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ABSTRACT

The variation of circular microstrip antenna, a Sectoral
microstrip antenna is discussed. The detail analysis to study
the effects of antenna parameters like, feed point location and
the substrate thickness for Sectoral angle increasing from 270°
to 340° on the patch first four resonant modes is presented.
The variation in angle tunes the spacing between three patch
resonant modes which vyields optimum simulated and
measured bandwidth of more than 700 MHz (>60%) in 340°
Sectoral patch. The Sectoral antenna variation vyields
broadside radiation pattern with antenna gain of more than 4
dBi over most of the bandwidth.
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1. INTRODUCTION

Broadband microstrip antenna (MSA) is realized by
fabricating the patch on lower dielectric thicker substrate in
conjunction with the proximity feeding technique [1 — 4]. In
most of the reported applications, patch is suspended in air
above the finite ground plane thereby realizing unity value of
dielectric constant. The thicker substrate greater than 0.061,
reduces the quality factor of the cavity below the patch
whereas proximity feeding technique yields input impedance
matching on thicker substrate which realizes broader
bandwidth (BW). To further enhance the MSA BW, multi-
resonator gap-coupled and stacked configurations have been
used [4 — 7]. The multi-resonator configurations are simpler to
design but they increase the overall antenna size. More
commonly broadband MSAs are realized by cutting the slot of
different shapes like, U-slot, rectangular slot and their
modified variations at an appropriate position inside the patch
[8 — 14]. The slot is said to introduce an additional resonant
mode near the fundamental patch mode to realize broader
bandwidth (BW). The slot cut MSA does not increase the
patch size, but as compared to multi-resonator configurations,
they are complex in design. Without using additional parasitic
patch or slot, the antenna BW is increased by varying one of
the patch parameter like, Sectoral angle in Sectoral MSA (S-
MSA) [15]. The Sectoral angle tunes the spacing between
patch resonant modes to realize broader BW [15]. By tuning
first two patch resonant modes with the help of rectangular
slot, BW of 270° S-MSA has been increased [16]. In this
paper, an analysis to study the effect of variation in Sectoral
angle of S-MSA on its first four resonant modes is presented.
Initially fundamental and higher order modes of circular MSA
and its equivalent S-MSAs for Sectoral angle increasing from
270° to 340° are discussed. The parametric study for variation
in Sectoral angle, substrate thickness of coupling strip and its
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position below the patch is presented. The increase in Sectoral
angle tunes the first three S-MSA resonant mode frequencies
and thereby reduces the spacing between them. The results for
first three resonant mode frequencies and their ratio are
tabulated. The variation in coupling strip thickness alters the
capacitive impedance formed between the patch and strip
which changes the position of loop in the input impedance
locus. The input impedance variation across various modes in
S-MSA over the Sectoral area is different. The variation in
strip position changes the coupling between patch modes and
the strip which affects the loop size in the input impedance
locus. Using the above parametric study the optimum spacing
between three resonant modes is obtained in 340° S-MSA
which gives broader BW of more than 700 MHz (>60%) [17].
However over the three resonant modes, orthogonal variations
in surface current components was observed that gives higher
cross polar levels towards lower and higher frequencies of the
BW [17]. Hence the antenna gain in 340° S-MSA is more than
4 dBi over most of the BW. The analysis of S-MSAs for
varying angle was carried out using IE3D software on finite
square ground plane of side length 30 cm [18]. The
measurements for optimum 340° S-MSA as given in [17] has
been carried out to validate the simulated result. The antenna
is fabricated using copper plate having finite thickness and is
supported in air using foam spacer support placed towards the
antenna corners. The antenna is fed using N-type connector of
0.32 cm inner wire diameter and input impedance response
was measured using R & S Vector network analyzer (ZVH —
8). The antenna radiation pattern and gain were measured
using RF source (SMB — 100A) and spectrum analyzer (FSC
— 6). The measurement was carried out by ensuring required
minimum far field distance between reference antenna and
antenna under test, with reference to the lower frequency of
the BW. The antenna gain is measured in the co-polar
direction using two antenna method.

