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Abstract 
Objective: This study is to design and analyze a 

rectangular microstrip patch antenna (MPA) for detecting 

3,4-Methylenedioxy methamphetamine (MDMA) in the 

human body. The antenna's performance characteristics 

including resonant frequency, return loss, gain, VSWR, and 

radiation pattern are investigated to assess its suitability 

for drug detection applications. Methods: The rectangular 

microstrip patch antenna (MPA) is designed using 

electromagnetic simulation software. The antenna is 

optimized to resonate at a frequency sensitive to the 

presence of MDMA. The simulation results are analyzed to 

determine the resonant frequency, return loss, gain, 

VSWR, and radiation pattern of the antenna. The 

antenna's performance is evaluated under various 

conditions to assess its effectiveness for MDMA detection. 

Results: The proposed rectangular microstrip patch 

antenna (MPA) exhibits a resonant frequency of 1.3918 

THz with a return loss of 41.136 dB and a VSWR of 

1.0177034. The antenna achieves a gain of 7.993 dBi and 

demonstrates a radiation pattern suitable for MDMA 

detection. These results indicate that the designed 

antenna is promising for detecting MDMA in the human 

body due to its specific resonant characteristics and 

performance metrics. Conclusion: The designed  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

rectangular microstrip patch antenna (MPA) shows 

potential for detecting 3,4-Methylenedioxy patch 

antenna (MPA) shows potential for detecting 3,4-

Methylenedioxy methamphetamine (MDMA) based on its 

resonant frequency, return loss, gain, VSWR, and radiation 

pattern. The antenna's resonant frequency aligns with the 

presence of MDMA, making it suitable for sensing 

applications aimed at drug detection in biological 

environments. Further experimental validation is 

recommended to verify its performance in real-world 

scenarios. 

 

Keywords: Microstrip patch antenna, MDMA detection, Resonance 

frequency, Return loss, VSWR. 
 

 

Introduction 

Antennas are fundamental components of wireless communication 
systems, acting as transducers that convert electrical signals into 
electromagnetic waves radiated into space. Among the various 
antenna types, microstrip patch antennas (MPAs) have gained 
significant attention due to their numerous advantages, such as low 
cost, ease of fabrication, lightweight, and suitability for integration 
with planar circuits (Singh & Tripathi, 2011). These features make 
MPAs ideal for a wide range of applications, including wireless 
communication, radar systems, and emerging areas like drug 
detection (Roy, Mom, & Igwue, 2011). 
The rectangular microstrip patch antenna, in particular, is a 
popular choice due to its simple structure and reliable performance. 
Its functionality and characteristics depend on several factors, such  
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as the substrate material's properties, patch dimensions, and 
feeding techniques (Bhalla & Bansal, 2013). Various feeding 
mechanisms, including microstrip line feeding, coaxial feeding, and 
inset feeding, have been explored to optimize the antenna's 
performance. The selection of the appropriate feeding technique 
plays a vital role in improving parameters like bandwidth, return 
loss, and gain (Sharma, Dwivedi, & Singh, 2008). 
Recent advancements in the electromagnetic spectrum's terahertz 
(THz) region have paved the way for new applications, especially in 
areas such as security screening and drug detection (Kalra & Sidhu, 
2017a). The THz spectrum, which lies between the microwave and 
infrared regions, offers unique advantages. THz waves can 
penetrate non-metallic barriers, such as clothing and packaging 
materials, without causing harm to the human body (Kalra & Sidhu, 
2017b). This property makes them ideal for detecting concealed 
objects, including illicit drugs and explosives (Saini et al., 2016). 
Additionally, many substances, including drugs like MDMA (3,4-
Methylenedioxymethamphetamine), exhibit distinct absorption 
characteristics at specific THz frequencies, allowing for precise 
identification (Kawase, Ogawa, & Watanabe, 2003). 
The detection of MDMA, a synthetic drug that affects mood and 
perception, has become increasingly important in forensic and 
clinical settings due to its widespread abuse and potential health 
risks (Brown et al., 2003). Traditional methods of detecting 
MDMA, such as chemical analysis or blood testing, are invasive and 
time-consuming. In contrast, the use of THz-based sensing 
technology offers a non-invasive and rapid alternative for detecting 
MDMA in the human body (Balanis, 1997). 
In this context, the design of an efficient antenna capable of 
operating in the THz range is crucial for detecting MDMA. The 
resonant frequency of the antenna must align with the absorption 
peaks of MDMA to ensure accurate detection (Sharma et al., 2008). 
Research has shown that MDMA exhibits absorption peaks at 
approximately 1.4 THz and 1.8 THz, making this frequency range 
suitable for developing an antenna-based detection system (Kawase 
et al., 2003). 
Several studies have demonstrated the potential of microstrip patch 
antennas for various detection applications. For example, Kalra and 
Sidhu (2017a) proposed an MPA for detecting plastic explosives, 
while Saini et al. (2016) designed a textile-based MPA for TNT 
detection. The use of different substrate materials, such as denim 
and FR4, has been explored to optimize antenna performance in 
specific applications. These studies highlight the versatility of MPAs 
and their potential for detecting various substances, including drugs 
(Prince et al., 2017). 
This study aims to design and analyze a rectangular microstrip 
patch antenna optimized for detecting MDMA in the human body. 
The proposed antenna is designed to resonate at frequencies 
corresponding to MDMA's absorption peaks, specifically around 

