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This study introduces a novel microwave power transmission method designed to wirelessly power electronic devices, 
addressing the issues associated with energy storage and wired power sources. The antenna, fabricated using Roger’s 
RT/5880 substrate measuring 50 × 50 × 1.575 mm, functions within the 3.4 – 3.6 GHz C-band frequency range. The design 
has been tuned for a broad response and improved axial ratio, resonating throughout a bandwidth of 3.2 – 6.2 GHz, 
appropriate for WLAN, WiMAX, and 5G applications, with an average gain of 5 dBi. A technique for enhancing the gain of 
the monopole antenna was employed, utilizing a single-layer 4 × 4 metallic Frequency Selective Surface (FSS) reflector, 
which produced a band-stop filter response throughout a frequency range of 0.5 – 7 GHz and attained an antenna gain of 10 
dB. Additionally, a rectifier circuit was incorporated to enhance power conversion efficiency and output voltage, employing 
SMD-Schottky diode type HSMS-2850-TR1 components that optimize the design and minimize its size. The rectifier circuit 
demonstrates an efficiency of 64.5% at an input power of 12 dBm with a 2 kΩ resistive load, producing a maximum voltage 
of 3.5 V with an input power of 13 dBm and a 10 kΩ load. This design enables the rectenna to operate efficiently in diverse 
contexts, providing a Power Dynamic Range (PDR) of (−30 to 30) dBm, ensuring a reliable power supply for devices even 
in low-power conditions. This technique is ideally suited for energizing a range of wireless sensors and other IoT 
applications 

Keywords: 5G Communications, Energy harvesting, FSS reflector, MP antenna, Rectifier circuit 

Introduction  
Analog voice communication marked the 

beginning of the first generation of mobile 
communication in the 1980s.(1) By introducing digital 
voice and SMS text messaging, the second-generation 
enhanced network capacity and voice quality.2 The 
third-generation brought internet and mobile data 
access.3 While the fourth-generation improved 
network capabilities with high-speed internet and 
LTE.4 For upcoming technologies, the fifth generation 
(5G) is anticipated to offer high speed, low latency, 
and large band up to 20 Gbps.5 Power generation has 
been transformed by 5G mobile communications, 
offering high-frequency millimetre waves and 
massive MIMO Multiple Input, Multiple Output 
technology.6 Which convert ambient wireless radio 
frequency energy into DC voltage. In order to support 
the IoT concept, this technology is essential for 

energizing low-power devices like wearables and IoT 
sensors. It allows sensor deployments at distant 
places, decreases replacement cycles, and increases 
device battery life. 5G wireless energy harvesting 
offers low environmental impact and energy 
efficiency, which promotes the development of green 
technologies.7 

Because of their small size, low profile, and 
simplicity of integration with electronic circuits, 
Microstrip Patch (MP) antennas are essential in 
wireless communication systems. Radar systems, 
satellite communications, and mobile devices 
all use them.8 In RF energy harvesting, MP antennas 
are anticipated to be crucial because they effectively 
capture ambient radio frequency signals and 
transform them into DC power for low-energy 
devices. They are perfect for creating battery-free, self-
sustaining devices in remote areas because of their 
high efficiency and wideband capabilities, which 
also save maintenance costs and increase system 
reliability.9,10
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By integrating the FSS layer for RF energy 
harvesting, this work seeks to enhance the performance 
evaluation of a square MP antenna design. By 
improving the antenna's efficiency, gain, and 
bandwidth, the study seeks to fill a major research gap. 
In order to increase the antenna's efficiency and 
adaptability under varied wireless settings, the study 
will make use of sophisticated modeling tools and 
design approaches. To the knowledge of the authors, a 
few studies have been conducted on the impact of 
feeding techniques, FSS designs, and substrate 
materials on overall MPA performance. In addition to 
creating 5G technologies, the project intends to scale 
these concepts for broader applications in the 
commercial, academic, and (ISM) domains. Through 
improved impedance matching and radiation 
efficiency, the design is crucial for raising the 
effectiveness and dependability of RF energy 
harvesting. Effective at manipulating Radio Frequency 
(RF) transmissions, Frequency Selective Surfaces 
(FSSs) are conductive structures on dielectric 
substrates that filter and control electromagnetic waves 
at partial frequencies. They are essential components 
for modern communication systems.11 In 5G, RF 
energy harvesting can be greatly improved by 
integrating FSS with MP antennas. Because periodic 
patterns resonate at particular frequencies, the antenna's 
performance can be greatly enhanced by concentrating 
and directing incident radio frequency energy.12 

