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Randy Fromm

Randy Fromm

Well, another TechFest
has come and gone,

and another trade show is on
its way.

TechFest 3 was held August
14 – 16, 2002 at the Board-
walk Hotel and Casino in Las
Vegas. Advanced Electronics
Systems, Inc. hosted the
three-day event, along with
luncheon sponsorships from
Asahi Seiko, 3M Touchsystems,
Wholesale Electronics,

Medeco Locks (VSR Locks),
and Sencore. A big Slot Tech
Magazine thank you to all of
these sponsors as well as
those companies that gave
technical presentations:
Asahi Seiko, 3M Touchsystems,
Coin Mechanisms, Inc., Mars
Electronics International,
Sencore, Ceronix, and Seiko
(printers). Look for more
TechFest coverage in next
month’s Slot Tech Magazine.
There just wasn’t enough
room in this jam-packed G2E
show issue. TechFest 4 is
slated for Minnesota, Octo-
ber 22nd – 24th, 2002.

The much anticipated Global
Gaming Expo finally arrives
this month, September 17 –
19, 2002 at the Las Vegas
Convention Center. Slot Tech
Magazine will be there at
booth number 2771. Please
stop by and say hello while
you’re strolling the show
floor. Also, I will be giving a
special, two-hour presenta-
tion on Video Slot Monitors
on Friday, September 20th at
the conference. It’s session
number 4045 - Tech Corner:
The Basics of Video Monitors
from 2:15 PM - 4:30 PM

This seminar assumes no pre-
vious knowledge of electron-
ics and is geared for slot techs
who now find that 80% of
their slot floor is video where
it was 80% reel slots just a few
years ago. The seminar cov-

ers the theory of operation of
monitors and presents even
the most novice technician
with a method of quickly nar-
rowing down monitor prob-
lems to a small circuit or group
of components. It’s a method
that allows techs to be suc-
cessful at monitor repair with-
out an advanced knowledge
of electronics.

This month, Slot Tech Maga-
zine respectfully scoops all of
the other gaming industry
trade journals with an exclu-
sive, in-depth look at the
technical aspects of MEI’s
spankin’ new bill validator,
the CashFlow SC66. This re-
markable new BV sports ad-
vanced, multi-wavelength
optical recognition as well as
a completely re-designed,
plastic cashbox that will
challenge even the most de-
structive (read efficient) drop
team. Read all about it start-
ing on page 16.

That’s all for this month. See
you at the casino.
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By Herschel Peeler

The Purpose: The known
purpose for the new up-
grade was to prevent the
bills from stopping between
the Bill Validator and the
cashbox. Many security
improvements (which we
are never told) could be
another reason for the rush
on this project. These new
mains also have the capa-
bility to use the new cash-
less (printer) system.

The Procedure: In Ontario,
we have one of the strictest
gaming regulations, from
what I have been told by
numerous people in the
business. This is an ex-
ample procedure for a bank
for games that we do.

1. Take first set of hard,
soft and Mikohn
meters around mid-
night and disable the
games.

2. First thing in the
morning the EGO
(Electronic Gaming
Officer) arrives at the
games to verify the
meters were taken
correctly, at the same
time break all the
seals on the Supple-
ments, mains, and
RAM.

3. Perform the SafeRam
clear, insert new

EPROM’S, and reset
all options.

4. Complete the 6 point
inspection sheets. In
these inspections we
are checking for
burnt out lights,
missing, worn or
loose parts, all
switches functioning
correctly, locks, cor-
rect IDX’S, hopper
tests, pay table tests,
just to name a few.

5. Another important
part of the inspection
is coin testing. Play-
ing 5 coins to the
hopper, grounding
the probe, and 5
coins to the drop.
Verifying the diverter
and the meters are
all incrementing.
Next comes the live
bill testing. Inserting
one of each bill into
the BV, cashing out,
and ensuring all
those meters have
incremented.

6. The last part of the
Technicians inspec-
tion is the taking the
second set of meters.
Making sure the soft,
hard and Mikohn
meters all
incremented cor-
rectly. After verifying
that all the informa-
tion has been filled
out, the tests per-
formed correctly, the
boxes have been
checked off, and the
game is 100% in
working order, we
can make arrange-
ments to call the

EGO officer.
7. The next step is when

the EGO officer veri-
fies all the EPROM’S
on their lap top com-
puter, and reseals
the EPROM’S on the
board.

8. Next is the EGO’S
final inspection.
Basically they per-
form their own 6
point inspections
which include pay
table, hopper, and
coin testing. All ma-
chine functions are
working correctly,
correct part numbers
in the games, and
coin testing.

9. Finally the last part
of the inspections
from the EGO officers
is to verify that there
coins and credits that
they played
incremented correctly
and the all meters
are matching. This is
where we take the
third and final set of
meters on the game.

10. Depending on
the size of the bank
this upgrade can take
from 1 to 2 days to
complete. Other
factors that could
prolong the upgrade
are the Technicians
available, the sched-
ule of the officers,
unforeseen game
malfunctions, secu-
rity escorts for the
bill testing and the
calls on the floor

The Bally 7- 05
Main Upgrade

Slot Tech Feature Article

By Kevin Noble



The Improvements:
1. The most noted im-

provement of this
upgrade is the fact
when the coin mech
switch is shut off, the
game will not accept
any bills not like the
6-03’s.

2. The new options are
included to use the
printer options if it is
available to your site.

The Bugs Noticed:
1. When the reset

switch is turned with
the door closed, the
tower light will re-
main on until the
main door is opened
and closed.

2. Constant 83F c’s, d’s
and e’s are displayed
after the CPU board
was removed from
the game after it was
cleared and set. We

had to have the EGO
officer rebreak the
seals after they were
sealed, and re-per-
form the 6 point in-
spections. These of
course require the full
RAM clear to be per-
formed.

3. After soft drops were
done we found many
70 codes and 55
codes where the main
door needed to be
opened and closed.

4. For the Mikohn sys-
tem the M00 codes
were back, but not as
much. This meant
that the M00 codes
needed the partial
clear to get rid of
them.

5. Shutting off the coin
mech switch did not
completely disable
the game. You were
still allowed to play off
your credits.

6. The machines are still

locking up and you
are not able to reset
them. The IDX and
BV are disabled. This
also needs a RAM
clear.

7. There are 80 codes
which can be reset by
either using the reset
key or turning the
game on then off
again. If this fails, a
RAM clear is needed.

8. Constant 91 codes on
the progressive
games. You can reset
it sometimes, but it is
usually accompanied
by an 80 code. This
will need a RAM
clear.

9. The BV is still going
to sleep. You need to
reset them.

10. When a cus-
tomer is cashing out
credits and the game
goes into a hopper
empty code 32. Once
the hopper is refilled
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and the door is closed
the hopper will start
to pay out before it
counts down to “0”.
This causes the game
to go into a overpay
tilt condition.

A) If you open and
close the door
to clear the tilt
condition, the
machine re-
peats the
countdown and
before it
reaches “0” it
tilts back into
the overpay
condition. What
you need to do
is open the
door, shut off
the coin mech
switch, close
the door and
allow the hop-
per to complete
its pay out.
Then you must
reopen the
door, turn the
coin mech
switch back on
and close the
door. The game
is now ready for
play. or

B) Hold the re-
verse button on
the hopper,
shine a light on
the door optics,
once the game
has counted to
zero, and the
game starts to
make the loud
dinging noise
and then re-
lease the re-
verse button.
You must allow
the game to
complete the
payout. Or

C) Jump the hop-
per optics on

the driver
board to the
second posi-
tion, close the
door and let
the machine
count down,
open up and
return the
jumper to the
original posi-
tion. These are
three ways we
use to clear
these codes.
Not all the time
the same one
will work and
usually we
have to try the
different solu-
tions.

