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Abstract. A broadband planar monopole antenna with five
notch bands is proposed here. The antenna provides
broadband from 1.94 GHz to 15.4 GHz with five notch
bands covering 3.1-4.1 GHz, 6—6.4 GHz, 8.2-9.2 GHz,
10-11.6 GHz, and 12.38-12.89 GHz. These notch bands
are effectively used to remove undesired interferences from
the WiMAX (3.2-3.8 GHz), partial standard C band
(5.850-6.415 GHz), partial ITU band (8.025-8.4 GHz),
partial X band (8-12 GHz), and partial Ku downlink fre-
quency band (12.2-12.7 GHz). The notch bands have been
realized by etching three notch elements on the patch, feed
line, and two small narrow open-ended slots on the ground
plane. The design of the proposed antenna is very simple
and it utilizes only the volume of 20x40%1.6 mm’. The
antenna is useful for wideband fast data communication
systems.
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1. Introduction

The planar monopole antenna provides wideband
characteristics which may be applicable for high-speed
short-range data communication systems. But due to the
presence of various wireless bands like WiMAX, WLAN,
C-band, INSAT band, and X band, etc. there is a high
possibility of interference between the signals of different
wireless bands and the signal provided by the wideband
monopole antennas. To avoid this difficulty, notch band
antennas are in high demand. The very easy and simple
way of using or modifying the geometry of the radiating
patch, the ground plane, and the feed line, the planar mon-
opole antennas show wideband with notch band
characteristics.

In the previous years, many techniques have been re-
ported to implement notch antennas. Different types of
slots are used on the circular metal patch to realize the
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notch band used for WLAN. It was reported in [1]. The
wideband characteristics with dual stop band properties
had been observed in [2] by using an annular ring patch
with two narrow open ring slots. A circular patch with
defected ground plane and a rectangular slot was responsi-
ble for notch band characteristics and it was reported in [3].
A CPW fed open ring slot of a circular patch was responsi-
ble for band stop properties, which was informed in [4].
Two stop bands from 3.4 to 3.8 GHz and 4.8 to 6.2 GHz
were achieved by using a double U-shape slot and a double
shape fed line of a circular patch in [5]. A U-shaped patch
used two T slots and two split-ring-resonator geometries to
obtain two stop bands covering WiMAX and WLAN bands
in [6]. Two narrow C-like strips are responsible for the
notch band in a circular monopole antenna proposed in [7].
A compact planar monopole antenna with an inverted U-
like slot was responsible for two notch bands ranging from
3.3 to 3.7 GHz and 5.15 to 5.82 GHz and it was informed
in [8]. An open rectangular-like loop was used to realize
a notch frequency of 5.15 GHz in [9]. A new technique of
padding had been introduced on a substrate to obtain two
notch bands in [10]. In [11], Fibonacci type antenna was
reported for three notch bands in WiMAX and WLAN
bands. Four bands were obtained from an antenna using
three crescent-like resonators on the metal patch and a slot
on the ground plane in [12]. A tree-like antenna achieved
two bands by using a split-ring resonator on the metal
patch and a defected structure on the feed line was pro-
posed in [13]. Four split-ring resonators and A/4 (4 is
operating wavelength) impedance matching techniques
were used for a single notch band in the WLAN region
[14]. A circular patch antenna used fractal geometry for
two-notch frequencies of 2.5 GHz and 5.5 GHz in [15].
An antenna having slots on a patch and a ground plane
responsible for stop bands in WiMAX, WLAN, and X
band was reported in [16]. A CPW fed semi-elliptic shape
antenna that used multiple SRR and slots to obtain stop
bands was reported in [17]. A wideband antenna was pro-
posed in [18] for three notch frequencies at 3.4 GHz,
4.2 GHz, and 6.3 GHz. A single notch band was realized
by using a strip element in the backside of the patch and
a segmented metal patch, was reported in [19], [20]. Dual
stop band antennas were reported in [21-23] where reso-
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nators and slots were used in the feed line, patch, and
ground plane. Triple-notch bands were realized by using
an H shape radiator, split-ring resonators, slots, and multi-
ple slots as reported in [24-27]. Ultra-wideband antenna
with triple notch band was informed in [28]. It provides
three stop bands of 3.3 to 3.92 GHz, 5.1 to 5.4 GHz, and
5.68 to 6.02 GHz. A wideband antenna with two notch
bands was reported in [29]. It covers 2.68-8.72 GHz
bandwidth with two stop bands of 3.28 to 3.84 GHz and
4.95 to 6.02 GHz. A small size broadband triple notch
band antenna was reported in [30]. A circular patch with
different resonators is used to achieve three stop bands.
A wideband balloon-like antenna was proposed to reject
two bands in [31]. A wideband and multiple band antenna
was reported in [32]. It uses different types of structures to
operate ISM, WLAN, Wi-Fi, WiMAX, C band, and X
band. Dual band octagonal shaped antenna was reported
for dual notch bands in [33]. Available notch bands are
4-5.78 GHz and 6.83-8.22 GHz. A circular patch [34]
uses different stub loading techniques and slots on a flexi-
ble substrate to achieve multiband characteristics and using
PIN diode, reconfigurability characteristics is also
achieved. A small size ultrawide band antenna was
proposed in [35] to cover the frequency range of
3.55-12.16 GHz. A flexible multiband antenna was
reported in [36] for different applications.

