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INTRODUCTION and ASSUMPTIONS

This manual has been developed to help the technician in trouble-
shooting Bally’s new home pinball machines. The models included
in this manual are as follows:

SERIES | SERIES 1l
606-1000. . . . .. Fire Ball 614-2000. .. . .. Captain Fantastic
614-1000. ... .. Evel Knievel 614-4000. ... .. Galaxy Ranger
614-3000. . . . .. Fire Ball 614-5000. . . . .. Fire Ball

PLEASE NOTE THE TEXT OF THIS MANUAL WILL REFERENCE
THE SERIES NUMBERS ONLY.

The manual-is divided into four parts.

Part 1, The Outside World, deals with the integrated circuits and
discrete components used in the system.

Part II, The Inside World, deals with the large scale integrated chips
like the Central Processing Unit (CPU) and the Program Storage
Unit (PSU).

Part 1ll, Other Possible Problems, encompasses the whole logic
board.

Part IV, General Maintenance deals with the switch and other ad-
justments, lamp replacements of the entire game.

Assumptions

1. It is assumed in this manual that the logic board was once
working well and has gone bad during use. That is, there are
no shorts on the board.

2. Itis assumed that the operator has a good power supply and
all necessary parts available.

3. It is also assumed that the operator has access to a 15 MHz
oscilloscope and all the necessary tools required for repair-
ing the board.
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THE DIAGNOSTIC TEST

The games have a special feature incorporated in them. This is the
Diagnostic Test. It is strongly believed that this test could be effec-
tively utilized to identify a good logic board and game, and help
focus the problem area on an improperly functioning game.

The test is started by switching the ““Diagnostic’” switch on the
logic board to “TEST" position. It will test the logic, the program,
the drivers, the score display, the switches, the solenoids, and
the lamps.

The diagnostic and sequence is as follows: Series |

1. Logic and Program Test—When correct, it will display 600<
on the score display. When wrong, the score display will
show jibberish or be “OFF.”

2. The Score Display and Drivers, the Switches and Drivers—
it will go through a scanning sequence from 000000 to 999999.

A. When a segment driver (lamp buffer) fails, the same seg-
ment in all digits will be permanently “OFF” or “ON.”

B. When a digit driver fails, that digit will be permanently
“OFF” or “ON.”

C. When the score display fails, only one (or more) unrelated
segments will be permanently “OFF.”

D. When a switch is “stuck,” or a driver fails, it is shown in
code on the score display when the test is finished. (See
Table | for a cross reference of these codes.)

3. The solenoids and drivers are activated in the following
sequence:

A. Ball Return

Left Slingshot

Right Slingshot*

Left Thumper-Bumper

moo

Right Thumper-Bumper

* On 0614-01000, the Right Slingshot is omitted.
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SERIES 1l
(NOTE: 50k/100k Free Ball Switch must be in 100k position.)

1. Logic and Program Test: When the program is correct, it will
display 500d on the score display at the beginning of
the test. If the program is wrong, the score display will show
jibberish or be off.

2. The score display and it's drivers, the switches and their drivers;

A. The score display will go through a scanning sequence from
000000-999999.

B. When a segment driver (lamp buffer) fails, the same seg-
ment in all digits will be either permanently “OFF"” or “ON."

C. When a digit driver fails that digit will be permanently “OFF"
or “ON"".

D. When the score display itself fails, one or more unrelated
segments will be permanently “OFF".

E. With the 50K/100K switch in the 100K position 000000
will be shown on the score display. A “‘stuck’ switch will
not be indicated unless it was stuck prior to the test being
started. (See Table 1 for a cross reference of “‘stuck’ switch
codes.)

F. With the 50K/100K switch in the 100K position, the diag-
nostic test will continue until the test/play switch is moved
into the play position.

G. During the diagnostic test, the lights on the game will alter-
nate in (2) groups as listed below:
GROUP 1
P-1, P-2, B-1, B-2, L-1, L-2, L-4, L-5, L-10, L-11, L-14, L-15,
L-16, L-17, L-18%, L-22.
GROUP 2
P-3, P4, B-3, B-4, B-5, L-3, L-6, L-7, L-8, L9, L-12, L-13,
L-18*%, L-19, L-20, L-21 and game over.
* L-18 illuminated in both groups.
3. The solenoids and their respective drivers are activated in the
following sequence:
A. Ball Return
B. Left Slingshot
C. RightSlingshot
D. Left Thumper Bumper
E. Right Thumper Bumper

* On 614-4000 The Right Slingshot is omitted.
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TABLE |