11. If you insert
coins or credits on
the game, but you do
not press the bet
max button, but
press the change
button. This will
cause the insert coin
display which has
been showing a “2”
for example, to go
dim while a “0” will
now super-impose
over top the “2”. Now
your display will read
the number”8” or a
faint”0”.

12. If you bet 1 or
2 credits on the game
(long as it is not max
credits) the insert
display will show the
amount you have bet.
Now when inserting a
bill into the BV, the
insert coin display
will now read “0”. The
winner paid meter
will show the amount
of credits for the bill
and the credit meter
will also add the
amount equal to that
of the winner paid
meter. Now you have

not lost your coins/
credits that you bet,
even though the
display is reading “0”.
All you need to do is
bet one more coin/
credit and the insert
coin meter will now
the correct amount
wagered.

13. Using the same
procedure as above
(#12), when the bill is
inserted and the
insert coin display
reads “0”, the ma-
chine allows for the
patron to cash out
their credits from the
bill along with the
one or two coins first
wagered.     

 - Kevin Noble
knoble@slot-techs.com





Slot Tech Casino Opening

Slot Tech Interview

The new Director of IGT
Casino Services loves
every minute of his job.

Ron Brooks give us insight into
the world’s largest slot tech
shop, his views on manage-
ment and an exclusive
glimpse at the future of gam-
ing platforms.

STM:  How long have you
been with IGT, Ron?

RB:  I started as Director of
Quality in 1994.  We central-
ized all the quality functions,
at least from an operational
standpoint.  We basically put
a lot  more emphasis on pro-
active defect prevention and
customer focus, as opposed
to ‘just-separate-the-good-
from-the-bad.’

“And three months ago they
asked me to be the Director
of Casino services.”

STM:  How’s that going?
Techs are a different breed
than engineers. Truth be
known, we’d really like to
give all of them a big collec-
tive noogie sometimes.

RB:  Good, I am a bit used to
being closer to my employ-
ees.  We’re so spread out
geographically.  I am work-
ing in probably 30 different
cities with seventeen branch
offices.  And, then if you fac-
tor in the SODAK locations,
there’s another five.  Plus a
whole bunch of remote techs
out there.

STM:  You picked up Anchor
Gaming?

RB:  Yes, in April.  That
brought in another eight-six
people right there.  If you
take the entire IGT organi-
zation, plus SODAK, plus
Anchor it’s over 600 folks.
That includes, of course,
parts distribution, logistics
and support personnel.

STM:  I think it’s the techni-
cians who truly buy the ma-
chines.  When someone be-
comes a new slot director,
many times it is a person
with very little gaming know-
how.  They have, perhaps, a
business degree but not
much knowledge in the way
of how slot machines work.
When it comes down to it,
they are turning to their
knuckle-busting techs for
answers.

RB:  And they should be.
There is no perspective that
is more valuable or more sig-
nificant than the techni-
cians’.  Whether it is the
property’s technicians or
ours. That is a hands-on per-
spective that there is no sub-
stitute for.  The host of
things that that technician
will experience first-hand
must effectively translate
back through the organiza-
tion.  Good news or bad
news, it’s very important.

STM:  The New York gaming
jurisdiction is about to bust
wide open.  What advice
would you give a new slot di-
rector in New York to get his
technicians trained and up

to speed?

Have Fun or You're Fired!
By Ken Locke

“There is no perspective that is more valuable
or more significant than the technicians’.”

Ron Brooks - Director of IGT Casino Services
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Ron Brooks
Director of IGT Casino Services
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RB:  We have some pretty ba-
sic courses in IGT University.
If we are selected as one of
the VLT suppliers
 we are going to find a good
market in New York.  We are
going to want to hire as
many local techs as possible
and we have to assume the
vast majority is going to know
very little about gaming.  So
we have an opportunity to
show leadership in the form
of well documented and
proven courses that can
bring somebody up from
scratch and provide a high
level of training.  It’s going
to be a big deal.  They are
going to have as many as
11,000 slot machines there
pretty quick.

STM:  Are you worried about
New York being able to
handle such a huge under-
taking?

RB:  The New York Lottery is
a very good and efficient or-
ganization.  They are hard
working and ambitious and
do a very, very good job.

STM:  Sounds like a little
Native New Yorker pride
shining through there?

RB:  Oh, sure.  I expect to
see a lot of jobs created in
New York to be filled by local
folks and we see ourselves in
a great position to do just
that.

STM:  Let’s talk about Casino
Services’ reputation.

RB:  You know it’s so easy
for a company like IGT, that
has such a huge market
share, to be perceived as ar-
rogant, even when it’s not.  I
believe we need to go to the
other extreme; to be as
humble and supportive as we
can be.

STM:  I agree.  It’s no secret
that IGT is the 800-pound
gorilla.  If you want to open
a casino, all roads lead to
Reno.  That having been said,
you probably don’t have to
flaunt that.

RB:  Absolutely not.  We [in

Casino Services] want to be
a competitive advantage for
IGT and I believe we are.
That’s what this company is
all about.  I want to over-
whelm the customers at ev-
ery level with the best qual-
ity service in everything we
do.

STM:  With the new ticket
systems out there, techs
have a new component to
learn.  What does a tech
need to know next year?  In
two or three years from now?

RB:  Well EZ Pay is one
thing.  And there is certainly
a new skill set there.  But
what I think will be even
more daunting will be the
new product lines coming
out this year.

STM:  What’s so new?

RB:   Now we’re moving into
a significantly higher level of
technical complexity.  It’s a
quantum leap from i960 to
the new platform.  It’s safe
to say they will have to be

"I think the customer can sense that we’re having fun."
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more of a computer techni-
cian.  It’s completely PC-
based.

STM:  CD-ROMs?

RB:  CD-ROMs, hard drives.
We’re certainly seeing a shift
from what was at least partly
mechanical to the completely
electronic and away from
moving parts and coins.

STM:  Some techs may think
they have a lot to fear about
new technologies but I think
it’s about initiative and em-
bracing the new stuff.

RB:  That’s right.  You could
argue that the gaming indus-
try or the collection of equip-
ment that’s come to be
known as gaming devices
may not be as high-tech as
some other things but it’s
still seen its share of migra-
tion over the last twenty-five
years, going from extremely
mechanically oriented de-
vices to really complex tech-
nology.  The industry is not
new to innovation.  The techs
that are already out there
have had to make continu-
ous improvements in their
skills over the years.

STM:  Let’s talk about parts.
Ceronix versus Kortek.
What’s the story there?

RB:  We’re doing both.
Ceronix is certainly still one
of our key suppliers.  There
was a time in IGT history
that we were using single-
source suppliers.  We found
that it can be very danger-
ous if something catastrophic
with one supplier occurred,
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especially with such a criti-
cal part.  So we have dual
suppliers, in fact, on virtually
every one of the thousands
of parts in our machines, to
make sure we’re always cov-
ered. Our customers are cov-
ered as well.  We worked long
and hard to pick the sup-
plier.  We considered many
suppliers and evaluated
their product.  We measure
the quality of a supplier’s
product on the production
line and in the field, and
Kortek has consistently per-
formed well.  We will not al-
low a product to become sub-
standard.

STM:  Is that the secret to
your Quality Sauce?

RB:  Exactly.  You are what
you eat.  We look at the qual-
ity of our incoming material.
To become a qualified sup-
plier with IGT is not an easy
thing to do.  And, its not an
easy thing to stay one either.
We have certainly had a few
bumps in the road over the
years but our suppliers
stand behind their product
and we work together to
make it right as quickly as
possible.  We look at our sup-
pliers as long-term partners
and we invest in each other’s
success.

