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(57 ABSTRACT . 

A power supply for a magnetron which provides a mi 
crowave output and has an anode, a cathode, and a 
filament circuit. The magnetron has proper and im 
proper modes of oscillation. The supply includes a 
step-up transformer which has a primary winding for 
connection to an a.c. power Source and at least one 
secondary winding. Means, including a full wave 
voltage-multiplying rectifier circuit interconnected 
with the secondary winding and the anode-cathode 
circuit of the magnetron, apply a time-varying voltage 
across the anode-cathode circuit of said magnetron. 
The filament circuit of the magnetron and the anode 
cathode circuit thereof are simultaneously energized, 
and the application of the time-varying voltage across 
the anode-cathode circuit insures that the magnetron 
goes into its proper mode of oscillation when the fila 
ment has substantially reached its operating tempera 
ture. 

10 Claims, 7 Drawing Figures 
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POSITIVE IGNITION POWER SUPPLY FOR A 
MAGNETRON 

BACKGROUND OF THE DISCLOSURE 
This invention relates to power supplies for magne 

trons and more particularly to power supplies which in 
clude a voltage multiplying circuit and which insures 
that the magnetron goes into its proper mode of oscilla 
tion. 
Heretofore, power supplies for magnetrons used for 

commercial application (for example, microwave ov 
ens) have typically employed both half-wave and full 
wave rectifier circuits, such as disclosed, for example, 
in U.S. Pat. No. 3,396,342 to produce high voltage d.c. 
which is applied to the anode-cathode circuit of the 
magnetron. While full-wave bridge rectifiers were pref 
erable because of their somewhat higher efficiency, 
such power supplies require relatively expensive com 
ponents such as a supply transformer insulated for full 
voltage at both ends of the secondary winding and a 
bridge comprising four high piv diodes. Such power 
supplies have also been regulated to avoid the problems 
of poor regulation of the a.c. supply, as illustrated in 
U.S. Pat. Nos. 3,396,342 and 3,407,333. 
Another type of power supply for a magnetron which 

has been used includes a voltage doubler. Voltage dou 
blers have several advantages over a bridge circuit in 
that with the voltage doubler the secondary voltage of 
the transformer is only half that required with the 
bridge, only two high piv diodes are required, only one 
end of the secondary winding has to be insulated for 
full magnetron anode-cathode voltage, and with the 
voltage-doubler capacitors are positioned across the 
anode-cathode circuit providing protection from volt 
age transients. However, such power supplies required 
a time delay relay to allow the filament to come up to 
temperature before the anode-cathode voltage was ap 
plied because otherwise the magnetron tended to go 
into an improper mode of oscillation or would fail to 
oscillate. Because the filament-cathode circuit is at a 
very high potential, the contacts of such a time delay 
relay, due to insulation requirements, could not practi 
cally be connected in a secondary winding of the supply 
transformer serving to energize the filament circuit of 
the magnetron. Therefore, a separate filament trans 
former was required, with the contacts of the relay 
being connected in the primary of the transformer Sup 
plying the high voltage to the anode-cathode circuit 
thereby delaying application of the high voltage until 
the filament approaches its operating temperature. 
This, of course, greatly increased the cost of the mag 
netron power supply. 

SUMMARY OF THE INVENTION 

Among the several objects of the invention may be 
noted the provision of a magnetron power supply which 
permits simultaneous energization of the anode 
cathode and filament circuits of the magnetron and 
which will reliably go into its proper mode of oscillation 
when the filament reaches operating temperature; the 
provision of such a power supply which applies to the 
magnetron anode-cathode electrodes and filament, 
regulated voltages substantially independent of voltage 
fluctuations in the a.c. power source; the provision of 
such a power supply providing the anode-cathode cir 
cuit of the magnetron with protection from voltage 
transients; the provision of such a power supply mini 
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2 
mizing transformer insulation requirements; the provi 
sion of such a power supply avoiding the use of time 
delay devices and separate filament transformers; and 
the provision of such a power supply which is efficient 
in operation and may be economically manufactured. 
Other objects and features will be in part apparent and 
in part pointed out hereinafter. 

