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 This paper presents a novel graphene-based impedance reconfigurability 

approach for Ku-band hexagonal patch antennas, demonstrated at both the 

single-element and 4×4 array levels. Unlike conventional metallic or diode-

based reconfigurable antennas, frequency tuning is achieved by exploiting 

the tunable surface conductivity of graphene integrated into E-shaped slots, 

without altering the antenna geometry or employing active lumped 

components. Antenna performance is evaluated using full-wave 

electromagnetic simulations for two graphene states (“on” state and “off” 

state), representing distinct surface impedance conditions. The single 

element exhibits dual resonances at 14.81 GHz and 15 GHz, with reflection 

coefficients of -52.56 dB and -38.18 dB, bandwidths of 783 MHz and 517 

MHz, and a peak gain of 7.8 dBi. The 4×4 array exhibits multiple 

resonances between 12.5–16.8 GHz (off state) and 12.6–17.15 GHz (on 

state), achieving bandwidths up to 2750 MHz and a maximum gain of 13.64 

dBi. These results demonstrate a scalable, geometry-preserving 

reconfigurable antenna solution for compact Ku-band systems. 
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1. INTRODUCTION  

Modern wireless applications, such as satellite communications, vehicular networks, and 5G/6G 

systems, are largely based on the exploitation of the Ku-band (12-18 GHz) [1]. Addressing the increasing 

demands for data rate, these applications require compact antenna systems with high gain, wide bandwidth, 

and stable radiation [2]. Recently, notable research focus has been allocated to the development of high-

performance planar antennas operating in the Ku-band. 

Although the radiation efficiency of conventional metal antennas is significant, their 

electromagnetic properties remain intrinsically static, due to the constant surface impedance of their metal 

radiators. Limited frequency tunability and a reduced adaptability to dynamic communication environments 

are thus the consequences of these antennas [3]. Although reconfigurable antennas based on positive intrinsic 

negative (PIN) diodes or varactors have been proposed, these approaches often introduce additional biasing 

complexity, ohmic losses, and potential degradation of radiation performance [4]. 

Several studies have advanced Ku-band antenna architectures using shared-aperture and fabry–perot 

cavity (FPC) concepts. A wideband dual-frequency shared-aperture antenna was demonstrated in [5], while 

https://creativecommons.org/licenses/by-sa/4.0/
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polarization-reconfigurable FPC mechanisms were analyzed in [6]. For internet of things/vehicles (IoT/IoV) 

systems, a dual-band dual circularly polarized multibeam antenna was introduced in [7]. Frequency range or 

FR1/FR2 shared-aperture configurations in [8] and a switchable fan-beam module in [9] were also proposed. 

Further innovations include a dual-band reflective surface [10], a triple-band FPC and microstrip grid array 

[11], with gains >12.5 dBi, and a high-gain Ku-band phased array [12], achieving 32.4 dBi gain and 36.7 dB 

isolation. An S/K/Ka triple-band hybrid antenna was reported in [13] with beam scanning up to ±27°, and a 

compact dual-band circularly polarized navigation with Indian constellation (NavIC) antenna was presented 

in [14] with isolation >20 dB. Despite these advances, compact dual-band antennas with high isolation for 

emerging 6G IoV applications remain underexplored, motivating the present work. 

In parallel, graphene has emerged as a promising material for next-generation electromagnetic 

devices due to its high carrier mobility and electrically tunable surface conductivity [15]. These properties 

enable compact and frequency-reconfigurable antenna structures, particularly at millimeter-wave and 

terahertz frequencies [16]. However, the integration of graphene-based tunable impedance into Ku-band 

patch antenna architectures remains largely unexplored. The dependence on conventional metal radiators 

with an intrinsically fixed surface impedance leads to limited adaptability of bandwidth and constrained 

dynamic frequency control in most Ku-band antennas. Although several reconfigurable antennas employ PIN 

diodes or varactors, these solutions introduce additional biasing complexity, ohmic losses, and potential 

degradation of radiation performance. Consequently, the realization of geometry-preserving Ku-band antenna 

arrays capable of intrinsic electromagnetic reconfigurability using tunable materials such as graphene 

remains an open research challenge. 

Graphene is exploited in this work to propose a Ku-band reconfigurable antenna architecture, thus 

overcoming the limitations of conventional metal antennas. This paper makes the following contributions. 

