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Both materials exhibit reflected power below 0.2% and have nearly
identical radiated power, namely 0.3647 W for silver (Ag) and 0.3646

lel,f;lrimum W for aluminum (Al). Overall, silver and aluminum demonstrate
patch almost identical radiation characteristics. Silver offers slightly better
EDTD conductivity, while aluminum provides similar efficiency at lower cost,

making it a practical alternative for lightweight and economical
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1. INTRODUCTION

Microstrip antennas have become one of the most widely used antenna types in
modern wireless communication systems due to their low profile, light weight, and ease of
fabrication (Siregar et al., 2022). These antennas are commonly employed in applications such
as satellite communication, radar systems, mobile devices, and wireless sensor networks
(Rahmat-Samii & Densmore, 2014). The performance of a microstrip antenna is strongly
influenced by several parameters, including substrate properties, patch geometry, feeding
technique, and the electrical characteristics of the conductive material used for the patch
(Mishra et. al., 2022).

Among these factors, the choice of patch material plays a crucial role in determining
the antenna’s radiation efficiency, gain, and other electromagnetic performance (Siregar et al.,
2023). The electrical conductivity, surface smoothness, and corrosion resistance of the material
directly affect the current distribution and power loss within the antenna structure (Banerjee
et al., 2025). Copper is commonly used as a standard conductive material due to its high
conductivity and reasonable cost (Al-Gburi et. al., 2024). However, alternative materials such
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as silver (Ag) and aluminum (Al) are often considered for specific design requirements
(Helena et al., 2020).

Silver is known for having the highest electrical conductivity among all metals, which
can lead to improved radiation efficiency and reduced conductor losses (Bouafia et al., 2021).
Aluminium, on the other hand, offers a lighter weight and lower cost, making it suitable for
applications that require mass reduction or economic efficiency (Chen, 2023). Despite its lower
conductivity compared to silver, aluminum remains a practical alternative in many
engineering applications (Czerwinski, 2024). Silver (Ag) and aluminum (Al) are metallic
elements that exhibit distinct crystallographic and electronic structures, which significantly
influence their electrical and electromagnetic properties (Taher et al., 2018).

Silver (Ag) possesses a face-centered cubic (FCC) crystal structure with a lattice
constant of approximately 4.09 A. In this arrangement, each silver atom is surrounded by
twelve nearest neighbors, forming a densely packed lattice that contributes to its high electrical
and thermal conductivity. The atomic configuration of silver is [Kr] 4d'° 5s!, indicating one
loosely bound valence electron in the 5s orbital. This delocalized electron allows efficient
conduction of electric current and supports strong surface plasmon resonance, making silver
an excellent material for high-frequency and low-loss antenna applications (Cheng et al., 2015).

Aluminum (Al) also crystallizes in a face-centered cubic (FCC) structure, with a slightly
smaller lattice constant of 4.05 A. Its electronic configuration, [Ne] 3s? 3p!, provides three
valence electrons that participate in metallic bonding. Although aluminum has lower electrical
conductivity than silver due to stronger electron scattering and lower carrier density, it offers
advantages in terms of low density, corrosion resistance, and mechanical strength
(Nakashima, 2020). The similar FCC structures of both metals result in comparable
electromagnetic behavior, while differences in electron density and conductivity explain the
minor variations observed in antenna performance when substituting silver with aluminum
(Abdelrahman et al., 2021).

This study presents a comparative analysis of silver and aluminum as patch materials
for a microstrip antenna using FDTD method simulation. The main objective is to evaluate how
differences in material conductivity and physical properties influence the antenna’s
electromagnetic radiation characteristics, including return loss, radiation efficiency, and gain.
The results of this investigation are expected to provide insights for optimizing material
selection in microstrip antenna design, balancing between performance and cost-effectiveness.

2. METHOD

2.1. Antenna Design Overview

The microstrip antenna in this study is based on a dipole configuration designed to
operate within the Industrial, Scientific, and Medical (ISM) frequency band 2.4 — 2.4835 GHz.
The antenna structure consists of a conductive patch, a dielectric substrate, and a ground plane
(Siregar et al., May 2023). The design was analyzed and simulated using the Finite-Difference
Time-Domain (FDTD) method, which offers a comprehensive full-wave electromagnetic
evaluation (Teixeira et al., 2023).

