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A novel type of wearable dual-band antenna
based on coplanar waveguide feeding
for wearable wireless communications
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A flexible and compact coplanar waveguide feed (CPW-fed) wearable antenna is introduced for
wireless wearable communications applications at the industrial scientific medical (ISM) band.
The proposed antenna consists of copper, which is used as the radiation patch and ground planes
printed on the same side of polyimide flexible substrate. The overall size of the antenna is 30 mm
x 28 mm x 0.08 mm, the results show that the antenna can transmit and receive signals in two fre-
quency bands of 1.89-2.67 GHz and 3.02-3.23 GHz, in which radiating properties are character-
ized and agree well with the simulation results. The antenna is bent in different directions to further
investigate the reflection coefficient and corresponding effect on the antenna under bending.
The center frequency of the antenna is slightly shifted towards higher and lower frequencies when
antenna is bent in X-axis and Y-axis, respectively. Furthermore, the wearability of the antenna is
verified when the antenna is placed on different parts of the human body such as wrist and chest.
Hence, the proposed flexible antenna is a suitable candidate for wearable wireless communication
applications.
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1. Introduction

In recent years, with the development of wireless body-area network (WBAN) and wear-
able electronics devices, investigations on the body centric wireless networks have
drawn significant attention [1, 2]. WBAN is centered on the human body and in vitro
communication equipment into a network. With the help of the WBAN, the medicine,
personal identification, navigation or entertainment will become better [3]. However, due
to the particularity of the WBAN, common antennas cannot work very well. So studying
the wearable antenna is the urgent affair. The 2.4 GHz frequency band centered at
2.45 GHz is the common industrial scientific medical (ISM) band for all countries and
WLAN, Bluetooth, ZigBee and other wireless networks can work in the 2.4 GHz band.
Hence, the 2.4 GHz band is the best choice for WBAN.

Compared with the traditional rigid antenna, flexible substrate materials are critical
to the study of wearable antennas [4]. In order to develop wireless communication sys-
tems that can be integrated into flexible materials, the requirements for flexible antennas
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and flexible passive devices are very stringent [5]. The radiation patch of antennas is fab-
ricated based on highly conductive and stretchable material (e.g., silver nanowires [6],
graphene [7], and fluid metal [8]), which is printed on flexible substrate, including
polyethylene terephthalate (PET) [9], polydimethylsiloxane (PDMS) [10], poly-
imide (PI) [11, 12], paper and textiles [13], efc. In addition, antennas with flexibility
and conformability have recently been proposed for the wearable wireless communi-
cation systems [14].

In order to realize the flexible wearable function and improve the utilization of
antenna, a wearable dual-frequency flexible antenna based on polyimide material is
designed in this paper. Through the coplanar waveguide feeding mode and the use of
PI materials, the antenna radiation patch and ground plane are integrated on the same
side of the dielectric substrate, so that the antenna radiation patch can deform with the
deformation of the dielectric substrate in a complex environment, and can maintain nor-
mal working performance. In addition, through constant modification and optimization
of the shape and size of the radiation patch and ground plane, the antenna can transmit
and receive signals in two frequency bands of 1.89-2.67 GHz and 3.02-3.23 GHz,
which effectively reduces the size of wearable devices. The simulation results show
that the designed antenna has a return loss of less than —10 dB, a voltage standing wave
ratio of less than 2, and a good impedance matching degree in the two operating fre-
quency bands. Meanwhile, the performance of E-plane and H-plane of the radiation
pattern is guaranteed, which meets the requirements of flexible wearable and dual-band
operation.

2. Antenna design

Polyimide (PI), a type of flexible substrate, is widely used in printed electronics, vehic-
ular communications and navigation because of its good stability, resistance to radiation
and dielectric properties [11]. However, there is a challenge to improve the properties
of wearable antenna for WBAN. In order to achieve miniaturization and better perfor-
mance, wearable antenna adopts coplanar waveguide feed (CPW-fed) which allows the
radiation patch and the ground plane to be located in the same layer of the flexible sub-
strate to achieve parallel or series connection with other microwave devices [15, 16].
The PI material is chosen for design of the antenna with thickness of 0.08 mm as the
dielectric substrate, dielectric constant of 4.3, loss tangent of 0.004, and the radiation
patch and ground plane of the antenna are the most commonly used copper material
(thickness of 0.5 inch). Coplanar waveguide feeding structure is adopted, and the ground
plane comprises two rectangular patches operated by cutting corners and ring structure,
which are printed on the same side of the antenna as the radiation patch with a rectan-
gular gap. The overall size of the antenna is 30 mm x 28 mm x 0.08 mm. The antenna
structure is shown in Fig. 1. Antenna with a coplanar waveguide feed mode, the input
impedance of 50 Q, good impedance matching is realized. The specific size param-
eters of the optimized antenna are as follows: L =30 mm, L; = 19 mm, W = 28 mm,
W, =86mm, L, =11.4mm, W, =9 mm, L; =3 mm, W; =4.6 mm, L, = 7.4 mm,
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Fig. 1. Dimension diagram of dual-band flexible antenna structure.

