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Abstract� A planar ultra-wideband antenna with 
dual band-notched characteristics is proposed. The 
main features of the proposed antenna are the 
extremely compact dimensions and band-notched 
characteristics that are obtained without modifying 
the radiator. The dual band-notched characteristics 
are achieved by a pair of mirror U-shaped slots 
and an inverted U-shaped slot at the conductor-
backed plane. The measured results of the 
manufactured (15 mm × 15 mm) antenna on 1.6 
mm FR4 substrate show that the antenna operates 
with VSWR less than two over the frequency band 
from 3 GHz to 11.2 GHz. That wideband is 
featured by the existence of two notched bands
VSWR is more than five aimed at suppressing any 
interference from IEEE802.11a WLAN 5 GHz 
(5.15 GHz - 5.825 GHz) and ITU 8 GHz (8.025
GHz - 8.4 GHz) band. The antenna has a desirable 
VSWR level, radiation pattern, and gain 
characteristics for ultra wideband frequency band 
range. 

Index Terms – Coplanar waveguide (CPW) 
antennas, frequency band notched function, and 
ultra wideband (UWB) antenna. 

I. INTRODUCTION
There is a tremendous applications that use the 

ultra wideband (UWB) technology due to its 
unlimited applications in short-range wireless 
communications. One of the key elements to 
secure a successful UWB system is an UWB 
antenna with compact dimensions, proper 
characteristics, and immunity to interferences from 
nearby systems that use parts of the UWB 

spectrum. The main parameters in designing UWB 
antennas, especially for indoor applications, are 
easy to manufacture structure, compact size, and 
omnidirectional radiation pattern across the band 
from 3.1 GHz to 10.6 GHz [1-2]. Different 
methods such as the truncated slot on the antenna 
patch have been proposed for increasing 
impedance bandwidth. Since there are several
existing systems operating within the UWB 
frequency spectrum, such as the IEEE802.11a 
WLAN (5.15 GHz - 5.825 GHz) and the ITU 
(8.025 GHz - 8.4 GHz) the UWB antenna is 
required to have the capability to notch those 
bands and thus to cancel any interference between 
those systems and the UWB system. Some UWB 
antennas with band-notched characteristics are 
available in the published literature. One common 
method is to use different types of slots on the 
patch and ground plane and parasitic elements [3-
16]. Such antennas with various types of slots 
have large dimensions in comparison to that 
proposed antenna in this paper. In this paper, the 
target is to present a compact structure with dual 
band-notched characteristics that are achieved 
without modifying the patch in a step-by-step 
design procedure. The main radiator of the 
proposed antenna is a simple square patch that is 
fed using a microstrip line. The ground plane is 
located at the bottom layer with a pair of mirror 
semi C-shaped notches for a perfect matching. A 
conductor-backed plane that is used to achieve the 
band-notched characteristics of the antenna is 
located at the bottom layer. The first notched 
frequency band is achieved by using an inverted 
U-shaped slot embedded in the conductor-backed 
plane, whereas the second notched band is realized 
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by using a pair of mirror inverted U-shaped slots 
inside the conductor-backed plane. The final 
performance of the antenna is aimed at achieving 
the required UWB and to have dual notched bands 
that can be adjusted using an empirical formula. 
The impedance bandwidth is enhanced by using 
slotted conductor-backed plane. The presented 
design is validated by simulations and 
measurements.

II. ANTENNA DESIGN
Figure 1 shows the configuration of the 

proposed ultra-wideband (UWB) antenna. The top 
layer include the main radiator in the form of 
square patch with initial dimensions that are 
������ ��"��#$�� × #$���� (where #$ is the guide 
wavelength, which is equal to c/(Z3� �& ) at the 
center of the UWB, i.e., at 6.85 GHz, and c is 
speed of light in free space). The bottom layer 
includes a pair of mirror semi C-shaped notches in 
the corners of the ground plane and slotted 
conductor-backed plane. In the design, the antenna 
is constructed with a substrate made of FR4, with 
thickness of 1.6 mm and relative dielectric 
�������� %r = 4.4. The initial dimensions of the 
��"������� ���� ������ ��"��#$ × #$������&
������
the feed-line microstrip (Wf

In order to show the impact of using the 
truncated ground plane, the antenna’s performance 
is simulated for different cases as indicated in Fig. 
2 (a), (b), and (c). If the proposed antenna is used 
with the different structures of ground plane, 
rectangular-shaped and a pair of mirror L-shaped 
notches, in the manner shown in Fig. 2 (a) and (b) 
the impedance matching is poor at the frequency 
band between 8.5 GHz and 10.6 GHz, which 
should be part of the UWB spectrum. To improve 
the performance at that band, a pair of mirror semi 
C-shaped notches is included at the bottom layer 
with proper dimensions as depicted in Fig. 2 (c). It 

is found that by using this form on the ground 
plane, impedance bandwidth is improved 
especially at the high frequencies. Figure 3 shows 
the simulated VSWR curves with different 
structures of ground plane. 

