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Figure 1: Antenna structure

Figure 2: The fabricated antenna: (a) top; (b) bottom
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Salinity and sugar sensing using 
microstrip technology

The antenna parameters are:  L= 24mm, W= 18mm, GL= 11.5mm, 
GW1= 9.5mm, GW2= 5.5mm, SL= 1.5mm, SW= 3mm, FL= 12mm,  
FW= 2mm, PL = 10mm, PW = 10mm, PFW = 2mm, RL= 7mm,  
RW  4mm; Figure 1 shows its geometry and configuration.

onditions like diabetes, stroke, kidney failure among 
others are on the increase, partly because of modern-
day high intake of salt and sugar. 
    To monitor these in the food and beverage 

industry, as well as medicine and even agriculture, there are various 
ways to measure salt and sugar content. The open-ended coaxial 
probe is one of them, which measures the dielectric properties of 
food and liquids; however, this process is time-consuming and 
complex, and system development is costly. 

Another measurement method, based on microstrip 
technology, is considered simple and cost-effective. Dielectric-
based sensors read the dielectric and physical properties of 
a material; they can also sense moisture, temperature, bulk 
density, and other parameters. 

Microstrip Patch Antenna as a Sensor
A fringing field that originates from an antenna patch and affects 
the substrate causes electromagnetic radiation, affecting the 
permittivity of the substrate and hence the performance of the 
patch sensor. A coaxial or probe feed is directly attached to the 
patch to reduce this radiation, allowing the antenna to operate in a 
large bandwidth. The performance of a microstrip patch antenna 
depends on several factors, including its size and shape, with the 
size changing the resonance frequency of the antenna. 

In this project, the sensor measures the re ection coefficient of 
the sensing antenna within different concentrated salt and sugar 
solutions. The dielectric properties change due to the bond between 
dissolved ions and water molecules when salt or sugar are added 
to the water. This change reduces the polarisation of water and 
decreases the dielectric constant. The effective dielectric constant 
also decreases, given the reduction in dielectric constant. Hence, 
the load impedance increases and, consequently, the re ection 
coefficient decreases.

Antenna Design 
The antenna consists of a tuning-fork-shaped patch with a slotted 
ground plane. The patch of the antenna is printed on one part of a 
Rogers RT/duroid 5880 substrate with relative permittivity of 2.2 
and 0.0009 loss tangent. 

A microstrip feed line with length FL and width FW is printed on 
a similar part of the substrate, acting as the radiating component. 
The slotted partial ground plane is printed on the other side of the 
substrate. 
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coefficients decrease with the increase in percentage of salt and 
sugar in the water at the resonant frequency of 9.70GHz. This is 
because when the salt and sugar content increase, the free water 
molecules decrease, leading to mismatch impedance reduction, 
and the re ection coefficient decreases. As the free water 
molecules decrease, the dielectric constant of the solution also 
decreases. The reduction of permittivity of the solution reduces 
the effective dielectric constant of the solution, lowering the load 
impedance. 

This microstrip-technology-based measurement system 
can be used in the food and beverage industry to detect salt 
and sugar content in produce, and also in the medical and 
pharmaceutical fields. v

Figure 3: Simulated and measured reflection coefficients 
of the antenna

Figure 4: Antenna sensor measurement system

Salt (NaCl) and sugar (C12H22O11) are crystalline compounds. For 
our experiment, each was added individually to water to make 20%, 
40%, 60% and 80% salt and sugar solutions. 

Antenna Performance
The presented antenna has been simulated with the finite-element 
method-based High-Frequency Structural Simulator (HFSS) and 
prototyped on a printed circuit board for practical experiments. 
To measure the antenna’s parameters, we used the N5227A PNA 
Microwave Network Analyser (10MHz-67GHz). The antenna 
prototype is shown in Figure 2.

Figure 3 shows the antenna’s re ection coefficients. In the 
simulation, the antenna covers bandwidth from 8.0GHz to 
11.0GHz with 10dB return loss, whereas in the measurement, the 
antenna covers the bandwidth from 7.10GHz to 11.30GHz. In both 
the resonant frequency is 9.70GHz. 

Sensor Applications  
For the practical experiment of the antenna as a sensing device 
(Figure 4), the re ection coefficient of the antenna was measured 
in free space, as well as with the different concentrations of salt 
and sugar; see Figures 5 and 6. It can be seen that the re ection 

Figure 5: Reflection coefficient variation with different 
concentrations of salt

Figure 6: Reflection coefficient variation with different 
concentrations of sugar


