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Design of S-Band Circularly Polarized Patch Antenna with
Metasurface Superstrate for Cube Satellite
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ABSTRACT

In this paper, we propose a S-band circularly polarized patch antenna with metasurface superstrate for cube
satellite. Fabry-Perot resonator using metasurface superstrate was applied to improve antenna gain. The upper
metasurface superstrate uses a structure in which the unit cells are defective in the second and fourth quadrant
regions to enhance the axial ratio. The measured S11, gain and bandwidth agree well with the simulation results.
The metasurface is redesigned to improve the axial ratio, and the overall size of redesigned antenna is 90%90x12

mm3(0.67 A x0.67A(,*x0.075), the bandwidth is 2.21 ~ 226 GHz (2%, <-10 dB(S11)), the maximum
realization gain is 7.12 dB at 2.24 GHz, and the axial ratio remained below 3 dB at 2.2 ~ 2.22 GHz.
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Fig. 1. Design method of Fabry-Perot resonator antenna
using multiple reflections
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Fig 2. (a) Circularly polarized microstrip patch antenna,
(b) Unit cell

g |

(] o] o] o] ] ]
(][] o) o] ]
(] o] o] o] ] ]
(] o] o] o] ] ]
(] o] i) o] ] ]
(] i) o] ] ]

(] o ] o]

(a) (b)
& 2% veEd W, o) ARTEE

=

a8 3. (@ 7x7 A
2 slehEd W
Fig. 3. (a) Metasurface superstrate with 7x7 multi- cell,
(b) Metasurface superstrate with defected structure

fE

£ 90x90 mm’o|ck. A} AL 914 2, 4 AR
we] )7k ®AE] 2.7 mmE AASI. FHe
50 Ohms SMA FWE]S o] g3}s]om Ao} oF
elke] e viAS Sfal 1/4 W3S AR

10 T T 10
- —
/f - '\ 5
» / SONS -
L~ g N >~
0 s/ NS = 0
o N o
g s P, T 5 =
= . S £
~
& T~ O
-10 |—s— Defected Metasurface (S11) |- -10
Defected Metasurface (Gain)|
|—w¥—W/o Metasurface (S11)
|= = =W/o Metasurface (Gain) =15
|—#—7x7 Metasurface (S11)
[= = 7x7 Metasurface (Gain
-20 L = [ etas ylace (Zan) 20
210 215 220 225 230 235 240 245 250

Frequency(GHz)

a7 4. w3 s sk, 7x7 wlde] welEs 9ol ok
v}, A3k dek 9 <kele] s11 % o5 H|a

Fig. 4. S11 and gain comparison of single patch antenna,
7x7  metasurface  superstrate  antenna and  defected
metasurface superstrate antenna

12
E 1"y
=
o)
T == ——— —
T
2 |
s 9f 1
© |
8 ‘ . | ! |
2 21 22224 23 24 2.5
Frequency(GHz)

J8 5. Faeel] whE detEn W] ol
Fig. B. Height of metasurface superstrate with frequency

20 0 T T
18 \ ! ! ,/ DLfected“‘ tasurf:

\ \ / L
\ = «7%7 Metasurface
16 3 - Wio face [

L // L
14 \ [

— LI

T 12 \ A

"%10 \\‘:\,

= \ Wi i
3 \ Vi i

!
W

10 215 220 225 2.|30 2.35 240 2.115 2.50
Frequency(GHz)
a2 6. 7x7 wjde) wlelams) Aggae] Su) vlal

Fig. 6. Axial ratio comparison of 7x7 metasurface and
defected metasurface

8
6
4
2
0
2.

o} ekee] Al tldE 222 ~ 227 GHzol
A A o)5-S 57 dBE 19 49} ) w3l g
Qreube] EH)= 2.22~2.235 GHzARol|4] 3 dB ©]
sko] 54 7Y a9 63 2Tk

