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Abstract 

Designing the multiband antenna presented considerable challenges, requiring meticulous optimization to ensure consistent 

performance across multiple frequency ranges. This research introduces an innovative rectangular microstrip patch antenna 

(RMPA) that operates as a hexa-band in the terahertz (THz) frequency spectrum. The antenna's compact physical dimensions are 

56×64×3.3 µm³, and it is constructed using a Quartz (Fused) substrate with a dielectric constant (𝜀𝑟) of 3.75. The radiating patch 

and ground plane layers are made from copper. This antenna resonates at six distinct frequencies: 2.87 THz, 3.98 THz, 5.71 THz, 

7.42 THz, 8.63 THz, and 9.49 THz. The bandwidths are 140 GHz, 130 GHz, 880 GHz, 310 GHz, 680 GHz, and 530 GHz; the 

efficiencies are 76.26%, 75.38%, 85.95%, 78.53%, 84.24%, and 78.62%; and gains are at 5.71 dBi, 5.46 dBi, 8.41 dBi, 7.41 dBi, 

7.74 dBi, and 6.29 dBi at resonance frequency, respectively. Simulations performed using Computer Simulation Technology 

(CST) Software (version 2019) confirm the antenna’s high efficiency and gain. With its flexible design and verified performance, 

this antenna is well-suited for a wide range of wireless applications, including radar, space science, sensing, and high-speed 

communication. 
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1. Introduction 

The number of users and services in wireless communica-

tion is projected to increase significantly in response to 

growing consumer demand [1]. This surge in demand is 

driven by the expanding use of wireless technologies in eve-

ryday life, ranging from personal communication devices to 

interconnected systems in smart cities, industrial automation, 

and the Internet of Things (IoT). As a result, the current 

wireless infrastructure faces mounting pressure to accom-

modate more users and provide higher-quality services. To 

meet these demands, exploring and utilizing higher frequen-

cies within the microwave spectrum is essential, allowing for 

faster data transmission and reduced latency [2]. Future gen-

erations of wireless communication, including 5G, 6G, and 

beyond, are expected to require data transmission speeds 

between 10 and 100 Gbps. These high speeds are necessary 

not only for consumer applications but also for mis-

sion-critical services like autonomous vehicles, telemedicine, 

and augmented/virtual reality systems, where low latency and 
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high reliability are crucial. The THz band is emerging as a 

vital spectrum for achieving such high data transmission rates. 

The THz band spans frequencies from 100 GHz to 10 THz, 

situated between the microwave and mid-infrared regions of 

the electromagnetic spectrum [3]. In the realm of electronics, 

THz waves are being utilized in Wireless Network-on-Chip 

(WNoC) systems, which enable ultra-fast communication 

between integrated circuits within a chip [4]. This could rev-

olutionize processor design by improving data transfer speeds 

and reducing energy consumption. Beyond communication, 

the unique properties of THz waves open the door to a wide 

range of applications. One of the primary advantages of the 

THz band is its ability to combine the benefits of both light 

waves and mm waves, offering higher transmission speeds, 

very high spatial resolution, and wider bandwidth. These 

features make the THz band ideal for a variety of emerging 

technologies. In agriculture, for example, THz waves are 

being explored for non-invasive quality control, such as de-

tecting water content and analyzing the internal structure of 

crops and plants [5]. Additionally, the medical and biological 

fields are exploring THz waves for high-resolution imaging 

and sensing, allowing for more precise diagnoses and moni-

toring of biological processes [6]. Furthermore, THz waves 

are used in material characterization, particularly in detecting 

defects and structural inconsistencies in metals, making them 

valuable for quality assurance in industries like aerospace and 

manufacturing [7]. To fully exploit the potential of the THz 

band, specialized antennas capable of operating at these fre-

quencies are crucial. Miniaturized antennas designed to 

transmit and receive at high data rates with broad bandwidth, 

low transmission power, and high spatial resolution are es-

sential for THz communication systems [8]. Numerous types 

of antennas have been developed to meet the specific re-

quirements of THz applications, including wideband horn 

antennas [9], leaky-wave antennas [10], Yagi-Uda antennas 

[11], bow-tie antennas [12], log-periodic antennas [13], and 

Micro-Electro-Mechanical Systems (MEMS) antennas [14]. 

