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(57) ABSTRACT

An injection locked magnetron system based on filament
injection is provided, which includes a magnetron, an exci-
tation cavity, and a load. The magnetron is installed on the
excitation cavity and connected to the excitation cavity, the
excitation cavity is detachably connected to the load, the
magnetron is provided with an injection antenna, and the
injection antenna is used to receive an injected external
signal and couple the injected external signal into the
magnetron for realizing injection locking. The injected
external signal is injected by a monopole antenna, and
coupled into the magnetron resonant cavity through a mag-
netron filament, and the output microwave of the magnetron
is output through the excitation cavity, and passes through
the waveguide directional coupler, and is finally absorbed by
the load, such that the output microwave of the magnetron
can be locked by the injected external signal.

6 Claims, 4 Drawing Sheets
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1
INJECTION-LOCKED MAGNETRON
SYSTEM BASED ON FILAMENT INJECTION

TECHNICAL FIELD

The present disclosure relates to the technical field of
controlling of magnetrons, and in particularly, to an injec-
tion-locked magnetron system based on filament injection.

DESCRIPTION OF RELATED ART

A magnetron is an important industrial microwave source.
However, it has poor output characteristics, such as a wide
output frequency band, and an uncontrollable phase. The
magnetron injection frequency-locking technology can effi-
ciently improve the output characteristics of a magnetron.
The magnetron injection frequency-locking technology
refers to injecting a high-stability low-power external signal
into a low-stability high-power magnetron. When the power
and frequency of the injected external signal meet a certain
condition, the frequency and phase of the magnetron’s
output will follow the frequency and phase of the injected
external signal. This technology can control the phase and
frequency of a high-power oscillator through a small signal,
and reduce the sideband noise of the magnetron’s output. In
1947, Adler made a theoretical research on oscillator injec-
tion locking, and proposed the condition that the injected
external signal should meet, that is, Af<2f p/Q,_,, where Af
represents the frequency difference between the injected
external signal and magnetron’s output, p represents an
injection ratio, that is, a square root of a power ratio of the
injected external signal to the output microwave of the
magnetron, f, represents the free-running frequency of the
magnetron, and Q,,, represents an external quality factor of
the magnetron. This condition is called “Adler condition”.

At present, an existing technical solution is to use a
waveguide circulator to isolate an injection signal source
from a magnetron, and introduce the injected external signal
into the output port of the magnetron through the waveguide
circulator. After passing through the waveguide circulator,
the injected external signal is coupled into the magnetron’s
resonant cavity through its output antenna, so as to achieve
injection locking.

In 1989, William C. Brown proposed a prototype of an
injection-locked magnetron system. The system compared
the phase of reference signal and magnetron’s output, and
compensated the magnetron’s output phase by a phase
shifter to achieve accurate frequency-locking. Many addi-
tional investigations on the magnetron injection-locking
technology have been conducted. In Japan, N. Shinohara et
al. have studied 2.45 GHz injection-locked magnetron using
the loop feedback technology, which adopted a phase-locked
loop to improve performance of the magnetron by control-
ling its anode current. In 2005, T. Tahir et al. used a similar
technology to realize an injection-locked magnetron by a
digital injected signal. In 2008, Hae Jin kim et al. proposed
a self-injection locking technology to improve the quality of
the magnetron’s output. In 2020, Xiaojie Chen proposed a
novel magnetron injection locking and power combining
system, which replaced a waveguide circulator with a
magic-Tee. The magic-Tee can simultancously realize the
injection locking and power combining of two magnetrons,
and reduce the loss caused by the waveguide circulators.

In the existing injection locking technology, a large-
volume waveguide isolator is required to isolate external
signal sources from magnetrons’ output, such as a wave-
guide circulator or a magic-Tee. The volume and weight of
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waveguide isolators are very large and its manufacturing
cost is high, which makes the whole injection locking
system huge and expensive. Furthermore, the introduction of
the waveguide circulator or the magic-Tee can also increase
the loss of the whole system.

SUMMARY

In view of this, the purpose of the present disclosure is to
provide a novel injection-locked magnetron system based on
filament injection to solve the problems of large occupied
space, high manufacturing cost and high insertion loss in the
related technology, which caused by the large-volume wave-
guide isolator for isolating external signal sources from
magnetrons’ output.

The present disclosure is implemented through the fol-
lowing technical solutions.

