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Right: During a recent monitor repair
class in Chicago, Illinois, technicians
from across the country took an early-
morning tour of the Wells-Gardner
monitor factory in McCook. The tour
was lead by W-G's Field Service Coor-
dinator, Chuck Hedrick. Also partici-
pating in the tour was Field Service
Engineer, Chuck Rabiola.

Chuck Rabiola Chuck Hedrick
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Randy Fromm - Publisher

Randy Fromm

The December issue of Slot
Tech Magazine carried a

letter to the editor regarding
service manuals and/or, at
times, the lack thereof. Fol-
lowing publication of the
December issue of Slot Tech
Magazine, I received a tele-
phone call from Wally Sa’d of
Wells-Gardner Electronics.
Wells-Gardner, as readers of
Slot Tech Magazine know, is
a monitor manufacturer.
Their monitors are found in
slot machines worldwide.
Wally wanted to know why I

hadn’t mentioned W-G when
I was handing out kudos to
those manufacturers that
support the technical com-
munity with replacement
components and schematic
diagrams. Here is his follow-
up e-mail:

Dear Randy,

Wells-Gardner has always
been committed to product
support by providing detailed
schematics and service manu-
als.  Our technical support
staff is experienced, knowl-
edgeable and responsive.
Product data sheets and other
technical information is avail-
able on our web site.

Wally Sa’d
Vice President of National Sales
Wells Gardner Electronics Corp.
9500 W. 55th Street, Suite A
McCook, Illinois 60525-3605
Direct   708-290-2180
Fax      708-290-2203

Wally is correct, of course.
Since day one, Wells-Gard-
ner has always provided de-
tailed schematic diagrams,
complete service manuals and
customer support for their
products. I simply neglected
to mention it in this case. I
have however, declared this
previously, in the August
2002 issue when I stated:

“The manufacturers have al-
ways been extremely coop-
erative with me when I have
asked for help. In some cases,
it’s schematic diagrams.
Wells-Gardner, for example,
has supported me for the past
twenty years, generously sup-

plying my students with ser-
vice manuals and schematic
diagrams and even hosting
my tech schools numerous
times at their manufacturing
plant in Chicago.”

And so Wally, just to refresh
your memory of my public
support for W-G, this one’s
for you: I, Randy Fromm, do
hereby declare my long-stand-
ing appreciation of Wells-
Gardner Electronics, your
products and your personnel
(especially Chuck Hedrick) for
their outstanding assistance
in the past, present and fu-
ture.

'Nuff said . . .

I wish a happy and prosper-
ous New Year to all. To our
contributing writers, thank
you for all of your outstand-
ing work. To our treasured
subscribers and advertisers,
thank you for your continued
support of Slot Tech Maga-
zine.

See you at the casino.
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By Kevin Noble

There are many depart-
ments needed to make
the operation of a ca-

sino successful. Without any
one of them, the casino could
not exist. Every job and task
performed is essential to the
smooth flow of the operation.
Having been lucky enough to
experience working in a large
commercial casino and now a
smaller scaled down version,
I can compare different as-
pects of the operations. The
smaller casino allows me to
interact with customers and
patrons, giving what I con-
sider to be better customer
service. The interaction be-
tween all the employees
brings everyone closer to-
gether. Friendships develop
and at the same time, when
tragedy strikes, everyone is
there to pull together to help
out the employee and their
families. This allows us work
together and attains a com-
mon goal and to be the best
that we all can be.

Our Slot Attendants are an
extension of our Technical
Department, especially when
projects are on the go and we

may not always be unavail-
able. Our department is made
up of two classifications of
technicians: Senior Techni-
cians and Site Technicians.
Senior Technicians are re-
sponsible for helping co-co-
ordinate machine moves.
They also participate in the
moves, conversions, up-
grades, and everything to
ensure the department runs
smoothly.

Site Technicians have the
same responsibilities as the
Senior Technician when one
is not present. We currently
have three Seniors (two on
the day shift and one on the
afternoon shift) and nine Site
Technicians: three on days,
four on afternoons and one
on grave. Unlike many casi-
nos, we have no Technical
Managers or Supervisors.

Team Work

Every casino has different
policies and procedures, tasks
and responsibilities to ensure
all the equipment is up and
running. The company can-
not make a profit with games
and equipment down. This is
why we have different as-
signed tasks to make sure
the equipment is running to
its full capacity every morn-
ing. A minor daily chore is the
checking of all yellow cards.

These are minor problems
that do not require a
Technician’s presence imme-
diately but can be looked at
when the machine is free or
when a Technician becomes
free.

Some of the minor problems
could be burned out bulbs,
handle problems, broken
clips and loose buttons to
name a few. Also every morn-
ing we check for BV lights
out, flickering fluorescent
lights and door-open codes
caused by the Soft/Hard
count crew.

When AGCO is scheduled at
the site, we perform what we
call “Randoms.” A Random is
when the Gaming Commis-
sion comes in, picks games at
random and performs EPROM
verifications, coin tests and
inspections to ensure the
integrity of the game, and
that all procedures are main-
tained. The Grave Technician
works on a daily preventative
maintenance program for the
Cage and Coin Department.
Cleaning and calibrating
such equipment as the wrap-
pers, and bill counters, just
to name a few. The Grave
Technician also completes
most of the service reports
handed down from the Audit-
ing Department. They may
consist of bill testing, coin

Slot Technical Department
Senior and Site Technicians
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testing and games or doors
not communicating with the
system. They also have the
responsibility of following the
drop team in case any repairs
may be needed. A bi-weekly
inventory program is also in
place and is brought up to
date and faxed to the main
warehouse to ensure our in-
ventory is up-to-date. In this
manner, we do not encoun-
ter any part shortages.
Monthly programs such as a
Williams hopper test, ensure
that the hoppers are in work-
ing order. Some of these pro-
cedures are implemented by
the Ontario Gaming Commis-
sion.

 Promotions

Watching some technicians
come into the department
and take the next step is ex-
citing, knowing that you can
move through the corporate
ladder. Currently we have
had three technicians be-
come AGCO Electronic Gam-
ing Control Officers, two tech-
nicians went on to become
Slot Shift Managers, one tech-
nician departed to work on
cruse ships, one technician
moved over to become a re-
gional MIS technician, and
one went on to become a re-
gional surveillance techni-
cian.

On December 4th, I lost a
great technician (and good
friend) Alex Tranilles to the
AGCO. Alex accepted the
position as an Electronic
Gaming Enforcement Officer
for the Toronto Area. His hard
work and expertise will be
missed greatly. Good luck
Alex.

Responsibilities

Senior Slot Technician

The Senior Slot Technician
at our site is responsible for
providing leadership, train-
ing, communications with
other departments, handing
out job assignments, signing
out sensitive parts and mak-
ing decisions. Senior Tech-
nicians are responsible for
all tasks including major and
minor repairs, preventative
maintenance, MIS room re-
pairs, upgrades, moves and
conversions. We also main-
tain sensitive and non-sensi-
tive parts inventory for order-
ing of parts and maintaining
adequate inventory levels. We
also are involved with writing
reports, proposals, solutions,
requests and improvements
both within our department
and on the gaming floor.

Without having any supervi-
sor or manager in our depart-
ment, this is one of the tough-
est situations to be in if you
are a Senior Technician. You
are called upon to exercise
leadership. You need to learn
to listen carefully to what
people are saying, not to jump
to any conclusions, to make
decisions, work to promote
departmental teamwork,
hand out assignments and
learn to say “no” when neces-
sary.

Other aspects of the job in-
clude knowing your co-work-
ers’ strengths and weak-
nesses, helping to correct any
mistakes without be critical,
making sure others under-
stand their assignments and
keeping them informed of

any changes and updated
technology.

We have no authority to disci-
pline, write up, or be involved
in any actions between Slot
Technicians and our Manage-
ment. One of the best things
I enjoy is the interaction with
the manufacturers’ represen-
tatives, the vendors and sup-
pliers.

Site Technician

The Site Technician responds
to all service requests called
by the Slot Attendant Super-
visor or Shift Manager. They’re
considered the first level of
repair. When called upon, the
Site Technician basically does
everything a Senior Techni-
cian does when a Senior Tech
is not available. The Site Tech-
nician has the ability to order
parts and write shift reports.
The only major difference is
not having a “sensitive parts”
room key on their key ring.

Tasks

There are many tasks in our
department that we have to
share when a Senior Techni-
cian is not present. When this
happens, the Site Technician
is then pressed into the role.
On days, we share the
workload and try to rotate
different chores so we do not
get stuck doing the same
things every day, like work-
ing with AGCO.