Each of these antenna types has unique strengths and weak-

nesses, depending on the application. For example, wideband 

horn antennas are known for their wide frequency range, 

while Yagi-Uda antennas are valued for their high gain and 

directionality. However, THz antennas are still associated 

with several challenges despite these advancements. One 

major issue is signal absorption during transmission, which 

can significantly reduce the effective range of THz commu-

nication systems. Additionally, the small size of THz antennas 

introduces fabrication challenges, leading to difficulties in 

achieving high precision and low losses during operation. 

Furthermore, the complex designs required to operate effi-

ciently at higher frequencies often result in increased fabri-

cation costs and reduced performance consistency. The per-

formance of THz antennas, particularly in terms of gain and 

bandwidth, directly impacts the overall system quality, mak-

ing it crucial to address these challenges in antenna design 

[15]. To address these challenges, designing microstrip patch 

antennas (MPAs) with wide bandwidth, high gain, and 

structural simplicity is crucial. MPAs are ideal for THz ap-

plications due to their compact size, ease of fabrication, and 

support for multiple frequency bands with minimal complex-

ity. Optimizing MPA designs enhances the performance of 

THz communication systems, increasing efficiency and reli-

ability. The triple-band design is particularly beneficial in 

wireless networks, as it allows a single antenna element to 

operate at multiple frequencies, reducing system complexity 

and cost. This capability is essential for 6G networks, which 

need antennas supporting high data rates and capacities for 

diverse applications [16]. Several research studies have fo-

cused on developing single- and triple-band MPAs for THz 

wireless communication. For instance, in [17], a compact 

antenna designed for the THz band is proposed. Although this 

antenna exhibits lower gain and return loss compared to other 

designs, it offers a wide bandwidth, making it suitable for 

specific applications where bandwidth is prioritized over 

other performance metrics. In studies [18, 19], the designed 

antennas have demonstrated strong performance across all 

key parameters, including gain, bandwidth, and return loss, 

showing promise for use in high-performance THz commu-

nication systems. These advancements highlight the ongoing 

efforts to optimize MPA designs to meet the demanding re-

quirements of THz applications. 

Table 1. Comparison of Terahertz Antenna Types. 

Antenna Type Advantages Disadvantages 
Suitability for Com-

pact THz Systems 

Horn Antenna 

1) High gain 

2) Wide bandwidth 

3) - Low side lobes 

1) Bulky and rigid 

2) Not suitable for integration in compact devices 
Low 

Yagi-Uda Antenna 

1) Directional radiation 

2) High gain 

3) - Simple structure 

1) Large size at THz frequencies 

2) Limited multiband capability 
Low 

MEMS Antenna 1) Reconfigurable 1) Complex and expensive fabrication Moderate 
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Antenna Type Advantages Disadvantages 
Suitability for Com-

pact THz Systems 

2) Lightweight 

3) - Integratable with ICs 

2) Fragile structure 

Microstrip Patch Antenna 

1) Compact and planar 

2) Easy to fabricate 

3) Multiband operation 

4) Cost-effective 

1) Lower gain than a horn 

2) Narrow bandwidth (typically, but improved here) 
High 

 

This study investigates the performance of an RMPA op-

erating in the THz spectrum. The antenna measures 56×64 

µm² and utilizes coaxial feeding with 50 Ω impedance 

matching. The RMPA exhibits significant return losses of 

-12.44 dB, -21.76 dB, -32.36 dB, -28.59 dB, -33.06 dB, and 

-24.34 dB at frequencies of 2.87 THz, 3.98 THz, 5.71 THz, 

7.42 THz, 8.63 THz, and 9.49 THz, respectively. It also 

achieves impressive gains of 5.71 dBi, 5.46 dBi, 8.41 dBi, 

7.41 dBi, 7.74 dBi, and 6.29 dBi at the corresponding resonant 

frequencies, demonstrating high bandwidth, efficiency, and 

gain. 

