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Design and Fabrication of A Wide-Band Dual-Polarization Stacked Patch Amray Antenna

for Satellite SAR Applications
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ABSTRACT

This paper proposes a wide-band dual-polarization stacked patch array antenna for satellite SAR
system applications. The array antenna was designed for loss minimization and wide-band
characteristics to enhance the performance of the SAR system and optimize it for active return loss
in applications to active phased arrays. The fabricated array antenna showed a performance of
19.26%/19.79% fractional bandwidth within the - 10 dB reference level of the active return loss and
showed loss characteristics of 0.797 dB/0.799 dB averaged within the operational frequency for both
H/V-polarization cases. The pattern performance was verified by comparing the measured patterns
with the calculated patterns obtained by the array factor.
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g4} o] TI(SAR, Synthetic Aperture Radan)= /W@ A 02 QFEUE o] &t A0S walela EXE
of ¥iAbE A EE FAIste] Aol HolEl & AHEste] WS E5dhe AlzFlolt) o]y AlxFlel A
= 98 SARE SHHUE E2 o5 EAS FRra| g8 Mr1Ho® ulg- & A7Vt 879 olF 9
3 SV HAE 5 A wilE HEUE A5 FE S iAo E A2 iTEe] 5F A e
JEUE FHVIE FASI, olF WA QHHVel ARste FE|Ro] sfdo] s i 9]
T}.(Alexander et al.,, 2019; Lee, 2014)

913 SARE HEV 722 &8dE F Qv 5% A vl Y Fele Ws AAH R ZFFeta 1)
o] FEE gFatA urEA ATEA A ALY ol A B #=S & 5= e Aol gl oo
wel FE gl E B oy A28 Fofol &8l rhsst, B 54 9 olFHn} o] fold HF

EF FA vo|a22EY X QU] fdte] S s ok
o EA4E 73] Y3 71E2] AFellAE SSFIP (Strip-Slot-Foam-Inverted-Patch) & -3 @ 3
A5 AF3t 17.5%(1.7 GHz, fc=9.7GHz)®] ¥ Z 545 M3 THWon et al,, 2006). ©] AT £Fo°
7hedlel v =0, o]FHat FE o go] Utk T, £l st FH YAE AAE] ) Ad |
W27} DA, o] o] AR AER AR F2E 918 FES EolE FAE 5] Wi EFolv} Eo}
2 5 Sl

02 7z H3Y <HHve 2719 HAE AHEEHH, o)F HIE FEEAT WA dAFE FERE 5
x|} 2 Wik FH ARE 2E 7% o wixE wle]AZ~EY Ao Ay FHE 8k, 1 o}
gl H-Jee] %S wx38te] o]FHIE FH3ATHWang et al, 2004). ©] AFIA = 20% FF2 rH"ﬂ
S SHSGPANL, Qe T2 ﬂ’?s} At @ Qleh A iR o] ofy Rl & AEFOEHA Fo
I AZ A A, AFe] ofed @Rl Stk thg o] AFedMe AR oS s, & *P%o}xl
2o =3 o]y} U]-OIELE__H SHEUS 728t THOhnmar et al,, 2015). ©] F+X& 01?*‘4-4 T8
S 93] CPWG(Co-Planar Waveguide with Ground) 79} vlo|AZXAEY FX29 AZE UE &
2)8te] BRI HlofE AAHET o2 I3, AF FA T 71H HF A4Y A A L/FE A
o] A4 4 it

A B =R AE 94 SARE QHEHV A2l A 8-S 99 BEAbAAl ko] e HARA, H71H
e 2do A g HUE FoY olFHs HFH A dHUE AAStE A E AFSc
(Andrea et al,, 2019; Capece, 2009). SAR <FE|Lte]l 2 go] 7hedt=s dnbz oz Zuf9fellx 914 SARE
Bofol] T2 HEEH= X-h Fakro A, Azto] golsta Wre| Amdoe] Bagls 2EY 72& 34
MNZZ ALE3lY o)|FHIE T T3, G4 4o T23% 45X & NESZ(Noise Equivalent Sigma
Zero)s 1E5t] BALAAS E4E HastetdA A2He] YRS HAUE R £ UEF Y &
AE 13t AASATH(Park et al,, 2019). T8I 55 1/ WG QHELA A BARLAL Ao dubdo=s
THEE TEIEAS Hasgto 2R A H R QIEF oA HE $EE d 4P Has)
SHATE o]9} o] AlxElF AAE A FEHo2RE AMH teluel FAHQ] AW flete] A
ME AAE Y 25 Aestdon, MAdME AAE AFs7] $ste Aztd Fuld e
SHAA 24 AFHE A& npA o g VA= A20 = npRg syt
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<Fig. 1> A9 B kU] 34 2 A3 725 RAZ Qs 2EY T2 J1 A7, sitt 9ix|, &
9 Aok BA2 AR FxolH, 3 ASY FH TR 83l By 548 A7) 918l sie 2 Al nlo)=
22EY 27} HEE FEY A HEUE A AT 39 sl 31X AlelellE E(Foam) S ARSI

