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This study presents a simulation-based analysis of 2.4 GHz rectangular microstrip patch antenna 

for sensing sugar content in aqueous solutions. The antenna was designed and simulated using 

software with performance evaluated based on return loss and resonance frequency shifts in 

response to changes in the dielectric properties of the sugar solution. The primary objective was 

to assess the sensitivity of the rectangular microstrip antenna to variations in sugar 

concentration. The result show that the antenna exhibits measurable resonance frequency shifts 

as the sugar content in the solution increases, indicating the potential of microstrip antennas as 

effective, non-invasive sensors for liquid concentration monitoring. These findings contribute 

to the development of microwave-based sensing technologies, offering insights into the 

application of microstrip patch antennas for sugar detection and other similar application. 
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INTRODUCTION 

Carbohydrates such as glucose function as essential metabolic substrates, supplying the majority of the body's energy requirements [1][2]. 

Nonetheless, chronic overconsumption of sugars has been epidemiologically correlated with a heightened incidence of metabolic disorders, 

including adiposity, type 2 diabetes mellitus, and cardiovascular pathologies [3][4]. In physicochemical terms, aqueous sugar solutions 

demonstrate distinct dielectric behavior, where the permittivity is modulated by solute concentration [5]. Empirical data indicates that 

elevated sugar concentrations lead to a reduction in the relative dielectric constant, a phenomenon quantifiable via classical instrumentation 

like the parallel plate capacitor setup [6]. Despite its accuracy, this technique entails intricate experimental configurations, limiting its 

applicability in real-time or field-deployable scenarios. Consequently, there is a critical demand for the advancement of compact, rapid, 

and non-invasive diagnostic methodologies to evaluate sugar concentrations in liquid matrices. 

 

Microstrip patch antennas have gained significant attention as viable platforms for microwave-based chemical and biosensing applications, 

owing to their planar geometry, straightforward manufacturing process, cost-effectiveness, and pronounced sensitivity to variations in the 

permittivity of proximate media [7]. These radiating structures operate by monitoring alterations in key electromagnetic parameters, such 

as return loss, resonant frequency shift, and voltage standing wave ratio (VSWR)—when subjected to diverse dielectric environments 

within their near-field region [8]. Previous investigations have validated the capability of microstrip antennas to quantify sugar 

concentration by analyzing perturbations in these metrics through the use of a Vector Network Analyzer (VNA) [9]. A commonly employed 

technique in this context is the direct contact sensing approach, wherein the antenna is submerged in the analyte, and the backscattered 

signals are characterized. As the concentration of sugar escalates, the solution exhibits increased microwave absorption, manifesting as 

elevated reflection coefficients and a downward shift in resonant frequency. Operating at 2.4 GHz offers distinct advantages due to its 

compatibility with the ISM frequency band, robust propagation characteristics, and heightened responsiveness in liquid dielectric sensing 

scenarios [10][11]. 

Although prior investigations have implemented microstrip-based sensors incorporating intricate configurations—such as circular radiators 

integrated with embedded microfluidic channels—these architectures frequently encounter operational challenges, including maintenance 

difficulties and non-uniform analyte distribution. This highlights a notable research deficiency, specifically the limited exploration of 

rectangular microstrip patch antennas deployed in a direct immersion configuration, which offers greater structural simplicity and 
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operational reliability. Accordingly, this work seeks to assess the functional characteristics of a rectangular microstrip patch antenna 

resonating at 2.4 GHz for the detection of sugar concentrations in aqueous media via electromagnetic simulation. The primary objective is 

to quantify the antenna’s responsiveness to changes in sugar levels by examining shifts in return loss and resonance frequency. The 

underlying premise is that elevated sugar concentration reduces the effective permittivity of the solution, thereby inducing a detectable 

variation in the antenna’s spectral response. By addressing this underexplored configuration, the study advances microwave dielectric 

sensing methodologies and introduces an efficient and scalable approach for liquid analyte characterization using a simplified planar 

antenna structure. 

METHOD 

Microstrip Antenna 

Microstrip antennas represent compact and low-profile radiating elements [12]. These antennas are structurally composed of a radiating 

metallic patch on the top layer, a dielectric substrate at the middle, and a conductive ground plane at the bottom. The metallic patch is 

positioned at a small spacing from the ground plane, typically ranging from 0,003𝜆𝑜 to 0,05𝜆𝑜, where𝜆𝑜 denotes the free-space wavelength. 

