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Abstract

In this paper, we present a lightweight spaceborne C/X dual-band thin-film reflectarray antenna for
satellite communication, which is designed on a polyimide film with a thickness of 20 pm. The dual-
band reflectarray unit consists of one element operating in C-band and four identical elements op-
erating in X-band, which are designed on the same layer. The C-band elementis a 2 x 2 grid-like struc-
ture composed of four non-closed rectangular frames. Four X-band elements are respectively deployed
in each grid of the C-band element, each of which consists of a circular ring and two arc-shaped branches
distributed in central symmetry. With the polyimide film substrate, the reflectarray antenna achieves
a light weight of 0.57 kg/m?2. Furthermore, the antenna has a low profile with an electrical dimen-
sion 0of 15.53 AL x 15.53 AL x 0.07 AL, where AL is the largest wavelength (corresponding to the lowest
frequency). A prototype of the reflectarray antenna is fabricated and measured, which reaches peak
gains of 29.98 dBi and 35.63 dBi, aperture efficiencies of 32.1% and 30.8%, with bandwidths of 10.9%
and 19% at 4.6 GHz and 9 GHz, respectively.
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DPEA IR AR, J T MEAA R IR TR DR HAIK T 5 52 5 v 3 3B 03 T ey — Ml B 0 i B A7 6]
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FAR, LU 2 Aok TEBETS TR

ARICHEH T —MRE . BRI CIX XU S SR T o REWTER — 2 FAER—
C B Ie S YA X B HoG: Hodr, C B oK A YA RS PHAE TEHEZE i) 2 2 I As 254 DY
X BB TC o B T C S B AR RS FPURS 1, RS XOBUBE 5 70 B — N [ A B 5 2% H 0 0 R 43 A7 R 5K
TE5 SCR o I AR R AR A FLAR HEAT S5 XU HE AR st 0T, SEI T X 28 AR IR A Rl . TR AR 2k
K FH SR % 78 A I S PMI RRSE M A, R 15.53 AL x 15.53 AL R LLK 0.07 A MEERE, H
WAL BRI R R AR TAEAR) o BTS20 T BRI %5 5 0.57 kg/m?, AHEL 1448 PCB AT FES
HA REWERS.
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2.1. C-X /ATt

AR SR OO S S S T e an 18] 1(c) o, AR SRRV i i EAR R T — A C BB T g A
X PEBH TG R AR A E S e, =3.4, BUEMAIED) tans = 0.002 o Ay HHE 5 4 1) v 5
FITH, SRRV i 2 1) J5E BE ¥ 2 20 nme et F 1R S5F0e B Atk Re, TUZREHEA 2 pm JEHERE
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Figure 1. Structure of the proposed dual-band reflectarray unit. (a) C-band element;
(b) X-band element; (c) Dual-band reflectarray unit; (d) Hierachical structure
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Table 1. Minimum element geometric parameters
=1 shBETJLASH

ZH H ZH =

P 32 mm L1 31 mm
L2 2.5~13.5mm R1 4.5mm
R2 5mm Rs 6 mm

W1 0.5 mm W2 0.7 mm

W3 0.3 mm d 1mm
0 20°~140° h2 0.02 mm
h1 0.025 mm g 4.5mm

I BAEXUIIE AZ AL S S R R e BRI S SRR AR KT S B v P RE AR S Rk (O SR ACHT 32 . D4l
AR GEREH A Ja) R LB e 52 AR, ASWE TR I SRR 17182 B B GO e A Jr K. il 2 fiross, AR
FICHE AN LR TE W AR BT R OR REBATATE, AT EIZ X SE RS XA 7 s AR AR - B L 4s

RAEW], AZ A A SR A K P FEIRZT 15dB, [RII FEBEIG 2 OB B4R T, PRI # A1 R 5 2 5

ANFERE T A SR i it

Figure 2. Arrangement of 2 x 2 elements with mirroring
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Figure 3. Schematic diagram of a planar reflectarray
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o HRSHLHI RN 3 FrR. a3 Fow, BT AN RGeSO RS D R ARAR AL BN,
TR A L R LR U Bk AN BTN B AR R ARAL . O TR SO 51 3 R E B T 1n), D ZUR R
TG H 5 10 AR R AMEX 28 5 67 B AR IR AEIR o BRI, 38 1 NI Re IARAL A3 A dg (X, Y; ) AT

