ATARI PONG E CIRCUIT ANALYSIS & LAWN TENNIS:

BUILDING A DIGITAL VIDEO GAME WITH 74 SERIES TTL
| C O6D8 H. Holden.

UPDATED 2013 see end of article:
1) Questions & Answers with Mr Allan Alcorn

2) The Ghost in the Machine.
Background:

| n t he eanewproductovastbord wasa digital video game
which simulatedable tennisDigital video games had existed prior to
this howevemonewereexecuted so elegantty were such a
commercial succes$he ballin this Ping Pong gamavasmerely ashort
segment ofl lines of video signal seeas a small moving squaoa a

TV monitor. The newarcadegamewas arcad®ong by Atari It came

in a large yellow and brown cabindthevideoscreen image included a
net, two bats and a score system for gdaiier. Every time the player
missed the bathent he opponent would gain a
t abl e .Smetinms they were called Paddle gaaethe bat was
referred to as a paddie the USA

As well as video, sound was also produedsknthe ball stuck the bats
or whenlosing a poinbr when bouncing off the top or bottom of the
image It has been saithatPongushered in the video arcade game era
and also the home video game era that folloimdtie mid to late

1 9 7 .@®aescould sathat this game started it all.

The Pong game came to New Zeal and
teenager. As luck would have it a friefldlavid Williamson) worked as

a technician in the arcade game and juke box industry at a company
called Combined Berprises in Auckland. | had the opportunity to play



the gamdhereand watch thgame being assembled andthe b 6 s b ei r
serviced David kindly explained how the logic gates worked and drew

up the truth tables for some of them. | was determined thadané

would figure out exactly how the game workéeé able to repair them

and build one myself

At a ArcadesPond®CBcontained 61 C.&5ates and flip flops of

every kind, a pair of 555timérC6s and a few transi s
hard wired TTL logic and predates microprocessor and software
controlledvideogames.

Very quickly in the years to conaeversion othe entire circuit was
fabricated with large scale integrati@itSl) onto a sngle IC. Thesé¢ C 0 s
were used in home pong umitdich contained RF modulators so they
could be linked to a home TV set.

Also pretty well right awawfter Atari released Porather companies

started making the arcade gaane At ar i di dndt paten
wereidentical copies with some differences in the design and the screen
image.

The phot os bel ow arsddegamecdnsoder(yellov or i g
and two knock offey Chicago Coin and Midway
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Screen image on original Atari Arcade game whichdusell inch
diagonalHitachi TV as the monito(To take thigophotographiemage
the ball motion was disablied



Despite the lack of software, the biallthe game anhave 42 distinct
velocity vectorr directions and speedseg analysis below)

Noticehowt he t wo c¢ | o n eabovepChicagotCaind& 6 s Pon
Midway) havethetypicall 9 7 0 6 s , drtevarklandoolowgs They

also they used larger TV mibors than Atari Atari used amall 11 inch
diagonalfoff the shelb Japanese (Hitachi) TV set and disabled \s

receiving system and injected the video sigmal audidnto its video
amplifierand audio amplifieso as to use it as a TV monitor.

After making PongAtari went on to design a number of video arcade
games including TANK where two players fought it out on a battlefield
with minesand in a mazhile controlling two small tank images that
could fire shells.

Later Atari produced thiEamous Asteroids game. It was quickly

determined that the players liked to fight it out, either with the machine,

or a competitoplayer. Here is an interesting yet disturbing scan taken
from Atari 6s computer | argundcl97ha nu al

But most importantly, the designers of Tank have tapped into a hereto-
fore unused reservoir of violent and competitive energy found in nearly
all players. Historically, video games have employed non-violent competi-
tion between players (e.g. all paddle and driving games) or violent com-
petition between a player and the machine (e.g. Computer Space). But
no game has as effectively enabled the players to so violently and aggres-
sively attack each other while yet remaining within the limitations of
social acceptability,

So not only did Atarusher inthe dawn of theommercialvideo gaming
industrythey alsahad identified an unpleasant human quadityl



realisedthatit could not only be reinforced but also it woytdy off
financially via coins in mechanisms

Later sofware based games became more detailed involved and

realistic Incredibly violent themes appeared such as those in video

game such aPoom where the opponents are blasted into piles of blood
andgutsial | within the | i mitations of

This certainly makes the original Pong Paddle tennis game look quite
innocent and charming by comparison.

ATARI PONG 1 THE GREAT CIRCUIT TEACHER:

Atari 6s original pong circuit used
to the designefAllan Alcorn)int h e e a r.The uské 6f éverp sort

of gate, MAND, NOR, XOR in various configurations, JK Mast&lave

flip Flops, Edge triggered Flip Flops, Multiplexers, Ripple counters,
Synchronous countergith modulo N + 1 countingDecade counters,

Binary to 7segment encoders, a binary adder IC, Inverter gtites

linear 555 timer IGndthe National SemicaluctorLM309 5V voltage

regulator IC.

Study of the circuit design is an excellent learning experience for those
wi shing to | ear n ®&Tal cdcuitnechnguwes. or gl

Importantlyand cleverliythe game was configured to behave in a

realistic mannef-or exampl e when t he,theal | S
position it struck the bat determined the trajectory at which the ball

would leave (or reflet) from the bat. This was done dividing the bat

into segments ansimply reversing the existing horizontal component of

t he bal | 6encodirgdatadram tlaenntersection of the bat
segmentand ball and using this data to control the verticatponent of



t he maionlABsifthere was a volley of hits (with no misses) then
the horizont al cnoonopvoouldprogressively t he b a
increaseThissimulaesthe rapid play of an increasilygstressful volley

until one player would inetably miss the ball and th®orizontal speed

IS re-set.

Al s o a i n e whtevarscal bne Wwas shéwa to divide the

screen into two halves and seven segment scores mixed into the video to
record the points for each player. Each player could mm/ker baup

and down verticallyo attempt to engage the moving ball.

Very shortly after Atari released the arcade gam@c¢heavas cloned by
others.There were reports of blamichd s bei ng sol d i n t
hobby shops and the buyer would poputate e m wi t h t he TTL
Atari published the schematic, but there was little information available

at the time on how the circuit actually worked. This information would

have been in the form of timing and pulse diagrams and logic taies

circuit descmptions

Chicago Coin must have figured out the circuit functionality as they
made an interesting modification in the vertical velocity encoder circuit
to make tha game playa little differently. Thiswould have been

difficult without a good working knowledge of its operati@espite this
their pcbwasstill nearlya 1:1 copy.

Over the yearde game has also beemulatedn software to play on
computers. However | have never encountered a versgoftware that

plays exactly the same as the original game and in most casaspbor
facsimile of the real thing. This is probably because the exact features of
the games bat (paddlarchitecture, vertical velocity encoder and

controller and horizomd velocity controller are not known to the
software engineers making the Apon



immediatelyevident from inspecting the schematic diagrémaddition

the non interlaced scan wowtsoneed emulatioand the 42 velocity
vectors which are described here for the first time. With the information
in this review article it would be possible to craft an exact emulator

Wit h At ar i 8uxhas 8ANKthey alucedsery
comprehensiveo imampal £ rwil toJgitci mi ng
oscillogramsand circuit descriptions.

Who designed Pong?

The original des ongbelorgstoMrtMarAlc@rs or i
who was a brilliant yound TL logic designer working for Atari in the

ear |l y 1970 0 sredit fbrithedesegh a ang?ong chrcaiits

(unless otherwise noted) in this article belong to him and not to the other
Arcade B®ngmakers who copied his work.

To get to gr i padesignttismecessag toirediavther i g i
basic principles of logic gatesxd DeMorgaa theorem and also look at
the ways i n whi chwitKrRbgatearrays be r ea

Firstly when a line is drawn over a letter it means that the logic level is
reversed, like passing it through an inverterthis written text an
inverted pulse A would be writtgi{not)Ao.

In general most TTL designers used negativelogic, meaning that

the output of the logic gate would be low in its activeruecondition.

There are a number of advantages of this. TTbu@utsfor example

are good at sinking current but poor at sourcinglthough in any

given circuit the reverse or inverted version of the output was often
needed. | n At ar i 0 sAND gategforexampteubutt t h
plenty of NAND gates. NAND gates can also functiorOésgateswith



negative true inputsrhis fact and other gate equivalencies are shown
bel ow i n DeMorgands Theor em:

DeMorgan’s Theorem:

AB=A and B B
A+ = A 1 —0
A+B=AorB A i B

D AFB=AB ) »> = r

NOR Negated mput AND
2) AB=A+B Y- = -
NAND Negated mput OR

| n At ar i ongscleematigfiemoad typ&of gate in the same IC
package is drawn in different ways according to the theorem and gate
equivalency. It is drawn this way to help the reader understand what the
gate is trying to do. For example if you have two logic levels and you
wantan output going high that occurs whather input is low, you

would draw the gate as a negated input OR gate, even though its actually
a NAND gate such as SN7400 IC. If you drew it as a NAND it would

imply thatyou wanted a low output when both the unig were high. The

table below summaries gate equivalency and gate truth tables:
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The other important type gate not shown in the table above is the

Exclusive OR, or XOR gate. This gate produces a high output when

either one of its inputs is high, but not both at ofiteere is also no

output when both inputs are loWwhis gate has multiple uses. It can be

used n phase det ec {poasediodk loaps)intadio i n PL
equipmentXOR gatescan also be used to reverse a logic level passing
through it by switchinghe othetinput high This function is used in

Pongto reverse data values and result in thit iBahe game reversing

its vertical direction at timeXOR gates can also be usedpasse or



signal mixers, for example to mix Horizontal and Vertical
synchronisation pulses.

The truth table for the XOR:

EXCLUSIVE OR GATE TRUTH TABLE

The XOR gat es us e the7486. Howeaer thefesare P ON G
ways of making XOR gates from other gate combinations and one of

these is used inddg Due totheclever way this has been done it is

necessary to take a look at the possible ways an XOR gate could be
constructed from otheratdard gates:



XOR GATES & XOR IDENTITIES:

EXCLUSIVE OR GATE TRUTH TAB

A
A H
) o—p
B L
L

LE
X
L
H
H
L

~lxir|j=x|w

o >

2 A 5
3 A—

As can be seen from the table above there are a number of ways an XOR
can be realised. Of particular interest here is version 3. Without the
inversions at the lower AND gate inputsan bedrawn as version 5, a
unigue type of XOR gate & requires complimentary drive levels.

o
S
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In At a Pangtas realise this gate function they used the Q and Qbar
outputs from two flip flops for the complimentary drive. This part of the
circuit is in the vertical ball velocity encod&Vithoutknowingthatthis

is an XORidentity, thenthat section of the circuit would be very

difficult to understand(The only curio here is that there was a spare

XOR gate near by t h anhdheoptes fodtteXORy ner
made from the 7450



Ot her | C®PONGused i n

Apart from the gates thereVFamwse a n
used i n PONG. For the counter | C0s
sheets for theitruth tablesThe types are 7493 (4 bit ripple counter)

7490 (Decade counter), 9316, or 74161 (synchronous counter with load

& clear).

