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Abstract ─ In this paper, a novel ultra wideband 
monopole antenna with frequency band-stop 
performance is designed and manufactured. The 
proposed antenna consists of a square radiating 
patch, and a ground plane with a cross-shaped slit 
and an inverted -shaped conductor-backed plane. 
The cross-shaped slit, increases the bandwidth that 
provides a wide usable fractional bandwidth of 
more than 125 % (2.86 GHz – 12.91 GHz). In 
order to create band-notched function we use an 
inverted -shaped parasitic structure in the ground 
plane, a frequency notch band of 5.11 GHz – 6.02 
GHz has been achieved. Good VSWR and 
radiation pattern characteristics are obtained in the 
frequency band of interest. Simulated and 
measured results are presented to validate the 
usefulness of the proposed antenna structure for 
UWB applications. 
  
Index Terms ─ Band-notched function, inverted 
-shaped conductor-backed plane, printed 
monopole antenna (PMA), and ultra wideband 
(UWB). 
  

I. INTRODUCTION 
 Communication systems usually require 
smaller antenna size in order to meet the 
miniaturization requirements of radio-frequency 
(RF) units [1]. It is a well-known fact that planar 
monopole antennas present really appealing 
physical features, such as simple structure, small 
size, and low cost. Due to all these interesting 
characteristics, planar monopoles are extremely 

attractive to be used in emerging UWB 
applications, and growing research activity is 
being focused on them. Consequently, a number of 
planar monopoles with different geometries have 
been experimentally characterized [2, 3]. 
 The frequency range for UWB systems is 
between 3.1 GHz – 10.6 GHz, which will cause 
interference to the existing wireless 
communication systems for example the wireless 
local area network (WLAN) for IEEE 802.11a 
operating in 5.15 GHz – 5.35 GHz and 5.725 GHz 
– 5.825 GHz bands, so the UWB antenna with a 
band-notched function is required. Lately, to 
generate the frequency band-notched function, 
several modified planar antennas with band-notch 
characteristic have been reported [4-8]. In 
references [4-6], different shapes of the slots (i.e., 
square ring, W-shaped, and folded trapezoid) are 
used to obtain the desired band-notched 
characteristics. Also reconfigurable structures 
integrated with diodes can be used to generate 
band-notched performances [7]. In [8] single and 
multiple half-wavelength U-shaped is used to 
generate the frequency band-notched function, 
modified planar slits are embedded in the radiation 
patch to generate the band-notched functions. 
 All of the above methods are used for 
rejecting a single band of frequencies. However, to 
effectively utilize the UWB spectrum and to 
improve the performance of the UWB system, it is 
desirable to design the UWB antenna with dual 
band rejection. It will help to minimize the 
interference between the narrow band systems 
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with the UWB system. Some methods are used to 
obtain the dual band rejection in the literature [9-
11]. 
 In this paper, a simple method for designing a 
novel and compact microstrip-fed monopole 
antenna with band-notched characteristic for UWB 
applications has been presented. In the proposed 
antenna, for bandwidth enhancement we use cross-
shaped slit in the ground plane and by using an 
inverted -shaped parasitic structure with variable 
dimensions on the other side of the substrate a 
band-stop performance can be created. The 
presented monopole antenna has a small size of 
12×18×1.6 mm3. Good VSWR and radiation 
pattern characteristics are obtained in the 
frequency band of interest. Simulated and 
measured results are presented to validate the 
usefulness of the proposed antenna structure for 
UWB applications. 
 

II. ANTENNA DESIGN 
 The presented small monopole antenna fed by 
a microstrip line is shown in Fig. 1, which is 
printed on an FR4 substrate of thickness 1.6 mm, 
permittivity 4.4, and loss tangent 0.018. The basic 
monopole antenna structure consists of a square 
patch, a feed line, and a ground plane. The square 
patch has a width W. The patch is connected to a 
feed line of width Wf and length Lf + Lgnd. The 
width of the microstrip feed line is fixed at 2 mm, 
as shown in Fig. 1. On the other side of the 
substrate, a conducting ground plane is placed. 
The proposed antenna is connected to a 50  
SMA connector for signal transmission. 
 In this study, based on defected ground 
structure (DGS), the cross-shaped slit in the 
ground plane is used to perturb an additional 
resonance at higher frequencies and increase the 
bandwidth [5]. Also, based on electromagnetic 
coupling theory (ECT), for generating band-stop 
performance we use an inverted -shaped parasitic 
structure in the ground plane. In this structure, by 
inserting the inverted -shaped parasitic structure, 
the desired high attenuation near the notch 
frequency can be produced. 
 In this work, we start by choosing the 
dimensions of the designed antenna. These 
parameters, including the substrate, are Wsub  Lsub 
= 12 mm  18 mm or about 0.15 λ × 0.25 λ at 4.2 
GHz (the first resonance frequency). We have a lot 

