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1 Introduction

This guide covers Williams WPC (sometimes called WPC-089), WPC-S, and WPC-95 games.

2 Game List

2.1 WPC (Alphanumeric)

= Funhouse
= Harley-Davidson
= The Machine: Bride of Pin*Bot

2.2 WPC (Dot Matrix)

Gilligan's Island

Terminator 2: Judgement Day
Hurricane

Party Zone

2.3 WPC FlipTronics I & I1

The Addams Family / Addams Family Gold (the only Fliptronics I games)
The Getaway: High Speed 11

Black Rose

Fish Tales

Doctor Who

Creature from the Black Lagoon

White Water

Bram Stoker's Dracula

Twilight Zone
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2.4 WPC DCS Sound

Indiana Jones: The Pinball Adventure
Judge Dredd

Star Trek: The Next Generation
Popeye Saves The Earth

Demolition Man

2.5 WPC-S CPU

World Cup Soccer

The Flintstones
Corvette

Red & Ted Road Show
The Shadow

Dirty Harry

Theatre of Magic

No Fear: Dangerous Sports
Indianapolis 500
Johnny Mnemonic
Jack*Bot

WHO Dunnit

2.6 WPC-95 CPU

Congo

Attack from Mars
Safecracker

Tales of the Arabian Nights
Scared Stiff

Junk Yard

NBA Fastbreak
Medieval Madness
Cirqus Voltaire

No Good Gofers

The Championship Pub
Monster Bash

Cactus Canyon

3 Technical Info

At the heart of the WPC MPU is the Motorola 68BO9EP microprocessor, running at 2Mhz. Note that the "E" suffix indicates externally clocked and is necessary to
work in a WPC MPU. The "P" suffix merely indicates a "plastic" chip case. 6809 processors lacking the "E" suffix will not work in a WPC MPU.

The 68B0O9EP is a 2Mhz, 8-bit/16-bit CPU, with a 64KB address space. Bank switching is required to address more than 64KB. Bank switching is accomplished by
the ASIC in WPC systems. The game ROM size varies from 128KB to 8MB, depending on the game. 8KB of battery backed RAM is available to the processor.

For more information, see The FreeWPC Manual (http://www.oddchange.com/freewpc/manual/The-WPC-Hardware .html#The-WPC-Hardware)

3.1 WPC Parts List Lookup

A really nice utility has been put together by @yvind Mgll, enabling lookup of WPC parts. The utility can be used to see which games used particular parts. The
utility can be found here (http://www.moll.no/pinball/parts/) .

3.2 WPC System Generations
3.2.1 WPC CPU

The WPC CPU was the cornerstone of the new WPC pinball system, introduced by Williams in 1990.
The board has the following features:

Motorola 68BO9E processor

Switch matrix inputs

8k of CMOS battery-backed memory

A single EPROM, sized from 128K (1 megabit, 27C128) to 1M (8 megabits, 27C080 / 27C801)
Watchdog circuit and master reset

Three digital I/O ports - general-purpose; display; auxiliary (labeled "display")

WPC ASIC - a 108-pin PLCC that has decoding, watchdog, and real-time clock circuitry.

What Goes Wrong

Loose Chips - resets and strange behavior
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The natural heating and cooling cycle, and vibration, in a pinball machines causes the socketed chips to slowly walk out of their sockets. This loosening can cause
mysterious behavior and resets. Firmly pressing each socketed device - including the ASIC - and listening for a small click can solve many odd problems.

Battery Corrosion - rows of switches failing

When batteries reach old age, they always leak electrolyte. In WPC boards, this electrolyte drips onto the switch matrix circuits. There, it causes extensive corrosion.
The corrosion will eat up traces under the green solder mask, creating a lumpy appearance. This corrosion is extremely destructive. It must be caught early, and
gently washed with vinegar. Damaged components must be replaced, and damaged traces cleaned with a fiberglass brush and carefully tinned with a soldering iron.
Battery corrosion can render a board unrepairable, or undesirable.

The Switch Matrix - assorted switch problems

The WPC system, like many pinball machines, uses a switch matrix to read the switches. The matrix is 8 rows by 8 columns, and can read 64 switches with just 16
wires. Under the playfield, the wires snake between the lights, creating strings of rows and strings of columns. The lights are isolated with diodes.

