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ABSTRACT: Microstrip patch antennas are becoming popular for their use in wireless applications due to their low 
profile structure, versatile nature, flexibility, robustness and many other advantages as compared to conventional 
antennas. In this paper, a rectangular microstrip patch antenna using microstrip feeding technique has been discussed 
and the results are simulated using CST MWS 2010. The results are analyzed in terms of return loss, bandwidth, gain, 
directivity and current distribution. Tri-band has been achieved in this design. The first band has resonant frequency 5.5 
GHz and bandwidth is 66 MHz with return loss -12.95. This frequency range is used for Wi-MAX applications. The 
resonant frequency of second band is 6.3 GHz and bandwidth is 190 MHz with return loss -30.56.  The third band has 
resonant frequency 6.8 GHz and bandwidth is 102 MHz with return loss -16.72. This second and third band is suitable 
for wireless application of STM link 1 (Synchronous Transport Module level 1).  
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I.INTRODUCTION 

Microstrip antennas have contributed a lot to the growth of antenna technology due to its salient features. This form of 
antenna has been utilized in various applications for example, in satellite communication, in handsets and base stations 
for mobile communication, in telemetry antennas for missiles and so on. Antenna is defined as a device or a transducer 
which transforms an RF signal into electromagnetic waves. It acts as a means to transmit and receive radio waves. 
Microstrip antennas cover a broad frequency spectrum from 100 MHz to 100 GHz, thus possess several advantages as 
compared to conventional antennas such as low profile, simple and inexpensive to design and manufacture, flexible in 
terms of configuration, polarization, pattern, resonant frequency and impedance when a particular shape and mode are 
selected [1]. Other advantages include robustness when mounted on rigid surfaces, easily fabricated on linear as well as 
planar arrays, integration with microwave integrated circuits and compatibility with MIMC design. A microstrip 
antenna consists of a conducting patch of any geometry on a ground plane and separated by a dielectric substrate. The 
rectangular and circular patches are most common geometry used in microstrip antennas. Rectangular patches are 
chosen as they are very simple to analyse and circular patches are chosen due to their symmetric radiation pattern. 
Various mathematical models have been developed for these antennas and the papers and articles published on them 
show their popularity among researchers [2]. 
 

II. RELATED WORK 
A microstrip patch antenna consists of a conducting patch on a ground plane and both are separated by a dielectric 
substrate. The revolution in electronic circuit miniaturization and large-scale integration led to the development of this 
concept in 1970. Afterwards, many authors described the radiation from the ground plane by a dielectric substrate for 
various configurations. The early work of Munson on micro strip antennas for use as a low profile flush mounted 
antennas on rockets and missiles showed that this was a practical concept for use in many antenna system problems. 
Various mathematical models were developed for this antenna and its applications were extended to many other fields. 
The number of papers, articles published in the journals for the last ten years, on these antennas shows the importance 
gained by them. The micro strip antennas are the present day antenna designer’s choice. Among the first two models 
were the Transmission line model and Cavity model. Both approaches are relatively easy to implement into a computer 
program and require relatively short computation time. However, with these models the antenna characteristics are not 
very accurate and are usually limited to the case of narrow band microstrip antennas (P. Bhartia, 1980). Later more 
accurate methods have been proposed such as Full Wave Analysis, FDTD and MPIE. In these methods, the antenna 
characteristics can be determined by solving the integral equations (method of moment). The integral equation method 
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are not restricted to the case of single microstrip patch antenna but can also be applied to microstrip array and to 
multilayer configuration. However, a major drawback of these methods is long computation time and the relatively 
large computer memory requirements (Kin-Lu Wong, et al, 2001) [3]. 
 

II.SYSTEM MODEL AND ASSUMPTIONS 
Microstrip patch antenna consists of two parallel conductors – a thin metallic patch and the ground plane, which are 
separated by dielectric substrate. The patch can take any geometry i.e. rectangular, circular, elliptical, triangular or 
dipole but rectangular patch is used as it is easy to analyze. This patch when excited in fundamental mode gives pattern 
maximum and maximum directivity normal to the patch i.e. broadside [4]. Thick substrates having low value of 
dielectric constant are preferred for good antenna performance in terms of efficiency, bandwidth, and radiation pattern 
but at the cost of element size. For microwave circuitry, thin dielectric substrates having higher value of dielectric 
constant are used due to tightly bound fields of radiation but the efficiency and bandwidth are relatively lesser.  
 

 
Fig. 1 Microstrip Patch antenna structure 

 
Radiation in Microstrip antenna occurs from the fringing fields existing at the open circuited end or edges of the patch. 
The fringing fields at the two open circuited ends of the patch can be resolved into two components; one normal to the 
ground plane and other parallel to the ground plane. The normal electric fields are out of phase and hence radiation due 
to these components cancels in far region. However the radiation fields due to tangential components of electric fields 
being in phase add together in far zone in the broadside direction. Thus the maximum radiation due to Microstrip patch 
is in the broadside direction [5].  

