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Abstract. Compact asymmetric coplanar strip (ACS)-fed 
monopole antenna is presented in this paper for operation 
in ultra wide-band (UWB) applications. The antenna is 
composed of a semi-elliptical monopole and lateral copla-
nar ground plane to operate in the UWB range. It occupies 
a very small size of 28 × 11.5 mm2 and is mounted on low 
cost FR4 substrate of 1.6 mm thickness and dielectric con-
stant of 4.4. Band notched structure is applied to the pro-
posed antenna to assure the rejection of WiMAX frequency 
band centered at 3.5 GHz to minimize the interference of 
the communication system with this service. The radiation 
characteristic of the proposed ACS-fed monopole antenna 
is nearly omnidirectional with moderate gain over the 
entire UWB frequency range. The measurements of the 
fabricated model confirm the designed behavior. The com-
pactness in size, cheap cost and simple feeding technique 
make it as a good candidate to be integrated within the 
portable devices for wireless communication.  
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1. Introduction 
After the allocation of the unlicensed frequency band 

(3.1–10.6 GHz) for ultra wide-band (UWB) communica-
tions by the Federal Communications Commission (FCC) 
in 2002 [1], many researchers focus their interests to design 
antennas working in this band with attractive specifica-
tions. Compact size, low cost, light weight and easy fabri-
cation process are the main promising requirements of the 
antenna to be integrated in portable devices that can oper-
ate with different wireless communication applications in 
the UWB frequency range [2–5]. One of the serious prob-
lems facing any UWB antenna is the electromagnetic inter-
ference (EMI) problem since there are other wireless com-
munication systems operating in the same frequency band 
of UWB communications such as Worldwide Inter-

operability for Microwave Access (WiMAX) working at  
3.3–3.6 GHz [6]. To overcome the presented problem, 
a band notched structure is urgently needed. Various 
methods have been reported to achieve a band rejection 
behavior, such as by etching slots in the radiating patch [7], 
[8], or in the ground plane [9] or in the microstrip line [10]. 
Parasitic resonators beside the partial ground plane are 
loaded as in [11]. Also, resonators beside the feeding line 
are added in [12]. However, all the aforementioned UWB 
antennas do not have their structure compact enough in 
order to be easily integrated in systems without deteriorat-
ing the overall performance. Also, some of these antennas 
do not have uniplanar structure, and require double sided 
etching and alignment. This increases the fabrication 
complexity and decreases the accuracy of the fabricated 
designs. 

In order to reduce the complexity of the fabricated 
antennas, a coplanar waveguide (CPW) structure is used 
which facilitates the fabrication process and is preferable 
for the microwave integrated circuit applications [13]. 
Furthermore, in order to minimize the overall size of 
an antenna, asymmetric coplanar strip (ACS) structure is 
introduced. The overall size of this antenna can be reduced 
to about one half of the common coplanar waveguide 
CPW-fed monopole antennas as reported in [13–19]. 

In this paper, a semi-elliptical monopole antenna with 
ACS structure is proposed for UWB applications. Covering 
the frequency band of UWB communications (3.1 to 
10.6 GHz) is the main goal of the designed antenna. 
An inherent band rejection structure is utilized to achieve 
a notch at 3.5 GHz to mitigate the interference with 
WiMAX applications allocated in 3.3–3.6 GHz frequency 
band. The proposed antennas were fabricated and then 
scattering parameters and radiation characteristics were 
measured to verify the simulations done by the commercial 
software (CST). Good agreement between simulated and 
measured results confirms the ability of the proposed band 
notched ACS-fed antenna for operation in the UWB com-
munication systems without interfering the allocated 
WiMAX frequency band at 3.5 GHz.  
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2. Configuration of ACS-Fed Antenna 
without and with Stub Responsible 
for Band Notched Characteristic 
The geometry of the proposed UWB monopole an-

