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Design of Spaceborne High Gain Millimeter Wave SAR Phased Antenna Array
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(Shanghai Aerospace Electronic Technology Institute, Shanghai 201109, China)

Abstract: The design of a spaceborne millimeter wave synthetic aperture radar (SAR) phased antenna array with
high grain and high efficiency is introduced. The antennas are narrow wall slotted waveguide ones with high efficiency
and good matching capacities, in which the radiation slots are vertical with the waveguide wide edges. In the azimuth
direction, the slotted waveguide antennas form a linear array, and a folded waveguide divider is adopted to reduce the
profile height of the array. In the range direction, several slotted waveguide linear antenna arrays are closely arranged to
form a one-dimensional phase scanning array. The waveguide calibration network and feed network both adopt the
waveguide form, and are integrated at the back of the antenna array. The directional coupler is adopted in calibration to
improve the channel consistency, and the magic T structure is adopted in the feed network to improve the channel
isolation. The whole antenna array contains 8 subarrays, each of which contains 84 linear arrays in the range direction.
The total size of the whole array is 595.84,X564,, where A, is the wavelength of the central frequency in free space.
The measured maximum gain of the antenna in the band is 54.37 dBi, and the radiation efficiency is 65.2%. The
antenna array has the advantages of high gain and high efficiency and a simple and compact structure, and is suitable for
spaceborne millimeter wave SAR system.

Key words: millimeter wave; phased array; low profile; waveguide antenna; high gain; synthetic aperture radar
(SAR)
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Fig.1 Diagram of the antenna element and the linear

antenna array
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Tab.1 Parameters of the antenna element
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Fig. 4 T-junction waveguide power divider
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Fig. 5 Structure of the 96-element linear array and its simulated performance
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Continued fig. 5 Structure of the 96-element linear array and its simulated performance
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Fig. 6 Diagram of the phased antenna array
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Fig.7 Directional coupler structure and simulated coupling coefficients
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Fig. 8 Structure of the subarray calibration network
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Fig. 9 Magic T structure and simulated S parameters
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Fig. 10 Structure of the subarray feed network
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4 #KiE 5 0 2, /IS T DO 4 A B A5 RE 4R R T4 I 1

ARG T — A S5 BB R AR
P SAR A P AR BE R LB IT . RECR M T AR i}
e BB B P AR I IT SRS S T E AR A Y
fi, $E— 2 R I 45 H BT IR 2R A0 58 H 100 2% B s

— 2tk

7 B R S i 25 SR P R W] B BT A AR 4 R
HA AR R BOCR R BRSO S 1 B
A LIS BE ), RS B BA Bk KT



9539 %% 2022 4E45 3 1 i

PR B AR AR 2 K U SAR M K LR MBI 129

AL A5, BT T R F A2 S 0T DU TRk i A2
AP SARRG .

& ik

[1]

[10]

[11]

[12]

[13]

AMANI M, GHORBANIAN A, ASGARIMEHR
M, et al. Remote sensing systems for ocean: a review
[J]. IEEE Journal of
Selected Topics in Applied Earth Observations and
Remote Sensing, 2022, 15(1): 210-234.

ZHANG H, LEI L, NI W, et al. Explore better

network framework for high-resolution optical and SAR

(part 1: passive systems)

image matching [J]. IEEE Transactions on Geoscience
and Remote Sensing, 2022, 60(1): 1-18.

ZHU X X, MONTAZERI S, GISINGER C, et al.
Geodetic SAR tomography [J]. IEEE Transactions on
Geoscience and Remote Sensing, 2016, 54(1):18-35.
o 24 i, W AR B ok B L A% PLA 22 K B InSAR 4K 1K
DEMU[J]. Fifgfi K ,2021,38(HH] 1) : 20-25.

FRA, B0 KR, 4% R Ka i By A i%: 2 ) SAR
BARWIFELT]. FEATR L2021, 38(H 71 1) :61-66.
THF, I ORI, 45 Ka il BOJR % 28 I SAR 25
A5 BRI R AT [T]. FEAT R, 2021, 38(HE T 1)
49-55.

