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Abstract—The design procedure for a wideband wearable
antenna made fully using textiles based on microstrip topology
is presented. The antenna operates within the 2 to 3 GHz band
with a fractional bandwidth of 51 % and low back radiation
towards the body. The existence of the ground plane ensures
minimal interference with human tissues when worn while it
reduces the electromagnetic power that is potentially absorbed
into the human tissue. The narrowband characteristics of the
antenna are alleviated by integrating several broadbanding
techniques: multi-resonance overlapping, increased substrate
thickness, added slots and parasitic patches, and finally,
impedance tuning using a staircase-like structure. The levels of
forward and back radiation are assessed and the antenna
features 17 dB front-to-back ratio and 3.5 dBi average gain
throughout its operating band.
Index Terms— broadbanding technique, textile antennas,
wearable antennas, wideband antenans.

I.

INTRODUCTION

Microstrip antennas are widely used in a multitude
wireless communication applications. However, their
traditionally narrow bandwidth [1] may hinder their adoption
for practical wideband applications of wearable electronics.
The introduction of multiple wireless standards throughout
the band between 2 and 3 GHz has intensified the research
into providing a single antenna hardware to cover operation
within this band. Such features translate into space and cost
efficiency to operate within popular 2 to 3 GHz bands such
as the Wireless Local Area Network (WLAN), Wireless
Body Area Network (WBAN) and Long Term Evolution
(LTE) bands [2-3]. Besides that, the development of
wearable devices with flexible substrates that operate in
these bands is of interest because the traditionally rigid
substrates of the antennas make current models
uncomfortable to the user.
Wideband antennas are typically designed based on the
conventional monopole topology. Such an antenna type
either requires a partial ground plane or integrated coplanar
waveguide structures, which then results in the placement of
their ground planes on the same plane as the radiating
elements [4-6]. The absence of the full ground plane which
acts as a shielding between the antenna and the human body

typically results in performance variation and potentially
high electromagnetic absorption into human tissue. Several
wideband wearable antennas have been proposed and
validated for on-body application [7-9]. They include the
planar inverted-F antenna (PIFA) which bandwidth was
broadened using slots and slits [7], an ultrawideband (UWB)
microstrip patch antenna was enabled using a multitude of
broadbanding techniques [8], and a wideband planar antenna
integrated with a T-shaped slot for the same purpose was
achieved in [9].
This work presents the design of a wideband antenna
based on the microstrip topology, which operates between 2
and 3 GHz. Fabricated fully using textiles, this antenna was
first investigated as a preliminary work via simulations [10]
and was integrated with an Artificial Magnetic Conductor
(AMC) plane backing in [11]. However, this structure is
newly reported due to its better performance when
implemented with the full rear ground plane instead of the
AMC backing. This is evident when observing the back
radiation towards the human user more effectively over the
operating band, defined by its front-to-back (FBR) ratio.
Such reduction also effectively minimizes electromagnetic
absorption in the human tissue, defined in terms of Specific
Absorption Rate (SAR).
II.

ANTENNA DESIGN AND MATERIALS

A. Textiles
Two textile materials were used in the design of the
antenna. First, a felt textile as the antenna substrate, and
second the ShieldIt SuperTM textile forms the conductive
elements. The felt textile is 3 mm thick, and features a
relative permittivity of ԑr = 1.44 and loss tangent of tanδ =
0.044. ShieldItTM is 0.17 mm thick and has conductivity σ =
1.18·105 S/m. The reverse side of ShieldIt is supplemented
by an adhesive to facilitate its attachment onto the felt
substrate. The ShieldIt substrate is fed using a conventional
50 Ω SMA connector.

B. Antenna Design
To support the multi-standard operation using a single
radiator structure, the proposed narrowband microstrip
antenna incorporates several broadbanding techniques. These
include: increasing substrate thickness, overlapping multiple
resonances [12], the addition of slots [9], parasitic patches
[13-14], and staircase-like structures [15]. To implement
these, two layers of felt substrate are used instead of one,
resulting in 6 mm overall thickness. Then, a multi-resonance
overlapping technique is implemented by introducing two
sub-radiators in the form of rectangular patches. These two
sub-radiators are designed with different dimensions to
operate at different frequencies prior to their integration with
each other. The top patch illustrated in Fig. 1 is designed for
operation at 1.5 GHz, whereas the other (lower) patch
operates at 2.5 GHz. Next, their operation is combined using
a microstrip transmission line that connects these two subradiators to function as a single radiator. The resulting
mismatch in impedance is initially alleviated using step
transitions before being further optimized.
To further extend the bandwidth, several slots and slits
are then integrated one after another onto the two patches.
Two E-shaped slots are first integrated onto the top patch,
followed by the incorporation of an F-shaped slit onto the
bottom patch. The addition of these slots created a significant
size reduction of the combined radiator. Next, a parasitic
radiator was introduced and was placed near the two subradiators.

The coupling between the newly introduced parasitic patches
and the two sub-radiators increased the bandwidth further.
To again match the impedance detuning resulting from the
implementation of these bandwidth broadening techniques,
steps and blends are then applied onto the radiating and
parasitic patches. Finally, the impedance matching for the
proposed antenna is further optimized using these slots and
slits to ensure that the reflection coefficient across the whole
targeted band is less than -10 dB. This impedance tuning
process is mainly performed using parametric study.
III.

