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

Broadband Gap-coupled Shorted 60° Sectoral Microstrip
Antenna

Amit A. Deshmukh
Professor and Head, EXTC Dept.,
DJ Sanghvi College of Engineering

Vile Parle (W) Mumbai, India

ABSTRACT

The compact variation of equilateral triangular microstrip
antenna, a shorted 60° Sectoral microstrip antenna is
discussed. The proximity fed shorted 60° Sectoral microstrip
antenna is proposed which gives simulated and measured BW
of more than 700 MHz (>60%). To increase the bandwidth
and gain, gap-coupled configuration two Shorted 60° Sectoral
patches is proposed. It yields simulated and measured
bandwidth of more than 800 MHz (>70%). Due to shorted
patch, single and gap-coupled shorted Sectoral configurations
shows higher cross polar radiation pattern with gain of more
than 3 dBi and more than 4 dBi, respectively over the
bandwidth. Although the antenna shows higher cross polar
levels, but the proposed designs in 800 to 1400 MHz
frequency range can find applications in mobile
communication environment wherein higher cross polar
content will lead to lower signal loss.
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1. INTRODUCTION

The simplest method to realize broadband microstrip antenna
(MSA) is by designing the patch on air substrate of thickness
more than 0.06L,, in conjunction with the proximity feeding
technique [1 — 5]. The air has dielectric constant of unity that
reduces the quality factor of the cavity below the patch
whereas proximity feeding yields input impedance matching
while using thicker substrate, which together yields broadband
response. The bandwidth (BW) of suspended MSAs is further
increased by using multi-resonator gap-coupled configuration
in which parasitic patches of different frequencies
(dimensions) are gap-coupled to the fed MSA. The compact
MSA is realized by placing the shorting post/plate along the
zero field line at the fundamental patch mode and further by
using half of the shorted patch [1 — 3]. The BW of compact
shorted MSA is increased by using their gap-coupled
configurations [6]. The compact variations of equilateral
triangular MSA (ETMSA) are realized by placing the shorting
post along the zero field line at its fundamental TM, mode [1
— 3]. This result in compact shorted 60° Sectoral and
complementary of shorted 60° Sectoral MSAs. The shorted
Sectoral patch yields nearly 60% whereas complementary
configuration yields nearly 40% reduction in patch size as
compared to ETMSA.
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In this paper, broadband gap-coupled variation of proximity
fed shorted 60° Sectoral MSA is proposed. First the proximity
fed shorted 60° Sectoral MSA is studied. It yields simulated
and measured BW of more than 700 MHz (>60%). The single
shorted patch yields gain of more than 3 dBi over most of the
BW. Due to shorted patch, radiation pattern shows higher
cross-polar levels. Further a gap-coupled configuration of two
shorted 60° Sectoral MSAs is proposed. It gives simulated and
measured BW of more than 800 MHz (>70%) with gain of
more than 4 dBi over most of the BW. The gap-coupled
compact configuration is proposed in 1000 MHz frequency
band. This frequency band is chosen since % antenna BW is
smaller at individual modes in this range. To realize broader
BW and maximum radiation efficiency, compact MSAs were
optimized on air substrate of thickness 3.0 cm (> 0.1A). The
proximity feeding technique is used to feed the MSAs, since it
is a simpler method to implement on thicker substrates. The
compact shorted MSAs were first optimized using IE3D
software [7]. For experimental verification the MSA were
fabricated using copper plate having finite thickness and were
supported in air using foam spacer support place towards the
antenna corners. The antenna is fed using N-type connector of
0.32 c¢m inner wire diameter. The measurement was carried
out using R & S vector network analyzer on finite square
ground plane of side length 30 cm. The radiation pattern were
measured in minimum reflection surrounding with required
minimum far field distance between reference antenna and the
antenna under test [8]. The gain was measured using two
antenna method [8].

2. PROXIMITY FED SHORTED 60°
SECTORAL MSAs

The proximity fed ETMSA is shown in Fig. 1(a, b). The units
of the dimension shown in all the figures and their captions
are in cm. Also the frequencies mentioned throughout the text
and in the figures are in MHz. For h = 3.0, using the
resonance frequency equation of ETMSA as given in equation
(1), patch side length (S) is calculated such that its TM4, mode
frequency is around 1000 MHz.
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Where, ¢ = velocity of light = 3 x 10® (m/s),



