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 This paper proposed quadruple notched frequency bands ultra-wideband 
(UWB) antenna. The antenna is a semicircular-shaped monopole type of  
a compact size 36x24 mm, covering frequency range of 3.02-14 GHz.  
Four rejected narrow bands including WiMAX (3.3-3.7GHz), ARN (4.2-4.5 
GHz), WLAN (5.15-5.825GHz), X-Band (7.25-7.75) have been achieved 
using inserting slots techniques in the patch, feed line, and ground plane.  
The slots dimensions have been optimized for the required reject bands.  
The antenna design and analysis have been investigated by simulation study 
using CST-EM software package. The antenna characteristics including 
impedance bandwidth, surface current, gain, radiation efficiency, radiation 
pattern have been discussed. 
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1. INTRODUCTION 

After authorization the unlicensed Ultra-wide band UWB (3.1-10.6) GHz by the federal 
communication commission (FCC) in 2002 [1], many researchers concentrated on the use of this range due to 
many interesting features such as low profile, small size, easy to fabricate, its omnidirectional pattern, and  
the most significant feature its fabrication with the printed circuit boards.  The investigation of the monopole 
patch antenna in UWB takes different areas such as studying the effect of inserting different fractal slots on 
the patch [2-4] or enhancing the impedance bandwidth [5]. 

One of the most important challenges in designing UWB antennas is the presence of narrow bands 
within the UWB, such as: WiMAX (Worldwide Interoperability for Microwave Access, operating bandwidth 
93.3-3.7GHz), ARN (Aeronautical Radio Navigation, operating bandwidth 4.2-4.5 GHz), WLAN (Wireless 
Local Area Network, operating bandwidth 5.15-5.825GHz), X-Band ( a segment of the superhigh-frequency 
radio spectrum that lies between 5.2 GHz and 10.9 GHz and is used especially for radars and for spacecraft 
communication, our investigating babdwidth 7.25-7.75), so it will be interfering with the operating UWB. 
To reject these unwanted narrow bands different method was investigated by inserting filters within the 
UWB antenna with a rejection characteristic, to eliminate the effect of electromagnetic interference (EMI). 
Many works concentrated the rejection of more than one band, many designers have been published works 
including dual-band reject [6-13], triple band reject [14-17], four band reject [18-26]. The researchers used 
different antenna types configuration and different slots configurations to achieve the desired notch filter for 
a desired narrow band rejection, the slot configuration was inserted on the radiating elements of the patch, 
depending on the notch frequency and the calculated length of the slot for each notch filter. In [6] the authors 
used circular monopole patch antenna with inserting mirrored L-shaped on the feet of the monopole, and spilt 
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ring resonator SRR on the patch to eliminate WiMAX and WLAN respectively, while in [7] used rectangular 
planer antenna consisting of a radiating patch with a staircase slots with a partial rectangular ground, 
inserting meandered slot on the patch and U-shaped slot on the feed to reject WiMAX and WLAN 
respectively. The authors in [8] used squared patch with partial ground and slotted conductor packed plane, 
by inserting on the slotted conductor packed pair of mirror L-shaped slots, and U-shaped slot receiving 
a rejection of WLAN and WiMAX bands respectively. Different planer antenna shaped have been 
investigated by using one or more U-shaped slot on the patch to achieve WiMAX and WLAN band 
rejection [9-11]. A compact lamp-shaped antenna was designed and inserted a quarter L-shaped slot on the 
patch and two quarter L-shaped on the ground in order to eliminate the effect of WiMAX and WLAN 
respectively [12]. In [13] a square patch with partial ground was modified by inserting a composed of 
modified fork-shaped and Ω-shaped slot and a pair of Γ-shaped to eliminate the effect of WiMAX and 
WLAN. 