2. ANALYSIS OF PROXIMITY FED S-

MSAs
The proximity fed circular MSA and equivalent S-MSA on air
substrate of thickness h = 3.0 cm and strip thickness of h; =
2.8 cm are shown in Fig. 1(a — c). The patch radius in CMSA
is calculated such that it resonates in its TM;; mode at
frequency of around 950 MHz [1 — 4]. This frequency band is
chosen as % antenna BW is small in this range. The thicker
air substrate is selected as it realizes maximum radiation
efficiency. The proximity feeding technique is used since it is
the simplest method to implement while using thicker air
substrate. The proximity fed CMSA is simulated over 700 to
2500 MHz frequency band for x; = 3.5 and y; = 0, and its
resonance curve plot is shown in Fig. 1(d). The plots shows
peaks due to fundamental TMy; and higher order TMy;, TMg,
modes. The surface currents at TMy;; mode shows one half
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wavelength variations along patch diameter and half of the
patch perimeter [1 — 4]. At TM,; mode, currents show two
half wavelength variation along half of the patch perimeter
and one half wavelength variation along patch diameter [1 —
4]. The surface current shows two half wavelength variations
along patch diameter and no variation along the patch
perimeter at TMg, mode [1 — 4]. The S-MSA of the same
patch radius is simulated for different Sectoral angle and
resonance curve plots and input impedance plots for them are
shown in Fig. 2(a — ¢) and 3(a), respectively. The frequencies
of first three resonant modes and their ratio for angle
increasing from 270° to 340° are given in Table 1 and 2,
respectively. The surface current distribution at first three
resonant modes in 270° and 300° S-MSA are shown in Fig.
3(b — d) and 4(a — c), respectively. In all the S-MSAs an
additional resonant mode (TMyy) is present below the
fundamental TM{; mode of equivalent CMSA. At this mode
the surface current shows one half wavelength variations
along patch perimeter. At second mode, surface current shows
half wave length variation along half of the patch perimeter.
This mode is similar to TM;; mode in CMSA. The next mode
is equivalent to TM,; mode as surface current shows two half
wavelength variation along half of the patch perimeter. The
equivalent TMy; and TM,; mode frequencies in S-MSA are
higher than that of TM;; and TM,; mode frequencies in
CMSA. However for higher angles, TM;; and TM,; mode
frequencies in S-MSA approaches the frequencies in CMSA.
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Fig 1: (a) Top and (b) side views of proximity fed CMSA,
(c) proximity fed S-MSA of angle ‘6’ and (d) resonance
curve plot for CMSA
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Fig 2 (a, b) Resonance curve and (c) input impedance plots
for varying Sectoral angle for S-MSA

32



s
i
W \‘
ATTANS Ty
Y ‘.\‘1\\‘\1{11,
A
B ¢
fron 8 4 ‘.‘«:\‘l‘u‘
A
i adata e
AP Y LS
RN ‘\“\“‘“l‘ -;
LIPS TOE SR}
AR LA LN \,‘\u‘\\‘
IR 14

BN IR U BN ¢

11 AL,

T R
oo e
EARR AP EIE

1
PSATARY “‘“:“‘“:. h
A \\‘“\\\ 2 o
DRI >
\
ol
L S SN
NERID

1‘ J
it

at
Sa

0y

R

N
st
™

Wt
.
~

-~
.
Ty
=
as

‘
4 44
Y ey
u“,:,

F

4
1
4“{
fugadid

l)‘

N

LI

-
A

u,u 4

:
J L4
v
)

"

A

N
Lratatadatus
u,

.