Some of our common tasks
are:
* Clearing all coin and bill jams
* Replacing burned out lights and
bulbs
* Performing all preventative
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maintenance functions
* Receive, unpack, assemble and
test all gaming equipment
* Install all necessary software,
cables, modifications, and up-
grades
* Label all failed components to be
repaired or shipped out
* Perform all game changes, con-
versions, moves and upgrades
* Ordering, inventory control, sen-
sitive and non-sensitive parts
* Assignments and floor responsi-
bilities
* Service reports, Jackpot not re-
porting, Coin Flow Analysis re-
ports
 * Training, safety, policies & pro-
cedures
* MIS room, AGCO inspections,
Technical Shift Jackpots
* Mikohn System, progressive
signs, hard and soft count equip-
ment
* Writing reports, proposals, solu-
tions, requests and floor improve-
ments
* Training new technicians
* AGCO sealing and unsealing,
random inspections, modifica-
tions, progressive testing

Paperwork

The most important paper-
work involved is writing a shift
report and passing on infor-
mation to the next shift. Our
shift report consists of floor
duties for that day, any mes-
sages to pass along, parts
ordered and received games
that are currently down,
games that were down and
are now repaired, number of
service calls on that shift and
the number of games that
were PM’ed. We also set up a
log book for parts that were

ordered. This book logs from
which vendor we have or-
dered, the date it was or-
dered, the technician who
ordered it, a description of
parts ordered and a column
to sign off when the complete
purchase order is completed.

We also keep a slot file in the
shop, sorted by location and
asset numbers. This is handy
for filling out service reports’
game information ahead of
time and finding locations for
the Manual Jackpot Inspec-
tion Reports (they are handed
down from Auditing by asset
number).

Another log book is the Sen-
sitive Parts Transfer Docu-
ment book that holds all the
sensitive parts transferred
from the shop to the floor and
back, transfers from the ware-
house to the shop and back
and what is currently in in-
ventory.

Other log books include:
* Customer Notifications from all
vendors
* Completed past projects
* Past memos

The Corkboard

The corkboard is where all
the up-and-coming projects
are stored. All the projects
are dated, how many games
for the project, the slot file for
the games involved, and the
type of project that is taking
place. We then prep all of the
meter sheets and out-of-or-
der signs in advance and
staple them to the project.

On the day of the project, all
the machine information is
already printed on the sheet,
saving us time on filling out
the location, asset and serial
numbers, along with the
SMIB address, game type and
theme. This is all done with
our slot file.

Overview

Not being a front line casino
employee, you do not get too
much exposure in this de-
partment. There are many
behind-the-scenes jobs that
take place that always go
unnoticed. Tracking all the
sensitive parts takes time,
counting and ordering inven-
tory, game and equipment
preventative maintenance,
burned out lights, following
the drop teams, service re-
ports, manual jackpot re-
ports, coin flow analysis re-
ports, MIS room, cleaning
reels and glass, BVs, and as-
sembling office equipment
just to name a few. A lot of this
is done in the early morning
hours when we are still closed
or when the floor is slow.

This is all our routine we do
most everyday including the
basic floor repairs and, when
scheduled, the moves, con-
versions, and upgrades. We
receive no tips, most of the
time no recognition, but work
hard together as a group to
accomplish all the above tasks.

- Kevin Noble
 - Knoble@slot-techs.com
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Of the Bill Validators
(BV) that I have had to
work with here, there

is only one that is not worth
fixing to component level. That
would be Global Payment
Technology’s (GPT) Genera-
tion 1 and Generation 2 (GI
and GII) Currency Validator.
It’s not a case of it being too
complex, but the cost involved
in just sending the faulty
boards to GPT for repairs is
minimal.

The picture shows an Inter-
national Back Stack (IBS) and
is one of the many GPT GI and
GII BV’s. The ones we use are
the IBS and International
Down Stack (IDS).

We have a test station that
one of our techs (Jako Visser)
built using an old BV. It is
pretty simple. Take a working
spare BV and remove the fol-
lowing from the housing:
1. 18 Position Cable
2. Main PCB
3. Electronic Tray
4. CPU PCB
5. Stacker Harness
6. Micro PCB

You should leave everything
else inside and as with all

things stripped, do not throw
away any of the things you
take out.

With the BV like this you can
replace the CPU, Main and
Micro PCB with great ease
without having to take the
entire BV apart. It is espe-
cially great for testing all those
old boards nobody has used
in about 2 months. The CPU
PCB has a battery that dis-
charges if not used and that
can cause the CPU PCB hav-
ing to be reprogrammed by
GPT or worse, renders it use-
less.

What helps with this is to put
the spare CPU PCB’s into the
test unit and let it run for
about 4 to 5 hours a day.
Keep doing this with all the
spare CPU PCB’s on an ongo-
ing basis and the batteries
should remain charged.

I haven’t made any notes, a
bad habit if not done prop-
erly, on any fault I have come
across but have been lucky
enough to have Techs (Jako
again) that do. I have been
able to remember 99 percent
of the faults and solutions
but still refer to his notes.

Most of the time when I have
been called to a machine for
bad acceptance, there are a

few things that I
check for first. These
things would be the condi-
tion of the transport belts
and the transport belt wheels.
If these two things are not the
cause I generally check the
canister for any obstructions.
Things like paperclips and
folded notes.

If I am satisfied that the head
itself is the cause I generally
take it to the workshop for
reprogramming and video lev-
elling. In figure 1 you will find
the most common problems
we have encountered when
trying to reprogram or test for
acceptance.

Global’s GI and GII
Currency Validator
 - Plus - "Condor - A Dying Breed"

By  Hendrik Sidaway
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Most of the Techs here have
been trained using these
guidelines and my machine
down time due to BV prob-
lems have been kept to a mini-
mal.

There are certain problems
related to the stacker that I
haven’t mentioned at all. Sure
I could go on and on but this
I will keep for another time. If
you feel adventurous, attempt

the board repairs. As I have
mentioned I haven’t had the
need to do so.

Condor, a Dying Breed

All of our machines use the
Condor coin validator and
unfortunately, the spares re-
quired to fix them are unob-
tainable. We have already
been informed to start pro-
cessing them out with the
new and improved Condor
Plus. Think of this as a last
salute to the Condor. We will
surely miss you.

I would like to share few in-
teresting things that I have
come across while working
with Condors:

While moving some machines
and changing the denomina-
tion on some others, we were
busy reprogramming our
Condors from R100 to 50c.
Everything went smooth for
once and it wasn’t until we
switched the machines on for
Gaming Board testing that
the problems started. I never
learned a harder lesson in
my life. All the Condors we
stood and reprogrammed in
about 2 hours wouldn’t ac-
cept any coins.

The Condors belonged in the
IGT S+ stepper machines we
have. I didn’t want to jump to
conclusions so I immediately
pulled one of the Condors to
start faultfinding. Consider-
ing my options, it could have
been one of many things. I
reprogrammed it again and

Figure 2 - Faults that are not necessarily caused by a faulty PCB.

Figure 1 lists some of the most common problems  encoun-
tered when trying to reprogram or test for acceptance.
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thought that solved it. All the
Condors accepted for about
an hour and then the punt-
ers started playing.

One after the other, the Con-
dors started bombing out
again. It had to be a Condor
fault. I was quite sure of this.
I took one Condor and started
again. I was obviously con-
fused as I have done this mil-
lions of times and this has
never happened. This is a
technician’s hell. Having a
slots manager breathing
down your neck, punters
complaining at a 14-machine
bank. Pressure I tell you.

We reprogrammed and com-
pensated the Condor until
we got the error message “Coin
readings too large.” We had
received new 2 pence coins
from the manufacturer for
compensation and this was
when I started comparing.
They of course didn’t have
the same specs as the older
coins. I was sure this was it. I
reprogrammed again and
compensated with the older
2 pence and voila!  I was never
happier.

Other instances include a
Condor not wanting to ac-
cept. When I plugged it into

the programmer, the LED
at the back was flashing
red continuously. I used
another Condor to get the
machine up and running,
allowing me to faultfind with
ease. After some time (I
can’t remember what all I
checked) I came across a
loose connection on one of
the optics. I just soldered
the connection and yet
again, I was in business.

This next error was quite
mind-blowing. I sat with the
problem for about 2 days. As
always, I had replaced the
Condor just to get the ma-
chine working. I was called to
a machine that yet again had
no acceptance. I took it to the
workshop and reprogrammed
the Condor. I did a coin ac-
ceptance test in the work-

shop and it was fine. The
moment I put it back into the
machine, it didn’t want to
accept. I tried compensating
and yet nothing.

