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Abstract
Microstrip patch antennas are characterized by more physical 
parameters than are conventional microstrip antennas. Relative 
permittivity of antenna substrate, patch width, substrate thickness, 
microstrip thickness, loss tangent are the key parameters of a 
microstrip patch antenna. The antenna properties, e.g., radiation 
efficiency, input impedance, resonance frequency, band-width, 
stability of oscillation depends on those key parameters. A 
comprehensive study have been carried out in this paper along 
with some findings of the authors. Optimum choice of those 
key parameters is important to achieve an improved antenna 
performance is also suggested in this paper.
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I. Introduction
Antennas required for radio communication, radio broadcasting 
and receiving, radar, satellite communication etc. depend upon 
the operating wavelength, the power radiated or received and 
the transmission range. In the microwave region horn, helical 
surface wave and microstrip antennas are used. At present, 
communication network involves seamless integration of various 
types of technology in which microwave transmission plays a 
vital role. Microstrip antenna plays an important role both as 
a transmitting as well as a receiving element. All microstrip 
antennas can be divided into four categories: microstrip patch 
antenne ,microstrip travelling wave antennae, microstrip slot 
antenna and microstrip active antenna. Among them microstrip 
patch antennas are increasingly used mainly for their structural 
simplicity, light- weight and reduced cost. Microstrip patch 
antennas are again divided in to two groups: microstrip passive 
patch antennas and  microstrip active patch antennas. Different 
types of microstrip antennas are developed with varied structure, 
but possesses the common property that they are electrically 
driven with respect to the ground plane. The radiating microstrip 
patch may be square, rectangular, circular, elliptical or have any 
other geometric configuration. Rectangular and circular antennas 
are most common because of ease of analysis and fabrication. 
Microstrip antennas can be designed as very thin planar printed 
antennas and are very useful elements in different types of arrays, 
especially in conformal arrays.
From circuital point of view antenna behaves as a one-port 
network; receives guided wave power and convert it to radiating 
waves. One can estimate the characteristics and efficiency of this 
conversion from radiation patterns of an antenna.

Fig. 1: Active Patch Antenna.

Microstrip patch is one of the most popular types of a planar 
transmission lines, primarily because it can be fabricated by 
photolithographic processes and is easily integrated with other 
passive and active microwave devices. The geometry of a 
microstrip patch along with radiation mechanism is shown in fig. 
1., (Fig. 2 Radiation from microstrip patch antenna of my thesis). 
A conductor of thickness d, width w is printed on a thin, grounded 
dielectric substrate of thickness h having relative permittivity 

r.

II. Effect of Different Key Parameters of a Patch 
Antenna
Relative permittivity of antenna substrate ( r), patch 
width(w),substrate thickness(h), microstrip thickness(t), loss 
tangent(d) are the key parameters of a microstrip patch antenna. The 
antenna properties, e.g., antenna performance, input impedance, 
resonance frequency, band-width, stability of oscillation depends 
on those key parameters. 
The main features of developing an antenna are to achieve (1) 
highest possible radiated power (2) stability of the mode of 
oscillations (3) spectral purity of the output. This requires to design 
the dimension of the patch itself accurately by considering the 
effect of those key parameters.

III. Effect of Substrate Permittivity
The presence of dielectric complicates the behaviour and analysis 
of a microstip patch. In a microstrip patch, the spacing between 

the patch and the ground plane is less than therefore the field is 
usually concentrated within the patch and ground plane and some 
fraction leaks out into the air through the substrate surrounding 
the patch and contribute to radiation pattern of the antenna. Since 
some of the field lines are in the dielectric and few are in the air, 
the effective dielectric constant satisfies the relation  
and is dependent on substrate thickness h and conductor width.
Therefore. the effective dielectric constant of a homogeneous 
medium (substrate) is 

 for 

The above value of is a quasi-static one, the frequency 
dependent value is given by Kobayshi [1].
Fringing of field decreases with increase in dielectric constant of the 
substrate. With lower substrate permittivity antenna performance 
is better. Input conductance of an antenna is inversely proportional 
to the real part of r. Again, amplitude of oscillation in an active 
antenna decreases with increase in input conductance, hence 
amplitude stability improves with the increase in the value of r. 
Frequency stability also increases with the value of r. Resonant 
frequency and bandwidth vary inversely with respect to dielectric 
constant. The impedance loci on a Smith Chart shifts downward 
and toward left with increase increase in the value of r.

