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Design of SF6 Gas-Filled Axially Displaced Cassegrain Dual Reflector Antenna
with Optimized RF Window Profile for High Power Microwave System
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In this study, we propose a high-gain axially displaced Cassegrain (ADC) dual-reflector antenna capable of operating in a gigawatt-level
high-power microwave system for neutralizing enemy small UAVs. To optimize the aperture efficiency of the circular reflector antenna,
the feed antenna was designed as a dual-mode horn antenna capable of implementing E - /H - plane symmetric radiation patterns.
Additionally, an RF window with an optimal thickness was designed by considering the power ratio of each mode to the wavelength
in the mode converter of the feed antenna, to provide smooth power transfer at the target frequency. The simulated gain of the optimized
ADC dual reflector antenna was 32.52 dBi, achieving an optimum aperture efficiency of 70.7 % and satisfying a reflection coefficient
of —30 dB or less. Furthermore, simulation experiments confirmed that the proposed ADC dual-reflector antenna is suitable for use in
high-power microwave systems based on the electric field strength between the feed antenna and sub reflector. The performance of the
proposed design was experimentally verified, and the measured results generally agreed with the simulated results, except that the gain
slightly decreased owing to the fabrication error at the edge of the main reflector. Although the measured gain was lower than the
computed expectations, both the reflection coefficients of the feed hom antenna and ADC dual reflector showed good agreement with
the simulation. Thus, we verified that the input power can be effectively transmitted through an RF window with an optimized thickness.
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(a) Typical Cassegrain dual reflector antenna design
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Fig. 1. High gain Cassegrain antenna.
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(2) Dual mode horn w3 <relvt 3744
(a) Proposed dual mode feed hom antenna
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(b) Design parameters of the dual mode feed horn antenna
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Fig. 2. Designed dual mode feed horn antenna.
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Fig. 4. Proposed ADC dual reflector antenna.
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Reflection coefficient [dB]

Of

sttt
2 =AM AAE 54 & gEve] 34 4

9 8 % 19 99l YeERfITE I8 8% T3l &
Qtelvte] WAF s"o] Algdolds £ A% EF
—40'<0<40 F7F E—/H—planesl| A thAolH, 1¢
99] B Fal WAL AFTE ARG £ 2
3 2% —10 dB O]g}i AR FAT 5 ATk
Boresight #t] o] 52 Al E&o]A2 16.18 dBi, 4 2
= 16.89 dBi °|t}.

:pa 94 W7Hd& ADC ©F HhARE Srelue] Al

jir

n _ﬂ
M rloie i

<

d

|

O

F ADC ©°| % ®WHAR Qe 9]
4 ey oiv] IA ZAsT F
doldz 54 AFrt A8t
= H o utAlgo A HIALE
A7 F4 tEly WEE F9HA de AA
Y= A5 23, ray-tracing Al E#H o)A 53
1 54<% @r kTt
ADC °|F WHAMR <t U] 52 Fak4
ol A e] WA } e A]gﬁﬂ old 2 Z4 A#E Ul
ok Al EHelA o] 5L 3252 dBi, &4
dBiZH 9% 6 dB ko 17} dAs= s ga
P&r Az FA A wALR A
W WO R OF 64 A ~8 4, TEOIAM TS

O

k)
o
= o
—lN
e

o

iyt

rlo

~ R

du G oz D

AR

326

E
=,
=
o

=0 |—Simulation E - plane

40 [~~Measurement E - plane

-50 \ \ I ‘ ‘

-90 60 -30 0 30 60 90

Theta [degree]
(2) E—plane Al EHOIH 2 54 WAL
(a) Simulated and measured E—plane radiation pattern

40
30
20
107
ol
100
200 .5
-30 —Simulation H - plane
40 e Measurement H - plane

-50
90 60 -30 0 30 60 90

Theta[degree]
(b) H—plane AlE& oA 2 =4 WAl o€
(b) Simulated and measured H—plane radiation pattern

Gam [dBi]

40
30
20
101
O,
-10F
-20
-30

Galn [dBI]

—E - plane
-40 —H- plane
-50 ‘ :

-90 -60 -30 0 30 60 90

Theta [degree]

(c) E—/H—plane &4 "l 31€
(c) Measured E - /H - plane radiation pattern

J8 10. ADC °]F whAbg QU HAL 3" AlE
glo|d g 24 A

Fig. 10. Simulated and measured radiation patterns of
the ADC dual reflector antenna.