1.3918 THz. The performance characteristics of the antenna, 
including resonant frequency, return loss, gain, voltage standing 
wave ratio (VSWR), and radiation pattern, are investigated to assess 
its suitability for MDMA detection. By leveraging electromagnetic 
simulation tools, the antenna's performance is optimized, and its 
potential for drug detection applications is evaluated (Sharma et al., 
2008). 
 
Materials and Methods 
This study outlines the comprehensive process for designing and 
optimizing a rectangular microstrip patch antenna (MPA) aimed at 
detecting 3,4-Methylenedioxy methamphetamine (MDMA) in the 
terahertz (THz) frequency range. The substrate material selected for 
the antenna was RT-Duroid 5880, chosen for its low dielectric loss 
and a relative permittivity (εr) of 2.2, which are essential 
characteristics for ensuring efficient THz radiation and minimal 
signal attenuation (Sharma, Dwivedi, & Singh, 2008) as shown in 
table 1. The substrate was 0.254 mm thick, contributing to the 
antenna's stability and effective impedance matching (Singh & 
Tripathi, 2011). Additionally, the material's dissipation factor was 
0.0009, further minimizing power loss and enhancing the 
performance of the antenna at high frequencies (Roy, Mom, & 
Igwue, 2011). 
The rectangular patch antenna design was carefully developed 
using standard microstrip patch antenna formulas, with 
dimensions optimized for resonating around 1.4 THz, which 
corresponds to the characteristic absorption peak of MDMA (Kalra 
& Sidhu, 2017a). The key dimensions of the patch included a width 
of 20 mm, a length of 15.5 mm, and a feed line width and length of 
2.8 mm and 16 mm, respectively. The inset feed technique was 
employed to optimize impedance matching, minimize return loss, 
and enhance antenna performance across the frequency range of 
interest (Bhalla & Bansal, 2013). In designing the patch geometry, 
the effective dielectric constant and extension length were 
calculated to fine-tune the actual length of the patch, ensuring the 
antenna resonates at the target frequency (Saini, Gill, Kuchroo, & 
Sidhu, 2016) as shown in figure 1. 
Antenna Parameter Calculations 
The fundamental design equations used to calculate the patch 
dimensions are based on the desired resonant frequency (f₀), the 
speed of light (c), and the relative permittivity (εr) of the substrate. 
These equations include: 
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Where: 
c is the speed of light in free space (3 × 10⁸ m/s), 
f₀ is the target resonant frequency (1.4 THz), 
εr is the relative permittivity of the substrate, 
h is the thickness of the substrate. 
To analyze and optimize the antenna design, simulations were 
performed using CST Microwave Studio, an industry-standard 
electromagnetic simulation tool as shown in figure 2. The 
simulation environment was set to emulate free-space conditions, 
and various performance metrics were assessed, including return 
loss (S11), gain, voltage standing wave ratio (VSWR), directivity, 
and radiation pattern. These metrics were used to evaluate the 
efficiency of the antenna, with a particular focus on return loss 
values below -10 dB and VSWR values close to 1, indicating optimal 
impedance matching and minimal signal reflection. The antenna's 
gain and directivity were also measured to ensure that it effectively 
concentrates radiation for enhanced MDMA detection as shown in 
figure 3. 
The antenna's sensitivity to MDMA was evaluated based on changes 
in resonance frequency and corresponding variations in return loss, 
gain, and VSWR when exposed to MDMA molecules as shown in 
figure 4. The detection capability of the antenna was confirmed 
through a resonance shift near the 1.4 THz absorbance peak of 
MDMA, demonstrating its potential for non-invasive, terahertz-
based drug detection. Although the current study was simulation-
based, future work will involve fabricating the antenna for 
experimental validation, with further exploration into dual-band 
designs to improve bandwidth and allow the detection of other 
substances as shown in figure 5. These detailed steps in materials 
selection, antenna design, and simulation provide a robust 
framework for utilizing microstrip patch antennas in the detection 
of illicit drugs using terahertz technology. 
 