Briefly, a power supply of the present invention 
supplies power to a magnetron which provides a micro 
wave output and has an anode, a cathode, and a fila 
ment circuit, the magnetron having proper and im 
proper modes of oscillation. The supply includes a step 
up transformer having a primary winding for connec 
tion to an a.c. power source and at least one secondary 
winding. Means including a full-wave voltage 
multiplying rectifier circuit interconnected with the 
secondary winding and the anode-cathode circuit of 
the magnetron applies a time-varying voltage across the 
anode-cathode circuit of the magnetron. The filament 
circuit of the magnetron and the anode-cathode circuit 
thereof are simultaneously energized whereby the ap 
plication of the time-varying voltage across the anode 
cathode circuit insures that the magnetron goes into its 
proper mode of oscillation when the filament has sub 
stantially reached its operating temperature. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic circuit diagram of one embodi 
ment of a magnetron power supply of the present in 
vention; 
FIG. 2 is a schematic circuit diagram of another em 

bodiment of the present invention providing regulated 
voltage to the anode-cathode circuit of the magnetron; 
FIG. 3 diagrammatically illustrates the construction 

of a high leakage reactance transformer utilized in the 
FIG. 2 power supply; 
FIG. 4 is a circuit diagram of another embodiment of 

the present invention providing regulated voltages to 
both the filament and anode-cathode circuits of the 
magnetron; 
FIG. 5 is a circuit diagram of another embodiment of 

the present invention using a separate filament trans 
former; 
FIG. 6 is a circuit diagram of another embodiment of 

the present invention having a supply transformer with 
two regulated and one unregulated secondary wind 
ings; and 
FIG. 7 is a circuit diagram of another embodiment of 

the present invention having a supply transformer with 
three regulated secondary windings. 
Corresponding reference characters indicate corre 

sponding parts through the several views of the draw. 
ings. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring now to FIG. 1, a power supply of this in 
vention includes a step up transformer T1 and a full 
wave voltage-multiplying rectifier 101 which supply 
power to a magnetron 103 which in turn generates mi 
crowave power picked up by a probe 105 for transfer 
by a wave guide 107 to a horn or the like in a micro 
wave oven (not shown). The circuitry functions to step 
up the voltage from an a.c. source L1,L2 which 
supplies power at conventional line voltages of 1 18 or 
235 v.a.c., and to multiply and rectify the stepped up 
voltage to provide a time-varying voltage across the 
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anode-cathode circuit of the magnetron. How a time 
varying component is introduced into the output of rec 
tifier circuit 101 will be discussed hereinafter. 
A magnetron will not consistently go into its proper 

mode of oscillation and may not even oscillate if a non 
varying voltage is applied across the anode-cathode cir 
cuit at the same time the filament voltage is applied, 
i.e., before the filament reaches operating temperature. 
However, in accordance with this invention, by apply 
ing a time-varying voltage to the anode-cathode circuit, 
the anode-cathode and filament circuits may be simul 
taneously energized and the magnetron will consis 
tently go into the desired mode of oscillation when the 
filament comes up to temperature. 
Transformer T1 comprises a primary winding PW 

connected to the power source, a secondary winding 
SW1 interconnected with voltage doubler 101, and an 
other secondary winding SW2 connected to the fila 
ment of magnetron 103. 
The full wave voltage-multiplying rectifier 101 in 

cludes a diode D1 and a capacitor C1 series-connected 
from one end of secondary winding SW1 to a tap 109, 
the anode of D1 being connected to one end of the sec 
ondary winding while the junction between D1 and C1 
is connected to the anode of magnetron 103. A diode 
D2 and a capacitor C2 are series-connected across the 
entire secondary winding SW1, the cathode of D2 
being connected to one end of the secondary winding 
while the junction between D2 and C2 is connected to 
the cathode of magnetron 103. 

In operation, the capacitors charge to different d.c. 
levels during alternate half cycles of the a.c. power 
source. During the half cycle when the top of secon 
dary winding SW1 is positive with respect to the bot 
tom, the voltage applied across the anode-cathode cir 
cuit is the sum of the charge on capacitor C2 and the 
voltage developed across secondary winding SW1, and 
capacitor C1 is charged to the potential across the top 
portion of winding SW1 (from the top thereof to tap 
109). On the other half cycle the applied voltage is the 
sum of the charge on capacitor C1 and the voltage de 
veloped between tap 109 and the top of the secondary 
winding, and capacitor C2 is charged to the full voltage 
of winding SW1. Viewed on a steady state basis the 
voltage applied across the anode-cathode circuit of the 
magnetron is therefore a composite of the lower charge 
potential of capacitor C1, the portion of the alternating 
voltage developed across the lower few turns of secon 
dary winding SW1 (between tap 109 and the lower end 
of the winding), and the somewhat higher charge po 
tential of capacitor C2, and thus constitutes a time 
varying voltage. The application of this time-varying 
voltage across the anode-cathode circuit insures that 
the magnetron will go into its proper mode of oscilla 
tion when the filament reaches operating temperature. 
Therefore, the anode-cathode and the filament circuits 
of the magnetron can be energized simultaneously with 
the magnetron consistently going into the desired mode 
of oscillation. 

