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Stacked Microstrip Antenna Design for PCS Base Station
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Abstract

In this paper, the design for a PCS base station antenna which is using broadband method by a
stacked structure has been studied. The sensitive parameters, such as the parasitic elements, the height
of air layer between the upper and lower patch, and the variation of feed point, of the microstrip
antenna that has stacked structure in a characteristics variation situation are classified and the
characteristics has been investigated through the simulations. A designed antenna has following
characters. Impedance bandwidth is 257.5MHz{ VSWR <2), horizontal beamwidth is 64.1°, and gain is
14.7dBi. Therefore, it is confirmed the characteristics is good.

In this paper, through the designing of a stacked microstrip antenna, we has investigated the
availability for Korea PCS base station antenna,
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Fig. 1. Rectangular microstrip antenna and equivalent
circuit. (a) microstrip antenna, (b) equivalent

circuit,
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Fig. 2. Structure on the stacked microstrip antenna,
(a) cross-sectional view, (b) feed point.
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Fig. 3. Impedance loci for a stacked microstrip antenna
with different parasitic patch.

QAR A7(We) 7 624mmYe W AAHOZE &
AsHA AH W A &L HFo] APAAE 4
9 A FGN TAHE A2 B o o]FFA
g% F& FY EAL AT F AU BT 7
AaAe 3NE A H IR Foert s
AU ARE A HAFo] MAA WFOE o] F3}
EEAL U8 & dU

39 404M N Az 859 AFLE 3R] Ao
o) 2712 Fo|E ¢HY A D E BHENN T
11mm, 10mm, 12mmZ HEANAE 49 F38 =}
o]ZAZ2EY ¢Hvel EAPESE EAEAT. 7
Aae =27) Wil BE 54 fARA, 37
Z gold way FA Ford UL HFHo)
Watstgon $71% Fol7t llmm¥ o 7P $2
54¢ Jeith

a9 5914 FAEL hdEsE 9 & gHY
A F RYES 19 2(b)st 7o) §AF P, P,
2 747 FAE W) H2g vo|ARAEY UHY
o) EAWEE TASAT 14 59 YHPLFA
oA A8 A7l eIV A 2l Agold, A4 B
= gteiu F 2de) Agolt), ¢tevt A9 A3t A
o) 0330 Bt ANVE FYFA) 958

29

i |

TR ] 7
// |10 mm,./r /f:‘;

. ot

J2l 4 272 Eo| G Yild & HZE vlo|ARA
EY oelve ddx HF
Fig. 4. Impedance loci for a stacked microstrip antenna

with different air gap G.

2! 5 999 FAPE /A HFE vpo|IR2EY
Seiel dudx H3

Fig. 5. Impedance loci for a stacked microstrip antenna
with arbitrary feed point.

3-2 g2iE ©E FHi|

B eFoA AzE gHVE 9d 2% hE



30

A wgslgy] Qi 40E A8 Be7ivt 7t
A A4 P FAFRo|T YU AY )
719 22 B AY g 2o v A
g Fuj7) 729 F AR YE 5 Atk BY A
g Eu7le d9ES PA9T 948F A¢ 3
AsrlE A Q7T dge) H7 295 AY
A7t ta 34 LFHE 45 AMEC
HEA AY BejlE AE5A%e] Ro) PAE
282 AY AAGu s HA L7HE W 9
2 At ARy}t ta IA LFHE 452 A}
44t

3-2-1 Yzie M 27| &3

41 AY Lel7)e] Mg & YL EE XE
A Aol 7Hesthe Holth &, 1d 634 2|
FUTe A/4 WEINE ASHOEN Y RE S
ol £ g5 viEth £ v g E o
Aol £ AFgZA Y TEE vzt £

