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Abstract

The effect of the finite substrate size on the radiation characteristics of H-plane linear microstrip array antennas is
investigated. The radiation characteristics versus scan angle are systematically analyzed for 5-element H-plane linear array
antennas with various substrate sizes and element spacings for the substrates with different dielectric constants. The
distance between the antenna center and the substrate edge on the E-plane for the enhancement of the radiation
characteristics of the array antenna is presented.

Keywords : Microstrip patch antenna, phased array antenna, finite grounded substrate, mutual coupling,

radiation pattern.
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Fig. 1. Schematic diagram of a five-element H-plane

linear microstrip patch array antenna.
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kI
wW

I
= A

el

Ao
Bt AEP AW WAL _
oA7 | d o= A Ayt do A HA
713k | ] avg.|Sy| avg.|Sy|
= d,[\] dgmin 2]
ELA [dB] B 0 [dB]
05 0.50 -16.60 0.55 -16.67
TLY-5
0.7 0.50 -24.96 0.60 -25.80
05 0.35 -22.13 0.40 -22.20
CER-10
0.7 0.35 -24.64 0.50 -30.80
| Ay wd ety dE Adte] HAvF HE E-
BH 713 A7) dp i< A GHUE AH dgy e

d
5 E-9 713 7RgAE oA diAbE o] Q]
U=z A3E = 2T A BE Aol= g
Fol7b 180° 7k s 7% A7)z 2 4 o

o MZ v F4A 7|32} ey 1148 71
A H-W A8 e relgel A dy, =05 A%
|50 FHuj7t == 719 2

Agto] HA7F He 7% A7]AA9

{0 o
0%
N

o B
w

B>

i

m 2 o N &
2o MR
Uox oox o M
i =il 1
N $0 lob %
it g
rlr Ulm ro, E?_.(' }ol, 1o
filo
W )
o g & N ol
et o
o =
A o
ofr
ol
il
ful

Ho >
2L yo
o, O
&
N o
o o
2
N 2
=P
o by
o =
N
g,

T
of —
cg,
X
ot 2
=
2
o
L
<
1o
o
foi
i)
ol

¥ 3004 542 H-34W Ag wjd eyt
WAL o] 5o A7t HE 7d A7) dg 9 3
Agre] Havt W 7% A7) dg,
b = ATh d =050 AF Fadee dgle] A
kAL o] 5ol Hd7h H= 7| A)ef At s
o] Havt HE v)w A7 ZolE BF 0065 A,

4
ox T
fol

O

iy

=X ® 50 # M 5 % 43
Englneers of Korea Vol. 50, NO. 5, May 2013

2 Ael7b WA itk
(CER-10) 7]#& o] 06}% 785 A
7 He 71 AZ7)elA H
-16.60 dB (-22.13 dB)

d=05X,°12 TLY-5
HIAL o] Eo] X
4e A A=
Kixe 72’%01 Havt H= A5
of vlwgk ) 1 zfol= B 007 dB 2 Hig- 2 U
ERgTh d =07 Ay ©1a TLY-5¢ CER-10 7]#& o] &
g g Qreluke] A WAL o] 5o Hdirh W V%
A7) dp ¢k B BE Aol Hah He 7|d A7
dpmin @ Zol= 242 01 A9 015 A= AFo]7h A
k. d =07 X012 TLY-5 (CER-10) 7]#& o] &3}
= AF A B ol5o] Azt H= 71 A7edA
it A5 A 2715 -24.96dB (-2464 dB)E v $
o Aol Havt H= A Al o o A
ol 084 dB (616 dB)Z d =05\,9] A$-Ht} =7
. d i CER-10 7]%& o] &3dh= 4

r1rm~

Hi A% Ao Vﬂ He
74

= A
=
Al tﬂﬁ‘rﬁw o Ha 7% 371<71_ 71
3 HeE 713 A7E Ve
527} H—ﬁé?ﬂ Ay HH@ QtelLte] Wl FARZLE 6 ol
w2 F 4 o]53 SLL A4S B8tk 0471*1 H
FAE 0, = wd 849 HY| o]5o] YA = 7t
= HA 522 vld eteve 71w A

