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Randy Fromm - Publisher

Randy Fromm

Summertime, and the liv-
ing is easy. I actually had

the entire month of August
off (well, no travel or tech
schools, at least). There’s a
lot going on in the industry
but most of it is behind-the-
scenes as the industry pre-
pares for the Global Gaming
Expo in October. I can hint at
some interesting new ticket
printers but the details will
have to wait until next month.
You’ll also have to wait until
October for the next install-
ment of John Wilson’s “The
Big, The Bad And The Bonus”

as John is taking a break this
month after contending with
some serious flooding in his
hometown of Peterborough,
Ontario. That’s in Canada,
for those who are a little short
in the geography department.
Canada is the really big,
mostly cold and/or wet place
between the USA and the
North Pole. John’s okay
(thanks for asking) but he
reports that he has spent a
great deal of time assisting
his neighbors and others in
the community and, as such,
was unable to meet the dead-
line for this issue. Kevin Noble
is on summer hiatus as well,
which brings us to (trumpets
blast) . . .

Herschel Peeler and his lat-
est test fixture, a really simple
unit for testing Williams’ Bill
Acceptor Interface Board.
Herschel is an electronics
purist who just hates to throw
anything away if it can be
tested and repaired quickly
and inexpensively. His little
test fixtures allow him (and
now you) to do just that. The
illustrated guide begins on
page four. Also from Herschel
is another Slot Tech Maga-
zine look at optoelectronics,
beginning on page 12.

I wouldn’t normally use this
editorial page to call atten-
tion to an advertisement but
you should take a look at the
3M Touch Systems advertise-
ment on page three. It’s less
of an ad and more of an invi-
tation to attend the G2E show
for free as their guest. All slot
techs are invited to stop by
the 3M Touch Systems
(MicroTouch) booth and join
the 3M Engineers who will be

providing technical demon-
strations on:

• Replacing MicroTouchTM
Touch Screens
• Using MicroTouchTM Driv-
ers and Diagnostic Tools
• Fine-tuning Touch System
Diagnosis
• Touch Systems Technical
Reviews
• Technical Support Ques-
tions

There is a limited number of
free show passes available.
At TechFest, 3M Touch is fa-
mous for their giveaway items.
At G2E, they continue the
tradition with the promise of
a technical giveaway for all
participants. Hmmmm. I
wonder what they have for us
this time. Now where did I put
that pair of electronic dice I
got at from them at TechFest
7 in Atlantic City? Anyway,
you can meet them at the 3M
Booth, #4569.

There’s more inside as well.
Enjoy the rest of your sum-
mer.

See you at the casino
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Slot Tech Feature Article

How can such a little
board cause such
problems? This board

is an interface between the
game (in older Williams 360,
550, 40S era games) and the
WBA bill acceptor. It isn’t that
there is anything tricky about
the board. There just isn’t
room to troubleshoot the
board while it is in the game.
It is much easier to swap the

board out and test, trouble-
shoot and repair the board at
the bench. The board is not
very expensive, but repairs
are even cheaper. The board
only has two ICs, four tran-
sistors and a few capacitors
and resistors. All of the parts
are easy to obtain and are not
proprietary. The board con-
verts the Open Collector sig-
nals coming from the Bill
Acceptor to the RS-232 level
signals going to the game.

The board is powered from
the +12 Volt line coming from
the game. This same +12 Volts
is passed on through the
board to power the Bill Ac-
ceptor. This +12 Volts is
dropped down to +5 Volts by
U2, an LM78L05ACZ and this

+5 Volts powers U1, an
HIN232CP / MAX232CP /
ICL232CP (all plug-in replace-
ments).

The HIN232CP has a built in
oscillator that generates +V
and -V for the RS-232 Inter-
face. It also takes TTL signals
(+5V and ground) and con-
verts them to +V and -V for
the RS-232 signals. This is a
two-channel device. Only one
channel is used.

Q1 and Q2 take the TTL sig-

Williams Bill Acceptor Interface Board
A-004307-02, 5779-004308-02 By Herschel Peeler
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nal “R1 Out” from the
HIN232CP and convert it to
an Open Collector driver go-
ing to the Bill Acceptor. Q3
and Q4 take the Open Collec-
tor info coming from the Bill
Acceptor and convert it to
TTL going into the HIN232CP.
The HIN232CP takes the TTL
signals and converts them to
RS-232 the Williams game
expects.

The two connectors on the
board are pin-to-pin on pins
1, 3, 4, 7, 13 and 14. Pins 1
and 3 are +12 Volts. Pins 4
and 7 are ground.

Troubleshooting in the Game

Pins 1 and 3 on both connec-
tors should be +12 Volts, with
pins 4 and 7 being the ground.
Pin 13 on each connector
should be the same voltage.
Pin 14 on each connector
should be the same voltage.
Pins 8 and 9 are the signals
and the voltage here will de-
pend on what the BA is doing.

U2 should have +12 Volts on
pin 3 and +5 Volts on pin 1.

Pin 2 should be ground.

U1 should have +5 Volts on
pin 16 (this comes from U2).
Pin 15 should be ground. Pin
2 should be about +9 Volts
and pin 6 should be about -9
Volts. These are voltages gen-
erated by the HIN232CP so if
they are bad, the HIN232CP
is likely to be bad. The other
voltages around U1 are not
predictable in the game. We
need a test fixture to apply
predictable signals to these
other lines of U1 so we can
check them.

Test Fixture

Many games have a board
with a similar function to the
A-004307-02. With this in
mind we made the design of
the test fixture general in
nature and envisioned sets of
cables to go with different
boards.

We need to take switch in-
puts (open collector) and feed
them to the TTL side of the
board. We will monitor the
RS-232 side with LEDs. Use

these same RS-232 signals to
feed back into the board be-
ing tested as the returning
RS-232 signals. Coming back
out of the board, we should
get our signals converted back
to TTL signals and finally back
to the Open Collector signals.

We could drive our signals
directly with switches but we
want to emulate the same
drive capability as we would
have from the game. A switch
that can pull amps of current
to ground might hide a prob-
lem on the board.

If we power our test fixture
from a power supply with a
current monitor on it, we can
check for excessive current
drain on the power line from
a shorted capacitor or IC, so
we will use a bench power
supply.

Total cost if we had to go out
and buy all the parts would
probably around five dollars,
not counting the case. In
keeping with our general de-
sires, we have designed the
test fixture around parts we
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already have in stock for
board repair. If you forego the
box, the only added expense
is a couple of dollars for the
board to build it on (Radio
Shack  276-168 with lots of
room to spare).

