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Abstract. This paper presents a preliminary study of a hybrid graphene—
copper microstrip antenna for multiband wireless communication
applications. The novelty of the proposed design lies in the integration of
conductive graphene strips into a conventional copper patch antenna to
improve impedance matching, bandwidth, and radiation characteristics
without relying on active switching mechanisms. The antenna performance
was investigated using three different substrates, namely Flame Retardant 4
(FR4), Rogers RO4350B, and Rogers RT/duroid 5880 (RT/5880). The
graphene layer was modeled using a conductive surface impedance
corresponding to its conductive state. Simulated results demonstrate dual-
band operation with resonance frequencies located at 1.43 GHz and 2.6 GHz
for FR4, 1.5 GHz and 2.8 GHz for RO4350B, and 1.09 GHz and 2.3 GHz
for RT5880. The achieved impedance bandwidth ranges from 100 MHz to
200 MHz depending on the substrate properties. Moreover, realized gains of
approximately 4 dB for FR4 and 5 dB for both RO4350B and RT5880 were
obtained. The results confirm the potential of graphene-assisted antennas for
compact sub-6 GHz wireless and Internet of Things (IoT) communication
systems.

1 Introduction

The rapid expansion of wireless communication systems and smart connected devices has
increased the demand for compact multiband antennas with improved bandwidth and
radiation performance. Microstrip patch antennas are widely used in modern wireless
applications because of their low profile, low fabrication cost, and ease of integration.
However, conventional microstrip antennas generally suffer from limited bandwidth and
moderate gain, particularly in compact wireless systems [1, 2].

Recently, graphene has attracted considerable interest in antenna engineering due to its
high electrical conductivity, mechanical flexibility, and tunable electromagnetic properties
[3, 4]. Several graphene-based antenna structures have been proposed for reconfigurable and
high-frequency applications [5]. Nevertheless, most reported studies mainly focus on
terahertz or millimetre—wave (mmWave) frequency ranges, while fewer works investigate
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hybrid graphene—copper microstrip antennas operating in lower wireless communication
bands using different dielectric substrates under the same design framework.

In this context, this paper presents the design and simulation of a hybrid graphene—copper
microstrip patch antenna using CST Microwave Studio. The proposed structure integrates
four graphene strips into a copper patch and is investigated using Flame Retardant 4 (FR4),
Rogers RO4350B, and Rogers RT/duroid 5880 substrates. The main contributions of this
work include the comparative analysis of the substrate influence on multiband operation,
bandwidth, and gain performance, as well as the evaluation of graphene integration effects
on antenna radiation characteristics.

2 Modeling Approach

The proposed methodology investigates the effect of graphene integration on the
performance of a hybrid graphene—copper microstrip antenna. First, the initial antenna
dimensions were calculated using the conventional transmission-line model. Then, four
conductive graphene strips were integrated into the copper radiating patch and modeled using
the intraband Kubo conductivity model. Finally, the antenna was simulated and optimized in
CST Microwave Studio using three dielectric substrates: FR4, Rogers RO4350B, and Rogers
RT/duroid 5880.

2.1 Antenna design

The proposed antenna is based on a hybrid graphene—copper microstrip patch structure
designed for multiband wireless communication applications. The initial dimensions of the
antenna were determined using the conventional transmission-line model, which provides an
efficient approach for rectangular microstrip patch design [6].
The patch width is calculated using equation (1):
o
e

Where W, is the patch width in (m), f; is the resonant frequency in (Hz), co is the speed
of light in free space in (m s™), and & is the substrate relative permittivity.

The effective dielectric constant, fringing length extension, effective patch length, and
actual patch length are respectively determined using equations (2)-(5) [7]:
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Where h is the substrate thickness in (m), & is the effective dielectric constant, AL is
the fringing length extension in (m), Lesr is the effective patch length in (m), and L, is the
actual patch length in (m). The final antenna dimensions were optimized in CST Microwave
Studio to obtain the targeted multiband response.
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2.2 Graphene conductivity

The electromagnetic behavior of graphene was modeled using the intraband contribution of
the Kubo formalism, which is dominant in the gigahertz frequency range [8]. The graphene
surface conductivity os is expressed in equation (6):
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In this expression the variables involved are as follows: w: angular frequency (rad.s™), t:
relaxation time (s), pc: chemical potential of graphene (eV), T: absolute temperature (K), e:
electron charge (C), #: reduced Planck constant (J.s), and kp: Boltzmann constant (J.K™!). The
graphene conductivity mainly depends on the chemical potential, temperature, and relaxation
time.

For electromagnetic simulations, graphene was represented by its equivalent surface
impedance corresponding to its conductive state, which is related to the graphene
conductivity by equation (7) [9]:
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The applied bias voltage V}, and chemical potential . are related by equation (8) [10]:
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In this equation, the variables involved are as follows: Vy: applied bias voltage (V), e:
electron charge (C), p.: chemical potential of graphene (eV), h: substrate thickness (m), #:
reduced Planck constant (J.s), v¢: Fermi velocity in graphene (m.s™), & relative permittivity
of the substrate, and go: permittivity of free space (F.m™).

To investigate the influence of graphene integration on antenna performance, a hybrid
graphene—copper microstrip patch antenna integrating four graphene strips is proposed, as
illustrated in Fig. 1.

Fig. 1. Geometry of the proposed hybrid graphene—copper microstrip antenna integrating four
graphene strips.

The optimized antenna dimensions and the electrical parameters of graphene are
summarized in Tables 1 and 2, respectively.



