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ABsTrACT

The present work shows a planar compact ultra-wideband (UWB) monopole antenna with controllable dual 
band-notch frequencies at 3.3 GHz for WiMAX and 5 GHz for WLAN. In the proposed antenna, the lower notch 
band (at a frequency of 3.3 GHz) is made by cutting a thin horizontal strip on top of the radiating patch. The upper 
notch band (at a frequency of 5 GHz) is made by putting two narrow parasitic strips in the shape of an “I” on 
either side of the radiating patch. The incorporation of three varactor diodes between the radiating patch and three 
metallic strips provides the flexibility of adjusting the notch frequencies. The notch band tunability between 3.15 
GHz and 3.69 GHz and between 4.93 GHz and 5.59 GHz, respectively, is achieved by changing the bias voltage 
of the varactor diode between 0 V and 30 V. The gain and efficiency characteristics of the designed antenna also 
exhibit band rejection at the respective notch frequencies. The design principle is validated by fabricating and 
measuring a prototype of the proposed dual-band, notched UWB antenna. For three different bias voltages of the 
varactor, the simulated and experimental findings are in reasonable agreement. The proposed works demonstrate 
better-notch characteristics as compared with other reported works over the UWB range.
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1. INTroDUCTIoN
The FCC (Federal Communication Commission) allocated 

the Ultra-Wideband (UWB) communication spectrum (3.1–
10.6 GHz) to unlicensed users in 2002 because there wasn’t 
much spectrum left to add new services while keeping existing 
ones1-2. UWB technology is one of the most widely used types 
of wireless communication today. This is because it has a short 
range, a high data rate, and uses little energy. The development 
of UWB monopole antennas is also very important for 
the UWB communication system because it is hard to get 
impedance matching over a wide frequency range. So, many 
researchers have come up with different antenna structures that 
could fulfill this wide-band function. Existing narrow bands 
for other communication systems, like WiMAX, WLAN, 
etc., may interfere with the allowed UWB frequency band3-4. 
Band-notch UWB antennas are good for getting around this 
interference problem. 

Further, many strategies have been documented in the 
literature5–12 for producing notch characteristics with UWB 
antennas. Etching slots into the radiating surface and/or ground 
plane is a common technique5-8. Other techniques include placing 
a parasitic element(s) next to the radiating element, as well as 
other ways9-12. Usually, one slot or parasitic strip is sufficient to 
generate a single notch. However, to generate a dual-notch, it 
requires either two different slots or two parasitic elements with 
different lengths. Further, the notch frequency, generated using 
slots or parasitic elements, cannot be adjusted after fabrication. 

It is also necessary for some applications to adjust the notch 
frequency as per the requirements. Thus, to get the tunable or 
reconfigurable notched behavior, several switching devices, 
like MEMS (Micro Electro Mechanical Switch), PIN diodes, 
and varactor diodes, have been incorporated in UWB band-
notched antennas. The notch frequency of the UWB antenna is 
mostly realised for a single or dual band in13-27.

This paper proposes a simple UWB monopole antenna 
with two notch bands and independent notch frequency 
control. It is possible to change the capacitance of the varactor 
diode to eliminate interference between the frequencies used 
by WiMAX and WLAN. The capacitance of a varactor diode 
can be changed by altering the bias voltage. The developed 
antenna can operate between 2 and 14 GHz. By adjusting 
the capacitance of the varactor diode on the strip in a manner 
that is independent of one another, it is possible to control the 
notch-frequency response so that it corresponds to two distinct 
notch bands. As a result, the metal strips change their electrical 
length, return loss, and radiation characteristics and are tested 
on a 36 mm × 30 mm RT-Duroid substrate that serves as a 
physical realisation of the intended antenna and serves to verify 
the accuracy of the simulation results.

2. ProPoseD ANTeNNA GeoMeTry AND 
DesCrIPTIoN 
The antenna is designed on a 36 mm×30 mm RT-Duroid 

substrate (relative permittivity = 2.2 and thickness = 0.762 
mm). The ground plane size is 15 mm×30 mm and the feed-line 
size of 15.5 mm× 2 mm has been taken. The antenna consists of 
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(a) Antenna #1 (b) Antenna #2 (c) Antenna #3 (d) Antenna #4

a radiating patch with three narrow conducting parasitic strips 
around the radiating patch. These strips are connected to the 
main radiating patch via three SMV 1405 varactor diodes. The 
purpose of using varactor diodes here is to produce dual-band 
notched tunable characteristics to avoid interference, including 
in IEEE 802.16 3.3 GHz WiMAX and IEEE 802.11a 5 GHz 
WLAN applications. 

