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Abstract-In this work, a new ultra-wideband (UWB) antenna 

design with 2.08GHz to 12GHz impedance bandwidth and triple-

band specifications is presented. The proposed antenna is formed 

by a truncated square patch, a partial ground plane, and a 50Ω 

microstrip line. Three different types of slots were used in order 

to induce notched bands. A C-shaped slot is etched on the 
radiating patch to obtain a notched band in 3.31-4.21GHz for 

WiMAX. An inverted U-shaped slot in the micro-strip line 

induces a second notched band in order to reduce the 

interference with the WLAN [5.04-6.81GHz]. Finally, two 

inverted L-shaped slots around the micro-ribbon line on the 

ground plane allow the X-band [9.13 to 10.75GHz]. The antenna 

has dimensions of 32×28×1.6mm3. The Ansoft software (HFSS) 

was used to simulate the proposed structure. The simulation 

results are in good agreement with the measurement results. The 
antenna shows an omnidirectional radiation pattern. 

Keywords-UWB antenna; notched band; WiMAX; WLAN; X 

band 

I. INTRODUCTION  

The demand for higher data rates is increasing, and the 
available frequency bands are becoming scarce [1]. To meet the 
requirements, Ultra-WideBand (UWB) antenna technology 
(3.1GHz-10.6GHz) seems to be an effective solution. UWB 
technology has advantages such as the ease of manufacture, the 
small size, and the large bandwidth [2-3]. This bandwidth is 
mainly due to the fact that UWB communications use 
extremely narrow pulses for transmitter and receiver 
communication. The most popular antennas used for UWB 
applications are printed monopole antennas which are easily 
integrated with different kinds of integrated circuits like 
monolithic microwave ones [4, 5]. However, it should be borne 
in mind that the use of the UWB band frequency can be the 
cause of interference in applications using neighboring 
frequencies such as WLAN or WIMAX applications [6-7]. To 
avoid this, it is necessary to ensure, generally during 
manufacture, that the developed antenna operates on a 
frequency interval whose limits can be chosen by the 
manufacturer. One way to do this is to modify the antenna 
structure. The slot insertion method is the best known method 
for obtaining a frequency band rejected in the UWB antenna. 
Indeed, the presence of slots in the patches and/or the ground 
plane [8-11], in the parasitic elements [12-13], or in the supply 

line [14-15] are effective techniques used for making a notched 
strip. For a given element, the shape and the dimensions of the 
slot allow fixing the frequency of the notch band. Usually, the 
slot dimensions depend on the wavelength λ on which the 
rejected band is centered, and is chosen to be equal to about λ/2 
or λ/4 depending on the position and shape of the slot. 

In [16], two frequencies (3.5GHz and 10.5GHz) were 
obtained when using a U slot on the radiating element. In the 
ground plane, the insertion of an L-shaped slot also generated a 
notch centered at the frequency of 5.5GHz. The bandwidth of 
this structure is established between 2.8GHz and 12GHz. In 
[17], a micro strip line-fed monopole antenna has been 
developed. The designed antenna (size 30×30mm2) was 
modified to keep the band rejection at the level of a local 
wireless network. For this, inverted U and Π slots as well as 
two U-grooves in the radiating patch were used. To satisfy the 
need for wireless technologies, the use of UWB notch band 
antennas is necessary [18-19]. 

In this work, a 32×28×1.6mm3 triple band square patch 
antenna with a FR4 substrate (permittivity 4.4) was studied 
with an obtained bandwidth of 2.08GHz-12GHz. The tri-band 
specifications were achieved through engraving a C-shaped slot 
in the radiating patch, an inverted U-shaped slot in the micro-
strip line, and an inverted L-shaped slot around the micro-
ribbon line in the ground plane.  