2. Methodology 

The initial design of the proposed RMPA was designed 

using CST Studio Software. In CST, we used open (add space) 

boundary conditions on all sides, a tetrahedral mesh type with 

local refinement, the frequency domain solver, and a wave-

guide port. The simulation ran over 30 adaptive steps. The 

proposed antenna construction involved attaching a coaxial 

probe with a 50Ω connector at the end of the feed lines to 

enable excitation. This preliminary design is based on the 

mathematical equations provided below [20, 21]. The formula 

used to calculate the width (W) of the microstrip patch an-

tenna has been derived from: 

𝑤 =
𝑐

2𝑓𝑟
√

2

∈𝑟+1 
                 (1) 

Where c denotes the speed of light in a vacuum, fr repre-

sents the resonant frequency, and εr indicates the effective 

dielectric constant of the substrate. The formula used to cal-

culate the length (L) of a microstrip patch antenna is ex-

pressed as follows: 

𝐿 =
𝐶

2𝑓𝑟√∈𝑒𝑓𝑓
 - 2∆L                (2) 

The formula for calculating the extension length (ΔL) for a 

microstrip patch antenna is: 

∆𝐿 = 0.412(ℎ)
(∈𝑒𝑓𝑓+0.3)(

𝑤

ℎ
+0.264)

(∈𝑒𝑓𝑓−0.258)(
𝑤

ℎ
+0.8)

L       (3) 

The formula to calculate (εeff) for a microstrip transmission 

line is given by: 

∈𝑒𝑓𝑓=
∈𝑟+1

2
+

∈𝑟−1

2

1

√1+12(
𝑤

ℎ
)
         (4) 

Where h = dielectric substrate thickness and W = microstrip 

line width. 

2.1. Design Steps 

In the initial design stage (Design 1), the antenna was con-

structed using a basic rectangular microstrip patch without 

any slots. The ground plane dimensions were set to 56 µm × 

64 µm, while the radiating patch had a width of 36 µm, length 

of 24 µm, and a thickness of 1 µm. The substrate material was 

quartz with a thickness of 3.3 µm and a relative dielectric 

constant (εr) of 3.75. A coaxial probe feed with 50 Ω im-

pedance was applied to excite the antenna. This base design 

served as a reference for further optimization through the 

introduction of a circular slot, which significantly improved 

multiband resonance and impedance matching. 

 
Figure 1. Design steps of the RMPA. 
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Figure 2. S11 for various designs. 

To enhance the antenna's performance, especially its 

bandwidth and resonance characteristics, a circular slot is 

added to the center of the patch in the final design. This 

modification creates additional current paths and alters the 

effective dielectric environment, leading to better impedance 

matching and multiple resonances. The S11 response indicates 

that the final design (represented solid line) achieves deeper 

and broader resonances compared to the initial design (shown 

by the red dashed line), signifying improved bandwidth and 

return loss performance. This optimization illustrates the 

effectiveness of slot loading in fine-tuning and enhancing the 

characteristics of microstrip antennas for advanced wireless 

communication applications. 

2.2. Parametric Analysis 

This section explores the outcomes of the parametric study, 

focusing on how various factors influence the antenna's per-

formance. In particular, it examines the effects of different 

substrate materials, variations in substrate thickness, feed 

widths and circle radius on the antenna's performance. The 

study provides key insights into optimizing antenna design for 

improved functionality by analyzing these parameters. The 

results highlight the importance of selecting appropriate ma-

terials, substrate thicknesses, feed width, and radius of circle 

to achieve optimal performance across the intended frequency 

ranges. 

2.2.1. Changes in Substrate Thicknesses 

This section of the study analyses the impact of varying 

substrate thicknesses on the antenna's performance. Thick-

nesses of 3.0 µm, 3.3 µm, and 4.5 µm were appropriate to 

evaluate their influence on return loss and overall effective-

ness. The results are depicted in Figure 3, with the data out-

lined in Table 2. The analysis shows that the antenna per-

formed best with a substrate thickness of 3.3 µm, achieving 

the lowest return loss, which signifies reduced signal reflec-

tion and improved efficiency. These results underscore the 

importance of selecting the appropriate substrate thickness to 

enhance antenna performance, particularly in minimizing 

return loss and optimizing signal transmission. 

 
Figure 3. S11 for different substrate thicknesses. 

Table 2. Comparison table for different substrate thicknesses. 

Substrate thickness (µm) Resonance frequency (THz) Return loss (dB) 

3.0 2.9, 4.02, 5.24, 7.48, 8.7, 9.59 -11.9, -27.2, -35.58, -20.75, -26.27, -20.39 

3.3 2.87, 3.98, 5.71, 7.41, 8.63, 9.49 -12.45, -21.76, -32.36, -28.86, -33.67, -24.34 

4.5 2.78, 3.83, 5.53, 7.19, 9 -15.43, -15.74, -39.71, -25.2, -28.66 
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2.2.2. Changes in Substrate Materials 

This section examines the effects of different substrate 

materials on the antenna's performance, specifically evaluat-

ing Rogers RT5880, FR-4, and Quartz. 