First, a hexagonal microstrip patch antenna integrating graphene-filled E-shaped slots is proposed to achieve 

geometry-preserving impedance-controlled frequency reconfigurability. Second, a graphene-based 

electromagnetic tuning mechanism is implemented by exploiting the electrically tunable surface conductivity 

of graphene, enabling intrinsic frequency reconfigurability without the use of discrete switching components 

such as PIN diodes or varactors. Third, the proposed concept is systematically validated at two design scales, 

including a single radiating element and a 4×4 planar array configuration, demonstrating scalable 

reconfigurable behavior with stable gain characteristics and extended impedance bandwidth within the Ku-

band. These results highlight the potential of graphene-based impedance modulation for the development of 

compact and adaptive Ku-band antenna systems. 

The obtained results demonstrate effective frequency reconfigurability, stable gain characteristics, 

and bandwidth enhancement within the Ku-band. These findings highlight the potential of graphene-enabled 

antenna architectures for adaptive satellite and vehicular communication systems and provide a promising 

pathway toward the development of reconfigurable antennas for future 5G and 6G wireless networks. 

 

 

2. METHOD 

Based on four sequential steps, the proposed methodology includes the design of the hexagonal unit 

cell, the modeling of the graphene surface impedance, the construction of the 4×4 planar network; and the 

full-wave electromagnetic validation. The overall design and simulation workflow of the proposed antenna is 

illustrated in Figure 1. 
 

 

 
 

Figure 1. Flowchart of the proposed graphene-based antenna design and simulation procedure 
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2.1.  Single hexagonal patch antenna 

The radiating element is derived from the classical circular microstrip patch model operating in the 

Ku-band (12–18 GHz). The effective radius is calculated using the cavity model as in (1) [17]: 
 

𝑅𝑒𝑓𝑓 =
𝑐

2𝑓𝑟√𝜀𝑒𝑓𝑓
 (1) 

 

where 𝑅𝑒𝑓𝑓 denotes the effective patch radius (m), 𝑐 is the speed of light in free space (𝑚 · 𝑠−1), 𝑓𝑟 represents 

the target resonance frequency (Hz), and 𝜀𝑒𝑓𝑓 is the effective dielectric constant of the substrate. The 

essential parameters of the proposed antenna are summarized in Table 1. 
 

 

Table 1. Essential parameters of the proposed antenna 
Parameter Value 

Resonant frequency (𝑓𝑟) 14.64 GHz 

Relative permittivity of the substrate (𝜀𝑟) 4.3 

Thickness of the substrate (ℎ) 1.6 

Antenna input impedance 𝑅𝑖𝑛 50Ω 

 

 

The circular geometry is transformed into a regular hexagonal patch while preserving the radiating 

area. The antenna is implemented on an FR4 substrate with relative permittivity 𝜀𝑟 = 4.3 and a thickness of 

1.6 mm, and is excited through a 50 Ω microstrip feed line. The two graphene-filled E-shaped slots are 

inserted into the radiating patch to enable conductivity-controlled frequency tuning. The geometric 

parameters of the patch, slots, feed line, and ground plane are optimized to ensure proper impedance 

matching within the Ku-band. The geometry and design evolution of the proposed single-antenna element are 

illustrated in Figure 2. The initial regular hexagonal patch is presented in Figure 2(a), whereas Figure 2(b) 

shows the configuration incorporating two graphene-filled E-shaped slots. The optimized geometric 

dimensions are summarized in Table 2. 
 

 

  

(a) (b) 
 

Figure 2. Geometry and design evolution of the proposed hexagonal patch antenna: (a) initial regular 

hexagonal configuration and (b) hexagonal patch incorporating graphene-filled E-shaped slots 
 

 

Table 2. Optimized geometric dimensions of the proposed antenna 
Parameter  Optimized value (mm) 

𝐿𝑝 7.94 

𝐿𝑓 7.97 

𝑊𝑓 3.28 

𝐹1 9.66 

𝐹2 6.30 

𝐹3 4.23 

 

 