E—/H—plane %AF s & t 4> 19 10(c)ol Al Ko
T Hho} Zo] AU E FEHUTS AT F Ak



P& WALE 93 RF window T H A3k SF6 71~ 598 Axially Displaced Cassegrain Dual Reflector SHel} A7)

T Alggeold Z#E FHAE dual mode hom
antenna®] A4S 2 SLL(side lobe level)e] =717} E -
ﬂ{—planeoﬂxi 77} 158 dB, 15.6 dBZ WP A o2 1}
Ehds &% otk AlEd ol A3} 3252 dBi ©f
"—:? Hoko 2 whabg ghEl L] HA A7]|E AE
A ©o152 707 % N7 2&& el &
SH7- ] RF window9} gas bag®] JFO2 ek &
] B e EFStA SHEHY i H Ao i
Ao 77k <tElY HA &8 SAs
55 ¥y A AA F H%Xé% sl AlEd el
AR WAL Sl S A AR AdHT # |
=19 axially displaced dual reflector $FE| L2}
= % w &3 FIg o v QtEly AA

Aot} FAle] F2> E%% 945
= g ok ol AAg F, F wARg A7
7 3} axially displaced dual reflector “"&E] vl o &
ol # WAMY blockage A& T/t HE¥ A2
T Atk Al HA AAE g —11 dB F WAL
T edge tapering®] H4H A3} B =R A Oh‘s}‘:—
ADC ©|F whAg QHe|UHe] & A5} A A7} X Bgﬂ
= AT F QU o9 Zo] & =ell A At
Bue st Bety, AU M+ &
FAes AT F Ut

PhA O 2, & ADC °|F Wb telur 15
WAL ARG THeERA]l Qlskr] s A <bEl vt
Foukiabg 7 FAE QA AZ1E O™ 1S 53
gelstgith PHC7L 1 GWY

rUIO 2
g e

739, RF window $ & 7]

H 1. Axially displaced dual-reflector ¢t} 7]+ &4 H]
e

Table 1. Aperture efficiency comparison of axially displ-
aced dual-reflector antennas.

Ref Frfgl:lazn)cy (?1;13 Dia;rﬁc)ﬂter ;;E:Egﬁrc;
(%)
[2] 8.484 333 198 4 55
[8] 93 40.1 56.0 Ay 331
\E:i fo n52 | 16 4 70.7

RF window location

141 0 :
12 =

— Vaccum' SF( 5as

>

=

e

Q

L

0 200 400 600 800 1000
Antenna length [mm]

RN A AT
A 71

Fig. 11. Center electric field strength between the

feed horn antenna and sub-reflector.

FAE A

SF6 7k Ho] HA 715 s BH A0t
% 9 MV/m 7| A E 159 6 MV/m oW ZE A
g5 g9d 4 Ao RF window 715 859 25
T W= SF6 7] AARAHAY A7IET &
AA A7 7 SASA R S FES % F(vaccum) S
2 AA Y o] ¥7]9 SF6 79k g o3t
w2 B A7 EAskA] ol Setxnt §te dd
QA AFAAE HA A Bt ol W AA A7
A71E AHEHA @otk B 4”]@‘3}.

2 HN

F

N.Z2 B

2 dAFodAeE &Y A7) A T & &
Fgs g8 R HY v & A oS 1yst
ol RF window FAE A3 4 ey dual
mode horn antenna$} ©] & A3 ADC |5 HkAlH oF
Hug A 34 teavs Algdolds F3l

E—/H—plane 3 A} HEHS FHAL A2 &
4 A%E B3 gl 54 GHvE F, F
HiAlgt s} A gkste] ADC ol F WHAME QtElUE A7
sto], B3 Fagol A g SHElY tiB] HEAF A7)
A FATE FHS T3 FAs T F AL A
2 el A B FE WFHORE Qg o] 5o] i
&9 A T dual mode horn SFH|Y AFEOZ E—/H-—

327



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 36, no. 4 April. 2025

plane ™3 WA} sjE o] &
A orelY - 2 vk 7 2 0]
&) £ ADC o] WAL Stel U7 ZE ) WAL Alo]

4382 FAsd

jubd
T e

References

[1] A. Demirci, N. Sonmez, F. Tokan, and N. T. Tokan,
"Phase error analysis of displaced-axis dual reflector
antenna for satellite earth station," AEU-International
Journal of Electronics and Communications, vol. 110,
p. 152824, Oct. 2019.

