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SECTION 1

GENERAL INFORMATION

1.1  FOREWORD

"SYSTEM III" represents the most advanced application of electronics
technology in the pin=ball industry. Its performance betters all previous
system possibilities with surprising simplicity, offering in addition such
a quantity of information that opens up a new era in the coin operated
games, thus allowing a strict and programmed control over the performance
of every machine in all aspects (coin collection, faults, game behaviour,
timing, etc).

All the information supplied by the machine (which is printed out)
can be fed into a main computer, which will file and process all data,
giving out percentages, averages, statistics, and which will activate an
alarm when some parameter suffers a deviation greater than the set values.

With "SYSTEM III" we have obtained a pin-=ball in which all units are
interchangeable from one model to another, irrespective of whether it is
a single, two or ‘our player version. The only differences you will find
between one model and cnother are the following: (1) the playfield; (2)
 the actual decoration; and (3) the game memory (which is mounted in the
Master Unit, with socket).

1.2 PURPUSE OF THIS MANUAL

In this Manual we have described the characteristics, handling and
maintenance of our "SYSTEM III". It has been written with existing pin-
ball technical staff in mind, who might not yet be familiar with micro-
processor technology.

This marnual is intended to give a very simple understanding of our
"SYSTEM III" and its general applica‘ion to pin-ball machines, and here
we are not going to deal with the particular characteristics of any given
model, as these will be given in the respective service manual.

1,3 LAYOUT OF THE MANUAL

The contents of sections 2, 3, 4, 5, 6 and 7 are as follows :

* Bection 2 : Basic Concepts, is the heading for an e ementary and brief

introduction to the microprocessor technology. 3Bs only pur-
pose is to provide some general guide-lines to those technicians who have
not yet come into contact with data processing electronic systems.



Section 3 : Describes the main characteristics of the System: Self-Check,
Representation areas, Handicaps, Adjustment, Logic Detector,
Mini-printer and Simulation System. ‘

Section 4 : This section is dedicated to an analysis of the essentially
electrical parts: coils, lamps and contacts. It also in-
cludes a general schematic of the System.

Section 5 : This comprises a full description of all the units within the
System, an explanation of the functioning of each of these
units and theoretical, practical and connection diagrams for such units.

Section 6 : This presents a basic time diagram for the LSI MOS and RAM
C-MOS chips, as well as the PIN-QUT for all the chips and
components used.

Section 7 : This is firstly a map summarising the organization of the RAM
memory, and a representation in full detail of all the dis-

play indications in the various representation areas.

1.4  GENERAL CHARACTERISTICS

* Processor in use: ROCKWELL PPS-4

* Intelligent system assembled on just 1 (one) module.

#* General wiring system: flat tape

* Data memory maintained when the machine is switched off
x 4 counters of 6} digits

* Different handicap (highest score) for each player

* 3 and 5 balls

* 3 adjustable coin rejectors

* Electronic digital sound

* 2 types of game with extra play.

* 3 types of game with extra ball

* Limit on extra play = 9 (separate from credit display)
* Limit on extra ball = 9 (with display for this use)

#* Credit limit adjustable from 9 through 99

* Electronic match number

* ‘Adjustments and rules contained in memory (without switches)
* Model and serial number register
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Register code of the last printer used for coin collection
Date or number register of last coin collection
"Game Over" time register
"Machine in Play" time register
Coin meter for 1st coin rejector
Coin meter for 2nd coin rejector
Coin meter for 3rd coin rejector
Extra Ball meter
Extra Game meter
Total Service meter
Total Play meter
4 extra meters for use in the game or for any other use
Display representation of all the above mentioned data
Print-out of all data on portable mini-printer
Charge and/or zeroing of registers and meters with mini-printer
Data collected with mini-printer can be fed to central computer
Cabinet with "fold-down" head (without disconnecting)
All units interchangeable from one model to another
Alteration and/or zeroing of registers and meters by printer
Power supply (adjustable): 100-~120=135-150~200-220-240-260 v,
(50 - 60 Hz)
Consumption: 110 watts (at rest)
280 watts (maximum, in play)

Playfield inclination: 5% - 10° (adjustable)
Dimensions when mounted: 1190 mm deep

650 mm wide

1780 mm high
Dimensions in transport: 1315 mm deep

670 mm wide

580 mm high
Nett weight: 91 kgs.

Gross weight: 105 kgs.
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1.5 EXPRESSIONS

In order to understand this Manual more easily, we define herebelow
some of the principal terms and expressions.

P (Low) ....
1 (High) ...
OPEN sesenes
PULSE .eeuse

SET tseessee
RESET eecnns
CLEDK sss e

ENABLE .....
‘DATA civnnes
BUS sveeacans
BUFFER .....

INVERTER ...
AND eovvaans
NAND ..eeenn
OR eovnnnnns
NOR vevennes
INTERFACE ..

HAM ss s nemen

HDM es s s e
EPROM s s s ey
CPU essssees

DRIVER .....
TTL vevenss
PMOS +.vvunn
NMOS «uevuss
CMOS ceevnnn
I/0 ceueennn
PIO seevvnns
GPKD wvvvvns
BIC sevevunn

Logic level of a power point or register R < 0,6 volts
Logic level of a power point or register R =z 3 volts
Logic level bhetween High and Low

Interval from which a level changes to another and returns
to the original level

Line, instruction or fact of setting "HIGH" in a point or
register

Line, instruction or fact of setting "LOW"™ in a point or
register

Line with repetitive pulses used as a time base, or pulse
that defines the instant when an effect should take place
Form of allowing something to realize a certain function
Line or lines via which data are transmitted or received
Group of lines used by all the circuits connected to it
Chips used as protection and interface between the MOS
circuits and the TTL and Drivers. f=A

Chip whose logic function is defined by f = A

Chip whose logic function is defined by f = A.B.Ci=e=.=
Chip whose logic function is defined by f = AB.Ci=i=.=
Chip whose logic function is defined by f = A+ B + =

Chip whose logic function is defined by f = A + B + —
Circuit which makes two different circuits compatible in
level or form of working

Random Access Memory (variable data)

Read Only Memory (instructions and constants)
Electric Programmable Read Only Memory

Central Processing Unit

Output interface (generally 1 transistor)

Transistor (IN) Transistor (OUT) Logic

Positive Metal Oxide Semiconductor

Negative Metal Oxide Semiconductor

Complementary Metal Oxide Semiconductor

Input=Output

Programmable Input-Output

General Processor Keyboard and Display

BUS interface circuit
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SECTION 2

BASIC CONCEPTS

2.1 SIMPLIFIED STRUCTURE

Basically the most simple lay~out involving a micro-processor system
will be as depicted in the block diagram shown below s

1 2 3 4
D
s
Y
I CPU N 1-0 Sa
ROM ‘ - |UTILIZATION
s el :
T~ ~J a
Fig. 2.1

The operation of such a system would be eguivalent to a sequence cir=
cuit in which a control circuit 2 (CPU) alters the outputs from 3 (I/0) in
accordance with a stored sequence in the program memory 1 (HOM).

The circuit 1 program memory contains the code for all those instruce
tions received in circuit 2 (CPL), by which means it is able to process
the data and transfer the results to circuit 3 (I/0) which in turn controls
the coils, lamps and/or other parts of the system (4).

In order to see more clearly the basic operation, let us assume a very
simple micro-processor system, as illustrated in Fig. 2.1 :

Chip N2 1 (ROM) contains the combinations (or codes of 4 bits for
example) that Chip N2 2 (CPU) receives in sequence, bearing in mind that
Chip N2 1 is controlled by the same CPL (logic unit which interprets the
instructions contained in ROM, and carries them out controlling the memo—
ries and peripherals). These codes are r.corded, logically in binary, and
each set of them (each word or 'byte') expresses a specific instruction.
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Chip N2 2 (CPU) interprets each one of these combinations (instruc-
tions) and makes a SET, PESET or READING of any input from circuit 3 (I/0).

As each word (or byte) sent by the ROM to the CPU, contains 4 bits,
there are 16 possible and different combinations (instructions) which are
as follows =

HEXAD, INSTRUCTION CPU FUNCTION MNEMONIC
@ 0000 SET in all outputs SO
1 0001 SET in output 1 51
2 0010 SET in output 2 g2
3 0011 SET in output 3 53
4 0100 SET in output 4 g4
5 S 0101 RESET in output 1 R1
6 0110 RESET in output 2 R2
Vi 0111 RESET in output 3 R3
8 1000 RESET in output 4 R4
9 1001 (%) Skip if input 1 is High SK1
A 1010 Skip if input 2 is High sKka
B 1011 Skip if input 3 is High 5K3
C 1100 Skip if input 4 is High SKa
D 1101 Advance as many instructions as

indicated by the following

word T+4+X
E 1110 Go back as many words as per

the value of the following

instruction T=X
F 111 RESET all outputs RO

(%) Ignore the following instruction
if the given condition is complied
with (Skip).

