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Abstract 
In this paper, we present a modified UWB antenna with 
hexagonal slotted ground plane inspired with a double 
combined symmetric T-shaped slots and dual rotated L-
shaped strip for dual band notched characteristics. Initially, 
the operating frequency range is from 3GHz to 12 GHz. To 
eliminate the unwanted C-band (3.625-4.2GHz) and the 
entire uplink and downlink of X-band satellite 
communication systems (7.25 -8.39 GHz) frequency bands, 
we are investigating the conventional UWB patch antenna 
and loaded it with a mentioned strips and slots respectively. 
The performances of the antenna are measured and 
optimized both by CST Microwave Studio and Ansoft 
HFSS. To further analyze the parametric effects of the slots 
and strips, the surface current distribution is presented and 
discussed. The antenna gain versus frequency gives an 
acceptable value except the notched band regions, these 
values are   reduced from its normal  to be  a negative in  
the notched bands (3.625-4.2GHz) and (7.25 to 8.39 GHz).  

1. Introduction 
The UWB systems become very attractive since February 
2002 when the Federal Communications Commission (FCC) 
allocated the frequency range from 3.1 GHz to 10.6 GHz to 
be a free band [1]. However, there are several other excite 
technologies for a long time that can interference with the 
UWB band systems, such as C-band in the frequency range 
of (3.625–4.2GHz) and (7.25-8.39 GHz) band for uplink and 
downlink of X-band satellite communication systems[2],[3]. 
Several researchers focus their work to eliminate the 
undesired frequency signals [4].Li et al presented a switched 
dual stopband coplanar waveguide (CPW) antenna  using 
two inverted S-shaped slots , four switches with a  T-shaped 
radiating patch and  rectangular ring slot[5].Yadav et al 
creates dual band-notched  using three rectangular slots 
loaded CPW – feed (UWB) antenna [6] . Cho et al studied 
the time-domain characteristics and 5-GHz band-rejection 
filter for a miniaturized UWB planar monopole antenna 
[7].Azim et al realize UWB antenna with  3.5/5.5GHz notch 
signals by inserting  below the radiating patch a Single Tri-
Arm Resonator [8].Yazdi et al investigates a circular UWB 
antenna with  the WiMAX/WLAN notch bands  by adding a 

pair of arc-shaped parasitic around the circular patch 
structure as well as pair of two slots in the ground plane[9]. 
A microstrip  UWB monopole structures  with dual band-
rejected characteristics based on T-shaped stubs and 
capacitive-load strips [10],π-shaped slot [11], parasitic strips 
[12] etching Open-Looped Resonator structure in an UWB 
antenna [13] ,vacator diode[14] ,elliptical slit UWB  antenna 
with half circular ring radiator element [15] ,hook-shaped 
defected ground structure (DGS) and semi-octagon-shaped 
resonant ring of the antenna have been investigated for 
bands eliminating  purposes. Though these antennas can 
offer good features, they still possess some inherent 
drawbacks such as occupation of too big a space on the 
antenna, as well as the strong coupling between the rejecting 
loaded strips and slits. 
In this article, a conventional UWB patch antenna with 
hexagonal slotted ground plane has been selected [16] and 
modified to obtain a dual filter factures by applying two 
aforementioned categories. 
The double combined symmetrical  T-shaped slots  are 
investigated  as a loaded slits in the radiating element  to 
modify  the antenna behaviors and to reject  the undesired C-
band .In order to eliminate  the unwanted uplink and 
downlink bands of X-band satellite communication systems 
, the double symmetrical  rotated  L-shaped are used as a 
loaded strips in the hexagonal slotted ground plane to affect 
in the antenna response. However, the filtered bands can be 
adjusted easily by varying the dimension of the loaded stubs 
and slits. The antenna performances of the proposed 
structure have been presented, and the simulated results both 
in CST Microwave and Ansoft HFSS are compared to 
validate the obtained results. The proposed antenna has a 
miniature size and uses only two simple filter element to 
realize dual rejected band. 