3.2 HEfEH S A L 7= Y §4

B oA AR vk AL wiabeld qheufel]
Al 91 BAS 918 ARSE Hel® 13 2 (b)el]
PGl A E wke) o] slehulE Mo ghe
o3t 2, mm e E xiis=d
(p=5,9=1, W=1,C=11) 44 TaconicAl|
RF-35(¢, =3.5)%, 7= 1.52 mme]|ch

a7 39| () @] AL 7x72 ujddt Fxo|t)
Al (2)ell wet Falpel] g Akl o] F
W7} == wekE 9] Eol= 1 59} Ak
2.24 GHzolA etz 9719] #ol& 10 mmeo|th
o] 7x7 wld Pl g2t <telvte] s11e] -10

1571

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’19-08 Vol.44 No.08

dBY 9] o]5-& ok 753 dBE 19 49} ) 1w
- 7x7 wijde] welmwd o) qheus 23 6ollx 9}
7o Zu|71 10 dB o|AkoE ¥z} BEAe] vieh
2| ket 17l 72 wekE SoRe] $abE AR E
Folek FAE ol AR oz s <
g} EAJo] vehiA] o= 2 E]Isgla, 0]_2_
AAsIck 17 8- AgE 720 $IAPE EHAFE
25 el ow AgE]r] ofde] Fxel s 2164
Hip}t A== e gelsd 5 glck 2™ 60ll+=

e etEne] Su1E vehen 22223 GHzoﬂ

&)

K?“ »‘ifﬂ 1}4;«!1«, JB ‘3
'#!L,ﬂ},,, s 1111“1& ‘2““ | ‘»
el P X T8 T

180° 270°

a8 7. A 7x7uld welEwe] AR
Fig. 7. Surface current distribution of 7x7 array metasur-
face at each phase

4 [y g
Y
wz ) th W =1
* h sad vy S i
Jsurf oo
{Am] =
5.0000 b e ol
.45667 Yt e
43333 I B
D izizle e
36667 | 1 Eréa & Nzt
33334 iERT e v
3.0000 | 53 o e et
26667 i 3 EE-Aliz ¥
23334| 3 R
Emm 90°
16867
13334 3
1.0001 i@
06668 g’:": :
03334 s
00001

O 8. S A3 wetxHe] AREE
Fig. 8. Surface  current  distribution  of  defected
metasurface at each phase

1572

A1 3 dBe]3} 545 viehdich

olzigt 72?‘% TEE AR wiekEd SN <k
9] &2 222 ~ 2.26 GHz, ©|5-2 ¢F 7.28 dBE
kel six] qtele] o]5<l 5.7 dBell wlsf <F 1.58
dB Asstel e, 19 49 3

Iv. OHILL Hi& & &H

17 99 ()= AA| AR QU] mgpolH, (b)
= A = AREA AIAIEe] A9 ks
A ARRlefel qelue] AHA =7]= 9090 x12
mm’(0.67 X x0.67 X x0.075\y) & A\, 2.24 GHzell
Ale] shAolck

T3 10 AEHelAdY 4 Aye] sitelck A
Eo]xde] thedFel nlal] S ekl TS
2.22~2.25 GHzZ A5 oF 10 MHzY<

ow, FAFIA -30 dBolst 5AE vhehic),

I8 112 AlEEedT 34 AR o] 5ot A
HbA o2 A Falptela A} fAksHAl vl
whom =73} o) 7.02 dB2] 0152 zH=r) 18

(a) (b)

O 9. (a) AR el (b) AAA ke
Fig. 9. (a) Manufactured antenna, (b) Far-field anechoic
chamber

==Simulated
= Measured | |
)
Z.20 | ;
» ll
1
30 - ::
1
40 L . . . . L .
21 215 22 225 23 235 24 245 25

frequency[GHz]

S8 10. A%l % 24 ckbe] si1
Fig. 10. Simulated and measured S11 of antenna

www.dbpia.co.kr



=/ vllEks

HANE 2 FHSA w8 S-Band 13 Az} <kEL A

~ Simulated
6 Measured

Gain(dB)
»
v d

\\

'4 T T T 1

210 215 220 225 230 235 240 245 250
Frequency(GHz)