By adjusting the capacitance of three diodes with biasing, 
dual-notch behavior can be tuned within the UWB region. The 
capacitance associated with varactor D1 between the horizontal 
strip and the radiating patch is Ci, whereas the capacitance 
associated with varactors D2 and D3 between I-shaped strips 
and the radiating patch is Cj. The varactor diode’s capacitance 
values (Ci and Cj) are optimised to be 2.2 pF and 2.2 pF. 
According to the datasheet of the SMV1405 diode, the series 
resistance and inductance values of the varactor are 0.85 Ω 
and 0.7 nH, respectively. Single-strand wires are attached to 
the anode and cathode terminals of the varactor and a DC 
supply voltage of 1.5 V is used to bias the varactor. Tunable 
band-notched characteristics are achieved independently by 
changing the capacitance value of  the varactor from 0.63 pF 
to 2.63 pF, which corresponds to the biasing voltage from 30V-
to-0V. 

In Fig. 1, there are four antenna shapes, each of which 
is termed Antenna #1, Antenna #2, Antenna #3, and Antenna 
#4. As shown in Fig. 1, to create Antenna #2, place a thin 
horizontal strip on top of the reference patch geometry and use 
a varactor diode (D1) to connect one corner of the conducting 
strip to the patch’s radiating edge. (b). Antenna #3 is formed 
by attaching two identically shaped, narrow parasitic strips 
to opposite sides, along the length of the reference radiating 
patch, as shown in Fig. 1(c). Again, Antenna #2 and Antenna 
#3 are merged to form Antenna #4. These are the optimised 
geometrical dimensions for these four antenna geometries: W 
= 30, L = 36, Wp = 18, Lp = 16, Lf = 15.5, Wf = 2, C1 = 3 mm, 
Lg = 15, L1 = 10, L2 = 1, L3 = 1.5, S1 = S2 = S3 = 3. Here, all 
the dimensions are in mm. Here, Lp is the length and Wp is the 
width of the radiating patch. The 50 Ω microstrip feed line has 
a width of wf and a length of lf.

3. sIMULATeD resULTs AND DIsCUssIoN
The antenna is fabricated with an RT-Duroid substrate 

that is 0.762 mm thick and has a relative permittivity of 2.2. 

In Section 2, the technique for designing Antenna #1, Antenna 
#2, Antenna #3, and Antenna #4 has been detailed, step-by-
step. Antenna #1 is the reference UWB patch antenna that is 
designed for the following four different situations (Case #1, 
Case #2, Case #3, and Case #4): no truncation, truncation of 
1mm (C1 = 1 mm), truncation of 2 mm (C1 = 2 mm), and 
truncation of 3mm (C1 = 3 mm). As shown in Fig. 2, the 
truncation is taken at an angle from the patch’s bottom edge to 
its upper side. Consequently, a truncation of 3 mm (Case #4) 
produces a perfect impedance match within the ultra-wideband 
(UWB) range of up to 14 GHz.

For incorporating band-notch characteristics 
independently, the antenna layouts described in Fig. 1(a), are 
further modified, and these modified geometries (Antenna 
#2 and Antenna #3) are depicted in Fig. 1(b) and Fig. 1(c), 
respectively. Antenna #2 is analysed in three different cases, 
i.e. Case #1, Case #2, and Case #3. In Case #1, a narrow strip 
of width ‘S1’ is removed from the top of the radiating patch. In 
Case #2, the upper copper strip is shorted to the main radiating 
patch with a copper thickness of 1.5 mm on the left corner, 
and finally, in Case #3, this 1.5mm copper strip is replaced 
by a varactor diode (D1). Figure 3(a) shows how the reflection 
coefficient changes in these three situations. It is clear that there 

Figure 1. Geometry of the proposed tunable dual band-notched antenna for WiMAX/WLAN applications.

Figure 2.  simulated impedance matching variations in  
antenna #1.
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(a) Antenna #2 (b) Antenna #3

(c) Antenna #4

Frequency (GHz) Frequency (GHz)

Frequency (GHz)

Figure 3. simulated notch behaviors of three antennas.

Frequency (GHz) Frequency (GHz) Frequency (GHz)
(a) Antenna #2 (b) Antenna #3 (c) Antenna #4

Figure 4. Tunability behaviours of three antenna geometries.

is a notch in all three cases, but only Case #3 has the notch at 
the desired frequency of 3.3 GHz. 

The geometry of Antenna #3 is analysed by considering 
three distinct situations, namely Cases #1, #2, and #3. In Case 
#1, two narrow conducting parasitic strips are placed on the 

left and right sides of the primary radiating patch at a distance 
of  ‘S2’.

