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Modular Design of Multi-Functional Transmit-Array Antenna for X-Band
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Abstract

In this paper, a multifunctional transmit-array antenna with beam steering and polarization conversion capabilities for the X-band
is presented. The proposed design offers advantages in terms of scalability, faster development and deployment, and ease of maintenance
owing to its modular design, which is configured by a receiver, an active circuit, a DC bias control line, and a transmitter. The proposed
design is capable of 2D beam scanning of up to +45° for azimuth and elevation while converting vertical or horizontal polarization
by electronic control. To verify its performance, a 16x16 array transmit-array antenna is fabricated and tested using a near-field measure-
ment system. It exhibits a maximum gain of 23.7 dBi, the sidelobe level of 14 dBc, the polarization conversion loss of below 1 dB,
and the polarization isolation of above 10 dB. The measurement results agree well with the simulation.

Key words: Multi-Functional Transmit-Array, Scalable Transmit-Array, Beam-Steering, Polarization Conversion

[.M 2 £ AAs7] 98 gg3 o] A itk 53], A

714 Aol F3l Fo EEA ATl T

A U] REES IE0E "6, F40] 7} Ful g3 el UKreconfigurable transmit-array) ] A7
58 A} FARA] Bl D(ESA, electronically scanned array) 7]

o 1YW SAe g FEE dHY AR 9
sto], #4 ¢HYERH WA AAdE RT

M d7e 20199 9487 1edt4 v ed=l7]e AT EARd(9127786)0] AUE T+,
Stela| 28 S48 o] thEl(Special Radar Team, Hanwha Systems)
*H-E 249 2(Mutronics)
A e A7) H A3 83 Department of Electrical and Electronic Engineering, Yonsei University)
- Manuscript received April 2, 2024 ; Revised May 9, 2024 ; Accepted June 18, 2024. (ID No. 20240402-034)
- Corresponding Author: In-Gon Lee (e-mail: ig.lee@hanwha.com)

(© 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 535
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. 35, no. 7, July. 2024.

(focusing), +-(splitting or multi-beam generation) s} L+
Te A(AY B 49)E Adste 9 b9 7%
243 I glo] AT ke FRoE 2Ud] A

TH ohjr[l]

AA712 540 ATl 7hed T <telve
54 Fak d o thste] Fopa A3 s
BAQ e HaS 5o AAr)Y S ge

TZ(periodic structure)ol] A 712 0.2 Ao} 7} 7155
SRS A FAste] AARFOEA, Fa SHEHE
Adste B oR FAEh gEAo R *}%Q =
F2AZE ONOFF 1 bit Aoj7h 7P5@ 9 tho] 22,
AR 2] ofdR T Aloj7} s ek HEE to] &
I3 ALY 2 58 Adge 2 7AA 29X
22 A1 MEMS(micro-electromechanical systems) 5-©] 312
o, o]3 FEAAY H7H 54 VR AT
Fuk Aed EHTZ(frequency selective surface)™
3 A4 EHE 2 (metamaterials)® ™ 12] 7 R-T(receive
-retransmit) 92 ¢ FHU G el o] AFHIL 3
(o1~[16]

Ag) A7t EE o 7 78 2 A il
e Fol A PCB AZE 7o R g0 s 73
2l Ou4[4][9] (1]~ 0]&} 7L HhalL

o ofr N
N

OIF o ol

_4

ol A] TrﬂoM EHHW A 2ol # ket PCB A 3
3] AR 2 A dol st Tof uhE W F
AZE G B ok, &8 F % B Al HA l
afjste] ejeloF gtk FAIZE vk EE g
ol 285 918 F4, & AV old L, dee) 27

7 ﬂﬂlb}ﬂ s @lioﬂ ”‘—8— Al

TERA ZY

J
mlm o ok
[ Ffr Mo oo ﬂ PN‘

¢

QL
>

—

254 A A9
ol vk 971 910
B AT oot 2 WA AN 9Asl, A3

536

I. C7|s SHHIE QHLE 23t A

Zv 29 190 JER v o], 3178 W 5

A QFEIGEFE A AR 9E T
Blube] AR {7 A TEIERFE Ao,

o] 7] (reflection-type phase shifter)$} 3

A AR A TFIAEFE AA F
HUS &l 7= AAET o] o) 5F3=
d HEH tho] =9 At A& Fal A
A28 2GRN 12 0~-310%71A4 7hiAZ
AoH, °] Hut F2ho] 7hed FARE A4EHE
Aol 4% A tho] L =] ON/OFF AlojE &3l ¥

>~
-

w49 BE AR 19 20 Je

24 2015 QHELE A2

FAN e 34 W BAe 34 Ry
WA A9 Ao ST, §718 RF A
58 AedT SEHR AYE L @) o8
Q14 keltel FS g 1A ) 45 AZDE oA
e e AL e7EE, 294, 58 WaAe
TG A7 %ol A slolof Gk

AGHE A5 e SEHRTZYE 9% A7
o) o127 ZES sirgap BRI 517 e} AAE

“y Beam-steering,
(P 05) A E Polarization Conversion
i g 7 Layer #7 Radiating Patch
4 ()

Layer #6 Spacer (foam)
b

“ Layer #5 Aperture Coupled Feed

for Dual-polarization

Layer #4 Ground & Cavity

x4 » " % y I
[ET '._‘ @ Layer #3 DC Conirol Line

Layer #2 Phase Shifter, Pol. SW

@ Layer #1 Receiving Patch
Space-feeding

A 1. AlM tls T vl REs A
Fig. 1. Schematic of the proposed multi-functional transmit-
array and modular design.
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