The patch is dimensioned and excited such that it produces maximum radiation in the direction normal to its surface, functioning as a 

broadside radiator. For rectangular configurations, the patch length (𝐿) generally falls within the range of 𝜆𝑜/3 to 𝜆𝑜/2. The separation 

between the patch and the ground plane is maintained by the dielectric layer, which influences the antenna’s impedance and radiation 

characteristics. A schematic representation of this antenna structure is provided in Figure 1. 

 
Figure 1. Microstrip Antenna 

 

Dielectric substrates with relative permittivity (𝜀𝑟) values ranging from 2.2 to 12 are typically employed in microstrip antenna design. 

Substrates possessing lower εr and greater thickness are generally favored for antenna applications due to their ability to support higher 

radiation efficiency, broader operational bandwidth, and enhanced fringing fields that facilitate better coupling into free space—though 

they tend to result in physically larger structures. In contrast, substrates characterized by higher 𝜀𝑟 and reduced thickness are more 

appropriate for compact microwave circuit implementations, as they enable tighter electromagnetic field confinement and reduced physical 

dimensions, albeit at the expense of diminished efficiency and narrower bandwidth. Given that microstrip antennas (also known as patch 

antennas) are frequently co-fabricated with microwave integrated circuits, an optimal trade-off must be achieved between radiative 

performance and circuit miniaturization. The radiating patches and feed lines are typically patterned onto the dielectric medium using 

photolithographic etching techniques [13]. 

Transmission Line Analysis Method 

The transmission-line model represents the most fundamental analytical approach for evaluating microstrip antennas; however, it offers 

limited precision and adaptability when compared to more advanced modeling techniques. Despite these constraints, the model delivers 

valuable conceptual understanding of antenna behavior. It idealizes the patch element as a section of a resonant transmission line operating 

near its half-wavelength (𝜆/2)   mode to facilitate peak radiation efficiency. While the method is computationally efficient and relatively 

easy to implement, it lacks the capability to accurately characterize detailed electromagnetic field interactions, including fringing fields 

and higher-order effects. Additionally, its applicability diminishes in the analysis of complex geometries or when mutual coupling among 

array elements becomes significant. Nonetheless, the transmission-line formulation remains a practical tool for preliminary microstrip 

antenna design and serves as a foundational step before applying more rigorous full-wave methods. 

In microstrip antenna structures, fringing field behavior is primarily influenced by the aspect ratio of the patch length (L) to the substrate 

thickness (ℎ), denoted as 𝐿/ℎ, and the substrate’s relative permittivity (𝜀𝑟) [13]. Although fringing effects are inherently minimized when 

𝐿/ℎ is significantly greater than one, their influence on the resonant frequency remains non-negligible. In microstrip transmission lines, 

the dominant portion of the electric field is confined within the dielectric substrate, with only a minor portion extending into the surrounding 

air. When the patch width-to-substrate height ratio (𝑊/ℎ) is large, the transverse electric field becomes increasingly concentrated within 

the substrate material. Under these conditions, the electromagnetic field distribution is predominantly contained within the dielectric, 

thereby diminishing the extent of edge fringing. This suppression of fringing enhances radiation efficiency and leads to improved 
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electromagnetic confinement. Since fringing causes the electrical dimensions of the structure to appear larger than their physical size, an 

effective dielectric constant (𝜀𝑟𝑒𝑓𝑓) is introduced to account for this phenomenon. 𝜀𝑟𝑒𝑓𝑓, which varies with operating frequency, tends to 

approach the substrate permittivity (𝜀𝑟) at higher frequencies due to greater field confinement within the substrate and it can be calculate 

using (1) [13]. 

𝜀𝑟𝑒𝑓𝑓 =
𝜀𝑟 + 1

2
+

𝜀𝑟 − 1

2
[1 + 12

ℎ

𝑊
]

−1
2⁄

 (1) 

As a fundamental concept in antenna design, the fringing effect contributes to an increase in the antenna's effective electrical length. This 

extension, commonly denoted as ∆𝐿, occurs along the radiating edges of the patch. The additional length accounts for the electromagnetic 

fields that extend beyond the physical boundaries of the patch conductor and must be considered in accurate resonance frequency 

calculations [13]. ∆𝐿 can be mathematically expressed as (2) and can be drawn in Figure 2. From the additional length, to get the effective 

L value of the antenna length with the notation using (3) [13]. 

