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Board 1:Board 1:
U1 34001 NOR, 2-in, quad
U2 LM3900 Norton Amp, quad
U3 4081 AND, 2-in, quad
U4 4013 D FF, dual
U5 4016 bilateral switch, quad
U6 34001 NOR, 2-in, quad
U7 4001 NOR, 2-in, quad
U8 4002 NOR, 4-in, dual
U9 34001 NOR, 2-in, quad

U10 4030 XOR, 2-in, quad
U11 4011 NAND, 2-in, quad
U12 4001 NOR, 2-in, quad
Board 2:Board 2:
U21 4023 NAND, 3-in, triple
U22 4001 NOR, 2-in, quad
U23 4007 dual comp.pair & inverter
U24 4024 counter, binary, 7-stage ripple
U25 4011 NAND, 2-in, quad
U26 4520 counter, binary, dual
U27 4001 NOR, 2-in, quad
U28 4025 NOR, 3-in, triple
Additions to original:Additions to original:Additions to original:
U31 4013 D FF, dual
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Notes

• The symbol    indicates V+.

• Capacitance in microfarads unless otherwise indicated.

• This is a redrawing of the schematic presented in articles in the April and May 1976 
issues of Popular Electronics magazine.

• 1997 Aug: Initial drawing / bhilpert.
2008 Feb: Revised, circuit modifications added.
2015 Jul: Converted to single document form.

List of Integrated CircuitsTiming

Time values shown are approximate to RS-170 specifications.
Vertical timing values shown require resistors in vertical oscillator to 
be adjusted from those specified in original design.

0V

0.5V
Video Out

0.1V

Modifications

This schematic includes several modifications to the original design:

1) U31 added to synchronise the top and bottom borders to the horizontal sync. 
This ensures the borders are composed of full horizontal lines.

2) 3 resistors changed in the vertical oscillator to bring the vertical sync pulse width 
down to ~ 0.2 mS. Original resistor values resulted in a pulse width of ~1.5mS 
which is excessive.

3) A new sync generation circuit is presented which derives both horizontal and 
vertical sync from a single oscillator, so the phase relationship between the two 
is constant. This significantly reduces jitter in the display.

4) 1M resistor in ground level ‘miss’ comparator reduced to 680K to increase 
hysteresis. Previously, glitches could result in multiple triggerring of the left 
score counter.

