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Schematic Reference Designators and Symbols

Logic symbols depict the logic function performed by that particular device and may differ from the
manufacturer's data.

REFERENCE DESIGNATORS: WIRE COLORS:
C Capacitor R Red
CR Diode, signal or rectifier GN Green
F Fuse Y Yellow
J Connector w White
L Inductor, fixed or variable BU Blue
LS Speaker BN Brown
P Connector BK Black
Q Transistor or silicon-controlled OR Orange
rectifier

\') Violet
R Resistor, fixed or variable GY Gray
S Switch
T Transformer
TP Twisted wire pair
VR Voltage regulator
Y Crystal

»

Electdrical components shown on the schematic diagrams are in the following units unless otherwise
noted:

Capacitors = microfarads (uf)

Resistors = ohms (Q)
Inductors = microhenrys (uh)

SYMBOLS:

PCB edge connector pad

-!: Ground (]

i Test Point

O PCB test connector pad
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Description of Liberator PCB Signal Names

AO-A15

Address bits on Microprocessor Address Bus lines AO-A15 are
software-generated by Microprocessor C2. When BITMD is low,
AO-A13 are applied through buffers B1 and E1 to produce the bits
on ABO-AB13.

ABO-AB13, AB11

Address bits on Buffered Microprocessor Address Bus lines
ABO-AB13 are software-generated either by Microprocessor C2 or
by Bit Map Decoders H1 and F1. When BITMD is low, bits
ABO-AB13 are generated via buffers B1 and E1. When BITMD is
high and BITMD is low, Bit Map Decoders H1 and F1 generate the
bits on lines AB0O-AB13.

In the Address Decoders circuit, bits on lines AB12 and AB13
are the input signals for decoders T2, T3, and E4; and bits on lines
AB9-AB11 are input signals for decoder S2.

Lines ABO-AB11 carry the addresses for the Program
Memories.

AB11 is inverted by gate F4 to produce AB11. AB11 is a control
bit for custom audio chip B/C3 in the Audio Output circuit. AB11is
a control bit for custom audio chip C/D3 in the Audio Output cir-
cuit.

The Bit Map Address Multiplexers use the bits on lines
ABO-AB13, together with those on 1V-128V and 4H-128H, to pro-
duce the address bits for the Bit Map Memories. The Bit Map
Memory address bits are software-generated by Bit Map Address
Multiplexers LS, K9, J9, and H9. When 2H and BMASEL are both
low, these address bits are derived from the bits on 2V-128V.
When 2H is low and BMASEL is high, the address bits are derived
from 4H-128H and 1V. When 2H is high and BMASEL is low, these
address bits are derived from AB7-AB13. When both 2H and
BMASEL are high, these address bits are from ABO-AB6.

The Base RAM circuit uses the bits on lines AB0-AB3, together
with those on 8V-128V, to produce address bits A1-A4 for Base
RAM L5.

The Color Memory circuit uses the bits on lines ABO-AB3,
together with those on PLAVIDO-PLAVID3 and BITO-BIT2, to pro-
duce the address bits for the Color Memories. In addition, the bit
on AB4 is gated with COLORAM by gate F5 to produce the chip
select signals for the Color Memories.

The EAROM circuit uses the bits on lines ABO-ABS to produce
the address bits for EAROM M2,

AUDIO1-AUDIO2

The Audio 1 and Audio 2 signals are game PCB output signals
that are generated by custom audio chips B/C3 and C/D3 of the
Audio Output circuit. AUDIO1 is the inverse of AUDIO2. These
signals are applied to the Audio/Regulator il PCB to ultimately
drive speakers 1 and 2.

BASRAM

The Base RAM Enable signal is software-generated at pin 1 of Ad-
dress Decoder S2 during addresses 0003 through 033F. BASRAM
is the select signal for the Base RAM circuit.

BITO-BIT2

The Pixel Bits on lines BITO-BIT2 are generated from the Bit Map
Shift Registers. When LDRAST is high and the Bit Map Shift
Registers receive the next clock pulse, BITO is generated at pin 12
of R9 from the data bits on DRAMO-DRAMS; BIT1 is generated at
pin 12 of P9 from the data bits on DRAM4-DRAM?7; and BIT2 is
generated at pin 12 of M9 from the data bits on DRAM8-DRAM11.
BITO-BIT2 are used by the Color Memory circuit to produce the
address for the Color Memories.

BITMD

The Bit Mode Enable signal is software-generated at pin 6 of Bit
Map Address Decoder E4 during address 0002. BITMD is the out-
put control signal for Bit Map Decoders H1 and F1. When BITMD
goes low, the data bits latched by H1 and F1 from DB0-DB7 on
the last positive-going transitions of XCOORD and YCOORD, are
placed on lines AB0-AB13 and PIX0-PIX1.

BITMD

The Bit Mode Disable signal is software-generated at pin 8 of in-
verter F4 in the Bit Map Address Decoders circuit during address
0002. BITMD is the disenable signal for buffers B1 and E1 of the
Microprocessor circuit. When BITMD goes high, the buffers are
tri-stated and the bit map addresses are put on the address bus.

BLU

The Blue Signal is a game PCB output signal developed from the
bits on B1and B2. BLU is generated at the emitter of Q4 in the Col-
or Output circuit. The bits on B1and B2 are summed at the base of
Q5 and buffered by Q5 and Q4 to produce BLU.

BMASEL

The Bit Map Address Select signal is hardware-generated at pin 5
of latch E8 in the Refresh circuit. In the Bit Map Address
Multiplexers circuit, BMASEL is the A select signal for Bit Map Ad-
dress Multiplexers H9, J9, K9, and L9.

Bo2

The active high-level Phase 2 Clock signal is hardware-generated
from the internal clock circuitry of Microprocessor C2 and buf-
fered by E3. B®2 is gated with R/WB and 1H to produce WRITE.
B2 is also used as the clock for custom audio chips B/C3 and
C/D3 of the Audio Output circuit.

BIW

The Black and White Video signal is a game PCB output signal
that is_generated at the emitter of Q11 in the Color Output circuit
from COMPSYNC, BLU, GRN, and RED. This signal can be used
by a black and white video display when a color display is not
available.

CAS
The active low-level Column Address Select signal is hardware-

generated at pin 9 of latch C9 in the Refresh circuit. CAS is used
to refresh the column address of the dynamic Bit Map Memories.

CCo0-CC3

The bits on Planet Color Code lines CCO-CC3 are software-
generated by Planet Picture ROMs P8 and M/N8.

CLRLDWE

The Clear/Load/Write Enable signal is hardware-generated at
pin 9 of latch C8 in the Multiply Clock circuit. CLRLDWE is a con-
trol signal for the Multiply Clock circuit.

COINCNTRL

The Coin Counter Left signal is a game PCB output signal
generated at the collector of Q3 in the Coin Door and Utility Panel
Output circuit. COINCNTRL is applied to the game utility panel to
activate the Left Coin Counter.

COINCNTRR

The Coin Counter Right signal is a game PCB output signal
generated at the collector of Q2 in the Coin Door and Utility Panel
Output circuit. COINCNTRR is applied to the game utility panel to
activate the Right Coin Counter.

COLORAM

The active low-level Color RAM Enable signal is software-
generated at pin 2 of Address Decoder S2 during addresses 6200
through 621F and is used in the Color Memory circuit. When COL-
ORAM is low, the Color Memory address bits are from AB0-AB3.
When COLORAM is high and the A select signal is Jow, the Color
Memory address bits are from BITO-BIT2. When COLORAM and
the A select signal are high, the Color Memory Address bits are
from PLAVIDO-PLAVID3. When both COLORAM and 5MHZ go low,
the Color Memories are enabled to write data.

COMPSYNC

The active low-level Composite Synchronization signal is
hardware-generated at pin 3 of gate M3 in the Vertical Sync Chain
by exclusive-ORing HSYNC and VSYNC. COMPSYNC is applied
directly to the video display circuitry for further processing.

CTRLD

The active low-level Control Load signal is generated at pin 9 of
tatch T11 in the Coin Counter and LED Qutput circuit. When
CTRLD goes low, counters S11 and N11 are loaded from the Coin
Door and Control Panel Input switches.

DO-D7

Microprocessor Data Bus lines DO-D7 form a bidirectional data
bus between the Microprocessor, the Program Memory, and the
Audio Output circuits.

DBO0-DB7

Buffered Microprocessor Data Bus lines DBO-DB7 form a buf-
fered bidirectional data bus between microprocessor data-bus
buffer E2 and Bit Map Decoders H1 and F1; Bit Map Data
Multiplexers H11 and P11; Bit Map Data Buffers T9, S9, and N9; Bit
Map Memories H10, R10, N10, and K10; Longitude Scaling latch
R6; Color Memories F11, C11, E11, and B11; EAROM latches R2
and K2, EAROM buffer H2; Coin Door and LED Output decoder
T11; and Coin Door and Control Panel Input multiplexers R11 and
M11.