NS EE o ARE JEMEE A&7
Ago] o]FolZitt FHAZ F £ TETHY A
go o3 &8 XEZY 94A 27} 7HeEte ¢
3 29 F Sle WY, F XEZ BEE A8 A
€8 Aol s 7o) &4 3 Agghe] AHuld|
gEdides A 28 TETL I o] HA o
28 A% 45 44¢ A TF 27138 34
Sojof B2 B B 2E THIIL o &
Hol Atk & =FAMAE 449 AL HAE 7
T O|ARAEY AHUE AA] M 4
Hel €Y XEE 7HAoF StEE 379 Y MY
Fol71E 42 AA%S 43 AFF2ER AA 3
2§ FAsoF Ik £8 910E AY Bivle o
o9 AY Fuj W& RTE HEFHo| 753
T,

19 6olA dAlsoF & B dHDE F}E L
& Zs, 1832 £8 AT RY S A7 M=
XE 29} XE 304 EuilE Ao s oI
7 AY B 44 KE A8A Ak Aol
g 3}

F2YRY =2 A4 A A1 3 20004 69

— T

502 Pori2
Al4
Al4

]

50R Port3
-

Port1 502

J2l 6. molaR2AEYoE FHE UE Y By
Fig. 6. Wilkinson power divider with microstrip.

D
K= B, (15)

Wikinon A% B¥718 vl35 A9 Buslz
DE 7$, FYXE 29 SYTE 39 YPAE
27 Zp% ZeBT 82 A B A% KB A
(158 2o] 78R 7)1 Wilkinson 2% E}7) )
ZoSt Zute TS 2ol FiA:

2
Z = Zo| 1 Ef
Zp = K°Zy = ZyV K(1 +K%)
R= ZO(K+ —}5) (16)

4 (16)A K=1°1" &5 ¥¥719 Z¢71 Aok
-3 HE AE H 2

S Aol A A7 upg} o] ek HA e}
PlEE HIAA AEHHE N R 2,
¥ 20) JeRR o8 ey B T eV Avt b
A FE 5L /A AE ¢ F AT geps ¢
Hu A 29 A F3te] AEH A Aapst v}
22 gtk B =204 AZE gE e FAA7)
B2 (1)) TarconicAte] TLX 718-E& AMEEH2H
A4 AHgE A (W) AgilentAkel Vector
Network Analyzeroltt,



BEA, AFA, A%Y, AEL 4L, 914, o2 AAFUFA V1A=E AFE vo)AZLEY HE 4A 31

. 3698 Bes

i L] 15 o q e i 14 2 24 52 el

Frequeany (GH2)

B 7 AN 2 249 A AN v
Fig. 7. Comparison between the calculated and meas-
ured VSWR,

39 794 9ddixe A3 vo]ARAEY
delvte) AEH oA Ae A FFE wol3
Z2EY dH YY) AYFATEE HusPo A
AL 1 ol AR ARG FAA
€ nzITE ANXsE 230MHzolW FAA 7
212MHzE JEhgth F33o2 Iy 79 AFJE
gdAzt duivte] Ao\t detd gdaz <t
U] EXAAANE 7)1F0 2 A4 w 3 PCS 3
A AR Foe o Eo] F 120MHzY & <t
S0 PCS 71AF4 AHUZ Y ALgo] 7bgde
g 4 Ak

IY 8L £ =FoA A& ) 2245 A )
g3 ojdo] ek AGAA GG AL &
AL 3% Aol AFZF geE 175~
19825MHz, 9 E 2575MHzol M Ak AA)}u) 7}
201312 win A JoiYg A PR}, PCS £
FA F3¢ g9 1870MHz, 1750MHzAHE A
& A7 16018k $2 EAE YR &
u A IFEAA YHRA AHo] 2 AAY ) e
HH o] Av|ARESY FY(VSWR=1d X" A
o2 B o o)F I % dgdXL 549 3
932 2 & o

¥ 9 A¥uEZ ARE gHue] BAHE
& ZAY Aot PCS £F74 F4 Fygal
1810MHzelM 53§ 23 3 WFo| 641°, 3

GHE Byq .0 - BWK 8. 5,85248

11670 300 odo mmx

Froba

i / PRE L

CHE Sgy 2 U PR T g e e ISEAN a 1.8088 nH

‘nnirr: s;sbé‘ﬁw mm T e “tlsoo'-:ooo:m avz
{b)
T 8 4 A% ofge] <ty &4 A (a) AY
AA =y, (b) AAAIE
Fig. 8. Measured results for a four-element array
antenna, (a) VSWR, (b) Smith chart.

