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( Effect of the Pin Radius on the Radiation Characteristics of a Patch

Antenna with an Array of Pins Interconnecting the Patch and the
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Abstract

Patch antennas with an array of pins interconnecting the patch and the ground (Pin array patch antennas) are

fabricated and their characteristics are measured. The radiation characteristics of pin array patch antennas are compared to
those of conventional patch antennas. The suppressions of the radiation in horizontal directions in E-plane and H-plane are
more than 10 dB and 4 dB, respectively. The forward radiation is increased, while the backward radiation is decreased.
The directivity is improved because the half-power beamwidth of radiation patterns in both E-plane and H-plane is
reduced. The resonance frequency of a pin array patch antenna increases as the pin radius of a pin array patch antenna
increases. An optimum pin radius of a pin array patch antenna exists for the maximum suppression of the radiation in
horizontal directions.

Keywords : Suppressed radiation in horizontal directions, Mutual coupling, Microstrip patch antennas,

Antenna arrays, Pin radius
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Fig. 1. An equivalent circuit of a unit patch with a pin

interconnecting the patch and the ground.
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{b) Side view.
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Table 1. Comparison of the characteristics of an antenna
located in air, a conventional patch antenna
printed on FR-4, and a pin aray paich
antenna on FR-4.

;i WA | AR T FRY (dB)
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conventional | 5.03 -324 5.39 1303 35 3.8 3B | 352
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Fig. 4. Comparison of the simuiation results and

measured results of the characteristics of a
conventional patch antenna printed on FR-4,
and a pin array paich antenna on FR-4. (a)
Return loss, (b) E-plane radiation pattern, (c)
H-—plane radiation pattern.
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Table 2. Comparison of the simulation results and
measured results of characteristics of a
conventional patch antenna printed on FR-4,
and a pin array patch antenna on FR-4.
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The simulation characteristics of a pin array
patch antenna on FR—4 for several pin radiuses.
(@) Retumn loss, (b) E-plane radiation pattemn, (c)
H-plane radiation pattern, and (d) Horizontal
plane radiation pattern.
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Comparison of the simulation characteristics of
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pin radiuses.
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Comparison of the simulation results and
measured results of characteristics of a pin
array patch antenna on FR-4 with the pin

radiuses of 0.3 mm and 0.5 mm.

Table 4.

f’:i WAREA | WAL Al AR (B

=

@B | B | W . . . -
«GHa 0 o | W | 7o

pint 0.3mm _

: 45 | -zoz | 649 | -1801 | -14%0 | 884 | 1088 | 686

simulated

in 03mm

pn a6 | -195 | 552 | 1705 | 1426 | 1086 W[ 9%

measured

—

PR s | -amor | 688 | -13% | 1039 | 867 | 1288 | 8%

simulated

in 05mm

on 514 | w21 | 571 | -1442 | 087 | 1266 | 1414 1311

measured

(863)

10 = 85
AbEA, E-3H “o“MEJ"’Jr %‘H HhA }TLHE*P»] Qi

am ru 73
o] 05 mm‘Q g7} 03 mmy W 2o FRA Fd4r}
Z719& B 5 gu gustozol #xl oA Fa

)g

ES FHE B 4 Ak
¥ 4% ¥ g X <ty X9 AW Aol
Ht7o] 0.3 mm ¢ 05 mm ¥ # <teh} &
of Aot £ AHE 29 4HE B
o] 05 mm¥ W7} 0.3 mm¥ =l H]5te]
57t AXNE A& B 4 1 2 wsEge A
3 EF & BT usEgE B o U B3
% 9] WéOl 05 mm% w7} 0.3 mm
«1 AL A g} oF 2~7 dB
= ¢ 02 dB F7}He

H,
rEf.
o, }-ﬂ

fo n

Iv. CER—10 7|ErE O|E¢8t 20l
B k50| YA S9of| njxl= &2

=)
ES

Im

1. H uiE x| HEjLL AA

FAderE 100l 7]#e A7 16 mmel
CER-10 7]9-& o] €34 5 GHzH oA Fatste o
HHEQl T2 #XHUY #x] dolst Fg A4
85 mm¢} 8.1 mmolch E§ FAE 7M7)
o) FAZF7E 190 YubAl #x] e ve] X Zo]
S 22 Az 266 mm$ 257 mmo|tt. He HhHe]
05 mmel A% Al (1)-(3)2 o] &8t AAsE 5 GHzd
A Faste ‘I:‘r-& HX & FAFE7E 190 HH] Y
o mx|o] do] wgoz 537 E Wgoz 4F7]

d ©AEO|

1O

\_

L =—TTT1 %E It

v
radius of g =0 Sinm

% 7. CER-10 7|8 AMESh mix|et HX|H Atojof
HMelE = uHE JiXx|= mx| eHELtel iy
E (@ HHEHT b ST,

Fig. 7. A schematic diagram of a patch antenna with

an array of pins interconnecting the patch and
the ground printed on CER-10. (a) Top view
and (o) Side view.
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The simulation characteristics of an antenna
located in air, a conventional patch antenna
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Comparison of the characteristics of an antenna
located in air, a conventional patch antenna
printed on CER-10, and a pin array paich
antenna on CER-10.
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Fig. 9. Comparison of the simulation results and
measured results of the characteristics of a
conventional patch antenna printed on CER-10,
and a pin array patch antenna on CER-10.

(@) Retun loss, (b) E-plane radiation pattern,
(c) H-plane radiation pattern.
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The simulation characteristics of a pin array
patch antenna on CER-10 for several

pin

radiuses. (a) Return loss, (b) E-plane radiation
pattem, {c) H-plane radiation pattemn, and (d)
Horizontal plane radiation pattern.
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Fig. 11. Comparison of the simulation resulls and
measured results of characteristics of a pin
array patch antenna on CER-10 with the pin
radiuses of 0.3 mm and 05 mm. (a8} Retum
loss, (b) E-plane radiation pattemn, (¢} H-plane
radiation pattern.
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Table 8. Comparison of the simulation results and
measured results of characteristics of a pin
array patch antenna on CER-10 with the pin
radiuses of 0.3 mm and 0.5 mm.
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