2. Antenna Design 
The configuration of the proposed antenna is illuminated in 
Fig. 1. A simple UWB monopole antenna with a defected 
hexagonal ground plane is used as the base UWB antenna. 
The proposed design is printed on a 22x24mm2 layer of 
dielectric substrate FR4 with a permittivity of Ɛr=4.3 ,loss 
tangent of tanδ =0.025 and height of  h = 1.6mm. the width 
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of the feed line is fixed at wf=3mm to achieve 50Ω 
impedance adaptation.The dimensions of the proposed 
rejected C-band/uplink-downlink of X-band are:Ws= 22mm, 
Ls=24mm, lf=6mm, wg1= wg2=7.5mm,  Lg=10.75mm, 
Wp=13mm, Lp=7mm, Lt1= Lt2=3.5mm, Wt=2mm, Wt2= 
1.25mm, A= 0.75mm,  B= 5.5mm  , A2= 0.5mm,  B2= 
0.75mm.  
In order to generate the desired filtering bands in the 
frequency ranges of (3.625-4.2) GHz for C-band elimination 
,a double combined symmetric T-shaped slots  are 
perforated in the radiating element  as depicted in (fig. 2.Ant 
II). The  undesired eliminated  uplink and downlink of X-
band satellite communication systems (7.25 to 8.39 GHz ) is 
achieved when  the researchers have been loaded the top 
edge of the ground plane  with a dual rotated L-shaped strips 
as shown in  (fig. 2.Ant III). To design a band-notch in C 
and X frequency bands, there should be [17], [18]: 
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Where Ltotal_C-band  is  the total length of the double combined 
symmetric slots  and  Ltotal_X-band  is  the total length of the 
loaded roteted L-shaped  strips . 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1: The geometry of proposed dual band notched 
antenna  
 
Fig. 2. shows the evolution stages step by step  of the 
proposed C-band/ uplink and downlink of X-Band designs.  
The return loss parameters for different structures are 
displayed in the fig. 3. Including those of the initial 
reference antenna (fig.3.Ant I) [16]. As shown  in this 
figure,  a double  symmetrical T-shaped slots inserted  in the 
patch radiating element  to exhibits a single filtered band 
covering the entire C-band (fig. 3.Ant II), the eliminated 
uplink and downlink of X-band  is achieved when loading a 
dual symmetrical rotated L-stubs  on top edge of the ground 
plane (fig. 3.Ant III).   

 
Figure 2: The structures of the proposed antennas. Ant I: 
reference antenna. Ant II: antenna with Double combined 
T-shaped slots only. Ant III:  antenna with  both  loaded  T-
slots and  rotated L-stips.        
 

 
Figure 3: The simulated return loss for Ant I, Ant II and Ant 
III.   

3. Parametric Study and Observation 

 The Rejected C-Band   

To determine the influence of the essential  parameters on 
the impedance adaptation(using CST MW) as shown in fig. 
1. Witch depicts the configuration of the proposed antenna. 
Fig. 4 illuminates the width effects Wt of the T-shaped slot 
dimensions. As illustrated, the eliminated band is shifted 
from 5 to 4 GHz when Wt increase from 2 to 3.5mm.   

 
Figure 4: Simulated reflection coefficient for different Wt 
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Moreover,	 the	 coefficient	 reflection	 can	 be	 affected	 and	
shifted	to	the	lower	frequencies		when	the	width	Wt2		of	
the	 combined	 T-shaped	 slots	 increases	 from	 0.5	 to	
1.25mm	 (fig.	 5.).	 Fig.	 6	 illustrates	 	 the	 coefficient	
reflection	 parameters	 for	 different	 values	 of	 the	 length	
Lt1		slot,	It		can	be	seen		that	the	S11	at	the		stop	band	are	
significantly	 dependent	 	 on	 the	 Lt1	 values	 with	 good	
rejection	property	(the	S11	traces	increases	from	6dBi	to	

-3dBi	).			
Figure 5: Simulated reflection coefficient for different Wt2 
Figure 6: Simulated reflection coefficient for different Lt1 

 The Uplink and Downlink Eliminated X-band   

Fig. 7 displays  the  A value  effects  of the symmetrical dual 
loaded  rotated L-strip. As observed, the stopped  signal  
shift to the lower frequency with desired worse impedance 
when A  decrease  from 1.25 to 0.5mm.  
Thereafter,	the	effect	of	loaded		rotated	L	stub	lengths	B	
is	illustrated		in	fig	.8,		it		can	be	seen		that	the	return	loss	
S11	 at	 the	 	 stopped	 	 bands	 	 shift	 to	 upper	WLAN	 band	
5.72-5.84GHz	when	B	values	 increase	 from	5	 to	6.5mm		
with	 a	little	 effect	 	 on	 the	 low	 frequency	 due	 to	 the	
couplage	between	loaded	slot	and	stub	elements[19].	
Fig.	9	illustrates	 	the	S11	traces	parameters	with	varying	

A2	 values	 of	 the	 loaded	 rotated	 L-strip	 	 ,	 the	 unwanted	
bands	 of	 (7.25-8.39GHz)	 are	 significantly	 affected	 and	

rejected	 	 	 when	 	 the	 A2	 value	 changes	 from	 0.5	 to	
1.25GHz	with	a	 step	of	0.25mm.	Finally,the	 influence	of	
B2	 parameters	 is	 displayed	 in	 fig.	 10,	 as	 seen	 as	 in	 this	
figure	 ,the	 eliminated	 band	 can	 be	 controlled	 by	
increasing	the	B2	values	from	0.5	to	1mm.	

Figur
e 7: 
Simul
ated 
return 
loss 
for 
differ
ent A  
value
s 	

Figur
e 8: 
Simul
ated return loss for different B values 	

Figure 9: Simulated return loss for different A2 values  
Figure 10: Simulated return loss for different B2 values   
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The	optimized	 values	 of	 	 double	 combined	 	 T-slots	 and	
dual	 rotated	 L-strips	 are	 :	 Wt=2mm	 ,	 	 wt2=1.25mm,	
Lt1=3.5mm,	 A=0.75mm,	 B=5.5mm	 ,	 A2=0.5mm	 	 	 ,	
B2=0.75mm.	 

 The Current Distributions and Radiation 
Patterns 

To	 get	 an	 idea	 of	 the	 generation	 of	 filtered	 frequency	
bands		.Fig.11	illustrates		the	current	distribution	density	
at	 4	 GHz	 and	 7.5	 GHz,	 The	 current	 is	 significantly	
concentrated	 strongly	 around	 the	 double	 combined	 T-
slots	 with	 opposite	 	 direction	 to	 that	 of	 the	 radiating	
patch		(fig.11.a),	a	very	weak	currents	in		the	rest	part	of	
the	 antenna	 can	 be	 observed	 	 which	 denotes	 that	 the	
loaded	 slots	 	 filter	 the	 3.625-4.2GHz	 for	 C-band	
applications.	In	the	other	 	hand	 ,	the	surface	currents	at	
7.5	 GHz	 is	 illustrated	 in	 fig.11.b	 .As	 observed	 	 in	 this	
figure	 the	 currents	 is	 important	 and	 highly	 distributed	
around	 loaded	dual	 rotated	L-resonators	 	 comparing	 to		
the	other	part	of	the	antenna	with	opposite	direction	to	
that	 of	 the	 hexagonal	 ground	 plane.As	 a	 results	 ,	 the	
loaded	stubs	and	slots	 	 are	 the	essential	parts	of	 the	C-

band	and	X-band	rejections[20]	.		
Figure 11:  The Current distributions (a) 5.5 GHz, (b) 8 
GHz.    
 
Fig.	 12	 displays	 the	 radiation	 patterns	 both	 in	 E-plane	
(phi=0°)	 and	 H-plane	 (phi=90°)	 of	 the	 rejected	 band	
design	using	CST	software	at	each	selected	frequency	of	
3.5,	5.2	5.8	and	10GHz.		

