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Wideband Circularly Polarized Microstrip Array Antenna Adopting
Sequential Rotation Method Using Shortened Phase Delay
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Abstract

At center frequency of 11.85 GHz, wideband left-handed circularly polarized microstrip array
antenna is designed with the method of sequential ratation based on 2 X2 radiation elements(0°, 45°,
90°, 135° phase delay). Its return loss, axial ratio bandwidth, radiation pattern, and gain are
compared with those adopting sequential rotation based on 1X2 radiation elements(0°, 90°, 180°,
270° phase delay). The 8x8 array is manufactured and measured. The results show that 10dB
return loss bandwidth is 10.51~12.74 GHz(18.82 %) which is 1.57 times wider than the case using
1 X2 sequential rotation method, 3 dB axial ratio bandwidth is 11.43~12.5 GHz(9.03 %) which is 1.25
times as wide as that using 1 X2 sequential rotation method and the antenna gain is 25.4 dB. The
results of mesurements are almost similar to those of simulation.
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Fig. 1. Sequentially rotated 2%2 array antenna
based on 1X2 array element and graph of

phasors for reflected voltage wave.

455 Sy Im
[au [ 4 1 ]
O 45% = 0°
AN e i
N 90 9i&f TS N
7' Re
/JE“‘ 455 HERE *]
90° | < 135 >3 2
V =V, + Vo +V, +V, =0

T2l 2. 2x2 7|RAAR o]Foixl AlfA ZH oA
e 2x2 Ev 2 WAL phasor &

Fig. 2. Sequentially rotated 2X2 array antenna
based on 2X2 array element and graph of

phasors for reflected voltage wave,
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Table 1. Comparision of 2x2 array antennas characteristics

Tzl g 2x2 AEEZH A )

o o
L

SRl
el

L3

ue
o

7]

e
|o
b
ob
rir
(o}

x8 W g et
Fig 9. 8X8 array antenna based on 2X2 sequentially

rotated array.

3-3 2x2 A|HM=ZHOM HiES 0|28 8x8
B OFEI|LE A S ME

T AR Azd 2x2 AlgEZHA
€ 71222 &z 8x8 Wi <tElVe)th

a9 10 19 99 8x8 W Aol nhalE
AEARS Algdeold # FAHZE deid I1d
°ojtf. 10dB #MkE4 g Fol A gHoldZTe
10.99~12.705 GHz( ¥ 1447 %)12 SRAHE &
H Wizl 1051 ~12.74 GHz(%F 1882 %) o

& 2v 1x2 A E4 ZHo)d e t’d% 712
X8 Wt vke 2x2 AlEA EH ol
S 71E2E ste 8x8 W EtH| e

:L

g =

12 WARRLE 712422

ah= AlEdE W

2X2HAAAE 7| E AR

e e W noE

Sy (10dB e =)

11.16~1228 GHz (95 %)

11.02~12.62 GHz(135 %) oF 14380 =7}

Axial ratio(3dB g H)

11.39~12.25GHz (7.3 %)

11.43~12.5 GHz(9.03 %) ok 1259 Z7}

Gain(max)

132dB

13.03dB ok 017dB 24

632



Return loss (dB)
&
1

T T
105 125

11‘.5 |2‘.0
Frequency (GHz)

T
11.0

I

D210 2x2 A1dA BolelA MEdHYE 71
23 8x8 wjHQtE| L) uiAEA 54 vl

Fig 10. Return loss characteristics of 8X8 array

0

antenna based on 2X2 sequentially rotated

array.

a2 11, 2x2 AlgA ZeojM ajEg JEozs g
x3 g oterte) whAluiE
Radiation pattern of 88 array antennas

Fig. 11.

based on 2X2 sequentially rotated array.

FIAHEA(10dB &) 5A4S Hng Holnh

H 2 8x8 W <telvkel Sy (10dB %) E4H

Table 2. S, characteristics of 8 X8 array antennas.

A zeHold e d¥H vlelaz ey W gHY

RAAZ 1x2 AP ZeolX sy s

2 s gx8 WY ElUE 10915~1234 GHz
o 121%)9 HAES 7HRT 2x2 AAERH
old wgHdE 7|ECoE sh= 8x8 HlEUtEH
= 1051~1274 GHz(oF 1882%)% 1x2 ANAA
e o]&g 8x8 wjAUEH Yo nlFA HAE
o] oF 157H) ZF718He & 4 lth

a9 118 AR Az gx8 ME EuY
WAt Elolny 241 F314 117 GHzolN SAHHN
th E.8 E, & 0=0(1% 8)9 HAdA &4
2FeA=1