Using the Test Fixture

1.Set the power supply to 12
Volts. set Current Limit to
100 mA. Turn the power sup-
ply off.
2.Connect the test fixture to
the board to be tested.
3.Turn the test fixture switch
off (High out to the board).
4.Connect the test fixture to
the power supply.
5.Turn the power supply on.
All the red LEDs should light.
6.Turn the test fixture switch
on (Low out to the board).
The green LED should be on.
The red LED on the BA side
should be off.

If all this works, the board is
good.

How the Test Fixture Works

We have one switch that rep-
resents the data coming from
the Bill Acceptor Transmit
Data Line. When this switch
is on, we apply a high (open)
to the Interface board. When
the switch is off, we apply a
low to the Interface board.
The Interface board converts
this high and low to an RS-
232 signal of +7 Volts and -7
Volts that would go to the
game’s RS-232 port.

In the test fixture, we have
turned this RS-232 output
back around and sent it into

the RS-232 input side (like a
loopback connector). We have
two LEDs monitoring this RS-
232 line. The red LED should
light when the RS-232 out-
put is high (+7 V). The green
LED should light if the RS-
232 output is Low (-7 V).

The board takes this “turned
around RS-232 signal” and
converts it to a TTL level.
Circuitry on the board con-
verts it to the Open Collector
signal for which the BA is
designed. An LED on the BA
side indicates that the signal
from the switch went both
ways through the BA Inter-
face board and it came out
good.

Troubleshooting the board
on the bench

The first six checks, and the
very last, should always be
the same. The others, start-
ing from the signal coming
from the switch and working
through the board you should
find these voltages.

 - Herschel Peeler
hpeeler@slot-techs.com

The Test Fixture is built on a Radio Shack  276-168
with lots of room to spare.

Visit the Herschel Peeler
Collection at the Slot Tech
Magazine FTP server.

Point your ftp client to:
slot-tech-ftp.serveftp.com
username = Slot Tech
password = kxkvi8
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Slot Tech New Product

Coin Mechanisms Inc.
announces the
release of its Cold

Cathode Fluoride (CCFL)
Lighting range of products.
The CCFL range of lighting
products offers casinos and
slot machine manufacturers
a viable alternative to
fluorescent lights common
to most slot machines.  The
many benefits of using the
CCFL include:

· More energy efficient
than comparable
fluorescent tubes –
uses approximately
70% less current,
reducing the load on
the machine’s power
supply.

· Burns cooler than
fluorescent lamps
reducing the
requirement for
internal fans.  An
additional benefit is
that it reduces the
load on air
conditioning within a
casino.

· Long life cycle –
20,000 + hours
versus 2,000 hours
for standard
fluorescent lights.

· Power inverter is
available for 24 volt
DC or 12 volt DC,
eliminating the need
for high voltage
electricity coming into
the door unit.

· One size fits all
applications – belly
panel, top box and
universal toppers.

· Requires less depth,
creating more usable
space inside the
machine for other
items.

· Lower cost than
comparable standard
fluorescent fixtures
with electronic
ballasts and starters.

· UL and CE approved.

The CCFL comes as a set
that includes the cold
cathode lamp, a highly
durable frosted holder/
diffuser and the required
inverter.  The 12 volt version
is also available with an
optional 120 volt AC
adaptor.  The CCFL
provides a bright white
illumination that dramatically
enhances the effect created
by machine graphics.

For more information, visit
www.coinmech.com.

Cold Cathode Fluoride Lighting
by Coin Mechanisms Inc.
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Slot Tech Feature Article

By Herschel Peeler

opto-  pref.

From the Greek "optos"
meaning eye; vision: optom-
etry, opto-electronics

LED

A light emitting diode is just
what the name implies, a di-
ode that emits light. To some
degree, all semiconductor di-
odes emit light when they are
forward biased. A silicon di-

ode emits a small amount of
infrared light any time it is
conducting. When electrons
and holes combine in the area
of the junction, energy is re-
leased in the spectrum we
perceive as heat; it is infrared
radiation. How much is re-
leased and the frequency
(color) of the radiation is de-
pendent on the chemistry of
the semiconductor.

Silicon is not the only ele-
ment used in an LED. Vari-
ous "dopants" are used as
well. These dopants are small
amounts of additional ele-
ments that are added to the
silicon during the manufac-
turing process. Gallium and
arsenic are used to make "gal-

lium-arsenide" LEDs. Other
materials include indium,
aluminum phosphides and
nitrides. With each one, we
get a different color and in-
tensity of light. With recent
developments in LED tech-
nology, we can cover the whole
range from infrared to ultra-
violet. A white LED is actually
a blue LED with a phosphor
coating. When the blue ra-
diation hits the phosphor, it
makes the phosphor glow
white.

Phototransistor

All diodes and transistors re-
act to light to some degree.
When electromagnetic radia-
tion hits the junction region,
it causes minority current
carriers in the diode, making
the diode conduct slightly. To
make a phototransistor more
sensitive to light, all we had
to do was redesign the physi-
cal makeup so light can get to
a photo diode between the
base and collector of a tran-
sistor. The light hits the di-
ode and starts the diode con-

aluminium gallium arsenide (AlGaAs) - red and infrared
gallium arsenide/phosphide (GaAsP) - red, orange and yellow
gallium nitride (GaN) - green
gallium phosphide (GaP) - green
zinc selenide (ZnSe) - blue
indium gallium nitride (InGaN) - blue
silicon carbide (SiC) - blue
diamond (C) - ultraviolet

LEDs emit a wide range of col-
ors. The secret is in the
"dopants" that change the
wavelength of the emitted light.

LED Range of Colors
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ducting, which, in turn, en-
ergizes the transistor.

Optocouplers, Optoisolators, Photocouplers
(Call Them What You Will)

If we put an LED and a
phototransistor in the same
package, we have a device
that can transfer a signal from
one circuit to another with no
electrical connection between
the two circuits. The input
current makes the LED shine.
The light turns on the tran-
sistor and we have an output
signal. The light makes the
connection between the two
circuits.

The input side may be a
simple LED for a "DC Input"
as shown in the illustration
(right) or two LEDs connected
in opposite directions for op-
erating as an "AC Input" (be-
low).

The output device may be a
simple phototransistor for a
"DC Output" or a
photosensistive Darlington,
SCR, triac, FET, or even an
elaborate circuit like a
Schmitt Trigger or a logic com-
patible output.

Most of them have fairly low
output current levels, but
some are made to drive a light
load directly (up to about 100
mA).

