Slot Tech Feature Article
TOVI S Part 2 - The Power Supply
An Introduction to Digital Monitors

digital monitor with the power supply.

In fact, let’s go back to the very begin-
ning, at the AC (mains) input of the monitor.
Right away, we see a notable difference be-
tween this monitor and the others we are
used to repairing. Rather than connecting to
an AC input connector on the deflection PCB,
the AC inputis connected to a separate “EMI
Module.” This is a small PCB upon which is
mounted the components that we typically
associate with the suppression of electro-
magnetic interference: AC input capacitors
(C101, C102, C103, and C112) and the line
filter itself. The engineers at Tovis have really
taken this EMI suppression seriously, as
there are two stages of EMI line filters (LF101
and LF102) in series. Nothing’s going to get
out of this monitor’s SMPS and on to the AC
power line, that’s for sure. These compo-
nents are typically low-to-zero failure de-
vices.

l et’s begin our detailed look at the Tovis

Also included on the EMI Module is the
degaussing circuitry. Unlike older, passive
ADG (automatic degaussing) circuits, this
one actually has a bit of active circuitry
added that allows the ADG to operate under
CPU control. It’s a simple relay circuit that
uses a transistor (Q102) as a “ground switch”
to energize a relay coil. The base of the
transistor is driven by the “degauss” output
of IC801. What could be simpler?

Although we can now use an active control to
turn the degaussing coil on and off, we still
require a PTC thermistor (PTC101) in series
with the degaussing coil. The degaussing
coil’s magnetic field can come on like a lion
but it must leave like a lamb. That is to say,
we cannot simply turn the coil off. The rap-
idly collapsing magnetic field would have just
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the opposite effect that we require, magnetiz-
ing the shadow mask of the CRT instead of
demagnetizing it.

The positive temperature coefficient ther-
mistor has a low resistance when it’s cold but
ahighresistance whenit’s hot. As soon as the
degaussing coil is energized, current flows
through both the PTC and the degaussing
coil which, as you can see, are in series each
other. Of course, when current flows through
a resistor, it generates heat and as the PTC
heats, its resistance increases, slowly chok-
ing off the current to the degaussing coil.
After a predetermined length of time to allow
the PTC to reach its maximum resistance
(but with no actual sensing involved) IC801
says “enough already” and removes the base
voltage from transistor Q102, de-energizing
the relay and removing power from the de-
gaussing coil.
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As with all such circuits, the
degaussing coil will not oper-
ate again until the PTC ther-
mistor cools off. However,
unlike older designs, the PTC
in this type of monitor does
not require a “self-heating”
element that keeps the PTC
hot during monitor operation.
Once the monitor has been
degaussed (either automati-
cally at start-up or manually)
and the relay has dropped
out, the PTC begins to cool
and will be ready to go again
in just a few minutes. A side
benefit to this is that we save
awatt or two of power as well.
Energy savingisimportantin
a monitor. There’s no sense
wasting power if we can find
a somewhat “hi-tech” way to
reduce the overall power con-
sumption. You’ll see in just a
moment how the Tovis moni-
tor carries this energy con-
sciousness one step further.

Also included on the EMI
module is the bridge rectifier
(BD101) with an NTC ther-
mistor (TH101) in its return

path. The NTC thermistor is,
of course, for inrush current
protection as featured in the
December 2004 issue of Slot
Tech Magazine (page 33 -
What a Rush!). Following the
bridge rectifier, a .68 micro-
farad capacitor that is yet
another link in the chain of
EMI suppression.

This EMI Module is starting
to look a bit like a power
supply but let’s leave the EMI
module now and make our
way to the main deflection
PCB of the monitor, where we
see a very interesting new
development in monitor
SMPS design.

Think for justamomentabout
every power supply you have
seen in your life as a techni-
cian. Whether we’re talking
about linear power supplies
or switched-mode power sup-
plies, what component almost
always follows immediately
after the bridge rectifier? It’s
the filter capacitor, of course.
Look at a thousand different
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designs and you’ll see it again
and again: ACinput connects
to diode(s) followed by a filter
capacitor.

However, in this design, the
positive output of the bridge
rectifier (at W105) is not con-
nected directly to the positive
terminal of the primary filter
capacitor (C104). There are
two paths that the output of
the bridge rectifier can fol-
low.

One path passes through di-
ode D154 and then to C104.
But why do we need the di-
ode? It’s already DC, isn'’t it?
Sure it is. It’s the output of a
bridge rectifier and bridge
rectifiers turn AC into DC. Is
the current being “double-
rectified” or something?
Seems mysterious, doesn’tit?