∆𝐿

ℎ
=

(𝜀𝑟𝑒𝑓𝑓 + 0.3) (
𝑊
ℎ

+ 0.264)

(𝜀𝑟𝑒𝑓𝑓 + 0.258) (
𝑊
ℎ

+ 0.8)
 (2) 

𝐿𝑒𝑓𝑓 = 𝐿 + 2∆𝐿 (3) 

 

 

 

(a) (b) 

Figure 2. Microstrip Antenna; (a) Top view (b) Side view 

The effective length (𝐿𝑟𝑒𝑓𝑓) of a microstrip antenna represents the combined length of the physical patch and the additional electrical 

extension caused by fringing effects [13]. This effective length directly influences the antenna’s resonance characteristics. The resonant 

frequency is defined as the frequency at which the antenna exhibits minimal reflection coefficient, typically in the range of –10 dB to –20 

dB, indicating efficient impedance matching and optimal radiation [13]. The resonant frequency can be mathematically expressed as (4). 

Additionally, the term characteristic resonant frequency refers to the resonance that occurs when fringing effects cause an increase in the 

antenna’s effective electrical length. In this context, the physical patch length (L) is replaced by the effective length (𝐿𝑟𝑒𝑓𝑓) to account for 

the extended field distribution. The characteristic resonant frequency can be determined using (5). From the above equation, the Q-Factor 

can be derived, defined as the ratio between the characteristic resonant frequency, adjusted for the effective electrical length and the 

resonant frequency corresponding to the antenna's physical dimensions and can be written as (6). Furthermore, for the dominant mode 

dimension (L>W>L/2>h) the formula can be denoted as (7). 

(𝑓𝑟)010 =
1

2𝐿√𝜀𝑟√𝜇0𝜀0

=
𝜐0

2𝐿√𝜀𝑟
 (4) 

(𝑓𝑟𝑐)010 =
1

2𝐿𝑒𝑓𝑓√𝜀𝑟𝑒𝑓𝑓√𝜇0𝜀0

=
1

2(𝐿 + 2∆𝐿)√𝜀𝑟𝑒𝑓𝑓√𝜇0𝜀0

= 𝑞
1

2𝐿√𝜀𝑟𝑒𝑓𝑓√𝜇0𝜀0

= 𝑞
𝜐0

2𝐿√𝜀𝑟
 

(5) 

𝑞 =
(𝑓𝑟𝑐)010

(𝑓𝑟)010
 

(6) 

(𝑓𝑟)010 =
1

2𝑊√𝜀𝑟√𝜇0𝜀0

 
(7) 

A flat, thin metallic element functions as the primary radiating component for transmitting or receiving electromagnetic waves. This 

radiating patch is typically designed in simple geometric shapes—such as rectangular, circular, elliptical, triangular, or other forms based 

on the specific application and design requirements. The shapes of patch shown in Figure 3. The patch is fabricated from highly conductive 

metals like copper or gold to ensure efficient propagation of electromagnetic energy due to their superior electrical conductivity. The size 
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of the patch depends on the operating frequency of the antenna. The patch length (L) is usually close to half the electromagnetic wavelength 

in the substrate (𝜆 2⁄ ) for the dominant mode. For the rectangular patch itself, we can find the amount with the formula below, namely W 

for width and L for length. 

 

 

 

 

(a) (b) (c) (d) (e) (f) (g) (h) 

Figure 3. Patch Antenna; (a) Square (b) Rectangular (c) Dipole (d) Circular (e) Elliptical 

(f) Triangular (g) Circular Ring (h) Ring Sector 

𝑊 =
1

2𝑓𝑟√𝜇0𝜀0

√
2

𝜀𝑟 + 1
=

𝜐0

2𝑓𝑟
√

2

𝜀𝑟 + 1
 (8) 

𝐿 =
1

2𝑓𝑟√𝜀𝑟√𝜇0𝜀0

− 2∆𝐿 (9) 

The substrate in a microstrip antenna is a dielectric layer positioned between the upper conductive patch and the lower ground plane. It 

plays a critical role in determining the antenna's performance characteristics, such as resonant frequency, radiation efficiency, and 

bandwidth. The ground plane, located beneath the substrate, acts as an electromagnetic reference and aids in directing the antenna’s 

radiation pattern [14]. Typically, the ground plane dimensions match the substrate in both length and width; however, to ensure proper 

electromagnetic behavior, the ground plane should extend at least six times the substrate thickness in both dimensions. 