7] dy ol WE A WAL o5 WEtE AT E o gAY

B 7pdAte 8do] wjd qrelLbe] M o] Sl m =
oJake Alw] R}

&l d = 05A09} 07)\0 ﬂ 85 dp ol ©E 542 H-
RN O}Eﬂb}gl A WAL o] 53 Bt AEPS] A



44

=
=,
—
(=}
I
S Q%@ PG
DS B e
'% 7 **fiii»f&”‘
©)
o 04 .
o Average active element pattern
8 5 —+—d=054 o~ d=07 4
@©
&
_10 T T T T T T T
02 03 04 05 06 07 08 09 10
a; [4)]
(@)
20
. Pattern of the fully excited array at g, = 0°
=
h=)
—
o
Il
P
£
®
O
[}
o
(2]
° 5]
8 Average active element pattern
o —+—d=054 —>-d=07 1,
-10 T T T T
02 03 04 05 06 07 08 09 10
d_ 4]
(b)

O 4. d=05X2 07X ¢ &% dpol mE 5%

B otE|LIRL B+ AEPS| M WAL Ol

(@) e, =222 Z2, (b ¢ =108¢ 4<%
Broadside gain of the fully excited arrays and
that of the average active element pattern
versus the quantity dj for 5-element H-plane
linear array antennas with different substrates
and element spacings in the case of (a) e, =

22, and (b) ¢, =1038.

Fig. 4

B

dypol e A o5 Wy 29 2 5 gk
H-3w A3 uld otglue E-H4 7|9
9] Qe bl FdatA
Bk 2A7E Aok daglol 71E
Ho AL o5 Wsth AR

Hu &xbe] AEP7} 598 45
o <hevhe] WAL SjElS AEP|
o wd mE ote 2719 AEPY
P ek A5 wd chepdel A see
AEPel wlalste] vepda! 28 4e14 0, =0°
2 WG gkEde] 1 A7) dgol mE W ol

W3l P AEPS AW WAL o] wigle] H]g|sh]

£ K
it = 3u! rE
r° r—|-4 r_N_ rO rm

l‘-{EI r1r

=2

)

]:61—

=4

S
rid
et

o
IS
EO

H

-

e
o
50

15

i o

(1064)

BlLtel AN E4of Ojx= F& =g 2

E 4 ME COE FOA 7|=3h oL ZHEE JHX|
£ 54K H-ZH My sjE oHELolM d,=
05,2 o ofxf JEX| 7|® 37| d 0lMel ©
gt kAL Ol 5

Table 4. Broadside gain for 05X\, and 0.7 A, spaced
5-element H-plane linear array antennas printed
on substrates with different dielectric constant
having various substrate sizes of d and d of
0.5 X,

eAF | a |71 27 dp [N] /A AL o5 [dBi]

1R D12 19 27189 o5 Aok 2% 42

05| 030 /1319 | 050 /1377 | 055/ 1356

TLY-5
0.7 | 025/1439 | 050 /1500 | 060 / 14.32
05| 020 /1117 | 035/ 11.89 | 040 / 11.84

CER-10
071 020/128 | 035 /129 | 050 / 11.65

ATt SHEILF Axke] A7 5 QL A
52 7 dBol7] Wi
W AL o] 53} 9, =0°%0 54

o
b Aol 7k 7 dB A

7

=
=

]
Bl

lil
to N rlo

4o A 52z vid <tEVFe] AW WAL
Fol QeI &xF 7 HA o] #Agle] 7]
7kl wel A8 Srhste]l Ao ol

A i SrELEe] HH WAL
€, =22 (¢, =108)1 45 eI &
05>\0 (035A0>§ 44 AEPY
He 71 2719 sdsA
o] 5 0] 21£H7]' v 7%

]

