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Abstract: Band-notch characteristic has been of great interest recently to overcome the 
electromagnetic interference of Ultra-wideband systems (UWB) with other existing ones. In 
this paper, we present a novel microstrip-fed antenna with band rejection property 
appropriate for UWB applications. Band-notch characteristic has been achieved by adding a 
rectangular resonant element to the ground section. A prototype was fabricated and 
measured based upon optimal parameters. Experimental results show consistency with 
simulation results. Measurement results confirm that the antenna covers the UWB band and 
satisfies a band rejection in the frequency span of 5 GHz to 5.7 GHz to restrain it from 
interference with Wireless Local Area Network (WLAN). Then, to achieve better isolation, 
a rectangular strip is appended to the band-notch creating part of the ground section to 
enhance obtained VSWR up to 30 through simulation. In addition, by applying a similar 
technique, a dual band-notched characteristic with an average simulated VSWR of around 
13.75 has been achieved for WLAN and the downlink of X band satellite communication 
systems with each more than 10. Features such as small size, omnidirectional pattern and 
perfect isolation make the antenna suitable for any UWB applications. 
 
Keywords: Band-Notch Characteristic, Radiation Pattern, Reflection Coefficient, Ultra-
Wideband Antenna. 

 
 
 
1 Introduction1 
In 2002, the Federal Communications Commission 
(FCC) of the United States decided to allow the 
unlicensed commercial operation of UWB technology 
[1]. According to this regulation, a bandwidth of 7.5 
GHz, from 3.1GHz to 10.6 GHz is allotted for UWB 
applications. Since then, UWB technology has received 
great heed as a high data rate technology, which 
provides many benefits such as low cost, low 
complexity, low power consumption and coexistence 
with other wireless communication systems. Indeed, the 
maximum data rate or capacity for the ideal band 
limited, Additive White Gaussian Noise channel is 
related to the bandwidth and signal-to-noise ratio (SNR) 
by Shannon-Nyquist criterion [2]. Since an antenna acts 
as a filter for the generated UWB signal, one particular 
challenge concerns the research on the development of 
UWB antennas which have become a topic of continued 
investigations in the fields of wireless communications 
and radar applications due to such attractive features as 
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transmitting and receiving electromagnetic energy in 
shorter duration and avoiding both frequency and space 
dispersion. Hence, to realize UWB radio systems and 
signaling, UWB antennas are required. 

Among various types of planar UWB antennas in the 
literature, microstrip line or Coplanar Waveguide 
(CPW) fed antennas are the most demanding candidates 
for UWB applications. To obtain wider bandwidth, 
several bandwidth enhancement techniques have been 
studied [3-8]. In [3], a circular disk monopole half 
ground antenna line is proposed. In [4], an impedance 
bandwidth is improved by adding slit on one side of the 
planar microstrip-fed antenna and adding two-step 
staircase notch in the ground plane. In [5], the proposed 
antenna consists of a truncated ground plane and two-
tapered radiating patch separated by a slot of different 
slopes to provide a wideband bandwidth. In [6], a 
bandwidth enhancing technique using a modified 
ground plane with diagonal edges, rectangular slot, and 
T-shape cut was introduced. In [7], the antenna is 
composed of a trapezoidal slot on the ground plane, a 
rectangular patch in the center of the slot and three via 
holes connecting the rectangular patch and the 
microstrip feed-line. In [8], a π-shaped ground plane 
was used to increase bandwidth. 
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In order to avoid the interference with the existed 
WLAN, a band-stop filter should be employed in the 
ultra-wideband systems. So, the system will be getting 
larger and more complex. Instead, to overcome this 
potential interference, several band-notched UWB 
antennas have been proposed. To satisfy this notch, 
usual techniques include cutting proper slots such as U-
shaped slot [9], C-shaped slot [10], semi-circular slot 
ring [11], arc-shaped slot [12], V-shaped slot [13], T-
shaped slot [14] and open-ended slot [15]. Another way 
is to put parasitic elements, which can be considered as 
a filter to reject the un-required bands [10, 16-18]. 