It is worth noting the two types of flip flops used, the 7474 (dual D
positiveedge triggered) and the 74107 which is a dual JK malstee
typewhere the data is transferred from the master to the slave when the
clock pulse falls lowThesepositive and negative clockedproperties

are taken advantage of in the design

Other types include the 74153 whichaisultiplexerused as a dat
selector

The 7448 converts BCD into seven segmeata (for the scores)
A binary adder IC, the 7488ed in the vertical ball velocity encoder

Also the four 555timel C6s used i n the bat gen
one for the serve timer and the other in the sound syistdme score
soundtimer after a player misses the ball.

When studying this sort of design
arcade PCBopagraphy asach TTL logic IC is spaced on a specific
location, so when studying parts the schematic the IC gates can be
referred to by a number and a letfBne important parts of the

sdhematic have been reproduced hérdéarge form paper copy is the

best one to have.

The diagram below shows the top view of the PCB. The three
transistors are shown in red:



(There are a number of subtle and very clever features built into Pong,
these will be discussdeln addition he aiginal Pong game had a number
of technical issues or problems. All of these, and the solutions for them,
are addressed in this article).

PONG ARCHITECTURE & CIRCUIT ANALYSIS:

The first step in creating a video gaageAtari didis to create
Horizontal andVertical synchronisation pulses of the correct frequency
to Ilock the scanning raster on the



The American Television system specified a horizontal or Line

frequency of 1550 Hz and a field frequency of 60Hz. (iZ,

Australia,or the UK, the frequencies are 15,625 Hz and 50 Hz
respectively). However mosmonochrom&d Vs or moni tors
enough range in the H.Hold and V.Hold controls to lock to either

system some need modifying

Sticking to the Americamideosystem for these examples, the scanning

| ines on the cathode ray tube (CRT
of lines, 525 of them. They are scanned however 262.5 lines over one
sweep of the vertical scan (60 Hz0.0166 ¥ then over the next sweep

the other 262.5 lines are scanned to give the appearance of a 525 line
scanning raster. Hal f the Aframeo
fieldd SoFiteHhael wmated i s the 60 Hz freq
system and thifequency of thevertical synchronisation pulses. The line

rate and the line synchronisation pulses are 15,750 Hz.

Due to the fact that the time it takes to scanfkiakl of lines is 1/60
seconds (including the time it takes to return the CRT beam from the
bottom to the tof the picture) then only 262.5 lines can occur during
this time. Therefore the second group of 262.5 lines end up fitting neatly
between the firgkield of lines scannedndthis is called scan

interlacing.

However in the synchronisation pulse generavbesarly video games

like Pong, the sync pulse processors were not that sophisticated and the
vertical frequency, or field rate, rather than ultimately being related to

the horizontal frequency by a division rate of 262.5 was merely just the
horizontal fequency divided by 262, which is the division rate of the
vertical sync pulse generator in these early circuits. This means that each
field of 262 lines is merely scanned on top of itself aotlinterlaced.



The noninterlaced scanr e at es fgapsoamdatoarseen t h
looking scanning raster, but this did not detract from the dater
Atari gamessuch asl'ank hadscaninterlacingand a more detailed video

image.

All digital videogames have a master clock oscillatonfravhich nearly
all other logic signals are derived. Belosthe Atari Bngmaster clock:
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The master oscillator indhdis a crystal controlled oscillator formed by

two invertergatesC9 and it runson testingat 14.351 MHz due to

loadinge ven t hough it Gabelled crytad E63disBad &8 0 MFE
buffer then the frequency is divided in half by tbggling JK flip flop

F6.



The block diagram below shows the clock (CLKYamarray of 7493
ripple counters, flip flops and gatdsride the clock down

VIDEO SYNC GENERATION:

H 2H 4H 8H 16H 32H 64H 128H 256H

75

14.3151 MHz
MH z
XTAL CLK HORIZONTAL SYNC
Frequ. ] ATAL 7493 Ripple Counters & gates

Count = 455,

HRESET
>

V 2V 4V 8V 16V 3V 64V 128V 256V

VERTICAL SYNC

|

15.731 kHz

HSYNC

7493 Ripple counters & gates
Count = 262.

60.04 Hz
VSYNC

XOR

Composite
SYNC
—»

The 7493 IC contains 4 flip flops. Each flip flop output has half the
output frequency of the preceding flip flop. For example if 751KHz

is fed into the first flip flop the output from the first flip flgpn the H
connecton) will be % that frequency, the second flip flop will be % the
frequency etc, as each flip flop divides the frequency by 2. So for

exampl e the

out put

frequency on

t

h



above is 7.1%5/2 = 3.579MHz. The length obne cycleof H is the
periodor 1/3.579 MHzand the length ahe Hpulse is half that as they
are square waveSo for exampld H is close to 0.14u$ngand 4H for
example is 4 x 0.14 = 0.56 uS long.

Appling the same logic to the vertical sync generatotahgh 1V is
close to 63.5uSvhich is the horizontal periook one line. 4V therefore
has a duration 4 x 63.5 =254uS dnatizontal scanning periods

(Remember the figures for 1V and 1H in bold above)

Also, for example, the 256H pulse would b&250.14uS = 35.8uS or
about half horizontal scan time and divide the screen inHai.is used

to position the net for examplalso for example 128V pulse is 128 x
63.5uS = 0.0081 sec or about half the vertical scan time (of 0.0166sec)
and would divide the screen in half from top to botfomexample

Each flip flop output can then be labelled H, 2H, 4H €k length of
any pulse can be determined from the output label. For example a 2H
pulse is twice as long as a 1H or a 4H pulse 4 times as long as a 1H
pulse etc.

One7493containing 4 flip flopscan only divideby 16(4 bit output) and

with another 4 flip flopsan divideby 256. But a division rate of 455 is
neededso a single additional flip flop is needeccteate a 256H

connection so the division rate can be the required B&S is a 74107
JKflipflopdesi gnat ed F6 ongsciiemaic i 6s ori g

The ultimate divisiorvalueis controlledby gates arranged around these
flip flops and another D type flip flop (ET) control the number of
pulses counted before thitip flops are reset to zero and the process
repeats.
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Thehorizontalreset pulse effaéively accounts for onelock pulse when

all the countergin the horizontal sync sectipa r e

system initially counts to 454 + the repeidse which is a total of 455

counts.

set

t o

Therefore the division value of the Horizontal courstestem is 455.

The frequency of theutputHRESET or HSYNC pulseounded to the
nearest digitis 7.15/5MHz / 455 = 15731 Hz, which is theclose to the

Line scanning frequency of the TV monit@5,750Hz).

The outpus: H, 2H, 4H, 8Hetcare veryuseful pulses ahhelpto
achieve the correct count and provide other important signals

In more detail, the following circuit®ws how thisvas achieved:
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The flip flops in the 749Bave some of thel® outputsmonitored by the
8 input NAND gatd-7 (7430)

On the falling edge of the 454th clock pulse the output of the(#30
pin 8goes low. This is because on the first time around the 7493
counters count ttheir full capacity 1 +2 +4 + 8 + 16 + 32 + 64 + 28
255before the flip flop ofF6is clockedby the 258' pulse(the 7493
counters or flip fops overflowtp produce th&56 outputon pin 5 of F6

Then the7493 counters have countto 2 + 4 + 64 + 128 = 198
satisfy the inputof FAnd ¢ a u s e, piA &, go low uTheptaiat
count is then 198 + 256 = 45%hen on the nexiositiveclock pulse
edge the lowevel, on the data input (D) of E¥ clocked to the Q
output of E7 and the Qbéor (not)Q) goes highThis generates the
HRESET pulse and resets the flip flaps d 7. ¥h@ Bracsss then
repeats, every 455 clock pulses, so it formis@i v i 4856 cirduiy

The HRESET pulse falls low aftédre nextmaster clock (CLK)pulse.

The 64H and 16H pulses\dthe HRESET pulsareused to create the
(not)HorizontalBlankingor (not)HBLNK andHBLNK and 32H pulses
are used to creatbe (not)Horizontal synchronising pulses

(not)HSYNC Right away from the data above the horizontal sync pulse
must be 32 x 0.14uS = 4.48uS long.

Overflow versusReset countingand dividing:

Theabove example demonstrated some interesting pdirits example

a 4 bit counter (such as a 7493) is clocked it will count to 15 and on the
next pulse overflow and the 8,2, 1 outputsor D, C, B, A outputsvill

be zero. Therefore the frequency divisaf such a system is 16 because
the zero alsousesoneclockpidse t he zer o must be



In the Horizontal sync circuit above the counter chain overflows once in
the process to set the 74107 to create tHeit®f the counter and uses
clock pulse after the 484lock pulse to reseb zero

Any counter or divider system needs to be very carefully studied to
determine exactly what treunt anddivision rates are especially if
there are other gates and separate flip flops added.ihttave seen

some documentation showing that B@ngcircuit above is a 454
divider which is incorrect.

The Vertical sync generator:
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Thevertical sync circuits the same configuration as therizontalsync
system, except the drive pulsehe HRESETpulse not the master
clockor CLK.

During counting after 26 countsthis sets pirb (the 256V connection)

of D9 high, then after another 1 + 4 = 261 counts to satisfy the inputs of
the 7410 NAND gate D&he output of D8 falls lowThen on th@62™
HRESET pulse the counters are reset.

The divisionof the horizontal rates therefore is 26 HRESET has a
frequency of 1531 Hz, so VRESET has a frequency of 15731/262 =
60.04 Hz which is the Field frequency for the mondowery close to it
Thehorizontalandverticalsync pulses are mixed together by the XOR
gateA4 to become (not)composite sync.

Now it is useful to look at the basic timing sequence of the sync

generators:
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The timing of horizontal blanking (HBLNK) due to delapsthe flip

flops & gates is such that (not)HBLNK falls low during the zevaster
clock(CLK) pulsebeing high or about 0.04uS after the rising edge of
the CLK pulse and goes high again just after the rising edge of the 81
clock pulse. This is about 0.11uS after the falling edigihe 803" clock
pulse which triggers this everff.hese important delays can be
calculated from the data on the flip flop and gates data sheets, or
measured on a scope)

Therefore, the (not)HBLNKoulse is low for precisely 8dositive going
masterclock pulse edges. This is very important as the (not)HBLNK is
used to inhibit the positive edge triggered 9316 horizontal ball position
countergsee below) over exactly 81 clock pulsg¢she T enablenput
From the data sheet of the 9316
enablePoT i nputs should occur only wh

One interesting point is that <coun
counter s o0 igrippte daavh thetchaa of flipsiflapEor the
pulses further down the divider chain there is a delay with respect to the
timing of the master clodkansitionsdue to the cumulative delays of

each flip flop in the chainThis does not happen with synchoosly

clocked countersThese delaysaused some problems in the Atari pong
circuit in some case$or example the signal which generates the net

(see below) uses the 256H signal and the CLK to generate the net pulse.
In some later production runddgp c dtlde total delays in the

SN/493AN counterl C wese on the very minimum edge of the specs

and this compounded through the divider chdine altered timingr

clock skewended up producing a themdweaklookingnet pulsean the

videa This can be cureldy altering the circuit or adding some delay

(see section on modifications torr).



Horizontal and vertical pulsésom the sync generatocan be used to

either create or selecarious parts of the video image. As an example
shown on the diagram belpwherethey are used to select a window of
time (and position) in the video scanning raster where the scores can be
displayed.The gate configurations in the diagram show how selecting
various H and V pulses can select various areas on the screen.

