direction of the ball. If the ball is
moving o the right, the output of gate
5c will be low, and the 220uF capacitor
will be discharging via the 100k speed
pot and limiting resistor. If the ball hits
the right-hand bat, gale 3d will register
coincidence, and gate 5b will toggle the
flip-flop. The 220uk capacitor will now
commence to charge up, and the ball will
maove to the left. When i hits the left bat,
its direction is reversed in a similar man-
ner.

The coincidence gates have a further
function, not previously mentioned.

Gates Ga and 6b are used to differentiate
the oulpuls from the bal controls, giving
voltages proportional to the bat veloci-
ties. The coincidence gates are used to
switch these voltages onto the TuF ver-
tical speed capacitor at the mament of
impact. Transistors TR1 and TR2 act as
switches to perform this function, thus
allowing the players to partially control
the speed and direclion of the ball,

If the ball misses one of the bats, the
ball flip-flop is not toggled, and the ball
continues past the bat and off the screen.
Eventually the 220ufF capacitor becomes
fully charged or discharged, and a stable
state is reached. The ball is returned into
play by pressing the appropriate serve

button, which simply toggles the flip-
flop. The speed of play is regulated by
the 100k pot which contrals the rale of
:'harge or discharge of the 220uF capaci-
.

The upper and lower lines on the court
are generated by gates 9a, 9b, 9d, 10c and
10dl. These combine BL, C1, LL and NH
pulses to produce the required video sig-
nal, which is injected into the video line *
by gate 9c. Gates 10a and 10b are used
le delay the UL pulses, so that the ball
bounces off the bottom of the upper ling,
rather than the top.

Gates 13d and 12d, which would
otherwise be spare, are used to form a
very low frequency ascillator. The output
from gate 12d is filtered by an RC net-
work, and used to wobble the bats up
and down, under the contral of switches
55 and 56. Switch 57 connects the wipers
of the two bal controls together via a 10k

MODULATOR v 3
BATTERY
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This wiring diagram will aid in final assembly of the game, To facililate faler tracing
of the circuit, use colour coded wire for all interconnections. Lace the wiring. into

a loom to achieve a neal finish.
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Shown at right is a full size replica of the
prfnrod board pattern, which can be
traced if required.

resistor, to provide interaction if this is
required,

The power supply for the game is pro-
vided by a 9V battery. A 2500uf electro-

lvtic capacitor is used to ensure a low

supply impedance, and is connected
permanently across the battery. Turn-cn
transients are eliminated by the 22uf
electrolytic capacitor connected on the
circuit side of the power switch, 58.

The composite video information,
available at the collector of TR4, is fed
to the modulator, along with suitable
power supply voltages. This modulates
the video information onto a carrier
centred on 537.25MHz, for demaodulation
by a VHF TV set tuned to channel 1, The
modulator is connected into the aerial
socket of the set, so no modifications to
the set are required.

Construction of the game is quite sim-
ple, as almost all components are
mounted on a single printed circuit
board. There is a separate board for the
modulatar. Do not remove the CMOS
1Cs from their protective packaging until
they are to be inserted into the PCB. All
other components should be fitted first,

There are 23 wire links to be fitted to
the board, none of which need to be
insulated, Use tinned copper wire for
these (cut-off component leads are
ideal).

Mext mount all resistors and capaci-
tors, making sure that the polarity con-
scious capacitors are fitted correctly.

We recommend that circuit board pins
be fitted to the 19 external connection
points, as this will make final assembly
much easier, The twelve diodes and four
transistors can be fitted next, taking care
that they are inserted with the correct
orientation,

The CMOS ICs can now be fitted. It
is not necessary to use |C sockets,
provided the following procedure is
followed. First, ensure that the tip of vour
soldering iron is earthed, and also earth
the PCB, at the — battery terminal. The
easiest way 1o do this is to attach a flying
lead to the body of vour iron, so that it
is in contact with the tip, Fit a crocodile
clip ta this lead, and simply clip it to the
board. Remember to have the clip on for
all soldering while you insert the 1Cs, and
also for any soldering later,

The ICs can then be removed from
their protective wrapping, and inserted
_into the board with the minimum of

handling. If required, bend the leads by
pressing against an earthed metal surface
[not plastic) so that they are the required
7.5mm apart. After checking that the 1C
is in the correct place, and that its orien-
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tation s correct, solder first pin 7, and
then pin 14, The remaining pins may be
soldered in any order, applying a
minimum of heat and solder,

When all soldering is finished, spend
a few minutes checking the board for sol-

der bridges and misplaced components.
A little time spent at this stage may well
save a lot of frustration later!