DINIT

The active high-level Display Initialize signal is generated at pin
8 of gate L4 in the Planet ROM Address Generator circuit. When
high, DINIT clears counter M7 and (via gate F5) clears latch E5. In
the Line Buffer Address Controller circuit, DINIT clears flip-flop K4

DISDAT

Disable Data is an active low-level signal generated by test
equipment connected to the DISDAT test point.

DRAMO-DRAM11

The bits on Bit Map Data Bus lines DRAMO-DRAM11 are
software-generated by the Bit Map Memories. When BITMD, RAM,
and R/WB are all low, the bits on DRAMO-DRAM?7 are passed
through Bit Map Data Buffer T9 to the microprocessor data bus.
Otherwise, when BITMD and R/WB are low, the bits on
DRAMO-DRAM11 are multiplexed by S9 and N9 of the Bit Map
Data Buffer circuit and passed to lines DB4-DB7 of the
microprocessor data bus.

In the Bit Map Shift Registers circuit, if LDRAST is high, the bits
on DRAMO-DRAMS3 are used by shift register R9 to produce BITO;
the bits on DRAM4-DRAM?7 are used by shift register P9 to pro-
duce BIT1; and the bits on DRAM8-DRAM11 are used by shift
register M9 to produce BIT2.

EARCON

The Electrically Alterable Read-Only Memory Control signal is
software-generated at pin 4 of Address Decoder S2 at address
6600. EARCON is the clock signal for latch R2 in the EAROM cir-
cuit. When high, EARCON allows R2 to pass data bits on lines
DBO0-DB3 to the control lines of EAROM M2.

EARD

The Electrically-Alterable Read-Only Memory Read Enable is
software-generated at pin 12 of Address Decoder E4 at address
4000. EARD is the select signal for buffer H2 of the EAROM cir-

cuit. When low, EARD allows the eight data bits from EAROM M2
to be passed through buffer H2 to the microprocessor data bus.

EARWR

The Electrically-Alterable Read-Only Memory Write Enable is
software-generated at pin 9 of Address Decoder S2 at addresses
6E00 through 6E3F. EARWR is the clock signal for latches P2 and
K2 in the EAROM circuit. When low, EARWR allows address bits
on lines ABO-AB5 and data bits on lines DB0O-DB?7 to pass to the
address and data input pins of EAROM M2.

FSG

The active high-level First Segment signal is the carry output of
adder R7 in the Longitude Scaling circuit. When FSG is high and
LDRAST is high, the CO input of adder P7 is set high. In addition,
FSG is gated with PLS and HOR by gates R4, R3, and P3 in the
Planet ROM Address Generator circuit to produce the clock signal
for latch N7.
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Description of Liberator PCB Signal Names
(continued)

GRN

The Green signal is a game PCB output signal developed from
the bits on GO-G2. GRN is generated at the emitter of Q8 in the
Color Output circuit. The bits on G0-G2 are summed at the base
of Q9 and buffered by Q8 and Q9 to produce GRN.

HBLANK

The active high-level Horizontal Blanking signal is hardware-
generated at pin 11 of counter F9 in the Horizontal Sync Chain.
HBLANK is applied through inverter L3 to produce HBLANK. If
HBLANK is high when latch T4 is clocked, HBLANK* is set high
and HBLANK* is set low. When HBLANK goes low, HSYNC from
latch T4 is preset to the high state.

HBLANK

The active low-level Horizontal Blanking signal is hardware-
generated at pin 6 of inverter L3 in the Horizontal Sync Chain by
inverting HBLANK. When low, HBLANK presets HBLANK* from
latch T4 to the low state and HBLANK* to the high state. In the
Planet Control circuit, when HBLANK goes low, it presets HOR
from latch S3 to the high state and HOR to the low state.

HBLANK*

The active high-level Delayed Horizontal Blanking signal is
hardware-generated at pin 9 of latch T4 in the Horizontal Sync
Chain. HBLANK* is generated when HBLANK has been delayed
by the gated result of 8H and 10MHZ. HBLANK* is the clock
signal for fatch M4 in the Vertical Sync Chain.

HBLANK*

The active low-level Delayed Horizontal Blanking signal is
hardware?enerated at pin 8 of latch T4 in the Horizontal Sync
Chain. HBLANK" is generated when HBLANK has been delayed
by the gated result of 8H and 10MHZ. HBLANK* is the clock
signal for latch L8 in the Vertical Sync Chain. In the Valid Segment
Detector, HBLANK* is gated with HORDL by gate P3 to produce
the clock signal for latch N3. When HBLANK* goes low, counters
B6 and D6 in the Display Counter and Comparator circuit are
enabled to load data.

HCLK1, HCLK2

The Trak-Ball™ Horizontal Clock signals are PCB input signals
to the Trak-Ball™ Input circuit. When TBSWP is high, HCLK1 is
the clock signal for latch L11 and counter S11 in the Coin Door and
Control Panel Input circuit; when TBSWP is low, HCLK2 is the
clock signal for latch L11 and counter S11.

HDIR1, HDIR2

The Trak-Bali™ Horizontal Direction signals_are PCB input
signals to the Trak-Ball™ Input circuit. When TBSWP is high,
HDIR1 enables counter S11 in the Coin Door and Control Panel In-
put circuit to count; when TBSWP is low, HDIR2 enables counter
S11.

HOR

The Horizontal Planet Enable signal is hardware-generated at
pin 6 of latch S3 in the Planet Control circuit. When HBLANK goes
low, HOR is preset to the low state. When latch S3 receives the
next positive-going transition of clock 64H, HOR is set high. HOR
is latched by S4 during the next positive-going transition of
LDRAST to produce HORDL and HORDL.

HOR

The Complementary Horizontal Planet Enable signal is
hardware-generated at pin 5 of latch S3 in the Planet Control cir-
cuit. When HBLANK goes low, HOR is preset to the high state.
When latch S3 receives the next positive-going transition of clock
64H, HOR is set low. In the Planet ROM Address Generator circuit,
when HOR goes high, it is gated with HORDL by gate P4 to pro-
duce the load signal for counter M7. In the Valid Segment Detector
circuit, HOR is the clear signal for latch N3.

HORDL

The active high-level Delayed Horizontal Planet Enable signal is
hardware-generated at pin 7 of latch S4 in the Planet Control cir-
cuit. HORDL is HOR which has been delayed by one cycle of
LDRAST. HORDL, 2H, 1H, and all remaining output signals from
latch S4 are gated by M3, M5, and N4 to produce PLANET,
PLANETDL, and PLANETDL from latches D9 and H5. In the Planet
ROM Address Generator circuit, when HORDL goes high, it is
gated with HOR by gate P4 to produce the load signal for counter
M?7. In the Line Buffer Address Controller circuit, HORDL and 4H
are used by latch S3 and gate J3 to produce PININT2.

HORDL

The Complementary Delayed Horizontal Planet Enable signal is
hardware-generated at pin 6 of latch S4 in_the Planet Control cir-
cuit. HORDL is the complement of HOR. HORDL, 2H, 1H, and all
remaining output signals from latch S4 in the Planet Control cir-
cuit are used to produce PLANET, PLANETDL, and PLANETDL.
When high, HORDL is gated with HOR by gate L4 in the Planet
ROM_Address Generator circuit to produce DINIT. When low,
HORDL is gated with HBLANK* by gate P3 in the Valid Segment
Detector circuit to produce the clock signal for latch N3.

HSYNC

The Horizontal Synchronization signal is hardware-generated at
pin 6 of latch T4 in the Horizontal Sync Chain. HSYNC is
generated from 32H when latch T4 is clocked by 16H. HSYNC is
the clock signal for counters H8 and J8 in the Vertical Sync Chain.
HSYNC is also applied directly to the video display circuitry for
further processing.

HSYNC

The Complementary Horizontal Synchronization signal is
hardware-generated at pin 5 of latch T4 in the Horizontal Sync
Chain. HSYNC is generated from 32H when latch T4 is clocked by
16H. HSYNC is exclusive-ORed with VSYNC by gate M3 in the Ver-
tical Sync Chain to produce COMPSYNC.

iNO
The active low-level Input Switch 0 Enable signal is software-
generated at pin 11 of Address Decoder E4 at addresses 5000

through 5001. INO is the output control enabie signal for muitiplex-
ers R11 and M11 in the Coin Door and Control Panel Input circuit.