Compact and portable appliances are made possible by 
FSS, which increases MP antenna gain and directivity, 
reduces interference, guarantees maximum signal 
reception, and helps to miniaturize and optimize 
the complete energy-harvesting system.13 Finally, 
by increasing MP antenna gains, FSSs can open the 
door for effective 5G RF energy harvesting 
technologies, enabling self-powered, sustainable 
wireless devices and removing obstacles to the 
adoption of IoT.14 

Previous studies have mainly integrated FSS layers 
with antennas, but their use in wireless energy 
harvesting remains limited. This work introduces 
a novel integration of the FSS layer with both 
antenna and rectifier to boost power conversion 
efficiency, especially under low-power conditions 
where output voltage often drops. The FSS layer 
improves rectifier performance by enhancing 
RF-to-DC conversion and strengthening the antenna’s 
gain and radiation pattern across a wide frequency 
range, achieving up to 10 dB directivity for better RF 
energy capture.15,16 

This study introduces a square MP antenna 
integrated with an FSS layer to enhance RF energy 
harvesting. The FSS layer improves impedance 
matching, gain, and bandwidth by optimizing current 
distribution and resonance control. Advanced 
simulations and design techniques are used to boost 
efficiency and rectifier performance, particularly under 
low-power conditions. The design is evaluated against 
conventional antennas and across different substrates 
and feeding methods, showing superior performance. 
Its scalability makes it suitable for various applications, 
including 5G and ISM, addressing key gaps in existing 
antenna research. 

Proposed Methodology 
The proposed methodology presents a structured 

approach to designing a compact, high-gain microstrip 
patch antenna integrated with FSS to improve 
performance in 5G energy-harvesting applications. The 
process began with a theoretical analysis of antenna 
fundamentals and FSS behavior to explore how their 
integration could increase bandwidth, gain, and 
impedance matching. A circular patch configuration 
was selected for its simplicity and stable radiation 
characteristics, while an FSS layer was introduced 
beneath the antenna to act as a reflective surface, 
redirecting the radiated waves in phase and improving 
radiation efficiency. The design and optimization were 
done using the CST Microwave Studio, where critical 
parameters such as substrate thickness, dielectric 
constant and feeding conditions were adjusted for 
optimal results. The Rogers RT/5880 substrate was 
chosen due to its low dielectric loss and excellent 
stability at high frequencies. The FSS unit cells were 
patterned in a periodic 4 × 4 square-loop arrangement 
with an optimized air gap to achieve constructive 
interference and enhance directivity. Following the 
simulation phase, antenna and FSS prototypes were 
fabricated using precision photolithography, and 
experimental testing was performed in an anechoic 
chamber to validate the simulation accuracy. Key 
performance parameters, including return loss, 
bandwidth and gain, demonstrated close agreement 
between measured and simulated data, confirming the 
reliability of the design. Additionally, an initial rectifier 
circuit was designed using ADS software to assess the 
RF-to-DC conversion efficiency, supporting the 
suitability of the antenna for energy-harvesting 
systems. Overall, the methodology integrates 
theoretical design, numerical optimization, and 
experimental validation. 
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Antenna Design, Optimization and Fabrication 
This section presents the fundamental procedure 

for the proposed antenna design, optimization, and 
fabrication. To develop the proposed design, several 
crucial steps must be taken into account. The first step 
is the design of a circular shaped regular MP antenna. 
In order to design the regular antenna, a list of the 
function parameters should be selected, as depicted in 
Table 1. 

 Rogers RT/5880 is selected for its superior RF 
properties, including low dielectric loss, stable 
dielectric constant (𝜀௥ ൎ  2.2), and excellent high-
frequency performance, making it ideal for 
microwave and millimeter-wave applications such as 
radar, satellite, and 5G systems. Its low signal 
attenuation and moisture absorption ሺ~0.02%) further 
enhance environmental reliability, outperforming 
alternatives like FR4 at high frequencies. In this 
study, line feeding is used to optimize coupling and 
impedance matching, with Rin maximized at the patch 
edges and minimized at the centre. Antenna 
dimensions are calculated using MATLAB based on 
standard design equations.17,18
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where, 𝑊௦௨௕ is the width for the substrate, 𝜀௥௘௙௙ is the 
effective relative permittivity, ∆𝐿 is the length 
extension, 𝐿௦௨௕ is the substrate length, 𝑊௙௘௘ௗ is the 
feed line width, 𝑎௘ is the patch radius and 𝑍଴ is the 
input impedance. 

