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Parametric Study and Temperature
Sensitivity of Microstrip Antennas Using an
Improved Linear Transmission Line Model

Sarath Babu and Girish Kumar,Senior Member, IEEE

Abstract—An improved linear transmission line (LTL) model
has been developed after incorporating several modifications
in the reported linear transmission line model for analyzing
arbitrarily shaped microstrip antennas (MSA’s), which should be
symmetrical with respect to the feed axis. Simulations have been
carried out for rectangular, circular, and equilateral triangular
MSA’s and the results are in good agreement with reported
results. A parametric study for these MSA’s has also been
performed. A study of the temperature sensitivity for rectangular
MSA’s for different types of substrates has been carried out. An
MSA utilizing a substrate with a lower dielectric constant and
thermal coefficient is less sensitive to temperature variations.

Index Terms—Printed antennas, thermal factors.

I. INTRODUCTION

A linear transmission line (LTL) model was previously
reported [1], [2] to model a microstrip antenna (MSA)

of arbitrary shape and constant thickness which is symmetrical
with respect to the axis as shown in Fig. 1. For a rectan-
gular MSA, the dominant mode of propagation is a TEM or
quasi-TEM mode having negligible variation of fields in the
transverse direction. The same concept is applied to the MSA
of arbitrary shape provided it is linearly polarized along the
symmetrical axis. The characteristic conductance and
the propagation coefficient per unit length due to the
radiation, dielectric, and metallic losses are not constant along
such a transmission line. Hence, an appropriate width
(perpendicular to the axis of symmetry) is selected. In this
method, the patch is divided into very small sections along
the feed axis and then the width for each section is calculated.

II. FORMULATION OF THE LTL M ODEL

The normalized radiation admittance with respect to
is given by [1], [2]

(1)

With , , ,
, and . The and are
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Fig. 1. Arbitrary-shaped patch antenna with coaxial feed.

the characteristic admittance and effective dielectric constant
corresponding to the width of the patch at .

For the coaxial feed point located along the symmetrical axis
(shown in Fig. 1), the limiting conditions are:
and .

III. I MPROVED LTL M ODEL

The above reported model does not include the effects of
fringing fields and the dispersion effect and, therefore, the
resonant frequency and input impedance calculated were not
in good agreement with the measured results. The following
modifications are proposed to improve the previously reported
LTL model.

• The effective dimensions of the antennas are used instead
of the physical dimensions to account for the fringing
fields.

• The effective permittivity and the characteristic admit-
tance equations are used to account for the dispersion
effect [3].

• The effect of probe inductance is taken into account [4]

(2)

where is the diameter of the probe.

After incorporating the above modifications, the improved
LTL model has been used to analyze several rectangular
microstrip antennas (RMSA), circular microstrip antennas
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Fig. 2. Rectangular, circular, and equilateral triangular MSA.

TABLE I
COMPARISON OF RESULTS FOR RMSA

(CMSA), and equilateral triangular microstrip antennas
(ETMSA).

IV. SIMULATION OF RMSA

In case of the RMSA, shown in Fig. 2, the width function
is equal to the width of the rectangular patch. The

effective length of the patch accounting for the fringing fields
effect is given by . The is the extension in
length computed from expressions in [3].

Simulations have been carried out for the RMSA using the
modified LTL model and the results are compared with the
reported experimental results [5]–[7]. The dimensions of the
RMSA and the measured resonant frequency and resonant
resistance along with the simulated values are shown in
Table I. The error in the simulated resonant frequency is less
than 1% for all the cases except for the thicker substrates
with a high dielectric constant for which it is around 2%. The
input impedance computed is in agreement with the measured
impedance values. The simulated and reported impedance loci
for cases 7 and 8 are shown in Figs. 3 and 4. Theand

shown in the impedance plot indicate the lower and upper
frequency limits and indicates the increment in frequency.

V. PARAMETRIC STUDY OF RMSA

The effects of varying various parameters of a RMSA such
as, length, width, dielectric constant, substrate thickness, and
loss tangent (tan) have been carried out using the LTL model.

Fig. 3. Impedance plot of RMSA for case 7.

Fig. 4. Impedance plot of RMSA for case 8.

