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Effect of Substrate Thickness, Perforation Position and Size on
the Bandwidth and Radiation Characteristics of a Proximity
Coupled Perforated Microstrip Patch Antenna
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ABSTRACT

Effect of substrate thickness, perforation position and size on the bandwidth and radiation characteristics of a
proximity coupled perforated microstrip patch antenna (PCPPA) with 2x2 square perforations inside a patch is
investigated. As the thicknesses of antenna substrate and feed substrate increase, the bandwidth of a PCPPA
increases without the degradation of radiation characteristics. As the position of a perforation moves toward the
edge of a patch along the length direction, the bandwidth of a PCPPA increases without the degradation of
radiation characteristics, while the effect of changing the position of a perforation along the width direction on
the bandwidth and radiation characteristics of a PCPPA is negligible. As the perforation size is decreased, the
bandwidth of a PCPPA is increased and the radiation characteristics of a PCPPA are enhanced.
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Table 1. Design parameters of a conventional patch
antenna and a PCPPA shown in fig. 1.
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Fig. 2. Radiation characteristics of the conventional patch
antenna and PCPPA with the design parameters shown in
table 1. (a) return loss spectrum, (b) radiation patterns of
the conventional patch antenna, (c) radiation patterns of the
PCPPA.
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Table 2. Return loss bandwidth and radiation
characteristics of the conventional patch antenna and
PCPPA with the design parameters shown in table 1.
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Fig. 4. (a) E-plane radiation pattern and (b) H-plane
radiation pattern of PCPPAs with various feed substrate
thicknesses.
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Table 4. Radiation characteristics of PCPPAs with
various feed substrate thicknesses.
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Fig. 5. (a) Photograph of the fabricated PCPPA with feed
substrate thickness of 3.2 mm, (b) Return loss spectrum
with measurement and simulated results, (c) E-plane
radiation pattern with measurement and simulated resuts,
and (d) H-plane radiation pattern with measurement and
simulated results.
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Table 5. Simulated and measured return loss bandwidth
and radiation characteristics of a PCPPA with feed
substrate thickness of 3.2 mm.
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SAlFIRpe WAkl HoF S-S ARl
& 9 (a) A dy 2] WsPE skElve] 3Rl St
t ol 719] L PIAA] dom 27 9 (b) oA
dyp ] Frell TAGe] 22rl Eskell TARE ol
AH 2] =712k A7} 9] Fdatslet. o] 73 o
7 dyoll B2 AL X 1S53 Dol g 7w me}
A Age] F Ek olse] oY slEiide] WSt 7

(a) (®) ©
T8 8. o7 7K d,E RIE AFE 19 ¥ ()
dy=173mm, (b) dy=127mm, () dyp=10.3 mm
Fig. 8. Geometry of perforated patches with various
values of dy,. (a) dy=17.3mm, (b) dy=12.7mm, and (c)
dyy=10.3 mm.
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Return Loss [dB]

30{—#—d =17.3mm
—o—d =12.7mm
—4—d =10.3 mm

T T T

-1.0j
.0 —=—d =17.3mm —e—d =12.7 mm

26 27 28 29 3
Frequency [GHz] —a—d =103 mm

(@ ®
a8 9. o2 7K dy & 7= PCPPAY| (a) HAEA
2HEH (b) 2P| Bl BARE flEHs B4
Fig. 9. (@) Return loss spectrum and (b) impedance
characteristics plotted in a Smith chart of PCPPAs with
various values of dy.