INTACK

The active low-level Interrupt Acknowledge signal is software-
generated at pin 3 of Address Decoder S2 at address 6400. This
signal is an acknowledgment from Microprocessor C2 that an in-
terrupt request has been received. INTACK presets latch K3.

i0s

The active low-level Input/Output Sound signal is software-
generated at pin 9 of Address Decoder E4 during addresses 7000
through 781F. In the Microprocessor circuit, I0S is gated with the
ROM signal by gates H4 and H3 to enable bidirectional data bus
buffer E2 to pass data. When |OS or ROM is high, data buffer E2 is
turned off, which allows custom audio chips B/C3 and C/D3 to
pass data to the microprocessor data bus.

IRQCK

The active high-level Interrupt Request Clock is hardware-
generated at pin 15 of latch M4 in the Vertical Sync Chain. IRQCK
is the interrupt clock signal for Microprocessor C2.

LATCHEN

The active high-level Latch Enable is generated at pin 1 of gate
B9 in the Display Counter and Comparator circuit. LATCHEN is the
clock signal for latch A6 in the Display Counter and Comparator
circuit and for latch P5 in the Line Buffer circuit.

LBAINC

The active high-level Line Buffer Address Increment signal is
generated at pin 10 of J-K flip-flop K4 in the Display Counter and
Comparator circuit. In the Line Buffer Address Controller circuit,
when LBAINC is high and if either VASEG or LDRAST is high, J-K
flip-flop K4 is clocked and counter H7 is enabled to count.

LDRAST

The active high-level Load Raster Enable signal is hardware-
generated at pin 6 of Load Raster Control Latch K3. When high,
LDRAST is the shift/load signal for Bit Map Shift Registers R9, P9,
and M8; the clock signal for latch S4 in the Planet Control circuit;
and the clock signal for latch S3 in the Line Buffer Address Con-
troller circuit.

LGS0-LGS7

The Longitude Scaling bits on lines LGS0-LGS7 are software-
generated by Longitude Scalers T7 and S7. These bits are
developed from the output signals of the Planet Picture ROMs and
the latched data bits from R6. The bits on LGS0-LGS7, together
with those from Latitude Scalers P6 and N6, are used by the
Multiplier circuit to produce the bits on lines X0-X7.

LX0-LX7, LXD2-LXD3

The bits on Display Segment Length lines LX0-LX7 are
software-generated from Line Buffer RAMs B7, C7, D7, and E7. In
the Valid Segment Detector, LX0- LX7 are used to produce VASEG.
In addition, the bits on LX2 and LX3 are applied to latch P5 to pro-
duce the delayed bits of LXD2 and LXD3.

In the Display Counter_and_Comparator circuit, the bits on
LX0-LX1, LX4-LX7, and LXD2-LXD3 are applied to comparators
C6 and E6.

MDO-MD7

The data bits on Multiplexed Data bus lines MDO-MD7 are
generated by Bit Map Data Multiplexers H11 and P11 from the data
bits on DB0-DB7. When BITMD goes high, H11 and P11 multiplex
the data bits from DBO-DB7 to produce those on MDO-MD?. Bit
Map Memories E10, T10, P10, L10, F10, S10, M10, and J10 use the
data on lines MDO-MD? to generate DRAMO-DRAM?7.

MTR

The Muitiplier signal is generated at pin 7 of shift register S6 in
the Multiplier circuit. MTR is the shift/load enable for shift
registers K6 and J6.

MULCLK

The active high-level Multiply Clock signal is hardware-
generated at pin 8 of gate J4 in the Multiply Clock circuit. MUCLK
is the clock signal for shift register S6, latch H5, and decoders K5
and J6 in the Multiplier circuit.

OouTo
The active low-level Output Port 0 signal is software-generated at

pin 7 of Address Decoder S2 at address 6C00. DUTO is the enable
signal for decoder T11in the Coin Counter and LED Output circuit.

PINIT2

The active low-level Process Initialize signal is generated at pin 6
of gate J3 in the Line Buffer Address Controller circuit. If HORDL
and 4H are low when LDRAST goes high, PINIT2 is set iow. PINIT2
loads counter H7 and presets flip-flop K4 in the Line Buffer Ad-
dress Controller. in the Multiplier circuit, PINIT2 clears latches F6
and D10. In the Valid Segment Detector, PINIT2 clears latch N3.

Pixo

The active high-level Pixel Bit 0 is software-generated at pin 9 of
Bit Map Decoder F1 from the bit on DBO. In the Write Protection
circuit, PIX0 and PIX1 are multiplexed by C5 to produce WPQ. In
the Bit Map Data Buffers circuit, PIX0 is the A select signal for
multiplexers S9 and N9.

PIX1

The active high-level Pixel Bit 1 is software-generated at pin 6 of
Bit Map Decoder F1 from the bit on DB1. In the Write Protection
circuit, PIX1 and PIX0 are multiplexed by C5 to produce WPQ. In
the Bit Map Data Buffers circuit, PIX1 is the B select signal for

multiplexers S9 and N9.

PLA1

The Planet 1 Select signal is generated at pin 12 of latch T11in the
Coin Counter and LED Output circuit from the data bit on DBA4.
%I;M is the chip select signal for Planet Picture ROMs M/N8 and

AN\
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Description of Liberator PCB Signal Names
(continued)

PLA2

The Planet 2 Select signal is generated at pin 2 of inverter L3 in
the Coin Counter and LED Output circuit by inverting PLA1. PLA2
is the chip select signal for Planet Picture ROMs P8 and R/S8.

PLANET

The Planet Enable signal is generated at pin 6 of flip-flop D9 in the
Planet Control circuit. PLANET changes states at a 5-MHz rate if
either of the signals at pins 2 or 3 of D9 is high. When high,
PLANET is used by latch H5 to produce PLANETDL and
PLANETDL. When low, PLANET clears flip-flop K4 in the Display
Counter and Comparator circuit.

PLANETDL

The active high-level Delayed Planet Enable signal is generated at
pin 9 of latch H5 in the Planet Control circuit. When PLANETDL is
high and counter D6 of the Display Counter and Comparator cir-
cuit has reached its minimum count, gate P4 produces the enable
signal for Counter B6. At this time, if counter B6 was previously
loaded by HBLANK* going low, counter B6 begins counting down.

PLANETDL

The Complementary Delayed Planet Enabie signal is generated at
pin 8 of latch H5 in the Planet Control circuit. PLANETDL is the
enable signal for Counter D6 in the Display Counter and Com-
parator circuit. When PLANETDL goes low, _counter D6 begins
counting down. In the Color Memory circuit, PLANETDL is gated
by N5 with the latched BITO-BIT2 outputs from R5 by gate N5 to
produce the input signat for latch D5.

PLAVIDO-PLAVID3

The Planet Video signals are software-generated by Line Buffers
J7 and K7, latched by P5, and applied through multiplexers S5 and
T5 to produce the Cotor Memory address bits.

PLS

The active high-ievel Planet Segment signal is hardware-
generated at pin 8 of latch C8 in the Muitiply Clock circuit. In the
Planet ROM Address Generator circuit, PLS is gated with FSG and
HOR by gates R4, R3, and P3 to produce the clock signal for latch
N7. In the Multiplier circuit, PLS is the clock signal for latches F6
and D10.

RAM

The active low-level Random-Access Memory enable is software-
generated at pin 4 of Address Decoder T2. RAM is gated with
A2-A13 by gates D1 and C1 of the Bit Map Address Decoders to
produce the enable signal for E4. In the Write Protection circuit,
RAM is gated with WRITE to produce the clear signal for latch D5.

In the Bit Map Data Buffer circuit, RAM is gated with BITMD and
R/WB by gate F3 to produce the enable signal for buffer T9.

RAS

The active low-level Row Address Select signal is hardware-
generated at pin 9 of latch E8 in the Refresh circuit. RAS is used to
refresh the row address of the dynamic Bit Map Memories.

RED

The Red signai is a game PCB output signal developed from the
bits on RO- R2. RED is generated at the emitter of Q6 in the Color
Output circuit. The bits on R0-R2 are summed at the base of Q7
and buffered by Q7 and Q6 to produce RED.

RESET

Reset is an active low-level signal generated at pin 12 of counter
J11 from either the Watchdog circuit_or the Power-On Reset cir-
cuit. The Power-On Reset circuit sets RESET to an active low level
either when the RESET test point is shorted to ground or during
the time that the power-supply voltages are reaching their stabiliz-
ed, regulated levels. This ensures that the Microprocessor Ad-
dress Bus (AQ-A15) is stabilized before Microprocessor C2 begins
operation.

The Watchdog circuit sets RESET to an active low level if the
microprocessor fails to output address before counter J11 has
reached its maximum count.

