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Abstract: To ensure accurate calibration of the core device coupler in the high power microwave
(HPM) online measurement system, this study presents the design of an S band coaxial TEM to circular
waveguide TM,, mode converter. The converter incorporates a tapered gradient and cylindrical
inner conductor structure. Starting from the basic ideas of mode coupling and impedance matching,
theoretical analysis was conducted to explore mode conversion, operating bandwidth expansion, and
suppression of non-TM,; modes. The structural parameters of the mode converter were optimized using
CST simulation software, Experimental measurements were carried out to assess reflection performance,
transmission performance, working bandwidth, output mode, and pulse response of the mode converter.

Both simulation and experimental results indicate that the mode converter contains almost non-TE,; mode
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and higher-order modes beyond TM,, , highlighting a relatively high purity of TM,, mode. At the

operating frequency point of 2. 1 GHz, the reflection coefficient is less than — 30 dB, and the

transmission coefficient is more than —0. 2 dB. The measured mode conversion efficiency exceeds

96 %, the operating bandwidth is 74 MHz, and the pulse response time is very short. The mode

converter has been successfully applied to the calibration of the S band online coupler, offering a

new approach for mode converter design in the HPM online measurement processes.

Keywords: mode converter; coaxial; circular waveguide; conical gradient line; coupled wave

theory; mode measurement
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Fig. 1 Schematic diagram of mode converter structure
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Fig. 3 Schematic diagram of step impedance transformation
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waveguide and stepped transformation section
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HESH BAE KESH LA LEN
D, /mm 33.13 L,/mm 1. 00
D,/mm 39.85 Ly/mm 47.93
D;/mm 17. 84 L,/mm 34,12
D, /mm 77.50 L;/mm 58.97

TE LRI SR A SO e 4 2 1 17 B4R
FRZE TN 6 R . A SO 5 3 2% 19 5T 3R 8K
Sy = —34.12dB,S,; = —0. 004 dB, 7 H 4 S, <
—20 dB B}, TAEHF 56 A 117 MHz, 3 it B 455 20 5%
6 25 19 BEL 47 VG e M RE AR 47, R AR /N, 45 X B 4 i o
R, I B TAEW it R 5K, 58 41k 8 T 4k B A5
I REAE I 2 S bR TR oK .

10

SZH/dB

2.00 2.05 2.10 2.15 220
$i% /GHz

K6 SZHA AL R

Fig. 6 S parameter simulation optimization results

I8 39 S P B T, BRI TM,, LA A9 i YR
AL R EL Sy U LA RANIE 7 PR o o 5 B4
AT LA L B9 5 b i SR TE, AU TM, B

http: // zkxb. xjtu. edu. cn

A R RS 1 i R S, AN T — 50 dBL it
AT LA R A8 3G e i i o B P L A A i Lt
B i B TM, B XAl AR o UG e 4 1Y
Yy oy A W 8 Bos , wl LA o d5c 26 [ 38 5 i 1
o TM, B,

-50
~60F DO 27, = 2 = et
-70 _—r% = \'W.#\M
8 -soF
%3 —=— TE,,(1E )
90 —— TE, (K1)
Ty
I TE()]
-110} TEy,
TE,,
7120 1 1 1 ]
2.00 2.05 2.10 2.15 2.20

Hi%/GHz

Bl 7 TE, A o X i 4 5 R4 S.

Fig. 7 TE,; and higher-order mode transmission coeffi-

cient S,

0 10 20 30 40 50 60 70 80 90 100 110 121
7S /(V e m™)

Ca) L3543 1 ]

0 004 008 012 0.16 020 024 028 032 0.35
W37 /(A « m™)

(b 353 i [
P8 U e 25 ) 3 3 A

Fig. 8 Field distribution diagram of mode converter

3 SLEEUR S

3.1 fREEEENKS S

P9 i AR SO S e g 1 i T g R S
R 48 5 1 M BB I 3K SR FH 75 5 75 00 4% B i
2 B S A 58 4 A0 [R) B4 B 2 e 2 A% B o s A
TR R AT I AR S A RE&.S ZNB20
18 2R dk DO 2% 43 BT (O i S UG e 2% 1 S S B ik AT
D, BL37 52 50 D o 4 1] 10 Fi .




AR 45« 0 o T 0 ) R 01 05X 1 R 5 177

B9 &Hm TSy
Fig. 9 Physical image of the processed device

10 80 A 4 2 8 A S B a1
Fig. 10 Back-to-back experimental diagram of mode

converter

BRI AR 1 S S ESL I 25 R A E 11
FiR . SERES R BN e O % 2.1 GHz 2D &
BN R R B S, K2k —36. 4 dB R REL S,
K2y —0. 35 dB, T 5 AN A5 20 5% 4 25 19 1% i 3R 4K
Sy = —0. 175 dB; 4 Bt i1 5 A =X 5 e 85 R R
96%, H S, <<—20 dB I, T/EH 9 K24 Hh 74

|
1 1

-50 L !

1 Ll J
2.00 2.05 2.10 2.15 220
$i#/GHz

B 11 S 250956k 25

Fig. 11 S parameter experimental test results

http: // zkxb. xjtu. edu. cn

MHz, MHAZE R 5 7 545 50 22 5] £ 2RI T %
B B B AR I TORSE 4% AR Y & 3 DL S A N
A TR A 2 1 R R AL AR ME 5 5 B 5 A X N, {H 2
B3 A DDA 1 4t 45 2R AT DL, i 2 4
IR ARG A e RE L 3R B T KR
3.2 HmUHESXHHA

ARG ZH i g — b Al R 5 8 FLRE G
S TE, A TM,, 82201 73 108 & 2% 76 [ i
SBE AT T 8 AL, T TM,, B
=Y L 1 B S AR 1 Y 50 43 A i TE, & i
Y 53 A )2 VB0 A Ak D7 [ % B o0 A2 B o dn R
A BIZFA A TM,, 85550, 8 4 8 S #E& FLAEAH
) 45 A4 T A5 1) 8 B B N T A AR TR Y . R, dn SR
A B A 2 A TM,, B &4 TE, B, I8
2 H e AR E 8 AL AR A R /N ) 2
TE, B A J5 ) XFFR 53 A5 . PR, /] DR AR SC
VT AR 4 25 Ll i R 5 i G o T 8 AN AL
AR5 B2k R R e e i RSP 2 B 5 A
TE, &=,

S I3 IR I AN 1 12 R SERRAT AR R FH AT
ST A% I3 Ty v AE A AH ) AR U e 2% 22
[ 7 2 A 5 8 FLAB A 4 » 2% W AN 43 Sl 2 A 452 X
e v FR G L b g — s 0 458 X doie g 4 DT TR £ 280
fefi FH ) — AN 45 5T 40 500 8 SR A AL A AR A B L 4
Bk 3 s,

K12 FIHEA 30 i = it 1
Fig. 12 Using coupler to distinguish mode test diagram
A3 ABLBMEAEMNTLER

Table 3 Measurement results of coupling degree of coupler

L5 4 /dB Loms 4 B /dB
1 —77.28 5 —77.06
2 —77.16 6 —77.16
3 —76.68 7 —77.70
4 —76.79 8 —77. 41
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