In this research work, a circular monopole antenna
achieves wideband along with five notch bands. It uses
four-notch elements. A U shape slot and a reduced size U
slot are etched in the metal patch, a folded U shape slot is
introduced in the feed line, and two narrow open-ended
slots are inserted in the truncated rectangular ground plane
to achieve five notch bands. These five notch bands are
used to avoid electromagnetic interference from the differ-
ent wireless bands like WiMAX, C band, ITU band, X
band, and downlink Ku frequency band. The antenna is
small in size and easy to design. The antenna may be useful
in indoor fast data communication systems.

2. Antenna Geometry

The geometry details of the proposed antenna are
shown in Fig. 1(g—i). The proposed antenna is modeled by
HFSS V14 software. It is designed on the Arlon Diclad
substrate. The specification of the substrate consists of
a dielectric constant of 2.2, a thickness of 1.58 mm, and
a loss tangent of tand = 0.0009. The substrate utilizes only
the surface area of 20x40 mm’ to fabricate the proposed
antenna. Initially, a circular patch of radius R of 9.76 mm is
taken (Fig. 1(a)). The antenna has a rectangular ground
plane of 20x19 mm®. 50 Q microstrip feed line of length
and width 19.9 mm and 3.06 mm, respectively, is used to
energize the proposed antenna. The antenna provides
broadband, ranging from 1.94 GHz to 15.4 GHz.

The proposed antenna is designed by using different
parameters. The parameters are obtained by using different

equations (1)—(6) [37]. We use Fig. 1(g) and Tab. 1. We
calculate the lower band edge wavelength 2; corresponding
frequency of 1.94 GHz.

It is known that ¢ = f'1;, where c is velocity of light in
free space, f'is the obtained lower band edge frequency of
1.94 GHz, then the corresponding lower band edge wave-
length is A = ¢/f= 154.63 mm.

Now, A1/8 =154.63/8 =19.33 mm which is equal to
2R of the proposed antenna then R =9.67 mm (R is shown
in Fig. 1(g)). Therefore R is in between

M8 <R <A /A. (1

Radiator effective length is obtained by the addition
of the length of the patch which is equal to 2R and the
length of feed line which is D given in Fig. 1. The length
of feed can be determined using (2):

(2R+D)=19.52+19.9=3942mm=MA/4.  (2)

Feed gap can be obtained by taking the difference
between the feed length D and the maximum length of the
ground plane C given in Fig. 1(g). The optimal value of the
feed gap can be calculated from (3):

0.134.< (D - C)<0.12\,. 3)

Dimension of the dielectric substrate (Length L,
width W, and thickness %) of the dielectric substrate are
chosen by using (4)—(6), respectively.

L~ A /4 =39.42 calculated closed to 40 mm, 4)
W,=19.52 =~ 2R, (5)
h=.010A.. (6)