*

“
3, e
W
REY

P H
e

r,' -, -

e’ e v

L

'
"

E

’

v

.

v e e v e
z T

-

v
v
-
e

o
;

x
e

3

ARRR L

A%

1 ’( ‘ ‘l

ST A

£ o

"uﬂ‘. ‘..:u{

4"_.‘4[(‘4541(

TN

P I D N ¢

"5"’“‘“’“1“{‘
‘

¢ g :((:fl 44 4

EOL IR0 P

I N‘II(I

‘ll i

e

LIRS

H s
2 e s

A N N NG
LR A I T T e A LR g e o S 'Y
I S O S
vy a R 2o aata et rr
NEN ‘"“\“:‘ ) 1‘l ””'D s ’i"”’”‘/'-' Y
X H

S e TR LR LR L L M L P I ¥
SO0 I T D TR S A A s

1“‘\1‘1,““ LM ",’?’f’;‘r'r’

¥ »
‘:“\"‘\‘\“u M LM A

4t
o

4
s
-

Fig 3 (a) Input impedance plots for varying Sectoral angle
for S-MSA and (b — d) surface current distribution at

three resonant modes for 270° S-MSA
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Fig 4 (a - c) Surface current distribution at three resonant

modes for 300° S-MSA

Table 1 — Variation of first three mode resonance
frequencies against Sectoral angle in S-MSA

0° f, f,

(MHz) (MHz)

fy

(MHz)

270° 805 1141

1580

280° 798 1112

1544

300° 787 1054

1473

320° 784 998

1428

340° 779 964

1369

Table 2 — Variation of frequency ratio against variation in

Sectoral angle for S-MSA
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° £/, fa/f, fy/f,
270° 1.42 1.96 1.38
280° 1.39 1.93 1.39
300° 1.34 1.87 1.39
320° 1.27 1.82 1.43
340° 1.24 1.76 1.42

With increase in Sectoral angle, contribution of surface
currents over three modes increases along the horizontal
direction inside the Sectoral patch. The input impedance and
resonance curve plots for variation in substrate thickness for
coupling strip is shown in Fig. 5(a, b).
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Fig 5 (a) Input impedance and (b) resonance curve plots
for 300° S-MSA for variation in coupling strip thickness

The decrease in ‘h;’, increases capacitive impedance formed
between patch and strip that rotates the input impedance locus
in anti-clockwise direction inside the smith chart. The

International Journal of Computer Applications (0975 — 8887)
International Conference on Computer Technology (ICCT 2015)

reduction in ‘h;’ also reduces the impedance at all the modes.
This yields broadband response with formation of loop inside
VSWR = 2 circle at TM;; mode in S-MSA. The input
impedance and resonance curve plots for varying feed point
location is shown Fig. 6(a, b).
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Fig 6 (a) Input impedance and (b) resonance curve plots
for 300° S-MSA for variation in proximity feed location

At TM;, mode in 300° S-MSA, the loop size increases when
the feed point is shifted away from horizontal axis. This is
because the impedance increases at TMyq mode for moving
away from x-axis. The loop at TM; and TM,; mode reduces
since the feed is placed near the minimum impedance location
at those modes. Thus the loop size at individual mode can be
controlled by suitably selecting the feed point location which
will help in to control the BW at individual modes. With
increase in Sectoral angle from 270° to 340° ratio between
first three resonant modes reduces. By suitably selecting the
proximity feed point location below the patch, broadband
response has been realized in 340° S-MSA [17]. It gives
simulated and measured BW of 736 MHz (66%) and 745
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MHz (66.1%), respectively as shown in Fig. 7(a) [17]. Due to
orthogonal variations in surface currents over three resonant
modes, measured gain in 340° S-MSA varies from more than
7 dBi to around 4 dBi over the BW [17]. The fabricated
prototype of the configuration is shown in Fig. 7(b).

Fig. 4 (a) Input impedance plots, (—) simulated, (— —)
measured [17] and (b) fabricated prototype of for
proximity fed 340° S-MSA [17]

3. CONCLUSIONS

The detail analysis of S-MSA derived from CMSA for
variation in Sectoral angle, substrate thickness for strip, feed
point location and by studying the surface current distribution
is presented. The increase in Sectoral angle reduces the
spacing and frequency ratio between first three patch resonant
modes. The variation in strip thickness optimizes the
impedance at various modes as well as optimizes the loop
position inside VSWR = 2 circle. The feed point location
helps to control the loop size. The increase in Sectoral angle
increases the contribution of surface currents along one
dimension over the Sectoral patch. The broader BW of more
than 700 MHz (>65%) is obtained in 340° S-MSA.
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