VERTICAL SYNC GEN. 1v,4va2s6vHiGH SCORE WINDOW:

ST ]l av
, VIDEO IMAGE
J}Uﬂﬂﬂfmﬂ AU av
A ] ]
PO LT T 1ev B
< Vv SCORE WINDOWS
ert. Scan
| l [ 1] 32v VRESET
C J HRESET —
| [ | | eav T
/ >
\ ® Horiz Scan
4 /3[ 128V
5] M* 256V
b 262 “HRESETS? ety
VRESET—Y,
= 256H —¢—q
| VBLNK etk o i
IIRET: 128H | —3
H. Component of score window
E3
126V E— SCORE
64V—>0 WINDOW:
4 32V V. Component of
VERTICAL COMPONENT OF SCORE WINDOW| Blanks
score window
7448.
- ' —>
ACTIVE \+/IDEO FIELD TIME



More of this sort of gating is used to select the actual score segments
which aredisplayedn the score window areabhe equivalent timing
diagram for the horizontal sync and the horizontal component of the
score windows is shown later orhe following diagam is an expanded
area around vertical sync to show how the vertical sync pulse is
generated:

VERTICAL BLANKING & SYNC.

282 ) Clocks 4V Clocks 8V

Clocks 16V
4 / 8 / 16 17
HRESET[ } WS Iy 2N
VRE SET |
VBLNK _ |
—) —
8V | VRESET F5 VBLNK
8V
N . I IFEEE F5 VBLNK
16V ——q
16V
VSYNC
— 4V Eo— VSYNC
gy————
250 uS

As (not)VSYNC is 4V wide, right away it is easy to that it is 4 x 63.5uS
= 254uS wide. (This is the advantage of remembering the 1V and 1H
values cited above).

VIDEO SYNC & BLANKING VIDEO STANDARDS vsPONG:

In the standardmericananalogvideo systemitevertical syncpulse is
about3 horizontal period$éong or abouti90uSwide. In that standard



interlaced video system there are equalising pulses before and after the
vertical sync pulse which is serrat@dhe non interlace®ongsystem

does not have thedastead it hagust a block shaped pulse for the
vertical sync.

Also, in the standard TV systemgpically the standard video blanking
interval is 0.05vertical intervalsor 833uSecor nearly D00uSlong.

In Pongthe HRESET frequency is I&B1Hz,or a63.5uSperiodand this
is reduced to 1/ 32 of that frequenat/the 16V output to 491.6 Hz,
which has a period of.@3mS and half that period i©17uS. This could
have simply been calculated from\1& 63.5uS = 1016uS, because as
noted above 1V = 63.5uShereforethe length of VBLNKin Pongata
value of1016uS isficlose to the 833uS standard

The vertical sync pulse is ¥ of VBLNK, encoded by the 4V pulse,
making it about 250uS long or close to the 190uS standard. The gate
array above shows how tleot)VSYNC is generated from VRESET,
4V & 16V and (not)8V.

Blanking intervals are the vertical and horizontal intervals between
active scanning lines on the monitor. During these times the sync pulses
are inserted. The blanking areas aretlodfvisiblescreen usuallyThe

vertical blanking can be seen by adjusting the vertical hold on the
monitorand making it roll byIn pong this allows the vertical sync to be
seen as a black bar.

The standarthorizontalblanking interval of thémerican analog
systemwas 0.16éhorizontal perioder about 10.2uS. The sync pulse
leading edge was insertéd7uS after the beginning of blanking, a time
delay calledit h e f r oThetsynp pulsecwiditvas 5.08uS long,

| eavi ng aoofiabautc3iBlugoahe ent oblanking time



The width ofhorizontalblanking in Pongs coordinated by 64H and
16H (= 80H see h sync circuit gates above), 80 x 0.14uS = 1foPuS
Pong horizontal blankintg close tahe standardl0.2uS

The width of the sync pulseoordinated by2H, so is 32 x 0.14uS 45
uS, close to the 5.08uS standdtidwever in the originalAtari Arcade
Pongthe (not)HSYNC pulse was gated in the wrong positwithin
blankingand should have been set further to thetkefbh shownn the
diagrambelow. (seemodifications section to fix this)

The Horizontalsynctiming is $iown below

7493 Horizontal Timing, active video, scores and Bat gate.

LU 44
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The chart above shows thesition of the score window (in blue), the
bats and the net relative to the horizontal system pulses.

HRESET occurs when 256H28H, 64H, 2H and 4H are high, which
can be confirmed by looking at the 7494 horizontal sync circuit. There is
not enough room on the above diagram to show the 2H pulses easily.

Also looking at the diagrambove the blanking or (not)HBLNK pulse

is initiatedwith the HRESET pulse and is terminated by 64kt

32H( = 80H)pulsesand you can see these are the pulses sent to gates
H5 and G5 in the 7493 horizontal sync circuit.

Gating Pulses:

Looking atsomegatingin more detailfirstly the bat(paddle)gate,
which is common form of pulse selector or pulse synchroniser:

BAT GATE

3
B)* Bat Gate output

128H D Q
H3 | I
4H c Q
128H h
4 _ﬂ_ﬂ_

G3,pin 3 U




Therising edge of thdH pulse relentlessly clockkelow value of the

128H pulse to the Q and a high is on (not)Q. As soon as 128H goes high,
the output of G3 pin &lls low. On the next positive going edge the 4H
clocks a High to Q and a low to (not)Q so the output of G3 goes high

and the pulse is terminated. Looking at the timing diagram above this
process happens twice across bogzontals c an s o bhbatsh pl a
are gated.

A similar circuit, but using a JK flip flop, is usedd¢ceatethe net pulse:

NET GATE:

VBLNK—O) NET
G3 o G2

256H J ‘ A==
CLK ——qc F3
256H K

This circuit produces a narrow pulse, equal to one clock (CLK) pulse

length which is only about 70 nanoseconds long. Due to clock skew in
generating th@56H pulses that position it on the screenter some

| ater Atari PCBO6s had a very narro
How this happens and the solutions for this will be discussed near the

end of this articlen the modifications section

ol

It is worth noting here that the designer gated thevitkto signalpulse
out of the vertical blanking interval using VBLNIKd gate G2however
heomitted to gatehe ballvideo pulseout of vertical blankingSignals

in the blanking interval of the videagsial, other than sync pulses, can
di sturb the monitordés sync.



GENERATING & CONTROLLING THE BAL L POSITION:

This is achievd by creating a duplicate set of horizontal and vertical
counters to thsein the sync generator circuit, but with a number of
important differencesl’he counters are only allowed to count during
active scan timahen the ball is to be displayefllso the total count
can be controlled using the load inputs to the counters, winecloads
the flip flopswithin them

This is done with 9316(74161 synchronous countérf)e overall
effective counmatchest55 for the horizontal 931&all positioncounter
and 262 for the vertical 931f&ll positioncounter then the counter
outputs would be such that tpalse which s displayed as thall is not
moving. The termeffective countvas used as for periods the count is
stoppedor inhibited

If the vertical 9316 counter is loaded with a different value, so it
effectivelydividesby 261, the output frequency of the 9316 counter will
be a little higher and the ball would be driftingngrds(arriving early)

for examplebecause the video raster is scanned from top to bottom in
time. So you could think of the ball moving due to a fregcy

difference with respect to sync, and think of the ball controller as a ball
motioncircuit. However since it is a digital system and the ball position
Acountero results Iin a different
in a fixed differenposition the system could be called a ball position
controller as the designer chose to name it.

The exact countwithin the 9316 counter ball position systlawve
differentactualnumbers because of the inhibition of the 9316 counters
during blanking tine.



|l n both cases the horizont al and
position and movement by altering thiective pulsalivision amount
around the centre values of 455 and @6the sync systemespectively.

In the case of the vertical 93ball positioncounter this only requires a
change in the binary numbg¥ bit load data)oaded into the 9316

counter The difference in overall output frequen@f changing ball

position with time)is such that the ball motion is at a useful and useable
speed for game play. The vertical system uses 4 bit load data as will be
explainedand a range of three counts above or 3 counts below the centre
262value are enough to control the full range of vertical ball speeds up
and down

However inthehorizontal counter system with a change to a division by
one counbnly above or one below the centre value the relative ball
motion is extremely rapid

To slow the motion itequires that the horizontal ball motion be gated
for short periodsitthe vertcal rate

The increments ajatedtime allowedfor the ball to movaretwo
horizontal intervad plusone ortwo addedhorizontal interval¢o control
the range of horizontal ball speeddso the horizontal motion isnly
allowedfor thesetime period once per verticahterval

Thethree possible horizontal b@ipeeds are controlled by the number
of hits (ball contacts with the batom the HITDetectorso the
horizontalball speed increases in a voll&he output from the H
detector goes high when eithéapy slrats coincident with the ball
signal (or ball video pulseYhis will be explained below.

Firstly a block diagram of how the ball position counters, which are
loaded with the speed datadare linked to the syngenerators:



VIDEO SYNC GENERATION & MODULO N +1 COUNTING & BALL GENERATION:

XTAL

Frequ. | XTALR

o

H 2H 4H 8H 16H 32H 64H 128H 256H

HORIZONTAL SYNC

Count = 455,
Y

7493 Ripple Counters & gates
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>
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16V 32V 64V 128V 256V
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‘ HSYNC

VERTICAL SYNC
7493 Ripple counters & gates
Count =262.

Y
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VSYNC

9316 MODULO N+ 1 COUNTER
& gates. COUNT :

HBLNK VBLNK
81 pulses 16 pulses
inhibit HORIZONTAL BALL . inhibit VERTICAL BALL .

9316 MODULO N+ 1 COUNTER|
& gates. COUNT :

clock 375-Load +1 clock 255 - Load + 1
(374 + 81 =455) @ load =2 (246 + 16 = 262) @ load =10
I H.VID
i ZERO
A B 4 Bit Vertical S/:eloc?y data MOTION
2 Bit Horizontal velocity data. A= 1 0 1 0
Strobed at vertical rate, see text) B= 0 0 1 1
A=0 1 1 C=1 1 0 0
LOAD VALUE: B=1 0 1 LOADVALUE : § b= 4 1 1 1
DECIMAL : 2 1 3 DECIMAL : 13 12 1 10
H. BALLMOTION: ZERO | RIGHT LEFT V. BALL MOTION : ‘FASTER UP

When the horizontal load value A=alhd B=1 (decimal value = 2) the
ball would have zero horizontal motion. In practice although it may be

zero for times théorizontalload value never stays on that number as
the ball would be stopped in horizontal motion.

On the other hand the vertical load value 02020,B=1,C=0,D =
1, =decimal 10) does occur for long period with a volley where the ball

XOR
Composite
SYNC
BALL
NOR |y
1 0 1
0 0 1
0 0 1
1 1 0
9 8 7
FASTER DOW



Is bouncing betweenh e centre area of the t
are perfectly aligned on the screen.

The vertical load values are generabgdhe position on which the ball
hits the bat. The load values are also reversed (for example load value
equivalent to deciméd.2 flips overto that for decimal Bwhen the ball

hits thehorizontal edgétop or bottom)of the rastefverticalblarking)

so the ball reverses direction. This will be explained in the relevant
sections below.