The proposed antenna is developed by inserting four
notch elements in the radiating patch as well as the ground
plane of the initial patch antenna. Four design stages are
involved to reach the final proposed antenna. These design
stages are named Ant. A, Ant. B, Ant. C, and Ant. D. The
Ant. D provides five notch bands and it is considered as the
final proposed antenna. The evolution process of the pro-
posed antenna is shown in Fig. 1. In the beginning, a U-
shaped slot is etched on the radiating patch of the initial
patch antenna (Fig. 1(b)). This modification stage is termed
Ant. A. This stage is responsible for the notch band of
5.63 GHz to 5.91 GHz useful for WLAN applications.
Now a folded U-shaped slot is placed on the feed line
(Fig. 1(c)) of the Ant. A. This folded U-shaped notch ele-
ment is responsible for two notch bands, one ranges from
3.25 GHz to 4.16 GHz, useful in WiMAX application, and
other ranges from 8.09 GHz to 9.03 GHz, useful for partial
ITU band application. This antenna is named Ant. B. Now
a reduced size U type slot is introduced on the radiating
patch just below the U type slot of the radiating patch. This
new structure is named Ant. C which is shown in Fig. 1(d).
This small notch element is responsible for a notch band,
which ranges from 10 GHz to 11.75 GHz, and is shown in
Fig. 1(d) and useful in partial X band application. Finally,
two small narrow slots (as shown in Fig. 1(e) by small red
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rectangular box within a circle) are inserted to the top por-
tion of the truncated ground plane and it is shown in
Fig. 1(e). These two small geometries are responsible for
anew band that ranges from 12.38 GHz to 12.89 GHz
useful for partial Ku band application. The Ant. D is con-
sidered as the final proposed antenna. The comparison of
the simulated S;; parameter plots for the initial patch
antenna, Ant. A, Ant. B, Ant. C, and Ant. D is shown in
Fig. 1(f). The Sy; plots show that the antenna without slots
(initial patch antenna) provides large impedance bandwidth
from 1.94-15.4 GHz. With the placement of the different
slot elements on the patch, feed line, and the ground plane,
five notch bands have been achieved for the proposed
antenna (Ant. D) which are 3.16-4.08 GHz,
6.27-6.55 GHz, 8.25-9.31 GHz, 10.03-11.58 GHz, and
12.38-12.88 GHz.

Slot geometry and notch frequencies can be obtained
by the equations given below. For that purpose, we con-
sider the geometry of the different slots shown in given
Fig. 1(h) and Fig. 1(i) and dimensions of the slots given in
Tab. 2. Five notch frequencies can be obtained by the
equations (7)—(11) [38—401]:

/. tchl — < = - > ™
2L e 2[(n+2i+j+(m+k))] Eur
C C

= = (3
S 2L, 2(2a+b) ey

»f;1010h3 = - = . < . > (9)
2Lx3\/5eff 2(q+l +])\/ Eetr

c . o
Srotehs = 2L, r 26+f r

C C (11)

Fuoess =5 o= 2(20+2p) e

Here, fioen, Lx, €t are center notch frequency, the total
length of the slot, and effective dielectric constant,
respectively. c is the speed of light, e.e= (&, + 1)/2 where ¢,
is the dielectric constant of the substrate material. For
example, the center frequency for the 1% notch band,
Sinoten= 3.9 GHz is achieved when the Ly; = A/2. A, is the
effective wavelength and is equal to Mo/Neosr where g is the
free space wavelength [38—40].

iddd:

Fig. 1(a—e) The evolution process of the proposed antenna:
(a) Initial patch antenna, (b) Ant. A, (c) Ant. B,
(d) Ant. C, (e) Ant. D (the proposed antenna).
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Fig. 1(f) Comparison of the simulated S;; parameter plots for
the initial patch antenna, Ant. A, Ant. B, Ant. C, and
Ant. D (proposed antenna).
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Fig. 1(g) The geometry of the proposed antenna.
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Fig. 1(h, i) (h) The geometry of the U slot and reduced size U
slot. (i) The geometry of the small rectangular slot and
folded U slot.
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Fig. 1(j, k) Top (j) and bottom (k) view of the fabricated
proposed antenna.
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Ws|Ls| B | C D E F G H 1 R
20 1 40 | 21 | 19 [ 199 | 24 | 34 | 0.7 | 1.4 | 12 | 9.76

Tab. 1. Different parameters of the proposed antenna in mm.

a b [ d e f g h
7 6 0.4 0.4 1.3 0.4 0.4 8.6 9
j k 1 m n 0 P q
2.4 0.4 0.4 7.8 0.4 4 0.6 1.4

Tab. 2. Dimensions of the different slots of the proposed
antenna (all dimensions are in mm).

These notch bands are used to avoid undesired intru-
sion from different useful wireless bands like WIiMAX, C
band, ITU, X band, and Ku band applications. The com-
plete geometry details of the proposed antenna are shown
in Fig. 1(g—1). The dimensions of the proposed antenna and
its notch elements (slots) are recorded in Tab. 1 and Tab. 2.
The Ant. D is fabricated to validate its simulated results.
The snapshots of the fabricated proposed antenna are
shown in Fig. 1 (j,k).