 
Figure 4. S11 for various substrate materials. 

These materials were tested to determine their impact on 

return loss and overall performance. Each substrate material 

has distinct electrical and mechanical properties influencing 

signal propagation and antenna behavior. The results are 

visually represented in Figure 4, with detailed performance 

data summarized in Table 3. The analysis showed that Quartz 

provided the best performance, yielding the lowest return loss, 

which indicates better impedance matching and enhanced 

signal transmission. These findings emphasize the critical role 

of substrate material selection in antenna design, demon-

strating its potential to improve functionality and overall 

performance. 

2.2.3. Effect of Feed Line Width on Antenna 

Performance 

This section analyzes the influence of varying feed line 

widths on the antenna’s return loss and resonant characteris-

tics. Three feed widths, 1 µm, 2.5 µm, and 4 µm, were ex-

amined to assess their effect on impedance matching and 

multiband behavior. As illustrated in Figure 5 and detailed in 

Table 4, the feed line width of 2.5 µm yields the most favor-

able results, exhibiting strong return loss across six distinct 

resonant frequencies. In contrast, the narrower feed (1 µm) 

leads to suboptimal impedance matching and weaker return 

loss at certain bands, while the wider feed (4 µm) results in a 

decreased number of resonant modes. These findings high-

light the critical role of feed line optimization in achieving 

efficient multiband performance. 

Table 3. Comparison table for various substrate materials. 

Substrate materials Resonance frequency (THz) Return loss (dB) 

Quartz 2.87, 3.98, 5.71, 7.41, 8.63, 9.49 -12.45, -21.76, -32.36, -28.86, -33.67,-24.34 

FR-4 2.68, 3.73, 5.31, 6.92 -17.98, -16.84, -27.28,-19.1 

Rogers RT5880 3.64, 7.29, 9.24 -15.89, -33.94, -16.83 

 

 
Figure 5. S11 for the various feed widths. 

2.2.4. Influence of Circular Slot Radius on Resonant 

Characteristics 

The radius of the circular slot introduced in the patch sig-

nificantly influences the antenna’s resonant behavior by 

modifying current distribution and electromagnetic coupling. 

Slot radii of 1.6 µm, 3.3 µm, and 3.5 µm were investigated to 

evaluate their effect on return loss. The results, presented in 

Figure 6 and summarized in Table 5, indicate that a radius of 

3.3 µm offers the most favorable performance, producing six 

distinct resonant frequencies with deeper return loss values, 

signifying improved impedance matching. In comparison, the 

smaller radius (1.6 µm) resulted in fewer resonances with 

higher reflection levels, while the larger radius (3.5 µm) 

caused slight frequency shifts and reduced performance, par-

ticularly at higher frequency bands. 
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Table 4. Comparison table for various feed widths. 

Feed width (µm) Resonance frequency (THz) Return Loss (dB) 

1 2.84, 3.98, 5.19, 7.38, 8.59, 9.44 -19.11, -14.33, -19.98, -23.89, -20.15,-25.11 

2.5 2.87, 3.98, 5.71, 7.41, 8.63, 9.49 -12.45, -21.76, -32.36, -28.86, -33.67, -24.34 

4 3.99, 5.25, 7.46, 8.68 -35.96, -21.83, -19.12,-19.97 

Table 5. Comparison table for various radius of circles. 

Circle radius (µm) Resonance frequency (THz) Return Loss (dB) 

1.6 2.90, 3.95, 5.67, 7.33 -13.07, -20.21, -25.54, -17.39, 

3.3 2.87, 3.98, 5.71, 7.41, 8.63, 9.49 -12.45, -21.76, -32.36, -28.86, -33.67, -24.34 

3.5 2.87, 3.99, 5.71, 7.44 -12.33, -22.37, -25.86, -30.73 

 

 
Figure 6. S11 for the different radius of the circle. 

2.3. Proposed Antenna 

This section investigated a circular split rectangular mi-

crostrip patch antenna, operating in the 2.5 to 10 THz range 

for Terahertz applications. Copper was used as the conductive 

and ground material, with a quartz substrate to enhance effi-

ciency and bandwidth. This design and material choice opti-

mized the antenna's functionality across the specified fre-

quency range. The parameters of the designed RMPA are 

shown in Table 6, and the dimensions are shown in Figure 7 (a, 

b). 