Se = effective patch side length,

m and n = mode indices

While calculating the frequency, the effective patch side
length (S;) needs to be considered. The effective length
accounts for extension in length due to fringing fields present
towards the open circuit edges of the patch side length. The
closed form equation for fringing field extension length is not
directly available for thicker substrate hence patch side length
cannot be accurately calculated for different frequencies and
for thicker substrate. The artificial neural network model to
calculate the patch side length and extension length in terms
of substrate thickness in ETMSA, for substrate thickness
varying from 0.04 to 0.1, and for frequency changing from
700 to 6000 MHz is reported [9]. Using the same patch side
length that gives fry10 around 950 MHz is calculated and it is
found to be 13.8 cm. In ETMSA, field variations are
symmetrical with respect to patch centroid point. At TMyg
mode field/surface current shows one half wavelength
variations along patch side length and along its height, with
zero field at the centroid point. The next mode in ETMSA is
TMy;. Depending upon the feed position, at TMy; mode, field
shows one half wave length variations from the centroid point
and towards the patch vertex. The next higher order mode is
TM,, at which field shows two half wavelength variations
along the side length and along height of the patch. At TMyq
mode, compact shorted 60° Sectoral MSA is derived by
placing the shorting plate along the zero field line of TMy,
mode and by using half of the shorted patch, as shown in the
Fig. 1(c). The dominant mode in shorted 60° Sectoral MSA is
shorted TM;, at which surface current shows quarter
wavelength variation along shorted Sectoral length as shown
in Fig. 1(d). This mode is also referred to as TMy;,o mode.
Here the first index corresponds to odd integer multiples of
quarter wavelength variation along shorted length (mixed
boundary condition) and the second index refers to integer
multiples of half wavelength variations along the orthogonal
shorted patch dimension (identical boundary condition). The
shorted TM,, mode is also present in shorted 60° Sectoral
MSA as it also shows zero fields near the centroid point. At
shorted TM,q mode currents shows three quarter wavelength
variation along shorted sector length as shown in Fig. 1(e).
The radius of shorted 60° Sectoral MSA is 8.0 cm. To
optimize the shorted configuration for broader BW,
parametric study for variation in thickness of coupling strip
and its position below the shorted patch is carried out. The
input impedance locus for h = 3.0, hy = 2.8 I; = 2.8 and x; =
4.0 is shown in Fig. 1(f). The loop position is not optimized
for broader BW.
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Fig. 1 (a) Top and (b) side views of proximity fed ETMSA,
(c) shorted 60° Sectoral MSA, its (d, e) surface current
distribution at two modes and its input impedance plots
for variation in (f) hy and (g) x;



To optimize the loop position, substrate thickness for strip (hy)
is reduced and impedance plots for the same are shown in Fig.
1(f). The reduction in h; increases the capacitive impedance
between strip and patch which rotates the loop position in
anti-clockwise in the smith chart. The loop lies inside VSWR
= 2 circle for hy = 2.0 cm. However loop size is smaller. To
increase the same, strip is placed below the higher impedance
region below the shorted patch. The impedance plots for
variation in strip position (xs) are shown in Fig. 1(g). The loop
size increases due to increase in X;. This gives simulated BW
of 738 MHz (63.5%) whereas the measured BW is 744 MHz
(65.1%) as shown in Fig. 2.
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Fig. 2 Input impedance and VSWR plots for proximity fed
shorted 60° Sectoral MSA

Due to shorted patch, radiation pattern shows higher cross
polar levels with gain of around 3 dBi over most of the BW.
To further increase the gain and BW gap-coupled
configuration of two shorted 60° Sectoral MSAs is proposed
as shown in Fig. 3(a, b). The radius of parasitic shorted 60°
Sectoral MSA is taken to be smaller than the fed patch radius.
The resonance curve plots for decreasing parasitic patch
radius are shown in Fig. 3(c). With decrease in radius,
frequency of parasitic shorted 60° Sectoral MSA increases.
The optimum spacing between two frequencies to realize
broader BW is obtained for radius of 6.0 cm. The input
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impedance and VSWR plots for the same are shown in Fig.
4(a). Due to two resonant modes, two loops are present inside
VSWR =2 circle.
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Fig. 3 (a) Top and (b) side views of proximity fed gap-
coupled shorted 60° Sectoral MSAs and its (c) resonance
curve plots for varying radius ‘r;’

The simulated and measured BW’s are, 840 MHz (71.2%) and
870 MHz (73.9%). The fabricated prototype of the gap-
coupled configuration is shown in Fig. 4(b). The simulated
and measured radiation pattern at center frequency of the BW
and gain variation over the BW is shown in Fig. 5(a — c). The
pattern is in the broadside direction with higher cross polar
levels in E-plane. This is because in E-plane, field distribution
is more un-symmetrical as compared to that in the H-plane.
The antenna gain is more than 4 dBi over most of the BW.
The area of the proposed gap-coupled configuration is 53 cm?.
The proximity fed ETMSA yields simulated and measured
BW of more than 350 MHz (>30%) at its TM;, mode
frequency to be around 950 MHz. The area of ETMSA is 83
cm?. The U-slot or rectangular slot cut variations of this
proximity fed ETMSA yields simulated and measured BW of
more than 500 MHz (>45%). Thus the proposed gap-coupled
configuration of shorted 60° Sectoral MSA vyields much
higher BW with 36% reduction in patch area. Although they
shows higher cross polar radiation pattern, but it may be
useful in mobile communication environment as higher cross
polar content will lead to lesser signal loss.
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Fig. 4 (@) Input impedance and VSWR plots and (b)
fabricated prototype of proximity fed gap-coupled shorted
60° Sectoral MSAs
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Fig. 5 (a, b) Radiation pattern at center frequency and (b)
gain variation over BW for proximity fed gap-coupled
shorted 60° Sectoral MSAs



3. CONCLUSIONS

The broadband gap-coupled proximity fed shorted 600
Sectoral MSA is proposed. The gap-coupled configuration
yields more than 70% BW as compared to more than 35% and
more than 45% BW realized in ETMSA and their slot cut
variation with 36% reduction in patch area. Due to shorted
patch the radiation pattern shows higher cross polar levels but
they will be useful in applications wherein multipath
propagation effects affects polarization purity of the received
signal.
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