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Abstract
A new planar ultrawideband monopole antenna with fractal slots 
in the ground plane is presented. Here Fractal technique is applied 
to enhance the impedance bandwidth of the antenna in comparison 
to its non fractal counterpart. The operating frequency of the 
proposed antenna ranges from 2.7GHz to 11GHz, which provides 
nearly 120% impedance bandwidth. The proposed antenna has 
a single modified H-shaped slot that renders the capability to 
reject multiple bands like 3.3-3.7GHz (WiMAX), 3.7-4.2GHz 
(C-Band) and 5.15-5.825GHz (WLAN) and satisfactory radiation 
characteristics are obtained throughout the operating band. The 
proposed antenna can be a very useful candidate for UWB 
communication systems. 
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I. Introduction
In the last decades there has been a huge evolution of the mobile 
communication systems. In 2002, FCC[1,2] allowed the use of the 
UWB frequency band from 3.1GHz to 10.6GHz for commercial 
uses, since then, considerable research is being carried on to 
develop antennas suiting this band. UWB communication system 
has become more and more popular because of its advantages 
such as small size, high transmission rate, large bandwidth and 
low power consumption. However, there are some narrowband 
communication systems that coexist with UWB, which severely 
interfere with the functioning of UWB systems. The most notable 
among them are the 3.3-3.7GHz (WiMAX), 3.7-4.2GHz (C-Band), 
5.15-5.825GHz (WLAN). To avoid possible interference with 
the UWB system,it is required to use additional filtering circuits. 
However, the use of independent filters results in increased 
complexity, size, cost and insertion loss of the UWB system. A 
simpler way by which we can solve the problem is by cutting 
different type of slots [3] on the patch or [3] on the patch or the 
ground plane , putting parasitic elements [5] close to the radiator 
or using T-shaped stubs. In addition to this, most of the multiple 
band notched antennas have been designed using multiple slots [6] 
which in turn complicates the design procedures and increases its 
complexity. In recent times, a number of planar monopole antennas 
[3-6] have been developed for UWB applications. In this work, the 
proposed antenna attains impedance bandwidth of 120% by using 
fractal shape slots in the ground plane and side by side achieves 
dual notch band characteristic by etching a single H-shaped slot on 
the radiating patch. Hence it can be considered as a better design 
than earlier multiple band notch UWB antennas.

II. Antenna Design
Initial configuration of the proposed UWB antenna started with 
a stepped rectangular monopole printed on an FR4 substrate 
with dimensions of 30×35 mm2(Ws×Ls), a substrate thickness 
of 1.6 mm (h), a permittivity of 4.4, and a loss tangent of 0.002. 
This conventional rectangular monopole has a length of 14.5mm 
(Lp) and a width of 15mm (Wp). The finite ground plane, on 
the other side of the substrate has a length of 12.5mm (Lg) and 
width of 30 mm (Ws) as shown in fig. 1(a). The microstrip feed 
line is designed to be of 50 ohm with a width (Wf) of 3 mm. 
Here we have chosen a rectangular monopole to make the H 
shape slot suitable in the radiator. Also steps are introduced in 
the patch to increase the separation from ground plane which in 
turn clarify the effect of fractal slots. Stepped monopoles itself 
can achieve UWB bandwidth but their design procedures suffers 
from excessive trials to get the optimum dimensions of steps. 
In our work, steps are introduced to create the separation only 
and printed monopoles of any shape can be chosen as an initial 
configuration. The initial stepped rectangular monopole has an 
impedance bandwidth ranging from 3.6 to 8GHz.To enhance the 
bandwidth, two similar fractal slots are etched on the top edge of 
the ground plane in a symmetrical fashion, as shown in Figure 
1(a). The horizontal and the vertical cuttings of both the fractals 
are of the same length of “d/3”, as “d” has been chosen as an 
initiator. After introduction of fractal slots in the top edge of the 
ground plane, there is an expansion in the bandwidth from 2.7GHz 
to 11GHz, as bandwidth improvement is shown in fig. 1(b).The 
simulations are done with CST MWSTM.