316

E 9. 98] 7K dy, & 71 PCPPA®] FAIFT}re) tjdZ
Table 9. Resonant frequency and bandwidth of PCPPAs
with various values of dy.

dy AL | BT | HYE
[mm] [mm] [GHz] [%]
17.3 3.8 278 25
12.7 3.6 2.80 24
10.3 3.4 2.80 24

o] gL vIAA] s & 5 Usch

18 10 # 19 % F2vEE 71#]+= PCPPA
oA ogz] 7FA] dy ol v WARLE Helw nhab
S5 3 109 A3t o] A% dy, o] W) gt
eluke] BhALE S 7o <daks vIAA| edgkor A
v o] 52 d,, 2 kel AAIGle] 8.0dBi & 7Hith
2445} Z7)= dyy= 127 mm 31 739~ E-3%7} H-
el 4] Z+7t -31.7dBi ¢ -11.9dBi & 7P &
A& B]lvk Ay 919 F wisko R o] W= b

A oH Rl

¢
=
Rl

4 A Za WAlEA ol A9] daks A7 =
A& 5 slek
78] 112 3g9] 1217} =)9] o] niako 7 o

210 150

180
—+—E-Plane Co-pol. —=— E-Plane X-pol. . E-Plane Co-pol. —=— E-Plane X-pol.
—e—H-Plane Co-pol. —+— H-Plane X-pol. _e_ H-Plane Co-pol. -+ H-Plane X-pol.

(a) ()

210 =150
180
4— E-Plane Co-pol. —=— E-Plane X-pol.
—e— H-Plane Co-pol. -+ H-Plane X-pol.

©

a3 10. o8] 7KA dy, & 7F= PCPPAS] WAHH (a)
dyy=173mm, (b) d,=12.7mm, () d;,= 103 mm

Fig. 10. Radiation patterns of PCPPAs with various
values of dy,. (a) dy=17.3mm, (b) d;=12.7mm, and (c)
dy=10.3 mm.
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w718 At Age] A 2 )t 24 A3 $AE o143 ATH vle|aRAER A crelue] o Fat-

E 10. 98] 714 dy, & 7IA& PCPPAS] WALEA
Table 10. Radiation characteristics of PCPPAs with
various values of dy;.

dy [WrkEe| 99 ©15[dBi] | H-9% )5 [dBi]
[mm] | [%] | Co-pol. | X-pol. | Co-pol. | X-pol.
17.3 99 8.0 -25.6 8.0 -11.1
12.7 99 8.0 -31.7 8.0 -11.9
10.3 98 8.0 -20.9 8.0 -11.1

F3le] od=] 74 4, & 7= A s 2elh

a9 12+ & 19 % FelrlelE 72 PCPPA
oAA o3z] 71A] d, of] whE HiakEAl | ER] e} v
22 3ol TARE o BAS Wolw] 1 110 F
Ao} wialeA] & BAS Aesleick 21
11 (a) ©lA d, o] 7

>

sh= 79 abEle] TR Fokes oF 5.5 % Akt
Stk 2ol dp ol
A z|ekeite] = wpeg 7
717k Z7k8ked, A5t =] fri A7t Sokete] &

4

(a) (®) (©
38 11, o8 7 4 & e AR A9 ) (a)
d, =17.3mm, (b) d, =12.7mm, (¢) d, =10.3 mm
Fig. 11. Geometry of perforated patches with various
values of d;. (a) d; =173 mm, (b) d; =12.7mm, and (c)
d, =103 mm.
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520 {#d=173mm

X |-+d=127mm
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25 28 27 28 29 30 +dL=17.3mn—-1ﬂ-—dL=1z.7mm
Frequency [GHz] ——d =10.3mm
(@) ®)
a8 12, 48 74 d; & 7F% PCPPA?| (a) HM A
2w, (b) 2l EEe] BAF YR 54
Fig. 12. (a) Return loss spectrum and (b) impedance

characteristics plotted in a Smith chart of PCPPAs with
various values of d;.

