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ABSTRACT

A compact UWB microstrip antenna with hexagonal circular
patch (CHCP) and asymmetric coplanar waveguide (cpw-fed)
is presented. A complimentary split ring resonator (CSRR) is
embedded on hexagonal circular patch and also four slits are
loaded on the patch to obtain ultra-wideband. The proposed
CHCP microstrip antenna is operating over frequency range
of 3.2GHz to 10.6GHz, with the impedance bandwidth of
7.4GHz. The hexagonal circular patch antenna was resonating
at three frequencies 4.1GHz, 7.2GHz, 10.42GHz respectively.
The parametric analysis is also studied.

Key words: Hexagonal Circular Patch, CPW-Fed, ultra-wide
band, impedance bandwidth.

1. INTRODUCTION

The (FCC) federal communication commission has allocated
frequency spectrum over 3.1GHz to 10.6GHz with the
impedance bandwidth of 7.2 GHz for unlicensed
ultra-wideband measurements. Now a day’s ultra-wideband
antennas have attracted attention because of simple structure,
low profile, ease of integration, fabrication.

The ultra-wideband (UWB) is considerd for on-body
applications because [1] it offers a low radiation power with a
high data rate. A double layered bow tie antenna [2] is
proposed with a miniaturization technique in order to increase
the electrical length of antenna with a coaxial feeding method.
A compact ultra-wide-band microstrip antenna [3] is designed
for wireless body area networks applications shown a low
SAR and a truncated structure to be suitable for on-body
applications and dimensions of proposed antenna is 25 X 22 X
10 mm? with the ground plane of 50 X 50mm? is considered
and the antenna is operating at 6GHz. A compact monopole

[4].

UWB antenna is simulated and tested on a human hand model
and vixen phantom for on-body communications. The results
were compared, and a two-thirds muscle phantom is
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considered. The dimensions of proposed antenna are
25x10x1.6mm and antenna has operated at 7GHz with
reflection coefficient of -30dB and microstrip antenna has
resonated at single operating frequency, Different types of
radiation patterns are analyzed for omnidirectional,
directional, and pattern diversity radiation characteristics of
UWB antennas [5] by placing them on the body. A flexible
substrate antenna [6] using a polyimide substrate is presented
to obtain dual-band operation for wireless local network
application. Effect of ultra wide Band antenna on the human
head is determined by using a numerical model [7].

This is shown to obtain increase gain and radiation
characteristics of microstrip antenna. A multiple number of
homogeneous head phantom models [8] are considered for
analyzing the electromagnetic energy absorption due to UWB
models for on body wearable antennas. An on-body channel
for UWB has proposed [9] with a channel modelling for
transmitter and receiver, and the FDTD method is used for
obtaining the numerical analysis. The millimetre waves
interaction with the human body, reported in the study [10],
with most advanced techniques over very high frequency for
different scientific approaches such as on body and off-body
and concluded, as dielectric constant of the human body is
proportional to the changes with the frequency of operation,
such study is helpful to design a on-body antenna. Body-area
networks (BAN) are used in between on-body and
implantable devices which are widely used for medical
applications [11].

The coplanar waveguide fed microstrip antenna, which is
similar for a microstrip aperture-coupled antenna,
electromagnetic energy will be coupled from feeding line to
the radiating patch through coupling slot and this cpw feeding
improves gain over a wideband [12]. A CPW-Fed microstrip
antenna makes an easier integration between active devices
[13] - [15]. It also allows realization between series and shunt
connections on one side of dielectric substrate along with
ground plane. It allows integration of lumped elements with
active devices very easily. Therefore, using coplanar wave
guide to feed a patch has the advantage of less loss at high
frequencies.
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A coplanar waveguide fed microstrip antenna is implemented
for triple band WLAN application [16]. A compact CPW fed
antenna [17] for WiMAX applications along with broad band
tuning ability is presented in [18]. A microstrip antenna with
split ring resonator for ultra-wideband is presented in this two
pairs of split ring resonator called a metamaterial structure
and which are closely spaced from feed to obtain good
impedance matching over complete band. Now, CSRR along
with SRR are the dual elements and operating frequency
remains same for some dimensions. CSRR is formed while
engraving copper material and ground plane. The ideal circuit
of SRR and CSRR consist of parallel LC circuit [19] and this
is mainly used for gain enhancement and size reduction [20] -
[22].