𝐿𝑔 = 𝐿 + 6ℎ (10) 

𝑊𝑔 = 𝑊 + 6ℎ (11) 

The feedline serves as the transmission path that connects the RF signal source to the radiating patch, facilitating the transfer of radio 

frequency power to the antenna structure. Among various transmission line types, the microstrip line is widely employed in high-frequency 

applications, including antenna systems, filters, oscillators, and RF/microwave circuitry. It comprises a conducting strip situated atop a 

dielectric substrate, with a ground plane positioned beneath. Microstrip-line feeding is a prevalent method in microstrip antenna design 

due to its fabrication simplicity, ease of impedance matching often achieved through inset adjustment and straightforward analytical 

modeling. However, increasing the substrate thickness introduces adverse effects, such as the excitation of surface waves and unintended 

radiation from the feed structure. Surface waves confine energy within the substrate, thereby reducing radiation efficiency, while spurious 

feedline radiation can lead to interference and degraded antenna performance. These issues inherently limit the achievable bandwidth, 

which typically remains within the 2–5% range in practical microstrip antenna designs. Consequently, optimizing the trade-offs among 

substrate thickness, efficiency, and bandwidth is critical in achieving high-performance antenna implementations. 

The General Parameter of Microstrip Antenna 

Interrelated antenna parameters are essential for evaluating the performance and efficiency of an antenna system. Commonly assessed 

metrics include return loss, Voltage Standing Wave Ratio (VSWR), operational bandwidth, radiation pattern, and antenna gain [15] [16]. 

When the input impedance of the antenna is not properly matched to the characteristic impedance of the feedline, reflected waves occur, 

resulting in standing wave patterns characterized by a ratio of maximum to minimum voltage commonly referred to as the Voltage Standing 

Wave Ratio (VSWR). In the ideal scenario where there is no reflection (perfect impedance matching), the VSWR equals 1. VSWR value 

of ≤ 2 is generally considered acceptable for efficient antenna performance. The VSWR can be calculated using the following (12). 

𝑉𝑆𝑊𝑅 =
|𝑉|𝑚𝑎𝑥

|𝑉|𝑚𝑖𝑛
=

1 + |Γ|

1 − |Γ|
 (12) 

Return loss refers to the ratio, expressed in decibels, between the amplitude of the reflected signal and that of the incident signal. This 

phenomenon arises due to impedance mismatch between the transmission line and the load, which leads to power being reflected back 

toward the source rather than being fully delivered. In other words, improper impedance matching between the input impedance of the 

antenna and the characteristic impedance of the feedline results in return loss. A well-matched condition is indicated when the return loss 

is less than or equal to –10 dB, which can be calculated using (13). 

𝑅𝑒𝑡𝑢𝑟𝑛 𝐿𝑜𝑠𝑠 = 20 log|Γ| (13) 
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Bandwidth refers to the frequency range over which an antenna or communication system can effectively transmit or receive signals, 

representing the channel's data-handling capacity. It indicates the volume of information that can be transmitted within a given connection. 

Bandwidth is typically categorized into two types: broadband and narrowband. Broadband bandwidth is defined as the difference between 

the upper and lower frequency limits, as expressed in (14). In contrast, narrowband bandwidth is described by (15), where the difference 

between the highest and lowest frequencies is normalized by dividing it with the antenna’s center frequency. 

𝐵𝑊𝐵𝑜𝑎𝑟𝑑𝑏𝑎𝑛𝑑 = 𝑓𝐻 − 𝑓𝐿 (14) 

𝐵𝑊𝐵𝑜𝑎𝑟𝑑𝑏𝑎𝑛𝑑 = (
𝑓𝐻𝑓𝐿

𝑓𝑟
) × 100% (15) 

Gain represents a quantitative measure of how effectively an antenna converts input power into radio waves directed in a specific direction, 

reflecting the amplification of the transmitted or received signal relative to the input. It significantly influences the radiation pattern and 

the antenna's ability to receive signals from particular directions. The gain of an antenna can be determined using (16). 