tenna with the optimized dimensions is shown in Fig. 1(a). 
First of all, an elliptic CPW feed antenna is designed. 
Asymmetric coplanar strip feed with half ground plane is 
used to reduce the antenna size. Also, instead of using 
complete elliptic radiator, half of the elliptic radiator is 
used as shown in Fig. 1(a). The impedance matched from 
3.1 GHz to more than 10.6 GHz as shown in Fig. 2 has 
been achieved by properly changing the width of the gap 
between the microstrip line and ground strip, and by 
making the ground metallization round. The antenna is 
mounted on low cost FR4 substrate with h = 1.6 mm, εr = 
4.4, and tanδ = 0.02. The antenna consists of semi-elliptical 
radiator with ACS feeding line. The ACS feeding line has a 
signal strip 3 mm in width, and distance between the signal 
strip and the coplanar ground plane equal to 0.3 mm to 
match the 50 Ω SMA connector. The lateral ground plane 
is presented with bended edge to efficiently enhance the 
impedance characteristics of the proposed UWB antenna. 
The overall dimensions of the antenna are 
28 × 11.5 × 1.6 mm3. The antenna was successfully de-
signed and optimized by using the CST Microwave Studio 
software. To mitigate the interference with WiMAX sys-
tems, the band rejection function is desirable in UWB 
communication systems. The geometry of the proposed 
band notched UWB monopole antenna with the optimized 
dimensions is shown in Fig. 1(b). A nearly U-shaped stub 
is utilized to achieve the band rejection at 3.5 GHz for the 
proposed structure. The central frequency fnotch of the band 
notched response is controlled by the overall length of the 
resonator using the following equation: 
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c is speed of light, r is substrate permittivity. The notch 
bandwidth is controlled namely by the stub strip width that 
determines its wave impedance. 

3. Results and Discussion 
The surface current distribution of the proposed ACS-

fed UWB antenna without and with the stub creating the 
band notched characteristic was simulated by the CST 
software. Figure 3 shows the current distribution on the 
surface of UWB antenna at 3.5 GHz and it can be noticed 
that the current flows uniformly on the antenna surface. 
This is the standard current distribution of any radiating 
antenna. This current distribution can be significantly dis-
torted by connecting a stub to the layout edge. 

                     (a)                                            (b) 

Fig. 1.  Geometry of the proposed ACS-fed UWB monopole 
antenna. 

 
Fig. 2.  The simulated reflection coefficient of the proposed 

structures. 

 
Fig. 3.  Simulated surface current distributions of UWB 

antenna at 3.5 GHz. 

For better demonstration of the band notched charac-
teristics, the magnitude of the current distribution is inves-
tigated at two different frequencies, one in the coverage-
band and the other in the rejection-band as shown in Fig. 4. 
It can be observed that at the notched frequency band at 
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3.5 GHz, the surface current is highly concentrated over the 
resonating stub as shown in Fig. 4(a), which means that the 
energy is stored in the resonator rather than radiated in the 
air. In Fig. 4(b), the current is uniformly distributed over 
the antenna surface at 7 GHz, which confirms that the 
antenna radiates. 

 
                       (a)                                                        (b) 

Fig. 4.  Simulated surface current distributions of UWB 
antenna with band notched filter (a) at 3.5 GHz, (b) at 
7 GHz. 

 
Fig. 5. Photograph of fabricated UWB monopole antenna. 

 
Fig. 6.  The simulated and measured reflection coefficient of 

the UWB monopole antenna. 

 
Fig. 7. Photograph of fabricated band notched UWB antenna.  

 
Fig. 8.  The simulated and measured reflection coefficient of 

the band notched UWB antenna.  

The semi-elliptical radiator connected with 50  ACS 
line and the lateral partial ground plane are printed on the 
top layer of low cost FR4 epoxy substrate defined above as 
shown in Fig. 5. Figure 6 shows simulated and measured 
reflection coefficient. They are in a good consistency. The 
antenna is working in the UWB range from 3.2 GHz till 
11.4 GHz with a reflection coefficient lower than –10 dB 
over the achieved frequency band. Figure 7 shows the fab-
ricated prototype of the band notched UWB antenna with 
compact size of 28 × 11.5 mm2. This antenna uses the res-
onant stub in order to achieve a notch in the operating band 
of WiMAX. As can be seen from Fig. 8, the measured S11 
tracks the simulated S11 well. Both results cover the oper-
ating band of UWB application from 2.7 GHz to 10.7 GHz 
except rejected band from 2.9 GHz to 3.9 GHz with reflec-
tion coefficient greater than –10 dB as illustrated in Fig. 8 
confirming that the proposed antenna is capable of miti-
gating the interference with WiMAX service. The reflec-
tion coefficient characteristics were measured using R&S 
vector network analyzer ZVA40, the radiation patterns 
were measured in an anechoic chamber using the  
NSI 800F-30 system. 
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A comparison between simulated realized gains of the 
two proposed UWB antennas without and with band notch 
is demonstrated in Fig. 9. The simulated realized gain of 
both antennas is almost constant over the achieved fre-
quency band except the case of band notched antenna, 
which has notched gain between 3 GHz to 3.9 GHz with 
a minimum value of –5.5 dB at 3.4 GHz. The average 
measured gain is 3.5 dBi. For the case of UWB antenna 
without notch, the simulated efficiency has a maximum 
value of 98 % and a minimum value of 83 % within the 
frequency range from 3–11 GHz as depicted in Fig. 10. 
Furthermore, the simulated efficiency for the case of band 
notched UWB antenna has a maximum value of 93 % and 
minimum value of 14 % at 3.4 GHz.  