RESET is the clear signal for latches R2 in the EAROM circuit and
T11 in the Coin Counter and LED Output circuit.

ROM

The active high-level Read-Only Memory Enable signal is
software-generated at pin 8 of gate H4 in the Address Decoders
circuit during addresses 8000 through EFFF. in the
Microprocessor circuit, ROM is gated with 1/OS by gates H4 and
H3 to enable bidirectional data-bus buffer E2 to pass data.

In addition, ROM is ANDed with DISDAT by gate H4 in the Pro-
gram Memory circuit to enable buffer F2 to pass data.

ROMO

The active low-level Read-Only Memory Chip Select 0 signal is
software-generated at pin 12 of Address Decoder T3 during ad-
dresses 8000 through 8FFF. ROMO is the chip-select signal for
Program Memory J1. When low, ROMO allows J1 to be addressed
and to pass data to buffer F2.

ROM1

The active low-level Read-Only Memory Chip Select 1 signal is
software-generated at pin 11 of Address Decoder T3 during ad-
dresses 9000 through 9FFF. ROM1 is the chip-select signal for
Program Memory K/L1. When low, ROM1 allows K/L1 to be ad-
dressed and to pass data to buffer F2.

ROM2

The active low-level Read-Only Memory Chip Select 2 signal is
software-generated at pin 10 of Address Decoder T3 during ad-
dresses AOOO through AFFF. ROM2_is_the chip-select signal for
Program Memory L/M1. When low, ROM2 allows L/M1 to be ad-
dressed and to pass data to buffer F2.

ROM3

The active low-level Read-Only Memory Chip Select 3 signal is
software-generated at pin 9 of Address Decoder T3 during ad-
dresses BOOO through BFFF. ROM3 is the chip-select signal for
Program Memory N1. When low, ROM3 allows N1 to be addressed
and to pass data to buffer F2.

ROM4

The active low-level Read-Only Memory Chip Select 4 signal is
software-generated at pin 12 of Address Decoder T2 during ad-
dresses C000 through CFFF. ROM4_is the chip-select signal for
Program Memory P/R1. When low, ROM4 allows P/R1 to be ad-
dressed and to pass data to buffer F2.

ROM5

The active low-level Read-Only Memory Chip Select 5 signal is
software-generated at pin 11 of Address Decoder T2 during ad-
dresses D000 through DFFF. ROMS5 is the chip-select signal for
Program Memory R/S1. When low, ROM5 allows R/S1 to be ad-
dressed and to pass data to buffer F2.

ROMé6

The active low-level Read-Only Memory Chip Select 6 signal is
software-generated at pin 8 of gate P3 in the Address Decoder cir-
cuit during addresses EQ00 through EFFF. ROMS6 is the chip-
select signal for Program Memory T1. When low, ROM®6 allows T1
to be addressed and to pass data to buffer F2.

/WB

The Buffered Read(High)/Write(Low) Enable signal is generated at
pin 10 of inverter F4 in the Microprocessor circujt. RIWB is gated
with Bo2 and 1H by gates H4 and J4 to produce WRITE. In the Bit
Map Data Buffers circuit, R/WB is gated with RAM, BITMD, and
BITMD by gate F3 to produce the enable signals for buffer T9 and
multiplexers S9 and N9.

R/WB

The Buffered Read(High)/Write(Low) Enable signal is generated
by Microprocessor C2, buffered by E3, and applied to custom
audio chips B/C3 and C/D3 of the Audio Output circuit and buffer
E2 of the Microprocessor circuit. R/WB determines the direction
of data flow through these devices.

SGCO0-SGC4

The Planet Segment Code bits on lines SGC1-SGC4 are
hardware-generated by counter M7 in the Planet ROM Address
Generator circuit. The bit on line SGCO is hardware-generated at
pin 5 of latch E5. The Planet Segment Code provides the address
bits for the Planet Picture ROM.

STARTLG

The active high-level Starting Longitude Enable signal is
software-generated at pin 5 of Address Decoder S2 at address
6800. STARTLG is the clock signal for latch R6 in the Longitude
Scaling circuit.

VASEG

The active low-level Valid Segment signal is generated at pin 9
of latch N3 in the Valid Segment Detector. When the carry bit from
adder F7 is set high and 2H is high, VASEG is set low on the next
positive-going transition of 1H. VASEG is gated with LDRAST and
LBAINC by gates N4 and J4 to clock flip-flop K4 and enable a
count-up operation by counter H7.

VBLANK

The active high-level Vertical Blanking signal is hardware-
generated at pin 11 of latch M4 in the Vertical Sync Chain.
VBLANK is applied to multiplexer M11 in the Coin Door and Con-
trol Panel Input circuit. When INQ is low and ABO is high, VBLANK
is read by Microprocessor C2 on data bus line DB7.

VBLANK

The active low-level Vertical Blanking signal is hardware-
generated at pin 10 of_latch M4 in the Vertical Sync Chain.
VBLANK is gated with HBLANK* by gate L4 of the Horizontal
Sync Chain to produce VIDBLANK.

VCLK1, VCLK2

The Trak-Ball™ Vertical Clock signals are PCB input signals to
the Trak-Ball™ Input circuit. When TBSWP is high, VCLK1 is the
clock signal for latch L11 and counter N11 in the Coin Door and
Control Panel input circuit; when TBSWP is low, VCLK2 is the
clock signal for latch L11 and counter N11.

VDIR1, VDIR2

The Trak-Ball™ Vertical Direction signals are PCB input signals
to the Trak-Ball™ Input circuit. When TBSWP is high, VDIR1
enables counter N11 in the Coin Door and Control Panel Input cir-
cuit to count; when TBSWP is low, BDIR2 enables counter N11.

VIDBLANK

The active low-level Video Blanking signal is hardware-
generated at pin 6 of gate L4 in the Horizontal Sync Chain.
VIDBLANK is the clear signal for Color Memory latches A11 and
D11.

4

VPLA

The active low-level Vertical Planet Enable signal is hardware-
generated at pin 2 of latch M4 in the Vertical Sync Chain. VPLA is
gated with PSIG2 by gate R4 in the Planet Control circuit to pro-
duce the clear signal for latch D9.

VSYNC

The active high-level Vertical Synchronization signal is
hardware-generated at pin 6 of latch M4 in the Vertical Sync Chain.
VSYNC is exclusive-ORed with HSYNC by gate M3 to produce
COMPSYNC. VSYNC is also applied directly to the video display
circuitry for further processing.

wDDIS

Watchdog Disable is a test point at pin 1 of gate L4 in the Wat-
chdog circuit. When WDDIS is grounded, RESET is prevented
from going to an active low level (except when the RESET test
point is grounded).
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Description of Liberator PCB Signal Names
(continued)

WDOG

The active low-level Watchdog signal is software-generated at
pin 6 of Address Decoder S2. WDOG is gated with WDDIS by gate
L4 in the Watchdog circuit to produce the load signal for counter
J11 of the Power-On Reset circuit.

WP0-WP3

The active low-level Write Pulses 0-3 are software-generated
from gate B5 in the Write Protection circuit. These pulses are the
write enable signals for the Bit Map Memories.

WRITE

The active low-level Write Enable signal is hardware-generated
at pin 11 of gate J4 in the Microprocessor circuit. WRITE is applied
to gate H3 in the Bit Map Address Decoders circuit where it is us-
ed to develope YCOORD and XCOORD. In the Write Protection cir-
cuit, WRITE is gated with RAM by gate N4 to produce the clear
signal for latch D5. In the Address Decoders circuit, WRITE is ap-
plied to gate H3 to produce the D input signal for decoder S2.

X0-X7

The Planet Scaling bits are generated by latches F6 and D10 in
the Multiplier circuit. These bits are developed by those from the
Longitude and Latitude Scaling circuits._In_the Valid Segment
Detector, the bits on X0-X7 and those on LX0-LX7 are summed to
produce VASEG from the carry bit of adder F7.

XCOORD

The active high-level Pixel X Coordinate signal is software-
generated at pin 3 of gate H3 in the Bit Map Address Decoders cir-
cuit during address 0000. XCOORD is the clock signal for Bit Map
Decoder F1. When XCOORD goes high, F1 internally latches the
data bits from DB0-DB7. Then, when BITMD goes low, these bits
are output from F1 to lines PIX0-PIX1 and ABO-ABS.

YCOORD

The active high-level Pixel Y Coordinate signal is software-
generated at pin 11 of gate H3 in the Bit Map Address Decoders
circuit during address 0001. YCOORD is the clock signal for Bit
Map Decoder H1. When YCOORD goes high, H1 internally latches
the data bits from DBO-DB7. Then, when BITMD goes low, these
bits are output from H1 to lines AB6-AB13.