It should be noted that by rising full-wave voltage 
multiplying rectifier 101 a time delay relay and a sepa 
rate filament transformer are not required and the volt 
age provided by secondary winding SW1 need be about 
only half that required by the anode-cathode of the 
magnetron 103. Another advantage provided by the 
use of a voltage-multiplying circuit is that both ends of 
the secondary winding SW1 do not have to be insulated 
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4 
for full anode-cathode voltage because during opera 
tion the upper end of the secondary SW1 alternates be 
tween 0 volts and full anode-cathode voltage while the 
lower end is held (by capacitor C2) substantially at 
one-half full voltage. Also, as compared to a bridge rec 
tifier, only two high piv diodes are required in voltage 
multiplying circuit 101. Capacitors C1 and C2, whose 
presence across the anode-cathode circuit provides 
protection from voltage transients, are sized large 
enough both to cause a slightly leading power factor at 
the output of secondary winding SW1 and so that 
power drawn from them by the anode-cathode circuit 
does not substantially discharge the capacitors during 
their respective noncharging half cycles of the a.c. 
power source. The capacitors thus perform a double 
function of transient voltage protection and power fac 
tor improvement. Finally, a full-wave rectifying circuit 
is, of course, much more efficient than a half-wave rec 
tifier, 
Referring to FIG. 2, another embodiment of the pres 

ent invention is shown. This circuit is identical to that 
of FIG. 1 except that a transformer T1A is of the high 
leakage reactance variety. This type of transformer as 
will be discussed below, is adapted to supply a regu 
lated secondary voltage. Regulation of the anode 
cathode voltage is very desirable because small changes 
in anode-cathode voltage cause substantial changes in 
anode-cathode current. FIG. 3 diagrammatically illus 
trates the construction of the basic high leakage reac 
tance transformer optionally used in this invention to 
provide regulation of both anode-cathode and filament 
supply voltage. Such transformers have been known for 
many years, a description of the construction of a simi 
lar device being found in U.S. Pat. No. 2,143,745. It is 
sufficient to note that the transformer includes a mag 
netizable core 111 having a window 113 with a magne 
tizable shunt 115 substantially bridging the window but 
leaving a small air gap. This provides a high reluctance 
shunt path across the window between a primary wind 
ing PW and a secondary winding SW1. The shunt func 
tions as an alternate path for the magnetic flux so that 
under certain conditions, as will be discussed hereinaf 
ter, the core in the vicinity of the secondary winding 
SW1 will become saturated without the core in the vi 
cinity of the primary being saturated, the secondary 
winding thereby providing a substantially constant po 
tential. Primary winding PW is wound on the core 111 
on one side of shunt 115 while secondary winding SW1 
is wound on the core 111 on the opposite side of the 
shunt. Additional secondary windings may be wound 
on the core 111 on the same side of shunt 115 as the 
primary winding or they may be wound on the core 111 
on the side of the shunt opposite the primary winding 
(same side as secondary winding SW1). Although FIG. 
3 shows a U-I or core-type construction, magnetizable 
shunts can also be used in an E- or shell-type construc 
tion to provide similar results. 
Regulation of the time-varying voltage across the 

anode-cathode circuit of the magnetron is accom 
plished by causing the portion of core 111 in the vicin 
ity of secondary winding SW1 to be driven into satura 
tion before the remaining portion of the core is satu 
rated. The capacitive reactance of capacitors C1 and 
C2 is sufficient to cause a slightly leading power factor 
at the output of secondary winding SW1 when a normal 
supply voltage is applied to the primary winding PW. 
This slightly leading power factor causes the voltage 
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across secondary winding SW1 to rise to a magnitude 
greater than the voltage of primary winding PW multi 
plied by the turns ratio of the two windings. Since the 
magnetic coupling between that section of core 111 in 
the vicinity of secondary winding SW1 with that section 
of core 111 in the vicinity of primary winding PW is in 
complete due to the action of shunt 15, the section of 
the core near secondary winding SW1 is driven into sat 
uration before the remaining section of the core. 
Therefore, the a.c. voltage across secondary winding 
SW1 as well as the time-varying voltage across the 
anode-cathode circuit of the magnetron will be sub 
stantially independent of the voltage fluctuations in a.c. 
power source. Since the secondary SW1 provides an 
output which although slightly leading is very close to 
unity power factor at nominal power source voltages, 
the operation of the circuit is very efficient. 