The next step, after calculating the MP antenna 
dimensions, is to start the simulation process through 
the utilization of the Computer Simulation 
Technology (CST) software, which provides the finite 
integration technique. The primary design is circular 
in shape, as shown in Fig.1. 

The proposed design addresses the narrow 
bandwidth issue in MP antennas by using a low 
dielectric constant and optimized substrate thickness, 
along with coupled resonators to enhance gain and 
bandwidth. Advanced feeding techniques like 
proximity and aperture coupling improve impedance 
matching over a wider frequency range. Geometric 
modifications, such as reshaping the coplanar ground 
plane and introducing a flare angle near the feed gap 
support higher-order mode resonance and bandwidth 
enhancement, particularly for low-band 5G energy 
harvesting. Additional improvements include an inset 
feed for better matching and an elliptical patch 
extension to increase the radiating patch’s effective 
length, resulting in improved gain (up to 5.65 dB) and 
return loss, as shown in Fig. 2. 

Proposed FSS Unit Cell Design 
The proposed design for the FSS is completely mad 

by using the CST antenna simulation software, Fig. 3 
collectively presents the designed FSS unit cell 
together with its simulated electromagnetic responses 
under different conditions. Simulated unit cell FSS as 
shown in Fig. 3(a) illustrates the geometry and 

Table 1 — Major parameters for the MP antenna design 
Parameters Definition

Operation frequency (𝑓௢) 3.5 and 5.8 GHz 

Substrate type Rogers RT/5880 
Thickness of substrate (ℎ) 1.575 mm 

Dielectric constant (𝜀௥) 2.2 

Input impedance (𝑅௜௡) 50Ω 

Metal thickness 0.035 mm Fig. 1 — Simulated circular MP antenna in CST 
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dimensions of the single unit cell, calculated using the 
formulations reported by Kumar et al.19 The periodic 
arrangement of symmetric square rings provides the 
structural foundation for the filtering behavior 
observed in the subsequent results. S-parameters for 
single unit cell shown in Fig. 3(b) are the transmission 
(S12) and reflection (S11) coefficients at normal 
incidence. Here, the symmetric configuration 
produces nearly identical co-polarized responses for 
TE and TM modes. At the design frequency of 3.5 
GHz, the filtering is particularly strong, with S12 
dropping to approximately −72 dB and S11 reduced to 
about −0.0003 dB. Effect of varying theta (θ) on TE 
mode transmission as shown in Fig. 3(c) demonstrates 
the angular response for TE polarization. As θ 
increases from 0° to 80°, the resonant frequency 
gradually shifts, a behavior attributed to the reduction 
in the tangential component of the wave vector at 
higher angles.20,21 Effect of varying θ on TM mode 
transmission as shown in Fig. 3(d) presents the 
corresponding results for TM polarization, where a 
similar angular dependence is observed. Taken 
together, the results confirm that the proposed FSS 
exhibits strong frequency selectivity at normal 
incidence while maintaining polarization-insensitive 
performance and stability under oblique incidence, 
thereby underscoring the robustness of the design. 

Resonance frequencies for the TM polarized waves 
moved to the left as the incident angle decreased, 
while the incident angle increased, the transmission 
peaks reduced. These numerical findings demonstrate 
that the suggested unit cell transmission performed 
fairly good polarized waves over (50°) angles of 
incidence with 80% transmissions for both the TE 
and TM. 

For both TE and TM polarized incident waves, 
there were differences in the 10 dB reflection 
bandwidth of up to 80° depending on the incident 
angle. Multiple resonance effects are increasing the 
bandwidth by 50° of incident angle. The S12 response 
for both the TE and TM modes is equal at a given 
angle of incidence. Therefore, in terms of a broad 
bandwidth, it can be stated that the final dual layer 
structure that has been presented is polarization 
independent. 

The setup of the suggested MP antenna in 
conjunction with the 4 × 4 FSS substrate is illustrated 
in Fig. 4(a). The FSS array and a conventional 
modified circular MP antenna are used in this study. 
The antennas' proven passband properties indicate  
that they operate as transparent surfaces to incoming 
electromagnetic waves inside the study band. 

