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Abstract—This paper presents the design of ﬂexible parasitic element patch (FPEP) antenna with
defects on ground plane at ISM band for biomedical application. The antenna resonates at 2.46 GHz
frequency with reﬂection coeﬃcient of −16.8 GHz in free space and at 2.45 GHz frequency when being
placed on cotton and the single layer skin tissue of human body. The proposed parasitic element
patch antenna is used to measure the body temperature, and the speciﬁc absorption rate (SAR) of
the proposed antennas is 1.0 W/kg. The measurement data with respect to reﬂection coeﬃcient, and
radiation pattern are presented.

1. INTRODUCTION
In recent years the demand of ﬂexible implantable antennas for biomedical applications has been
increased. These implantable antennas play a key role in communication systems and act as a barrier
between human body and external monitoring system. Biocompatibility, miniaturization, and patient
safety make the design of implantable antennas highly challenging.
To enhance the wireless link quality of body-centric wireless communication (BWCS), a multipolarization reconﬁgurable circular antenna [1], with a four-diploe radiator has been designed. The
antenna resonates from 2.2 to 3.1 GHz frequency with an impedance bandwidth of 34%. A maximum
peak gain of 5.2 dBi has been observed. A double layered bow-tie antenna [2] is proposed with a
miniaturization technique to increase the electrical length of the antenna with a coaxial feeding method.
In [3], a center square slot is loaded to a CP implanted patch antenna for miniaturization and to enhance
the impedance matching. A conformal rectangular patch antenna with a rectangular slot and split ring
resonators (SRR) [4] has been designed to operate for ISM band biomedical application. The antenna
operates for a frequency range of 2.41 GHz to 2.81 GHz with an impedance bandwidth 400 MHz and
gain of −19.6 dB. A compact folded meander line structure antenna is designed [5], to reduce the size
of the antenna with a gain of −23.7 dBi. To improve the antenna impedance matching and reduce the
observed power inside the body, a square shape CSRR [6] and an ultra-low proﬁle dual band antenna [7]
have been introduced to operate the antenna for biomedical telemetry application.
The irregular shapes of the patches provide irregularity in current distribution over the radiating
patch, which produces limited polarization and asymmetry in radiation patterns compared to general
rectangular patch antennas. A circular ring patch antenna [8] was designed to obtain circular
polarization. To enhance the bandwidth of the antenna, a double element ring slot antenna has been
designed [9]. This antenna resonates for the frequency band from 4.25 to 12.5 GHz frequency. In [10],
the study of directional, omnidirectional and pattern radiation characteristics has been carried out by
playing the antenna on or in close proximity to the human body. Similarly, a hexagonal shape patch
antenna [11], with CPW feed has been designed for ISM band application.
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From the literature survey, various antenna designs have been proposed to operate the antenna
for WBAN application. A coplanar waveguide fed antenna [12] has been designed for in-body WBAN
system applications. A split-triangle shaped ﬂexible patch antenna [13] has been designed for WiMAX
application. In [13], an antenna resonates at 3.55 GHz frequency with return loss −24.45 dB. A folded
UWB antenna [14] is designed for WBAN applications showing a low SAR and a truncated structure
suitable for on-body applications. A conformal metamaterial antenna with 2 × 2 array of H-shape unit
cell [15] has been designed for an antenna to operate for WBAN communication. The antenna resonates
for two frequency bands, 3–2 GHz to 3.5 GHz and 3.9 GHz to 4.3 GHz, with max gains of 4.54 dBi and
4.71 dBi. A swastika shape slot [16] and compact rectangular patch antenna [17] has been designed for
an on-body application in WBAN applications.
The variation in the thickness of the human body includes eﬀects on the implantable antennas. The
dielectric properties of biological tissues: III parametric models for the dielectric spectrum of tissues
as a function of frequency are listed in [18]. In [19], the eﬀect of an antenna implanted on the human
body and propagation loss in the link between an external antenna and the antenna implanted inside
the human body has been studied.
In this paper, a ﬂexible parasitic element patch (FPEP) antenna with defects on the ground plane
has been designed for biomedical application. Hexagonal shape slots are considered on the ground plane
to operate the antenna at ISM frequency band. The antenna analysis is carried out in free space and on
cotton fabric and single layer skin tissue of the human body. The antenna resonates at 2.46 GHz in free
space and 2.45 GHz frequency when being placed on the cotton-skin layer. The SAR value of 1.0 W/kg
is observed at 2.45 GHz frequency.
2. ANTENNA DESIGN
The geometry model of the ﬂexible parasitic element patch (FPEP) antenna is proposed for the on-body
application, shown in Fig. 1. A kapton polyimide substrate material, with (εr )3.5, loss tangent (δ)0.004,
is considered as a substrate material. L1 and W1 are considered as the length and width of the substrate
material with a height of 0.07 mm. Rectangular shape parasitic elements are considered as radiating
elements and are coated on the substrate material with a thickness of 0.01 mm as shown in Fig. 1(a).
The other side of the substrate material is coated with ground plane. Two hexagonal shape ring slots
with radii r1 , r2 , r3 , and r4 are etched from the ground plane as shown in Fig. 1(b). The optimized