Table 11. Resonant frequency and bandwidth of PCPPAs
with various values of d.

d, NIRRT
[mm] [mm] [GHz] [%]
17.3 34 2.92 2.9
12.7 3.6 2.80 2.4
10.3 3.7 2.76 2.3

A FHp7) 7Rk Zlo R AZEIch 10 dB HHARKE

3 29% 2 I
o] 7p 2+ d, =10.3 mm &1 75 2.3 % ol n]3lo]
126 % +7F& 545 Holrh olzlgh A2 4, ©]
7S qHUe] 33l FElart Skl wet
x| 2] #7]A wHo] Frlste] W] A7F 7 <kelvh
oA ARmE= ouR|7) Z718laL o] 2 18l Q-factor
7} ZRaslsdr] wike® Ak 19l 12 (b) ellA
d, ©] ALFFE 2v|x T EARE Rl 4

2] $1A7F AP B o R o] F3lgdrh o] &

300/ 60
90

240 120

+— E-Plane Co-pol. —=— E-Plane X-pol. -4 E-Plane Co-pol. —=— E-Plane X-pol.
—e— H-Plane Co-pol. -+ H-Plane X-pol. —e— H-Plane Co-pol. -+ H-Plane X-pol.

@ (®)

180
4— E-Plane Co-pol. —=— E-Plane X-pol.
—e— H-Plane Co-pol. -+ H-Plane X-pol.

©

u

a7 13. 48 71 d, & 7WR+= PCPPAS] HAHIEL (a)
d;, =173 mm, (b) d, =12.7mm, (¢c) d, =10.3 mm

Fig. 13. Radiation patterns of PCPPAs with various
values of d;. (a) d; =173 mm, (b) d; =12.7mm, and (c)
d, =103 mm.

i

317

www.dbpia.co.kr



The Journal of Korea Information and Communications Society *14-06 Vol.39A No.06

E 12. 98] 74 d,& 7IAi= PCPPAS] HAIEA
Table 12. Radiation characteristics of PCPPAs with
various values of d;.

d, | ¥WAES |E-EY °]5[dBi]|H-39 ©|5 [dBi]

(mm] (%] Co-pol. | X-pol. | Co-pol. | X-pol.
17.3 99 7.9 -30.5 7.9 -13.8
12.7 99 8.0 -31.7 8.0 -11.9
10.3 99 8.0 -26.4 8.0 -11.1

| Aragtel meh 54 A= Adetel] 91213
LAe] wiAe] Fhste] whal djA|e] AsfARIA A

a9 132 2] 7FA d; & 7}A]= PCPPAS| WA}
Helg Holw] WA 3 126 A2lslict o] 7
- dy o Wstel] g qtEte] WhAkESo] Fdslo]
A o] 52 d; ghell BAINe] F 8.0dBi = WIS =
715 7Hek wapdske] A d; o] Aadaes =27]
7b S7Feksdct E-dwle] A9 d, o Aol -26
dBi oJst® A& 7|5 7Hlow] H-sdwle] A9 d, =
173mm & ) -13.8 dBi & 7} 22 2712 7pxick

a5 14 e A7 AdS et o] sted
oJe} 714 d, = d, 5 71X PCPPAS] si#] Hel=
Btk

a3 15 & 19] 7= d2PEE 7= PCPPA
ol ofe] 7F4] d, = dy & 7FAi= PCPPAS] MbALR:

A sAER ) 2w B Fe] RAIRE JuRls A
< Holw X 139 tdF WAEAS A=k
79 oJg] 714 d, & 7}1A]= PCPPAS] £433} vl
S AR Asps melck a8 15904 d, 2 dy, b
Fds Ahagtel wet sheivke] Al Fur) 7t
P glom E 1364 d, = d, 2 #H3r}

(@ (®) ©
8 14, A= 7 d = dy E e AEE A9
¥ () d; =dy-=173mm, (b) d; = dy=12.7mm, (¢) d;
= dy, =103 mm
Fig. 14. Geometry of perforated patches with various
values of d; =dy,. (a) d,=dy,,=173mm, (b) d, =dy =
12.7mm, and (¢) d; = dy, = 10.3 mm.
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Fig. 15. (@) Return loss spectrum and (b) impedance

characteristics plotted in a Smith chart of PCPPAs with
various values of d, = dy.
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E 13. 8 7K d, = d,, & 7= PCPPAS] HRAKEA
glel % w b

Table 13. Return loss bandwidth and  radiation
characteristics of PCPPAs with various values of d; = dy.