The antenna’s geometry was kept constant for both materials to ensure that any
performance variation arises solely from the conductive properties of the patch materials
(Siregar, 2018). The dimensions of the antenna were determined from standard microstrip
design equations, with the resonant frequency, dielectric constant, and substrate thickness
taken into account to achieve optimal impedance matching at the target frequency (Sharma, et
al., 2017).
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2.2. Patch Materials

Two conductive materials, silver (Ag) and aluminum (Al), were used for the antenna
patch. The selection of these materials was based on their distinct electrical conductivities and
physical characteristics, which influence current distribution and radiation performance. The
electrical conductivity of silver is approximately 6.3x107 S/m, while aluminum has a
conductivity of around 3.5x107 S/m (Rutledge, 1978). Both materials were assumed to have
smooth and uniform surfaces in the simulation to minimize the effect of surface roughness.

The thickness (h) of each patch was set to 0.1 mm, providing an optimal balance
between mechanical stability and minimal conductor loss. The length of the dipole arm was
fixed at 50 mm, which corresponds to approximately half of the guided wavelength at the
target resonant frequency within the selected substrate medium. The width of each patch was
maintained at 18 mm to achieve proper impedance matching and to support efficient surface
current distribution.

Table 1. Characterization of materials

. Electrical Density
Material Conductivity (S/m) (g/cm?) Remarks
Silver (Ag) 6.3 x 107 10.5 Highest conductivity; high cost
Aluminum (Al) 3.5 x 107 2.7 Lightweight; lower conductivity

These dimensions were determined based on standard microstrip antenna design
principles, taking into account the operating frequency, substrate permittivity, and effective
wavelength in the dielectric medium. Maintaining of consistent geometry for both materials,
the study isolates the effect of electrical conductivity on the antenna’s electromagnetic
radiation characteristics, such as return loss, VSWR, and radiation efficiency.

2.3. Substrate Specification

A FR-4 epoxy substrate was used for both antenna models, selected for its availability
and widespread use in low-cost microwave circuits. The substrate parameters were set as
follows:

e  Relative permittivity (r): 4.4

e Loss tangent (tan 6): 0.02

e  Thickness (h): 1.6 mm

e Length: 100 mm

e  Width: 50 mm

The ground plane was modeled as a perfect electric conductor (PEC) to ensure
consistent boundary conditions during simulation.

Figure 1. Design of Microstrip Dipole Antenna
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2.4. Simulation Setup

The antenna models were simulated using FDTD method under identical boundary
and excitation conditions. The FDTD simulation method is a numerical technique used to
analyze electromagnetic wave propagation by directly solving Maxwell’s equations in the time
domain (Tamimah et al., 2023). The excitation was applied through a waveguide port
positioned at the feed line to excite the dipole symmetrically. Open (add space) boundary
conditions were applied to emulate free-space radiation.

The key electromagnetic parameters used to evaluate the performance of the microstrip
dipole antenna include return loss (RL), reflection coefficient (I'), reflected power, mismatch
loss (ML), voltage standing wave ratio (VSWR), accepted power, forward power, and radiated
power (Siregar et al, November 2022). The corresponding mathematical expressions are
presented as follows:

¢ Return Loss (S11) to determine impedance matching.

e VSWR expresses the degree of impedance matching between the antenna and the

transmission line. Ideally, a perfectly matched antenna has VSWR =1.

e The reflection coefficient describes the ratio of the reflected wave amplitude to the

incident wave amplitude at the antenna input.

e Reflected power indicates the percentage of the input power that is reflected back due

to impedance mismatch between the feed line and the antenna.

e Mismatch loss quantifies the power loss resulting from reflection at the antenna port.

Lower mismatch loss implies better power transfer from the feed to the antenna.

e The accepted power is the portion of input power actually delivered to the antenna

e The forward power percentage defines the ratio of accepted power to input power

¢ Radiated power is the total electromagnetic power emitted by an antenna into free

space. It represents the portion of the accepted input power 0.5 W that is converted
into propagating electromagnetic waves rather than being lost as heat or reflected
back toward the source.

Each simulation was performed across a frequency range of 2.0 — 3.0 GHz to identify
the resonant frequency and bandwidth variations caused by the different patch materials
(Rano et al., 2020).

3. RESULTS AND DISCUSSION

Table 2 presents a comparative analysis of the simulated performance parameters for
microstrip dipole antennas using silver (Ag) and aluminum (Al) as the patch materials. The
results indicate that both materials exhibit nearly identical electromagnetic characteristics,
with only slight numerical variations in their respective performance metrics.