2.2.  Graphene surface impedance modeling 

Graphene strips integrated into the radiating patch act as tunable conductive elements that modify 

the surface current distribution. The tuning of the resonant frequency is achieved by altering the effective 

electrical length of the patch by variation of the surface impedance of the graphene. The two states of 

conductivity are thus analyzed: a low surface impedance characterizes the “on” state, favoring the conduction 

of current through the graphene strips, while a high surface impedance corresponds to the “off” state, limiting 

the circulation of current. 
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In order to analyze the intrinsic electromagnetic reconfigurability, a uniform polarization is adopted, 

where the same voltage 𝑉𝑔 is applied to all graphene strips. The surface impedance is thus controlled by this 

direct-current (DC) bias voltage, which acts on the carrier density and the chemical potential 𝜇𝑐. The 

graphene surface impedance is evaluated at the target resonance frequency within the Ku-band to ensure 

consistency with the antenna operating conditions. To determine practical values of the “on” and “off” 

surface impedances 𝑍𝑠 𝑜𝑛, and 𝑍𝑠 𝑜𝑓𝑓, the following (2)-(7) are used [18]: 

 

𝜂 =
𝜀0𝜀𝑟𝑉𝑔

𝑑𝑞
 (2) 

 

𝜇𝑐 = ℏ𝑣𝑓 √𝜂𝜋 (3) 

 

𝜏𝑠 =
4ℏ2𝜌𝑚𝑣𝑓𝑉𝑝ℎ

2

√𝜂𝜋 𝐾𝐵𝑇𝐷2  (4) 

 

𝜏𝐿 =
𝜇𝐿ℏ√𝜂𝜋

𝑞𝑣𝑓
 (5) 

 
1

𝜏
=

1

𝜏𝐿
+

1

𝜏𝑠
 (6) 

 

𝑍𝑠 =
1

𝜎(𝑓,𝜇𝑐,𝜏,𝑇)
=  

𝑗𝜋ℏ2(2𝜋𝑓(𝜏𝐿𝜏𝑠)−𝑗(𝜏𝐿+𝜏𝑠))

𝑞2(𝜏𝐿𝜏𝑠)[𝜇𝑐+2𝐾𝐵𝑇𝑙𝑛(𝑒

−µ𝑐
𝐾𝐵𝑇+1)]

 (7) 

 

Where 𝜂 is the carrier density (𝑚−2), 𝜀0 is the vacuum permittivity (𝐹. 𝑚−1), 𝜀𝑟 is the relative 

permittivity of the dielectric layer, 𝑉𝑔 is the applied gate bias voltage (𝑉), d is the graphene thickness (𝑚), 

and 𝑞 is the elementary electron charge (𝐶). In addition, 𝜇𝑐 denotes the graphene chemical potential (𝑒𝑉), ℏ 

is the reduced Planck constant (𝐽. 𝑠), and 𝑣𝑓 is the Fermi velocity in graphene (𝑚−1). The parameters 𝜏𝑠 and 

𝜏𝐿 represent the phonon-scattering and impurity-scattering relaxation times, respectively (𝑠). Furthermore, 

𝜌𝑚 = 7.6 × 10−7  𝐾𝑔 𝑚2⁄  is the two-dimensional mass density of graphene, 𝑣𝑝ℎ = 2.1 × 104 𝑚 𝑠⁄  is the 

velocity of longitudinal acoustic phonons, 𝑘𝐵 is the Boltzmann constant (𝐽. 𝑘−1), 𝑇 is the absolute 

temperature (𝐾), 𝐷 is the deformation potential (𝑒𝑉), and 𝜇𝐿 is the carrier mobility (𝑚2. 𝑉−1. 𝑆−1), Finally, 

𝑍𝑠 represents the graphene sheet impedance (𝛺/□) obtained from the complex surface conductivity 

𝜎(𝑓, 𝜇𝑐, 𝜏, 𝑇), where f is the operating frequency (Hz). 

The selected parameter values used to compute 𝑍𝑠 𝑜𝑛  and 𝑍𝑠 𝑜𝑓𝑓  are summarized in Table 3. The 

applied gate bias voltage 𝑉𝑔 modulates the carrier concentration in the graphene layer, which in turn modifies 

the chemical potential 𝜇𝑐 and the resulting surface conductivity. The “on” state corresponds to a higher 

carrier density and therefore a lower surface impedance, while the “off” state is associated with reduced 

carrier density and significantly higher surface impedance. In the electromagnetic simulations, graphene 

strips are implemented in CST Microwave Studio as frequency-dependent sheet impedances using the 

calculated complex surface impedance values. This approach allows controlled resonance tuning without 

introducing discrete radio frequency (RF) switching components. 