It wasn’t until I replaced D4
that it worked. It is a GA 84,
85 or 86 diode.  I know that
depending on the Condor,
these diodes differ. I just keep
replacing them with one of
the same type and it hasn’t
failed me yet.

 - Hendrik Sidaway
hsidaway@slot-techs.com

Editor's Note: Hendrik is the Senior
Slots Technician at the Emerald Casino
in South Africa. Visit their website at:
http://www.emeraldcasino.co.za
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By Herschel Peeler

The S6000 family is one
of the most popular
reel games from Bally.

The model number on the
side of the game specifies
which version you may have.
If the model starts with “S63”
followed by a string of letters
and numbers, it is an S6300
series; or just “S6” makes it
an S6000 series. By name,
these are members of the
“ProSlot” series machines, or
“ProSlant” if it a slant top,
along with the S5500 mod-
els. What defines it as an
S6000 machine is the elec-
tronics package (MPU board
and software). The cabinet
may be an upright or slant
top and still be an S6000.
The top box that sits on the
cabinet may take different
shapes also. Features may
be added for a given theme
of the game built around the
S6000 platform.

Game themes are not unique
to a specific model. If you
were to try to order a belly
glass for a “Blazing Sevens”

game by that description
alone, the person at the
other end of the phone
would likely not know which
one you were talking about.
Trying to find it in the parts
book by that description
would be equally confusing.
You would find perhaps a
dozen pieces of glass fitting
that description. Each for a
different family line, cabinet
style, width, or any number
of other variations. Every
piece of glass has a part
number printed on it. Know
what model your game is or
order things by part number.
You can’t go wrong.

Operation of the game is the
same for all games in the
S6xxx family. Jumpers on
the MPU board are mostly
the same. Setting up op-
tions, bookkeeping and diag-
nostic are mostly the same.
The only variations would be
things added to the game
like Progressive Displays or
add-on features. Some of the
options are set up by DIP
switches and jumpers on the
board. Others are set up in
software through the Op-
tions mode. The tech manual
covers these things quite
well. With limited space I
won’t try to duplicate these
things here. The manuals are
not that hard to get hold of,
are excellently written and

quite complete.

The S6xxx family is a 16-bit
machine running at about 20
MHz. This puts it on par with
an IBM PC AT. That ancient
80286 based processor,
three generations before the
first Pentium. The processor
used is a Motorola 68HC000,
which probably puts it on the
same level as the very first
Apple Macintosh. This is not
a state-of-the-art processor.
It doesn’t have to be. It
doesn’t take much process-
ing power to play a reel
game.

Many of the components
used you would likely find in
an early Macintosh. Most of
the parts are off-the-shelf
type components, available
from a commercial vendor of
(older) electronics compo-
nents. Mostly the game is
High Speed CMOS (74HCxx)
devices and yes, everything
on this board is sensitive to
static electricity. Please
handle it as such. I know you
can get away without doing
so sometimes but our cus-
tomers come here to gamble,
not us. The design of the
electronics is very “straight
up” with very few creative as-
pects. With any given micro-
processor most of the circuit
is a standard design. If you
have learned one, the next

Bally S6000 Part 1
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is easy. Worthy of note, there
are a few components that
would not be covered in a
course on basic electronics
and a few circuits worth talk-
ing about. Speaking of
which, we have the following
circuit descriptions:

Power Supply

The power supply assembly
has an externally mounted
transformer. There are at
least three different trans-
formers for different applica-
tions. In all cases, we have
two secondary windings. A
21 VAC secondary is rectified
and filtered for +24 VDC
power to drive high power
devices. AC Power Sense and
AC Power Failure also use
the 21 VAC line for their
source. There is a 7.5 VAC
secondary that is used to
power player panel and vari-
ous small lamps. Also inside
the power supply assembly
is a switching power supply
module that generates +12
V, -12 V, and +5 V for the
Logic circuits. AC power dis-
tribution is also provided for
by the power supply assem-
bly. The circuit breakers pro-
vide protection to the 7.5 VAC
(CB1) and +24 V (CB2), CB3
and CB4 are AC Main line
breakers. Logic circuits have
their own fuse on the switch-
ing power supply module.

CPU Design Notes

The basic design of the CPU
is much as you might expect
to find built around any
other 68000 style design.
The CPU provides the usual
Address and Data Bus as
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well as Control lines. Address
selection is pretty standard.
One thing that may be worth
noting when working with a
68000 style microprocessor
is the concept of Data Trans-
fer Acknowledge (DTACK).
On synchronous bus de-
signs, we send out Address,
Data and Control lines.
Along with these, we send
out a Strobe line to synchro-
nize all devices on the bus
to the fact that a new ma-
chine cycle is in process. The
length of each machine cycle
is the same (no, not always).
This is a synchronous bus
design. The processor cannot
run at a faster speed than the
slowest device on the bus.
Yes, that’s a simplification.
We will correct that state-
ment later when we discuss
the concept of a Wait State.

The 68000 is capable of op-
erating with an asynchro-
nous bus. Each bus transfer
is not committed to any spe-
cific length of time associated
by the strobe pulse we men-
tioned. When the 68000 en-
ables the address and con-
trol lines it also sends out an
Address Strobe. When a de-
vice decodes its address it
sends back a signal called
Transfer Acknowledge. The
processor may then end that
cycle at that time. This allows
fast devices to respond
quickly and slower devices to
respond more slowly, each in
their own time. Our bus
cycle is not committed to be
as slow as the slowest device.
U62, in the lower right hand
corner of page 1 handles
DTACK functions.

The equivalent of this in a
synchronous bus design
uses a Wait State. This de-
lays the current operation
the processor is doing by one
more processor clock cycle or
in increments of the proces-
sor clock pulse. This allows
the synchronous bus to slow
down for slower devices, but
only in increments of the
processor clock pulse.

The 68000 is capable of op-
erating in either synchro-
nous or asynchronous bus
mode.

SafeRAM

SafeRAM is a procedure that
sets the basic game param-
eters to default values. Since
these are all just data stored
in RAM, most data is safe at
any given time. This does
more than just clear
memory. All options that are
setup by software have a de-
fault value unless they are

deliberately specified to be
otherwise. This information
is stored in the game as data
in memory (RAM) with bat-
tery backed-up power.
SafeRAM sets up this section
of RAM to the default values.
To be more specific, there are
three levels of SafeRAM pro-
cedures we can do. A Partial
SafeRAM clears most of the
bookkeeping and error
counters, but retains the op-
tions. This is the procedure
you would use to clear an
error condition you can’t
otherwise clear normally. A
Complete SafeRAM resets
software configured options
also. This is the procedure
you might use if you were
converting the game to a new
theme. A Complete SafeRAM
clears all memory and puts
the game back to a condition
it had as it came from the fac-
tory. All history is erased of
previous games and condi-
tions. Normally this is only
done when the game is first

Figure 1. - The battery voltage may be read by the
CPU by using the Analog to Digital Converter.



put on the casino floor.

When doing a SafeRAM, the
display should give the fol-
lowing message in the Win
Paid window. Complete Clear
should start out as “CH C”
when started. “CL C” when
finished, or “E C” for an er-
ror encountered during
SafeRAM. For a Full
SafeRAM you should get “CH
F” and “CL F” or “E F”. For a
Partial SafeRAM you should
get “CH P” and “CL P” or “E
P”.

Since this process uses very
little of the MPUs resources,
if you can not do a SafeRAM
or get an error as a result you
likely have a problem in the
CPU chip, Address and Data
Buffers, Address Selection,
or Memory. Most of these
chips are on sockets.

Reseating the ICs may well
resolve your problem. Of
course, follow acceptable pro-
cedures with concerns for
static electricity. The circuits
at the bottom left of Page 2
on the MPU schematics con-
trol SafeRAM (U34 and U35).

Battery Voltage Monitor

Referring to the schematic
diagram on page 16, with the
ADC0804 in the center or
page 1 of the Bally Schemat-
ics, the battery voltage may
be read by the CPU by using
the Analog to Digital Con-
verter, hereafter referred to
as the ADC, (U59, an
ADC0804) on page 1 of the
MPU board schematics. This
operation starts with the
74HC74, U76A. When
ADC_CS (Analog to Digital
Converter Chip Select) hap-

pens U76A is cleared, the Q\
output goes high turning on
Q36, which turns on Q37.
Q37 turning on feeds the
voltage at the battery to the
input of the ADC. ADC_CS
also triggered the ADC (U59)
and started the analog to
digital conversion process. At
the end of this process U59
sends out an Interrupt
(ADC_INT) sets U76A back
again, which makes the Q\
output go low, turning off
Q36 and Q37. Q36 and Q37
are only used to isolate the
ADC from the battery so the
battery is not drained by the
ADC circuit when the ADC
is not needed. Otherwise this
is a classic example of the
ADC0804 in use.

