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Input Impedance of Rectangular Microstrip Patch
Antenna With Iso/Anisopropic Substrate-Superstrate

A. K. Verma, Member, IEEE,and Nasimuddin

Abstract—The modified Wolff model (MWM), which is an
improved version of the cavity model, is presented to compute
the resonance frequency and input impedance of a rectangular
microstrip patch antenna under the isotropic/anisotropic sub-
strate-superstrate configuration. The model has accuracy better
than 1.5% for both the resonance frequency and resonant resis-
tance, as compared against the results of the method of moments
(MOM) and experimental results.

Index Terms—Anisotropic patch antenna, microstrip antenna,
multilayer patch antenna.

I. INTRODUCTION

T HE original cavity model for the microstrip patch antenna
as proposed by Loet al[1] has limited accuracy. In its

original form, it does not handle a microstrip patch under the
isotropic and anisotropic multilayer dielectric medium. Using
the concept of dynamic relative permittivity introduced by Wolff
and Knoppik [2], Verma and Rostamy [3] developed the mod-
ified Wolff model (MWM) to take care of the patch antenna
under the multilayer dielectric medium.

The present communication, with help of the MWM, extends
the original cavity model to compute the input impedance
of a probe-fed rectangular microstrip patch antenna with
isotropic/anisotropic substrate-superstrate shown in Fig. 1. The
results of a full-wave analysis and experimental results are not
available for the input impedance of a patch on an anisotropic
dielectric substrate. Therefore, results for the input impedance
computed by the present model are compared against the results
of the method of moments (MOM) for the isotropic case only.
However, the MWM computes resonance frequency of a patch
on the anisotropic substrate with accuracy within 1.5%, as
compared against both the experimental results and the results
of the full-wave analysis.

II. RESONANCEFREQUENCY

Fig. 1 shows a shielded rectangular microstrip patch in an uni-
axial anisotropic substrate-superstrate configuration. The rela-
tive permittivity tensor of the uniaxial anisotropic dielectric is
given by

(1)
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Fig. 1. Probe-fed rectangular patch antenna on anisotropic superstrate.

where, indicates the dielectric layers. The anisotropic
substrate and superstrate layers are replaced by the equivalent
isotropic dielectric layers with equivalent relative permittivity

and equivalent height given by [4]

(2)

(3)

with for the substrate and for the superstrate
layers. When optic axis of the uniaxial crystal is aligned per-
pendicular to the plane of the patch, .

The MWM can be used to determine the resonance frequency
of a patch in the equivalent isotropic dielectric medium [3]

(4)

where is the velocity of an electromagnetic wave in the free-
space, and and are the modal numbers along the length

and width of the patch respectively. Determination of
the dynamic effective relative permittivity , the effective
length , and the effective width has been discussed
in [3], where and in place of and

have been used to take care of anisoptropy in the dielectric
layers.

III. I NPUT IMPEDANCE

The microstrip patch can be modeled as a parallel resonant
circuit. The frequency dependent input impedance of the probe
fed microstrip patch with superstrate is given by

(5)

where is the frequency.
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Fig. 2. Resonant frequency of microstrip resonator on anisotropic substrates
with h1=12.7 mm, h3=88.9mm, h2=0mm, and W=20.0 mm

The input resonant resistance at the feed point along
length of the patch as shown in Fig. 1 and the inductive reactance
of probe, indicating effect of all nonresonating modes are
given by

(6)

(7)

where is the diameter of co-axial feed and is the equiva-
lent substrate thickness between the patch and ground plane and

is the resonance frequency of the patch.
The total -factor of the cavity is obtained from

(8)

where and are the -factors corresponding to the
conductor loss, dielectric loss, and radiation loss from the cavity
walls [5] respectively. These -factors are given by

(9)

The loss coefficients and corresponding to the conductor
and dielectric losses for the structure shown in Fig. 1 are ob-
tained by the SLR-formulation [6], [7]. The is the real part
of complex obtained by the variational method. The
is taken as average of obtained from both the width and
length sides. The computed value of has been improved
by adding a correction factor , i.e., . The compu-
tation of with correction factor is discussed in the Ref. [8].

IV. RESULTS AND DISCUSSION

The structure shown in Fig. 1 can be reduced to an open mi-
crostrip patch on the anisotropic substrate for

and by taking the shield far away i.e., .
Fig. 2 compares the resonance frequency of a rectangular patch
on the sapphire and boron nitride

substrates computed by the MWM
and by the SDA [9]. The MWM results follow the results of
SDA within 1.5%. Table I further compares accuracy of the
MWM against the experiment results and also against the re-
sults of MOM of Pozar,et al. [10] for the patch on epsilam-10

TABLE I
RESONANT FREQUENCY OFRECTANGULAR MICROSTRIPANTENNAS ON

EPSILAM-10 SUBSTRATES(" = 13:0; " = 10:2)

Fig. 3. Input impedance of rectangular patch on anisotropic substrate.

Fig. 4. Input impedance of rectangular patch on isotropic substrate and
anisotropic superstrate.

substrate. Accuracy of the MWM is
comparable to that of the accuracy of MOM and it is also within
1.5% of the experimental results.

Fig. 3 shows the input impedance of a rectangular
patch on an anisotropic substrate with anisotropic ratio

corresponding to the positive uni-
axial, isotropic, and negative uniaxial substrates. For three
cases, the relative permittivity components are given as case
A: ; case B: ;
case C: , respectively. Other design
parameters are mm, mm,
mm, feed location mm, inner diameter of probe

mm, and . For the isotropic case,
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Fig. 5. Input impedance of rectangular patch on anisotropic substrate and
isotropic superstrate.

the results for and obtained by the MWM and results
of the MOM, obtained by Lee,et al. [11], are almost identical
with only 0.02% deviation in the resonance frequency and 1.4
% deviation in the at resonance.

Fig. 1 can also be reduced to a patch antenna with superstrate
by taking and . Figs. 4 and 5 show the results
on and for the patch on isotropic substrate-anisotropic
superstrate and the patch on anisotropic substrate-isotropic su-
perstrate, respectively. When both the substrate and superstrate
are isotropic dielectrics, the MWM results are compared against
the result of MOM of Lee,et al.[11] giving deviation 0.04% and
2.6% in the resonance frequency and in theat resonance re-
spectively. From Fig. 5, we find that anisotropy in the substrate
has more pronounced effect on the resonance frequency and also
on the resonant resistance as compared to anisotropy in the su-
perstrate shown in Fig. 4. Thus anisotropy in substrate can take
the narrow bandwidth patch antenna out of the operating band,
whereas its effect on the resonant resistance may not degrade
the return loss very much.

V. CONCLUSION

We have presented an improved cavity called MWM, which
is capable of determining both the resonance frequency and the

input impedance for the rectangular patch antenna under the
iso/anisotropic substrate-superstrate configuration. The model
has accuracy of the full wave methods and is computationally
much faster than the numerical methods. The MWM is based
upon the variational formulation in the spectral domain, which
takes into account the multilayer dielectric medium in its
Green’s function [3]. Therefore, the present form of MWM
can also accommodate more number of dielectric layers in the
cavity model.
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