Table 2. Comparison of Silver (Ag) and Aluminum (Al) Materials

Parameters Silver (Ag) Aluminum (Al)
Frequency (GHz) 2.4700 2.4649
Wavelength (mm) 67.215 67.354
VSWR 1.0839 1.0836
Reflection Coefficient 0.0403 0.0401
Bandwidth (dB) 0.4584 0.4581
Phase 146.450 157.700
Characteristic impedance (Q2) 46.707 46.396
Return Loss (dB) -27.897 -27.923
Reflected Power (%) 0.162 0.160
Mismatch Loss (dB) -0.00706 -0.00698
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99.839
0.3646

99.837
0.3647

Forward Power (%)
Radiated Power (W)

The resonant frequency for the silver patch is observed at 2.4700 GHz, while aluminum
resonates at 2.4649 GHz. This minor frequency shift (approximately 0.0051 GHz) can be
attributed to the slightly lower electrical conductivity of aluminum compared to silver, which
affects surface current distribution and electromagnetic wave propagation. Consequently, the
wavelength is marginally longer for aluminum 67.354 mm than for silver 67.215 mm.

The slight differences in resonant frequency and wavelength between the silver (Ag)
and aluminum (Al) patches can be attributed to their distinct electronic and crystallographic
structures. Silver, with its [Kr] 4d' 5s' configuration and highly conductive FCC lattice,
supports freer electron motion, resulting in marginally higher resonant frequency and shorter
wavelength. In contrast, aluminum’s [Ne] 3s? 3p' configuration and lower electron density lead
to slightly greater energy losses and a longer wavelength. Despite these structural differences,
both metals maintain nearly identical VSWR, return loss, and radiated power values, indicating
that their FCC metallic bonding ensures comparable electromagnetic performance with only
minimal signal variation.

The graphs illustrating the relationship between the resonant frequency and return loss
of the microstrip dipole antenna for the silver and aluminum materials are shown in Figures 2
and 3, respectively.
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Figure 2. The graphs illustrating the relationship between the resonant frequency and return loss
of the microstrip dipole antenna for the Silver (Al)
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Figure 3. The graphs illustrating the relationship between the resonant frequency and return loss

of the microstrip dipole antenna for the Aluminum (Al)

The Voltage Standing Wave Ratio (VSWR) values for both antennas are almost
identical 1.0839 for silver and 1.0836 for aluminum indicating excellent impedance matching
at the resonant frequency. Correspondingly, the reflection coefficients are low 0.0403 for Ag
and 0.0401 for Al, suggesting minimal signal reflection and efficient power transfer from the
feed line to the radiating element.

In terms of return loss, both antennas show very high performance with values around
—27.9 dB, signifying that over 99% of the input power is successfully delivered to the antenna.
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The reflected power percentages 0.162% for Ag and 0.160% for Al and mismatch losses —
0.00706 dB for Ag and —0.00698 dB for Al confirm these results, further emphasizing
negligible power reflection.

The forward power remains consistent at approximately 99.84% for both materials,
indicating nearly total transmission efficiency. The radiated power values of 0.3647 W for silver
and 0.3646 W for aluminum are also nearly equivalent, demonstrating that both conductors
achieve similar radiation performance under identical design and excitation conditions.

The simulation results reveal only minor variations in the electrical characteristics of
the antennas fabricated with silver (Ag) and aluminum (Al) patch materials. A small phase
difference is observed, with 146.45° for Ag and 157.70° for Al, while the characteristic
impedance values are 46.707 Q and 46.396 Q, respectively. These slight deviations can be
attributed to the intrinsic electromagnetic properties and surface resistances of each metal,
which slightly influence the phase distribution of surface currents across the dipole patch.

The radiation behavior of both conductors is closely linked to their crystallographic and
electronic configurations. Silver possesses a face-centered cubic (FCC) lattice with a single
delocalized 5s electron, enabling high charge mobility and minimal resistive losses. This
structure results in slightly higher radiated power (0.3647 W) and forward power (99.837%).
In contrast, aluminum, although also FCC, contains three valence electrons (3s? 3p*), causing
stronger electron scattering and consequently a marginally lower radiated power (0.3646 W).

These findings suggest that electron density and lattice uniformity play significant roles
in determining energy dissipation and radiation efficiency. Both materials, however, exhibit
excellent electromagnetic compatibility, with mismatch losses below —0.007 dB, confirming
efficient power transfer and impedance matching.

Overall, both Ag and Al demonstrate nearly equivalent radiation performance. While
silver provides marginally higher conductivity and phase stability, aluminum offers comparable
efficiency at a substantially lower cost, making it an attractive alternative for lightweight and
cost-effective microstrip antenna applications.