Ball position counter inhibition:

Thehorizontal9316isinhibited for 81 clock pulses and counting at the
centre division rate of 364 with a load value of decimal thatthe
overall count is 455 to match therizontal7493 sync counter.

Thevertical 931Gs inhibited for 16 (not)HSYNC fdses sdhatthe
overall count with a decimal load value of 10 is 262 to match the vertical
7493 sync counter.

The following circuitsarethe 9316 modulo N 1 counters. They are
called modulo N+1 because the total cojamd therefore division rate)
can be controlled by the load valNeand the 1 relates to the proces$s
loadng the counterand asserting the loadhich usest1 clock pulse:

W C



+ -
} Load data (from Hit detector) HORIZONTAL BALL POSITION

Aa |Be
: T T 1
’ 91740\ 8
2|5 | _I_ L E gi. ls [ -.6}“
S 7 gyé 273 = 16332 64 128 | 5 ’_q'” Q ,
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[o) 15 & RC T 7S - Cc,c,
CLK Lz 241 74y 5 QT] K
10 LOAD
Low during serve delay -9 i i3
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It is best to show onid s e q Weagrace ( n ot diagrat) homi n g
thecouns add upas itis moreinvolved than the simple 7493 counter
system

H 9316 COUNTER SEQUENCE DIAGRAM:
255 to fill G7,H7 & Load enabled

LOAD ASSERTED 117 to fill Count 1

VARvaRE IO
nofr

G5 pin 8 low

LOAD
/

ASSERTED

Q of G6 set low .
Q of G6 set High

& counters G7,H7 = zero

374 counts
(COUNTS POSITIVE GOING CLOCK PULSE EDGES)




For the (not)load to assert the load pins 9 of the 9316 counters connected
to G5 pin 8 need to be low. Then the load is assesteathronouslyon
thenextclock pulse. These counters count the positive edge of the clock
(CLK) pulses.

When the load is asserted (assuming A4l ), G7 is loaded with 2
andanother8 (as its pin 6 is set higgnd B is highand H7 is loaded
with 128as pin 6 is tied highSoto fill G7 and H7the number of pulses
requiredis 255 (2 + 8 +128)= 117 clock pulsesThis 117" th pulse
takes both the RQipple countiterminals pins 15 of each 9316high.

On the 118 pulse the RC output of H7 (&7) falls low, clocking a
high to G6 pin5 and at the same time the counters G7 and H7 are zeroed
as they have simultaneously overflowed

The9316counters then count to 255 to fill on the usual way. At this
point both the RC outputs are highgainandbecause G6 pin 5 is still
highthe loadis enable in that the (not)Load on pin 8 of G5 is low. On
thenextclock pulse thdéoad is assertedlsothe RC of each counter
falls to zero. This toggles the flip flop G6 to have a low on its Q output
(as it wagpreviously high and the 9316 counters are loaded as before
and the process repeats.

(Note that when a JK flip flop has the J and K high it acts as a negative
edgeoperatedoggling flip flop)

The total clock pulse or count is therefore:

1 (for the loadassertion} 118 + 255= 374 (whenthe two bit control
datato the 9316 iA= 0 and B=).

Due to the fact that the 9316 counter system in inhibited for 81 clock
pulsesby (not)HBLNK then the effective coumterval in terms of total
counts with respedb the sync generatas 81 + 374 = 455This



matcheghe division rate of thlaorizontalsync generator. So in this
condition thehorizontalball video signal (not)HVID would have no
motionwith respect to the sync or video raster

If the load value i&=1 and B=0 then the overall division value would
be456 and the (not)HVID frequency would be slower than the H sync
pulses and the ball would be moving to the right on the s¢eggwing
late).

If A=1 & B=1, then the effective division rate is 453 gndt) HVID
would have a higher frequency than twizontalsync pulses and the
ball would be moving left.

This systenof generating a moving object on a video scrieas
someti mes been called the Aslippin

Similar processes take place in the vertical ball position circuit shown
below, except that the flip flop is not needed because the total count is
lower.

m— 4 Bit data from vertical VERTICAL BALL POSITION
VBLNK—

velocity encoder

A, [B]C, ID, |
|I =
|
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Tl a2i6 BY g |2 RC, 7| 936 A3 |8 [4 |70 e
YO D LOAD ey A B R B
_ 2 [e]n Q9 L1 ez Tal
HSYNC —% [~ d ) b
& |
-
Pulses usedin —¢ 5t i
. & | 40O\VVID = VYID
Audio system 31ez /o 2 B
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The total count for thigertical systenis 255 LOAD VALUE + 1
which is 246 when thebinaryload value on teD, C B and Ainputsis
1010 pas a decimatalue of 10)How this comes abowtan be
explained as follows

The sequence of operation can be described from the count after the
load.If B3 is loaded witldecimall0 ( A=L, B=H, C4., D=H) for
examplethe counteB3 counts another 5 pulsesfill (to a total of 15).
On the next6™) count B3 is set to zefoverflows)and the first flip

flopd within A3 is set highirepresentinga count ofl6, but it is

actually a count of 6 because B3 was loaded Witto start with Then
after (255-16) = 239 furthercounts both counter83 and A3are full

and both RC outputs are high enabling the Miadhe Nand gate B@in

6.

The load asserts on the next clock = (not) HSYNkrefore the total
count is239(capacity less 16} 5B3 fills) + 1(B3 zerog + 1 (assert
load) = 246.

Due to the fact that the (not)VBLNK inhibits the counter for 16 cdock
(or (not)SYNCpulsesn this casejheeffective counis 246+16= 262 to
match the \érticalsync rate.

Altering the load vale around the value adfecimall0 controls the

bal | 6s v e ibéecausedhle countis estreei atlittle higher or lower

than the sync ratd he range oloadvalues used is from 7 to 13

Atari 6s Pong and 6clomedPordgZhisicamtrolChi c a g
data is produceby the vertical velocity encodelriven by the bat & ball
coincidence datahich is one of the most interesting parts ofcheuit.

VVID itself has a duration ofourHS YNC 6 S @asctaepentdsi
the C output of B3dr 4 lines of video or 4 83.5 uS = 254 u@wvhich is
the same width as a 4V pulse in the sync circlilte video signal that



generates the ball from the screen image is created from the intersection
of the (not)HVIDand (not)VVID pulses. The ball is merely a short
segment of 4 lines of video. The ball pulse itself is used in the HIT
detector where the ball is coincident with the bats or paddtesever

is the(not)VVID and (not)HVID pulses that are used to detect wiilee

Aball 0 i s coincident with blanking
raster

HVID = 4H wide:

4 x 0.14us =0.56uS

VVID —9
S G1 BALL
HVID —d}

vVviD | |
VVID = 4V wide:

4 x 63.5uS = 254uS “BALL”

One interesting point to bemphasisetiere is that although both the
vertical and horizontal ball position counters are inhibited during



counting over the vertical and horizontal blanking periods for 16 and 81
pulses respectively, the position of the (not)VVID and (not)HVID pulses,
which comprise the baltanappear inthe respective vertical and

horizontal blanking aregin t h e sdeobecausedisthe moment

the ball position counters are inhibited the ball signals HVID and VVID

are HIGH. Therefore it can be detected when the ball enters these areas
during those blankingtime3hi s fnel ongateso the ba
across the etire blanking interval. This property and some other factors
relate to an intrinsic design issu
circumstances, causes the ball to become trapped around the vertical
blanking period disabling the gaml@formation onthis issue is in the
modifications section.

VERTICAL VELOCITY ENCODER:

To understanthis system it is necessary to understan#iegenerator

Each pl ayer 6 s 15kwaunts of tlse haripontad intsnesldch

line having a count or a binamaluewhich passes through an encoding
circuit to cont r ol aftdrthebalbandbhtéare v er t
coincident This data is clocked through the encodecuitry to theload

inputs of thed316 in the vertical ball position circuit when thet bnage

and the ball imagare coincidentThis causes the ball to change its

vertical velocity after it leaves the baiso the vertical velocity datasi

reversed (or inverted) when the ball hits the screen top or bottom so that
the ball appears to bounce off these edges.

The bats are gated on to the video image in a specific horizontal
position. (the bats can only move vertically)



GeneratingtheBATand t he bat data from the play

This is done with the circuit shown below. 3 bits of data are generated
from a 7493 counter for each bat:

BAT DATA GENERATOR

8.3 Z56.V -
3 o Broc VIR T
ro - 1 VPAD 2
56K 2 | Al }_Xi_'f- 7@
6»7. 555 E T )
q. ; D@f’_}_‘_ 7991 AB
sy T aB6H
! S Lyz_ 9 ]
. 3 il Sy A
[.__. H.SYNC l 2l aq
t 4
! —g ! )
3BIT —>—@)
370 e (4)
U BATDATA p—(2)
i3

The two bat data circuits in the game are ident{calt)256V falls low
at thebeginning of vertical blankinglhis triggers a 555 timer. This
creates some deldgepending on the position of the player
potentiometeiconnectedcross the 5 volt supply andttee 470 ohm
resistor connected to pindd the 555 timer IC AR

When the 55 timing period ends the reset (pins 2 and 3 of the 7493) fall
low and the 7493 st&rto countorizontalsync pulses. Also at the start
of this count (not)VPAD2 goes lowhe counter counts up to 15 and at



that time the output of A7 pin 6 goes low. Thauses (not)VPAD2 to
go high and also stops the count leaving the counter full.

Effectively 15 horizontal syncgor lines) are counted, starting at some
point on the scan after a player controlled delay from the start of the
vertical blanking interval.

When the 555 is retriggered from the(not)256V the next time around and
pin 3 of the 555 goes high again,
and the process repeats

The least significant bit, from the courde# output is not used. The
binary value®f the B,C & D outputsire ultimately encoded to a range
of new values in theertical velocityencoder.

M £ i BAT DATA GENERATOR
— R | R _BAT DATA
256V Al [B|C|D|
v . | | THEA [9 0|0 O } 13
Counter reset —~Counter reset released DATA | | ojo| o J
IS
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P'”# NOT Ll |too ?§ e
555 ol |0]1]|0
PLAYERPOT EEEEE USED T\ Td (o } 1
DELAY o 11[1[Q
L J VO 10
v ‘ ol |o] 9]
YPADRD S 20 Y L) 0 () \ Ol Of |
VPAD2 lo| [TTo[1] 5
1 S ) S M) Ly [']O]l
. | ol |o]I] } g
aaokal | | | Q{l]Hl[l]TIH[I& (o]«
o |tf]!
! ! L = - 7
a LT ,‘Jgu VT LML T i
D ) ) O I ) Sl [ , ‘ i I I B == .V, 4
B My L1 3 bit data to data
¢ = i ‘ ],*. 1 ] ' |- T -T—L_ selectors A6 & B6
1 Y 1 0 L B 0 O O ‘ N DECIMAL VALUE
| | RIS FULL/ CONVERTED TO BY

COUNT INHIBITED ENCODER



All of the values shown in the tabddvovein the red box are encoded to

a value of 10, which is the value which when loaded into the vertical ball
position 9316 circuit results in zero vertical ball motion. Therefore when
the ball strikes the bat centre, which is the middle row of bat lines, the
value of 10 is clocked through to the vertical ball position 9316 counter.

