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(57) ABSTRACT 
An injection locked magnetron microwave generator with a 
recycle of spurious energy, relating to a microwave power 
Source, includes a frequency selective reflector for recycling 
the spurious energy of a magnetron and satisfies locking 
requirements of an output frequency of a high-output-power 
magnetron with a low-powerinjection signal. The microwave 
generator includes n magnetrons and in locking devices, nel. 
The locking devices inject locking signals into the corre 
sponding magnetrons. The n locking devices are connected 
with a microwave source. Output terminals of the magnetrons 
are connected with corresponding frequency selective reflec 
tors for reflecting the spurious microwave signals outputted 
by the magnetrons back to the magnetrons. The microwave 
generator, with a simple structure, effectively recycles the 
spurious energy outputted by the magnetrons, and reduces the 
power of the injection signal and costs of the microwave 
Source and the overall microwave generator. 

9 Claims, 3 Drawing Sheets 

Output 
Waveguide terminal of 

microwave 

circulator generator 

Microwave 

SOC 

  



U.S. Patent May 31, 2016 Sheet 1 of 3 US 9,355,808 B2 

Output terminal of 
Locking device microwave 

generator 

Microwave 

SOUCC 

Fig. 1 (Prior art) 

Output 

Frequency terminal of 

selective Locking device microwave 

reflector generator 

Microwave 

SOUCC 

Fig. 2 

  

  

  

  



U.S. Patent May 31, 2016 Sheet 2 of 3 US 9,355,808 B2 

Output 
Waveguide Waveguide terminal of 

frequency four-terminal microwave 

selective circulator generator 
reflector 

Microwave 

SOULCC 

Fig. 3 

  



U.S. Patent May 31, 2016 Sheet 3 of 3 US 9,355,808 B2 

3 

6 5 
2 

1 

Waveguide Output terminal 
Waveguide 

frequency O of microwave 
ed four-terminal 

selective generator 
circulator reflector 

Microwave 

SOUTC 

1. 

Waveguide Output terminal 
f Waveguide 
requency of microwave 

Magnetron four-terminal 
selective generator 

circulator 

Fig. 4 

reflector 

  



US 9,355,808 B2 
1. 

NECTION LOCKED MAGNETRON 
MICROWAVE GENERATOR WITH RECYCLE 

OF SPURIOUS ENERGY 

CROSS REFERENCE OF RELATED 
APPLICATION 

The present invention claims priority under 35 U.S.C. 119 
(a-d) to CN 201510109032. X, filed Mar. 12, 2015. 

BACKGROUND OF THE PRESENT INVENTION 

1. Field of Invention 
The present invention, which belongs to a field of micro 

wave source technology, relates to a microwave power 
Source, and more particularly to an injection locked magne 
tron microwave generator. 

2. Description of Related Arts 
The microwaves are widely applied in the fields of radar, 

communication, microwave power transmission and micro 
wave heating. Along with the development of economy and 
technology, the microwave energy is applied in more and 
more fields. The devices for generating microwaves are gen 
erally divided into the solid state devices and the vacuum 
tubes. The vacuum tubes generally have a high direct current 
to microwave conversion efficiency, and especially the mag 
netron, which belongs to the vacuum tube, has a low cost and 
a high power-mass ratio. 

Despite of the high conversion efficiency, the magnetron 
usually has an extremely poor output characteristic that the 
output frequency and the output phase vary randomly, and 
thus becomes a microwave generator without a good output 
characteristic. The injection locking technology is able to 
improve the output characteristic of the magnetron, wherein a 
frequency of an output signal of the magnetron is controlled 
by a frequency of an external injection signal; and a fixed 
phase difference exists between a phase of the output signal 
and a phase of the external injection signal. A conventional 
injection locked magnetron system, as showed in FIG. 1, 
comprises a magnetron, a microwave source and a locking 
device. An accurate injection signal (a locking signal) with a 
stable frequency, generated by the microwave source, is 
injected into the magnetron through the locking device, for 
locking the magnetron. Due to the high parameter require 
ment upon the locking signal outputted by the microwave 
Source, the microwave source usually has a complex struc 
ture. When an output power of the magnetron reaches 1 kW 
level, the injection locking requires an injection signal with 
high power, which leads to a high cost. Considering the cost, 
an injection signal with low power is injected into the mag 
netron to realize the injection locking, so as to reduce the cost 
of the microwave source and the cost of the overall microwave 
generator. The injection of the injection signal with the low 
power into the magnetron results in the multiple output fre 
quencies of the magnetron, rather than a dot frequency. The 
magnetron has power outputting in a frequency band, 
wherein merely the microwave signalata certain frequency is 
useful and the microwave signals at other frequencies are all 
useless, also called spurious microwave signals. It is failed to 
effectively lock the output signal of the magnetron and the 
spurious microwave signals are outputted, which reduces the 
useful power outputted by the magnetron and degrades the 
microwave conversion efficiency of the magnetron. 