The radiation patterns of the proposed antenna with 
band notched characteristic in the x-z plane (φ = 0°), y-z 
plane (φ = 90°) and x-y plane ( = 90°) were measured 
inside an anechoic chamber. The normalized simulated and 
measured radiation patterns are measured at 3.5 GHz, 
6 GHz and 10 GHz in the three aforementioned planes of 
the proposed antenna as shown in Fig. 12, Fig. 13 and 
Fig. 14, respectively. It is clearly deduced that the UWB 
monopole  antenna has  nearly  omni-directional  patterns in 

 
Fig. 9. The simulated realized gain of the fabricated antennas. 

 
Fig. 10. The simulated efficiency of the fabricated antennas. 

the three planes at the three different frequencies except the 
occurrence of bi-directional pattern in y-z plane at 3.5 GHz. 
From comparison of radiation patterns of the proposed 
notched antenna with those of the original antenna (not 
presented here), one can conclude that the resonant stub 
does not affect the shape of radiation patterns. Of course, 
the radiating field intensities at 3.5 GHz of the notched 
antenna are much lower, relative to gain behavior shown in 
Fig. 9. 

 
Fig. 12.  The simulated red (dashed) and measured black (solid) 

normalized radiation patterns at f = 3.5 GHz:  
(a) x-z plane, (b) y-z plane, (c) x-y plane. 

  
Fig. 13.  The simulated red (dashed) and measured black (solid) 

normalized radiation patterns at f = 6 GHz:  
(a) x-z plane, (b) y-z plane, (c) x-y plane. 
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Fig. 14.  The simulated red (dashed) and measured black (solid) 

normalized radiation patterns at f = 10 GHz:  
(a) x-z plane, (b) y-z plane, (c) x-y plane. 

 

Ref. Size  [mm2] 
Frequency

range 
[GHz] 

Notch 
frequencies 

[GHz] 

Realized 
gain at 

notch [dBi] 

[20] 25 × 32 3-11 
5.5 –5.2 

8.7 –3.6 

[21] 58 × 65.5 3.1-11 - - 

[22] 24 × 32 2.9-12.5 
5.5 –4.9 
7 –3.9 

[23] 45 × 55 2-10.5 
2.4 - 
3.5 - 
5.2 - 

[16] 12.3 × 28 3-12.8 
3.5 –3.3 

8.2 –2.5 

[24] 30 × 32 3.1-14 
5.5 –2 
6.8 –0.9 
11.5 –0.7 

[25] 24 × 32 2.7-12 
3.5 –4.3 

8 –2.1 

This work 11.5 × 28 2.7-11.4 3.4 –5.5 

Tab. 1. Comparison of the proposed antenna and other 
published works. 

A comparison between the proposed antenna and 
other published work is demonstrated in Tab. 1. The pre-
sented antenna occupies the smallest area 11.5 × 28 mm2 
and shows the lowest gain at the notch frequency –5.5 dBi. 

4. Conclusion 
Compact size UWB monopole antennas without/with 

band notched characteristics have been designed, fabricated 
and tested. A semi-elliptical radiator connected with 50 Ω 
ACS line is printed on low cost FR4 substrate together with 
an asymmetric coplanar ground. An excellent impedance 

bandwidth has been experimentally achieved from 2.7 GHz 
to 11.4 GHz with notched band 2.9–3.9 GHz for interfer-
ence mitigation purpose. The rejected band coincides with 
the band allocated for WiMAX applications (3.3–3.6 GHz). 
Furthermore, good omnidirectional radiation patterns with 
almost constant gain and efficiency over the UWB range 
have been achieved. The very small size due to ACS-feed-
ing, makes the proposed UWB band notched antenna suita-
ble for size-restricted systems. 
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