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Abstract: A triple band wearable microstrip patch antenna array has been designed and analyzed in this work. The designed antenna can be
operated in ISM, LAES and X-Band with moderate average gain of 4.2 dB. The antenna gain has been improved by constructing array structure
of 1X2 and 1X4 with good impedance feeding by quarter wave transformer. The proposed array antennas are providing moderate gain of 5.7 dB
(1X2) and 8.3 dB (1X4) with efficiency more than 90% in the operating bands. The antenna model and the array has been constructed on
wearable substrate with conductive textile as radiating element in the design for off body wearable communication applications. SAR analysis

also providing acceptable values below 1.6 w/kg at triple operating bands with body placement experimentation.
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1. Introduction: Recent developments in communication
systems antennas plays a vital role to receive and transfer
the information. For this antenna with high gain and high
data rates with large channel capacity is required [1-2]. For
this, antenna arrays plays a vital role to attain above
characteristics [3]. In smart textile antennas having high
potential for revolutionize life in many aspects. These
antennas have wide range of applications like medical
monitoring, sports, sensing and in emergency applications
[4-5]. To avail this application key component is textile
antenna which can wireless transfer the data from on-body
communication device. To design the wearable antenna
should have robustness and comfort when worn. While
designing the textile-based antennas lot of challenges
regarding the material selection, conductivity of radiating
elements, deformation when washed, crumpling effects, and
coupling effects when antenna is placed on the human body
[6-8]. All these factors degrade antenna performance while
placing antenna on human body. To overcome that array
antenna is used to improve the gain and efficiency of
antenna to over some of the drawbacks compared to
monopole antenna [9-10].

To design the textile based wearable antenna should have
conductive textile materials know as electro textiles enables
manufacturing of wearable antennas. These electro textiles
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are designed using conductive threads on embroidery
machine or by interpolating non-conductive fabric thread
with thin conductive alloys of metals [11-14]. The
embroidered textiles give isotropic patterns for which
conductivity depends on the current flow direction of pattern
and stitching density. In most of the literature gives
electrical characterisation of electro textiles. If the
conductive threads are placed along the edge surface which
keep the conduction losses minimum [15-16]. The electro
textile wearable UHF RFID antenna with embroidered patch
is presented. The design of wearable array antennas is very
in the literature because of complexity and textile-based
antenna provides low gains when loaded on human body
due to variation of dielectric properties of human layers [17-
18]. The textile-based array antenna improves the gain even
when loaded to humans. In the available literature microstrip
patch array antenna is designed for the cover different
wireless applications [19-20]. The paper presents 4 X 4
array patch antenna for communication purpose, and this
have 1 x 2, 2 x 2 and 4 x 4 are computed to cover KU-band
applications. Choi [21] presented high gain antenna with 2 x
8 array with each element is separated by a distance of Ag/2 .
the 2 X 1 array patch antenna is designed to cover 7.642
GHz with defected ground structure to improve the gain.
The 8 x 2 array antenna with 16 elements is presented on
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FR4 substrate with overall dimensions 244 x 107 mm? with
spacing between the elements of A¢/2 and covers ISM band
applications [22-25].

2. Antenna Design: In this paper the design of wearable
textile array antenna with single monopole antenna on the
jeans substrate which has dielectric constant of 1.6 and loss
tangent of 0.04. The design of feed network is done, to reach
signal to array elements in same way. For this, T-junction is
used at the feed point which are placed at three

discontinuities which are known as a, b, c. the point a is one
of the main T-junction, which divides the signal equally in
both sides of elements. This type of discontinuity acts as
impedance transformer which helps in impedance matching
in microstrip line feeds. The point ¢ discontinuity is
designed to introduce flexibility in the feed network layout.
The cuts at the edges of the feed network is to compensate
the losses due to its discontinuity and feed network is
calculated using [26-30] presented in literature.