 

 
Figure 7. Figure Proposed RMPA with dimensions: (a) Front view; 

(b) Perspective view. 
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Table 6. Dimensions of the designed RMPA. 

Parameter Value (µm) 

W 56 

L 64 

Wf 2.5 

Lf 20 

Ws 36 

Ls 24 

R 3.3 

Tp 1 

Ts 3.3 

∈r 3.75 

3. Results 

This section describes the development and testing of the 

antenna utilizing CST Microwave Studio v2019, focusing 

particularly on the simulation results. The antenna's perfor-

mance is assessed using several key parameters, including 

return loss, Voltage Standing Wave Ratio (VSWR), efficiency, 

bandwidth, 3D radiation patterns, and antenna gain. 

3.1. Return Loss (S11) 

 
Figure 8. Simulated return loss (S11 in dB) of the proposed RMPA 

across the six resonant frequencies. 

The simulation results for the proposed RMPA demonstrate 

return loss at six resonant frequencies: 2.87 THz, 3.98 THz, 

5.71 THz, 7.42 THz, 8.63 THz, and 9.49 THz. The corre-

sponding bandwidths for these frequencies are 0.14 THz, 0.13 

THz, 0.88 THz, 0.31 THz, 0.68 THz, and 0.53 THz, as illus-

trated in Figure 8. The return loss values at these resonant 

frequencies are -12.44 dB, -21.76 dB, -32.36 dB, -28.59 dB, 

-33.06 dB, and -24.34 dB, respectively. These results confirm 

excellent impedance matching, particularly at higher fre-

quencies, and validate the antenna’s ability to operate effi-

ciently across a wide range of THz bands. 

 
Figure 9. Radiation efficiency (%) of the proposed RMPA at each 

resonant frequency. 

3.2. Efficiency 

The simulation results for the proposed RMPA indicate that 

the efficiency at the resonant frequencies is recorded at 

76.26%, 75.38%, 85.95%, 78.53%, 84.24%, and 78.62% at 

frequencies of 2.87 THz, 3.98 THz, 5.71 THz, 7.42 THz, 8.63 

THz, and 9.49 THz, respectively, as shown in Figure 9. These 

values demonstrate a diverse range of efficiency performance 

across the various resonant frequencies, highlighting the an-

tenna's ability to maintain effective efficiency in different 

frequency bands. Notably, the higher efficiencies observed at 

frequencies of 5.71 THz and 8.63 THz, such as 85.95% and 

84.24%, suggest that the antenna can provide strong signal 

strength, making it well-suited for applications requiring 

reliable performance across multiple frequency ranges. 

3.3. Vswr 

The VSWR is a critical parameter that reflects how effi-

ciently power is transmitted from the feed line to the antenna. 

Ideally, a VSWR value close to 1 indicates minimal reflection 

and optimal power transfer. The simulated VSWR values for 

the proposed RMPA at the six resonant frequencies 2.87 THz, 

3.98 THz, 5.71 THz, 7.42 THz, 8.63 THz, and 9.49 THz are 

1.63, 1.18, 1.05, 1.08, 1.05, and 1.13, respectively, as illus-

trated in Figure 10. All values are below the industry-accepted 

threshold of 2.0, confirming excellent impedance matching 

across all operating bands. These results affirm that the pro-
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posed antenna design efficiently radiates power with minimal 

signal reflection, making it suitable for high-frequency THz 

systems. 

 
Figure 10. VSWR of the proposed RMPA. 

3.4. Directivity 

 
Figure 11. Directivity (in dBi) of the proposed RMPA at the six 

resonant frequencies. 

The Directivity measures the antenna's ability to focus en-

ergy in a specific direction when compared to an isotropic 

radiator. High directivity is essential for targeted transmission 

and reception in THz applications such as radar and sensing. 

The simulated directivity values for the proposed RMPA at 

the resonant frequencies are 6.73 dBi (2.87 THz), 6.65 dBi 

(3.98 THz), 9.06 dBi (5.71 THz), 8.46 dBi (7.42 THz), 8.48 

dBi (8.63 THz), and 7.32 dBi (9.49 THz), as shown in Figure 

11. These values demonstrate strong directional radiation 

patterns, especially at higher frequency bands. The high di-

rectivity enhances system performance by improving spatial 

resolution and reducing interference from undesired direc-

tions, thereby confirming the antenna's potential for 

high-resolution THz imaging and detection systems. 

