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A Study on Rectangular-Ring Patch Active Antenna with
Dual Polarization Diversity
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Abstract

This paper describes a compact microstrip active antenna with dual polarization. The antenna, receiving both
a left-hand circularly polarized wave and a right-hand circularly polarized wave, has a function of polarization
diversity. A square-shaped empty room is located on the inside of the microstrip radiator so that the size
has been reduced. And slots are added around feeding point to improve input matching. Also, amplifier and
switching circuitry are placed at the empty room to increase antenna gain and to select one of the circular
polarizations, respectively. The proposed antenna has been applied to GPS(global positioning system). The
measurement results show that it has 10dB-impedance bandwidth, 3dB axial bandwidth of about 50MHz, 3dB
beamwidth of 90degree, and gain of 13dBi, respectively, for RHCP. Also, it has 3dB axial bandwidth of about
50MHz, 3dB beamwidth of 84 degree, and gain of 12dBi, respectively, for LHCP.
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Fig. 2. 45° degree rotated square ring patch
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Fig. 5. The structure of a proposed antenna
O8 5. mMetEl sSetH L 7=

H ey AA Fx
27H94 HAXEEE(port 1,
LAY A1 71711

ri*

A deE A

2. tEl G A A
B w=Ho 1 ]0 oFEl U= 1.5GHz ol 9ol A

>,
a

Q‘L
) :E
o
oly

N A 2k JN
d

:<I>l=
o%
>~
>
& fol
S

(o]

(e}

o

r

_)1.1_5

> 2

o =
In q
o I
o2t =
502 T

¥ H

f
2
N
kI



A Study on Rectangular-Ring Patch Active Antenna with Dual Polarization Diversity

o AEH ol A 15565GHz~1615GHzE  oF
60MHzU & &5 zr=th, WAL 7 o)y F2o] Bz
RHCPS} LHCP 25 72 EAS et

60 @ Retum Loss $11
=+ Retum Loss 522

5 t t t ++ t t t =+ ++

10 00 10

Fig. 6. Simulated retumn loss at each feeding port
gl 6. Zt SMEZEAM B4l st AlEefolMdZ T}

. Axial Ratio(dB)

4.00-

0.00-{

2004

4.00.
152 154 186 158 160 162 164
Freq [GHz]

Fig. 7. Simulated 3dB Axial Bandwidth for the patch
ag 7. dhALEiR| S| 3dB FH| CHYE AlZao|dZ 1}

a9 8 w3 AMRE uet dAE WA A G
EFE(slot) FHe AR{ BEXE Yepdoh WAF oA
oA AFEE FAHol &5 FHE uwuk JAEA
Hug AFHAERI dogAeE g9E B 5 U S,
&5 Aol(Ls)E FAs dAu 2 H3Fe &Lolg
A e g A FAS dojdity, 28 9= Altd
¢telu7} RHCPZ %2 A E-plane WA EH S A&
ol A#E HoFn 1910d= LHCPE E2HA|
E-plane AR 9] Algdol 435 e o
E E%F 3dB W& 100" o4 AW wIAHS zte

Feeding
Paoint

Fig. 8. Distributed current path along the feed line

ag 8 gz oo MR =X

Fig. 9. Simulated RHCP radiation pattern(E-plane)
O 9. RHCP WALEHE AlZa|o|M Z2HE-plane)

9
dB

180

Fig. 10. Simulated LHCP radiation pattern(E-plane)
3% 10. LHCP Ao & A|E2|old Z 2HE-plane)

()



76

3. % ¢EId AF H &

gEIVe] AEHTE A8 FRAFAE: 44, 2=
=o]: 1.6mm) Epoxy 7]1%& o] &3te] A=stlon
a9 11eAM Btk WA g F o] L2
33.5mm, W 35mm ©o|th. W54l WALg|z] o] A7
of vls] oF 40%9] A7 F27F o] FoHT AR
F9o £F9o Z WsE 05mm ©|H, Zo]lE= 185mm
olth, mgh WAL W] HALAE & wel Zo] |
£ 20mm °lt}. TEIE YE 29 A+= Analog
device AFel ADGII8E, T%7]4 AAZE AZS
EAo] 438 Agilent A9 ATF-55143& AF&3F4
=

Fig. 11. The photograph of the fabricated Antenna
a2 11, MEE SSetHELEel ARE

I 1194 AR S Wiy 9
o S5V IR AQEAL
port)> Hlol(via)&& &3
3} front-end 3] & <]
U= 2719 d¥dst §