;

cCPU I-0

D

Y
A YV VY

\
]2

Fig. 2.2
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Assuming that we have this simplified system, we can now use it in
the set-up shown under Fig. 2.2, and can make the following program.

The program will lite up the first lamp on pressing the switch (in
4) for the first time, the 2nd lamp will be 1lit up after pressing the
switch for the second time, and with the 3rd press all three lamps will

be flashing.

INIT
INIT RO Reset all outputs \(
SK4 Has the switch been pressed?
RESET ALL
T-1
SKa ?
T+2 VYES \
TEST sw DNC
T=2
51 Lite up lamp 1 YES
SK4 Has the switch been pressed? SET L1
T-1
SKa \
o)
T2 YEE TEST SW NO
T2
YES
52 Lite up lamp 2
SKa Has the switch been pressed? SET L2
T~1
)
SK4 \
T2 YES TEST sw Do
=2 YES
S0 Set all outputs
RO Reset all outputs SET ALL
T2 ) |

RESET ALL

With these instructions translated into
binary code (according to the previous table)
and recorded in the ROM memory, the program
will carry out the prescribed steps, liteing Fig.2.3
up L1, then L2 and then flashing all 3 lamps.




2.2 REAL BASIC STRUCTURE

We can now consider the real structure of a simple system using micro-
processors (Fig. 2.4); here we have also added something new - the RAM me-

mory .

4 >+ 5
UTILIZATION

T e
<

11

=h
i > N Ppete

Fig- 2.4

Analysis of the system :

ROM (1) - Read Only Memory contains the program which is interpreted by the
CPU which in turn will make or introduce data into the RAM memory
or alter and read the inputs and outputs from the I/0 (4), controlling by
these latter, all the parts in UTILIZATION (S) (e.g. relays, motors, lamps,
etc.). The ROM memory is recorded during manufacture and cannot be changed.

RAM (2) =~ Random Access Memory is the memory that the CPU uses to store all
types of data (Final or intermediate), subsequently making opera-
tions or alterations on the data and transferring these to the I/0 outputs
during the program run. This memory serves therefore as a variable data
store for the CPU because this unit requires a large data stock capacity.

CPU (3) = Central Processing Unit interprets the program and carries out all

the operations and movements indicated in the program. The CPU
incorporates registers, accumulators, counters, decoders and multiplexers
required to control and direct the memories and peripherals.

1/0 (4) - Input/Output, a circuit which controls the external systems (indi-
cators, motors, read-out and other peripherals) as directed by

the CPU. Depending on the number of lines that the Utilization section (5)

requires, there will be a need for the same number (1, 2 or "x") of I/0 cir-

cuits (peripherals). These circuits can provide lines that would be outputs,

inputs and both at the same time.

UTILIZATION (5) -~ This is an assembly of all those parts which the system
needs in particular to operate. These parts could be other

electronic circuits, read-outs or electrical or electromechanical receivers,

loads of any type (with their drivers and respective interfaces) etc. etc.



2.3 REAL STRUCTURE
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In Fig. 2.5 we can see a simple but real system the layout of which
requires only two (2) chips.

The more important registers have been depicted on the CPU chip.
"A" is the main working register (accumulator), through which all data
from RAM, I/0, DO, DIA, etc., pass and where all types of logical and
arithmeticel operations are performed. "B" is the register that contains
the address of the RAM, which can te read or altered. "P.C." (program
counter) is the register that addresses the ROM memory (program). "S.A.
and 5.B" are registers that enable the program counter (P.C.) contents
to be stored, to carry out any sub-routine (situated somewhere else in
the program) and come back to the main program, restoring the P.C. con-
tents., "D.0., DIA and DIO" are system inputs and outputs inccrporated
in the CPU chip.

The second chip contains the ROM, RAM memories and an I/0 circuit
with 16 inputs/outputs.



As we can see, this assembly made up of two chips, contains all the
basic parts required to control and manipulate data, hence the number of
chips is not the significant factor (the system could be of just one),
everything depending on the number of functions incorporated in the chip
or chips and of course, the maximum capacity of them (RDM memory and BAM
memory cepacity, number of inputs/outputs, and CPU instruction power)
and the time required to carry out a specific instruction or movement;
in our case, the movement of a clock taking 5 psecs.

DECIMAL/HEXADECIMAL/BINARY TABLE

HE XADE- | DISPLAY HEXADE-|DISPLAY
DECIMAL AL Pres | BINARY DECIMAL|'~1MaL | PRES. | BINARY
___ | ocBA DCBA
0 0 | 1| o000 8 8 I 1000
L Ll
1 1 " 0001 g 9 '—,’ 1001
2 2 ,..J 0010 10 A - 1010
3 3 —,’ oon 11 B = 1011
A A I 0100 12 C L 1100
- |
] 5 5 ':, 0101 13 D l_. 1101
6 6 I—- oMo 1% E I_ |1 110
| _
7 7 ,' om 15 F 1111




2.4 STRUCTURE OF SYSTEM III

‘‘‘‘‘‘‘‘ .
I |
' PLAY FIELD DISPLAY
BIC :
| MX DR DSTR
8 | 11 12
4 ] I T .
9 8 8 8 8 '
|
|
EPROM sounp| | & P10 G PKD :
8 10 3 5 :
12 I
9
A J /F* I
|
|
BlC _—| cpu ROM/RAM ROM/RAM| |
__[__— -0 1 1-0 2 |
7 4 1 2 |
I 12 |
) e — ¢ I |
_______________ 1
1 | 17 |
|
Fig. 2.6 | | PRINTER RAM |
1 13 C MOS 5 :
. T 3

With reference to Fig. 2.6 and following the order of the numbering
shown for each chip or unit, we will now briefly define the functions
that they carry out,

1. ROM/RAM I-0 1 This chip consists of 3 parts: a) ROM which contains

‘ the first 1000 program bytes (words of 8 bits);
b) BAM containing the first 128 data bytes (words of 4 bits); c) I/0 16
outputs used as registers for the playfield.

2. ROM/RAM I-0 2 This is a chip the same as (1) but containing: a) ROM

with the 2nd 1000 program bytes; b)RAM with the 2nd
128 data bytes; c) I/0 with 8 outputs which -an be used as registers for
the playfield and 8 outputs controlling the BAM "MUS remory «id pri.hsr,
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3., PI0 Circuit of 24 I/0's using all of them as outputs in the following
way: 6 as sound control ocutputs; 10 to control the playfield
coils; and 8 to control the playfield registers.

4, CPU Central Processing Unit which controls all the surrounding cir-
cuits by means of the addressing bus and the Data/Instruction bus.
This CPU is described under paragraph 2.3. (Real Structure).

5. GBPKD This is a control circuit for all the displays and indicating re-
gisters housed in the lite-box of the machine.

6. and 7. BIC 1 and BIC 2 These are circuits which direct and read the
EPROM memory (Baming program), because the level
and form of working of this memory are not directly compatible with the CPU.

8. EPROM This is a program memory that contains only those data which refer
to each particular model (256 bytes). This memory is recorded by
an internal impulse-produced fusion process.

9. RAM CMOS An ultre low consumption memory ( < 1 pA) which stocks all the
data during the time the machine is switched off from the

mains. Its power supply meanwhile comes from a small battery which has suffi-

cient charge to maintain the memory active for more than one year. When the

machine is switched on, the battery is automaticelly recharged.

10. SOUND SYSTEM This is an assembly comprising 4 T TL chips which generate
the sounds and control them by means of the 6 outputs on
the PIO {see 3 above).

11. MXDR This is a unit mounted on the playfield which, under control from

the CPU, selects any of the 40 existing switches. This unit also
contains the drivers that control the bumpers and other parts mounted on the
playfield.,

12. DSTR This unit is controlled by the GPKD and activates all the digits
and indicators mounted in the lite box of the machine.