3.5. Gain 

The simulation results for the proposed RMPA indicate that 

the gain at the resonant frequencies 2.87 THz, 3.98 THz, 5.71 

THz, 7.42 THz, 8.63 THz, and 9.49 THz is measured at 5.71 

dBi, 5.46 dBi, 8.41 dBi, 7.41 dBi, 7.74 dBi, and 6.29 dBi, 

respectively, given in Figure 12. These values exhibit a varied 

range of gain performance across the different resonant fre-

quencies, demonstrating the antenna's ability to maintain 

effective gain across multiple frequency bands. Notably, the 

higher gains observed at frequencies such as 8.41 dBi and 

7.74 dBi suggest that the antenna can provide strong signal 

strength, making it well-suited for applications requiring 

reliable performance across diverse frequency ranges. 

 
Figure 12. Gain (in dBi) of the proposed RMPA. 

3.6. 3D Radiation Pattern 

The radiation pattern of the proposed patch antenna at fre-

quencies of 2.87 THz, 3.98 THz, 5.71 THz, 7.42 THz, 8.63 THz, 

and 9.49 THz is depicted in Figure 13(a, b, c, d, e, f). These 

figures showcase both the 3D radiation patterns, with the anten-

na's structure incorporated into the 3D representation for en-

hanced clarity. This visualization indicates that the emitted 

power is primarily directed vertically, leading to an increase in 

gain. Additionally, two smaller lobes are present on either side, 

exhibiting significantly lower power levels. 
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Figure 13. 3D radiation patterns of the proposed RMPA at resonant frequencies: (a) 2.87 THz, (b) 3.98 THz, (c) 5.71 THz, (d) 7.42 THz, (e) 

8.63 THz, and (f) 9.49 THz. 
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3.7. Surface Current 

The surface current distribution provides critical insight 

into how electromagnetic energy propagates and radiates 

across the antenna structure. Figure 14 presents the simulated 

surface current distributions of the proposed RMPA at its six 

resonant frequencies. At each frequency 2.87 THz, 3.98 THz, 

5.71 THz, 7.42 THz, 8.63 THz, and 9.49 THz, the current is 

observed to be concentrated primarily around the edges of the 

patch and near the slot regions. These concentrated regions 

indicate strong radiating zones, contributing to the multiband 

operation of the antenna. The variation in current intensity and 

distribution across different frequencies highlights the effec-

tiveness of the slot-loaded design in supporting multiple 

resonant modes. This analysis validates the antenna's struc-

tural design and confirms its suitability for efficient multiband 

THz radiation. 
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Figure 14. Surface current distribution of the proposed RMPA at resonant frequencies: (a) 2.87 THz, (b) 3.98 THz, (c) 5.71 THz, (d) 7.42 

THz, (e) 8.63 THz, and (f) 9.49 THz. 

Table 7. The overall results of the designed hexa-band RMPA. 

Frequency (THz) S11 (dB) Bandwidth (GHz) Gain (dBi) Directivity (dBi) VSWR Efficiency (%) 

2.87 -12.44 140 5.71 6.73 1.63 76.26 

3.98 -21.76 130 5.46 6.65 1.18 75.38 

5.71 -32.36 880 8.41 9.06 1.05 85.95 

7.42 -28.59 310 7.41 8.46 1.08 78.53 

8.63 -33.06 680 7.74 8.48 1.05 84.24 

9.49 -24.34 530 6.29 7.32 1.13 78.62 

4. Discussion 

The proposed RMPA outperforms the other antennas in Table 8 by offering a more compact design (56 × 64 µm²), while 

supporting six distinct frequency bands, compared to the one or two bands in most references. 

Table 8. Comparison with recent work. 