𝐺 = 4𝜋
𝑈(𝜃, 𝜙)

𝑃𝑖𝑛
 (16) 

The quality factor, or Q-factor, is a parameter that characterizes the performance of a resonant structure, including antennas, by quantifying 

the ratio of stored electromagnetic energy to the energy dissipated due to losses. In antenna systems, the Q-factor reflects the relationship 

between the energy retained within the radiating structure and the energy lost through radiation, conductor losses, or dielectric dissipation. 

Specific for microstrip antennas, the Q-factor is typically associated with the resonant bandwidth and the radiation efficiency. The general 

expression for the Q-factor of an antenna is presented as (17). 

𝑄 =
𝑓𝑜

∆𝑓𝜃3𝑑𝐵
 (17) 

The radiation pattern describes the spatial distribution of power radiated or received by an antenna as a function of angle. Represented on 

a logarithmic scale in decibels (dB), the radiation pattern consists of several components, including the main lobe, side lobes, back lobe, 

and minor lobes. The main lobe indicates the direction of peak radiation or reception, typically perpendicular to the antenna surface. Side 

lobes represent secondary peaks adjacent to the main lobe, indicating power radiation in off-axis directions. Minor lobes refer to smaller, 

less significant radiation in unintended directions, while the back lobe shows radiation in the opposite (180°) direction from the main lobe. 

An illustrative example of the radiation pattern configuration is provided in Figure 4 [17]. The radiation pattern on the antenna is divided 

into three types, namely isotropic pattern, directional pattern, and omnidirectional patter. 

 
Figure 4. Radiation Pattern 

Sugar Content 

Substance is defined as a substance composed of discrete particles arranged in specific configurations that determine its physical state. It 

possesses both mass and volume, occupying physical space. A homogeneous mixture containing two or more substances is referred to as 

a solution. In such a mixture, the component present in a smaller quantity is termed the solute, while the component in greater quantity is 

known as the solvent [18]. The concentration of a solution reflects the proportion of solute to solvent and directly influences the solution's 

physical and chemical properties. Concentration can be expressed in various units, including percentage composition, mole fraction, 

molarity (M), and molality (m) [18]. Weight percent and volume percent are commonly used for concentration calculations [18]. Mole 

fraction, denoted by X, is the ratio of the number of moles of a particular component (solute or solvent) to the total number of moles of all 

constituents in the solution. Molarity, symbolized as M, is defined as the number of moles of solute per liter of solution, or the number of 

millimoles per milliliter. Molality, represented by m, is the amount of solute in moles per 1000 grams of solvent [18]. The concentration, 

mole fraction, molarity, and molality written in (18), (19), (20), (21), respectively. 
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𝑊𝑒𝑖𝑔ℎ𝑡 𝑝𝑒𝑟𝑐𝑒𝑛𝑡 =
𝑔𝑟𝑎𝑚/𝑣𝑜𝑙 (𝑑𝑖𝑠𝑠𝑜𝑙𝑣𝑒𝑑)

𝑔𝑟𝑎𝑚/𝑣𝑜𝑙 (𝑐𝑜𝑛𝑡𝑒𝑛𝑡)
× 100% (18) 

𝑀𝑜𝑙𝑒 𝐹𝑟𝑎𝑐𝑡𝑖𝑜𝑛 = 𝑋𝐴 =
∑ 𝑀𝑜𝑙𝑒 𝐴

∑ 𝑀𝑜𝑙𝑒 𝑖𝑛 𝑐𝑜𝑚𝑝𝑜𝑛𝑒𝑛𝑡
 

(19) 

𝑀𝑜𝑙𝑎𝑟𝑖𝑡𝑎𝑠 =
𝑀𝑜𝑙𝑒 𝑜𝑓 𝑑𝑖𝑠𝑠𝑜𝑙𝑣𝑒𝑑 𝑠𝑢𝑏𝑠𝑡𝑎𝑛𝑐𝑒

𝑙𝑖𝑡𝑒𝑟 (𝑐𝑜𝑛𝑡𝑒𝑛𝑡)
 

(20) 