If the ball is coincident with the upper part of the bat (or earlier in the
counting procegghen either the values of 11, 12 or 13 is ultimately
passed to the vertical 9316 whiasults in a progressively more rapid
upward vertical component of the ball motion. If the ball is coincident
with the lower part of theat, the bat data count is higher. These values
are encoded to 9, 8 and 7. When the ball is coincident with the bater
then 9, 8 or 7 is passed through to the vertical ball position 9316 and the
ball motion is progressively faster downward.

Theoriginal Atari Pong vertical velocity encoder is shown below:

FROM HIT DETECTOR |
HIT CONTROLLED INVER[ERS OF THE 3 BITS OF Q DATA
B1 Bl 1D i TS = l:_
TAGH S Au} 4
5 g < ncoyob- %o ar \\ a6\ B o] 783
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The 3 bit bat dateB, C & D from each player3 bit bat data generator
labelledB1, B2, C1, C2, D1 & D3s initially passed to data selectpas
7450 A6 and B6

The(not)256H selects the left side of the screen image and 256H the
right so this is how each players bat is selected from two ideptaadr
bat data circuits.

The 3 bit bat datas inverted by the outpsidf the 7450 data selectors
andis connected to the D (data) inputs of the three 7474 flip flops, A5 &
B5 to latch the data

When either of the playér bas and the ball are coinagt the HIT
pulse(from the HIT detector) goes high. This clocks the 3 bit bat data
(whatever it is at that moment) to the Q outputs of the three 7474 flip
flopswhere the data is latch€stored)

The 3 bitbatdata, which is now specific to either players bat passes via
the XOR gates to binary adder IC 7483. The reason it is passed through
the XOR gates is that the XOR, as mentioned, can be used to invert or
not invert a logic level depending on the logic sgatpplied to the other
XOR input.

Despite the complexity of the lower gate arrangement of B6 with the
7450 IC, it is merely an XOR. To+draw the circuit using an XOR is
more obvious what is happening here:
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So simply the data valuerived from the bat datnd latchedy the

7474 flip flopscan be invertedr not depending on the Q output of the
JK flip flop A2.

When the vertical component of the ball is coincident with vertical

blanking (VBLNK) A2 is clockedvhen VBLNK falls low(at the end of
blanking and the vertical ball velocity reverses. For example 13

becomes 7, 12 becomes 8 or 11 becomes a 9 decimal value at the output
of the binary adder |1 C. This makes
vertical edge of the video raster wnearlhexactly the same vertical

velocity value with which it approached it, making for a realistic bounce.



The (not)HIT pulsealso clearshevertical motionreversing flip flop A2
to ensure the correct unaltered latched data is passed throd§IOtRed s
when the bat & balficollideo.

The ATRACT input is used when the game is not in use. Its results in
the ball being visible and bouncing around he screen and the player bats
and scores are missing. It was done this way to attract people to the

machine

Looking at the 3 bibatdata passetb inverter gateC4 and tahe input
and then output if the binary adder is best shown in a table:

Vertical Velocity Bat Data Encoding, PONG E:

by inverter C4 pin 12

When D = LOW, an extra 1 is added,

CHICAGO COIN’s PONG,
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The binary addeis configured taadd a value of 6 or 7 to the range of
BAT data.

In ChicagoCo i n d@ng theBate C4 was omitteandthis meant that the
vertical ball motion was faster and the ball could never travel
horizontally(with a zero vertical motion). This made the game a little
more difficult and faster to play, simply by not using C4 (it was
effectively replaced by a link).

Looking at the data, it is easy to see that if the bat data after the bat
selectors (which is lahed at the 7474 flip flop Q outputs ) is inverted by
the XOR gates that the table of output values will reverse, eg 13 would
become 7, 12 become 9 etc and 10 not change. This reversal enables the
ball to bounce off the top or bottoohthe screen. This igchieved with

the JK flip flop A2 A2 is clocked by VVID going low and toggles when

the J & K inputs are high at the momesettical blanking pulse

(VBLANK) goes low.

There werethree problems in this bat & ball control system

1) Inadequate BAT or Paddle Range:

The range of bat motion provided to the player, even when ideally set on
its preset pot, was limited so that there was a gap above and below
where the ball could pass lmyut of range of the playé bat Thiscould
frustrate some plagrs and encourage them to force the player controls.
This can be improved with a simple modification (see modifications
section) However reducing this gap increases the probaljiityess
rectified) of the problem cited i2 belowwith the ball trappedithe

vertical blanking aredl hisis thelikely reasonwhy the designer set the



bat rangdimited towhere it wasLess gafbetween the bat and vertical
blanking rate causes a faster bounce rate, if this reaches the vertical rate,
the ball becomes locked around blanking, even when the bat moves
away due to the A2 flip flop configuration and other factors to be
discussed below.

One othertheory whi ch | dowadthathslmmibedloat i b e t
rangewa s A d e meatitleattveo tsuper experienced players could

not play the game indefinitelyfhis is less likely givethatthe designer

would have experienced the lockup lplem during R&D and that the

game was made for Adrunken players
players would be missing the ball quite adepecially as the horizontal

ball speed increased in a vollagd their responsgsobably would be
disorderedy alcohol

2) Ball Trapped Around Vertical Blanking:

If the bat(paddle) range is either modified for a full range, or out of
adjust ment on the PCB preset, the
vertical bl anking. | n c theneevena s e s |
after the bat moves awayisabling the game play and requiring the

game be power ¥booted. This scenario is caused by the fact that the
VVID pulsebecomeslongatedververtical blanking straddles the

vertical blanking pulse. The widened vertical component of the ball
oscillates around vertical blanking (rather than the raster area) and is
unabl e t o f&esc liasmpsblikelyThk primmary reason

why At ari 6s P ohatgande ddsgtel othar stbriestbehine d
that. Details on this design anomalyd the curéor it are explained in

the modifications section



3) Ball pulse (video signal)inside Vertical Blanking and Sync
interval.

This can upset the vertical lock on tmenitor a littleagain discussion &
cureis in themodifications section.

HORIZONTAL BALL VELOCITY ENCODER

This is a 2 bit controller unlike the 4 bit controller for the vertical ball
control As mentiordthe 2 bit horizontal data must be controlled at a
lower frequency ratéhan the horizontal ratend the data valueent to
thehorizontal9316 ball position & motion circuit th&ncode R and L
ball motionare only present for brief periods of tiraeavertical rate

Binaryloadvalue 2 or A=0, B=1 codes for zero motion, A=1, B=0
(decimal 1) codes for motion to the right and A=1, B=1(decimal 3)

codes for left motion. It is the time that the data spends on value 1 or
value 3 that determines thight ard left speed of the ball. The longer

the 1 or 3 data is presdahenthe faster théorizontalmotion. This time
period is gated at vertical rate, orcerevery 1/60 seandand the time
periods allowedretwo horizontal period$127us) plusone ortwo

added 63.5uS periods depending on the total number of Hits recorded by
the HIT counter. When there is a miss the ball passes by the players bat
and hits HBLNK (horizontal blanking) antheHit counter is resent.

A two bit countemade from two JK flip flops (H2s set up to count
vertical reset pulses and each bitlo# counter, the LSB and the MSB
can be independently resé&his 2 bit counter spends most of the time
jammed full and can only count because of the resets



HORIZONTAL SPEED CONTROL: HIT CONTROLLED LINE COUNTER

(B)

J Q LINE COUNTER FULL
=D ;
O MsSB s

K
r Reset MSB ( HA ' .
256H— G1> — 7493

VRESET =@~}

11

HIT SOUND

ol ] (A)
H2 @
—C LSB

? Reset LSB '
H1
Cr—.

E1

K

RESET
SPEED

CgUNT INHIBIT 2 12HITS

Theschematiof the HIT controlled line counter is shown aboVhe

counter counts horizontal timing from tfreot) 256H pulse and is reset
by VRESET

Thisis a counter where the LSB and MSB jams full (a high on the Q
outputs) and the number of possihteizontal counts depends on
whether the LSBor MSB, or both are reset(cleared) by the VRESET
pulse.(the G1 & H1 combination form an OR gate).



2 bit counter value after VRESET :
LSB (A) 0 1 1 0
MSB (B) 1 0 0 0
HITS HITS HITS
<4 4 to 11 12+

Looking at the count values in the table above after the reset, with hit
count < 4, then one count filtke LSB (MSB already full)

A hit count 4 to 11 it takes two counts to fill the MSB & LSB and it

takes 3 counts to fill the LSB and MSB when the hit count is 12 or more.
However it doesndt get to more tha
count is inhibied at score 12. Put another way:

Once the< 4 hits(C& D low on the 7498the LSB is resétleared to
zero)by VRESET, so it takes Horizontalcount to fill the counter pair.
Hits 4 to 11 C or D) highthe MSB is reset so it takes 2 counts to fill the
counter pair. Hits 12 or greaté@C& D High) the LSB and the MSB are
reset, so it takes 3 counts to fill the counter pair.

It is best to look at a timing diagram beltavsee how the (not)LINE
COUNTER FULL pulse is generatetine (not)LINE COUNTER FULL
pulse controls the time that the ball is allowed to move horizontally



The graph below shows how the length of the (not) LINE COUNTER
FULL pulsevaries with the HIT count and how it is synchronised to the
VRESET pulse. The allowed times are 127uS, 190.5uS and 254uS

which are two, three and 4 horizontal intervals:

256H

VRESET

63.5usS

Clock to H2 counter,

L

@

HORIZONTAL BALL SPEED CONTROLLER:

COUNT ENABLE

&

G1 pin 10

¥ clock

127us ~

HITS <4

yclock

clock
|

LINE COUNTER FULL

190.5uS

HITS 4-12

254us

HITS 212

The (not)LINE COUNTER FULL which enables the horizontal ball
movement is passed to a gate system to facilitate reversal of the 2 bit
data that the loads to 93h6rizontalbal position counter. This idone

SO
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c Q
HIT1

R motion

-
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Zero Horizontal ball motion with this low

Control data to
Horizontal 9316
ball postion

counter

The(not)HIT 1 and 2pulsesare the players independent signals when

their bat contacts the baWwhereas HIT and (not)HIT are the two
combined.

The A& B data to thdnorizontal ball positio9316 reversewith a hit
which makes the ball bouncef dfie bat with the opposite horizontal

directionwith the hit.

The SC pulsef{om theScoreSound555 timej is produced when a ball

misses the bat and hierizontalblanking(HVID and HBLNK are

coincidentto trigger this event The SCpulse is also used in the sound

circuit.



When the machine is not in use, the ATRACT is high and the ball
bounces around the screen. The SC pulse ensures the ball reverses
directionon hitting horizontal blankin@y clocking H3.

The (not)HIT 1 and (not)HIT 2 levels are zero as the bats are disable
ATRACT modeandthe bats therefore armt shown on the screen in the
ATRACT mode.

During a game te R and L motion outputgealsoused to direcf{gate)
the (Not)MISS pulse to the correct players score cousesach player
gets a score count that belongs to them.

Possible rangs of ball motion in Pong:

The right and left horizontal speeds as noted are not exactathe

but both vey close in opposite directions. Likewise the possible ball
motion up and down with load values of 13 and 7 respectively are not
exactly identical but very close.

