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ABSTRACT
In this paper we have designed a rectangular microstrip antenna in ‘S’ band
transmission line model. The S band frequency ranges from 2 GHz to 4GHz for wireless
application. The desired frequency is chosen to be 2.4 GHz at which the patch antenna is
designed to improve the bandwidth. After calculating the various parameters such as width,
effective dielectric constant, effective length and actual length. The antenna impedance is
matched to 50 ohm using inset feed. The results are obtained (Input Impedance, reflection
coefficient, SWR and bandwidth) by using MATLAB software.
Keywords: Rectangular Microstrip Antenna, Impedance, Feeding Point Reflection
Co-Efficient, Return Loss, VSWR.
I. INTRODUCTION
In recent years the area of microstrip antenna has seen many inventive works and is one
of the most dynamic fields in wireless communication field. For simplify, analysis and
performance prediction of the patch is generally square, rectangular, circular, triangular, and
elliptical or some other common shapes. Among these the rectangular and circular patches are
probably the most extensively used patches. To analyse a rectangular microstrip antenna using
transmission line and cavity model become simpler. In this paper a rectangular
microstrippatchantenna using transmission line model in S band is designed. The details of the
design are given in the following sections.
Microstrip patch antennas possess a very high antenna quality factor (Q) which
represents the losses associated with the antenna where a large Q would lead to a narrow
bandwidth and low efficiency. The factor Q can be reduced by increasing the thickness of the
dielectric substrate but as the thickness will increase there will be a simultaneous increase in the
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fraction of the total power delivered by the source into a surface wave which can be effectively
considered as an unwanted power loss since it is ultimately scattered at the dielectric bends and
causes degradation of the antenna characteristics. Other problems such as lower gain and lower
power handling capacity can be overcome by using an array configuration for the elements
which is a collection of homogeneous antennas oriented similarly to get greater directivity and
gain in a desired direction. The inset-fed microstrip antenna provides impedance control with a
planar feed configuration.

Fig 1: Structure of a Microstrip Patch Antenna
II. THEORETICAL CONSIDERATIONS
A. Parameters of Rectangular microstrip Antenna (RMSA)
The parameters of RMSA such as width, effective dielectric constant, effective length,
length extension and actual length are shown in equation 1,2,3,4, and 5 respectively.
The width of the Microstrip patch antenna is given Bahl and Bhartia [10] as:

(1)
The expression for εreffis given by Balanis [2] as:

(2)
Where,
- Effective dielectric constant substrate
- Dielectric constant of substrate
h - Height of dielectric substrate
W - Width of the patch

(3)
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Actual length of the patch,
(4)
The effective length of patch is,
(5)
B. Resonant Input Resistance
The equivalent of Rectangular MicrostripAntenna(RMSA) is represented as a parallel
combination of conductance G and Reactance B as shown in Fig 2. The values of G and B given
below which are based on transmission linemodel expansion.
The equivalent admittance of slot #1
Y1=G1+jB1
Since slot #2 is identical to slot #1, its equivalent admittance is
Y1=Y2, G1=G2

B1=B2

Fig 2: equivalent circuit transmission-line model for RMPA
Conductance at slot #1 is written as
G1 =

(6)

The total admittance at slot #1 (input admittance) is obtained by transferring the
admittance of slot #2 from the output terminals to input terminals using the admittance
transformation equation of transmission lines .the transformed admittance of slot #2 becomes
G1- jB1
Therefore the total resonant input admittance is real and is given by
Yin= y1+
15
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slots. This can be accomplished by Since the total input admittance is real, the resonant input
impedance is also real.
Zin= = Rin =
(7)
The resonant input resistance, as given by (7), does not take into account mutual effects
between the
Rin(y=0)=
(8)
The mutual conductance is defined, in terms of the far-zone fields, as
G12=

(9)

WhereJ0 is the Bessel function of the first kind of order zero.
e for the inset feed is approximated

The input resistanc
from [8], [16]
)
= Rin(y=0)

)

(10)

Wherey0 is the feeding point.
The minimum value (zero) occurs at the centre of the patch (y0 = L/2)where the voltage
is zero and the current is maximum. Now using equation (10), one can calculate the total input
impedance of the proposed antenna configuration,from this various antenna parameterscan be
calculated.
Hence the input impedance of the circuit is Zin = Rin(y=y0). The reflection coefficient
( Ґ ) can be calculated by
Ґ=

(11)

