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57 ABSTRACT 
An energization circuit for a microwave oven provides 
for microwave oven operation in cook and defrost 
modes. A start switch in series with a current limiting 
resistor prevents high current surges during initial en 
ergization of a transformer used to energize a magne 
tron that produces microwave energy, and a relay op 
erated switch effects a current bypass of such resistor 
after initial transformer and magnetron energization. 
The energization circuit includes a selector switch for 
coupling the circuit in defrost configuration that in 
cludes a motor-controlled multiple stage energization 
circuit for the magnetron, such circuit having an on 
and off time for reducing the average level of micro 
wave energy within the microwave cooking cavity to 
achieve food defrosting without cooking the same. A 
current limiting resistor is sequentially connected in 
the multiple stage energization circuit for preventing 
high current surges as the transformer and magnetron 
are cyclically energized in the defrost mode. 

6 Claims, 2 Drawing Figures 
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MICROWAVE OVEN DEFROST CIRCUIT 
This invention relates to a circuit for energizing a 

magnetron or the like for operation of a microwave 
oven in cook and defrost modes and more particularly 
to such a circuit that effects control of the average en 
ergy level within the microwave cooking cavity. 
A microwave oven provides a food cooking function 

by the production of microwaves or other similar elec 
tromagnetic energy within the oven cooking cavity, 
such energy effecting cooking of the food therein. In 
conventional microwave ovens a magnetron tube ener 
gized through a transformer coupling produces micro 
wave energy to cook food within the oven cooking cav 
ity in a very short time. Since the magnetron operates 
at a substantially constant level, it is difficult to control 
the energy level within the oven cooking cavity, one 
method of control being a cyclical turning on and off 
of the magnetron to achieve a reduced average energy 
level. 
The large magnetizing current drawn by the trans 

former when starting poses a difficulty in that it tends 
to saturate and subjects the other components in the 
energization circuit to damage, such as for example, by 
welding switch contacts together or unnecessarily 
burning-out the safety fuses in such circuit. Moreover, 
such high starting currents constitute a start-up shock 
to the magnetron which reduces the effective useful life 
thereof. 
One method for avoiding such high current pulses 

during starting has been to use a start switch in series 
connection with a current limiting resistor in the ener 
gization circuit for the magnetron to provide a low 
starting current therefor; and a surge relay or power 
relay having a small inherent delayed response is cou 
pled across the energization circuit to operate a nor 
mally open switch for bypassing the resistor shortly 
after the magnetron is energized. It has been found by 
using the start switch and current limiting resistor series 
combination that the peak current drawn by the mag 
netron during starting has been reduced from about 
150 amps down to about 26 amps. 
Accordingly, a primary object of the invention is to 

reduce the average energy output from an electric ap 
paratus, such as a magnetron or the like. 
Another object of the invention is to reduce switch 

ing current surges in the energization circuit for an 
electric apparatus, such as a magnetron or the like. 
A further object of the invention is to reduce start-up 

shock to a magnetron produced by the high magnetiz 
ing currents thereof. 
An additional object of the invention is to prolong 

the useful life of an electric apparatus, such as a magne 
tron or the like and the energization circuit therefor. 

Still another object of the invention is to provide a 
circuit for effecting production in a microwave oven 
cooking cavity energy sufficient to defrost food without 
rapidly cooking the same. 

Still a further object of the invention is to provide a 
circuit for a microwave oven to permit operation in 
cook and defrost modes. 
These and other objects and advantages are realized 

in the instant invention which comprises an energiza 
tion circuit for an electric apparatus, such as a magne 
tron and the like, that produces in response to an elec 
trical input an electromagnetic energy output, such en 
ergization circuit including a multiple stage cycling 
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2 
switch for effecting energization of the magnetron cy 
clically and at various current levels by coupling a cur 
rent limiting resistor in the energization circuit briefly 
at the beginning of each such cycle, whereby the mag 
netron start-up current surge is maintained at a mini 

To the accomplishment of the foregoing and related 
ends, the invention, then, comprises the features here 
inafter fully described, the following description and 
the annexed drawing setting forth in detail a certain il 
lustrative embodiment of the invention, this being in 
dicative, however, of but one of the various ways in 
which the principles of the invention may be employed. 