Cross-Reference for ‘Stuck’ Switches

READ OUT ON DISPLAY

124835679C]U5t,ﬁ
1 [se0] it |s11]s22| s20 |s20] TiT | S20 |S20| TILT| S20 |SI1|S20 | TLT | S20
TLT st sit | TT | S22 S22 | TILT | S22 (SIL| S11 | TILT
S11 S22 s22 | s22 | Sll
S22
10 1St |START| s6 |s14| s1 | s1 [START| S1 | SI |START| S1 | S6 [ Sl [START| Sl
or |START|S6 | $6 | START|S14| S14 | START|S14 [ S6 | S6 |START
S15 $6 |or | or S14 | or |S14| S14 | S6
s15| S15| or |S15| or | or | SI4
s15 S15| SI15 | or
S15
100 [S2 | S7 |S12(s21| S2 |[S2| $§7 S2. |.s2: 1 S S2 |S12|S2| S7 S2
s7 |s12) s12 | s7 |s21| s21 | s7 |S21(S12| SI12 | §7
s12 s21 $21 | s21 | SI2
521
1K|s3] s8 |siofsi8] s3 [s3| s8 | S3 |S3| S8 | S3 |[SWO|S3 | S8 [ S3
sg8 |siof sio | 38 |[si1g| si8 | S8 |Si8|Si0| S0 | S8
S10 S18 s18 | s18 | S10
S18
10K[S4 | 50K | S9 |S16f X |[S4]| X X |55] X X |[S9|S4| X X
or S9 S16 Si6 | $9
§17 or or |S16
S17 S171 or
s17
100K[s51 X |s13|s19| X |[S5| X O X |S13|S5 | X X
S13 S19 s19 [S13
S19
Any other number indicates that there is more than one ‘stuck’
switch. In this case, the displayed number is the sum of these
switches. Examples:
DISPLAY SWITCHES
000011 S-20 and S-1
040005 S-11 and S-20 and S-9
u00001 S-20 and S-13 and S-19
00cOuoO S-6 and (S-14 or S-15) and S-8 and S-18
4. One light out during the test indicates bulb failure. Four or

eight lights off indicates driver failure.

For a further discussion on these failures and solutions, refer
to the relevant section of this manual.
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PLAYFIELD SWITCH LOCATIONS
§-2 - S r@
s1 m’ " 1R
O o =4 S4
S5
s7 S8
$-10 s-11
S6 S8
$12 $-13
s-14 S16 *
s-21 s-22
s18 b $19°*
s15 \ S17°*
'[ o s J $-20
(1) Rollover Switches (8)
S1, S2, S3, 54, S18, S19, 521, S22
(2) Sling Shot And Side Rubber Switches (6)
S12,S13, S14, S15, S16,S17
(3) Target Switches (3)
S5, S6, S9
(4) Thumper Bumper Switches (2)
S7,S8
(5) Ball Return Switch (1)
S20
(6) Spinner Target Switches (2)
510,511

+ Not present on Models # 614-1000 and 614-4000.
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PART |
THE OUTSIDE WORLD

SERIES | The Score Display Section

The game score is displayed using an array of LEDs mounted in
one package, the Litronix DL-6830. If the numerals on the dis-
play miss some segments, it could be either due to a bad display
itself, or wrong information being fed into it.

The display can be viewed as a 7 x 6 matrix. The 7 corresponding
to the 7 outputs of the BCD to Decimal decoders (IC 7448) and
the 6 corresponding to the 6 display drivers (D1 through D6).
If one or more of the numerals are completely blanked out, then
the corresponding driver transistor (TIP 115) could be suspected
and should be replaced if found defective. A typical display driver
output is shown in Figure #1A, If one particular segment of the
display is missing on all the numerals (e.g. Segment “a”), then
that line should be followed backwards to isolate the problem.

Figure # 1A — Typical display driver output
Horz: 2ms/div.
Vert: 1v/div.

CAUTION: Do not try to ground the outputs of the lamp buffer
(FSC 9667) to determine if the display is good or bad, as this
could permanently damage the display.

The best way to check for a good display, if it cannot be deter-
mined by the Diagnostic Test, is to cut Pin 3 (lamp test) on the
decoder (IC 7448) and ground it. This should light up all the
segments of the display. If one or more segments blank out on
some numerals while being lit on others, then the display is bad
and should be replaced. If all the numerals miss the same seg-
ment, then that line should be followed backwards to isolate the
problem. This could happen due to a bad lamp buffer (FSC 9667)
or a broken 18 Ohm resistor. In some instances, the decoder
(1C 7448) could also cause such problems, but it is usually not so.
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SERIES Il

This display can be viewed also as a 7x6 matrix, the 7 corresponding
to the 7 outputs of the CPU to the decimal decoder, ULN 2003B,
and the 6 corresponding to the outputs of the Q drivers in the ULN
2073B's. Each of the ULN 2074B's drive 3 numerals each. If any of
the numerals are missing, the output of the respective ULN 2074B
should be checked. A typical output is shown in figure #1B. If one
particular segment of the display is missing on all the numerals
(e.g.; segment “A"), then that line should be followed backwards
to isolate the problem. This could happen due to a bad ULN 2003B
or one or more broken 47 Ohm resistors. In some instances the
CPU could also cause such problems, but it is not usually so.

Figure #1B — Typical Q driver output
Horz: 2ms/div.
Vert: 1v/div.
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SERIES | The Matrix Section

All the lights (except the tilt light and the 5.25V AC lights) and
all the switches located on the logic board and upper and lower
playfields, can be included in this section.

The lights form an 8 x 4 Matrix comprised of 8 Multiplex (MX)
lines and 4 Light (LT) lines. The switches can similarly be viewed
as a 6 x 4 Matrix comprised of 6 Multiplex (MX) lines and 4 Switch
(SW) lines. The MX lines are driven by the A drivers (TIP 115),
the LT lines are driven by the B drivers (TIP 110), and the SW
lines feed into the optical isolators (ILD 74).