IV. Effect of Substrate Thickness
In case of small increase in substrate thickness, resonant frequency 
slightly increases. If h is increased significantly effective dielectric 
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constant follow Hammerstad modified formula . As h increases, 
due to an increase in open end fringing fields there is an increase 
in the effective patch length which considerably reduces resonant 
frequency. Radiation efficiency increases with increase in substrate 
thickness. Thus, band-width increases. Attenuation constant i.e., 
dissipation loss decreases with increase in h. The impedance loci 
on a Smith Chart shifts upward and toward right with increase 
increase in the value of h.

V. Effect of Patch Width

The characteristic impedance of a 
patch depends on the width of microstrip line. Proper choice of 
characteristic impedance is essential when an active device (Gunn, 
FET or IMPATT diode) is integrated into the patch or connected 
to the patch through a microstrip transformer [3]. 

Though in TE10 mode (the dominant mode), the resonance 
frequency is independent of patch width a suitable width is 

taken  . The frequency dependent value of width is 

  Thus, it is seen that frequency varies 
with width but the change is very small. Bandwidth increases 
with w. The impedance loci on a Smith Chart shifts upward and 
toward left with increase in the value of w.

VI. Effect of Microstrip Thickness
Dielectric and conductor losses are responsible for attenuation. 
The attenuation caused by conductor losses is significantly larger 
than dielectric loss, exception may occur with some semiconductor 
substrates, however. On practice, the conductors have a finite 
thickness and the current density is less singular at the edge and 
power loss is finite. Series distributed resistance[2] decreases with 
increase in strip thickness (t) thereby reduces attenuation. The 
change in resonant frequency is almost negligible with changing 
strip thickness. The etching process may not produce a perfectly 
flat end face at the sides of the strip. Some undercutting of the 
edge occurs along with some roughness results in an attenuation 
above theoretical values.

VII. Effect of Loss Tangent
The dielectric loss occurs when permittivity is a complex 
quantity i.e., , the loss tangent is given by 

. The attenuation constant is given by ,  is 
the characteristic admittance of the line. We can estimate as 

The change in resonant frequency is negligible with changing loss 
tangent. Bandwidth increases with tan . The impedance loci on a 
Smith Chart shifts toward left with increase in the value of .

VIII. Effect of Temperature
The resonance frequency of a microstrip antenna is sensitive to 
large temperature variations. There are two major factors affecting 
patch frequency like:
Metallic expansion or contraction: With increase in temperature the 
metallic patch expands making the effective resonant dimension 
larger which reduces the operating frequency. The relative 

frequency change for dimensional changes may be expressed 
in terms of linear dimension or in terms of temperature changes 
as follows:

Where  is the change in resonant frequency,  is the change 
in effective length,  is the thermal coefficient of expansion,  
temperature change in 0C.
Effective dielectric constant change: Most of the commonly 
used substrates exhibit a decrease in dielectric constant with an 
increase in temperature. The change in operating frequency of a 
microstrip patch due to small change in  can be expressed as  

Where  is the change in  and  is the thermal coefficient 
of dielectric constant. Combining the above two the change in 
resonant frequency due to a temperature variation  is given 
by 

IX. Conclusion
Choice of substrate with higher dielectric constant improves both 
amplitude and frequency stability of the patch though substrate 
with lower dielectric constant is preferred for radiation efficiency. 
A microstrip patch designed with a substrate having  =2.2 and 
h=3.2 mm gives 400MHz Bandwidth at 5.25GHz [4] while a  patch 
having  =2.2 and h=0.787 mm gives 212 MHz 3dB Bandwidth 
at 9.65GHz.[5]. The patch with   =2.2 and h=3.2 mm designed 
to oscillate at 5.6 GHz oscillates at 5.25 GHz but a microstrip 
patch designed with a substrate having  =2.2 and h=0.787 mm 
oscillates at 9.046GHz whose design frequency was  9.0 GHz. 
Thus, a substrate with greater thickness enhances bandwidth, but  
affects resonance frequency of oscillation. Even a patch designed 
with proper choice of key parameters may resonate with a frequency 
different from designed one. Thus it is seen that the percentage 
uncertainty in resonant frequency is less pronounced if a material 
of low dielectric constant and also lower substrate thickness is 
chosen. Thick, low dielectric constant substrates are required to 
enhance microstrip antenna efficiency but thin, high dielectric 
constant substrates are preferred for active antenna operation [6].In 
an active patch, due to its low dc to RF conversion efficiency [3] 
heat is produced within the patch element. The thermal coefficient 
of a substrate with low  is also less and is preferred so far as 
temperature variation is concerned.
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