Results  
The proposed rectangular microstrip patch antenna (MPA) was 
designed and simulated using CST Microwave Studio to evaluate its 
potential for detecting 3,4-Methylenedioxy methamphetamine 
(MDMA) in the human body. Various parameters including 
resonant frequency, return loss, gain, VSWR, and radiation pattern 
were analyzed to assess the antenna's effectiveness for drug 
detection applications (Kalra & Sidhu, 2017a). 
Resonant Frequency 

The designed MPA was optimized to resonate at specific 
frequencies that align with the absorption peak of MDMA. 
Simulation results show that the antenna exhibits a resonant 
frequency of 1.3918 THz, which is within the terahertz range 
suitable for MDMA detection. This frequency is close to the known 
absorption peaks of MDMA at 1.4 THz and 1.8 THz (Roy et al., 
2011; Saini et al., 2016), making it appropriate for detecting this 
substance in biological environments. This accurate alignment of 
the resonant frequency indicates that the antenna is highly sensitive 
to the presence of MDMA, enabling detection through the specific 
interaction of terahertz waves with the drug molecules (Sharma et 
al., 2008). 
Return Loss 
Return loss is a critical parameter that reflects how well the antenna 
is matched to the transmission line, with lower values indicating 
better matching. The simulation results demonstrate that the 
proposed antenna achieves a return loss of 41.136 dB at the resonant 
frequency of 1.3918 THz (Kalra & Sidhu, 2017a). This high return 
loss indicates an excellent impedance match between the antenna 
and the feed line, minimizing reflection and maximizing the power 
transferred to the radiating element. Compared to the reference 
antenna, which shows a return loss of 35.08 dB at 1.3946 THz 
(Singh & Tripathi, 2011), the proposed design exhibits a significant 
improvement in return loss. 
VSWR (Voltage Standing Wave Ratio) 
VSWR is another key indicator of how well the antenna is matched 
to the transmission line. Ideally, the VSWR value should be as close 
to 1 as possible. For the proposed antenna, the VSWR at the 
resonant frequency of 1.3918 THz is 1.0177 (Kalra & Sidhu, 2017b). 
This result confirms that the antenna has minimal power reflection 
and maximum power transfer, making it highly efficient in 
detecting MDMA. The VSWR value for the reference antenna at 
1.3946 THz was 1.0358, indicating that the proposed design offers 
better matching and performance (Saini et al., 2016) as shown in 
figure 7. 
Gain 
Antenna gain is a measure of how much power is radiated in the 
desired direction. The proposed rectangular MPA achieves a gain 
of 7.993 dBi at the resonant frequency of 1.3918 THz (Sharma et al., 
2008). Compared to the reference antenna with a gain of 6.201 dBi 
at the same frequency (Singh & Tripathi, 2011), the proposed design 
shows a significant improvement in gain. This higher gain makes 
the antenna more suitable for sensitive applications like drug 
detection, where focused and efficient radiation is necessary to 
enhance detection accuracy (Roy et al., 2011). 
Directivity 
The directivity of an antenna indicates how concentrated the 
radiated power is in a particular direction. The simulation results 
for the proposed antenna show a directivity of 7.993 dBi at the 
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resonant frequency (Saini et al., 2016). This high directivity ensures 
that the antenna efficiently directs its radiation towards the target 
(MDMA in this case), which enhances detection sensitivity. Higher 
directivity is directly related to better performance in detection 
applications (Sharma et al., 2008). 
Bandwidth 
The bandwidth of the proposed antenna, measured from the return 
loss curve, is 42.7 GHz within the frequency range of 1.371 to 1.4137 
THz (Kalra & Sidhu, 2017b). This wide bandwidth ensures that the 
antenna can operate effectively over a broad range of frequencies, 
allowing for flexibility in detecting not only MDMA but potentially 
other substances that exhibit absorption peaks within this 
frequency range (Roy et al., 2011). 
Radiation Pattern 
The radiation pattern of the antenna describes the angular 
distribution of radiated power. The proposed rectangular MPA 
demonstrates a highly directional radiation pattern with minimal 
side lobes (Sharma et al., 2008). The half-power beamwidth 
(HPBW) was found to be 78.6 degrees with side lobe levels at -19 
dB, which indicates that most of the radiated power is concentrated 
in the main lobe, enhancing the antenna's effectiveness for MDMA 
detection (Singh & Tripathi, 2011). 
 