In the drawing: 
FIG. 1 is a schematic electric circuit diagram of an 

energization circuit for energizing a magnetron; and 
FIG. 2 is a motor, cam, and switching contacts ar 

rangement for use in the circuit of FIG. 1. 
Referring now to the drawing wherein like reference 

numerals refer to like elements in the several figures, 
an energization circuit for an electrical apparatus, such 
as, for example, a magnetron or other electric appara 
tus for operation to obtain selective average output 
power levels, is shown generally at 10 in FIG. 1. The 
energization circuit includes an interlock circuit por 
tion 11 coupled across a pair of input terminals 12 for 
supplying power, for example, from the power.com 
pany, a start circuit 13 for providing starting power 
without large current surges, an operation selection 
portion 14 for selecting cook or defrost circuit configu 
rations, a multiple stage cycling circuit 15 for use in the 
defrost circuit configuration, and an output circuit 16 
for energizing the magnetron 17. The output circuit 16 
includes a coupling transformer 18 having a primary 
winding 19 coupled to the energization circuit 10 and 
a first secondary winding 20 providing heater energiza 
tion in the magnetron 17 and a circuit 21 including a 
second secondary winding providing high voltage ener 
gization for the magnetron. 
A fuse 22 is connected to one input terminal 12 to 

provide power to what will be referred to hereinafter as 
the power side of the energization circuit 10, and the 
other input terminal 12 is coupled to the neutral line 
thereof, such terminology being for convenience only 
since the circuit is preferably coupled for receipt of AC 
power. The fuse 22 is connected to a main power 
switch 23, and an oven light 24, stirrer motor 25, and 
fan motor 26 are coupled between the power and neu 
tral sides of the energization circuit for energization 
upon closure of the main power switch. The oven light 
24 is positioned, for example, to illuminate the interior 
of the microwave oven cooking cavity, and the stirrer 
motor 25 and fan motor 26 drive conventional ele 
ments used in microwave ovens. If desired, the power 
switch 23 may be mechanically ganged by a linkage 27 
with other switches in the energization circuit 10 as will 
be described in more detail below. 
The interlock circuit portion 11 of the energization 

circuit 10 includes a latch switch 30, thermostat switch 
31 responsive to magnetron temperature, door switch 
32, and a timer operated switch 33, the latter having, 
for example, a closed set position with an open re-set 
position controlled by a conventional timer 34. The in 
terlock circuit portion 11 is arranged in the energiza 
tion circuit to prevent energization of the magnetron 
17 unless the microwave oven door is closed and 
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latched, the temperature of the magnetron is below 
that at which the thermostat switch 31 is set, and the 
timer operated switch 33 is in the set position, not yet 
having been open by the timer 34. Such interlock por 
tion arrangement assures safe operation of the micro 
wave oven, whereby the magnetron 17 cannot be oper 
ated unless the oven cooking cavity is closed and sealed 
to prevent radiation leakage therefrom. 
The start circuit 13 of the energization circuit 10 in 

cludes a series coupled current limiting resistor 35 and 
start switch 36, the latter being, for example, a nor 
mally open push button switch. A normally open relay 
operated switch 37 is coupled in parallel with the cur 
rent limiting resistor 35 and start switch 36 and is 
closed by energization of the relay 38, which is con 
nected between the node 39, representing the connec 
tion point of the start switch 36 and the relay operated 
switch 37 remote from the power input terminal 12, 
and the neutral side of the circuit. 
A selector switch 40 in the operation selection por 