 

 

Table 3. Selected parameters of the graphene surface impedance for “on” and “off” states 
State “on” state “off” state 

Gate-voltage 𝑉𝑔 (𝑉) 21 0.05 

Temperature 𝑇 (𝑘) 300 300 

Carrier concentration 𝜂 (𝑚−2) 5.8 × 1017 6 × 1014 

Graphene surface impedance Zs(Ω/□) 6.09 + j0.5 1552 + j1.8 

 

 

2.3.  4×4 hexagonal patch antenna array 

An inter-element spacing of approximately 1.2 λ is adopted to balance reduction of the mutual 

coupling and the elimination of the grating lobes in the Ku-band. The optimized unit cell is then scaled into a 

4×4 planar array configuration, leading to improved radiation performance in accordance with established 

array synthesis principles [19]. A corporate feed network is adopted to provide uniform amplitude and phase 

excitation across the array. The feeding structure employs quarter-wave impedance transformers with 50 Ω 

input matching and intermediate 70 Ω and 100 Ω transmission-line sections to ensure efficient power 
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distribution, as commonly implemented in planar array feeding networks [20]. The λ 4⁄  power divider 

transformer is shown in Figure 3. 
 

 

 
 

Figure 3. Power divider λ 4⁄  transformer 
 

 

The 4×4 planar array is formed by integrating the optimized unit cell within a symmetric corporate-

fed topology to maintain coherent excitation across all elements. As shown in Figure 4, the full array 

structure is based on phase uniformity, which essential to ensure constructive interference in the main 

radiation direction and reduced sidelobe levels. All electromagnetic simulations are performed using the 

time-domain solver of CST Microwave Studio. The antenna is excited via a 50 Ω waveguide port, and open 

(radiation) boundary conditions are applied to emulate free-space propagation. An adaptive mesh refinement 

strategy is employed to ensure numerical convergence. In order to verify the numerical stability, additional 

simulations using different mesh densities have been carried out, showing gain variations of less than 0.3 dBi 

and deviations of 𝑆11 within ±0.8 dB. The performance of the antenna is then evaluated in terms of reflection 

coefficient (𝑆11), impedance bandwidth, realized gain and radiation diagrams. 
 

 

 
 

Figure 4. 4×4 hexagonal patch antenna array with corporate feeding network 

 

 

3. RESULTS AND DISCUSSION 

3.1.  Single hexagonal patch antenna 

As illustrated in Figure 5, the gate bias voltage 𝑉𝑔 controls resonance by modulating both the carrier 

concentration 𝜂 and graphene’s surface impedance 𝑍𝑠. In the “off” state, the higher sheet impedance restricts 

current flow, resulting in resonances at 13.72 GHz and 14.81 GHz. Increasing 𝑉𝑔 to the “on” state lowers this 

impedance, allowing the current to distribute more freely along the slots. This shift moves the resonances to 

13.75 GHz and 15.00 GHz. While the “off” state provides a broader bandwidth, the “on” state enhances 

conduction, ultimately achieving a tuning step of approximately 180 MHz. Advantageous for Ku-band 

reconfigurable systems, this capability enables dynamic frequency adaptation without geometric 

modification, owing to the tuning of graphene surface impedance, as validated by the variation of the 

reflection coefficient S11 under biasing conditions, while maintaining satisfactory impedance matching. 
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Figure 5. Simulated S11 response of the proposed antenna for graphene “off” / “on” states and copper 
 

 

A slight degradation in impedance matching is observed due to the reduced conductivity of 

graphene, which alters the input impedance compared to the copper structure. This difference arises from 

ohmic losses induced by the higher surface impedance of graphene, which disrupts the current distribution on 

the radiating patch, unlike copper which supports nearly ideal conduction. Consequently, differences in 

resonance behavior and bandwidth are observed between the copper reference antenna and the graphene-

based configuration, the latter being characterized by additional dissipative losses associated with its finite 

surface conductivity. 

