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Abstract

An A6-type relativistic magnetron (RM) with a conventional diffraction output (DO) structure generates the TE31 mode that
is unsuitable for antenna applications because of its poor central directivity and degraded beam focusing efficiency. To address
this limitation, the TE31 mode must be converted into the fundamental TE11 mode that is known for its high directivity. In
this study, we designed and comparatively analyzed three types of TE31 to TE11 mode converters using CST Microwave Studio:
two converters employing a length difference method (one converter with a perpendicular and the other converter with a parallel
waveguide arrangement) and one converter using a coupled slot structure. The simulation results demonstrated that the coupled
slot-based converter achieved the highest conversion efficiency of 97 % and a wide bandwidth. Furthermore, among the two
length difference designs, the parallel waveguide configuration exhibited a superior conversion efficiency of 90 % compared with
86 % for the perpendicular configuration.

Key words: Diffraction Output, Magnetron, Mode Converter, Relativistic Magnetron

Fo] A3te gstofo]2ad o] 2(F)e] AULE ¥ZE vl EE A 9589 AUE wof e A7 27 (HWR23008).
Statgky sty A 7] 74 A48t 2 Department of Electrical and Electronic Engineering, Korea Aerospace University)

3} 5} o] o] 2 225 0] ~F)Hanwha Aerospace)

- Manuscript received October 2, 2025 ; Revised November 11, 2025 ; Accepted December 1, 2025. (ID No. 20251002-120)

+ Corresponding Author: Jung-Hoon Han (e-mail: jh.han@kau.ac.kr)

(© Copyright The Korean Institute of Electromagnetic Engineering and Science. This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial 161
License (http://creativecommons.org/licenses/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 37, no. 2, February. 2026.

T ohde A RokellA X&) Ay s 2

Aol FHIL itk IFoA L mt1y
A7) e BT =2 &Y J5oE
Qe B2 F shgelfHl mla ER L
1921 w]=7€] Albert Hull BFARZF H 22 A b 7l ol
A AFEE 27 U EES 7EAHOE FF(cat-
hode)JJr F=(anode) 0.2 FAETE 27] WY EESY] 7
32 389 kWHY 29 A5 7Kt Ao
AR O 2 282 7k A5 digk 87 AXA
HA, U EE 9N 9o =Y o] dFEd
ok 1976\, MITOlA W et A% vl Iy EERM,
relativistic magnetron)> =9 W& A2 UEE F keV
7] = IV EECE AUl MW~GW 9] 277

o

3 29 A5S BAgil o)y @ nfIyEEY) 129
AUrE RT ETg&HOR FEs 8 FHF
(radial) W3 IR FF 729} 2 S (axial) W oY

A %2 727t A7sle] gk o) E FHF U4 F2
29 7% THINEES] & 2Eo Esug Adste]

AUAE F23oh B FHF YA F& 29 4
T MV ERS & W duyA f& Fx28 =3
< 945t BE FEAAY dUAE FE8te WA
ARG R 71Ed e FEE U Y 2 A5 0
&Y 7xHEY > 29 388 Ao HS
A& WE 28 F2E 29 &S o IHEF
a8l 70 % 7 28 A&S gole Wl AAHAH
dey o8 oH g S U Y 2= Y

=
sHel A UEhs BE} Steluel 3837 ofel e
9% w3l TE3 RER Yehls BAde] E4%
B =R HE A6 FIMERY £33 43 &
84S wol7] A8l et WAkl AT
9] TE31 REES A F40] & TEIl ZE
A F7 22 W18 443D 3 45
A9 4% H2el 2] Ast A
= % b NE B A7) olgg H8
2 717t A ST B =Ry P4 o8
IgNAE I ERS 1R 57 st 2

- o 1

) Lo r
iy x rlr E
oo 2 M
=
£
O

o

ool oy Rl ol ook N
rﬂ>
i
1m

my £

.

