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Design of TE, -HE,;, mode converter with TE,, as intermediary mode
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Abstract: Based on the curved circular waveguide coupling theory and regular circular waveguide junction mode
matching method, the TE, -HE,, Mode Converter model was designed using the optimization parameter of the
waveguide mode conversion structure obtained from relevant numerical calculation program, and was successfully
simulated and verified by the CST software. The system is mainly composed of three parts: a TE, -TE,, mode tran-
sition, two circular waveguide mode converters for TE,, -TE,, and TE, -HE,,. The calculations showed that the
conversion efficiency of the TE -HE,, mode converter system is over 9% within the bandwidth of 5% relative to

24.13 GHz. The results of simulations and test are consistent with that of calculation.
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Introduction

Gyrotron is a high-power microwave source, and it
has a broad application prospect in aerospace, energy
and other field.

In the 1980s, the high power mode converters were
developed to convert the TE), mode to the HE,, mode.
Mode converters are necessary in some high-power micro-
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wave application since the output modes of gyrotrons are
not the ideal transmission mode. Two kinds of conversion
sequences are commonly adopted'' ;

1. TE,, ( gyrotron )-TE,;, ( Low loss transmission ) -

TE,,-HE,, ( Antenna) ,
2. TE,, ( gyrotron ) -TE,, ( Low loss transmission )-
TM,,-HE,, (Antenna).

This paper adopted the first conversion sequence,

Y f= HHA.2016- 05- 06, & [E HHA:2016- 08- 31

Foundation items : Supported by The National Natural Science Foundation of China (61571078, 61561013)
Biography: FU Chen-Yang (1993-) , male, Nanyang, master. Research area involves high-power microwave (HPM) technology. E-mail: fuchyl103@ qq.

com

* Corresponding author ; E-mail ; lyb@ uestc. edu. cn



| 1 FU Chen-Yang et al:Design of TE, -HE;, mode converter with TE,; as intermediary mode

25

that is, TE,, mode is the intermediary mode. In litera-

ture'>) | an asymmetric mode converter TE,,-TE,, using
Electric Field Integral Equation ( EFIE ) method has
been designed and optimized. The optimized converter
has a frequency band of 2. 6% and its efficiency is high-
er than 95% . In literature”’ | a TE,,-HE,, mode conver-
sion system has been built to test launching HE,, micro-
wave power into the plasma chamber. The conversion ef-
ficiency from TE -TE,, mode is 97% . This paper will
present the research and design of a TE( -HE, mode
converter system. Its conversion efficiency is over 99%

and it has a broad bandwidth.
1 Theoretical analysis

1.1 Curved circular waveguide coupling theory
Based on the Maxwell s theory and the orthogonal
function expansion theory, the corresponding coupled
wave equations and the general expressions of coupling
coefficient can be obtained **. The basic equation of the
Circhﬂar waveguide with axis bending can be written
6
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two modes ( mn"™ and mn modes) which have the same
propagation direction, C(, .. ,,, stands for the coupling
coefficient between two modes (mn"™ and m’n'" modes)
which have the opposite propagation directions. The ex-
pressions of coupling coefficient for circular waveguide
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where R,, =—. a is the waveguide radius, £ is the free

k

space wavenumber and R is the curvature radius of the
waveguide axis. X, is the nth zero of J, (X) (for TM

modes) and X’  is the nth zero of J', (X) (for TE

modes ) .

mn

. +jB,,, indicates the propa-
with B

the attenuation constant for circular

The equation vy, =,
rth

gation constant of the m'n'" mode, the wave

number, «

o’
m'n'
waveguides, which determines the ohmic attenuation of
waveguide. Those coupling coefficients above have been
provided in the literature'”’.

The expressions of attenuation constant for circular
waveguides «,,,, are shown below .
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where X, . is the n'™ zero of J . (X) (for TM modes)
and X' . is the n'" zero of J',.(X) (for TE modes). a
is the radius of waveguide. 7, =376.7(), and it repre-
sents the impedance of free space wave. A, is the wave-
length of free space waves. R, is the resistivity of the ma-

terial of the waveguide. If length of mode converter is L,
the boundary conditions of the converter would be ;

| =0=1[(1,0),(0,0),L(0,0)]"

G
= 1= [(0,0).(0,0).(0.0) )

, (8)

A is axis bending forward wave amplitude. A, is axis

bending backward wave amplitude. Eq. 1, Eq. 2, Eq.

7 and Eq. 8 are constituted of boundary value problem of
[8]

m'n’

z

A-

mn

the coupling wave differential equations
2 Mode Conversion System

2.1 Simulation and design of TE,, taper

The transition structure was designed based on the
iterative synthesis. The transition profiles are shown in
Fig. 1, and their starting radius and ending radius are
16.27 mm and 10. 12 mm, respectively.
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Fig.1 Profile by optimizing calculation
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The TE,, power distribution along the transition axis
is shown in Fig. 2. The frequency distribution diagram is
shown in Fig. 3. The electric field distribution of the out-
put port of the transition and longitudinal electric field
distribution on the 2-D cut plane of the transition by the
Microwave Studio CST software are shown in Fig. 4 and
Fig. 5, respectively. The transmission efficiency is 99.
89% at the frequency of 24. 13 GHz. These results are

in well agreement with those calculations.
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Fig.2 Axis power distribution of TE,, mode
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Fig.3 Power distribution with the change of calculation fre-
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2.2 Simulation and design of TE, -TE,, converter

Highly efficient conversion from TE, -TE,, mode can
be realized by the method of axis serpentine perturbation
of a circular waveguide. The axial curve of the converter
we designed is shown in Fig. 6. The converter has a radi-
us of 10.12 mm and a length of 152.57 mm; it operates
at the frequency of 24. 13 GHz. Furthermore, the input
and output port of the converter is aligned on the same
axis.

