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Abstract: In this paper, a flexible UWB antenna with band notched characteristics for high speed
WLAN applications is presented. The flexibility of the designed antenna is achieved by developing
the antenna on a flexible Teflon substrate. The proposed antenna primarily consists of a slot
loaded octagonal star-shaped patch with a partial ground plane for wide operating bandwidth. A
split ring resonator (SRR) based stop band filter is embedded in the ground plane to realize a
rejection band characteristic to mitigate the interference impact from wireless local area network
(WLAN) IEEE802.11n (5.725–5.825GHz) band. The measured result shows that the suggested
antenna operates over 3.25 to 13GHz with a fractional bandwidth of about 120% with a peak
gain of 6.7 dBi. The measurement results also confirm the presence of the rejection band from
5.7–6.2GHz. Also, in terms of flexibility, the antenna provides high robustness in the performance
for different types of bending conditions. The obtained results depict that the proposed antenna is
suitable for mounting on all types of surface area with band rejection characteristics.
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1 Introduction

The research and development of flexible or bendable antennas are increasing rapidly in wireless
communication due to their numerous advantages such as easy tomount, highly durable, stretchable,
resistance to corrosion, etc. These advantages enable the flexible antenna to be used in several fields
of application such as radio frequency identification (RFID) tags, smart conformal devices, vehicle
communication, strain sensors, flexible displays and internet of things (IoT). The flexibility nature
is easily achieved by printing the radiating elements on the flexible substrate. Consequently, the
flexible antennas can be mounted on the virtually at any place even on a curved surface. Apparently,
the antenna structures designed using flexible substrate can withstand in every practical situation
(i.e. folding, stretching, and bending) withoutmajor deviation in radiation performance. Now a days,
the ultra-wideband technology is a popular area of applications for the implementation of flexible
antenna as it covers a wide range of frequencies (3.1GHz–10.6GHz) as stated by the FCC [1] and
two bands MB-OFDM (3.1GHz–4.8GHz) and DS-UWB (6GHz–8.5GHz) as stated by CEPT’s
ECC [2]. Actually, the adaptability of a flexible antenna can be increased by supporting this ultra-
wideband frequency spectrum as it covers almost all of the wireless application frequency bands
within its designated bandwidth. The UWB antenna also has some additional features including
high data rate within its operating frequency band at very low power consumption for short-range
communication. These features encourage the researchers to design UWB antenna by several
techniques such as cylindrical DRA (dielectric resonator antenna) and Vivaldi antenna [3, 4].
However, the electromagnetic interference of high speed WLAN (5.725–5.825GHz) provides a
great threat towards the ultra-wide band antenna. Thus, the band notch characteristics can be
established in order to eliminate such kind of electromagnetic interference for UWB antenna. Over
the last few years, researchers have developed and applied several types of band notch techniques
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on UWB antenna such as inserting slot on patch elements [5], open loop resonator [6], Split ring
resonator (SRR) [7], using fork shaped resonator [8] etc. Researchers have also focused on the design
of flexible UWB antennas. In ref. [9], an ultra-wideband antenna is developed on two different
kinds of substrates for wireless body area network application. The flexible RT/Duroid 5880 and
rigid FR4 both are used for the fabrication of the antenna with the dimension of 86mm × 72mm
and 75mm × 61mm, respectively. Both antennas provide almost similar operating bandwidth but
the antenna designed with flexible substrate offers a better gain performance of 4.89 dBi. In the
herein cited study [10], an ultra-wideband antenna on a relatively larger (48mm×34.9mm) flexible
polymer-based substrate provides an impedance bandwidth of 7GHz with the peak gain of about
3.1 dBi at 5.8GHz. In ref. [11], a CPW feed monopole antenna using flexible LCP substrate is
presented for ultra-wideband frequency (2.5–11GHz) with 4.2 dBi of peak gain but without band
rejection capability. Another flexible UWB antenna on a thin kapton substrate with the dimension
of 127mm×25mm is demonstrated in [12] that supports 4G LTE bands within its frequency range.
In the herein cited study [13], an inverted F-shaped ultra-wideband antenna on a flexible polyimide
substrate is presented that covers the frequency band from 3.09GHz to 11.96GHz. In ref. [14],
another ultra-wideband antenna using a circular radiator on a flexible photo paper is presented that
provides an average gain of 4.87 dBi with the radiation efficiency of about 86.61%. A polymer fabric
based circular UWB antenna on a 40mm × 50mm substrate is developed that provides consistent
performance in terms of gain and S11 in both bending and normal conditions [15]. In the herein
cited study [16], a CPW fed antenna is developed on a flexible composite transparent substrate
for covering ultra-wideband frequency range that also provides UWB characteristics in bending
condition. In ref. [17], a microstrip line fed circular radiator based antenna on a textile substrate is
presented for providing ultra-wideband operating frequency from 3GHz to 12GHz. In the herein
study [18], a UWB antenna is developed on a large 97mm× 88mm felt substrate that covers a wide
range of frequency (3.4 to 10.3GHz) within its operating range. Abbasi et al. [19] designed an ultra-
wideband antenna on a very thin flexible liquid crystal polymer substrate that provides rejection
band cantered at 5.25GHz to alleviate interference impact of WLAN band (5.15–5.35GHz).