tion 14 has a movable switch blade operable for con 
nection to a first contact 41 to couple the energization 
circuit 10 in configuration for operation in the cooking 
mode and a second contact 42 to couple the energiza 
tion circuit in configuration for operation in the defrost 
mode. When the selector switch 40 is connected to the 
contact 41, a direct low impedance circuit provides 
maximum current energization of the magnetron 17 to 
produce a substantially constant microwave energy 
level in the oven cooking cavity for cooking the food 
therein. 
When the selector switch 40 is connected to the 

contact 42 in the defrost position, a low impedance 
drive motor 43 is connected between the node 39 and 
the neutral side of the energization circuit. The drive 
motor 43 is mechanically coupled to a plurality of nor 
mally open contacts 44, 45, 46 forming the multiple 
stage cycling switch 15 to provide periodically a closed 
circuit of selected impedance to the transformer 18 for 
energization of the magnetron 17. The contacts 44, 46 
are connected to opposite sides of a current limiting re 
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sistor 47, which limits current flow to the transformer 
18 when the magnetron 17 is initially energized at the 
beginning of each operational cycle thereof in the de 
frost mode. 
A cook pilot light 48 is connected to the node 39 and 

through the low impedance drive motor 43 to the neu 
tral side of the energization circuit, and a defrost pilot 
light 49 is coupled between the contact 42 of the selec 
tor switch 40 and the neutral side of the energization 
circuit, the pilot lights being coupled in the energiza 
tion circuit for respective energization without requir 
ing added switching elements. When the selector 
switch 40 is in cook position and the energization cir 
cuit is operating, a current flows from the node 39 
through the cook pilot light 48 and the low impedance 
drive motor 43 to neutral to effect indication of circuit 
energization in the cook mode. The high resistance of 
the cook pilot light limits the current flow through the 
drive motor 43 to a level insufficient to energize the 
same. When the selector switch 40 is in the defrost po 
sition, the cook pilot light 48 is short circuited, and a 
circuit for energizing the low impedance drive motor 
43 and the defrost pilot light 49 is established to pro 
vide an indication that the energization circuit 10 is op 
erative in the defrost mode. 
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4. 
Referring now specifically to FIG. 2, one type of mul 

tiple stage cycling switch 15 is illustrated. Such switch 
15 provides a plurality of selected impedances between 
the terminals 39, 50, including zero and infinite imped 
ance as well as well as an impedance equal to the value 
of the current limiting resistor 47. In the multiple stage 
cycling switch the low impedance drive motor 43 drives 
a cam member 51 connected to the drive shaft thereof, 
and the cam member includes a plurality of protrusions 
52, 53 for operating the contacts 44 through 46. The 
contact 45 of FIG. is shown in FIG. 2 as two contacts 
45a, 45b located on a cantilever member 54, and the 
contact 46 is located on a similar cantilever member 
55, whereby as the cam member 51 is rotated by the 
low impedance drive motor 43, a connection is first 
made between the contacts 45b and 46 and later be 
tween the contacts 45a and 44. When the connection 
between the contacts 45b, 46 is made, current from the 
node terminal 39 must flow through the current limit 
ing resistor 37 to reach the terminal 50 and the trans 
former 18, whereas when the connection between the 
contacts 45a and 44 is made, the current limiting resis 
tor is bypassed, and maximum current is provided to 
the transformer. As the cam member 51 is driven fur 
ther, the several contacts 44 through 46 are opened, 
and no power is delivered to the transformer 18. 
The energization circuit 10 provides operating poten 

tial to the magnetron 17 for energizing the same either 
continuously in the cook mode or cyclically in the de 
frost mode, whereby in the latter case the average 
power output of the magnetron is reduced from maxi 
mum to facilitate the defrosting of food in a microwave 
oven without rapidly cooking the same. In operation of 
the energization circuit 10, the power switch 23 is 
closed to provide power to the oven light 24 and the 
stirrer and fan motors 25, 26 for their conventional 
purposes. When the selector switch 40 is placed in the 
cook position and the microwave oven door is closed 
and latched and the timer operated switch 33 set, a clo 
sure of the start switch 36 provides current through the 
current limiting resistor 35 to the primary winding of 
the transformer 18 to energize the magnetron 17, the 
resistor protecting the magnetron and energization cir 
cuit from large start-up current surges. Moreover, a 
small current flows from the node 39 through the relay 
38 to close the relay operated switch 37 bypassing the 
resistor 35 and start switch 36. 
Some of the current at the node 39 also energizes the 

