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Abstract— Microstrip patch antenna is a flat shape, light weight
and low cost antenna that used to receive and transmit
electromagnetic wave. This paper describes the design and
development of a microstrip patch antenna for salinity and sugar
detection. The microstrip antenna was designed and fabricated
using Computer Simulation Technology (CST) Microwave Studio
and Taconic TLY-5 substrate, respectively. This sensor is operate
in the Industrial, Scientific and Medical (ISM) radio band, i.e.
2.45GHz. Dimension and shape of the patch antenna as well as
location of feed point is analyzed. There are three types of
microstrip patch antennas are developed in this work, i.e.
rectangular, circular and square patch microstrip antennas.
These microstrip patch antennas were used to measure the salt
and sugar content in water. In addition, reflection coefficient and
Q-factor were discussed too in this paper. Different amount of
salt or sugar that present in water will exhibit different dielectric
properties, and in turn change its reflection coefficient and Qfactor.

microstrip patch antenna for determination of moisture content
of hevea rubber latex. In this work, rectangular, circular and
square microstrip patch antennas were designed to determine
the salt and sugar content in water at 2.45 GHz (ISM bands).
Microstrip antennas are also crucial in variety of
applications as transmitters and or receivers in our modern
wireless society. So far no literatures reported 2.45 GHz
application of microstrip antenna in salt and sugar sensing.
The 2.45 GHz microstrip antennas can be considered as a
sensor in food or agricultural products, firstly introduced in
this paper for substance determination in water. However,
many methods [5-12] exist for the determination of moisture
content and soluble solids content in agriculture products.
However, these methods are complex and very tedious to be
conducted and cause severe error during the measurement.

Index Term—

microstrip patch antenna; sugar; salinity;
reflection coefficient; dielectric properties; Q-factor.

I.

Introduction

Nowadays, population of having diseases such as
kidney failure, diabetes, stroke, etc. is increasing due to
excessive intake of food product that highly contains salt and
sugar. Various techniques have been proposed to determine
the salt and sugar content in the food product. Some of these
techniques include a study based on conventional drying
method [1] and microwave measurement technique, e.g. openended coaxial probe was used for dielectric measurement on
concentration of starch in a salt starch solution [2]. However,
these techniques are time-consuming, complicated and
expensive. Recently, microstrip antennas have been widely
used in many applications such as communications, medical
[3] and agriculture, for instance, Yahaya et al. [4] developed a

Fig. 1. Electromagnetic wave fringe from the top patch into the substrate
[6].

II.

PRINCIPLE OF MICROSTRIP ANTENNA

The radiation of electromagnetic wave from
microstrip patch antenna is due to the fringing field from the
top patch into the substrate, as shown in Fig. 1, it will
reflected from the ground plane and radiate out from the
microstrip patch antenna to the air. Therefore, the
performances of the microstrip patch sensor will be affected
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by permittivity ( ) of the substrate and the dimension of
patch. In this work, the thickness and the permittivity of the
subscribe substrate is 1.575mm and 2.2, respectively as given
in data sheet.
Feeding technique is used to supply the signal
sources to the microstrip patch sensor. Coaxial probe feed
feeding technique is used in this project. The feed mechanism
of this technique is direct contact with the patch [13] and
hence, it is more efficient compared to others technique in
minimizing the spurious radiation. As a result, antenna can
perform in broader bandwidth. In addition, the location of
coaxial probe feed on the patch will influence the input
impedance of the microstrip patch antenna too.
There are various factors that affect the performances
of the microstrip patch antenna, e.g. size of patch, feed point
location and shapes of patch. The resonance frequency of the
microstrip patches antenna change with dimension of
microstrip patch. Thus, the optimum dimension of patch and
location of feeding point location must be first determined, in
order to maintain its optimum performance using CST
Microwave Studio.
Gadani et al. [14] reported that the dielectric constant
and loss factor decrease, when the salt or sugar content in the
sample increases (moisture content decrease). As discussed by
Mudgett [15], the addition of salt to water leads to the
variation on dielectric properties, because the addition of
dissolved ions binds with water molecules. It leads to
reduction in polarization of the water and a decrement in the
dielectric constant and loss factor.
According to Brinley et al. [16], the molecule of
sugar form hydrogen bonding with free water molecules. It
degrades the ability of water molecules in polarization.
Therefore, dielectric constant, and dielectric loss factor,
decreases when sugar content in water increases. Decrement
in dielectric properties of material under test will cause
decrement in effective dielectric constant,
, and in turn
load impedance,
increases. As a results, reflection
coefficient
decreases.
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white, odourless, and with a sweet flavoured. Both substances
are crystalline compounds which can dissolve in water.

