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A compact design of ultra-wideband (UWB) antenna with dual band-notched
characteristics are investigated in this paper. The wider impedance
bandwidth (from 2.73 to 11.34 GHz) is obtained by using two symmetrical
slits in the radiating patch and another slit in the partial ground plane.
The dual band-notch rejection at WLAN and X-band downlink satellite
communication system are obtained by inserting a modified U-strip on
the radiating patch at 5.5 GHz and embedding a pair of single rectangular
split ring resonators (SR-SRR) on both sides of the microstrip feed line
at 7.5 GHz, respectively. The proposed antenna is simulated and tested using
CST MWS high frequency simulator and exhibits the advantages of compact
size, simple design and each notched frequency band can be controlled
independently by using the geometrical parameters of the corresponding
resonator. Therefore, the parametric study is carried out to understand

WLAN the mutual coupling between the dual band-notched elements. To validate

X-band simulation results of our design, a prototype is fabricated and good
agreement is achieved between measurement and simulation. Furthermore,
a radiation patterns, satisfactory gain, current distribution and VSWR result
at the notched frequencies make the proposed antenna a suitable candidate
for practical UWB applications.
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1. INTRODUCTION

The Federal Communications Commission (FCC) has authorized the ultra-wide band (UWB)
spectrum from 3.1 GHz to 10.6 GHz with signal bandwidth more than 500 MHz for applications
in commercial UWB communication systems [1]. UWB technology offers attractive features which include
a high data transmission rate of more than 100 Mbps, low power and multi-path communication. Many
techniques in the literature have been applied to design planar wideband antennas using microstrip [2, 3] or
coplanar waveguide (CPW) slot antennas [4-6].

In recent years, a large number of interfering narrow-band communication systems operate in this
broad bandwidth, like WiMAX (3.3-3.6 GHz), C-band systems (3.7-4.2 GHz), WLAN (5.15-5.825 GHz),
and downlink of X-band satellite (7.25-7.75 GHz). So designing the UWB antennas without interfering with
these narrow bands are required. Among the techniques that have been investigated to provide band-notched
characteristic in order to meet this requirement, we find the following: embedding slots with different shapes
in the radiating patch [7, 12], using quarter wavelength stubs attached in the ground plane [13], employing
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fractal and two via edge located (TVEL) electromagnetic band gap (EBG) structures near the feed line [14],
using a parasitic rectangular strip [15], inserting split ring resonators (SRR) on the ground plane [16, 17] or
using coplanar waveguide technology [18]. Other techniques have also been investigated by engraving two
slots on radiating patch and a pair of rotated V-strip slot on the back side of the substrate [19], using slotted
planar structure [20], using capacitor [21] however it needs to be reconfigurable. In [22], a slotted strip line
structure is proposed.

In this work, a compact design of planar UWB antenna with dual-notch bands is investigated.
The bandwidth and the adaptation of proposed UWB antenna are enhanced using two techniques: The first is
loading the patch antenna by two symmetrical slits and the second one by introducing the slit in the partial
ground plane. In order to create the dual band-notch rejection at WLAN and X-band downlink satellite,
we introduce a modified U-strip on the radiating patch to have the 5.5 GHz notch and by embedding a pair of
rectangular SRRs on both sides of the microstrip feed line, we obtain the second notch at 7.5 GHz. Therefore,
we simulate and discuss the parameters of the band notch antenna such as the VSWR, current distribution,
radiation patterns and gain response. The size of the antenna is 24x15x1.6 mm and it’s adapted for WLAN
and X-band downlink satellite communication services.

2.  UWB ANTENNA GEOMETRY AND DESIGN CONSIDERATION
2.1. UWB antenna geometry

Figure 1 shows the procedure to designing UWB antenna, which is printed on Fr-4 substrate with
a dimension of 24*15 mm?, relative dielectric constant er = 4.4, thickness of 1.6 mm and loss tangent of 0.02.
Figure 2 shows the VSWR simulation for each step of presented antenna Figure 1 (from (Ant. 1) to (Ant. 3))
that allows us to obtain an UWB antenna as a result Figure 1 (Ant. 3).

Ant.1 Ant.2 Ant.3

Figure 1. Steps of improvement of the proposed UWB antenna: (Ant. 1) initial square antenna with
symmetrical bevel, (Ant. 2) antenna with two symmetrical slits in the radiator and (Ant. 3) antenna with
rectangular slit in the ground plane

In the first step, and based on theory and recent studies, the initial design is the square antenna with
symmetrical bevel, as shown in Figurel(Ant. 1). In the second step, The design was developed and optimised
by considering different aspects such asthe improvement of impedance matching and bandwidth.
The radiating element is loading by two symmetrical slits to obtain better impedance matching and by
introducing a slit on the partial ground plane, broadband impedance bandwidth can be achieved, as shown in
Figure 1 (Ant. 2) and (Ant. 3) respectively.