𝑀𝑜𝑙𝑎𝑙𝑖𝑡𝑦 =
𝑀𝑜𝑙𝑒 𝑜𝑓 𝑑𝑖𝑠𝑠𝑜𝑙𝑣𝑒𝑑 𝑠𝑢𝑏𝑠𝑡𝑎𝑛𝑐𝑒

𝐾𝑔 (𝑐𝑜𝑛𝑡𝑒𝑛𝑡)
 

(21) 

Dielectric Constant 

Dielectric constant, also known as relative permittivity and symbolized as 𝜀𝑟 , quantifies a material’s capacity to retain electrical energy 

under an applied voltage. It reflects how much electric field a dielectric material can support compared to vacuum. This constant is derived 

through a specific mathematical relationship [19]. Any variation in the dielectric constant within a material directly influences its 

capacitance. The insertion of a dielectric substance between the plates of a capacitor modifies the electric field distribution, resulting in a 

change in capacitance. This effect occurs due to the alteration of the electric potential across the parallel plates. The resulting capacitance, 

when a dielectric is present between the plates, can be calculated using the appropriate theoretical expression [19]. 

𝜀𝑟 =
𝜀

𝜀0
 (14) 

𝐶 = 𝑘𝜀0

𝐴

𝑑
 (15) 

Antenna for Sugar Content Detection 

In wireless communication systems, antennas are conventionally employed for transmitting and receiving electromagnetic signals. 

Nevertheless, antennas can also be adapted for sensing purposes by exploiting the interaction of electromagnetic waves with materials. As 

demonstrated in previous studies [20], antenna-based sensors can be utilized to detect variations in salt and sugar concentrations in aqueous 

solutions. This sensing mechanism operates by monitoring changes in the dielectric properties of the solution, which are directly influenced 

by its composition. Specifically, the dielectric constant decreases as the concentration of dissolved salts or sugars increases, due to the 

corresponding reduction in water content. The introduction of salt into water modifies its dielectric behavior by increasing the number of 

dissolved ions, which interact with water molecules and suppress dipole polarization. This results in a decline in both the dielectric constant 

and the dielectric loss factor [21]. Similarly, when sugar is dissolved, it forms hydrogen bonds with water molecules, further diminishing 

the dipolar response and consequently lowering the dielectric constant. A decrease in dielectric constant leads to an increase in load 

impedance and a corresponding rise in the reflection coefficient [1]. 

RESULTS AND DISCUSSION 

The antenna under investigation was designed as a rectangular microstrip patch structure intended for wireless communication applications. 

The antenna was implemented on a dielectric substrate with known electrical properties including relative permittivity, thickness, and loss 

tangent. The patch dimensions were determined analytically based on the transmission line model, taking into account effective dielectric 

constant and fringing effects at the radiating edges. The specification antenna shown in Table 1 and the design of pre-optimization shown 

in Figure 5. 

Table 1. Specification antenna 

Specification Value 

Resonant frequency 2.4 GHz 

Substrate height 1.6 mm 

Patch height 0.035 mm 

Relative permittivity 4.3 

Characteristic impedance 50 Ω 
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Figure 5. Pre-Optimization Design of Antenna 

Using the formulas in the theoretical basis and optimizing the antenna parameters, the antenna design below is obtained with the values as 

listed in the parameter list. The antenna is made of two materials: pure copper and FR-4 substrate. Antenna design after optimization using 

software shown in Figure 6. The relative dielectric constant of sugar was taken from a journal following an experiment from one of the 

journals as in the theoretical basis. The design namely sugar content with a relative dielectric constant of 0.075. The design shown in Figure 

7. 

 
Figure 6. Pre-Optimization Design of Antenna 

  

Figure 7. Design Antenna of Sugar Content 

The analysis obtained for the previous design based on the VSWR value before the antenna was added with sugar solution can be seen in 

the graph below, where the VSWR value at 2.4GHz is 1.62. The graphic of VSWR value shown in Figure 8. The reflection coefficient 

value with a resonant frequency of 2.4 GHz is -12.51dB, meeting the standard value of reflection coefficient for microstrip antennas and 

its shown in Figure 9. The Q-factor after calculation value is 35.2853. 