Usually the LED and the

phototransistor sit on one
surface and a reflective dome
over the two bounces the light
from the LED over to the
phototransistor.

Optointerruptors

If we rearrange the LED and
phototransistor opposite one

another with a gap
between them, we
can detect the pres-
ence of an object
passing between the
LED and the

phototransistor. These are in
popular use in various as-
semblies also.

Looking at some real world
devices

DC to DC

Starting with the simpler de-
vices, these are the most
popular. These are used to

couple a DC level circuit to
another DC level circuit. In
the gaming industry we find
these in I/O circuits. As an
input circuit, the optoisolator
prevents electrostatic zaps
from the player panels from
surging over to the MPU's
sensitive circuits. An electro-
static zap from the player
panel may cause a surge in
the LED side of the
optoisolator but will not carry
through to the phototransistor
so we protect our inputs.

As an output device, the game
sees only the very predictable
load of the LED. The
phototransistor side can con-
nect to noisy, unregulated,
higher voltage lines. Noise in



the output circuit cannot feed
back through the
optoisolator, so the MPU is
protected.

We also find them in switch-
ing regulators. We monitor
the output voltage level with
the LED side (on the second-
ary side of the transformer)
and feed it back to the regu-
lating side on the primary.
The transformer has isolated
the two circuits and we have
to keep these two circuits
separate or things will catch
fire. The optocoupler couples
the signals, keeping the
ground references unique.

On the input, we have the
same characteristics we
would find on an LED. We
can expect to find a 1.2 to 1.6
Volt level when forward bi-
ased. A digital multimeter

should find what looks like a
diode.

On the output side, we should
find what looks like the emit-
ter-collector circuit of a tran-
sistor. If we hook a digital
multimeter across it, there
should be a very high resis-
tance when the LED is not
on. As we turn the LED on, we
should see a lowering of the
resistance between the emit-
ter and collector. Current
should flow into the emitter
Lead and out the collector
lead.

What makes one device dif-
ferent from another?

One important characteristic
is a thing called "current
transfer ratio" or CTR. As the
name suggests, this is the
ratio of input current (through
the LED) to output current
(through the phototransistor).
Typically this is a value
around 10% to 100% on sim-
pler devices.

Maximum output voltage is
another consideration. What
is the maximum voltage the

We find optoisolators in switching regulators. We monitor the
output voltage level with the LED side (on the secondary side of the
transformer) and feed it back to the regulating side on the primary.
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output transistor can with-
stand when the transistor is
off?

Maximum output current is
another consideration. What
is the maximum current we
can pass through the output
transistor?

Maximum output voltage at
saturation is something to
consider. When the transis-
tor is fully turned on (known
as "saturation") what is the
maximum voltage we will have
between emitter and collec-
tor? What current are we talk-
ing about?  These consider-
ations are essentially the
same we would ask in speci-
fying a transistor.

DC to Darlington

If we add a second transistor
(in Darlington configuration)
to the output transistor, we
make the device more sensi-
tive to light. Our CTR can
easily exceed 100%.

DC to AC
 (The Solid State Relay)

Yes, we can make a photo-
sensitive triac and have the
ability to control an AC load

(on an isolated line) from a
DC driving source. These may
be low output current devices,
designed to drive a high cur-
rent triac or we can incorpo-
rate the high current triac in
the same case and call it a
Solid State Relay (SSR).

AC to DC

If we use two LEDs on the
input side of our optoisolator,
we can monitor an AC signal.
As the positive half of the AC
cycle comes through, one of
the LEDs is turned on. As the
negative side of the signal
comes through, the other LED
turns on. From a 60 Hz AC
line, we get 120 Hz pulses out
the output.

DC to Logic

Other devices are simply de-
signed for data communica-
tion. We see these on RS-232
and other serial ports. We
may use them for both the
input and output side of our
circuits. If we are driving a
long line (hundreds of feet)
there is a possibility of pick-
ing up noise in our line. More
than just screwing up our
communications, this noise
on the line may be of a high
enough voltage and current
that it can cause damage to
the I/O circuits themselves.
Opto devices to the rescue!
The DC to DC devices work
okay at low speeds, but LEDs
tend to turn off slowly and
speed is limited to a few thou-
sand (or even hundred) Baud.
High-speed devices have been
designed with diodes that
turn off quicker and outputs
that are Schmitt Trigger to
give a clean square wave, or
even logic level compatible
outputs.

 - Herschel Peeler
hpeeler@slot-techs.com

A Darlington transis-
tor configuration is
used to boost the CTR.

Inside the Solid-State Relay
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Dear Randy,

I am a graduate of your school
(about eight years ago). I have
been coming across more and
more of the “fast-switching”
diodes in monitors as well as
general repair. I have been
trying to order the same part
number when possible but this
creates a lot of downtime wait-
ing for the part to come in. I
would like to stock several dif-
ferent types of these diodes
that I would be able to substi-
tute for a large portion of the
ones I come across, similar to
regular diodes where I find
that 1N4007 and 1N5404
cover most applications. Can
you recommend a few that I
can stock to substitute for the
“fast-switching” applications?
Any help would be appreci-
ated.

Mark

That’s a good question. Al-
though not a super common
failure, it’s nice to know about
these speedy little guys.
Here’s the deal:

Most of us are familiar with
the common, general-pur-
pose replacement diodes
Mark mentioned. The 1N4000
series is probably the most
commonly used diode in the
world. These 1-amp diodes
range in voltage rating from
50 to 1000 PRV. Since you
can always replace a diode
with one of a higher voltage
rating, it makes sense to stock
the 1N4007 since it is the
highest rated one available.
The cost of the 1N4007 (1000
PRV) is not significantly
higher than the 1N4001,
which is just 50 PRV.

Likewise, the 1N5404 Mark
mentioned is a 3 amp, 400-

volt diode, and also a good
choice as a general replace-
ment diode. It’s suitable as a
replacement diode for just
about any input bridge recti-
fier for just about any moni-
tor. Many monitors use 2 amp
diodes in this application but
a diode of a higher current
rating can always be used as
a replacement. The 1N5404’s
400 volt rating is plenty high
enough for the 120 VAC power
used in the USA or the 240
VAC used in most of the rest
of the world. Four discrete
1N5404 diodes also can be
connected together to form a
bridge rectifier if that con-
figuration is required.