3. Results and Discussion

3.1 S;; Parameter of the Proposed Antenna

The obtained simulated and measured results of the
proposed antenna are presented in this section and are
shown in Fig. 2. R&S Vector Network Analyzer of model
no. ZNB 20 is used to measure the S;; parameter of the
proposed antenna. The measured result of the proposed
antenna provides five notch bands. The first notch band is
3.1-4.1 GHz which has a 3.9 GHz center notch frequency
with a —0.94 dB peak S, parameter value, the second notch
band is 6-6.4 GHz which has a 6.3 GHz center notch
frequency with a —3.1 dB peak S;; parameter value, the
third notch band is 8.3-9.4 GHz which has an 8.7 GHz
center notch frequency with a —1.21 dB peak S;, parameter
value, the fourth notch band is 10.15-11.5 GHz which has
an 11 GHz center notch frequency with a —3.45dB Sy;
parameter value, and the fifth notch band is 12.4-12.9 GHz
with a 12.8 GHz center notch frequency and a —3.4 dB
peak S;; parameter value. The simulated five notch bands
are 3.164.08 GHz, 6.27-6.55 GHz, 8.25-9.31 GHz,
10.03—11.58 GHz, and 12.38-12.88 GHz. There is a good
agreement between simulated and measured notch bands.
The proposed antenna provides simulated broadband which
ranges from 1.94GHz to 15.4 GHz without notch
elements, which is shown in Fig. 2.

3.2 Gain

The gain of the proposed antenna is shown in Fig. 3.
The proposed antenna achieves measured gain of —2 dBi,
—1.5dBi, -1 dBi, -2 dBi, and —1 dBi at the five center
notch frequencies of 3.9 GHz, 6.3 GHz, 8.7 GHz, 11 GHz,
and 12.8 GHz, respectively. Otherwise, the peak gain of
6 dBi has been achieved for the proposed antenna.

-20

$11 parameter in dB

-25

Y = = = measured result with notch elements
------- simulated result without notch elements
——— simulated results with notch elements

30 ]

-35

1 3 5 7 9 11 13 15
Frequency in GHz

Fig. 2. The S;, parameter plots of the proposed antenna.
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Fig. 3. The gain plot of the proposed antenna

3.3 Radiation Patterns

Figure 4(a—g) shows the co-polarization and cross-
polarization simulated and measured E plane and H plane
radiation patterns of the proposed antenna at seven differ-
ent frequencies of 2.4 GHz, 4.5 GHz, 5.9 GHz, 6.8 GHz,
9.8 GHz, 12 GHz, and 13.4 GHz. The radiation patterns
provide monopole-like E plane and omnidirectional H
plane radiation patterns.

3.4 Surface Current Distribution

The surface current distributions of the pro-
posed antenna at two center notch frequencies of 3.9 GHz

ized E plane co-pol (si
ized E plane cross-pol (si
ized E plane co-pol
ized H plane co-pol (si

= == == = normalized H plane cross-pol (simulated)
ized H plane co-pol

Fig. 4(a) E-H plane at 2.4 GHz.
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Fig. 4(b) E-H plane at 4.5 GHz.
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Fig. 4(c) E-H plane at 5.9 GHz.
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Fig. 4(d) E-H plane at 6.8 GHz.
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Fig. 4(e) E-H plane at 9.8 GHz.
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Fig. 4(f) E-H plane at 12 GHz.
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Fig. 4(g) E-H plane at 13.4 GHz.

Fig. 4(a-g) The radiation pattern (co-polarization and cross-polarization) plots of the proposed antenna.
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8.7 GHz are shown in Fig. 5(a—c) and Fig. 6(a—c), respec-
tively. The slot has been loaded at the portion where the
current density is high. It will cause minimization of radia-

tion resulting in notch creation.
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Fig. 8. Experimental set up under proposed antenna.

