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ABSTRACT [10]. One of the recent techniques that have been published in
the literature to improve mode
Athree dimensional particle-in-cell (PIC) code MAGIC-3D purity is to use partially dielectric filled side resonators [11].
has been used to study the output performance of a relativistic The improvement in the radiated output power and efficiency
magnetron in combined effect of electric field priming and RF by partially dielectric loaded cavities has been already
magnetic field perturbations. The side resonators of the demonstrated by us using PIC simulation code MAGIC-3D
resonant structure have been loaded symmetrically at angle of for A6 relativistic magnetron oscillating in 2n-mode [12]. We
120° with low-loss dielectric material in the form of annular have also demonstrated fast oscillation startup and efficiency
section alternating with protrusions/recessions along anode improvement in A6 relativistic magnetron through electric
vane inner surfaces to implement the electric field priming. field priming by anode vanes shape modifications [13].
The 3-symmetrical metal rods at angle of 120° in side In this paper we use a three dimensional particle-in-cell
resonators have been used to perturb the RF magnetic field as code called MAGIC-3D to study the output performance of
well as tuning the frequency of oscillation. All the simulations the A6 relativistic magnetron loaded symmetrically with low
have been performed for 2n-mode of operation on the well loss annular dielectric material alternating metal rods in side
known AG6 relativistic magnetron. The results indicate that resonators and protrusions / recessions along anode vanes
single 2m-mode operation is not possible with such inner surfaces for 2r-mode of oscillation. The A6 relativistic
combination of electric field priming and magnetic field magnetron is one of the most matured HPM sources. The
perturbation by dielectric loading, protrusions/recession and resonant structure of this magnetron consists of six cavities
insertion of metal rods simultaneously. with an azimuthal spacing of 60 degrees. The radius of
cathode (r.) and radius of anode (r,) are 15.8 mm and 21.2
Key words: High power microwaves, MAGIC-3D, mm respectively. The vane inner radius (r,) is 41.1 mm. The
particle-in-cell (PIC) code, relativistic magnetron cross sectional view of A6 relativistic magnetron is as shown
in figure 1.

1. INTRODUCTION

A magnetron is known as a high-efficient, high power and
low cost device for generating microwaves from kW to
GW-level at centimeter wavelength [1]. Because high power
microwaves with long pulse length are important to the
Department of Defense and the plasma physics research
community, there is continued interest in improving the
performance of relativistic magnetrons [2]. The output
parameters of the relativistic magnetron that need to be
improved include mode control, peak power, start oscillation
time and pulse length [3]. One technique that has been used

by several researchers world wide to improve the Figure 1: Resonant structure of a Relativistic magnetron
performance of the magnetron is “priming” [4-9]. The

improvement in the case of oven and relativistic magnetron 2. SIMULATION MODEL

by magnetic priming has been published [6-7]. Another

technique to improve the efficiency of the relativistic MAGIC-3D is a user-configurable code that
magnetron is with axial extraction of radiation through a self-consistently solves the full set of time dependent
horn antenna. The improvement demonstrated is up to 70% Maxwell’s equation and the complete Lorentz force equation

to provide the interaction between space charge and
electromagnetic fields [14]. A variety of 3D algorithms are
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available for problem-specific solutions. For better accuracy
and reduced simulation time we use the localized meshing
technique [14]. In this simulation we have used explosive
emission cathode model of the MAGIC-3D algorithms.
Radiated output power is coupled from one of the side
resonators by connecting a smooth tapered waveguide to the
resonator as shown in figure 2(a). For modeling of the
simulation modes polar coordinate system (r, 0, z) has been
used. Figures 2(a) and (b) shows cross sectional views of the
resonant structure symmetrically loaded with annular section
dielectric alternating symmetrical recessions on anode vanes
inner surfaces and metal rods in r6 and rz-plane respectively.
The annular section dielectric material is filled up to 50% of
the total depth of the side resonator and the optimized radius
of the metal rod is 3mm. The optimized angular width of the
recession / protrusions is 6° and their radial depth is 1.6 mm.
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Figure 2 (a): Cross section of simulation model in r8-plane
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Figure 2 (b): Cross section of simulation model in rz-plane

As all cavities are tightly coupled to one another we can
extract the output power from a single cavity. The cathode is
also included in the simulation model to supply the required
emission current. End caps are included in the model to
prevent the axial escaping of electron, as axially escaped
electron play no role in beam-wave interaction and decreases
the efficiency of magnetron.
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3. SIMULATION RESULTS

Before simulation of non-linear beam-wave interactions,
electromagnetic simulations using the proposed geometries
as well as A6 basic model have been carried out. The RF
electric and magnetic field contour plots for the A6 basic
resonant structure are as shown in figures 3(a) and (b)
respectively. It is clear that the electric and magnetic contour
plots in this case are uniform and symmetrical. The resonant
frequency for A6 basic resonant structure was found to be
4.58GHz for 2n-mode of oscillation as shown on the top of
figure 3.

