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Understanding and Servicing
Microwave Ovens

By David T. Miga, CET

Although the microwave oven
was invented more than a quarter of
a century ago, using technology more
than half a century old, many
appliance servicers are reluctant to
service them because they do not
understand them. In this article you
will learn the nuts and bolts of
microwave oven theory & operation,
and how to troubleshoot a microwave
oven using the Microanalyzer 76.
How ecach part works on its own will
be discussed first, so that we will
have a background on which to base
the entire mechanics of how the
microwave oven works.

How Hi-Voltage Components
Work

Microwave ovens use com-
ponents such as diodes, capacitors,
transformers, magnetrons, relays, and
triacs. But what are these mysterious
parts and how do they work? Let’s
discuss each one, then we will see
how they all work together to make
the microwave oven do its magic.

The Diode

Imagine a water pipe with a reed
valve installed, so that water may
pass in one direction, but if water
flow reverses, the reed flap closes to
stop the water flow. The flap will
only withstand a certain amount of
reverse pressure, and any more back-
pressure will cause the reed to break
off. If you can imagine this, you
know as much about how a diode
works as any eclectronic technician!
The diode will allow electrical cur-
rent to flow in one direction. If
electrical flow reverses, the diode
will stop all flow unless the flow
pressure, or voltage, is exceeded
beyond the ratings of the diode. If
this voltage is exceeded, the diode
shorts out and allows flow in either
direction. The symbol for the diode
is shown in figure 1A.
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In a diode, conventional flow is

in the direction of the arrow, from
the anode to the cathode. The cath-
ode is always indicated by the cath-
ode band at one end of the com-
ponent. An actual diode is shown in
photo 1B.

The Capacitor

If the diode is a valve, the
capacitor is nothing more than a
storage container. A capacitor is a
chamber of a certain size, or capaci-
tance, that will charge with clectrons
up to a certain level. If the chamber
is allowed to empty, it will dis-
charge. If left alone, it will simply
store its charge for as long as it is
left alone. For example, if you had a
desire to create a power source as
large as possible, but you could only
catch a few electrons at a time, you
would allow the capacitor to charge
while clectrons were available, and
when clectrons were hard to find,
you would disconnect the capacitor
to keep it from discharging. We
could use a diode as an automatic
valve to connect and disconnect the
capacitor. The symbol for the capa-
citor is shown in figure 2A below.
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A capacitor looks like the two
cxamples shown in photo 2B. You
should be aware that some capacitors
are polarity sensitive. This will be
indicated by a red band or a + sign
near one lead. This type of capacitor
is called an clectrolytic. The + lead

mite!

must never be allowed to become
more ncgative than the other lead. If
this happens, the electrolytic does a
perfect imitation of a stick of dyna-

Q6.

The Transformer

Next we will investigate the
transformer. Think of this device as a
lever. Remember your high school
science about levers? Depending on
the length of the lever, you would
end up with cither a lot of leverage
(torque) with a smaller movement, or
less leverage (torque) with a longer
movement. A transformer can change
low voltage (potential) with a large
amount of current (flow), to high
voltage, but with much less current
flow available. Mathematically, if the
voltage were doubled, the current
available would be halved, so that in
theory, power input would equal
power output. Only the type of
power has been transformed to make
our use of it easier.

Figure 3A is the electrical sche-
matic of the transformer.
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The windings count of the prim-
ary, or input side is lower than the
sccondary, or output. This indicates
that this transformer will transform
low voltage into a higher one, so it is
called a step-up transformer. Photo
3B shows a transformer. It is made
of iron plates and is always heavy.

38.

The Magnetron

The magnetron is the most diffi-
cult component to understand, but
because it is the heart of the
microwave oven, it is very important
for you to know. In reality it is only
a tube, something like the glass tubes
you may remember in old tvs and
radios. In the magnetron there is a
filament. This is a wire heated with a
considerable amount of current
which causes it to glow white-hot,
like a light bulb. The wire releases
not only heat, but a large number of
clectrons which do their best to get
away. The tube has a high vacuum
so that the electrons are not slowed
by air molecules. To collect these
clectrons, we ground a plate in the
transformer to the chassis ground,
and put a large negative voltage on
the filament to repel the clectrons.
But what have we accomplished by
collecting all these clectrons? Now,
what would happen if we put a
powerful magnet inside the magne-
tron? Those poor clectrons would be
so confused by the magnetic poles
that they would swirl and rotate on
their way to the grounded plate. The
swirl and rotation is controlled by
machining the inside of the magne-
tron in such a way as to leave
“‘pockets’” for the electrons to
resonate in. The frequency of the

rotation, or oscillation, in a typical
magnetron is such that the output is
in the microwave radio frequency
known as the ‘‘X’’ band, or 2450
megaHertz. Hard to belicve that
anything can rotate at two thousand
million times per second, isn’t it?
Such is the magic of electronics.