Next month: Part 2
 - Herschel Peeler

hpeeler@slot-techs.com
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Slot Tech Feature Article

There tends to be a lot of
confusion over reels -
virtual reels, physical

reels, reels of all types.  Let’s
examine exactly how slot
machine reels work and try to
simplify the subject.

First of all, the reels with the
strips that you put inside the
machine are called the physi-
cal reels.  You can physically
touch them and hold them in
your hands.  As you’re likely
well aware, if you don’t put
them in correctly your ma-
chine will appear to play and
pay strangely.

This is the first clue that all is
not as it seems.  The slot
machine doesn’t actually care
if there are any reel strips in
the game at all.  It will play
fine without them.  Apart from
some angry and confused
players and a visit from your
local gaming commission, you
don’t need the reels.   They
are there only for the amuse-

ment of the player and to let
them confirm that they did
get paid for three mixed bars
and to show them just how
close the jackpot was when
the red 7 stopped just below
the pay line.  I’ll call these
physical reels the “Player
Amusement Reels” as that is
their primary purpose.

Let’s take a closer look
at these player amuse-
ment reel strips.  You’ll
notice that they have
11 symbols.  The blank
space around each
symbol is also consid-
ered a symbol to the
machine.  If we wrap
the strip on the reel,
we can count 11 sym-
bols and 11 blank sym-
bols for a total of 22.

Where did this stan-
dard of using 22 sym-
bols per reel come

from?  Older mechanical slot
machines had numerous
symbols on the reels with
blank spaces between.  Some
machines were developed
with 22 symbols without
blanks being a stopping place
on the reel, and others used
the blanks as part of the 22
symbols.  This number of sym-
bols became an informal stan-
dard and it was easier to make
new machines using the old
methods so that conversions

could take place, and
technology in place
didn’t have to be
changed.  Figure 2
shows an old me-
chanical reel slot ma-
chine with 21 sym-
bols on it, 1 of which
is a blank.

The so-called stan-
dard of 22 symbols
per reel had two basic
limitations.  First of
all, using mechanical
stops, there was a limit
to the number of stops
that could accurately
be used in the reels.
If you had to have a
physical notch in the
reel, you had to make
sure that the machine
could latch into this
notch and stop the
reel where it was sup-
posed.  With a small
number of symbols,
you also had a limit to
the total number of
combinations pos-
sible in the game.  Suppose
that we have three reels with
22 stops per reel.  Our ma-
chine has a total of 22 x 22 x
22 or 10,648 different combi-
nations.  That means that the
total coins taken in is 10,648
(assuming 1 coin per game),
so the total payments must
be less than this if we are to
make any money.  You can’t

Virtual Reels?  Physical Reels?
Just the real truth By John Wilson

Figure 1 - Old mechanical reels
needed ‘notches’ to stop the reels
from spinning.
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have a 20,000-coin jackpot or
else you find yourself in a
losing proposition.

One solution is to add more
symbols to the reels.  This
results in the reels getting
larger in order to accommo-
date the increase of symbols
and you reach a point where
not only is the reel too large
to fit inside the machine, but
you need a lot of energy to
spin the large reel.  The only
other option is to make the
reel symbols smaller.  Player’s
didn’t go for this idea, how-
ever.  They want the 7’s to be
big and the cherries to be
large and red.  The old reel
shown in figure 1 is 2 1/16"
wide, whereas the new one
(shown in figure 2)  is 3 5/16"
wide.

Of course you could add more
reels to the machine to make
a larger number of combina-
tions.  This did happen but it
adds further technological
problems.  With each reel you
add, you increase the poten-
tial for mechanical problems
as well as making it more
difficult to program the vari-
ous payout and combinations.
For a while it might have
seemed like the slot machines
had reached their peek po-
tential.

Inge Telnaes solved this prob-
lem when he submitted an
idea to the U.S. patent office
on February 24, 1982.  The
Telnaes patent, now owned
by IGT, revolutionized the slot
machine industry just as
much as Charles Fey did
when he invented the slot
machine in the first place.

The Telnaes patent describes
a means of using a ‘virtual’
reel with an almost unlimited
number of symbols and stops
on the reels.  In order to
overcome the problems we’ve
just discussed, he proposed a
method to convert this large
virtual reel into the smaller
physical reel inside the ma-
chine.  It was a futuristic look
at slot machines made pos-
sible by the emerging tech-
nology of the day.

What, then, is a ‘virtual’ reel?
Quite simply, it’s a reel that is
simulated by the computer.
It only exists in the memory
of the computer inside the
slot machine and can’t be
physically seen or touched.
Each reel could have thou-
sands of symbols and stops
on it and still relate to the

pioneer-day reel within the
slot machine.  With 3 reels
having 1,000 stops per reel,
we would have 1,000 x 1,000
x 1,000 or 1 billion possible
combinations.  This allows us
to not only have a large jack-
pot payout but to have an
incredible number of varying
symbols and combinations.

Today, the player amusement
reels move to represent the
outcome of the virtual reels
through the use of stepper
motors under precise com-
puter control.  The stepper
motors can move the reels in
any direction and by specific
rotations.  Most stepper mo-
tors move 1.8 degrees each
time an electrical pulse is
sent to them, so we have a
total of 360 / 1.8 = 200 posi-
tions that a reel can step
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through.  Due to the accurate
positioning with a stepper
motor, the reels can be made
to spin forwards or backwards,
nudge up or down to a sym-
bol, and could be made to
spin at varying speeds as well.

Since the requirement of
having reel stops directly re-
lated to game payout combi-
nations has been removed,
and the stepper motors can
position the reels with great
accuracy, we have overcome
the two problems identified
earlier.  This opens the door
to almost unlimited possibili-
ties when developing reel-
spinning slot machines.

If the slot machine uses this
imaginary reel inside to de-
termine what symbols appear
and with what probability,
how then does the machine
translate this into our player
amusement reel?  Let’s ex-
amine this next.

By examining any PAR sheet
for a slot machine you will see
some form of a listing show-
ing the symbols and the prob-
ability related to each sym-
bol. Note that some symbols
occur more than once and
others only once.  Let’s exam-
ine a fictitious reel.

Taking a quick look at the reel
in Figure 4, notice that the
Double Bars appear 4 times
and the Single Bars only ap-
pear once under “Physical
Symbol.”  We would assume
that the Double Bars have 4x
the chance of coming up.  This
is where the player amuse-
ment reel is separated from
the virtual reel.

Each symbol in the reel is
assigned a value. This value
tells us how many of each
symbol there are.  In this
case, although the Single
Bars appear only once, there
are actually 6 of them.  The
Double Bars, although they
appear 4 times, only have a
value of 1 each, for a total of 4.
The Single Bars, therefore,
appear 6 times for each 4
times the Double Bars ap-
pear.  The Single Bars have a
(6/4) 1.5x greater chance of
being picked than a Double
Bar, even though they physi-
cally appear less frequently.

Let’s take this one step fur-
ther.  Let’s examine exactly
how the machine gets from
our virtual reel to the physi-
cal one.

Since there are 72 stops on
our virtual reel, the slot ma-
chine must pick a number at
random, between
1 and 72 inclu-
sive.  Let’s sup-
pose it picked 11.
It then finds the
11th symbol in
the list.  This isn’t
the 11th physical
symbol, but the
11th virtual sym-
bol.  As we move
down our list, we
find 5 blanks,
then 1 Double
Bar, for a total of
6.  Next come 4
more blanks,
bringing the total
to 10.  Add in 1
more to get to 11
and we’re sitting
at a Single Bar.
Although there

are six Single Bars, we only
add up until we have reached
our number.  In this case, the
11th symbol in our list is a
Single Bar.  If we look down
the 3rd column of our chart,
we can easily find any value.
Suppose we picked the ran-
dom number 45.  If we look
down the column, the num-
bers 38, 39, 40, 41, 42, 43,
44, 45 and 46 all correspond
to the blank just between the
Double Bar and the Cher-
ries.  That is where the physi-
cal reel would stop.
As you can see, the virtual
reel can be as large as we
want.  It only needs to have
some means of looking up a
reference to the physical reel.
This is exactly what the slot
machine does.  The player
amusement reel will only have
22 stops (symbols) on it.  If the
virtual reel has 32, 64, 128, or
5,000 stops on it, it just gets
converted to the location on
the physical reel.

