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Abstract: The design and analysis of a compact planar monopole ultra-wide band (UWB) antenna for medical 
devices that rejects interfering frequencies of 5.15 − 5.825	���from wireless local area network (WLAN) is 
presented. The violin shaped antenna is fed through a handle which acts as a 50	Ω microstrip transmission line. A 
U-shaped slot has been etched on the antenna face which can generate a band notch that can eliminate the WLAN 
radiation. The antenna is fabricated on 28 × 18 × 1.6���, FR4 substrate,which has a dielectric constant value of 
4.3. The simulated and measured results are in good agreement and analyses show that the antenna has very good 
radiation as well as frequency and time domain characteristics. 
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1. INTRODUCTION 

Among other advantages it offers, the ultra-
wideband (UWB) frequency can support high data rate 
and multimedia transmission essential for medical 
devices, which is not possible in narrow band systems. 
Hence the design of UWB antennas has gained 
popularity among researchers of wireless applications. 
For UMB applications, the Federal Communication 
Commission (FCC) has allocated the 3.1 −
10.6	���frequency band. However, due to the already 
existence of the wireless standard IEEE 802.11a 
operating in the band 5.15 − 5.825	��� , UWB 
antennas with band rejection characteristics have been 
proposed to prevent interference with the existing 
standard, without inserting band stop filters inside 
UWB gadgets. Addition of band stop filters not only 
costs more, it also complicates the design requirements 
of the receivers. Alternate solutions, therefore, have 
been suggested by researchers that can help in the 
development of UWB antenna technologies, while 
minimizing the interference of WLAN for indoor 
applications. 

Since the size reduction is one of the 
important issues in UWB systems, some antenna 
characteristics have been sacrificed to design small 
UWB antenna that can be inserted inside any UWB 
gadget [1-3]. The wide deployment of the UWB 
applications has motivated the researchers to design 
some complex designs having many optimization 
parameters to accomplish the requirements of special 
kind of applications such as Radio Frequency 
Identification (RFID) [4] and cognitive radio [5], widen 
the antenna band width [6], or improve the radiation 

characteristics [7]. Some researchers try to keep the 
antenna characteristics as high as possible by designing 
relatively large antennas [8], [9]. Flexible relatively 
large UWB antenna has been produced by utilizing 
flexible dielectric material as a substrate for the antenna 
to resist bending and angular positioning as well as 
maintaining the antenna characteristic [10].For band 
rejection purposes, researchers have embedded slots 
either on the antenna patch or through the ground plane 
to generate single band notch to filter out the existing 
Wireless Local Area Network (WLAN) band to 
generate robust indoor UWB antenna [11], [12]. To 
design UWB antennas that can be utilized for outdoor 
applications, dual band notches [13], [14] and even 
triple band notches [15], [16] have been introduced to 
get rid of interference with WiMax, WLAN, and X-
band satellite communications. 

In this paper, we design, fabricate, and 
analyze a simple, planar monopole UWB antenna with 
band notch for filtering. It is violin-like in shape, 
formed by overlapping circular patch with an elliptical 
patch and splitting two circular cuts on the circular 
patch. The elliptical patch and the circular cuts decrease 
the lower frequency edge without increasing the 
antenna size significantly. On the other hand, the length 
of the ground plane has been optimized to improve the 
bandwidth by increasing the high frequency edge and 
reducing the return loss at the middle frequencies. A U-
shaped slot has been embedded on the antenna to 
produce a band notch centered at 5.5��� so that the 
antenna has no interference with the already existing 
WLAN applications. The simulated and measured 
results show that the proposed antenna covers UWB 
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frequency band specified by FCC, has very good 
radiation characteristics and gain, and has satisfactory 
time domain characteristics. The antenna small size and 
performance make it a very good candidate to be 
attached inside the medical devices. Following this 
brief introduction, the antenna design is presented in 
Section 2, while its characteristics are discussed in 
Section 3. Section 4 discusses the antenna fabrication 
and experimental result, with conclusions in Section 5. 
2. ANTENNA DESIGN 

The designed antenna is shaped like a violin, 
having a circular patch overlapped by an elliptical 
patch as the major components, and is etched on 
28 × 18 × 1.6	���  FR4 substrate of dielectric 
constant �� = 4.3 with a loss tangent of 0.025. On the 
other side of the substrate, the ground plane is etched. 
A microstrip line, 1.8	�� in width and characteristic 
impedance of 50	Ω , feeds the antenna. Figure 1(a) 
shows the antenna geometry and other dimensions (in 
mm), with the front side without the slot, while the 
antenna with the embedded U-shaped slot and its exact 
position and dimensions is shown in Figure 1(b). The 
length of the U-shaped slot is optimized to get the band 
notch coincident with the IEEE 803.11a frequency 
band. Figure 1(c) shows the back view of the antenna 
which includes the ground plane. 