The simulated comparison between the S;; parameter

and the S;, parameter plot of the proposed antenna is
shown in Fig. 7. The experimental set up for the measure-
ment of the proposed antenna is shown in Fig. 8.
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Antenna . . . . Indicating
Ref. dimensions No Operating bandwidth Notch frequency band Peak gain (dBi) applications of
3 of notches (GHz) (GHz) at notch band
(mm’) notch bands
[1] 20.4 x 64 x 1.575 1 2.883-18.604 4.844-6.190 —13 WLAN
3.45-4.81 —4.5 WiMAX and
(2] 303216 2 27611 5.24-6.21 4.1 WLAN
3.4-3.8 -7 WiMAX and
[5] 20x30x 1.5 2 3.0-10.8 4862 9 WLAN
3.3-3.7 -3 WiMAX and
(6] 246> 38.1 1.5 2 311 5.15-5.825 6 WLAN
[7] 40 x 29 x 0.8 2 3.1-10.6 5.05-5.85 —4, -8 WLAN
3.3-3.7 . WLAN and
[8] 33x29.6x1.6 2 3.1-10 5 15-582 Not given WiMAX
[9] 40 x 31 x 0.635 1 3-10.28 4.5-5.38 -7 WLAN
5.35-5.8 . WLAN and
[10] 44 x 38 x 1.57 2 2.9 to more than 12 7088 85 Not given ITU
900 MHz GSM band and 3.06-3.54, 3.59-4.86, . WiMAX and
[11] 54 x 55 x 1.59 3 39-11.9 503715 Not given WLAN
3.3-3.7 . WiMAX and
[13] 28 x35x%x 1.6 2 2.2-19.5 5 15-5.85 Not given WLAN
[14] 30 x 40 x 1.6 1 2.4-13.8 5.15-5.85 —-10 WLAN
2.3-2.7 WiFi and
[15] 50 x50 x 1.6 2 2.1-11 51-61 —-5,-2.6 WLAN
. 3.3-3.8, 5-6, WiMAX,
[16] 30 x 35 x not given 3 2.5-11.85 71-7.9 -2,-2,-3 WLAN and X
WIiMAX,
[17] 35x35x%x1.6 3 2.21-12.83 3.3-3.8,5.15-5.85,7.9-8.4 -5.5,-1,—4 WLAN, and X
3.06-3.54, 3.59-4.86, . WiMAX and
[18] 54 x 55 x 1.59 3 2.34-12.6 503715 Not given WLAN
[19] 32 x25x1.6 1 2.966 to more than 12 5.15-5.9 —6 WLAN
[20] 37 x47x1.5 1 2.8 to more than 13 5.1-6.1 —5.88 WLAN
[21] 38.5 x46.4 x 1 2 2-12.5 5.0-5.5,7.2-7.6 —7.5,-5 WLAN and C
WiMAX and
[22] 30x30x1.6 2 3.1-10.6 3.2-3.8, 4.8-6.2 6.5, 4 WLAN
[23] 30x30x 1.6 3 2.45-12 5.12-6, 7.13-7.63 —4.62,-2.67 WLAN and X
3.37-3.80, 4.26-5.85, WiMAX,
[24] 33 x35x1.14 3 3.04-11.31 725881 -3,-4,-4.5 WLAN and X
3.30-3.70, 4.50-4.83, .
[25] 33 x28x 1.6 3 2.9-13.0 6.67-7.15 -8,-5,1.5 WiMAX and C
2.25-2.52,3.53-3.77, WLAN and
[26] 68 x 47 x 1 3 1.85-10.4 S0 63 -5,-1,-4 WIMAX
1.93-3.16, 3.4-4.15, . WLAN and
[27] 25 x45x%x 1 3 1-7 5 15.6.0 Not given WiMAX
3.3-3.92,5.1-5.4, WiMAX and
[28] 34.5%x383x0.8 3 2.6-10.58 5.68.6.02 -3,-4,-2.5 WLAN
WiMAX and
[29] 35.82 x24.06 x 0.8 2 2.68-8.72 3.28-3.84,4.95-6.02 -2,-2 WLAN
3.28-3.84, 5.08-5.44, WiMAX and
[30] 40.91 x 3522 x0.8 3 2.64-9.36 5.62-6.06 -2,-1.5,-3.5 WLAN
ISM, WiMAX,
WLAN,
[31] 27.5%16.5%0.8 2 1.75-10.3 2.2-3.9,5.1-6 -5,-9 HIPERLAN/2,
IEEE 802.11y,
and DSRC
ISM, WLAN,
Not . . Wi-Fi, WIMAX,
[32] 18 x 18 x.035 applicable 3.1-10.6 Not applicable Not applicable C band, and X
band
[33] 20 x 23 X not given 2 3.2-10.5 4-5.78, 6.83-8.22 Not given Not given
Not . . .
[34] 33.65 x 23.41 x 254 applicable 2.05-10.7 Not applicable Not applicable Not applicable
Not . . .
[35] 11.14 x 16.28 x 1.714 applicable 3.55-12.16 Not applicable Not applicable Not applicable
Not . . . .
[36] 35 x25x.254 applicable Not given Not applicable Not applicable Not applicable
proposed 3 3.16-4.09, 6-6.4, 8.2-9.2, -2,-1.5,-1,-2, WiMAX, C,
work 20740158 > 1947154 10-11.6, 12.38-12.89 and -1 ITU, X and Ku

Tab. 3. Comparison table.
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4. Comparison Table

Table 3 presents the comparison of the proposed
antenna with other antennas mentioned in the introduction
part. The comparison table describes that this proposed
antenna achieves the best results in terms of operating
bandwidth and number of notch bands.

5. Conclusion

A wideband monopole antenna with five-stop band
characteristics is reported in this paper. The antenna
achieves a bandwidth of 1.94 GHz to 15.4 GHz. The five
notch bands have been achieved by inserting four notch
elements on the metal patch, feed line, and ground plane.
These bands are 3.1-4.1 GHz, 6-6.4 GHz, 8.2-9.2 GHz,
10-11.6 GHz, and 12.38-12.89 GHz to avoid undesired
electromagnetic intrusion from partial WiMAX, C, ITU, X
band, and Ku band. The antenna achieves a peak negative
gain of —2 dBi and a maximum gain of 6 dBi. Radiation
patterns are good and agreed with monopole antenna
characteristics. The proposed antenna may be useful in
indoor fast data communication systems.