1H

Horizontal Timing Signal 1 is hardware-generated at pin 10 of
latch D9 in the Horizontal Sync Chain. 1H is ANDed with SMHZ by
gate F8 of the Refresh circuit for use in developing RAS. In the
Multiply Clock circuit, 1H is ANDed with 2H by gate F8 to produce
the clear signal for latch D8. 1H is the clock signal for latch N3 of
the Valid Segment Detector. In the Planet Control circuit, 1H is
exclusive-ORed with the output signal at pin 14 of latch S4 by gate
M3.

1H

Complementary Horizontal Timing Signal 1 is hardware-
generated at pin 9 of latch D9 in the Horizontal Sync Chain. In the
Microprocessor cjrcuit, 1H is gated with B2 and R/WB by gates
H4 and J4 to produce WRITE. 1H is NANDed with 2H by gate N4 of
the Load Raster Control Latch to develop the input signal for latch
K3.

2H

Horizontal Timing Signal 2 is hardware-generated at pin 14 of
counter E9 in the Horizontal Sync Chain. 2H is applied through in-
verter A8 to produce 2H. 2H is the timing reference for
Microprocessor C2. In the Bit Map Address Multiplexer Circuit, 2H
is the B select input for multiplexers L9, K9, J9, and H9. 2H is
gated with 1H by gate N4 to produce the input signal for Load
Raster Control Latch K3. In the Multiply Clock, 2H is ANDed with
1H by gate F8 to produce the clear signal for latch D8. In the
Planet Control circuit, 2H is exclusive-ORed with the output signal
at pin 10 of latch S4 by gate M3.

2H

Complementary Horizontal Timing Signal 2 is hardware-
generated at pin 10 of inverter A8 in the Horizontal Sync Chain. 2H
is the clock signal for latch E5 of the Planet ROM Address
Generator. In the Valid Segment Detector, 2H is gated by P4 to pro-
duce the input signal for latch N3. 2H is the clock signal for
multiplexer K5 in the Base RAM circuit.

4H

Horizontal Timing Signal 4 is hardware-generated at pin 13 of
counter E9 in the Horizontal Sync Chain. 4H is applied through in-
verter A8 to produce 4H. 4H is multiplexed with 2V, AB7, and ABO
by Bit Map Address Multiplexer H9.

4H

Complementary Horizontal Timing Signal 4 is hardware-
generated at pin 12 of inverter A8 in the Horizontal Sync Chain. 4H
is applied to gate J3 in the Line Buffer Address Controller to pro-
duce PINIT2.

8H

Horizontal Timing Signal 8 is hardware-generated at pin 12 of
counter E9 in the Horizontal Sync Chain. 8H is ANDed with 10MHZ
by gate F8 to produce the clock signal for latch T4 in the Horizon-
tal Sync Chain. 8H is multiplexed with 4V, AB8, and AB1 by Bit
Map Address Multiplexer H9.

16H

Horizontal Timing Signal 16 is hardware-generated at pin 11 of
counter E9 in the Horizontal Sync Chain. 16H is the clock signal
for latch T4 of the Horizontal Sync Chain. 16H is multiplexed with
8V, AB9, and AB2 by Bit Map Address Multiplexer J9.

32H

Horizontal Timing Signal 32 is hardware-generated at pin 14 of
counter F9 in the Horizontal Sync Chain. 32H is used by latch T4
of the Horizontal Sync Chain to produce HSYNC and HSYNC. 32H
is multiplexed with 16V, AB10, and AB3 by Bit Map Address
Multiplexer J9.

64H

Horizontal Timing Signal 64 is hardware-generated at pin 13 of
counter F9 in the Horizontal Sync Chain. 64H is multiplexed with
32V, AB11, and AB4 by Bit Map Address Multiplexer K9. In the
Planet Control circuit, 64H is the clock signal for latch S3.

128H

Horizontal Timing Signal 128 is hardware-generated at pin 12 of
counter F9 in the Horizontal Sync Chain. 128H is multiplexed with
64V, AB12, and AB5 by Bit Map Address Multiplexer K9.

5MHZ

The 5 MHz Clock signal is hardware-generated at pin 5 of Clock
latch C9. 5SMHZ is the P enable signal for counters E9 and F9 in the
Horizontal Sync Chain. In the Refresh circuit, 5SMHZ is ANDed with
1H by gate F8. BMHZ is the clock signal for Load Raster Control
Latch K3 and Planet Control latch H5.

5MHZ

The Complementary 5 MHz Clock signal is hardware-generated
at pin 6 of Clock latch C9. 5MHZ is the input signal for latch D5 in
the Write Protection circuit. 5SMHZ is the clock signal for Bit Map
Shift Registers M9, P9, and R9. In the Multiply Clock, SMHZ is the
input signal for latches D8 and C8. In the Planet Control circuit,
5MHZ is the clock signal for latch D9. 5SMHZ is gated with VASEG
and LDRAST by gates N4 and P4 in the Line Buffer Address Con-
troller_circuit. In the Base RAM circuit, SMHZ is gated with
BASRAM by J5 to produce the write enable signal for Base RAM
LS. In the Color Memory, 5SMHZ is the clock signal for latches RS
and D5. It is also gated with COLORAM by gate J5 to produce the
write enable signal for Color RAMs B11, C11, E11, and F11.

10MHZ

The 10 MHZ Clock signal is hardware-generated at pin 9 of
Clock latch B8. The 10 MHZ signal is used to clock latches E8 of
the Refresh circuit, D8 of the Multiply Clock circuit, and D5 of the
Write Protection circuit. 10 MHZ is ANDed with 8H by gate F8 in
the Horizontal Sync Chain to produce the clock signal for latch T4.
In the Multiply Clock circuit, 10 MHZ is used by latch C8 to pro-
duce the CLRLDWE and PLS signals. In the Display Counter and
Comparator circuit, 10 MHZ is gated with LBAINC by gate B9 to
produce LATCHEN.

10MHZ

The Complementary 10 MHz Clock signal is hardware-
generated at pin 8 of Clock latch B8. 10MHZ is the clock signal for
latch C9'in the Refresh circuit; devices D9, E9, and F9 in the
Horizontal Sync Chain; counters B6 and D6 in the Display Counter
and Comparator; and latches A11 and D11 in the Color Memory. In
addition, 10MHZ is gated with 20MHZ by gate B9 of the Display
Counter and Comparator to produce the clock signal for flip-flop
K4.

20MHZ

The 20 MHz Clock signal is hardware-generated by crystal clock
Y1in the Clock circuit. 20MHZ is the clock signal for latches B8 in
the Clock and Multiply Clock circuits. In the Display Counter and
Comparator, 20MHZ is gated with 10MHZ by gate B9 to produce
the clock signal for flip-flop K4.

20MHZ

The Complementary 20 MHz Clock signal is_hardware-
generated at pin 4 of inverter A8 in the Clock circuit. 20MHZ is the
clock signal for latches C8 and D8 of the Multiply Clock.

v

Vertical Timing Signal 1 is hardware-generated at pin 14 of
counter H8 in the Vertical Sync Chain. 1V and 2V are multiplexed
by K8 and latched by M4 to produce VBLANK and VBLANK. Also,
1V is used by latch L8 to produce 1VDL. 1V is multiplexed with
128V, AB13, and AB6 by Bit Map Address Multiplexer L9.

2V

Vertical Timing Signal 2 is hardware-generated at pin 13 of
counter H8 in the Vertical Sync Chain. 2V and 1V are multiplexed
by K8 and latched by M4 to produce VBLANK and VBLANK. Also,
2V is used by latch L8 to produce 2VDL. 2V is multiplexed with 4H,
AB7, and ABO by Bit Map Address Multiplexer H9.

4V

Vertical Timing Signal 4 is hardware-generated at pin 12 of
counter H8 in the Vertical Sync Chain. 4V and 8V are multiplexed
by K8 and latched by M4 to produce VSYNC. Also, 4V is used by
latch L8 to produce 4VDL. 4V is muitiplexed with 8H, ABS8, and
AB1 by Bit Map Address Muitiplexer H9.

8v

Vertical Timing Signal 8 is hardware-generated at pin 11 of
counter H8 in the Vertical Sync Chain. 8V and 4V are multiplexed
by K8 and latched by M4 to produce VSYNC. Also, 8V is used by
latch L8 to produce 8VDL. 8V is multiplexed with 16H, AB9, and
AB2 by Bit Map Address Multiplexer J9.

16V

Vertical Timing Signal 16 is hardware-generated at pin 14 of
counter 48 in the Vertical Sync Chain. 16V and 32V are multiplexed
by K8 and latched by M4 to produce IRQCK. Also, 16V is used by
latch L8 to produce 16VDL. 16V is multiplexed with 32H, AB10, and
AB3 by Bit Map Address Multiplexer J9. 16V is applied with AB1 to
Base RAM decoder L7 to generate address bit 3 for Base RAM L5.

