Progress In Electromagnetics Research Symposium Proceedings, Guangzhou, China, Aug. 25-28,2014 1613

A Compact Relativistic Magnetron with a TE;y Output Mode

Di-Fu Shi, Bao-Liang Qian, Wei Li, Hong-Gang Wang, and Lin Lian
College of Optoelectronic Science and Engineering
National University of Defense Technology, Changsha, Hunan 410073, China

Abstract— An S-band compact A6 relativistic magnetron which operates in the m-mode is
proposed, and its radiation can be extracted as a TE;g mode axially through a rectangular
waveguide which is designed to match radially with the anode. Compared with the magnetron
with diffraction output (MDO), the magnetron of this structure can reduce the dimension of the
output port of the magnetron, and therefore reduce the volume of the coil of the applied magnetic
field, and also reduce the distance between the electron dump and the anode block so that both
the diameter and the axial length of the magnetron can be minimized. In addition, as a result
of the limit to the dimension of the output waveguide, such a simple converter of the magnetron
can provide a much purer radiated mode. The softwares of high-frequency field analysis and
CHIPIC particle-in-cell (PIC) simulation have been used to analyze and optimize the operating
performance of the magnetron proposed in this paper. Simulation results show that under the
condition of the applied voltage of 360kV, the input power of 1.87 GW and the applied magnetic
field of 0.4T, the output microwave power is 409.2 MW and the power conversion efficiency can
reach 21.9%, while the resonant frequency of m-mode is 2.5 GHz and the radiated mode is TEqg
in the rectangular waveguide.

1. INTRODUCTION

The relativistic magnetron, for the reasons of its simple structure, high-power capability, suitable
application for long pulse, and high pulse repetition rate, as well as its tunability, has become one of
the most promising devices of all high power microwave sources [1]. In recent years, it was explored
extensively, including transparent cathode [2-4], electric or magnetic priming [5-9], axial diffraction
output [10-13], compactness [14-16], and so on. A compact relativistic magnetron radiating with
the lowest order mode is usually required for commercial and military applications. The magnetron
with diffraction output (MDO) in which the anode vanes and cavities are tapered radially outward
at an optimal angle in the form of a conical horn antenna can be used for mode conversion from the
operating m-mode to different TE modes [10]. And modified magnetic field distribution makes the
MDO more compact in axial dimension, however, at the expense of increased radial dimension [13].
Recently, a compact A6 relativistic magnetron is proposed which operates in the m-mode and whose
radiation is extracted axially as a TE;; mode through a cylindrical waveguide with the same cross
section as that of the anode block, although with reduced efficiency [14].

In this paper, we describe an S-band compact A6 relativistic magnetron which operates in the
m-mode, and its radiation can be extracted as a TEg mode axially through a rectangular waveguide
which is designed to match radially with the anode.

This configuration has several advantages: the magnetron of this structure can reduce the
dimension of the output port of the magnetron, and therefore reduce the volume of the coil of the
applied magnetic field, and also reduce the distance between the electron dump and the anode block
so that both the diameter and the axial length of the magnetron can be minimized. In addition,
as a result of the limit to the dimension of the output waveguide, such a simple converter of the
magnetron can provide a much purer radiated mode.

2. SIMULATION SETUP

The three-dimensional fully electromagnetic and particle-in-cell (PIC) code CHIPIC [17] is used
to investigate the performance of the compact relativistic magnetron with TE;y output mode.
The structure of the well-known A6 magnetron [18] is adopted in this study. Fig. 1(a) shows
the schematic diagram of the horizontal cross section of the A6 magnetron with three protrusions
alternating with three recessions. Fig. 1(b) shows the 3D view of the converter connecting the A6
magnetron with the rectangular waveguide.