B. Antenna Design
CST Microwave Studio is used to design microstrip
antenna and their performance is simulated for comparison.
Various shapes of patch are designed, e.g. rectangular, square,
and circular shape, for the sake of comparison of
performances as antenna sensing system.
First, import database of Taconic TLY-5 substrate
into CST Microwave Studio. Dimension of microstrip patch
on substrate must be determined by referring to simulated
reflection coefficient via CST Microwave Studio. The
dimension of microstrip patch can be determined after the
desired reflection coefficient is acquired. On the other hand,
the best feed point location can be found also by referring to
the reflection coefficient that returns in CST Microwave
Studio. At last, Taconic TLY-5 substrate is fabricated to be the
microstrip patch antenna as shown in Fig. 1.

(a)

(b)

Fig. 1. Fabricated microstrip square patch antenna in (a) bottom and (b)
top view .

C. Experimental work
In this work, experimental setup for reflection
measurement was conducted using fabricated microstrip patch
antennas in conjunction with P-series network analyzer (Fig.
2). The measured reflection coefficient was compared with
Agilent 85070E High-Temperature dielectric probe. The
reflection measurement is illustrated in Fig. 3.

On the other hand, the Q-factor is also a measured
parameter to analyze the returned results from the antenna
based on the sugar and salt content in solution. Per literature
published by Joshi (1997) [17], resonance frequency of the
microstrip patch sensor is sensitive to the moisture level. In
other word, Q-factor is function of both dielectric factor, ,
and dielectric loss, , of the measured sample.
III.

Materials and methods

A. Samples
Salt (NaCl) is a crystalline compound which can be
dissolved in water. The salt is presented in ionic state, when
the salts dissolve in water. Meanwhile, sugar or sucrose
(C12H22O11) is a crystalline shape compound that appears in

Fig. 2. P-Series Network Analyzer (PNA)
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Reflection Coefficient
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Fig. 3. Reflection measurement on water
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RESULTS AND DISCUSSION
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A. Simulation
By using CST Microwave Studio, different shape of
patch antenna is simulated, as shown in Fig. 4.

Fig. 4. Different shape of microstrip patch is simulated by using CST
Microwave Studio.

As mentioned in section III, the microstrip patch
antennas are designed by using CST Microwave Studio. The
desired reflection coefficient presented by each antenna must
be ≤0.3162 (-10dB) [18] and operate at 2.45GHz [19]. There
are few factors that need to be considered, i.e. dimension of
patch, shape of patch, and location of feed point.

1.5

2 (GHz)
Frequency

2.5

3

Fig. 6. Variation of simulated reflection coefficient with different length of
rectangular microstrip patch.

Fig. 6 is similar to Fig. 5, as which it illustrates the
effect of length of patch on the reflection coefficient over
frequency. Fig. 6 indicates that when the length of patch
increases, the resonance frequency will shift to left (lower
frequency). The optimum length of patch is found, i.e.
39.41mm, because it shows the minimum peak of reflection
coefficient at 2.45GHz (resonant frequency). Hence, it can be
known that length of microstrip patch is function of resonance
frequency [21].
An optimum location of feed point must be
determined to obtain a minimum impedance mismatch [22]. In
other word, improper location of feed point will cause the
unwanted reflection occurred. When the desired location of
feed point i.e. 4.5mm from center of patch is met, the
reflection coefficient is the lowest (0.0062) among other
location, as shown in Fig. 7.
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Fig. 5. Variation of simulated reflection coefficient with different width of
microstrip patch antenna.

Fig. 5 illustrate simulated result attributed to the
effect different width of rectangular microstrip patch on
reflection coefficient. Fig. 5 shows that the increment of patch
width to 34.8mm will cause reflection coefficient decrease to
0.1127. Meanwhile, when the patch width decreases to
26.8mm, reflection coefficient increases to 0.1230. It implies
that increment of patch width cause increment of power
radiate through patch and thus decrease resonance resistance
and increase radiation efficiency [20]. When the width of
patch width is found to be 30.8mm, the reflection coefficient
exhibit the lowest value, i.e. 0.0062. Therefore, width of patch
with 30.8mm is the optimum width.
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Fig. 7. Variation of simulated reflection coefficient with different location of
feed point on rectangular microstrip patch antenna.

