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Abstract- In the paper, analysis of microstrip line fed 

compact C-shape rectangular patch antenna is proposed. The 

proposed antenna shows dual band operation which depends 

on notch dimensions as well as length and width of 
microstrip line. The frequency ratio is obtained to be 4.0 for 

proposed antenna. The characteristics comparison of 

reported and proposed antenna parameters has been 

presented. The theoretical results are compared with 

simulated results and they are in close agreement. 
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1. Introduction  
Today the world lives in a completely dependent 

environment, where the use of modem communication 

systems is becoming essential in everyday routine. In 

particular, the field of wireless communications is 
experiencing unprecedented growth evident from the 

increase in use of cellular phones, Wireless Local Area 

Networks (WLAN), Global Positioning Systems 

(GPS) and Satellite Telephones. Moreover, 

advancement in electronic warfare revolutionized the 

wireless communications through cutting edge 

technologies like Space—Based Radar, 

Communication Satellites, and Electronic Intelligence. 

This advancement in wireless communication is due to 

the rapid development of microwave integrated 

circuits this embed all the circuit components same 

circuit board such as resistor, inductor, capacitor and 

microstrip patch antenna (MSA).  MSA is one of 
important device in the field of communication. Single 

MSA can be been used in more than application for 

data communication [1-6]. Only limited research 

papers has been reported using microstrip strip line fed 

patch antenna for dualband and multiband operation 

[7-23]. In these reported papers of microstrip line 

feeding patch antenna which lacks theoretical analysis, 

equivalent circuit diagram and has complicated 

radiating structures. 

A novel microstrip line fed compact C-shaped 

rectangular patch antenna is proposed for dual-band 

frequency operation. The main objective of this paper 

is to present theoretical analysis, equivalent circuit 

diagram and total input impedance of the proposed 

antenna. The proposed antenna is compared with 

similar radiating geometer [22]. In the next section, 

antenna design, analysis of radiating structures, circuit 

diagram discussion of results and conclusion of 

proposed antenna are discussed in detail. 
 

2. Antenna Structures and Design Specification  

 

2.1Antenna Designs 
The reported antenna consists of split ring 

resonator (SRR) and parasitic element which is excited 

by 50 Ω microstrip line fed [22] and is shown in 

Fig.1(a).  A rectangular C-shape compact microstrip 

patch antenna is proposed and shown in Fig. 1(b) and 

design specifications of proposed and reported 

antennas are given in Table I. The notch is loaded on 

the rectangular patch which is fed through 50 Ω 

microstrip line via coaxial cable.  Figure 2 shows the 

current distribution around the notch and edges of 

patch for lower (0.92 GHz) and higher (3.6 GHz) 

resonance frequencies.  
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Figure 1 The Geometry of (a) reported patch antenna and 
(b) Top View (c) Side View of proposed patch antenna. 
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Figure 2 Current distribution (a) Lower and (b) higher 

resonance frequency. 
 

2.2 Design Specifications  
 

TABLE-I Design Specifications of reported and proposed 

microstrip patch antennas. 

Thickness of dielectric substrate(H) 1.5 mm 

Permittivity of Substrate( rε ) 2.65 

Loss tangent of substrate (tanδ) 0.0015 

Width of patch (W)  23 mm 

Length of patch (L) 58 mm 

Width of microstrip line(Ws) 4.0 mm 

Notch length(Ln)  26 mm 

Notch width(Lw) 14.5 mm 

Length of Microstrip line(Ls) 26.5 mm 

Shorting Pin(Xs,Ys) (-8.5,0) 

Gap between the feed patch and 

parasitic patch (g) 

4.0 mm 

Length of SRR’s (SL) 25.6 mm 

Width of SRR’s (Sw) 25.6 mm 

Width of both SRR’s arm (Sa)  12.65 mm 

Length  of SRR’s arm (St) 0.5 mm 

Gap between two SRR’s arms(g1) 0.5 mm 

 

 

3. Analysis of compact notch loaded microstrip line 

fed patch antenna  
A rectangular microstrip patch is considered as a 

parallel combination of resistance (R1), inductance 

(L1), and capacitance (C1) is shown in Fig.3 (a) and 

calculated as [23-24].  
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L- Length of rectangular patch 

W- Width of rectangular patch 

H- Thickness of the substrate material  

X0- y coordinates of feed point 

εe - effective permittivity of the medium. 