WEol 1568 Yehath £4We #9 Aoj=z
B @we 27 -13B, -154BE ¥Z¥ F3 @
548 dEY B2 Az Py o5 &
7} AA Ex 4 15dBiel A ¢ 14.7dBi(f,=1810
MHZ)Z BHET, Qe EAdEs 055
A& 79 AR A6l AAR (7)NSIA
2994 24 AN g o83,

B =EdA AT QHUE G927 HhE A
3 syl e 19 109 2L WY £



32

289 &3€ ¥ HH. (a) H-HE, (b) E-58
Fig. 9. Measured radiation pattern. (a) H-plane, (b)
E-plane.

AA7ZY GFFelt, A8 Rujrls 90& wae
AHEEIE 2, I8 10(b) oA AR Y2 AY
71 Ad &4 EAS 2AEgY, A4 &4
< PCS 34 tgoly Al -768dBojy =4
ZAZ MY DAl 50 2 02 YU X AFHL A
1A @2 BHZE ZAsg ey I g
50 2 Erulo]d & A7) AEE 2R3y o)23
A % 6dBell AT BAL HAY & YL Aow
o g

& =TNAM 473 39 vjo]ARAEY o)
UE 19 119 =AS9T At sixAaleg 27
Z(G) 749 72 Eg2g BE JEE AL}

fom Az delvel 471 15x50cmeolt,

LY =84 A 4 A A1 5 200048 69

(a)

CH1 Bps . log MAG 10 a8/ REF O am
[ ] . 1

©* IMARKER @2 :
-4|.799399p84 |GHz

KTART 1,000 000 000 BHz BTOP . 3:000 000 GO0 QHx

(b)

3010 AR A R (a) 90& AY Ry,
(b) A4
Fig. 10. Fabricated Power divider, (a) Wilkinson Power
divider, (b) Transmission logs,

?_Eﬂ‘% HAAE drsidn. ol
RFE-EA F3t F20] Q%S M 4 A= e}
"|E17} cell planning®| ™. 18] 2. cell planning?) %



W34, AFA, 294, Y A% oA, o1& ALFHRA N1AFE AT vlolA2ZAEY e HA 33

J8 11, ARE ey
Fig. 11, Fabricated antenna.

L REo| 7R A0 AYF S Iyt A
gojt}, o|s} Zo] o]lFFAl AlAdolA 7|AF &
Yurt AAse vee Aoy & £ 9d

B =RoA 43 deus A3E 729 9
3 Fulg e AEse] wlo|dg AEY QU
9 23 Py EAL NI AR <
= JdHYA gEo) 257 5MHz(VSWR<2) ol
% HZFo] 641°, FANY F§ Aoz H Hd
Ztzt -13dB, ©159) 147dBiE HlZ3 F3
A Uedid g B =244 478 ¢
£ PCS 71AF4& SH YR Alge] rtssee}
I A% 53 A3 mlo]aAZAEY SHHUE
g2 739 EV] vsiA A A FXo|B
2 AT 23 e Ty o] FEA FRE WU
Ow B HsAS 7H RAeE i

P £

4m rlo

o

b0

Ho
I

(1] AFE, "o)TFA 7NAFT-ARIA £ Au|2d
1A A% 47T AE, pp. 3743, 743
1999.

(2] K. R. Carver and J. W. Mink, “Microstrip
Antenna Technology,” IEEE Trans, Anten-
nas Propaga., vol. AP 25, no. 1, pp. 2-24, Jan,
1981.

(3] J. P. Daniel, G. Dubost and C. Terret,
“Research on Planar Antennas and Arrays :
Structures Rayonnates,” IEEE Antennas
Propaga. Mag. vol. 35, no. 1, pp. 14-38, eb,
1993,

[411 J. Bahl and P. Bhartia, Microstrip
Antennas, Artech House, 1980,

(5] K. Hirasawa and M. Haneishi, Analysss,
Design, and Measurement of Small snd
Low-Profile Antennas, Artech House, 1992,

[6] H. Puse and A. Van de Capelle, “Accurate
transmission-line model for the rectangular
microstrip antenna,” IEE Proceedings, vol.
131, Pt. H, no. 5, pp. 334-340, 1988,

[717K. C. Gupta and A. Benalla, Microstrip
Antenna Design, Artech House, pp. 263-265,
1988.