References

[1] BARBARINO, S., CONSOLI, F. UWB circular slot antenna
provided with an inverted-L notch filter for the 5 GHz WLAN
band. Progress In Electromagnetics Research. 2010, vol. 104,
p. 1-13. DOI: 10.2528/pier10040507

[2] PURL S.C.,, DAS, S., TIARY, M. G. UWB monopole antenna with
dual-band-notched characteristics. Microwave and Optical
Technology Letters, 2020, vol. 62, no. 3, p. 1222-1229. DOL:
10.1002/mop.32112

[3] ALDHAHERI, R. W., BABU, K. J., SYED, A, et al. A novel
UWB rectangular slot disk monopole antenna with band-notch
characteristics. Microwave and Optical Technology Letters, 2015,
vol. 57, no. 10, p. 2405-2410. DOIL: 10.1002/mop.29339

—
~
flaet

BOOPATHI RANI, R., PANDEY, S. K. A CPW-fed circular patch
antenna inspired by reduced ground plane and CSRR slot for
UWB applications with notch band. Microwave and Optical
Technology Letters, 2017, vol. 59, no. 4, p. 745-749. DOI:
10.1002/mop.30386

[5] CAL L. Y., LI, Y., ZENG, G., et al. Compact wideband antenna
with double-fed structure having band-notched characteristics.
Electronics Letters, 2010, vol. 46, no. 23, p. 1534-1536. DOIL:
10.1049/e1.2010.2574

[6] GAO, G., HE, L., HU, B., et al. Novel dual band-notched UWB
antenna with T-shaped slot and CSRR structure. Microwave and
Optical Technology Letters, 2015, vol. 57, no. 7, p. 1584-1590.
DOLI: 10.1002/mop.29175

[71 GAO, G., HU, B., YANG, C., et al. Investigation of a notched
UWB antenna with opening and shorting resonators. Microwave
and Optical Technology Letters, 2017, vol. 59, no. 7,
p. 1733-1739. DOI: 10.1002/mop.30614

[8] KAZIM, I, BIBI, A., RAUF, M., et al. A compact planar dual
band-notched monopole antenna for UWB application. Microwave

9]

[10

=

[11

—

[12]

[13]

[14]

[15]

[16

—

[17]

[18

=

[19]

[20]

[22

—

(23]

and Optical Technology Letters, 2014, vol.56, no. 5,

p. 1095-1097. DOI: 10.1002/mop.28270

KELLY, J. R., HALL, P. S., GARDNER, P. Band-notched UWB
antenna incorporating a microstrip open-loop resonator. /EEE
Transactions on Antennas and Propagation, 2011, vol. 59, no. 8,
p- 3045-3048. DOIL: 10.1109/tap.2011.2152326

KOOHESTANI, M., PIRES, N., SKRIVERVIK, A. K., et al.
Band-reject ultra-wideband monopole antenna using patch loading.
Electronics Letters, 2012, vol. 48, no. 16, p. 974-975. DOIL
10.1049/e1.2012.1771

SRIVASTAVA, K., KUMAR, A., KANAUJIA, B. K., et al.
Integrated GSM-UWB Fibonacci-type antennas with single, dual,
and triple notched bands. [ET Microwaves, Antennas and
Propagation, 2018, vol. 12, no. 6, p. 1004-1012. DOLIL:
10.1049/iet-map.2017.0074

LI, L., ZHOU, Z.-L., HONG, J.-S. Compact UWB antenna with
four band-notches for UWB applications. Electronics Letters,
2011, vol. 47, no. 22, p. 1211-1212. DOI: 10.1049/e1.2011.2334

MISHRA, G., SAHU, S. Nature inspired tree shaped antenna with
dual band notch for UWB applications. Microwave and Optical
Technology Letters, 2016, vol. 58, no. 7, p. 1658-1661. DOI:
10.1002/mop.29874

MISHRA, G., SAHU, S. Compact circular patch UWB antenna
with WLAN band notch characteristics. Microwave and Optical
Technology Letters, 2016, vol. 58, no. 5, p. 1068-1073. DOI:
10.1002/mop.29727

RAHIMI, M., HEYDARI, S., MANSOURI, Z., et al. Investigation
and design of an ultra-wideband fractal ring antenna for notch
applications. Microwave and Optical Technology Letters, 2016,
vol. 58, no. 7, p. 1629-1634. DOI: 10.1002/mop.29872