 

3.1 Microstrip line  
The microstrip line of the rectangular strip is 

considered parallel combination of inductance L and 

capacitance C. The equivalent circuit of the microstrip 

line rectangular patch is shown in Fig. 3(b), where LL 

and CL are inductance and capacitance of strip [24-25].  
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Resonance frequency of the microstrip line antenna is 

given as 
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The characteristic impedance of microstrip line can be 

given as, 

L

L

LL

Lj
Cj

LjZ

ω
ω

ω
1

1

+

+=
                                   (7) 

 

3.2 Loading of notch 
When a notch is etch on the patch, current 

distribution of radiating structure change in 

comparison to the normal radiating patch. Thus due to 

this two current flows of different length, one current 

flow normal to the patch and resonates at the design 



frequency of the initial patch, and other current flows 

around the notch results in second resonance 

frequency and is shown in Fig.2. Therefore, this 

perturbation modifies the equivalent circuit of the 

initial patch as an additional series inductance (∆L) 

and series capacitance (∆C) [26-27] is added, as shown 

in Fig.3(c) the equivalent circuit of notch.   
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Figure. 3 Equivalent circuit of (a) simple patch (b) 

Microstrip line and (c) notch. 
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Cg= gap capacitance [25] 

The input impedance of notch loaded on the antenna 

can given as, 
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The value of R2 resistance [11] after cutting the notch 

is calculated. Lm and Cm are mutual inductance
 
and 

capacitance [26-27] between the two resonators which 

is given as, 
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The mutual impedance can given as, 
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 Q1 and Q2 are quality factor for both the resonators. 

 

3.3 Loading of shorting pin 
On loading shorting pin on the patch, a parallel 

inductance Ls is added on the patch, the equivalent 

circuit of rectangular patch antenna with shorting pin 

is shown in Fig 4. The value of Ls [24] can be given as, 
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E - Euler constant, 
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The impedance of shorting pin loaded patch from fig. 

4, is given as 

1

11

111

1

Cj
LjLjR

Z

s

ps

ω
ωω

+++

=
,                     (15) 

 

Zn Lm

Cm

Zps

ZL

 
Figure. 4 Equivalent circuit of proposed antenna. 

 

Therefore, the total input impedance (Zin) of antenna 

can calculate by equivalent circuit diagram as shown 

in Fig 4, 
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Now using equation (16) the total input impedance of 

the proposed antenna and reported antenna 

respectively. Their various antenna parameters such as 

reflection coefficient, VSWR and return loss can be 

calculated as, 
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4. Radiation Pattern 
The radiation pattern for microstrip line fed 

rectangular patch antenna is calculated as [23-24]. 
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where ,        

V is radiating edge voltage 

 r is the distance of an arbitrary point. 
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Similarly for two dielectric layers microstrip patch 

antenna. 

rekk ε0= , 

where 

re
ε  is the effective permittivity for driven patch. 

E total= E(ө)2  +E(φ)2 

 

5. Discussion of Results  
Figure 5 shows the comparison between the 

reported and proposed antenna. It is observed that both 

antennas give dualband operation. The reported and 

proposed antenna resonated at 0.9/1.8 GHz and 0.9/3.6 

GHz respectively and these can be utilized for wireless 

communication. Reason behind the comparison of the 

reported antenna is that the reported antenna has some 

limitation that can be overcome by the proposed 

antenna such as reduced in area, polarization and gain. 