EEE

o S{o
o

G120 A Y AW EAS A3 A B
Zth VSWR 21& zZE Jdudx goze o
83MHz 24 Fe 54& Yehly 2vxs JE 4
ol /] GPSHY 7t7lolol M 2% FHAE=7F AAHF |
(dip)del FA4E A& = & o d7]olA HA
(dotted line)> RHCP7} A els| o1 5 & wo] A o|n,

(336)

A7) 4283 =5 (Journal of IKEEE) Vol. 13. No.3

LHCPS] sj@@th 29 1364 el
u N ES weFe 2 AskEe] FY
UElATh.  1.554GHz~1.612GHzZ A ¢
MHz 99e dojuglon, 19 79 Agd o4

o} o9 TR,

-

=S

5
|

[}
ok

oo

MARKER 1 &
157542 GHz© ™

CENTER 1.575420 000 GHz

Fig. 12. Measured input Impedances of the radiator
8 12 MZE gAel e uEA ST

SPAN 600 000 000 GHz

1 :-2.296 dB

28M  log MAG 1dB/ REFO0dB 1.575 420 000 GHz

MARKER 1 2 :-2.994 dB
1.57542 GHz 1.554 GHz

1 3 :-3.017 dB
1.612 GHz

4

CENTER 1.575 420 000 GHz

Fig. 13. Measured axial ratio of the radiator
a7 13, MZHE ghAR el ldale] Hu| EXZ 1)

SPAN .500 000 000 GHz

=g
iin)
i)
o,
Nl
o O

ir o> oy
ol v -

of _1[)1
o
A,
o 3L 32 oxl o

8]
o
i
X
2
>
Y
4
%0,
e
o,
o
(|

ofr
2
>

olf
offl
ot
EEHU
[ M
o

i) =T

i
)
i
)
s
o
o
=1
(o]
@]
=
o
2
>



A Study on Rectangular-Ring Patch Active Antenna with Dual Polarization Diversity

CERENES

RHCP #H3u7l deso] F&sts 49, 139 159
A g AXoer JehhAd 3 4 A4 3dB A" o=
o] 1549~1.602GHzel™ ¢F 50MHz¢] ©l % %S e}

At} LHCPY 4 $% $A}att,
EH1 17 log MAG 10dB REF0dB 10_:-17.547 dB
EH2 P8z log MAG 10dB REF 0 dB I0_ 17.702dB
1.575 420 000 GHz
PRm
Cor
MARKER 1 | olfo—b—o0+0—0 o
" oto—9 ] o—o
lo—=a 2
L T —
%]
1 \x\y
\w /x/x**“Hlx'
PRm
Cor
X S11 Return Loss
o S21 Amplifier Gain | |
T I T T

CENTER 1.575 420 000 GHz SPAN .600 000 000 GHz

Fig. 14. Measured gain and return loss of an amplifier

a2 14 32719 0|5 Y HAEN ZHZE

1 :1.149 dB

213 log MAG 5dB/ REF 0 dB 1.575 000 000 GHz

:4.094 dB
1.549 GHz
3[ 4017 dB
1.602 GHzA

N /,//’

MARKER 1 2
AN ]1.57500 GHz

— RHCP

---- LHCP

CENTER 1.575 420 000 GHz

Fig. 15. Measured axial ratio at each CP operation

SPAN .2000 000 000 GHz

O 15 dyHL FH|of £¥H L

SEtE vyt RHCPE F2H %S w, LHCPEE
N4 Q¥ A shel7k @S @ek F4 LHCPS
9% RHCPY 54 932 77 9tk 19 160
F AR AdRE welFt 244 A7
o At 3B S4Hg00 54 A 4

4y W o W

(337)

7

[

8o FEotHLbe] WAL HE S
Avh FEbARA( 3x5x35 mY)elA
Stelub 2 Standard Horns: o] &

=%

dB[S21]
{2l

log MAG 10dB/  REF 0dB 1. -28.356 dB

CENTER 1.575 420 000 GHz SPAN .600 000 000 GHz

Fig. 16. Signal leakage in the LHCP path on RHCP

operation
% 16. RHCPZ S Al LHCPEZ Mol £AMAS

a9 173 2918 Tt e HAE S 5
& Aztolr}. zhol Mk FHARA( 3x5x35 m’)ell A

| A
=43t e 7] otHUE Standard Horns ©] &
71
a8 173 19189l ,\l%
stghell A = 4 9lth 3dB FH