Where Zin is input impedance of RMSA,Zs is impedance of the insertfeed(50 Ω).
The VSWR is basically a measure of the impedance mismatch between the feeding system and
the antenna. The higher the VSWR, the greater is the mismatch.
(12)
The minimum possible value of VSWR is unity for perfect match.
The return losses (RL), indicates the amount of power that is transferred to the load and the part
of power reflected back. The RL is
RL= - 20log│ Ґ│(dB)
16
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To obtain perfect matching between the feeding system and the antenna, Γ = 0 is
required and therefore, from equation (13), RL = infinity. Similarly at Γ = 1, RL = 0 dB.
III. DESIGN CONSIDERATION
The parameters of Rectangular Microstrip Antenna are computed using Mat Lab as
tabulated in table (1).
Table - 1
Parameters
Design frequency
Substrate material
Relative permittivity of the substrate
Thickness of the dielectric substrate
Effective dielectric constant
Effective length
Extended length
Actual length
Width
Feeding point

Values
2.4GHz
FR4
4.4
1.588cm
4.0858
30.92cm
0.7388cm
29.44cm
38.04cm
10.44cm

IV. RESULTS AND DISCUSSION
The results were obtained by considering an equivalent circuit of RMSA using
MATLAB, the various parameters of RMSA are calculated and is shown in figure 3, 4, 5 and 6.
From Figure 3, the maximum value occurs at the edge of the slot (y0 = 0) where the voltage is
maximum and the current is minimum; typical value of input impedance can vary from
150–350 ohms. From Figure 5, the feeding impedance of RMSA is perfectly matched with the
inset feed of 49.98 ohm.
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Figure 3: Variation of input impedance
[Zin] with frequency
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Figure 4: Variation of input impedance
with feeding point

17

International Journal of Electronics and Communication Engineering Research and Development
(IJECERD), ISSN 2248-9525(Print), ISSN- 2248-9533 (Online) Volume 4, Number 2, April-June (2014)
frequency in GHZ V/S feeding inpedance ohm
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Figure 5: Variation of feeding impedence with frequency
From fig 6 & 7, it can be seen that the matching is perfect and the value of VSWR are 1
which is close to the ideal value of 1.The return loss is also found to be minimum .At our
designed frequency of 2.4 GHz RMSA return loss is minimum found to be -169.4db.
frequency in GHZ V/S VSWR
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Figure 6: Variation of VSWR
versus frequency
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Figure 7: Variation of Return loss
versus frequency

V. CONCLUSION
It is therefore concluded that our Rectangular microstrip antenna is perfectly designed
at 2.4 Ghz with a Bandwidth of 4.16%.
REFERENCES
[1]
[2]
[3]
[4]

AdilHameed Ahmad and BasimKhalaf Jar‟alla,„Design and Simulation of Broadband
Rectangular Microstrip Antenna‟, Eng. Tech. V0l.26, No1. 2008.
Antenna theory analysis & design by C.A. Balanis, 2nd Ed., John Wiley & sons, inc.
2005, New York.
Sunil Kr. Singh, S. K. Kundu, Ravi Prakash ,N. T Markad, “Microstrip Stacked Patch
Antenna for next generation GSM”, IJENGG, Volume 2, November 4, December 2009.
H.Legay; L.Shafai, “New stacked microstrip antenna with large band width & high
gain”.
18

International Journal of Electronics and Communication Engineering Research and Development
(IJECERD), ISSN 2248-9525(Print), ISSN- 2248-9533 (Online) Volume 4, Number 2, April-June (2014)

[5]

D. Mandal, R. Kar, and A. K. Bhattacharjee , „Input impedance of rectangular
microstrip antennas on non-radiating edges for different feed sizes‟ Progress In
Electromagnetics Research C, Vol. 1, 191–198 ,2008.
[6] ShwetaSrivastava, Babau R, Vishvakarma and J. A. Ansari(2003), „Tunnel Diode
loaded Rectangular Microstrip Antenna for Milimeter Range‟, IEEE trans Antenna
Propag, Vol.51.NO.4,pp.750-755.
[7] S. C. Gao, L. W. Li, M. S. Leong, and T. S. Yeo, „Design and analysis of a novel
wideband microstrip antenna‟, in IEEE Antennas and Propagation International
Symposium,vol. 1, (Boston, Massachusetts), pp. 90–93, IEEE, July 2001.
[8] R. W. Dearnley,A Broadband Transmission Line Model for a Rectangular Microstrip
Antenna’, IEEE Trans. , Antennas and propagation, Vol. AP 37, No. 1, pp. 6 - 15,
January 1989.
[9] M .D .Deshpande, „Input Impedance of Microstrip Antenna" IEEE Trans. , Antennas
and propagation‟, Vol. AP 30, No. 4, pp. 645 - 650, July 1982.
[10] J. Bahl& P. Bhartia, „Microstrip Antennas‟ Artech House, 1980.
[11] K. Rambabu, M. Alam, J. Bornemann and M. A. Stuchly, „Compact Wideband
Dual-Polarized Microstrip Patch Antenna’, IEEE. 2004.

19