3 11 AEdEeld 2 S <kl o=
Fig. 11. Simulated and measured antenna gain

12i= AlEde|dw =4 A¥e] Fu] nlaolch
2.2~2.23 GHzelA] AlE#HeA 2k} S43ke] A3}
FARBH velstort 3 dBolsle] v a7-271s W
3] Fsiolck

a5 139 (@) ¢=0", ()= ¢=90" °lA] A&7
o]z} ZA4e] et whaldRIe|c) Anba o & A&
o} 34 grelvte] sl fAksHAl vebstch

1] 24 73} 3 dBolsle] R7EAS WA
33l Fn) RS Q1% wlelsrs AAdAIS ) v
ehame] el 17 14004 FAIGE F-E A A 3]
of Ptk 1 145 Fell ARl Sl
of| uje} AT} vehs 1S sl

a3 15+ olF B8l AR Fu] =R S
ted% 22-222 GHzolA 3 dBols} B4 Zher).

Axial Ratio(dB)

14 = Simulated
== «Measured

0 T T T T T 1
2.052.102.152.202.252.302.352.402.452.50 2.55

Frequency(GHz)

T8 12, ARl 2 Z4E clee] S
Fig. 12. Simulated and measured axial ratio of antenna

300

© 20270

== =Simulated
240 Measured

10 330 30

300 60

& 201270 920

= Simulated

240 e Measured

120

107 210 150
180

(b)

T3 13, (@ ¢=0" ] AR, () ¢=90" A2
st

Fig. 13. (a) Radiation pattern of ¢=0", (b) Radiation
pattern of ¢=90"

T2 14, AE wekmde] sabY ERAF BT 54
Fig. 14. Surface current distribution characteristics of
improved structures by phase

1573

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’19-08 Vol.44 No.08

5 T
L |
LI
[
4 -
= '
a '
g3 Yy
;- "
© [
% 2 '
< ’
1
0 )
2.052.102.152.202.252.302.352.402.452.50 2.55
Frequency(GHz)

a2l 15, WA= gk Sm)
Fig. 15. Axial ratio of improved antenna
0-

N

SR
i

R

2.10 215 220 225 230 235 2.40 245 250
Frequency (GHz)

a3 16. A= ek sid
Fig. 16. S11 of improved antenna

8+
/\ ﬁlmproved

\

Gain(dB)
N £
1 L

o

N\

. AN

T T T 1
210 215 220 225 230 235 240 245 250

Frequency(GHz)

22/ 17, s kel )5
Fig. 17. Gain of improved antenna

1574

) E-2 2.21~2.26 GHz, Ho]5-2 7.12 dBE ©|
A A wlsl Z2A tiEA] ko, :Lﬂu 163} 1%
179 vepick

v.2d B
E el Sl SXshe FHSA SA)
velzd 9/ S A sk} o]S-S sk}
7171 13l Fabry-Perot 3% 725 AM8-3lom, &
S Sla AR F2E o83l st
AA =271 90x90%12 mm’(0.67 A x0.67 \,*0.075
Ap)ela, SAE <] ti9EFe 22~ 225
GHz(2%, <-10 dB(S11)), Z%] thedella] FHjo]5-2
7.02 dBE Az e} A gl A & s}
Aek A AA| SAAF E8] 7 2E U3
2 Fsle], F7HAel s st FoF A7
3 A3} 22~222 GHzZE 4] HY# (<3 dB)S &
wgon okele] =7]E 90x90x12 mm’(0.67),
x0.67Xx0.075)y), HAF 221~226 GHz(2%,
<-10 dB(S11)), ¥A1 tqellA] Fo]52 7.12 dBo]
th 1] tfFo] <kt FxF Tk oo w3
F7] el Sulet Su] e Fe] ifo] I st
o5 laiA wietamnl o] ) Y Jx] qret
o] A Aol gk AF-E F7FH o= 3 AlF
o]tk

17

References

[11 P. Fortescue. J. Stark, and G. Swinerd,
Spacecraft Systems Engineering, 3rd Ed., New
York, NY, USA: Wiley, 2011

[2] Y. Rahmat-Samii, V. Manohar, and J. M.
Kovitz, “For satellites, think small, dream big:
A review of recent antenna developments for
CubeSats,” IEEE Antennas Propag. Mag., vol.
59, no. 2, pp. 22-30, Apr. 2017.