T4 A2 GNbARl vlol a2 2EY AR2E AN A9 AT e AR Ao ZAA HS(Fringing
field) &} S%oll oI35k 1?%1_ WAL Qlsted QbEU Sel] PAEE 2 AR 2 I A" e BERY
AZH O E ety ol Iyt BAE 5 Atk ol JiAE]
© 2EY 2] F2E H83le] oRZ A 21% AAE

olF ALGE YA F JEEF 7] AsMe 47 34 €52 Ad B3 F4o] HEE 747} A
sto] FEsG o, 7|He o] foldtal o] A& TaconicAte] TLY AlEFTFoNA AA3IAT

<Fig. 2(>= 2A1E &9 Wi QHelue] 72 9 A% HEe] 725 Bt o] wid HElve] 74
QA AgE R} o] 2EY Fxo| g MR, shdh %], 7 9 4T HXE FAHAT 2EY 72| 54
Az a9 uld A4S 98l <Fig 2b)>9F 2o] FY B o] Hul At A2S A4 2 2-8319th Sk
48} B AAIE 8l UA, 73 7] uld AAE 27 3lollA] 4x2 @] viE SHeluke] 3X), :é%, EE 5
A& 9% Tasn 2E|HO| F7]1E 3] Al HA3} AAIE SITh o R2E A4 TS flal ©9 wid
= % 3 7] g AAE 24 stllA SRS ERlste] AAle] f848e AF3IAh

<Fig. 3>l= AAIE 25 HIl ZLE9 HRAREA(Se return loss), HOJARO|Eo) A9 F-5HIA=A (Active
retumn loss @ boresight) 3 ¥ 2 Mol 2] o) SFHAKEA (Active retum loss @ max)S YERATE WhAREA
(Self return loss) @] NHZEL 24 Ay} ZE 242} 21.16%, 22.42% ©)dolt). Wzdk 99 U Ao S50
(Active return loss@max)2] HEL2 247} 18.74%, 21.26% ©1’3e] 9E Aes HoFTh o] Ads FHTI
3k toE nlojn, .10 dBE 7|F0 8 FRIEkth
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Upper patch
Substrate.

Substrate & strip line Foom

GND with slot o

Lower patch Substrate
& Substrate

GND with slot

Foam Substrate.

Stripline

Substrate Substrate.
GND.

Upper Patch

(a) Configuration structure of single antenna (b) Layer stack structure for antenna
<Fig. 1> Configuration and stack structure of antenna

(a) Structure of sub array(4x2) (b) structure of dividing line each V- and H-pol
<Fig. 2> Designed sub array antenna structure

74 OIRTSCIY|=27| 203, M22(2021H 48)



/4 SARE Y olzdHnt HEY x| ufE oot HA & Az

Return Loss(Self & Active) of V-pol Return Loss(Self & Active) of H-pol
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<Fig. 3> Self- and active return loss of designed sub array(4x2)

(a) Top view (b) Bottom view (c) Side view
<Fig. 4> Fabricated sub array antenna(8x8)

m A% 2 54

<Fig. 4> 8x8 Q@ <telute] A2ke g dolth A2 8x8 Fuljd QHElvh= 4x2 & v SHEUE x5
o2 U, yEOZ 47 WX E Fxolth. 8x8 Fuld tH U] F7]E 187.52 mm x 176 mm x 13,78 mm ©]T}.

Adk 2 sde) Bix a8y 2EY AEZE TaconicAke] TLY AlE]2 7]|3-& AT o] Alold:=
EvonicAHe] HF Alg] 2 & ARESHATE WA o2 71 shchel| = Hﬂﬂ/éﬂ A=27F e 2EF A=V} 3
o BE 713 goloje FAA UALE o] 83t <Fig. 4(a)>9F 2ol 1L 1 Zok oldl, YA 2o 9|3t 7]
o =9 S Hags] s MAAANE wjA et g5 7]
4> T wlE tEH U] THAA B Aotk I AYE F
ol Jom, LEE SMP AYHE A&t EFRIETCE 2HE & F IES ﬂ%lt}.