SRIVASTAVA, G., DWARI, S., KANAUIJIA, B. K. A compact
triple band notch circular ring antenna for UWB applications.
Microwave and Optical Technology Letters, 2015, vol. 57, no. 3,
p. 668—672. DOI: 10.1002/mop.28922

SARKAR, D., SRIVASTAVA, K. V., SAURAV, K. A compact
microstrip-fed triple band-notched UWB monopole antenna. /EEE
Antennas and Wireless Propagation Letters, 2014, vol. 13,
p- 396-399. DOI: 10.1109/lawp.2014.2306812

SRIVASTAVA, K., KUMAR, A., VERMA, A. K, et al
Integrated GSM and UWB fractal monopole antenna with triple
notches. Microwave and Optical Technology Letters, 2016,
vol. 58, no. 10, p. 2364-2366. DOI: 10.1002/mop.30049

TSENG, C.-F., LU, S.-C. Notch frequency of dielectric resonator-
loaded monopole antenna for UWB application. Microwave and
Optical Technology Letters, 2014, vol. 56, p. 1189-1193. DOI:
10.1002/MOP.28292

ZHANG, K., LI, Y., LONG, Y. Band-notched UWB printed
monopole antenna with a novel segmented circular patch. /EEE
Antennas and Wireless Propagation Letters, 2010, vol. 9,
p. 1209-1212. DOL: 10.1109/1awp.2010.2099095

LI, W. T., HEI, Y. Q., FENG, W., et al. Planar antenna for
3G/Bluetooth/ WiMAX and UWB applications with dual band-
notched characteristics. /EEE Antennas and Wireless Propagation
Letters, 2012, vol. 11, p. 61-64. DOI: 10.1109/lawp.2012.2183671

TRIPATHI, S., MOHAN, A., YADAV, S. A compact UWB
antenna with dual 3.5/5.5 GHz band-notched characteristics.
Microwave and Optical Technology Letters, 2015, vol. 57, no. 3,
p. 551-556. DOI: 10.1002/mop.28893

SHARMA, N., BHATIA, S. S. Design of printed monopole
antenna with band notch characteristics for ultra-wideband
applications. [International Journal of RF and Microwave
Computer-Aided Engineering, 2019, vol. 29, no. 10, p. 1-18. DOL:
10.1002/mmce.21894



RADIOENGINEERING, VOL. 31, NO. 1, APRIL 2022

31

[24] SUNG, Y. Triple band-notched UWB planar monopole antenna
using a modified H-shaped resonator. IEEE Transactions on
Antennas and Propagation, 2013, vol. 61, no. 2, p. 953-957. DOIL:
10.1109/tap.2012.2223434

[25] TANG, Z., ZHAN, J., WU, X. Compact triple band-notched
printed antenna with multislots for UWB applications. Microwave
and Optical Technology Letters, 2015, vol. 57, no. 9,
p. 2056-2060. DOI: 10.1002/mop.29268

[26] ZHANG, Y., HONG, W., YU, C., et al. Planar ultrawideband
antennas with multiple notched bands based on etched slots on the
patch and/or split ring resonators on the feed line. [EEE
Transactions on Antennas and Propagation, 2008, vol. 56,
p- 3063-3068. DOI: 10.1109/tap.2008.928815

[27] YOON, J. H.,, RHEE, Y. C. A modified three-circular-ring
monopole antenna for WLAN/WiMAX triple-band operations.
Microwave and Optical Technology Letters, 2014, vol. 56, no. 3,
p- 625-631. DOL: 10.1002/mop.28135

[28] KUNDU, S., CHATTERIJEE, A. Sharp triple-notched ultra-
wideband antenna with gain augmentation using FSS for ground
penetrating radar. Wireless Personal Communications, 2021,
vol. 17, no. 2, p. 1399-1418. DOI: 10.1007/s11277-020-07928-5

[29] KUNDU, S. A compact printed ultra-wideband filtenna with low
dispersion for WiMAX and WLAN interference cancellation.
Sadhana, 2020, vol. 45, article no. 261, p. 1-7. DOL
10.1007/s12046-020-01495-y

[30] KUNDU, S., CHATTERIJEE, A., IQBAL, A. Printed circular ultra-
wideband antenna with triple sharp frequency notches for surface
penetrating radar application. Sadhana, 2020, vol. 45, article
no. 97, p. 1-7. DOL: 10.1007/s12046-020-01341-1

[31] KUNDU, S. Balloon-shaped CPW fed printed UWB antenna with
dual frequency notch to eliminate WiMAX and WLAN
interferences. Microwave and Optical Technology Letters, 2018,
vol. 60, no. 7, p. 1744-1750. DOI: 10.1002/mop.31230