To reduce the amplitude of other modes, we adopted
the continuous phase matching techniques. Therefore,
the whole converter length L. should be

L = NA, , (9)
Where N is the number of perturbation period; A, = (1
+6) + A, and it is different from the beat wavelength ;
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Fig.4 Electric field distribution of the output port of
the transition of the TE, taper
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Fig.5 Field distribution on the 2-D longitudinal output port of
the transition cut plane of the TE,, taper

Bls ZHEDTmN Y TE,, i B vk i s 1 #3770 ]

Ay = o , it is the beat wavelength of TE,
‘B'I'ICOI _B'I'Ell ‘
mode and TE,, mode and & is perturbation factor.

Some optimized factors such as high efficiency, co-
axial and broad bandwidth were analyzed in the calcula-
tion to make the input and output port of the converter a-
lign on the same axis. The ohmic loss in the waveguide
wall was taken into considered in the calculation as well.
The power distributions of the main mode along the axial
length are shown in Fig. 7, and the TE,; power distribu-
tion at the TE,, output port as a function of frequency is
shown in Fig. 8. Figure 8 indicates that the conversion
frequency from TE(, to TE,, is 99.646% at the frequency
of 24.13 GHz. The longitudinal electric field distribution
on the 2-D cut plane of the transition is shown in Fig. 9.
2.3 Simulation and design of TE, -HE,, converter

The TE,, to HE,, mode conversion is based on a cir-
cumferentially corrugated waveguide where the depth of
the corrugation is varied from A/2 to A/4 over a length
L. The depth profile is defined in Eq. 10.

o= (3 (GIG) - w

The depth profile for the corrugation defined in the
equation above was optimized by searching for values of
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Fig.6 Shape of the TE,, to TE,, mode converter show-
ing the displacement of the axis versus length
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Fig. 8 Power distribution of the TE,, mode with the change
of frequency at the output port
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Fig.9 Field distribution on the 2-D longitudinal cut plane of
the TE,,-TE,, converter
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N and L. We used the structure above to realize the
TE,,-HE,, mode conversion. The breakdown problem in

corrugate gap can be solved by analyzing the chamfering
to the converter. The 3-D model of the converter is

W

Fig. 10 CST model of the TE,,-HE,, mode converter
€10 fdi/ CST EHKHY TE,, -HE, B d

The calculation and the simulation by Microwave
Studio CST software are shown in Fig. 11 and Fig. 12, re-
spectively. At the frequency of 24. 13 GHz, the TE,,
power is 85.25% and the TM,, power is 14.28% , which
satisfy the theoretical requirement on the power contents
of the TE,, and TM,, in the HE,, mode, the HE,, power
18 99.53% . Figure 14 shows the electric field distribu-
tion of the output port of the mode converter. Given the
field distribution in the axial-cut plane of the converter
showed in Fig. 14, the total efficiency of TE, -HE,, con-
verter can be calculated as the product of each part’ s
conversion efficiency: 99. 89% * 99. 646% * 99. 53%
=99.069% .

100
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Fig. 11 calculated result by a coding program
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Fig.12 TE,, and TM,, mode amplitudes in coding pro-

gram output port by CST software
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Fig. 13 Electric field distribution of the output
port of the TE,,-HE,, mode converter

13 R e it i 11 4 v 3% 0 A

(b) H-Plane

Fig. 16 The radiation field distribution of the TE,,-TE,,
mode converter
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Fig. 14 The axial field distribution of TE,,-HE,, output port
of the mode converter mode converter
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Fig. 15 The physical picture of the TE -HE,, system
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3 Test

A new assembly, as shown in Fig. 15, was built to
apply the mode conversion system. The cold test was also
practiced to the system. The far field distribution of out-
put mode under the cold test is shown in Fig. 16. Simi-
larly, we tested the TE,,-HE,, mode converter as well,
and the far field distribution of output mode under the
cold test is shown in Fig. 17. The cold tests indicate that Fig. 17 The radiation field distribution of the TE, -HE,,
the system we designed could perform functionally in mode converter

mode conversion. & 17 TE, -HE, #xH s i 5E  maAa

(b) H-plane
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4 Conclusion

Based on the coupled wave theory and the mode-
matching method, a waveguide system to generate HE,,
mode was designed and analyzed in this paper. The cal-
culations and simulations showed that the system per-
formed well in transforming from TE,, to HE,, mode. The
cold tests to the waveguide system confirmed that the sys-
tem we designed has great performance in mode conver-
sion.
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