From the following Figure 2, we can see that the effect of the slits introduced in the patch and on
the back side the substarte of our antenna was the widening of the bandwidth in a progressive manner. Also,
we can conclude that the result of VSWR of the last antenna (Ant.3) is satisfactory because it obeys the law
of an UWB antenna and whose VSWR is inferior to 2. The optimum dimensions of the UWB antenna design
are as follows : L =24 mm, L1 =13 mm, L2 = 2.4, L3 = 8mm, LS1 = 2.85 mm, LS2 = 1.7 mm, Lg = 3.4,
W =15 mm, W1 = 3.14, WS = 3.2mm, WS1 = 0.7 mm, WS2 = 0.2 mm and Wg =4 mm.
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Figure 2. Simulated VSWR for different UWB antenna structures

2.2. UWB antenna with dual band notch geometry

After the success in creating a compact printed monopole UWB antenna (without a band notch).
Figure 3 illustrates two steps followed in producing dual-notched band characteristic on UWB radiator.
The first one consists on creating a slit on the radiating patch and after that, adding a modified U-strip
resonator inside the previous slit that leads to provide the first notch at 6 GHz. However, the second one
consists on embedding a pair of SR-SRR on each side of the feed line which leads to provide another notch at

8.2 GHz. The detailed values of the two resonators are displayed in Table 1.

WRI

(a)

Figure 3. (a) Antenna with modified U-strip, (b) Antenna with modified U-strip and pair of SR-SRR

Table 1. dual band-notched antenna dimensions

Parameters Value (mm)
a 4
b 2.7
o} 0.8
d 0.2
S 0.2
Wr1 5.1
Wk 1.45
Lr1 7.6
Lro 43
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3. SIMULATION RESULTS AND DISCUSSION
3.1. VSWR

The simulated VSWR of the proposed antenna is shown in Figure 4, where VSWR of UWB antenna
(without any resonator) is compared to VSWRs of the antenna having the single and dual band-reject
performance, respectively. The designed UWB antenna has broadband performance from 2.78 to 11.34 GHz
with VSWR < 2, which covers all of the UWB frequency band. Furthermore, it can be clearly seen that each
resonator creates a corresponding notched band with VSWR >2 at these notches. These results mean that
there are no power transmissions at notches frequencies. However, to better explain the correlation between
the band-notched elements and tuned each rejected band to the desired value, a parametric study is carried
out by varying one parameter at a time and fixing the others.

3.1.1. The WLAN rejected band

The first notch can be generated by adding a modified U-strip resonator inside a slit in the radiator.
The length of this resonator is calculated as Lnocni=2Lri+ 2Lr2 +Wri1. The following formula [23] can
explain the dependence between the overall length (Lnocnz) Of the modified U-strip resonator and the first
notch-band frequency (f noten1).

notchl —
s +1 @
Lnotchl\/

where C is velocity of light through free space and er is dielectric constant.

Figure 5 shows the simulated VSWR parameters for different values of “Lg,”. It can be seen that
the VSWR at the notched bands is dependent on “Lg,” values. The notched bands shift toward the lower
frequency band when “Lgr,” increases. The optimum value of “Lr>” to cover the desired notched band centred
at 5.5 GHz (WLAN) band is 5.7 mm.
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Figure 4. Simulated VSWR for different structures Figure 5. VSWR parameters for different modified
U-strip length “Lgr>”

3.1.2. The X-band rejected band

Also the second frequency notch is generated by embedding the SR-SRR on side the microstrip feed
line. The length of this resonator is calculated as Lnoicno=2a+2b-g. By using the formula (2), the relationship
between the total radiator length (Lnotch2) Of the SR-SRR and the second notch-band frequency (f notcn2) is
calculated using the following formula [24]:

C

notch2
-+ 2

notch2
2

f
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Figure 6 depicts the influence of “g” the rectangular SRR- Split width to the second-band reject.
It indicates that when the dimension of “g” is varied from 0.8 to 0.4, only the second notch band shifts,
so the optimum value of “g” to obtain a notch band at 7.5 GHz is 0.4 mm. According to the parametric study
above, it is observed that the first frequency notch (WLAN) is achieved at 5.5 GHz and the second (X-band)
is achieved at 7.5 GHz. It also confirmed that the geometrical parameters of each resonator are used to adjust
the position of the corresponding unwanted band. Moreover, the optimal result of VSWR of the suggested
antenna is illustrated in Figure 7.
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Figure 6. VSWR parameters for different Figure 7. Optimal result of VSWR of a dual-band
rectangular SRR -split width “g” notch antenna