In this paper, the hexagonal patch antenna is manufactured on
flexible material, the proposed antenna operates in
ultra-wideband for on-body applications, and the monopole is
in shape of a hexagon with a compact size of (20 X 18 X 0.08
mm?) is operating 3.2GHz — 10.6GHz frequency band.

2. ANTENNA DESIGN

2.1 Design process of CHCP Antenna.

The kapton polyamide flexible substrate material is
considered with (g) 4.3 and loss tangent (8) 0.004. Below, a
hexagonal shaped patch is considered, the substrate height is
0.08mm. A hexagonal shaped CSRR is considered and etched
from the center of radiating patch with slot width of W, four
parallel rectangular slits with Length L; and Width Ws are
etched on radiating patch as represented in Figure 1.

W

A

W, W, W,

Figure 1: Proposed microstrip dual hexagor; antenna (CHCP)
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An asymmetric cpw fed is considered with two asymmetrical
which is place in between ground planes with input
impedance 50Q. Now, measurements of proposed microstrip
CHCP antenna model is represented in Table 1. The CSRR
width was considered as 0.2 mm.

To obtain the UWB band the optimization is analyzed with
HFSS tool. The resonant frequency of hexagon patch is given
with the following equation

8.794

f = (1)
Wherer, is

%
re=r1[1+ 2n {In(rlj+(l.4sr+l.768)+h(0.267sr +1.649)H @)
Ine 2h I
Substrate is metallized with dual hexagonal patch and the
length of each side can be calculated by the following
equation

. v
L, =2r;sin [Fj

n=number of sides; ry;=radius

Above, Figure 1 exhibits compact microstrip antenna with
CPW-Fed and hexagonal circular patch with step by step
evolution process as shown in Figure 2. During initial design,
a hexagon with a full ground is considered. The antenna in the
first step (Ant 1) has a very high reflection coefficient,
directional pattern of antenna which is very poor. As the
antenna is intended for UWB application, the evolution
process was presented for understanding resonating of
antenna at particular desired frequency. In second step (Ant 2)
taken in the evolution process is to consider a CPW feeding
method by removing the full ground making the resonating
patch and ground lie in the one plane. In this step, the antenna
is resonating at 4.9GHz having reflection coefficient
-30.45dB and bandwidth is 4320MHz as observed.

©)

Table 1: Antenna Parameters

Parameter | Value(mm) | Parameter | Value(mm)
W 18 Ls 3.25
L 20 W, 1.25
W, 5.5 W5 0.2
I—l 2 We 0 1
W, 9 I 5
L, 7.5 I 2
W; 1 L, 4.33

In the further evolution process (Ant 3), slits were added in to
the hexagon and its parameters in Figure 2. In this step, the
antenna is resonated at 2.89GHz, 5.24GHz, and 6.15GHz and
impedance bandwidths of 940 MHz, 1940 MHz, and 1940
MHz is observed for respective frequency. At fourth step (Ant
4) Complimentary split ring resonator is considered at center
with a 2 mm radius. The proposed antenna is resonating at
4.1GHz, 7.2GHz, and 10.42GHz with the reflection
coefficients of -21.42dB, -34.01dB, and -11.96dB
respectively.
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Figure 3 represents the reflection coefficient plot for the
evolution process of chcp antenna. The optimized parameters
are listed in Table 2.

(m)

()

®

Figure 2: Proposed CHCP antenna evolution.