TRQ) QFR:
g (%, ¥i) =Ky [ d; —(cosg,X, +sing,y;)sing, | (1)
di=\/(xi—xf)2+(yi—yf)2+(zi—zf)2 )
Xof A L L AR 1)z il ) S S R (B 8 R A el B TR ), (L) TAG T A
s (Xi »Yi ) = kodi 3)

Horr, ko= 2n/0R 7 H T IEEL, Ao H SR (X, yr, 20) AR R A AL O AL bR . TESRIS AT
BRI ARG 23 A Ja, Al I g S e U RS 5 R AR AL 2 ) B0 256 22, AT 58 BN S S B BT
MAEL RS, CASEIL E AR RS ARDT o ASCR F 5 T~ 10 R R 451, BRI B 16 x 16 /4> C A ot 64
x 64 N X SR ICHI R . BRELUTEESS, BEFIMEREIR 2 B 750, fEEE S 142 2 LU (FID) & S 05
AT, BRI AL B TR RO R B B F = 664 mm,  XFRAE4EEE A F/ID = 0.63. 5] 4 £ MATLAB
HR B ARLR AR T KA T S S R AR S 1 VO o
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Figure 4. Simulated reflection phase distributions of the planar reflectarray at different operating frequencies (MATLAB
simulation). (a) Reflection phase distribution of the planar reflectarray at 4.6 GHz; (b) Reflection phase distribution of the
planar reflectarray at 9 GHz
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Figure 5. Reflected phase (solid) and amplitude (dashed) responses under normal incidence in the C-band and X-band

B 5. CIRERA X KT, FENGTHTHY R SHHEAL(SE4k) MRIE (FE L) Mia K

N T IGAIE CIX RSB S S5 B B0 T A2 TR A R vh OB SZ A, ASSO BTt AT 12 XS H i br. i
6 o, fE 4.6 GHz SR T, 24 C B ITi AL Lo £ 2.5 mm 2 13.5 mm i [ A 2L, 4L
X AR B0 i) AR e s #1 (0 = 207, 70°, 1407 )BEAT (T o S5RBIR, ANFIiEHE M RN RAERS ih 2k 2
HA, R X BN C IRBAIMAL N LA TP [FH, ££9 GHz iR, 24 X HiBfx
ITERE 0 £E 20° 55 1407V YIRS, 25038 C B T K AZ Lo (2.5 mm, 8 mm, 13.5 mm), HAHEE M
JSE T REOR 3 — B IX A RAFROMEREIE RES 28 T C SBUM AR 54 55 X SBLRIFA 7 SCAE B ROT B B 35 72
St LS R A AT JR o (7 B RAUEW 1 1% 5T Re 5 S DUSUBUS AR AL KBRS RSB IE ],
RS E AR BOE T A
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Figure 6. Effect of the coupling on the phase response of the element. (a) Phase response at 4.6 GHz for different 6 values; (b)
Phase response at 9 GHz for different L2 values
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2.3. IRERZWT

C MBmHEK | RM-CHAL187-15 [BIHEmIW\ K28 FF 5 WR187 3 3%+, H 1448 110.1 mm. HEEHK
JEN 162 mm, 3 dB WA TEE N 36°. X SERIER A RM-CHAQ0-15 [B4HEMI\ K 2k 7+ 5 WR90 % 5%
¥, HOEK 68.2mm. HEBKE N 90 mm, 3 dB %5 5N 30°.
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PARBE RIS PR T AT B, HAH LA L AR FR BN O, 1, 21) = (0, 0, 664 mm), 5 EiREAR LR FF—
. CURBUBIR KL E 5 H 77 B 7(a)fts, X BEBUBIER 20 E TS H 77 i Kl 4]
7(b)FT.
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Figure 7. Feed antenna radiation pattern. (a) C-band feed antenna radiation pattern; (b) X-band feed antenna radiation pattern
E 7. miER&FEE. (a) CRERIRFERZSEIE; (b) X KERIRRERZES EE