N,

g
=
-

EL

o 50| Hu)7

{‘,:
L

=2 Z

T

H H

=
54

}Eﬂurgl AL
A, 45 4% A4 7
Azloltt. Al 744 71 A7E =
Qrefvtel A W ARl uhE WA
Attt

o] & o=z 4

Sl 3719}

A ol

HE ne



20134 5% MA=sts| =2X M 50 # H 5 = 45
Journal of The Institute of Electronics Engineers of Korea Vol. 50, NO. 5, May 2013
1. rUdsIE 2.201 7|8 of M Hol F W 0|52 0,7t 0°9 17°Y W 77
a9 5ol 7 22013 d=05), ¢ A$ o 132 dBi%} 136 dBi= VERTE olo] whe} SHAS57}
& 7 71 A71E e 52 H-%H W gt 22013 d=05 A, 1 527 H—ﬁﬂﬂ Ag W ket
ol W FAZE g mE WA B4 Bt 8 b b ¢ g A F W o)S 138 dB)S )F
5llA Al 7HA 71 A7) dp = 2 V1R V1R AT o o]50] 3 dB #adhs W FAM WHE Gan
(dy=032,), A o= Hul 713 A7)(d,=05A,), BSR (beam scanning range)©] 2}l X*«]OWEP o 2]
/\o]—i 7,:18]‘ -%]_/}_ 7]% ﬂ7](dE:055>\0)0ﬂ 3}1%'@'\4— - 7]—Z] 7]:4' ﬂ7]-€— 7]—%]—{"‘1 5/\X]— H-% /\‘]63 HHOﬂ 0]'
E P Hl o]l&= g 7= 3} o
U 5@E 0,00 hE F 0 o5 18 5 g0 @ o A F o els A lee 6}?2’““ ]]BSLR}E}
) dp =055 X\, %! 135°(-68°~67°)= 7H A A
€ SLLE vhepiel, 29 S@old o e Ao+ P00 ‘; e n 11
oM dp=03 A\ 05 X,¢! Z¥7F 113°(-57°~
W o15L dp=05X% B$ 6,-0°¢ W 138 dBiZ - o z ) L}(’E} ;T ; ol ool
56°)¢f 133°(-67° ~66°) = 19 5(b)ell A 6,
b4 2 whereth =03 A8 055 7,2 A% 6,
18 18
—=—d.=0304, —=—d.=0501—=—d.=0.554 = 0= 0254, —=—d.=0.50 4,—=—d.= 0.60 4,
16+ 161
%14- %14'
£ o] £ 2.
gm 8
%10 %10_
o) o
2 & 2 8-
£ T /
= o 150 = G't/ 30 2010310 20 30 ,
4 12'?0-20 -10 0 10 20 30 4 V . . . . . 1
-90 -60 -30 0 30 60 90 -%0 -60 -30 0 30 60 %0
Scan Angle (4,) [degree] Scan Angle (9,) [degree]
(@ (@
15
o] —=—d_=0.30 4, —=—d.=0.25/,
— —e—d_=050 4, — —e—d_=0.50 4,
e} o -
S, 5] —+—d_=0554, S, d.=0.60 4,
T 2
O o] 2 ;
= © Grating lobe
2 < free region
9 5] O 5]
) (0]
g -10] ., el % 10
-15 T w T 15 ! J i y y
-90 -60 -30 0 30 60 90 -90 -60 -30 0 30 60 90
Scan Angle (9) [degree] Scan Angle (9) [degree]
(b) (b)
T2 5. |EASTIE 22012 d=05), 2 HS oy 7t a2 6. |EAEIE 22011 d4=07 )2 B o4 7t
X 78 27|8 JHKIE 5 &Kt H-HH vfd o Aol 27|18 JHIE H-8E dg 524 b
BlLtel 8 FARZLE 6,0 we LALEN Y oHH|LELl B FAZIE g0l mE WAEN
(@ = & ol5z} (b) SLL (@ = & ol=2} (b) SLL
Fig. 5. Radiation characteristics versus scan angle for Fig. 6. Radiation characteristics versus scan angle for

0.5\, spaced S-element H-plane linear array

antennas printed on a TLY-5 substrate with
various substrate sizes of d.

(@) main beam gain and (b) SLL.

(1065)

0.7 A, spaced 5-element H-plane linear array
antennas printed on a TLY-5 substrate with
various substrate sizes of d.

(@) main beam gain and (b) SLL.
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