32v

Vertical Timing Signal 32 is hardware-generated at pin 13 of
counter J8 in the Vertical Sync Chain. 32V and 16V are multiplexed
by K8 and latched by M4 to produce IRQCK. Also, 32V is used by
latch L8 to produce 32VDL. 32V is multiplexed with 64H, AB11, and
AB4 by Bit Map Address Multiplexer K9.

64V

Vertical Timing Signal 64 is hardware-generated at pin 12 of
counter J8 in the Vertical Sync Chain. 64V and 128V are multiplex-
ed by K8 and latched by M4 to produce VPLA. 64V is applied
through inverter A8 to produce 64V. 64V is muitiplexed with 128H,
AB12, and AB5 by Bit Map Address Multiplexer K9.
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Description of Liberator PCB Signal Names

_ (continued)
64V
Complementary Vertical Timing Signal 64 is hardware-

generated at pin 8 of inverter A8 in the Vertical Sync Chain. 64V is
used by latch L8 in the Vertical Sync Chain.

128V

Vertical Timing Signal 128 is hardware-generated at pin 11 of
counter J8 in the Vertical Sync Chain. 128V and 64V are multiplex-
ed by K8 and latched by M4 to produce VPLA. 128V is the clock 1
signal for counter J11 of the Power-On Reset circuit. 128V is also
multiplexed with 1V, AB13, and AB6 by Bit Map Address Multiplex-
er L9. 128V is applied with AB3 to Base RAM decoder L7 to
generate address bit 4 for Base RAM LS.

1VDL

Delayed Vertical Timing Signal 1 is hardware-generated at pin 5
of latch L8 in the Vertical Sync Chain. 1VDL is derived from 1V
after a delay by HBLANK*. 1VDL is address bit 5 for Planet Picture
ROMs P8, M/N8, T8, and R/S8; and it is address bit 0 for Latitude
Scalers P6 and N6.

2vDL

Delayed Vertical Timing Signal 2 is hardware-generated at pin 15
of latch L8 in the Vertical Sync Chain. 2VDL is derived from 2V
after a delay by HBLANK*. 2VDL is address bit 6 for Planet Picture
ROMs P8, M/N8, T8, and R/S8; and it is address bit 1 for Latitude
Scalers P6 and N6.

4VDL

Delayed Vertical Timing Signal 4 is hardware-generated at pin 9
of latch L8 in the Vertical Sync Chain. 4VDL is derived from 4V
after a delay by HBLANK™*. 4VDL is address bit 7 for Planet Picture
ROMs P8, M/N8, T8, and R/S8; and it is address bit 2 for Latitude
Scalers P6 and N6.

8VDL

Delayed Vertical Timing Signal 8 is hardware-generated at pin 6
of latch L8 in the Vertical Sync Chain. 8VDL is derived from 8V
after a delay by HBLANK*. 8VDL is address bit 8 for Planet Picture
ROMs P8, M/N8, T8, and R/S8; and it is address bit 3 for Latitude
Scalers P6 and N6.

16VDL

Delayed Vertical Timing Signal 16 is hardware-generated at pin 2
of latch L8 in the Vertical Sync Chain. 16VDL is derived from 16V
after a delay by HBLANK*. 16VDL is address bit 9 for Planet Pic-
ture ROMs P8, M/N8, T8, and R/S8; and it is address bit 4 for
Latitude Scalers P6 and N6.

32VDL

Delayed Vertical Timing Signal 32 is hardware-generated at pin
19 of latch L8 in the_Vertical Sync Chain. 32VDL is derived from
32V after a delay by HBLANK*. 32VDL is address bit 10 for Planet
Picture ROMs P8, M/N8, T8, and R/S8; and it is address bit 5 for
Latitude Scalers P6 and N6.
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64VDL

Delayed Vertical Timing Signal 64 is hardware-generated at pin
12 of latch L8 in the Vertical Sync Chain. 64VDL is derived from
64V after a delay by HBLANK*. 64VDL is address bit 11 for Planet

Picture ROMs P8, M/N8, T8, and R/S8; and it is address bit 6 for
Latitude Scalers P6 and N6. 0O
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Liberator™ Troubleshooting with the CAT Box

Table 1 Address Lines

Table 2 Data Lines
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Troubleshooting with the Read/Write

Controller NOTE

‘To avoid faulty readings while performing

A . these troubleshooting tests, take care NOT to

A. CAT Box Preliminary Set Up short-circuit two or more leads with the CAT
1. Remove the electrical power from the game and the

CAT Box.

Box DATA PROBE. Should this accidently oc-
cur, you must again perform the test from its

2. Remove the wiring harness from the game PCB. start.

3. Remove the game PCB from the game cabinet.

4. Remove Microprocessor C2 from the game PCB. . :

5. Connect the harness from the game togthe game PCB. B. Checking the Address Lines

6. Connect together the ®0 and ¢2 test points on the 1. Perform the CAT Box preliminary set-up.
game PCB with the shortest possible jumper. 2. Set CAT Box switches as indicated:

7. Connect the WDDIS test point to ground. a. BYTES:1

b. PULSE MODE: UNLATCHED
¢. R/W MODE: (OFF)
d. R/W: READ

8. Connect the CAT Box flex cable to the game PCB edge
test connector.

9. Apply power to the game and to the CAT Box.

Key in the address pattern given in Table 1 (use AAAA

10. Set CAT Box switches as indicated: fo start) with the CAT Box keyboard.

a. TESTERSELFTEST: OFF Set R/'W MODE to STATIC.

b. TESTER MODE: RIW Probe the IC-pin with the DATA PROBE and check that
11. Press TESTER RESET. the 1 or 0 LED indicated in Table 1 lights up. Repeat
12. Connect the DATA PROBE to the CAT Box. Connect this step for each address line listed in Table 1.

the DATA PROBE ground clip to a game PCB ground
test point.

Repeat parts 2-c through 5 using address 5555 in
part 3.

LOGIC STATE LOGIC STATE

FOR IC-PIN FOR
ADDRESS AAAA ADDRESS

1 T2-3 0

0 T2-2 1

1 B1-11 0

0 B1-13 1

1 B19 0

0 B1-7 1

1 B15 0

0 B13 1

1 E17 0

0 E1-9 1

1 E15 0

0 E13 1

1 E1-12 0

0 E1-14 1

1 E1-16 0

0 E1-18 1

—b

oo w

. Checking the Data Lines

Perform the CAT Box preliminary set-up.
Set CAT Box switches as indicated:

a. BYTES:
b. R/W MODE: (OFF)
c. RIW: WRITE

Key in address 0000 with the keyboard.
Press DATA SET. Key in data AA with the keyboard.
Set R/W MODE to PULSE and back to (OFF).

Probe the IC-pin with the DATA PROBE and check that
the 1 or 0 LED indicated in Table 2 lights up. Repeat
this check for each IC-pin in Table 2.

Repeat parts 4 through 6 using data 55 in part 4.

—

LOGIC STATE LOGIC STATE
FOR IC-PIN FOR
DATA AA DATA 55
1 E2-11 0
0 E2-12 1
1 E2-13 0
0 E2-14 1
1 E2-15 0
0 E2-16 1
1 E2-17 0
0 E2-18 1
1 E29 0
0 E28 1
1 E2-7 0
0 E26 1
1 E25 0
0 E2-4 1
1 E2-3 0
0 E2:2 1

. Checking the RAM

Perform the CAT Box preliminary set-up.
Set CAT Box switches as indicated:
a. DBUS SOURCE: ADDR

b.
BYTES:1024

c. RMW MODE: (OFF)
d. RW: WRITE

Enter address 0003 with the keyboard.

NOTE

Addresses 0000, 0001, and 0002 are special
RAM locations for bit mode operation that can-

not be verified by this RAM test.

Continued on back of sheet
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4, Set the CAT Box switches as indicated:

a. R/W MODE to PULSE and back to (OFF)
b. R/WtoREAD
c. R/W MODE to PULSE and back to (OFF)

5. If the CAT Box reads an address that doesn’t compare
with that written, the COMPARE ERROR LED will iight
up. The ADDRESS/SIGNATURE display of the CAT
Box will show the failing address location and the ER-
ROR DATA DISPLAY switch is enabled. Using this
switch, determine if the error is in the high-order or
low-order RAM.

6. Repeat parts 2-d through 4 using addresses 0400,
0800, 0C00, 1000, 1400, 1800, 1C00, 2000, 2400, 2800,
2C00, 3000, 3400, 3800, and 3C00.