3. RS M REMR
3.1 RE&SLHME
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Figure 8. Manufactured reflectarray
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Figure 9. X-band feed antenna radiation pattern
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3.2. MREMR SIRES T

W 10 Frow, AR RS B RS EYIA . KB 10 20lJE/R T 4.6 GHz #19 GHz T &
AL — A 5RS T E. 1E 4.6 GHz I, 28 ARG 55 J L~ 43 729 9—27 dB #1-19 dB; TfifE 9 GHz
I, XS 535 29537 dB HI-26 dB. 7E C I BLE I, A8 AR AN 55 i fi~F 73 7K T-—24 dB F1-14
dB. ML T, 7E X BB N, 28 XA 55 23 I T—32 dB #1-15dB. 45 R R W] IR AR A
— S X I A S B AR Y. R, FE210 TR, A7 EAE AN B 2 AR e 22 . IXFh 22 57
F BV T2 1 AR 2R AE SEBR R R B RS . B TR ZR TR FEAY 20 pm (1788 T SR
JE s, ELTHI S BEAAIG(0.57 kg/m?), SRR SN BB . RIS T, 2 E yfgm, HRE
2= N ) B 22 (Sagging) . X PR AR S BUS RS B oo m B 1 L BAR RSP ALE, AmSIAN T
WML R AR K SE AZ(X)y) o AREE SR BRI AR AL A M SRR g =Ko, 5 AL B S EIARALIR 22 Ag AT &
RN

Ag =k, -Az(X,y)-(1+c0s6)) (4)

AR S0 A AL A 22 2 B T TEARAL OAR T2 hn, BAREm s BORE T SR (1)
BT 2 51 B AR L AR AL B T 2 3 BCE IR I A AR SR B AR o (2) AL OSSR 5 AR
T Ji PO A T 2 8] R AR R T LT SR R R 2R T i, S B PRa  R B 5 IR0 F = 664 mm 7 A (i 22 . I
HLEOYHAE T AT TR B v & e ie, oot g e B LA 2 e, i e = A7 A ] A g 7
PAE DRI AR T AE A R e B 22

ASCAEAE 2 JEo 1 B th ) CIX O RUSITEE R S S5 7 31 R 2 A A FR o B ) 83 7 T s o 38830

LR n,, AT AT R, i AR g, o TRURRR o IRALRCER 77, FRTC SIS R 0 ACAR
PEARZECR 1750 FIFRFRPRAE o« AT RSN
Map = Msp "Mt " Mol “Tret “ T phase (5)

Table 2. Efficiency breakdown of the C/X dual-band thin-film reflectarray antenna at two center frequency bands
7= 2. CIX BUTE RS 2 ST FI R L A2 A o SIS R 43 TR AR

}/FE-EQ f/GHZ HPBW q 775p 77i|| 7];Jol 77ref| nphase nap
Cc 4.6 GHz 36° 13.8 98.1% 68.5% 99.8% 89.2% 53.6% 32.1%
X 9 GHz 30° 16.5 99.6% 55.2% 99.9% 88.2% 63.5% 30.8%