There are 3 shapes of microstrip patch are discussed.
The shape of patch affects the distribution of current on the
conducting patch and radiation characteristics of the antenna.
Fig. 8 shows that the rectangular microstrip patch antenna
dispaly the lowest value of reflection coefficient, i.e., follow
by square microstrip patch sensor with reflection coefficient of
0.0403 and the circular microstrip patch sensor show the
highest value of reflection coefficient, i.e. 0.0737. Therefore,
the rectangular microstrip patch antenna is decided as the best
shape in this work.
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Fig. 8. Comparison of simulated reflection coefficient in different shape of patch in microstrip patch antenna

Optimum characteristics of microstrip patch antenna are as summarized in Table I, II and III.
Table I．
Dimension of rectangular microstrip patch antennas

Parameters
Width of substrate
Length of substrate
Width of patch
Length of patch
Feed point location
Thickness of the antenna
Dielectric constant of the
substrate ( )

Values
57.6mm
47.6mm
30.8mm
39.41mm
4.5mm from centre point of
x-axis
1.645mm
2.2

Table II．
Dimension of circular microstrip patch antennas

Parameters
Width / length of substrate
Radius of the patch
Feed point location
Thickness of the antenna
Dielectric constant of the
substrate ( )

Values
57mm
23mm
5.5mm from centre point of
x-axis
1.645mm
2.2

Table III．
Dimension of square microstrip patch antennas

Parameters
Width / length of substrate
Width / length of patch
Feed point location
Thickness of the antenna
Dielectric constant of the
substrate ( )

Values
64.8mm
39.2mm
5mm from centre point of
x-axis
1.645mm
2.2
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B. Measurement

Fig. 9. Variation of reflection coefficient with percentage of sugar content in solution for 1 GHz, 2.45 GHz and 3 GHz.

Fig. 10. Variation of reflection coefficient with percentage of salt content in solution for 1 GHz, 2.45 GHz and 3 GHz.

From Fig. 9 and 10, it can be observed that the reflection
coefficient at 1GHz, 2.45GHz and 3GHz decrease when the
percentage of sugar or salt in solution increases. It is due to
the decrement of free water molecule [23] when the
percentage of salt and sugar content increase. As mentioned
previously, low mobility of water molecules as well as ionic
substance might be the main cause. Hence, the degree of
mismatch impedance is reduced and causes reduction of
reflection coefficient when the percentage of salt and sugar
content increase. It is due to the decrement of dielectric
constant and loss factor of solution, since free water molecules
are reduced. Decrement of complex permittivity,
of the
sample lead to reduction of effective dielectric constant,
of sample. In turn, reduction of
decrease load
impedance,
. At last, it causes the decrement reflection
coefficient, , as shown in Fig. 9 and 10.
Q-factor as expressed in Eq. (1) in microwave
measurement is defined as the ratio of the energy stored in the
sample to the energy dissipated in sample, at a particular
frequency (the resonance frequency), fr, where the stored
energy is constant with time.
Q

f  fr
f
 s
fr
fr

where,

= resonant frequency,
= shifted frequency.

(1)

Fig. 11. Variation of measured Q-factor using rectangular microstrip patch
antenna with percentages of sugar in solution

Fig. 12. Variation of measured Q-factor using rectangular microstrip patch
antenna with percentages of salt in solution

From Fig. 11 and 12, it can be observed that Q-factor
increases with percentages of sugar and salt in solution. All
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the antennas were designed, so that the resonance frequency in
free space which indicate the minimum peak by reflection
coefficient at ISM band (2.45 GHz). However, when the
antenna is exposed in some material which is dissimilar with
dielectric properties as in free space, the minimum peak of
reflection coefficient will shift to another value of resonance
frequency. The degree of discrepancy from the resonance
frequency at free space is determined by the dielectric
properties of sample. The discrepancy can be quantified by
Eq. (1). It can be noticed that the presence of salt and sugar
content in solution change the dielectric properties of solution,
and thus increase the discrepancy of resonance frequency
linearly when compare with case in free space. The linearity
can be gauged through the coefficient of determination, R2 for
linear fitted equation which describe the relationship of Qfactor with percentage of salt and sugar content in solution.
III. Conclusion
A low cost microstrip patch antenna is developed as
antenna sensing system for salt and sugar content in solution.
The microstrip patch antennas are designed by using CST
Microwave Studio and fabricated by using Taconic TLY-5
substrate. The antennas are simulated, in order to obtain the
optimum dimension for this work. After simulation and
comparison, rectangular microstrip patch sensor with width
and length of patch, given as 57.6mm and 47.6mm,
respectively. This dimension indicates the lowest reflection
coefficient, i.e. 0.0063, among other microstrip patch
antennas.
In reflection measurement of sugar and salt content in
solution, reflection coefficient decrease as percentage
increase. It is attributed to the reduction of dielectric constant
and loss factor water molecule, as which water molecules are
constraint and confine the mobility of molecules in solution.
In addition, Q-factors increases linearly as the salt and
sugar content in solution increase. It can be justified by the
considerable high of coefficient of determination, R2 as shown
in Fig. 11 and 12. The designed rectangular patch antenna as
specified in Table I show highest sensitivity for sugar
measurement.
This work introduce a low cost setup for authority, food
industry runner or consumer to identify the level of sugar and
salt in food or beverage, since the level of sugar and salt
content is mandatory and under regulation.
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