We could summarise the b@limotion as a vector, having both a
direction and a speed

There are 6 different horizontal velocity vectors, three to the right and 3
to the left There are three vertical speeds upwards and 3 complimentary
speeds downwards and one state of zero vertical motion.

Calculating the velocity vectors ofPong:

This can be done by calculating the frequency difference of the
ball(VVID component of itcompared to the sync pulses. For the
vertical systemtiis quite straightforwardThe table below shows the



calculations for the possible vertical speeds nds®d to a 3 meter high
raste(4 x 3 m screen)

HOAD Vertical Ball Frequency Hz Sync Frequency Hz. AT Hz = screen =
VALUE heights/second | paters
13 15731/(243 +16) = 60.737 60.042 - 0.695 2.08
12 15731/(244 + 16) = 60.504 60.042 -0.462 1.39
11 15731/(245 + 16) = 60.268 60.042 -0.226 0678

10 15731/(246 + 16) =60.042 60.042 0 0
9 15731/(247 + 16) =59.814 60.042 0.228 0.684
8 15731/(248 + 16) = 59.587 60.042 0.455 1.36
7 15731/(249 + 16) =59.362 60.042 0.680 2.04
Speed
M/sec

If the vertical sync pulse (or rate) is used as a frame of reference and for
example if a some pulse frequency was 1 Hz difference from the sync
frequency, then this pul skevideoul d
display once per second, or cover a distance of one screen height per
second. Thereforenultiplying the frequency difference by an imaginary
screen height, say 3 meters, gives the vertical speed of the ball if it were
displayed on a 1 meter heigdtreenLoad values 11 to 13 the ball is
moving up, and 9 to 7 moving down.

Notice that the complimentanp vs dowrspeedsre almost identical so
they @n be considered to be the same for practical purposespthe
values with a negative number indicate the ball is travelling upwards.

Counting digitally to comparé:he other way to workhe above table
outis to calculate it on the basis of counts rather than frequencies. For
example at load value 13 there is dafiénce of three countis the ball
position countefor each vertical interval with respect to the vertical

-}



synccounts. Lets say the load value is 13 and the leading edge of the
ball is sitting at a count of 100 on one field and on the next field the
leading edge of the ball is on a count of 97 (has moved upwards).The
counts between the two ball positipose field lateris 2621 3.

Likewise if the ball was moving down the counts between posijtmmes
field later,would be 262 + 3. Multiplying thesmuntsby 63.5uS gives
thetimebetween the two ball positiors there is 63.5uS between each
count. Theraction of screen heiglmoved is the number of counts
movel, 3 in this casedivided by the total screen height (equivalent to
262 countsblankingincluded) times the hight of the monitor screen, 3m
chosen for the examptgving thedistancetravelled

Thereforeusing a pulse counting modethile moving upwards wit a
load value of 13 the normalised speed is:

3/262(height) x 1/((268) x 63.5uS) (seconds) x 3meters = 2.08m/s
Going downwards with load value 7:
3/262(height) x 1/((2B+3) x 63.5uS) (seconds) x 3 meters204m/s

This agrees with the calculations based on frequency differences.

(If you wanted to know the Walertical velocity values for any
particular sized screeaimply measure the height in meters and multiply
thescreen heights/se@lue in the table by that number

To calculate thepossible Horizontal bdl speeds

As noted in the horizontal ball speeahtroller the ball has 3 possible
basic horizontal speeds Looki ng first at the
component of it). With a load value of one, the counts for the horizontal



9316 position counter are 375, and with a load of 3 the counts are 373,
and in each case the effective counts, in terms of frequency division are
81 more in each case due to blanking inhibition.

Therefore thénorizontal ballfrequencies are:
7.15755MHz / (375 + 81) = 15696.4 Hz (ball goingrighpf = 3 4. 4 H
7.15755 MHz /873+81) =1 576 5. 5 Hz (b&84THz goi n
7.15755 MHz / (374 + 81) = 15730.8 Hz (sync frequency

& zero ball motion)

So the o@f, though notmotorigadosdty | den
34.5 Hz.This would mean the ball with this value would be crossing the

full screen horizontally 34.5 times per second if it were not slowed down

by allowing it to move only for limited time periods every fielthe

time allowed for mobn isdependent on the hit count:

HITS HORIZONTAL VERTICAL Fraction of X Af s
_ _ Normalised | H BALL SPEED
time allowed for time allowed for time per field (Af = 34_' 5 Hz AT S—
movement movement x 10 E -6 screen widths/sec)
=4 127 uS 1/60.04 S 7625.1 0.26 x 4 1
4 to 11 190.5 uS 1/60.04 S 11437.6 0.39 x 4 16
12+ 254 uS 1/6004 S | 152502 0.53 X 4 51

As can be seen the possihlerizontalball speeds are 1, 1.6 and 2.1
meters per second normalised to a 4 meter wide screen. This range of



horizontal speed is not dissimilar to those in the vertical systdmare

the numlers can be rounded to 0.7, 1.4 and 2 meters per second up or
down So he ball is also moving twice as fast horizontally in a good
volley (HITS 12+) as when the game started.

To summarise this data on a vector diagram:

THE 42 VELOCITY VECTORS OF ATARI PONG:

Dr. H. Holden, 2012. A up
Vertical

m/s

LEFT RIGHT
< >

Horizontal, m /'s

VY DOowN




Pairs ofvectors of different magnitudes lie nearly righ on tbgach

other so the shorter one was drawn in black. The three right and left
motion vectors (six total) which can occur when the vertical velocity is
zero are drawn shifted away from the x axis stoa®e them. As can be
seen there are 9 vectors in 4 quadrantds = 36, plus the 6 horizontal
vectors making the total possible ball vectors a total of 42.

Again the actual speed would depend on the size of the mamitddU,
the calculations for simpliyf were normalised for a 4 x 3 meter raster
so they can be easily found for any sized VDU

(The total number of 42 has some interesting meanmgopular
culture, that itis thie answer to life, the universe and everytbirgut
this answeihad limitedutility because nobody knew what the question
was, but now wknowi;it is the velocity vectors d?ong))

Some additional interesting pointson BALL motion:

Il n this text below referring to th
edge of the balltolact e i t, and not the ball 6

One might first think that since in this digital systbatausehe ball

can only move a fixed number of counts, say up or down say 1, 2 or
three counts on the screen every vertical period, that the speed at which
the ballwould move upwards should be identical to the speed it would
move down downwards (and right slhdequal left motiortoo) as the
positions of the pulses are always a fixed distapzet and two ball
positionsarea fixed distance apart on the screen image which has a
fixed timing.



As seen from the data above the complimentary right vs left or up vs
down motions ar@ot exactly identicalalbeit very close. The reason for
this is the relative timing of the counting sequence.

When the ball moves upwars left) it creates the illusion of moving
back in time arriving earlier and eiarlin the videamagewhich is
scanned from top to bottom (and left to rigl@n an oscilloscope locked
to the vertical sync for example, the ball putsechannel 2s seen
moving to the left which makes it look like its going back in time
compared to most signals semma scopas the scope is scanned from
left to right in time.

For examplaf the VVID (or vertical component of the bathoves
downward say 3 clock pulses, or 3 horizontal intervaisill be sitting
three scanning lines below the position it was previously in.

For this to have occurred tleéfectivecountin the ball position circuit
must have been 262+3 over a vertical interval (which iss362

counts) so the ball moves to apioihree counts after the position it was
previouslyin. The term effective count was used again because the
actual count of the vertical ball position circuit would be 246 +3 as
blanking accounts for 16.

For it to move upwards 3 counts, or 3 lines, theica ball position
counterwould have to effectively count 2628 counts so on the next
field interval the ball is back where it was, in the original position, three
counts above.

Looking at the distance the ball has moved up and ®aounts or

three horizontal lines, a fixeghysicaldistance on the screen, spaced by
a fixed time period of the scan, one would think that it would have taken
the same time to move both ways, this is not so!



The explanation for this hatthe forward time or courgrogression of

the scar(sync systemis relatively different while the ball is moving up

or down over its fixed pulse positians 6 s a cl assi c rel a
created by the fact that the ball changes position with respect to a
progressivdield of 262 countsor 262 horizontal periods or lines.

If the ball is in any screen vertical position, it will be a fixed number of
counts,say any number like 100elow or after(not)vertical blanking
goes highand the 9316 countéeginscounting It therefore takes 100
counts of horizontal timing pulses generateéhatparticularball

position. Also to get to the neitot)vertical blankingpulsegoing
high(which enables the vertical ball position 9316 courdetbe starof
the next fieldagan) it takes 262100= 162pulses of horizontal time
from where the ball isurrentlylocated to start a new count

If the ball moves downward, say 3 counts during a field (at its max
downward speed load value 7) it will be sitting at count a0

vertical blankingSo it takes a total of 162 + 103 pulsddimeto finish
positioning the ball down 3 countdown the screen. This 1862+ 3 =
265 counts or simply one field + 3 counts to go downwards 3 counts.
The ball is now on count 103

Then to move the ball back to whetenas, 3 counts above, the 9316
counter is loaded with 13. But this time it tal262103 = 159 pulses of
horizontal timeo getto (not)vertical blanking going high and stizug
the count in the vertical 9316 countdren another 100 counts to
position the ball, a total of 159 + 100 = 263 = 259 counts

So the time taken to position the ball upward is 259 counts, but to
position it down the same amount is 265 counts. So the ball moves a
little faster upward thadownward.This factwas also discovered on the



ball velocity tables whergequency differencesere used for the
calculation

Ball MovementIn Summary:

The timantervalto move the ballip or down (or left or right)s not the
time or space that exisiis the scan intervabetweerthe twoball
positionson the video imagas one might intuitively think, but rather
the timereference to thescan itselfaround the two ball positions which
is the262 progressivegulse counting system of the vertical sync
generators or the 45pulse system of the horizontal sync generator.

COUNTING & DISPLAYING THE SCORES IN PONG:

The scores are counted by two 7490
each one is an additional flffop to proude an additional data bit to
createt he A10 in the tens c®ytbhamn of t |
makes ue a ¢ h  pskoaeynembér.s

The segments that compose the 7 segments and the two segments that
make up t heormutiplexedviaedatgysked @ d@ ahd@od s
NnGat e iMatmesopré window area.

Probablyit is best to look initially at the way the pulses which make up
the score segments are gated into the video.