) is fixed at 2 mm for 
50 '�
	������e. In the first step of the design, the 
dimensions of the substrate, square patch as 
radiator are optimized using the software HFSS 
for an UWB frequency coverage. The optimized 
dimensions are 15mm × 15 mm for the substrate 
and 7.5 mm × 7.5 mm for the radiator. The 
optimum gap between the square patch and the 
ground plane is 4.1 mm for proper impedance 
matching of the bandwidth. The optimization of 
the structure is obtained using the Ansoft 
simulator (HFSS).

(a)

(b) 

Fig. 1. Configuration of the proposed antenna, (a) 
top layer with square patch and (b) bottom layer 
with U-shaped forms in the conductor-backed 
plane (units in mm). 

To modify the performance of the antenna by 
creating two notched sub-bands at the WLAN 
(5.15 GHz � 5.825 GHz), and ITU (8.025 GHz �
8.4 GHz), the rectangular-shaped conductor-
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backed plane with the dimensions of 14 mm � 7.2 
mm is slotted in the manner shown in Fig. 1 (b). A 
pair of mirror U-shaped slots at the two sides of 
the conductor is created the first notched band 
centered at 5.65 GHz, whereas the inverted U-
shaped slot inside the conductor is responsible for 
making the second notched band centered at 8.1 
GHz. The slot’s length Lp defines the first notched 
band, whereas the strip’s length Lp1 defines the 
second notched band. In this paper, the center-
rejected frequency (fp and f p1) is approximately 
by, Lp =  &4�> e3���                          (1) 

Lp1 =  &4�> 1e3���   ,                     (2) 

3��� =  3� +12 + 3� �1
2h1+129a �

   ,                 (4)

where c, h, Wf��%r������%eff are the second of light 
in free space, thickness of substrate, the width of 
the feed line, dielectric constant, and effective 
dielectric constant, respectively. Moreover, the 
relation between the center of the notched bands 
(fp and fp1) ����������&����
$������	������
��%eff,
which can be calculated for the microstrip 
structures using the formula in [12]. For the 
notched bands that are cantered at the frequencies 
5.65 GHz and 8.1 GHz, the values of the designed 
parameters Lp and Lp1 can be calculated using 
equations (1) and (2) as 7.1 mm and 5.3 mm. In 
order to verify the validity of the design equations 
(1) and (2), the performance of the antenna for 
different values of Lp and Lp1 is calculated using 
the simulation tool and the results are shown in 
Figs. 4 and 5. It is shown that the effective 
parameter in the position of the lower rejected sub-
band is the length Lp shown in Fig. 1 (b). The 
simulated results for different values of this 
parameter are shown in Fig. 4. Decreasing that 
design parameter results in an increase in the 
frequency of the lower rejected sub-band with 
negligible effect on the upper rejected sub-band. 
Concerning the upper rejected sub-band, the main 
parameter that defines that band is shown to be 
Lp1. The simulated performance of the antenna for 
different values of that parameter is shown in Fig. 
5. The decrease in the value of Lp1 causes the 
upper rejected sub-band to shift up in the 
frequency without almost any impact on the lower 
rejected sub-band. It is possible to show using the 

design equation of microstrip structures [17] that 
for the utilized structure, the effective dielectric 
constant is given approximately ��� %eff  = 3.2. If 
this value is substituted in equations (1) and (2) 
along with the values of Lp and Lp1that are used to 
generate the simulation results of Figs. 3 and 4, the 
location of the center of the notched bands ( fp and 
fp1) calculated from equations (1) and (2) are 
almost the same simulated values shown in Figs. 4 
and 5. The whole structure of the antenna is 
optimized using HFSS for the widest possible 
bandwidth using the most compact structure. The 
optimal parameters of the constructed antenna are 
as follows: Wsub = 15 mm, L sub = 15 mm, Lp= 7.1 
mm, and Lp1 = 5.3 mm.   

Fig. 2. (a) Rectangular-shaped ground plane 
without notch, (b) ground plane with a pair of 
mirror L-shaped notches, and (c) ground plane 
with a pair of mirror semi C-shaped notches. 

Fig. 3. Simulated VSWR for the different 
structures of ground slotted conductor-backed 
plane. 