In Case #2, these two parasitic strips are shorted to the main 
radiating patch with a copper of 1.5 mm thickness, whereas 
in Case #3, out of these two copper thicknesses, each one is 
replaced by two varactor diodes (D2 and D3), respectively. 
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In these three cases of Antenna #3, the variations in the 
reflection coefficient are plotted in Fig. 3(b). It is clear here that 
a different notch is appearing in all three cases, but the notch at 
the desired frequency of 5 GHz is appearing only in Case #3. 
Now incorporating Antenna #2 and Antenna #3 geometries into 
a single one to form Antenna #4. This antenna geometry is also 
analysed by considering three cases, i.e., Case #1, Case #2, and 
Case #3. In Fig. 3(c), the variations in the reflection coefficient 
corresponding to each case are also plotted. It is observed here 
that in Antenna #4, two notches are appearing independently, 
one at 3.3 GHz and another at 5 GHz, respectively. For the 
introduction of the tuning behavior at two notch frequencies 
(i.e., 3.3 GHz and 5 GHz), the biasing of diodes D1, D2, and D3 
is varied between 0 V and 30 V (i.e., 2.67 pF and 0.63 pF) for 
Antenna #2, Antenna #3 and Antenna #4, respectively. Figures 
4(a), 4(b), and 4(c) show the changes in the tunable reflection 
coefficient for these three antenna geometries. Antenna #2 can 
be tuned between 3.15 GHz and 3.69 GHz, while Antenna #3 
can be tuned between 4.93 GHz and 5.59 GHz. In the case 
of Antenna #4, the tunability between 3.15 GHz and 3.69 
GHz and between 4.93 GHz and 5.59 GHz is appearing 
simultaneously. Also, Table 1 shows how the proposed work 
compares to similar works that are already out there. The main 
contributions of the present work are:

The design of a UWB antenna with tunable notches at dual • 
frequencies. Similar works reported earlier (in Table 1) 
mainly focus on realizing single- or dual-band notches at 
fixed frequencies within the UWB operating range. But in 
many cases, it is necessary to tune these notch frequencies 
based on the application, which is the primary constraint 
in those works in18-20 of Table 1
Although few works have incorporated switching devices • 
(MEMS, PIN, or varactor) to either reconfigure or tune 

the notch frequencies, at a single time their operation is 
limited to a single band notch frequency. While the present 
work in this paper proposes tuning the notch frequencies 
over dual bands (3.3 GHz WiMAX and 5 GHz WLAN)
When the low dielectric constant of the substrate is taken • 
into account, the proposed antenna is smaller than the 
other antennas in Table 1. The antenna exhibits a broader 
return loss BW of 12 GHz compared to other designs 
without any significant compromise with the gain and 
efficiency.

Figure 5 illustrates the surface current distribution of the 
proposed antenna at various frequencies to better clarify how 
the notched behavior works. Because of high attenuation, the 
surface current distribution is higher at horizontal (Fig. 5(a)) 
and vertical (Fig. 5(c)) stubs at dual-notch frequencies such as 
3.5 GHz and 5.35 GHz. These current distributions of notched 
frequencies are plotted at 1.17 pF of a variable capacitance, 
which is equivalent to the varactor diode bias voltage of 5V. In 
addition, the surface current distribution at other frequencies 
such as 4.25 GHz (Fig. 5(b)) and 12.7 GHz (Fig. 5(d)) over 
a wide impedance band region is plotted to indicate that the 
strips have no effect on impedance matching other than at 
notch frequencies.

4. FABrICATIoN AND CHArACTerIsATIoN
A prototype of the optimised Antenna #4 is fabricated 

and characterised for validation. Fig. 6 shows the prototype’s 
top and bottom views. The antenna’s reflection coefficient was 
measured using a vector network analyzer (VNA). A constant 
DC power supply supplies bias voltage for three varactors (D1, 
D2, and D3). For different bias voltages (like 0 V, 0.5 V, 2 V, 5 V, 
and 5 V) applied to both D1 and D2, simultaneously, the return 

Table 1. Comparison of proposed work as compared to other similarly reported works in the literature

ref. Antenna size 
(mm2)

