
1416 IEEE TRANSACTIONS ON ANTENNAS AND PROPAGATION, VOL. 47, NO. 9, SEPTEMBER 1999

A Method for Designing Broad-Band Microstrip
Antennas in Multilayered Planar Structures

Zhang-Fa Liu, Pang-Shyan Kooi,Member, IEEE, Le-Wei Li, Senior Member, IEEE,
Mook-Seng Leong,Senior Member, IEEE, and Tat-Soon Yeo,Senior Member, IEEE

Abstract—The narrow bandwidth of a microstrip antenna
is one of the important features that restrict its wide usage.
A simple and practical method for the design of broad-band
microstrip antennas is presented in this paper. Utilizing this
design technique, several two-layer microstrip antennas have
been proposed. To confirm the applicability of the method for
the designs of antennas atL-band, experiments have been carried
out. The measured results show that the proposed antennas have
a bandwidth of up to 25.7%. Also, the method proposed in this
paper is applicable to the design of other types of multilayered
planar antennas.

Index Terms—Broad-band antennas, nonhomogeneous media,
patch antennas.

I. INTRODUCTION

AMICROSTRIP antenna possesses many advantages such
as low profile, light weight, small volume, and mass-

production. It has attracted increasing attention of many re-
searchers to investigate this type of antenna or arrays of
various configurations to meet various practical applications.
The analysis and design of various-shaped microstrip anten-
nas mounted on different structures have been extensively
reviewed in a book by Pozar and Schaubert [1]. However,
the narrow bandwidth of these antennas is the major obstacle
that restricts wide applications. In general, the impedance
bandwidth of a traditional microstrip antenna is only a few
percent, e.g., about 5% [2], [3]. Therefore, it becomes very
important for the microstrip antenna designers to develop
broad-band techniques so as to enhance the bandwidths of
the microstrip antennas.

Recently, much progress has been made to broaden the
bandwidths of microstrip antennas [1], [4]–[8]. Pozar [1] listed
the bandwidths for microstrip antennas with several shapes
such as narrow rectangular, square, wide rectangular, and
circular. The ways to enhance the bandwidth of microstrip
antenna can be used: parasitic elements [3], [9], aperture-
coupled [10]–[12], and impedance matching network [13], etc.
However, the research work is focused mainly on experimental
investigations and the design is sensitive to fabrication toler-
ance [14]; there is a general lack of information that provides
a systematic design method.
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In this paper, a practical, conceptually simple, very ef-
ficient method for designing wide-band microstrip antennas
is proposed. The design theory and its relevant formulations
are given in Section II. Section III shows both design and
experimental results from which the bandwidth of the antenna
is seen to have been increased up to 25.7% ;
the gain of this antenna is larger than 8 dB in the operating
frequncy band. The measurement data shown for comparison
are in very good agreement with the design results presented
in this paper. Although the method in this paper is applied to
a two-layered microstrip antenna where if the capacitance flat
is not countered, the formulas provided can also be utilized to
design other multilayered microstrip antenna structures.

II. M ETHOD FOR DESIGNING

WIDE-BAND MICROSTRIP ANTENNA

One of the potential advantages of microstrip antenna is
its simple physical architecture. Therefore, it is important to
preserve the attractive features in the design of microstrip
antennas. Generally, when the dimensions of the patches and
the operating frequency are selected, thefactor of the
antenna can be decreased and its bandwidth broadened by
either thickening the dielectric slab or reducing the permittivity
of the substrate or by combining the above two approaches.
However, increasing the thickness of the substrate will unfor-
tunately result in surface wave generation and ensuing loss. For
the microstrip antenna fed by a coaxial probe, the inductance
produced by the probe will be quite significant when the
substrate thickness is increased. Therefore, it is necessary to
compensate the inductance to overcome the aforementioned
problems.

The architecture of the microstrip antenna proposed in this
paper is shown in Fig. 1. Fig. 1(b) shows the construction of
the offset microstrip antenna where the excitation is by means
of a small planar plate mounted on the top of the coaxial probe
whose parameters are given in Fig. 1(a). It is assumed that the
thickness is very small compared with the thickness.
The capacitance can be determined by its diameter and the
characteristics of the dielectric substrate.

The design procedure is given subsequently. The input
impedance and inductance of the microstrip antenna fed by
a coaxial probe is [15]–[17]

(1a)

(1b)
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Fig. 1. A two-layer microstrip patch antenna geometry.

where and are the intinsic resistance and wave number in
the substrate, respectively. In order to compensate the probes
inductance, a series capacitor should be mounted on top of the
probe to match the resonant condition given by

(2)

where is the angular frequency, is the capacitance, and
is given by (1b).

In order to formulate the resonant frequency, the voltage
from the top to the bottom of the antenna is assumed as.
Then, we can obtain

(3a)

(3b)

(3c)

where and are the effective electric flux density and
relative permittivity, respectively; are
voltages between two neighboring layers.