Different methods of design have been presented for an effective narrow band rejection by 
introducing different etching slots on the patch or ground obtaining desired notched bands in UWB, 
introducing three notched bands. In [14, 15], they introduced three band notched UWB antenna by inserting 
a Hiulbert slot etched on the half eleptic shaped patch, and a slot rectangular shaped etched on the half eleptic 
ground [14], or etching out 2 elliptic single complementary split ring resonator on the patch with a proper 
dimensions and placing 2 rectangular on the pack[15]. An UWB triple band-notched antenna has been 
proposed in [16] by inserting a rectangular strip and two nested U-shaped slots in the antenna patch and feed, 
which can filter WiMAX, C-band, WLAN and X-band applications. In [17] received three high rejection 
notch bands characteristics by insetting two U-shaped and one T-shaped on the patch on the urn shaped 
monopole antenna.  

To realize UWB antenna with four bands notched characteristics, the authors introduced  
a trapezoidal antenna [18], and an embedded ellipse at top of trapezoidal patch (named ellipsoidal) [19],  
a U-shaped and a pair of C-shaped band stop filters have been etched on the patch antenna and the partial 
ground with a proper dimensions achieving a band-rejection characteristic in the WiMAX (3.43–3.85 GHz), 
WLAN(5.26–6.01 GHz), X-band satellite communication (7.05–7.68 GHz), and ITU 8 GHz. While in [19], 
the authors achieved four band reject characteristics for WiMAX, ARN, WLAN, and ITU-8 bands by etching 
several U-shaped and single I-shaped only on the patch. In [20] presented four sharp notch filtering for 
WiMAX, INSAT, lower, and upper WLAN, while exhibiting stable radiation pattern over the hole range of 
ultra-wide band, this achieved by inserting a complementary split ring resonators (CSRRs) on the centered 
semi-circular shaped radiator with partial ground plane. Four filter band are presented by creating different 
shapes cut U, L, and C-shaped on a rectangular microstrip antenna [21]. 

Many authors achieved four band notched filters by modified the patch antenna of different shapes 
with a coplanar waveguide (CPW) [22-25]. In [26-28] the authors introduced five bands notched filters by 
utilizing Y-shaped patch with a combinations of U-shaped etched slots [26], semi-circle patch with U-shaped 
etched on the partial ground and CSRRs on the patch [27], in [28] the authors used different sizes of 
rectangular split- ring resonators on the radiating patch and the feed line achieving five bands notched filters. 
This paper proposed quadrable notched ultra-wideband antenna which is modification of [6] by adding 
a rectangular slot, etching U-shaped slot on the patch, and inverted L-shaped on the partial ground. Four 
rejection bands are received the results of the proposed antenna were compared with other works designed 
previously. 
 
 
2. ANTENNA DESIGN AND STRUCTURE  

The proposed quadrupole stops band circular antenna geometry consisting of central circle radiator 
with tow circle radius 5.36 mm on both sides apart from the center 5 mm and partially ground plane, the top, 
bottom, and side view are shown in Figure 1(a), (b), and (c). the antenna was designed on 36x24 mm FR-4 
substrate material of thickness (tp) 1.6 mm, loss tangent 0.02, and permittivity ( r) 4.3. The antenna was fed 
using 50 Ω microstrip feed line length 17 mm and width 2mm. The optimal parameter dimensions for 
the investigated antenna and the parameters that used to design the notch slots for each notch filter are 
presented in Table 1. The antenna optimization and simulation were carried using CST-Microwave 
Studio2018. Figure 2(a)-(d) shows the dimensions for each notch slot that used for rejection of WiMAX, 
ARN, WLAN, and X-band respectively.  

