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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 spec-
trum throughout the band 3.1 to 10.6 GHz. This paper demonstrates the design of integrated triple
band notched for UWB Microstrip antenna. 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 3.2 GHz (for Wi-MAX band 3.16 to 3.32 GHz),
at 5.5 GHz (for WLAN 2 band—5.3 to 5.72 GHz) and at 7.9 GHz (for ITU band 7.72 GHz to 8.13 GHz).
The simulation was done using IE3D simulator.
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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 extremely wide impedance bandwidth [1]. Printed
planar monopole antennas have been designed to operate in UWB systems [2]. There are some wireless commu-
nication applications which have already occupied frequencies in the UWB band such as the wireless local area
network (WLAN) a.k.a. IEEE 802.11 a/g and HIPERLAN/2 WLAN which operate at 5.15 - 5.35 GHz and 5.725 -
5.825 GHz, respectively and IEEE 802.16 (3.3 - 3.8 GHz) [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].
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One way to suppress these interfering signals is to use a spatial filter such as a frequency selective surface above
the antenna. However, this approach requires too much space and is expensive [5]. To disband this problem, the
UWAB antenna with build-in frequency notch structure 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 rejection 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 Figure 1. The essence of this design strategy is that three notching ele-
ments 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. In-
troduction 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. Now-a-days demand is for miniaturized technology and MSA helps us in achieving
that.

2.1. Primitive Antenna

Antenna Description
Measurements of the primitive antenna are shown in Table 1.

Primitive antenna consists of a rectangular patch (trimmed) and trimmed ground plane to enhance the anten-
na’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.
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Figure 1. Geometry of CPW fed planar antenna.
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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 3.2 GHz)

Figure 2 shows the antenna design with C—slot to produce band—notched at 3.2 GHz.

Antenna Description:

Measurements of the C-shaped slot at 3.5GHz is shown in Table 2.

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 3.16 GHz to 3.32 GHz and interferes with UWB devices. So in-
stead 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—para-
meters of this design is shown in Figure 3.

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

2.3. Antenna with C-Slot (for Band-Notch at 5.5 GHz)

Figure 5 shows the geometry of the antenna with C—slot to produce band—notch at 5.5 GHz.

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

® Parameters ® Dimensions
o W1 e 14mm
o W2 e 3mm
e W5 e 5mm
o W6 e 10mm
o W7 e 15mm
e W8 e 1mm
e |3 e 15mm
o |4 e 1lmm
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Figure 2. Geometry of antenna with C-slot to produce band-notch at

3.2 GHz.
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= total, dRilfaain]

328048
279617
22746
1.79028
1.26872
0724402
0.262833
022143
0705795
A.22738
-1.711E8
223328
271766
-3.20187
372344
-4 20776

“attern [D: None
“req 3.2 [GHz)
“lagnitude: E-total
Zolor; dBi(Gain)

Table 2. Measurements of the C-shaped slot (band notch at 3.5 GHz).

® Parameters ® Dimensions
o |2 e 13mm
® |6 e 25mm
o W4 e 115mm
* W9 e 11.5mm
® Thickness of slot e 05mm

S-Parameters Display
——~ dB [S(1, 1)]

MNP
i SN
T oag

dB

1 1.5 2 25 3 3.5 4
Freq (GHz)

Figure 3. Band-notch at 3.2 GHz return loss.

Figure 4. 3D radiation pattern for 3.2GHz with max gain 3.28.
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Antenna Description:

Measurements of the C-shaped slot at 5.5 GHz is shown below in Table 3.

WLAN 2 operates from 5.3 GHz to 5.72 GHz, interferes with the UWB systems. In order to minimize the in-
terference we have etched a C-shaped slot on the radiating patch to create a notch around 5.5 GHz.

The S-parameters of this design is shown in Figure 6.

The 3-D radiation pattern is shown in Figure 7.

2.4. Antenna with Two CSRRs

Figure 8 shows the antenna design with a pair of CSRRs at 7.9 GHZ.

Antenna Description:

Measurements of the two CSRRs at 7.9 GHz is shown in Table 4.

ITU band operates in the range of 7.72 GHz to 8.13 GHz 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 in Figure 9.

The 3-D radiation pattern is sown in Figure 10.

2.5. Antenna with Triple Band-Notch Features

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 re-
jection function at Wi-MAX (3.16 - 3.32 GHz), WLAN 2 (5.3 - 5.72 GHz) and ITU 8 GHz (7.72 - 8.13 GHz).
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Figure 5. Geometry of antenna with C-slot to produce band-notch at
5.5 GHz.

Table 3. Measurements of the C-shaped slot (band notch at 5.5 GHz).

® Parameters ® Dimensions
o |1 e 11mm
e |5 e 2mm
o W3 ® 75mm
® Thickness of the slot e 05mm
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Figure 6. Band-notch at 5.5 GHz return loss.