The root cause of switch matrix problems on the WPC CPU is often a voltage short to the switch matrix. This can happen with residual charge from the solenoid or
flasher supply, so the machine does not have to be on for damage to occur. One easy way to do this is to touch a coil lug while
adjusting slingshot switches. The row detectors - the LM339s - are quite safe from everything but the 70V solenoid voltage, and
will often survive that. The column drivers, however, are directly exposed to the wiring. So many shorts - from the GI; lamp
matrix; flashers; or solenoid wiring can destroy the driver. A solenoid wiring short will often destroy the 74L.S374 at location
U14 ahead of the driver as well.

The symptom of a bad driver is a column short that does not go away when the playfield is disconnected. A bad driver may also
be confused by neighboring columns, so switches may register twice.

‘WPC-089 CPU, this one from
Twilight Zone, with battery holder

removed.

3.2.2 WPC-S CPU

The WPC-S CPU is the second generation of WPC CPU board. The designer switched to a remote battery holder, located on a daughter board that clips to posts on
the lower half of the board. This approach mostly eliminated the PCB damage caused by battery leakage. The next version of the board, the WPC-95 CPU board,
switched to a plastic battery holder that also protects the board. The board also has different switch matrix connectors to WPC and WPC-95.

The digital I/O connectors remain unchanged from the WPC CPU.

The most significant difference was the introduction of the security PIC. This devices contains a serial number and a handshake mechanism. The serial number is
displayed at startup, and allowed the manufacturer to identify the dealer who sold a machine into a particular region. This approach was necessary when substantial
price differences were common across Europe, to prevent grey imports.

To prevent simple removal of the PIC, the device also controlled the switch matrix, and would not operate without a correct machine code from the WPC CPU.
Therefore, there is one PIC for each machine. An incorrect or defective chip will result in a "G13 error" or "U22 error" at startup.

When buying a used WPC-S MPU, the battery holder is often missing. If connecting a battery pack, a Molex housing and 2 crimp contacts is needed. The part
number for the 5 pin housing is 50-57-9405 (Digikey WM2903-ND). The crimp contacts are part number 16-02-1125 (WM2554-ND).


http://www.pinwiki.com/wiki/index.php?title=File:WPC-089_MPU.jpg

WPC-S CPU

3.2.3 WPC-95 CPU

The WPC-95 CPU is the third generation of the WPC CPU design. It includes the security PIC added in the WPC-S system, and returns to an on-board battery
holder. The new battery holder has a large plastic shell, designed to shield the PCB from any battery leakage. The pinout of the switch matrix connectors changed
again from WPC-S.
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WPC-95 CPU Board

3.2.3.1 WPC-95 CPU Factory Modification

CPUs manufactured for Jack*Bot and Congo sample games before 12-15-95 have a factory modification that includes one cut,
an additional diode, and an additional resistor. Williams Service Bulletin 86

(http://www planetarypinball.com/mmS5/Williams/tech/sb86.html) details the reason for the mod, premature loss of backup
battery voltage.

WPC-95 CPU Board factory mod.
Drawing by Sascha Voskuil.

3.3 WPC Power/Driver Board Generations
3.3.1 WPC-089 Power/Driver Board

The WPC power-driver board converts AC power from the transformer; drives the solenoids; drives the lamp matrix; drives the GI lamps; and detects flipper switch
operation in non-FlipTronics machines.

The power-driver board has the following functions:

AC rectification and smoothing for 70VDC solenoid voltage
AC rectification and smoothing for 20VDC flasher voltage

AC rectification and smoothing for 18VDC lamp matrix voltage
AC rectification and smoothing for unregulated 12V supply

AC rectification and smoothing for SVDC flasher voltage
Regulated 12V supply


http://www.pinwiki.com/wiki/index.php?title=File:WPC95CPU.jpg
http://www.pinwiki.com/wiki/index.php?title=File:WPC95FactoryMod.png
http://www.planetarypinball.com/mm5/Williams/tech/sb86.html

= Regulated 5V supply

= 6.3VAC supply for GI circuits

= Power control for high power solenoids
= Power control for low power solenoids

" A

WPC Power-Driver board with
Flipper Relay, or the -1 version.

WPC Power-Driver board without
Flipper Relay, or the -3 version.