THE SRR, RLEAE 4.6 GHz F1 9 GHz A1 S FLAR R 205 v 32.1%11 30.8%. 43 M & Tife br &
By AHALIRZE R 1 e 72 PR IR T 2T,  FEPIAIUELALN 53.6%7F1 63.5%. X ELHEENE T
FIRE ) EE S EARALRBC R . A, MR RO gy, B2 R RO TS R B R R S R AR L
(F/D = 0.63)ILACHE AL : X AU I TR RA 7 q EBR(16.50), BAEAE, HEIRIRTE 1 3%
(99.6%), 1H-F:EUMETHRGT A S0 NI, 75 H BT 0 (55.2%) K T C S, U0 n, BRI T
90%, BT REIEAR A T ARFE S & 8 W IR AR 1 25 A i . I BLJS SRAE RS N B FRGE JPIRE, 3
NERTH R, BORTUT SRS EAERNR, ERE IS T IR, TR i
— BRIt ARSRIE TN TN A7 5K R LR SR A R RS A ok Sl AR . 5 BT, AR ELL
Wt E — @R BT T R0R, BRI TH 25 (0.57 kg/m?)fi HLAE B 3 KA A] F I o B vh LA 3
1 TR
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Figure 10. Measured and simulated normalized radiation patterns at 4.6 GHz. (a) Azimuth plane; (b) Elevation
plane and Measured and simulated normalized radiation patterns at 9 GHz; (c) Azimuth plane; (d) Elevation plane
B 10. 4.6 GHz SR THISEMF T BRI —LEEH S RE. (a) FFL[E; (b) M= 9 GHz SiE THISN
MOENEA—ES S EE; (o) BhE; (d) FmE

B 11 JEIR T T IR I R ERAE C BB X B 107 BRI S 25 R AL R . 45 R R, SEfE S
PiEAEHEAR—5. 76 C PR, 1% KLAE 4.6 GHz M NIl T 29.98 dBi fIUEAE STl 25 A1 30.51 dBi 1)
VB HAE a5 . C BB IIFLIR RO BAB N 36.3%, SEMME N 32.1%. 7 X P, 1Z%KRLAE 9.0 GHz SR
FEEPLT 36.56 dBi [1JUEAE S A5 A 35.63 dBi IR HAE S, FLARRCRAT HAE N 38.2%, ST{E A
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Figure 11. Simulated and measured gain and aperture efficiency. (a) C-band; (b) X-band
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3 BT FriR MRS AT IR A R G e . TRt IR 20 BAT e 2 AR o 15, R

B ELET ORI MR RE A B0 T SEBL T R R B

Table 3. Comparison of dual-band shared-aperture antennas
= 3. JRHAB OFRLERILLER

ZH [18] [19] [20] This work
Freq. ratio 1.5 (20/30 GHz) 2.4 (12.45/30 GHz) 1.86 (3.8/7.1 GHz) 1.95 (4.6/9 GHz)
Dimension ( 4.)) 12x12x0.3 14.1 x 14.1 x 0.52 3.17x3.17x0.13 15.53 x 15.53 x 0.07
Gain (dB) 28.5/32.3 25.6/32.1 16.1/18.6 29.98/35.63
(20/30 GHz) (12.45/30 GHz) (3.8/7.1 GHz) (4.6/9 GHz)
Aperture 39.1/41.3 14.5/15.6 32.3/16.5 32.1/30.8
efficiency (%)
3 dB gain
bandwidth (%) 5/3.3 14.4/11.8 12.7/11.9 10.9/19
Avreal density
(kg/m?) 1.2 0.8 0.97 0.57
Freq. ratio 1.5 (20/30 GHz) 2.4 (12.45/30 GHz) 1.86 (3.8/7.1 GHz) 1.95 (4.6/9 GHz)
4. INGG

RS — TS 2 T T BSH BE R 2R T8, FLE R Bt R T7 30 S A AL T I B M e v B S 454

T ARIER ST BT AR, T SERIE S ALAR OO AR o B 5 PR T LA 2 H0F e AR AL
(TEAN SO 5T FA S0 ER 2 A1 ) SE BRSO e S A 2 7 A RS 2 ) o Im RO REHLAE 4.6 GHz 5 9 GHz
Kb A 25 93 31 29.98 dBi A1 35.63 dBi, XM FLAR R 730 32.1%AM1 30.8%. H 3 dB 1 2
FEARABL 5 B )35 3] 10.9%A0 19%. Bb4h, FEFLIEE Y 0.57 kgim?, B8IE 1 iZ Bl R AL N H]
s AT I S ARG R, R R AR DR R A N R R 77 T A B .
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