3. STUDY OF ANTENNA CHARACTERISTICS 
The antennas were studied using CST 

Microwave Studio, an industry standard, commercially 
available simulation suite. The following subsections 
present the design and analysis of the violin-shaped 
antenna with and without the band notch using the 
simulation package. 
3.1 Violin-Shaped Antenna without Band Notch 

By varying the circular cut radius and the 
minor axis of the elliptical patch the lower edge of the 
antenna bandwidth was set to 3.1���  which is 
equivalent to that of UWB band. Subsequently, the 
length of the ground plane has been optimized to 
reduce the return loss in the middle frequencies and to 
increase the upper frequency edge of the proposed 
antenna. The width of the ground plane can be 
considered as an inductor, and the lower edge of the 
antenna and the upper edge of the ground plane can be 
assumed as parallel plates of a capacitor [17]. 
Consequently, varying the length of the ground plane 
can leads to different capacitance value, and hence 
different resonant circuits. Figure. 2 shows the return 
loss of the proposed antenna after the optimization of 
the dimensions stated earlier. 

 
The Radiation characteristics of the violin-

shaped antenna can be shown through the radiation 
pattern at the three resonant frequencies (3.75, 7.34, 
and 11���). Figure 3 illustrates the E-plane and H-
plane power patterns of the proposed antenna at the 
three frequencies. The H-plane power pattern is 
approximately omni-directional for the three 

(a) (b

(c) 

Figure 1. The geometry of the proposed violin-like 
monopole antenna (a) front view without slot, (b) front 
view with slot, and (c) back view (All dimensions are 
in mm). 
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Figure 2. The return loss of the proposed antenna without 

band notch. 
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frequencies, making the antenna suitable for portable 
medical devices. On the other hand, the E-plane power 
pattern follows the doughnut shape, which is favorable 
for UWB applications. Some distortion in the radiation 
pattern appears in the higher harmonics because the 
current is concentrated at different positions of the 
antenna and this will lead to generate radiation pattern 
in harmony with this concentration. 
 

3.2 Violin-Shaped Antenna with Band Notch 
After embedding a U-shaped slot on the 

antenna face, the band notch characteristics begins to 
show up. Bychanging the values of theU-shaped slot 
arms’ length (� ), the band notch center frequency 
occupies different positions. Figure 4 shows the 
Voltage Standing Wave Ration (VSWR) of the 

proposed antenna at different values of �. The optimal 
value of the slot arms length is found to be 5.8	�� 
which leads to total slot length equal to 17.6	��. This 
verifies the formula for the center frequency of the 
notch (������) given as [11]: 

������ =
�

2������
����

�

																																																			(1) 

 
where� is the speed of light in freespace, and �����  is 
the slot length. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

It can clearly be seen that at slot length equal 
to 17.6	�� the VSWR curve has a value less than 2 
for the frequency band extended from 3.1���  to 
13.5��� except the WLAN frequency band at which 
the value of the VSWR exceed the nominal value. For 
this reason, this antenna can be used for indoor ultra-
wide band medical applications even with the presence 
of 5.5���  WLAN devices. 

Figure 5 illustrates the surface current 
distribution of the antenna at the band notch center 
frequency 5.5�	�� and another at 7.34	���. It is clear 
that at 5.5	��� the current is distributed around the U-
shaped slot, so the current tends to rotate rather than 
radiate. Therefore, the antenna cannot radiate energy 
within the band notch frequencies. However, at 
7.34	��� the current concentrates at the antenna lower 
edge and the sides. 
 

 

(a) 

(b) 

(c) 

Figure 3.The power pattern of the proposed antenna 
at (a) 3.76GHz, (b) 7.34GHz, and (c) 11GHz. 
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Figure 4. The VSWR of the proposed antenna 
with band notch for different slot arms lengths. 
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Generally, the embedded slot on the antenna 
does not affect the antenna characteristics outside the 
rejected band. This can be verified through the VSWR 
curve of the two antennas, as illustrated in Figure 6. 
This figure demonstrates that the two curves coincide 
with each other at all frequencies outside the notch. 
Figure 7 shows the gain in dBi of both antennas, which 
again demonstrates that the antennas keep its radiation 
performance outside the rejected band. In effect the 
antenna gain is abruptly dropped within the rejected 
band, which confirms the inability of the antenna to 
transmit or receive electromagnetic waves at the 
notched frequency band. 