SERIES I

The MX lines are driven by the M drivers (TIP 125) and the LT lines
are driven by the L drivers (TIP 110). The SW lines are fed into
the CPU.

Figure #1C—

Typical “A + M" driver output
Horz: 2ms/div.

Vert: 5v/div.

SERIES |

LIGHTS: As can be seen from Figure #2A, the A drivers control
4 lights each and the B drivers 8 each. Therefore, anytime there
is a problem with the lights, the best procedure would be to note
the light numbers of missing lights and look up the Matrix for
the driver responsible. For example, if all 4 lights for the players
(P1-P4) do not light up, then possibly the driver A1 could be bad.
A typical A driver output is shown in Figure #1C. However, if
light P1, light B1, and the Game Over Light on the logic board,
together with lights L5, L4, L3, L2, and L1, do not light up, then
possibly driver B1 is bad.

SERIES 1l

As can be seen from figure #2A the M drivers control 4 lights each
and the L drivers 8 lights each. Therefore, anytime there is a
problem with the lights, the best procedure would be to note the
light numbers of the missing lights and look up the numbers in
the matrix to find the responsible driver. For example, if all 4 lights
for the players (P1-P4) do not light up, then possibly the driver M8
could be bad. A typical M driver output is shown in figure #1C.
However, if lights P1, B1, and the game over light on the logic board,
together with lights L1, L2, L3, L4, and L5 do not light up, then pos-
sibly driver L4 is bad.
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SERIES |

SWITCHES: If all the lights on the game and the logic board
remain “ON” after the Diagnostic Test as required, then all the
A and B drivers are most likely good. Any problem with the
switches on the game would then be associated with the switch
(SW) lines. The best bet in a situation of this kind would be to note
all switch numbers that do not function properly and, referring
to the Matrix, identify the SW line. Follow that line to the optical
isolator (ILD 74) and check it out both at the input and output. This
could be done with the scope probe on the output and by closing
the switches on the corresponding SW line. When one of the
switches is closed, there should be pulses on the output of the
ILD 74. If this is not so, change the chip. If the pulses are present,
make sure they reach the corresponding pin on the PSU #1
(pins 20, 23, 26, or 29). If the pulse is present at the input to the
PSU and still the switch does not do its job, then change PSU #1.

SERIES I

If all the lights on the game and logic boards flash during the
diagnostic test as required, then all the M & L drivers are most
likely good. Any problem with the switches on the game would then
be associated with the switch (SW) lines. The best bet in a situation
of this kind would be to note all the switch numbers that do not
function properly and referring to the matrix, identify the SW line.
Follow that line to the respective 240 Ohm resistor. Check carefully
for a broken resistor or capacitor in this section. There should be a
pulse on both sides of the resistor everytime one of the switches
on that switch line is closed. If the pulses are present, make sure
that they reach the CPU. If they reach the CPU check the outputs
of the CPU at pins 9, 10, 11, 12, 13, and 14. If these are not present
change the CPU.
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Figure #2A — The Matrix
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Figure #2B — Location of Switches and Lights
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The Solenoid Section

This section can be easily checked by performing the Diagnostic
Test. On performing this test, all five of the solenoids controlled
by the logic board should be energized in the following order:

1. Ball Return

Left Slingshot

Right Slingshot *

Left Thumper-Bumper
5. Right Thumper-Bumper

il

When one or more of these solenoids do not energize, then the
components that could be suspected would be the driver transis-
tor (C1-C5)** or the solenoid itself. A good and easy way to elim-
inate the solenoid is to connect the leads of the suspected sole-
noid to a good one and test again. Using a scope, the transistor
could be checked out by performing the test again. In most cases,
replacing the TIP 145 transistor should set things right. However,
if this does not solve the problem, check at the input to the
transistor, before the 1K resistor, and see if it goes low or not
when the Diagnostic Test is performed. If this does not occur,
change the decoder IC 7445.

* Not present on Models 614-1000 and 614-4000.
*#* 51-S5 Series Il
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SERIES | The Sound Section

The sound section of the logic board is simple and straight-
forward. As can be seen from the schematic, it is comprised of
(1) PSU #1, (2) the transistor array (FPQ 3724), (3) the op-amp
(+A 3401 or LM 3900), and the transistor (MPS 6531).

The frequency of the sound signal is varied internally in PSU #1
as required by the tone and is put out at pin 37 of PSU #1 as
TONE. The strike is what makes the sound audible. In other
words, when pin 2 of PSU #1 goes high, there will be a sound
signal at pin 10 of the op-amp.

If the logic board looses its sound, the first place to check would
be pins 37 and 2 of PSU #1. Turn the power switch “ON"” and
put the game in 1 player, first ball mode, by pushing the start
switch once. There should be a square wave at pin 37, as shown
in Figure #2C.

Figure #2C — Wave form of TONE in 1
player, first ball mode.
Horz: 2ms/div.
Vert: 1v/div.

Note: Frequency changes to last tone.