Summary schematic of WPC
Power Driver board showing test
LED's and test points. A PDF of
this image can be viewed here

Power control for flashers

Power control for lamp matrix
Power control for pre-FlipTronics flippers (not on all boards)
Sense optos for pre-FlipTronics flippers (not on all boards)

Power control for 5 6.3VAC GI channels using four-sector triacs
Zero crossing sense for AC line in

= Logic interface to WPC CPU

3.3.1.1 WPC Power/Driver Board Layout Errors

3.3.1.1.1 C9 Connection Error

WPC Power/Driver board with C9
connection corrected.

At the time that this PCB was laid out and manufactured, a small tantalum capacitor, located
at C9, was connected to the wrong side of the LM323K 5VDC regulator. While it should
have been connected to Vin, it was in fact connected to Vout. The picture at left shows a
method to correct the board so that it matches the schematics, also shown at left. In this
picture, an additional "tab" was added to the top bolt of the regulator and soldered to ground,
creating a redundant path to ground for the regulator.

Note that while the schematics show this capacitor as .33uF, it is listed as 2.2 F in each
game's parts listing, matching the capacitor that is actually installed.

Image of WPC Power/Driver
board schematic, showing
LM323K 5VDC regulator and C9.

This change isn't generally considered necessary and not thought to be a significant contributor to game resets. The original purpose of the cap was to filter high
frequency noise. According to the LM323K datasheet, a 1 to 2uF tantalum capacitor should be added to the input of the LM323K if the regulator is more than 4"
away from the main filter capacitor. The regulator is just inside of 4" from the 15,000xF filter capacitor at C5. As it sits on Vout, it causes no harm, but does no good

either.

3.3.1.1.2 J122/J124, pin 1 Connected to Board Ground
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Some revisions of the WPC power/driver board, were manufactured with J122 and J124, pin 1, connected to board ground. This would cause whatever is connected
to those connector positions, to be turned on constantly. For the game Twilight Zone, this would result in the left mini-playfield
magnet being powered constantly. The picture at left shows a factory modification to the power/driver board to rectify the
problem.

Two power/driver boards showing
the factory corrected trace routing
(bottom) and a later version of the
board with the correction
incorporated into the PCB mask
(top).

3.3.2 WPC-95 Power/Driver Board

The WPC-95 Power/Driver board performs all of the same functions as it's WPC predecessor, and also integrates flipper power
circuits into the design, eliminating the need for the FlipTronics board present in WPC FlipTronics I & II games as well as
WPC-S games. The bridge rectifiers are replaced by ganged 6A2 diodes and the filter capacitors were spec'd down from
15,000pF to 10,000¢F. While the WPC P/D board supported brightness control of 5 general illumination circuits, the WPC-95
P/D board can control brightness of only 3 general illumination circuits. The two remaining GI circuits are used for backbox
illumination.

WPC-95 Power/Driver board.
This is the later model, with zero
ohm jumpers installed in the GI
circuit, lower left.

3.4 WPC Dot Matrix Controller board

The WPC DMD display and DMD controllers are common features in Williams 1990's era pinball machines. The display is a
high-voltage plasma system that has scanning electronics built in. The WPC dot matrix controller board, or WPC-95 AV
(Audio/Video) board in later machines, provides the power for operation, and maintains the display dot images in its memory.
The CPU loads these pages ahead of time, then instructs the display controller to "flip" the images onto the screen.

Clive at the Coin-Op Cauldron has an excellent article detailing some of the nitty gritty of the DMD controller here
(http://webpages.charter.net/coinopcauldron/dotarticle.html) .

‘WPC DMD Controller board

3.5 WPC Sound Boards
3.5.1 WPC pre-DCS Sound Board

The pre-DCS sound board uses a single LM 1875 amp and can accommodate up to 3 sound ROMs. With a single "sound lane"
and amp, stereo sound is not possible. The three speakers are connected in series, each of them attempting to accentuate different
bands of the audio spectrum. A broken wire to any of the three speakers will result in no sound at all.