In this paper, we propose a novel microstrip-fed 
UWB antenna with band-notch characteristic. The 
antenna rejects the band allocated for WLAN systems 
via the rectangular part added to the ground section. The 
notched band can also be displaced only by changing 
the width and length of this part independently of any 
other parameters and consequently with no change in 
pattern. Then, a novel idea is applied to the antenna to 
increase the VSWR of the rejected band through 
simulations. This approach has also led us to double 
band-notch characteristics. Simpler design, smaller size 
and more stability of the radiation pattern, and better 
interference rejection than the mentioned antennas are 
other intriguing features of our proposed antenna. 

This paper includes two major sections. Section 2 is 
devoted to the UWB antenna design and its properties. 
Section 3 describes the band-notch characteristics of the 
antenna in detail and provides a parametric study to 
analyze the performance of the antenna. At the end of 
this section, section 3.3, measurement results of the 
single band-notched design is presented. Section 4 is 
dedicated to further discussion on the VSWR 
improvement of the single band-notched antenna for 
better isolation and the achieved double band-notched 
design. Although these results are obtained through 
simulations, the fabrication and measurement of the 
improved designs are considered as our future work. 
 
2 UWB Antenna Design 

2.1  Geometry 
Initially, a UWB antenna was designed. The top and 

bottom view of the proposed UWB antenna is shown in 
Fig. 1. It is in the x-y plane (W1 along x-axis and L1 
along y-axis). As illustrated, the antenna contains a 
tapered microstrip line, two radiating circular patches, 
and a defected ground structure. The width (W2) of the 
feeding microstrip line is set to have 50 Ω impedance. 
The parameters of the UWB antenna are shown in Table 
1. The substrate chosen here is TACONIC TLC-30. Its 
thickness is 1.58 mm, the relative permittivity (εr) is 3 
and the metal cladding thickness is 35 μm. 
 

2.2  Simulation Results of VSWR and Gain 
The proposed antenna is simulated by CST 

Microwave Studio commercial software and by using 
Transient Solver. 

Table 1 The parameters of the antenna. 

Parameter Size (mm) Parameter Size (mm) 
W1 24 L1 20 
W2 4 L2 2.5 
W3 2.4 L3 7.5 
W4 6 L4 0.5 
W5 3.3 L5 5 
W6 0.5 L6 1 
W7 12 L7 8 
W8 0.4 L8 1.4 
R1 2.8 R2 2.8 
R3 3.8   

 

 

 
Fig. 1 Antenna Layout (a) Top View and (b) Bottom View. 
 
 

Simulation results confirm the ultra-wideband 
characteristic of the proposed antenna without notch 
span. Fig. 2 shows the VSWR of the antenna. Actually, 
a tapered microstrip feed line has been chosen to obtain 
wider bandwidth. This type of feed line has a significant 
effect on the bandwidth of the proposed antenna. When 
W3 is set to be 2.4 mm, it shows a proper behavior for 
the frequencies between 3 GHz and 11 GHz, and 
consequently it is the optimal parameter. The gain of the 
antenna is roughly steady through the bandwidth, makes 
sure of a stable omnidirectional radiation pattern, and 
makes it possible for any UWB applications. The 
maximum gain of the antenna is shown in Fig. 3. 
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Fig. 2 VSWR of the antenna. 
 
 

 
Fig. 3 Maximum gain of the antenna. 
 
 
3 Band-Notched UWB Antenna Design 

3.1  Antenna Configuration 
Band-notched characteristic is presented by 

elaborating a rectangular parasitic element to the 
ground. No returning work is needed for all other 
dimensions. The improved ground section for achieving 
band rejection is illustrated in Fig. 4. The parameters L9, 
L10, L11, W9 and W10 are as in Table 2. In [8], the notch is 
provided by electromagnetically adjusting coupling 
between a pair of T-shaped strips protruded inside the 
square ring of the radiating patch. 

Table 2 The parameters of the added rectangular part. 
Parameters Size (mm) 

L9 0.4 
L10 11.8 
L11 6.4 
W9 0.4 
W10 14 

 
 

Therefore, to achieve an arbitrary notch, the size of 
T-shaped strips should be adjusted resulting in pattern 
change due to the change in the shape of the radiating 
patch. But, in our proposed antenna, the notched band 
can be displaced only by changing the width and the 
length of the additional part in the ground section 
independently of any other parameters and consequently 
with no change in pattern. 
 