Now, everytime one of the switches on the playfield is closed,
pin 2 of PSU #1 should go high momentarily. If this checks out,
check pin 3 of the transistor array (FPQ 3724). It should be
noted here that the 0.1 MF (Z5U) capacitor is very critical and
should be replaced if suspected. Also, check if any of the resistors
in this ~ection are broken, in which case, replace them with the
right values. If the sound signal appears at pin 10 of the op-amp
each time one of the switches is closed, check out the transistor
MPS 6531 and replace it if necessary.
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SERIES 1l

This sound section is comprised of (1) the CPU, (2) the op-amp
(LM 3900) and (3) a portion of the ULN 2074B.

The frequency of the sound signal is varied internally in the CPU
as required by the tone and is put out at pin 17 of the CPU as tone.
When pin 16 of the CPU goes high there will be a sound signal at
pin 10 of the op-amp LM 3900.

If the logic board loses its sound, the first place to check would be
pins 16 and 17 of the CPU. Turn the power switch “on” and put
the game in 1 player, first ball mode, by pushing the start switch
once. There should be a square wave at pin 17, as shown in figure
#2C. Now every time one of the switches on the playfield is closed,
pin 16 of the CPU should go high momentarily. If this checks out,
check pin 5 of the op-amp LM 3900. Check closely to see if any of
the resistors are broken in this section and replace them with the
right values. If the sound signal appears at pin 10 of the op-amp
check out the ULN2074B, Q201, and replace it if necessary.
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PART |l
THE INSIDE WORLD

SERIES |

The Inside World naturally would comprise of the information
processing of the Central Processing Unit (CPU) in conjunction
with the instructions of the Program Storage Unit (PSU). It is
anticipated that, other things in The Outside World remaining
normal, The Inside World should function correctly. The famous
Computer Science adage GIGO (Garbage In - Garbage Out) ap-
plies to this minicomputer as well. If the right input is funished
to this computer, there is no reason why the right output should
not be obtained. As such more emphasis is laid in this manual
on The Outside World, as against The Inside World.

A quick and easy way to check if the CPU and PSUs are function-
ing properly would be to perform the Diagnostic Test. If the
display shows the characters 600< at the beginning of the test
as it is supposed to, then it is confirmed that the CPU and PSUs
are linked and functioning correctly.

If the display does not read 600< at the beginning of the test, that
is, if the score display shows jibberish or is “OFF,” then the logic
and program are incorrect.

If the display is “OFF” determine if the board is dead and if so,
refer to Part Il of this manual. If not, change PSU #1 before
changing PSU #2. If this does not help, change the CPU. The
possibility of damage to either the CPU or PSU is very remote
unless the power supplied on 12V and 5V changed drastically.
It should be noted here that PSU #1 and PSU #2 act as one unit.
The only purpose of using PSU #2 is to provide more memory to
the system. In other words, PSU #2 is used only as a ROM (Read
Only Memory).

SERIES I

If the display does not read BO0d at the beginning of the
test, then the logic and program are incorrect. |f the display is
“OFF"" determine if the board is dead and if so, refer to Part Il of
this manual. The possibility of damage to the CPU is very remote
unless the 5V supplied to it has changed drastically, or the CPU,
due to its static nature, has been mishandled.
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It is believed that an indepth study of the capabilities, or the
operation, or the technology, of these components (CPU and
PSU) is not mandatory for purposes of trouble-shooting or fixing
these boards. What would be helpful for this purpose, however,
would be a brief description of the relevant pin functions. This is,
therefore, povided in the following pages. (Omit this section for
Series Il.)

Central Processing Unit*
3850

The 3850 is the Central Processing Unit of the F8 Micro-processor
family. When connected to a 2 MHz crystal, the 3850 generates
all necessary timing and control signals to make a functioning
system. The 3850 is manufactured using N-Channel Isoplanar
MOS Technology.

Some Relevant Pin Descriptions: (Refer to Figure #3A)

@ and WRITE (Pins 1 and 2) are clock outputs which drive all
other chips in the F8 family.

ROMC¢ through ROMC4 (Pins 17, 18, 19, 20, and 21) are outputs
which control the other chips in the F8 family.

DB@ through DB7 (Pins 15, 12, 9, 6, 35, 32, 29, and 26) are bidirec-
tional data bus lines which link the 3850 with all other F8 chips
in the system.

T/0 PP through 170 17 are Input/Output ports through which the
CPU communicates with The Outside World. Here through
[70 7, T/0 1@ through 170 13, and 1/0 17, are only used.

RC (Pin 40) should be grounded when using the crystal mode
for clock generation.

EXT RES (Pin 37) is used to externally reset the system. Here
it is tied to a RC network (10K resistor, 0.22 MF capacitor) with
an 80-100 msec reset enable delay, and the system is auto-
matically reset when the power is turned “ON.”

INT REQ (Pin 23) is used by the PSU #1 to signal the CPU that it
has received an interrupt and is requesting that it be serviced.
Once the PSU has acknowledged an interrupt, it will pull this
INT REQ line low and hold it there until the CPU services it.

1CB (Pin 22) indicates whether or not the CPU is currently block-
ing (ignoring) the INT REQ line. If it is low, the CPU will respond
to interrupt requests; if [CB is high, it will ignore them.

XTLX and XTLY (Pins 38 and 39) are used to generate the system
clock.