162

34 29 7 3 RLE ] ey e ddt
Mool M= 7 714 A7) o] &el 7|9kt RE w37
< 47 AAg A HAR 318 M o] Zo] 7]
Hhe] RE W] 25S AASI e T AR 324
Me 2% €5 71k RE gy S AAssith N3
oAM= AAT Al RE W&o Aes vl B4 sk
A2 FxE< AXSAT

OOHER ¥ 455 ¥E 53 1%

I8 19 RM9] 343} 1 AA st e E et
a9 FAE FQ geHe &3 i Ar,)d F=
B ()0l th MFIUER Y S3Fol AYE 71siA ©H

Y AR YAE TR o) 2UX YL wol 57
s 422 298 ¥F PFOR o FuTh 2= Y
& 4 (1) 2k

F=c(E+0vxB) (1)

A7NA et AR AT, vE AR 27] S%, F
9 B 77 fl i EE Uel 948 47143 A7)
A4S op|a Gt ele] TEe] e, 18 1

AN 7 gES) WAL r,,,, 359 AEE 9,2 ]

T2 1. A6 AIEA T EEe) WAks A7 sehg
Fig. 1. Geometry of the A6 relativistic magnetron and de-
sign parameters.



HATE 9 TFES SWS(slow-wave-structure) 73
2 B2 959 £ & YHT L2 e Axl3
7 01]14%] iz}% 7}%“3} A st 9L 3t 35

om, 1Y 144 67H4

5 AHske HFOMEE £2

4 ZAE <l OH ‘3}1
EE(mode)E 714

—/F ]3‘34, 2 2o wet 4 REE $gth
I8 20) WOV EES] F 71 4 B

o p, i IOVMEE F AR 490l @etn

HAje Yehve B2 oJujsith #59] p, LE9 A

S BIIYEE Y IdF 4,

v 50 p, REY S BE QI FElA 9

R ofo] met p, REE m REIE HsiAH

Y REoA rtI ERY B8] 7P =7 vepdth

IOV EES] 1 B FAE fEiA o Hull's

cut-off 27143} Buneman-Hartree Z712]0] AR&-% i,

8m (2)
2 omf\2 T
Vi = %f(rzfrz)BmaX*m(%f) 2 3)

FAAA Ve Hull A%, Vyy+v Buneman-Hartree

p3(m) mode

J8 2. A6 PFIYE
AN B

Fig. 2. Electric field distribution of the p, mode and
p; () mode.

£ py 9t psy(m) TF REO] wE

A6 FFIVEES 93 TE3I-TEIl RE ¥W3dy]) A% ¥w

B NS 2 A%, me A A%, f
IV EE U7 FokeE on| gt Hull's cut-off £
5_7\]_7} ZH= gL dbo} ol

% AL AE R B A
A7 &5

A SIS AEALT 4 A FE AN

g

(R
HoN o

fru

offl

N

P,L

N

Ho
2 M 2
&= k1 orre

_Qi
i)
|o
fuorle

fjof gttt
IV ERM AAE 19 AYS gFE F&
7] $l8) EH o2 $ 3 (radial) ¥ T2 F(axial) WS
o F 7 Y 727 AFE Stk £EF 9 W
8 _l;ﬂ Uk o]—L]—OH xm E)J_]_Jd.,% =b-| e 2_1:]
gtk o] e @Y FEY Agnk
o

500

Hull's cut-off voltage
450 |-~ — -7 mode BH voltage

4o LI P2 mode BH voltage

350 -

300 -

250

voltage [kV]

200 |
150 | A
100 | A
0 2=

1 1 1 1 1 1 1

0
0.00  0.05 0.10 015 020 025 030 035 0.40

magnetic fields [T]

B3 745 WY 28 729 DO 729 I
Flg 3. Geometry of the dlffractlon output structure.

163



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 37, no. 2, February. 2026.

