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Abstract: A compact CPW-FED monopole antenna for wireless communication applications is presented in this 
study. The proposed antenna models consisting of very compact size of 27.5×13 mm  on  RT-Duroid  substrate  of  
εr = 2.2 with thickness of 1.6 mm. The proposed antenna structures cover the frequency bands of C and Ku. In 
addition, the antenna exhibits monopole like radiation characteristics and good antenna gain of more than 1.6 dB in 
c-band and 2.79 dB in Ku-band, which is suitable to integrate with the devices for wireless communication devices 
for communication system applications. 
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INTRODUCTION 
 

Demand for dual, triple and multiband antennas are 
increased recently in the portable wireless 
communication devices (Sadasivarao and Madhav, 
2014). With the advantages of small size, low cost and 
simple configuration various types of printed antennas 
suitable for communication applications have been 
reported such as ,monopole antennas of double T-
Shaped  (Madhav  et  al.,  2014b),  E-Shaped  (Madhav 
et al., 2014c), Slot antenna with L-Shaped strips 
(Madhav  et  al.,  2013)  and  dipole  antennas  (Madhav 
et al., 2014a). To cover different bands simultaneously, 
several antennas have been proposed (Ramkiran et al., 
2014). Most of the antennas focus on the modification 
of the radiating patch or the ground plane. Researchers 
reported number of antennas which can cover dual, 
triple and multi bands suitable for different 
communications systems. 

Among the well-known multiband antenna 
prototypes, the planar and coplanar monopole antennas 
of various configurations have become popular because 
they provide attractive antenna characteristics, namely: 
low profile, light weight, low cost versatile 
configuration for exciting dual or multi resonance 
modes and exhibiting wide impedance bandwidth with 
desirable radiation characteristics (Habibulla et al., 
2014; Thomas and Sreenivasan, 2009; Zhang et al., 
2011). The real challenge comes into the picture when a 
compact antenna is designed with multiband 
characteristics  (Ali  Nezhad  and  Hassani,  2010;  Wei 
et al., 2010; Kuo and Wong, 2003). 

In this study, a relatively small monopole antenna 
is presented for wireless communication applications. 

The current antenna models are providing dual, triple 
and wideband characteristics with good impedance 
bandwidth. The antenna performance is simulated using 
ANSYS HFSS prior to its fabrication. The effects of the 
antenna’s key structural parameters on its performance 
characteristics are also analyzed. 
 

MATERIALS AND METHODS 
 

ANSYS HFSS is used to design the proposed 
antenna model and Finite Element Method based 
simulation results are collected from this 
Electromagnetic tool. RT-duroid substrate with 
dielectric constant 2.2 is used as substrate material in 
this antenna design.  
 

Antenna design and parameters evaluation: The 
geometry of the proposed model, shown in Fig. 1, 
consists of a coplanar waveguide fed monopole antenna 
with a strip structure interconnecting the upper and 
lower grade sections that surround the antenna’s 
radiating element to provide dual frequency operation. 
The parameters of the proposed antenna is shown in 
Table 1, were optimized using ANSYS HFSS. Four 
models are designed in this study and analysis is 
presented regarding the bandwidth improvement. 
Figure 1a shows the coplanar wave guide fed 
asymmetric monopole antenna, which consists of 
rectangular patch with slotted ground plane adjacent to 
radiating element. Figure 1b shows the circular slot 
aperture monopole antenna with rectangular slot on the 
feed line. Figure 1c shows the asymmetric rectangular 
slot aperture monopole antenna with circular slot on the 
feed line. Figure 1d shows the asymmetric slot ground 
monopole antenna.  
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Fig. 1: (a) Coplanar wave guide fed asymmetric monopole antenna, (b) asymmetric circular slot aperture monopole antenna, (c) 

asymmetric rectangular slot aperture monopole antenna, (d) asymmetric slot ground monopole antenna 

 
Table 1: Antenna dimensional parameters 

Parameters Length (mm) Parameters Length (mm) Parameters Length (mm) 

L1 17.00 y2 1.250 E7 1.00 
W1 20.00 y3 1.600 E8 0.20 
L2 6.00 y4 0.225 E9 1.00 
W2 6.78 D1 0.800 U1 0.20 
L3 3.67 G1 2.000 U2 0.50 
W3 2.43 M1 1.600 U3 0.50 
L4 2.50 M2 0.800 U4 0.40 
W4 6.00 l2 5.500 U5 2.00 
L5 1.45 w2 6.080 U6 0.80 
W5 4.38 l3 3.470 U7 0.20 
z1 6.25 w3 2.430 O1 0.25 
z2 6.85 l4 2.500 O2 0.75 
z3 1.50 w4 6.000 O3 0.25 
z4 1.00 E1 1.000 O4 1.00 
z5 1.00 E2 0.200 O5 0.50 
z6 0.50 E3 0.800 O6 0.10 
z7 2.60 E4 0.400 O7 0.40 
s 7.75 E5 1.000   
y1 1.00 E6 0.800   

 
Table 1 shows the dimensional characteristics of 

the proposed models. Iteration by iteration, all these 
models are providing excellent bandwidth improvement 
with the addition of slots on the structure. The detailed 
performance evaluations of these models are presented 
in the subsequent sections.  
 