*Source: Preliminary F8 Microprocessor Data Book, Fairchild
Semiconductors, June 1975, Rev. A.
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PIN NAME
DB@ - DB7

¢, WRITE

RC

7007
17017

ROMC@ - ROMC4
EXT RES

INT

ICB

REQ

XTLX
XTLY

VSS’ VDD! VGG

DESCRIPTION
Data Bus Lines
Clock Lines
1/0 Port Zero
/0 Port One
RC Network Pin
Control Lines
External Reset
Interrupt Request
Interrupt Control Bit
Crystal Clock Line
External Clock Line
Power Lines
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Bidirectional
Output
Bidirectional
Bidirectional
Input
Output
Input
Input
Output
Output
Input
Input




Program Storage Unit*
3851

The 3851 Program Storage Unit (PSU) provides 1K bytes of ROM
storage for a F8 microprocessor system. The PSU receives timing
and control signals from the CPU (3850). An 8-bit wide bidirec-
tional data bus transfers data words between the CPU and PSU.
The PSU is manufactured using N-Channel Isoplanar MOS
Technology.

Some Relevant Pin Descriptions: (Refer to Figure #3B)

# and WRITE (Pins 8 and 7) are clock inputs generated by the
3850 CPU.

ROMCH through ROMC4 (Pins 17, 16, 15, 14, and 13) are control
inputs from the 3850 CPU. These are decoded in the PSU to
generate internal control signals for the PSU.

DB@ through DB7 (Pins 21, 22, 27, 28, 33, 34, 39, and 40) are
bidirectional data bus lines which link the PSU with the CPU and
other F8 chips (PSU #2) for the system. Data bytes pass into and
out of the PSU on this data bus.

INTREQ, PRI IN, PRI OUT, and EXT INT (Pins 9, 10, 6, and 5) are
signals associated with the interrupt circuitry. Only INT R
and PRI'IN of PSU #1 are used here. All other inputs are tied high
(5V) and outputs have no connections.

DBDR (Pin 11) is an open drain signal. This is not used here.

70 AP through T/0 B7 are two bidirectional ports which link the
F8 system with the outside world. Here, on PSU #1, 1/0 B@
through 1/0 B3 are used as input ports and 1/0 A@, 1/0 Af,

. [70 A6, and T/0 A7, are used as output ports. The 1/0
ports on PSU #2 are not used.

*Source: Preliminary F8 Microprocessor. Data Book, Fairchild
Semiconductor, June 1975, Rev. A.
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Figure #3B — Pin Configuration of 3851 PSU

/0 B7 —1 = B 40 — DB7
/0 AT —2 39 — DB6
VGG =3 38 — 1/0B6
VDD e L 37 — 1/0 A6
EXT INT —5 36 — T/0A5
PRI OUT ) 35— 1/0 BY
WRITE ——7 34 — DBS
¢ —8 33 — DB4
INT REQ —19 32 — 1/0 B4
PRIIN — 10 31 — 1/0 A4
DBDR — 11 30 — /0 A3
NOT USED — 12 29 — 1/0B3
ROMC4 — 13 28 — DB3
ROMC3 —1 14 21 — DB2
ROMC2 — 15 26 +— 1/0B2
ROMC1 — 16 25 — 1/0A2
ROMCS — 17 24 — 1/0 Al
VSS — 18 23 — /0Bl
/0 A —119 22 — DBI
/0 B8 — 20 21 — DBO
PIN NAME DESCRIPTION TYPE
E AQ - ;;g A7 1/0 Port A Bidirectional
1/0 Port B Bidirectional
B DB7 Data Bus Input
(F;)OMCﬂ ROMC4 Control Lines Input
WRITE Clock Lines Input
EXT INT External Interrupt Input
PRIIN Priority In Input
PRI OUT Priority Out Output
INT REQ Interrupt Request Output
DBDR Data Bus Drive Output

Vss, Voo GG Power Supply Lines Input
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PART Il
Other Possible Problems

Dead Board

When none of the lights except the 5.25V AC lights light up on
turning the power “ON,” and the Diagnostic Test cannot be per-
formed, or the game cannot be started, the board is referred
to as DEAD. Although this is not expected to happen, when it
does happen, it could be due to various reasons. Some of the
more common ones, along with the methodology to identify and
rectify them, are listed below.

1. Check the power supply out. If another one is handy, replace
the power supply.

2. Check all the voltages (22V, 18V, 12V} +5V and VLED=5 to
6V) on the logic board. If any of these voltages is missing and
it is found that the power supply is not responsible for it, check
for possible shorts and/or bad capacitors causing it, and
regain the lost voltage first.

3A. If all the voltages seem good and the board remains dead,
check the clock section (Pins 39, 38 of the CPU). These wave-
forms are shown in Figure #4A and Figure +4B.

3B. For Series || Models Pins 1 and 2 of the CPU are used instead
of 38 & 39. Refer to figures 4C & 4D for these waveforms.

Figure #4A — Clock at Pin 38 Figure #4B — Clock at Pin 39

Horz: 0.2us/div. Horz: 0.2u./div.
Vert: 1v/div. Vert: 1v/div.

Figure #4C — Clock at Pin 1 Figure #4D — Clock at Pin 2
Horz: 1us/div. Horz: 1us/div.
Vert: 1v/div. Vert: 1v/div.