The chart below show how these are gated in. It is done with amgaye
which responds to specific H and V pulses from the H and V sync
generators. In general each displayedicalsegment is 4H wide (the
same width as a badhnd the horizontal width of the segment is 16H
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The 64H and 32H pulses are used to gatiata fronthe score counters
intothedat a selector |1 Cb6bs (two 741530s

How this is done is shown in the next two diagraiiee block diagram
hel ps to show how the 74153 da
7490 counter system which is not immeedig obvious from the

ta s

schematic. The count of either player scoring 11 or 15 (depending on a
pcb switch) stops the game. The (not)SRST comes from the game latch
circuit, whichgoes low briefly when the coin passes the mechanism.
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7 Jrkdodroled by the 62H and 32H pulsss as teselect the
data to be displayed from the score counters. A clevérisrigsed here
di spl ay

b e
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e to
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Alo

n

The(not)E fallk low when the score count is 10 or over. When (not) E is

selectedfor the left hand score window it is transferred from tloe C

inputs, by the data selectoo the B,C and D output. The A output has a
high logic level on Co, so A is high, and®,and D are low. With A

High, the 7448 BCD to seven segment encoder gehee s
When the (not)E is high (eg the score is less than 10) then when it is

t he

Anlo.

time to display(select) the left hand side of the left score window again
the output data from the data selectors is A &B & C & D are all High,
and this causes the 7448dlank its display, making the 1 vanisrhis
is a function of the 7448 he same process happens for the other player

with (not)E1, for the left hand side of the right score window for the
other playerTo see how the 62H and 32H selector pulses select th

areas within the score window, referth@ following chart:

32H, A

PONG SCORE DATA SELECTOR BASED ON THE 74153

64H, B

128H

256H

Select Data : A
B

OUTPUT

Score Window|

0

1

0

1

1

0

CO | C1

C2

C3

Co [ C1 C2 C3 CO

C2

C3

CO

C1

C2

C3

INPUTS TO BE SELCTED

co
C1 12

—1C2 74153

C3

OUTPUT

A (32H)
B (64H

DATA SETECT

t



Select data (the 32H and 64H pulses) selects the count value to be
displayed in the left side of the score window timing whef, B=0,

this i s where t hiethefighdbhandsidedfithe [eft ay e d
score window withA=1, B=0 where the digits 0 to 9 are displayddhe
procesgepeatn the right side of the image, selecting thedefe,then

right side of the R score window counter datatlf@r other player.

The twoplayer windows are distinguished by the fact that 64H is low for
the left hand side and high for the right hand side of the video image.

The gate array:

The gate array selects pulses fromkhand V sync generators to create
thevideo segments that make the 7 segment display saarthe score
window on the screen:

8H -

4H r g ES5 04}

|‘¢D

16V L < D5
b
[ o)
—@»1
| D4

—t__—_/
| D4
4V D5
A Ay

15H—Q—r‘ 7410

Score
430
Video

4
|o

D5

3)
Al T




For example to select pulses to co
bar of the seven segment display requires pulses 16H, 16V, 8V and 4V
(see chart on score display systabove). As can be seen these are the
pulses on the lower gate D5 which gates segment d.

PONG SOUND SYSTEM

Three types of sounds are generated during gameaghiy sound when
the bat and ball are coincidentSeoresound when the ball passes a bat
and hits horizontal blanking and a Bounce sound when the ball hits

vertical blanking during play

PONG SOUND SYSTEM.

From Vert 9316 A3, A data f=491 Hz

+ _-l@l 246 Hzfor 220 mSec
! I
From vert 9316 D 491 Hzfor 16 mS SCORE SOUND

HIT
MUTE

Miss - -Lzss: @ /} SOUND
L

A3,RC2 data c2 -
c a HIT SOUND
__ﬂ_n— + HIT SOUND to HIT counter circui /
f=60Hz (16ms) T —
i for H speed control
220k

—

ATRACT

uF

32v
f=246 Hz

246 Hzfor 16 mSec

[M6ms] mijiip
VVID J Q BOUNCE SOUND
i c3 Yo
VBLNK ——————|¢ F3 i
wp —| K

To B5, LOW during serve delay

ToVert 9316 A3, B data f=246 Hz




A score sound timer IC (555) times a burst of 246 Hz triggered by (not)
MISS, which goes low when HVID and HBLNK are coinerd, this is
done by one of the Nand gates of E6 not shown.

For the bounce, if VVID is high(and (not)VVID low) when VBLNK
goes low then F@%ill have a high clocked to Q. On the next VBLNK
pulse VVID will be low and (not)VVID high (the ball has moved away)
so Q willbe clocked low, the process takiagertical interval 0.6

mSec and a burst of 246 Hz is gated to the output.

For the Hit sound(not)HIT goes low when either of the players bats and
ball are coincident. When used to reset the D flip flop @2rttakes Q

bar (or notQ) high gating the 491 Hz sound through. The vertical part of
the ballvVVID is generated around the trailing edge of the RC2 terminal
or pin 15 of the 9316 location A3, in the vertical ball position circuit
Therefore it takes 16 mSéar the next leading edge of the RC2 pulse to
clock C2, setting Q high and Qbar low, stopping the hit sound.

GAME START STOP LATCH & STATIC DISCHARGE & RFI
IMMUNITY?:

It was realised by the early electric game designers, that cluey teenagers
might try to get a free game credit by feeding burstatfc electric
dischargeor perhaps Rkto or near the machine, potentially triggering

a credit or perhaps get the ganerted in some mode, without actually
putting a coin in the mechanism. This problem was addressed with a
single transistor, witla diode in its basand its base connected to a free
wire in the machine called d@antenna. A strong RF fieldor static
dischargewould cause the transistor to conduct, resetting the game to
the game overrdAtract mode(later Atari changed the spelling to

Attract in documentation on TANK)



The circuit below is of the game latchAtari Pong Again most other
manufacturers qmed this arrangement:

GAME STOP- START LATCH PONG

RESET to
56V 7490 score
counters _ +/S ‘. |
N | | |
ELECTRO- ' IBLENEREEEE
lloo |
MECHANICAL | N 0@——— STOP GAME
COUNTER N4y (SCORE=110r15)
DeBounce:
[13 C 1%
O—r{v Y ;
LA
OIN
SWITCH |-
T SRYT | =
— LOW with coin

“ { .
i o 2N3§w3

\ | | EARCHILH
L RST |SPEED ‘

sTOP G
I
= T W LATTRACT

wllector &[]

At the time the game is powered up, Q1 and Q2 are not conducting so
the collector of Q1 is high, and Q2 low. The coin switch is briefly closed
by the coin passing by this causes Q1 and Q2 to latch into a conducting
state, untithe maximum score is producezither 11 or 15 depending on
where thdPCB switch was set. At this point STOP GAME (STOP G)



goes high, resetting the latch. ApgwerfulRF in the antennar a
static dischargds rectified by the 1N914 diode & detected®$ which
will also reset the latch.

When the coin passes througid the coin switch closes briefthe
horizontal speed is also reset so the ganvayd starts at the lowest
horizontal ball speedA (not)MISS also resets the speed. Also when the
collecor of Q1 is high ORSTOP GAME is highthe game is in the
ATRACT modeand the current, or last set of scores, remain on the
screenThe 7490 player score counters aretresth a HHGHwhen the
coin passes the switch and (not)SRST falls transiently low

With the (not)ATRACT low: The bats go offia H3, the sound is muted
via C1.The Score sound (SC) is able to clock H3, via D1, to allow the
ball (HVID) to bounce off H blankingo the ball bounces silently
around the screen attracting the next would bggrk

Sometimes the baakmnffrom the electranechanical coin counter

would damage gatdst and C9, despite the back emf suppression
1N4001 diode. Aactorymo di fi cati on was made
PCB by cutting the track and adding a resistwit capacitoto help
prevent this problem.

PONG SERVE TIMER SYSTEM:

This system is designed to createri@f delay after the coin is inserted
bef ore t he dnatbdontrblhe postierrin/whidhdhe ball
appears on the screen when gesved. The ball is served from the net
area just to the right of the net



The diagram below shows the basic circuit elements:

serve delay

SERVE TIMER SYSTEM PONG: -

STOP GAME
COIN ES

+
3304]" SERVE TIMER:
MISS 3

2

555
- LOW during serve delay:
4.7ul= D Q p=——p(CLEARS F3 in SOUND SYSTEM)
B5

PAD1 c Q

JHIGH| DURING SERVE DELAY (COUNTERS RESET)

HORIZONTAL MODULO N +1 BALL POSITION COUNTERS

i E1 ’ >
ATRACT } 74107
' 9316 G7 9316 H7 G6

RESET ALL COUNTERS TO ZERO

PADL1 is the player {left screen)at signal after it has been gated

horizonatlly to create the bat video image, it is a 60Hz pulse. This pulse
clocks a high |l evel to B56s Q outp
serve delay (afer a player misses a hit) the logic state of Q and Qbar
reverse, for about 1.5secondshi s zer od6s the hori zc
counters



Thecountingprocesses are best summarised on a chart. The position of

the ball appearance at the serve has been synchronised to the position of
the left hand players bat (pdld) by using pulse PAD1.:

PONG BALL SERVE SYSTEM

| [ uss(@eed | | | [ [ | | ‘ | | RST. | _ NeT
1 e 455| <k | 1>
N I 7 ‘ | . | ! | et 8l —>
H. BLANK| ‘ =
<128 —b i | i < TR TT T
114N | | A : J ; ‘ | | ] (S SN PR | | |
| ! e \'"{[;..___ﬁ ) S S
. PADY | | I : _
‘ ‘ Coupt
< 377 N ey Sl
| T | B30
? Gl
& 111 NEI:TAR (( N
AN EENRENEEY), 7
| Initial count after serve delay . . . — Ball appears 6
ends. ' clocks tothe
| ; : : v |
| \ | J ‘ 1 right of the net
| | | | | i |

The PADL1 pulse synchronises the time that the 9316 counters are
allowed to start counting after the serve delay time ends.

Then to produce any horizontal ball signal the H 9316 counters have to
count 256 + RC(ripple count 2R) + 8 + 4 = 50&lock pulse counts
after PAD1 Thesepulsesare fed to the input of H6 a 4 input Nand gate



which produces the (not)HVID puls®n the 4 of anothe counts
later (which determines the horizontal width of the ki) horizontal
9316 counters load hen after that it counts every 374 countthe
usual way(assuming a load data value A== 2 at G7).

Therefore as seen from the chart abdlie ball is served from a
horizontal position very close to the net.\e&stical veolcityvalueis
whatever value it had at the time of the nvidgen it strikes horizontal
blanking In addition, thedirectionof the haizontalmotionis the
directionit was at the time of the miss, so that the ball is served to the
player whomissed it.

ASSEMBLING THE PULSESOF THE VIDEO & the HIT
DETECTOR:

Most of Pongb6s circuitry hasybeen
used to combine the (not)VPAD 1 & 2 pulses for the bat, the net pulses
and the ball to produce a combined set of pulses called video. Video is
combined with the the composite sync and the score by mixing with 3
resisitors.The gates which assemble the combined video signal:

PONG: VIDEO MIXING & HIT DETECTOR

NET
O
. VIDEO
HVID —O BALL O

vVID —Q

| ™ eant| |
| ) G3
128H D
A O
H3 HIT 2 HIT
S— G3 P Q
4H C g 256H d G2 )BAD2
r VPADZ—I VibEG T
—— Video to monitor
4 Comp SYNC [z} 41 >
SCORE EE 5uF



The flip flop H3is clocked by 4H and with 128H as the data positions
the bats(paddles) in the correct location on the video image and ensures
they are 4H wide.

The bat vertical rate pulses (not)VPAD1 and (not)VPAD2 from the
players bat generators are gated to the leftrigid hand side of the
screen by the 256H and (not)256H pulses. The PAbd PAD2oulses
represent the bat as it is seen in the video signal and on the screen.

Whenthe BALL pulseis coincident with either PAD1 or PAD2 then a
HIT is detected. The HIT, as noted above in this article, is used to
transferand latchthe bat data from the position on the bat, where the
ball hitthe bat, to the vertical velocity encoder to determine thicaér
velocity when the ball reflects from the bat.