II. DESIGN PROCEDURE 

All the simulations presented in this work have been 
performed with Ansoft's HFSS simulation software which 
allows simulating finite and limited ground planes. As shown 
in Figure 1 and Table I, the proposed antenna is made up of a 
2.99mm×10.75mm microstrip feed line. The length and width 
of the microstrip line were chosen taking into account that the 
nature of the substrate and its thickness directly influence the 
characteristics of the microstrip feed line. With the FR4_epoxy 
substrate (εr=4.4, thickness=1.6mm), the dimensions we used 
allow the microstrip feed line to have a characteristic 
impedance of 50Ω over a very wide frequency band. The 
antenna is in the form of a rectangular patch with partial 
ground plane. The two lower corners of the radiating element 
were cut to improve the band width. The dimensions of the 
truncated corners are 2.5×5.625mm

2
. 
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Fig. 1.  Diagram of the antenna. 

TABLE I.  DIMENSIONS OF THE PROPOSED ANTENNA (mm) 

Parameter ��  ��  ��  � �� 
Value (mm) 32 28 10.7 1.6 14 

Parameter �� �� �� ��	
�� ��	
�� 

Value (mm) 14 10.7 2.9 2.5 5.625 

C shaped slot 
Inverted U-shaped 

slot 

Pair of inverted 

L- shaped slots 

�
  ��  �� �
 ��  �� �� �� ��  ��  
10 3.5 2.5 1 6 2 0.25 3.5 4 0.25 

 

As shown in Figure 2, this modification of the geometry of 
the radiating element directly influences the appearance of the 
return loss spectrum. After truncating the corners, we note that 
the antenna has a better adaptation compared to the base 
antenna of the same frequency band. A minimum reflection 
coefficient of -27dB at a frequency close to 8.5GHz is obtained 
for this antenna. It is also noted that the minimum in the 
vicinity of the 4GHz frequency is accentuated with respect to 
the case of the base antenna. 

 

 
Fig. 2.  The S11 of the proposed and the conventional antenna. 

A. First Notched Band 

As mentioned above, the presence of slots in the different 
elements of the antenna allows the appearance of notch at given 
frequencies. The arrangement of these slots, their shape and 
their dimensions allow control of the frequencies of the 
notches. To have a rejection of the WIMAX band, and to 

obtain a first notched band in the range 3.31GHz-4.21GHz, a 
C-shape slot is introduced (Figure 3) in the radiative element 
[2, 4, 19-21]. To get satisfactory results and highlight the 
influence of each parameter, the thickness of the slit t1 and the 
position in the patch noted by PF1 vary while the length 
remains unchanged (proportional to the rejected frequency). As 
a first step, the position of the slot remains unchanged, and the 
values of the thickness t1 vary (25×10

-5
m, 50×10

-5
m, 100×10

-

5
m, 150×10

-5
m, and 200×10

-5
m). 

 

 
Fig. 3.  Geometry of the antenna: L1= 10mm, L2= 3.5mm, L3= 3mm, 

t1=1mm. 

The Return Loss S11 spectra (Figure 4) correspond to 
different values of t1. The antenna presents a good adaptation in 
the studied frequency band, with a reflection coefficient of 
around -10dB, except in the bands [3.5, 4.5GHz] and [9.5, 
11.5GHz] where the reflection coefficient is slightly above  
-10dB. A minimum reflection coefficient varying from -20dB 
to -47.5dB, depending on the used values of t1, is observed 
between 8GHz and 9GHz. 

 

 
Fig. 4.  Evolution of the Return Loss spectra for different values of  t1. 

Figure 5 shows the simulated VSWR of the proposed 
antenna. An adequate choice of parameters associated to the C 
slot allowed us to obtain the desired band according to (1) and 
(2): 

fnotch=
�

�������
    (1) 

εeff= 
����

�
    (2) 

where L represents the length of form C and εeff the substrate 
dielectric constant. It is evident from the simulation results of 



Engineering, Technology & Applied Science Research Vol. 10, No. 6, 2020, 6557-6562 6559 
 

www.etasr.com Alotaibi & Alotaibi: Design of a Planar Tri-Band Notch UWB Antenna for X-Band, WLAN, and WiMAX 

 

the VSWR, that the antenna is well suited (VSWR <= 2) in the 
band [2.0GHz, 12.0GHz] except for the band bands [3.2GHz, 
4.0GHz] where VSWR > 2 with a VSWR = 9 obtained in the 
vicinity of 3.8GHz. 

