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Sqare-Ring Microstrip Antenna
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Abstract

A method for miniaturization of microstrip patch antenna without degrading its radiation characteristics is
investigated in this paper. It involves perforating the patch to form a microstrip square-ring antenna, and it's BW
enhancement is investigated numerically and experimentally. A ring geometry introduces additional parameters to
the antenna, and those are used to control impedences, resonance frequencies, and bandwidths. For a single square
ring antenna, an increase of the size of perforation increases its input impedence, decreases the resonance
frequency, and bandwidths. But it affects little on directivity of the antenna. To match the antenna to a
transmission line and also enhance its bandwidth, the ring is stacked by a square patch or another square ring.
Also numerically simulated results by the IE3D, and experimental data are compared for proof.
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Fig. 1. Microstrip squre-ring configuration.
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Fig. 2. Input resonance frequency variation with
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Fig. 3. Input impedance variation at resonance
frequency with W3/ W, for H=1.59 mm,
W=30 mm, ,=2.5 (Simulation).
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(a) Return loss, (b) VSWR.

ATRA JAELS AYROZ 10~20 % 7Fe
QAL 71RA 97, 53] 229 BRE A2 oS
AYE AAE JNA Bk £ 9o A 5
£ A A7lE obdel AASHA HE HAuG
Rt 2A AASGT ek AAlel FANA 2z}
o HA7t HZ AR HAE AR Za) A

W, Z7ke) JHEAQ AN HAHA HI, o
< 0|5 ¥ 7I(dual-band) ] %*é—"‘ 7HAA € 4+
g =23 A ostul M o)ge tzza
€ oldshs 7 AEHU e F A HAE
AL FW, 98 A frAdgo] W2 FAFL
R F8se Aotk AFTXY vlo|ARXEHY

o

(‘

(2

147



BEEMKPERNG 128 £ 1% 2001F 18

3 M3 Y 5%

2 AgME 18 694 TAH A JF 128
e FEey vloja2AEY SHY AF 2
1 54 S4sArh et Alztel ool
AXse 7|BoEN & 25, T 1.6 mm, &
AetA E(loss tangent)7} 0.0019¢1 Metclad A}<)
MXIM 7132 AL 39T ) AA3E NBo

= §4& 1.05, FA4 7} 1.6 mmel foam& A28}
Rtk ole I 89 RAAY Stk FYd 3715
< TE7 98 99 719 obele A#E AAY

a8 8. AFH vlo]aZ2EY e}
Fig. 8. Fabricated microstrip antenna.

Huzb 438 e ddde 948 7HA7 ded, 2 2390 2729 2AL 99 7w o}
WAZ A 2N AAHE LA DT g sme 2o AAFE AN Qolg TS
HE PPIARAEY AdEGES BA ¥9E R0 o o9 A7 $Qa ARee 27122 84
. EAE ofdlo] FZE VI E HYel A NZY. ARAW Y AR ZaAg G HjLssT A=
= riR2t 929e] HSTRY FOJARZE o] go|@ Cardboard® AHESHATE 1T Y
W gEUE 2d R AMRE AT, A5E XA 9] HhAEA T R FH] ) 2L HP §720C Net-
A9 e AT AR A FHLAZRE work Analyzerg o] &3t ZA31¢tl.

FHY AZHol ERFE + Yok AHeE AF

221} 9 F Y454 (pattern and phase center)-S 32 =Xz

FEIE U934 BYTRE 4B ok

Reflector feed\} Wi 729} S-4-of o) 43 & I8 9@t 18 10@elAx & F Kol 245

VSWR
s 3
4 H

________________________________

....................

»
I
t
'
t
]
1
]
1
[
]
]
R R

=t v t v t——t— t y t
2.0 22 2.4 28 28 2.0 32 2.0 2.2 2.4 26 28 3.0 3.z

frequency [GH z] Frequency [GHz]
(@ ®

T8 9. ojAAg)e] B2 #HFFX Ring-patch vlo]AZAEY helute] wASAT A5 (343D,
() A3 714 olZAF ] W& §AEA, (b) 1AAE 7L 3.4mmY We] HA) g

Fig. 9. Measured return loss and VSWR of stacked ring-patch microstrip antenna for various seperating
distances.

