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This paper presents a compact square slot patch antenna characterstics for
wireless body area network (WBANS) applications.The assessment of the
effects of electromagnetic energy (EM) on the human head is necessary
because the sensitivity of human head to high radiation level. Although,
structuring of low EM antennas is a major problem in the improvement of
portable device and reducing the size of of the antenna is a major concern.
However, performance of antenna reduces when antenna operates near
human body which is lossy and complex in nature. The proposed antenna
operates at 5.8GHz of the ISM Band for WBAN applications. The antenna
has been designed and simulated with two different types of multilayer
human head phantoms to characterize the antenna near the human head.The
multilayer head phantom is constructed by five layers tissues head model
using CST Microwave studio. Therefore, antenna with spherical phantom has

the highest SAR value 0.206 W/Kg, while antenna with cubical phantom
contributed the lowest SAR value of 0.166 for 10 g tissue at 5.8 GHz
frequency exposed, whereas, the antenna with cubical phantom and spherical
phantom have gain of 6.46 dBi and 6.2 dBi GHz respectively. It was
observed that antenna performance significantly increased. The presented
prototype has a potential to work for ISM applications.
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1. INTRODUCTION

The possible health risk of radio frequency (RF) wave radiated from antenna to the human body has
appeared as a general concern. The growing international movement in wireless body area networks
(WBANS), wireless personal area networks (WPANS) has increased interest in usable antenna designed for
human body [1]. The future Improvement portable wireless will play an important role in the field of wireless
communication prosperity and security, indoor constraint and arranging, welfare and social protection, for
instance, biomonitoring [2-4]. The fundamental challenge in optimizing a portable antenna is the reduction of
the negative effects of electromagnetic interaction (EM) between the proposed antenna and biological tissue
[5].To efficiently explore a usable and built-in antenna for a body-centered wireless communication system,
it is significant to assess the interaction between the human body and the electromagnetic (EM) wave emitted
by the antenna. Interaction represents two different types: The effect of a human head on the performance of
the antenna, and the effect of EM waves on the human body. In order to investigate the performance of
antenna and the effect of EM, it must utilize a human head phantom as validation tool before the antenna is
applied to the human body. From the literature, it has been observed that most of the researchers considered
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microstrip patch antenna as one of the most suitable candidates for portable applications due to low profile,
easy to integrate and cost-effectiveness [6].

Several antennas have been studied; including EBG configuration for SAR reduction being
presented [7]. RF simulation is performed for an eight-element SIR Head coil combined with a CP patch
antenna for MRI at 298 MHz [8]. UWB antenna for BAN application based on the EM radiation and SAR
limits is proposed [9]. A two-turn external loop antenna with and without the magnetic core, which transfers
more power compared to the simple loop antenna, due to the low and uniform SAR distribution is presented
[10]. To understand the effects of the antenna position on the phone, the SAR result is compared even when
the phone is reversed [11]. A fractal-based dual-band antenna integrated with a square sized EBG for
portable applications [12]. The entire body calculates the average specific absorption rate estimated using a
distributed personally distributed exposimeter [13].

Numerous wearable antennas have been suggested to BAN application in the form of monopole
antenna [16], and a configuration of inverted-F antenna designs have been proposed [17]. However, they
were neither unremarkable nor compact. Microstrip monopoles planar has been proposed [18], [19], and
inverted-F antennas which have remarkable, but they have low efficiency due to radiation of important total
of energy into the human body. Hence, they need to be positioned some separation far from the human body.

This paper presents the impact of electromagnetic radiation on the human head and it's on/off body
performance in detuning of the antenna resonant frequency point.The comparison on/off- performance
between in free space and the presence of human head are investigated and the antenna is operating at 5.8
GHz of the ISM (5.725-5.85 GHz). Therefore, two different types of multilayer head phantoms such as
cubical head phantom and the spherical head phantom model are used for evaluating the SAR value in the
numerical modeling.The proposed antenna is simulated with five significant layers of human head which
includes skin, fat, bone, cerebrospinal fluid (CSF) and brain have been developed. The structures are
designed and analyzed using CST microwave software and MATLAB.The paper is structured as follows:
Antenna configuration and proposed human head Phantom in section 2.In section 3 results and analysis of the
simulation of the antenna is performed, the comparison of the simulated and measured result of the antenna is
presented, while the reduction of Specific Absorption Rate (SAR) in the presence of human head is discussed
in section. At long last, in section 4 summaries of the outcome and findings will be concluded with the given
future directions.

2. ANTENNA CONFIGURATION AND PROPOSED HUMAN HEAD PHANTOM

The physical shape of the antenna configuration is designed and optimized using CST microwave
studio as shown in Figure 1.The demonstrated antenna is designed to operate at 5.8 GHz for ISM band. FR4
substrate is chosen as the substrate, which has thickness of 1.6 mm, a relative permitivity of 4.3, and loss
tangent of 0.025. The proposed antenna has a minimized size of 11.45 x 11.45 mm?. The designed antenna
consists of a square patch with slot of (Wr=1.60 mm) is embedded at the center of the patch. The simulated
values of antenna parameters are shown in Table 1.