Discussion 
The designed rectangular microstrip patch antenna (MPA) presents 
several advantageous characteristics for the detection of 3,4-
Methylenedioxy methamphetamine (MDMA) using terahertz 
(THz) frequency technology. The discussion of the results 
highlights the antenna's performance in relation to its application 
for drug detection and underscores areas for further improvement 
and potential practical implications. 
Resonant Frequency Alignment 
The resonant frequency of the proposed antenna was found to be 
1.3918 THz, which is in close proximity to the known absorption 
peaks of MDMA at 1.4 THz and 1.8 THz (Kalra & Sidhu, 2017a). 
This alignment is critical because detecting MDMA using 
electromagnetic waves in the THz range relies on resonant 
absorption where the antenna can interact efficiently with MDMA 
molecules (Kalra & Sidhu, 2017b). The close match between the 
designed antenna's resonant frequency and the drug's absorption 
spectrum suggests that the antenna is well-tuned for detecting 
MDMA, contributing to both sensitivity and selectivity in 
detection. The slight deviation from the exact 1.4 THz absorption 
peak might suggest room for fine-tuning in the design, but the 
proximity is within acceptable limits, allowing the antenna to still 
interact effectively with MDMA (Roy, Mom, & Igwue, 2011). 
Additionally, the broad bandwidth of the antenna ensures that it 
can encompass a range of frequencies, compensating for minor 

variations and ensuring robust detection capability (Saini, Gill, 
Kuchroo, & Sidhu, 2016). 
Return Loss and Impedance Matching 
Return loss is a key indicator of the efficiency of power transfer 
from the feedline to the antenna. With a return loss of 41.136 dB, 
the proposed antenna demonstrates an excellent impedance match, 
significantly improving its efficiency in radiation (Sharma, 
Dwivedi, & Singh, 2008). This value is notably higher than the 
return loss of 35.08 dB observed in the reference antenna (Singh & 
Tripathi, 2011), highlighting the optimization achieved in the 
design process. High return loss ensures that minimal energy is 
reflected back, allowing the maximum amount of power to be 
radiated by the antenna (Shah, 2022). For MDMA detection, this is 
particularly important as it ensures that sufficient energy is 
transmitted towards the target, improving the likelihood of accurate 
detection even at low concentrations of the substance. 
VSWR and Performance Efficiency 
The Voltage Standing Wave Ratio (VSWR) of 1.0177 at the 
resonant frequency reflects near-perfect impedance matching, 
further confirming the antenna’s efficient energy transfer (Vora, 
2015). A VSWR close to 1 indicates minimal power reflection and 
maximum power transmission, which is essential for the antenna’s 
performance in a practical detection environment. In comparison, 
the reference antenna exhibited a VSWR of 1.0358 (Albreem, 2015), 
showing that the proposed design has improved performance. This 
enhancement in VSWR ensures that the antenna will operate 
efficiently under varying environmental conditions and substrates 
(Eze, Sadiku, & Musa, 2018) as shown in figure 8. 
Gain and Directivity: Sensitivity and Detection Range 
The gain of the antenna, 7.993 dBi, represents a significant 
improvement over the reference design, which had a gain of 6.201 
dBi (Rappaport et al., 2019). Higher gain is crucial in applications 
where focused radiation is needed to enhance detection sensitivity, 
as in the case of MDMA detection (Hong et al., 2021) as shown in 
figure 9. By focusing more power in the desired direction, the 
proposed antenna improves its detection range and sensitivity, 
ensuring it can detect even low concentrations of MDMA in a 
biological sample. The directivity of the antenna, also measured at 
7.993 dBi, complements the gain by ensuring that the radiated 
energy is concentrated in a specific direction (Cisco & Internet, 
2020). This high directivity is particularly beneficial in 
environments where noise or interference could otherwise affect 
detection accuracy. 
Broadband Characteristics and Adaptability 
The proposed antenna exhibits a bandwidth of 42.7 GHz, which is 
relatively wide for an antenna operating at THz frequencies 
(Chataut & Akl, 2020). This wide bandwidth allows the antenna to 
operate effectively across a range of frequencies, ensuring it can 
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  Table 1. Design specifications of proposed antenna 