We can now turn our attention to the
case and associated components. Metal-
waork dyelines are available from our
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Information Scrvices for $2.00, so those
in a position to make metalwork can
“brew their own’". Alternatively, pre-
punched aluminium boxes should be
available from the usual sources.

Mount all the switches and other hard-
ware inta the box, including the PCH.
Note that there arc three resistors
mounted on the switches, Using colour-
coded hookup wire (rainbow cable is
ideal), complete the connections to the
switches, 5-pin DIN sockets, and to the
battery, remembering to keep your
soldering iron earthed. The accompany-
ing wiring diagram shows all the required
connections, The modulator assembly is
fastened to the bottom of the case, at the
rear, with the aerial lead to the TV
clampéd and passing through a grom-
metted hale in the rear of the case.

The wiring diagram also gives details
of the hand controls. These are mounted
in small plastic “zippy” boxes, with the
controls mounted on the aluminium lds.
Clamp the cables inside the boxes, and
fit 5-pin DIMN plugs to the other ends.

Construction is now complete, apart
from the fronl panel. We used a separate
front panel, to hide the large number of
screw heads holding the slide switches
in place. It is held in position by two
machine screws, one at either end. We
applied labels using stick-an lettering,
protected by a layer of clear lacquer.
Ready-made panels may be available
from some suppliers, in due course,

Testing of the game can now com-
mence. Connect the aerial lead from the

modulator to a VHF TV set, and tune it
lo channel 1. With the power swilch
turned off, connect a suitable 9V battery
to the circuit. Then turn the power switch
on, and check for a display on the TV
screen. You may need to adjust the fine
luning control to obtain a good picture.

If you are unable to obtain a suilable
picture, it will be necessary to trim the
maodulator frequency. This is done by
adjusting the trimmer capacitor protrud-
ing from the top of the modulator shield.
The adjustment is guite critical, so care
will be required. A metal screwdriver
may be used, as the slot is earthed,

Once the set is tuned in, it will be
necessary to adjust the horizontal and
vertical hold controls on the PCB. Under
no circumstances should you adjust the
contrals on the TV set, as this will upset
the performance of the TV on normal
channels. Adjust the two trimpots on the
game so that the picture is stable hori-
zontally and vertically,

Mow check the operation of the
various controls. The bats should move
up and down when the hand controls are
operated, They should tumn into “walls”
with holes in them when the appropriate
switches are operated. The wobble
switches should cause the bats or holes
to move up and down, while the inter-
action switch should cause one bat to
influence the other to a small extent.

Now trn the bats to walls, and turn
the speed control up o maximum. Press
one serve button, and wail for the ball
1o appear. If no ball appears, press the

-

other serve button. If the ball still fails to

appear, turn the power off, wait for a little
while, and turn it back on again. Once
you have found the ball, turn the speed
down o a more manageable rate.

The ball should bounce from both
walls, and also from the top and bottom
lines. If the walls are moving when the
ball hits them, some of the wall velocity
should be imparied to the ball. The balls
should pass through the holes in the
walls, Once salisfied that all is correct,
return the walls to bats, and commence
to play.

To return the ball into play when it has
been missed, press the serve button on
the opposite side to the one the ball
disappeared through. Thus if the ball
goes off the left hand side of the screen,
press the right hand serve bution. The
time taken for the ball to return depends
on the speed setting and also on how
long it has been left off the court,

Various types of game can be played,
by appropriate manipulation of the
switches. Tennis or ping-pong is played
using the bats, while catch-ball requires
the use of holes, Single players can have
enjoyable games by setting up'a wob-
bling hole in one wall, and trying to hit
the ball through this with a bat. Skilful
players can enjoy harder games by mak-
ing their bats or holes wobble, while
adding inleraction adds to the difliculties
yet again.