Complete comparison details of both antennas are 

given in Table 2.   

Figure 6 shows, the variation of reflection 

coefficient with frequency for microstrip line fed C-

shape compact rectangular patch antenna. It is 

observed that the simulated and theoretical results are 

in good agreement. Frequency ratio of simulated and 

theoretical results is obtained as 3.9 and 4.0 

respectively. 

From Fig. 7, it is observed that on increasing the 

thickness of dielectric substrate H= 1.5mm to 2.5 mm 

the frequency ratio increases from 4.0 to 5.8 whereas 

decreasing the thickness of dielectric substrate H=1.5 

mm to 0.5 mm the frequency ratio of proposed antenna 

decreases from 4.0 to 1.97. 

Figure 8 shows the variation of reflection 

coefficient with frequency on decreasing (Ws=4 mm to 

2 mm) and increasing (Ws=4 mm to 8 mm)   the width 

of microstrip line, there is no change in the frequency 

ratio whereas slight shifting is observed at lower and 

upper resonance frequencies. 

From Fig. 9, it is observed that on increasing the 

length microstrip line (Ls=21.6mm to 29.6mm) higher 

resonance frequency shift toward lower resonance side 

whereas no change has been observed at lower 

resonance frequency. Thus decrease in frequency ratio 

is observed from 4.0 to 3.4.  

Figure 10 shows the variation of reflection 

coefficient with frequency on decreasing notch width 

(Nw=26 mm to 17 mm) higher resonance frequency 

shift toward higher side with increase in frequency 

ratio from 4.0 to 5.39. 

From Fig.11 shows the radiation pattern at lower 

(0.92 GHz) and higher (3.6.GHz) resonance frequency 

and antenna shows linear polarization. 

 
Figure 5 Comparison between reported [22]and proposed 
antenna. 

 

 

 

0 0.5 1 1.5 2 2.5 3 3.5 4
-25

-20

-15

-10

-5

0

Frequency(GHz)

S
1
1
(d

B
)

Reported Antenna

Proposed Antenna



Table-III  Characteristics of Antennas  

 Band (GHz) 
Bandwidth(MHz) 

Ma
x. 
Gai
n  

Polariz
ation    

Frequen
cy Ratio 

Inset fed 
microstip patch 
antenna with 
parasitic 
element and 
SRR’s [22] 

0.874-0.943  
69 MHz 
1.863-1.932 
69 MHz 

1.8
dBi 

Circula
r  

2.0 

Proposed inset 
fed microstrip 
patch antenna 
with notch 

0.910-0.980 
70 MHz 
3.646-3.713  
67 MHz 

3.7
dBi 

Linear  4.0 

 

 
Figure 5 Comparison between theoretical and simulated 
results[ 28] of proposed antenna. 

 
 
Figure 6 Variation of reflection coefficient (dB) with 
frequency on varying height (H) of the proposed antenna  
 

 
Figure 7 Variation of reflection coefficient (dB) with 
frequency on varying width of  microstrip (Ws) of the 
proposed antenna. 

 
Figure 8 Variation of reflection coefficient (dB) with 
frequency on varying length of  microstrip (Ls) of the 
proposed antenna. 

 
Figure 9 Variation of reflection coefficient (dB) with 
frequency on varying width of notch (Lw) of the proposed 
antenna. 
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Figure 10 Radiation Pattern of antenna (a) Lower resonance 
frequency (b) Upper resonance frequency.( Etheta, for phi=0 
and phi=90 deg). 
 

6. Conclusion 
The proposed microstrip line fed compact C-shape 

rectangular patch antenna is in close agreement with 

simulated and theoretical results. The frequency ratio 

of the proposed antenna depends on the notch width 

and length. The proposed antenna has frequency ratio 

4.0 and maximum gain 3.7 dBi. The proposed 

antennas can be utilized for mobiles and down linking 

for satellite communications. 
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