(d)

Table 2: Evolution process of CHCP antenna

Evolution . .
S process Operating Refle_c t_|on Bandwidth
no Frequency | Coefficient
antenna

1 ANT 1 10.56 -5.27 -

2 ANT?2 4.9 -30.45 4320
1.81 -19.42 430

8 ANTS3 7.26 -14.2 750
4.1 -21.42 6090

4 ANT4 7.2 -34.01 6090

10.42 -11.96 820

The evolution of the antenna taken four steps to reach to the
tabulated and is shown in Table 2. The reflection coefficient
for the evolution design was presented in Figure 3.

0

-5

"
=5
o

Reflection coefficent(dB)
o

4 6 8 10 12

Frequency(GHz)
Figure 3: Reflection coefficient comparison of the evolution
process.
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The Ant 2 and Ant 4 gave better results for the required UWB
application. The Ant 2 is operating dual-band and Ant 4 is
operating at three resonant frequencies.

2.2 Parametric Analysis

In the process of optimization, to enhance the parameters of
the antenna, a parametric set has been considered the width of
the CSRR is varied to obtain a better reflection coefficient.

Reflection coefficent(dB)

Frequency(GHz)
Figure 4: The parametric sweep of CHCP antenna for W5

The parametric analysis for the PEPA is done to get better
understanding of the antenna. Two parameters are considered
which might enhance the operation of the antenna to
broadband. The parameters Ws and W are considered for
Optimization of the results. The Opti metric analysis is done
using FEM. Figure 4 represents the Opti metric analysis for
parameter Ws, width of the slits. The values range from
0.1mm to 0.4mm. The better result is observed when W5 is
0.2mm.

Reflection coefficent(dB)

Frequency(GHz)

Figure 5: The parametric sweep of CHCP antenna for W

The second parameter considered for the Opti metric is W,
width of the CSRR. The CSRR is considered to increase the
current path. The width will be varying from 0.1mm to
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0.4mm. The antenna gave three resonances for the 0.2mm
width and the best result in the considered width range. The
Figure 5 represents the reflection coefficient for the
Opti-metric analysis of W,

Table 3, Table 4 shows reflection coefficient values for the
Opti metric analysis of W5 and W,. Each of the parameter is
varied for four steps and plotted the reflection coefficient
comparison.

Table 3: Evolution process of CHCP antenna with Ws

S.no Ws Reflection coefficient(dB)
1 0.1 -24.55, - 13.01, - 13.07
2 0.2 -21.42, -34.01, -11.96
3 0.3 -33.56, -19.58
4 0.4 -36.95, -20.01, -10.42

Table 4: Evolution process of CHCP antenna with W

S.no W Reflection coefficient(dB)
1 0.4 -22.58, - 14.09
2 0.3 -18.40, - 15.86, -12.59
3 0.2 -21.425, -34.01, - 11.96
4 0.1 -30.56, -18.68

The Figure 6 represents the radiation patterns for proposed
antenna. Now, at frequency of 4.2GHz the antenna radiates
maximum at 130° (E-Plane) and 235° (H-Plane), at resonant
frequency 7.2GHz major radiation is at 335° (E-Plane) and 85°
(H-Plane), for operating frequency 10.42GHz maximum
radiation at 85°(E-Plane) and 300°(H-Plane).

— — —E- Plane

H- Plane

H- Plane

— — —E- Plane

(©
Figure 6: Proposed antenna directional patterns (a) 4.2GHz
(b) 7.2GHz (c) 10.45GHz
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Below, Figure 7 presents 3D-gain plots proposed microstrip
antenna at three operating frequencies 7.2GHz, 10.42GHz are
-7.5dB, -6dB respectively and the negative gain is due to the
lossy tissue surrounding the CHCP microstrip antenna.
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Figure 7: Proposed antenna 3D-Gain plots (a) 7.2GHz (b)
10.42GHz

The following Figure 8 shows the current distribution on
surface of the proposed antenna substrate at frequencies
4.2GHz, 7.2GHz, 10.42GHz along with current density meter
for each operating frequency
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Figure 8: Proposed microstrip antenna current distribution at
(@) 4.2GHz (b) 7.2GHz (c) 10.42GHz

2.3 Three-layer tissue analysis:

When the proposed antenna is tested on single layer which is
skin, the frequency of operation of antenna remains the same
as in free space.