In this article, a compact flexible ultra-wideband antenna with band rejection characteristics
for WLAN applications is proposed. The flexibility performance along with the wide band notched
function is explored using an octagon star-shaped monopole radiator. A slot loaded octagon shaped
patch element with the defected ground structure on a thin substrate are responsible for −10 dB
superior ultra-wide impedance bandwidth from 3.25 to 13GHz with a peak gain of 6.7 dBi. In
this proposed structure, a ring-shaped split ring resonator is printed on the ground plane that acts
like a band reject filter for generating notched band. Here, the slot line width of the SRR is varied
to achieve adjustable band-notch characteristics. The measured rejection band of the proposed
antenna mitigates the interference from wireless local area network (WLAN) IEEE802.11n (5.725–
5.825GHz) band. The flexible characteristics of the antenna are analysed by several types of
bending test. In the aspect of flexibility, it is noted that the antenna provides negligible deviation in
its return loss performance during bending deformations. The advantages of the proposed flexible
antenna are as follows:

i. Antenna dimension: the overall volume of the proposed antenna is 42.5 × 30 × 0.6 mm3,
which is very attractive for the applications and easy integration of the designed antenna in
UWB communication systems.
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ii. Wide bandwidth: the proposed antenna provides significant operating bandwidth (3.25GHz
to 13GHz) to cover total bandwidth requirements of UWB systems and many other modern
wireless communication systems.

iii. High gain: the proposed antenna ensures an attractive peak gain of about 6.7 dBi which is
expected for the desired UWB systems.

iv. Band rejection capability: the proposed antenna confirms the presence of a 500MHz notched
band (5.7GHz to 6.2GHz) for eliminating the interference from high speed WLAN (5.725–
5.825GHz) with UWB systems by introducing one single loop SRR in comparison to the
reference work [7] in which a non flexible UWB antenna was proposed with band rejection for
WLAN by using four multi loop RSSR on the radiating patch.

v. Flexibility: the proposed antenna maintains its UWB characteristics with the existence of a
notched band for WLAN in the flexible or folded conditions.

2 Design approach

2.1 Design of flexible UWB antenna

The design of the antenna is initialized by selecting a thin flexible material that can be easily
mounted on any surface and also provides high robustness in real life conditions such as bending.
For the design of the proposed antenna, a small piece of 0.6mm thick Teflon sheet was selected as
a substrate for lightweight and robustness. The relative permittivity of the substrate is 2.08 and loss
tangent is 0.001. The basic structure of the antenna includes a slot loaded octagonal star-shaped
patch excited by 50-ohmmicrostrip line and the partial ground plane. The stepwise design evolution
of the proposed UWB antenna is shown in figure 1 and the corresponding reflection coefficients for
each design steps are shown in figure 2. Initially, a slot-loaded octagonal star-shaped patch on the
partial ground (Antenna-A) is designed as shown in figure 1a. This Antenna-A does not meet the
requirements of UWB frequency (3.1–10.6GHz) range. It supports only 6.0 to 8.1GHz frequency
band as shown in figure 2. The Antenna-B shows the first step of modification by inserting a slot
on the partial ground plane just below the feed line as shown in figure 1b. The incorporated slot
improves the impedance bandwidth of the proposed antenna. The bandwidth of the antenna gets
wider by 4800MHz and the new operating bandwidth of the antenna ranges from 3.8 to10.7GHz
[see figure 2 (Antenna-B)]. Finally, it is observed from figure 1c that the further modification of
the ground slot has enhanced the operating bandwidth of the proposed antenna and the achieved
ultra wideband ranges from 3.1 to 12.7GHz. The optimized dimension of the proposed UWB
antenna is listed in table 1. Figure 2 clearly depicts that the proposed antenna meets the bandwidth
requirements of UWB systems.