As shown in Figure 6, the gain peak shifts are governed by the bias control; the gain variation 

follows the resonance behavior previously discussed. In the “off” state, the higher sheet impedance restricts 

surface current propagation, increases dissipative losses, and shifts the maximum gain toward a lower 

frequency (14.7 GHz) with a reduced peak value (6.9 dBi). In the “on” state, the lower impedance facilitates 

current flow along the patch, improves radiation efficiency, and moves the gain maximum toward 15 GHz, 

where the peak reaches 7.8 dBi. Compared with the copper reference (8.7 dBi at 15 GHz), the graphene states 

exhibit a gain reduction of about 0.9 dBi (on) and 1.8 dBi (off), which quantifies the additional losses 

introduced by the finite conductivity of graphene. 
 

 

 
 

Figure 6. Realized gain response of the proposed antenna for copper and graphene “off” / “on” states 
 

 

Adaptive radiation control and beam scanning are now feasible. For this purpose, planar antenna 

arrays are employed. The proposed unit element can act as a robust fundamental building block. Its radiation 

performance is consistent. This reflects its dependability. Despite the limited conductivity of graphene, the 

radiation efficiency stays satisfactory. The simulation results confirm this. The graphene-based tuning thus 

maintains this efficiency. 

Figure 7 compares the far-field directivity patterns of the copper reference antenna and the 

graphene-based configurations. The copper as in Figure 7(a) patch exhibits a directivity of 7.37 dBi with a 

beam pointing direction of 48° and a -3 dB beamwidth of 65.5°. When graphene is introduced, the bias-

controlled variation of the graphene surface impedance modifies the surface current distribution on the 

radiating patch. In the “on” state in Figure 7(b), the reduced sheet impedance enhances current propagation, 

yielding a directivity of 9.23 dBi with a narrower beamwidth of 41.4°. In the “off” state in Figure 7(c), the 

higher impedance partially restricts current flow, resulting in a broader beam with a -3 dB beamwidth of 

73.7° and a directivity of 5.66 dBi. 
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The reduced realized gain observed in the “off” state is attributed to increased dissipative losses 

associated with the higher surface impedance of graphene, which also leads to a decrease in directivity. More 

generally, compared to copper, graphene-based configurations exhibit modified radiation characteristics due 

to the finite conductivity of graphene, which disrupts the current distribution and introduces additional losses. 

The ability to adjust radiation characteristics without modifying the antenna geometry is particularly 

attractive for frequency-agile and beam-steerable Ku-band communication systems, enabling adaptive 

control of radiation in reconfigurable antennas through bias-controlled operation. 

 

 

 
(a) 

 

 
(b) 

 

 
(c) 

 

Figure 7. Radiation patterns of the single hexagonal patch antenna: (a) copper, (b) graphene “on”, and  

(c) graphene “off” 

 

 

3.2.  Feeding network characterization 

The input reflection coefficient of the feeding network is presented in Figure 8. A strong resonance 

is obtained around the operating frequency, where S11 is below -20 dB. This confirms proper impedance 

matching when all output ports are terminated with 50 Ω loads. Minor secondary resonances are attributed to 

the multi-branch structure. 
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Figure 8. Reflection coefficient S11 of the feeding network with matched loads at all output ports 

 

 

Figure 9 illustrates the transmission coefficients for representative ports (S21, S61, and S161). The 

curves exhibit similar behavior across the frequency band, confirming uniform power distribution. The 

insertion loss remains consistent among the outputs, validating the balanced nature of the network. These 

results demonstrate efficient power division. 

 

 

 
 

Figure 9. Insertion loss of the feeding network for representative output ports (S21, S61, and S161) 

 

 

Figure 10 illustrates the isolation between representative output ports. An effective attenuation of the 

mutual coupling is translated by the fact that the majority of the coupling levels are maintained below -20 dB 

over the entire operating band. Reaching less than -30 dB, some pairs of ports have even lower values, which 

confirms the robustness of the power feeding network in minimizing interference. Since all the output ports 

have similar responses, only representative parameters S are considered, due to the symmetrical architecture 

of the power feeding network. 

 

 

 
 

Figure 10. Isolation characteristics between representative output ports (S23, S26, and S67) 
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3.3.  Hexagonal patch antenna array 

Figure 11 presents the simulated reflection coefficient of the 4×4 array for the graphene “off” and 

“on” states. Multiple resonances appear across the Ku-band due to the interaction between the corporate 

feeding network and the mutual coupling among the radiating elements. In the “off” state, resonances occur 

at 12.5, 12.8, 14.1, 14.8, 16.3, and 16.8 GHz, with reflection minima ranging from -19 to -46 dB. When the 

graphene layer is biased (“on” state), the resonances shift to 12.6, 12.9, 14.4, 15.06, 16.5, and 17.15 GHz, 

corresponding to an average tuning of approximately 280 MHz. 