	

	
	
	
	
	
	
	
	

Figure 12:  Simulated radiation pattern in E-plane and H-
plane at: (a) 3.5 GHz, (b) 5.2 GHz (c) 5.8 GHz, (d) 10 GHz. 
 
  It is seen that the UWB antenna with dual rejected band 
provide an acceptable omnidirectional radiation patterns E-
plane  and acceptable bi-directional radiation patterns  in H-
plane  with a little inaccuracy at the high frequency of 
10GHz[21] .which is similar to those of ordinary  dipole 
antennas.  

 The simulated peak gain and efficiency of the initial UWB 
structure and the proposed filtered signals antenna versus 
the UWB frequency range are illuminated  in figure.13. The 
obtained results shows  that substantial reductions in peak 
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gain and efficiency can be observed at the notched  
frequency bands.  

Figure 13:  The simulated gain and efficiency values of the 
reference and modified dual notched UWB antenna.  
 
The photograph of fabricated antenna as well as simulated 
and measured reflection coefficient parameters are depicted  
in Figures. 14 and 15.  The S11 parameters are tested using 
the ZVB 20 - Vector Network Analyzer 20 MHz-20 GHz. 
The presented results shows that the simulated and measured 
parameters are in quasi consistent .The inaccuracy between 
the simulated and measured results is due to the condition of 
measurement.    

  
Figure 14.  Fabricated model of the proposed antenna (a) 
front part  (b) back part 

 
Figure 15:  Comparison between the S11 versus frequency.   

4. Comparison with recently proposed antennas. 
As a summary, the proposed dual band rejected signals  
antenna and the recently antennas cited in this paper are 
compared in Table. 1.As seen as in the table below, the 
geometry investigated in this communication not only can 
resonate in the UWB with filtered (3.625-4.2) and (7.25-
8.39) bands, but also has the advantages of good band 
notched ranges and acceptable gain charactestics with a 
miniaturized size and low coupling with the loaded 
resonators.  

Table 1: Comparison between recently proposed 
antennas and this antenna. 

Antennas Dimensions 
(mm3) 

Operating 
Bands 

Gain(dB) 
(Except 
WLAN 
Band)   

    
 

This paper 22X24X1.6 
UWB with 
dual  band 
notched 

2.5-5.8 

Ref[2] 30X40X1.4 
UWB with 
dual  band 
notched 

2.8-6.3 

Ref[6] 35X30X1.6 
UWB with 
dual  band 
notched 

About 3 

Ref[7] 26X30X1.6 
UWB with 
dual  band 
notched 

2.5-5 

Ref[8] 25X26X1 
UWB with 
single band 

notched 
2-5 

Ref[9] 29X20.5X1.6 
UWB with 
dual  band 
notched 

1.5-5.8 

Ref[12] 30X27X1.6 
UWB with 
single band 

notched 
2.5-5 

Ref[15] 38X40X1.6 
UWB with  
dual  band 
notched 

Not 
defined 

Ref[18] 45X45X1.6 
UWB with 
single band 

notched 
4-7 

Ref[19] 30X20X1.59 
UWB with 
triple band 

notched 
3-4 

Ref[21] 24X42X1.6 
UWB with 
triple band 

notched 
2.7-3.6 

    
  

5. Conclusion 
In this letter, a modified  UWB antenna with sharp dual 
rejected band  features have been studied  and investigated , 
a double combined T-slots has been defected in the radiating 
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patch structure and dual rotated L-shaped has been loaded as 
a stub on the top edge of the hexagonal ground plane to avoid 
interference with  the unwanted C-band (3.625-4.2GHz)  and 
uplink and downlink of X-band satellite communication 
systems (7.25 to 8.39 GHz ) signal bands. The bandwidths of 
these eliminated bands  can be tuned and controlled  by  the 
dimensions of the strips and slots. The prototype of the 
proposed antenna has been fabricated and measured.an 
acceptable agreement with the simulated and measured 
parameters in the term of the reflection coefficient.Result and  
analysis of this design  show that  it is applicable in miniature 
devices with very  compact size as added advantage.  
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