MODIFICATIONS TO PONG:

NOTE: THESE MODIFICATIONS ARE SUGGESTED FOR THOSE BUILDING NEW
TTL PONG GAMES. GIVEN THAT ATARI ARCADE PONG BOARDS ARE
BECOMING RARE, DO NOT DAMAGE THEM WITH MODIFICATIONS  UNLESS
ABSOLUTELY NECESSARY. THEY SHOULD BE PRESERVED FOR FUTURE
HISTORIANS.

This section addresses various cures for some of the originafgyame
problems It should be pointed out that in the scheme of things these
problems wer@ot too severand do not reflect negatively on the genius
of t he game 6 Alsoooteanraayloflthesk eirguitgyifra .



connection is shown té thenthis means its connected to 5V via the
common pull up resistor on the pcb.

The problems are:

1) Picture cemes to the left, makinghonitorH hold setting difficult.

2) Weak net signal i n | ater pcbods
3) Ball video signal appears in bl
little at times.

4) Bat(paddle)range limitedfrustrating some players.
5) Ball latches irvertical blanking.

Before making any modifications it is useful to note¢hae a number
of unused gates and flip flops on the original pcb:

12 13

SPARE GATES, PONG.

D9, 74107
L 4321
LA G6, 74107
ot L - USE in BALL BLANKING MOD
D1,7404 | / : 4321
8 910 8 910111213 IR R e, U?E in SYNC MOD
L | :
C1,7400 C2, 7474 g8 . "
(1 o—11
: ( 13
321 |
| Spare after
sync mod
|
789 1011 \
XOR
A2, 74107 A4, 7486

6 5 321



So the game could have been done with one less 74107 IC package, but
the pcb would have been more difficultthsy are a way apart.

1) THE PICTURE CENTRESTO THE LEFT ON THE
MONITOR :

Thehorizontal syn@ulse in the incorrect position withivorizontal
blanking time

(This problem was fixed in PONG doubles, a 4 player version)

The originalPONGE horizontal syngulse timing was as follows:

11.26 uS, 81 CLK’s
P

'y

16H

32H
HBLNK

PONGE. HSYNC

4.5uS

INDUSTRY 10.2uS

STANDARD
1.27uS
-

VIDEO

\ 5.08usS 3.85uS

TWO POSSIBLE
OPTIONS FOR

PONG




The original pong sync was displaced to tiigéit in the blanking

interval compared to standard video sync signals. This meant that the
central part of the video image the netwas closer in time to the sync
pulse, therefore the net and screen image was left shifted. This could be
compensated for by adjusting theHbld control on the TV(monitor).

Due to the horizontal flywheel circuitintheomi t or 6s H hol d
turningthe H hold control results inght to left shifting of the image.
However, whencentditihse ipsi cutsuerde ot o ti i s
set will go out ohorizontal holdat times.

In Pong doubles, Atari had modified the H sync circuit to\bision
which gives the timin@ption A in the above diagram:

6aH
64H {>c 5
32H— ) -

7474

HSYNC
16H

|
-

HBLNK —G

PONG DOUBLES SYNC MOD.

There were a number of unused gates in original Pong anpossible
to use some of the original unused gafesthe same resuds option A.
The spare XOR gate is used as an inverter:



i
Lo
1
HBLNK ———12] a2 J
c2
7474 11?2|.|:D > “now*
11 74107 _ s
8H G K 52— isvnc
4
T13
CLEAR
H.HOLDEN, SYNC MOD. 16H = FROM E4, PIN 4.

Other variations include one by ALLIED BATTLE PADDLE which was
found wired as a factory looking modification giving a broader than
standard HSYNC pulse starting right at the beginning of vertical
blanking:

T | [

64H J D9 Q

1 -————pP UNUSED

HSYNC

_—

Sup HSYNC
Replaces

F8 K 14107
pin12 r input to pin
T 12A4

a54H Pin8F7
(Similarto HRSET)
ALLIED BATTLE PADDLES PONG HSYNC SOLUTION

The Allied modification, although a non standard H sync pulse width,
does givamprovedpicture centering.



A variant of this is probably the most simple option of all:

HBLNK

32H J Spare Q

74107

HSYNC

TH A2, G6 or

k D9 HSYNC

~ |

HRESET

pin9 E7

Howeverthe simple version abowan result in over correction, moving
the image dittl e too far to the right.

2) WEAK NET VIDEO SIGNAL .

This problem was detected in a later model pong E PCB which has
SN7493ANI C6s i n the H sync pul se gene
transmission delay, just on the 1in

However due to cumulative delays in a ripple counter system the 256 H
pulse was arriving earlier than typically usaadupsetting the NET
generator. This is explained in the following diagram:



(CLOCK)

WEAK NET PULSE ON SOME LATE PONG PCB’s WITH 7493AN IC’s IN H SYNC CIRCUIT

NET
T

¢ ————ry

{ -y | dik. | E2 J
|
‘ ‘ IZTH L
CLK‘ CLi Lk e s \QLK

TYP160nS

! propagation delay 8 FF’'s 1
256H Y /
(7493) + one 74107 =8 x 18
+16 nS =160 nS. /
NET PULSE »
&— NETPULSE100nS >
<- 120nS >
256H 8x13+16=120nS | 256H ARRIVES EARLYAND CLK TERMINATES THE NET PULSE
“FAULT”
CONDITION
fast NET PULSE SHORT (WEAK NET LINE ON DISPLAYED VIDEO)

7T493AN’s

In an early Pong E PCB the total delay measured in the W@r@ntal
sync counter chain was 160nS. This was accounted for by 8 flips flops
each with a 18nS delay and one 74107 delaking a total of about

160nS del ay. Il n a | ate At ar. PONG
this case eacimternallC flip flop had a 13nS delay, each type7493
still within the manufacturers specs. However with thiedea st er | CO

the NET circuit malinctioned producing a weak net pulse.

There are 2 solutions that fix thiSne is to dd a 220pF capacitono
two of theH 7493 counter output® ground This creates enough added
delay to get the situation to normal. The otf&ulution 2)is to use 1H



as the clock ginal for the net generating flip flop F3. The 1H is half the
frequency of the CLK, so if the resultant overall length of the NET pulse
ends up being about 160nS, which gives a normal looking net on the
screen.

3) BALL VIDEO SIGNAL APPEARS IN BLANKING :

This makes the monitor image jump @i (depending on the brand of
monitor)when the ball bounces oferticalblanking The ballvideo
signal h o w eealy be inshbbdankinglaneé which is reserved
for sync pulses. The balldeosignal can be gated out of blanking using
spare gates:

GATING BALL OUT OF BLANKING:

HVD ToF2.63
BALL

— G1 = >< >

A R —

2

3 11 10
10 3 e
VBLNK — 9 8 x

( UNUSED GATES))




4) LIMTED BAT (PADDLE) RANGE:

On the original gamehe range of motion of the bat (or paddle) is

limited, even when set ideally on the adjustmentgmuithe ball can

pass just above and below the bat. Some payers complain about this as
theyare unabléo avoid losing a point even when they believed they
have the skill to do so

A modification which improves the bat range is as follows

INCREASING THE BAT MOTION RANGE PONG

:I Player BAT position timer
disconnect 256V

use : VBLNK 2
555

|—7

I ADD 1 or 2 additional 1N4148

It should be noted that increasifaglding one diode) and using

(not)VBLNK, the bat range does increase the chance of the bat being
able to Apusho the Vertical compon
bl anking where it can r emarequiringt r ap
an onoff power reset. This might have been why the bat range was

limited in the first instanceOnly the original designévir Alcorn would

knowthe answer to that questidfurther bat range can be acquired by



addingthe2nddiode This makest inevitable that the ball will be
pushed into blanking at some stageess tle ball capture/lockup
problemis corrected with the modification outlined below

(If a 555 is being replaced on a Pong pcb, it is important it is an original
NES55N, not a 555\Wr any other 555 versions such as Cmos as they do
not work correctly).

5) BALL & VERTICAL BLANKING LOCKUP  PROBLEM:

This moderately complex problem turned out to have a simple sojution
though it was a tricky one to solvEheproblem comes about due to a
number of interactionsreating an inescapable laop

The |l ockup problem tends to occur
the ball into the vertical blanking interval, either through maladjustment
of the bat preset pots, or by modifications to gairmrdéed bat range. On
occasions it is possible for the game to start in this condition, although
that is uncommon but it has been observed.

Firstly the vertical ball signal VVID goes high during blanking, because
at the moment the ball position 9316 cousi@re inhibited (by vertical
blanking) the count value is such that VVID is high. The VVID pulse is
fwidenea during this time to a longer duration than vertical blagkin
which isonefactor.

Whenthe bat hiflip Hop AZhiscledidni@det)s@that the

balls motion corresponds to the tval intersection data. Ignoring or
disabling any horizontal motion, if the ball was between the top of the
screen an the top of the bat, and intersecting with the top of the bat at
least once, it will haveelocity encoder value 13 and bounce off the top
of the bat toward the top of the screen and towards vertical blanking



VBLNK. WhenVVID becomes coincident with VBLNE& flling edge
then74107 flipflo)d2 i s c¢cl ocked (Toggles) to
motionback toward the top of the b&o the ball sits there moving

between VBLNK and the top of the bat. The closer the bat is to

VBLNK, then the faster the ball motion and the higher the frequency of
vertical direction reversallf this happens withach VBLNK pulseor at

the vertical ratgthen the ball reversalsve the same frequency as the

vertical interval.

If the ball oscillation rate between the bat and vertical blanking becomes
equal to the vertical interval itsethen VBLNK can take over from the
batpulsein controlling the ball reversals if the data (VVID) on the J&K

inputs of the 74106 remain higthen VBLNK falls low.They can

remain high over consecutive field as will be explained due to the range
that the VVID is alloved to move in one vertical intervdlhen when

the bat is moved awahe VBLNK pulse falling edge acts to redirect the
Aball 06 back into blanking and a | o

For i1 nvestigation the problem can
horizontl motion by loadindC H4 pin 3 to ground with a 56 ohm

resistor and making the ball stop abpwebelow a batThe bat (from its
control and preset adjustment) can be used to push thewald and

into the vertical blanking are#nitially the ball wil oscillate more and

more rapidly as the space between the bat edge and blanking decreases.

Ultimately when the bat is forcing the ball to oscillate across vertical
blankingit will lockup there in sustained oscillatioeven when the bat
is moved awayThe flowing oscillograms and photos show what is
happening
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In the photo above, the ballocked around vertical blankin@fter the

bat has been moved away)dlooks different than the original PONG
pcbvideo imagebecause in the version photognagabovethe ball

signal has been gated out of the video signal during blanking, however
this does not relate to the problem under discussion. On the original
circuit (ATARI PONG E)the ball is seeto extend right eross vertical

blanking and travelling horizontall§The horizontal motion was
disabled for the photo)

Looking at the important signatiuring this lockupcondition



The VVID and VBLNK pulses are locked togetherthis anomalous
condition The vertical directiofflip flop A2 is functioning normally
reversing the data from the two flip flops A5 and B5. The output of the
binary adder is behaving correctly with the value on pin 6 (the B output)
reversing and corresponding to baldtron of load values 13 and
complimentary value 7.

To get a better look at the ting:



