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Abstract
This study presents a novel UWB �exible antenna with dual band-notched design for wearable biomedical
devices. The proposed antenna is designed on Kapton Polyimide-based �exible substrate. This includes a
CPW fed circular and triangle structure. The dual notched bands are realized by using two triangular-
shaped defected ground structures. The �rst notched band (2.4−3.7 GHz) is generated for rejecting WLAN
and WiMAX, the second notch (5.15-5.725 GHz) is generated for rejecting HyperLAN /2. The designed
UWB antenna has approximately  a bandwith of 150% (2.05-14 GHz) in simulation. Thus, the designed
UWB antenna meets FCC standards. The antenna has an omnidirectional radiation pattern with a
maximum gain of 12.7 dB in 8.4 GHz.The proposed antenna is fabricated with the low-cost airbrush
printed technique. In this technique, a higher gain value is obtained by controlling the thickness of the
conductive layer .Effect of �exibility on the antenna performance is tested for different con�gurations in
the simulation and anechoic chamber environments. According to the results obtained, the overall
performance is not affected except for the shift in frequency. Since the antenna has a UWB structure, the
frequency shift that occurs in bending is at a tolerable level. The proposed UWB antenna is suitable for
wearable biomedical devices, with a high UWB performance.

1) Introduction
Nowadays, the health sector is based on "the right treatment for the right person at the right time." It is
expressed as a personalized service according to the biological, social, and cultural characteristics of the
individual. However, the Covid 19 pandemic has shown that facilitating access to treatment in the health
sector and increasing the quality of treatment with the introduction of remote patient follow-up systems
are the basic needs that are expected to be met. These needs will increase both the demand for wireless
devices with the developing technology and the demand for wearable biomedical devices for health
monitoring systems in the health sector.

Wearable biomedical devices are popularly used, especially in body-centered systems. For this purpose,
the need for �exible antennas that can be applied in biomedical applications, wearable applications[1, 2]
and body-mounted applications has increased. [3–5]. Various antennas are used for wireless
communication in clinical treatment and remote monitoring devices. Antennas typically need to be
�exible, highly e�cient to facilitate all on-body wireless systems. It is also highly desirable to maintain a
reliable connection, as deformation and body movement is likely to occur in a real-time operation, which
will degrade antenna performance. Much attention has been directed to wearable systems, wearable
antennas and antenna miniaturization techniques in the literature [6–9].

The need for wide bandwidth, high data rates, low cost of implementation, miniature dimensions offer the
opportunity for UWB (the range from 3.1 GHz to 10.6 GHz [10]) to be widely used for future wireless
technology. But, UWB communication systems have serious electromagnetic interference problems due
to the fact that there are many narrowband wireless communication systems operating in the same
frequency spectrum such as WLAN, Wi-MAX, HyperLAN /2 bands etc. These interferences can be
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overcome by adding bandstop �lters to the UWB antennas. However, its increases both the complexity of
the UWB system and the cost. Therefore, these interference effects can be reduced with an antenna band-
notch characteristic. Many trends in the design of UWB antennas have been reported in recent years [11–
13]. However, designing �exible antennas for wearable applications requires constant innovation [14].
Different planar monopole antenna structures are widely used in the design of UWB antennas because
they show �xed omnidirectional patterns on the UWB frequency band. Designing a �exible antenna will
require thin substrates; as a result, the antenna will tend to degrade in the radiation pattern. It is an
element to be considered in the design. The comparison of current studies in the literature is given in
Table 1.

Table.1 The �exible UWB antenna literature comparison.

Ref. Operating range
(GHz)

Bandwitdh

(%)

E�ciency

(%)

Number of
Notch band

Peak Gain
(dBi)

Bending
test

[15] 2.7–12 126 55–86 Dual 8.2 No

[16] 1.2–13 166 70–82 Triple 6 Yes

[17] 2.7–12 126 - Dual 5.2 No

[18] 3.1–11 112 - Dual 5 No

[19] 3.1–10.6 109 - Single 3 Yes

[20] 2–6 100 - Triple 3.75 Yes

[21] 2.76–10.6 117 - Dual - No

[22] 3.6-19.08 136 - Single 3 No

[23] 3–12 120 - Triple 5.2 No

This
work

2.05-14 150 73–94 Dual 12.7 Yes

This article has presented the design and realisation of a �exible UWB antenna with dual-band rejection
capabilities for wearable biomedical devices. The dual notched bands are realized by using two
triangular-shaped defected ground structures (DGS). The designed antenna has a simple structure with
few geometric parameters. The antenna is tested for different bending scenarios. According to the results,
the overall performance has not been affected except for the drift in frequency. Due to its excellent
features such as high gain, bandwidth, omnidirectional radiation pattern and interference rejection ability,
the proposed UWB �exible antenna is suitable for wearable biomedical devices.

2) Antenna Design
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For wireless network systems to adapt to the developing technology, there has been a need to improve
antenna designs. The planar monopole antenna structure is widely used in UWB systems because it
shows advantageous antenna performance characteristics such as easy con�guration, wide bandwidth,
high e�ciency. It is the antenna structure that is frequently preferred in wearable applications. The
monopole antenna was designed using a circular patch and DGS triangular form fed by CPW. The

proposed antenna uses a �exible Kapton  substrate with mm3

dimensions as shown in Fig. 1. The proposed architecture has been successfully tested and developed
with a wide bandwidth of 150 % of the UWB frequency. To acieve better impedance matching in the
design, triangular ground structures are designed. The detailed dimensions of the proposed antenna are
shown in Table 2. The radius of the initial circular structure is estimated using Eqs. 1 and 2[24].

fr =
1.8412× c
4πR ϵr

 Eq. (1)

 Eq. (2)

where fr is the center frequency, ϵr is substrate permeability, h is substrate thickness, b is variable index
and R is average effective radius.
A square-shaped DGS resonator slot is added to the ground plane of the CPW antenna for the notch
band-reject (Fig. 1-b/1-c). The operation resonance frequencies of the DGS resonators depend on their
physical dimensions [25]. A decrease in the total length of the DGS resonator will decrease the inductance
while an increase in the width of the DGS resonator decreases its capacitance. According to this
operating logic, the DGS resonator acts like the parallel capacitance inductance circuit. The dimensions
of the DGS slot are calculated through both the notched band (fnotch) frequency equation Eq. (3) and LC
equivalent circuit equation Eq. (4,5)[25].

fnotch =
c

4 Lt ϵe
 Eq. (3)

where, Lt is slot length in DGS, ϵe is effective dielctric constant and c is velocity of light.

C =
ωc

2Z0( ω2
0−ω2

c )
 Eq. (4)

L =
1

4π2f2
0C

 Eq. (5)

where C is the capacitance, ω0 is the angular resonance frequency, ωc is the cutoff angular frequency, 
Z0 is the characteristic impedance, L is the inductance. The DGS length obtained for WLAN and WiMAX
notch is 78.9mm, and the DGS length obtained for hyperlan/2 notch is 52.9 mm.

√

( √ )
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Table 2
The geometric parameters.

Parameters L L1 L2 Lg Lf W Wg Wf cf R/2

Dimensions (mm) 62 9.25 18.5 3.5 7.2 60 28.9 0.8 0.7 23.8

Parameters S1 S2 S3 S4 S5 S6 S7 S8 S9 S10

Dimensions (mm) 0.3 8 8.1 7.5 7.5 6.9 6.9 6.3 6.3 5.7

The re�ection coe�cient of the simulated results of the design steps is shown in Fig. 2. According to the
results, impedance matching and operating bandwidth are effectively improved with the DGS resonator.
The effect of slots on the notch band is better expressed by the surface current distribution. Figure 3
shows the surface current distribution in both without notch bands and with dual notch bands. In the left
triangular ground structure, the square slot has a rather dense surface current, indicating the contribution
of the larger square to reject the WLAN-WiMAX notch band. Similarly, in the right triangular ground
structure, the higher surface current concentration on the smaller square indicates the contribution of the
smaller square to reject the HyperLAN/2 notch band.

3) Simulation And Measured Results
Air-brush (spray printing) printing technique is used to randomly place inks with a wide viscosity range on
the surface [10, 11]. The basic schematic of the production technique is given in Figure 4-a. The proposed
antenna is fabricated using a Magic Brushmark airbrush and silver ink (Figure 4-b). The antenna
prototypes fabricated on Kapton is given in Figure 4-c-d.

3.1) Radiation performance analysis  

The produced antenna's performance parameters(re�ection coe�cient, radiation pattern, total e�ciency,
and gain) were measured in a chamber environment using the N9928A model network analyzer. VNA
calibration was performed.  The simulated and measured re�ection coe�cient of the proposed UWB
antenna is shown in Figure 5. The comparative analysis of the simulation and measured results of the
proposed �exible dual notch band  UWB antenna is given in Table 3. The design results and the
measurement results are in harmony and provide an ultra-wide operating frequency band with dual-band
rejection characteristics.  A horn antenna with high gain and e�ciency value operating in a wide
frequency range in the 2-18 GHz range has been used in this study. The measurement environment is
shown in Figure 6.  Antenna gain was calculated using the 3-point method. The e�ciency and gain
results of the dual notched antenna are plotted in Figure 7. There is more than 90% agreement between
antenna gain measurement and simulation results. The notch band frequencies ranges have less than −3
dB gain performance, which provides it to reject the interference of other systems. The e�ciency value
measure and simulation results are harmonious.

Table.3 The proposed �exible UWB antenna results
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Peak Gain (dBi) E�ciency (%)  

-10  dB Bandwitdh (GHz)

 

UWB

(simulated)

12.72 73-94 2.05-14

UWB

(measured)

12.57 71-85.2 2.05-14

UWB dual notched

(simulated)

12.73 70.8-2.95 2.05-14

UWB dual notched

(measured)

11.63 67.1-85.4 2.05-14

The  E �eld and H �eld patterns of free space measurements both without notched and with dual notched
are made in an anechoic environment.  The simulation and measurement results of the antenna's E �eld
and H �eld radiation patterns at 3-6-12  GHz are shown in Figure 8. It has been observed that the
produced antenna shows a dipole-shaped radiation pattern in the E �eld and an omnidirectional radiation
pattern in the H �eld for the frequencies examined in the UWB frequency range (3,6,12 GHz). According to
radiation analysis is understood that the proposed antenna can be used for various wearable biomedical
devices with its high-performance features, �exible and compact structure. The proposed antenna may be
an excellent candidate to meet UWB requirements, and its compact con�guration makes it suitable for all
RF applications.

3.2 Bending Test:

The proposed  UWB �exible antenna with dual notch bands needs to be evaluated in different
con�gurations for potential use in devices. The antenna's �exibility is investigated experimentally by
placing it on foam cylinders with different radii of curvature. The antenna in the bent form in different
con�gurations is shown in Table 4 . Performance characteristics such as S11, gain, and radiation pattern
was measured experimentally to validate the simulation results, considering all con�gurations.
Simulation and measurement results are presented in Table 4. According to Table 4, the effects of
bending on the performance characteristics are reasonable, not affecting the overall performance. Both
the double notch band and the UWB feature are preserved. The radiation pattern of the proposed  UWB
�exible antenna with dual notch bands is measured for bending radius R=20 mm in the vertical and
horizontal positions, the results are shown in Figure 9. From the simulation and measurement bending
results, it is seen that the proposed antenna structure is suitable for �exible applications for the bending
radius of 10mm and 20 mm. In general, the vertical and horizontal bending con�gurations maintain wider
impedance bandwidth with dual notch bands. In addition to bending, the foam cylinder material (εr=1.03
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[26] may have had a minimal effect on antenna performance. No signi�cant deterioration in basic
operating parameters was observed after testing the antenna under different bending conditions. The
proposed design, structural strength, and continuity of performance characterize its usability in wearable
biomedical devices.

Table.4 The proposed UWB �exible antenna with dual notch bands bending results

4) Conclusion
A �exible dual notch band UWB antenna for wearable biomedical devices is proposed, analyzed, and
measured in this study. The proposed antenna is printed on a 12.5 µm thick Kapton substrate. The design
consists of circle-shaped radiating elements  and square-shaped slits on the ground for achieving dual
notched band characteristics.  The proposed �exible antenna is fabricated with the technique of Air-
Brush-printing after comprehensive performance analysis. According to measurement results, it has  150
% (2.05-14 GHz) of operating bandwidth with dual notch characteristics at 2.4 to 3.7 GHz, 5.15 to 5.725
GHz. Furthermore, the proposed antenna is tested under bending effects (�at, vertical, and horizontal )
and exhibits a low susceptibility to performance degradation in terms of impedance matching and
radiation pattern. The antenna's e�cient performance, easy fabrication process, along with its �exibility
and thin pro�le, suggests that it would be a reasonable candidate for integration within �exible and
wearable devices in wearable biomedical devices.
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Figures

Figure 1

The antenna design schematic a) the whole antenna structure, b) the DGS resonator on the ground on the
left, c) the DGS resonator on the ground on the right.
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Figure 2

The simulation results of the re�ection coe�cient 
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Figure 3

The surface current distributions of the proposed notched UWB antenna: a) without notch band, b) with
dual notched (DGS left WLAN-WiMAX), c) with dual notched (DGS right HyperLAN /2 )
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Figure 4

a) The basic schematic of the production technique b) Equipment used in production c) The conventional
antenna prototype produced on Kapton d) The DGS resonators antenna prototype produced on Kapton.
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Figure 5

The results of the re�ection coe�cient a) without notched bands b) dual notched bands.

Figure 6

The measurement environment
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Figure 7

Simulation and measurement results of a) the gain b) the e�ciency.
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Figure 8

The simulation and measurement results of the antenna radiation pattern a) E- �eld 3 GHz, b) E- �eld 6
GHz, c) E-�eld 12 GHz, d) H-�eld 3 GHz, e) H-�eld 6 GHz, f) H-�eld 12 GHz.

Figure 9

Measurement results of antenna radiation pattern for different bending scenarios 