In fact, the number of different games
which can be played is limited mainly by
the imagination of the player ar players.
Be warned, however, that if you have
children, you may need to purchase a
second TV set, as otherwise you might
be forced to miss your favourite
program!

PARTS LIST

SEMICONDUCTORS

5 74000 quad 2-input gates
& 74C02 quad 2-inpul gales
I BF173 NPN transistor

2 BCS548 NPN transistors

1 BC558 PNP transistor

12 IN4748 silicon dindes

RESISTORS (all YawW): .
1 470chm, 2 1k, 12,2k, 2 3.3k, 11 10k,
6 22k, 3 33k, 5 47k, 7156k, 2 150k,
2 220k, 1 330k, 7 390k, & 470k, T
1.2M, 1 22M, 6 10M
2 4.7k trimpots
2 22k linear pols
1 100k linear pot

| CAPACITORS
S-300pF polystyrene

220pF polystyrene

I30pF polystyrene

0.047uF LV polystyrene

0.07TuF LY polystyrene

0.033uF LV polystyrene

O.TuF LY polystyrene

b TE by T o=

-

TuF tantalim

1 22uF 16VW electrolytic, PCB
mounting

1 47uf 16VW electralytic, PCE
mounting

1 220uF T6VW electrolytic, PCB
mounting

1 2500uF 16VW clectrolytic, PCB

mounling

MISCELLANEOUS

DPOT slide switches

minialure momentary “on”
pushhbuttons

S-pin DIN sockets

S-pin IN plugs

printed circwit board, 227 x 122mm,
coded Tovgs

knobs

2-metre lengths of S-core shielded
cable, with 2 clamps to sujt

2 plastic “zippy™” boxes,

80 x 50 x 28mm

aluminium case, 230 x 205 x 68mm
modulator assembly (see text)
gronumets

rubber feet

SV battery and clip

P et el ] B2 SR

i oy el md

Hookup wire, solder, circuit board
pins, machine screws, nuls, washers,
seli-lapping screws

RF Modulator

BF173 NPN transistor

10pF ceramic capacitor

10-40pF trimmer capacitor
330pF plastic capacitor

0.07TuF ceramic capacitor

82 ahm, 2 Ik, 2 3.3k resistors
printed circuit board 66 mm x
mm, coded 7em5

tinplate box, soe text

solder, machine screws, nuts, 7580
co-axial cable, 22 B & 5 gauge
enamelled copper wire

ek ] Sl ]l

66

-4

Mote: Resistor waltage ratings and
capacitor vaoltage ratings, where
given, are thuse for our protolype.
Components with higher ratings may
gencrally be used providing they are
physically compatible. Components
with lower ratings may also be used
in some cases, providing the ratings
are nol exceeded.
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Finally, a word about troubleshooting
the game, should this be necessary, First
of all, check that the battery is okay, as
strange things can happen with a flat bat-
tery. Mext, check the symptoms against
the description of operation given
earlier, and try to isolate the faulty sec-
tion. Thus if the ball goes through the left
bat only, the trouble is likely 1o be around
gate 3c. If various elements of the piclure
are scaled incorrectly, then the frouble
may be due o incorrect RC networks.

The most likely cause of a complete
lack of picture is failure of the horizontal
or vertical oscillator. Remember that the
circuitworks in a logical manner, and you
should be able to track down mast faults
by analysing the fault in conjunclion with
the circuit diagram.

THE RF MODULATO

¢
A

r——**
|
I
|

WVIDED IN

LE - 107, 23 8 & § ENAMELLED COPPER WIRE
Jrmew DIAMETER. SOE TEXT.

.@_ VIDEO MODULATOR

The circuit for the modwator assembly
is shown abave,

The RF modulator uses a single transis-
tor, an NPMN type coded BFI73. It is
enclosed in a small tinplate box, to
minimise spurious radiation, The oulput
has an impedance level of 75 ohms, and
is coupled to the aerial terminals of the
TV set by a shielded cable.

