
16-18 October 2003, Sofia, Bulgaria

Research of the Substrate Characteristics’ Influence on the
Bandwidth of Rectangular Microstrip Resonator Antennas

Nicola Dodov1and Ralitsa Stoyanova2

Abstract – In this paper it is made a research of the frequency
bandwidth of a rectangular microstrip resonator antenna de-
pending on relative dielectric constant (��) and the height (�) of
the used substrate. The results give the possibility to be taken
definite engineer decisions when projecting microstrip antenna.
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I. Introduction

The idea for microstrip resonator antennas (patch antennas)
originates from 1953 but they receive a significant develop-
ment and application after 1973. That specific kind of anten-
nas has an application in many different areas such as wire-
less and mobile radio communications and they can also be
used for connecting spaceships, air crafts, for security sys-
tems, etc. The convenience of these antennas comes of their
low cost, easy technological implementation, small weight
and aerodynamic profile. Because of their small dimensions
and narrow bandwidth, single elements often are projected
in large scanning arrays and the number of the elements can
reach some thousands. Also the antenna array can be an ar-
ray with signal processing, which makes these antennas more
attractive.

Microstrip resonator antennas as all the others have many
advantages, but some disadvantages aren’t absent. The main
advantages, from technological point of view come from the
fact that they obtain mechanical robust and they can be easy
mounted over different surfaces. On another side, by varying
with the resonators’ dimensions and forms and with proper
choice of the feeding method, it can be achieved appropri-
ate working mode, optimal pattern and frequency bandwidth.
This type of antennas are very flexible when choosing the
resonant frequency, polarization, pattern, amplification coef-
ficient and these characteristics can be corrected.

The microstrip antennas’ disadvantages come from the
fact that the frequency bandwidth is very narrow and lim-
ited (exert influence when the antenna is used for scanning),
because of the high quality factor �. Usually thin substrates
are used, which makes impossible high power feeding. Also
there is spurious radiation, coming from the feeder and low
level of polarization purity. Because of the losses in the di-
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electric material, the efficiency is low. The problem with the
narrow bandwidth is solved by different methods such as ex-
tension of the substrate height, which leads to efficiency in-
crease, but it also leads to increase of the surface waves.

A basic part of the microstrip antenna is the dielectric sub-
strate and it has to be chosen and measured off very carefully.
To a higher extend by substrate choice depends the charac-
teristics and the application of the antenna. In this aspect that
papers has the aim to research the frequency bandwidth de-
pendence when varying the substrate relative dielectric con-
stant �� and thickness �. The results from this analysis can
be considered when taking engineer decisions in microstrip
antennas design.

II. Theory

It is well known that the frequency bandwidth� of one struc-
ture in higher extend depends on the quality factor � of this
structure. Higher the quality factor is, the frequency charac-
teristic becomes thinner and the bandwidth decreases.

According to the model for defining these two basic char-
acteristics of the microstrip resonator antennas given by [1]
it is clearly shown that � and � depend on a number of fac-
tors. The total quality factor �� represents the antenna losses
and according to [1] the formula is:
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where ���� is a quality factor, due to radiation losses; �� –
quality factor, due to conduction losses; �� – quality factor,
due to dielectric losses; ��� – quality factor, due to surface
waves.

For every single quality factor above there is a definite
expression. The quality factor, which expresses the losses
caused by radiation, according to [1], is written as:
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where �� is the circus frequency, on which the resonator
works; �� – substrate relative dielectric constant; � – sub-
strate height (thickness); ���� – total conductance per unit
length of the radiating aperture;
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where 
 is the electric field.
The quality factor ��, due to the conduction losses, ac-

cording to [1], can be expressed as:
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where �� is the resonant frequency of the resonator;� – abso-
lute magnetic constant of the dielectric material; � – conduc-
tivity of the conductors assosiated with the patch and ground
plane.

The quality factor �� due to the conductance losses, it is
given by [1] as:
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where ��Æ is the loss tangent of the substrate material.
The frequency bandwidth � is inversely proportional to

the total quality factor�� of the antenna and according to [1]
it is expressed by:
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With the account of the impedance matching at the input
terminals of the antenna, according to [1], Eq. 6 modifies to:
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where � ��� is voltage standing wave ratio.
The exposition that was made shows that the method for

defining the frequency bandwidth by quality factor� � is very
complicated. That’s why a simple expression is used – Stutz-
man formula, which according to [2], is given by:
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where � is the width of the patch; � – length of the patch;
�� – central wavelength of the resonator.

Fig. 1 shows the dimensions and the profile of the patch.

Fig. 1. Microstrip resonator.

According to the transmission line model, described in [1],
the dimension � (width of the patch) is a function of the
frequency and the dielectric constant. According to [1] and
[3] the expression is:
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where � is the light speed.
When the length L is determined, the influence of the

”edge effect” is taken in account and according to [1] and
[3], can be written as:
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where ����� is the effective relative dielectric constant; � –
extended incremental length as a result of the ”edge effect”.

The effective relative dielectric constant reff, according to
[1] and [3], it is given by:
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On the other hand the extended incremental length ��,
according [1] and [3], can be written as:
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The aim of the results, received with the help of simulation
analysis, is to show how the frequency bandwidth� changes
when different kinds of substrates with various height � and
relative dielectric constant �� are used. The initial parameters
are: resonant frequency ��=10GHz, �� and � that are varying
in definite limits. The algorithm is as follows:

The results can be explained with the physical processes in
the microstrip line and according to [4] they are as follows:

1. As the substrate height � increases, the quality factor
� becomes lower and therefore the frequency bandwidth be-
comes larger.

2. As the dielectric constant �� increases, the electric field
concentrates deeper into the microstrip line. As the substrate
height � increases, the quasitransverse electromagnetic wave
concentration becomes weaker.

3. As the dielectric constant �� becomes larger, the influ-
ence of the height � decreases.

These fundamental conclusions can be used for an expla-
nation of the results.

1) Fig. 2 shows that the frequency bandwidth decreases
with the increase of �� and also that for higher values of ��
the alteration rate decreases.

2) The increase of the bandwidth increases proportional to
the increase of the substrate height �.

3) Fig. 3 shows that with the increase of the substrate
height �, the bandwidth � increases linearly.
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Fig. 2. Results from the research of the bandwidth (�,%) as a func-
tion of the substrate relative dielectric constant (��) and a parameter
– height (�,mm).

III. Recommendations

The following recommendations can be made on the base of
Figs. 2 and 3:

1. When it is necessary to expand the resonator bandwidth,
there has to be used substrates with lower values of �� and
higher thickness.

2. When the frequency is resonant and a narrow frequency
bandwidth is necessary and it is desirable to use thin sub-
strates. The value of the �� depends on the frequency band
and the technological requirements.

3. Microstrip resonator antennas are with narrow band-
widths. The standard width is around (1�2)%.

Fig. 3. Results from the research of the bandwidth (�,%) as a func-
tion of the height (�,mm) and a parameter – substrate relative di-
electric constant (��).
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