With just these two diodes,
you can replace just about
anything you come across,
just by following the twin rules
of using a replacement diode
of the same or higher voltage,

NTE # Crosses for: In These Monitors:
NTE552 - 1N4937 FF1004 Kortek/Kristel
NTE558 - BA159 Kortek
NTE572 - FR607 TF604 TF606 TF607 Ceronix
NTE575 - HER108 UF4005 Kortek/Kristel
NTE576 - HER204 HER205 UF5404 Ceronix/Kortek/Kristel
NTE577 - RG4C TF307 Ceronix/Kortek
NTE580 - FR205 MR856 RG4A RGP15J Ceronix/Kortek/Kristel
NTE588 - EGP20C Kortek

Figure 1

Slot Tech Feature Article

By Randy Fromm
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the same or higher current,
or both.

However, there is another
important consideration
when selecting a replacement
diode: Speed. The general-
purpose rectifiers mentioned
above are really designed to
work at 60hz. They may be
used for a myriad of other
functions such as clamping,
damping and steering but
their raison d’etre is rectifica-
tion; turning alternating cur-
rent into direct current. As
such, they are low frequency
(read S-L-O-W) devices. They
cannot rapidly switch from
forward conduction to reverse
blocking. Attempts to use
these devices in high-speed
circuits often results in inef-
ficient circuit operation, com-
ponent overheating and, ulti-
mately, destruction of the
component itself as well as
other circuit components.

Where Do We Need High-
Speed Diodes?

There are a couple of places
where we have to use special,
high-speed (also known as
“fast-recovery” or “fast-
switching”) diodes. One is in
power supplies. Old-fash-
ioned linear power supplies
are now few and far between.
Switching power supplies are
the name of the game in mod-
ern electronics. Switching
regulator power supplies op-
erate at anywhere from 25
kHz to 100 kHz (or higher)
and as such, require high-
speed output diodes in their
secondary circuits (the pri-
mary side of a switching regu-
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lator power supply operates
off the 50/60 Hz power line
and uses conventional di-
odes). Of course, modern
monitors also use switching
power supplies and a
monitor’s SMPS also requires
the use of high-speed diodes
in the secondary outputs.

The other place that high-
speed diodes are used in the
monitor is in the horizontal
output circuit. In a standard
resolution television, this cir-
cuit operates at approxi-
mately 15, 750 Hz. As the
monitor’s resolution in-
creases, so does the horizon-
tal deflection circuit’s oper-
ating frequency. VGA reso-
lution (640X480) is 31.5 kHz.
Moving up to 800 X 600 reso-
lution (where most video slots
are) we see a horizontal fre-
quency of 35 kHz or higher!
We need high-speed diodes
here. Not only in the primary
side of the horizontal circuit
but as output rectifiers for
any flyback derived power
supplies as well.

In order to satisfy Mark’s re-
quest, I did some research. I
looked at the schematics for
some commonly-used  moni-
tors and cross-referenced  the
high-speed diodes to their
commonly available NTE re-
placements. It didn’t surprise
me that the resulting list was
rather short, regardless of the
fact that there were dozens of
different parts with part num-
bers like FR607, HER205,
RG4C, RGP15J, EGP20C and
the like.

Figure 1 shows  a list of these
commonly available replace-

ment diodes and their speci-
fications.

Of course, there are times
when the original diode can-
not be cross-referenced di-
rectly to an NTE component.
In that case, you may be able
to Google the part number
and look at a datasheet for
the OEM component. You’re
looking for the voltage rating
(Vceo) and the current rating
(Ic) as well as the speed of the
component. As long as you’re
“equal to or better than” these
specifications, your substi-
tution is likely to function
properly.

You can also sort of cheat
and look at the function of
the component instead of the
part number. Compare the
schematic of monitor you’re
working on with another one
from a different manufac-
turer. Try to use similar moni-
tors in terms of resolution
and CRT size. If, for example,
you have a shorted diode in
the diode modulator circuit,
look for the same diode in the
same circuit in a different
monitor and cross-reference
it’s part number. Function-
for-function, they’re likely to
be equivalent, regardless of
part number differences.

Slot Tech Magazine September 2004
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Please note that regardless of
careful cross-referencing,
some replacements may not
function properly. This is not
uncommon in manufactur-
ing where two components,
one from each of two manu-
facturers, will have identical
specifications but one will
function properly and the
other will not. It sounds pre-
posterous but it’s a fact of life
in electronics. Something to
do with the precise amount
of magic smoke in each com-
ponent, I suspect.

If you’re looking to stock-up
on high-speed diodes, laying
in a stock of a half-dozen
each of these diodes will go a
long way toward providing
suitable replacement diodes
for most of your high-speed
requirements. Of course, if
you can get the OEM compo-
nents, you should always do
so if for no other reason than
that they are very likely to be
much less expensive. Gener-
ally speaking, NTE compo-
nents will be significantly
more expensive as they are
intended to be replacement
parts and as such, are not
purchased in bulk. You’re
paying for the convenience of
the quick cross-reference and
the ability to purchase in
single units or small quanti-
ties.

For more information about
NTE replacement compo-
nents, visit the website at
www.nteinc.com.

 - Slot Tech Magazine
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At this year’s G2E Show,
Atronic Systems’ main
focus will be on inno-

vative new “progressive” and
mystery jackpot schemes as
well as player bonus func-
tionality. Based on the suc-
cess of its wide-area progres-
sive jackpot module, Atronic
Systems will introduce a Wide
Area Mystery Jackpot sys-
tem at this year’s G2E. Atronic
Magic WAP links run very
successfully in the states of
Arizona, California, Michigan,
New Mexico and Wisconsin
and have recently even con-
nected within several states
to create the top-award win-
ning America Magic Jackpot.

Contrary to a progressive
jackpot that is triggered by
the top winning combination
of the machine, the mystery
jackpot is triggered by coin-
in only which means that
players can win the jackpot
regardless of whether or not
they have got a winning com-
bination on their slot ma-
chine. Taking the mystery
jackpot philosophy one step
further, mystery jackpots are
now also available on wide
area links, thus ensuring big-
ger or more frequent prizes
and pay-outs.

Slot Tech G2E Preview

 Atronic Systems’ ‘Progressive’
Products at Global Gaming Expo

In addition, Atronic Sys-
tems will introduce several
new features to its successful
range of jackpot modules at
this year’s G2E show, such
as:

 * Jackpot Scheduler This fea-
ture allows defining time pe-
riods during which a jackpot
is active. This means that
casino operators can define a
jackpot running for example,
only two hours a day, during
low gaming periods or during
happy hours.

 * Hit Delimiter Casino op-
erators can pre-define a maxi-
mum number of hits after
which the jackpot is auto-
matically suspended. This is
a handy feature to give away
a pre-defined quantity of
prizes (e.g. show tickets, holi-
days, cars, etc.).