13. PRINTER  Used to print out and change data in the memory.

NOTE : The main program is distributed in Chips 1 and 2, and comprises
a total of 2000 bytes (8 bits per byte), whereas the game pro-
gram (contained in PROM) consists of only 256 bytes.
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2.5  PHILOSOPHY OF SYSTEM IIT

The functional basis of the system is simple and clearly summarised
in the following points :

a) The entire functioning of the system is controlled and dictated by
the Master Unit.

b) The remaining units are only indicators, or interfaces for these.

c) If the Master Unit and its power supply voltages are correct, there
can only exist the possibility of abnormal functioning if the cone
tact read-out information is defective (in which case all the func—
tions will be carried out well, but in response to contacts which
are not relevant for each function).

d) In order to carry out a proper analysis of the system, it is advis-
able to consider all the elements which do not belung to the power
supply nor Master Unit as indicators. A display is an output indica-
tor which expresses a determined value; a lamp is an output indicator
which represents a state, either lit or unlit; a coil is an output
indicator which represents a state, either activated or disactivated;
a contact is an input indicator which also expresses a state, either
open or closed.

On the basis of these considerations we cen establish two classes of
possible faults: a fault in the actual functioning (Master Unit) and a
fault in the indications (easily found by means of the logic detector or
test probe).

In order to carry out repairs "in situ", the most practical and rapid
means is to substitute the faulty unit for another in proper working order.
This is why we have intended and succeeded in producing with the System III
a pinball machine where absolutely each and every one of the units are
interchangeable, from model to model; including between single and four
- player games.

e) In the general diagram (shown below) you can see clearly how the Mas-
ter Unit controls the rest of the machine via two main ways : lite

box control and playboard and cabinet control.

The numbers (:) indicated on this diagram, specify the page number
of Section 5 on which each unit is described.
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FUNCTIONAL DIAGRAM
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SECTION 3

DESCRIPTION

3-1 GENERAL FUNCTIONS

A normal pinball machine, in the four player version, must offer and
offers the following characteristics : coin-slot operation, adjustable
tariffs, an indication of the games paid for, four score counters, three
or five balls, start button, fault and tilt contacts and indicators, extra
ball, free plays obtained from the score (adjustable), match number and
flexibility in the system to give any game on the playfield.

The SYSTEM III pinball complies with the above mentioned specifica-—
tion and also offers the following feature :

3-2 SELFCHECK

As soon as the machine is ccnnected (using the switch on the right
hand underside of the table), a Self-Check routine starts which covers the
electric and electronic systems, indicating any fault and identifying the
same; if this routine detects a "major" fault (e.g. a short circuit in the
coils, driver or I/0 RAM failure, etc.), it decides not to continue opera-
ting but indicates the fault., Should 'a "minor" fault be detected (e.g. a
coil out, I/0 open circuit, short in I/0 lamp, ete.), the system will indi-
cate the fault and automatically qontinue carrying out its function.

The Self-Check routine consists of 6 steps and the results are shown
on the display corresponding to Player N2 2,

1, Lite Box Display and Indicators

All displays and indicators mounted in the lite-box, will be lit up
in sequence in all their combinations. When completed, you will see the
indication @ @ @.

2. BRAM Memory
This function inspects byte by byte all the RAM (shared between the
Chips 1 and 2). If everything is in order, you will see the indication

9 ¢ #.



If it detects a fault in any of the 256 bytes, it will indicate such
a fault in the two digits following the number 9, e.g.: byte 87 is at
fault - the system will indicate 9.8.7., in accordance with the hexadeci-
mal code. (Note 1).

3. PIO (Chip controlling Sound, Coil & General Indicators in the Playfield)

If everything is in order, this will indicate 8.@.f. If there is a
faulty output, it will indicate X.X.X., specifying via the X which is the
output concerned, and what is the actual fault.

4, ROM I/O

Two chips incorporating the ROM memory, BAM CMOS control outputs and
playfield lamp control outputs, This function analyses one by one all
the inputs and outputs. If everything is in order, it will indicate
2.4, « If the fault lies in Chip 1, it will indicate 1.X.X., and if the
fault is to be found in Chip 2, 2.X.X. The last two digits indicate
the output which is at fault, and the reason why.

5. Sound, Coil Drivers and Coils

This check is made by reading the consumption at the power play supply
source, and will indicate, as a "major" fault, the lack of tension, a
short circuit in the driver and a short circuit in the coil; and as a
"minor" fault, those channels which do not provoke any consumption of the
above mentioned supply source (sound, unused channels and drivers or dis-—
connected or cut-off coils). As always the channel and problem will he
indicated.

6.  RAM CMOS

This function individually checks the 1024 bits in the memory. If
all is well, it will indicate S.@.@#. If a fault is discovered, it will
indicate the byte which is at fault.

If it detects a fault, and when repeating the Self-Check routine it
does not indicate the same fault code, the problem is to be found in the
stabilization or faulty power supply filter, and the alternative compo=-
nent is the cause of the different readings.

Note 1: If the fault is indicated as 9.7.F or less, this means that

the A2361 chip is broken; in all other cases, the problem
is to be found in the A2362 chip.
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SELFCHECK TABLE
ALL INDICATIONS ARE IN THE SECOND PLAYER DISPLAY

sTEP| FUNcTION | DIsPLAY OBSERVATIONS
TEST
1 DISPLAY @@ [END OF TEST DISPLAY
) RAM FAULT DETECTED. THE LAST TWO DIGITS
MEMORY | ° X X |INDICATE POSITION AT FAULT.
RAM
2 | vemory | 8@ 0 |END OF TEST RAM @
1ST DIGIT INDICATES GROUP 3-4-5-6-7-8
3 PIO X X X {2ND DIGIT INDICATES THE DEFECTIVE BIT* (1)
3ND DIGIT INDICATES DEFECTIVE CONFIGURATION
3 P10 8¢9¢ |END OF TEST. PIO @
t& |{ROM 10| 17X |SHORT IN OUTPUT X AT-12V (CHIP-1)
t |ROM 1/0| 14X |SHORT IN OUTPUT X AT +5V (CHIP-1) ¥
t | RoM /0| 2 7Xx |SHORT IN OUTPUT X AT -12V (CHIP-2)
t | ROM1I/O| 24 X | SHORT IN OUTPUT X AT +5V (cHIP-2) ¥
. |rRoMwol| 2¢ END OF TEST ROM
& SHORT TONE <= 4
PW. PLAY
5 |VoLTAGE | 24 6 |VOLTAGE FAULT (POWER PLAY) (1)
5 DRIVER | 2 £ 5 |SHORT IN DRIVER (1)
5 CoIL X4 7 |COIL X OPEN. / TEST SOUND [X<5)
5 | coIL X 4 4 |SHORT IN COIL X (1)
END OF TEST. DR/CL @
5 | DR/CL | 388 |\6 MAJOR FAULTS DETECTED
RAM FAULT DETECTED. THE LAST TWO DIGITS
6 | cmos | 8XX |INDICATE THE DEFECTIVE WORD ()
RAM |
5 ENDOFTST.NS
5 | cMos #e EST. CvO .

*1F THE OUTPUT IS OPEN CIRCUITED IT WILL INDICATE +5
(1) MAJOR FAULTS
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3-3 REPRESENTATION AREAS

-

Areas of Representation for the totalizers and RAM memory registers:
As stated before, the SYSTEM IIT accumulates a quantity of information,
up to now unknown in the field of pinball machines. All this information
is represented on the displays as follows: whilst the door is shut, the
display always represents that shown in Area 4 which corresponds to the
actual play data, and when you reach Game Over, it will alternatively
flash data on the last score and last handicap (highest score).

On opening the door, the start button will stop working as such and
will serve to change the area representation on the displays. There are
16 representation areas on the RAM (see page 3—6). In order to advance
from one area to the next, you need only press the button once for each
advance of area representation. Whilst the button is pressed down, all
the lite box displays will indicate the number of the area which is going
to be represented next. Then on releasing the button, the displays will
show the data corresponding to each new area., If we press the button
just once (starting from area 4), it will stay in area 5 representation,
but this will have been inverted; i.e. the information that was previous-—
ly in the upper displays, will now be shown in the lower displays and
vice~versa, (we will understand the advantages of this in the section on
ADJUSTMENT) .

In the representation area b, we can see the state of the playfield
contacts, which are indicated in the displays for Free Plays, Extra Ball
and 1st Player (see values in the table) .

FPAEB LEDS 18T. PlltAYER
g 27 6 5 ., 4 3 TIME
e
A I A o A Y B
‘ N e
el ————————= DE-————— —A-B

BIT (VALUE) (4) (8) - (1) (2)

On closing the door, the machine automatically stays ready for play,
returning to the preselected area if the door were to be opened again be-—
fore pressing the start button. When started, the area selected stays at 4.