Operalion of the modulator can be
followed by referring to the circuit
diagram. The transistor is connected as
a Colpitts oscillator, Base bias is provided
by the 3.3k and 1k resistors, connected
as a voltage divider across the supply
line. AC grounding of the base is
provided by the 330pF capacitor,

Frequency of operation is determined
by the LC network formed by the induc-
tor in series with the collector and the
10-40pF trimmer shunting the collector o
ground. Feedhack to maintain oscillation
is provided by the 10pF capacitor be-
tween emitter and collector,

The input video signal is coupled into
the emitter by a 3.3k resistor, and ampli-
tude modulates the oscillator. The RF
autput signal is “sniffed” by a loop close
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Ahpl-p.- This dimensioned drawing of the modulator shield,
which is fashioned from tin-plate, will aidd construction.

Righi: A view of the completed muodulator assembly, just prior

o spot soldering the lid in position.

to the emitler lead. One end of this loop
is terminated with an 82 ohm resistor {the
closest preferred value o 75 ohms),
while the other end is connected directly
to the output cable.

Fine tuning of the oscillator frequency
is provided by the trimmer capacitor,
while coarse tuning is achieved by vary-

ing the number of turns in the inductor, |

Access to the trimmer capacitor is avail-
able from outside the shielding case.

The inductor is fashioned from ten
turns of 22 B & 5 cnamelled copper wire,
wound with a diameter of 3 mm, In con-
junction with the specified trimmer, this
allows the modulator 0 be twned
channel 1 or channel 2. Reducing the
number of turns 1o 5 enabled us to une
all channels between 3 and 9. Thus if
channel 1 or 2 is in use in your area, and
you are suffering from interference
effects, it is possible to tune the modula-
lor to another, unused channel.

The maodulator s constructed on a
small printed circuit board, mgasuring 60
x 6 mm, and coded 7am5. A picce of
double sided board is used, with a pat-
tern etched on one side only. The other
side acts as a ground plane. All com-
ponents are maounted on the copper side
of the board, so no holes are requircd
in the board itself,

The shicld s fashioned from tinplate,
oblainable from jamtins, and is made in
wo pieces, An “L” shaped section with
three holes in it forms the front section,
The connections to the supply rail, the
modulator input and the sutput are
made through these holes,

The second section has a more com-
plicated shape, and forms the lid and
remaining sides of the case. Il has a single
hale in it, lo provide access to the tuning
capacitor. Dyeline drawings of the shield
will be obtainable fraom our Information
Service,

Before l:}'u; components are mounted

an the PCR, it is best to solder the shield
ter the PCB. The lid can then be hinged
upwards, the components fitted, the fid
pushed down again, and soldered at
selected points. I you are making your
own shield, make sure thal you drill all
the holes before you make the bends, as
this makes it much ecasier,

Make suitable bends in the com-
ponent leads, as required, remembering
ta keep all components close to the PCB,
The coil is wound on a convenient for-
mer, such as a knitting needle or similar
object, and the ends then cleaned and
tinned. The trimmer capacitor must be
mounted so that the adjusting screw is
aligned with the hole, and so that the
earthy side is connected to ground. This
will enable a metal screwdriver to be
used for adjustment, if desired,

The 3.3k video input coupling resistar
is passed partway through the appro-
priate hole, and soldered to the pattern.

VIDED
N DUTPUT

The flying end is used as the terminal
point for the lead from the video board.
A piece of insulated hookup wire is
placed similarly for the positive supply
terminal. The earth connection is simply
soldered to the shield,

The oulput co-axial lead is stripped for
a short distance al one end, passed
through the hole in the shicld, and sold-
ered in position. The lid can then be
hinged down, and spot soldered in
selected places. We fastened it down in
position with two small angle brackets
fashioned from tinplate.

Once the modulator has been con-
nected to the video section, the TV is
tuned to an appropriate channel, and the
power swilched on. The trimmer is then
adjusted to obtain a suitable picture, with
good conitrast. No sound information is
generated by the modulator, so the
volume control can be turned right down
to eliminale any spurious noise. .

At left is the component overlay diagram, while on the right is a full sized copy
of the PCB paticen, This should be etched onto one side of a piece of double-sided
board, the unetched side acting as a shiteld, )

.
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