3.2  Parametric Study of Band-Notched Antenna 
A parametric study was carried out to achieve UWB 

band rejection operation using CST Microwave Studio. 
Obviously, each geometrical parameter has effects on 
the performance of the proposed antenna. Some of these 
parameters are discussed here in the following 
subsections: 
 

3.2.1  Effect of Circular Patch Radius 
The radius R1 is equal to the radius R2 (R1=R2=R). 

Simulated reflection coefficient of the antenna as a 
function of frequency, for different values of R with 
other parameters fixed, is shown in Fig. 5. The distance 
between the respective centers of these circular patches 
is 6 mm. Hence, a parametric study for different values 
of R (R=2, R=2.4, R=2.8) is done. It is observed that the 
reflection coefficient at the upper operating frequency 
beyond 8.5 GHz decreases as the radius increases up to 
R=2.8. Actually, a remarkable additional resonance 
occurs at 9 GHz due to a capacitive and inductive effect 
caused by electromagnetic coupling between the patch 
and the ground plane. It is noticeable that the notch 
frequency does not change during this parametric study. 
 
 

 
Fig. 5 Parametric study for the radii R1 = R2 = R. 

 
 
 

Fig. 4 Improved ground section for band-rejection. 
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Fig. 6 Parametric study for L8. 
 
 

3.2.2  Effect of the Parameter L8 
The effect of this parameter on the antenna 

performance is studied by varying it. Again, here, 
simulated reflection coefficient of the antenna for 
various values of L8 is considered and studied. The 
parameter is set to be 0 mm, 0.4 mm, 0.9 mm and 1.4 
mm. changing the value of L8 does not result in notch 
frequency change as shown in Fig. 6. Although the 
antenna remains UWB band-notched without this 
parameter, increasing this parameter to 1.4 mm 
improves the reflection coefficient and makes it more 
approvable for the final design. 
 

3.2.3  Effect of Elaborated Rectangular Part 
As a matter of fact, band-rejection characteristic 

means to achieve a design where a certain frequency 
bandwidth is rejected from the antenna frequency 
response. To achieve this goal, the ground section is 
modified in a way that does not deteriorate normal 
behavior of the antenna over its operating bandwidth 
except for the considered frequency span. Important 
parameters of this rectangular part are L9, L10, W9 and 
W10. These parameters act as controllers for the notched 
range. Fig. 7 shows the simulated reflection coefficient 

in terms of L9. The change in this parameter displaces 
the notched frequency with no noticeable change in 
reflection coefficient for other frequencies. 

Another parameter to be studied is L10. Its effect is 
depicted in Fig. 8. Although decreasing L10 decreases 
reflection coefficient for the frequency span of 6 GHz to 
about 8.5 GHz, exacerbates it for the frequency range of 
4 GHz to 5 GHz. In fact, when L10 decreases, the 
notched frequency bandwidth widens resulting in the 
deterioration of the reflection coefficient and band-
rejection. In addition, W9 changes the notched 
frequency as illustrated in Fig. 9. However, its effect is 
less than L9 due to the smaller shift in rejected 
frequency in comparison to the shift in terms of L9. 

Besides, the change in W10 can displace the notched 
frequency more than other parameters as in Fig. 10. 
Indeed, this parameter plays a crucial role in our band-
notched antenna design. If W10 is smaller than 14 mm, 
the notched frequency shifts to right and if it is larger 
than 14 mm, it shifts to left. Consequently, the novel 
design gives us three different levels of options to adjust 
an arbitrary notched frequency. At first, the notched 
frequency can be achieved by choosing an appropriate 
W10. Then, L9 should be defined for more accuracy. 
Finally, the desired band-rejection span can be realized 
by picking out W9. 

 
 

Fig. 7 Parametric study for L9. 

Fig. 8 Parametric study for L10. 
 
 

Fig. 9 Parametric study for W9. 
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Fig. 10 Parametric study for W10. 
 

 
Fig. 11 Antenna photograph. 
 

 
Fig. 12 Simulated and measured VSWR. 
 