As shown in Fig. 1(a), the structure of the magnetron consists of 6 sectorial (6 = 20°) cavities
with height H,, = 7.2cm. The radii of the cathode, the anode, and the cavities are R, = 10.0 mm,
R, =21.0mm, and R, = 42.1 mm, respectively. In order to improve the output power and reduce
the startup time, protrusions and recessions on the inner surface of anode vanes are utilized in



1614 PIERS Proceedings, Guangzhou, China, August 25-28, 2014

the simulations. The angular width of the protrusions and recessions are ¢, = 5°, and 0, = 5°,
respectively. The protrusion and recession radii are (R, —Ar) = 20.0mm and (R,+Ar) = 22.0 mm,
respectively, where the radial variation Ar = 1 mm is same for protrusion and recession.

As shown in Fig. 1(b), at the end of the A6 magnetron, two diametrically opposite cavities and
the interaction space of the magnetron are converted axially to a rectangular waveguide. And the
other cavities are tapered radially inward at an optimal angle (o = 68.8°). The length and width

(b)

Figure 1: (a) Schematic diagram of the horizontal cross section of the A6 magnetron with three protrusions
alternating with three recessions. (b) 3D view of the converter connecting the A6 magnetron with the
rectangular waveguide.
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Figure 2: (a) Input power versus time. (b) Spectrum of electric field in resonant cavity. (c¢) Output power
versus time. (d) Electron spokes in the magnetron in the ry plane. (e) Particle plot of the electron flow in
the magnetron in the 7, plane. (f) Radiated mode of output port.
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of the rectangular waveguide are L = 84.2mm, W = 24.0 mm, respectively. The distance between
the A6 magnetron and the rectangular waveguide is H. = 100.0 mm.

In our simulations, the applied voltage has a rise time of 3 ns after which it maintained a constant
amplitude of 360kV for a duration of 50ns, and the applied axial magnetic field for interaction
space is 0.4 T.

3. SIMULATION RESULTS

According to the simulation setup described in Section 2, the compact magnetron model is inves-
tigated by 3D PIC, CHIPIC. And Fig. 2 gives the simulation results.

Figure 2(a) indicates that the input power maintain a constant amplitude of 1.87 GW after
25ns. Fig. 2(b) indicates that the spectrum of the electric field in resonant cavity is very pure, and
the resonant frequency is 2.5 GHz, which is greater than the cutoff frequency for the rectangular
waveguide. Fig. 2(c) indicates that the output power of 409.2 MW reaches to saturation at 25 ns,
corresponding to the power conversion efficiency of 21.9%. And we believe that further design and
optimization could reduce the startup time and increase the power conversion efficiency. Fig. 2(d)
shows the electron spokes in the magnetron in the ry plane at 30ns, and it indicates that the
magnetron operates at m mode.

Figure 2(e) shows the particle plot of the electron flow in the magnetron in the r, plane at
30ns, and it indicates that most leakage electrons from the interaction space can be captured by
the converter before the microwave window. Compared with the magnetron with diffraction output
(MDO), as shown in Fig. 3, the magnetron of this structure can reduce the dimension of the output
port of the magnetron, and therefore reduce the volume of the coil of the applied magnetic field,
and also reduce the distance between the electron dump and the anode block so that both the
diameter and the axial length of the magnetron can be minimized.
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Figure 3: (a) Schematic diagram of the MDO. (b) Schematic diagram of the compact magnetron.

Figure 2(f) indicates that the radiated mode of output port is TE;9 mode, which is the lowest
order mode in the rectangular waveguide. As a result of the limit to the dimension of the rectangular
waveguide, only TE;g mode can propagate in the rectangular waveguide, so that a pure radiated
mode can be obtained.

4. CONCLUSION

In conclusion, a compact relativistic magnetron with TE;¢ output mode is proposed in this paper.
The magnetron operates in the m-mode, and its radiation can be extracted as a TE;yp mode axially
through a rectangular waveguide which is designed to match radially with the anode. This design
not only makes both the diameter and the axial length of the magnetron minimized, but also
provides a much purer radiated mode in the output waveguide, and the magnetron can operate with
acceptable efficiency (about 21.9%), although we believe that the further design and optimization
of the magnetron may lead to higher efficiency, such as using transparent cathode to increase the
efficiency and reduce the startup time, using strap to promote stable generation of the m mode,
and using cathode endcap to reduce the leakage electrons from the interaction space.
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