[2] C. Kumar, V. V. Srinivasan, V. K. Lakshmeesha, and
S. Pal, "Performance of an electrically small aperture,
axially displaced ellipse reflector antenna," [EEE
Antennas and Wireless Propagation Letters, vol. 8, pp.
903-904, Jul. 2009.

[3] C. Granet, "A simple procedure for the design of
classical displaced-axis dual-reflector antennas using a
set of geometric parameters,”" [EEE Antennas and
Propagation Magazine, vol. 41, no. 6, pp. 64-72, Dec.
1999.

[4] P. Shu, P. Zhao, "Global model for high power
microwave pulse breakdown in air and SFs,"
Japanese Journal of Applied Physics, vol. 57, no. 9,
p- 096101, Aug. 2018.

328

[5] P. Zhao, C. Liao, and W. Lin, "Propagation of
high-power microwave pulses in air-SF6 mixtures at
high pressure," International Journal of Applied
Electromagnetics and Mechanics, vol. 43, no. 3, pp.
257-269, Aug. 2013.

[6] J. S. Kim, J. H. Yoon, Y. J., Yoon, and W. S. Lee,
"Circular dual mode horn antenna(CDMHA) with
modified aperture to improve E/H-plane radiation
pattern symmetry," The Journal of Korean Institute of
Electromagnetic Engineering and Science, vol. 24, no.
5, 502-507, May 2013.

[7] D. M. Pozar, Microwave Engineering, John Wiley &
Sons, p. 121-130, 2011.

[8] Y. Wang, W. Dou, and B. Bi, "W band axially
displaced monopulse dual-reflector antenna for
inter-satellite communications," [ET Microwaves,
Antennas & Propagation, vol. 10, no. 7, pp. 742-747,
May 2016.

[9] T. Milligan, C. Granet, J. S. Kot, and I. M. Davis,
"Setting subreflector edge taper in a satcom
dual-reflector antenna [antenna designer’s notebook],"
IEEE Antennas and Propagation Magazine, vol. 55,
no. 6, pp. 128-136, Dec. 2013.

[10] C. A. Balanis, Antenna Theory: Analysis and Design,
4th ed. Hoboken, NY, John Wiley & Sons, 2016.



1= LS 93 RF window F7 23} SF6 7}~ FY 3 Axially Displaced Cassegrain Dual Reflector SHIlU A4

o) ¥ & [FutistwaAag)

https://orcid.org/0009-0007-3853-0911

20243 2 Uty A7) (38
/\})

2024 3Y~EA: FHEW}AL A5
3 Ak

[F 220 &Y ey AI2E, ray

tracing

79 2 [Fests - s

https://orcid.org/0000-0002-3748-9562

2021 2¢9: SeiEha A7) et (&st
AR

20214 39~8A: FHEHUTE H7]F3
3 A

[F HME0H 22 ey A28, A

A, Qe

o

2 rl'--'

C

Al A [Ed ek - AR I

https://orcid.org/0009-0007-7288-879X

2019\ 29: FEthota Aokt (35
AR

2022 39 ~EA: T
A ]

[ 2l Z0H <telu, #eolws 314

e

N ERE L L ENE DR

https://orcid.org/0009-0007-9340-7182

19974 29: MEAHsty AR ss}
(&b

1999\ 29 MAHH St AR shst
(FsH4Ah

2008 8Y: A AlHU St AAH 7] A

A E 2 (3 aad a7

https://orcid.org/0000-0003-0736-3755

20179 29: AU AR
(&b

2020 29 A=t st Aot
(16‘}/\4}\],)

20219 1€9~20224 5¢: =7 |€d%
T4 A7

2022 68 ~FA: FHASGATL AT

FR

& o A e sEs)

https://orcid.org/0000-0001-9623-2612

2003\ 8€: AAthst A7) 2pF o
(33Hah

2005 8¢ ATt 7)1k o
(FEH41Ah

2012 8€: University of Texas at Austin
A717 %_HJ_ELJJF (J_zfm]-/\})

2005 79 ~2008' 8Y: AAER7I=H

A4

20123 92 ~2014d 894: Technical University of Denmark 7]
&S AR /R

2014 94 ~AA: Futhsha A7t w

2024\ 19 ~3A: g2t ekg] Qv 3 A vk 9 A3
LRI

o

MOl e, 235

|

5

32, AAtvto] 2, EM/EMC

r

329