4. |f the wave forms, as shown in Figures #4A through +4D are
not present, refer to page 24 and check the fail-safe circuit.

% 12V not present in Series Il Models.
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(Omit #s 5 through 8 for Series Il.)

5. If pins 38 and 39 look good, check the timing pulses on pins
1 and 2 of the CPU. These are shown in Figure #5A and Fig-
ure %5B. If this is missing, check for +5V and +12V on the
CPU at pins 3 and 4, respectively. If pins 1 and 2 do not have
the right pulses, change the CPU.

Figure #5A —
Timing pulse at Pin 1 of CPU
Horz: 0.2.s/div.
Vert: 1v/div.

Figure 5B —
Timing pulse at Pin 2 of CPU
Horz: 0.5,s/div.
Vert: 1v/div.

6. Now, check the control signals on pins 17, 18, 19, 20, and 21
of the CPU. Make sure these reach pins 13, 14, 15,16, and 17
of PSU #1 and PSU #2. A typical waveform of the control
pulse is shown in Figure#6. If these check good, and in most
cases they should, then proceed to step 7. If any of them does
not seem right, proceed to next step.

Figure #6 —
Control signal at Pin 17 of CPU
Horz: 1.s/div.
Vert: 1v/div..
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7. Check the data bus lines pins 6, 9, 12, 15, 26, 29, 32, and 35
of CPU. Make sure they get to PSU #1 and PSU #2. There
should be fast switching pulses on these pins. A typical data
bus line is shown in Figure #7. Also make sure these are not
short together. This could be done by holding the scope probe
on one and momentarily grounding the others.

Figure #7 — Data bus line.
Pin 6 of CPU.
Horz. 1us/div.
Vert: 1v/div.

8. Check pins 11, 10, and 5 of the CPU. There should be square
wave outputs on them. If pin 11 has a pulse (as shown in
Figure #8), then CPU and PSU are functioning normally. Pro-
ceed to step 8. If it is just a high, then there is something
wrong on the data bus or the control lines or PSU #1 may be
bad. Refer back to step 6 and change PSU #1 before chang-
ing the CPU.

Figure #8 — Pin 11 of CPU.
Horz: 2ms/div.
Vert: 1v/div.
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SERIES |

THE FAIL SAFE CIRCUIT: This circuit is designed to prevent
multiplexing if the CPU or PSU do not strobe properly. This pro-
tects the display and light bulbs from getting damaged. In other
words, if pin 11 of CPU is high, pin 4 of the op-amp («A 3401)
would be high, which results in preventing the decoders (IC
7445s) from decoding. If there is a pulse on pin 11 of the CPU (as
shown in Figure #8) and pin 4 of the op-amp remains high, then
check the fail-safe circuit thoroughly. Check the external strap-
ping on connector D, pins 1 and 2. Check for broken resistors or
diodes in that section. If they seem good, replace the 0.01 MF
capacitors and IN 4004 diodes before changing the op-amp itself.

SERIES 1

If Pin 9 of CPU is high, Pin 4 of the op-amp (LM 3900) would be
high, which results in preventing the decoders (IC 7445) from de-
coding. If there is a pulse on Pin 9 of the CPU (as shown in Fig-
ure #8 and Pin 4 of the op-amp remains high, then check the
fail-safe circuit thoroughly. Check the external strapping on connec-
tor D, Pins 8 & 9. Check closely for broken resistors or diodes in
that section. If they seem good, replace the 0.01MF capacitors and
the IN 4004 diodes before changing the op-amp itself.

SERIES |

THE TILT LIGHT: This is the only light other than the 5.25V AC
lights which is not in the Matrix but is controlled by the logic
board. If the tilt light does not light when the tilt switch is closed,
check the bulb and socket first. Then check pins 24 and 25 of
PSU #1 and see if they go high when the tilt switch is closed
with the game in Play mode. If this checks out, check the output
of the decoder (IC 7445) at pin 9 and see if it goes low or not.
If it does, the decoder is good so change the transistor array
(FPQ 3724). If not, change the decoder.

SERIES 1l

The tilt light is the only light, other than the 5.25 VAC light that
is not in the matrix, but is controlled by the logic. If the tilt light
does not light when the tilt switch is closed check the bulb and
socket first. If the bulb appears to be good, check Pin 6 of the
CPU and see if it goes high when the tilt switch is closed with the
game in the play mode. If this checks out check driver L3's output.
If the tilt light remains on all the time check driver L3 for a short.
If it appears to be good check Pins 6 of the CPU and if it is high
without the tilt switch being closed change the CPU.
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PART IV
GENERAL MAINTENANCE

Switch Adjustment

1. ROLLOVER SWITCHES

(1) The ball must actuate the switch when rolling thru the
rollover area from both directions. The switch actuator
can be formed up slightly to get actuation. See figure #9.
CAUTION: When adjusting actuator be sure it is centered
in the slot and does not rest above the playfield surface.

(2) The ball must not hang up (stop) on the actuator.

(3) The switch actuator must always return to the up position
after actuation.

Slot P [ — — ) —

Top View
/\4——mw
)“\\_\\_\ :_ e "\tj

T

©0
FIGURE #9 j

2. SLING SHOT AND SIDE RUBBER SWITCHES

(1) The rubber bumper must be evenly stretched around all
posts.

