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ABSTRACT 

 

A compact coplanar waveguide fed trapezoidal monopole antenna and a notch band monopole antenna are 

presented in this paper. Notch Band is obtained between 3-4 GHz, which covers S- band of WiMAX 

applications. The notch band antenna is obtained by etching U- slot on the radiating element of the 

monopole antenna. The proposed antenna is printed on Rogers RT- Duroid 5880 substrate material with 

dielectric constant 2.2 and loss tangent 0.0009. The overall dimension of the notch band antenna is around 

51 x 45 x 1.6 mm. Initially Trapezoidal Notch band monopole antenna is constructed from the basic design 

of trapezoidal monopole wideband antenna and the corresponding antenna parameters and Radiation 

characteristics for both the models are analyzed and presented in detail in this article. 

 

Keywords: Compact Antenna, S- Band, Trapezoidal Wideband Antenna, Trapezoidal Notch Antenna, 

Wimax. 

 

1. INTRODUCTION  
 

Microstrip antennas are widely used 

advanced devices in the modern communication 

systems because of several advantages such as Low 

Profile, Low Fabrication cost, simple in design and 

can be used in multi-band and wide-band 

applications [1-4]. The main disadvantage with 

these antennas is narrow band width, which is a 

serious problem for modern high speed data 

communication systems [5-8]. Different techniques 

are proposed by the researches from last one decade 

to overcome the limited band width problem and 

associated difficulties. Some of these techniques 

include increasing the thickness of the substrate, 

choosing low dielectric materials [9-14] and using 

parasitic patches etc. These techniques are also 

suffering with some of the problems associated 

with them like excitation of the surface waves and 

increase in antenna size. Surface waves related 

problems can be reduced by using electromagnetic 

band gap structures and metamaterial loaded 

designs in the antenna structure [15-16]. 

A part from the design issues, the problem 

with electromagnetic interference occurring due to 

existing narrow band communication systems like 

WiMAX, WLAN and X- Band Satellite 

communication links is of major concern. 

Integration of external band stop filters to achieve 

the desired band rejection increases system 

complexity and size [17-20]. Hence, in order to 

keep the antenna footprint unaltered, designers have 

resorted to the approach of embedding parasitic 

strips or slots of different shapes in the radiating 

elements or ground plane of the antenna systems 

[21-23]. Moreover, many wideband applications 

require more than one notch band, necessitating the 

use of the mutually non interacting band notch 

elements. Different multiple band notched antenna 

topologies have also been reported in the literature. 

In this paper, we proposed two antenna 

models, one for wideband applications and other 

for notch band characteristics with modifications in 

the first model. Substrate material plays an 

important role in the design of the antenna and most 

of its parameters will vary with the selection of 

substrate material. Substrate permittivity effects on 

the performance of the notch band antenna is also 

performed and presented in this work.    

 

 NOVEL PRINTED MONOPOLE TRAPEZOIDAL NOTCH 

ANTENNA WITH S-BAND REJECTION 
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2. ANTENNA DESIGN SPECIFICATION 
 

Antenna model 1 consisting of a trapezoidal 

monopole for wideband applications as shown in 

figure 1(a). Figure 1(b) shows the U-slot 

trapezoidal monopole for notch band operation. 

Figure 1(c) shows the dimensional characteristics 

of the slotted portion in the notch band trapezoidal 

monopole antenna. The overall dimensions of the 

proposed two models are tabulated in Table 1. 

Antenna 1 consisting of the overall dimension of 45 

x 37 x 1.6 mm and antenna 2 consisting of the 

overall size of 51 x 43 x 1.6 mm. Both these models 

are printed on a dielectric material RT- Duroid 

5880 with dielectric constant 2.2 and loss tangent 

0.0009. The monopole element length and width 

are different in these two models and strictly 

speaking the dimensions of the monopole are 

slightly higher for notch band trapezoidal monopole 

antenna when compared with trapezoidal monopole 

antenna. 