Figure 4 - Our sample ‘Virtual Reel’
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Figure 5 shows a representa-
tion of what our sample vir-
tual reel looks like.  Blanks
are shown by small rectangles
for ease of recognition.  The
virtual reel then ‘maps’ onto
the smaller player amuse-
ment reel, as shown in the
illustration.  In this example,
the first five blanks corre-
spond to the one blank before
the first symbol on the actual
reel.  The one double bar cor-
responds to a double bar on
the actual reel.  The next four
blanks map to a single blank
on the actual reel, and so
forth.  As long as this ‘map’ is
in place, which it is in all
machines, the virtual reel can
be as large as we wish.

From a player’s perspective
the physical reel strip cer-
tainly gives you the impres-
sion that you will have the bar
symbols appearing quite fre-
quently.  Look at the virtual
reel however, and it becomes
overwhelmingly clear that you
will have blanks showing up
most of the time.

Another example of the dif-
ferences between the virtual
reel and the physical reel can
be found by careful examina-

tion of the reel strips on an
IGT Sizzling 7s machine.  The
‘7’ symbols (Red 7 or Sizzling
7) are almost always beside a
bar symbol.  With this design
the 7’s will be either on the
pay line or slightly above or
below it most of the time.
While this gives them the il-
lusion that the 7’s have al-
most line up on the pay line,
it’s the virtual reel that tells
the truth.

The only remaining step is for
the slot machine to actually
move the player amusement
reel into position.  Take a look
at one of the reel hubs and
you will notice a small plastic
tab sticking out of the side.
The tab passes through a small
optical sensor (Figure 6).  This
allows the slot machine to
know when the start of the
reel is in position.  By check-
ing this sensor the computer
knows the reel is aligned at
the beginning and can then
continue moving the reel the
desired number of positions.
For example, let’s say that it
wants to move to our Single
Bar symbol, which is the 4th
symbol on the physical player
amusement reel strip.

Figure 5  - Relationship between
Virtual Reel (left) and Physical
Reel (right)
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We know that there are 360
degrees in a circle, and that
there are 22 symbols on our
reel.  Each symbol then takes
up 360 / 22 or 16.36 degrees
of the total circle.  One impor-
tant item must be mentioned
here.  On an actual slot ma-
chine, the size of the blanks
is not always the same as the
size of the symbols.  In order
to make our calculations as
simple as possible, let’s as-
sume that the symbols and
blanks are all the same size.
Once we find the start of the
reel (by checking the sensor
as we spin the reel) we have to
move 16.36 degrees to move
to each symbol.  The 4th sym-
bol is 16.36 x 4 = 65.45 de-
grees away from the start of
the reel.  If the stepper motor
moves 1.8 degrees per move,
then 65.45 degrees divided
by 1.8 degrees equals 36 steps
of the motor to move the sym-
bol into place.  The numbers
don’t work out quite evenly
(there is a small fraction re-
maining) because we have
simplified things a little bit.

In reality, the pro-
cess works the
same with some
minor changes to
take into account
where the center
of the symbol is
and the fact that
blanks are not al-
ways as large as
the visible sym-
bols are.

To examine this
from another

angle, let’s consider the reel
indexing error (eg: 41 on an
IGT = reel 1 error).  As the
computer spins the reel us-
ing the stepper motor, it
knows that once it reaches
the start of the reel, it should
be back at the start of the reel
after moving the motor 200
steps.  If it’s not, then some-
thing has gone awry with the
motor, and it doesn’t know
for sure where the reel is.  It
could wait until it finds the
sensor mark again, but the
reel isn’t spinning properly.
If the machine stops the reel
where it should, the symbol
may not be lined up on the
pay line or it might show a
different symbol altogether.
Should the machine arbi-
trarily stop the spinning reels
to show the error, there is no
way to predict what symbols
will appear.  Perhaps three
Jackpot symbols will happen
to land on the payline.  To

Figure 6 - ‘Start of Reel’ tab moving towards optical sensor

solve problems of players
claiming the machine
stopped with 3 jackpot sym-
bols showing but not paying
the jackpot, the machine will
put the reels into a slow-spin
and show the fault code.  Then
a technician can check the
machine and perform some
diagnostics to determine what
is wrong with the reel.

Hopefully this has cleared up
the relationship between vir-
tual reels and the physical (or
player amusement) reels.

It’s not hard to see that the
virtual reel, which the slot
machine uses, can vary quite
differently from the physical
reel.

 - John Wilson
jwilson@slot-techs.com

This reel strip had the blanks re-
moved between the Triple and
Double Bar symbols.  They were
replaced with a Single Bar symbol.
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Slot Tech New Product

Coin Mechanisms Inc.
has announced the
release of the

Gamesman Brand of Spe-
cialty Push Button products.
The Specialty Push Button
line is comprised of the GPB
430 L.E.D. Disco Button, the
Vibrating Push Button and
the Rotary Push Button.

The GPB 430 L.E.D. Disco
Button expands the possi-
bilities of game design fur-
ther by enabling special light
effects to use as an attract
mode or as an integral part of
a bonus play round.  Tri-col-
ored Light Emitting Diodes
orbit the bezel of this
stylish push but-
ton to create

a wonderful visual effect and
interesting play opportuni-
ties.

Another groundbreaking
product in the Gamesman
Brand product line, the Vi-
brating Button adds a totally
new dimension to push but-
ton technology.  This novel
addition to the range will add
a shock to any application
and yet remains discreetly
hidden from the player to
create a genuine surprise.
Utilizing the same small vi-
bration device used on cell
phones, the Vibrating
Button’s lens cap buzzes and

vibrates when a 2 to 4
volt power sup-

ply is activated
on its power

line.

Yet an-
other new
innovation
in push
b u t t o n

technology
is the Rotary

Push Button.  The
extraordinary design

of this button is that it is
really two products in one.  It
features a 360-degree, free

Gamesman Specialty
Push Button Products
Gamesman Brand Products
by Coin Mechanisms Inc.

rotating outer bezel (allowing
it to perform the function of a
joystick) and a central actua-
tion push button.  This dual
function specialty button will
add an entirely new dimen-
sion in player control to a
game feature.  It is available
in a variety of either solid or
translucent colors.

For more information, contact:
Coin Mechanisms, Inc.
400 Regency Drive
Glendale Heights, IL 60139
tel.630.924.7070
fax.630.7088
email
coinmech@coinmech.com
www.coinmech.com.
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Slot Tech New Product

Densitron Presents ConnectBus®-II
Delivering the Power of a Complete PC-Based Platform
for Gaming and AWP markets

Densitron became the
first company, with
their DPX-80 gaming

board, to bring PC-based com-
puting in a reliable, industry
tailored form to Las Vegas.
Now the new ConnectBus(r)-
II platform, draws on the
company’s 6 year’s experi-
ence in the market combined
with feedback from custom-
ers to deliver a complete hard-
ware platform based on two
new highly-integrated
motherboards designed for
the very specific needs of the
gaming industry.

At the heart of the new plat-
form is a choice of two new
CPU boards, the DPX-114 and
the DPX-115 which offer an
unrivalled range of perfor-
mance from the exceedingly
low power consumption of the
DPX-114 (which can run with-
out a CPU fan) up to the very
latest Intel Pentium 4 of the
DPX-115. Graphics perfor-
mance is also astounding,
breaking new ground for
embedded computing. Both
the DPX-114 and the DPX-
115 use the Mobility(r)
Radeon(r) series graphics
processors from ATI Technolo-
gies, a household name and
recognized leader in graph-
ics technology.

For the gaming OEM the new
platform provides much more
than a high performance
embedded computer board.
ConnectBus(r) II offers the
same simple and accurate in-
stallation and serviceability

that were key to the success
and reliability of the original
ConnectBus(r) products, but
expands this to offer a com-
plete solution covering all the
input/output requirements,
as well as security needs of a
typical gaming device.
Several security features
against software piracy are
included to help ensure that
a game will only run on spe-
cific hardware, and the hard-
ware will only run valid game
code.

The ConnectBus(r) II platform
has been designed for a maxi-
mum product life to ensure
that the gaming OEM is not
subjected to the typical 6-
month product lifecycle of
standard PC motherboards
and graphics cards.
Densitron products have a
typical lifespan of 3 to 5 years,

giving the customer the con-
fidence and stability they re-
quire from a hardware sup-
plier.

Densitron’s new “complete
platform” frees the game
manufacturer from worries
about the hardware, operat-
ing system and drivers, al-
lowing them to do what they
do best: creating innovative
and dynamic games!