{81 1 J. Bahl, "Simple and Accurate Formulas
for Microstrip with Finite Strip Thickness,”
Proc. IEEE, vol, 65, pp. 1611-1612, 1977

(9] R. A. Sainati, CAD of microstrip antennas for
wireless applications, Artech House, 1996,

[10] K. F. Lee and W. Chen, Advanced in
microstrip and printed antennas, John Wiley
and Sons, Inc., pp. 57-63, 1997,

[11] 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.

[12] F. Abboud, J. P. Damiano and A. Papiernik,
“Simple model for the input impedance of
coax-fed rectangular microstrip  patch
antenna for CAD,"” IEE Proc, Pt. H, vol. 135,
no, 5, pp. 323-326, Oct., 1998,



34

[131 R Q Lee, K. F. Lee and J. Bobinchak,
“Characteristics of a Two-Layer Electro-
magnefically Coupled Rectangular Patch
Antenna,” Elect, Lett, vol. 23, no. 20, pp.

4 T J(rhaEmm)

19419 849 144

19643 29 @ ¥IPFUStE B
A5 833 A

19789 249 : @S B
AAZ I} (FH4HAD

1995 39~84 - #3PFY
¥ YFFARRFGY gAY

A FFIYREAE e 2

THEO : gARYE $5A 2", BUAY, o
A

8 F d(mAD)

19%62'd 84 1794 4
C19%d 89 : ¥IYIURE ¢
FEARLFUHHFHRAD
19881 ~19954 : LGAR FYd
74 HYA7Y
199599 ~1997'3

KETI 3%%
74 Add74
19979 ~8A ¢ B ARA(F) FRFAATY
BHEOF: mlolAR2EY ey B Avkds, vle)a
23 3247, )55

4 ¥ g(dme)
19719 89 994
1999 249 @ ¥SPFAEL @
FEAREIYHE A
1999 39~8A : ¥3YFUY
EER G RN
3
Balo} : 2T 32 A

SYPAY =8A A 4 E A1 3 20009 69

1070-1072. Sept., 1987.
[14] Ensemble 60, Boulder Microwave Tech-
nologies, Inc.

4 S A(&¥ET)

19739 1149 2194

19999 29 : $IYIUAD
B RELELEICLR)

19999 39~A) : BIYTYY
2 SFEARRIRI AN
A

B0}

2IF Yz 4A
2 EMI/EMC

i 1976'd 249 1394

1999 29 : ¥}FYFUYET &
FTEAREZHI(FEAD

19999 39~3¥A) : FFIFUY
¥ FFFAARZILH MAa
A

FAZ0F ¢ mlo|ZRAEY <

1935 59 1794

19614 24 : ¥3PFURE ¥
A3 & F%AH

19709 39~¥A - ¥3P3UH
I YFFARRIRY IR (F

§  chaab

¢ 1996 9¥~BA : YU
I AP EFANEATL: 2%

1997'd 5U~8A : FIFFRFARA(FEHQ) o)A

1998 149~8A) : ¥=FAHY oY

THEOF : FARAY, FHEANAY



B34, AFA, AW, ATY 4L, 012, ol8¥ : AAFAEN N1AFE FFE vlolAZLEY g 4A 3

1413 89 24YA

19654 29 : @#=FFFRSTE A
A EA(FHAD

19859 29 : AR R4
ARZGH EQ(F AL

1979'd 949 : FRFA7| &AL

19883 79 . New York State
University at Buffalo 2 #x.%

19803 ~8A) @ F=gIdte FTEAPRFSL ©

2~
T

BAEO ¢ 233 HZ 4A, volazs FA, ¢
Y, AsAs ¥ EM/EMC