            Fig.1.( a ) Trapezoidal Monopole Antenna 

 

        Fig.1.( b ) Trapezoidal Monopole Notch Antenna 

 

 

 

 
 

         Fig.1.( c ) Trapezoidal Monopole Slot Configuration 

 

 

        Fig.1.( d ) Side view of the monopole antenna models 

 

        Table 1. Trapezoidal Monopole Antenna Parameters 

 

 

 

 

Name Parameter Trapezoidal 

Monopole 

antenna 

Dimensions  

Trapezoidal 

Monopole 

Notch 

antenna 

Dimensions 

 

Le 

Monopole 

element length 

 

22.71 mm 

 

25.93 mm 

 

We 

Monopole 

element width 

 

22.71 mm 

 

25.93 mm 

α Taper angle at 

monopole base 

 

30.13 ° 

 

29.96 o 

 

Sf 

 

Feed gap 

 

50.46 μm 

 

56.98  μm 

 

Wg 

Ground-plane 

width 

 

45.42 mm 

 

51.86 mm 

 

Lg 

Ground-plane 

length 

 

37.85 mm 

 

43.21 mm 

 

Wgi 

CPW inner 

width 

 

3.545 mm 

 

4.052 mm 

 

Wg0 

CPW outer 

width 

 

3.785 mm 

 

4.321 mm 

εr 

Relative 

permittivity of 

the dielectric 

 

2.2 

 

2.2 

 

H 

 

Substrate 

height 

 

1.6 mm 

 

1.6 mm 
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3. RESULTS AND DISCUSSION 

 

Figure 2(a) shows the reflection coefficient of 

the trapezoidal monopole antenna. A wide 

bandwidth of 9.5 GHz is attained from this antenna 

model. Figure 2(b) shows the reflection coefficient 

of trapezoidal notch band monopole antenna with 

band notch characteristics between 2.7-4.2 GHz. 

The pass band bandwidth of 5.3 GHz at higher band 

and 2.7 GHz at lower band can be observed from the 

result of notch band monopole antenna. Fig 3(a) and 

3(b) shows the VSWR of the proposed models and 

their corresponding standing wave ratio values in 

their operating frequency band. Fig 4 shows the 

impedance matching characteristics of the antenna 

models in the operating frequency range. It is been 

observed from the figure 4(b) that the impedance 

value is far away from 50 ohms at notch band of 

antenna model 2. Figure 5 also shows the input 

impedance characteristics of both the models in 

smith chart. 

 
Fig.2. (A) Reflection Coefficient Vs Frequency 

Trapezoidal Monopole Antenna 

 

 
Fig.2. (B) Reflection Coefficient Vs Frequency Of Notch 

Antenna 

 

 

 
Fig.3. (A) VSWR Vs Frequency Trapezoidal Monopole 

Antenna 

 

Fig.3. (B) VSWR Vs Frequency Of Notch Antenna 

 

The radiation of the microstrip antenna is 

determined from the field between the metal patch 

and the ground plane. Opposite charges are 

established on the bottom of patch and top of the 

ground plane when the patch is excited. The 

attractive force will hold most of the charges 

between the two surfaces. In the meantime, the 

repulsive forces of the same charges on the patch 

surface will push some of the charges to the edges 

creating fringing fields which is the reason why 

patch antenna resonates. The radiation 

characteristics of the trapezoidal monopole notch 

antenna at different frequencies are presented in 

Fig.6 to 8. 
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Fig.4. (a) Impedance Vs Frequency trapezoidal monopole 

antenna 

 

 
Fig.4. (b) Impedance Vs Frequency of Notch antenna 

 

 
Fig.5. (a) Smith Chart trapezoidal monopole antenna 

 

 

 

 

 

 

 

 

 

 
Fig.5. (b) Smith Chart Vs Frequency of Notch antenna 

 

 
Fig.6. Radiation Pattern of notch at 2.2 GHz, (a) Polar 

Plot 

 

 
Fig.6. Radiation Pattern of notch at 2.2 GHz, (b) 2D-Plot 

 

Fig.6 and Fig.8 shows the radiation characteristics of 

the notch antenna at operating frequency bands and 

Fig.7 shows the radiation pattern of the antenna in 

the notch band. Fig.9 shows the three dimensional 

view of the radiation pattern for wideband monopole 

at three frequency bands. Almost Omni directional 

radiation pattern can be observed at lower and 

higher bands in this case compared to middle band. 
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In the case of monopole notch antenna a maximum 

gain of more than 4.6 dB is attained at higher 

frequency band of operation. 