 

 
Fig. 2 Radiation Mechanism 
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The microstrip antenna using transmission model is designed in the following method: 
 
Step 1: Calculation of the Width 
For an efficient antenna, a practical width that leads to good radiation efficiency is given by eqn. (4), 
 

ܹ = ଵ
ଶೝඥఓబఢబ

ට ଶ
ఢೝାଵ

= ௩బ
ଶೝ
ට ଶ
ఢೝାଵ

                (4) 
 
Step 2: Calculation of the effective dielectric constant (ࣕࢌࢌࢋ࢘) 
The effective dielectric constant is given by eqn. (5), 
 

߳ = ఢೝାଵ
ଶ

+ ఢೝିଵ
ଶ
ቂ1 + 12 
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                 (5) 

 
 
Step 3: Calculation of the length extension 
The normalized extension of length is given by eqn. (6), 

∆


= 0.412
(ఢೝା.ଷ)ቀೈା.ଶସቁ

(ఢೝି.ଶହ଼)ቀೈା.଼ቁ
                    (6) 

 
Step 4: Calculation of the length of patch 
The actual length of patch can be determined by eqn. (7), 

ܮ = ଵ
ଶೝඥఢೝඥఓబఢబ

−  (7)                   ܮ∆2
 
The length ܮ  and width ܹ  of ground is given by: 

ܮ = 6ℎ +  (8)                                ܮ

ܹ = 6ℎ + ܹ                                (9) 
   

III. ANTENNA DESIGN 

 

Length of Patch (L) 23.44 mm 

Width of Patch (W) 13 mm 

Length of Ground (ܮ) 30 mm 

Width of Ground  ( ܹ) 40 mm 

Length of feed  (ܮ) 2.85 mm 

Width of Feed ( ܹ) 6 mm 

Table 1: Dimensions of the proposed Antenna 
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Fig. 3 Front View of the designed antenna 

 

IV.RESULTS AND DISCUSSION 

Tri-band has been achieved in this design. The first band has resonant frequency 5.5 GHz and bandwidth 66 MHz with 
return loss -12.95. This frequency range is used for Wi-MAX applications. The resonant frequency of second band is 
6.3 GHz and bandwidth is 190 MHz with return loss -30.56.  The third band has resonant frequency 6.8 GHz and 
bandwidth is 102 with return loss -16.72. This second and third band is suitable for wireless application of STM link 1 
(Synchronous Transport Module level 1).The plot of return loss against frequency is shown in Figure 4. 

 
Fig. 4 Simulated Return Loss [S11] at 5.5, 6.3 and 6.8 GHz 

A. Smith Chart 

Smith Chart was invented by Philip H. Smith to solve the problems of transmission lines and matching circuits. The 
three circles in the smith chart represent the frequencies of the triple band. 
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Fig. 5 Smith Chart [S11] at 5.3, 6.3 and 6.8 GHz 

 
B. Gain 

Gain of an antenna gives the measure of the efficiency of the antenna and its directional capabilities. Gain is defined as 
the ratio of radiation intensity in a particular direction to the radiation intensity obtained if power is radiated 
isotropically by that antenna [6]. The gain should be greater than 5dBi and in this case it is found to be 9.291 dBi which 
is very useful for Wi-MAX and STM (Synchronous transport module level 1) applications for providing a better 
performance. The plot of 3D view of Gain at 6.2 GHz is shown in Figure 6. 
 

 
Fig. 6 Gain Plot (3D view) at 6.2 GHz 

 
C. Directivity 

Directivity of an antenna is defined as the ratio of radiation intensity of antenna in a given direction to the radiation 
intensity of that antenna averaged over all directions and it is dimensionless. The directivity should be greater than 
5dBi [7]. The directivity plot as shown in Figure 7 represents amount of radiation intensity i.e. is equal to 8.567 dBi 
which is acceptable for a good performance of the antenna.  
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Fig. 7 Directivity Plot (3D view) at 6.2 GHz 

 
D. Current Distribution 

The current should be maximum at the centre of the patch and minimum at the edges, which has been obtained in this 
design. The current distribution of the proposed design is shown in Fig. 3.9. The current distribution basically 
represents the current intensity [8].  

 
Fig. 8 Current Distribution at 6.3 GHz 

 

V. ANTENNA OPTIMIZATION 
 

A.  Effect of varying Stub Length  

Feed line should be chosen in such a way so that there is a good impedance match between the generator impedance 
and the input impedance of the patch element [9]. For maximum coupling, it should be placed perpendicular to the slot. 
[] As from the Figure 9, it can be seen that as a feed length is increased, the return loss is decreased from -5.5dB to -
42dB till 2.3mm and then again increased to -16dB. So for proper matching, the stub length chosen is 2.3mm with 
return loss of -42dB and Stub length equal to 2.85mm is considered for design of this antenna. 
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Fig. 9 Variations in S11 with stub length 

B.  Effect of varying Patch Length  

On increasing the length of patch antenna, the resonant frequency moves towards the lower band and on decreasing the 
patch length the resonant frequency moves towards upper band. Maximum coupling will be obtained when patch is at 
the centre [10]. The length of lower patch is varied and the return loss decreases as the length of patch is increased upto 
9.5 mm and then starts increasing. Thus, the length is taken 9.5 to obtain return loss of -41.5 dB. 

 
Fig. 10 Variations in S11 with length of patch 

 

VI. CONCLUSION AND FUTURE WORK 
A triple band microstrip patch antenna with microstrip feeding technique has been successfully designed according to 
design specifications, simulated and analysed. The design of this work gives the following results; The first band has 
resonant frequency 5.5 GHz and bandwidth 66 MHz with return loss -12.95. This frequency range is used for Wi-MAX 
applications. The resonant frequency of second band is 6.3 GHz and bandwidth is 190 MHz with return loss -30.56.  
The third band has resonant frequency 6.8 GHz and bandwidth is 102 MHz with return loss -16.72. This second and 
third band is suitable for wireless application of STM link 1 (Synchronous Transport Module level 1).The VSWR 
obtained is 1.061. The performance of the antenna meets the desired requirements in terms of return loss and VSWR at 
the desired operating frequency. Although, it can be designed using IC fabrication and can be tested using Network 
Analyser. The antenna will be fabricated using PCB technology and will be tested in anechoic chamber and vector 
network analyser. 
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