 
 

Table 1. Optimized parameter for antenna and quadruple band notch filters 
Parameter LS WS Lf Wf ts tp Rp1 Rp2 Rp3 Rp4 Rp3-Rp4 d Ln1 Ln2 Ln3 

Value (mm) 36 24 17 2 1.6 0.009 8.5 5.36 3.8 3.51 0.20 5 1.2 4.65 8.6 
Parameter Ln4 Lp1 Lp2 Lp3 wp1 wp2 wp3 Wn1 Wn2 Lg Lg1 Lg2 Wg1 Wg2 

Value (mm) 3.65 1.5 0.22 2.9 10 15 0.21 1.4 1 15 0.5 3.5 9 0.35 
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Figure 1. Proposed quadruple band notched antenna (a) front view, (b) back view, (c) side view 
 
 

 
 

Figure 2. The optimized dimensions of the selected shaped slots for each notch characteristics (a) Mirrored 
shaped slot for WiMAX band, (b) inverted U-shaped for ARN (Aeronautical Radio Navigation) band,  

(c) A split ring resonator for WLAN band (d) L-shaped inverted counterclockwise 90° for X-band 
 

 

3. METHODOLOGY OF DESIGN  

To design UWB with quadruple notched band antenna, two main things must be considered, firstly 
design an antenna capable to cover the UWB, secondly removing the interference caused by narrow bands 
within the operating UWB. 

 

3.1.  Chosen the proper form for monopole UWB antenna  

Figure 3 present the investigated monopole antennas configurations to choose the proper form for 
UWB, three different antennas design were investigated, case 1 with circular form radius 8.5 mm, case 2  
the same form with adding two side circles aside from the center 5mm with radius 5.36 mm, and case 3 
antenna with inserted rectangular slot on the patch with dimensions 10X2 mm. Figure 4 demonstrated the 
return loss |S11| for three cases over the operating frequencies. The comparison between these three cases is 
listed in Table 2, which evident that case 3 is the best case for the operating UWB that will be used further in 
the design of final antenna with quadruple notched filters. 
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Figure 3. Three cases of proposed monopole antennas design for quadruple UWB notch filters 
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Figure 4. Simulated |S11| (return loss) of three cases of the proposed UWB antenna configuration 
 
 

Table 2. Comparison between different antenna modifications 
Feature Antenna 1 Antenna 2 Antenna 3 
Pass band [GHz] 3.03-9.54 3.01-13.82 3.02-14 
Resonant frequency [GHz] 3.53,6.06,8.15 3.55,5.86,8.38,10.65,12.9 3.5,6,8.34,12 
Slot - - Rectangular shape 

 
 

3.2.  Surface current distribution  

 First of all, the surface current distribution was investigated for case 3 to observe the concentration 
of the surface current distribution of the monopole antenna in order to choose the proper places to insert slots 
for notched different bands, from Figure 5(a)-(c) the current distribution is mainly concentrated in the edge 
rather than in the center of the monopole for different resonate frequencies. 

 
 

 
 

Figure 5. Current distribution for different resonant frequencies within the chosen antenna case 3  
(a) 3.5 GHz, (b) 6 GHz, and (c) 8.34 GHz 
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4. NOTCH BANDS 

This section will introduce the four notched bands of the investigated monopole antenna to eliminate 
the effect of the unwanted electromagnetic interferences of UWB communication systems with WiMAX, 
ARN, WLAN, and X-Band frequencies band. Taking in to account the relationship between the notch 
frequency and the total length of the etched slot has been estimated by (1) expressed in [11]. 

2
notch

eff

c
f

L 


 

(1) 

Where, c is the speed of the light in free space and εeff is the effective dielectric constant 
(1 ) / 2eff r  

  
The four steps to achieve the quadrupole band notched monopole UWB were done as follow: 
 
4.1.  WiMAX notch filter design 

To eliminate the electromagnetic interference for the first lower notch frequency 3.5 GHz for  
the narrow band WiMAX-IEEE 802.16 that operate at 3.3-3.7 GHz, is achieved by inserting a proper 
mirrored L-shaped connected from the top slot is etched on the feed line as shown in Figure 2 (a). Using (1) 
for this band to be approximately equal to the halfwave length at the center frequency, the calculated length 
of the notch slot is listed in Table 3. The total length of the inserted slot is given in (2). 
 𝐿𝑇𝑜𝑡𝑎𝑙 = 2𝐿𝑛3 + 2𝐿𝑛4 + 𝑊𝑛1 + 𝑊𝑛2  (2) 
 
Parametric study was done to optimize the bandwidth of the rejected WiMAX band, it would be effective to 
control the slot length, given in (2), by varying some parameters Ln3 and Ln4. The optimized length 
the parameters is listed in Table 3, Figure 6 demonstrate the control of the first notch slot length by varying 
Ln4 with constant Ln3, and vice versa. 