] [ Eww [ e

3L H = . = .

ddy| an| 22 | éﬂ o5 [dBi] | ©]%[dBi]
=

[mm] |[mm] [GHz] [%] (%] Co| X | Co| X

-pol. | -pol. | -pol. | -pol.
173 | 35| 285 | 2.6 | 99| 79 |-404| 79 |-135
127 | 3.6 | 280 | 24 | 99| 80 |-31.7| 80 |-119
103 | 39| 275 | 23 | 99| 80 |-298| 80 |-1l.1

Qtelute] whalEAel A9l 43S vIAA] S &
4 Sich

X 19 = 3=IEE 71K PCPPACA] F31
7193}t 71ke] FAZE BF 32 mm ) ¢
ofe] 714 d, = dyy ol W2 QFeEle] jed % 2 wpat
548 BAska £ 140 2 ARE At 4,
=dy=17.3mm &1 73 9% 60 % = 7MY |
2 EAL Tk MRS 99 % & o] Aot
ko 2 o]F3k 790 B3 Fhe L) A o5
ofg] 7}A] d, = dy, ol BAgle] °F 7.5 dBi
s A% d, = d,,
=173 mm & ol 7P 2R EA4E 7 o] A%
E-FRelA -434dBi & % =gty H-FrellA
9.5dBi = 7P 2F2 SAE 7ok w4 719kt <k
Hub 719 FAZE 2 32mm @l S dy = dy,
Hstel] whE o} WARSA L] WSk E 113} &
12¢f] Bl SA3e] wiste} vl A3S 7Rxlch

¥ 19 T2 vlulel2 71X PCPPAS AA8}
a2 ofe] 7R Age] 7ol whE s 2 WAREA
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w718 sk A3 94 % 207k 24 A

=2
E 4. 717 FA7F 25 32 mmelx o8 7] d; = dy
& 7HI= PCPPAS| HAA ti 3} wAEA] o)
Table 14. Return loss bandwidth and radiation 2
characteristics of the PCPPAs with h,= h,=3.2 mm and 2
various values of d, = d. _El
312] ‘3 —&—d=55mm
hshy | dpdye | AL | d | | AR © 404 —g=9=80mm
[mm] [mm] [mm] [mm] [GHZ] [%] 5 —v—d=13.0mm
24 25 26 27 28 29 30 _a gessmm e d=8.0mm
17.3 3.5 8 2.69 6.0 Frequency [GHz] —a—d=105mm —v—d=13.0mm
12.7 3.8 8 2.63 5.5 @ (b
a2l 16. o1 7K AFE 2715 7HXE PCPPAY] (a) Hb
103 >0 i 20l >4 AEA) s (b) vl me] B ﬁﬁ%ﬁi(—‘%@
d;, dy, E-*" °|5[dBi] |H-H4 ©]= [dBi] Fig. 16. (a) Return loss spectrum and (b) impedance
32 [mm] | Co-pol. | X-pol. | Co-pol. | X-pol. characteristics plotted in a Smith chart of PCPPAs with
various perforation sizes.
17.3 7.5 -43.4 7.5 9.5 .
E 15. 98 7 A< =715 7= PCPPAS] 3R
127 | 76 | 364 | 76 | 90 34_?13? tHlﬂj;E Pl A 2718 71 PoPpAS AT
10.3 75 254 75 7.4 Table 15. Resonant frequency and bandwidth of PCPPAs
with various perforation sizes.
A= PCPPAS] HMAREAl ~dH eI} ~u|~ ERE d AL EPAEL BN A
wolw % 150] AT} eI e Helsigich fmm] mm] | [GHz] (%]
I3 16 (a) ollA] A2l 2717} Sies 331 9t 55 39 292 3.0
S7h zssislek. o WAk A9 AR se 80 36 280 24
£ AR Aol Zlale] AF7l B2 Ame] 2 105 33 265 L9
o7} Z7helelr] WE-o = walth Pl A% A 130 25 251 13
3e) 217k FKERE b 9] ido] 2h4st
o MiAREA wjejFe] zhasiglch APl =7t =63 % % Wl 545 7ok AW o]52 7.5dBi
13.0mm ¢! 75 N5 1.3 % = 7P 2 Ay 2 7)sge] Ak Awe] 1A 2 =2719] W] o}
o 27 ssmm 3l A el Fe 30% 2 ke 2 o) Sl wlal vk gasleiek, mAHste] 45 E-
= 548 7k 21 16 () ollM Age] =717} 3F BelA 363 dBi = vl Ao, H-gRieA 8.5
Z2FE s A 913 FAAR] oF ~ dBi & F43 Ao 25 7 ek 79| <
ElBe] o7} thr Zrlsle] eltlel s AlHo] 7% glufell vlel tha 2 g 7ok
7] ol dslElzae] 9% AHe] dRleln dele.

