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Compact Circularly Polarized Wearable Button Antenna with Broadside
Pattern for U-NII Worldwide Band Applications

Xiaomu Hu, Sen Yan, and Guy A. E. Vandenbosch

Abstract—A novel circularly polarized button antenna is
proposed. The antenna is constructed on a disc shaped FR-4
substrate. This disc is located on top of a textile layer and
supported by a feeding probe. The antenna works in the 5.47-5.725
GHz U-NII world wide band, with over 14% relative impedance
bandwidth and over 7% relative axial ratio bandwidth. A
prototype has been fabricated and measured. A good agreement is
found between measured and simulated results.

Key words—Circular polarization, Axial ratio, Wearable,
Button antenna, U-NII band.

I. INTRODUCTION

The past decade saw an increasing research interest in body-
centric wireless devices [1-7]. Research has been performed in
numerous areas, such as health monitoring [6], indoor body-
centric communication [3,7], radio frequency identification, on-
body GPS location, etc. However, the polarization mismatch
issue of wearable antennas has been scarcely touched upon.
While already being an issue in handheld terminal
communications [8], the polarization loss factor could be
further amplified by human body movements for these
antennas, causing challenges in communication quality. A
feasible solution regarding this issue is to design a circularly
polarized wearable antenna rather than a linearly polarized
antenna. Over the years, several articles have addressed this
method for different applications [9-17]. Most of these papers
focus on the 2.4GHz ISM band, with a flexible design to fit on
the human body [11-14]. On the other hand, circularly polarized
antennas aiming at SGHz or higher are less focused on, with
even fewer efforts to make this idea fit into body-centric
applications [16]. With indoor wireless communication moving
into the higher frequency band for better channel capacity and
transmission speed, more attention should be paid to this issue.

In this work, a novel circularly polarized button antenna is
proposed, covering the 5.47-5.725GHz U-NII worldwide band.
The main radiator was designed and built on a rigid FR-4
substrate in the shape of a small button, with a flexible matching
circuit on the surface of the textile layer. The antenna also
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Table I. Comparison with literature

AR
Height Impedance
Ref. | D0 kaof — pyickness -10aBBW S4B Button
(GHz) radiator* (mm) (GHz) BW Antenna
(GHz)
91 1.6 1.42 7.7 1.5-1.7 1157 No
1.61-
[10] 1.6 1.53 3 1.59-1.67 1.65 No
[11] 2.2 0.81 1.3 2.15-2.49 2213 No
2.4-
[41 245 1.77 35 2.37-2.64 247 No
2.42-
[14] 2.45 1.36 7.7 2.39-2.44 247 No
2.4-
(1] 245 1.73 3.94 2.33-2.58 246 No
2.16-
[13] 245 1.85 1 1.94-3.03 2.66 No
Not 2.4-
[12] 245 oned 5.2 2.38-2.49 247 No
Not 2.29-
[15] 245 1.79 mentioned  2-3GHZ 236 No
3.77-
[16] 4 1.31 53 3.77-4.24 426 No
[17] 55 1.24 1.6 5.0-6.4 55'%' No
This 5.44-
work | 53 1.12 12 5.42-6.10 58 Yes

*a is the radius of the disc enclosing the antenna’s radiator

features a relatively compact size and a broadside radiation
pattern and is especially suited for on-torso off-body channel
applications. However, if bending is allowed, on-arm
topologies are also possible. The antenna successfully achieves
the targeted impedance and AR bandwidth, with a relatively
high radiation efficiency. In Table I, a performance comparison
is given between the proposed antenna and similar antennas in
literature. Note that since the flexible ground in our antenna is
of a textile nature and in practice can thus be implemented as
part of the garment, the size of the ground is not a real issue
during the integration of the antenna, and thus larger ground
plane sizes are allowed. The real challenge is to reach the
specifications for the antenna with a button conform to existing
button sizes. Therefore, the ka values of the actual radiators are
compared in the table. The radiator of the topology in reference
[11] is smaller in size. However, it is achieved with more
expensive high-k materials as antenna substrate. If this model
would use the much cheaper FR4 substrate instead (the same as
used in our work), the ka value would increase to 2.07, which
is much bigger than the 1.12 obtained in our work. As far as
the authors can see, this is the only work featuring a wearable
circularly polarized unidirectional button antenna within the
5GHz band. On top, the radiating structure of the antenna is one
of the smallest of its kind and the antenna only uses a cheap and
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Fig. 1. Antenna Configuration. (a) Front view of the button. (b) Back
view of the button. (c) Geometry of the meandered line. (d) Side view.
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Fig. 2. The four steps of the antenna design: (a) probe fed strip with
loading, (b) with the gap loaded loop, (c) with the outer enhancing loop,
(d) with the meandered line for impedance matching.

common substrate.