7. Repeat this test with DBUS SOURCE set to ADDR.

m

. Checking the Custom Audio 1/O Chips

NOTE

Liberator has two custom audio 1/O chips.
Each must be tested separately. There are
several ways to test these chips:

¢ Perform the self-test.

e Substitute a known good part for a suspected

defective part.
¢ Use the following procedure.

1. Perform the CAT Box preliminary set-up.
2. Set CAT Box switches as indicated:

a. BYTES:1
b. RIW:WRITE
c. R/W MODE: (OFF)

3. Enter the address from Table 3 with the keyboard.

4. Press DATA SET and enter the data from Table 3 with
the keyboard.

5. Set R/W MODE to PULSE and back to (OFF).

6. Repeat parts 3 through 5 for each address and data
listed in Table 3. Check for the response indicated.

Table 3 Custom Audio I/O Chips
*

ADDRESS DATA TEST RESULTS

780F 00

780F 03

7800 55

7801 AF Custom Audio I/O Chip B3
channel 1 produces pure
tone.

7801 00 Custom Audio I/O Chip B3
channel 1 off.

7802 55

7803 AF Custom Audio 1/0 Chip B3
channel 2 produces pure
tone.

7803 00 Custom Audio 1/O Chip B3
channel 2 off.

700F 00

700F 03

7000 55

7001 AF Custom Audio /O Chip C/D3
channel 1 produces pure
tone.

7001 00 Custom Audio 1/O Chip C/D3
channel 1 off.

7002 55

7003 AF Custom Audio 1/0 Chip C/D3
channel 2 produces pure
tone.

7003 00 Custom Audio 1/0 Chip C/D3
channel 2 off.

F. Checking the Player Switch, Option Switch, and
Trak-Ball™ Inputs
. Perform the CAT Box preliminary set-up.
2. Set CAT Box switches as indicated:

a. BYTES:1
b. R/W:WRITE
c. R/W MODE: (OFF)

3. Enter address 6C04 with the keyboard.
4. Press DATA SET and enter data 00 with the keyboard.

5. Set R/W MODE to PULSE and back to (OFF). The
CTRLD signal is now set to the low state.

6. Set CAT Box switches as indicated:

a. BYTES:1
b. RI/W: READ

7. For each address listed in Table 4, do the following:

a. Set R/WMODE to (OFF).

b. Enterthe address with the keyboard.

c. Set RIW MODE to STATIC.

d. Activate the input switch indicated in Table 4 for
the address and check the test result.

9.

10.
1.

12,
13.
14.

15.

16.
17.
18.

Set CAT Box switches as indicated:

a. BYTES:1
b. R/W: WRITE
c. R/W MODE: (OFF)

Enter address 6C02 with the keyboard.
Press DATA SET and enter data 00 with the keyboard.

Set RIW MODE to PULSE and back to (OFF). The
TBSWP signal is now set to the low state.

Enter address 6C04 with the keyboard.
Press DATA SET and enter data 07 with the keyboard.

Set R/IW MODE to PULSE and back to (OFF). The
CTRLD signal is now set to the high state.

Set R/W to READ.
Set R/W MODE to (OFF).
Enter address 5000 with the keyboard.

Set R/W MODE to STATIC and check for the result
shown in Table 5.

Table 4 Player and DIP Switch Inputs
(with CTRLD Low)

INPUT SWITCH TEST RESULTS

ADDRESS

Siam, Right coin
switch, Left coin coin or self-test switch is ac-
switch, Self-Test tivated.

switch, Auxillary
coin switch.

DATA display changes when any

5001 FIRE 1, SHIELD 1,

*

FIRE 2, SHIELD 2,
START 1, START 2
without activating a switch
because of VBLANK).

DATA display changes when any
of these switches is activated.
(Note that display changes also

Table 5 TRAK-BALL™ Inputs
(with CTRLD High and TBSWP Low)

TRAK-BALL ] TEST RESULT

TRAK-BALL | Data display changes
when TRAK-BALL is
rolled.

5000

. Checking the LED and Coin Counter

Outputs

Perform the CAT Box preliminary set-up.
Set CAT Box switches as indicated:

a. DBUS SOURCE: DATA
b. BYTES:1

c. RIW:WRITE

d.

R/W MODE: (OFF)

CAUTION

If you write ON data to activate a solenoid, de-
activate the solenoid immediately by writing
the OFF data. If you leave a solenoid activated
for more than 10 seconds, you may have to re-
place the solenoid and/or its driver, due to over-
heating.

For each address listed in Table 6, do the following:
a. To activate the output:

* Press DATA SET.
* Enter data 00 with the keyboard.
¢ Set R/W MODE to STATIC and back to (OFF).

b. To deactivate the output:

¢ Press DATA SET.
* Enter data FF with the keyboard.
* Set R/W MODE to STATIC and back to (OFF).
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Table 6 LED and Coin Counter Outputs

DATA

ADDRESS](0) (FF) OUTPUT DEVICE

6C00 ON OFF Player 1 LED
6C01 ON OFF Player 2 LED
6C04 LOWHIGH CTRLD

6C05 ON OFF

6C06 ON OFF Coin Counter Left

6C07 ON OFF PLANET
“

Coin Counter Right

Troubleshooting with Signature Analysis

A. Checking the Address Lines and Address
Decoders

1. Perform the CAT Box preliminary set-up.
2. Set CAT Box switches as indicated:

a. DBUS SOURCE: DATA
b. BYTES:1

c. RIW: WRITE

d. R/W MODE: (OFF)

Enter address 0000 with the keyboard.

Press DATA SET and enter data 08 with the keyboard.
Set R/W MODE to STATIC and back to (OFF).

Enter address 0007 with the keyboard.

Press DATA SET and enter data 00 with the keyboard.
Set R/W MODE to STATIC and back to (OFF).

Connect the three BNC-to-EZ clip cables supplied with
the CAT Box to the SIGNATURE ANALYSIS CONTROL
START, STOP, and CLOCK jacks of the CAT Box.

10. Connect the three black EZ clips to a game PCB
ground test point.

11. Ground pin 4 of IC H4 (the DISDAT signal) on the game
PCB.

12. Set the CAT Box switches as indicated:

© ©® N O AW

Table 7 Address Bus Signatures

IC-PIN SIGNAL SIGNATURE
NAME
E1-18 ABO uuuy
E1-16 AB1 5555
E1-14 AB2 ccee
E1-12 AB3 7F7F
E13 AB4 5H21
E15 ABS 0AFA
E19 AB6 UPFH
E1-7 AB7 52F8
B1-3 AB8 HC89
B1-5 AB9 2H70
B1-7 AB10 HPPO
B1-9 AB11 1293
B1-13 AB12 HAP7
B11-11 AB13 3C96
T2:2 Al4 3827
R2:3 A15 755U

NOTE

To avoid faulty readings while performing
these troubleshooting tests, take care NOT to
short-circuit two or more ieads with the CAT

Box DATA PROBE. Should this accidently oc-
cur, you must again perform the test from its
start.

17. Probe the IC-pin listed in Table 8 with the DATA PRO-

BE and check for the signature indicated. Repeat this
check for each IC-pin listed.

Table 8 Decoder Signatures

13.
14.

15.

16.

TESTER MODE: SIG

TESTER SELFTEST: OFF

PULSE MODE: LATCHED

START: Negative-going edge trigger
STOP: Negative-going edge trigger
CLOCK: Negative-going edge trigger

Press TESTER RESET on the CAT Box.

Connect the CAT Box Signature Analysis probe tips as
indicated:

a. START:Pin30ofICT2
b. STOP:Pin30ofICT2
¢c. CLOCK: 92 test point

Verify the set-up connections by connecting the DATA
PROBE to a game PCB ground test point. The CAT
Box ADDRESS/SIGNATURE display should show
0000. Now connect the DATA PROBE to a + 5V test
point. The ADDRESS/SIGNATURE display should
show 0001.

Probe the IC-pin listed in Table 7 with the DATA PRO-
BE and check for the signature indicated. Repeat this
check for each IC-pin listed.

~2Q0 oM

IC-PIN SIGNAL SIGNATURE
NAME
E4-0 BITMD 4001
E4-8 BITMD 4000
E4-5 YCOORD 8001
E4-4 XCOORD 0000
E4-12 EARD 6FHH
E4-11 INO 57HH
E4-10 L 96F8
E49 10S 546U
E4-4 RAM 5FU8
T312 ROMO CAT11
T3-11 ROM1 H759
T340 ROM2 A3UH
T39 ROM3 AABA
H4-8 ROM 755U
T212 ROM4 A711
T2-11 ROM5 54F5
P3-8 ROM6 P255

. Checking the Planet-Generating Circuitry

Perform steps 1 through 7 of the CAT Box preliminary
set-up.