WPC pre-DCS Sound Board,
sound ROMs removed

3.5.2 WPC DCS Sound Board

With Indiana Jones: The Pinball Adventure, Williams introduced the DCS sound system. Its DSP architecture was a significant improvement on earlier systems, and
it allowed Williams to use recorded music from EPROM rather than synthesizer music. The board also introduced dual amplifiers and an electronic crossover. DCS
allowed Williams to use compressed sound samples, significantly improving the sound quality of the games.
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The board dropped the microprocessor controlled synthesizer chip and sound bite system of earlier WPC machines, and replaced them with the still in production
Analog Devices ADSP-2105 DSP. For its time, this was an extremely fast device (40MHz), and is capable of providing all of the sound processing needed in a WPC
pinball machine. The ADSP-2115 can also be used as a replacement for the 2105. It adds a second serial port which is not used in WMS pinballs. Williams also
upgraded the chip amp. The new chip amp operates at a lower voltage, and forced a corresponding change in the transformer
voltage (12VAC + 12VAC). Therefore, DCS machines have different transformer winding to previous WPC machines. The
system has an electronic crossover, separating high frequencies to the backbox and low frequencies to the cabinet.

The card connects to the WPC CPU through the I/O port. It shares the port with the Fliptronics board and the display board.

The WPC DCS Sound Board

What's on the Board?
The DCS sound board has the following subsystems:

Rectifier and fused power supply for +/-16VDC amplifier power [check - WPC was 35V?]
Dual-channel power amplifier with electronic crossover

DSP-based sound synthesizer

One EPROM for DSP code storage

Other EPROMS for sound storage

High-speed program memory for the DSP

Mailbox interface for WPC-CPU

On power-up, the board runs a diagnostic and sounds a bong. It does this without any help from the WPC CPU. If there is no bong, the board has a problem.
What Goes Wrong

The smoothing capacitors C20 and C21 are often at the end of their useful lives. The chip amp, like the Honey Badger, really doesn't care, and will accomodate
capacitor variance. However, replacing them will make even the pre-DCS sound much richer.

The coupling capacitors at C32 and C41 can fail.
3.5.3 WPC-95 AV Board

The WPC-95 AV board integrated the sound and video system into a single board, siginifcantly reducing power and space.
The board has the following major subsystems
ASIC The ASIC is a 208-pin flatpack device. It incorporates the following functions:

= Interface registers to CPU

= Memory control and display output logic for the diaplay subsystem
= Memory interface for the AD2105 DSP

WPC-95 AV Board The ASIC has a tendency to fail in such a way that the sound disappears. New ASICs are available, but replacing them requires
skill with surface mount devices.

Audio DSP The audio susbsystem uses the same part as the DCS sound board the Analog Devices DSP part ADSP-2105 and an AD1851 DAC. For its time, this
was an extremely fast device (40MHz), and is capable of providing all of the sound processing needed in a WPC pinball machine. The AD1851N in DIP package
was discontinued 2010 but the DSP is still available at Digikey and many other stores (ADSP-2105BPZ-80 ).

Location: lower center of board
Serial Port The serial port is rarely populated. Its uses include: machine debugging; machine linking (NBA Fastbreak); ticket printers
Location: lower left of board

Audio Amplifier The audio amplifier is a dual-channel TDA 2030A operating at X volts. The system has an electronic crossover, separating high frequencies to the
backboox and low frequencies to the cabinet.

Location: lower right of board

DMD Power The DMD requires 62, 95? and 107V to operate. The board uses a temperature-compensated design to supply these voltages. The 107V line is built as
a 12V offset from the 95V line.

Location: upper right of board.

3.6 WPC FlipTronics I & II Boards
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Beginning with The Addams Family, Williams implemented the FlipTronics flipper power and switch sensing system. The Addams Family and The Addams Family
Gold were the only two games which used the FlipTronics I board. Subsequent games until the WPC-95 board set debuted used the FlipTronics II board. FlipTronics
II boards are backward compatible with the FlipTronics I board. The WPC-95 board set integrated the flipper electronics into the driver board.

Prior to the FlipTronics system, flipper circuit design had essentially been the same simple
circuit. This circuit consisted of power to two flipper coil windings (the "power stroke" and
"hold" windings). When the flipper cabinet switch was closed, the power winding and hold
winding were both energized. As the flipper plunger was pulled in, the flipper EOS switch
opened, interrupting power to the "power stroke" winding, leaving only the "hold winding"
energized to hold the flipper in the up position. Flipper coil systems were designed this way
so a flipper could be energized indefinitely (in theory). A failed EOS switch could result in
weak flipper performance (poor EOS switch conduction) or result in burned flipper coils
(EOS switch that never opens). WPC Fliptronics II Board

'WPC Fliptronics I Board

The FlipTronics system ended reliance on properly operating EOS switches. While FlipTronics systems still have EOS switches, they generally are not used to
control power to the coil windings. The EOS switch provides feedback to the MPU that the flipper has completed a stroke. A failed EOS switch will not cause
damage to either the coil or to the switch circuitry. If the MPU doesn't receive feedback that the flipper has completed a full stroke within a specific time
(milliseconds), the "power stroke" winding power will still be interrupted.

