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Abstract— Ultra-wideband (UWB) is one of the recent topics that received a great concern
from academia and industry. However, UWB found many difficulties to be standardized due to
the overlay working that made UWB an important potential interference source to many licensed
and unlicensed spectrum throughout the band 3.1 — to — 10.6GHz.
This paper demonstrates the design of integrated triple band notched for UWB Microstrip an-
tenna. We simulated UWB short range systems which require low power and these are built using
inexpensive digital components. We proposed a compact triple band notched CPW (Co-planar
Waveguide) fed Micro strip Antenna (MSA) for UWB. This band-notched antenna has rejection
characteristics at 3.2GHz (for Wi-MAX band 3.16 to 3.32 GHz), at 5.5GHz (for WLAN 2 band
— 5.3 to 5.72 GHz) and at 7.9 GHz (for ITU band 7.72GHz to 8.13 GHz). The simulation was
done using IE3D simulator.

1. INTRODUCTION

In 2002, the Federal Communications Commission (FCC) allocated the ultra-wideband (UWB)
frequency range from 3.1–10.6 GHz for unlicensed UWB applications. The limitation of equivalent
isotropically radiated power (EIRP) in band emission does not exceed −41.3 dBm/MHz for ex-
tremely wide impedance bandwidth [1]. Printed planar monopole antennas have been designed to
operate in UWB systems [2]. There are some wireless communication applications which have al-
ready occupied frequencies in the UWB band such as the wireless local area network (WLAN) a.k.a.
IEEE802.11a/g and HIPERLAN/2 WLAN which operate at 5.15-5.35GHz and 5.725–5.825 GHz,
respectively and IEEE 802.16 (3.3∼3.8GHz) [3]. In addition, the worldwide interoperability for
microwave access (WiMAX) has also operated covering the frequency from 5.25–5.85 GHz in some
countries [4]. One way to suppress these interfering signals is to use a spatial filter such as a fre-
quency selective surface above the antenna. However, this approach requires too much space and
expensive [5]. To disband this problem, the UWB antenna with build-in frequency notch struc-
ture is often chosen. A lot of functions have been used for frequency rejection in UWB antenna
designs. The most popular technique to provide this character is embedded a slot on the patch
or ground plane [6]. However, in order to achieve monopole antenna designing, a large ground
plane is required, which could not be suitable for compact wireless devices. Some techniques are
used to reject undesired frequencies, for examples, placing the parasitic strips on the opposite side
of the radiating element [7], inserting two strips in the printed slot antenna to create two rejec-
tion bands [8], and embedding a C-shaped slit into the fed element with a parasitic strip in slot
antenna [9]. However, the antennas have more complicated structures to implement than others.
In [10], the band-notched slot antennas were studied, in which two types of narrow slits on the
exciting stubs were used for two antennas, and two parasitic strips were placed in the rectangular
slot for another one [11]. Although, the antenna design is capable of undesired frequency rejection,
the parasitic strips lead to more complex structure.

2. ANTENNA DESIGN

First a Primitive antenna is taken. This antenna consists of a beveled rectangular radiating patch
and a CPW (co-planar waveguide) type feed structure. The essence of this design strategy is that
three notching elements are embedded onto the primitive patch antenna to produce band-stop
filtering function at those above mentioned frequencies. Notch elements are meticulously selected
and embedded onto the antenna [12].

The band notches are introduced in order to stop the function of the antenna in that particular
frequency range. By this the interference between the UWB system and the narrow band system is
reduced to a great extent. Introduction of the band notches helps us to avoid the use of the band
stop filters and hence reducing the cost and complexity of the antenna. Nowadays demand is for
miniaturized technology and MSA helps us in achieving that.
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2.1. Primitive Antenna
2.1.1. Antenna Description

Table 1: Measurements of the primitive antenna (without any slots).

• Parameters • Dimensions
• W1 • 14mm
• W2 • 3mm
• W5 • 5mm
• W6 • 10mm
• W7 • 15mm
• W8 • 1mm
• L3 • 15mm
• L4 • 11mm

Primitive antenna consists of a rectangular patch (trimmed) and trimmed ground plane to
enhance the antenna’s broadband performance and also this arrangement increases the flow of
surface current through the feed-line and concentrates the surface current around the bottom of
the radiating patch. First a rectangular patch is designed using simulation program IE3D and then
it is trimmed by removing triangular shaped parts using the extrude feature. Triangular shaped
parts are also removed from the rectangular shaped ground plane in order to smooth the surface
current flow. Radiating patch is made using PEC (Perfect Electrical Conductor) material.
√

Dielectric material used here has relative permittivity = 4.4.√
Thickness of substrate = 1.6 mm.√
Length of substrate = 28 mm.√
Width of substrate = 31 mm.√
Tangent Loss = 0.003 [8].