Antenna Specifications         Dimensions 
  Thickness of ground            0.3 µm 

   Width of ground            160 µm 

   Height of ground            136 µm 

   Thickness of substrate            4.00 µm 

   Width of substrate            160 µm 

   Height of substrate            136 µm 

   Thickness of patch            0.3 µm 

   Width of patch            82.7 µm 

   Height of patch            67.9 µm 

   Thickness of feed            0.3 µm 

   Width of feed            10.5 µm 

   Height of feed            52 µm 
 

 

Fig. 1.   Forward-facing view of the recommended antenna for MDMA   detection. 

 

 
 
Fig. 2.   Lateral view of the recommended antenna for MDMA   detection. 

 
 
Fig. 3.   Return loss of the suggested antenna. 
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Fig. 4.   Return loss of the suggested antenna considering muscle and blood. 

 

 
Fig. 5.   Return loss of the suggested antenna for  MDMA Detection 
 
 

 
Fig. 6.   VSWR of the proposed antenna 

 

 
Fig. 7.   VSWR of the proposed antenna considering muscle and blood. 
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Fig. 8.   VSWR of the suggested Antenna for MDMA Detection 

 

 
Fig. 9.   Directivity of the suggested antenna for MDMA detection. 
 

 
 
Fig. 10.   Gain of the suggested antenna for MDMA detection. 

 

 
Fig. 11.   Half Power Beam Width of the suggested antenna for MDMA detection. 
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detect not only MDMA but potentially other substances with 
similar absorption characteristics. The broadband nature of the 
antenna also allows for some flexibility in real-world applications, 
where slight frequency variations might occur due to 
environmental conditions or interaction with biological materials 
(Osseiran et al., 2014) as shown in figure 10 and 11. 
Radiation Pattern and Practical Implications 
The proposed antenna's directional radiation pattern, with a half-
power beamwidth (HPBW) of 78.6 degrees, ensures that the 
majority of the radiated energy is focused in a particular direction, 
reducing the risk of interference from surrounding environments 
(Kemp, 2022). The side lobe level of -19 dB further minimizes 
energy loss in undesired directions, which is crucial for enhancing 
detection precision (Yan et al., 2014). 
 
Future Improvements and Considerations 
While the proposed antenna shows excellent potential for MDMA 
detection, further improvements could be explored. For instance, 
fine-tuning the resonant frequency even closer to 1.4 THz could 
improve the antenna's interaction with MDMA, further enhancing 
sensitivity. Additionally, experimental validation in real-world 
scenarios involving biological samples is needed to confirm the 
antenna’s performance beyond simulations (Su et al., 2018). 
Material selection for the antenna could also be optimized to 
improve its interaction with biological tissues, especially since THz 
waves tend to be absorbed by water molecules (Bazhenov, Soskin, 
& Vasnetsov, 1992). Investigating materials that minimize this 
absorption while maintaining efficiency could further enhance the 
antenna’s practical use in clinical or forensic drug detection 
(Beijersbergen, Coerwinkel, Kristensen, & Woerdman, 2016). 
 
Conclusion 
The proposed rectangular microstrip patch antenna, designed for 
MDMA detection in the terahertz (THz) frequency range, 
demonstrates excellent performance. With a resonant frequency of 
1.3918 THz, closely aligned to MDMA's absorption peak, and a high 
gain of 7.993 dBi, the antenna shows enhanced sensitivity and 
precision. The impressive return loss of 41.136 dB and VSWR of 
1.0177 indicate efficient impedance matching, ensuring optimal 
power transfer. The antenna’s directional radiation pattern and 
wide bandwidth of 42.7 GHz further improve its detection 
capabilities, allowing for robust performance across various 
environments. These features make it a promising candidate for 
non-invasive MDMA detection, particularly in forensic or clinical 
settings. Future research will focus on fine-tuning the design and 
validating its efficacy in real-world applications, potentially 
expanding its utility in drug detection systems. 
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