Table 1. Simulated values of Antenna Parameters

Parameters Symbol Value unit (mm?)
Substrate L1 xwW1 11.45 x11. 45
Feed Length Lf 9.43
Height h 1.6
Permittivity er 43
Tan & ) 0.0025
Ring slot Wr 1.60 x1.60
Feedline width Wi 1.40
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Figure 1. Top view of printed antenna

The proposed antenna has the dimensions L1xW1, where L1 is in charge of the current resonant
frequency and the width of the patch has small impact. To design antenna parameters on the design frequency
5.8 GHz can be used by the following equations [20]:

C 2
Wil=— @)
2fr e +1
r
L =L, —2al ()

where L; is the current length of square patch, W, is the specific width of the square patch, & is the actual
effective dielectric constant while L and 41 are the specific length extension and actual of effective length of
the patch.

2.1. Specific Absorption Rate (SAR) and Proposed Phantom Model of Human Head

The specific absorption rate (SAR) is the main parameter for characterizing the power consumed by
human head and bodies under electromagnetic radiation. It is understood that the complex configuration of
the antenna with the modeling of human head indicates a very complex SAR evaluation. Thus, the numerical
modeling requires a high source of computational and a long simulation in numerical modeling. Despite the
fact that the SAR is determined by the RF energy level caused by any part of the body, its values are typically
measured for 1 g or 10 g of cube tissue simulation and the SAR limit set by the FCC and the European
Uninon is 1.6 W/kg and 2 W/kg averaged over 1 gram averaged over 10 g of actual tissue respectively [21].

SAR = °E 3)
0

where p, o and E are body tissue density in Kg/m®, electrical conductivity of body tissues in S/m and square
root of electrical tissue V/m rms. The IEEE C95.3 standard used for all simulations as the average method for
calculating SAR values with radiated power 0.1 W.

There are several approaches to SAR evaluation; In general, numerical modeling and experimental
measurements are two major trends in SAR analysis. Configurations of the phantom heads, such as cubical
and spherical human head models, are often used to evaluate SAR values in humerical modeling.For various
forms of the configuration of human head model, their far-field radiation pattern is also expected to be
different due to the scattering and diffraction at the interface between the phantom and the free space beyond.
Two types of configuration of human head models presented in this study, namely the cubical human head
phantom and spherical human head phantom model; the cubical phantom with dimensions 47 mm x 47 mm X
23.50 mm®, the spherical phantom with a radius of 47 mm is based on the shape of a typical adult human
head. Therefore, these phantoms are used for evaluating SAR values as shown in Figure 2. Table 2 shown
dielectric properties of biological tissue used in the head model at 5.8 GHz with 100mW power [19].
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Figure 2. Proposed phantom models of human head (a) spherical phantom (b) cubical phantom

Table 2. Dielectric Properties of Biological Tissue Used in the Head Model at 5.8 GHz with 100mwW

3.

Power [19]
Tissue  Relative Permittivity (er) Tan Thickness (mm?)
Skin 35.11 0.33 2
Fat 9.86 0.26 2
Bone 9.67 0.37 7
CSF 60.47 0.40 1
Brain 44.00 0.35 35

RESULTS AND ANALYSIS
This section clarifies the results of outcome and it the meantime is given at the complete discussion.

Results are represented in figures, graphs. The discussion can be made a few sub-topics.

3.1. Simulated and Measured Results of the Antenna in Free Space Characterization

This section analyses the square ring antenna performance and compares with the simulation and

measurement results obtained by using CST based on finite different time domain and variety of antenna
parameters are illustrated by using MATLAB. The simulated and measured return loss characteristics of
presented antenna printed on FR4 substrate in the free space are shown in Figure 3 (a). Simulation and
measurement return loss show that the result covers the entire ISM band (5.725-5.875) GHz. Thus, the
simulated return loss is about -42.821 dB while the measured return loss is about -20.46 dB and the
bandwidths of 263.3 MHz and 280 MHz respectively. The measured result for S11 is moved slightly towards
the right side of 5.8 GHz frequency due to farbrication tolerance and dielectric loss of material. Therefore,
simulated and measured VSWR of presented antennas are lower than 2 as shown in Figure 3 (b).
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Figure 3. Comparison simulated and measured results of proposed antenna in free space (a) S11 and

(b) VSWR
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3.2. Performance of Antenna on Human Head Phantom and SAR Analysis