IE 99 & F& FAH A, SAACIEY FAY BE FH wEgs Hage] s 34 AFE

527 913 Aglolth <Fig. 4()>v FHS UERH, oA 72 A viel o] A s x| e} ahek 3%
Atole] Fo® F4E 4 9 WA AAYE ASE &9 & Utk

<Fig. 5>& A|Z49 8x8 Fuld QHee] 27 Hal LEO| g siAEL S HofFm, ¥ JJr ZIE T8
el TE BT WAEAS SAst] YERIY. SAE 7248 Hak LES] WA thdE2 -10 dB
olst 7|02 77} 323%, 314% ©lth. o] A= Z4H 8709 HoJE|(Portl ~ Port8)ol|A] TMH%‘ gk
o= RISt oH, FAFIF tig S nlo|tt.

<Fg 6> AlZE Faljd QHeue] 243 it ZEo| tigt %EHWA*‘& HojErh TEEAREE S il
o] T4 Aol = EEd thall SAEATE W 23 Mol -12° ~ 12° E Ao, 1° (A0 E FE
AREES Alkslar 11 Aok et UERSIcE =3 6° ﬂﬁi SIS EAS VIR ERIsITE 2+
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1 Wy} TEO] S5ukalial tdZ L Hujjzlo] -10 dB ©J8F 7|&e 2
7FA 9] SEHAREA Active retum loss @ Max) HloJEjoll A Huigro 2 3

e 4 Ade Z7he] Ha LE e ZHAA

tolEE gstal RAE HEeUTh <Fig. 7>2 F2/5% A3 LE A7 )

A2 wjd AAE Tl Artd ol g A v §-

217} 19.26%, 19.79% ©Itk. o] A= a4 1°

Folalgom, AL ek O|HZ Hlolt),
7} a7pe] 9} st FHAA
HE HolEt 44

=

FAE ATE HolFo] A B Aol fEYS

Z A1 O

‘é‘%?l"‘r‘ - ==3

%l & 4 UTh <Fig. 8(a)>v= SHS ol Y53 Rl A B o]5 T8 oAl sjEle] S
RS A9 'l Ak 3ha) o) H ez Akt sjEle] X&Fy o] Fikr FolA wlg fFASHS
BHoEHh <Fig 8b)>v SHE el AP o]59 A5 B3 I53 &4 S BT, F5 FoA
Higke 22 1.05 dB, 1.14 dB ©]2, HHgk2 242 0.797 dB, 0.799 dB ©]t}.
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(a) Vertical polarization
<Fig. 5> Self return loss of sub array antenna.(V-, H-pol)
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(b) Horizontal polarization
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<Fig. 6> Active return loss of sub array antenna.(V-, H-pol.)

Azimuth Pattern of 8x8 array
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(a) Azimuth pattern

Elevation Pattern of 8x8 array

Measured pattorn|
Moasured pattorn|
1+ Ideal pattem
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(b) Elevation pattern

<Fig. 7> Synthesized pattern of array(8x8) antenna(V-, H-pol.)
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27 Directivity and Gain over frequency N Loss over frequency
—6—Measured Loss(V-pol)
18 —o—Measured Loss(H-pol)

26.5

26

255

Magnitude [dB]

in(H-p
+ o=+ Ideal directivity

24
092 094 096 098 1 102 104 106 1.08 0.94 0.96 0.98 1 1.02 1.04 1.06
Normalized frequency(fifc) Normalized frequency(fifc)

(a) Directivity & Gain of V- and H-pol. (b) Loss of V- and H-pol.
<Fig. 8> Directivity, Gain and Loss over frequency(V-, H-pol.)

2 =M A4 SARE 5F A% HMlE ElU E2 o]F WA QbEve] F37d A8 e
A

QEHE AT AFAATh U4 SAR AEllA FAS ATHE ol FUT FRE HESHAA Pl
AL EAS HARGOM, 0|9t Hiol BF A% MY el ATHE W ZPUNAY F
e S HA sl AR o) F AFAATh Wekd, £ =RelA FFH FEUTL G5 94 SARE
5% 94 g Felel dHutE A ga] A BAiA B FsIE BT £, B =22
sto] Qlojzl MA W ot $F B7o IE BALAE FASSHEY 2 5o B 4 UL A0
2 woE,
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