P ET, B, 2452, R R, 5 2RI i T
SAR TR K BEHORT]. BT R , 2021, 38 (4 Ti]
1):8-12.

ZHEF, AL, S B SARFEARNIUIRG &
(I, B F 515 B4, 2016, 38(1) : 229-240.

ZHAO L B, LIU J, ZHAO C J, et al. Considerations
SAR [C]// IET
International Radar Conference. Xi’ an, China: IEEE
Press, 2013:1-6.

i, A, EAR . B R iR SARFE AR kR
ST T] R &8 TR, 2022, 31(1) : 1-9.

EE LR, =L KA LR R IR R R
HBIHLT) 2050 5 2K P23, 2015, 34(4) :452-459.
WANG H, DAI S, ZHENG S, et al. Moving target
detection method of the Ka FMCW SAR based on
DPCA  [C]//
(SPSympo). Serock, Poland: IEEE Press, 2017:1-4.
WANG H, DAI S, ZHENG S. Airborne Ka-band
digital beamforming SAR system and flight test [C]//

of spaceborne system design

Signal  Processing  Symposium

International
Intelligent Processing (RSIP). Shanghai, China: IEEE
Press, 2017:1-4.

ZHOU M, PALVIG M F, SORENSEN S B, et al.
Design of Ka-band for high

Workshop on Remote Sensing with

reflectarray antennas

[15]

[16]

[17]

[24]

[25]

[26]

[C]// 14th European
Conference on Antennas and Propagation (EuCAP).
Copenhagen, Denmark: IEEE Press, 2020:1-5.
/NG, MBS RS A a] R I R AL S S A
FEBARSG R ELT], 25 Al 74, 2018,2(1) : 16-26.
LIM J, LUK K M. Wideband magneto-electric dipole

antenna for 60 GHz millimeter-wave communications

resolution SAR instrument

[J]. IEEE Transactions on Antennas and Propagation,
2015, 63(7):3276-3279.

ZHANG N, YUE Z, LIU Y, et al. A wideband low-
profile millimeter-wave magneto-electric dipole-like
array with low transmission loss feed network [J].
IEEE Antennas and Wireless Propagation Letters,
2022, 21( 2) . 277-281.

CHANG Y C, HSU C C, MAGRAY M I, et al. A
novel dual-polarized wideband and miniaturized low
profile magneto-electric dipole antenna array for
millimeter-Wave 5G applications [J]. IEEE Open
Journal of Antennas and Propagation, 2021, 2 (1) :
326-334.

GHASSEMI N, WU K. Millimeter-wave integrated
pyramidal horn antenna make of multilayer printed
circuit board (PCB) process [J]. IEEE Transactions on
Antennas and Propagation, 2012, 60(9) :4432-4435.
GONG L, FU Y, CHAN K Y, et al. An SIW horn
antenna fed by a coupled mode emulating pyramidal
horn antennas [ J]. IEEE Transactions on Antennas and
Propagation, 2020, 68(1):33-42.

PARK S J, PARK S O. LHCP and RHCP substrate
integrated waveguide antenna Aarrays for millimeter-
wave applications [J]. IEEE Antennas and Wireless
Propagation Letters, 2017, 16(1):601-604.
MENCARELLI D, MORINI A, PRUDENZANO F,
et al. Broadband single-layer slotted array antenna in
SIW technology [J]. IEEE Antennas and Wireless
Propagation Letters, 2016, 15(1): 263-265.

LIT, MENG H, DOU W. Design and implementation
of dual-frequency dual-polarization slotted waveguide
IEEE
Antennas and Wireless Propagation Letters, 2014, 13
(1):1317-1320.

B, TR A Xk B S AR B S R 2R
MBI ] B 74, 2016, 32(3) : 6-10.

HRARE, P A4 A R AF L — Dl T AR i R4 R 2 SR
Ay B et I i [ 7). LR 2741, 2018, 33(1) : 21-26.
e R A, S — R XUR 2 R AR S
REBEFIT]. PH LA 7 RHER 7440, 2022,49(2) : 1-7.

antenna array for Ka-band application [J].