RESULTS AND DISCUSSION

A. Parameter Optimization
Optimization of the parameters of the proposed antenna
were first performed. This process identified three main
design parameters. First is the width of the feed line to the
upper patch (Fw), secondly, the length of the stepped notch
feeding the lower patch (t), and finally, the minimum gap
between the radiating and parasitic patches (G). The
optimization of each parameter is performed independently
and keeping the rest of the parameter fixed in their values.
The variation of each parameter changes in terms of
reflection coefficient is summarized in Table 1. It is observed
that the changes to Fw affected the performance of the
antenna in the upper frequency. An optimal line width value
of 13 mm is obtained, which resulted in a 45% of fractional
bandwidth. Meanwhile, for the second parameter, the length
of the stepped notch (t) is chosen as 2 mm, which broadened
the bandwidth to 1.05 GHz (42.17 %). The largest fractional
bandwidth of 43.07 % was produced with G = 1 mm.
However, this dimension is not selected to avoid fabrication
inaccuracy. Instead, a 3 mm gap is used at the cost of a
slightly narrower fractional bandwidth of 41.44 %.
B. On Body Performance Evaluation
The next validation for the proposed wearable antenna is
to assess its performance when operated on body. This is
done using simulations and measurements when the antenna
is placed at a distance of 10 mm over the upper arm using a
foam-based spacer. In simulations a truncated model of a
voxel upper arm with the antenna placed at the same distance
and bent using a bending radius of r = 60 mm. The use of the

(a)

(b)
TABLE I.

SUMMARY OF ANTENNA PERFORMANCE EVALUATED
UNDER PLANAR AND FLEXED CONDITIONS
Condition

Param.

(c)
Fig. 1. Dimension of the proposed antenna (a) top view simulated; (b)
top view fabricated; and (c) side view. Dimensions: a = 8, b = 27, c = 13,
and G = 2. All dimensions are in mm.

Planar
(FS)

Bent with r = 60
mm (x-axis)

Bent with r =
60 mm (y-axis)

Sim FBR (dB)

17.74

9.52

14.02

Meas. FBR (dB)

21.09

12.88

18.92

Sim. BW (GHz)

1.05

1.04

1.10

Meas. BW (GHz)

1.30

1.30

1.26

Sim. SAR (W/kg)

N/A

0.111

0.06

truncated voxel model is to ensure reduction of
computational resources, whereas measurements were
performed when the antenna is placed at the same distance
on the upper arm of a human volunteer. Each measurements
were performed five times, and the results are averaged and
compared with simulations in Table 1. The simulated and
measured reflection coefficients (S11) are also illustrated in
Fig. 2.
When bent at the x-axis, the simulated S11 of the antenna
indicated a slight decrease in bandwidth to 1.04 GHz. In
comparison, the simulated bandwidth in planar form
produced a bandwidth of 1.05 GHz. On the contrary, there is
a slight increase of the bandwidth to 1.095 GHz when bent at
the y-axis. The measured antenna bandwidth indicated very
small changes when bent at the x-axis, relative to the 1.3
GHz bandwidth produced when assessed in free space.
When bent at the x-axis, simulated S11 of the antenna
indicated a slight decrease in bandwidth to 1.04 GHz. In
comparison, simulations in planar form produced a
bandwidth of 1.05 GHz. On the contrary, there is a slight
bandwidth increase to 1.095 GHz when bent at the y-axis
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Fig. 2. Simulated and measured antenna reflection coefficient in free
space, planar and bent conditions, when bent at the (a) x-axis and (b) yaxis.
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Fig. 3.

Fig. 7. Simulated and measured antenna radiation patterns (a) at the xzplane (bent at the x-axis), (b) at the xz-plane (bent at the y-axis), (c) at the
yz-plane (bent at the x-axis) and (d) at the yz-plane (bent at the y-axis).
Fig. 4.

The measured antenna bandwidth indicated very small
changes when bent at the x-axis, relative to the 1.3 GHz
bandwidth produced when assessed in free space. The
antenna bandwidth decreased slightly to 1.26 GHz when bent
with r = 60 mm at the y-axis. These results indicate the
robustness of the antenna when used in bent conditions.
The levels of back radiation was reduced due to the
proposed microstrip-based structure. This was evaluated in
terms of FBR, which is 17.74 dB in simulations and 21.09
dB from measurements when assessed for planar conditions.
When bent at the x-axis, the simulated FBR of the antenna is
reduced to 9.52 dB, whereas bending under y-axis resulted in
a smaller decrease of the FBR to 14.02 dB. On the other
hand, measurements of the antenna’s FBR when bent at the
x-axis also decreased its FBR to 12.88 dB. An interesting
behaviour is that the measured FBR when the antenna is bent
at the y-axis is slightly increased to 18.92 dB. This could be
due to the small expected changes in FBR, as was found in
simulations, coupled with possible small measurement errors
due to the signal fluctuations when calculating the FBR for
this bending condition. The simulated and measured
radiation patterns are presented in Fig. 3.
The safety level assessment of the proposed antenna for
its on-body operation is performed as the final assessment, in
terms of SAR. This is assessed based on the regulatory
standard provided by [16], with a maximum limit of 2 W/kg,
averaged over 10 g of tissue. Simulations were performed
using an input power of 0.5 W (rms) with bent antennas
placed at 10 mm on the same voxel upper arm model. Due to
the unavailability of measurement equipment, the SAR of the
proposed antenna was not validated experimentally. The
results of the on-body evaluations in terms of bandwidth,
FBR, and SAR at 2.45 GHz are also provided in Table 1.
IV.

validated to be safe and suitable for simultaneous wearable
WBAN, WLAN and LTE applications.
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