 * Minimum Bet Mystery
Jackpot Atronic Systems is
now introducing a mystery
jackpot that will only be trig-
gered if players play a mini-
mum defined bet thus entic-
ing players to play more in
order to participate in the
mystery jackpot.

In addition to its jackpot
module, Atronic Systems will

introduce several new fea-
tures to its state-of-the-art
CHIP CASH (smart card cash-
less) system, such as multi-
site and multi-currency op-
eration.

Dynamic solutions from
Atronic Systems combine so-
phisticated proven software
modules with the industry’s
most acclaimed hardware
platforms, Crystal Web(R) for
slot operations and Golden
Eye(R) for table games. To-
gether with the GALAXIS(TM)
range of software modules,
Atronic Systems offers an all-
compassing management
package for casino operators,
including slot machine and
table games management,
player tracking and loyalty
programmes, integrated jack-
pot management, cashless,
cage and credit management
as well as a real-time analy-
sis and reporting tool — all
these modules for either
single-site or multi-site op-
erations!

Through its holding company,
Atronic International, Atronic
Systems is a member of the
family-owned and operated
Gauselmann Group, which
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Monitor Repair and More!
Slot Tech Magazine Announces Two-Week Technician School

Slot Tech Upcoming Event

As many of you are aware, Slot Tech Magazine offers a
two-week technician  training course called (for lack of

a better term) the Casino School.  It’s kind of a "Super
TechFest" where we have time to cover everything from
basic electronics and troubleshooting to component-level
monitor repair. Throw  in a good mix of detailed training on
coin acceptors, bill validators, ticket printers and
touchscreens and you sort of get the idea. Add the "hands-
on" training that is impossible at a three-day TechFest and
you have a program can really boost the skills of a beginning
to intermediate level slot tech.

Normally, a casino that wants this type of training will
reserve a class exclusively for their own technicians. We
bring the training right to the casino. The class size is small
for the two-week class. In fact, it’s limited to just 16 people.
But even that number of folks can be tough for a single
casino to spare for two full weeks.

In order to make this training available to more slot techs,
Chip In’s Island Resort in Harris, Michigan has offered to
sponsor the program and allow technicians from other
casinos to join them for the two-week class.

So, the program is set and we’re on for Slot Tech Magazine’s
Casino School. To reserve your place in the class at Chip
In’s Island Resort and Casino in Harris, Michigan (Septem-
ber 13-24) please go to the website at slot-tech.com,
download and return the enrollment form along with your
tuition of $1295.00.

As the class size is exceedingly small, reservations for the
class are strictly on a "first-come, first-served"  basis. When
we receive your tuition, you’re in. Purchase orders are
welcome and will be invoiced but placement is not guaran-
teed until tuition is in hand.

For more information and an enrollment form, please visit
the website at slot-tech.com or give us a call at Slot Tech
Magazine, 619.593.6131.

See you at the Casino School!

Randy Fromm

has sold more than 1.9 mil-
lion machines since incep-
tion, and is the second larg-
est manufacturer of gaming
devices worldwide.

Atronic Systems has offices
in Graz, Austria, Monaco and
Scottsdale, USA and sales
offices in Lima, Peru and
Buenos Aires, Argentina.

Atronic Systems (formerly
MIS Group) was created out
of a merger between MIS (Mo-
naco Informatiques Systemes),
a Monegasque gaming soft-
ware company, founded in
1991, and GRIPS, an Aus-
trian company founded in
1985 and famous for their
Crystal Web(R) hardware and
network solutions. Atronic
Systems develops, sells, in-
stalls and maintains inte-
grated casino management
systems for both slot and table
game operations on a world-
wide basis. Atronic Systems
has a dedicated and profes-
sional team of 200 employees
worldwide, a portfolio of hun-
dreds of customers in more
than 50 countries across five
continents and is a recog-
nized leader of cashless gam-
ing solutions.

For more information, visit
the company's website at
www.atronicsystems.com.

CONTACT:
Daniela Schmied
43 316 7255-151
dschmied@atronicsystems.com
Katie Stage
+1-480-609-5867
kstage@atronic.com
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Ukraine will see Unicum
Adventures in September

The Ukrainian premier
of the latest of
Unicum’s develop-

ments, Unicum Adventures
video slot will take place at
the Kiev Entertainment In-
dustry trade show on Sep-
tember 15-17.

Unicum Adventures slot
was introduced to the pub-
lic during the EELEX 2003
show in Moscow in Decem-
ber 2003, when the project
was passing the final beta-

testing stage. The machine
development was based on
the operators’ and players’
preferences thoroughly
studied by the company
specialists. That is why the
slot is fully adapted to the
CIS market necessities.
Adventure’s advanced
functions make it compat-
ible with machines of a
higher class. This new plat-
form supports rich-graph-
ics and 3D effects; the flat
touchscreen makes gam-
ing process exciting and
extremely comfortable for
a player. The operation
menu was designed to pro-
vide reports in various for-
mats. The user-friendly in-
terface allows the operator
to trace both the slot ma-
chine and the individual
game’s performance.

“Adventures’ launch has a
great importance for the
development of Unicum’s
activities in the Ukrainian
market,” said Gennady
Soga, head of the Unicum’s
Kiev office. “Unicum has
always been known to the
Ukrainian operator as a
provider of high-quality and
reliable slot machines from
the world leading suppli-

ers. Adventures is not infe-
rior to its foreign competi-
tors in quality, but pro-
duced in Russia, the pro-
duction and shipping costs
are lowered. It is definitely
reflected in the price of Ad-
ventures and makes the
slot a very promising plat-
form in CIS and Ukrainian
markets in particular.”

Unicum Adventures ma-
chines will be available in
Ukraine in two versions:
One is a multi-game pack-
age with five games: Bonus
Poker, Golden Devil,
Golden Devil-25 line,
Golden Magic, One-Eyed
Joe. The other one , a single-
game slot, comes out in
September and will premier
at the Entertainment In-
dustry show. The amusing
story and unusual
soundtrack are not the only
advantages of the game.
Unicum’s development
team worked hard on de-
tailed graphics, doubling,
multi-denomination and
other features which will
be available for inspection
at the Unicum stand (# A48)
at the Kiev expo.

Slot Tech Press Release
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The first Russian regional operators conference
will take place in Yekaterinburg on September 30

Slot Tech Press Release

Bally Gaming and Systems
has announced that it

has named Christopher
Colwell as Director of National
Accounts and Participation
Sales.