(a) Return loss for various seperating distances, (b) VSWR for 3.4mm seperating distances.

148



Frequency [GH 2]

@

wl--.y —=—Measured VSWR | . ____ :
IR SN A J PO U AR
' 1
P A e ISR Qi S P
Wt Wronadaaaaa B i et
- D : :
5 t4e--oa [ e i e b

) L}
e et el (A '|L ¥
[ ] ) ¥ '
L A R R P Py R R [
j [ [ ] '
L e .l """ S : I S cT T
) L} ' L} Ll
¢ + t + +——t
2.0 2.2 2.4 Z.S 2.8 ‘e 3.2
Frequency {GHz}
(®)

28 10. o}AAZY) WE H5FZ Ring-ring P)AZAEY 9e)}e) BAEAT AR u)(ZA 3.
@ 948 744 c1AAe] w2 WAREA, (b) 1A=} 3.4 mmY We) AR}

Fig. 10. Measured return loss and VSWR of stacked ring-ring microstrip antenna for various seperating
distances. (a) Return loss for various seperating distances, (b) VSWR for 3.4mm seperating

distances.

meg [dB]

1 T + t
20 22 24 28 28 A0 A2
Frequency [GH z)

38 11, we) B2 FAFUE waleAe) W
Fig. 11. Resonance frequency and return loss vati-
ation for ws.

GHz9| 3AFHFAA Y HAsa Halsd e 7
7+ -33 dB&} -19 dB9 & Uit F As
EF F ke HA9 o)AAs FoAFE
AHEAY A7le Bol2E AL ¢ 4 UL, 9b)9t
I8 10b)llA B F ARl qEvty wialEAo
e 52 9Z(VSWR<2)Y ALox z+z} 20.

6 %St 10.7 %ZE U9 IZ L} IR FA
d 2RE Jelth Ak d e AL s eg
ANEHNNE A< 245 GHzY] FAFu 5o o

3 ¥hAlEA -31 dBS} - 17 dBQ A9} o)}
“354 dl, ol <ElY AR st Aol A EA

g Az xe) 718 Ao BgEh} ol o)
o] FAA] FAGTE JFO)|BR o)]F MEE
2 dA8 Az ¢ 7 Aok W M 4E ¥
AF st datEde) WaE ¥ish) $sy
W9 ZolE WMSAA 71EA FA5H T A 9
Aste 719e] WRAAI F7tH 7N AAE
of W2t WAEAS A7)% FAFTG Wt
I8 e Jehg gk B8 I8 12004 & 5 3)
%ol 4YUTYAXL 50 Qo & AHE AL g9
& 4 stk

ME(1.5~3.9 GHz)l| AN =2 A}
%7& ulo] AR AEY X |
QAR fol 49F Z7t
ﬁ.ﬂi} o] AFETh AFFRE
AAE E71A) %%94 ulo]| AZAEY HLY] A]
: A8 13 13¢) vely 9ok =
Fel¢] mlo]ARAEY BUAT A <t
YollAl Ao FYREE AATLER FAHE

149



BESHASERE $12% £15% 20015 18

2 205290, s
; ~e.

450

(b)

J8 12. Z3%9 Ring-patch wnlo]aZAEY}
Ring-ring vlo] A2 AEHte| 119 Y7
s E
(a) Ring-patch®#l, (b) Ring-ring3 €
Fig. 12. Input impedence of ring-patch and ring-
ring microstrip antenna.
(a) Ring-patch, (b) Ring-ring.

B2 P (Square-ring) Hej o} wlo|AZAEY 3
A gEive) 540 ATHA R FYREo]
AAR weh 2AF S I Ee) Bast 23

150

Pola Edevation Patrem

(b)

38 13. H23Fx9 Ring-patch vlo]a2AEYFH}
Ring-ring v}o]AZAEY oleite) Ba}
HE (A2 olH)
(a) Ring-patch3 €, (b) Ring-ring3 el
Fig. 13. Radiation pattern of ring-patch and ring-
ring microstrip antenna (Simulation) (a)
Ring-patch, (b) Ring-ring.