2.2 Parametric study

Some essential parameters of the antenna are studied to depict their effect on the antenna perfor-
mance. Figure 3 shows the influences of these parameters on the proposed UWB antenna. Figure 3a
shows a significant variation of reflection coefficients with ground slot width “w”. The antenna pro-
vides dual wideband (2.75–3.1GHz), and (5.56–10GHz) characteristics when designed with 1mm
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Table 1. The dimension of the proposed UWB antenna.

Parameter Value (mm) Parameter Value (mm)
A 20 N 30
B 2.07 O 1.37
C, D 10 P 4.75
h 3.7 M 42.5
J 15.8 E 2
K 20 F 3.14
L 8.3 G 17
W 2 T 4.14

(a) (b) (c)

Figure 1. Design steps of proposed UWB antenna (a) Antenna-A, (b) Antenna-B, (c) proposed antenna.

wide ground slot. The antenna with 2mm wide ground slot provides wide bandwidth ranging from
3.1 to 12.7GHz and supports the bandwidth requirements for UWB systems. The −10 dB reflection
co-efficient performance degrades with further increase in slot width. The 3mm slot provides poor
impedance matching at 6.15–7.85GHz. The variations of the slot height “h” on the ground plane
have a deep impact on the antenna performance. The antenna provides −10 dB bandwidth of 7GHz
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Figure 2. Simulated reflection coefficient of Antenna-A, B and proposed antenna.

(3.65–10.65GHz) when the height of the slot is 1.7mm. The antenna provides wider impedance
bandwidth from 3.1 to 12.7GHz for the slot height of 3.7mm. When the slot height is further
increased to 5.7mm, the antenna provides poor return loss performance for a particular frequency
band ranging from 5.75 to 7.3GHz, which indicates undesired impedance matching and also the
overall bandwidth of the antenna is reduced by 1100MHz.

(a) (b)

Figure 3. Antenna performance with the variations of (a) slot width, (b) slot height.

2.3 Radiation performance analysis

The surface current distribution, radiation pattern and gain parameter define the radiation perfor-
mance of the antenna. The surface current distributions for the two pass band frequencies 4.76GHz
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and 10GHz are shown in figure 4. The current field is mainly concentrated on the outer edge of
the lower part of the patch at the lower pass band frequency (4.76GHz), whereas a relatively higher
concentration of surface current distribution is observed at all the outer edge of the antenna patch
for the upper band (10GHz). The radiation patterns in terms of E-plane and H-Plane are shown
in figure 5. It can be noticed that the E plane radiation pattern resembles like bi-directional at
4.76GHz but the H plane pattern is purely omnidirectional in its shape. The radiation pattern of
the antenna for the upper band frequency is slightly different and this may be due to the change in
surface current distributions for 10GHz. The E-plane and H-plane radiation pattern for the higher
pass band frequency (10GHz) shows highly concentrated radiation all over 360◦ except at some
specific angles. The gain performance of the proposed UWB antenna is shown in figure 6. The
high positive gain performance is observed all over the working frequency band. The peak gain of
about 6 dBi is observed at 11.8GHz. This positive gain and widespread radiation pattern ensure
the stable performance of the antenna for the UWB applications.

(a) (b)

Figure 4. Surface current distribution at two pass bands at (a) 4.76GHz, (b) 10GHz.

(a) (b)

Figure 5. E-plane and H-plane radiation pattern at (a) 4.76GHz, (b) 10GHz.
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Figure 6. Gain performance.

2.4 Bending analysis

The flexible antenna should be enough robust and durable that can withstand in any situation without
any major deviation in its performance. Figure 7a illustrates the bending deformation analysis of
the proposed UWB antenna with various bending radius including 30mm, 40mm and 50mm
radius. The bending performance analysis of the antenna confirms its applicability in the flexible
situation without any major deviation in reflection coefficient for different bending radius as shown
in figure 7b. It can be noticed that the overall bandwidth of the antenna almost remains unaltered
for different bending conditions.

3 Design of stop band filter for notched band functionality

The design of the stop band filter is very much essential for implementing the band rejection
function on the proposed UWB antenna. An SRR (Split ring resonator) type stop band filter as
shown in figure 8a is proposed for achieving wideband rejection function. The simulative responses
of the split ring resonator stop band filter in terms of reflection coefficient (S11) and transmission
coefficient (S21) are shown in figure 8b. This S-parameter curve confirms band rejection function
of the stop band filter. This stop band filter is integrated with the developed UWB antenna to
provide band rejection capability for wireless local area network (WLAN) IEEE802.11n (5.725–
5.825GHz) band.