As can be appreciated, the system provides for a total read-out of the
RAM memory. This is why some of the data might be of little interest, with-
out full knowledge of the system.



REPRESENTATION TABLE

IDI1SPLAY ON] REPRE%%IZ‘_[@T_!BN AREAS ﬁEﬁﬁTs‘stfsg{Tfr_]cl):N AREAS
X X WORKING REGISTERS Eﬁﬁ?"xléw X1X
X X X X X 0| WORKING:REGIS '
X X X X X [1| WORKING: REGlSTER.S
X XX X X 0| LAST BRINTER CORE
XXX XX O[PLAYBgARD. RECISE
X X PLAYBOARD REGISTER STATE |SECONDS TIMER (CENTESIMAL )
X X 7§§5NFELR’?Y X|X %BEGT?EL)L REPLAY PER XX0d9
XXX XX 0O HANDICAP‘ PLAYER N2 1
X X XX X0
XX XX X0
X X X X X O[PLAYER N4 (COUN}:’ER) .
X X CREDIT (COUNTER) REPLAY PER XYGWG
XX EXTRA BALL PER XX(.000 AEIECTOR (A0 | REJECTOR(ADL)
X X X X X O|TOTAL 1ST GOIN REJECRDR TOTAL EXTRA BALL
X X X X X O|TOTAL 288 COIN REJE{’TOR TOTAL FREE_PLAY
XX X X X O|TOTAL 38D COIN REJECTOR TOTAL F'LAY SERVICING
XXX X X O|DATE @ LAST Ple ouT  [TOTAL.PLAY METER
XX FORM OF PLAY® " | 'ggJDECg:chf(«Aa})é’k**yggfigﬁ)
X X PLAYBOARD CONTACTS READ |PLAYBOARD CONTACTS STATE
XX X X X O PLAVBOERD C'ONTACTs-':‘-‘?"fREAD PLAYBOARD: CONTACTS STATE
X X X X X O|RE SERVE TOTALIZER 1% |RESERVE TOTALIZER 3%
XX X X X O|RESERVE  TC = 2 % RESERVE""‘?"(Sf)KﬁfEﬁ' L
X X X X X O|PLAYBOARD CONT. DEBOUNCE PRESE'I‘ 'CONTACTS TIME
X X PLAYBOARD CONT. DEBOUNCE|PRESET CONTACTS" TIME N
XSPECIAL GAME SERVICE



3-4 HANDICAP

During the time that the machine is at Game Over, the Handicap of
each player will be flashed on the displays. It will also be displayed
whilst the start button is held down (assuming that the door is closed).
The machine leaves the factory with a Handicap for each player of
1.000,000. This value is altered as soon as it is beaten. When the new
Handicap exceeds 2,000,000, the respective handicap register stays at
1.000,000, and in this way the machine incorporates an automatic reset-
ting device should the handicap become excessively high.

3-5 ADJUSTMENT

There are three BAM memory areas where you will find the various
system adjustments.

To gain access to alter any of these, simply select the relevant re-
presentation area on the credit displays (with the door open and by press—
ing the start button). When set in this position, press the buttons 51 or
S2 which are mounted on the inside of the door, in order to change the
left or right hand digits, thereby altering the reading to the desired va=-
lue. Once the adjustments have been set as required, start the machine in
the normal way (with the door shut), so that the new values will have been
recorded in the RAM CMOS memory.

__BUTTON S2

BUTTON St
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GENERAL ADJUSTMENT TABLE

§—— YOU CAN SEE THIS NUMBER PRESSING THE START BUTTON (IN ALL DISPLAYS)

REDIT

ADJUSTMENT FUNCTION

6 | xx |[REPLAY PER XXOOOO POINTS
7 | xx |REPLAY PER XXOOOO POINTS
5 | xx |EXTRA BALL PER XXOOOO POINTS
c | xa |3RD. COIN REJECTOR ( X=PLAYS PER COIN)
ax |MODE OF PLAY (X=A+B:+C)
@ |EXTRA BALL NOT REPETITIVE
A= 1 | EXTRA BALL REPETITIVE
2 | EXTRA BALL ACCUMULATIVE
| FREE PLAY NOT REPETITIVE
> 4 |FREE PLAY REPETITIVE
® |5 BALLS PER PLAY
c 8 |3 BALLS PER PLAY
a2 | xm 1ST COIN REJECTOR (X=8+D+E)
¢ |1 PLAY
1 | 2 PLAYS
>: 2 |3 PLAYS
3 | 4 PLAYS:
® |2 COINS
E=
L |1 COIN
mX 2ND COIN REJECTOR (Xx=D+6)
D= |SEE REJECTOR 1
® | NORMAL PRICE
% 7% |PREMIUM PRICE *

* 1 EXTRA PLAY WITH 2ND PAYMENT (min.1play)

WITHOUT PRESSING THE START BUTTON
(THIS STATE AFFECTS ALL 3 COIN REJECTORS)
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3-6 LOGIC DETECTOR
094-629

The Test Probe 094-62S9 is a pulse detector and level indicator which
has been designed specially for servicing SYSTEM III.

It contains all the necessary indications for carrying out measure-—
ments on any unit and point of the system. This probe 094-629 if used
correctly, is the only pocket instrument which makes it possible to find
any fault on the system.

The probe cannot take measurements from the mains, for which reason
it is recommendable that the service engineer carries a standard multi-—
meter, especially when installing the machine at an unfamiliar site.

On the enclosed table we have shown the indications given by the test
probe, with some types of pulses.

By way of an example, below we are showing the measurements taken on
some practical circuits.

o o| &lo o ° ov el fo
@ | g o A © ™ g ®| 3o
o o| ¥ o o} O o o
g ok | w & Ok W z
o e z[o =K ° Zle| JJo
of + |e| go o ° 9 o §®
ol Of W ® ® 2 wo| &l e
\{ Y QY Y ¥ SRRV
o o ol [o o o el o o
° o @|w&|O O [ Zlo| §lo
0 o) oleggl|o o) o) slo| Slo
oK Qw 0K z 2

° ° e|uz|O o ° ol &lo
o o o|l8 |o o o V| z|@| B e
° ° o ° ° o z ® o}
Y Y Y ) Y Y ¢ / /

QO = LITE OFF ‘1

@ = INDIFFERENT

@ = LITE ON

Logically these examples are only a sample and the indications in all
cases are very easy to interpret. The duty cycle of a signal is in propor-
tion to the brilliance of the LED, denominated +7.
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LOGIC DETECTOR DIAGRAM
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LOGIC DETECTOR TABLE
(LEVEL INDICATOR—PULSE DETECTOR)
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INEY
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777 4

NOTE - 4 DETECTION MORE THAN 1.00 ps. WILL PROMOTE A FLASH OF 50m.sec.(INDICATOR "X™)
@ DUTYCICLE INDICATION

INPUT IMPEDANCE=100K TO ¢V
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3-7 MINIPRINTER

Correct use of our Mini-printer, model 2056A, constitutes a really
valuable advantage to gain the most from the special characteristics ine-
corporated in the SYSTEM III.

The mini-printer should be used in the following way: firstly,
switch off the machine or unplug it from the mains. Secondly, plug in the
printer to the socket provided in the Master Unit - connector MD = to be
found in the lite box. Replug in the machine and wait for it to finish the
Self-Check routine. Check that the resettable date and printer number re-
gisters have absorbed the new values correctly; press the start button;
switch off or unplug the machine; unplug the printer (all the data is
printed out and stored in the printer memory).

If you wish to use the printer merely to obtain data, but without it
being necessary to reset any of the registers, then you should not press
the start button, but switch off the machine and unplug the printer in-
stead. The data is now in the printer, and the machine registers have not
suffered any alteration.

The modifications that the printer creates over the registers and to-
talizers in the machine are programmed in advance within the printer itself
and come into effect when you press the start button, and selecting only
the date and coin collection number (if this is the object).

The working printer mode and time are explained in the Master Unit
explanation (next Section).

3-8 SIMULATION SYSTEM Il

The checking Simulator 094-630 makes it possible to check, analyse
and simulate all components on our System III electronic pinball. It has
an internal capacity to simulate and control 16 games which may be increased
by external blocks of 16,

Also it contains the necessary connections to enable the substitution
of all parts of the machine and to start functioning any unit of the labo-

ratory.

The Simulator 094-630 is supplied with its own full technical manual.