timer 34 and the cook pilot light 48 to indicate that the 
energization circuit 10 and magnetron 17 are opera 
tional in the cook mode. The current flowing through 
the pilot light 48 passes to the neutral line through the 
low impedance drive motor 43, such current, however, 
being insufficient to energize the drive motor at this 
time. When the microwave oven door is unlatched or 
opened, the temperature in the microwave oven cook 
ing cavity exceeds that at which the thermostat 31 is 
set, the time set on the timer 34 expires, or the power 
switch 23 is opened, then the energization circuit 10 is 
de-energized, and the magnetron ceases to produce 
output microwave energy. In normal operation when 
the time duration for operation set on the timer 34 ex 
pires, the timer operated switch 33 is re-set to open the 
energization circuit causing de-energization of the 
relay 38 which opens the relay operated switch 37, and 
the circuit can only be re-energized as described above, 
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For operation in the defrost mode, the selector 
switch 40 is placed in the defrost position, and the 
power switch 23 and switches 30 through 33 are set as 
above. A closure of the start switch 36 permits current 
flow through the current limiting resistor 35 to the 
node 39 from which some current flows to the timer 34 
and the relay 38 for operating the same as above. Also, 
some of the current from the node 39 passes to the low 
impedance drive motor 43 for driving the same and to 
the defrost pilot light 49, which indicates that the ener 
gization circuit and magnetron are connected for oper 
ation in the defrost mode. As the low impedance drive 
motor 43 rotates, a first power circuit is provided from 
the node 39 through the contacts 44 and 45 and the 
current limiting resistor 47 to the transformer 18 for 
initially energizing the magnetron 17, the resistor 
avoiding high start-up surge currents. As the low im 
pedance drive motor 43 rotates further, a connection 
between the contacts 45 and 46 is made bypassing the 
current limiting resistor 47, and full power is provided 
to the magnetron 17. Moreover, when the contacts 44 
through 46 are open, for example, as the cam member 
51 rotates to a neutral position, the magnetron 17 is de 
energized. In one embodiment defrost operation has 
been effective when using a one minute cycle in which 
the magnetron is energized for approximately thirty 
seconds of the cycle with current flowing through the 
current limiting resistor for about one-half second each 
time the magnetron is energized. Thus, the current lim 
iting resistor may be of the low power type since cur 
rent flow therethrough occurs only briefly in each cy 
cle. 
The above-described cyclical operation of brief low 

power energization, full power energization, and off 
time effects an average energy output from the magne 
tron 17 suitable for performing defrost operation in a 
microwave oven while preventing start-up current 
surges as the magnetron is initially energized in each 
cycle. Thus, the life of the magnetron and the energiza 
tion circuit is increased, and the tolerances of the safety 
fuse or circuit breaker 22 can be more limited to pro 
vide increased safety for the overall apparatus. 
While the multiple stage cycling switch 15 is illus 

trated and described as a drive motor with a cam hav 
ing one or more protrusions for operating a plurality of 
contact members, other types of switches or switching 
arrangements may be used, such as, for example, two 
single pole single throw make before break switches, 
bimetal switches, "double-upper' switches, solid state 
switches, etc. The main criteria, however, is to assure 
that a current limiting resistor is connected in series 
with the transformer 18 whenever the magnetron is ini 
tially energized. The contacts 44 through 46 may be 
opened together, in reverse sequence, or in the same 
sequence as closed since the reverse inductive current 
produced when the contacts are opened is relatively 
small. Also, if desired, the power switch 23, start switch 
36, and selector switch 40 may be ganged as shown by 
the mechanical coupling 27 whereby a closure of the 
start switch also closes the power switch and an open 
ing of the power switch also assures that the selector 
switch is in the cook position. 
Thus, it should now be understood that applicant has 