CST Microwave studio 2016 was used in the design and
simulation phase [18]. Measurements were performed using an
Agilent Vector Network Analyzer and the anechoic chamber at
KU Leuven.

II. ToPOLOGY

In Fig. 1, the topology of the proposed circularly polarized
button antenna is presented. The main body of the antenna is
constructed on a button shaped FR-4 substrate (thickness of
Imm, permittivity of 4.3, loss tangent of 0.025), with radiating
elements on both sides. On the top surface of the button, a full
metal circle and a smaller gapped metal circle are printed. On
the button’s bottom surface, a rectangular metal strip is present,

Fig. 3. Surface current distribution at 5.5 GHz: (a) single probe fed rectangular
strip, (b) with gap loaded loop added, (c) with outer enhancing loop added. (d)
direction of the surface current on strip and loops.

Fig. 4. (a) Fabricated prototype. (b) Backside view. (c) On-torso measurement
setup. (d) Measurement setup with bending mimicking an on-arm situation.

Table II. Antenna parameters.

Parameter Value Parameter Value
d_feed 1.28 mm t_loop2 1.04 mm

d_via 0.70 mm t_sub 3 mm

h 8 mm theta 56.26 °
1_meander 13.44 mm w_meander 5.11 mm
1_strip 11.47 mm w_strip 1.84 mm
r_button 9.77 mm wl 1.2 mm
r_loopl 5.07 mm w2 0.4 mm
r_loop2 8.43 mm x_feed 3.08 mm
sigma 9.57° x_strip 4.22 mm
t_button 1 mm x1 2.73 mm

t_loopl 1.88 mm

with a shorting pin on one end to the top-side’s gapped loop.
On the other end of the rectangular strip, a feeding probe is
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Fig. 6. Impact of different ground sizes on Axial Ratio performance
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Fig. 7. Simulated and measured reflection coefficient. The free space
case indicates that the complete antenna, including conducting textile
ground, is mounted on a positioner in an anechoic room.

directly connected to the coaxial feed below the flexible
conductive textile ground. The feeding probe also serves as
support for the antenna’s main body. At the lower part of the
structure, there is a 3 mm thick layer of normal textile from RS
components© that serves as the supporting substrate. Finally, a
layer of conductive textile, SHIELDIT™ SUPER is found at
the bottom of the whole structure forming the flexible ground,
as shown in Fig. 4 (b). SHIELDIT is a material well-known for
shielding purposes, but the latest few years, it has been also
used a lot as conductor in textile antennas [19]. Both the normal
and the conductive textile layer can be easily integrated into
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Fig. 8. Simulated and measured far-field patterns in free space at (a)
5.5GHz (b) 5.7GHz.
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Fig. 9. Measured far-field patterns on-torso and on-arm (bending) at (a)
5.5GHz (b) 5.7GHz.
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Fig. 10. Simulated and measured Axial Ratio in the broadside direction.

7
——Meas. Free Space
6f Meas. On-Torso 1
—o—Meas. On-Arm (Bending)
S Sim. Free Space 1
% .
R= 3
S
2
Ir J
0 1 1 1 1 1
54 5.5 5.6 5.7 5.8 5.9 6
Frequency (GHz)
Fig. 11. Simulated and measured gain.
Table III. Performance of the antenna.
Sim. Meas. Meas Meas.
Free Free On Ar;n On Arm
Space Space Bending
-10 dB
Impedance 5.47- 5.40-
Bandwidth 608 461l oy 53622
(GHz)
3 dB Axial
Ratio 5.42- <5.40- 5.40-
Bandwidth 5.80 5.69 5.69 557571
(GHz)
Radiation 5.5GHz: 79.9% 5.7GHz: 75.7%
Efficiency
Total Efficiency 5.5GHz: 71.5% 5.7GHz: 70.8%

human clothing. The permittivity and loss tangent of the textile
are 1.4 and 0.044, and the conductivity of the conductive textile
is 1.18x10° S/m. This conductivity is lower as in the case of
copper, which typically leads to the lower efficiencies in textile
antennas. The size of both the ground and the textile is 100mm
x 100mm. The airgap between the button body and the textile
substrate is 8mm. On top of the textile layer, a flexible PCB of
23mm x l6émm is placed, with a meandering line. The
thicknesses of the textile layer and the conductive textile ground
are 3mm and 0.17mm, respectively. In Table. II, the antenna
parameters are given in detail.