There is a special case where a properly operating EOS switch comes into play. The EOS switch on FlipTronics games helps to keep the flipper bat in the up position
when a fast moving pinball strikes the flipper. When the ball strikes the flipper, moving it toward the "at rest" position, a properly operating EOS switch will open.
The FlipTronics board will then provide a path to ground for the "power stroke" winding until the flipper completes the upward stroke, closing the EOS switch again.
Games with broken or malfunctioning EOS switch(es) may allow the flipper bat to drop all the way to the "at rest" position when struck by a rapidly moving ball,
with possible loss of ball, and a great deal of "what the @#$% just happened".

FlipTronics game flipper operation:

. Flipper power is always present at the flipper coil lugs. For the flipper to actuate, that coil power needs to find a path to ground.

. The FlipTronics board switch sensing circuitry recognizes closure of a flipper cabinet switch.

. The FlipTronics board communicates closure of the flipper cabinet switch to the MPU.

. The MPU commands the FlipTronics board to provide ground for the "power stroke" winding of the flipper coil (via a circuit passing through a 2N5401, TIP-

102, and TIP-36C). This process is similar to how high powered coils are controlled by the power driver board.

5. A few milli-seconds later (thousandths of a second), the MPU commands the FlipTronics board to interrupt the ground path for the power stroke winding and
to provide ground for the hold winding portion of the coil (via a circuit passing through a 2N5401 and a TIP-102).

6. The FlipTronics board switch sensing circuitry recognizes close of the flipper EOS switch, and communicates that switch closure to the MPU. Again, this
switch closure isn't used to control power to the flipper coil windings. It's merely information.

7. When the player releases the cabinet flipper switch, the FlipTronics board again senses that open switch, communicates the change in state to the MPU which

then commands the FlipTronics board to interrupt ground to the hold winding also, and the flipper returns to it's at rest position.

B LN =

WPC-95 games use the exact same methods. However, the WPC-95 board set integrates the capabilities of the FlipTronics board into the power driver board.

The FlipTronics II board also rectifies AC voltage sourced from the game transformer, and relayed to it from the Power/Driver board to create the 70VDC flipper
power (the FlipTronics I board relies an an "extra flipper power supply" to rectify the flipper voltage). A FlipTronics board can sense 8 switches, and control up to
four flipper power and hold windings. In some games, spare flipper cabinet switches, EOS switches, and coil drive circuits are used for other game features.

Note that sometimes C2 is installed on this board and sometimes it is not. The board pictured does not have C2 installed. Since C2 is a 100pF/100V capacitor, it can't
be doing too much AC smoothing of the full wave rectified flipper power. Some RGP discussions indicate that C2 may have been designed in originally to reduce
EMI (electro-magnetic interference) from the board. Installing C2 will have a negligible affect on flipper power. Some report that installing C2 fixes a "jittery gate"
symptom on BSD's "mist" assembly.

More information about bench testing FlipTronics board is available here.
3.7 Miscellaneous WPC Boards
3.7.1 WPC 7 Opto Board (A-14977, A-15576, A-15595)

This board is a typical example of a WPC opto board.

The connector on the lower left (as pictured) provides the power for seven IR emitters. The emitters are powered from the 12V
supply through a 260 ohm resistor (the large blue resistors adjacent to the connector). Williams runs the opto emitters at about
40mA, which results in the resistors becoming hot. The opto boards are often darkened by the heat, as this one is.

The connector on the upper left carries the signals for the photo-transistors. The photo-transistor collector connects to 12V, and
its emitter connects to ground through two 2KOhm resistors connected in series. When the transistor is illuminated by the
emitter, it passes more current through the resistors, raising the input voltage on the LM339. The other pin on the LM339 is set
to about 2.8V buy a 100K/22K voltage divider. Therefore, when the voltage at the junction of the two 2K resistors and the
LM339 input is above 2.8V, the switch will read as closed. This happens at 1.4mA.

Example WPC 7 Opto Board, as
found in AFM and many other
WPC games.

The two left side connectors can be used for optical trough switches. The connector on the right hand side provides the the row/column switch matrix interface to the
MPU.
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