A printed 4 × 4 unit-cell array that forms the FSS 
array is cascaded and strategically positioned directly  

Fig. 2 — Proposed wideband antenna with simulation results: (a) design, (b) S11, (c) Gain for MP antenna 
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Fig. 3 — Simulated FSS unit cell and its electromagnetic response: (a) Unit cell FSS, (b) S-parameters, (c) Effect of 
θ variation on TE transmission, (d) TM mode transmission under varying θ 
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Fig. 4 — Proposed MP antenna inside CST simulation software: (a) MP antenna with FSS, (b) Gain with FSS 

below the wideband (WB) monopole antenna with an 

air gap of 18 mm about 
ఒ

ସ
.(22) When we embed the

substrate of FSS at this optimised gap, the directivity 
of the antenna increases greatly. This enhancement is 
mainly explained by the beneficial reflection and 
surface current interaction between the monopole 
antenna and the conducting ground layer underneath. 
Therefore, antenna gain also rises significantly to 8.90 
dB, which is reflected in Fig. 4(b). 

Results and Discussion  
This section of the paper presents and discusses the 

obtained results for the proposed antenna structure, 
including the antenna return loss (S11), antenna gain, 
and radiation pattern.  

Simulation Results 
To assess the effect of the FSS on the performance 

of the antenna, a set of simulations was conducted and 
summarized in Fig. 5. The simulated S11 response 
between the antenna with no FSS (WO-FSS) layer 
and the antenna with FSS (W-FSS) are depicted in 
Fig. 5(a). The simulation results indicate that the 
addition of the FSS substrate results in improved 
impedance matching and enhanced reflection 
characteristics across the entire operating band. The 
simulated gain as presented in Fig. 5(b) shows that the 
antenna gain improves significantly with the 
introduction of the FSS. The improvement in gain 
associated with the introduction of the FSS is due to 
the FSS suppressing surface waves, which ultimately 
suppresses leakage radiation from the ground plane. 
This directs more energy to the intended radiation 
direction, thereby improving the overall gain. The 
effects of the FSS on radiation characteristics are 
presented in Fig. 5(c), which illustrates the radiation 
pattern   at 3.5 GHz   for  both  W-FSS  and  WO-FSS  

Fig. 5 — Simulated performance of the proposed antenna: (a) S11, 
(b) Gain, (c) Radiation pattern –with and without FSS for 3.5 and
5.8 GHz respectively
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cases. The MP antenna exhibits its normal quasi-
omnidirectional characteristics without the FSS, 
featuring a wide main lobe and a moderate 
beamwidth, and is relatively isotropic in both the 
azimuth and elevation planes. When the FSS is 
introduced, the radiation pattern becomes more 
directional, with the power radiated in the main lobe 
increasing substantially. This improvement enhances 
gain while providing beamwidth control, offering 
flexibility to focus the antenna or radiate more broadly, 
depending on the applications, such as fixed wireless 
power transfer. Overall, the results substantively 
demonstrate that the FSS substrate has positively 
affected both impedance matching and radiation 
efficiency, validating the design of the proposed work. 

Measurement Results 
The designed microstrip patch antenna was 

evaluated within a controlled anechoic chamber, 
specifically designed to eliminate external 
electromagnetic interference and provide a highly 
stable measurement environment. This setup is 
crucial, considering the role of microstrip patch 
antennas in high-frequency applications where 
reliable radiation characteristics are paramount. For 
the assessment, the experimental arrangement 
included the fabricated antenna prototype, a calibrated 
Keysight PNA Network Analyzer (Model N5221B, 
covering 10 MHz to 13.5 GHz), a spectrum analyzer, 
as well as high-quality RF cables and connectors. The 
anechoic chamber itself played a key role in 
maintaining measurement integrity. Before testing, 
the chamber underwent thorough calibration to ensure 
minimal electromagnetic interference. Following this, 
the antenna was connected to the network analyzer 
using precisely matched RF cables, thereby 
supporting accurate and repeatable characterization of 
the antenna’s performance. 

Once the experimental setup was complete, we 
performed return-loss measurements for the antenna 
in two configurations: first case, WO-FSS layer and 
the second, W-FSS. The measured results closely 
tracked the simulations, which strongly supports the 
accuracy of both the design and the fabrication 
process. For additional validation, we assessed the 
antenna’s gain at two independent research labs: the 
Antenna Laboratory for 5G Mobile Communication, 
Wireless Communication Centre Universiti Teknologi 
Malaysia (UTM), and the Antenna Research Centre 
Universiti Teknologi MARA (UiTM). By conducting 
measurements at both facilities, each employing its 

own automated systems, this is to ensure the 
consistency and reliability of the antenna’s 
performance across different test environments. 