The magnetron symbol is dis-
played in figure 4A, and a typical
magnetron tube is shown in photo
4B. The two connections at the base
of the magnetron arc the filament
connections. Also, the high negative
voltage can be inserted at either of
these terminals. The plate of the
magnetron is attached to the metal
mounting brackets of the tube. It will
be grounded as long as the tube is
properly mounted. The electrons are
collected at the top of the tube, and
are converted to high-frequency mag-
netic radio waves by the antenna stub
at the top of the magnetron. It is
important to understand that the
clectrons do not cook the food, the
magnetic radio waves do.
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The Relay and Triac

From here on the learning gets
casier. Now that we know how
diodes, capacitors, transformers and
magnetrons work, we need some way
to direct power towards these com-
ponents. Controlled electrical valves
called the relay and the triac are the
necessary components here. Most
appliance technicians know about the
relay, a simple electro-mechanical
device. A coil of wire is energized so
that it will pull an iron plate down
onto a set of contacts to make a
connection. In this manner, a small
voltage can easily control a large
current. Think of a triac as a solid-
state relay. With no control signal,
the triac is an unconnected, or an
open circuit. Provide a tiny signal
into the gate terminal of a triac, and
it will allow a large current to flow
across the MT1 and MT2 contacts.
But there are a couple of peculiarities
when the triac is used. A relay would
use two connections for the coil, and
at least two more connections for the
switch, making a minimum of four
connections. But a triac has only
three connections, gate, main ter-
minal 1 and main terminal 2. Simply
put, the MTI1 connection is the
joining of one coil connection and
one switch connection. Because this
joins the low voltage of the coil to
the high voltage of the switch, you
can’t replace a relay with a triac.
Figure SA is the schematic symbol of
the triac. Photo 5B shows the types
of triacs that a typical microwave
oven might use. The large square or
round style are the most popular. The
two larger terminals are MT1 and
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continued on the next page
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MT?2, with the center terminal always
MT2. The small terminal is always
the gate, or control terminal.

58.

The Transistor

The transistor is similar to the
triac, except that a transistor can
switch only DC current. That means
that there must be at least two types
of transistors, one to switch current
in one direction, one to switch
current in the opposite direction.
Think of the transistor as a diode
with an ON-OFF switch! Depending
on which direction the diode faces,
the transistor will be either an NPN
or a PNP ftransistor. As a general
rule, an NPN transistor is usually
used to switch a positive voltage,
while a PNP transistor is used to
switch a negative voltage. In the
repair of microwave ovens, all a
transistor may be used for is to
operate a relay or beep a buzzer.
Like a triac, a transistor has three
leads, one of which is the common to
the control signal and the switched
current. Figure 6A is the electrical
symbol for NPN and PNP transistors.
Photo 6B shows a couple of popular
case styles. The signal lead is the
base, the main contact is the collec-
tor, the common lead is the emitter.

B
PNP
C
B
E
NPN
R,

iy

L6.

Channeling the Microwave
Energy

The typical microwave oven uses
a magnetron tube bolted on one side
of the oven chamber or cavity. A fan
blows across the tube fins to cool the
tube. The microwave energy is direc-
ted from the top of the tube through
a square metal duct called a wave-
guide, through a plastic or mica plate
called a waveguide cover. The wave-
guide cover allows the waves to pass
but stops steam or food particles
from entering the waveguide.

Most microwave ovens have a
stirrer. The stirrer is in the top of the
oven. It reflects the microwaves all
around the oven cavity via its rotat-
ing blades. The stirrer blades are set
into motion by cither a motor/belt
combination or are blown by the
magnetron forced-air cooling fan.

Safety Features

All microwave ovens have safety
features to keep their users from
cooking themselves. A series of
micro-switches operate in a
sequence, in series with one or more
thermal switches. This assures that
the power supply will operate only
when all of the switches are in their
correct positions. There’s even a
switch designed to short out the AC
line, blowing the fuse, if any of the
switches malfunction.

Theory & Operation

In operation, a mechanical timer
or an eclectronic control unit will
cause a relay or triac to pass 120
volts AC to the primary of the power
transformer. The transformer has a 3
volt secondary winding for heating
the magnetron’s filament, and a 1500
volt to 2500 volt secondary for the
high voltage power supply. To keep
the windings count low, a voltage
doubler circuit is used. During one
half of the 60 cycle current, the
transformer charges the high voltage
capacitor to ground through the high
voltage diode, but power is not

delivered to the magnetron tube.
When the polarity reverses, the capa-
citor is free to discharge through the
high voltage winding of the transfor-
mer. Since the voltage of the capaci-
tor is now in series, or added to the
voltage now produced by the wind-
ing of the transformer, the voltage is
doubled, although the current is redu-
ced to the amount that the capacitor
can supply during its discharge.
Therefore, the size of the capacitor
controls the heat wattage of the oven.
The magnetron actually transmits
energy in 60 Hertz pulses.

An important safety fact is that
the capacitor may remain charged for
hours after using the oven, so it must
be discharged before any components
in the oven are checked. When a
microwave oven is operated, the
magnetron usually takes about three
seconds to fire up because the fila-
ment must come up to temperature.
If you listen, the firing-up is audible.
The magnetron emits a one-second
buzz immediately after the filament
heats up. In ovens with several
power scttings, the actual power
delivered to the magnetron does not
vary, but is cycled on and off by the
controlling circuitry. The fan and
light stay on, but the primary of the
power transformer is cnergized or
de-energized by a relay or triac.
More sophisticated ovens may usc a
temperature probe, or a heated tin
oxide gas vapor sensor to determine
when the food is cooked. The ther-
mistor’s resistance in the probe, or
the voltage output of the gas sensor,
is routed to a microprocessor, which
has been programmed with the pro-
per values to turn off power when
the food is fully cooked, or ‘‘smells”’
done.

Troubleshooting with the

Microanalyzer 76

To test all of the components in a
typical microwave oven, you must
check the diodes, capacitors, fuses,
magnetrons, transformers and triacs
for ecither shorted or open com-
poncnts. Also you must measure the
high AC and DC voltages found
inside the oven. Although a combina-
tion of transistor checkers, ohmme-
ters, continuity testers and multime-
ters may be used, it will be difficult
to find a meter that will measure
such high voltages. Alternatively, a
stand-alone test instrument such as



