On the basis of electromagnetic boundary conditions on
interfaces, we readily have

(4a)

(4b)

(4c)

Substituting (4c) into (3a), we can further obtain

(5)

After the substitution of (4b) into (5), we can rewrite the
(5) as

(6)

At the same time, from (3b) and (3c), we can express the
voltage as follows:

(7)

So, equating (6) and (7) for the same voltageresults in
the effective permittivity expressed by

(8)

TABLE I
RESONANT FREQUENCIES OFLOWER AND TOPPER

LAYERS VERSUS DIFFERENT PERMITTIVITES

As for the second substrate, its effective permittivity is

(9)

Now, we can use the improved transmission line model to
calculate the resonant frequency of the lower patch [18]

(10)

where denotes the velocity of light in free space, and

(11a)

(11b)

In a similar fashion, the resonant frequency of the top patch
can be expressed as

(12)

where the effective permittivity, , is expressed as

(13)

and the expension of the lower patch, , is given by

(14)

As an example, we have calculated the resonant frequencies
for different sets of relative permittivities of the layered
substrate. The thicknesses of the layers are assumed as follows:

mm and mm whereas the
diameter as 1 mm. Also, dimensions of both patches are
considered to be 62.5 by 62.5 mm. Further information for the
computed resonant frequencies versus different permittivities
is detailed in Table I.
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TABLE II
RESONANT FREQUENCY VERSUS LAYER THICKNESS

(a)

(b)

Fig. 2. VSWR and Smith Chart of a two-layered microstrip patch fed by a
coaxial probe.

As another example, Table II shows the resonant frequencies
of two patches versus the thicknesses of the layers. The
permittivities of the layers are assumed as follows:

and whereas the diameter
remains at 1 mm. Also, the area dimensions of both patches
are considered to be 62.5 by 62.5 mm.

From Tables I and II, it is found that the frequency separa-
tion between lower and upper patch is quite independent of one
another. The required frequency separation can be obtained by
adjusting the parameters and thicknesses of the layers. It is also
found from Table I that the resonant frequency separation will
increase by reducing while increasing will
result in a decrease of the resonant frequency separation.

(a)

(b)

Fig. 3. VSWR and Smith Chart of same two-layered microstrip patch fed
by a capacitor of diameter 11.5 mm and capacitance 2.16� 10�12 F.

Once the resonant frequencies of the lower and upper
patches are determined, the bandwidth can be enlarged con-
sidering the center frequency as the matching frequency given
as follows:

(15)

Substituting (15) into (2), we can obtain the diameterfor
a given capacitance, a computed relative permittivity, and
a given thickness from the following nonlinear equation [6]:

(16)

Equation (16) is a transcendental equation. Thus, the
capacity-dependent diameter can be easily determined by
an iterative method.

III. D ESIGN RESULTS

In accordance with the design method mentioned above,
we have theoretically designed a two-layered microstrip patch
antenna with a bandwidth of up to 25.7%. Two feeding con-
ditions are considered in the design. To demonstrate whether
the design technique is applicable, two antennas were designed
and fabricated. The following antenna parameters have been
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(a)

(b)

Fig. 4. VSWR and Smith Chart of same two-layered microstrip patch fed
by a capacitor of diameter 12 mm and capacitance 2.35� 10�12 F.

chosen: mm,
, and mm. As shown below in Fig. 2 are the

VSWR and Smith chart plots for a two-layered patch antenna
fed directly by a coaxial probe. Figs. 3–5 show the VSWR
and Smith chart plots for the same antenna but fed by a serial
capacitor of different diameters, i.e., 11.5 mm in Figs. 3(a) and
4(b), 12 mm in Figs. 4(a) and 5(b), and 12.5 mm in Figs. 5(a)
and 6(b). Obviously, the bandwidth of the microstrip antenna
shown in Figs. 3(a)–5(a) is significantly improved as compared
to that in Fig. 2(a). Fig. 6 shows the gain of the last antenna,
it is apparently that the gain of this antenna is larger than that
of a traditional microstrip antenna.

IV. CONCLUSION

This paper presents a technique for designing wide-band
multilayered microstrip antennas. The design procedure to-
gether with the nonlinear design equation have been provided.
To verify the applicability of the design method, a practical
design of a multilayered microstrip antenna has been con-
ducted. Two experiments where both a coaxial probe feed and
a capacitor feed are utilized have been carried out to examine
the results of the designed microstrip antenna. According to
the results obtained, using the design method presented in

(a)

(b)

Fig. 5. VSWR and Smith Chart of same two-layered microstrip patch fed
by a capacitor of diameter 12.5 mm and capacitance. 2.55� 10�12 F.

Fig. 6. The gain of the antenna.

this paper can increase the impedance bandwidth of a-band
microstrip antenna up to 25.7%. Although the design equation
given by (15) is valid for the microstrip antenna of two-layers,
it can be easily revised and extended for the design of other
types of wide-band multilayered structures.
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