SUMMARY OF THE PRESENT INVENTION 

Accordingly, in order to solve the above problems, the 
present invention provides a magnetron microwave generator 
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2 
having a frequency selective reflector for recycling spurious 
energy of a magnetron. The microwave generator stabilizes 
an output characteristic of the magnetron, satisfies a locking 
requirement of the magnetron with high output power by 
injecting an injection signal with low power, and increases a 
microwave conversion efficiency of the magnetron. 
The technical solutions of the present invention are 

described as follows. 
An injection locked magnetron microwave generator with 

a recycle of spurious energy comprises n magnetrons and in 
locking devices, wherein each locking device injects a lock 
ing signal into each corresponding magnetron; the n locking 
devices are connected with a microwave source: an output 
terminal of each magnetron is connected with a correspond 
ing frequency selective reflector for reflecting a spurious 
microwave signal outputted by the magnetron back to the 
magnetron; and nel. 
The magnetron is adopted as an emission Source of the 

microwave generator and fully plays advantages of a high 
microwave conversion efficiency and high output power. 
Through the same microwave source as an injection signal 
Source, microwave signals emitted by each magnetron are 
liable to be coherent microwave signals, forming a high 
power coherent microwave source. The frequency selective 
reflector, with which the output terminal of each magnetron is 
connected, is able to reflect the spurious microwave signal 
emitted by the magnetron back to the magnetron for locking 
again, in Such a manner that a low-power injection signal is 
able to lock a frequency of a high-output-power magnetron, 
which lays a foundation for a plurality of the magnetrons to 
share the same microwave source. 

Preferably, the frequency selective reflector is a waveguide 
frequency selective reflector. 
The waveguide frequency selective reflector has advan 

tages of a simple structure, a low cost and high transmission 
power. 

Further preferably, the waveguide frequency selective 
reflector is a rectangular waveguide frequency selective 
reflector. 
The rectangular waveguide frequency selective reflector 

has a rectangular waveguide cavity for docking with the out 
put terminal of the magnetron. The rectangular waveguide 
frequency selective reflector has advantages of a low cost and 
high transmission power. 

Preferably, tuning screws are mounted on the waveguide 
frequency selective reflector. The tuning screws stretch into 
the waveguide cavity of the waveguide frequency selective 
reflector, for adjusting a reflecting frequency of the 
waveguide frequency selective reflector. 
The tuning screws are mounted on the waveguide fre 

quency selective reflector. The reflecting frequency of the 
waveguide frequency selective reflector is adjusted by adjust 
ing a depth of the tuning screws into the waveguide cavity of 
the waveguide frequency selective reflector. The waveguide 
frequency selective reflector has a simple structure and is easy 
to be adjusted. 

Preferably, the number of the tuning screws is three. 
The waveguide frequency selective reflector with the three 

screws is a mature and simple-structured waveguide fre 
quency selective reflector. By adjusting the depth of the three 
tuning screws into the waveguide cavity, the reflecting fre 
quency of the waveguide frequency selective reflector is eas 
ily adjusted, so as to realize a frequency selective reflection. 

Preferably, a distance between the frequency selective 
reflector and the magnetron is equal to a wavelength of the 
locking signal. 
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According to microwave transmission characteristics, 
when the distance between a mounting position of the fre 
quency selective reflector and the magnetron is equal to the 
wavelength of the locking signal, influences on the magne 
tron after docking with the frequency selective reflector are 
effectively lowered. 

Preferably, each locking device comprises a circulator and 
a load. The locking signal generated by the microwave source 
is injected into the magnetron through the circulator, and the 
microwave signal outputted by the magnetron is outputted 
through the circulator. 

The circulator is a multi-terminal component, wherein a 
microwave transmits annularly in the circulator along a single 
direction; the circulator cooperates with the corresponding 
load, avoiding any mutual interference between an injection 
and an output of the microwave signal. 