4 Design of flexible UWB antenna with notched band characteristics

The analysis of the notched band characteristics of the UWB antenna on a flexible substrate is
presented in this section. The structural geometry of the proposed band notched UWB antenna is
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(a) (b)

Figure 7. Bending analysis (a) bending structure, (b) reflection coefficient with different radius.

(a) (b)

Figure 8. (a) Structure of split ring resonator band stop filter, (b) S-parameter analysis.

shown in figure 9. The notched band characteristics are achieved by inserting the earlier discussed
stop band filter on the ground plane of the UWB structure. This stop band filter interferes with the
normal resonance response of the slot loaded octagonal star-shaped antenna and creates the notched
band functionality. The gap parameter (S1) of the split ring resonator is responsible for controlling
notch at the WLAN band as stated in table 2. The notched band response is shifted towards the
higher frequency with the increase in gap dimension. Apart from that, the response of the UWB
antenna shows that the bandwidth of the notched band also increases with the increase in the gap
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of the stop band filter as shown in figure 10. On the basis of the analysis of the stop band filter, the
proposed antenna has been fabricated with a 0.3mm gap in the SRR as it rejects major application
frequency bandsWLAN 5.8GHz within its rejection bandwidth. The surface current distribution of
the proposed UWB antenna validates the idea of rejection frequency bands. Figure 11 shows a high
amount of surface current concentrated on the SRR for rejection band 5.8GHz and relatively less
amount of surface current is observed for the pass band frequencies at the lower band (4.76GHz)
and upper band (10GHz).

Figure 9. Structure of UWB antenna with rejection band, given parameters are Q1=26mm, Q2=13.25mm,
Q3=5.2mm, R, S3=2mm, S1=0.3mm, S2=0.5mm, S4=7.25mm.

Figure 10. The variations of the notch band for different gaps of the band stop filter.
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Table 2. Variation of notch band with SRR gap (S1).

Gap (S1) Notch frequency Notch bandwidth
0.1mm 4.7–4.9GHz 200MHz
0.3mm 5.6–6.0GHz 400MHz
0.8mm 5.8–6.3GHz 500MHz
1.3mm 5.85–6.4GHz 550MHz

(a) (b) (c)

Figure 11. Surface current distribution at (a) pass band 4.76GHz, (b) rejection band 5.8GHz, (c) pass
band 10GHz.

5 Results and discussion

The prototype of the proposed octagonal UWBmonopole antenna with notched band characteristics
has been fabricated with optimal dimensions for validating the conceptual analysis. The prototype
of the fabricated proposed antenna is shown in figure 12. The reflection coefficient of the pro-
posed antenna has been measured using Anritsu MS2037C vector network analyzer. All radiation
performances in terms of radiation patterns and gains are measured in an anechoic chamber. The
comparison between the measured and simulation reflection coefficient of the proposed antenna is
shown in figure 13. The measured performance depicts good agreement with the simulated results.
The small deviation between simulated and measured results is mainly due to the tolerance in the
fabrication process, connector loss, and environmental effect. However, the measured reflection co-
efficients confirm that the designed antenna can easily cover the bandwidth requirements for UWB
systems. According to the measured result, as shown in figure 13b, a very low gain performance
(–1.3 dBi) is observed over the rejection frequency bandwidth of 5.7 to 6.2GHz. This notched band
can avoid interference from IEEE802.11n specified standard for WLAN system. The simulated
and measured gains of the proposed antenna in conformal conditions (Horizontal and Vertical) are
depicted in figure 13c. It is observed that the antenna gain drops to a lower value (−2.45 dBi) at the
notched band when the antenna is deformed with a bending radius 30mm. It has been observed that
the maximum gain of the antenna in the bending case for measurement result is 6.5 dBi at 11.8GHz
and the non-bending case is 6.7 dBi at 12.2GHz. There is just a marginal difference of only 0.2 dBi.
The simulated and measured radiation pattern of the proposed antenna in terms of E-plane and
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H-plane is shown in figure 14. It can be observed that the E-plane radiation pattern is bidirectional
like dipole type whereas the H plane pattern for the same resembles purely omni-directional. The
antenna shows widespread radiation for both E-plane and H-plane that indicates high gain at that
particular frequency. The simulated andmeasured results of the proposed SRR based UWB antenna
with notched band is arranged in table 3.

Table 3. Summarized results of the proposed band notched UWB antenna.