SECTION 4

MAINTENANCE

4.1 GENERAL CONDITIONS: The SYSTEM III pinball machines reguire regular

periodic inspection of the conventional electro-
mechanical parts: a) cleaning in general, particularly of the playfield;
b) replacement of the rubber rings; c) inspection of the coil stops, plun-
gers, springs, brackets and bumper fittings; d) illumination and indication
lamps; e) revision of contacts, running check in presentation area t (see
paragraph 4.4},

The actual electronic system does not require routine maintenance, but
the service engineers should comply with the following points :

DO NOT CARRY OUT CONNEXIONS, DISCONNEXIONS OR SOLDERING on any part
whilst the machine is switched on.

USE THE SELF-CHECK ROUTINE to trace any type of fault that might oc—
cur and to repair it.

TO TAKE MEASUREMENTS use a multimeter and our Pulse and Logic Detector
(test probe) Ref. 094-629, or its equivalent.

FOR COMPLETE REVISION in a laboratory, the Simulator 096-630 is the
only equipment capable of simulating all the functions of the SYSTEM III.

PROBLEMS IN THE POWER SUPPLY: Pull out the PB and PC connector from
the supply circuit (With the machine off) and repair the fault, plugging in
the connector again (still with the machine off) once you have checked that
all voltages are correct.

If maintenance is carried out on the basis of the above hints, you can
be sure that the machine will have a virtually limitless 1life duration.

4.2 COILS: The Self-Check routine detects the two possible faults that

could occur in a coil, namely: short or open circuit., If a
short circuit is indicated (X.4.4), we suggest you check the relevant diode,
connections and mounting (as this fault by itself is almost impossible, and
the machine would have detected excess consumption, making the thermal cir—
cuit breaker jump). If an open circuit is indicated (X.4.7), the driver
and its connections should be checked with the help of the pulse and logic
detector (094-629 Test probe), because the Self-Check routine has detected
zero consumption,

When replacing a part it is important to ensure correct polarity and
proper soldering,



4.3 LAMPS: During the Self-Check routin=z, a te-t is made on all ou. nuts

(peripherals of “he processor) controlling the indicator
iamps., This enables, when there is ro indicaticn of a fault, to see whe-
ther the problem lies in the lamp if this does not lite up, or in the dri-
ver if the lamp never goes out.

When replacing a driver or an indicator lamp, a guick check of the re-
levant conne: tor is recommended.,

Doring the Self-Check rouczine. all the lamps and indicators i the
system will be 1it up.

4,7 CON"ACTY: All types of faults in the contacts (including faulty ad-—

justment) will be shown up in the memory ares kj; in this
area, on the displays corresponding to "free play", "extra ball" and "first
player" a permanent and simultaneous reading is obtained of all the con-
tacts in the playfield. Each contact is represented by a digit and a value
defined i:. the corresponding game Service Manual. Each digit cen represent
the condition of four contacts simultaneously, the value of these being (iF
they are closed) equal to 1, 2, 4 and 8 respectively, the digit therefore
indi: ates the sum corresponding to the contacts clos.d.

The following example is given to clarify this point. Four contacts,
which we sha 1 call 4A, 4B, 4C and 4D are presented in position 4 (see Fig.
4.1); if 4A and 4B are closed, whilst 4C and 4D are open, the digit will
indicate 3; then if 4A is opened, it will indicate 2, and if now 4C is
clo ed, it will show 6. We can thus see that the reading 1s very straight-
forward and that the position and value of each contact 1s implied in its
reference number; the first number indicating its position in the display
and the second its value. We recommend that the service engineer should
fam liarize himself with the hexadecimal code and its presentaticn in the
display (see table).

The contacts related to general operations, (start, coin microswitches,
tilt fault and selectors 1 and 2) are represented on the indicators corres-
ponding to the Match Number and Gamé State (Tilt, Game Over or Ball in Play
lamps) and their values are as follows :

FAULT {CCIN 1 |COIN 2 | COIN 3 TILT | START | SELECT 1 | SELECT 2 SWITCH

1 2 4 8 1 2 4 8 VALUE
Shown in Game State uor READ
i u
(Tilt, G.0., Ball in Play) Shown in Match Number or & N

(-2




REPRESENT. ¢
CODE

LAMP LIT 112134156 |G |G| 1=T|2=T | 3=T | 4=T | 5=T | G=T [ G=T | G=T

T = Tilt
G = Game Over
N2 = Ball In Play

Note: The contact for the door and tilt is the same one, and
therefore the door has to be open whilst inspecting the
areas (contact closed), the reading of this will always
be activated.

The playfield contacts are represented in the mentioned area k, and
in the relevant code the position (digit) is shown guite implicitly, as

well as the value for that position. The number indicates the position
and the letter shows the value (A =1, B=2,C =4 and D = 8).

POSITION

7 6 5 4 3 2 1

0o
o l—l t 1|

: | | | N .
' \— L= /‘

1 _ o aveR FREE EXTRA
\ BIT4 8IT 8 giT1 //siT2  PLAY BALL

Fig. 4-1

For example: Contact 58 will be represented on indicator 5 (thousands
unit for the 1st player) by value 2 (if it is closed).
If various contacts are closed at the same position, the
value shown would be the sum of the value of each of those
contacts.

4,5 GENERAL DIAGRAM: The following diagram corresponds to the general

schematic of the System III pinball where for
greater clarity we have represented in block form the various units which
will be described in Chapter 5.
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MACHINE DIAGRAM
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The diagram shows all the power supply tensions (conventional
wiring) for the various units, and the input and output pins for
each of the units. The lines corresponding to the control signals
(flat wire), are shown as buses, and their functions are given in
the section where we have described the relevant units. In the
part representing the playfield, we have shown a couple of lamps
and a couple of coils, separated by points, and by this we have
wished to show that the exact number of these elements will depend
on the game in guestion, and will be specified in the respective
Service Manual for each model. Regarding all the other specific
characteristics concerning the playfield, consult the Service Ma-
nual for the model in question.

We have also shown all the references for the various unit
assemblies.

This diagram corresponds faithfully to the practical make-up
of any model of System III pinball, and therefore, it can be re-
garded as the general schematic, to be used in the analysis, stu-
dies and control of the current and future models of games.
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'SECTION 5

MODULES

5.1 POWER SUPPLY AND SOUND

The power supply board is equipped with a transformer primary with the
necessary terminals to allow the machine to work correctly at any mains
voltage. The relevant terminal position for 12¢ volts, covers a range
from 9¢ to 18@ volts, and the 22P volt position covers from 18f to 312 v.

135+ 18¢[122 = 162|198 = 144} 99~ 129 RANGE
150 | 135 | 120 | 100 | 120
260 | 240 | 220 | 200 220

234 +312]216 +288{198 - 264|180 ~ 249 RANGE

The secondary positions in the transformer supply the necessary volt-
ages to obtaln the following :

5 v. AC Lamps for lighting up the coin rejectors
6.3 v. AC Stable illumination on the playfield and lite box

+ 7.5 v. OC Change illumination on the playfield and rejector coil

+ 7 v. DC (E) Stabilized display - lite box

+ 10 v. OC (with the Master Unit ON) To obtain 5 v. DC stabi-
lized current for the electronic logic

- 18 v. IC (with the Master Unit ON) To obtain -12 v. DC stabi-
lized current for the MOS circuilts

Power Play (adjustable) To feed the playboard coils

The Power Play is controlled by the K relay which will cut this power
when no "In Play" signal is received. The K contact works in parallel with
a 39 ohm. resistor which allows the processor to determine the state of the
coils and drivers during the Self-Check routine. This power play is pro-
tected by a 3A thermal circuit-~breaker with adjustment on the lower side.

The Sound power unit is also to be found in this assembly, and comprises
a TIP 132 transistor and a series damper composed of 3 resistors, by means of
which the sound level can be adjusted to Maximum (Mx.), Medium (Md.), or
Minimum (Mn.).

There is also a series of interconnected pins which allow a better dis—

tribution of the cable harness, individualizing the connectors of the Cabi-
net, Playfield and Lite-box.
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POWER DIAGRAM
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POWER SUPPLY AND SOUND
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POWER SUPPLY AND SOUND
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MASTER UNIT

5.2 The Master Unit needs a working tension of + 10 v. and - 18 v. These
voltages are stabilized by the circuit LM 327, which controls a driver

MC 140 (output - 12 v. 500 mA mex,) and a TIP 3055 (output 5 v. 4 amp mex) .
Both outputs are protected against short circuits, automatically restrict-
ing the maximum current to 500 mA and 4 amp respectively, thereby avoiding
any destruction of the output transistors should any short circuit occur.