I think the customer can
sense that we’re having fun.

STM:  I hear you have a phi-
losophy.

RB:  It’s really based on four
words.  The first word is Cus-
tomer.  What does your cus-
tomer want, what does he

need and are we doing every-
thing to delight him?  And I
translate that same fanati-
cism to our internal custom-
ers as well.

I think the customer can
sense that we’re having fun.

The second word is Respon-
siveness and this case, may
be 90% of delighting the cus-
tomer.  In other words, what
is the cycle time of our re-
sponse?  How fast can we
move?  It’s also about our first
reaction.  Let’s make sure
our initial knee-jerk reaction
is positive and professional.

The third is Respect.  There
are some very subtle ways of
disrespecting someone, in-
cluding not responding at all.
Our behavior gets to the
heart of cooperation between
people and organizations.

Number four is simply Fun.
I feel very strongly about this.
I have a very pragmatic be-
lief that if we’re not having
fun at our jobs, we not being
as productive and creative as
we can be.  If we want to con-
tinue to be the leader in this
industry, we really need to
be having fun.  When we’re
having fun, that’s when we’re
bringing a level of passion
and inspiration and commit-
ment to the job.

STM:  Your guys tell me that
you say to them “Have fun
or you’re fired.”

RB:  Well of course it’s
tongue-in-cheek and meant
as a joke but it underscores
a couple of things.  First, it

illustrates how much I be-
lieve that fun is an important
part of a good work environ-
ment.  And it’s a statement
that you can never truly force
someone to have fun.  You
can, from a leadership per-
spective, create an environ-
ment that helps them have
fun.  When I say ‘have fun or
you’re fired,’ I don’t expect
work to be a country club.  I
expect my people to work
very, very hard but I also ex-
pect them to have fun while
they’re doing it.

This was something I learned
while employed with my last
company.  I wasn’t having
any fun at all.  I mean, I just
hated going to work. Then I
had run into a friend of mine
who was a cop.  He said, “I
just love going to work. I get
up in the morning and I just
can’t wait to get there.”  This
was, at the time, a foreign
concept to me.  What an un-
believable thing.  I thought
what a lucky bastard.  At that
point I made a goal to figure
out a way to have fun at my
job.

STM:  How did you do it?

RB:  I just consciously de-
cided to fall in love with job,
fall in love with product and
fall in love with people I
worked with.  When you do
that, it’s like you don’t even
work.  It’s when you inte-
grate fun into work that you
fall in love with your job.

Hear that guys?  It’s all
about the love.

- Ken Locke
- Ken.locke@igt.com



Support your
slot techs by
subscribing to
Slot Tech Magazine

Call us at
619.593.6131
or visit the website at
slot-techs.com
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Acres Gaming Incorpo-
rated announced it would

begin deliveries of its “Next
Generation” interactive mul-
timedia display later this cal-
endar year. The new display,
already approved for use in
Nevada and California, will
dramatically improve commu-
nication of casinos’ market-
ing and loyalty programs di-
rectly to players at slot ma-
chines.

Acres’ NexGen Display is a 6”
X 2.25” touch screen color
LCD that is five times or more
the size of the single color
text displays currently in use
at most casinos.   Casino
marketing and loyalty pro-
grams will be communicated
to slot players utilizing16-bit
color for photo realistic imag-
ing, MPEG video and MP3
stereo sound technologies.

Bud Glisson, Chairman and
CEO for Acres said,  “Our new
NexGen display adds a height-
ened sense of fun and drama
to the player’s receipt of ca-
sino promotions, loyalty re-

wards and mar-
keting communi-
cations. With
NexGen’s inter-
active multimedia
features, our cur-
rent Bonusing
products can now
be delivered in a
more entertain-
ing and easily un-
derstood manner.  NexGen
also gives us a delivery ve-
hicle for a whole new range of
Bonusing products with un-
precedented creativity.   We’ve
set yet another industry stan-
dard of excellence with this
new display.”

The NexGen display was de-
signed to significantly in-
crease a casino’s marketing
capabilities in conjunction
with Acres’ proprietary
Bonusing Software.  It works
like an ATM touch screen to
guide players through casino
promotions, loyalty programs
and cashless gaming trans-
actions with the help of inter-
active video screens and digi-
tal voice prompts. A P.I.N. pad

automatically ap-
pears on the dis-
play when a
player’s P.I.N. is
needed for a secure
transaction such as
accessing Acres’
non-cashable Xtra
Credit®. Through
Acres’ Multimedia
Content Manager,
a casino can cus-

tomize the messages it sends
to its players and promote
casino restaurants, entertain-
ment and special events.  The
display maximizes the enter-
tainment value and branding
opportunities of a casino’s
communication with players
at the slot machine.

The Sahara Hotel and Casino
on the Las Vegas “strip” and
Lakeside Inn and Casino in
South Lake Tahoe are sched-
uled to be the first venue-
wide implementations of the
NexGen interactive multime-
dia display. Acres has already
secured contracts for com-
plete systems and bonusing
from the two Nevada casinos,
both scheduled for installa-
tion later this calendar year.
The product will be high-
lighted at the Global Gaming
Expo in Las Vegas this Sep-
tember.

Acres Gaming
7115 Amigo St. Suite 150
Las Vegas, NV 89119
tel.702.263.7588
fax.702.263.7595
www.acresgaming.com

Acres Launches NexGen™
Touch Screen

Interactive multimedia display paves
way for new generation of Bonusing
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When I talked to Randy about
writing this article, he made
me promise to focus on the bill
acceptor technology, not on
marketing hyperbole.  I’ll do
my best, but we’re talking
about a tall order for a mar-
keting guy, especially when
talking about this product.

The MEI CASHFLOWTM SC66
was designed for optimal bill
acceptor performance in a
ticket in / ticket out world as
a new, “ground up” design.
Although the MEI ZT 1200 has
proven a formidable competi-
tor to JCM’s WBA, to move the
game forward required an en-
tirely new platform.

Product Overview
The basic product architec-
ture has several key differ-
ences from current casino bill
acceptors.  As you can see from
the picture, the bill acceptor
module is more compact than
the current WBA or ZT recog-
nition units, while fitting
within the overall space en-
velope.  The bill path is much
shorter in this product.  When
a bill enters the unit, it is
transacted through the accep-
tor head, transported down
the front of the cash-box and
stacked toward the rear of the
unit.

The other new element is the
interface card.  Gaming ma-
chines currently run a vari-
ety of electronic interfaces
(opto-coupled, RS 232, etc.) to
the bill acceptors and are likely
to change in the future.  In
the MEI CASHFLOW SC66, the
inexpensive interface card can
change depending on the OEM
machine interface.  The more

expensive acceptor module
will be the same, regardless
of the OEM.  This allows for
reduced spares holding due to
common parts and protects
your property’s investment by
allowing for future technology.

The interface card slides on a
“PC style” edge connector in
the chassis.  The acceptor
module automatically con-
nects to the interface card
when latched to the chassis.
You can swap both modules in
machines on the floor without
removing the cash-box.

Bill Recognition / Processing
To understand the new rec-
ognition system, you need to
understand the basics of opti-
cal bill recognition.  In a trans-
missive optics system, light
from a Light Emitting Diode
(LED) is beamed through the
bill to a photo-detector.  The
resulting signal measures the
properties of the inks and the
substrates (materials) of the
currency.  It is the differences
in response between real cur-
rency and counterfeits that
form the basis of security in
optical systems.

An LED, based on its material
composition, emits light at a
very specific wavelength when
energized.  The materials in
the currency respond differ-
ently to each wavelength of
light so generally speaking,
more wavelengths beaming
through the currency at a
given spot provide more infor-
mation for security analysis.