HASTE, Z2E FAYY, ALY 4P vlolA2AEY ey SAd 8% A7

oA o] JPYMPAT 343 Frlste A

2T 5 AU g Z9] Frte AP i
S 93t T A 719 skeuY fAMER 13
AN Fag S0 FL2 F75E FAAND 3
TZ PO|AZXEY GHUE AEHOINE
3 HHAE =&t HAT A, 245 GHzY
AFFHFE 7ML F-AA % F-gF2Y A}
&AXo] 47} -34 dBS}t - 19 dB, ) 9 E(VSWRL2)
0] 20.6 %%} 10.7 %<} ZHE AUtk oj= v
A7t 7R E 6.4 %R FR FAE AAE Yeh
Ao EFP-RH o] 727} P-PrzEg g
W E3 2 wAEA S Jehl o

ol oft ofy i o nfo N

3

il
Ho
re

il

{11 J. Q. Howell, “Microstrip antenna,” IEEE
Trans. Antennas Propagat., vol. AP-23, pp.
90-93, Jan., 1975.

[2] Y. T. Lo, D. Solomon, and W, F. Richards,
“Theory and Experiment on microstrip anten-
na,” IEEE Trans. Antennas Propagat., vol. AP-
27, pp. 137-145, Mar., 1979.

[31 W. F. Richard, Y. T. Lo, and D. D. Harrison,
“An improvement theory for microstrip ante-
nnas and applications,” IEEE Trans. Antennas
Propagat., vol. AP-29, pp. 38-46, Jan., 1981.

[4] Rod B. Watehouse “Design of Probe-Fed
Stacked Patctes,” IEEE Trans. Antenna Pro-
pagat., vol. 47, no. 12, Dec., 1999.

[5] D. M. Pozar and B. Kaufan, “Increasing the
Bandwidth of a microstrip antenna by proximity

coupling,” Electron Lett., vol. 23, no. 8, pp.
368-369, Apr., 1987.

{6] Rod B. Waterhouse and S. D. Targonski,
“Design and Performance of Small Printed
Antennas,” JEEE Trams. Antenna Propagat.,
vol. 46, no. 11, Nov., 1999.

[7] Balanis, Antenna Theory Analysis and Design,

_ John Wiley & Sons, INC.

[8] D. M. Pozar and Daniel H. Schaubert, The
Analysis and Design of Microstrip Antennas
and Arrays, 1IEEE Press, pp. 157-161.

[9] M. Edimo, K. Mahdjoubi, A. Sharaiha and C.
Terret, “Simple circuit model for coax-fed
stacked rectangular microstrip patch antenna,”
IEE Proc., Pt H, vol. 145, no. 3, pp. 268-272,
1998.

f10] T. M. Au and K. M. Luk, “Effect fo Parasitic
Element on the Characteristics of Microstrip
Antennas,” IEEE Trans. Antenna Propagat.,
vol. AP-39, pp. 1247-1251, 1991.

{111 Z. Fan and K. F. Lee, “Analysis of
Electromagnetically Coupled Patch Antennas,”
Microwave Opt. Technol. Lett., vol. 6, pp.
436-441, 1994,

[12] K. F. Lee, W. Chen, and R. Q. Lee, “Studies
of Stacked Electromagnetically Coupled Patch
Antennas,” Microwave Opt. Technol. Lett., vol.
8, no. 4, pp. 212-215, 1995.

[13) Kai Fong Lee, Advances in Microstrip and
Printed Antennas, John Wiley & Sons, INC.

151



’—

BEBHEPERGE £128 £1% 20015 18

o % < R

19994 24: $hsty AAFE ? &
2HF A

19993 39 ~&A: YT A
AN A8 ALy

[F F4¥oH EMUEMC, rlola
29 5% 2 $5274

20009 29: YR AATY
HTEAY

200013 3¥~&A: SISy A
AEN A8 HARY

[ Ao EMIEMC, vlo| a8
% 5% 2 847

19673: Mg gy A7)
(F&Ah

1973°3: vl YEZ 28t Y g
(FE4Ah

19793: v FE 2t FHUE
(FEAY

19793 ~1988d: st 74

FJda+4
1990 ~1991'3: &=AZ0}7|&83 3%
19883 ~&A: gty AAFs AF
[F #ARo} EMIVEMC, IMT-2000 M - W BZ

152