Pongtronics
 Section: Notes
 Page: 2 Rendered: 2015 Jul 27



9

VIDEO
OUTPUT

2

3
U2 4

2.7K

820pF

100

10K

15K

2N3638A

U1 4

5

6U1 3

1

2

33K

H Freq.
50K

100K

260pF

47K 10K

HRAMP

U6 10
Left Paddle H

50K

0.01 100
pF 12K

1M

12 U7 11

13

13 11

12

2 U9 3

1

Left Paddle V
100K

0.1
0.1 22K

100K 0.1
U3

12

11
U2 10

10K

0.1

U1 10

8

9U1 11

12

13

100K

V Freq.
50K

220K

0.1

68K 10K

12 U6 11

13

Right Paddle H
50K

0.01 100
pF 12K

1M

8 U7
10

9

9 10

8

5 U9 4

6

Right Paddle V 
100K

0.1
0.1 22K

100K 0.1
U3

13 U9 11

12

Top Wall
50K

0.1

1M

9 U9 10

8

Bottom Wall
50K

0.1

1M

0.01 22K

13 11

12
U11

0.01 22K

13
9

U810

12
11

2 U6 3

1
0.01 100

pF 12K

1M

2 U7 3

1

5 U6 4

6

Ball Centre
50K

0.1
0.02 22K

1M
0.01

1M

U102 3

1

15K

15K
75

1K

2N4401

270

100

VSYNC

HSYNC

22K

6 U7 4

515K

Start

RESET

Serve

BallH
Position

BallV
Position

PaddleLeft

PaddleRight

Ball

BallV

PaddleRightV

PaddleLeftV

WallTopV

WallBottomV

VRAMP

HRAMP

VRAMP

HRAMP

VRAMP

HRAMP

VRAMP

VRAMP

VRAMP

15K
ScoreVideo

VSYNC

HSYNC

2.7K

3.3

2N4401

6.2V

100

2 of
100

? of 
0.1

V+uPOWER
POWER IN

+9V

NORMAL

HANDBALLR MANUAL

MACHINE

All other 
ICs

14

7

U2

LM3900

14

1

Reset and
Sync Generation 

Power Supply
Element Generation and

Video Output

U26

4520

16

7

Comp. Adj.
50K

L MANUAL

MACHINE
Comp. Adj.
50K

PaddleRightVisible

PaddleLeftVisible

8

U31

5

3
2

1

4

D Q

nQR

S
6

HSYNC

U31 addition to
original design *

9

11
12

13

10

8

U31

D Q

nQR

S

1K*

130K*

1K*

* modifications to original design

Pongtronics
 Section: Video
 Page: 3 Rendered: 2015 Jul 27



9

2

WallBottomV

V+u

NORMAL

GRAVITY
1

13

2

U5

HAND
BALLPONG

9

11
12

13

10

1 3

2
U3

5 4

6
U3

U109

8

8
2 3

1
U11

6 4

5
U11

8 10

9
U11

1M

1.5

12 U12 11

13

8 U12 10

9

11

12

10

U5

22K

0.002

Paddle  Centre
50K

22K

2 U12 3

1

0.02

8
9 U5

U4

5

3
2

1

4

D Q

nQR

S
6

13

8
U2 9

3
4

U5

6

390K

390K

5

470K

470K

15K

47K
10M

U105 4

6

3.3

0.1

1
5

U84

2
3

7

6
U2 5270K

0.68

100K22K

Ball
Speed
500K

0.01

U27
12

13

U27 10

8
470K 150K

1013
U2811

12

98
U281

2

11
0.1

100K

0.47

470K

0.01

U27
1

U27 4

5

6

1M 470K

65
U284

3

113

0.47
1M

13

12
U25

15K

15K

2N4401
100

0.01

100K

13 U22 11

12
1

R2

6 5 4
Q3 Q4 Q5

U24HSYNC

 WallBottomV

12 11
Q0 Q1 Q2

9 3
Q6

1,5,
12

4,11

2,9

3,6

8 10 13
U23

1

2

6
Q3

U26

3 4
Q0 Q1 Q2

5

R
7

820K
390K

200K
100K

45

6
U25

9

10

14
Q3

U26

11 12
Q0 Q1 Q2

13

R
15

820K
390K

200K
100K

108

9
U25

10U21

13
12
11

9U21

1
8
2

10K

0.001

RESET

RESET

RESET

U222 3
U225 4

6U21

3
4
5

2N4401

22K
2N4126

15K

1M
15K

15K

1
6

1M

15K

RESET

BallH
Position

PaddleLeft
Visible

U12
6

5 4

0.01 15K

Serve
RESET

Serve

PaddleLeft

PaddleRight

Ball

BallHPosition

BallVPosition

BallV

hit

bounce

U1013 11

12WallTopV

miss

PaddleRightV

PaddleLeftV

Slam

Sound Generation

Play Logic

200K
2N4126

22K

22K

200K

33K
31

2
U258 U22 10

9

0 Set
50K

HRAMP

4.7K

150K

22K

ScoreVideo
12 Set
50K

Scoring and
Game Logic

Pongtronics
 Section: Game
 Page: 4 Rendered: 2015 Jul 27

angle
memory

left hit

right hit

travel right

travel left

left 
miss

right
miss

left score length

right score length

PaddleRight
Visible

(MOSFET switch)

10

RESET

U4

D Q

nQR

S

680K*



VSYNC

U31

5

3
2

1

4

D Q

nQR

S
6

68pF

20K

VSYNC

HSYNC

Sync Generation B
109

8

1112

13

46

5

Freq.
5K 32

1

U41

68pF

U41 4

5

6U41 3

1

2

10K
Freq.
10K

100K

Sync Generation A

Sync Generation C

5 nCI

15

R9

2

U42
4516

6

11

14

1 PE

nCO

U/nD10

P04

P112

P213

P33

7

Q0

Q1

Q2

Q3

7 C F

9

U44
4569

2 CTL0

ZD

CTL110

P03

P14

P25

P36

1

P411

P512

P613

P714
15Q7

VSYNC7 C F

9

U43
4569

2 CTL0

ZD

CTL110

P003

P14

P25

P36

1

P411

P512

P613

P714
15Q7

÷7 ÷75

÷16

÷8

68pF

U41 4

5

6

11 R

10

U43
4040

9Q0

7Q1

6Q2

5Q3

3Q4

2Q5

4Q6

13Q7

12Q8

14Q9

15Q10

1Q11

82K 9 U41 10

8
HSYNC

11 R

10

U42
4040

9Q0

7Q1

6Q2

5Q3

3Q4

2Q5

4Q6

13Q7

12Q8

14Q9

15Q10

1Q11

9 U41 10

8
HSYNC

U41

U41 U41

C i r c u i t s C l o c k 252,000 Hz
A, B, C Hor i zonta l 15,750 Hz 63.49 µS

H Sync 3.97 µS
C i r c u i t V e r t i c a l 61.52 Hz 16.25 mS

A V Sync 0.25 mS
L i nes 256

C i r c u i t V e r t i c a l 60.58 Hz 16.51 mS
B V Sync 0.25 mS

L i nes 260
C i r c u i t V e r t i c a l 60.00 Hz 16.67 mS

C V Sync 0.22 mS
L i nes 525

5 nCE

15

B/nD9

2

U42
4029

6

11

14

1 PE

nTC

U/nD10

P04

P112

P213

P33

7

Q0

Q1

Q2

Q3

÷16

Notes

• Circuit A can be accomplished with various 
combinations of D flip-flops or OR gates at the outputs.

• The 4029 and 4516 are nearly identical, either may be 
used for the div-by-16 function.

• Circuit C could be adapted to use 40102 or 40103 ICs 
instead of 4568 ICs.

• RC values in oscillators may need to be altered from 
that shown, depending on layout. A more stable 
oscillator may be desirable.
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R KOhms C uF period uS freq KHz
26.526 68 3.97 252.00
18.037 100 3.97 252.01

8.199 220 3.97 252.00
10 180 3.96 252.53
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