The antenna is further tested in a 3-layered model consists of
skin and muscle on top and bottom having, fat layer in
between them. The proposed antenna exhibited good
reflection coefficient with < -15 dB, and when it is tested in
the three-layer model, it resonates for the lower band of UWB.
The frequency of operation is also the same; this process
proves that the CHCP is best suited for on-body applications.
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In Figure 9 the gain been observed at different frequencies the
pattern showed a directional gain which is best for the body
which might reduce its effect of SAR and radiation. The SAR
values for both simulating platforms are the same, which
shows the CHCP antenna is suitable for on-body applications.

The specific absorption rate value is (1.51 W/Kg) observed at
frequency of 4.2GHz and (1.516 W/Kg) for 7.2GHz and (1.01
W/Kg) for 10.42GHz. So, the designed CHCP antenna is
preferable for the on- body applications.
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Figure 9: Proposed antenna SAR value for Single layer
CHCP (a) 4.2GHz (b) 7.2GHz (c) 10.42GHz

The antenna is simulated on the three-layer tissue with skin
having a thickness of 2mm, fat layer having thickness 1 mm,
and a muscle layer with thickness 9mm.

— — =E- Plane H- Plane

Figure 10: Proposed antenna directional patterns for 3-layer
model (a) 3.84GHz (b) 6.15GHz (c) 9.65GHz

The directional pattern of three-layer model is represented in
above Figure 10. At 3.84GHz the antenna radiates maximum
in 313° (E-Plane) and 0° (H-Plane), 6.15GHz major radiation
is at 265° (E-Plane) and 75° (H-Plane), for 9.61GHz the
maximum radiation is at 340° (E-Plane) and 335° (H-Plane).

The Figure 11 shows the gain observed for the three-layer
antenna model at operating frequencies of 3.84GHz, 6.15
GHz, 9.65GHz are -5dB, -15dB, -10dB respectively and the
negative gain is due to the lossy tissue surrounding the CHCP
antenna.
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Figure 11: Proposed antenna 3D-Gain plots for 3-layer model
at (a) 3.84GHz (b) 6.15GHz (c) 9.61GHz

The specific absorption rate (SAR) value is standard for
antennas which are used in on body applications. According
to those standards (IEEE C95.1-2005) the SAR value
shouldn’t exceed more than (1.6 W/Kg).
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Figure 12: The SAR plot of the three-layer model in HFSS
19.0 at (a) 3.84GHz (b) 6.15GHz (c) 9.61GHz
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Above, Figure 12 SAR of (1.45 W/Kg) is observed for
resonant frequency of 3.84GHz and (1.24 W/Kg) for 6.15GHz
and (1.33 W/Kg) for 9.61GHz. So the designed patch antenna
is preferable for the on-body applications.

The below Figure 13 represents the reflection coefficient

comparison for single layer model and three-layer model as

the antenna has placed on the three-layer tissue there is shift in

frequency and reflection coefficient that has been presented.
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Figure 13: Proposed antenna Sy; comparison of single layer
and three-layer tissues.

CONCLUSION

In this work, the proposed antenna design and analysis has
been carried out by using Ansys HFSS_19.0 simulator
software with total size of (20 X 18 X 0.08 mm®) which is very
compact CPW-Fed hexagonal shaped circular patch antenna
along with slits which has CSRR structure is presented. The
prototype microstrip antenna resonates at three operating
frequencies they are 4.1GHz, 7.2GHz, and 10.42GHz. The
proposed microstrip antenna covers UWB. Therefore,
parametric analysis and Evolution process are studied.

Finally, the proposed antenna exhibits better gain and
reflection coefficient for the entire band of operation. The
current distribution and SAR of the antenna are satisfied. The
specific absorption rate (SAR) of the antenna is also plotted
for three-layer model and the SAR value for the prototype
microstrip antenna is within (IEEE C95.1-2005) standards.
So, the antenna is preferable for on-body applications.
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