An embodiment of the present disclosure provides a novel
injection-locked magnetron system based on filament injec-
tion, which includes: a magnetron, an excitation cavity, and
a load; where the magnetron is installed on the excitation
cavity and connected to the excitation cavity, the excitation
cavity is detachably connected to the load, the magnetron is
provided with an injection antenna, and the injection
antenna is used to receive an injected external signal and
couple the injected external signal into the magnetron to
realize injection locking of the magnetron.

In an embodiment of the present disclosure, the magne-
tron includes a magnetron filament, a magnetron filament
cavity, a magnetron resonant cavity, and a magnetron power
supply terminal; the magnetron power supply terminal and
a part of the injection antenna are installed outside the
magnetron filament cavity.

In an embodiment of the present disclosure, the magne-
tron filament cavity is provided with a through hole through
which the injection antenna penetrates, the injection antenna
is used to extend into the magnetron filament cavity through
the through hole, and the magnetron filament is installed in
the magnetron resonant cavity.

In an embodiment of the present disclosure, the injection
antenna is connected to a coaxial transmission line.

In an embodiment of the present disclosure, an input
voltage of the magnetron power supply terminal is a direct
current (DC) voltage of 4000 volts (V).

In an embodiment of the present disclosure, the excitation
cavity and the load are fixedly connected by flanges, and the
magnetron is integrally connected to the excitation cavity by
bolts.

In an embodiment of the present disclosure, the injection
antenna includes at least one of a monopole antenna, a
dipole antenna, and a loop antenna.

In summary, due to the above technical solutions, the
present disclosure has at least the following beneficial
effects.

1. In the present disclosure, the injected external signal is
injected by the monopole antenna, and coupled into the
magnetron resonant cavity through the magnetron fila-
ment, and the output microwave of the magnetron is
output through the excitation cavity, and passes through
the waveguide directional coupler, and is finally
absorbed by the load, such that the output microwave
of the magnetron can be locked by the injected external
signal, and the frequency of the output microwave of
the magnetron completely follows the frequency of the
injected external signal within a locking bandwidth.

2. With the technical solution of the present disclosure,
the number of waveguide isolators in the system can be
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reduced, for example, two high-power three-port cir-
culators, one load and one waveguide-coaxial converter
are removed, thereby greatly reducing the occupied
space and the overall cost.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a top view of an injection-locked mag-
netron system based on filament injection according to an
embodiment of the present disclosure.

FIG. 2 illustrates a side view of an injection-locked
magnetron system based on filament injection according to
an embodiment of the present disclosure.

FIG. 3 illustrates a block diagram of an injection locking
test according to an embodiment of the present disclosure.

FIG. 4 illustrates a periodic pulling spectrum view before
performing injection locking.

FIG. 5 illustrates an injection-locking spectrum view after
performing injection locking.

Reference numerals: 1. Excitation cavity; 2. Magnetron;
3. Waveguide directional coupler; 4. Load; 201. Magnetron
filament; 202. Monopole antenna; 203. Magnetron filament
cavity; 204. Magnetron power supply terminal; 205. First
cold water supply terminal; 206. Magnetron resonant cavity;
207. Coaxial transmission line; 208. Inductance coil; 209.
Lead; 401. Second cold water supply terminal.

DETAILED DESCRIPTION OF EMBODIMENTS

All features disclosed in this specification, or steps in all
methods or processes disclosed, except mutually exclusive
features and/or steps thereof, can be combined in any way.

Unless otherwise stated, any of the all features disclosed
in this specification (including any additional claims and
abstract) can be replaced by other equivalent features or
alternative features with similar purpose. That is to say,
unless otherwise stated, each of the all feature is merely one
example in a series of equivalent or similar features.

In the description of the present disclosure, it should be
understood that orientations or positional relationships indi-
cated by terms “up”, “down”, “left” and “right” are based on
the orientations or positional relationships shown in the
accompanying drawings, merely for convenience and sim-
plification of the description of the present disclosure, and
do not indicate or imply that the referred equipment or
elements must have a specific orientation, be constructed
and operated in a specific orientation, and therefore cannot
be understood as a limitation of the present disclosure.

In addition, terms “first” and “second” are merely used for
descriptive purposes, and cannot be understood as indicating
or implying relative importance or implicitly indicating the
number of indicated technical features. Thus, a feature
defined with the term “first”, “second”, or the like may
explicitly or implicitly include one or more of the feature.