(@)

(b)

Fig 1. Wearable Array Antenna Evolution, (a) Single Element, (b) 1X2 Array, (c) 1X4 Array

Tab.1 Antenna dimensions of array antenna

Parameter Lt Lu Ly L, Ls ds L2 L2s Los
Value 14.5 11 7.2 6.7 3.5 3.5 9 9.5 8
Parameter Wi Wiy L1 L L1z, Los Wi, L2z Wiz Wiy
Value 3 3 5 9 10 2 11 2 1

3. Results and Discussions: The simulation characteristics
of the designed models are presented in Fig 2. Single
element, two elements and four elements-based models Si;
is analyzed and found triple band characteristics with no
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variation in the bandwidth except the reflection coefficient
level variations. The designed models are working in ISM,
LAES and X-band communication applications
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Fig 2. Frequency Vs Si11 of designed models

The antenna gain is analyzed at operating bands for the as 4.3, 5.1 and 5.7 dB respectively and presented the same in
designed models and presented in Fig 3. Single element Fig 3(b), 3(c) and 3(d). 1X4 array antenna gain at 2.4 GHz,
antenna gain at ISM band of 2.4 GHz is presented in Fig 4.2 GHz and 7.5 GHz is observed as 7.3, 8.3 and 8.8 dB
3(a) and it is showing maximum gain of 4.63 dB. 1X2 array respectively and presented the same in Fig 3(e), 3(f) and

antenna gain at 2.4 GHz, 4.2 GHz and 7.5 GHz is observed 3(9).

(b)

(d)
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Fig 3. Three dimensional gain of the models
The surface current distribution of the designed models are the concentration of the current intensity is identified for
analyzed and presented in Fig 4. At three operating bands, single, dual and four element fabric antenna.

4(c)
Fig 4. Surface current distribution, (a) Single element at three bands,
(b) Dual element array at three bands, (c) Four elements array at three bands
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The flexible behaviour of the designed models in the coefficient and radiation. Negligible variations are observed
horizontal position is analyzed and presented in Fig 5. It has in the bending analysis and the overall performance is
been observed that in all the cases the designed antenna almost constant in the conformal testing analysis.

models are exhibited the similar patterns in reflection

Fig 5. Bending analysis of three models

The radiation pattern analysis for the three models are slightly disturbed with harmonics due to coupling of
presented in Fig 6. For single element antenna, the radiation elements, but in the H-plane it is almost omni directional
is monopole like in E-plane and omni directional in H-plane. with small fraction of distortion.

For 1X2 and 1X4 array antenna models the E-plane is

9% 9%

Gain (dB) /—\ Gain (dB)

1801

(a) At 2.4 GHz for single element antenna in E and H-Plane

90
Gain (dB)
Gain (dB)

-180

-90

(b) At 2.4 GHz for 1X2 array antenna in E and H-Plane
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Gain (dB)

(c) At 2.4 GHz for 1X4 array antenna in E and H-Plane

Fig 6. Body placement radiation analysis

4. Specific Absorption Rate Analysis: The specific
absorption rate of the antenna is very much important to
identify the applicability of the antenna in the real time
when body placement is needed. Antenna should be

compatible to human body with respect to low radiation and
less harmful and the reading should be in limits of 1.6 w/kg
for 10 gm of tissue.
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Fig 8. Placement between ear to mouth for SAR Analysis

Fig 7 and 8 sows the SAR analysis of the antenna when it is
placed on human arm and nearer to mouth. The SAR at three
resonant frequencies when it placed on arm are 0.83, 0.78
and 0.95 w/kg, which are very less as per the standards. The
SAR at three resonant frequencies when it placed nearer to
mouth are 0.49, 0.40 and 0.37 w/kg respectively.

Conclusion: A triple band conductive fabric-based jeans
fabric wearable microstrip patch antenna array has been
designed and analyzed its performance characteristics in this
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work. The designed array antennas are providing moderate
gain of 5.7 dB (1X2) and 8.3 dB (1X4) with efficiency more
than 90% in the operating bands. The flexible behaviour of
the designed models in the horizontal position is analyzed
and negligible variations are observed in the bending
analysis with constant performance in the conformal testing
analysis. The SAR at three resonant frequencies when it
placed on arm are 0.83, 0.78 and 0.95 w/kg and when it is
placed nearer to mouth are 0.49, 0.40 and 0.37 w/kg
respectively. The simulation results are matching to
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measured results of the prototype and antenna performance
is providing satisfactory condition for application

wearable communications.
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