 

 
Fig. 5.  The antenna VSWR. 

B. Second Notched Band 

Due to the wide frequency range of UWB technology, it is 
essential to avoid interference with WLAN technology in order 
to reduce its impact on the UWB system. In order to obtain a 
second notched band in the range 5.04GHz-6.81GHz, a second 
slot was embedded in the micro-strip line [22-24]. The inverted 
U shape of this slot (Figure 6) has the following characteristics: 
The λc/4 length chosen for this slot allows the rejection of the 
band centered at fc=5.5GHz. The other geometric parameters 
are not modified comparing to the base antenna's. 

 

 
Fig. 6.  Insertion of the second slot for WLAN rejection. 

To analyze the influence of the parameters of the slot, the 
thickness of the slot t2 and the position in the patch noted by 
PF2 varied, whereas the length of the slot was kept unchanged. 
In the first step, the position of the slot remained fixed, and the 
thickness values varied (25×10-5m, 50×10-5m, 75×10-5m, 
100×10-5m, and 125×10-5m). Figure 7 shows the evolution of 
the Return Loss S11 according to the slot thickness variation. A 
clear evolution of the frequency and value of the minima can 
be observed. 

 
Fig. 7.  S11 versus the variation of the thickness t2. 

By adjusting the main parameters, the length of this slot is 
chosen to be 13.5mm. The desired rejected WLAN band is 
accomplished, and the antenna is well suited as shown in 
Figure 8. 

 

 
Fig. 8.  VSWR spectra with U-shaped slot. 

C. Third Notched Band 

Another type of slot was used to attenuate interference 
signals over the frequency range of 9.13 to10.75GHz for the X-
band, an inverted L-shaped slot (PF3) is etched around the 
micro-ribbon line on the ground plane [25-27]. The geometry 
of the obtained antenna is shown in Figure 9. The total length 
of the slot is 8.5mm, or about λc/4 when considering the 
frequency fc=10GHz which corresponds to the center of the 
rejected band. No modifications were made to the other 
antenna parameters. The position of the PF3 varied whereas the 
thickness of the slot remained fixed. The position PF3 was 
calculated according to the center of the ground plane. 
According to the evolution of the shape of spectra in Figure 10, 
corresponding to different positions of the slot, it can be seen 
clearly that when the slot moves upwardly [28], the 
mismatching band shifts to lower frequencies with an increase 
of the antenna bandwidth. At the position PF3=0mm the 
antenna is adapted in the band [3.1GHz, 10.6GHz] with the 
rejection of the central frequency band of 10GHz [9.33GHz, 
10.54 GHz]. The band we wanted to reject was obtained by 
adjusting the parameters of L6 and L7 (Figure 11). 
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Fig. 9.  Geometry of the proposed antenna: L6=2.5mm, L7=6mm, 
t3=0.5mm. 

 
Fig. 10.  Variation of the position PF3. 

 
Fig. 11.  VSWR spectrum of the antenna after inserting an L-shaped slot. 

III. RESULTS AND DISCUSSION 

The VSWR spectrum of the proposed UWB antenna is 
presented in Figure 12. We notice a bandwidth ranging from 
2.08GHz to 12GHz, which covers the frequency band of the 
UWB. The three notched bands are: 3.28 to 3.91GHz 
(VSWR=8 at 3.59GHz), 4.9 to 7.15GHz (VSWR=7.73 at 
5.18GHz) and 9.21 to 10.94GHz (VSWR=5 at 10.27GHz). 
Figure 13 shows the antenna radiation directional dependence 
obtained at three different frequencies. These patterns are 
omnidirectional at the considered frequencies. On the other 
hand, there is a deterioration of the radiation pattern at the 
10GHz frequency. 

