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Abstract

Abstract — In this report, a low-profile, flexible,
efficient, and directive metasurface antenna (MSA) has
been proposed for biomedical applications. The MSA
has been formed by incorporating the CPW-fed square
spiral patch and a 7x7 order MS. The spiral patch and
the MS have been designed over poly-lactic acid (PLA)
dielectric in a stacked manner. The proposed antenna
has fractional bandwidths of 7.1 % and 11.3 % at 6.86
GHz and 10.99 GHz, respectively. The antenna achieves
the realized gain of 2.2 dBi at 10.99 GHz. The antenna
provides directional radiation characteristics in both
the E- and H-planes. This MSA may be applicable in
biomedical activities such as post-operative blood flow
monitoring after reconstructive surgery.

Keywords—Metasurfaces, Antenna, Biomedical
applications.

1. Introduction

Flexible antennas are growing due to the increasing
demand for Internet of Things (IoT) frameworks, wearable
devices, customized medical platforms, 5G technology,
wireless sensor networks, smaller form factor
communication devices, etc. [1-4]. The design of non-rigid
antennas depends on the substrate, materials, processing
techniques, antenna performance, and the surrounding
environment [1-4]. Biodegradable polymers and plastics
are good for the environment because they reduce
pollution, save resources, and minimize non-recyclable
wastes [2-5]. Polylactic acid (PLA) is a plant-based
polymer that can be decomposed. PLA possesses unique
features such as biodegradability, biocompatibility,
excellent electrical and mechanical qualities and has been
thereby employed in biomedical and tissue engineering

of antennas with defective ground, slotted, spiral, fractal
shape, and PIFA have been proposed in the literatures;
however, they are not low profile, making them unsuitable
for implantable applications [12-13]. The primary
requirement of antenna design for biomedical applications
is that the physical size of the prototype must be small with
excellent radiation characteristics.

A portable, flexible, efficient, directional, and dual-band
metasurface antenna (MSA) has been proposed in this
paper for biomedical applications. The MSA has been
integrated with a CPW-fed spiral patch and a 7x7 order
metasurface (MS). The MSA operates over two different
frequencies, 6.86 GHz and 10.99 GHz, with a maximum
return loss of 29 dB at 10.99 GHz. This antenna yields
fractional bandwidths of 7.1 % and 11.3% at the
operational frequencies, with a maximum achievable gain
of 2.2 dBi at 10.99 GHz. The prototype exhibits directional
radiation features in both the E- and H-planes.

2. Design of the structure
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Figure 1. The 3D view of the proposed MS structure
[Designed parameters: w,= [, =10 mm, #; = t,=0.1 mm)].
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applications [4-7].

Flexible antennas are commonly used in biomedical
equipment for wireless operation and bidirectional data
communication [6-10]. Biomedical antennas are essential A
components for implantable medical devices (IMD) that
exchange body anatomy data with installed base stations
[6-10]. Several distinct prototypes of implantable patch i
antennas have been presented till date; however, they suffer F&=‘]
from multiple features such as the radiation efficiency, @
gain, impedance bandwidth, axial ratio bandwidth, large
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antenna footprint for implantation [7-11]. According to
some reports, the antenna dimensions are significantly
reduced, making them suitable prototypes for implantation;
but they are prone to multipath fading due to their
omnidirectional linearly polarized radiations [7-11]. For
wide impedance and axial ratio bandwidth, several forms

Figure 2. Schematic view of the proposed MSA with (a)
top and (b) bottom views [Designed parameters: w,= [, =10
mm, s;=7.4 mm, s; =8 mm, 53 = 4.8 mm, s;,= 2.6 mm, S5
= 1.5 mm, s¢=0.9 mm, s, =0.7 mm, ¢;= 1.5 mm, ¢, = 4.3
mm, u,, = 1.2 mm, ug = 1.4 mm].
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The proposed MSA comprises a CPW-fed spiral square
patch as the radiating element and a 7x7 order MSA. The
spiral patch and the MS are designed on two separate PLA
substrates (relative permittivity of 3.549 and loss tangent
of 0.001) of thickness 0.1 mm each. The spiral patch is
positioned on top of the first dielectric, while the MS layer
is arranged on the backside of the second dielectric. A 3D
schematic representation of the proposed MS structure is
shown in Fig. 1. In addition, Figs. 2(a) and 2(b) show the
top and bottom perspectives of the proposed prototype,
respectively. The proposed prototype has been analyzed
and optimized using Ansys HFSS [14].

3. Simulation Results

The conventional patch design steps with their respective
return loss characteristics are depicted in Fig. 3. Initially, a
spiral patch with a simple ground surface has been
analyzed in CASE-I of Fig. 3, in which the return loss
characteristics are not perfectly matched. Next, in CASE-
II, the CPW feeding has been introduced with the spiral
patch to improve the impedance characteristics. This
antenna operates at 9.67 GHz with a fractional bandwidth
of 16.9%, and it has been considered as a conventional
patch. Later, the 7x7 order MS has been incorporated with
the spiral patch for further improvements in the impedance
characteristics that have been depicted in Fig. 3.

The MS unit cell is made of a square annular ring. The
electromagnetic behaviour of the effective permittivity and
permeability of the MS unit cell has been
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Figure 3. The plot of S11 (dB) with respect to the frequency of the
different antenna configurations.

investigated by analyzing the reflection and transmission
properties of the periodic unit cell. The homogeneity
properties of the metasurface have been taken into
consideration when designing the MS unit cells. The
designed prototype operates in two distinct frequency
bands viz., 6.61-7.1 GHz and 10.23-11.48 GHz with the
fractional bandwidths of 7.1% and 11.3%, respectively.
The maximum return loss of 29 dB has been achieved at
10.99 GHz.

The surface current distributions at 6.86 GHz and 10.99
GHz for the top surface of the spiral patch and the bottom
MS layer have also been studied and are shown in Figs.
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Figure 4. The surface current of the proposed prototype at
6.86 GHz and 10.99 GHz.
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Figure 5. Plot of the realized gain (dBi) of the proposed
prototype at different operating frequencies.
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Figure 6. Radiation patterns of the proposed antenna prototype in
the (a) E-plane and (b) H-plane at frequencies of 6.86 GHz and
10.99 GHz.

4(a) and 4(b), respectively. They are denser between the
spiral surface interface and the CPW feed. The directions
of surface currents at the interface of the unit cells are
parallel, forming a magnetic coupling between the adjacent
unit cells, as shown in Fig. 4(b). The study of realized gain
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characteristics at 6.86 GHz and 10.99 GHz have been
illustrated in Fig. 5. A maximum gain of 2.2 dBi has been
attained at 10.99 GHz. The co-polarized and cross-
polarized radiation characteristics of the proposed MS
antenna along with the E- and H-planes at 6.86 GHz and
10.99 GHz, respectively, are shown in Figs. 6(a) and 6(b).
It is observed that the antenna radiates along the boresight
direction both in the E-and H-planes. At all operational
frequencies, the cross-polarized radiated powers are found
to be considerably lower than co-polarized ones.

4. Conclusion

This paper presents a low-profile, flexible, directive, and
efficient MSA for biomedical applications. A spiral patch
and a 7x7 array of periodic MS are arranged in a stacked
manner for performance improvement. The antenna
operates at dual frequencies, with fractional bandwidths of
7.1 % and 11.3 % at 6.86 GHz, and 10.99 GHz,
respectively. The antenna exhibits directional radiation
characteristics in the E- and H-planes, with a maximum
realized gain of 2.2 dBi at 10.99 GHz. This antenna can be
used in medical supervision or wearable applications.
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