The variations could be either due to manufacturing tolerances
or due to temperature change.

The dimensions of the RMSA have been taken as:
cm; cm; cm; ; and tan .

The input impedance, resonant frequency and bandwidth
( ) for variations in different parameters are tabulated in
Table II for a feedpoint location 2.15 cm from the edge. As
expected, the resonant frequency varies inversely with the
antenna dimensions. The change is more pronounced with the
variation in as compared to a variation in . Also, BW
decreases with an increase in. The input impedance loci for
three different lengths and widths are shown in Figs. 5 and 6.
With an increase in , the input impedance loci on the Smith
chart shifts upward and toward the left and with an increase
in , it shifts downward and toward the left. The plots are for
the normalized feed point with a variation in length.

The resonant frequency and bandwidth vary inversely with
respect to the dielectric constant also. The input impedance
loci for different are plotted in Fig. 7. The impedance loci
shifts downward and toward the left with an increase in.

In the case of small changes in, there is no significant vari-
ation in the resonant frequency. Ifis increased significantly,
then the resonant frequency decreases due to an increase in
open-end fringing fields and the bandwidth increases. The
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TABLE II
RESULTS OF SENSITIVITY STUDY FOR RMSA

Fig. 5. Impedance loci of RMSA for three lengths.

input impedance loci for different values of are plotted in
Fig. 8. The plot shifts upward and toward the right due to the
large inductive probe reactance.

The input impedance loci for three different values of tan
are plotted in Fig. 9. With an increase in the value of tan

, the impedance plot shifts toward the left side of the Smith
chart due to an increase in the losses in the dielectric substrate.
However, the change in the resonant frequency is very small.

VI. TEMPERATURE SENSITIVITY OF RMSA

The resonant frequency of a MSA is sensitive to large
temperature variations. There are two major factors affecting

Fig. 6. Impedance loci of RMSA for three widths.

Fig. 7. Impedance loci of RMSA for three dielectric constants.

Fig. 8. Impedance loci of RMSA for three substrate thicknesses.

the resonant frequency of a microstrip radiator exposed to large
temperature variations [8].

A. Metallic Expansion or Contraction

The metallic expansion or contraction of the radiating patch
due to a change in temperature affects the resonant frequency.
With an increase in temperature, the metallic patch expands,
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Fig. 9. Impedance loci of RMSA for three values oftan �.

making the effective resonant dimension longer and, therefore,
decreasing the operating frequency. The relative frequency
change for dimensional changes may be expressed in terms
of linear dimensions or in terms of temperature changes as
follows [9]:

(3)

where

change in resonant frequency;
change in effective resonant dimension;
thermal coefficient of expansion;
temperature change inC.

B. Effective Dielectric Constant Change

Most of the substrates which are generally used for
microwave applications like polytetra fluroethylene (PTFE)-
based materials, Teflon/Fiberglass reinforced materials, and
ceramic powder filled TFE (epsilam) materials exhibit a
decrease in dielectric constant with an increase in temperature.
The change in operating frequency of a MSA due to a small
change in can be expressed as follows [9]:

(4)

where

change in ;
thermal coefficient of dielectric constant.

Combining (3) and (4), the change in resonant frequency
due to a temperature variation is given by

(5)

C. Results of the Temperature Sensitivity Study

The temperature sensitivity study of a RMSA has been car-
ried out for three different commercially available substrates.
The dimensions of the RMSA for all three cases have been
taken same as: cm; cm; and cm. The
thermal coefficient of expansion of copper is C.

TABLE III
RESULTS OF TEMPERATURE SENSITIVITY STUDY

In case 1, a RT/Duroid 5500 substrate is considered with
the following specifications: ; tan ; and

ppm/ C. For an input impedance equal to 50,
the proper feedpoint is found to be 2.15 cm from the edge. A
comparative study of the resonant frequency at40 C and

60 C is carried out with respect to the resonant frequency at
room temperature. The effective parameters of the RMSA at

40 C are cm, cm, and .
To compensate for the change in, the feedpoint is placed
2.1476 cm from the edge. The effective parameters at60
C are cm, cm, and .