Preferably, the circulator is a waveguide four-terminal cir 
culator. A first terminal of the four-terminal circulator is con 
nected with the magnetron; a second terminal of the circulator 
is connected with the microwave source; a third terminal of 
the circulator is connected with the load; and a fourth terminal 
of the circulator is an output terminal. 
The four-terminal circulator is preferred in the present 

invention. The four terminals exactly Suit an application of 
the present invention. The first terminal of the four-terminal 
circulator is connected with the magnetron; the second ter 
minal of the circulator is connected with the microwave 
source; the third terminal of the circulator is connected with 
the load; and the fourth terminal of the circulator is an output 
terminal of the microwave generator. 

Furthermore, the microwave source is connected with then 
locking devices through a power distributor. The power dis 
tributor is an n-channel power distributor. The locking signals 
of n channels, outputted by the n-channel power distributor, 
have the same frequency and a fixed phase difference. 

The power distributor distributes the locking signals out 
putted by the microwave source. The power distributor is able 
to proportionally distribute the locking signals outputted by 
the microwave source to each locking device under require 
ments. The distributed locking signals are injected into the 
corresponding magnetrons for locking the frequency. Thus, 
the microwave generator is able to constitute a coherent 
power synthesis system with high output power. 

Furthermore, then magnetrons have the same structure and 
the n locking devices have the same structure. 

According to the present invention, the n magnetrons have 
the same structure and the n locking devices have the same 
structure, which simplifies a structure of the generator, 
reduces a production cost, increases production efficiency 
and well Suits an application of multi-magnetron coherent 
power synthesis. 
The present invention has the following benefits. Through 

an injection locking theory and the frequency selective reflec 
tor, the microwaves outputted by the magnetrons are effec 
tively locked and discreteness of the frequencies of the output 
signals of the magnetrons is decreased. The microwave gen 
erator of the present invention is easy to be manufactured, and 
is also able to effectively recycle the spurious energy of the 
output signals of the magnetrons, and lower the power of the 
injection signal and the cost of the microwave source, so as to 
reduce the cost of the overall microwave generator. The 
microwave generator of the present invention effectively 
increases the direct current to microwave conversion effi 
ciency, and is especially Suitable for the application of the 
multi-magnetron coherent power synthesis. 
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4 
These and other objectives, features, and advantages of the 

present invention will become apparent from the following 
detailed description, the accompanying drawings, and the 
appended claims. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sketch view of a conventional injection locked 
magnetron microwave generator. 

FIG. 2 is a block diagram of an injection locked magnetron 
microwave generator with a recycle of spurious energy 
according to a first preferred embodiment of the present 
invention. 

FIG. 3 is a sketch view of the injection locked magnetron 
microwave generator with the recycle of the spurious energy 
according to the first preferred embodiment of the present 
invention. 

FIG. 4 is a sketch view of the injection locked magnetron 
microwave generator with the recycle of the spurious energy 
according to a second preferred embodiment of the present 
invention. 

In the figures, 1: magnetron; 2: waveguide four-terminal 
circulator; 3: load; 4: microwave source; 5: output terminal of 
microwave generator; 6: frequency selective reflector. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

One skilled in the art will understand that the embodiment 
of the present invention as shown in the drawings and 
described above is exemplary only and not intended to be 
limiting. 

It will thus be seen that the objects of the present invention 
have been fully and effectively accomplished. Its embodi 
ments have been shown and described for the purposes of 
illustrating the functional and structural principles of the 
present invention and is Subject to change without departure 
from such principles. Therefore, this invention includes all 
modifications encompassed within the spirit and scope of the 
following claims. 

First Embodiment 

Referring to FIG. 2 of the drawings, an injection locked 
magnetron microwave generator with a recycle of spurious 
energy comprises a magnetron, a corresponding locking 
device, a frequency selective reflector and a microwave 
Source. The locking device, connected with the microwave 
Source, injects a locking signal outputted by the microwave 
Source into the magnetron, so as to lock a frequency of a 
microwave signal outputted by the magnetron at a frequency 
of an injection signal. A spurious frequency signal of the 
microwave signal, outputted by the magnetron, is reflected 
back to the magnetron by a frequency selective reflector 
which is connected with an output terminal of the magnetron. 
The spurious frequency signal, back to a resonance cavity of 
the magnetron, is locked again with the frequency of the 
injection signal. Then, the microwave signal, having the same 
frequency with the injection signal, is outputted. The fre 
quency selective reflector is connected between the magne 
tron and the locking device as showed in FIG. 2. 