 

3.3  Measurement and Simulation Results 
The proposed antenna is fabricated on a dielectric 

substrate of TACONIC TLC-30 with the relative 
permittivity (εr) of 3 and the thickness of 1.58 mm. The 
photograph of the antenna can be seen in Fig. 11. The 
VSWR performance of the fabricated prototype was 
measured with a HP8510 network analyzer. The 
simulated and measured VSWR of the proposed antenna 
with the optimal parameters mentioned in Tables 1 and 
2 are shown in Fig. 12. The designed antenna has an 
impedance bandwidth of 2.25 GHz to 10.8 GHz except 
for the rejected bandwidth of 5 GHz to 5.7 GHz. 
Obviously, this measured notched band overcomes the 
electromagnetic interference between UWB and WLAN 
systems. Moreover, there is a discrepancy between 

measured and simulated results. It may be due to the 
errors of antenna fabrication and the SMA connector 
soldering on the microstrip feed line which affect the 
measurement but not considered in simulation process. 

The measured and simulated radiation patterns of 
the proposed antenna at 3 GHz, 7.0 GHz and 10 GHz 
are shown in Fig. 13. It shows that the antenna can give 
a nearly omnidirectional characteristic in the H-plane 
and a quasi-omnidirectional pattern in the E-plane. 
Good agreement between the simulated and measured 
radiation patterns is observed. 
 

 

 
(a) 

 

 
(b) 

Fig. 13 Measurement and simulation results (a) E-plane (b) H-
plane. 
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Fig. 14 Antenna gain. 
 
 

Fig. 14 displays the gain of the proposed band-
notched antenna. The most significant drop of the gain 
pertains to the expected suppression of radiation pattern 
for the rejected frequency. 

The surface current distribution of the antenna for 
the notched frequency and a pass band frequency is 
shown in Fig. 15. The maximum amplitude of the 
surface current at 4 GHz is 60.7 A/m. Actually, the 
surface current distributes over the radiation patch of the 
antenna and the ground section, but for the rejected 
band, the current distribution is concentrated on the 
added rectangular part of the ground section resulting in 
an intense increment of the surface current with the 
maximum value of 258 A/m. Consequently, this 
rectangular part does not have major effects on the 
performance of the antenna except for the rejected 
frequency, which confirms the band-notch characteristic 
of the proposed antenna. 
 
4 Further Discussion 
4.1  VSWR Improvement of WLAN Rejected Band 

and Dual Rejection Phenomenon 
Although the band-notch characteristic has been 

achieved in the previous section with an acceptable 
VSWR value, a change in the design can result in a 
perfect WLAN isolation. In other words, the antenna is 
capable of avoiding any interference with WLAN 
systems. The simple change is in form of adding two 
junctions through a rectangular strip in the ground 
section as shown in Fig. 16. The width of it is 0.5 mm. 
Actually, it plays a vital role to boost the band-stop 
performance. Applying a parametric study clears this 
role more obviously. This study is based on changing 
the parameter L12, from 0.3 mm to 4.8 mm. Fig. 17 
illustrates the VSWR results due to this variation. The 
results indicate that the added strip, not also improves 
the band-notch characteristic for WLAN frequency 
band, but also can create another band-stop for the 
frequencies around 7 GHz dedicated to the downlink of 
X band satellite communication systems. This is due to 
the fact that the surface current of the single band-
notched antenna is concentrated on the ground part of 

L11 × W10. When L12 is small, this phenomenon does not 
change a lot and the antenna maintains its single band 
rejection property. However, by increasing L12 up to a 
particular value, the surface current becomes 
concentrated on the lower rectangle (L12 × W10), and 
another rejection band is appended and the antenna 
becomes dual band-notched. At this time, the VSWR of 
the WLAN rejected band decreases while the VSWR of 
X band downlink rejected band increases. It should be 
noted that although the VSWR of WLAN rejected band 
decreases, however, it is (VSWR = 12) still more than 
the value of VSWR in the previous section (VSWR= 
9.5). When L12 is set to be around 4.8 mm, 7 GHz band 
rejection disappears and the antenna becomes single 
band-notched again. 