 
Fig. 12.  Triple-band-notched VSWR spectrum of the proposed antenna. 

(a) 

(b) 

(c) 

Fig. 13.  Radiation patterns corresponding to three different frequencies. 

The antenna current distributions at the three frequencies 
are shown in Figure 14. We can observe that for frequencies 
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5.18GHz and 10.27GHz, the surface currents are localized on 
the feed line. On the other hand, at 3.59GHz, the surface 
currents increase in the patch around the slot. 

 

(a) 

 

(b) 

 

(c) 

 

Fig. 14.  Antenna surface current distribution associated to the frequencies 

of (a) 3.59GHz, (b) 5.18GHz, and (c) 10.27GHz. 

To validate the design of our notched triple band UWB 
antenna, we have manufactured (Figure 15) and tested it in an 
anechoic chamber (Figure 16). 

 

 
Fig. 15.  Photo of the manufactured tri-band UWB antenna. 

(a) 

 

(b) 

 

Fig. 16.  Photos of the measurement procedure. 

The numerically obtained results of the reflection 
coefficients with those obtained experimentally are represented 
in Figure 17. The comparison of the two curves shows a good 
agreement between the experimental and the simulation results. 

 

 
Fig. 17.  Comparison of simulated and measured S11. 

IV. CONCLUSION 

A new ultra-wideband planar antenna with triple band 
notch characteristics is proposed in this work. The first notch at 
3.59GHz is achieved by inserting a C-shaped slot in the 
radiating patch, the second notch at 5.18GHz is realized by 
etching a U-shaped slot in the micro-strip line, and the third 



Engineering, Technology & Applied Science Research Vol. 10, No. 6, 2020, 6557-6562 6562 
 

www.etasr.com Alotaibi & Alotaibi: Design of a Planar Tri-Band Notch UWB Antenna for X-Band, WLAN, and WiMAX 

 

notch at 10.27GHz is accomplished by using an L-shaped slot 
on the ground plane. An almost 10GHz large operating band 
frequency is obtained (2.08GHz-12GHz) with three rejected 
bands (3.28-3.91GHz, 4.9-7.15GHz, and 9.21-10.94GHz). It 
also presents an omnidirectional radiation pattern which allows 
minimizing the interference from technologies such as 
WiMAX, WLAN and applications in the X band. 

ACKNOWLEDGMENT 

The authors would like to thank the Deanship of Scientific 
Research at Taif University for funding this work through the 
DAEM Research Support Program, Project no. (1-441-15). The 
authors extend their appreciation to Dr. K Azizi for his 
contribution and helpful advices.  

REFERENCES 

[1] "Revision of Part 15 of the Commission’s Rules Regarding Ultra 
WideBand Transmission Systems," FCC, FCC-02-48, Dec. 2015. 

[2] N. P. Agrawall, G. Kumar, and K. P. Ray, "Wide-band planar monopole 

antennas," IEEE Transactions on Antennas and Propagation, vol. 46, 
no. 2, pp. 294–295, Feb. 1998. 

[3] Z. N. Chen, M. Y. W. Chia, and M. J. Ammann, "Optimization and 

comparison of broadband monopoles," Antennas and Propagation IEE 
Proceedings - Microwaves, vol. 150, no. 6, pp. 429–435, Dec. 2003, 

https://doi.org/10.1049/ip-map:20030856. 

[4] M. Ojaroudi, G. Ghanbari, N. Ojaroudi, and C. Ghobadi, "Small Square 

Monopole Antenna for UWB Applications With Variable Frequency 
Band-Notch Function," IEEE Antennas and Wireless Propagation 

Letters, vol. 8, pp. 1061–1064, 2009, https://doi.org/10.1109/ 
LAWP.2009.2030697. 

[5]  A. A. Ibrahim and A. M. E. Safwat, "Microstrip-Fed Monopole 

Antennas Loaded With CRLH Unit Cells," IEEE Transactions on 
Antennas and Propagation, vol. 60, no. 9, pp. 4027–4036, Sep. 2012, 

https://doi.org/10.1109/TAP.2012.2207080. 