According to the first embodiment of the present invention, 
the locking device comprises a waveguide four-terminal cir 
culator and a load. As showed in FIG. 3, the microwave 
generator comprises a continuous wave magnetron 1 of 
CK219, which is 15 kW at an S band, and a waveguide 
four-terminal circulator 2 of BJ22, a load 3, a microwave 
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Source 4, an output terminal 5 of the microwave generator and 
a waveguide frequency selective reflector 6. A first terminal of 
the waveguide four-terminal circulator 2 is connected with 
the magnetron 1; a second terminal of the waveguide four 
terminal circulator 2 is connected with the microwave source 
4; a third terminal of the waveguide four-terminal circulator 2 
is connected with the load 3; and a fourth terminal of the 
waveguide four-terminal circulator 2 is connected with the 
output terminal 5 of the microwave generator. The locking 
signal, generated by the microwave source 4, is injected into 
the magnetron 1 through the waveguide four-terminal circu 
lator 2. The microwave signal, outputted by the magnetron 1. 
is outputted through the waveguide four-terminal circulator2. 
According to the first embodiment of the present invention, a 
microwave frequency of the microwave source 4 is 2.45 GHz. 
The injection signal, with power of 10 W, is injected into the 
magnetron 1 through the waveguide four-terminal circulator 
2 and the waveguide frequency selective reflector 6. Because 
the power of the injection signal is merely 10 W, it is failed to 
completely lock the microwave frequency generated by the 
magnetron 1. Accordingly, the magnetron outputs a plurality 
of frequencies, wherein merely a power component at 2.45 
GHZ is useful and other frequencies components are all spu 
rious signals. According to the first embodiment, the 
waveguide frequency selective reflector 6 is a rectangular 
waveguide frequency selective reflector having 3 tuning 
screws. A reflecting frequency is changed by adjusting a 
depth of the tuning screws into a rectangular waveguide cav 
ity of the rectangular waveguide frequency selective reflector 
6. A distance between the rectangular waveguide frequency 
selective reflector 6 and the magnetron 1 is equal to a wave 
length of the injection signal, which is able to avoid an impact 
from the reflector upon a load reflection parameter of the 
magnetron. By adjusting the three tuning screws of the 
waveguide frequency selective reflector 6, the waveguide fre 
quency selective reflector obtains a certain frequency selec 
tive characteristic. By adjusting the tuning screws and observ 
ing monitoring data of a spectrum analyzer, the output 
frequency of the magnetron is locked at 2.45 GHZ, which 
recycles the spurious energy outputted by the magnetron and 
effectively improves a direct current to microwave conversion 
efficiency of the magnetron. 

Second Embodiment 

As showed in FIG. 4, according to a second preferred 
embodiment of the present invention, an injection locked 
magnetron microwave generator with a recycle of spurious 
energy comprises two magnetrons and two corresponding 
locking devices, wherein the two magnetrons have the same 
structure and the two locking devices have the same structure. 
The two locking devices are connected with the same micro 
wave source 4 and obtain two channels of injection signals, 
having the same frequency and the same phase, from the 
microwave source 4 through a two-channel power distributor 
(unshown in FIG. 4), and then the injection signals are respec 
tively injected into the two magnetrons. The microwave gen 
erator of the second embodiment is embodied as a combina 
tion of two systems of the first embodiment, wherein two 
output terminals 5 of the microwave generator are able to 
output coherent microwaves. By adding the magnetrons and 
the corresponding locking devices, a microwave generator 
with higher power is obtained. Because the locking devices of 
the microwave generator are connected with the same micro 
wave source, it is easy to obtain coherent microwave injection 
signals of multiple channels for locking the frequencies of the 
magnetrons, and further a high-power microwave output. The 
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6 
power distributor distributes the same injection signal source, 
which greatly simplifies a structure of a coherent power Syn 
thesis system and broadens an application prospect. 
What is claimed is: 
1. An injection locked magnetron microwave generator 

with a recycle of spurious energy, comprising n magnetrons 
and in locking devices, wherein each said locking device is for 
injecting a locking signal into each corresponding magne 
tron, so as to locka frequency of a microwave signal outputted 
by said magnetronata frequency of said locking signal; said 
in locking devices are connected with a microwave source; an 
output terminal of each said magnetron is connected with a 
corresponding frequency selective reflector for reflecting a 
spurious microwave signal of said microwave signal, output 
ted by said magnetron, back to said magnetron; said spurious 
microwave signal, back to said magnetron, is locked again 
with said frequency of said locking signal, and then said 
microwave signal, having the same frequency with said lock 
ing signal, is outputted, so as to recycle said spurious energy 
outputted by said magnetron and improve a direct current to 
microwave conversion efficiency of said magnetron, said fre 
quency selective reflector is connected between said magne 
tron and said locking device; and ne1. 