IITI. DESIGN PROCESS AND OPERATION

The main goal of this design is to achieve a compact wearable

button antenna with circular polarization in the off-body
direction. The design process can be divided into four steps.
First, a broad-side pattern is obtained by loading a rectangular
strip to the monopole-like feeding probe, see Fig. 2 (a). In this
way, a linearly polarized antenna is achieved. To realize
circular polarization, the complementary normal component
must be generated. This is done with a gap loaded strip loop,
see Fig. 2 (b). By carefully designing the loop, which can be
seen as a magnetic dipole, and its gap, a quasi-circularly
polarized pattern is obtained in the far-field. To further improve
the axial ratio performance of the structure, a full loop outside
the gap loaded loop is added to the structure, see Fig. 2. (c).
Finally, an open meandered line is added to the structure, as
shown in Fig. 2 (d), introducing inductive impedance matching.

The operational principle of the antenna is illustrated in Fig.
3. In Fig. 3 (a), the surface current of the single rectangular strip
loaded monopole at 5.5GHz is presented. As can be observed,
the current is mainly concentrated on the strip, leading to a
broadside pattern. In Fig. 3 (b), the effect of the gap loaded loop
is shown. A surface current lower than the strip current is
distributed over the loop half where the gap is situated. Finally,
the outer loop is added. The surface current shows a more
densified distribution on the gap loaded and full loop,
generating the correct component needed for the circular
polarization, see Fig. 3 (c). In Fig. 3 (d), the direction of the
surface current on strip and loops is shown. The current
direction is consistent on the strip, indicating a dipole-like
current distribution parallel to the ground, while the current
direction on the loops are inconsistent, showing two opposite
directions, indicating a multiple dipole-like distribution parallel
to the ground. This explains the broadside far-field pattern seen
in Fig. 8 and 9.

Note that the proposed antenna uses a large flexible
conducting textile as ground. In Fig. 5 and 6, the impact of
different ground sizes in free space is shown. It can be observed
that the ground size does not have a large impact on the
reflection coefficient performance. However, the point with the
lowest AR shifts by approximately 200 MHz with the increase
of the ground size from 30 mm to 100 mm. It is important to
emphasize that the flexible ground in practice can be
implemented as part of the garment, thus larger sizes are not a
problem in real life. Taking this into consideration, a relatively
large ground size of 100x100 mm? was chosen for the
fabricated prototype.

IV. RESULTS

A prototype of the antenna was fabricated and measured, see
Fig. 4 (a). The on-torso measurement setup is shown in Fig. 4
(c). For the on-arm situation, a bottle of body simulating liquid
MSL2450v2 was used to mimic a human arm, as shown in Fig.
4 (d). The bottle’s radius is approximately 30mm. An SMA
connector was used to feed the structure. The detailed
performances of the proposed antenna are listed in Table III.

A. Reflection Coefficient and Radiation Pattern

The reflection coefficient is shown in Fig. 7. The model
without meandered line does not reach -10dB, while the
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simulated model with meandered line covers a bandwidth of
over 610MHz, ranging from 5.47 to 6.08GHz. The
measurements show a slightly wider -10 dB bandwidth, ranging
from 5.43 to 6.11GHz. It is seen that the human body’s presence
does not have a large impact on the reflection coefficient,
proving the effectiveness of the large ground plane.
Remarkably, the on-arm (bending) situation results in a lower
reflection in a wider band, which could be due to the
combination of bending and losses.

In Fig. 8 and 9, the simulated and measured radiation patterns
are given. The main polarization of the antenna is the left-
handed circular polarization. It is clearly seen that the LHCP
main beam direction and beam width are very well predicted
and are maintained in all situations: free space, on torso, and
even on arm. In the main beam the RHCP is always below —
10dB. The backside radiation is in the order of -10dB. These
numbers are common in wearable situations.

B. Axial Ratio

The axial ratio in the broadside direction is displayed in Fig.
10. The free space simulation result indicates a 3dB axial ratio
bandwidth from 5.42GHz to 5.81GHz, covering the targeted
bandwidth. The measurement in free space agrees well with the
simulated results. The on-torso measurement shows a notably
narrowed frequency bandwidth, from 5.49GHz to 5.69GHz.
This could be caused by the inevitable small movement of the
human body during the measurement. Finally, the on-arm
(bending) situation shows a similar, but slightly shallower axial
ratio curve compared to the free space result. The results also
cover the targeted bandwidth, illustrating the robustness with
respect to the ground curvature.

C. Gain

The simulated and measured gain are shown in Fig 11. A
discrepancy of up to 2dBi is present in the lower frequency
band. The measured results are relatively flat (around 3.5dBi)
across the entire operating band. It is worth mentioning that in
the on-arm (bending) situation the gain shows a similar effect
as in the case of the axial ratio, with a shift in frequency of
approximately 200MHz.

V. CONCLUSION

A novel circularly polarized button antenna for U-NII 5.47-
5.725GHz applications was proposed, simulated, prototyped,
and measured. The proposed antenna is the first button structure
reaching circular polarization in this band, and this with a very
compact size. The measured antenna performance agrees well
with the simulated one.
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