4. CONCLUSION

The comparative analysis between silver (Ag) and aluminum (Al) patch materials for
the microstrip dipole antenna demonstrates that both conductors exhibit nearly identical
electromagnetic performance. The resonant frequencies of ag and al show only a negligible
deviation, indicating minimal impact of material conductivity on resonance behavior. In
summary, silver and aluminum yield comparable antenna performance, with silver offering
slightly higher conductivity, while aluminum remains a cost-effective and practical alternative
for microstrip dipole antenna fabrication without significant loss of efficiency.

REFERENCE

Abdelrahman, A., Erchiqui, F., & Nedil, M. (2021). Preparation and evaluation of conductive
polymeric composite from metals alloys and graphene to be future flexible antenna
device. Advances in Materials Science, 21(4), 34-52, doi: 10.2478/adms-2021-0023.
https://sciendo-parsed.s3.eu-central-1.amazonaws.com/

Al-Gburi, A.J. A, Radi, N. H. M., Saeidi, T., Mohammed, N. J., Zakaria, Z., Das, G. S,, ... &
Ismail, M. M. (2024). Superconductive and flexible antenna based on a tri-
nanocomposite of graphene nanoplatelets, silver, and copper for wearable electronic
devices. Journal ~of Science: Advanced  Materials and Devices, 9(3), 100773,
https://doi.org/10.1016/j.jsamd.2024.100773

Banerjee, A., Singh, R., & Kandasubramanian, B. (2025). Additive Manufacturing in Antenna
Design: Evaluating Mechanical Resilience and Electromagnetic Efficiency Across

FARADAY | Journal of Fundamental Physics, Research, and Applied Science 21


https://doi.org/10.1016/j.jsamd.2024.100773

Aslam Chitami Priawan Siregar et al.: Comparison of Silver and Aluminum Patches on the ...

Diverse Material Compositions. Journal of Advanced Manufacturing and Processing, 7(4),
€70036, https://doi.org/10.1002/amp2.70036

Bouafia, A., Laouini, S. E.,, Ahmed, A. S, Soldatov, A. V., Algarni, H., Feng Chong, K., & Alj,
G. A. (2021). The recent progress on silver nanoparticles: synthesis and electronic
applications. Nanomaterials, 11(9), 2318, https://doi.org/10.3390/nan011092318

Cheng, Z., Liu, L., Xu, S., Lu, M., & Wang, X. (2015). Temperature dependence of electrical and
thermal conduction in single silver nanowire. Scientific reports, 5(1), 10718,
https://www .nature.com/articles/srep10718

Chen, J. (2023). Research on aluminum alloy materials and application technology for
automotive lightweighting. J. Mater. Chem, 4, 1-7, doi: 10.25236/AJMC.2023.040601,
https://www.francis-
press.com/uploads/papers/CCP4HiZcnWXU2vKIyUXpX0PRqOt2tOGQgrbqE5tG.pdf

Czerwinski, F. (2024). Aluminum alloys for electrical engineering: a review. Journal of Materials
Science, 59(32),  14847-14892,  https://link.springer.com/article/10.1007/s10853-024-
09890-0

Helena, D., Ramos, A., Varum, T., & Matos, J. N. (2020). Antenna design using modern
additive manufacturing technology: A review.IEEE Access, 8, 177064-177083,
doi: 10.1109/access.2020.3027383, https://ieeexplore.ieee.org/document/9207904

Mishra, B., Verma, R. K., & Singh, R. K. (2022). A review on microstrip patch antenna
parameters  of  different  geometry @ and  bandwidth  enhancement
techniques. International Journal of Microwave and Wireless Technologies, 14(5), 652-673,
https://doi.org/10.1017/51759078721001148.

Nakashima, P. N. (2020). The Crystallography of Aluminum and its Alloys. arXiv preprint
arXiv:2002.01562, https://doi.org/10.48550/arXiv.2002.01562

Rahmat-Samii, Y., & Densmore, A. C. (2014). Technology trends and challenges of antennas
for satellite communication systems.IEEE Transactions on Antennas and
Propagation, 63(4), 1191-1204, doi: 10.1109/tap.2014.2366784,
https://ieeexplore.ieee.org/document/6945379.

Rano, D., Chaudhary, M. A., & Hashmi, M. S. (2020). A new model to determine effective
permittivity and resonant frequency of patch antenna covered with multiple dielectric
layers. IEEE Access, 8, 34418-34430, doi: 10.1109/ACCESS.2020.2974912,
https://ieeexplore.ieee.org/document/9001040

Rutledge, J. E. (1978). The Thermal Boundary Conductance Between a Thin HELIUM-4 Film and its
Substrate. Urbana-Champaign: University of Illinois.