The current MEI ZT 1200 uses
three wavelengths of light
from three LEDs housed in

one metal can package.  Plas-
tic lenses convert the outputs
of the LEDs (which are point
sources) into columns of light.

While this arrangement was
the most advanced optical sys-
tem in the market, there are
limits to its expansion for a
number of reasons. Each LED
needs to be close to the focal
point of the lens.  The indi-
vidual LEDs need different
current inputs for a given light
output and age (fade) at dif-
ferent rates that require com-
plex compensation circuitry to
maintain consistent signals.
Additionally, each individual
light column covers only a
small portion of the bill’s sur-
face.  While more LED pack-
ages could be added to in-
crease coverage, it would add
cost and complexity to the
product.

MEI engineers solved these
issues with the revolutionary
light bar system in the MEI
CASHFLOW SC66.  In this sys-
tem (pictured below) the out-
put of LED dies in six differ-
ent wavelengths reflects into
a light mixing bar.

The light bar, augmented by
specialized light control films,
directs light upward in a wide,
uniform light field to scan the
bill.  The data output is col-

MEI CASHFLOW SC66
Technology Review

Contributed by Neil Young, MEI Marketing Manager

Slot Tech New Product



lected by a system of lenses
on the other side of the bill
path that focuses onto photo-
diode receivers.  This patent
pending recognition system
scans up to four times more
of the bill’s surface than con-
ventional bill acceptors.

The output of this recognition
system requires significantly
higher processing power in the
MEI CASHFLOW SC66.  A/D
converters digitize the analog
output from the light bar sys-
tem. The digital data flows
into a state of the art, 100 MHz
Digital Signal Processor (DSP).
A DSP is unique because it
processes data in real time.
This capability makes a DSP
perfect for applications that
cannot tolerate any delays.
The DSP firsts digitally recon-
structs the bill image.  Then,
using the DSP’s power to
transform data, MEI employs
sophisticated recognition algo-
rithms. This greatly increases
the speed of acceptance (about
2.5 seconds from bill to bill)
and provides outstanding se-
curity.

The DSP also processes the
output of a custom bar-code
sensor.  Unlike bar-code scan-
ners in retail that can take
multiple passes and error cor-
rect to determine a bar-code,
bill acceptors only get one pass
for data as the bar-code ticket
is transported past the sen-
sors.  By using the DSP archi-
tecture, the entire input sig-
nal can be digitally recon-

structed and processed with
algorithms for the best ticket
acceptance.

New Bill Transport
Fact: During the last five
years, the US Federal Re-
serve, on average, destroyed
more than 40 percent of all
bills in circulation annually
due to wear and damage.  To
think about the impact, con-
sider the results in a side-by-
side competitive trial with the
ZT 1200 early this year.  The
ZT 1200s had slightly lower ac-
ceptance rate percentage
than the competitive product,
as measured by the central
system, yet were accepting 33
percent more notes per day.
This “mystery” was solved
when the property discovered
that the competitive unit re-
jected poor quality bills early
but never reported these early
rejects to the central system,
hence the higher reported ac-
ceptance rate.

Editors Note: I questioned Mr.
Young on this statistical
claim, demanding some sort of
proof as none was proffered in
this article and the “property”
mentioned in the paragraph
above was unnamed. With my
agreement of confidentiality
in this regard, he then pro-
vided sufficient information
that I can vouch for the verac-
ity of the statement above. -
ed.

The valuable lesson here is at
the end of the day, it’s the

amount of cash in the cash-
box that counts, even if the
money is in poor condition.
Considering the percentage of
US bills in that condition, this
is a critical dimension of bill
acceptor performance.

The MEI CASHFLOW SC66 at-
tempts to accept all bills, with-
out early rejects.  To do this
without the risk of a jam, MEI
designed an entirely new bill
transport system allowing the
transaction of currency in all
conditions.

Open Acceptor Bill Path

As you can see in the photo,
the bill path in the acceptor is
short and smooth.  The plas-
tics used in the bill path are
formed in an MEI patented
process.  The clear sections
(e.g. around sensors) are
molded in Lexan 241. The
black sections are then
molded in Lexan 500 around
the clear sections to form a
seamless part. The MEI
CASHFLOW SC66 acceptor is
sealed against fluid and dust,
so customer spills (as in bar-
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MEI engineers have developed revolutionary light bar system in
the MEI CASHFLOW SC66.  In this system, the output of LED dies
in six different wavelengths reflect into a light mixing bar.

Continued on page 20 -
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tops) will not result in failures.
It is also easy to clean, though
our experience with the opti-
cal system in the ZT suggests
that cleaning need only be
done about every two years,
compared to the six month
cleaning requirements of com-
petitors.

The acceptor module features
sets of rollers driven through
a continuous spur gear drive
with all the gears protected in
the lower housing.  The only
exposed gears are central
spur gears to transfer drive
and stacker power to the cash-
box.

The gear drive system is con-
tinued into the cash-box.

Stacker module in cash-box

The internal cash-box stacker
module in the picture is
viewed from the front of the
cash-box. As you can see,
there are eight rollers driven
by spur gears on both sides of
the assembly.  Competitors
have claimed “belt-less” de-
signs before.  If you look at
their designs, they are actu-
ally “drive-less” since positive
control of the bill ends at the
entry of the cash-box.  This
design fully controls the bill
until it is stacked.

Combined with the advanced

bill recognition sys-
tem, this bill han-
dling system greatly
increases accep-
tance rates of less
than perfect bills
while reducing jams.
Based on the aver-
age number of bills
per day in the 24/7
casino environment,
the unit should jam
only once approxi-
mately every three
years.

Super Cash-Box
Drop crews are aptly
named: the cash-box
is most used and
abused module of
the bill acceptor in
operation. One of the
lessons MEI learned
with the ZT was the
need for a more du-
rable cash-box.  It
turns out that dam-
aged cash-boxes can generate
jam rates as high as one in
every one thousand notes.  As
the cash-boxes migrate from
machine to machine, it can be
difficult to detect the problem.

The MEI CASHFLOW SC66 has
an innovative cash-box, con-
structed of a durable, high
impact plastic.  In develop-
ment, MEI actually soft tooled
the entire cash-box shell to
experiment with the properties
of different materials.  The
best material tested was a
blend of polycarbonate and
ABS, which is used for prod-
ucts like industrial grade
power tools.

Cash-box design
To attain the highest
strength, a “uni-body” fabrica-
tion process augments the
material selection. The two
halves of the cash-box are
welded together, using an
electromagnetic welding pro-
cess. A composite bead of
thermoplastic with particulate
ferromagnetic filler (based on
iron) is trapped between the

molded plastic halves. Placing
the assembly in a dynamic
magnetic field excites the iron
particles in the bead.  Hyster-
esis losses produce local heat-
ing of the bead and the plas-
tics themselves, causing the
cash-box halves to weld to-
gether.  This design feature,
along with many other cash-
box design elements, is patent
pending.

As you can see in the picture,
curved surfaces protect cash-
box edges and corners.  There
are smooth sides for orderly
stacking on carts.  There are
no release latches to operate;
features on the recession in
the sides interact with over-
rotating springs in the unit
chassis to passively latch the
cash-box. The grooves in the
top of the cash-box mate with
tabs on the acceptor assem-
bly to provide a continuous bill
path between the modules.

The internal stacker assem-
bly slides in from the bottom
of the cash-box. The stacker

The Super Cash-Box
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drive gears are recessed be-
low the surface of the cash-
box.  As you can see in the
picture, the sides of the
stacker assembly are made of
clear Lexan.  (You can see a
$5 bill in the channel.)