The performance of antenna on human head as a system worn on the body will lead to a various of
potential issues. When the presented antenna is designed and mounted on the human head, frequency
detuning happens due to lossy characterstics of the human head. Two different types of multilayer human
head phantoms are utilized to characterize the antenna near the human head, in order to decrease the
complexity of the compution process.These phantoms includes skin, fat, bone, Cerebrospinal fluid (CSF) and
brain layers are modeled as shown in Figure 2. The instance of 5.8 GHz antenna, the magnitudes of the S,
are below -10 dB for the patch antenna with the nearness of two different types of human head phantoms as
shown in Figure 4.In general, results have demonstrated that the S;; magnitude of both cubical and spherical
phantoms are different because of the nearness phantom head models with high permittivity characterstics.
As shown in Figure 4, results have shown that the resonant frequencies of the orginal patch antenna at 5.8
GHz with the magnitude of return loss -42.821 dB while the cubical and spherical phantom with the
magnitude of resturn loss -28.86 dB and -30.67 dB respectively.
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Figure 4. Comparison of the simulated reflection coefficient of the designed square ring antenna in free
spaces and human head

Comparison of the maximum average SAR over 10g of tissue induced in two different human head
phantoms in the near-field of 5.8 GHz antenna has investigated by using Finite Difference Time-domain
(FDTD) method.The multilayered phantom consists of different tissues which were utilized to determine the
peak SAR values averaged over 10-g and all of each tissue is based on their electromagnetic properties and
set at 5.8GHz. The maximum absorption rate (SAR) is simulated by considering the average limits of 2 W/kg
of the ICNIRP on 10 gram of tissue. The designed antenna should comply with the SAR value given by The
IEEE C95.3 standard utilized for all simulations, as the average method for calculating SAR values with
transmitted power 0.1 W. The result has shown that the SAR value is varied for different types of phantom
head models due to the shapes and geometry of the phantom. The skin as the highest SAR occurs on its
surface in real practice when the antenna is closed in proximity to the head model and the separation between
head and antenna is 0 mm. It is also observed that the SAR value induced in two types of multilayer head
phantom is almost reduced when it is used as EPDM foam as isolating layer. The main reason for using the
foam is to prevent direct contact of the antenna with the presence of the human head as isolating material.
The dielectric properties of €r=1.3 and Tan 6 =0.0015 for EPDM at 5.8 GHz. It can be seen that SAR over
10g tissue induced in all 0.206 W/kg, 0.166 W/kg an in spherical phantom and cubical phantom respectively.
Figure 5 indicates the simulated SAR for 10-g tissue when antenna is mounted on the human head.

Assessment of Electromagnetic Absorption towards Human Head Using Specific... (Abdul Rashid.O. Mumin)
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Figure 5. Comparison simulated SAR value of antenna mounted on human head (a) spherical phantom and
(b) cubical phantom

Figure 6 indicates the simulated SAR distribution at 5.8 GHz against separation distance between
head and antenna.lt can be recognized that the antenna with cubical phantom produced the peak SAR values
compared with spherical phantom at 5.8 GHz for 10 g tissue.

SAR Distribution Vs Distance
0.8 - c
I Cubical Phantom
0.7 I spherical Phantom ||

SAR (Wikg)
@]
IN

1 2 3 4 5 6
Distance (mm)

Figure 6. Comparison of SAR variation against distance between human head and antenna

The radiation characteristics of the presented antenna is effected due to presence of various human
head phantoms, the results indicated that radation characteristics changes take place due to various shapes of
human head as the square ring antenna is placed on the human head and that various positions result in the
direction of the main beam. The cubical and spherical human head phantom have the greatest effect on the
far field radiation pattern in general,the result of radiation pattern reveals that the gain of the antenna with
mounted cubical human head phantom is increased from 5.96 dBi to 6.46 dBi compared in free space as
illustrated as shown in Figure 7.
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Figure 7. Comparison of Simulated Radiation characteristics of the proposed antenna (a) in free space (b)
Cubical phantom and (C) Spherical Phantom at 5.8 GHz

4. CONCLUSION

A low profile antenna useful in wireless body area network (WBAN) has presented in this paper.
The effect of electromagnetic (EM) radiations emit from antenna on human head has been investigated. To
analyze the specific absorption rate (SAR) simulation, a square patch antenna is presented with pros,
especially in ISM band applications. Although antenna size reduction is a distinguish topic of antenna
development, the antenna performance significantly drops for a small antenna and the proposed antenna
resonates at 5.8 GHz of the ISM band for WBAN applications. Two types of the multilayered human head
phantoms are used, with an aim to determine the maximum SAR value for 2W/kg averaged over 10g of
tissue with 100mW antenna power. It has been recognized that some pattern changes occur as the square ring
is placed on the human head. Hence, EPDM foam isolator layer is used as isolating material and this layer
reduced the SAR value. Thus, spherical phantom has higher SAR value 0.206 W/Kg, while cubical phantom
contributed the lower SAR value of 0.166 for 10g tissue at 5.8 GHz frequency exposed. The cubical phantom
and spherical phantom have gain of 6.46 dBi and 6.2 dBi GHz respectively. The proposed antenna has been
designed using CST and variation of parameters of antenna is computed using MATLAB, while the physical
antenna layout is fabricated on FR4 substrate having a miniaturized size of 11.45 x 11.45 mm?® A good
agreement between simulation and measurements was obtained. The presented prototype has a potential to
work for ISM applications.
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