(2) The switch actuator blade must be adjusted to make the
switch actuate (klicking sound) when it moves 1/16 inch
from the rubber bumper. If the switch is adjusted too close
the Sling Shot will chatter. See figure #10.

| rh

T 7

9

| o ~

1@944::__———'*fRUM”rBumpu

\
; | <atfimme Direction of Ball
AcCtuator Blade se— \ /
. 7/

FIGURE #10
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3. TARGET SWITCHES
(1) The switch must actuate and reset (klick-klick) freely in
playfield slot.
(2) The rear stop bracket must be adjusted (by bending) to
be 5/32 inch from actuation point of the switch. See
figure 11.

FIGURE #11

4. THUMPER BUMPER SWITCHES

(1) The thumper bumper spoon must be centered about the
thumper bumper actuating point in all directions. See
figure 12.

(2) When the thumper bumper wafer is depressed (at any
point on the periphery) the switch must actuate. Adjust
(by bending) the switch actuator arm to meet this require-
ment.

ol

/Bumper Wafer

.1F.“|

e

~—~—————Q
RSN

Activating Point i

Spoon
Switch Back-Up Leaf m———

FIGURE #12
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5. BALL RETURN SWITCH
To adjust ball return switch, adjust switch actuator to actuate
when ball stops in position shown in figure #13 . If switch
actuates before ball returns to position shown, ball ejection
will start prematurely and cause ball to hang up.

2—’ o | MAX OPERATING
POSIT/ION

FIGURE #13

6. SPINNER TARGET SWITCHES
Adjust the switch actuation arm (by bending) until the switch
actuates (klick) in the lower % of spinner travel.
See Figure #14.

Spinner
{ - Target
T & *
4 SwiTenN TO
ACTURTE N TM/S
A A
et
= > 2 g B
/ a s / &= ]
5 e - =2 3 B> agl, //
o

— T Actuator Arm

FIGURE #14
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7. TO CLEAN PLAYFIELD:
(1) Remove playfield glass as shown in figure #15 and
#16.
(2) Wipe playfield surface with a soft rag or slightly dampened
towel.

8. TO SERVICE BOTTOM OF PLAYFIELD:
(1) Remove three screws in cabinet front and lift off trim
moulding. See figure #15.

FIGURE #15

(2) Carefully slide out playfield glass as shown in figure #16.

(3) Remove two screws in bracket holding down playfield as
shown in figure #16.

FIGURE #16
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(4) Raise playfield from front and place against cabinet back
box with playfield resting in provided notches in play-
field support rails. See figure #17. The playfield bottom,
(lamps, switches and solenoids) flipper switches, tilt as-
sembly and power supply are now easily accessable.

FIGURE #17

9. The pendulum tilt, which is located in the left front section
of the cabinet, may be adjusted as desired. To make tilt more
sensitive, loosen thumb screw in tilt bob and raise bob closer
to bob ring, retighten thumb screw. See figure #18.

— More Sensitive

Thumb Screw

FIGURE #18
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10.

TO CHANGE ANY BUMPER RUBBER

(1) Remove acorn nuts holding plastic cap. See figure #19.

(2) Remove plastic cap.

(3) Remove worn bumper rubber.

(4) Stretch new bumper rubber around bumper rubber posts.
Tension on bumper rubber must be evenly distributed
about all bumper posts.

(5) Replace plastic cap and acorn nuts. Do not overtighten
acorn nuts. Allow plastic cap to move slightly on top of
bumper posts.

Bumper Rubber

i

Bumper Post

FIGURE #19
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Lamp Replacement

11. TO REPLACE ANY LAMP MOUNTED ABOVE
PLAYFIELD SURFACE
(1) Remove acorn nuts from plastic cap covering burned out
lamp. See figure #19.
(2) Remove plastic cap.
(3) Pull burned out lamp straight out of receptacle and insert

new one.
(4) Replace plastic cap and acorn nuts. Do not overtighten
acorn nuts. Allow plastic cap to move freely on top of

bumper posts.

12. TO REPLACE ANY LAMP MOUNTED ON CIRCUIT BOARD
(1) Twist lamp receptacle counterclockwise and remove from
board. See figure #20.
(2) Pull burned out lamp straight out of receptacle and insert
new one.
(3) Twist receptacle back into board. (Clockwise)

Circuit Board
#147 Lamp ()
Lamp Receptacle
FIGURE #20

13. TO REPLACE THUMPER BUMPER LAMPS:
(1) Remove two screws in thumper bumper cap.
(2) Remove thumper bumper cap.
(3) Twist out burned out lamp (see figure #21) and replace
with new #455 lamp.
(4) Replace thumper bumper cap and screws.

(2) Screws

T —

-;Cap

#455 Lamp

K /— Thumper Bumper

FIGURE #21
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14. TO REPLACE DISPLAY INSERT LAMPS:
(1) Remove three screws in insert moulding and remove
moulding (see figure #22).
(2) Remove insert display glass.
(3) Replace burned out lamp with new #147 lamp.
(4) Replace display glass, moulding and three screws.