Ref. Size (µm
2
) S11 (dB) No. of bands Efficiency 

Band-

width 

(GHz) 

Gain 

(dBi) 
VSWR Fabrication complexity Year 

[22] 56.8×66.8 

-19.30 

3 - 

140 6.1 

- Precise fabrication risk 2021 -29.20 700 6.3 

-22.50 410 6.8 

[23] 190 ×130 -27.70 1 98.38% 10.4 - - 
Advanced material (gra-

phene), high cost 
2022 

[24] 300 ×300 -16.00 1 80% 415 5.87 - Larger size, high cost, and 2022 
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Ref. Size (µm
2
) S11 (dB) No. of bands Efficiency 

Band-

width 

(GHz) 

Gain 

(dBi) 
VSWR Fabrication complexity Year 

precise fabrication risk 

[25] 1000×1200 
-16.19 

2 - 
9.53 5.17 

- 
Larger size, high cost, 

complex design 
2024 

-24.27 24.19 3.19 

Pro-

posed 
56×64 

-12.44 

6 

76.26% 140 5.71 1.63 

Compact size, conventional 

material, simple design 
- 

-21.76 75.38% 130 5.46 1.18 

-32.36 85.95% 880 8.41 1.05 

-28.59 78.53% 310 7.41 1.08 

-33.06 84.24% 680 7.74 1.05 

-24.34 78.62% 530 6.29 1.13 

 

It delivers superior bandwidth, with a peak of 880 GHz, sig-

nificantly higher than the others, and achieves excellent return 

loss (S11 = -33.06 dB), indicating better impedance matching. 

Additionally, the RMPA demonstrates higher gain, reaching 

8.41 dBi, surpassing the gain of other antennas. These ad-

vantages make it highly suitable for modern communication 

systems, where space-saving, wideband, and high-performance 

antennas are essential for efficient and reliable operation. The 

proposed design is feasible for fabrication using current micro 

fabrication technologies. The antenna's simple single-layer 

structure, standard materials (copper and quartz), and coaxial 

feeding reduce manufacturing complexity. Its compact size can 

be reliably fabricated using standard photolithography or elec-

tron-beam lithography, which provide the necessary precision at 

the micrometer scale. This makes the design both cost-effective 

and practical for THz applications. 

5. Application Suitability: Radar and 

Remote Sensing 

Among the wide range of THz applications, radar and 

remote sensing systems demand antennas with high gain 

(typically >6 dBi), wide bandwidth for enhanced range 

resolution, and stable radiation patterns for accurate de-

tection. The proposed RMPA meets these criteria by 

providing gains up to 8.41 dBi, bandwidths as wide as 880 

GHz, and high efficiency (>75%) across all resonant bands. 

These characteristics ensure high spatial resolution, better 

signal-to-noise ratio, and reliable detection capability, 

which are critical for terahertz imaging and environmental 

monitoring. The compact size also makes the antenna 

suitable for integration into portable or chip-scale sensing 

systems. Therefore, the proposed design is particularly 

well-suited for high-resolution THz radar and remote 

sensing applications. These are critical for terahertz im-

aging and environmental monitoring. The compact size 

also makes the antenna suitable for integration into porta-

ble or chip-scale sensing systems. Therefore, the proposed 

design is particularly well-suited for high-resolution THz 

radar and remote sensing applications [26]. 

6. Conclusions 

In this study, a compact rectangular microstrip patch 

antenna (RMPA) was designed and evaluated for terahertz 

(THz) applications. The proposed antenna demonstrates 

strong performance across six distinct resonant frequencies, 

offering high gain (up to 8.41 dBi), wide bandwidth (up to 

880 GHz), and efficient operation (up to 85.95%). Addi-

tionally, the antenna exhibits favorable VSWR values (all 

below 2), low return loss, and consistent radiation charac-

teristics across bands. The design also addresses typical 

THz fabrication challenges through its simple single-layer 

structure, use of standard materials, and compact footprint, 

enhancing its feasibility for manufacturing. While the an-

tenna shows promising characteristics for THz systems 

such as radar, remote sensing, and spectroscopy, future 

experimental validation is recommended to confirm re-

al-world applicability. 

7. Future Work 

To strengthen the practical relevance of the proposed 

RMPA, future research will focus on several key areas. First, 

experimental fabrication and measurement of the antenna 

using micro-fabrication techniques will be conducted to val-

idate simulation results. This includes evaluating perfor-

mance metrics such as gain, bandwidth, and return loss in a 

real-world THz testing environment. Second, further optimi-

zation of the antenna geometry and feeding techniques will be 
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explored to enhance multi-band performance, minimize 

losses, and improve radiation efficiency. Finally, the use of 

advanced materials such as graphene, metamaterials, or 

flexible substrates will be investigated to enable tunability, 

reduce size further, and expand the range of THz applications. 

These developments aim to make the antenna more adaptable 

for integration into next-generation terahertz systems. 
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