Referring to FIG. 4, another embodiment of the pres 
ent invention is shown. This circuit and its operation is 
substantially identical to that of the circuit of FIG. 2 ex 
cept that a secondary winding SW2 of a transformer 
T1B, wound on the side of shunt 115 opposite primary 
winding PW, provides power to the filament circuit of 
magnetron 103. Secondary winding SW2, wound on 
that portion of the core 111 which is driven into satura 
tion, supplies a regulated a.c. voltage to the filament, 
thus providing regulated voltages to both anode 
cathode and filament circuits. 
Referring to FIG. 5, another embodiment of the pres 

ent invention is shown. This circuit and its operation 
are also substantially identical to that of FIG. 2 except 
that a separate filament transformer T2 is employed to 
supply unregulated a.c. to the filament. Regulated 
time-varying voltage, however, is still applied to the 
anode-cathode circuit of magnetron 103. 
FIG. 6 illustrates another embodiment of the present 

invention. In this power supply, a high leakage reac 
tance transformer T1C includes a trio of secondary 
windings SW1A, SW2 and SW3. Secondary windings 
SWA and SW3 are wound on the side of magnetizable 
shunt 15 opposite that on which the primary is wound. 
Interconnected with secondary winding SWA is a 
classical voltage doubler 19 which has sufficient ca 
pacitive reactance to increase the voltage across secon 
dary winding SW1A to a value greater than the voltage 
of primary winding PW multiplied by the turns ratio of 
the two windings, the operation of a high leakage reac 
tance transformer having been discussed above. A 
power supply utilizing voltage doubler 119 has an ad 
vantage over one employing voltage multiplying circuit 
101 because the former supply may use a three 
terminal capacitor C3 instead of two separate capaci 
tors each with two terminals, and thus effect certain 
economies. Capacitor C3 has a common electrode for 
capacitors C3A and C3B thus providing a three 
terminal capacitor. Voltage doubler 119 includes diode 
D1 and capacitor C3A series-connected across the en 
tire secondary winding SW1A, the anode of D1 being 
connected to one end of the secondary winding while 
the junction between D1 and C3A is connected to the 
anode of magnetron 103. Diode D2 and capacitor C3B 
also are series-connected across secondary winding 
SW1A, the cathode of D2 being connected to one end 
of the secondary winding while the junction between 
D2 and C3B is connected to one end of the secondary 
winding SW3. The other end of secondary winding 
SW3 is connected to the cathode of magnetron 103. 
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6 
The third secondary winding SW2, wound on the same 
side of the shunt as the primary, supplies unregulated 
a.c. to the filament circuit of magnetron 103. 

In operation, capacitors C3A and C3B charge to sub 
stantially the same d.c. level during alternate half cy 
cles of the a.c. power source to provide a substantially 
constant or unvarying voltage. However, the voltage 
applied across the anode-cathode of magnetron 103 is 
a regulated time-varying voltage which is a composite 
of the charge on capacitor C3A, the charge on capaci 
tor C3B, and the alternating voltage supplied by secon 
dary winding SW3. 
The circuit of FIG. 7 and its operation are substan 

tially identical to that of FIG. 6 except that secondary 
winding SW2 of a transformer T1D is wound on the 
side of shunt 115 opposite primary winding PW thereby 
also to provide regulated power to the filament circuit 
of magnetron 103. 

In view of the above, it will be seen that the several 
objects of the invention are achieved and other advan 
tageous results attained. 
As various changes could be made in the above con 

structions without departing from the scope of the in 
vention, it is intended that all matter contained in the 
above description or shown in the accompanying draw 
ings shall be interpreted as illustrative and not in a lim 
iting sense. 
What is claimed is: 
1. A power supply for a magnetron which provides a 

microwave output and has an anode, a cathode, and a 
filament circuit, said magnetron having proper and im 
proper modes of oscillation, said supply comprising: 
a high-leakage reactance step-up transformer having 
a primary winding for connection to an a.c. power 
source, at least one seconary winding, a magnetiz 
able core having at least one window, and a high 
reluctance magnetizable shunt path bridging said 
window between said primary and secondary wind 
ings; 

means for applying a continuous time-varying voltage 
across the anode-cathode circuit of said magne 
tron, said means including a full-wave voltage 
multiplying rectifier circuit interconnected with 
said secondary winding and the anode-cathode cir 
cuit of the magnetron, said rectifier circuit having 
sufficient capacitive reactance to increase the volt 
age across said secondary winding so that the core 
in the vicinity of the secondary winding is driven 
into saturation; and 

means for simultaneously energizing the filament cir 
cuit of said magnetron and the anode-cathode cir 
cuit thereof whereby the application of said time 
varying voltage across said anode-cathode circuit 
insures that the magnetron goes into its proper 
mode of oscillation when the filament has substan 
tially reached its operating temperature, and 
whereby said time-varying voltage is regulated so 
as to be substantially independent of voltage fluctu 
ations in said a.c. power source. 