[6] S. H. Zainud-Deen, M. E. S. Badr, E. Hassan, K. H. Awadalla, and H. A. 
Sharshar, "Microstrip Antenna with Defected Ground Plane Structure as 

a Sensor for Landmines Detection," Progress In Electromagnetics 
Research, vol. 4, pp. 27–39, 2008, https://doi.org/10.2528/ 

PIERB08010203. 

[7] C.-M. Luo, J.-S. Hong, and H. Xiong, "A Tri-band-notched UWB 
Antenna with Low Mutual Coupling between the Band-notched 

Structures," Radioengineering, vol. 22, no. 4, pp. 1233–1238, Dec. 2013. 

[8] Q. Wang and Y. Zhang, "Design of a Compact UWB Antenna with 
Triple Band-Notched Characteristics," International Journal of Antennas 

and Propagation, vol. 2014, Jun. 2014, Art. no. 892765, 
https://doi.org/10.1155/2014/892765. 

[9] M. K. Azizi and A. A. Alotaibi, "Photonic Jet Suitable for High 

Precision Contact Laser Surgery Applications in Water," Engineering, 
Technology & Applied Science Research, vol. 10, no. 2, pp. 5565–5569, 

Apr. 2020, https://doi.org/10.48084/etasr.3453. 

[10] D. T. Nguyen, D. H. Lee, and H. C. Park, "Very Compact Printed Triple 

Band-Notched UWB Antenna With Quarter-Wavelength Slots," IEEE 
Antennas and Wireless Propagation Letters, vol. 11, pp. 411–414, 2012, 

https://doi.org/10.1109/LAWP.2012.2192900. 

[11] M. Hassanien and E. Hamad, "A Compact Patch Antenna Using Square-
Slot CSRR for Band-Notched UWB Application," presented at the 1st 

International Conference on New Paradigms in Electronics & 
Information Technologies (PEIT’ 011), Alexandria, Egypt, Oct. 2011. 

[12] X. L. Liang, "Ultra-Wideband Antenna and Design," Ultra Wideband - 

Current Status and Future Trends, Oct. 2012, 
https://doi.org/10.5772/47805. 

[13] C. Zhang, J. Zhang, and L. Li, "Triple band-notched UWB antenna 

based on SIR-DGS and fork-shaped stubs," Electronics Letters, vol. 50, 
no. 2, pp. 67–69, Jan. 2014, https://doi.org/10.1049/el.2013.2513. 

[14] Z. Tu, W. Li, and Q. Chu, "Single-Layer Differential CPW-Fed Notch-
Band Tapered-Slot UWB Antenna," IEEE Antennas and Wireless 

Propagation Letters, vol. 13, pp. 1296–1299, 2014, https://doi.org/ 
10.1109/LAWP.2014.2332355. 

[15] F. Zhu et al., "Multiple Band-Notched UWB Antenna With Band-

Rejected Elements Integrated in the Feed Line," IEEE Transactions on 
Antennas and Propagation, vol. 61, no. 8, pp. 3952–3960, Aug. 2013, 

https://doi.org/10.1109/TAP.2013.2260119. 

[16] L.-S. Ren, F. Li, J.-J. Zhao, G. Zhao, and Y.-C. Jiao, "A Novel Compact 
UWB Antenna with Dual Band-Notched Characteristics," Journal of 

Electromagnetic Waves and Applications, vol. 24, no. 11–12, pp. 1521–
1529, Jan. 2010, https://doi.org/10.1163/156939310792149678. 

[17] S. Maiti, N. Pani, and A. Mukherjee, "Modal analysis and design a 
planar elliptical shaped UWB antenna with triple band notch 

characteristics," in 2014 International Conference on Signal 
Propagation and Computer Technology (ICSPCT 2014), Ajmer, India, 

Jul. 2014, pp. 13–15, https://doi.org/10.1109/ICSPCT.2014.6885032. 