For more information contact:
 Densitron Corporation
10400-4 Pioneer Blvd
Santa Fe Springs, CA 90670
Tel: +1 562 941 5000
Fax: +1 562 941 5757
Email: sales@densitron.com
www.densitron.com



Slot Tech Magazine January 2004 Page 25

Founded in 1995 as a
division of Princeton
Graphics Systems,

Custom Video Display, Inc.
(CVD) was created with the
goal of providing world class
video display solutions. CVD
entered the Gaming indus-
try when Casino Data Sys-
tems decided to build games
with “the best video” avail-
able. CVD was selected by
Casino Data Systems to fur-
nish the first SVGA monitors
in gaming and became Ca-
sino Data’s exclusive supplier
of monitors. CVD continued
to provide gaming solutions
to companies such as Sigma
Gaming, Anchor Gaming and
Mikohn Gaming in various
models and configurations.

Today, operating as a totally
independent company, CVD
manufactures custom CRT
and LCD touch screen prod-
ucts for industrial and com-
mercial applications.

“We are building-in
tomorrow’s technology to-
day,” said Ron Shiroke,
founder and now owner/CEO
of CVD. “The value we offer
out customers is our ability to
leverage our resources to re-
duce the normally long de-
sign and delivery phase often
associated with custom-de-
signed new products. We have
a 36,000 sq. ft facility that
allows us to stock materials
and components to ensure
we are getting the best prices

available, along with it afford-
ing us the ability to ramp
production.”

CVD provides unique and ef-
fective custom designs for
their clients’ applications as
well as their dedication to
what CVD refers to as “ex-
treme customer service and
satisfaction.” Their premier
relationships with key tech-
nology partners enable CVD
to provide customers with the
latest technology that has
been fully tested and inte-
grated into a variety of “world-
class” video solutions.

With roots firmly entrenched
in the gaming industry, CVD
has also ventured into new
markets such as food service,
POS sales, Manufacturing,
security kiosks, and water-
proof, sunlight-readable (Hi-
Bright) LCDs for marine ap-
plications.

For further information, contact:
Custom Video Display, Inc.
10910 Talbert
Fountain Valley, CA  92708
Tel.714.593.1185
Sales@custdisp.com

Slot Tech Monitor Resource

Introducing CVD
Custom Video Display Replacement CDS Monitors Offered
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Slot Tech Software Solutions

In most jurisdictions, casi-
nos are 24-hour-a-day op-
erations. They also often

have large workforces with
corporate offices and various
properties in different states.
Given the size of the
workforce, the operating
hours, and the different loca-
tions, the casino operator is
presented with the challenge
of effectively managing their
employees. So when it comes
to keeping up with their
organization’s training and
communications needs, are
there any products or sys-
tems out there that will
smooth all of these wrinkles
out?

Well, as it turns out, there is.
It’s called QTMSTM (Quality
Training Management Sys-
tem. This is a software appli-
cation that integrates a fully
automated, user-friendly in-
terface with communication
and training tools designed
by gaming industry experts.
From the ground up, the
QTMSTM has been designed
for quick and easy use by any
casino employee, whether
they are a bartender, a slot
technician, or the Vice Presi-
dent of Marketing. The inter-
face is all web-based, so no
special software is needed on
any employee’s computer.

The QTMSTM has many
features to make it easy
to communicate with any
other person in the company,
regardless of what shift they
work or where they’re work-
ing. For urgent memos, man-
agers can track when com-
munications were read and
by whom, so it can be known
that important information
was disseminated properly.
All of this can happen within
seconds.

In addition to all of these
abilities, the QTMSTM has
other communications tools
built in as well. There is an
electronic logbook known as
Q-Log that provides employ-
ees with the ability to add and
read entries in their own de-
partmental logbook. All of
these entries are then
archived in an easy-to-use
repository for quick access by
management.

For general communications,
Q-mail allows anyone within
the organization to send and
receive messages to and from
other employees, managers
or entire departments with-
out the need for an e-mail
address. A related feature is
Q-Discussion, which is a dis-
cussion board that allows
threaded asynchronous com-

munication between differ-
ent employees or teams.
There is an archiving system,
called Q-Repository, which is
where all of this data is
archived for easy access by
authorized personnel.

The QTMSTM even has the
functionality to accept online
job applications and customer
satisfaction surveys, all cus-
tomized to meet the casino
operator’s unique require-
ments.

In addition to all of the com-
munications features, the
QTMSTM also contains a ro-
bust, scalable and fully auto-
mated Learning Management
System (LMS). This contains
an extensive library of train-
ing courses designed espe-
cially for casinos by experts
in the gaming industry. The
courses that are currently
available in the QTMSTM li-
brary fall into seven catego-
ries: Business Fundamen-
tals, Business Skills, Com-
puter Training, Customer
Service, Employee Relations,
Gaming Violation Prevention,
and Industry Specific. There

Computer-Based
Communication and

Training System
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are three additional catego-
ries that will be added to the
library in 2004: Language
(Spanish, English, and Ameri-
can Sign Language) Supervi-
sory Certification for Casino
Employees, and Customer
Focus. Most courses take
employees from eight to fif-
teen minutes to complete
successfully, which includes
taking a post-test. A feature
called Q-Roster can automati-
cally track all classroom train-
ing that is successfully com-
pleted (on-site or off-site) by
casino employees.  It is even
possible to request a course
or a number of courses be
developed to cover specific
subjects. Once developed, the
courses will then be added to
the library, in many cases at
no cost to the operator. Any
existing internal training
materials (videos or web-
based courses) can be inte-
grated into the QTMSTM as
well.

Though the QTMSTM has great
communication and training
features, the most important
feature of the application is
that it can be customized to
meet any casino’s unique
requirements. This QTMSTM

application allows for all in-
ternal forms to be integrated
into the application and can
be accessed from any desk-
top computer or training sta-
tion. These forms can be job
applications, Security Inci-
dent Reports, forms for the
company 401k program, and
even employee suggestions.

The forms integrated into the
QTMSTM may also be viewed
in English or Spanish de-
pending on the casino’s re-
quirements. Integrating in-
ternal forms into the QTMSTM

will save the casino operator
an enormous amount of
money and time. Once an
employee submits a form, it
is automatically sent to the
appropriate party within the
organization while also being
archived in the Q-Repository.

To give some better illustra-
tions of how QTMSTM works,
let’s go over some example
situations where it would be
used:

The most important uses of
QTMSTM are in cases where
employees have to be given
new information, such as an
important gaming regulation
change. A manager can as-
sign a memo to be read by all
of his or her employees, to
the entire casino, or even to
employees spread across
multiple properties and
shifts. Now, when employees
read this message, they ac-
knowledge that the message
was read, thereby notifying
the manager that the infor-
mation was properly commu-
nicated. The same can be
done with training courses
the manager deems neces-
sary for their employees’ de-
velopment. This is all auto-
mated and is accomplished
within seconds, no matter the
size of the organization.

Communication for planning
major events at the casino is
also well within the scope of
QTMSTM, because the QTMSTM

makes it easy for employees
on different shifts (and even
different properties) to get
any and all information
needed to each other. So if
your casino is planning, for
example, a slot tournament,
the Vice President of Market-
ing can asynchronously stay
in touch with the managers
and other employees that are
pulling the event together via
Q-Discussion. This makes it
much easier for everyone to
know what everyone else is
doing so no effort gets dupli-
cated and, even better, noth-
ing important gets missed.

Really, the possibilities are
endless. From effectively
training casino employees or
to communicating urgent in-
formation to planning out
major events, the QTMSTM

gives casino operators the
power to take control of all of
their internal communica-
tions and training.

For further information, contact:
Casinos-Resource
1915 Presidential Heights
Suite 1312
Colorado Springs, CO 80906
Tel.888-498-QTMS (7867)
Fax.509.471.7229
info@casinos-resource.com
www.casinos-resource.com.
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It’s one of the most com-
monly replaced semicon-
ductors in monitors. I

would probably not be going
out too far on a limb to say
that it is the most common
semiconductor failure in
monitors. From my personal
experience, I know this to be
true, anyway. At a recent slot
tech training class at Table
Mountain Casino we went
through more than a dozen
of them!

By way of review, let’s take
another quick peek at the
horizontal deflection circuit.
To be specific, let’s concen-
trate on the horizontal out-
put circuit since that’s where
the horizontal output tran-
sistor does its thing. In fact,
in this case, we don’t even
need to consider the hori-
zontal deflection coils in the
deflection yoke or their as-
sociated collection of capaci-
tors and inductors. Let’s just
look at the relationship be-
tween the B+ power supply,
the flyback transformer and
the horizontal output tran-
sistor itself.

The switched-mode power
supply (SMPS) creates the
B+. This power supply will
vary between manufacturers
and models but is generally
somewhere in the range of
+77 VDC to +136 VDC.