In his new position, Colwell
will oversee the relationships
and account activity of the
major Bally national casino
accounts at the corporate
level. He will also be respon-
sible for the development of
partnerships and agreements
on product deployments with
these casino operators. Addi-
tionally, Colwell will provide
focused sales leadership on
participation-style slot prod-
ucts.

“This is truly an exciting time
to be joining the Bally Gam-
ing sales team,” Colwell said.
“The product pipeline is full
and our products on the ca-
sino floor are performing well.
My focus will be on ensuring
the major casino companies
in the country understand
the value the Bally product
has and that its placement
will lead to a more profitable
casino floor. The next several
years will be extremely fast
paced as Bally enters into a
new growth phase with the
integration of SDG and devel-
opment of new platforms.
Needless to say, I have joined
a company whose outlook is
very bright indeed.”

Colwell comes to Bally Gam-
ing and Systems after having
worked in various executive
management capacities with

The success of the first con-
ference held in Moscow in

April determined Unicum
Group of Companies to orga-
nize a new event with empha-
sis on operating. The partici-
pants showed a great interest
in further discussion of ur-
gent issues. The dynamic
growth of the Russian regional
gaming market forces local
operators pay bigger atten-
tion to the quality and num-
ber of offered services and
effectiveness of business
strategies. Unicum special-
ists plan to discuss modern

methods and operation tech-
niques with operators from
Ural, Siberia and Far East
regions. Other discussion top-
ics will include human re-
sources, management and
administration. The confer-
ence will be held in discus-
sion format where partici-
pants will exchange their ex-
perience and ask questions.
After the event, all guests are
invited to a presentation of
Unicum video slots and a
party devoted to Unicum’s
new office in Yekaterinburg.

Harrah’s Entertainment, Inc.
Most recently, Colwell was
Director of Gaming Opera-
tions for the Harrah’s Casino
in North Kansas City, Mo.
Previously, Colwell had served
as that property’s Director
and Assistant Director of
Slots.

Prior to joining the Harrah’s
organization, Colwell was a
Lieutenant Commander in the
United States Navy, serving
as the Executive Assistant to
the Auditor General of the
Navy. As a Certified Nuclear
Engineer, Colwell also served
as the Reactor Propulsion Of-
ficer aboard the aircraft car-
rier U.S.S. Dwight D.
Eisenhower. In addition,
Colwell also served as an Ord-
nance and Gunnery Officer

aboard the naval warship,
U.S.S. Antietam.

Additional information on
Bally Gaming and Systems
can be found at
www.BallyGaming.com.

Bally Taps Colwell as Director



“On behalf of Table Mountain Casino I just wanted to express our
thanks to you and your team. I couldn’t have asked for anything better.”

Brian Rankin - Slot Technical Manager

On-Site Slot Tech Training
Customized Classes Available
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Slot Tech Product Introduction

Which would you say
are the most com-
mon repairs in your

casino? I’ve never done any
statistical analysis but in
addition the common prob-
lems with buttons, bill vali-
dators, coin mechanisms and,
if you still use ‘em, hoppers
(the things that move or allow
for the insertion of foreign
matter) I would put “bad con-
nections” on my list of “Things
That Fail.”

Bad connections happen so
frequently (in all types of elec-
tronic systems, not just slots)
that I often remove and reseat
connectors without bother-
ing to determine what the
connector actually “connects”
and whether or not it could
actually have anything to do
with the problem I am work-
ing on. The same holds true
for reseating some of the sock-
eted integrated circuits such
as the EPROMs. The way I
figure it, even if it’s not bad, I
may be preventing a future
failure by assuring that the
contacts are good and clean.

As most experienced techs
know, this technique is often
successful in reviving an oth-
erwise dead or malfunction-
ing PCB or system. Just the
act of pulling it all apart and
putting it back together will
often make things work. We

may not know exactly
what we did to fix it but
it’s working and that’s
really our only concern. This
is sometimes referred to as
an “FM” repair. Freakin’
Magic.

This type of repair is simple
and doesn’t require much in
the way of troubleshooting
skills but wouldn’t it be bet-
ter to not have to make this
type of repair at all? What if
there was a way to prevent
connector problems before
they happen?  I have found
the cure for the connector
plague. Oddly enough, the
solution is right in my own
back yard in San Diego, Cali-
fornia.

Preaching the gospel of “pre-
ventative maintenance” for
connectors, CAIG Laborato-
ries manufactures a product
that is ideally suited to the
rugged, 24/7 demands of the
casino. It’s called “ProGold”
and it’s a chemical treatment
that is formulated to improve
conductivity and provide
long-lasting protection on
gold, precious metals and
their base metals. It condi-
tions connectors, contacts

Better
Connected

ProGold provides protection
for connectors

CAIG Laboratories’ president Mark Lohkemper shows off
his company’s electronic maintenance kits.
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and other metal surfaces to
enhance their conductivity
and their ability to efficiently
transmit electrical signals.

“Usually customers or ser-
vice people come to us after
there’s a problem, instead of
treating the potential prob-
lem before it starts,” said CAIG
president Mark Lohkemper.

Stressing the importance of
taking a proactive approach
to service, Lohkemper said
that the best time to take
action is when the game is
new; ideally at the time the
game is manufactured.

“The problem is that as soon
as you remove and replace
the connector a few times,
you scratch the gold off,” said
Lohkemper. “It’s actually
worse! When you apply this
[connector] a few times, you
scratch the gold off. Now you
have bare copper to bare cop-
per and copper oxidizes very
quickly. When you fix some-
thing by taking the connector
off and putting it back on,
you’re breaking through that
layer of oxidation.”

“What our product does for
any surface, especially the
gold, is that it lubricates to
reduce insertion resistance
which helps protect the gold
surface.” said Lohkemper,
indicating the value of using
ProGold at the OEM level,

Progold can be applied with a
premoistened wipe as well as
by numerous other methods.

before the connectors are
applied. “If this is a brand
new connector and hasn’t
been inserted yet, our prod-
uct will penetrate the gold
plating and molecularly bond
to the base metal. It seals out
oxygen.”
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Conduction through a
ProGold coated surface takes
place in three ways. First,
ProGold can be displaced by
electrical arc, shock wave or
simple mechanical pressure
and will redistribute itself
along the surface when the
disturbance is removed. Sec-
ond, a thin insulating film of
ProGold can be dispersed by
an electrical field. Finally,
conduction takes place
through very thin films of
ProGold by means of a quan-
tum-mechanical phenom-
enon called “tunneling” where
electrons travel from one side
of a thin film of ProGold to the
other without passing
through. This is the same
effect that gives the tunnel
diode its name. ProGold also
fills the gaps in the contact
surfaces, increasing the sur-
face area and current flow.

