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Abstract—This paper highlights the performance of
Rectangular Textile Antenna (RTA) and Hexagonal Textile
Antenna (HTA) for bio-medical application using Denim as
substrate. The main objective of this paper is to compare both
RTA and HTA with respect to antenna parameters for similar
design specifications. The parameters considered in the
analysis using denim textile material as a substrate has relative
permittivity( =1.7) , loss tangent (tan =0.025) and thicknessϵ

𝑟
δ

(5mm). The width and length of RTA and HTA has been
optimised in HFSS. The result shows that Return Loss
Bandwidth (RLBW) of HTA i.e. 150MHz. (6.12%) is greater
than RLBW of RTA  i.e. 120MHz (4.9%).

Keywords—Simulation, Rectangular Textile Antenna(RTA),
Hexagonal Textile Antenna(HTA), Denim, Bandwidth, Voltage
Standing Wave Ratio(VSWR).

I. INTRODUCTION

Textile antennas are essential components in smart
fabrics and interactive textile systems that implement
sensing, localization, and wireless communication
functionality while being unobtrusively and comfortably
integrated inside garments. The implementation of such
antennas in textile materials first requires dedicated material
characterization techniques together with suitable
fabrication procedures. Moreover, to ensure stable
characteristics in proximity of the human body, a designer
must also carefully select the right antenna topology [1].

Patch antennas are planar antennas used in wireless links
and other microwave applications. A patch is typically
wider than a strip and its shape and dimension are important
features of the antenna. Hexagonal Textile antenna (HTA) is
one of the popular patch geometries like rectangular,
circular and triangular [3]. To make optimal use of the area
consumed by the antenna, active electronic circuitry may be
integrated directly onto the antenna feed plane. Moreover,
the large area available in garments can be exploited to
deploy multiple antennas, realizing diversity gain to combat
fading and body shadowing. Generally, Microstrip antennas
are designed using FR4 Epoxy as substrate which obstructs
the human body, thus textile substrate such as denim is used
in the proposed antenna .The Proposed design is simulated
using FEM based software HFSS and results are compared
using denim material as substrate with dielectric constant
taken as 1.7. Dielectric constant of denim has been assumed
initially from literature and then verified using cavity
resonance method. Recent literature shows that many
research papers on single band[4],dual band[9] as well as
multiband textile antennas are available but nowhere it
compares RTA with HTA. Hence the paramount aim of this

paper is to compare HTA and RTA with respect to antenna
parameters.

The rest of the paper is scheduled as follows: Section II
clarifies the approach used for calculation of length and
width of proposed RTA and HTA. Section III explains the
structure model of RTA and HTA. Section IV compares the
antenna performance with simulated results. Finally, Section
V presents the conclusion for proposed research.

II. ANTENNA DESIGN AND GEOMETRY

A. RTA Design Methodology:-
A rectangular textile antenna contains a patch on top of a

dielectric substrate which has a ground plane on the other
side. The textile antenna was designed to operate at 2.45
GHz ISM band.[2]
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B. HTA Design Methodology:-
Area of HTA is equated with that of a Rectangular

microstrip antenna (RTA) , an HTA with side S, with feed
along X axis is considered, the length for equivalent RTA is
given and . Similarly for the feed along𝐿 = 3𝑆 𝑊 = 3𝑆/2
the Y axis, L = 2S and W= 3 S/4 [3] .3
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III. STRUCTURE MODELS OF RTA AND HTA

A. RTA

The structure model of RTA is shown in fig 1. The
length of the patch is 42.35mm and width is 47.25mm. The
thickness of the dielectric substrate is 5mm. The width and
length of the substrate as well as ground plane is taken as
120x120mm2. A physical notch is introduced by the inset
feed, which in turn introduces a junction capacitance by
increasing the path length. The physical notch and its
corresponding junction capacitance influence the resonance
frequency. As the inset feed-point moves from the edge
toward the centre of the patch the resonant input impedance
decreases monotonically and reaches zero at the centre. The
length of inset feed for RTA is taken as 15mm and width as
3.5mm. The length and width of the transmission line is
45mm and 5mm respectively.

Fig. 1. Structure model of RTA in HFSS

B. HTA

The structure model of HTA is shown in Fig. 2. The
length of the hexagon side of the patch is 28.35mm The
thickness of the dielectric substrate is 5mm. The width and
length of the substrate and ground plane is taken as
120x120mm. The length of inset feed for HTA is taken as
15mm and width as 3.5mm. The length and width of the
transmission line is 51.5 mm and 5mm respectively.

Fig. 2. Structure model of HTA in HFSS

TABLEⅠ:  COMPARISON OF RTA AND HTA WITH RESPECT TO
VARIOUS PARAMETERS VARIOUS PARAMETERS

Parameters
Structure

RTA HTA

Substrate Area (A) 0.9835 λ
𝑜
2

0.9835 λ
𝑜
2

Patch Area (A) 0.137λ
𝑜
2

0.142λ
𝑜
2

Bandwidth (BW) 120MHz 150MHz
Return Loss
Bandwidth(RLBW) 4.9% 6.12%

VSWR 1.24 1.06

Return Loss(RL) -19.38 dB -30.72 dB

Impedance ( )𝑍
𝑂 0.877+0.1614i 0.99+0.058i

IV. PERFORMANCE SIMULATION AND ANALYSIS

The proposed antennas RTA and HTA are
simulated using the HFSS between 2GHz to 3GHz with step
size of 0.01GHz having a resonating frequency of 2.45
GHz. RTA has a bandwidth of 120 MHz(RLBW =4.9%) and
HTA of 150 MHz(RLBW =6.12%) which is shown in Fig.
3. The VSWR curve of both RTA and HTA is compared in
Fig. 4. The values of VSWR are 1.24 and 1.06 at 2.45 GHz
for RTA and HTA respectively. This shows that HTA has
more Bandwidth than RTA as shown in Fig. 3

Fig. 3. Frequency vs. Return Loss of RTA and HTA

Fig. 4. VSWR curve of RTA and HTA



The radiation patterns of RTA and HTA where E-Plane,
H-Plane and its cross polarisation is shown in Fig. 5 and
Fig. 6, respectively.The Smith Charts of RTA and HTA is
shown in Fig. 7 and Fig. 8. 3-D Polar Plot of RTA and HTA
is shown in Fig. 9 and Fig. 10 respectively. This shows that
the antenna is radiating more in the broad side direction.

Fig. 5. Radiation Pattern of RTA

Fig. 6. Radiation Pattern of HTA

Fig. 7. Smith Chart of RTA

The Impedance ( ) of RTA and HTA is 0.877+0164i and𝑍
𝑂

0.99+0.058i  shown in Fig. 7 and Fig. 8 respectively.

Fig. 8. Smith Chart of HTA

Fig. 9. 3D Polar Plot of RTA

Fig. 10. 3D Polar Plot of HTA



V. CONCLUSION

The configurations of HTA and RTA using denim as
substrate have been proposed and investigated successfully .
Considering the above results, it is observed that HTA has
better performance than RTA in parameters w.r.t. VSWR,
,return loss bandwidth and also HTA has better impedance
matching as compared to RTA both operating at the same
resonant frequency i.e. 2.45GHz which is in the ISM Band.
The Textile Antenna is a suitable candidate for wearable
applications, as its bandwidth is greater than 83.5GHz(ISM
band i.e. 2.4GHz-2.4835GHz) which is suitable for
bio-medical applications such as cancer detection as well as
wireless communication applications . The future work on
textile antennas includes testing of RTA and HTA under
bending conditions.
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