2. The injection locked magnetron microwave generator 
with the recycle of the spurious energy, as recited in claim 1, 
wherein said frequency selective reflector is a waveguide 
frequency selective reflector. 

3. The injection locked magnetron microwave generator 
with the recycle of the spurious energy, as recited in claim 2, 
wherein said frequency selective reflector is a rectangular 
waveguide frequency selective reflector. 

4. The injection locked magnetron microwave generator 
with the recycle of the spurious energy, as recited in claim 2, 
wherein a plurality of tuning screws are mounted on said 
waveguide frequency selective reflector, said tuning screws 
stretch into a waveguide cavity of said waveguide frequency 
selective reflector, for adjusting a reflecting frequency of said 
waveguide frequency selective reflector. 

5. The injection locked magnetron microwave generator 
with the recycle of the spurious energy, as recited in claim 4. 
wherein the number of said tuning screws is three. 

6. The injection locked magnetron microwave generator 
with the recycle of the spurious energy, as recited in claim 1, 
wherein a distance between said frequency selective reflector 
and said magnetron is equal to a wavelength of said locking 
signal, so as to lower influences of said frequency selective 
reflector on said magnetron. 

7. The injection locked magnetron microwave generator 
with the recycle of the spurious energy, as recited in claim 1, 
wherein each locking device comprises a circulator and a 
load; said locking signal generated by said microwave source 
is injected into said magnetron through said circulator, and 
said microwave signal outputted by said magnetron is output 
ted through said circulator. 

8. The injection locked magnetron microwave generator 
with the recycle of the spurious energy, as recited in claim 7. 
wherein said circulator is a waveguide four-terminal circula 
tor; a first terminal of said circulator is connected with said 
magnetron; a second terminal of said circulator is connected 
with said microwave source; a third terminal of said circulator 
is connected with said load; and a fourth terminal of said 
circulator is an output terminal. 

9. An injection locked magnetron microwave generator 
with a recycle of spurious energy, comprising n magnetrons 
and in locking devices, wherein: 

each said locking device is for injecting a locking signal 
into each corresponding magnetron, so as to lock a fre 



US 9,355,808 B2 
7 

quency of a microwave signal outputted by said magne 
tron at a frequency of said locking signal; said in locking 
devices are connected with a microwave source; an out 
put terminal of each said magnetron is connected with a 
corresponding frequency selective reflector for reflect 
ing a spurious microwave signal of said microwave sig 
nal, outputted by said magnetron, back to said magne 
tron; said spurious microwave signal, back to said 
magnetron, is locked again with said frequency of said 
locking signal, and then said microwave signal, having 
the same frequency with said locking signal, is output 
ted, so as to recycle said spurious energy outputted by 
said magnetron and improve a direct current to micro 
wave conversion efficiency of said magnetron; said fre 
quency selective reflector is connected between said 
magnetron and said locking device; and na1; 

said frequency selective reflector is a rectangular 
waveguide frequency selective reflector; 

three tuning screws are mounted on said rectangular 
waveguide frequency selective reflector; and said tuning 
Screws stretch into a waveguide cavity of said rectangu 
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lar waveguide frequency selective reflector, for adjust 
ing a reflecting frequency of said rectangular waveguide 
frequency selective reflector; 

a distance between said rectangular waveguide frequency 
Selective reflector and said magnetron is equal to a wave 
length of said locking signal, so as to lower influences of 
said rectangular waveguide frequency selective reflector 
on said magnetron; 

each locking device comprises a circulator and a load; said 
locking signal generated by said microwave source is 
injected into said magnetron through said circulator; and 
said microwave signal outputted by said magnetron is 
outputted through said circulator, and 

said circulator is a waveguide four-terminal circulator; a 
first terminal of said circulator is connected with said 
magnetron; a second terminal of said circulator is con 
nected with said microwave source: a third terminal of 
said circulator is connected with said load; and a fourth 
terminal of said circulator is an output terminal. 

:k k k k k 