(a)

(b)

Figure 1. Geometry of the proposed FPEP antenna. (a) Radiating patch. (b) Ground plane.
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parameters of the proposed antennas, parasitic length and widths, are as follows: L1 = 25, L2 = 21,
L3 = 2, L4 = 7, W1 = 20, W2 = 2, W3 = 14, W4 = 6, W5 = 0.5, r1 = 7, r2 = 6.4, r3 = 6.2, r4 = 5.5 (all
the measurement units in millimetres).
The proposed FPEP antenna model is tested in free space and on the skin layer tissue of the human
body with a cotton material between the antenna and skin tissue. Fig. 2 shows the geometry of the
antenna placed on the cotton layer with 1 mm height and skin layer with 1.6 mm height. The dielectric
properties of the cotton and skin layer are listed in Table 1.

Figure 2. Geometry of proposed antenna on cotton layer and ground plane.
Table 1. Dielectric properties of skin and cotton at 2.45 GHz frequency.
Material
Skin
cotton

dielectric constant (εr )
42.923
1.6

loss tangent (S/m)
0.27253
0.04

3. EVOLUTION PROCESS OF FPEP
The evolution process of the FPEP antenna model is shown in Fig. 3. In the ﬁrst step of the design
(Ant-1), a monopole retangular strip patch antenna with full ground is considered. Ant 1 does not

Figure 3. The evolution process of FPEP antenna.
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show any resonance. As the antenna is intended for ISM application, Ant-2 is designed by adding a
horizontal rectangular strip to Ant-1. In this step, the antenna resonates at 2.4 GHz with a reﬂection
coeﬃcient of −7.4 dB.
Further in the evolution process (Ant 3), a set of stubs are added to the parasitic element. In
this step, the antenna resonates at 2.28 GHz frequency with −20.02 dB reﬂection coeﬃcient. For better
current path of the FPEP antenna (Ant 3), hexagonal ring slots are considered. Ant 4 is designed
with a hexagonal slot on ground plane, and the antenna operates at 2.49 GHz frequency with reﬂection
coeﬃcient −14.54 dB. The ﬁnal step of the evolution process is designed by adding two hexagonal ring
slots to the ground plane of FPEP. Ant 5 resonates at 2.46 GHz with −20.58 dB reﬂection coeﬃcient.
The reﬂection coeﬃcient plot for the evolution process of FPEP antenna is shown in Fig. 4.
The parametric analysis for the proposed FPEP antenna is also carried out by varying dimensions
of L3 and W3 , respectively. Fig. 5 and Fig. 6 show the analysis of antenna by varying L3 and W3 as
1 mm, 2 mm, and 3 mm. From the plot the width of L3 and W3 with 2 mm shows good result when
compared to 1 mm and 3 mm, respectively. The variations with respect to frequency and reﬂection
coeﬃcient by varying L3 and W3 are tabulated in Table 2.

Figure 4. Evolution process of proposed antenna.

Figure 5. Parametric analysis of FPEP antenna by varying L3 .
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Figure 6. Parametric analysis of FPEP antenna by varying W3 .
Table 2. Parametric analysis of FPEP antenna by varying L3 and W3 .
Parameter
L3 = 1 mm
L3 = 2 mm
L3 = 3 mm
W3 = 1 mm
W3 = 2 mm
W3 = 3 mm

Operating Frequency (GHz)
2.59
2.46
2.5
2.12
2.46
2.97

Reﬂection Coeﬃcient (dB)
−11.41
−20.58
−8.92
−28.8
−20.58
−11.32

4. RESULTS AND DISCUSSION
The antenna is designed and analyzed using Ansys HFSS tool. Fig. 7 represents the simulated and
measured reﬂection coeﬃcients of the proposed antenna model in free space and on the skin-cotton
layer. The variation in the simulated and measured reﬂection coeﬃcients is due to the parasitic eﬀect
and fabrication error of the proposed antenna.
The proposed antenna resonates at 2.46 GHz frequency with reﬂection coeﬃcient −20.58 dB in
simulation and 2.45 GHz frequency with reﬂection coeﬃcient −25.7 dB in 1 measurement. In simulation
and measurement the antenna placed on the skin layer resonates at 2.45 GHz frequency. The designed
antenna is used to measure the body temperature. The measurement setup of proposed antenna with
Table 3. Comparison of proposed antenna with simulated and measured.
Validation
Simulated
Measured