of flexibility in choosing the width of the radiating 
patch. This parameter mostly affects the antenna 
bandwidth. As WX decreases, so does the antenna 
bandwidth, and vice versa. Next step, we have to 
determine the length of the radiating patch LX. 
This parameter is approximately lower/4, where 
lower is the lower bandwidth frequency 
wavelength. lower depends on a number of 
parameters such as the radiating patch width as 
well as the thickness and dielectric constant of the 
substrate on which the antenna is fabricated [9]. 
The important step in the design is to choose 
Lresonance (the length of the resonator), Lnotch (the 
length of the filter). Lresonance is set to resonate at 
0.25 λg, where Lresonance3 = 0.5 (WS-WS1) + LS1 + 
LS2, corresponds to resonance frequency 
wavelength (12 GHz is the third resonance 
frequency). Lnotch is set to band-stop resonate at 0.5 
λg, where Lnotch = LP + WP1, λg corresponds to the 
notched band frequency wavelength (5.5 GHz is 
the notched frequency). 
 

 
 

(a) 

 
 

(b) 
 

Fig. 1. Geometry of the proposed monopole   
antenna, (a) side view, (b) bottom view. 
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 The optimized values of the proposed antenna 
design parameters are as follows: Wsub = 12 mm, 
Lsub = 18 mm, hsub = 1.6 mm, Wf = 2 mm, Lf = 3.5 
mm, W = 10 mm, Ws = 3.5 mm, Ls = 0.5 mm, Ws1 
= 0.5 mm, Ls1 = 1 mm, Ls2 = 0.5 mm, Wd = 2.25 
mm, Ld = 1.5 mm, Wp = 8 mm, Lp = 9.5 mm, Wp1 
= 2.5 mm, Lp1 = 0.5 mm, Wp2 = 2 mm, and Lgnd = 
3.5 mm. 
 

III. RESULTS AND DISCUSSIONS 
The proposed microstrip monopole antenna 

with various design parameters were constructed, 
and the numerical and experimental results of the 
input impedance and radiation characteristics are 
presented and discussed. The proposed microstrip-
fed monopole antenna was fabricated and tested. 
The parameters of this proposed antenna are 
studied by changing one parameter at a time and 
fixing the others. Ansoft HFSS simulations are 
used to optimize the design and agreement 
between the simulation and measurement is 
obtained [12]. The configuration of the presented 
monopole antenna was shown in Fig. 1. The 
geometry of the ordinary square patch antenna 
(Fig. 2 (a)), with a cross-shaped slit in the ground 
plane (Fig. 2 (b)), and the proposed antenna (Fig. 2 
(c)) structures are compared in Fig. 2.    
   

 
 

          (a)                     (b)                    (c) 
 

Fig. 2. (a) basic structure (ordinary monopole 
antenna), (b) antenna with a cross-shaped slit in 
the ground plane, and (c) the proposed antenna. 
 
 The VSWR characteristics of the structures 
that were shown in Fig. 2 are compared in Fig. 3. 
As shown in Fig. 3, it is observed that the upper 
frequency bandwidth is affected by using the 
cross-shaped slit in the ground plane and the notch 
frequency bandwidth is sensitive to the inverted -
shaped parasitic structure. Also the input 
impedance of the various monopole antenna 

structures that were studied in Fig. 3, are shown on 
a Smith chart in Fig. 4. 
 

 
 

Fig. 3. Simulated VSWR characteristics for the 
antennas shown in Fig. 2. 
 

 
 

Fig. 4. The simulated input impedance on a Smith 
chart for the various antenna structures shown in 
Fig. 2.  
 
 In order to understand the phenomenon behind 
this additional resonance performance, the 
simulated current distributions on the ground plane 
for the square antenna with a cross-shaped slit in 
the ground plane at 12 GHz are presented in Fig. 5 
(a). It is found that, based on the defected ground 
structure (DGS), by using the cross-shaped slit in 
the ground plane; third resonance at 12 GHz can 
be achieved. Other important design parameters of 
this structure is the use of an inverted -shaped 
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parasitic structure on the ground plane. Figure 5 
(b) presents the simulated current distributions on 
the ground plane at the notch frequency (5.5 GHz). 
As shown in Fig. 5 (b), at the notch frequency the 
current flows are more dominant around the 
inverted -shaped parasitic structure. 
 