[32] GHAFFAR, A., AWAN, W. A., ZAIDI, A. et al. Compact ultra-
wide-band and tri-band antenna for portable device.
Radioengineering, 2020, vol. 29, no. 4, p. 601-608. DOIL
10.13164/re.2020.0601

[33] AWAN, A. W., ZAIDI, A., HUSSAIN, N., et al. Stub loaded, low
profile UWB antenna with independently controllable notch-
bands. Microwave and Optical Technology Letters. 2019, vol. 61,
no. 11, p. 2447-2454. DOIL: 10.1002/mop.31915

[34] HUSSAIN, N., AWAN, W. A., NAQVI, S. I, et al. A compact
flexible frequency reconfigurable antenna for heterogeneous
applications. [EEE Access, 2020, vol. 8, p. 173298-173307. DOLI:
10.1109/ACCESS.2020.3024859

[35] RIZVL, S. N. R., AWAN, W. A, HUSSAIN, N. Design and
characterization of miniaturized printed antenna for UWB
communication systems. Journal of Electrical Engineering and
Technology, 2021, vol. 16, no. 2, p. 1003-1010. DOI:
10.1007/s42835-020-00630-3

[36] AWAN, W. A., HUSSAIN, N., GHAFFAR, A., et al. Compact
flexible frequency reconfigurable antenna for heterogeneous
applications. In 2020 9" Asia-Pacific Conference on Antennas and
Propagation (APCAP). Xiamen (China), 2020, p. 1-2. DOIL
10.1109/apcap50217.2020.9246059

[37] KUNDU, S. Experimental study of a printed ultra-wideband
modified circular monopole antenna. Microwave and Optical
Technology Letters, 2019, vol. 61, no. 5, p. 1388-1393. DOIL:
10.1002/mop.31736

[38] GHAFFAR, A., LI, X. J., AWAN, W. A, et al. Design and
realization of a frequency reconfigurable multimode antenna for
ISM, 5G-Sub-6-GHz, and S-band applications. Applied Sciences,
2021, vol. 11, no. 4, p. 1-14. DOI: 10.3390/app11041635

[39] NAQVI, S. A. Miniaturized triple-band and ultra-wideband
(UWB) fractal antennas for UWB applications. Microwave and
Optical Technology Letters, 2017, vol. 59, no. 7, p. 1542-1546.
DOI: 10.1002/mop.30582

[40

=

HUSSAIN, N., JEONG, M., PARK, J., et al. A compact size
2.9-23.5 GHz microstrip patch antenna with WLAN band-
rejection. Microwave and Optical Technology Letters, 2019,
vol. 61, no. 5, p. 1307-1313. DOI: 10.1002/mop.31708

About the Authors ...

Susmita BALA got her M. Tech degree from Jadavpur
University, West Bengal. She is presently filling as an
Assistant Professor at the Department of Electronics,
Vidyasagar University. She is additionally doing her Ph.D.
at the Department of Engineering and Technological
Studies, University of Kalyani. Her interested area incorpo-
rates microstrip antenna design for wireless communication
systems.

P. Soni REDDY got B.Tech. degree in ECE from WBUT,
West Bengal, India in 2011 and received her M.Tech. de-
gree in ECE from KGEC, Kalyani in 2016 under MAKUT,
West Bengal. Since November 2017, she has served as
a Guest Lecturer in the DETS, Kalyani University. Her re-
search interests incorporate SIW coordinated MSA, re-
duced-sized multiband defected ground structure antenna,
and miniaturized DRA. She is the beneficiary of the uni-
versity medal and received an award certificate for the
third position in the University in M. Tech degree assess-
ment 2016 in ECE and she also scored the first rank in the
specialization of Communication Engineering.

Sushanta SARKAR got his M. Tech from Kalyani Govt.
Engineering College in 2010. He earned his B.E in ECE
from Bengal Engineering and Science University, Shibpur
in 2008. He got Ph.D. from the Department of Engineering
and Technological Studies, Kalyani University in the year
2015. He is working in the position of Assistant Professor
at the Department of Engineering and Technological
Studies, Kalyani University.

P. P. SARKAR was awarded Ph.D. degree in Engineering
from Jadavpur University in 2002. He has acquired his
M.E from Jadavpur University in the year 1994. He earned
his B.E degree in ETC from B.E College, Calcutta Univer-
sity in 1991. He is the Professor at the Department of En-
gineering and Technological Studies, University of Kal-
yani. His interested research area incorporates microstrip
antenna, microstrip filter, frequency selective surfaces, and
artificial neural network.