The B+ is connected to one
end of the primary winding
of the flyback transformer.
The other end on the
flyback’s primary winding is
connected to the collector of

the horizontal output tran-
sistor. It’s easy to identify the
horizontal output transistor
in any monitor. It is always
the largest transistor, closest
to the flyback transformer. In
a modern monitor, this is
typically a TO-218 package,
sometimes referred to as a
TO-3P (“P” for “plastic”) pack-
age as well.

The horizontal output tran-
sistor is always an NPN tran-
sistor. The emitter of the
horizontal output transistor
is always grounded. The
horizontal output transistor
is simply a “ground switch,”
a topic that we have covered
previously here in Slot Tech
Magazine.

When the hori-
zontal output
transistor is
turned on, the B+
current flows from
the power supply,
through the pri-
mary winding of
the flyback trans-
former, through
the horizontal
output transistor
(from collector to
emitter) to
ground. This
builds up a nice
big magnetic field
in the flyback.
When the transis-
tor is turned off,
the magnetic field
surrounding the
flyback trans-
former collapses.
As the magnetic
field expands and

collapses, electric current is
forced to flow through the
secondary windings, creat-
ing all of the voltages that the
flyback is supposed to create:
the EHT, the focus voltage,
the screen voltage and, in
many cases, the CRT heater
voltage as well. See the Janu-
ary 2002 issue of Slot Tech
Magazine (available online at
slot-tech.com) if you need to
learn more about flyback de-
rived power supplies.

The collector current flowing
through the horizontal out-
put transistor is the single
highest current flow in the
entire monitor. It’s the James
Brown of the monitor, the

It’s easy to identify the horizontal output tran-
sistor in any monitor. It is always the largest
transistor, closest to the flyback transformer.

It’s H.O.T. Understanding the
Horizontal Output Transistor
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hardest-working transistor in
show business. When the
horizontal output transistor
fails, it almost always goes in
a big way. Not with a shower
of sparks, flame and smoke
but with a dead short be-
tween the collector and the
emitter. Not too surprising of
course, since that’s where all
the current is flowing. It
doesn’t look bad when it
fails. It’s just shorted.

So, What’s Up With All the
Different Part Numbers?

If all horizontal output tran-
sistors in all monitors are all
more-or-less the same shape
and size and they’re all con-
nected the same way and all
performing the same func-
tion and all doing the same
thing, why is it that there are
so many different part num-
bers for the darned things?
Every time you look at a new
make or model of monitor,
there’s a different part num-

ber for the horizontal output
transistor.

Well, first of all, there are
hundreds, thousands of
transistors that can be inter-
changed with one another
and will function properly. In
a way, it’s kind of like the
battery in your car. It doesn’t
matter what brand of battery
you use but Delco and Die-
hard batteries will have dif-
ferent part numbers, regard-
less of the fact that their

specifications might be iden-
tical or nearly so.

Consider too the fact that, al-
though your vehicle might
call for a battery that can pro-
vide 400 amps, if you replace
it with a 450 amp battery,
you’re cool, right? You may
never use the extra 50 amp
capacity but it’s not hurting
anything either. As long as
the size of the battery (the
“package”) is the same, it fits
and it works.

When the horizontal output transistor is turned on, the B+ current flows from
the power supply, through the primary winding of the flyback transformer,
through the horizontal output transistor (from collector to emitter) to ground.
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It’s kind of the same way
with horizontal output tran-
sistors. It’s really just a mat-
ter of specifications and, in
the case of horizontal output
transistors, there are four or
five that you need to con-
sider when selecting a re-
placement device.

Specifications

IC - Collector Current This
is the maximum current
(measured in amperes) that
can be controlled by the
transistor. Naturally, large
transistors can handle more
current that small transis-
tors, just as thick wire can
handle more current than
thin wire. The largest size
transistor we commonly use
in games is the TO-218 pack-
age.

VCEO or BVCEO - Collector-
to-Emitter Voltage This is the
maximum voltage that the
transistor can handle as
measured between the col-
lector and the emitter when
the base lead is open (not
connected.) This is when the
transistor is completely
turned off and must block
the current from flowing be-
tween the collector and emit-
ter of the transistor.

VCBO or BVCBO- Collector-
to-Base Voltage This is the
maximum voltage that the
transistor can handle as
measured between the col-
lector and the base when the
emitter lead is open. This is
a measurement of the
“strength” of the collector-to-
base junction when it is re-
verse-biased. That is to say,
it’s an indication of how
much voltage the transistor
can withstand when the col-
lector is at a very high posi-
tive voltage with respect to
the base.

hFE - Current Gain or “Beta”
This is an indication of the
transistor’s ability to amplify
an incoming signal. The
higher the gain, the less cur-
rent it takes to drive the tran-
sistor. For example, a tran-
sistor with a gain factor of
100 will require just 1/100
amp of base current for 1
amp of collector current.

We can lump most transis-
tors into three general cat-
egories. Low gain transistors
have a gain of up to 250.
Medium gain transistors
have a gain of 250-750. High
gain transistors are those
with a gain factor of more
than 750. Admittedly, these
figures are somewhat arbi-
trary. All horizontal output
transistors are low gain tran-
sistors.

Substituting horizontal out-
put transistors is a lot like
substituting diodes. You can
make the substitution as
long as the replacement
transistor is the same polar-
ity (NPN or PNP) and has the
same or higher voltage rat-
ing and current rating. How-
ever, you should try to match
the gain rating of the tran-
sistor as best you can. Sub-
stitute only low gain transis-
tors for low gain transistors,
mediums for mediums and
highs for highs. This is not
actually too difficult. As long
as you’re in the ballpark you
should be okay.

But there is another, very im-
portant consideration when
selecting a replacement hori-
zontal output transistor and
that is the frequency re-
sponse or “speed” of the
transistor. This parameter is
also known as the "switching
time" of the transistor.

As monitor and computer

technology has progressed,
the horizontal frequency of
monitors has increased
markedly. Take a look at the
chart below and you can see
the dramatic increase in
horizontal frequency.

For around forty years, we
have been looking at stan-
dard, NTSC monitors. That’s
a 525 line, interlaced raster
picture, with 480 visible
lines on the screen. At a lei-
surely 63 microseconds per
horizontal line (including the
horizontal retrace time) we’re
looking at a horizontal fre-
quency of just 15,734 Hz.
Because NTSC is so slow, the
interlaced raster scheme re-
quires us to lay down two al-
ternating fields of just 240
lines each.

NTSC is okay for watching a
low-resolution television pro-
gram but if we want to dis-
play slick-looking computer
graphics (and we do want to
display slick-looking com-
puter graphics) we’re going
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to need more lines and the
way to accomplish that is to
speed up the horizontal de-
flection circuit. If we double
the horizontal frequency, we
can put twice as many lines
on the screen in the same
amount of time. We can

dump that crappy, interlaced
scan and go for a 480 line,
progressive-scan picture that
we now refer to as “VGA”
resolution or 640 X 480. The
numbers refer to a picture
that is 640 pixels wide by 480
lines tall, corresponding to

the 4:3 aspect ratio of the
CRT itself. The horizontal fre-
quency is now doubled to
31,468 Hz or approximately
31.47 kHz.

Naturally, this means that
the horizontal output tran-
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sistor will have to switch on
and off twice as fast. If the
horizontal output transistor
is not able to change state
fast enough, the entire hori-
zontal output circuit will be-
come terribly inefficient. The
transistor will generate huge
amounts of heat and fail af-
ter just a few minutes, hours
or days of operation.

It’s really a heart-breaker as
well because you locate the
bad horizontal output tran-
sistor and replace it in just
10-15 minutes, you fire-up
the monitor and it works
great! You get all excited that
you’ve fixed the monitor and
you’re looking forward to sa-
voring your triumph with a
cup of coffee and a smoke

when . . . Pfffft! The monitor
goes dead and you hear the
tell-tale sign of a bad hori-
zontal output transistor - the
SMPS begins its subtle tick-
ing or chirping sound - and
you know that that cup of
Joe is just gonna have to
wait.

Other resolutions require
even higher horizontal fre-
quencies. In some monitors

(we don’t use them in gam-
ing . . . yet!) the horizontal
frequency approaches 100
kHz.

The point is that when you’re
obtaining a replacement
component, you need to pay
attention not only to the
three specifications men-
tioned previously (voltage,
current and gain) but to the
frequency response of the

2SA - PNP transistor for High Frequency Application
2SB - PNP transistor for Low Frequency Application
2SC - NPN transistor for High Frequency Application
2SD - NPN transistor for Low Frequency Application
2SK - N Channel Field Effect Transistor

JIS Part Numbers
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transistor as well. Here is
where a little bit of knowl-
edge about the JIS part num-
bering system can help you
out.