The comparative results are summarised in Fig. 6, 
which presents the experimental results. The measured 
S11 response with and without the FSS reflector are 
shown in Fig. 6(a). In both simulations and prototype 
measurements, the impedance is perfectly matched.  

Following that, Fig. 6(b) represents the gain 
behaviour of both of them, where the WO-FSS attained 
5 dB at 3.5 GHz and with the addition of FSS, the gain 
attained 8.15 dB at 3.5 GHz, with a peak of 

 

Fig. 6 — Experimental results of the proposed MP antenna:
(a) S11, (b) Gain, (c) Radiation pattern with and without FSS for
3.5 and 5.8 GHz respectivly



TAHA et al.: HIGH GAIN FSS-BASED PATCH ANTENNA FOR 5G ENERGY HARVESTING 1083

approximately 10 dB at 5.8 GHz. Lastly, Fig. 6(c) 
represents the radiation patterns at 3.5 and 5.8 GHz as 
measured respectively. The antenna readiation W-FSS 
case demonstrates enhanced directivity and beam 
shaping with higher asymmetry, whilst the WO-FSS 
case preserves a smoother and more symmetric 
omnidirectional profile (with a distinct main lobe and 
smaller side lobes). All these findings confirm that the 
FSS layer reinforces the performance of the antenna 
through advances in impedance matching, gain, and 
radiation directivity, hence validating the high 
correlation between the results of the simulation and 
the results of the measurements. 

Results Comparison 
A comparison of the proposed FSS-loaded UWB 

antenna with existing high-gain designs as given in 
Table 2, shows it to be more compact with a lower 
profile and volume. It also offers improved bandwidth 
and gain, making it well-suited for size-sensitive 5G 
and 6G applications. The single-layer FSS design 
simplifies manufacturing compared to bulkier, costlier 
multi-layer alternatives. 

Rectifier Circuit Simulation and Fabrication Process 
After completing the antenna simulation and 

fabrication, a rectifier circuit was designed and 
simulated using ADS software to convert the received 
RF signal into DC voltage for powering a load. If the 
signal voltage is low, amplification via a booster or 
buck converter can be employed.35 The goal is to 

develop a rectifier for a wireless sensor with high 
power conversion efficiency, wide dynamic range, 
and strong sensitivity. Design considerations included 
application requirements, efficiency, frequency, 
output voltage/current, cost, and complexity. 
A voltage doubler was selected for its simplicity and 
effectiveness in converting AC to DC, functioning 
like a full-wave bridge to utilize both signal cycles.36 
Impedance matching between the 50 Ω antenna and 
rectifier is achieved using microstrip lines or stubs, 
which also filter out unwanted harmonics. Stub 
dimensions are optimized for minimal return loss at 
the resonant frequency. This approach is preferred 
over band-pass filters due to lower design complexity. 
The simulated rectifier and matching circuit in ADS 
are shown in Fig. 7. Schottky diodes are used in 
rectifier circuits due to their low threshold voltage and 
low junction capacitance, which enable efficient 
operation at low power and high frequencies. The 
HSMS-2850 model is selected for its fast switching 
and low forward voltage, making it ideal for energy 
harvesting applications. However, the diode’s 
nonlinear characteristics can complicate impedance 
matching. A voltage doubler is chosen to balance 
efficiency and simplicity in the rectifier design. 

Impedance matching between the 50 Ω antenna and 
rectifier is achieved using microstrip transmission 
lines, optimized via the Smith chart and LineCalc 
tools in ADS software. Matching accuracy is critical, 
as any mismatch can reduce conversion efficiency and 

Table 2 — Results comparison of the proposed work with other studies 

Year 
Operational 
bandwidth (GHz) 

Gain 
(dB) 

Maximum 
gain (dB) 

Number of
FSS layers 

Key Findings

2020 3.1 to 15 4.9 10.9 Single High gain, no specific limitations mentioned23 
2020 3 to 11.9 3.65 7.8 Single Lossy FR4 limits efficiency at high frequencies; low gain (3–6 GHz)24 
2013 3.6 to 3.9 4 6 Single Narrow bandwidth, low gain (2–3.7 GHz)25 

2019 2.9 to 9.3 3 8 Single 
FSS improves gain but no bandwidth enhancement; reduced gain from E 
to T shape26 

2021 3.6 to 6.1 3.8 7.87 Single Large FSS layer; reduced efficiency above 5 GHz (4.9 GHz)27 
2020 3 to 12 2.8 6.6 Single Low directivity without FSS; mismatch causes performance issues28 