3.2. Current distribution and gain

To further understand the phenomenon behind dual notch performance, the surface current is also
investigated at frequencies of 5.5 and 7.5 GHz. As shown in Figure 8(a), at 5.5 GHz notched frequency,
the stronger current is mainly focused over the modified U-strip resonator inside the radiation patch.
Figure 8(b) shows the current distribution at 7.5 GHz, which corresponds to the upper notched frequency.
The current distribution is more concentrated over a pair of SR-SRR and very week on radiating patch and on
modified U-strip. Therefore, at the notched-bands, the energy cannot be radiated and it is stored around
the resonators. Figure 9 shows the simulated antenna gain versus frequency over the whole impedance
bandwidth. The gain at the notched frequency bands is significantly reduced. It clearly indicates that these
resonators can perfectly prevent the propagation of the signal close to its resonant frequencies.
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Figure 8. Simulated current distributions at different Figure 9. Simulated gain of the optimized UWB
frequncies: (a) 5.5 GHz. (b) 7.5 GHz antenna with dual notches
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4. FABRICATION AND MEASUREMENT

In order to validate the design of dual band-notch UWB antenna, a prototype has been successfully
fabricated using LPKF ProtoMat E33 and tested using A Rohde and Schwarz ZVB 20 vector network
analyzer. Figures 10 (a) and (b) show a photograph of fabricated antenna, The simulated and measured
results of our antenna are plotted in Figure 11 and listed in Table 2.
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Figure 10. Prototype of dual band-notch antenna (a) Figure 11. Simulated and measured VSWR

front view, (b) bottom view

Table 2. Comparative table between the antennas discussed

Parameters Simulated Results Fabricated Results
Bandwidth 3.28 t0 10.65 GHz 3.381t010.5 GHz

First Notch (WLAN) 5.25t05.85 GHz 5.13t05.82 GHz
Second Notch (X-band) 7.26 t07.81 GHz 7.18t0 7.86 GHz

The fabricated antenna has a large bandwidth from 3.38 GHz t010.5 GHz for VSWR<2 with dual
notched bands in the range of WLAN and X-band. A slight discrepancy exists among the rejected bands.
Some of these slight discrepancies can be attributed to connector mismatches and manufacturing tolerances.
The radiation patterns of the designed antenna at the frequencies 4 GHz, 6.5 GHz and 9 GHz in the E and H
planes are simulated, measured and compared, as shown in Figure 12. A nearly omnidirectional radiation
characteristics are observed in the H-plane. While in E-plane, the radiation pattern is similar to that of
the dipoles. Table 3 summarized the comparison of proposed design and published works in terms of
frequency notches, peak VSWR at center notched frequency, paek gain and full size. As observed,
the proposed design is compact in size as compared to all the references taken.
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Figure 12. Simulated and measured radiation patterns at (a) 4 GHz
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Figure 12. Simulated and measured radiation patterns at (b) 6.5 GHz and (c) 9 GHz (continue)
Table 3 summarized the comparison of proposed design and published works in terms of frequency

notches, peak VSWR at center notched frequency, paek gain and full size. As observed, the proposed design
is compact in size as compared to all the references taken.

Table 3. Comparative table between the proposed and existing antennas

Ref. Size Freq. VSWR First Peak Gain Freq. VSWR Second  Peak Gain
(mm3) (GHz) Notch (dBi) (GHz) Notch (dBi)
[24] 21.8x24.1x1.6 4 4 -12 7.7 7 -7
[25] 26%30x1.6 55 2.8 0 7.7 42 -17
[26] 40%x40%0.762 5.78 14.8 -14.5 8.2 16.5 -16
[27] 33% 34x 1.575 43 4 -4 7.7 6 -3
Proposed 24x15x1.6 55 104 -2 75 11.8 -3.6

5. CONCLUSION

In this paper, A compact planar UWB antenna with dual band-notched characteristics has been
presented. The desired stop bands with centre frequencies at 5.5 GHz and 7.5 GHz are obtained by inserting
a modified U-strip on the radiating patch and incorporating a SR-SRR on each side of the microstrip feed
line, respectively. Moreover, the central frequency of the notches could be easily adjusted by altering
the geometrical parameters of corresponding resonator. VSWR, current distribution, gain and radiation
pattern are taken into account to analyse the performance of the proposed antenna. In addition, The H-plane
shows nearly omnidirectional radiation patterns over the operating frequency range. From the above results,
it can be concluded that the performance of proposed antenna is adequate for UWB wireless communications
applications except WLAN and downlink signals of the X-band satellite communication services.
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