[18] M. A. Ksiksi, M. K. Azizi, H. Ajlani, and A. Gharsallah, "A Graphene 
based Frequency Reconfigurable Square Patch Antenna for 

Telecommunication Systems," Engineering, Technology & Applied 
Science Research, vol. 9, no. 5, pp. 4846–4850, Oct. 2019, 

https://doi.org/10.48084/etasr.3061. 

[19] Z. N. Chen, M. J. Ammann, X. Qing, X. H. Wu, T. S. P. See, and A. Cai, 
"Planar antennas," IEEE Microwave Magazine, vol. 7, no. 6, pp. 63–73, 

Dec. 2006, https://doi.org/10.1109/MW-M.2006.250315. 

[20] M. Mehranpour, J. Nourinia, C. Ghobadi, and M. Ojaroudi, "Dual Band-
Notched Square Monopole Antenna for Ultrawideband Applications," 

IEEE Antennas and Wireless Propagation Letters, vol. 11, pp. 172–175, 
2012, https://doi.org/10.1109/LAWP.2012.2186552. 

[21] S. Yazdanifard, R. A. Sadeghzadeh, and M. Ojaroudi, "Ultra-Wideband 

Small Square Monopole Antenna with Variable Frequency Band-Notch 
Function," Progress In Electromagnetics Research, vol. 15, pp. 133–

144, 2010, https://doi.org/10.2528/PIERC10061802. 

[22] Q. Chu and Y. Yang, "A Compact Ultrawideband Antenna With 3.4/5.5 
GHz Dual Band-Notched Characteristics," IEEE Transactions on 

Antennas and Propagation, vol. 56, no. 12, pp. 3637–3644, Dec. 2008, 
https://doi.org/10.1109/TAP.2008.2007368. 

[23] L.-N. Zhang, S.-S. Zhong, X.-L. Liang, and C.-Z. Du, "Compact 
omnidirectional band-notch ultra-wideband antenna," Electronics 

Letters, vol. 45, no. 13, pp. 659–660, Jun. 2009, https://doi.org/ 
10.1049/el.2009.0844. 

[24] H.-J. Zhou, B.-H. Sun, Q.-Z. Liu, and J.-Y. Deng, "Implementation and 

investigation of U-shaped aperture UWB antenna with dual band-
notched characteristics," Electronics Letters, vol. 44, no. 24, pp. 1387–

1388, Nov. 2008, https://doi.org/10.1049/el:20082661. 

[25] Young Jun Cho, Ki Hak Kim, Dong Hyuk Choi, Seung Sik Lee, and 
Seong-Ook Park, "A miniature UWB planar monopole antenna with 5-

GHz band-rejection filter and the time-domain characteristics," IEEE 
Transactions on Antennas and Propagation, vol. 54, no. 5, pp. 1453–

1460, May 2006, https://doi.org/10.1109/TAP.2006.874354. 

[26] Y. J. Cho, K. H. Kim, D. H. Choi, S. S. Lee, and S.-O. Park, "A 
miniature UWB planar monopole antenna with 5-GHz band-rejection 

filter and the time-domain characteristics," IEEE Transactions on 
Antennas and Propagation, vol. 54, no. 5, pp. 1453–1460, May 2006, 

https://doi.org/10.1109/TAP.2006.874354. 

[27] T.-Y. Han, C.-Y.-D. Sim, and W.-C. Wu, "Planar Multilateral Disc 
Monopole Antenna with Variable Band-Notch Function for 

Bluetooth/UWB Applications," Journal of Electromagnetic Waves and 
Applications, vol. 23, no. 17–18, pp. 2289–2299, Jan. 2009, 

https://doi.org/10.1163/156939309790416035. 

[28] H. Lee, Y. Jang, J. Kim, and J. Choi, "Wideband monopole antenna with 
WLAN (2.4 GHz/5 GHz) dual band-stop function," Microwave and 

Optical Technology Letters, vol. 50, no. 6, pp. 1646–1649, 2008, 
https://doi.org/10.1002/mop.23467. 

 