2019 3.1 to 18.6 2.7 6.9 Single 
Large FSS layer; discrepancies between simulated and theoretical 
frequencies29 

2022 2.5 to 11 2–5 8.6 Single High FR-4 dielectric loss; low gain at sub-5 GHz.30 
2020 3.16 to 15 4 8.9 Single High dielectric loss limits performance at higher frequencies.31 

2016 3 to 14.6 4.5 8.7 Double 
Dual-layer FSS increases complexity; moderate gain (8.5 dB) in GPR 
applications.32 

2018 3.05 to 13.4 4.2 8.5 Double 
Dual-layer FSS increases complexity and cost; achievable 8.5 dB gain 
with single layer.33 

2021 3 to 21 4.8 7.2 Multi-Layer FR-4 loss affects performance; multi-layer FSS increases complexity and cost.34 

This 
Work 

3 to 6.5 
5 @ 3.5 
GHz 

8.15 @ 3.5 
GHz & 10 
@ 5.8 GHz 

Single 
High gain with single-layer FSS; easy fabrication, low complexity, broad 
bandwidth. 
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output voltage.37 To improve power transfer and 
minimize circuit size, a Pi-section matching 
network connects the RF source to the rectifier.38  
The transmission line dimensions are calculated 
to match the rectifier at 3.5 GHz. The design 
is optimized using optimize tool inside ADS software 
for both 3.5 and 5.8 GHz using microstrip lines 
and capacitors (10–100 pF), achieving high 
power conversion efficiency with a 2 kΩ load and 
100 pF parallel capacitor. The rectifier's performance, 
including power conversion efficiency and DC 
output voltage, is simulated in ADS by varying 
input RF power from –35 dBm to 35 dBm. It is 
demonstrated in Fig. 8 that rectifier efficiency and 
output voltage are dependent on the resistive load and 
input power. Peak efficiency of 64% occurs at 
12 dBm input power with a 2 kΩ load, while the 
highest DC output of 3.5 V is reached at 13 dBm with 
a 10 kΩ load. 

Fig. 9 — Simulated return loss rectifier circuit results 

There is a trade-off: higher loads increase voltage but 
reduce efficiency, requiring careful load selection based 
on application needs. The rectifier is well-suited for low-
power wireless sensor and IoT applications, which 
typically require 1–3 V. With over 3 V output and high 
sensitivity enabled by a high-gain FSS antenna, it 
supports battery-free operation in remote areas. Dual-
band S11 response at 3.5 and 5.8 GHz as shown in Fig. 9 

Fig. 7 — Schematic diagram of the proposed rectifier with impedance matching network 

Fig. 8 — Simulated rectifier PCE and output voltage: (a) PCE Vs RF input power, (b) output D.C voltage Vs resistive load 
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is allowing efficient RF energy harvesting even when 
5G signals are unavailable. 

The proposed rectifier is simulated inside ADS 
software and fabricated using Rogers substrate with 
1.575 mm of thickness to evaluate its effectiveness. 
Finally, the proposed rectifier circuit is compared 
with several related studies in Table 3 below. It draws 
attention to important factors like frequency range, 
substrate type, antenna type, Power Conversion 
Efficiency (PCE), output DC voltage, and the 
noteworthy results of each investigation. This 
comparison, which focuses on efficiency, output 
voltage, and general design considerations, attempts 
to shed light on the performance characteristics of the 
suggested design concerning current rectifier circuits. 
This highlights the enhancements made in the current 
work, especially regarding efficiency and power 
dynamic range. 

Conclusions 
This paper introduces the design, simulation, 

optimization, and fabrication of a modified MP 
antenna and an integrated rectifier circuit aimed at 
energy harvesting for low-band 5G communications. 
The single FSS reflector was added underneath the 
antenna to improve performance. This resulted in a 
notable gain increase of 3.5 dB at 3.5 GHz, for a 
total gain of 10 dB at a resonant frequency of 
5.8 GHz. The effectiveness of the suggested design 
was demonstrated by the good match between the 

simulation results and the manufactured prototype. 
The rectifier circuit was designed to operate 
efficiently over a broad power dynamic range of 
−35 to 35 dB, with a 3.5 V output at 13 dBm of
transmitted power. This makes it appropriate for
low-power applications like wireless sensors and
Internet of Things devices. Due to its enhanced
efficiency and performance, this integrated system
may find use in impulse radar systems, microwave
imaging, and short-range wireless communication
networks. Future research will concentrate on
measuring the prototype and integrating it with the
antenna in order to assess the rectenna system's
overall effectiveness and performance.
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