J2 4, £33 w8k &8 3% DO +x9 v A+
Fig. 4. Cross-sectional geometry of the diffraction output

structure.
A B2 A7 7R FAF 29 720 fE A7
7h ] AP HIL S
HEAQ $4% 8 TXE 19 49 22 94 29
, diffraction output) +Z= AREFHPHY DO 2=
o

on o

FF B2 FHLE HAA TheolAA A HeolH
(tapered) FHE Zr=th o] 72 PFIUEE FX17
A AR A7) UA S 98 Lo@o 2 2 A A
ohH e 988 st o3t oA FZ WAl ue}
720 FYdd Yehus du REE v EE
q_]_\f‘g] =2 prol 9438 Bdo| EAst)

I% 55 vl EES] ¢ REZ 28 uf, DO +%
9 TN YdH= AN £EE
EE Ul ddE m B9 Y £X

Magnetron

DO output
TE31 mode

p3 () mode

J8 5. 7 REAAS wIEE 9 DO 7% Y%
oA A7 Fx

Fig. 5. Electric field distribution of the magnetron and at
the output of the DO structure for the 7 mode.

164

J8 6. TE3l BE Yo tish d¥hy & e
AlEg ol WAL "

Fig. 6. Simulated radiation pattern of the conical horn
antenna for the TE31 mode input.

A AEEA, 2ERN £Qe 914 s
= TE31 EE7F 944 DO 728

e A3408 U Fal FR02 WAE Uk
I8y o] dAE = TE31 REs

e A BF ol Aol B 5 9lEo] dElL} 4
BAZE EAS 7H=t) o] REE 3¢ (main lobe)©] o
2 W& U FH(side lobe) #l o] =A vrehdt) o]
3t Hol-/\} JHELQ Ago] B3 Hol-sok = ézg;q i)
A EArE T mEbs FE AYd A8 fHFslde
HA7E EA gt

olg3t TE31 RES] LR A5 FEa7] g4,
3“” REE ohelu Al S3tE 93 moae] /)
5 T (fundamental mode)Z W 338l= FT& #37] A7t

M. TEM-TEN 2RE HET| L=

9 =9 72 A UrEM~ 7] EEQI TEIL &
e gy 39 W A, = X]%“é o] 5L 9
YA el ms fr g EEO]E} wpeba] o]2|gt 7]

o] %]

RERY Bt W3l FZxo 3t A7}t s
2]

o)1= H]—B-Oi H Zo A= TE3l REE TEIl RER

B3] 3 A2 BE T 7 4471590 el 7]
WE B W2 AAST A4S BE ABE B
94 Zo] A% o8¢ 94 27 U918 A4F F EF



31 Z0| xfo| 7|gto| TEN-TE1 EE Hety| 25

TE3l RE
A7 £

a9 72
R A7)
7(b)e] TEIl BE°
FAHEL wE 1

£ TEll RE& Hsehe dele 7 BB
12 2Eds= 74HE1 Al ZFeiet
7(a) TE31 2E9F 19 7(b) TEIL

o
77 19
4 EEE HZT) 11:‘ w3 ouw A3 19

o 1o
oM,
o
3l
rlr
2
)
o
ot
n]m
o,
rSL
i

o

~
&
T
E
b
[
[
=
o
ol

of e

K3
T jo T o g |

o3l
ol
ol
o
I
2
_?l',
v
i
lo
1%
>,
rx
|o
b
by M0
>
i
(&)
=
ol r 4o = B 1 lo N o

loll l'ﬂ.]
o
ol
)
[
-
gl
1
=
rx

R, 42
=
)

=
>N
ri o
I
=
of
12
lo,
2,
N,
o ox 4o
off 1o mE X

1=
of
18 rlo
Loy
o
—\|l—' 10[, ro

kil
S
Ja9
Ny
>,
Ny
O,
(22
b
[t
I
Sv

s

me b
DN Bt o

b

[ |o

fo T
Y

N oon 2
o3l

(a) TE31 BEo ANA A= (b) TE11 RO A B¥
499 (b) Electric field distribution of
(a) Electric field concentration the TE11 mode
region of the TE31 mode
J8 7. TE31 RE9 A713 AF 993 TEIl ZE9
A7 X
Fig. 7. The electric field concentration region of the TE31
mode and the electric field distribution of the
TE11 mode.