As shown in FIGS. 1 and 2, a novel injection-locked
magnetron system based on filament injection is provided,
which includes an excitation cavity 1, a magnetron 2, a
waveguide directional coupler 3 and a load 4. The magne-
tron 2 is installed on the excitation cavity 1 and connected
to the excitation cavity 1. The waveguide directional coupler
3 is detachably connected to the excitation cavity 1. The
waveguide directional coupler 3 is directionally detachably
connected to the load 4. The magnetron 2 is provided with
an injection antenna 202, and the injection antenna 202 is
used to receive an injected external signal and couple the
injected external signal into the magnetron 2 to realize
injection locking of the magnetron 2.
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In an embodiment of the present disclosure, the magne-
tron 2 includes a magnetron filament 201, a magnetron
filament cavity 203, a magnetron resonant cavity 206, a
magnetron power supply terminal 204, and a first cold water
supply terminal 205. The injection antenna 202 is a mono-
pole antenna. The magnetron power supply terminal 204 and
a part of the monopole antenna 202 are installed outside the
magnetron filament cavity 203.

In an embodiment of the present disclosure, the first cold
water supply terminal 205 is installed outside the magnetron
resonant cavity 206, and the magnetron power supply ter-
minal 204 and the first cold water supply terminal 205 are
respectively installed on same directional side walls of the
magnetron filament cavity 203 and the magnetron resonant
cavity 206.

In an embodiment of the present disclosure, the magne-
tron filament cavity 203 is provided with a through hole
through which the monopole antenna 202 penetrates, the
monopole antenna 202 is used to extend into the magnetron
filament cavity 203 through the through hole, and the
magnetron filament 201 is installed in the magnetron reso-
nant cavity 206.

In an embodiment of the present disclosure, a cooling
assembly is installed outside the magnetron resonant cavity
206. The cooling assembly is installed to surround the
magnetron resonant cavity 206. A cooling medium is sup-
plied through the first cold water supply terminal 205 and the
cooling assembly to cool the magnetron resonant cavity 206.

In other embodiments of the present disclosure, the cool-
ing assembly is used for cooling the magnetron resonant
cavity 206 through a cooling medium, which may be air or
other liquids.

In an embodiment of the present disclosure, the monopole
antenna 202 is connected to a coaxial transmission line.

In an embodiment of the present disclosure, the load 4 is
provided with a second cold water supply terminal 401.

Based on the above structure, the excitation cavity 1 is
used to excite the fundamental mode of output energy, and
the waveguide directional coupler 3 is used to output spec-
trum of the magnetron 2. A direct current (DC) voltage of
4000 voltages (V) is input to the magnetron filament cavity
203 through the magnetron power supply terminal 204.
Further, in order to prevent the leakage of an RF signal of the
magnetron 2, two inductance coils 208 are installed in the
magnetron filament cavity 203 and outside the magnetron
resonant cavity 206, so components installed in the magne-
tron filament cavity 203 can be used as a coupling antenna
to couple the injected external signal into the magnetron
resonant cavity 206, thereby realizing injection locking.
Specifically, the two inductance coils 208 are in one-to-one
correspondence connected to two leads 209 of the magne-
tron filament 201, and the two leads 209 of the magnetron
filament 201 are positioned in the magnetron filament cavity
203. Therefore, in the technical solution of the present
disclosure, the injected external signal is injected by the
monopole antenna 202, and coupled into the magnetron
resonant cavity 203 through the magnetron filament 201,
and the output microwave of the magnetron 2 is output
through the excitation cavity 1, and passes through the
waveguide directional coupler 3, and is finally absorbed by
the load 4, such that the output microwave of the magnetron
2 can be locked by the injected external signal, and the
frequency of the output microwave of the magnetron 2
completely follows the frequency of the injected external
signal within a locking bandwidth.

In the traditional magnetron injection frequency-locking
technology, an injected external signal is injected by a
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waveguide isolator and then is coupled through the excita-
tion cavity 1 for realizing injection locking. In contrast, in
the present disclosure, the monopole antenna 202 is used to
extend into the magnetron filament cavity 203 by the
through hole drilled in the magnetron filament cavity 203,
for realizing injection locking.

The excitation cavity 1, the waveguide directional coupler
4 and the load 4 are fixedly connected to each other by
flanges, and the magnetron 2 is in whole connected to the
excitation cavity 1 by bolts.

Further, it should be noted that, the injection antenna 202
may also be a dipole antenna or a loop antenna. Moreover,
the injection antenna 202 may be more than one in number,
and the multiple injection antenna 202 may be at least two
of the monopole antennas, the dipole antennas, and the loop
antennas.