substrate
(εr, thickness h) return loss BW Peak 

gain Notch bands
No. of 
notch 
band

Notch type Type of switch

13 38.7×26.88 3, 0.1 mm 3.1-12 GHz 4 5.15-5.825 One Reconfigurable MEMS

14 36.6 × 26 4.3, 1.5 mm 2.5-9 GHz NR 4.2–4.8 GHz or
5.8-6.5 GHz One Tunable & 

reconfigurable
PIN diode Varactor 
diode

15 100 × 100 3.2, 0.76 mm 3-11 GHz 2.2 4.5-5 GHz One Tunable Varactor diode

16 42×30 3, 0.762 mm 3-12 GHz 4 4.77-6.21 GHz One Tunable Varactor diode

17 40×40 2.2, 0.503 mm 2.8-11.9 GHz 4.2 4.4-5.4 GHz One Tunable Varactor diode

18 40 × 20 4.4, 1 mm 3.18-11.26 5.41 3.31–3.99 GHz, 4.97–
5.93 GHz Two Fixed NA

19 40 × 40 3, 0.762 mm 2.8 - 11.34 ~ 5
5.725–
5.825 GHz
8.025–8.4 GHz

Two Fixed NA

20 40 × 32 4.4, 1.2 mm 3.04 to 11.4 GHz ~ 6.2 5.15-5.35 GHz
5.72-5.87 GHz Two Fixed NA

21 31 × 18 4.4, 0.8 mm 3.07 – 12 GHz ~ 4 3.17–3.79, 5.14–6.82 
GHz Two Reconfigurable PIN

Proposed 
work 36 × 30 2.2, 0.762 mm 2-14 GHz 4.59 3.15-3.69 GHz, 4.93 

GHz-5.59 GHz Two Tunable Varactor
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(a) 3.5 GHz (b) 4.25 GHz

(c) 5.35 GHz (d) 12.7 GHz
Figure 5. Surface current distributions on the antennas at different frequencies.

Figure 6. Fabricated prototype of the tunable notch antenna.

losses are measured. These coefficient values are measured 
using diode D1 biasing voltages of 0 V, 2 V, 5 V, and 30 V. 
Three different cases’ simulated and measured performances 
are shown in Figure 4.7. Here Ci = Cj = 2.67 pF for Case #1, 
Ci = Cj = 1.55 pF for Case #2, and finally Ci = Cj = 1.17 pF for 
Case #3. The bias voltage corresponds to capacitances of 2.63, 

1.55, and 1.17 pF at 0  V, 2  V, and 5 V respectively. Moreover, 
Ci relates to the capacitance of diode D1, while Cj refers to the 
capacitance of diodes D2 and D3, respectively. The simulated 
and measured return losses are compared in Fig. 7. Except for 
a small aberration, very good agreement is observed between 
simulated and measured results. Tolerances in fabrication and 
VNA calibration errors can cause this small disagreement. 
A good agreement is also observed between measured and 
simulated notch frequencies, as is clear from Table 2. Figure 
4 illustrates measured and simulated radiation patterns in two 
principal planes, E and H, which are found to be closer. Figure 
8 shows the simulated and measured gain and efficiency of 
the proposed UWB antenna with a 2 V bias voltage. At the 
two-notch frequencies, the gain and efficiency of the antenna 
decline significantly. The antenna’s peak gain at 2 V is 4.59 
dBi, and its efficiency is > 90 %. Note that 0 V and 5 V achieve 
negligible divergence (~ 0.3 dBi). As illustrated in Fig. 9, the 
radiation pattern of an antenna’s far field in the E and H planes 
is simulated and measured. Similarities between simulated and 
measured radiation patterns are substantial.
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Figure 7.  simulated versus measured results comparison at three conditions, (a) Ci = Cj = 2.67 pF (0V), (b) Ci = Cj = 1.55 pF (2V), 
and (c) Ci = Cj = 1.17 pF (5V).

Table 2. Measured and simulated notch frequencies comparison

Case #1 (5V biasing) Case #2 (2V biasing) Case #3 (0V biasing)

Measured 
values

simulated 
values

Measured 
values

simulated 
values

Measured 
values

simulated 
values

3.70 GHz and 
5.55 GHz

3.55 GHz and 
5.4 GHz

3.35 GHz and 
5.03 GHz 

3.31 GHz and 
5.15 GHz

3.30 GHz and 
4.96 GHz

3.21 GHz and 
4.90 GHz

(a) (b)
Figure 8. Simulated versus measured results comparison for (a) gain and (b) efficiency at Ci = Cj =1.55 pF (2 V).

5. CoNCLUsIoNs
A UWB band-notch antenna with dual frequency tuning 

has been presented. The WiMAX and WLAN band notch 
characteristics are independently regulated and continuously 
tunable by inserting a varactor diode in the radiating patch’s 
upper right corner and a pair of diodes symmetrically on the 
patch’s left and right sides. The results show that the antenna 
has attained an impedance bandwidth (S11<-10dB) from 2.6 
GHz to 14 GHz, except for a tunable notch band between 3.15 
GHz to 3.69 GHz and 4.93 GHz to 5.59 GHz by changing the 
electrical length using varactor diodes. The newly developed 
compact antenna radiates strongly in the E and H planes. The 
newly developed compact antenna radiates significantly in the 
E and H planes. The antenna has the potential application in 
future UWB systems.
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