EPJ Web of Conferences 380, 01006 (2026) https://doi.org/10.1051/epjcont/202638001006
ICISCT 25

Table 1. Optimized dimensions of the proposed antenna

Parameter Opﬁn(llilzlf:) value
Patch width (Wp) 37.58
Patch length (Lp) 28.86

Substrate thickness 1.5
Length of strip 1 (Ls1) 2
Width of strip 1 (Wsl) 8.5
Length of strip 2 (Ls2) 11
Width of strip 2 (Ws2) 2

Table 2. Electrical parameters of graphene

Parameter Value
Viu(V) 21
T (k) 295
T (ps) 1
Zs (Q/0) 6.03+j0.1

3 Results and discussion

This section presents the simulated reflection coefficient (S11) and the simulated realized
gain of the proposed hybrid graphene—copper antenna for different substrate materials,
namely FR4, RO4350B, and RT/5880, using the transient solver of CST Microwave Studio.
Graphene was modeled as a conductive surface impedance sheet.

For the FR4 substrate, the antenna exhibits dual-band resonances at 1.43 GHz and 2.6
GHz with bandwidths of approximately 200 MHz and 100 MHz, respectively. The obtained
response is suitable for GSM and WiFi wireless communication applications. Using the
RO4350B substrate, the resonance frequencies shift to 1.5 GHz and 2.8 GHz with reflection
coefficients of approximately —36.9dB and —10.2 dB, respectively. The corresponding
bandwidths are around 100 MHz and 200 MHz. The lower dielectric losses of RO4350B
improve the impedance matching performance, particularly at the first resonant band. The
simulated S11 responses are illustrated in Fig. 2.
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Fig. 2. Simulated S11 responses of the proposed antenna for different substrate materials.

For the RT5880 substrate, the antenna resonates at 1.09 GHz and 2.3 GHz with reflection
coefficients of approximately —18.1 dB and —21.27dB, respectively. Bandwidths of about
200 MHz and 100 MHz are achieved for the two operating bands. The RT/5880 has a lower
relative permittivity. This shifts the resonances to lower frequencies but does not alter the
good impedance matching.

The resonance frequencies, bandwidth, and impedance matching performance of the
proposed antenna are significantly affected by the dielectric substrate, as shown by the
obtained results; particularly, RT/5880, favors resonance shifting toward lower frequencies
and contribute to improved multiband operation.

The simulated realized gain of the proposed antenna for different substrate materials is
presented in Fig. 3. The FR4 substrate provides a maximum realized gain of approximately
4 dB around 2.7 GHz. For the RO4350B substrate, the gain reaches nearly 5 dB around 2.9
GHz, while the RT/5880 substrate achieves a maximum gain close to 5 dB near 3.5 GHz.
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Fig. 3. Simulated realized gain of the proposed antenna for different substrate materials.

The dielectric properties of the substrate strongly influence the antenna gain, according
to the obtained results. Due to their lower dielectric losses and better radiation efficiency, the
RO4350B and RT/5880 low-loss substrates make it possible to obtain a higher realized gain
than FR4. In contrast, the higher loss tangent of FR4 contributes to additional power
dissipation, resulting in reduced gain performance. Overall, the proposed antenna
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demonstrates suitable gain characteristics for multiband wireless communication
applications.

4 Comparison with previous studies

Competitive performance compared to recently reported antenna designs is demonstrated by
the proposed graphene—copper hybrid antenna, which achieves a peak gain of up to 5 dB
when using low-loss substrates. The obtained results in terms of gain, bandwidth, and
resonance frequencies confirm the suitability of the proposed structure for multiband wireless
communication applications. A comparative analysis with previous studies is summarized in

Table 3.
Table 3. Comparison with previous studies
Operating Peak
Ref. | Antenna Type | Substrate | Frequency | Bandwidth | Gain Main Feature
(GHz) (dB)
[11] Dual-band Jean textile 245/58 90 MHz / 3'?8 Wearable dual-
WBAN antenna | substrate ) ’ 220 MHz 215 band operation
Microstrip
[12] | paichantenna F4B 2430 300MHz | >4 Wideband
with enhanced response
coupling
Inverse S-
[13] shaped FR4 2.4 210MHz | 1.14 | Compactslotied
meander line structure
antenna
Moon-shaped .
[14] | reconfigurable FR4 3.29 — 3.08 PIN-diode.
reconfigurability
patch antenna
rl;lyltl)gi, FR4 Comparative
This grap ’ 100-200 Up substrate analysis
copper RO4350B, 1.09-2.8 .
work . . MHz to5 and multiband
microstrip RT/5880 operation
antenna P

With a simple geometry, the proposed graphene—copper hybrid structure demonstrates
competitive gain and multi-band performance compared to previously reported antennas.
Unlike the textile-based WBAN antenna in [11] and the compact FR4 design in [13], which
exhibit gains below 3.1 dB, the proposed antenna achieves peak gains up to 5 dB using low-
loss substrates. In contrast to the PIN-diode-based reconfigurable antenna reported in [14],
the proposed design improves radiation performance without requiring active switching
components. Furthermore, the comparative analysis of FR4, RO4350B, and RT/5880
substrates highlights the influence of dielectric properties on bandwidth and impedance
matching characteristics.

5 Conclusion

The performance of the proposed hybrid graphene—copper antenna was investigated using
FR4, RO4350B, and RT/5880 substrates. The obtained results demonstrated dual-band
operation with bandwidths ranging from 100 MHz to 200 MHz and peak gains reaching 5
dB for low-loss substrates. The comparative analysis confirmed that substrate properties
strongly influence impedance matching and radiation performance. Furthermore, graphene
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integration improved the multiband behavior while maintaining a simple antenna structure
without requiring active switching components. Although the obtained results are promising,
experimental validation and further investigation of tunable graphene parameters remain
necessary for future reconfigurable antenna applications.
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