The answer lies down the
other path so let’s go back to
the positive output of the
bridge rectifier (at W105) and
follow it straight across to
what appears to be the pri-
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mary winding of a transformer (T103) that is
turned sideways, with nothing at all con-
nected to the secondary winding. From the
right side of this transformer winding, we can
follow the current path through diode D152
and then to the positive lead of our friend the
filter capacitor. What is going on here? Why
are there two paths and why do we have the
“extra” diodes?

Harmonic Currents and Active Power Factor
Correction

If you’re a regular reader of Slot Tech Maga-
zine, you know all about harmonics and
switched-mode power supplies. You know
about the power-sapping third harmonic and
how it robs your casino of power. If you need
arefresher, the topic was covered extensively
in the August 2004 issue.

Harmonic currents are a direct result of the
way in which a switched-mode power supply
(SMPS) draws current from the system. The
input circuit of an SMPS is a bridge rectifier
that changes the 120 volt AC input to DC. A
capacitor smoothes this DC to eliminate volt-
age ripples and the resultant DC bus has a
voltage of about 170 volts when the AC rms
inputis 120 volts. Although the AC voltage is
a sine wave, the rectifier draws its current in
spikes as shown in Figure 3. These spikes
require that the AC supply system provide
harmonic currents, primarily 3rd, Sth and
7th. These harmonic currents do not provide
power to the SMPS, but they do take up
distribution system capacity. The principal
harmonic current is the 3rd (180 Hz) and the
amplitude of this current can be equal to or
even greater than that of the fundamental
current.

The power supply used in the Tovis monitor
is really two power supplies in one. At a
glance, even a novice technician will recog-
nize a standard SMPS design in power trans-
former T101 and its associated PWM control-
ler/MOSFET, this time as a single module,
IC101, an STR-F6656. The unregulated, fil-
tered DC enters pin 8 on the primary winding
of the transformer. The other end of the
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Figure 3. - Although the AC voltage is a sine wave,
the rectifier draws its current in spikes

primary (pin 2) is connected to the drain of
the MOSFET that’s inside the STR-F6656.

The source, as usual, is connected through a
fraction of an ohm resistor (.22 ohm is typi-
cal) to ground. This is our over-current pro-
tection (OCP) detector. If too much current
passes through this resistor (due to a shorted
load, for example) it develops a substantial
voltage due to IR drop. When IC101 see this
voltage between its source and ground, it
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says to itself “Holy Mackerel!
There’s a short somewhere!”
and it turns itself off by re-
moving the voltage from the
gate of its internal MOSFET.
Aboutonceasecond, the STR-
F6656 will try turning itself
on, see the voltage and turn
itself back off. That is what
creates the ticking sound that
you hear in a monitor with a
shorted horizontal output
transistor. It’s the OCP in
action.

The second power supply is
really the first power supply!
Look at the circuit made from
MOSFET Q151 and its asso-
ciated controller, IC105. It
kind of looks like it is its own
SMPS, doesn’t it? However,
the drain of the MOSFET is
connected to the sideways
transformer thingy, T103.
What’s this all about?

This, my friends, is a tricky
little circuit called a "boost"
power supply. In this case,
it’s more specifically called a
“follower boost.” The sideways
transformer is, electrically
speaking, just a coil. We’re
simply not using the second-
ary winding for anything.
What we ARE using is the
coil’s ability to store energy,
not as a charge (as we do with
a capacitor) but in the form of
a magnetic field.

Our goal hereis tochange the
way the monitor’s filter ca-
pacitor draws current from
the bridge rectifier and, sub-
sequently, the AC (mains).
We’re looking for a way to
boost the pulsating DC out-
put of the bridge rectifier so
that instead of charging the
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In the boost circuit, the pulses (the “on” time of the MOSFET) are
of a fixed width. They come more rapidly when a large boost is
needed and not at all when the AC sine wave is at its peak.

filter capacitor with narrow,
harmonic-producing spikes
of current, we have a steady
flow of current flowing from
the bridge rectifier into the
filter capacitor.