Sharma, S., Tripathi, C. C., & Rishi, R. (2017). Impedance matching techniques for microstrip
patch antenna. Indian  Journal of Science and Technology, 10(28), 1-16, doi:
10.17485/ijst/2017/v10i28/97642, https://sciresol.s3.us-east-
2.amazonaws.com/IJST/Articles/2017/Issue-28/Article25.pdf

Siregar, A. C. P. (2018). Fisika Dasar Jilid 1: Mekanika Dasar (Vol. 1). CV. Kanaka Media.

Siregar, A. C. P., Pramono, Y. H., & Yudoyono, G. (2022). The Effect of Shape on Microstrip
Folded Dipole Antenna on the Compatibility Between Simulation and Experimental
Method. International Journal of Microwave and Optical Technology, 17(6), 604-612,
https://www.ijmot.com/VOL-17-NO-6.aspx

Siregar, A. C. P., Pramono, Y. H., & Yudoyono, G. (2022, November). Reconfigurable Folded
Dipole Antenna Based on Resonator and Red Photodiode. In The 4th International
Seminar on Science and Technology (ISST-4). Palu: Universitas Tadulako.

Siregar, A. C. P., Pramono, Y. H.,, & Yudoyono, G. (2023). Analysis of Resonator on
Reconfigurable Folded Dipole Antenna from Infrared Photodiode. International Journal

FARADAY | Journal of Fundamental Physics, Research, and Applied Science 22


https://doi.org/10.1002/amp2.70036
https://doi.org/10.3390/nano11092318
https://www.nature.com/articles/srep10718
https://link.springer.com/article/10.1007/s10853-024-09890-0
https://link.springer.com/article/10.1007/s10853-024-09890-0
https://doi.org/10.1109/ACCESS.2020.3027383
https://ieeexplore.ieee.org/document/9207904
https://doi.org/10.1017/S1759078721001148
https://doi.org/10.48550/arXiv.2002.01562
https://doi.org/10.1109/TAP.2014.2366784
https://doi.org/10.1109/ACCESS.2020.2974912
https://ieeexplore.ieee.org/document/9001040
https://sciresol.s3.us-east-2.amazonaws.com/IJST/Articles/2017/Issue-28/Article25.pdf
https://sciresol.s3.us-east-2.amazonaws.com/IJST/Articles/2017/Issue-28/Article25.pdf
https://www.ijmot.com/VOL-17-NO-6.aspx

Aslam Chitami Priawan Siregar et al.: Comparison of Silver and Aluminum Patches on the ...

of Microwave and Optical Technology, 18(2), 175-183, https://www.ijmot.com/VOL-18-
NO-2.aspx

Siregar, A. C., Yudoyono, G., & Pramono, Y. H. (2023, May). A study of silicon effect as a switch
on folded dipole antenna. In THE 2ND INTERNATIONAL SYMPOSIUM ON PHYSICS
AND APPLICATIONS 2021 (Vol. 2604, No. 1, p. 070003). AIP Publishing LLC.
https://doi.org/10.1063/5.0114437

Taher, M., Mao, F., Berastegui, P., Andersson, A. M., & Jansson, U. (2018). The influence of
chemical and phase composition on mechanical, tribological and electrical properties
of Silver-Aluminum alloys. Tribology International, 119, 680-687,
https://doi.org/10.1016/j.triboint.2017.11.026

Tamimah, N. M., Erawati, ., Wardani, D., Mahardhika, P., & Siregar, A. C. P. (2023). The Effect
of Paint Thickness Coating on Power Radiated in Above Ground Carbon Steel Pipe for
Fire Hydrant System. In The 5th International Conference on Applied Science and
Technology. DOI: 10.5220/0011811900003575.

Teixeira, F. L., Sarris, C., Zhang, Y., Na, D. Y., Berenger, J. P., Su, Y., ... & Simpson, J. J. (2023).
Finite-difference time-domain methods. Nature Reviews Methods Primers, 3(1), 75,
https://www.nature.com/articles/s43586-023-00257-4

FARADAY | Journal of Fundamental Physics, Research, and Applied Science 23


https://www.ijmot.com/VOL-18-NO-2.aspx
https://www.ijmot.com/VOL-18-NO-2.aspx
https://doi.org/10.1063/5.0114437
https://doi.org/10.1016/j.triboint.2017.11.026
https://www.nature.com/articles/s43586-023-00257-4

	1. introduction
	2. method
	2.1. Antenna Design Overview
	2.2. Patch Materials
	2.3. Substrate Specification
	2.4. Simulation Setup

	3. RESULTS and discussion
	4. conclusion



