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Abstract—This paper presents a textile-based antenna for the
currently deployed fifth-generation (5G) wireless bands. The
proposed antenna consists of a coplanar-waveguide (CPW)-fed
patch with truncated sides and a pair of L-shaped stubs as a part
of ground geometry. The antenna has a bandwidth of 3.3-3.8 GHz,
a peak gainof 3.17 dBi at 3.7 GHz and an efficiency of 64%. The
antenna is designed on denim fabric and offers desired flexibility
and ease of integration as a part of a garment, environmentally
friendly and biodegradable attributes of graphene due to non-
metallic nature, and affordability in terms of manufacturing cost.
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. INTRODUCTION

With the world moving towards a more sustainable future,
the emphasis is on biodegradable materials and waste reduction.
The 5G network is ready to be used in many countriesand the
preparations of the 6G networksare progressing [1]. In the past
few years, several aspects related to wireless communication
such as data rates, connectivity, bandwidth, coverage along the
reduction of energy consumption have shown enormous
progress. A drastic increase in the development of compactand
miniaturized wireless devices for on-body gadgetsis observed
[2, 3]. Wearable devices with integrated antennas prove to be
important in areas such as security, automation, electronic
systems; tracking devices, navigation systems and body
measurement or scanning devices [4]. Such antennas require
high-performance attributes along with miniaturization,
conformity and ease of integration into a garment [5].

Several aspects need considerations to acquire desired
performance characteristics. For instance, reasonable bandwidth
canbeachieved by awideband oramultiband design. Areliable
and consistent gain profile over the entire bandwidth is highly
desirable with decent radiation efficiency. It is also important to
examine the flexibility of the antenna structure while bending
along the non-planar surface of a human body that may result in
performance degradation [6]. Factors that can impact the
optimal functioning of a wearable antenna are humidity,
temperature, high electrical, mechanical, thermal, and chemical
properties of the materials. Key features of a potential antenna
solution integrated with wearables for modern 5G wireless
applications are low cost, lightweight, low loss, flexibility and
high resolution/accuracy in fabrication [7].

Graphene is a highly conductive 2-D nanomaterial where
carbon atoms are bound in a honeycomb shape hexagonal

lattice. It exhibits a mechanical strength of 130 GPa, excellent
conductivity for a single layer, reasonable conductivity up to a
fewlayersandbiocompatibility that fit wellwith miniaturization
of antennas and body-centric communications [9]. In this paper,
a textile antenna with graphene paper has been proposed that
offers performance stability, flexibility, eco-friendly due to non-
metallic conductive parts as the washing of copper-based
wearable antennas could be hazardous, and affordable in terms
of cost [10]. The emphasis of this work is on delivering an
efficient and eco-friendly antenna targeting the currently
deployed 5G band of 3.3-3.8 GHz for body-centric applications.

Il. ANTENNA DESIGN AND METHODOLOGY

The proposed 5G antenna (dimensions: 107 x 122.2 mm?) is
designed on a denim substrate (thickness: 0.5 mm) and the
conductive part is created with a graphene paper (thickness: 0.4
mm and conductivity of 1x10* S/m). The structure is comprised
of a coplanar waveguide (CPW)-fed rectangular patch with
rectangular notched trimmed-off on both sides to incorporate
longer radiating length in a smaller footprint. The appropriate
impedance matching is achieved by a step-rise geometry of the
ground plane instead of a typically flat ground plane. The height
of the step introduced in the ground is represented by G4 and
represented in Fig. 1 along with all other dimensions. The CPW
ground is also augmented by two L-shaped stubswhich act as
reflectorsto converge the radiation of the antenna towards the
top and bottom side. The simulation is conducted in CST
Microwave Studio Suite and the optimized dimensions of the
antenna are provided in Table 1. For conformal analysis, the
antennais bent at different radii from 50 mm to 90 mm.
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Fig. 1. Simulation modelof the proposed graphene antenna forwearables: (a)
frontview, (b) side view, (c) conformalview.



TABLE I. OPTIMIZED DIMENSIONS OF THE GRAPHENE ANTENNA
Antenna Feedline Backside Stub Ground
(mm) (mm) (mm) (mm) (mm)
Aw 365 | Wb | 40 Wh 107 Bw 86.5 Gl 30
Al 15 Lb | 16 Lb 3 Bl 213 | Gl 6.2
A2 10 Bwl 2.5 G2 | 426
Cw 3.2 G3 16
Cl 20 G4 5

I11. RESULTS AND ANALYSIS

The antenna performance is analyzed in the CST simulation.
Parametric analysis onall the design parameters is carried out to
achieve optimal performance. The reflection coefficient (S11)
plots on Fig. 3. (a) shows the resonant frequency of 3.66 GHz
with an impedance bandwidth of 0.43 GHz taking-10dB as a
reference, whichcovers the entire range recently being deployed
for the 5G applications. In orderto investigate the conformity,
the bending of the antenna was observed along different radii.
The plots in Fig. 3 (b) show S11 for different bending radii that
depictbendinghasaslightimpact on the bandwidth andreduced
it to 0.41 GHz. This is completely acceptable as most of the
wearable applicationsareshort-rangeand-6 dBi is an acceptable
limit. In Fig. 3, E and H-plane cuts of the radiation pattern show
an omnidirectional pattern though the L-shaped stubs act as
reflectorsand converge the beam towards the front and back of
the antenna. The peak gainis 3.169 dBi at 3.685 GHz as shown
in Fig. 4. The simulated antenna efficiency is 64%.
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Fig. 2. Simulated S11 of the proposed graphene antenna: (a) planar antenna,
(b) bentantenna
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Fig. 3. Simulated radiation pattern of the proposed graphene antenna: (a) E-
plane cut, (b) H-plane cut.
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Fig. 4. Maximum gain vs. frequency of the proposed graphene antenna: (@)
E-plane cut, (b) H-plane cut.

IVV. CONCLUSION

The paper has presented a textile-based biodegradable and
eco-friendly antenna as a desirable choice for recent 5G
wearables. The use of fabrics as substrates make it a feasible
choiceto be integrated with garments. To avoid metal residuals
in water supplies after washing the electronic wearables,
graphene paper is used instead of conventional copper or other
typical metalsinthisantenna. The proposed antenna has shown
stable performance in conformity analysis when subjected to
different bending curvatures. The high conductivity and
substantial thickness of the graphene sheet control the
bandwidth and efficiency of the proposed antenna. The
impedance bandwidth of 0.41 GHz ranging from 3.4-3.9 GHz,
the directivity of 3.34 dBi, the peak gain of 3.169 dBi and
efficiency of 64%are key features of this textile-based antenna.
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