JIS

JIS stands for “Japan Indus-
trial Standard” and it’s a
standard part numbering
scheme for semiconductors
used worldwide. It’s really
pretty clever because unlike
the American system (called
“JEDEC” for Joint Electron
Device Engineering Council)
a JIS part number actually
tells you something about
the specifications of the de-
vice.

As it is in the JEDEC system,
the first number indicates
the number of PN junctions
in the device. Diodes, for ex-
ample, have only a single PN
junction. A typical JEDEC
part number is something
like 1N4004. A typical JIS
diode might be something
like 1S1234.

Transistors have two PN
junctions, so their part num-
bers begin with “2.” But here
is where the standards split.
JIS follows with the letter “S”
while JEDEC uses “N” but
what’s neat is that JIS part
numbers are then split into
four groups: A, B, C and D.
As and Bs are PNP transis-
tors while Cs and Ds are NPN
so, unlike JEDEC part num-
bers that don’t tell you any-
thing at all about the
component’s specifications,
you can tell from the part
number whether it’s an NPN
or a PNP transistor. Since the
horizontal output transistor
is always an NPN transistor,
its part number will be 2SC
or 2SD.
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Not only can you tell its po-
larity, you can also tell if it’s
a low frequency part or a
high frequency part. As and
Cs are high frequency tran-
sistors while Bs and Ds are
low frequency transistors.

Armed with this bit of knowl-
edge, I can make some in-
formed decisions about sub-
stitutions when it comes to
horizontal output transistors.
First of all, I can completely
forget about any transistor
that’s 2SA or 2SB. They’re
PNP. I can also forget about
replacing any 2SC with a
2SD. If the design engineer
felt that it was important to
install a 2SC then I’m not
going to second-guess him.

Generally speaking, you can
use a 2SC to replace a 2SD.
A high-speed transistor can
switch be used to switch at a
slower speed without prob-
lems, just not the other way
around.

But Wait . . . There’s More

Before you go charging off to
order a slew of horizontal out-
put transistors, there are a
couple of other things to look
at. Actually, you can’t really
look at them at all because
they’re inside the transistor
package. Your horizontal out-
put transistor might include
a built-in diode called the
“damper diode.” All horizon-
tal output transistors in all
monitors require a damper
diode. In some cases, the
damper diode is a separate
component but in many
cases, the damper diode is
built-in to the transistor. The
damper diode is critical.
Without it, the horizontal
output transistor will last
about 15 seconds before
shorting. If the transistor that
came out has a built-in

damper diode, the replace-
ment component must have
one as well.

Many horizontal output
transistors also will contain
an internal resistor, con-
nected between the base and
the emitter. A typical value
for this resistor is 40-50
ohms. Like the diode, this
resistor serves as a damper.
Generally speaking, damp-
ing is not necessary in this
circuit, as the output imped-
ance of the secondary wind-
ing of the horizontal drive
transistor is very low (it’s just
a handful of turns of wire).
If the distance between the
horizontal drive transformer
and the horizontal output
transistor is sufficiently
great, some ringing can oc-
cur. If so, the resistor will
damp the ringing. If you
didn’t understand all that,
don’t sweat it. If the original
transistor had an internal
resistor, I suppose the re-
placement should as well. I
can’t say that I’ve experi-
mented in this regard.

This internal resistor is the
reason that many horizon-
tal output transistors do not
test properly, even when
they’re perfectly good and
tested out of circuit. They
often seem to have a short
between base and emitter
due to the low value of this
resistor. When testing the
horizontal output transistor,
don’t bother with the base-
to-emitter junction. When
the horizontal output tran-
sistor is bad, it will almost
always have an emitter-to-
collector short circuit.

Of course, it’s nice to be able
to consult a data sheet
whenever possible. Toshiba
makes a great selection of
horizontal output transis-

tors. A selection guide (with
specifications) is included in
this article.

I suppose that one of the
points to realize here is that
you do not have to order dif-
ferent replacement horizon-
tal output transistors for each
of the different makes and
models of monitors you have
in the casino. Look around
the shop and see what you
already have. Maybe it will
work. Generally speaking,
there’s no risk in trying what
you have on hand (you’re al-
ready replacing a shorted
transistor, remember?) but
you can greatly increase
your chances of finding a
proper replacement if you
follow these simple guide-
lines.

Naturally, if you can obtain
an exact replacement you
should do so. Most cities
have at least one electronic
component retailer who car-
ries a series of universal re-
placement components that
can be used as substitutes.
The most popular is the NTE
line of replacement compo-
nents. NTE publishes an ex-
tensive cross-reference cata-
log that will allow you to
make substitutions as
quickly as locating a word in
the dictionary. You simply
look up the original part
number of the component
you want to replace and the
index will tell you which sub-
stitute to use. These “Master
Replacement Guides” are
usually available from your
local electronics retailer. If
you can’t find one, you can
solve your semiconductor re-
placement woes easily with
just a few mouse-clicks and
keystrokes at www.nteinc.com.
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Come and spend 3 days at
TechFest. With engineering
and technical representa-
tives on hand from the gam-
ing industry’s leading suppli-
ers of touchscreens, bill
validators, coin comparitors,
hoppers and monitors, YOU

Visit the website at slot-techs.com
for more information

Space is limited - Register today!

TTTTTechFechFechFechFechFest 8est 8est 8est 8est 8 - Clinton, IA - March 9, 10, 11 2004 - Clinton, IA - March 9, 10, 11 2004 - Clinton, IA - March 9, 10, 11 2004 - Clinton, IA - March 9, 10, 11 2004 - Clinton, IA - March 9, 10, 11 2004
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Make plans today to join the gaming industry’s top engineers, technicians, technical writers and instructors
for 3 days of technical seminars and presentations that will enhance your performance as a technician and
dramatically increase your value to your employer.

TechFest 8 will be held March 9-11, 2004 at  The Franciscan
University in Clinton, Iowa.  TechFest 9 will be held May 4-
6, 2004 at Mystic Lake Casino Hotel, 2400 Mystic Lake Blvd,
Prior Lake MN 55372. Registration fee for TechFest  is $450.00
per person and includes lunch each day.

This is a technical presentation. The TechFest is geared for work-
ing slot techs and technical managers who are looking for a way
to make a dramatic improvement in their understanding of video
slot monitors, touchscreens, bill validators, hoppers and more
with no-nonsense technical presentations from:

●●●●● Asahi Seiko - Coin Hoppers
●●●●● Coin Mechanisms, Inc. - Coin Comparitors
●●●●● MEI - Bill Validators
●●●●● 3M Touch Systems - Touchscreens
●●●●● Sencore - Test Equipment
●●●●● FutureLogic (formerly Seiko) - Ticket Printers
●●●●● IDX - Coin Validator
●●●●● Money Controls - Coin Validator/Coin Hoppers
●●●●● JCM - Bill Validators
●●●●● Ithaca - Ticket Printers

- PLUS - A special instructional series on video slot monitor repair presented by Randy Fromm

have a chance to ask about
YOUR problems. You have a
chance to get REAL answers
to your questions, face-to-
face with some of the most
qualified technical experts in
the industry.

TechFest is for slot techs of
all skill levels, from novice
techs who want to learn the
basics of BV and hopper
maintenance to advanced
techs that need to brush up
on monitor repair.

Schedule of EventsSchedule of EventsSchedule of EventsSchedule of EventsSchedule of Events
Events subject to changeDay One

9:00 am - 12:00pm
How Monitors Work - Part 1
Theory of Operation - Beginning level

1:15pm - 3:15pm
Mars Electronics, Inc. - BV trouble-
shooting and repair

3:30pm - 5:30pm
FutureLogic Printers - Printer
troubleshooting and repair

Day Two

9:00 am - 12:00pm
How Monitors Work - Part 2
Narrow Down the Problem - Inter-
mediate Level

1:15pm - 3:15pm
Asahi Seiko - Hopper troubleshoot-
ing and repair

3:30pm - 5:30pm
Coin Mechanisms, Inc. - Coin
Comparitor technology and repair

Day Three

9:00 am - 12:00pm
How Monitors Work - Part 3
Circuit Analysis and Component Level Trouble-
shooting - Advanced Level

1:15pm - 3:15pm
Money Controls - Coin validator and
coin hopper maintenance and re-
pair.

3:30pm - 5:30pm
JCM - Bill Validator Troubleshooting
and Repair

PLUS - Bonus sessions from 3M Touch
Systems (MicroTouch) IDX  (coin
validators) Ithaca (ticket printers) Sencore
(Test equipment  for monitors) & WMS Gaming

Dates and times to be announced
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