RESULTS AND DISCUSSION 
 

The evolution of the proposed wideband antenna 
design and its corresponding simulation reselection co-
efficient results are presented in Fig. 2. The results 
show wide impedance bandwidths obtained between 
2.4 to 16 GHz with reflection co-efficient ≤-10 dB, 
which meets the bandwidth requirements of 
communication bands. Coplanar waveguide fed 
asymmetric monopole antenna is resonating at two 
bands i.e., narrow band of 5.6 GHz (5.4-5.8 GHz) and 

wideband of 11-16 GHz. Impedance bandwidth of 7% 
at 5.6 GHz and 38% at 13 GHz is obtained from the 
model 1. Asymmetric circular slot aperture monopole is 
radiating in the wideband of 10-17 GHz with bandwidth 
of 7 GHz. Asymmetric rectangular slot aperture 
monopole is radiating between three bands of 2.4 and 7 
GHz narrow bands and 9-14 GHz wideband. 
Asymmetric slot ground monopole antenna is 
resonating between narrowband at 2.4 GHz and 
wideband of 5-15 GHz. An impedance bandwidth of 
5% at 2.4 GHz and 111% between 5-15 GHz is 
obtained from the proposed slot ground monopole 
antenna.  

From the results it is been observed that, the slots 
on the ground plane affects the bandwidth and the 
magnitude of the resonance of the monopole antenna. 
The feed length parameter severely affects the first 
resonant mode in terms of its reflection co-efficient
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Fig. 2: Return loss vs. frequency 

 

 
 

Fig. 3: Antenna radiation pattern in E and H plane at 12 GHz 

 

 
 

Fig. 4: Frequency vs. efficiency of the proposed antenna models 
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Fig. 5: Frequency vs. gain of the proposed antenna models 

 

    
 

(a)                                    (b)                                    (c)                                   (d) 

 

Fig. 6: Surface current distribution of the proposed models at 12 GHz 

 

magnitude and centre frequency. The optimized values 

are computed from the parametric analysis results and 

with assiduous care during fabrication. 

The simulated radiation patterns at 12 GHz in the 

XZ-Plane (H-Plane) and YZ-Plane (E-Plane) are 

studied and presented in Fig. 3. The radiation pattern is 

omni-directional in the H-Plane and the monopole in E-

plane. The radiation characteristics of the antenna are 

stable within the operating bands and the cross 

polarization radiation patterns are relatively small.  

Figure 4 shows the frequency vs. efficiency of the 

antenna models. A stable efficiency of more than 98% 

is attained for the case of slot ground monopole 

antenna. For the case of rectangular slot monopole 

antenna efficiency is decreased in the frequency band of 

5 to 7 GHz. The remaining two cases show the 

efficiency of more than 95%.  

The gain response of the proposed antenna as a 

function of frequency is plotted in Fig. 5. Stable gain in 

the resonating bands is observed from the gain plot. 

From the gain plot we can observe the increment of 

gain in all the models. A peak realized gain of 3.2 dB is 

attained for the case of asymmetric monopole antenna. 

The gain of the proposed antenna satisfies the 

requirement of the communication applications. 

Figure 6 shows the surface current distribution of 
the proposed models at 12 GHz. Figure 6a shows the 
maximum intensity on the feed line in Y-direction for 
asymmetric monopole antenna and Fig. 6b shows the 
circular oriented current distribution on the surface of 
the radiating element. Figure 6c and d shows the equal 
magnitude of current distribution on the feed line and 
radiating element with opposite polarity.  
 

CONCLUSION 
 

Compact wideband monopole antennas are 

presented using a special ground structure, which 

comprises a strip line interconnecting the ground 

sections surrounding the patch, results in an effective 

resonant mode antenna without comprising its physical 

size. The current antenna models exhibiting excellent 

impedance bandwidths at resonant frequencies. The 

effect of antenna key parameters and their 

corresponding results are studied to acquire the deeper 

understanding and insight on the antenna. The proposed 

models have several advantages like small in size, 

excellent radiation characteristics in the desired band 

and ease of fabrication with CPW feeding. These 

properties make the antenna suitable for communication 

system applications in C and Ku bands. 
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