H

% o}E]L]J} /K] }\])’\Eﬂ
2g 714 A



=
=

A gree] A%

E(LHCP, RHCP)
siejolel Al 7]

i

L=
A5

b

L

iR A
pis=

A7) 4283 =5 (Journal of IKEEE) Vol. 13. No.3
b

o
T

A

1 2e) 29
A

bl 4

o

9

HO
Eu_l

[e)

s
A

R
=

=3

bt

9

78
FolA

SEE

&

AR

o
, 3dB ZH| O

4

priny
"o

i

el

3, VSWR 211

< RHCP

Z
=

Jo

s

Nlo

2}
Al

X
[¢]

Aol ¥%a, LHCP

=3

=

Al 13dBiE

RHCP &% A 90
ol STk

s 2

=

L

L

=
=

: X=Y plane(a), Y-Z plane(b)
a3 18. LHCP
52 RHCP
Al 12dBi %

Fig. 18. Radiation patterns on operating LHCP

3dB Beamwidth
A ol

(338)

®(b)

4

AL

(=]

Pl 919 A4 9 SR A7ES BH AN,

=

7} 48]
: X-Y plane(a), Y-Z plane(b)
a7 17. RHCP

[e]

J

Ex
=

o=
Fig. 17. Radiation patterns on operating RHCP

GPS Az

vt 293



A Study on Rectangular-Ring Patch Active Antenna with Dual Polarization Diversity

FRE A oI5S B, 458 GPS S8 F4 A5
2 AN 5 92 RoE Fua,
Hngs

[1] Chou, H.T., and Chiu, Y.L.“A compact-sized
GPS  applications”,
Vol.48, No.4, pp. 810

microstrip antenna  for

Microwave Opt. Tech. Letter,
- 814, Oct. 2005

[2] Yun, G.H. and Rhee, S.Y, “CPW fed
antenna for triple-frequency band operation”, IET
Electronic Letters, Vol42, No.17, pp.952-953, Aug.
2006

[3] Dietrich, C. B. and Dietze, K., Nealy, J. R., and

Stutzman,W. L., "Spatial, polarization and pattern
diversity for wireless handled terminals”, IEEE
Trans. Antenna Prop., Vol. 49, No.9, pp.1271-1281,
Sept. 2001

[4] Loredo, S. R.P,

analysis of the advantages of polarization diversity

slot

and Torres, "Experimental
in indoor scenarios at 1.8 and 2.5 GHz", Microwave
Opt. Tech. Letter, Vol. 31, No.5, pp. 355 - 361, Oct.
2001

[5] Ha, Deock Ho, "An analysis of the polarization

characteristics in Indoor radio Channel”,
Proceedings of The Znd CDMA International
Conference & Exhibition, CIC'97, Seoul Korea,

Vol.2, pp.144-148, Oct. 1997

[6] Chuang, H.R., and Kuo, L.C.,”3-D FDTD design
analysis of a 2.4GHz polarization—diversity printed
with
polarization-switching

balun and
WLAN
wireless communication applications”, IEEE Trans.
Microwave Theory Tech., Vol. 51, No.2, pp.374-381,

Feb. 2003

dipole  antenna integrated

circuit  for and

[7] DeshpandeM.D., and N.K.Das, "Rectangular
microstrip antenna for circular polarization,” IEEE
Trans.  Antenna  Propagation, Vol. AP-34,

pp.744-7746, No.6, 1986

[8] Wen-Shyang Chen, "Single feed dual frequency
rectangular microstrip antenna with square slot”,
Electronic Letters, 5th Feb 1998 Vol.34 No.3

[9] Bafrooei, P. M., "Characteristics and design of
microstrip square ring antennas”, M.Sc thesis,
Univ. Manitoba, Canada, Aug. 1997

[10] Srinivasan,V.K.T.V.Reddy, and G.Kumar, "Dual
feed for orthogonal

microstrip antennas

(339)

9

polarization,” NSAMI, New Delhi, India, pp.43-46,
March 2003

RS

& 71 3 (434)

(FsHAD
1864 29 AAEjtL ojstY WA
a3} (FAAD

19994 2 : AAlrhsk o

83} (Fshehap

1985 1€9~1997d 2¢¥
g, A7
19973 3€~2009 2€ : gt Aulgsty) §
2009 39~@A) At AuENTe) 2
<FRAREOR RF 5% 9 +E3w/A28