Ly=54mm, Wy=4.6mm, Lg=2.1 mm, Ws=08mm,S=4mm,S;=2mm, T=
= 10 mm, and the thickness of the dielectric substrate H = 0.08 mm.

A single layer antenna fed by a coplanar waveguide is proposed. To achieve a dual
-band, the antenna introduces ring structure on patch and slot on the ground plane. Sim-
ulations based on commercial software Ansys HFSS and experiments are both con-
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Fig. 2. Original antenna (a) and its return loss variation with frequency curve (b).
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ducted to verify the performances of the proposed antenna. Figure 2a is the unmodified
and optimized single-band flexible antenna, whose return loss varies with frequency as
shown in Fig. 2b. The optimal resonant frequency of the antenna is 2.48 GHz and
Sy, 1s —28.70 dB. In the 2.11-2.85 GHz band, the return loss is less than —10 dB and
the absolute bandwidth is 0.74 GHz.

Figure 3a is the antenna with the ground plane cut on both sides to form the isosceles
right triangle with 2.10 mm side length, and with the metal line in the middle changed.
The return loss changes with the frequency, as shown in Fig. 3b. The shape and size of
the radiation patch did not change, so the resonant point of the antenna did not change.
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Fig. 3. Antenna after corner cutting of the ground plane (a) and its return loss variation with frequency
curve (b).
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Fig. 4. Antenna after the slit of the radiation patch introduced (a) and its return loss changing with fre-
quency (b).
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However, the angle cutting behavior of the ground plane deepens the resonance
degree, so at the resonance frequency of 2.48 GHz, S, deepens to —51.97 dB. In ad-
dition, by further optimizing the antenna size, the working bandwidth of the antenna
is also widened to 0.77 GHz, working in 2.01-2.78 GHz frequency band, which greatly
improves the performance of the antenna in this frequency band.

Figure 4a is the single-band flexible antenna after the radiation patch is introduced
into the slot structure based on the angle cutting operation of the two ground planes.
The return loss varies with the frequency, as shown in Fig. 4b. Through the slit of the
radiation patch, the antenna can also work normally in 2.01-2.79 GHz frequency band,
and the return loss reaches —56.20 dB at 2.38 GHz, which can carry out signal radiation,
thus turning the antenna into a dual-frequency antenna.

The antenna optimized by introducing symmetrical ring structure to two ground
planes is shown in Fig. 5a, and the return loss varies with the frequency, as shown in
Fig. 5b. By introducing a symmetrical ring structure on the two ground planes of the
antenna, the antenna can double resonance and achieve the effect of a dual-frequency
band. It can be seen from Fig. 5b that the introduction of symmetrical ring structure
enables the antenna to work normally in the two frequency bands of 1.89-2.67 GHz
and 3.02-3.23 GHz. At the first resonant frequency of 2.25 GHz, the return loss is
—18.41 dB, while at the second resonant point of 3.16 GHz, the return loss is —19.74 dB,
the bandwidth is 0.78 and 0.21 GHz, respectively, and the total bandwidth is 0.99 GHz,
greatly improving the performance. Figure 6 shows the gain diagram of plane £ and
plane H of the antenna at 2.45 GHz.

Figure 7 presents the radiation patterns of the antenna at different frequency points.
Figure 7a shows the resonance at point 2.25 GHz radiation pattern in the £ and H planes,
while Fig. 7b shows a resonance at point 3.16 GHz in E and H planes of radiation pat-
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Fig. 5. Dual-frequency band antenna with symmetrical ring structure (a) and its return loss curve with
frequency variation (b).
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Fig. 6. Gain of the dual-band flexible antenna.
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Fig. 7. Radiation pattern of the antenna at different frequencies: 2.25 GHz (a), and 3.16 GHz (b).

tern. Two resonant points can be seen, the dual-band with flexible antenna radiation
patterns are of approximate “eight” shape, and present a stable similar radiation char-
acteristics.