Connect the CAT Box Signature Analysis probe tips
where indicated:

a. START:Pin110of ICES
b. STOP:Pin110fICE9
¢. CLOCK: Pin 8 of IC B8

Connect the ground clips of the CAT Box Signature
Analysis and DATA probes to a game PCB ground test
point.

Set the CAT Box switches as indicated:

TESTER MODE: SIG

TESTER SELF-TEST: OFF

PULSE MODE: UNLATCHED

START: Positive-going edge trigger
STOP: Positive-going edge trigger
CLOCK: Positive-going edge trigger

Turn on the game and the CAT Box.

Verify these set-up connections by checking the CAT
Box ADDRESS/SIGNATURE display for A70F.

~oooo®

Test the signatures designated by (XXXX)1 printed in
color on the schematic diagrams of the game PCB. To
test for a signature, use the CAT Box DATA PROBE to
probe the appropriate location on the game PCB. Then
check the ADDRESS/SIGNATURE display for the ap-
propriate signature.

NOTE

To avoid faulty readings while performing
these troubleshooting tests, take care NOT to
short-circuit two or more leads with the CAT

Box DATA PROBE. Should this accidently oc-
cur, you must again perform the test from its
start.

Set the CAT Box CLOCK switch for a negative-going
edge trigger and test the signatures designated by
(OXXX) N on the schematics.

Connect the CAT Box Signature Analysis probe tips
to:

a. START:Pin110ofICF9

b. STOP: Pin 11 of IC F9

10.

11.

12.

13.

14.

18.

Verify these set-up connections by checking the CAT
Box ADDRESS/SIGNATURE display for 1308.

Set the CAT Box CLOCK switch for a positive-going
edge trigger and test the signatures designated on the
schematics by (XXXX)2.

NOTE

To avoid faulty readings while performing
these troubleshooting tests, take care NOT to
short-circuit two or more leads with the CAT

Box DATA PROBE. Should this accidently oc-
cur, you must again perform the test from its
start.

Connect the CAT Box Signature Analysis probe tips
to:

a. START:Pin110ofICJ8
b. STOP: Pin 11 of IC J8

Verify these set-up connections by checking the CAT
Box ADDRESS/SIGNATURE display for H57U.

Test the signatures designated on the schematics by
(XXXX)3.

NOTE

To avoid faulty readings while performing
these troubleshooting tests, take care NOT to
short-circuit two or more leads with the CAT
Box DATA PROBE. Should this accidently oc-

cur, you must again perform the test from its
start.

Set the CAT Box CLOCK switch for a negative-going
edge trigger and test the signatures designated on the
schematics by (XXXX)3L.

Remove the electrical power from the game and the
CAT Box.

Connect the CAT Box flex cable to the game PCB edge
test connector and connect the game PCB PSIG1 test

point to ground.

Apply power to the game and the CAT Box.
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19. Set the CAT Box switches as indicated:

a. TESTERMODE: R/W
b. BYTES:1

c. RI/W:WRITE

d. RIW MODE: (OFF)

20. Press TESTER RESET.

21. Enter address 6800 with the keyboard.

22. Press DATA SET and enter data 00 with the keyboard.
23. Set R/W MODE to PULSE and back to (OFF).

24. Enter address 6C07 with the keyboard and repeat
steps 22 and 23.

25. Set the CAT Box switches as indicated:

a. TESTERMODE: SIG
b. START: Negative-going edge trigger
c. STOP: Negative-going edge trigger
d. CLOCK: Positive-going edge trigger
26. Connect the CAT Box Signature Analysis probe tips
to:
a. START:Pin120of ICL8
b. STOP:Pin120fICL8
c. CLOCK: Pin 10 of IC A8

27. Verify these set-up connections by checking the CAT
Box ADDRESS/SIGNATURE display for FP96.

28. Test the signatures designated on the schematics by
{(XXXX)4.

NOTE

To avoid faulty readings while performing
these troubleshooting tests, take care NOT to
short-circuit two or more leads with the CAT
Box DATA PROBE. Should this accidently oc-

cur, you must again perform the test from its
start.

29. Set the CAT Box CLOCK switch for a negative-going
edge trigger and test the signatures designated on the
schematics by (XXXX)4%.

30. Set TESTER MODE to R/W and enter address 6800
with the keyboard.

31. Press DATA SET and enter data 7F with the keyboard.
32. Set R/W MODE to PULSE and back to (OFF).
33. Set the CAT Box switches as indicated:

a. TESTERMODE: SIG
b. START: Positive-going edge trigger

34.

c. STOP: Negative-going edge trigger
d. CLOCK: Positive-going edge trigger

Connect the CAT Box Signature Analysis probe tips
to:

a. START: Pin 2 of IC M4
b. STOP: Pin 2 of IC M4

35.

36.

37.

38.

39.
40.
41,

42.

43.

44,

44,

45.

46.

47.

48.

Verify these set-up connections by checking the CAT
Box ADDRESS/SIGNATURE display for FP96.

Test the signatures designated on the schematics by
(XXXX)5.

NOTE

To avoid faulty readings while performing
these troubleshooting tests, take care NOT to
short-circuit two or more leads with the CAT

Box DATA PROBE. Should this accidently oc-

cur, you must again perform the test from its
start.

Connect pin 8 of IC P4 and connect test point PSIG2
to a game PCB ground test point.

Set TESTER MODE to R/W and enter address 6000
with the keyboard.

Press DATA SET and enter data 00 with the keyboard.
Set R/W MODE to PULSE and back to (OFF). '

Repeat steps 38 through 40 for addresses 6007, 6002,
6003, 6004, 6005, 6006, 6007, 6008, 6009, 600A, 6008,
600C, 600D, 600E, 600F, and 6800.

Set TESTER MODE to SIG.

Connect the CAT Box CLOCK probe tip to pin 8 of IC
C8.

Verify these set-up connections by checking the CAT
Box ADDRESS/SIGNATURE display for FP96.

Test the signatures designated on the schematics by
(XXXX)BA.

NOTE

To avoid faulty readings while performing
these troubleshooting tests, take care NOT to
short-circuit two or more leads with the CAT
Box DATA PROBE. Should this accidently oc-

cur, you must again perform the test from its
start.

Set the CAT Box CLOCK switch for a negative-going
edge trigger and test the signatures designated on the
schematics by (XXXX)6AJ.

Remove the ground connection from pin 8 of IC P4
and from test point PSIG2.

Connect the CAT Box CLOCK probe tip to pin 14 of IC
E9 and set the CLOCK switch for a positive-going
edge trigger.

Test the signatures designated on the schematics by
(XXXX)6B.

Troubleshooting with Checksums

NOTE

This procedure can only be done with those
CAT Boxes equipped with a Checksum Switch.

CAUTION

While testing with checksums, adding 100 pF
capacitors to A14 and A15 may be necessary.

1. Perform the CAT Box preliminay set-up.
2. Set the CAT Box switches as indicated:

a. BYTES:256

b. DBUS SOURCE: DATA

c. R/WMODE: OFF

d. CHECKSUM SWITCH: ON

3. Key in the address pattern given in Table 9 (use 8000 to

start).

4. Set the RIW MODE switch to PULSE and then back to

(OFF).

5. Check the CAT Box ADDRESS/SIGNATURE display

for the appropriate checksum.

6. Repeat parts 3 through 5 for each address listed in

Table 9.

Table 9 ROM Checksums
#

ADDRESS ROM CHECKSUM
TESTED
8000 ROMO 2D29
8000 ROM1 EFDD
A000 ROM2 8265
B00o ROM3 17AB
C000 ROM4 E41F
D000 ROM5 55A7
E000 ROMé6 BBE7

Troubleshooting the Watchdog Circuit

The Watchdog circuit will send continuous reset pulses
to the microprocessor if a problem exists within the
microprocessor circuit. If the seif-test fails to run, it is a
good practice to check the reset line.

RESET is a microprocessor input (pin 40). In a properly
operating game, reset should occur during power-up or
when the RESET test point is grounded. A pulsing RESET
line indicates that something is causing the
microprocessor to lose its place within the program.
Typical causes are:

1. Open or shorted address or data bus lines.
2. Bad microprocessor chip.

Bad bus buffers.

Bad ROM.

Bad RAM.

Any bad input or output that causes an address or
data line to be held in a constant high or low state.

oo~ w

A pulsing RESET signal indicates a problem exists
somewhere within the microprocessor circuitry rather than
within the analog_ vector-generator. To aid in
troubleshooting, the WDDIS test point can be connected
to a ground test point to prevent resets. This will
sometimes allow the Self-Test to be used to diagnose the
failure during a RESET condition. 0
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