With respect to the technical solution of the present
disclosure, the inventor performed a verification experiment,
and filament injection locking of the magnetron 2 is
achieved without introducing a waveguide circulator. A final
injection locking performance is shown in table 1 below.

TABLE 1

Injection locking performance

Injection ratio Locking bandwidth

-15dB 0.7 MHz
-20 dB 0.3 MHz
-22 dB 0.15 MHz
-25dB 0.1 MHz
-30 dB 0.05 MHz
-34 dB 0.02 MHz
-39dB less than 0.01 MHz

A test block view of the present disclosure is shown in
FIG. 3. The magnetron 2 is connected to the excitation
cavity 1, and the fundamental mode of output energy is
excited through the excitation cavity 1. The waveguide
directional coupler 3 is used to detect the output spectrum of
the magnetron 2. The injection locked magnetron system
based on filament injection uses the load 4 to absorb the
microwave energy. The monopole antenna 202 is connected
to a coaxial transmission line 207 and is installed to extend
into the magnetron filament cavity 203. The excitation
cavity 1, the waveguide directional coupler 3 and the load 4
are fixedly connected through flanges. The magnetron 2 is
fixed to the waveguide cavity 1 by screws. Signal flow
directions are shown by arrows in the FIG. 3.

In this test experiment, an injected external signal is
provided by a signal source and a high-gain power amplifier.
It can be clearly observed by a spectrum analyzer that an
output microwave of the magnetron 2 is locked by the
injected external signal. With the increase of the power of
the injected external signal and the change of the frequency,
it can be observed that the periodic pulling spectrum before
performing injection locking and the injection locking spec-
trum after performing injection locking are shown in FIG. 4
and FIG. 5, respectively.

The finally measured locking bandwidths at different
injection ratios are shown in the table 1 above. The measured
results show that the proposed system of the present disclo-
sure is feasible.
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The reasons for the narrow locking bandwidth are: 1) the
monopole antenna 202 is not well matched; 2) there is a
certain transmission loss between the magnetron filament
cavity 203 and the magnetron resonant cavity 206, and the
signal from the magnetron filament cavity 203 is not com-
pletely coupled into the magnetron resonant cavity 206. In
the future, after the monopole antenna 202 is completely
matched with the magnetron filament 201, it is expected that
the locking bandwidth of the present disclosure comparable
to that of the traditional solution can be achieved with low
system cost and a smaller volume.

The above is merely preferred embodiments of the present
disclosure, and are not intended to limit the present disclo-
sure. Any modification, equivalent substitution and
improvement made within the spirit and principle of the
present disclosure should be included in the scope of pro-
tection of the present disclosure.

What is claimed is:

1. An injection-locked magnetron system based on fila-
ment injection, comprising a magnetron, an injection
antenna, an excitation cavity, and a load; wherein the mag-
netron is installed on the excitation cavity and connected to
the excitation cavity, the excitation cavity is detachably
connected to the load, the magnetron is provided with an
antenna for external communication, and the antenna for
external communication is configured to couple an injected
external signal into the magnetron for realizing injection
locking; the magnetron comprises a magnetron filament, a
magnetron filament cavity, the injection antenna, a magne-
tron resonant cavity, and a magnetron power supply termi-
nal; the magnetron power supply terminal and the injection
antenna are installed outside the magnetron filament cavity;
the magnetron filament cavity is provided with a through
hole through which the injection antenna penetrates, the
injection antenna is configured to extend into the magnetron
filament cavity through the through hole, and a feed terminal
of the magnetron filament is arranged in the magnetron
filament cavity; and an output microwave of the magnetron
is output through the excitation cavity, and passes through a
waveguide directional coupler, and is finally absorbed by the
load.

2. The injection-locked magnetron system based on fila-
ment injection according to claim 1, wherein the injection
antenna is connected to a coaxial transmission line.

3. The injection-locked magnetron system based on fila-
ment injection according to claim 2, wherein an input
voltage of the magnetron power supply terminal is a direct
current (DC) voltage of 4000 volts (V).

4. The injection-locked magnetron system based on fila-
ment injection according to claim 3, wherein the excitation
cavity and the load are fixedly connected by flanges, and the
magnetron is connected to the excitation cavity by bolts.

5. The injection-locked magnetron system based on fila-
ment injection according to claim 1, wherein the injection
antenna comprises at least one of a monopole antenna, a
dipole antenna, and a loop antenna.

6. The injection-locked magnetron system based on fila-
ment injection according to claim 1, wherein the waveguide
directional coupler is detachably connected to the excitation
cavity and is directionally detachably connected to the load.
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