On the tension of + 5 v. and using the union of two F32 diodes, we
obtain €,4 v. which are used to recharge the battery which feeds the RAM
CMCS memory HM 6.508-9 and its auxiliary circuits.

If you remove a battery, you will lose the data contained in the RAM
CMOS memcry.

The = 12 v. tension is regquired, along with the + 5 v. tension, in
order to work the N-MOS chips existing on the bcard (CPU, PIO, ROM RAM/I-O,
GPKD, BICS and EPRCM).

All the other chips on the board (TTL and Buffer CMOS 4G50), as well
as those in the Display Control unit ard Multiplexer Driver, use only the
+ 5 v. tension,.

The RAM CMCS memory controlled via the 0«6 outputs on RAM=ROM/I~C 1
(A 2361), and after carrying out all the Self-Check routines, delivers its
contents to the working memcry RAM (contained in chips A 2361 and A 2362).
Ther the ertire ccntents of the working memory RAM is again loaded on to the
CMOS each time that the mechine is at the cstart position or whenever a ball
is introduced into the Ball Return Kicker hole. This means that the RAM
CMCS can hold all the definitive data and recover this after a power cut.
As a result of this festure, it is possible to control the totalizers, ad-
justments and other registers in the machine (all contained in the memory ) ,
and alsoc check their functioning without suffering alterations. If the
machine is switched off after carrying out all the rnecessary tests, without
reeching the start position or ball return state, then the data stored in
the CMOE will be the same as before carrying out the tests; none cf the
test alterations will have been memorized.

Whilst extracting the deta from RAM CMOS, this informetion is trans-
ferred to the memory of the "Printer" if this is connected, feeding the
working memory RAM with the serial number of the printer in use, and this is
then passec cr to the RAM CMOS once the start positiorn is reached.



Once the Self-Check routine has been completed, the main program be-
gins and the machine is ready for normal functioning.

In order to control the indicators in the lite box, a GPKD is used as a
peripheral element (display controller), to which all the data contained in
the area of the memory selected is trensferred at the rate of 10 times per
second; if the front door is closed, the area selection has no effect and
the transfer area will be " 4" (play area). By transferring the data at the
rate of 10 c/sec., the displays are subject to a smooth but attractive fluc-
tuation., \

The GPKD feeds the information to the display control urit in two groups
of data, each one cf ther formed by 16 displays or other types of indicetor.
The column selection is carried out by means of 8 Stroke lines and one group
selection.

Control of the playboard elements is carried out by means of the PIO
peripheral (programable input-output) and the 16 outputs contained in the
ROM=RAM/I-0 2 (A 2362).

The PIO has 24 outputs; numbers 0 to 5 crntrol the sound circuit, com-
posed of three gates, an oscillator and a TTL counter and mounted cn the
Master Unit; output N2 6 controls the Knocker, N2 7 the Ball Return driver;
outputs 8 to 15 are planned to control other electrical elements on the play-
board, and outputs 16 to 23 are used to lite up or switch off the playboard
indicators (8).

The 16 outputs on the I-0 2 (A 2362) are &lso planned to control the
lites on the playboard.

The I-0 1 (A 2361) is also equipped with 16 inputs-outputs, of which
six are used to control the memory RAM CMOS and the Printer whilst the re-
maining ten are also available to control elements on the playfield. There-—
fore there is a maximum of 8 + 8 + 16 + 10 = 42 outputs which can be used
for elements and indicators particular to each game.

On the Master Unit there is a circuit which will produce a pulse (Reset
Power On) when the system is switched on or as a result of a sharp variation
of more than 0.6 v. between the +5 v. and =12 v, lines. The circuit, func-
tioning and connection can be seen in the next drawing.
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In the diagram shown below, you can see that the CPU ccntrols and
addresses all the memories and peripherals, via the address and Instruc-
tion-Data buses.

All the contacts are addressed directly by the CPU via their out-
puts DO, and read by means of their inputs DIA., The contacts are
arranged in matrix form of 16 x 4 (maximum of 64 contacts).

As the logic levels of the buses are +5 and -~12 volts, and the game
memory (EPFOM 1702A) is T TL compatible, it is necessary to use 2 BICS
(Bus Interface Circuits) in order to make both forms of working compati—
ble to each cther. '
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You will see that all the outputs from the Master Unit are protectec
by an interface (buffer 4050), in order to protect the cutputs from the
MOS LST circuits. In the case of the contacts address, the mentioned in-
terface is a chip 7404 (TTL).
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The schematic and diagram which we show below, allow you to see the
form and times of working and control of the RAM CMOS memory and printer.
This routine is carried out at the end of the RAM CMOS test.
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MASTER UNIT DIAGRAM
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MASTER UNIT
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MASTER UNIT INTERCONNECTION

CONNECT|  BUFFER MOS ]
':,},'f gl'f}' POSITION F;LN gb’: TYPE RE,?’ FUNCTION
1 4 A s | 8 A 1762-13 51 [LITE 51
2 1 Al 316 A 1762-13 54 |LITE 54
3 9 A5 8 [39 11696 61 | BIT A BONUS 1‘
4 15 Al 1 | A 1762-13 48 [LITE 48
5 6 A6 7 |49 11696 62 |BIT B BONUS |
6 12 Al 11| 2] A1762-13 L4 [LITE 44 |‘
7 12 AS n |4 11696 64 [BIT C BONUS i
8 19 Al 9 | ¢ A 1762-13 41 [LITE 41 ‘
9 15 A5 14 |42 11696 68 [BIT D BONUS
1¢ 2 A2 317 A 1762-13 52 [LITE 52
1 12 Al 11 19 11696 #F [COIL #£F
12 4 A2 5 | 5 A 176 2-13 58 |LITE 58
13 15 A3 14 |28 11696 #E [colL #E
14, 10 A2 9| 3 A 1762-13 42 |LITE 42 i
15 15 A6 1, |24 11696 #D [COIL #D
16 15 A2 1% |39 A1762-13 38 |LITE 38
17 15 Al 14 | 25 11696 #C [colL #C
18 12 A2 1 [ 37 A1762-13 22 [NC.
19 12 A6 1 |26 11696 #B [COIL #B
20 19 A2 9 |35 A1762 -13 28 [NC.
21 6 AS 7 |27 11696 #HA [COIL #A
22 2 A3 3 | 4p A1762-13 3, [LITE 34
23 g A6 9 | 28 11696 #9 [coIiL #9
24 4 A3 5 |42 A 1762-13 31 [UTE
25 A A 5 | 29 11696 #8 [COIL #8
26 6 A3 7@ A 1762 -13 32 [LITE 32
27 2 AB 3| 3@ 11696 #17 |COIL BALL HOME
28 12 A3 11 [36] A1762-13 24 |NC.
29 2 A5 3 |3 11696 #6 |COIL KNOCKER
3¢ 19 A3 9 [ 38] A1762-13 21 |UITE 21
31 2 Al 5 | 16 11696 7, |LITE DOUBLE BONUS
32 - — — 142 A761-13 X2 |REJECTOR CONTROL
33 6 Al 7118 11696 71 [LITE SPECIAL
34 — — — | & A1761 - 13 X1 [EXPANDER MX-DR 1
35 g Al 9 |17 11696 72 [LITE EXTRA BALL
36 - — — | = R — [N.C. 4
37 — — — 1= — — |@v(vDA)
38 2 Al 3 |15 11696 78 |PLAY SIGNAL l
394 | — — - |- — — [gv (vDA) II
(1 2 [INV748¢ | 1 ] 23 11660 — |[po 1 BITA
42 5 1166 — [D1A 1 BITA
L3 8 | INV 748¢ 9 | 24 11660 — |po 2 BITB
L4 L 11660 — [DIA 2 BIIB .
45 L | INV 7404 3 |25 11660 — |po 3 BITC
L6 3 11660 — |DIA 3 BITC
47 16 | INV 7404 | 11 ] 26 1660 — |Do ¢ BITD l
L8 — —_ — 1 2 1166 @ — IDlA 4L BITD
L950 | — —_ — | — — — [5V(VSS)
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MASTER UNIT INTERCONNECTION