 

 
Fig.7. Radiation Pattern of notch at 4.4 GHz, (a) Polar 

Plot 

 

 
Fig.7. Radiation Pattern of notch at 4.4 GHz, (b) 2D-Plot 

 

The dimensional characteristics of the monopole 

notch antenna is evaluated with change in substrate 

permittivity and tabulated in Table 2. The overall 

dimension of the antenna is decreased with increase 

in permittivity of the substrate material. The height 

of the substrate is kept constant throughout this 

process while calculating the dimensions of the 

monopole notch antenna. 

 

 

 

 
Fig.8. Radiation Pattern of notch at 8.8 GHz, (a) Polar 

Plot 

 

 
Fig.8. Radiation Pattern of notch at 8.8 GHz, (b) 2D-Plot 

 

 

 

 
 

Fig.9. Three Dimensional Radiation pattern of wideband 

antenna at 2.5, 5 and 10 GHz 
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Fig.10. Three Dimensional Radiation pattern of the notch 

antenna at 2.2, 4.4 and 8.8 GHz 

 

 

Table 2.1. Monopole Notch Antenna dimensions with 

change in substrate permittivity 

 

 
Name 

 

Parameter 

 

εr =2.9 
 

εr =3.1 

 

Le 

Monopole 

element length 

 

21.95 mm 

 

21.71 mm 

 

We 

Monopole 

element width 

 

21.95 mm 

 

21.71 mm 

 

α 
Taper angle at 

monopole 

base 

 

33.39 ° 

 

34.39 ° 

 

Sf 

 

Feed gap 

 

58.91 μm 

 

59.31 μm 

 

Wg 

Ground-plane 

width 

 

43.90 mm 

 

43.43 mm 

 

Lg 

Ground-plane 

length 

 

36.58 mm 

 

36.19 mm 

 

Wgi 

CPW inner 

width 

 

3.312 mm 

 

3.243 mm 

 

Wg0 

CPW outer 

width 

 

3.658 mm 

 

3.619 mm 

εr 

Relative 

permittivity of 

the Dielectric 

 

2.9 

 

3.1 

 

H 

 

Substrate 

height 

 

1.6 mm 

 

1.6 mm 

 

 

 

Table 2.2. Monopole Notch Antenna dimensions with 

change in substrate permittivity 

 

 

Name 

 

Parameter 

 

εr =3.9 
 

εr =4.4 

 

Le 

Monopole 

element length 

 

15.25 mm 

 

15.19 mm 

 

We 

Monopole 

element width 

 

15.25 mm 

 

15.19 mm 

 

α 

Taper angle at 

monopole base 

 

36.01 ° 

 

36 ° 

 

Sf 

 

Feed gap 

 

52.62 μm 

 

61.62 μm 

 

Wg 

Ground-plane 

width 

 

30.51 mm 

 

30.37 mm 

 

Lg 

Ground-plane 

length 

 

25.42 mm 

 

25.31 mm 

 

Wgi 

CPW inner 

width 

 

2.157 mm 

 

2.080 mm 

 

Wg0 

CPW outer 

width 

 

2.542 mm 

 

2.531 mm 

εr 

Relative 

permittivity of 

the dielectric 

 

3.9 

 

4.4 

 

H 

 

Substrate height 

1.6 mm 1.6 mm 

 

 4. CONCLUSION 

 

Two novel antenna models are designed to operate 

in the wide band and notch band operations. Model 

1 is showing excellent wideband characteristics in 

the operating band with wide band width of 9.5 

GHz. Model 2 is designed to notch the frequency 

between 2.7-4.2 GHz and allows the other bands 

below and above the particular notch band. The 

maximum gain of more than 4.6 dB is attained in the 

pass band of model 2. Peak directivity of more than 

4.5 dB is attained for both the models in the pass 

band with good radiation characteristics. The 

dimensional characteristics of the model 2 are 

evaluated with change in substrate permittivity and 

presented those results in this article. The overall 

performance of the wideband monopole and notch 

band monopole are as per the standards of the 

modern communication system and hence these 

models can be used in the advanced gadgets for 

short range communication systems. 
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