 
 

 
 

Figure 6. Optimization WiMAX notch filter: the effect of varying Ln3, and Ln4 on the notch  
frequency 3.5 GHz, (a) varying Ln3 with constant Ln4, (b) varying Ln4 with constant Ln3 

 

 

4.2.  ARN notch filter design 

To eliminate the effect ARN band 4.25-4.85 GHz, inverted U-shaped was etched on the patch with 
optimized dimensions shown in Figure 2(b) and listed in Table 1. The calculated length of the inserted slot to 
be approximately equal to the halfwave length at the center frequency was done using (1), is listed in Table 3, 
while total length of the notch slot is given in (3). 

 𝐿𝑇𝑜𝑡𝑎𝑙 =  𝑊𝑃2 + 2𝐿𝑃3  (3) 
 
In order to receive the proper length of the etched slot a parametric study was done to determine  

the optimized length of (3) by varying Wp2 with constant Lp3 and vice versa to receive notch frequency of 
the second notch filter approximately equal to the calculated length using (1), the optimized length is listed in 
Table 3, which received 20.8 mm, less than the calculated in 0.38 mm. Figure 7 demonstrate the effect of  
the varying Wp2 and Lp3 on the second notch frequency 4.35 GHz. 
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Figure 7. Optimization ARN notch filter: the effect of varying LP3, and WP2 on the notch  
frequency 4.35 GHz, (a) varying LP3 with constant WP2, (b) varying WP2 with constant LP3 

 
 

4.3.  WLAN notch filter design 

To eliminate the effect of WLAN that operate at 5.15-5.825 GHz, a split ring resonator SRR with  
an optimized parameter as listed in Table 1, was inserted at distance Ln2= 4.65mm from the center of  
the main monopole as demonstrated in Figure 2 (c). Using (1) using the notch frequency of WLAN band 
which equal to 5.5 GHz, the calculated length received equal 16.75 mm that expected to be the length of 
the inserted SRR perimeter, determined using (4) 
 𝐿𝑇𝑜𝑡𝑎𝑙 = 2𝜋𝑅𝑃3 − (𝑅𝑃3 × 𝜃180 𝜋) (4) 

 
Where θ-is the open part of the SRR. 

To determine the effect of varying parameter RP3 in (4), on the peremeter length of the etched SRR 
slot to receive the total length equal to the halfwave length at the center frequency 5.5 GHz, receiving in (1), 
a parametric study was done. The proper length of the outer radius of the SRR with constant arc cut with 
angle θ =70o, and constant difference between the outer and the inner radius of SRR equal 0.20 mm, 
receiving the optimized outer radius RP3=3.8 mm and the inner radius RP4= 3.60 mm.  

Figure 8 (a), shows the simulated |S11| for different outer radius of SRR RP3, with constant difference 
RP3-RP4 =0.20 mm. from Figure 8 (a), it is seen that the significant effect on t the notch frequency by varying 
the outer radius, were the best one for RP3 = 3.8 mm. In order to choose the proper difference between 
the outer and the inner radius of SRR, a parametric study was done for different distance with constant outer 
radius RP3 = 3.8 mm. Figure 8 (b) shows the simulated |S11| with changing the difference between RP3 
and RP4. 

 
 

 
 

Figure 8. The simulated |S11| for optimization WLAN notch filter: the effect of varying RP3 and RP3-RP4,  
(a) varying RP3 with constant RP3-RP4 =0.29 mm, (b) varying RP3-RP4 with constant RP3 =3.8 mm 
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4.4.  X-Band notch filter design 

To eliminate the effect of X-band which operate at 7.25-7.85 GHz, an L-shaped slot was etched on 
the partial ground with optimized parameters recorded in Table 1 and demonstrated in Figure 2(d). According 
to (1) the calculated length of the inserted slot on the partial ground taking into account the notch frequency 
7.5 GHz of the X-Band, the calculated length equal to 12.29 mm. the total length of the simulated slot given 
in (5). The proper length of Wg1 and Lg2 received after parametric study are listed in Table 2, and the total 
optimized length received 19.23mm, Figure 9 shows the simulated |S11| for optimization X-Band notch filter. 