CONNECT. BUFFER : MOS
PIN PIN PIN|PIN TYPE REG,
Mg lout|FOSITION [\ lout| 18788 (GPKD) | N® FUNCTION
1 — — - | — — — |@V (VDA)
5 — — 1= — — [pV (VDA)
3 15 A13 1% | —1 — ENABLE (DISPLAY CONT.)
L 6| AN 7116 19788 CA_ [DB3|BIT C-DATA GROUP-B
5 L[ AN 5|12 " DB1[BITA-DATA « B
6 2] An 311¢ " DAL|BITD-DATA A
7 1] AN 9] 8 " DA2|BIT B-DATA " A
8 12 AN n | 7 " DA1[BITA-DATA o A
9 5] AN w| 9 " DA3[BIT C-DATA o A
10 6] A12 71 13 "o DB2[BITB-DATA = B |
1" A A 12 511 15 " DBLIBIT D-DATA " B
12 2| A2 3] 27 " X7|STROBE TIME X7
13 9] A2 9 | 29 " X5| STROBE TIME X5
14, 12 A1 n | 3n " X3[STROBE TIME X3
15 5| A12 1% | 33 " X1|STROBE TIME Xi
16 6| A13 7135 " DBS|SELECT. GROUP
17 4 A13 5| 3¢ " X@|STROBE TIME X0
18 2| AB 3] 32 " X2|STROBE TIME X2
19 0] A3 9| 3@ " X4|STROBE TIME X4
20 12] AN 11 | 28 " X6[STROBE TIME X6
] " SC6 TO-12Vv
2 " /6| TO _INST. BUS
3 " SC7 _TO -12V
L " 1/D7[10_INST. BUS
5 " W/10| TO INST.BUS
6 " /08| TO INST.BUS
1 " 5V VSS
16 " CLKBICLOCK B
17 " -12 (VDD) !
18 " CLKACLOCK A 1
19 " NC
20 " NC i
21 " NC
22 " NC 1
23 " NC
24 " NC |
25 n NC
26 " NC
36 n 1D 3| INST. BUS
37 " ID 2] INST. BUS
38 " 1D 4| INST. BUS
39 " 1D 1[ INST, BUS
17 " SPO[INST. BUS
4 " SC5 10 -12V
42 " 1/ D5 INST. BUS




A R T INTER TION
CONNECT. BUFFER MOS
PIN PIN PIN|PIN REG
MC out|POSITION | oy TYPE N2 FUNCTION
1 — 35 A-1761-13 %-15 0 EXPANDER
2 —_— 37 A-1761-13 Yo-13{1-0 EXPANDER
3 — 39 A-1761-13 Wo-1[1-0 EXPANDER
A — L) A-1761-13 X-1 EXPANDER MX-DR
5 — 42 A-1761-13 X-2|REJECTOR CONTROL
6 —_— 4 A-1761-13 llo18{1-0 EXPANDER
7 —_— 38 A-1761-13 /012110 EXPANDER
8 R 36 A-1761-13 01| FO EXPANDER
9 — — gv (VDA)
10 —_— — gV (VDA)
MD
1 S 2 A-1761-13 l/o-6/STPR
| 2 - 1 A-1761-13 1/0-7|RDPR
| 3 J— 7 BASE SC-107 |Vo-1{DATA PRINTER
L — 3 A-1761-13 l/0-5{RESET
5 — 4 A-1761-13 1/0-4]CLOCK
6 —_— 6 A-1761-13 1/0-2lENABLE
7 — J— 5V (VSS)
8 R — -12v(vDD)
9 — S @pV(VDA)
10 —_ — +7VCC |
_ME .
1 —_ — pvDC
2 — — +5VDC
3 _— — | l+7vDC |
{ — —_ gvDC :
5 — —_— N.C. |
6 — — gvDC jl
7- — — +7VDC
8 — — OUT-SOUND :
9 —_— —_ CONTROL PLAY 1
10 —_— —_ +19VDC |
1 — — g voC !
12 — — ] gvoc l
13 — — -18VDC |
MF — J—
1 —_ —
2 J— J—

+5VDC LOGIC DETECTOR

1

gvDC LOGIC DETECTOR{}
|
|

(3]
1
-
w



ADDRESS BUS INTERCONEXION

ADDRESS EPROM | ADDRESS BIC o]
BUS CPU | A1761 | A1762 P10 GPKD lEROM BICIFROM BUS|TO EPR
A/B 1 38 28 28 — — 3 34, 10
A/B2 37 29 29 — — 2 33 11
A/B3 36 3y 3¢ — — 1 32 12
A/BL 35 3 31 — — 21 31 13
A/B5S 34 32 32 — — 20 38 6
A/B6 33 33 33 — — 19 37 7
| A/B7 32 3¢ 34 — — 18 36 8
A/ B8 3 20 20 — — 17 35 9
A /B9 37 23 23 — —_— -
A/Big 29 21 21 —_ — _ - J—
A/ BN 28 |44 1, _— — - __ _
A/B12 27 |14 — — — 14 21 18
I/ DATA BIC
EPROM [FROM BUSTO EPROM]
A/B12 1S ENABLE OF EPROM AND I/DATA BIC 25 ll
INSTRUCTION-DATA BUS INTERCONEXION
/DATA BIC ||
CPU |[A1761 | A1762 PIO GPKD |EPROM |erom BUSHO EPROMI
16 27 2/ 21 18 — 22 p—
15 25 25 13 16 41 —
14 13 13 1 — —_ 29 —
g 16 16 10 39 L 10 34
12 17 17 1 37 5 11 33
13 18 18 12 36 6 12 32
11 19 19 13 38 7 13 31
6 15 15 2 L2 8 6 38
7 g 19 4 2 9 7 37
8 1 1 6 L 19 8 36
g 12 12 8 6 11 9 35
21 g 9 22 L9 —




DISPLAY CONTROL UNIT

5.3 This unit is in charge of controlling ell the displays and indicators
housed in the lite bcx of the machine.

It receives the information ccming from the GPKD (to be fourd in the
Mester Unit), in two groups of deta.

Below you will see a diagram showing the working of this unit, with

hypothetical indicators. (In order to simplify the diagram, let us assume
that the 32 indicators are 7 segment displays).

TILT-G. OVER-BALL IN PLAY

GPKD

MATCH NUMBER
T S PLAVIBALL. PLAYER N° 1 _\ / PLAYER N°2
5 jialin] [n] a] IRl
Il L;l Y U (IR
5 REDI PLAYER lw. PLAVER [N°3
DATA B Nw,[lj ] ] ) e ) ] PP ] ] ) i e
% ML T AN e TR I [T
L
CONTROL 1 ENABLE CONTROL 2 ENABLE
STROBE ."“8? .................. r
DBS 17 <D°

The data correspcending to the first line of indicetors arrives se-—
gquentially via the group "DATA A", and parallelly time-wise the ceta for
the second lire of incicators arrives via group "DATA B".

The line DBS automatically changes its state with every full cycle
of the 8 Strobe lines; whilst DBE is low, ccntrol 1 will be ective, ard
when it changes its state, control 2 is active.

In the following cdiagram of times, you can see the working of 0BG,
STROEE erd DATA A and DATA B.
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In the schematic of the Display Control Unit, you will see that the
SCANNING lines used to control the displays, have a driver as the output
interface. The lines during whose times the information must be shown
statically, include a pulse former which will be used as a clock for the
latches which have to "catch" the data in the corresponding time; - for
these cases, the data come straight from the unit, without being decoded.

In order to control the segments of the displays, each group (DATA A
and DATA B) is decoded by means of a 7448 chip, and with a driver inserted
in its output (integrated in the Transistor Array chips CA 3081).

The following diagram shows the groups of data and scanning lines
corresponding to each indicator, and on the following two pages we have
shown the board assembly and theoretical schematics with all the relevant
indications concerning functions and forms of conne~tion.

The indications and and DAN and DBN correspond to the
drivers or control signals specified in the DISPLAY CONTROL DIAGRAM.
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DISPLAY CONTROL DIAGRAM
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DISPLAY CONTROL @¢95-104
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5-4 PLAYER DISPLAYS

The Display Unit 095-105 is activated by the Display Control Unit and
it only remains to mention that each unit incorporates a latch 7475 which
memorizes the data when it receives a clock in order to control statically

the Leds and decimal points in the unit,

DATA AOB 4—
X z .T 7475
R
<~ _STROBE CLOCK |
“ XB2 o XA2

Control Unit,

paragraph £.3.

VWA,
SC107

"~
~‘l
-

|

-~

CREDIT-EXTRA DISPLAYS

The displays 095-106 and 095-207 are controlled directly by the Display
They are controlled in the standard way, as described urnder

MATCH UNIT

The MATCH NUMBER, TILT, GAME OVER and BALL IN PLAY indicators are sta-
tic and the same system is used here as in the case of the counter Leds.