IJECT Vol. 5, IssuE spl - 2, Jan - MarCh 2014

w w w . i j e c t . o r g InternatIonal Journal of electronIcs & communIcatIon technology  51

 ISSN : 2230-7109 (Online)  |  ISSN : 2230-9543 (Print)

Fig. 1:(a). Geometry of the Antenna With Inclusion of Fractal 
Shape Slots (b). Comparison of Return Loss Characteristics of 
Antenna

The effect of fractal slots are clarified due to the introduction of 
steps which in turn creates the separation from the radiator. The 
horizontal physical path length of the ground plane is about 30mm 
(Ws), but after inclusion of the fractals, the path length increases 
to 43.32mm [2*{15*(d/3)-d}]. Thus by introducing this novel 
technique of fractal slots, impedance bandwidth is effectively 
increased than its non-fractal counterpart. Further dual band 
notch characteristics of the proposed antenna has been achieved 
by etching a single modified H-shaped slot on the radiating patch 
as shown in Figure 2. Here two band notches are produced by 
etching a single H-shaped slot in the radiator, thereby avoiding 
multiple slots as well as other complicated procedures which in 
turn simplify the notch design process. 

Fig. 2: Geometry of the Antenna With Modified H-shaped Slot

The optimized dimensions of the proposed antenna and the notch 
are tabulated in Table 1.

Table 1: Dimensions of the Proposed UWB Monopole Antenna
Antenna 
Parameters Value (mm) Slot 

Parameters
Value 
(mm)

Ws 31 Sa 6.5
Ls 33 Sb 2
Wp 15 p 6.3
Lp 14.5 q 5.1
Wf 3 ds 0.6
Lg 12.5 g 0.17
t 1
d 1.665

III. Results and Discussion
The simulated return loss characteristic of the antenna is shown 
in fig. 3. The characteristics reveal wideband behavior with a 
bandwidth extending from 2.7-11 GHz for S11 less than -10dB. 

Fig. 3: Simulated Return Loss Characteristics of the Antenna With 
Modified H-Shaped Slot

The notch bands extends from 3.3 GHz to 4.2 GHz and the other 
ranges from 5.15 GHz to 5.825 GHz which rejects frequencies 
like WiMAX , C-Band and WLAN. The effect of H shape slot in 
generating the notch bands is illustrated below. The total length 
of the H-shaped slot is 38mm [(4*Sb) +2*(p+q) + (Sa)], which 
is close to the half wavelength [4, 6] corresponding to the center 
frequency of the first notch band which is 3.75GHz. From the 
current distribution pattern in Figure 4(a), we can see that the 
current is concentrated around the entire slot at this frequency 
and thus supports our result. Again from the current distribution 
pattern at the center frequency of second notch band shown in 
Figure 4(b), we see that, the current is concentrated around the 
slot except the central section (Sa) whose length comes out to be 
29.6mm[(4*Sb)+2*(p+q)] which is also close to half wavelength 
at the center frequency of 5.5GHz.

         (a)    (b)

(c)
Fig. 4:(a). Simulate Current Distribution on the Antenna at (a) 
3.75GHz (b) at 5.5GHz (c) 8GHz
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At both the notch frequencies, current flows alongside the H-shape 
slot in opposite directions causing destructive interference and thus 
procures nonresponsive radiation. So the H-shaped slot justifies 
the formation of the notch bands at both the notch frequencies. 
The effect of fractal slot in ground plane is shown in fig. 4(c). The 
simulated radiation patterns of the proposed antenna at 3.1,7 and 
10.6 Ghz are shown in figure 5. It is seen that the H plane radiation 
pattern is purely omnidirectional throughout the opearting band 
with slight deteriation at higher frequency.The E plane radiation 
pattern is bidirectional like conventional monopole antenna. So the 
proposed antenna acts similarly like printed monopole antenna.

E Plane

H Plane
(a)

E Plane

 
H Plane
(b)

E Plane

H Plane
(c)
Fig. 5: Simulated Radiation Patterns of Proposed Antenna at (a) 
3.1GHz (b) 7GHz and (c) 10.6GHz.

The simulated antenna gain of the proposed antenna from 2 to 
11 GHz is shown in fig. 6. The gain indicates that, the proposed 
antenna has almost gain flatness except that in the notch bands 
where the gain decreases sharply. It is lowest at the notched 
band.
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Fig. 6: Simulated Peak Gain of the Band Notch UWB Antenna

IV. Conclusion
The paper presents a new dual band rejection ultra wideband 
monopole antenna where a single H shape slot has been adopted for 
producing interference suppression at multiple bands like WiMAX 
and WLAN band. The impedance bandwidth ranges from 2.7 
GHz to 11 GHz where fractal slots have been used for bandwidth 
enhancement. The simulated gain varies from 2 dBi to 6 dBi 
except over at the rejection The simulated results also indicate that 
the antenna radiation patterns are approximately omnidirectional 
in H-plane and they are almost bidirectional in E-plane over its 
whole frequency band. This antenna has advantages in ultra wide 
bandwidth, compact in size which is suitable for UWB short range 
communication systems.
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