 𝐿𝑇𝑜𝑡𝑎𝑙 = 𝑊𝑔1 + 𝐿𝑔2  (5) 
 
 

 
 

Figure 9. The simulated |S11| for optimization X-Band notch filter: (a) the effect of varying Lg2  
with constant Wg1, (b) the effect of varying Wg1 with const Lg2 

 

 

5. RESULTS AND DISCUSSION 

The simulated return loss |S11| of the reference antenna case 3 and the final antenna with quadruple 
notched band filters demonstrated in Figure 10, while the VSWR shown in Figure 11. The operating UWB is 
(2.77-13.83) GHz with 133.5% fractional bandwidth of the final antenna. Table 3 listed a comparison 
between these different 4 stages with each narrow band from table evident that the received resonant 
frequency for each simulated band is approximately the same as the original band. From Figure 11 evident 
that WiMAX gives the best rejection bandwidth with VSWR 7 at resonant frequency followed ARN, WLAN 
and X-Band respectively, the worst one is X-Band with VSWR 2.9 at resonant frequency. The reason here 
due to for collecting all four rejection bands in one antenna, however improving the rejection band will affect 
the other, while the best compramize chosen and presented here. Figure 12 shown the effect of combination 
of the four filters together, from the figure, it is evident that a wider bandwidth for ARN filtering case has 
been achieved while another bandwidth remains same or became little smaller.  

 
 

 
 

Figure 10. The simulated S11 for the reference monopole antenna case 3 
and the monopole antenna with quadruple notched filters 
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Table 3. Comparison of different stages for each proposed band notch with each narrow band 
Band notch→ Characteristics ↓ WiMAX ARN WLAN X-band 
Bandwidth [GHz] 3.3-3.7 4.2-4.5 5.15-5.825 7.25–7.75 
Simulated BW [GHz] 3.18-3.84 4.1-4.4.62 5.35-5.92 7.02-8.06 
Notch frequency [GHz] 3.5 4.35 5.5 7.5 
Simulated notch frequency [GHz] 3.51 4.36 5.55 7.54 
Calculated slot length mm 26.33 21.18 16.75 12.29 
Optimized slot length mm  25.9 20.8 19.23 11.5 

 
 

  
 

Figure 11. The simulated VSWR for the investigated 
antenna with quadruple notched filters 

 
Figure 12. the effect of compound all four filters in 

one patch antenna 
 
 

Figure 13 demonstrated the maximum gain of the final proposed antenna with gain from 2.2 dB to 
4.8 dB, while the gain of the notched filter for WiMAX, ARN, WLAN, and X-Band being -3,2.6,1, and 2.8 
dB respectively. From Figure 13 seen that the gain became worse at higher frequencies from 10.1-11.5 GHz 
and seems as a reject filter with resonant frequency 10.8 GHz, this case is not investigated here as 
the investigated UWB in our case from 3.1 to 10.6 GHz. The radiation efficiency is shown in Figure 14 as 
shown it is low for the rejected bands. 
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Figure 13. Max gain for the investigated antenna 
with quadruple notched filters 

 
Figure 14. The radiation efficiency of the 

investigated antenna with quadruple notched filters 
 
 
Finally, the radiation pattern of E-plane and H-plane of the proposed antenna with quadruple band 

notched filters is presented for 5 different resonant frequencies 3, 5.2, 6.5 ,8.8, 10.3, and 12 GHz, are 
demonstrated in Figure 15 (a)-(e) respectively. The radiation pattern is about omnidirectional at lower 
frequencies and became more directional at higher frequencies, while became worsens at higher frequency 
side due to of the existance of higher order modes.  
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Figure 15. The simulated radiation pattern for different resonate frequencies for the proposed antenna 
 