 
                   

                     (a)                               (b) 
 

Fig. 5. Simulated surface current distributions for 
the proposed antenna on the ground plane (a) at 
the extra resonance frequency at 12 GHz and (b) at 
the notch frequency at 5.5 GHz. 

 
(a) 

 
(b) 

 
(c) 

 
Fig. 6. (a) Conceptual equivalent-circuit model for 
the proposed antenna, and the equivalent circuits 
at (b) the new resonance frequency, and (c) at the 
first notch frequency. 
       

 Figure 6 shows the conceptual equivalent 
circuit model for the proposed antenna, which has 
an RLC resonator and a shunt stub. When the 
current path in the inverted -shaped ring 
conductor backed plane is equal to a half-
wavelength at 5.5 GHz in Fig. 6 (c), the input 
impedance at the feeding point is zero (short 
circuit). Figure 7 shows the simulated VSWR 
curves with different values of Lp. As shown in 
Fig. 7, when the exterior length of the inverted -
shaped parasitic structure increases from 9.5 mm 
to 12.25 mm, the center of the notch frequency 
decreases from 6.6 GHz to 4.8 GHz. From these 
results, we can conclude that the notch frequency 
is controllable by changing the exterior length of 
the inverted -shaped parasitic structure [13]. 
      

 
 

Fig. 7. Simulated VSWR characteristics for the 
proposed antenna with different values of WX. 
 
 Another main effect of the inverted -shaped 
conductor-backed plane occurs on the filter 
bandwidth. In this structure, the width Wp2, is the 
critical parameter to control the filter bandwidth. 
Figure 8 illustrates the simulated VSWR 
characteristics with various length of Wp2. As the 
interior width of the Wp2 increases from 0.4 mm to 
1.4 mm, the filter bandwidth varies from 0.7 GHz 
to 1.5 GHz. Therefore the bandwidth of the notch 
frequency is controllable by changing the width   
of Wp2.  
 The proposed antenna with optimal design 
was built and tested. The measured and simulated 
VSWR characteristic of the proposed antenna are 
shown in Fig. 9. The fabricated antenna has the 
frequency band of 2.86 GHz to 12.91 GHz with 
WLAN rejection band around 5.11 GHz – 6.02 
GHz. 
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Fig. 8. Simulated VSWR characteristics for the 
proposed antenna with different values of WX1. 
 

 
 
Fig. 9. Measured and simulated VSWR for the 
proposed antenna. 

 
 Figure 10 illustrates the measured radiation 
patterns, including the co–polarization and cross–
polarization, in the H– (x–z plane) and E–planes 
(y–z plane). It can be seen that the radiation 
patterns in x–z plane are nearly omni-directional 
for the three frequencies. Figure 11 shows the 
effects of the cross-shaped slit and the inverted -
shaped parasitic structure, on the maximum gain in 
comparison to the same antenna without them. As 
shown in Fig. 11, the ordinary square antenna has a 
gain that is low at 3 GHz and increases with 
frequency. It can be observed in Fig. 11 that by 
using a cross-shaped slit and the inverted -shaped 
parasitic structure, a sharp decrease of maximum 
gain in the notched frequency band at 5.5 GHz is 
shown. For other frequencies outside the notched 
frequency band, the antenna gain with the filter is 
similar to those without it. 

 
 

Fig. 10. Measured radiation patterns of the 
proposed antenna at (a) 4 GHz, (b) 7 GHz, and (c) 
10 GHz. 
  

 
 

Fig. 11. Measured maximum gain comparisons for 
the ordinary square antenna and the proposed 
antenna. 
 

IV. CONCLUSION 
 A new small monopole antenna with band-
notched function for UWB applications is 
presented in this paper. The proposed antenna can 
operate from 2.86 GHz to 12.91 GHz with WLAN 
rejection band around 5.11 GHz – 6.02 GHz. In 
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order to enhance the bandwidth we cut a cross-
shaped slit in the ground plane, and also by using 
an inverted -shaped parasitic structure at the 
ground plane, a frequency band-notched function 
can be achieved and improved. The designed 
antenna has a small size of 1218 mm2. Simulated 
and experimental results show that the proposed 
antenna could be a good candidate for UWB 
applications. 
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