When a bill is stacked, you can
see the value area of the last
bill stacked in the cash-box
through the windows in the
outer shell without removing
or opening it.  This feature
should greatly expedite the
resolution of customer bill dis-
putes.

The cash-box is designed to
survive drops from the top of
collection carts (six feet) when
either empty or full of money
without damaging the reliabil-
ity of the system.

With all this strength, the
cash-box has ergonomic ben-
efits as well.  It takes only one
hand to operate and weighs al-
most a pound and a half less
than current cash-boxes.

Ease Of Use
The MEI CASHFLOW SC66 is
designed for operators’ ease of
use. The front of the acceptor
has a number of convenient
features:

Acceptor Module
The acceptor unlatches from
the chassis by pulling up on
the release bar. The bill path
opens by pulling forward on
the cover on top of the accep-
tor.  It snaps shut automati-
cally when you close the ac-
ceptor halves.  Bill entry
guides for various OEM ma-
chines clip to the acceptor’s
upper housing; no tools are re-
quired for mounting.

If the bill entry guide (BEG)
requires power for lights, there
is a dedicated connector on
the left side of the unit to

power them.

On the right side of the ac-
ceptor there is a Universal Se-
rial Bus (USB) connector to
provide a convenient interface
for support tools.  The speed
of USB greatly reduces the
time to reprogram the unit’s
flash memory. If your gaming
jurisdiction doesn’t allow flash
memory, the top cover of the
acceptor easily detaches to
reveal a PROM socket. The
USB port will also be used for
gathering audit and diagnos-
tic data.

In the middle of the acceptor,
there are three “traffic light”
LEDs to provide floor diagnos-
tic support. In normal opera-
tion, the green light on the
left will be on continuously.
The diagnostic system is
simple:

A green light indicates that
there is nothing wrong with
the bill acceptor.  However,
there may be something else
wrong with the machine (e.g.
empty hopper) causing the bill
acceptor to be disabled.

A yellow light indicates there
is a problem that you can re-
solve right at the machine (e.g.
jammed bill) without any
parts.

A red light indicates there is
an issue such that you will
need a spare (e.g. hardware
failure, full cash-box) in order
to bring the unit back to ser-
vice.

The problem areas are all
shown by simple flash codes.
The flash codes will be printed
with explanations on wallet
cards (i-cards).

Availability:
By the time of the G2E show,
the MEI CASHFLOW SC66
should be approved for use in
IGT Netplex machines in Ne-
vada.  Approvals for other
manufacturers and jurisdic-
tions will follow throughout
the rest of the year.

Come see the MEI CASHFLOW
SC66 at G2E booth #2611 or
call MEI at 800-345-8215 or in
Las Vegas at 702-597-4836.
You can learn more about MEI,
at www.meiglobal.com.

SC66 acceptor module
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A tronic has an
nounced the theme

“inspiring depth” for the G2E
trade show in Las Vegas.
Atronic will feature its largest
ever depth of products and new
game themes anchored around
the booth theme of "Atlantica."

Atronic brings its talent
for successful, high quality
products with interactive fea-
tures to a multitude of new
products and game themes in
booth #544 at the G2E, which
takes place September 17-19th
in the Las Vegas Convention
Center.  Under the general
theme  “Inspiring depth,”
Atronic will present a range of
new products including its first
tower game Sphinx Magic, and
its revolutionary new platform
Hi(!)bility, as well as many new
games including the featured,
underwater treasure-themed
Atlantica.    In addition to the
exciting product offering,
Atronic will host its traditional
happy hour in “Neptune’s
Grotto”, where visitors can
enjoy a cool drink and a chat in
a relaxed atmosphere.

Atronic will feature sev-
eral new products developed to
meet the specific needs of its
customers.  Sphinx Magic,
Atronic’s first tower box game,
was designed to attract a high
level of play with its stunning
display, featuring a unique
multi-level progressive and
interactive Magic Bonus Card
feature, supplemented by the
globally successful Sphinx
brand.

Atronic will unveil it’s
highly anticipated, revolution-
ary new platform Hi(!)bility and
new cabinet e-motion in a spe-
cial area of the booth.  Hi(!)bility
and e-motion are an inspiring
mix of the technology of the
future combined with a self-
merchandising, environment-
creating package designed to
enchant both existing and next
generation players.

Hi(!)bility is ready to
meet the current and immi-
nent needs of operators with
its future-thinking technology,
and features re-
mote game con-
f i g u r a t i o n s ,
game download,
fast game up-
dates, and a
high security op-
erating system.
H i ( ! ) b i l i t y ’ s
technological
i n n o v a t i o n s ,
combined with
the new cabinet
e-motion’s, ergonomic playfield
and breathtaking design, cre-
ate a richer environment on
the casino floor.

Atronic will show a large
selection of entertaining and
exciting new Cashline games
including Atlanica. Atlantica
is distinguished by a luxurious
underwater theme and inter-

Atronic Announces “Inspiring
Depth” At G2E

active bonus events, and fea-
tures a spectacular deluxe top-
per to complete the themed
package.  Atronic will addition-
ally exhibit new game themes
Clowning Around, I.C. Cash,
Beach Patrol, Wave Watchers,
Dream Maker, Sign of the Zo-
diac, and Ghost Hunter.  Suc-
cessful, approved programs
including Babooshka, Sphinx
II, Typhoon Lagoon, and
Beetlemania will also be shown
in a variety of configurations
and cabinets, including the
AST, Atronic’s innovative slant
top, and the Titan, the world’s
first fully-functional oversized
video slot.  The game themes
will be complimented by
Atronic’s flexible merchandis-
ing packages, further demon-
strating Atronic’s commitment
to providing the widest variety
of options to its customers.

For further information,
contact:
Atronic
15500 Greenway-Hayden Loop
Suite 1
Scottsdale, Arizona 85260
Fax 480-922-8877
Phone: 480-609-5867
800-864-7670
www.atronic.com
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Slot Tech Feature Article A Plumber's Guide
to Fruit Machines - Part 6

By Gordon Lowe

Section 3.
Coin Level Sensors

The correct operation of
the coin level sensors is
vital to ensure coins are

paid out in the correct se-
quence and that tube starva-
tion does not occur. One ex-
ample would be a £1 tube
sensor does not detect a full
tube. The result would be
that the next coin tube, 20p
or 10p maybe, would payout
all wins until the tube emp-
tied.

Another example would be
coins being re-routed to the
cashbox because the MPU
thinks the tube is full, the
result of a jammed or faulty
sensor.

There are two types of sen-
sors: electronic and mechani-
cal. By mechanical, I mean
microswitches. No problem
here, just replace it with the
same type. Electronic, now
here we have a wide selection
of types operating on any-

thing from actuator arms to
optical sensors. First of all,
identify if you have a problem
with a sensor by entering the
test routine for the particular
machine you are working on.
Every machine is different,
although each manufacturer
tends to adhere to its own
sequences. Refer to the
manual supplied with the
machine. If you don’t have
one, give them a telephone
call.

It is vital that, should a level
sensor prove to be faulty, it is
replaced with one of the same
type. I make this point be-
cause of the Starpoint® elec-
tronic type (known as 2CLD).
Here is a unit that appears on
the outside to be all the same.
They are not!

Internally, the circuit board
is configured differently for
each manufacturer of AWPs.
In other words, JPM®,  Ace®,

Barcrest® and Electrocoin®
are all different and are not
interchangeable. Do so and
the coin level sensing will
not operate correctly. Each
different type of unit is
identified as follows:
Barcrest® = BCA
Ace® = FCA
Electrocoin® = BCB
JPM® = ECB

A brief description of this unit:
An actuator arm detects

whether or not a coin is
present at that level. The arm
then blocks the infrared light
across an opto switch, which
in turn provides information
to the MPU. Take one apart.
It’s one of the best ways of
learning and it is not difficult
to put back together.