 

6. A COMPARISON OF THE INVESTINATED ANTENNA WITH THE OTHER REPORTED 

WORK 

To see the effective of the proposed antenna a comparison with other reported works in terms of 
antenna dimension, operating band, number of notched filter peak gain, and the fractional bandwidth is listed 
in Table 4. From the table, it is evident that the dimensions of the antenna are acceptable compared with 
other works. The fractional bandwidth of the different reported works varies from 117.88% to 133.3%, while 
this work is 129% in [22] the fractional bandwidth is more than in this work which equal 133.3% but when 
compared the bandwidth of the notched band this work is narrower the it.  

 
 

Table 4. Comparison of the investigated antenna with other reported woks 
Ref. Ant. Dimension 

[mm3] 
Operating 

frequency [GHz] 
No. of band notch [GHz] BW of notched 

bands [GHz] 
Peak gain 

[(dBi] 
Fractional 

bandwidth % 
[18] 27×36×1.6 2.95-12.65 WiMAX (3.26-3.9) 0.64 <6.15 124.36 

ARN (4.35-5.05) 0.7 
WLAN (5.5-5.65) 0.15 
ITU-8 (7.95-9.35) 1.4 

[19] 30×33.5×0.8 2.88–12.67 WiMAX (3.43-3.85) 0.42 N/A 125.9 
WLAN (5.26–6.01) 0.75 

X-band satellite 
communication (7.05–7.68) 

0.63 

ITU 8 GHz (8.08–8.87) 0.79 
[20] 30×28×0.508 3-11 WiMAX (3.3-3.36) 0.06 <5 128.6 

IVSAT (4.50–4.70) 0.2 
Lower WLAN (5.15–5.35) 0.2 
Upper WLAN (5.70–5.825) 0.125 

[22] 43×28×1.6 2.8-14 WiMAX (2.7–3.4) 0.7 <6.4 133.3 
C-band (3.4–4.5) 1.1 
WLAN (5.4–6.1) 0.7 
X-band (6.8–9.9) 3.1 

[23] 26×28×0.4 3.1-12 WLAN (5.1–5.43) 0.33 >6 117.88 
WLAN(5.78–5.98) 0.17 
X-Band (7.2–7.79) 0.59 

ITU (8.03–8.83) 0.8 
[25] 28×30×1.524 2.6-12 S-band (2.70-3.10) 0.4 4.75 128.76 

downlink C-band (3.70-4.20) 0.5 
WLAN (4.90-5.75) 0.85 
WPAN (6.60-7.40) 0.8 

This 
work 

36×24×1.6 3.02-14 WIMAX (3.18-3.84) 0.66 4.8 129 
ARN (4.1-4.4.62) 0.52 

WLAN (5.35-5.92) 0.57 
X-Band (7.02-8.06) 1.02 
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7. CONCLUSION 

In this paper, quadruple notched frequency bands ultra-wideband (UWB) monopole antenna has 
been introduced. The antenna has a semicircular-shaped patch and printed on FR4 subtract of a compact size 
36x24 mm. The antenna has a fractional bandwidth of 129 %. Four different slots configurations with 
optimized dimensions have been inserted in the antenna elements for achieving quadruple notched narrow 
bands as; mirrored L-shaped connected from the top slot was etched on the feed line for eliminating WiMAX 
spectrum, inverted U-shaped was etched on the patch for suppressing ARN frequency range, a split ring 
resonator (SRR) was inserted on the patch for stopping WLAN confliction, and L-shaped slot was etched on 
the partial ground plane for X-band suppression. The simulation study shows that the antenna has a good 
impedance bandwidth, a maximum gain more than 4.5dBi, a radiation efficiency more than 80% over 
the UWB spectrum, and radiation pattern for different resonant frequencies were demonstrated. The antenna 
performance has been verified through the comparison study with other design reported in the literature. 
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