A6 FIIMEZS 98 TE3I-TEIl RE ®37] A vy

Wass 128 WA 19 82 AA BE Wa
719) A4S Vet 29 8ol M, BE Wstr)e) 7
Ze 39 207 AT JZEZ(input layer)S DO T
zs AdsE A WA B, 9EsE TEI REY 4
el Ao BRHE Gl QS A s 5
3 ®sl= 98-S gt} W3S (conversion layer)S 2]
9 A7}

3 A7NAe ¢ P; 2R A oi ZA3}

Rt wd)E %oﬂﬁ Hight Egolnh ?J‘?! el =
3 ot AL & (cone) +E] =4 5HH
A TEES TS W EAe W
o7h el EelE Eukdt 3 FeAd o R #AE
spgke] Aol Apolg ol A7 e 24D
of Aol Aol T3l F mvhd e 7% %*Ji}
180°2 WHE o 2H, THFIAM TEII RER a3Ho
A¢H =S
HHSAA Aot 4 Zapgtol A Abzt Eapgo®
agHor AupH ey, At Eubae] Ad Fak(f))
S gdskes Aol Fosith 19 9¢ A 2o W ¢
A ZESH Sl I o 3R BEs v
Eith 19 9a)= A B f At AdEE B
e et dve Evhd deld A Ry

F3olX =

Lot

“mm
sl

rr rulo

r-L

_o/]

Convert layer

.....

Output layer

(a) GHolA B TE3I-TEIl RE  (b) SHellA B TE3I-TEIL
H87] RE Qg

(a) Cross-sectional view of the (b) Top view of the TE31 to
TE31 to TE1l mode converter TEI1 mode converter

J8 8. Zo] Ao] 7|4ke] TE3I-TEIl RE wW37] dA
Fig. 8. Geometry of the TE31 to TEIl mode converter
based on length difference.

165



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 37, no. 2, February. 2026.

(@) APt Evbd ) g4 ZE (b) 4E3olAY 98 =9
(a) Forming mode in the rectan-  #<] 37| %
gular waveguide (b) Expansion of circular wave-
guide in the input layer
I8 9. A Es9 W 34 BES 4930149 947
Evd A7) 7
Fig. 9. Forming mode in the rectangular waveguide and
expansion of circular waveguide in the input layer.

TEI0 REE F450] o5t o] mES e Fag
AR RS EATE R B
2718 AAso} BTk 19 b BE W9l g
g God Tgeltk A Eahael R FA(f)E

OPﬂ

2 FoE(f) R WA AAE7] SleiA= DO &
o Y5 EY A9 oo 47|18 A %PJ} 3
th o5 Hla Aol AT E FE e FREs 7t
dte] 9 =apte] AA4s F7HIFT

TC WHEl7|o A4 TE31 RE5 TEIl RE& W3
sl A% <1 x}g 180EE TE7] 918 F Eoao)

Fotol AA7E 7hs st

_ —_9
Ly—L, = 2 (4)
’\0
/\g= WE
(3
A )

714 A ATZE 3, A E B3 O g 9
T gtk £ 4= TLE F =9 A4 AE
1802 WHE7] 3ME Eoke] Ao g 9
A FH frke g 9w
W s 4 55 Sl Aldtel Thsat
TE31-TEIl & tﬂ?_U 9] AN BE A
ojtt. &= ¢ o

166

a8 10. Ze] o] 7]¥ke] TE3I-TEIl =
A7 £2 Aedold 23
Fig. 10. Simulated electric field distribution of the TE31 to
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Fig. 17. Simulated electric field distribution of the TE31
to TE1l mode converter with coupled slots.
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Fig. 20. Simulation result of TE31 to TEll mode con-
verter with coupled slots.
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Table 1. Performance comparison of the three mode con-

verters.
Models | Model | Model | Model
Characteristics 1 2 3
S21 value at f, (dB) —1.21 —0.86 | —0.20
Mode conversion efficiency at %6 % 97
fo (%)
—3 dB bandwidth
(fractional bandwidth) (%) 28 483 2.2
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Fig. 21. Comparison of S-parameter simulation results for
the three mode converters.
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