AA Az et
EsS EJF 22 WE

7]

e

lo N

—

48 A AgstEE

7FR ok st 1A
BEo] FHG o= AXolM A9 A o
A%E & 5 Atk 18132 FNBW7F 8x8 viger
Bl AL 179878 Az F-4F A5 199
R o AT AR Adg nga ose

254dBE &4 HA

I\

A
=

rhu

B =RoMe 2x2 AlAA ZHoA wjE vy
(0°, 45°, 90°, 135" $AAd) & 71ELR 3io
Ku ®E She 8x8 vlo|I82EY

AR Az g EFAE, 1x2 AEA
L 90°, 180°, 270° 9AA4A o)
F29) <tevhel v g,
. 10dB ¥R o Eo) of
2.74 GHz(9F 1882 %) 2 Jebstom 3dB &n|d

—

3} =

Al g ol 23

24723

o] &3 8x8 Wi EtH Lt

1111~1248 GHz(116 %)

10915~12.34 GHz(12.1 %)

2x2 N EE g o] 83 8x8 WAt

10.99~12.705 GHz(14.47 %)

10.51~12.74 GHz(18.82 %)

] ktd

o 1

2528 F7} o 1574 37}

633



GEEHERERAE B 108 4% 199F 8A

AEZ(NEF o)A AH)2 1143~125GHz(%F 9.03
%), 15 254dB Atk

2x2 AN@d Zeold MEwe] 1x2 N
Zeold W v A HAEA ] 15T F
7h8t FHISA el 1258 F7he AAdE BAS
273 AR AAY 5 YuoH oY FHAH
£ AEdN AA%E Z IR A

ik

s

Ao

o

[11 S. D. Targonski and R. B. Waterhouse, “An
Aperture Coupled Stacked Patch Antenna
with 50 % Bandwidth”, Proceedings of I[FEE
AP Symposiumn, pp. 18-21, Baltimore, Mary-
land, July, 1996.

[2] Girish Kumar, and Kuldip C. Gupta, “Non-
radiation Edges and Four Edges Gap-
Coupled Multiple Resonator BroadBand Mi-
crostrip Antenna”, IEEE Trans-actions on
antennas and propagation, vol. AP-33, Fe-
bruary 1985

[3] Haj Fong Lee and Wel Chen, "Advances in
Microstrip and Printed Antennas”

[41 T. Teshirogi, M. Tanaka, and W. Chujo,
“Wideband circularly polarized array antenna
with sequential rotations and and phase

shift of elements.” presented at Int. Symp.

634

Antennas Propagat., ISAP "85, Tokyo, 1985.

(5] Ulrich R. Kraft, "An FExperimental Study
on 2X2 Sequential-Rotation Arrays with
Circularly Polarized Microstrip Radiators”,
IEEE AP, vol. 45, no. 10, October, 1997,

[6] P. S. Holl, J. S, Dahele, and J. R. James,
"Design principles of sequentially fed, wide
bandwidth, circularly polarized microstrip
antennas”, [EE Proc, Pt. H, vol. 136, no, 5,
pp. 381-389, 1989,

[7] P. S. Hall, "Application of Sequential Feed-
ing to Wide Bandwidth, Circularly Polarized
Microstrip Patch Arrays™, IEE Proc, P H,
vol. 5, October, 1989

[8] W. K. Lo, C. H. Chan and K. M. Luk
“Circularly polarised microstrip antenna arry
using proximity coupled feed”, Electronics
Letters, vol. 34, no. 23, 12th Novemnber, 1998.

[9] <efa], oA, "Ku WE 8x8 ¥zt vi
olAZAER Wig eV AA Z AFT,
198AE F=ux3rs) SAELRY =
3], vol. 8 no 1, pp. 385-389, 98, 11. 28.

[10] J. R. James and P. S. Hall, “Handbook of
Microstrip Antennas”.

[11] A. Balanis, "Antenna theory analysis and
design”



D38 NS ARk AR EHold Uy 43Ut vloja22EY WY JEv

1999 249: Z3ugy Anysty
(F8Ah

1999 3¥ ~¥A: Agdisy Ax

g U uEd YA 2

? [ AROH <hHY MA 2 RF

W

o]tg/k

19829 29 Mgty Ar|3ets
(FEAD

1991 8¢: vj= WHH 27} FY
o AR taH(F AL

#1995 549 oS dHYgAI FY
W Ax-F e (Feutah

1995%@ 5¥~19959 8¥4: WEa~
7} FH T=H(Post Doctor)

19959 99 ~8A: A3ty AAYEGR Za5

[F AR ey 2 dxds)

635