Figure 8 is the voltage standing wave ratio (VSWR) curve diagram of the dual-band
flexible antenna. It can be seen that in 1.86-2.73 GHz and 2.99-3.23 GHz bands, the
VSWR < 2 can completely cover the two working bands and meet the design require-
ments.

The surface current distribution of the proposed antenna at 2.25 and 3.16 GHz is
shown in Fig. 9. It can be seen from the figure that the surface current is mainly dis-
tributed in the spiral structure of the ground, the gap of the patch and the feeder. By
controlling the size parameters of these parts, the coupling degree can be affected, then
the impedance matching degree can be affected; the impedance matching optimization
is realized after optimization.
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Fig. 8. VSWR of the dual-band flexible antenna.
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Fig. 9. The surface current distribution of the proposed antenna: f=2.25 GHz (a), and f=3.16 GHz (b).
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Fig. 10. Curve of S;; changing with frequency under different gap widths of ww for symmetrical ring
structure of antenna.

Figure 10 shows the variation curve of §;; with frequency when the gap widths of
symmetrical ring structure with different values is introduced into the antenna ground
plane. When ww = 0.6 mm, the antenna has only one working frequency band; when
ww changes from 0.4 to 1.0 mm, the first resonant frequency point shifts to the right,
and the absolute bandwidth of both operating bands is improved, the antenna realizes
dual band. Therefore, ww = 0.8mm is selected to realize the dual-band antenna.

3. Experimental results and discussion

The proposed antenna is fabricated and measured. The prototype of the proposed antenna
is shown in Fig. 11. The overall size is 30 mm % 28 mm % 0.08 mm, which is similar

Fig. 11. Physical picture of antenna.
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Fig. 12. Test instrument and test environment.

to the size of a one-yuan coin. The medium substrate adopted is flexible material PI,
which has great flexibility and heat resistance, so that the antenna can recover after
deformation. The thickness of the proposed antenna is 0.08 mm. Figure 12 shows the
test environment and the instruments used. The vector network analyzer used in the
test is R&S ZVA24. The test results are clearly visible in the picture. The reflection
coefficient S|, of the flexible CPW-fed antenna is measured, and the measured and sim-
ulated results are revealed in Fig. 12.

Figure 13 is the comparison curve of the simulation and measurement of S;;, and
it can be seen that the results are basically consistent. Compared with the simulated
results, the test results of two resonant frequencies are slightly shifted to the right by
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Fig. 13. Comparison diagram of actual measurement and simulation of antenna ;.
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Fig. 14. The measured curve of VSWR.

0.2 GHz, which is caused by manual welding and operation errors. Figure 14 shows a
screenshot of the test results of the VSWR directly exported by the vector network ana-
lyzer. It can be seen that the condition of VSWR < 2 is also met in the two working
frequency bands of 1.89-2.67 GHz and 3.02-3.23 GHz.

Figure 15 indicates that the proposed flexible antenna exhibits a dipole-like pattern
in E-plane and H-plane. Meanwhile, the measured radiation patterns prove that the
flexible antenna exhibits well radiation properties, as well as the agreement with the
simulated results. The measurement results of the small flexible antenna are more like-
ly to be affected by the manufacturing process, resulting in deviation. In addition, the
insufficient welding process of an antenna adapter and other test environments will
also interfere with the test results.
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Fig. 15. The measurement result of the proposed antenna at different frequencies: f = 2.25 GHz (a),

and f = 3.16 GHz (b).



A novel type of wearable dual-band antenna... 169

4. Conclusion

The paper demonstrates a printed flexible CPW-fed antenna which uses PI as the sub-
strate and copper as the radiating element for ISM band. The measurement results of
the proposed antenna show that in two frequency bands of 1.89-2.67 GHz and 3.02
—3.23 GHz, which radiating properties are characterized and agree well with the sim-
ulation results. The measurement results are in good agreement with the simulation
results. Moreover, the proposed antenna meets the engineering requirements of the
ISM band and exhibits good radiation characteristics when it is bent in the X-axis and
Y-axis and placed in different parts of the human body. The compact, flexible and highly
efficient CPW-fed antennas are easy to fabricate and have omnidirectional radiation
characteristics, which is expected to find potential applications in various advanced
wearable devices for the wireless body area network.
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