However, any connector, no
matter how old, can benefit
from the treatment. If the gold

surface is already broken or if
the connector is not gold
plated (such as older PCBs or
connector pairs with male and
female pins that are “tinned”
copper) ProGold will keep it
from oxidizing and/or cor-
roding.

The product can be applied in
a variety of ways. CAIG pack-
ages ProGold as bottles of
solution, aerosol cans, mini-
spray cans, pinpoint drop
applicators, porous tip pens,
syringe dispensers or pre-
moistened wipes. Depending
on the environment, a single
application can last from one
to ten years.

This product may be espe-
cially interesting to those op-
erating near the ocean or on
cruise ships. The sea air can
be murder on connectors. If
you find yourself making a lot
of FM repairs, ProGold may
be just the thing you need to
these intermittent failures.

Other Products

CAIG manufac-
tures a variety of
other products.
Some are suit-
able to our indus-
try. Others are
not. They have a
good, general
purpose electri-
cal contact
cleaner called
DeoxIT. DeoxIT
dissolves oxides
and sulfides that

form on metal contact sur-
faces, removing these sources

of resistance. This restores
the contact’s integrity and
leaves a thin, organic layer
that coats and protects the
metals. Special additives pre-
vent the dissolved oxides from
re-attaching, keeping them
in suspension and allowing
them to be dispersed easily
by the mechanical action of
the contact.

DeoxIT works with similar or
dissimilar metals. Even when
a treated connector mates
with an untreated one, DeoxIT
will migrate and coat the other
surface. When the connec-
tors are separated, DeoxIT
will re-coat the exposed metal
surfaces.

CAIG also manufactures a
couple of other products that
we can use on a regular basis
in gaming. One is an aerosol
glass cleaner called OpticALL.
Call it Windex with an atti-
tude. It’s a general purpose,
anti-static glass cleaner.DeoxIT is a general-purpose

contact cleaner.

Eliminate those pesky static prob-
lems on CRTs, glass and carpets
with OpticALL and StaticALL.
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Winter days can cause an-
noying problems with static
electricity. While slot ma-
chines are specifically hard-
ened against ESD hits, it’s
better if the static electricity
can be neutralized at the
source rather than zapping
your customers every time
they walk up to a machine.

CAIG makes a product called
StaticALL that kills static on
floors (and anything else it
touches, for that matter).
When static becomes a prob-
lem, simply spray the carpet-
ing in the area immediately in
front of the game. Lightly
spray a radius of five feet or
so. I have no personal experi-
ence with this product so I
cannot tell you if it works any
better than a couple of cap-
fuls of fabric softener in a
pistol grip sprayer full of wa-
ter when it comes to killing
static electricity on carpet-
ing.

Locating Thermally
Intermittent Failures

Another CAIG product is a
component chiller called
FreezALL. FreezALL cools cir-
cuits down to -54 degrees C
and comes packaged with a
precise one-piece trigger valve
and extension tube for con-
trolled application. Naturally,
this product contains no
CFCs/HCFCs.

Here is a repair trick that’s
worth its weight in gold. Many
games fail when they get hot.
The game will work fine when
it is first turned on but after

warming up, the CPU board
(or some other sub-assem-
bly) fails. This type of failure
is “thermally intermittent”
and you can locate the defec-
tive component with just two
tools: a hair dryer and a can
of FreezALL. With the game
turned on, use the hair dryer
on the hottest setting to heat
the components on the board.
If you’re working on a CPU,
start with the socketed ICs:
the EPROMs and EEPROM.
Practical experience has
shown that heat related CPU
failures are often caused by
the memory devices. Don’t be
afraid to get them good and
hot. You cannot damage an
IC (or any component, for that
matter) with the heat of a
normal hair dryer. When you
heat the bad part, the game
will fail. This will lead you to
the general area of the fail-
ure.

To precisely locate the bad
part, use the FreezALL. The
nozzle comes with a tube that
allows you to aim the spray
on a single component. Once
you have induced the failure
by heating the components
on the board, carefully spray
the parts one at a time with
the FreezALL. The FreezALL
spray will cool the compo-
nent instantly. If the defec-
tive part works properly when
it’s cold, the game will sud-
denly begin to work when it is
hit with the cold FreezALL
spray. To make absolutely
sure that you have isolated
the bad IC, try heating and
freezing it a few times. Each
time you heat it with the hair

 Isolate thermally intermittent prob-
lems with environmentally friendly
FreezALL.

dryer it should fail. Freezing
the IC should cause the com-
puter to regain consciousness
or otherwise restore the func-
tionality of the circuit.

Of course, freezing the bad
part is only a way to locate it.
The FreezALL spray does not
fix the bad component. The
defective part must be re-
placed. This method works
for any electronic failure that
is thermally intermittent. The
success rate is 100 percent.

For further information, contact:
CAIG Laboratories, Inc.
12200 Thatcher Court
Poway, CA 92064-6876
E-mail: caig123@caig.com
www.caig.com
tel.800/CAIG-123
(800/224-4123)
Main Line: 858/486-8388
Main Fax: 858/486-8398
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Slot Tech Electronics 101

We have discussed a
couple of different
types of transistors

in past issues of Slot Tech
Magazine.  We have discussed
conventional, bipolar transis-
tors and we have taken look
at field effect transistors or
MOSFETs. Now, it's time to
introduce you to yet another
type of transistor. It’s called
the Darlington transistor.

There is really nothing mys-
terious about a Darlington
transistor.  It is simply two
transistors, in a single tran-
sistor package.  In a
Darlington transistor, the
emitter of the first transistor
is connected to the base of
the second transistor (see fig-
ure 1).  The two collectors are
tied together.  This still leaves
us with a single device with
three leads coming out of the
package: the emitter, the
base, and the collector.
They’re in the same place as
they are in a standard TO-
220 package. That is to say,
the leads are in alphabetical
order from left to right: base,
collector, and emitter (see fig-
ure 2).

So what is the advantage of a
Darlington transistor over a
conventional transistor?
Think about the specifica-
tions for transistors for just a
moment. Remember that

transistors are rated by volt-
age, current, and another
parameter known as gain.
This is where the Darlington
transistor has its advantage.

The gain of a transistor is an
indication of the transistor’s
ability to amplify an incom-
ing signal. The higher the
gain, the less current it takes
to drive the transistor. For
example, a transistor with a
gain factor of 100 will require
just 1/100 amp of base cur-
rent for 1 amp of collector
current.