2.2. Antenna with C-slot (for Band-notch at 3.2GHz)
FCC (Federal Communication Commission) approved and authorized the 3.1 GHz to 10.6 GHz band
as the UWB. But Wi-MAX operates in the range of 3.16GHz to 3.32GHz and interferes with UWB
devices. So instead of using a band-stop filter at the receiver antenna we have etched a C-shaped
slot on the radiating patch in order to facilitate band-rejection facility around 3.2 GHz, so that the
interference is minimized. The S-parameters of this design is shown below in Figure 3.

The 3-D radiation pattern is sown in Figure 4.

PR

Figure 1: Geometry of CPW fed planar antenna. Figure 2: Geometry of antenna with C-slot to pro-
duce band-notch at 3.2 GHz.
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Figure 3: Band-notch at 3.2 GHz return loss. Figure 4: 3D radiation pattern for 3.2 GHz with max
gain 3.28.

Figure 5: Geometry of antenna with C-slot to pro-
duce band-notch at 5.5GHz.

Figure 6: Band-notch at 5.5 GHz return loss.

Figure 7: 3D radiation pattern for 5.5 GHz with max
gain 2.76 dB.

Figure 8: Geometry of antenna with a pair of CSRRs
(notch at 7.9 GHz).

2.3. Antenna with C-slot (for Band-notch at 5.5 GHz)
WLAN 2 operates from 5.3 GHz to 5.72 GHz, interferes with the UWB systems. In order to
minimize the interference we have etched a C-shaped slot on the radiating patch to create a notch
around 5.5 GHz.
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The S-parameters of this design is shown below in Figure 6.
The 3-D radiation pattern is sown in Figure 7.

2.4. Antenna with Two CSRRs
ITU band operates in the range of 7.72 GHz to 8.13GHz and possess a threat to UWB systems. By
etching 2 CSRRs on the ground plane we have created the required band notch in the ITU band.

The S-parameters of this design is shown below in Figure 9.
The 3-D radiation pattern is sown in Figure 10.

2.5. Antenna with Triple Band-notch Features
2.5.1. Antenna Description
To achieve band notch controllability we have taken following steps:

1. Assigning a distinct rejection band for each notching element.
2. Controlling the shape of each element and their optimized positions in order to minimize

coupling.
3. Combination of each notch element on the primitive UWB antenna is aimed for providing

triple band rejection function at Wi-MAX (3.16–3.32GHz), WLAN 2 (5.3–5.72 GHz) and
ITU 8 GHz (7.72–8.13 GHz).

The band notch operations are achieved by etching 2 C-shaped slot in the rectangular metal
radiating patch and by etching a pair of CSRRs in the ground plane (as shown in the Figure 11). It
is found that by adjusting the total length of the C-shaped slot to be approximately half wavelength

Figure 9: Pair of CSRRs (notch at 7.9GHz) return
loss.

Figure 10: 3D radiation pattern for 7.9GHz with
max gain 4.51 dB.

Figure 11: Geometry of antenna with triple band
notch.

Figure 12: Return loss for triple band notched an-
tenna
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Figure 13: 3D radiation pattern for 3.2 GHz with
max gain −1.32 dB.

Figure 14: 3D radiation pattern for 5.5GHz with
max gain 1.10 dB.

Figure 15: 3D radiation pattern for 7.9 GHz with max gain 5.11 dB.

Table 2: Summry for triple band notched for UWB MSA.

• Excitation • Maximum gain • Return loss
• 3.2GHz • −1.32 dB • −3 dB
• 5.5GHz • 1.10 dB • −33 dB
• 7.9GHz • 5.11 dB • −23 dB

of the desired notched frequency, a destructive interference can take place, causing the antenna to
be non responsive at that particular frequency. It is very easy to tune the notch centre frequency
with the change in the total length of the C-shaped slot. More experiments were carried out on
the length of the C-shaped slot using the simulation program IE3D.

The Figure 12 shows the return loss for triple band notched antenna.
This return loss graph belongs to the triple band notch antenna, with the band notches at

3.2GHz, 5.5GHz and 7.9 GHz. The band notches at the frequency 3.2 GHz and 7.9GHz is small
because of the cross coupling caused due to the integration of all the 3 slots at a time in one
antenna.

3. CONCLUSION

This paper proposed design of simple rectangular microstrip antenna for UWB applications. The
antenna is capable of achieving multi notched-band. The following points summarized our design:

1. To minimize the potential interferences between the UWB system and the narrow band sys-
tems, a compact CPW-fed planar UWB antenna with triple band rejection features was de-
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signed. First on the basic antenna individual notches are designed and their band-notch
properties are studied. Then all the three notches are embedded onto the primitive antenna.
While integrating all the notch elements utmost care has been taken to minimize the cross-
coupling among them; so that their operation doesnt get hampered by the presence of other
notch elements.

2. Antenna operates in the specified 3.1–10.6 GHz range and the notches are at 3.2 GHz, 5.5 GHz
and 7.9 GHz.
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