provided an energization circuit for providing power to 
an electric apparatus, for example, a magnetron, to en 
ergize the same to produce output energy at selected 
average levels. The energization circuit includes cur 
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6 
rent limiting means for protecting the electric appara 
tus as well as the energization circuit from high current 
surges during initial start-up or energization of the elec 
tric apparatus when used either in continuous opera 
tion or cyclical operation. 
The embodiments of the invention in which an exclu 

sive property or privilege is claimed are defined as fol 
lows: 

1. An energization circuit for a microwave oven in 
which cooking and defrosting functions are accom 
plished by high-frequency energy emitted by a high 
frequency energy generator, comprising means for con 
necting the energization circuit to a source of electric 
energy, means for coupling energy in the energization 
circuit to the high-frequency energy generator for ener 
gization of the same, selector switch means for cou 
pling the energization circuit in a first configuration to 
provide a cooking function and in a second configura 
tion to provide a defrost function, and cyclical switch 
means coupled to said selector switch means and ener 
gized thereby when the energization circuit is coupled 
in the defrost configuration for cyclically providing 
current to said means for coupling for effecting cyclical 
energization of the high-frequency energy generator, 
said cyclical switch means comprising current limiting 
means for limiting the current to said means for cou 
pling, and said cyclical switch means upon energization 
by said selector switch means being operable in cyclical 
manner for providing current to said means for cou 
pling via said current limiting means, then bypassing 
said current limiting means to provide maximum cur 
rent to said means for coupling, and then interrupting 
current to said means for coupling, whereby at the initi 
ation of each energization cycle of the high-frequency 
generator said current limiting means protects the same 
from current surges. 

2. An energization circuit for a microwave oven in 
which cooking and defrosting functions are accom 
plished by high-frequency energy emitted by a high fre 
quency energy generator as set forth in claim i, said cy 
clical switch means comprising means for bypassing 
said current limiting means after the beginning of each 
energization cycle of the generator. 

3. An energization circuit for a microwave oven in 
which cooking and defrosting functions are accom 
plished by high-frequency energy emitted by a high fre 
quency energy generator as set forth in claim 2, further 
comprising a plurality of interlock switch means con 
nected in the energization circuit for providing current 
flow therethrough only when the microwave oven door 
is closed and latched. 

4. An energization circuit for a microwave oven in 
which cooking and defrosting functions are accom 
plished by high-frequency energy emitted by a high 
frequency energy generator as set forth in claim 3, fur 
ther comprising start switch means for providing start 
ing current in the energization circuit for effecting en 
ergization of the high-frequency energy generator, said 
start switch means comprising a current limiting resis 
tor and a normally open switch coupled in series circuit 
relation, a relay operated switch connected in parallel 
with such series circuit, and a relay for operating said 
relay operated switch, said relay being connected to 
said start switch means for energization upon actuation 
of the latter, 

5. An energization circuit for a microwave oven in 
which cooking and defrosting functions are accom 
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plished by high-frequency energy emitted by a high fre 
quency energy generator as set forth in claim 2, 
wherein said cyclical switch means comprises electrical 
switch means for cyclically providing to the means for 
coupling an open circuit, a circuit including said means 
for limiting the current, and a closed circuit. 

6. An energization circuit for a microwave oven in 
which cooking and defrosting functions are accom 
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8 
plished by a high-frequency energy emitted by a high 
frequency energy generator as set forth in claim 5, 
wherein said cyclical switch means further comprises a 
motor and a cam means mechanically connected 
thereto for controlling operation of said last mentioned 
switch means. 

ck : k x k 