The feed point is now located 2.1513 cm from the edge. The
change in substrate thickness due to temperature variation is
not considered since it is negligible. The simulated results are
tabulated in Table III.

In case 2, a RT DUROID 6600 substrate is considered with
the following specifications: , tan , and

ppm/ C. The feedpoint is taken at 1.92 cm from the
edge at room temperature. The calculated dielectric constant
at 40 C is 6.1443 and at 60 C it is 5.9223. The feedpoint
is taken at 1.9179 cm for 40 C and at 1.9211 cm for 60
C. The simulated results are given in Table III.
In case 3, an Epsilam-10 substrate is considered with the

following parameters: , tan , and
ppm/ C. The feedpoint is taken at 1.855 cm from the edge.
The calculated dielectric constant at40 C is 10.682; and at
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TABLE IV
COMPARISON OF RESULTS FOR CMSA

60 C it is 10.095. The feedpoint is taken at 1.8529 cm for
40 C and at 1.8561 cm for 60 C. The simulated results

are tabulated in Table III.
From Table III, it is noted that the resonant frequency varies

directly with temperature. This variation is negligible if the
dielectric constant is small. But as the dielectric constant
increases, the variation due to temperature changes becomes
significant. Also, this effect is greater when is large.

VII. SIMULATION OF CMSA

For a CMSA shown in Fig. 2, the width function is
given by

(6)

The effective radius has been calculated using the follow-
ing expression [10]:

(7)

In the analysis, is used for smaller and [11] is
used for larger since the capacitive effect of a CMSA
increases with . Simulations have been carried out for
different radii and substrate parameters for the CMSA. The
reported [6], [7], [11] and simulated results are tabulated in
Table IV. The feed point locations are specified only for the
last four cases in the reported results and, hence, the feed point
locations are calculated for the other cases to match a 50
input impedance. The error in the resonant frequency for most
of the cases is around 1%; however, the error in the worst case

Fig. 10. Impedance plot of CMSA.

TABLE V
COMPARISON OF RESULTS FOR ETMSA

is 2.33%. The simulated and reported input impedance loci for
case 12 are shown in Fig. 10. The simulated impedance loci
is in close agreement with the one reported.

VIII. SIMULATION OF ETMSA

For the ETMSA shown in Fig. 2, the width function is given
by

(8)

The effective dimensions of the ETMSA have been obtained
by equating its area to an equivalent CMSA [12]. The of
this equivalent circle is calculated and the effective dimension
of the ETMSA is calculated from this extended circle. As in the
case of the CMSA, is used in the analysis for larger .
The simulated results along with the dimensions and reported
results [13] are tabulated in Table V. The feed point of only
three cases are given in the reported results; and hence, feed
points are selected to match a 50-input impedance for all the
other cases. The error indicated is with respect to the simulated
results using the moment method. The error is less than 2%
for most of the cases.
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Fig. 11. Resonance resistance of ETMSA versus feedpoint.

The resonance resistance at various feed points as we move
from the tip of the triangle to the base was computed for
the fundamental mode of an ETMSA with side cm,

, and cm. The simulated input resistance
variation along the feedpoint axis is in good agreement with
the reported variation [14] as shown in Fig. 11.

The parametric studies of the CMSA and the ETMSA have
been also carried out with similar results as that of the RMSA.

IX. CONCLUSION

The analysis of rectangular, circular, and equilateral MSAs
has been carried out using an improved linear transmission line
model. The simulated resonant frequency and input impedance
values are in good agreement with the reported experimental
and theoretical values. For most of the cases, the error in
resonant frequency is within 2%.

The advantages of the improved LTL model are its faster
speed of computation and reasonably good accuracy. However,
the disadvantages are that the antenna should be symmetrical
with respect to the feed axis and the variation along the width
should be small. Therefore, the simulation should not be used
for predicting higher order modes and circular or orthogonal
polarization of a MSA.

Using the improved transmission line model, the effects
of varying the patch dimensions and substrate parameters
on the input impedance and resonant frequency have been
investigated. Also, a study of the temperature sensitivity of
RMSA’s has been carried out for three different substrates. It
has been observed that the MSA’s fabricated on the substrates
having a low dielectric constant and a small thermal coefficient
are least affected by temperature.
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