P +++ A 7475 [T Pl 94,45 [T
4
_XB1 cLock |
/
STROBE
QD
4 3— 6 —
h@ 7475 EoTT 4 7445 splasaaial
QA,B.C
~_ XB¢ CLOCK
rd
STROBE
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COUNTER UNIT 095-105
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CREDIT, FREE PLAY AND EXTRA BALL UNIT
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MATCH NUMBER UNIT ¢95-1¢8
AND CHANGE ILLUMINATION
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5-5 TILT UNIT ©98-191
AND FRONT DOOR
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5-6 PLAYBOARD, LIGHT BOX ILLUMINATION

AND CABINET USE

CABINET USE

12 ORG-BRN
- — SLT ~BLY
> F———- PUR-YEL
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w
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MULTIPLEXER DRIVERS

5.7 This unit serves as interface between the playboard and Master Unit.
Two main functions should be distinguished in this unit :

A) Drivers: GStatic control of the coiic and playfield illumination.
B) Multiplexer: Address and read-out of contacts and power play.

The Driver section is divided into three parts with different
functions :

A1) Coil Drivers: There are 10 drivers for the coils and they use
a Darlington transistor BDX33C. These drivers are controlled
by 10 of the outputs from PIO.

A2) Bonus Drivers: The indicators corresponding to the Bonuses
k are controlled by BD138 drivers (PNP 1 amp), regulated in turn
by the outputs from the decoders 7445, whict receive their
signal from group 7 of the outputs from PIO.

A3) Lamp Drivers: 14 of the outputs from A2362 have, in this unit,
as many drivers MC140 (NPN 1 amp) to control the lamps. Group
8 of the outputs from the PIO are used to control the "constant
indicators" Bits A, B and C) and to control the game relay
(driver and relay situated in the power supply board). The con=
stant indicators - Extra Ball (EB), Special (SP) and Double Bo-
nus (DB) = are controlled by other MC140 drivers, as can be
seen from the circuitry of this unit.

B) All the contacts are read in groups of 4; selecting each group
with one of the 10 outputs from the deccder 7445 (see figure).

- 4= b= DATA
DIA< 7 INTERFACE L
/ ‘ /A B c s}
- ¢ D I Fan D ~N
o—p—©—
1.4 N Vo N
3/ AN g 3/ N/
2 M ey Pan Pan
3 AV 7 4 3/ A\ 74 3/
—D—P—P PLAYBOARD
4
4 7445 O—O——0 CONTACTS
7
DQ_[:’b . 5 A A AN A
A\t 74 Y 74 A\ 4 AN 74
/ 6 AN N AN A
‘ P \v 24 P
[ N, . Y g
9 - 8 \ % A7 \vry I
S D—D—P— }GENERAL
] /) fast {3 fas CONTACTS
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Each circle over the intersection of lines, represents a contact and
its form of connection is detailed in the following example :

PAIA

B The diode mounted on each contact avoids
ot | various lines remseining interconnected
5 I when there are various contacts closed
—— - at the same time.
The interface between the Data rs

lines from the contacts and the CPU

>
inputs (DIA), is formec by 2 transis— 2X %330“

tors 2N4291 (PNP) (for each bit).
This interface transforms the infor- DIA

mation from the +5 v. contact (open) % 5K
or P v. contact (closed), to the le- K

vels required by the DIA inputs on

the CPU (+5 and =12 volts).

470

15

-12 INTERFACE

The reading of the state of the power play, coil drivers and coils is
shown in the following circuit, as though it dealt with a couple of ccn-
tacts working over Bits A and B in time 10 (code sent by the CPU via its

outputs DO).

FROM CPU (DO)

4 7445
P 7> SW STROBE

INN¢+7O v

100K C

1pF
L S

PLAY VOLTAGE INTERF

")
L—swxD

INTERF.

1 15K @ 1K2 [_wac

® INTERF |

—AAN® GPMZ @ L_swxs

INTERF

LOGIC 1 (TIME 1)

74COP A
T0 cPU (DIA) L-swxa

.............. RITEIR 3]

&

In the above figure the point shown as (:) corresponds to the base-
collector ccrnection of the relevant interface. As can be seen, this
circuit is functioning only during time 10 and will give at points X and
Y, the logic values indicated in the following table, in relation to the
power play value, These readings will reach the processor and in each
case, this latter will act and decide in consequence.

cPU 2N4291 |

C) () Power Play Voltage

Indication on
Functiorel Ceuse Self-Check Table

IN « 4 volts

4 <IN <15 volts
ERROR

IN= 15 volts

VB 2 -
B - 8-

No voltage or Short 2.4.6 or X.4.4,
Normal consumption 2:4.,50r . . W
Faulty reading
No consumption (Open) | X.4.7.
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MULTIPLEXER DRIVERS 095113

(9x15K)
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MULTIPLEXER DRIVERS 095-113
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DRIVERS TABLE (UNIT ¢95-113)

MODEL ___________ R
PININ| DRIVER ]REGIST. PIN OUT|COLOUR | LOAD FUNCTION
6 :1 ® - oL p——< JB2¢ (POWER PLAY)
i LAMP ———< PB5 (+7VDC)
MA TIPE CODE | JA—JB |COLOUR | LOAD FUNCTION
31 | MC14g 72 _[JA 1 LAMP [ INTERMITTENT *
33 " 74 no 2 " INTERMITTENT *
35 n N n 3 " INTERMITTENT ¥
29 | BDX33-C | #6 n 4 1COIL KNOCKER '
N " #F n 5 " *
13 n #HE n 6 " 3
15 n #0D n 7 N ¥
17 " #C n 8 n *
19 " #B n_ 9 n A
27 " #7 n 1P " BALL RETURN
25 " #8 w11 " *
23 " #9 n 12 ] %
21 " #A n 13 I A*
— | BD138 — | n 14 LAMP | BONUS 19
J— " —_ n 15 " ] 9
9 1" 68 n 16 " " 8
—_— ] e n 17 n " 7
—_— " —_— n 18 n H 6
—_— n S n 19 " ] 5
7 " 64 n 20 " " 4
—_— " —_— n 21 " n 3
5 " 62 w 22 ] " 2
3 n 61 n 23 " " 1
— [ —— [ —TJA2 ——— | CONNECTOR GUIDE JA
_— —— e JB 1 BL Qv (DC) | PW COMMON
— | —— | — [ n 2 [ BL [0V (DC)| PW COMMON
—— —_— — n 3 BL Qv (DC) | FLIPPER COMMON
1 MC 149 51 o ' LAMP *
2 il 54 w5 " ¥
4 " 48 ) " %
6 " IAA w7 ] K
8 " 41 nw 8 " x
10 L 52 n 9 " *
12 " 58 w10 ] *
14 " L2 v 11 " ¥
16 " 38 n 12 " ¥
22 " 34 n 13 " ¥
24 " 31 n 14 " ¥
26 n 32 | w 15 n *
39 n 21 n 16 " *
32 | BDX33-C X2 n 17 COIL REJECTOR CONTROL
—  —— — n 18 —— CONNECTOR GUIDE JB
— _— — n 19 YEL +40V POWER PLAY
— —_— v 20 YEL +40V | COIL COMMON

% FUNCTION SPECIFIED IN THE SERVICE MANUAL ON THE MODEL [N QUESTION.
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SECTION 7
RAM MEMORY MAP

The first of the tables in this section, represents the RAM memory
organisation map. This organisation refers both to the RAM CMOS memory
and to the RAM working memory. The two RAM systems are exactly alike,
inasmuch as their capacity and data distribution are concerned. The RAM
CMOS memory is intended solely to memorize all the data during the time
the machine is switched off, and to recover all the information for the
working RAM at the end of the Self-Check routine.

On the bottom line of the table, we have specified the displays
which will represent the data given in the table, and naturally in ac=-
cordance with the area selected.

The tables bearing titles AREAPTOF show directly the data which will
be represented in each area, and the format of these tables correspond
perfectly to the actual aspect they will have in the lite-box.

The values indicated in some RAM positions (memory map, columns 2
and A), are constants and make it possible to recognize the area in the
memory which is being represented at any given moment. These constants,
as can be seen on the map, are represented on the LEDs and decimal points
of the 4 score counters.

The bytes represented by @ form part of the counters and totali-
zers, and this is the value with_which they leave our works,

The positions shown by "X" are adjustable, some of which can be al=
tered with the machine itself, and others by means of the Alter RAM pro-
gram or the mini-printer; the constants indicated on line F determine
the time (complement) required to read each group of 4 switches and the
values indicated are the standard ones. If in any particular model dif-
ferent values are required, they will be given in the respective SERVICE
MANUAL «
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