Ephi at OSYSSMIDPLANE3 @ 4.57770 GHz

Bzat OSYSEMIDPLANE3 @ 457770 GHz

Figure 3: (a) RF Electric field (E,), and (b) RF magnetic field
(B,) contour plot of A6 basic resonant structure for 2n-mode
of oscillation

Next, the electromagnetic simulation has been carried out
on the model having 3-symmetrical annular section dielectric
alternating protrusions/recession and metal rods in the side
RF resonators. The corresponding electric and magnetic field
contour plots are shown in figures 4(a) and (b) respectively. It
is clear from figure 4 that azimuthal variation of RF electric
and magnetic field in this case in non-uniform and
asymmetric. The resonant frequency for this case is found to
be 4.448 GHz. Hence there is a downward frequency shift of
132 MHz as compared to the A6 basic resonant structure.

Ephiat OSYSEMIDPLANE3 @ 444815 GHz Bzat OSYSSMIDPLANE3 @ 4.44815 GHz
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Figure 4: Azimuthal variation of (a) RF electric field (b) RF
magnetic field for 2z-mode of oscillation with annular
dielectric loaded RF resonators alternating 3 metal rods and
recessions
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Electromagnetic simulation has been also carried out on
the model having annular dielectric loaded RF resonators
alternating 3 metal rods and protrusions. The RF electric and
magnetic fields variation for this case have been shown in
figures 5 (2) and (b) respectively. It is clear from figure 5 that
in this case also the fields are non-uniform and asymmetrical.
The oscillation frequency in this case is found to be 4.447
GHz for 2z-mode of oscillation and is shifted downward by
133 MHz as compared to A6 basic resonant structure.

Ephi at OSYS$MIDPLANES @ 4.44755 GHz

Bzat OSYSSMIDPLANES @ 444755 GHz

Figure 5: Azimuthal variation of (a) RF electric field (b) RF
magnetic field for 2z-mode of oscillation with annular
dielectric loaded RF resonators alternating 3 metal rods and
protrusion

Next, PIC simulations have been carried out on both the
structures for RF output power and oscillation frequency
comparison. The anode voltage of 360 kV is applied at input
port of the simulation model shown in figure 2(b). The
resulting voltage is measured along a line created in radial
direction at input port. The anode voltage measured (E.DL) is
as shown in figure 6. The anode voltage is stabilized at 360
kV after 20 ns following some initial overshoots. The electron
emission starts after 30 RF periods (~6.5 ns). After 10 ns the
electron sheath around the cathode just start to interact with
the wave over resonator, at the same time power also starts to
grow slowly but due to multimode operation saturated power
could not be achieved even after 60 ns. The output power
comparison graphs for the cases of 3 metal rods with
alternating annular dielectric loaded RF resonators and
protrusions/recession with A6 basic structure is shown in
figure 7(a).
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Figure 6: Anode voltage measured at input port.
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Figure 7 (a): Comparison of output power in the case of 3
symmetrical metal rods with alternating annular dielectric
loaded RF resonators and protrusions/recessions.
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Figure 7(b): Comparison of oscillation spectrums in the case
of 3 symmetrical metal rods with alternating annular
dielectric loaded RF resonators and protrusions/recessions.
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It is noticed that in the A6 relativistic magnetron loaded
symmetrically with low loss annular dielectric material
alternating metal rods in side resonators and protrusions /
recessions along anode vanes inner surfaces stable operation
is not possible due to multimode operation which can be
confirmed from oscillation spectrum shown in figure 7 (b).
The reason for this instability is the number of field variation
created by metals rods, dielectric material, and
protrusions/recessions. In this structure total number of field
variation is nine, but for stable operation in 2m-mode of
oscillation in a six vane magnetron should be six. Hence, it is
expected that stable operation with improved output
performance can be achieved with larger number of resonant
cavities. Certainly, if we increase the number of resonators,
the problem of multi-moding will increase, so some mode
separation techniques, like strapped resonant structure or
rising—sun resonant structure should be explored for
relativistic case for stable operation with proper mode
separation.

4. CONCLUSION

It is observed that in both the above cases, stable operation
is not possible due to multimode operation which can be
confirmed from oscillation spectrum. It is supposed in these
cases that the maximum power is generated in n- and other
competitive modes. A parametric analysis has also been
carried out with respect to angular width of protrusion
[recessions as well as radius of the metal rods, but stable
power could not be achieved in any case. The reason for this
instability as expected is the nine numbers of field variation
created by metals rods, dielectric material, and
protrusions/recessions, which do not support 2z-mode of
operation in a relativistic magnetron having six numbers of
vanes
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