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( Radiation Characteristics of Patch Antennas with an Array of Pins for
Various Substrate Thicknesses )
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Abstract

The patch antennas with an array of pins with excellent radiation characteristics are investigated for several substrate
thicknesses. The patch length of a pin array patch antenna for the maximum suppression of radiation in the horizontal
plane decreases as the substrate thickness increases. The radiation in the horizontal plane of a pin array patch antenna is
very small compared to that of a conventional patch antenna. The increase of forward radiation and the decrease of
backward radiation of a pin array patch are obtained compared to those of a conventional patch antenna. The half-power
beamwidth of E-plane radiation pattern of a pin array patch antenna is narrow compared to that of a conventional patch
antenna so that the directivity is improved.

Keywords : Suppressed radiation in horizontal directions, Microstrip patch antennas, Antenna arrays,

Mutual coupling, Antenna radiation patterns.
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Fig. 1. The Length and width of a patch antenna for

various substrate thicknesses with the relative
dielectric constant of 1. (a) substrate thickness
of 0.8 mm, (b) substrate thickness of 1.6 mm,
and (c) substrate thickness of 3.2 mm.
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Fig. 2. S11 spectrum of a pin array patch antenna for

various pin radiuses for several substrate
thicknesses with the relative dielectric constant
of 10. (a) substrate thickness of 0.8 mm, (b)
substrate thickness of 1.6 mm, and (c) substrate
thickness of 3.2 mm.
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Radiation characteristics of a conventional patch
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substrate  thickness of 08 mm. (a) Si1
spectrum, (o) E-plane radiation pattern, (c)
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Comparison of the radiation characteristics of a
conventional patch antenna, a pin array paich
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antenna with the substrate thickness of 0.8 mm.

Gl

3t
:":
(GHz)

e KB
A

(dBi)

Sl
(dB)

0° | 90° | 180° | 270°

conven-
tional

5.00 -26.3214.973 -3.13

pin array

5.00 -25.405.758 -16.05

optimized
pin array

5.00 -25.76/ 5.581 -20.07-

(90°-270°) 2.2 2] WhALE oF 1 dB o]

o]ﬂ. o

= 06 dB

£ 715 g% oteibel] H]E}e]

A% F715a TS 3

o= o



68 7|8 FHo| OE B WSS A= WA QHLISl AL S zY7| 9
A g 5 <telvte] Sy A EY E-HH WAL,
H-3 W ALY, =3 o] WhAlaels ®elvk A b
A A FEE] 2 v Fo] 7] 3)A] <tELte] 7}
L g Eeag A5s B F Qdrk w13 FEUgo R
WAE A7 dAlHE A B T Atk
71 FA7F 1.6 mmSl A5 3 7HA F7e #iA] <
Bluke] WA 54E Qoks AnE F bell Bld H
@ ol Aste ¥ owld SA] <beluh 712 S &) QEELtel H]
ko] E-dw FEak0°-180°) o2 9 WAL oF 14
dB o]} oAlEI H-3W $33H90°-270°) 0.2 9
WAL ©F 4 dB ol AAEE B ¢ L 27 3wl
A A <teye] Blste] E- W 3 EH(0°0-180°) o
2o WAZE ¢ 1 dB o] IAIE Il 53] 180° WaFe
B °F 6 dB oY gAES & Ak AR H-H
© o A FEYEH0°-270°) 2 9] WA= Hlzgk A & B
a8 6 Jl@ Sk 1emmel B2 ol mA oy, 0 o SEE 7RSSR skeel] viste} Awde g
B ool mx| oL} #AstEl ® osjY oz A= 22 dB Bk S7bskal AR 3 dB AR A
oLl &AL S (@) ST AHEH”, (b) E-F g8 2 4 ook
::j iﬁﬂg O HEE B, 0 TEE % 7(a), (), (), (= 474 713 F77F 32 mm
Fig. 6. Radiation characteristics of a conventional patch A B 71 A <FEv A A Qe A
antenna, a pin array patch antenna, and an sty A g siA SrElve] S AHEY E-A{W W
oA o ST W TS, 9 9440, S04 $440 20
spectrum, (b) E-plane raaiation .pattern, @] oo i A bEe] Akt el 71 sA] <k
H-plane radiation pattern, and (d) Horizontal Huo] 24 9 Enn 453 & F vk =3 73
plane radiation pattern. weko 2o Al 7 AdAHE AL B 2= 9lu)
E 5 7|E FAIE 16 mmel Fe T2 mfx| QL 713 FAZE 32 mmsl A5 3 7HA el wA <t
i ey ik HHSE B AE WA Aol g 542 ord A% 6 na A
Table 5. Comparison of the radiation characteristics of a Aot v A Qrez 713 ) chee] vl
conventional patch antenna, a pin array patch sto] E-{W 3 WeH0°-180°) 229 WAL ¢F 13
antenna and an optimized pin aray patch dB o] 9Al¥ H-B9 F33H90°-270°) 0.2 9]
antenna with the substrate thickness of 1.6 mm. HAFE oF 3dB o)A} A HS B 2 g3 2] 3wl
—Egr a1t Ak | S NG IE)) g X ete| ol v]ste] E-H™ 4= wako] 0° Bk} H-
W | T T T A S UEHO0°-270°) 0. 28] AR oF 1 dB %713
G| || @ T Aw B e 180° waEem oF 7 dB o)A
ComvEn™ | 5. 7279'2 5.838 | -8574 |-1.56| -4.37 |-1.23| -4.03 AAE S B F otk ol A2 7] A wjd HA
_ 278 140 142 Qrelvtel wi EAl= WAL sHel7F 27 wjEolet Azt
pram] 4| o |[PTEI o [T o P] ae meb Asm @ 0 oA kel Ay
optimized 500 7374'1 8067 |-11.240 715'0 -865 725?'0 -843 AZY Z27) A g ] erelvhe] AgAbE e 12 dB
ol F& B 7 ok Egk 7] g x] QtEvte] sk
< BT Utk Aarek WA= 4 dB AR S7bskal FHHARE 05
2% 6(a), (), (0, (M= 47 71 F717F 1.6 mm<] B AE #rEs & T AUtk
8% 71 3R <telv, A wid A Qe H A sk 19 8(a), (b), (o), (D= 713 FAo e A 35t4

(1036)



2009E 10%€ MASSt3|

(d)

SHIE 32 mmel A 7|2 mfx| oL}
HH"E EHKI otE||Lt, = MstE E i mix|
|. E‘A-I ( ) 811 A.\HIEE-I (b) E__\T.o:i

==,
(0 H-"H "AlE (d) sdy

o

Radiation characteristics of a conventional patch
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Table 7. Comparison of the radiation characteristics of an
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