There are three general cat-
egories for gain in transis-
tors.  There are low gain tran-
sistors, there are medium
gain transistors, and there
are high gain transistors.  A
low gain transistor is a tran-
sistor that has a gain of up to
around 250.  A medium gain
transistor might have any
gain from 250 to 750.  A high
gain transistor would be
higher than 750.  These gain
assignments are somewhat
arbitrary.

In a Darlington transistor,
the gain of the first transistor
is multiplied by the gain of
the second transistor. To il-
lustrate, let’s look at an ex-
ample. Let’s say that this first
transistor has a gain of only
100. That makes it a low gain

transistor.  Let’s say, for the
sake of discussion, that the
gain of the second transistor
is just 20.  That’s also a very
low gain transistor.  Together,
the Darlington transistor has
a gain of 2000.  That’s a very
high gain transistor.

What do you suppose is the
advantage here?  Why do we
need a high gain transistor?
Darlington transistors are of-
ten used as driver transis-
tors. They often are used to
drive coils or solenoids.  We
might also use them in slot
machines as lamp drivers.  In
a slot machine, a lamp circuit
(a lamp matrix, for example)
draws a reasonably high
amount of current.  But re-
member that the transistor is
driven by the CPU, the com-
puter in the game.  Well, the
computer is very smart, but
it’s also very weak.  The com-

Slot Tech Magazine September 2004

Darlington Transistors

Figure 1.
The Darlington configuration
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puter itself cannot put out
enough current to drive a
lamp.  Instead, the weak sig-
nal from the CPU is used to
drive the Darlington transis-
tor.  Since the Darlington
transistor has a huge amount
of gain, the tiny, weak signal
from the CPU can be used to
drive the high current lamp
circuit.

Testing

When you test a Darlington
transistor, it tests differently
from a conventional, bipolar
transistor.  When you test the
Darlington transistor be-
tween base and collector, you
to get a normal junction drop.
That is to say, with your meter
set on the diode test setting,
you see a typical forward junc-
tion drop voltage of between
around .5 volt or .6 volt.  On
the other hand, when you
test between the base and the
emitter, you still see a junc-
tion drop but it is somewhat
higher than the junction drop
that we saw between the base
and collector.  As you know,
in a normal, bipolar transis-
tor, the junction drop read-
ing obtained between the base
and collector is normally
about the same as that be-
tween the base and emitter.
In this case however, when
you measure between base
and emitter, the junction drop
that you get is somewhat
higher because you are actu-
ally measuring between two
PN junctions and they are in
series.  When you test the
Darlington transistor be-

tween base and emitter, the

PN junction of the first tran-
sistor is being tested in series
with the PN junction of the
second transistor.  Therefore,
the junction drop reading that
you get on your meter is some-
what higher.  For example, if
you measured .5 volt between
base and collector, you might
obtain a reading of .6 be-
tween base and emitter.

Yet another interesting read-
ing you will get is when you
measure between the collec-
tor and emitter.  In a conven-
tional, bipolar transistor, you
will normally get an open
reading between collector and
emitter.  You will get the same
open reading both ways.  That
is to say, with red meter lead
on the collector and the black
on the emitter, your meter
will read open.  When the
leads are reversed and the
black lead is on the collector

and the red lead is on the

emitter, you will get the same
open reading.

Not so with the Darlington
transistor.  When you test the
Darlington transistor be-
tween collector and emitter,
you will get open reading in
one direction but you’ll read
a junction drop when the
leads are reversed.  Hmmmm
. . . That’s very interesting.
What component do we know
that tests that way?  What
component tests open in one
direction and junction drop
when the leads are reversed?
It’s a diode of course. Built
into the Darlington transis-
tor, between the collector and
the emitter, there is a diode.
This diode is a protection di-
ode.  In a nutshell, any time
we use a transistor to drive a
coil of some sort, you will see
some protection diodes used.
Since a common function of
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the Darlington transistor is
that it is used as a coil driver,
the diode is built right in to
the Darlington transistor.

But that’s not all.  In addition
to the diode, there are typi-
cally a couple of resistors that
are also built in to the
Darlington transistor (see fig-
ure 1).  These resistors are
connected between the base
and emitter of each of the two
transistors that are in the
Darlington transistor.  The
presence of these two resis-
tors profoundly affects the
transistor test.  Where you
normally see a junction drop
in one direction and open
reading when your meter
leads are reversed, the resis-
tors allow current to pass even
in the reversed direction.  In-

stead of reading open on your
meter, you will typically get
some sort of voltage drop.

The reading you get depends
on a couple of factors.  One is
the value of the resistors
themselves; the other is your
meter.  Different meters pass
different amounts of current
and voltage through the de-
vice under test.  While some
meters might read something
like 1.8 volts of voltage drop
when the leads are reversed
(actually reading the resis-
tors themselves and not
through the transistors at all)
other meters might show
something like 1.2 V.  The
best way to determine what’s
normal, is simply to try test-
ing some known good
Darlington transistors with

your meter.  Whenever it is
that you’re reading with your
meter, that is what’s normal.

Specifications for Darlington
transistors are the same as
those of regular transistors.
That is to say, they are rated
by voltage, current, and gain.
Substitution is the same as
well. You can always substi-
tute the Darlington transis-
tor for another Darlington
transistor as long as the volt-
age rating is the same or
higher, the current rating is
the same or higher, and it has
sufficient gain.  Remember
these are the rules when sub-
stituting any transistor.  Volt-
age and current can be the
same or higher but you need
to try to match the gain.  It
doesn’t have to be exact, it
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just has to be close.

Darlington transistors come
in both polarities (NPN and
PNP) and in all the same tran-
sistor packages as conven-
tional transistors.  The most
common package that we see
in gaming is the TO-220 pack-
age.

Darlington Array

Another place we use
Darlington transistors in
gaming is as a Darlington
transistor array that looks
just like an integrated cir-
cuit.  One popular type is the
ULN2084A.

The ULN2804A is a mono-
lithic high-voltage, high-cur-
rent Darlington transistor ar-
ray, comprising eight NPN
Darlington pairs. All units fea-
ture high-voltage outputs
with common-cathode clamp
diodes for switching induc-
tive loads. The collector-cur-
rent rating of each Darlington
pair is 500 mA. Outputs and
inputs can each be paralleled
for higher current capability.

Applications include relay
drivers, hammer drivers,
lamp drivers, display drivers
(LED and gas discharge), line
drivers, and logic buffers. The
ULN2804A has an approxi-
mate 10.5 kilohm series in-
put resistor to allow its op-
eration directly from CMOS
or PMOS, utilizing supply
voltages of 6 to 15 volts.
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