 
 
 
 
 

 
 

 
4. FABRICATION AND MEASURED RESULTS 

Figure 8 is a picture of the fabricated violin 
like antenna with and without slot. A comparison 
between the simulated and measured return loss for the 
two antenna types is shown in Figure 9. The 
measurements were done using HEWLETT 
PACKARD 8719A Vector Network Analyzer at 
University of Missouri. Three overlapped resonant 
frequencies appear in both simulated and measured 
return loss. The simulated band width is found to be 
equal to 10.4��� extended along the frequency range 
3.1 − 13.5���, whereas the measured band width is 
equal to 10.1���  extended from 2.9���  to 13��� 
which has the  frequency range wider than that 
specified to UWB applications. Deviation in results 
may be due to factors such as fabrication tolerance, 
imperfect SMA connector soldering which causes close 
loop path between the feed line and the connector, and 
the irregular dielectric constant variations over the 
frequency range. 

 

(a) (b) 

Figure 5. The surface current distribution of the 
proposed antenna with band notch at (a) 5.5GHz 
and (b) 7.34GHz. 
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Figure 6.The VSWR curves of the proposed 
antenna with and without the U-shaped slot. 
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Figure 7.The gain of the proposed antenna with 
and without  the U-shaped slot.  
 

Figure 8.The prototype of the proposed antenna 
with and without slot. 
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Figure 10 shows the simulated and measured 
VSWR of the antenna with the etched U-shaped slot. 
The simulated band notch is centered at 5.5��� and 
extends from 4.9	���to 6	���. However, the etching 
process of U-shaped slot involves large amount of 
toleration in the slot dimensions and this causes clear 
discrepancy between the measured and the simulated 
results. The measured band notch is centered at 
5.8	���  extended along the frequency range 5.5 −
6.6	���. 

 
In order to understand the time domain 

characteristics of the proposed antenna, the antenna 
group delay is measured by aligning two antennas 
inside anechoic chamber in three different alignment 

schemes Face-to-Face, Face-to-Side, and Side-to-Side. 
Figure 11 illustrates the group delay of the antenna at 
the three different alignments along the UWB 
frequency band specified by FCC (3.1 − 10.6	���). In 
general, the group delay represents the first derivative 
of the phase of the transmission parameter ��� . The 
mean value of the goup delay for the three schemes is 
6.2	���� with very small deviation at Face-to-Face and 
Face-to-Side alignments; however, Side-to-Side 
alignment has a deviation in the group delay value 
approaching only 1	����. These values of group delay 
verify that the transmitted frequency components are 
transferred to the receiver approximately at the same 
instant, so the proposed antenna does not accumulate 
much distortion to the input pulse. 
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Figure 9.The measured and simulated return 
losses of the proposed antenna without slot. 
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Figure 10.The measured and simulated return losses 
of the proposed antenna with band notch 
characteristics. 
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Figure 11.The measured group delay of two of 
the proposed antenna aligned (a) Face-to-Face, 
(b) Face-to-Side, and (c) Side-to-Side. 
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In fact, the measured results confirm that the 
proposed antenna is a very good candidate for medical 
devices since these devices requires antennas with 
insensible distortion in addition to small size antenna.  
The antenna also can be used without slot if WLAN 
applications are not available in the field of the device 
usage. 
 
5. CONCLUSION 

A small violin-shaped antenna with and 
without band notch characteristics is designed and 
analyzed in this paper. The antenna covers the FCC 
frequency band specified for UWB applications, and its 
small size enable it to be attached to any UWB medical 
gadget. The band notch characteristics are presented by 
embedding a U-shaped slot on the antenna face. The 
simulated and measured results show that the proposed 
antenna has a bandwidth larger than the one specified 
for UWB applications. The designed antenna has good 
time domain characteristics since the antenna do not 
accumulate much distortion to the input signal since 
there is a small deviation in the group delay. It has 
satisfactory radiation characteristics because the 
antenna has an omni-directional radiation pattern in the 
H-plane which is suitable for portable medical devices. 
In addition, the presence of the U-shaped slot generates 
a frequency notch that eliminates WLAN radiation 
without affecting the antenna characteristics outside 
this frequency range. 
 
REFERENCES 

[1] E. Tammam, K. Yoshitomi, A. Allam, M. Alsayed, 
H. Kanaya, and K. Yoshida, “A Highly 
Miniaturized Planar Antenna With Dual Band-
Notched Using Two Slot Types for UWB Wireless 
Communications,” IEEE Proceedings of AMPC, 
Kauhsiung, Taiwan, pp. 726-728, Dec. 4-7 2012. 