 
Figure 8. VSWR value 
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Figure 9. Reflection coefficient value 

After testing with sugar content, the VSWR value of the antenna after adding sugar content is shown in Figure 10, where the VSWR value 

at 2.4 GHz is 1.375. the reflection coefficient value with a resonant frequency of 2.4 GHz is -16.014 dB, fulfilling the standard reflection 

coefficient value for microstrip antenna. The Q-factor after calculation value is 110.02. 

 
Figure 10. VSWR value after testing with sugar content 

 
Figure 10. Reflection coefficient value after testing with sugar content 

The observed shift in the resonance frequency (𝑓𝑟) of the rectangular microstrip patch antenna from 2.4 GHz to 2.855 GHz, induced by the 

introduction of a sucrose solution with a molar fraction of 0.075, indicates a significant alteration in the antenna’s electromagnetic 

characteristics. This rightward frequency shift of approximately 400 MHz is directly attributed to variations in the effective dielectric 

constant (𝜀𝑒𝑓𝑓), which is influenced by both the intrinsic properties of the substrate and the surrounding medium. The 𝜀𝑒𝑓𝑓, which governs 

the electromagnetic wave propagation within the patch structure, is generally expected to increase in the presence of a high-dielectric-

constant medium such as a sugar solution, resulting in a lower resonance frequency. However, the observed upward shift in 𝑓𝑟 suggests the 

involvement of additional factors, such as modifications in energy dissipation, altered boundary conditions, or changes in the 

electromagnetic field distribution over the patch. 

 

The structural interaction between the sugar solution and the patch antenna not only affects the 𝑓𝑟 but also has ramifications on other critical 

performance metrics, including the Voltage Standing Wave Ratio (VSWR), quality factor (Q-factor), and reflection coefficient (𝑆11). The 

VSWR, which quantifies impedance matching between the antenna and the transmission line, is likely impacted due to the emergence of 

a new impedance imbalance introduced by the dielectric variation. Likewise, the Q-factor, representing the ratio of stored to dissipated 
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energy within the antenna system, may either improve or deteriorate depending on how the dielectric loading influences substrate losses 

and radiative efficiency. Furthermore, the 𝑆11, indicative of the proportion of incident power reflected back toward the source, is also 

modulated by the altered dielectric environment. The presence of the sucrose solution potentially distorts the radiation pattern and reduces 

radiation efficiency, which in turn affects the minimum 𝑆11 value and the frequency at which optimal impedance matching is achieved. 

Consequently, the antenna may exhibit reduced efficiency at its original design frequency of 2.4 GHz while exhibiting enhanced 

performance at the new resonance frequency of 2.855 GHz. 

 

In summary, this analysis underscores that the interaction between a sugar-based dielectric medium and the microstrip antenna structure 

considerably influences the antenna’s operational behavior. The shift in resonance frequency, along with the variations in VSWR, Q-factor, 

and 𝑆11, are symptomatic of fundamental changes in the electromagnetic field configuration and dielectric loading. Further investigation 

is warranted to thoroughly understand these effects, including their impact on radiation parameters such as gain, efficiency, and radiation 

pattern. This understanding is essential for practical deployment, especially in scenarios where the antenna may be exposed to dielectric 

perturbations such as sugar-based solutions. 

CONCLUSIONS 

The addition of sugar solution with a mole fraction of 0.075 to a rectangular patch microstrip antenna causes a shift in the resonant 

frequency (𝑓𝑟) from 2.4 GHz to 2.855 GHz, reflecting a significant change in the effective dielectric constant (𝜀𝑒𝑓𝑓) of the antenna. This 

shift also has an impact on other operational parameters, such as VSWR, Q-factor, and 𝑆11 parameter, indicating a change in the antenna 

structure and the interaction of the surrounding electromagnetic field. A change in the VSWR value indicates a new imbalance in the 

antenna's impedance matching, while a change in the 𝑆11 value indicates an adjustment of the antenna's radiation pattern and efficiency to 

the new frequency. The Q-factor value, which is related to the energy efficiency of the antenna, is also affected by the energy dissipation 

effect that occurs due to the addition of sugar solution. These results show that the dielectric environment around the antenna greatly affects 

the performance of the microstrip antenna, both in terms of operational frequency and radiation characteristics. Therefore, a deeper 

understanding of the effects of external materials on microstrip antennas is essential, especially for practical applications where the antenna 

may be exposed to certain materials. This analysis provides important insights for the design of antennas that are more adaptive to 

environmental changes. 
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