[31 S. W. Kang, S. H. Han, H. C. Gong, and G.
H. Choi, “Current state of CubeSat develop-
ment in Korea,” Current Ind. and Technol.
Trends in Aerospace, vol. 11, no. 2, pp.
172-178, Dec. 2013.

[4] S-L. Ma, C. J. Shih, and J-S. Row,
“Four-element microstrip array with

polarization diversity,” Microwave and Optical

www.dbpia.co.kr



=i el

DNE 2 FEI4 HAE SBand A AW e} A

[5]

[6]

(7]

8]

9]

[10]

[11]

[12]

Technol. Lett., vol. 55, pp. 1653-1657, Jul.
2013.
S.-R. Lee,

multi-stacking of superstrates

“Analysis of the effects by
on circular-
polarized patch antenna,” J. Inst. Electron.
and Inf. Eng., vol. 51, no. 3, pp. 202-209,
Mar. 2014.

D. H Kim, S. M. Lee, and 1. J. Nam,
“Fabry-perot resonator antenna design method
and technology trend using partial reflective
surface (PRS),” in Proc. Korea Electromag.
Eng. Soc., vol. 29, no. 2, pp. 42-55, Mar.
2018.

M. T. Islam, M. H. Ullah, M. J. Singh, and
M. R L

superstrate

Faruque, “A new metasurface

structure antenna performance
enhancement,” Materials, vol. 6, no. 8, pp.
3226-3240, Jul. 2013.

F. Tubbal, R. Raad, K-W. Chin, L.
Matekovits, B. Butters, and G. Dassano, “A
high gain S-band slot antenna with MSS for
CubeSat” Annals of Telecommun., vol. 74, no.
3-4, pp. 223-237, Apr. 2017.

A. P. Feresidis, G. Goussetis, S. Wang, and J.
C. Vardaxoglou, “Artificial magnetic conductor
surfaces and their application to low profile
IEEE  Trans.
Antennas Propag., vol. 53, no. 1, pp. 209-215,
Jan. 2005.

L. Zhou, H. Li, Y. Qin, Z. Wei, and C. T.
Chan,
subwavelength metamaterial-based cavities,”
Appl. Phys. Lett., vol. 86, pp. 101101-1 -
101101-3, Feb. 2005.

C. A. Balanis, Antenna Theory: Analysis and
Design, New York, NY, USA: Wiley, 1997.
Q. Y. Li, Y. C. Jiao, and G. Zhao, “A novel

microstrip rectangular-patch/ring combination

high-gain planar antennas,”

“Directive emissions from

reflect array element and its application,”
IEEE Antennas Wireless Propag. Lett., vol. 8,
pp. 1119-1122, Oct. 2009.

ot & F (Hyungjun An)

2018+ 2% : ol A}
T3 =4

20181 2¥4~A) : oSt
AAg-s AaltAd

<Al A B4l <ML
nfolz 2 ~ER] %] QheL}

[ORCID:0000-0002-4480-249X]

Z 2t M (Changseong Kim)

' 20151 2% roldEhaL AA}
Tkt 2]

2015 84~ : ot
AAgsk AukalsgAd

<AlEol 914 BAL ke

S5 A9} 4

[ORCID:0000-0003-3069-662X]

4t 2 U (Yong Bae Park)
19981 24 : gy | A
7] A &4
20001 24 : gl A
\ 7] 2 ARt Ak £
— 2003+ 24 : g% A
‘\‘\—//'L 7] 8 AAlpstah wal £
- 2003 2¢~2006%1 849 : KT<l
zejdga Al A7Y
2006\ 9L~ A) : ol 3w x|}ty W
<FFol> gV, A $14, EMIJEMC
[ORCID:0000-0002-7095-4614]

1575

www.dbpia.co.kr



	메타표면 덮개를 갖는 큐브위성 탑재용 S-Band 원형 편파 안테나 설계
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 안테나 설계
	Ⅲ. 안테나 구조 및 특성 분석
	Ⅳ. 안테나 제작 및 측정
	Ⅴ. 결론
	References