Other types include a horse-
shoe shaped sensor where a
beam is sensed through the
coin tube and one which is a
coil of wire fixed around the
tube at the level where detec-
tion is required. Of the elec-
tronic types, I would say only
the Starpoint(r) type is re-
pairable, and this is usually
the opto switch. However, the
reliability of these electronic
level sensors is high and
faulty units are few and far
between.

Level sensors, usually of the
microswitch type, are often
found fitted to hopper ma-
chines, more often as a safety
precaution that will prevent
the hopper from overflowing
as the result of hopper float
calculations computed by the
MPU going adrift for some
reason. Adjustment of this
type of level sensor can be
critical. If the microswitch is
set too sensitive then even
though the hopper may be
nearly empty, the MPU may
think it is too full and re-
route any further coins in-
serted into the machine to
the cashbox. Result: The hop-
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per continually runs empty
even though sufficient coins
are found in the cashbox.
(See also Section 2e)

Summary

Detecting the level of the coins
when full or empty is vital to
the correct operation of the
host machine. With this in
mind, I cannot over empha-
size the importance of verify-
ing that they are functioning
as they should be, even down
to the matter of ensuring se-
cure fixture to the payout
tube. All too often, machines
will be found with the sensor
not in line with the slot in the
tube (where applicable) or a
securing band that has per-
ished and requires replace-
ment.

Before suspecting faulty sen-
sors or microswitches, check
the electrical connections. In
the case of microswitches,
look for an actuator wire or
arm that has been bent out of
position, usually due to man-
handling by a previous call to
the machine.

More problems are caused by
lack of attention, particularly
when clearing coin jams, than
any other reason. All that is
required is to take your time
with the job at hand. Do not
be rushed and the machine
will not need your attendance
as frequently. This is what
makes a good engineer.

 - Gordon Lowe
glowe@slot-techs.com
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Catch me once, shame
on you. Catch me
twice, shame on me.

In a previous article where we
de-engineered a small micro-
processor based circuit (see
Swinging Jeannie, July,
2002), I mentioned that I ran
across a part I couldn’t iden-
tify. List this one under gripes
if you want; surface mount
parts that are too small to put
a full part number on. “L01B”
was all it said.

Okay, I admit it. I was caught
with one foot on the platform
and one foot on the train
when the locomotive of tech-
nology ran away and made
components microscopic. It
caught me once. I’ll try to
avoid it a second time.

Attached to this e-mail is a
list of ICs in SOT-23 size pack-
ages that are too small to put
a standard part number on.
The number does break down.
I just had a hole in my expe-
rience where this was con-
cerned. The one in question,
“L01B” crosses to a National

Semiconductor “LP2980IM5-
5.0”. Try getting that on a
SOT-23 case. Pulling my NSC
data book down off the shelf,
and spending a weekend with
it, I now will not as easily be
caught on the platform.

The list covers most ICs with
similar cases. It’s a standard
Excel file, so you can edit and
add to it as the locomotive of
technology adds more de-
vices. Other parts not listed
are probably diodes, transis-

tors, or even logic gates. Yes,
there is a family of single-
gate logic devices in SOT-23
cases. That’s another week-
end project.

Part number breakdown

The number is usually a three
or four character number. The
first character indicates what
type of device it is. A - An
Amplifier B - A Buffer (non-
inverting amplifier) C - Volt-
age Comparator D - Driver H

Slot Tech Feature Article

SOT-23 Case
Devices

This is a sample of the database that you can use to identify SOT-23
devices. It has been posted to the Slot Tech ftp site. Visit the website
at slot-techs.com for further details.
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Slot Tech Product Spotlight
- Communications linear de-
vice L - Low dropout linear
voltage regulator S - Switched
capacitor voltage converter T
- Temperature sensor Z -
Audio

The following characters
break down to specify a spe-
cific device, and usually reli-
ability qualities. Each of the
above listed families breaks it
down differently. Get your-
self some data books, folks.

I hope you find the reference
handy to identify those tiny
suckers. More info will follow,
as I get time to document it.
Let Randy know if you find
such stuff useful. Maybe we
can talk him into keeping
updated file on his FTP site?
These listings are ‘living docu-
ments’ that change con-
stantly. The national Semi-
conductor list alone covers
over 400 items, and is cur-
rent to the 2002 data book
(item number 400066 if you
can get one from National).

National Semiconductor can be
reached at www.national.com. It
comes with a CD, that makes
carrying the info to and from
work a lot easier than carry-
ing the book that’s almost
two inches thick and just cov-
ers “Analog and Interface
Products.”

Get one. Read it!

 - Herschel Peeler
hpeeler@slot-techs.com
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Gaming industry lighting
is undergoing dramatic
changes. Durel Corporation
(Chandler, AZ), a fully inte-
grated, high-volume manufac-
turer of electro-luminescent
(EL) lamps and drivers, has
been the #1 choice for world-
wide applications such as cel-
lular phones, watches, con-
sumer electronics and auto-
motive instrument clusters
since 1988. Durel is now intro-
ducing specialized EL products
into the casino/signage mar-
ket, providing a complete sys-
tems-solution approach to
backlighting gaming machines
and signage applications.
Durel’s leading EL technology
has been specially modified for
these applications.

EL Benefits Durel electrolu-
minescent lamps provide a high
quality, thin, cool, and flexible
alternative to traditional light-
ing systems. Unlike other light-
ing technologies, EL distrib-
utes light evenly over the en-
tire surface, eliminating hot
spots that degrade graphical
details. Space is saved because
the lamp package is less than
0.025" thick. Plus, energy-effi-

cient EL is a cool alternative to
conventional hot bulbs.  Durel
lamps are delivered
preassembled with wiring and
standard connectors already
in place, making installations
quick and simple.

Gaming/Topper Applications
Durel’s newest product offer-
ings are gaming machine
lamps, manufactured for a va-
riety of toppers, slot glass and
gaming machine billboards.
Durel’s gaming/topper appli-
cations can be attached to the
back of the graphic glass with
flat c-channel clamps or adhe-
sives, making these bright,
space-savings lamps an attrac-
tive alternative to large fluo-
rescent bulb cases.

Traditionally, toppers designed
to attract the eye to new ma-
chines are unlit, or if lit, are
thick and bulky. Durel’s EL
technology provides two-sided
illuminated signs that are thin,
lightweight, and can be easily
moved from machine to ma-
chine by unplugging two wires
and moving the lamp and driver.
(To install a Durel EL topper,
simply feed the cord down
through the candle into the
slot machine and plug it into
the power supply (the driver).
The driver is then simply
plugged into a 110Vac/60Hz
electric outlet.)

Power Supply Durel’s EL driv-
ers use patented technology to
achieve extended life and lu-
minance.  Within a machine
bank, a single unit can operate
multiple lamps up to a maxi-
mum total lighted area of 20ft2.
The drivers will formally be
introduced into the market-
place in September, 2002.

Performance In addition to
other features and benefits,
EL lamps eliminate cata-
strophic failure.  Over time,
the luminance level of EL lamps
gradually decline until they
reach their minimum pre-
ferred luminance level (“Time
to Half Luminance”), at which
time new lamps can be in-
stalled.  Replacement is safe,
simple and fast.  To achieve
greatest performance, Durel’s
EL system is set at a specific
luminance level and target life
depending on the application.
The drivers are programmed to
increase voltage as the EL
lamp’s luminance declines,
which will extend its Time to
Half Luminance (THL) between
2,000 and 8,000 hours, de-
pending on the starting lumi-
nance level.  This facilitates
scheduled maintenance at
four- or six-month intervals, or
with changes of the graphics
package.