-total, dBi{Gain)

276352

228521
1.76364
127332
0757755
0.273442
0248127
073240
-1.21678
-1.73832
-2.22264
274421
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524028
7246
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Figure 7. 3D radiation pattern for 5.5 GHz with max gain 2.76 dB.

Design Detsails:

The measurements of the antenna as well as the measurements of the two C-shaped slots and pair of CSRRs is
shown below in Table 5.

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 of the desired notched frequency, a de-
structive 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 expe-
riments were carried out on the length of the C-shaped slot using the simulation program IE3D.

Figure 12 shows the return loss for triple band notched antenna.
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Table 4. Measurements of the 2 CSRRs (Complementary Split Ring
Resonator) providing us with a band notch at 7.9 GHz.

® Parameters ® Dimensions

e |8 ® A5mm
o |7 e 15mm
e L9 e 25mm
e L10 e 0.5mm
e W10 ® 45mm
e W11 e 2mm

® Thickness of slot e 05mm

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

S-Parameters Display
—e—v dB [S(1, 1)]
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Figure 9. Pair of CSRRs (notch at 7.9 GHz) return loss.
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E-total, dBill3ain]

451168

354305
243332
1.53123
0.483151
-0.480477
-1.52361
-2.43224
-3.46087
-4.50401
547263
-B.51577
-7.4844
-8.45303
-9.43616
10,4648

Pattern [0 Mone:
Freq: 7.9 [GHz)
Magnitude: E-total
Color: dBilGain)

Figure 10. 3D radiation pattern for 7.9 GHz with max gain 4.51 dB.
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Figure 11. Geometry of antenna with triple band notch.

This Return Loss graph belongs to the triple band notch antenna, with the band notches at 3.2 GHz, 5.5 GHz
and 7.9 GHz. The band notches at the frequency 3.2 GHz and 7.9 GHz is small because of the cross coupling
caused due to the integration of all the 3 slots at a time in one antenna.

The 3-D radiation pattern for 3.2GHz is shown in Figure 13.

The 3-D radiation pattern for 5.5 GHz is shown in Figure 14.

The 3-D radiation pattern for 7.9GHz is shown below in Figure 15.

Summary of triple band notched for UWB MSA is shown below in Table 6.

3. Conclusions

This paper proposed design of simple rectangular microstrip antenna for UWB applications. The antenna is ca-
pable of achieving multi notched-band. The following points summarized our design:
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Table 5. the above table gives us the measurements of the antenna as
well as the measurements of the 2 C-shaped slots and a pair of CSRRs.

® Parameters ® Dimensions
o W1 e 14mm
o W2 e 3mm
o W3 ® 7.5mm
o W4 e 11.5mm
e W5 e 5mm
o W6 e 10mm
o W7 e 15mm
o W8 e 1mm
o W9 e 11.5mm
e W10 ® 45mm
e W11 e 2mm
o |1 e 11mm
o |2 e 13mm
o |3 e 15mm
o |4 e 11mm
e |5 e 2mm
® |6 e 25mm
o L7 e 15mm
e |8 e A4A5mm
e |9 ® 25mm
e |10 e (05mm
® Thickness of the slot e 0.5mm

@ dB[S(1, 1)]

S-Parameters Display

4 5
Freq (GHz)

Figure 12. Return loss for triple band notched antenna.
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Table 6. Summary for triple band notched for UWB MSA.

® Excitation ® Maximum gain ® Return loss
® 32GHz e -132dB e -3dB
e 55GHz e 110dB e -33dB

® 79GHz e 511dB e -23dB

E-total, dBi(Gain)

132413

-1.80844
-2.330m
281433
333509
382021
434178
-4.82609
53104
B89
631629
683786
F3En7
-7.80648
832808
281237
933393
981825

Patterm D None:
Freq: 3.2 [GHz)
Magritude: E-tatal
Calor: dBi(Gain)

Figure 13. Return loss for triple band notched antenna.

E-total. dBilG ain)

110871

0140033
-0.903055
187168
291482
386345
-4.92658
-5.89521
-6.86384
-7.90638
88756
991874
-10.8874
-11.856
-12.8991
128678
149109
15,8735
7

Pattem |D: None
Freq 6.5 GHz)

B 2wty s Eobbal

Figure 14. Return loss for triple band notched antenna.

1) To minimize the potential interferences between the UWB system and the narrow band systems, a compact
CPW-fed planar UWB antenna with triple band rejection features was designed. First on the basic antenna indi-
vidual 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
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2attem D: Mone
“req: 7.9 [GHz)
Aagnitude; E-total
Zolor: dBiG ain)

<-total, dBilG ain)

511234
415031
310718
213855
1.09541
0126783
0916354
-1.88438
-2.85361
-3.B9675
-4.86537
-5.90851
-B.E7T14
-7 4577
-8.8839
-9 BA7E3

10,8007
11,8653
129124

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

cross-coupling among them; so that their operation doesn’t 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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