#147 Lamp

FIGURE #22

15. SOLENOID WIRING: (2 Thumper Bumpers, 2 Slingshots, 2
Flippers, 1 Ball Return)
If for any reason the wiring of any solenoid is removed, it must
be replaced in the following manner. The white wire must be
connected (by push on) to the terminal identified with a white
marking. (see figure #23)
CAUTION: Failure to connect solenoids as instructed will result
in serious damage to electronic components on logic board.

Solenoid Assy.

FIGURE 23
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16. TO REPLACE OR CHECK 8 AMP. FUSE:(Not present on Series I1.)
(1) Remove playfield glass (figure #15 and #16) and raise
playfield. See figure #17. :
(2) The transformer assembly is located in the right rear cor-
ner of the bottom cabinet. Remove fuse from this assem-
bly by twisting fuse cap. See figure #24.
(3) Replace with new 8 amp. fuse.

X Former Case

8 Amp. Fuse
Fuse Cap g;>

Fuse Holder

FIGURE #24
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17. TRANSFORMER (Series Il):

Aside from the difference in the logic circuitry and physical
appearance, the 614-2000 has one other distinct feature which
is not present in our other home pinballs. This feature is the
addition of five circuit breakers (2 - 3.9 amp and 3 - 2.5 amp)

to the transformer.

These circuit breakers have been added to prevent solenoid
and transformer burn-up. An explanation of the responsibil-
ities of each circuit breaker is as follows:

3.9 amp Playfield
Illumination:

3.9 amp Score & Scorebox

IHlumination:

2.5 amp Right & Ball
Return Solenoids:

2.5 amp Left Solenoids:

- 2.5 amp Feature Lights:

9 display lights on periphery of
playfield and both thumper bump-
er lamps.

6 display lights behind scorebox
glass.

All solenoid assemblies located on
the right side of the playing sur-
face, including the ball return
solenoid.

All solenoid assemblies located on
the left side of the player sur-
face.

All lights connected with all
switches and bonus scoring.
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TROUBLE SHOOTING

BEFORE PERFORMING ANY MAINTENANCE OR SERVICE ON YOUR GAME,
ITS ELECTRICAL CORD MUST BE DISCONNECTED FROM THE OUTLET AND
REMAIN DISCONNECTED UNTIL THE SERVICE HAS BEEN COMPLETED.

IF ALL GENERAL MAINTENANCE AND TROUBLE SHOOTING PROCEDURES
HAVE BEEN FOLLOWED AND GAME STILL MALFUNCTIONS, CALL YOUR
DEALER FOR SERVICE.

1.

ALL LITES "OFF"' — NOTHING WORKS.

(1) Make sure the electrical cord is firmly inserted in wall outlet.

(2) Depress “‘on-off'" switch.

(3) Reset circuit breaker.

(4) Check 8 amp. fuse.

(5) Check power supply connections.

DISPLAY INSERT LITES “ON" — PLAYFIELD LITES “'OFF”.

(1) Remove rear cabinet panel.

(2) See that connectors on logic board are firmly in place.

(3) Remove playfield glass (figure # 15 and #16) and raise playfield.
See figure #17. See that connectors on upper and lower playfield
boards are firmly in place.

PLAYFIELD LITES “ON"" — DISPLAY INSERT LITES ""OFF",

(1) Remove rear cabinet panel.

(2) See that connectors on logic board and display insert are firmly in
place.

GAME WILL NOT START:

(1) Remove playfield glass (figure #15 and #16) and raise playfield.
See figure #17.

(2) Make sure "‘push-on’ connectors are firmly attached to start switch
terminals.

(3) Actuate switch via start button and listen for klicking sound.

(4) If start button stroke is too short to actuate switch, the switch blade
may be bent slightly to get actuation.

BALL WILL NOT EJECT TO SHOOTER:

(1) Remove playfield glass (figures #15 and #16) and raise playfield.

: See figure #17.

(2) Make sure “push-on’ connectors are firmly attached to solenoid
terminals and ball return switch terminals.

(3) Check switch adjustment. See figure #13.

SWITCH WILL NOT SCORE OR OPERATE SOLENOID:

(1) Remove playfield glass. See figures #15 and #16.

(2) Operate switch manually and listen for actuation. (Klicking sound).

(3) Adjust switch as indicated in figures # 9 to # 14.

SOLENOID DOES NOT OPERATE:

(1) Remove playfield glass (figures # 15 and #16) and raise playfield.
See figure #17.

(2) Make sure ‘‘push-on’' connectors are firmly attached to solenoid
terminals.

(3) Check adjustment of solenoid operating switch. (Klick). If no (klick)
is heard adjust as indicated in figures # 9 to #14.

FLIPPER SOLENOID WILL NOT OPERATE OR OPERATES WEAKLY:

(1) Remove playfield glass (figures #15 and #16) and raise playfield.
See figure #17.

(2) Make sure "“push-on' connectors are firmly attached to flipper sole-
noid terminals.

(3) Make sure that flipper button switch is making solid contact. Switch
may be adjusted by bending switch blade slightly.

(4) Clean flipper button switch with piece of fine emery cloth to insure
continuity.

(5) When Flipper operates weakly, switch on coil assembly may be ad-
justed (by bending) so solid contact is made (between switch con-
tact) when Flipper is at rest. These contacts must be open when
solenoid plunger is at the end of its stroke. This condition may be
simulated by moving Flipper on to a "‘up” position manually.
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