The surface currents of this process are shown in 
Fig. 18 for three different values of L12. Consequently, 
the embedded strip in the ground section makes the 
proposed antenna able to reject WLAN frequency band 
with the maximum VSWR of 27 while rejecting the 
frequencies around 7 GHz devoted to the downlink of X 
band satellite communication systems with the 
maximum VSWR of 9. 
 
 

 
(a) 

 

 
(b) 

Fig. 15 Simulated Surface Current Distribution at (a) 4 GHz 
(pass band) and (b) 5.5 GHz (rejected band). 
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Fig. 16 Ground section when the strip is added. 
 
 

 
(a) 

 
(b) 

 
(c) 

Fig. 17 Effect of L12 on VSWR for (a) whole band, (b) 5-6 
GHz band and (c) 6.6-7.5 GHz band. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Fig. 18 Surface currents for different values of L12: (a) L12= 
0.3 at 5.4 GHz, (b) L12= 1.3 at 5.4 GHz, (c) 6.91 GHz, and (d) 
L12= 3.3 at 6.91 GHz. 
 
 

4.2  VSWR Improvement of Rejected Bands 
According to the previous section, the antenna 

exhibits a perfect WLAN isolation and acceptable 
satellite downlink interference avoidance when an 
embedded strip into the ground section is used. Again, 
to achieve better isolation for WLAN band and 
downlink frequency span, another strip is added to the 
ground section. It is assumed that one of the strips is 
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fixed at L12 = 4.8 mm, and the other one is displaced 
from L12 = 1.3 mm to L12 = 3.3 mm to perform a 
parametric study. Fig. 19 depicts the VSWR curves for 
three different values of L12 = 1.3 mm, L12 = 2.3 mm, 
and L12 = 3.3 mm. The maximum VSWR obtained for 
this structure is 30. Another feature of the proposed 
antenna is the average VSWR of about 13.75 with each 
more than 10 resulting in good isolation of both rejected 
bands. Table 3 presents the accurate VSWR values of 
the antenna for WLAN and downlink frequency bands 
through simulations due to the different values of L12 in 
two cases of adding one strip and two strips in which L12 
is fixed at 4.8 mm for one of the strips. 
 
 

 
(a) 

 
(b) 

 
(c) 

Fig. 19 Effect of L12 on VSWR for (a) whole band (b) 5-6 
GHz band, (c) 6.6-7.5 GHz band. 

Table 3 VSWR values for different values of L12 in two cases 
of adding one strip and two strips 

 
L12 

(mm) 

VSWR 
(One Strip Added) 

VSWR 
(Two Strips Added) 

WLAN 
Downlink 
Frequency 

Band 
WLAN 

Downlink 
Frequency 

Band 

0.3 13.38 4.06 18.25 3.09 

1.3 12.17 8.79 17.32 10.24 
2.3 16.6 5.94 22.24 6.91 
3.3 25.21 3 30.34 2.87 

4.3 27.26 2.41 _______ _______ 

4.8 23.88 2.12 _______ _______ 
 
 
5 Conclusion 

In this paper, initially, a novel microstrip-fed single 
band-notched UWB antenna has been presented and 
discussed in detail. A rectangular parasitic part is added 
to the ground section to overcome interference with 
WLAN systems. The antenna is small with the total 
volume of 24 mm×20 mm×1.58 mm. To obtain optimal 
parameters, a parametric study has been done. Then, the 
proposed antenna has been fabricated. Measurement 
results show that the antenna provides an 
omnidirectional pattern in the H-plane and a quasi-
omnidirectional pattern in the E-plane over the entire 
UWB bandwidth. Although like many other single 
band-notched antennas, the antenna’s VSWR is high 
enough, to boost the mentioned band rejection, a strip is 
added to this part, which results in the VSWR of 30 
through simulations. In addition, by applying a similar 
technique, the frequency ranges of WLAN and the 
downlink of X band satellite communication systems 
are rejected. No change in other parts is needed. The 
elaborated parts act as controllers for the notched 
frequency spans. Perfect single and double band 
rejection with the features such as compact size, simple 
shape, flat gain and stable pattern make the proposed 
antenna appropriate for any UWB applications. 
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