2. A power supply for a magnetron as set forth in 
claim 1 wherein the means for energizing the filament 
circuit of said magnetron includes another secondary 
winding on said transformer connected to the filament 
circuit. 

3. A power supply for a magnetron as set forth in 
claim wherein said voltage-multiplying circuit in 
cludes a first diode and a first capacitor connected 
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across the entire secondary winding and a second diode 
and a second capacitor connected across a portion of 
the secondary winding whereby said capacitors are al 
ternately charged to different d.c. levels during alter 
nate half cycles of said a.c. power source, said full-wave 
voltage-multiplying circuit being adapted to provide 
the anode-cathode circuit of said magnetron with a 
time-varying voltage which is a composite of the charge 
on each capacitor and a part of the alternating voltage 
on the secondary winding. 

4. A power supply for a magnetron as set forth in 
claim 1 wherein said voltage-multiplying circuit in 
cludes a first diode and a first capacitor connected 
across the entire secondary winding and a second diode 
and a second capacitor connected across a portion of 
the secondary winding whereby said capacitors are al 
ternately charged to different d.c. levels during alter 
nate half cycles of said a.c. power source, said full-wave 
voltage-multiplying circuit being adapted to provide 
the anode-cathode circuit of said magnetron with a reg 
ulated time-varying voltage which is a composite of the 
charge on each capacitor and a part of the alternating 
voltage on the secondary winding. 

5. A power supply for a magnetron as set forth in 
claim 4 wherein the means for energizing the filament 
circuit of said magnetron includes another secondary 
winding of said transformer. 

6. A power supply for a magnetron which provides a 
microwave output and has an anode, a cathode, and a 
filament circuit, said magnetron having proper and im 
proper modes of oscillation, said supply comprising a 
step-up transformer having a primary winding for con 
nection to an a.c. power source and a first secondary 
winding, means for applying a continuous time-varying 
voltage across the anode-cathode circuit of said magne 
tron, said means including a full-wave voltage 
multiplying rectifier circuit interconnected with said 
seconary winding and the anode-cathode circuit of the 
magnetron, said rectifier circuit comprising a voltage 
doubler including a first diode and a first capacitor con 
nected across said secondary winding and a second 
diode and a second capacitor connected across said 
secondary winding whereby said capacitors are alter 
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8 
nately charged to substantially the same d.c. level dur 
ing alternate half cycles of said a.c. power source, said 
transformer having a second secondary winding series 
connected with said voltage doubler in the anode 
cathode circuit of said magnetron whereby a continu 
ous time-varying voltage which is a composite of the 
charge on each capacitor and the alternating voltage on 
the second secondary winding is applied across the 
anode-cathode circuit of said magnetron, and means 
for simultaneously energizing the filament circuit of 
said magnetron and the anode-cathode circuit thereof 
whereby the application of said time-varying voltage 
across said anode-cathode circuit insures that the mag 
netron will go into its proper mode of oscillation when 
the filament has substantially reached its operating 
temperature. 

7. A power supply for a magnetron as set forth in 
claim 8 in which the second secondary winding is also 
of said magnetron includes a third secondary winding 
of said transformer. 

8. A power supply as set forth in claim 6 wherein the 
transformer is a high-leakage reactance step-up trans 
former including a magnetizable core having at least 
one window, and a high reluctance magnetizable shunt 
path bridging said window between said primary and at 
least the first secondary winding, and wherein said volt 
age doubler has sufficient capacitive reactance to in 
crease the voltage across said first secondary winding 
so that the core in the vicinity thereof is driven into sat 
uration whereby a regulated voltage, substantially inde 
pendent of voltage fluctuations in said a.c. power 
source, is supplied by said voltage doubler. 

9. A power supply for a magnetron as set forth in 
claim 8 in which the second secondary winding is also 
wound on the side of the high reluctance magnetizable 
shunt path opposite the primary winding. 

10. A power supply for a magnetron as set forth in 
claim 9 wherein the means for energizing the filament 
of said magnetron includes a third secondary winding 
of said transformer, and wherein all the secondary 
windings are wound on the side of the high reluctance 
magnetizable shunt path opposite the primary winding. 
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