= o]E3firk

a3 17& o8] 74 HF =7]E 7FA]+= PCPPA
o] WpAplele weln) WARSAS S 169 A2l
ol Ao =277} R wha) 52 wWAo] £
7}sle] WhAlEgo] Zrleln U ) o]So] thi
71tk Awe] 277k 71kl wet <kEve]
Z ulgko go] AF A¥o] Zlsle] walwidle] =

ar

=

3T
3

[e]
[e]

717} Z7V¥skdet Ao =717F 5.5 mm Q1 739 E-
P wxt Hal 77]= -294 dBi 2 ¢ 23 H-
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% 19 72 sEEE 71A= PCPPACIA F4
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Fig. 17. (a) E-plane radiation pattern and (b) H-plane
radiation pattern of PCPPAs with various perforation sizes.
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6. 2] 7k A =715 7= PCPPAS] WAEA]
Table 16. Radiation characteristics of PCPPAs with
various perforation sizes.

p 1:!31—/;}- E-3d o] 5-[dBi] H-3 o]% [dBi]
[mm] f:%j Co-pol. | X-pol. | Co-pol. | X-pol.
5.5 99 8.0 -28.4 8.0 -13.5
8.0 99 8.0 -31.7 8.0 -11.9
10.5 97 7.8 -28.7 7.8 -11.9
13.0 93 7.7 -17.3 7.7 -11.8

6. o] 712 AF Z7]5 714 PCPPAS] WALEA
Table 16. Radiation characteristics of PCPPAs with
various perforation sizes.

g | B | B3Rl ©15(dBi] | H-4®l °]5[dBi]
&

[mm] [%] | Co-pol. | X-pol. Co-pol. X-pol.

5.5 99 8.0 -28.4 8.0 -13.5

8.0 99 8.0 -31.7 8.0 -11.9

105 | 97 7.8 -28.7 7.8 -11.9

130 93 7.7 -17.3 7.7 -11.8

v.z 2

B Rl AAbeelE Bl 24 A 34
& olgd AFH vllmEsEdy #2 gk
(PCPPA)®] 717t Frllsh Age] 917 W =17k o]
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glo] ted S 2747 4 Qiglek et o) 7
A 71 APE Sk SRS Fol ~7}6}
o PCPPAE /17 5 7 oI5 el <lelute]
whe] e ARed A9 A A1 0 Zolel A
glo] 7lallAIc). ol 7] FAS 2 A uhAt
-L/] = Xﬂﬁ]— oJo] EHoﬂL éy],/\]al e 01041;]_

" 1=
et 71 SFAle] Wdhs g Re] Fell 79 <
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$ 349 7L WA The] ke s ol 5
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© 7 Zakslg] on} o Eo] 714l E HAxle]
A} o]50] Fhaslky wal Asle] =27)7} Flsle]
HAEA ] AshdE B o olqdrh
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