We accomplish this feat by
pulsingMOSFETQ151. When

Q151 is turned on, current
will flow from the positive
output of the bridge rectifier,
through the coil in T103 and
through Q151 to ground. The
coil is our load and it builds
up a nice big magnetic field.
When Q151 is turned off, the
magnetic field collapses. This

Follower Boost Characteristics
The “follower boost” circuit creates a voltage source that is
added to the incoming AC voltage. If the incoming AC rises in
voltage, the boost follows along, rising as well.
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rapidly collapsing magnetic
field slices across the coils of
copper wire and turns the
coil into an electric generator
in a process called “induc-
tion.” This newly generated
voltage (you can kind of think
of the coil as a battery for this
moment in time) is now IN
SERIES with the output of
the bridge rectifier and, just
like two or more dry cell bat-
teries in series in a flashlight,
the voltages are added to-
gether.

It’s called a “follower boost”
circuit because this newly
generated voltage is added to
the incoming voltage. If the
incoming AC rises, the boost
follows along, rising as well.
We don’t care about regulat-
ing the voltage at this point
because we’re goingtodo that
next with the PWM part of the
SMPS.

There is a notable difference
between the way this circuit
operates and the way the
PWM controller works. PWM
isjustwhatit says;itis pulse-
width modulation. The oper-
ating frequency remains con-
stant while the duty-cycle of
the pulse is shortened or
lengthened in order to main-
tain a regulated output volt-
age.

Inthe boost circuit, the pulses
(the “on” time of the MOSFET)
are of a fixed width but they
come more rapidly when a
large boost is needed and not
at all when the AC sine wave
is at its peak.

The result is that we are tak-
ing a sine wave in and pro-
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The power supply can be divided into three sections: The active
power factor correction, the SMPS primary and the SMPS outputs.

ducing a constant voltage out
and the upshot of this whole
thingis thatinstead of charg-
ing the filter capacitor only
during the brief peak period
of the AC sine wave, we can
keep a constant charge on it
and substantially reduce (or
eliminate altogether) the
third-harmonic content of the
system. This is known as “ac-
tive power factor correction”
or PFC.

The diodes we were talking
about at the beginning of this
discussion (D152 and D154)

February 2005

are a sort of electronic “anti-
siphon” valve. They are used
to ensure that the current
doesn’t “backflow” when, for
example, the output voltage
of the boost follower circuit is
higher than the output volt-
age of the bridge rectifier.

Other Things of Interest

Notice that IC105 gets its
power (Vcc) from the 20 volt
secondary of power trans-
former T101. The voltage is
picked off at pin 4 of the
transformer, rectified by di-
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ode D153 and filtered by elec-
trolytic capacitor C154. This
means that the follower boost
circuit actually doesn’t begin
operating until the main
SMPS is already up and run-
ning. We can see how the
STR-F6656 gets its “kick
start” from the raw DC,
through resistor R103 and
thereafter runs from the same
20 volt transformer second-
ary, this time rectified by di-
ode D101 and filtered by ca-
pacitor C1035.

I suppose my point here is
that, if the PFC circuit were
not operating atall, you likely
wouldn’t know it, as the unit
would simply carry on as a
regular SMPS. A much more
likely failure scenario is that
Q151 would short-circuit.
This would blow the fuse. If
the MOSFET inside the STR-
F6656 blows, this would also
blow the fuse. In either case,
pay close attention to resistor
R150, .47 ohm, 2 watts. It’s
in the negative return path of
the bridge rectifier. Ifany sort
of high-current weirdness
happens on the primary side
of the power supply, R150
might open-circuit. Likely
electrolytic capacitor failures
to look out for are probably
C105 and C154. I am not
saying that these capacitors
(or anything else, for that
matter) WILL fail. I am just
saying that, in my experience
with all types of monitors,
these will be the likely weak
points. Iunderstand from my
source within the company
that Tovis has used especially
high quality, low-esr, capaci-
tors in these critical applica-
tions.
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The output side of the power
supply is all completely stan-
dard with the exception of the
A278R12 voltage regulator.
This is a nifty little voltage
regulator, used for the +12
VDC output. It’s not so much
that we really needed another
regulator here - after all, the
SMPS itself can provide us
with a nice, regulated +12
VDC output. The A278R12 is
cool because it has a “dis-
able” input and can be turned
on or off with an external
signal from the monitor’s pro-
cessor. In this case, the sig-
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nal is called “suspend.” If the
“suspend” signal is high, the
regulator is turned on. If the
“suspend” signal is low, the
+12 VDC outputis turned off.
Since the +12 VDC is used to
power things like the IC that
controls the high voltage (we’ll
look at this in detail in a
subsequent issue) killing the
+12 VDC output is a handy
way to handle things like EHT
shutdown.
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