The other optimized dimensions of the antenna are 
indicated in Fig. 1. In order to show how the 
slotted conductor-backed plane becomes effective 
in the rejection of the dual-notched bands, the 
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current distribution at the structure of that plane is 
calculated using the simulation tool HFSS at the 
first and second notched frequency bands. It is 
clear from Fig. 6 (a) that the current flows in 
opposite directions at the two edges of the half-slot 
of the inverted U-shaped from at 5.6 GHz. Thus, 
the total effective radiation from the antenna 
becomes almost zero, and thus a notched band is 
achieved. In Fig. 6 (b), the current at 8 GHz at the 
right and left side of the two edges of the U-
shaped slots are in opposite directions. Thus, the 
total radiation from the antenna at this band is very 
limited and a second notched band is achieved.  

Fig. 4. Simulated VSWR of the antenna with 
different values for Lp. 

Fig. 5. Simulated VSWR of the antenna with 
different values for Lp1.

III. RESULT AND DISCUSSIONS
The designed antenna is fabricated and tested. 

The impedance bandwidth with dual band-notched 
characteristics that has the dimensions Wsub= 15 
mm and Lsub = 15 mm is tested by using an 

Agilent 8722ES vector network analyzer ( VNA). 
The simulated and measured VSWR of the 
antenna depicted in Fig. 7 reveal that the antenna 
covers the ultra-wideband frequency range from 3 
GHz to more than 11.2 GHz in the measurement 
assuming VSWR < 2 as a reference. Figure 7 
clearly show that the constructed antenna exhibits 
two notched bands centered at 5.65 GHz and 8.1 
GHz. There is generally a good agreement 
between the simulated data and measured result 
except a slight down shift in the center of the 
lower and upper rejected bands; these could be due 
to the effect of the SMA port in the laboratory. On 
the other hand, it can be observed that by using 
this filter structures, the lowest frequency is 
significantly decreased from 3.3 GHz to 3 GHz. 
Figure 8 shows the effect slotted conductor-backed 
plane on the maximum antenna gain from 3 GHz
to 11 GHz in comparison to same antenna without 
conductor. 

(a)

(b) 

Fig. 6. Simulated current distribution of the band-
notched monopole antenna at (a) 5.6 GHz and (b) 
8 GHz ( FC: field cancellation). 
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Fig. 7. Measured and simulated VSWR of the 
proposed dual band-notched monopole antenna 
with and without conductor (inset).

Fig. 8. Comparison between the gain of the square 
patch (without conductor) and the slotted 
conductor-backed plane. 

The values in Fig. 8 indicate that the realized 
dual band-notched antenna has good gain flatness 
except in the two notched bands, where the gain 
decreases drastically at 5.5 GHz and 8 GHz. The 
radiation pattern of the antenna is also tested to 
confirm the omni-directional behavior of the 
antenna as mainly required by the short range 
indoor UWB communication systems. Figure 9 
show the measured radiation patterns including co-
polarization and cross-polarization at the 
frequencies 4 GHz, 7 GHz, and 9 GHz, in the H-
plane (xz-plane) and E-plane (yz-plane). From 
overall view of these radiation patterns, it can be 
clearly seen that xz-plane patterns are almost 
omni-directional, but they are more directional in 
the higher band. 

Fig. 9. Measured radiation pattern of the antenna 
at (a) 4 GHz, (b) 7 GHz, and (c) 9 GHz. Solid line, 
co-polarization and dashed line, cross-polarization. 

IV. CONCLUSION
A compact microstrip-fed printed monopole 

antenna with ultra-wideband presented. By 
inserting a pair of mirror semi C-shaped notches in 
the corners of the ground plane, additional 
resonance is achieved and the impedance 
bandwidth of the proposed antenna is increased. A 
slotted conductor-backed plane is placed at the 
bottom layer to create two notched bands in the 
radiation of the antenna. The dual band-notched 
characteristics are achieved by using a pair of U-
shaped slots and an inverted U-shaped slot 
embedded inside a rectangular-shaped conductor-
backed plane. The first notched band aimed at 
preventing any interference with existing 5 GHz 
WLAN systems is achieved by using an inverted 
U-shaped slot in the conductor-backed plane, 
which exempt from interfaces. The second 
notched band aimed at preventing the interference 
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with the 8 GHz ITU systems is achieved by using 
a pair of mirror U-shaped slots inside the slotted 
conductor-backed plane. The measured results 
show the proposed antenna operates over the 
frequency band between 3 GHz and 11.2 GHz, 
defined by VSWR < 2. The two bands WLAN 
(5.15 GHz � 5.825 GHz) and ITU (8.025 GHz �
8.4 GHz) are already notched, which centered at 
5.65 GHz and 8.1 GHz, respectively. 
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