See Durel at the Global Gam-
ing Show Exhibition, Septem-
ber 17-19, 2002, Las Vegas,
NV. Booth #358 For more infor-
mation about Durel’s products,
please contact Mona Fechter
at 480-917-6260 Fax: 480-917-
6049, email:
mfechter@durel.com or visit
our website at www.durel.com.

Durel Corporation is a joint
venture between 3M Corpora-
tion, located in Minnesota, and
Rogers Corporation, located in
Connecticut.  The company’s
product lines include coated
phosphors, inks, custom elec-
troluminescent lamps, EL driv-
ers, design engineering appli-
cations, and consulting ser-
vices.

A Look At Gaming Lighting
from a Thin & Cool Perspective

By Wes Kelley & Mona Fechter
Durel Corporation
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E lectroluminescent (EL)
lamps are essentially ca-

pacitors with one transparent
electrode and a special phos-
phor material in the dielectric.
When a strong AC voltage is
applied, the phosphor glows.

The required AC voltage is typi-
cally not present in most sys-
tems and must be generated
from a low voltage DC source.
In the past this was done with
a self-oscillating transformer
circuit. These circuits are
large, expensive, and they of-
ten produce audible noise.
Durel solved these problems
by developing a switch-mode
inductor-based circuit inte-
grated into a single chip. A
family of chip inverters based
on this type of circuit now ex-
ists.

Basic Circuit Operation

The chip inverter powers the
EL lamp by repeatedly charg-
ing an inductor with current
from a DC source and dis-
charging into the capacitance
of the EL lamp (Figure 1). With
each cycle the voltage on the
lamp is increased. After many
cycles when the lamp voltage
is sufficient the lamp is dis-
charged and the polarity of the
inductive charging is reversed.
By this means a symmetric low
frequency alternating voltage
is developed at the lamp’s input.

The inverter circuitry is di-
vided into several parts: off-

chip circuitry, on-chip logic and
control, and on-chip high volt-
age output circuitry. The out-
put circuitry handles the power
through the inductor and de-
livers the high voltage to the
lamp. The on-chip logic and
control generates the lamp
operating frequency (LF) as
well as the inductor switch-
ing frequency (HF) and duty
cycle (D). These signals are
combined and buffered to
drive the high voltage output
circuitry. The off-chip circuitry
provides a degree of flexibility
so that HF and LF can be ad-
justed to accommodate vari-
ous lamp sizes, system volt-
ages, and brightness levels.
Since a primary objective of
these chips is to save space,
off-chip components were kept
to a minimum.

Charge Pumping Modes

Pulsed current mode
This is the preferred mode of
operation. The current in the
inductor is completely dis-
charged into the lamp (load) at
the end of each HF cycle. The
inductor always starts with zero
current at the beginning of
each HF cycle. This mode re-
quires sufficient time (td) to
allow the inductor (L) to fully
discharge into the capacitive
lamp load (Z).

Continuous current mode
In this mode a new inductor
charging cycle is started while
current in the inductor is still

flowing into the lamp. Inductor
current fluctuates but never
reaches zero. Switching losses
are higher and preventing in-
ductor saturation becomes
more difficult but higher power
densities are possible.

Mixed mode
When lamp voltage is zero at
the start of a lamp charging
cycle it takes longer to dis-
charge the inductor. There is
not enough time to fully dis-
charge the inductor so current
builds from one HF cycle to the
next. As voltage on the lamp
builds, the inductor discharges
more quickly so that inductor
current starts to decline from
cycle to cycle to the point where
it reaches zero at the end of
each HF cycle. It starts charg-
ing the lamp in continuous
mode but finishes in pulsed
mode. The lamp voltage builds
much faster in the first phase,
then flattens out in the pulsed
phase.

Introduction to
Electroluminescent Lamps

Slot Tech Feature Article
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Remember when I men-
tioned last month that
it's easier for an IC to

go low than it is to provide a
high (recall the "totem-pole")?
There is another kind of AND
gate. This one includes the
NOT function we saw in the
inverter. It's called a "NAND"
gate. NAND stands for "NOT
AND." It's like an AND gate
followed by an inverter. Take
a look at the 7400 integrated
circuit. It looks like the AND
gate but it has the bubble on
the end. Look at the truth
table for the NAND gate. It's
exactly the same as the AND
gate, but the output is re-
versed. In the NAND gate,
both inputs must be high in
order to get a low out.

There are some other types of
gates as well. One is called an
"OR" gate. If one or the other
or both inputs are high, the
output will be high. The ac-
tive low version of the OR gate
is called the "NOR" gate. If
one or the other or both in-
puts are high, the output will
be low.

Another type of OR gate is
called the "exclusive OR."

You'll see it abbreviated XOR.
If one or the other input is
high, the output will be high
but not if both inputs are
high. If both inputs are high,
the output is low. An example
of the XOR in action might be
a composite sync generator
where the vertical sync is con-
nected to one of the XOR
inputs and the horizontal sync
is connected to the other. The
output of the XOR gate is
composite sync.

 When you are thinking about
logic functions, don't get hung
up on the name of the gate. To
illustrate my point, let's go
back to the AND gate. When
one input AND the other are
both high, you'll get a high
out. That's logical, huh? After
all, it is called LOGIC, isn't it?

But think about it like this:
imagine both inputs as being
high. If both the inputs are
high, the output of the gate is
high, right? But if one input
OR the other input goes low,
the output will be low, won't
it? In this case, we are using
the AND gate to perform a
kind of OR function, aren't
we? This is a perfectly accept-
able way to think of the AND
gate. It's called "negative

logic."

It's the same with the OR
gate. The truth table states
that if one input OR the other
input is high, the output will
be high. In terms of negative
logic, if one input and the
other input are both low, the
output will be low.

How does this affect us as
technicians? Not much as far
as testing the individual gate
is concerned. That remains
the same no matter what. It
does go toward understand-
ing how that particular de-
vice is being used within the
system.

By combining gates into more
complex circuits, it's possible
to design a digital circuit that
will do almost anything. In
fact, just about all of the digi-
tal integrated circuits in use
today are simply combina-
tions of the basic gates we
have already examined.

As we have seen, the gates
can only respond to a certain
set of input conditions. When
the input conditions are met,
the output responds accord-
ing. But the gates function
only as transient circuits;

Slot Tech Electronics 101 Introduction to
Digital Electronics

Part2
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they cannot store any infor-
mation.

A flip-flop is a type of circuit
that can store a single bit of
data. There are several differ-
ent types of flip-flops. The
simplest is known as an RS
flip-flop. The RS stands for
"RESET/SET."

We can make an RS flip-flop
with two NAND gates con-
nected as shown in figure 1.
R and S are the two inputs to
the flip-flop. The flip-flop also
has two outputs. Both are
labeled with the letter "Q" but
one has a bar over the top of
it. The bar indicates a compli-
mentary function and is read
"NOT Q" or "Q NOT." That is to
say, if the Q output is high,
the Q NOT output will be low
and vice-versa. Integrated cir-
cuits will often sport compli-
mentary outputs if for no other
reason than that the extra
pins are available in the IC
package so they might as well
be used for something.

When inputs R and S are
both high, the flip-flop is in a
steady state. For the sake of
discussion, let's say that the
flip-flop is "set" with its Q
output high. Naturally, the Q
NOT output will be low.

If the R input is momentarily
brought low, the Q output
will go low. The flip-flop is
now in its "reset" condition
and will stay that way, even
when the R input goes high
again. Only a brief pulse is
needed to reset the flip-flop.
Subsequent toggling of the R
input will have no effect on
the outputs. Once the flip-
flop is in the reset condition
it will stay that way; storing
its single "bit" of data.