Free space
Skin-cotton
Free space
Skin-cotton

Operating Frequency
(GHz)
2.46
2.45
2.45
2.44

Reﬂection Coeﬃcient
(dB)
−20.58
−12.28
−25.71
−16.35

Bandwidth
(GHz)
2.45–2.48
2.44–2.47
2.40–2.51
2.43–2.48
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Figure 7. Reﬂection coeﬃcient of the FPEP antenna.

Figure 8. Photograph of measuring the reﬂection coeﬃcient with Network analyser.

network analyser is shown in Fig. 8. The prototype of proposed antenna is shown in Fig. 9. The
experimental setup of the antenna in an anechoic chamber is shown in Fig. 10. The comparison of
simulated and measured results for the proposed FPEP antenna model is tabulated in Table 3.
The 3D-gain plot of antenna at 2.46 GHz frequency is shown in Fig. 11. From the ﬁgure a minimum
gain of −1.84 dB is observed. The radiation plot for the FPEP antenna at 2.46 GHz frequency is shown
in Fig. 12. A bi-directional radiation pattern with major radiation at 33◦ and 21◦ angles is observed,
and 10 dB isolation is seen between co-polarization and cross-polarization.
The surface current distribution for the FPEP antenna is shown in Fig. 13. The maximum current
distribution of 2.423 A/m is shown at 2.46 GHz frequency.
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(b)

Figure 9. Prototype of FPEP antenna. (a) Radiating patch and (b) Ground plane.

Figure 10. Anechoic chamber facility for measurement.

Figure 11. Gain plot of the proposed FPEP antenna.
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Figure 12. Radiation pattern of the proposed FPEP antenna at 2.46 GHz frequency. (a) E-plane. (b)
H-plane.
The SAR value of the proposed antenna on the skin layer tissue is shown in Fig. 14 with the
minimum value of 1.0 W/kg which is less than 1.6 W/kg as per IEEE standards. The comparison of the
proposed antenna with the previous antenna models is tabulated in Table 4.
Table 4. Comparison of proposed FPEP antenna with the previous models.
Ref. No.
[3]
[4]

Antenna Size
10 × 10 × 1.27 mm3
24 × 22 × 0.07 mm3

Material
Rogers 3010
Polyimide

Operating Bandwidth
2.4 to 2.48 GHz
2.01 to 2.82 GHz
401 to 406 MHz
433.1 to 434.8MH
868.0 to 868.8 MHz
902.8 to 928.0 MHz
2.45 GHz

Application
ISM Band
ISM Band

[6]

15 × 30 mm2

-

[10]

25 × 35 mm2

FR-4

UW

[11]

43 × 28 × 1.6 mm3

FR-4

[15]

42 × 62 mm2

RT-Duroid 5880

[16]

27 × 27 × 1 mm3

FR-4

[17]
Proposed
antenna

62 × 43 × 1.67 mm3

FR-4

2.27–2.57 GHz
3.2 to 3.5 GHz
3.9 to 4.3 GHz
4.25 to 12.5 GHz
(SS-UWB)
2.3369–2.443 GHz

On-Body
Application
ISM band
On-Body WBAN
Communication
On-Body
Application
WBAN

25 × 20 × 0.07 mm3

Polyimide

2.45 to 2.48 GHz

ISM Band

MedRadio and ISM
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(b)

Figure 13. Surface current distribution of FPEP antenna at 2.46 GHz frequency, (a) radiating patch
and (b) ground plane.

Figure 14. SAR of the proposed antenna on skin-cotton layer.

5. CONCLUSION
In this paper, we have designed and tested an ISM antenna for the on-body application. The antenna
is a parasitic structure with hexagonal ring in the ground plane. The designed antenna operates at
2.46 GHz, and measurement result shows the resonance at 2.45 GHz. The proposed antenna is used to
measure the body temperature. This proves the agreement between the experimental and simulated
results. The radiation pattern is bi-directional, and a 10 dB isolation is observed between co-polarization
and cross-polarization.
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