[2] A. Gautam, S. Yadav, and B. Kanaujia, “A CPW-
Fed Compact UWB Microstrip Antenna,” IEEE 
Antennas and Wireless Propagation Letters, vol. 
12, pp. 151 – 154, 2013. 

[3] A. Nouri and G. Dadashzadeh, “A Compact UWB 
Band-Notched Printed Monopole Antenna With 
Defected Ground Structure,” IEEE Antennas and 
Wireless Propagation Letters, vol. 10, pp. 1178-
1181, 2011. 

[4] A. Toccafondi, A. Garufo, and C. Giovampaola, 
“Coplanar Waveguide-fed Compact Antenna for 
UWB RFID Applications,” IEEE 17th European 
Conference on Antennas and Propagation, pp. 
3048-3049, 2013. 

[5] M. Narlawar and S. Badjate, “Evolution of Ultra 
wide-band Swastik shaped Monopole Antenna for 
Cognitive Radio Applications,” International 

Conference on Electronic Systems, Signal 
Processing and Computing Technologies, pp. 79-
83, 2014. 

[6] X. Yang, L. Liu, S. Cheung, and Y. Sun, “A Simple 
UWB Monopole Antenna using Half-elliptical 
Radiator,” IEEE International Workshop on 
Antenna Technology, pp. 145-149, 2013. 

[7] A. Lages, M. Kawakatsu, and V. Dmitriev, “Planar 
Elliptical UWB Monopole Antenna with High 
Efficiency,” IEEE Microwave and Optoelectronics 
Conference, pp. 208-212, 2011. 

[8] S. Verma and P. Kumar, “Printed Egg Curved 
Monopole Antenna for Ultrawideband 
Applications,” IEEE National Conference on 
Communications, pp. 1-5, 2013. 

[9] M. Sarifi, S. Podilchak, M. Essaaidi, and Y. Antar, 
“Compact Disc Monopole Antennas for Current 
and Future Ultrawideband (UWB) Applications,” 
IEEE Transactions on Antennas and Propagatio, 
vol. 59, no. 12, pp. 4470-4480, Dec. 2011. 

[10] H. Khaleel, H. Al-Rizzo, D. Rucker, and S. Mohan, 
“A Compact Polyimide-Based UWB Antenna for 
Flexible Electronics,” IEEE Antennas and Wireless 
Propagation Letters, vol. 11, pp. 564-567, 2012. 

[11] Q. Chu, C. Mao, and H. Zhu, “A Compact Notched 
Band UWB Slot Antenna With Sharp Selectivity 
and Controllable Bandwidth,” IEEE Transactions 
on Antennas and Propagation, vol. 61, no. 8, pp. 
3961 – 3966, 2013. 

[12] E. Tammam, K. Yoshitomi, A. Allam, M. Alsayed, 
H. Kanaya, and K. Yoshida, “Miniaturization of a 
UWB Antenna With Dual Band-Notched at 
WLAN/WiMAX Frequency Bands,” IEEE 
International Conference on Electronics Design, 
Systems, and Applications, pp. 115-120, 2012. 

[13] M. Ojaroudi, N. Ojaroudi, and N. Ghadimi, “Dual 
Band-Notched Small Monopole Antenna with 
Novel Coupled Inverted U-Ring Strip and Novel 
Fork-Shaped Slit for UWB Applications,” IEEE 
Antennas and Wireless Propagation Letters, vol. 
12, pp. 182-185, (2013). 

[14] P. Gao, L. Xiong, J. Dai, S. He, and Y. Zheng, 
“Compact Printed Wide-Slot UWB Antenna with 
3.5/5.5-GHz Dual Band-Notched Characteristics,” 
IEEE Antennas and Wireless Propagation Letters, 
vol. 12, pp. 983-986, 2013. 

[15] 14Y. Sung, “Triple Band-Notched UWB Planar 
Monopole Antenna Using a Modified H-Shaped 
Resonator,” IEEE Transactions on Antennas and 
Propagation, vol. 61, no. 2, pp. 953-957, 2013. 

[16] C. Zhang, J. Zhang, and L. Li, “Triple band-
notched UWB antenna based on SIR-DGS and 
fork-shaped stubs,” Electronics Letters, vol. 50, no. 
2, pp. 67-69, Jan. 2014. 

[17] X. Begaud: Ultra Wide Band Antennas, Wiley: 
New Jersey, 2011. 

 
 
29/8/2014 