In order to "set" the flip-flop,
the S input is momentarily
brought low. This brings the
Q output high again. Again,
subsequent high/low transi-
tions on the S input will have
no effect on the outputs. Once
the flip-flop is set, it's set.

Bringing both inputs low is a
disallowed condition for the
RS flip-flop, since this would
force both outputs high si-
multaneously.

You can easily make an RS
flip-flop yourself out of a single
7400 IC. In fact, since the
7400 is a "quad" NAND gate,
you can make two RS flip-
flops out of one IC!

Can you imagine where we
might use an RS flip-flop?
Think about a circuit where

you want to flash a
lightbulb or LED.
When the game's
CPU wants to turn
the lamp on, it
might send out a
momentary pulse
that "sets" an RS
flip-flop, activating
the lamp or LED.
The lamp contin-
ues to glow until
the CPU sends a
low going pulse
that "resets" the

flip-flop and shuts off the
lamp. This is not how it's done
in the real world but I couldn't
think of a better example, so
sue me.

Clocked Logic

With the RS flip-flop, the
outputs change as soon as
the appropriate input condi-
tions are met. This is known
as "asynchronous" operation.
However, in a computer sys-
tem we often need things to
happen simultaneously or
sequentially. A computer
"clock" is used to make sure
that things happen exactly
when they're supposed to.
An integrated circuit that uses
a clock signal to initiate an
function is known as having a
"synchronous" operation.
This is also known as "clocked
logic."

A good example of clocked
logic is the "type D" flip-flop.
The "D" stands for data. The
most common type D flip-flop
is the 7474. This is a "Dual D
Flip-Flop" with two completely
independent devices in one,
fourteen pin package.

As with the RS flip-flop, the
type D flip-flop has compli-
mentary outputs. Remember
the little bubble on the end of
the inverter, NOR and NAND
gates? Here we see it again on
the Q NOT output of the flip-
flop. Remember, the bubble
means "active low."

The remaining four connec-
tions are all inputs to the flip-
flop. "D" is the "data" input of
the flip-flop; "C" stands for
"clock." The other two inputs
are "set" and "clear."

Here's how the type D flip-
flop works:
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When the flip-flop is "set," the
Q output is high. The Q NOT
output is, of course, low. If the
data input is brought low, the
outputs do not immediately
change state. The logic low at
the data input is transferred
to the Q output only when
the flip-flop receives a clock
pulse. Specifically, the data
is transferred on the positive
edge of the clock pulse, when
the clock pulse makes a low
to high transition. Once the
clock pulse is high, the data
input is "locked-out" and any
changes are ignored. Any
information present at the D
input will not be transferred
until the next rising edge of
the clock pulse input.

If the condition of the D input
remains low, subsequent
clocking of the flip-flop will
not produce any change in
state at the outputs. The flip-
flop will remain "reset" with
the Q output low. If the D
input is brought high, the Q
output will go high with the
next low-to-high transition of
the clock pulse. In other
words, any change in the
outputs is "synchronized"
with the clock pulse. This is
reflected in the truth table.

So, what about the other two
inputs? Notice that they both
have the bubble on them (ac-
tive low, remember?) The "set"
input does just what the name
implies. A logic low on the set
input "sets" the flip-flop, mak-
ing Q high. A logic low on the
"clear" input has just the op-
posite effect, making the Q
output a logic low. Both the
set and clear are asynchro-
nous inputs that are inde-
pendent of the clock and data
inputs. When set goes low, Q
goes high immediately, re-
gardless of what is happen-

ing at the D and clock inputs.
When clear goes low, Q fol-
lows no matter what going on
with the clock and data in-
puts. A simultaneous low on
both set and clear will force
both outputs high. In this
case, the outputs are obvi-
ously not complimentary.

The logic diagram for the type
D flip-flop is shown in figure
3. You will not need to follow
this schematic in the course
of your normal work as a tech-
nician but it's interesting to
see how the basic gates are
combined to make a new type
of IC.

Here's a neat way to hook up

a type D flip-flop. Connect
the Q NOT output to the D
input. What will this do? Let's
think about it. Let's start with
the flip-flop "set". The Q out-
put is high and the Q NOT
output is low. This puts a
logic low on the D input,
doesn't it? What will happen
when the next clock pulse
occurs? The low at the D in-
put will be transferred to the
Q output and Q NOT will go
high. Since the D input is
connected to the Q NOT out-
put, the D input is also high
now, isn't it? What happens
at the next clock pulse? The
flip-flop changes state again
doesn't it? Each subsequent
clock pulse "flips" or "flops"
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the circuit to the opposite
condition. This is called "tog-
gling."

Since it takes two clock pulses
to cycle the toggle circuit from
one state to another and back
again, a toggle circuit is very
useful for dividing the fre-
quency of a signal. For ex-
ample, if a clock pulse of 1000
Hertz (1000 cycles per sec-
ond) is applied to the circuit,
the outputs will change at a
rate of 500 Hertz. It's not
unusual to see this circuit in
videogames where a crystal-
controlled clock frequency of
more than 14 megahertz (14
million cycles per second) is
divided in half by a type D
flip-flop connected in a toggle
circuit.

JK Flip-Flop

Another popular type of flip-
flop is the type JK flip-flop. A
common part is a 74107. The
JK flip-flop works in much
the same way as a type D flip-
flop with a few enhancements
and minor changes in the
way it operates.

Like the type D flip-flop, the
JK flip-flop has two, compli-
mentary outputs, Q and Q
NOT. It has 4 inputs as well.
The "clear" input works the
same way as it did in the type
D flip-flop. The clock input
works in a slightly different
way, transferring data to the
outputs on the falling edge of
the clock pulse rather than
the low to high transition of
the clock as it did in the type
D flip-flop.

The truth table for the JK flip-
flop shows you the difference
between the two. When J and
K are both low, the clock pulse
has no effect on the outputs.

When J and K are set to oppo-
site states, the state of the
inputs is transferred directly
to the associated outputs. If J
is high and K is low, clocking
the flip-flop makes Q high
and Q NOT low. Conversely, a
low on J and a high on K will
cause the Q output to go low
and the Q NOT output to go
high following the falling or
negative going edge of the
clock pulse.

74107

74107

Making both J and K inputs
high puts the JK flip-flop into
the "toggle" mode. When a
clock pulse is applied, the
outputs change to the oppo-
site state from what they were
before the clock pulse. In other
words, the first clock pulse
"flips" the device while the
following pulse "flops" it.

Next month we'll take a look
at digital troubleshooting, and
I'11 show you a way to find
bad ICs using just a battery,
two wires, and a finger!
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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 4 will be held October 22 -24, 2002 at the Grand
Casino Mille Lacs in Onamia, Minnesota. Registration fee is
$390.00 per person and includes lunch each day.

This is a technical presentation. The TechFest is geared for
working 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
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● Mars - Bill Validators
● 3M Touchsystems - Touchscreens
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- PLUS - A special instructional series on video slot
monitor repair presented by Randy Fromm

and monitors, YOU 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 ex-
perts 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 main-
tenance to advanced
techs that need to brush
up on monitor repair.

Wednesday, August 14th, 2002
Tuesday, October 22nd, 2002

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

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

3:30pm - 5:30pm
3M Touchsystems - Touchscreen
Technology

Thursday, August 15th, 2002
Wednesday, October 23rd, 2002

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

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

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

Friday, August 16th, 2002
Thursday, October 24th, 2002

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

1:15pm - 3:15pm
Sencore - Monitor Troubleshooting and Re-
pair - Using sophisticated test equipment to
speed through monitor repairs

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

Schedule of EventsSchedule of Events
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