Result
Lower Cut
off Frequency

Upper Cut
off Frequency

Fractional Bandwidth Rejection Bandwidth Peak Gain

Simulated 3.1GHz 12.7GHz 121.5% (3.1–12.7GHz) 400MHz (5.6–6GHz) 6.68 dBi
Measured 3.25GHz 13GHz 120% (3.25–13GHz) 500MHz (5.7–6.2GHz) 6.70 dBi

Figure 12. Fabricated prototype of proposed antenna.

The flexible antennas are a good candidate for a plane surface as well as for curved surface.
The bending view of the fabricated prototype of the suggested antenna according to the surface is
shown in figure 15a. The proposed antenna shows high robustness in the performance without any
major deviation in its impedance bandwidth as depicted in figure 15b. Slight discrepancies between
simulated andmeasured values are mainly due to bending losses. The surface current distribution of
the proposed conformal antenna with bending radius R = 30mm is depicted in figure 16. It has been
observed that a high amount of surface current is mainly concentrated on the SRR for notched band
5.8GHz which confirms the presence of notched band in bending conditions. The performance
analysis of the antenna also shows that there is no major deviation in rejection frequency band for
different bending radius. The performance comparisons of some recent flexible UWB antenna with
our proposed design are shown in table 4. The proposed flexible antenna covers UWB bandwidth
with a rejection frequency band for WLAN and good gain throughout the operating band.

The measurement setup is shown in figure 17 with the transmitting antenna of standard gain
horn on the left side and the proposed antenna as receiving antenna on the right side. The radiation
pattern and the gain is measured with turn table mechanism in the antenna measurement setup and
driving software. Figure 18 shows the efficiency result of the proposed antenna in non bending,
horizontal and vertical bending (R=30mm) cases. The efficiency of the antenna drops at the notched
band. It has been observed that the proposed flexible antenna is showing excellent performance
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(a)

(b) (c)

Figure 13. Simulated and Measured results (a) reflection coefficient, (b) gain without bending, (c) gain for
horizontal and vertical bending with bending radius R = 30mm.

Table 4. Performance comparisons of some recent flexible UWB antenna with the proposed Antenna.

Ref. No. Conformal Dimension
(mm2)

Fractional Bandwidth Rejection Bandwidth Peak Gain

9 Yes 6192 101% (10.6–3.5GHz) Not Available 4.89 dBi
10 Yes 1675.2 155% (8–1GHz) Not Available 3.1 dBi
11 Yes 880 125% (11–2.5GHz) Not available 4.2 dBi
13 Yes 722 119% (11.96–3.1GHz) Not Available —
16 Yes 1620 113% (12–3.3GHz) Not Available 4.4 dBi
17 Yes 1200 120% (12–3GHz) Not Available 4 dBi
18 Yes 8536 100% (10.3–3.4GHz) Not Available 7.75 dBi
19 Yes 416 110% (10.6–3.1GHz) 5.15–5.35GHz 3 dBi

Proposed Yes 1275 120% (13–3.25GHz) 5.7–6.2GHz 6.7 dBi
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(a)

(b)

Figure 14. Simulated and measured radiation patterns (a) 4.76GHz, (b) 10GHz.

(a) (b)

Figure 15. Flexibility analysis (a) view of bending setup of the fabricated prototype, (b) S-parameter.
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(a) (b) (c)

Figure 16. Surface current distribution of the proposed conformal antenna with bending radius R = 30mm
at (a) pass band 4.76GHz, (b) rejection band 5.8GHz, (c) pass band 10GHz.

Figure 17. Antenna measurement setup.

Figure 18. Efficiency vs. Frequency in non bending and bending (horiontal and vertical conditions).
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characteristics with almost no change in the efficiency at bending also. This shows the consistency
of the antenna in conformal conditions and applicability at different host surfaces.

Conclusion. A flexible ultra-wideband antenna with a rejection band for high speed WLAN
applications is presented in this paper. This flexible monopole antenna is fabricated on a thin and
compact conformable Teflon substrate. A partial ground plane octagonal star slot loaded patch fed
by a microstrip line has been embedded to achieve wide impedance bandwidth over the UWB band
ranging from 3.25GHz to 13GHz with a peak gain of 6.7 dBi. The proposed antenna has been
fabricated with a 0.3mm SRR gap for eliminating IEEE802.11n (5.725–5.825GHz) WLAN band.
In addition, the antenna provides minor deviation in terms of impedance bandwidth and rejection
band for different bending situations. This high robustness in bending, stable widespread radiation
pattern with high gain makes the antenna a suitable choice for UWB communication systems.
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