This frequency shift originates from the bias-dependent variation of the graphene sheet impedance, 

which modifies the input impedance of the array through changes in inter-element coupling and feeding-

network matching. This bias-controlled impedance modulation enables effective frequency tuning at the 

array level without modifying the antenna geometry. Such reconfigurable spectral behavior is beneficial for 

frequency-agile Ku-band antenna arrays used in adaptive communication systems. In addition, the stable 

multiresonant response provides a suitable foundation for scalable array architectures supporting dynamic 

beam control. 

 

 

 
 

Figure 11. Simulated 𝑆₁₁ of the proposed 4×4 graphene array for “off” and “on” states 

 

 

Figure 12 presents the realized gain of the proposed 4×4 array for the graphene “off” and “on” 

states. The maximum gain occurs around 12.6 GHz, reaching 13.30 dBi in the “off” state and 13.64 dBi in 

the “on” state. The slightly higher gain in the “on” state results from the reduced graphene sheet impedance, 

which improves current conduction along the array elements and enhances radiation efficiency. In contrast, 

the “off” state exhibits stronger gain fluctuations due to the higher surface resistance associated with the 

reduced graphene conductivity. 

 

 

 
 

Figure 12. Simulated gain of the proposed 4×4 graphene array for “off” and “on” states 

 

 

With a gain of up to 13.3 dBi, the 4×4 network confirms the efficiency of the corporate power 

feeding network. The modulation of the graphene impedance allows dynamic gain control and adaptive 

adjustment of the radiated power. The multiple peaks on the Ku band thus reveal a strong frequency 

selectivity and a reinforced high gain beamforming. 
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The proposed antenna design is compatible with standard fabrication processes. Graphene layers can 

be synthesized via chemical vapor deposition (CVD), transferred onto dielectric substrates, and patterned using 

conventional lithographic techniques for RF applications [21]. Fabrication tolerances may introduce 

dimensional deviations, leading to resonance shifts, impedance mismatch, and gain degradation. In addition, the 

electromagnetic performance of graphene is strongly influenced by its surface conductivity, which depends on 

material quality, transfer-induced defects, and contact resistance variability [22]. Future work will focus on 

prototype fabrication and experimental validation to address these factors and reduce uncertainty in practical 

implementations. 

 

3.4.  Comparaison with previous studies  

3.4.1. Single hexagonal patch antenna  

The proposed antenna is particularly suitable for Ku-band applications, especially on unmanned 

aerial vehicle (UAV) and satellite platforms, where compactness, reliability, and low complexity are essential 

requirements. Without relying on active components or complex polarization networks, it enables 

competitive gain while improving robustness to vibrations and thermal variations, as shown in Table 4. The 

continuous tunability further enables adaptive frequency operation in dynamic environments. 

 

 

Table 4. Comparison of the proposed single hexagonal patch antenna with previously reported designs 

 

 

3.4.2. Hexagonal patch antenna array 

A competitive bandwidth of 2750 MHz and a gain of 13.64 dBi are demonstrated by the proposed 4×4 

graphene-based antenna array, whose performance is benchmarked in the comparative overview of Table 5 

against recently reported planar antenna arrays. Real-world constraints such as temperature stability, 

polarization integration and environmental robustness need to be evaluated for practical deployment in 

SATCOM, UAV, or 6G scenarios. These aspects will be addressed during future experimental validations. 

 

 

Table 5. Comparison of the proposed 4x4 hexagonal patch antenna array with previously reported designs 
References Technology GHz MHz dBi Number of elements 

[26] 2×4 circular patch array RT5880 12.33 310 7.6 8 

[27] FR4, circular monopoles, staircase 

isolation, unconnected ground, high-
isolation multiple-input multiple-output 

(MIMO) 

12 9530 11.57 4 

[28] Modified Koch fractal, coplanar 
waveguide (CPW) feed, meander line 

isolation, FR4, single-sided 

14.39 1115 6.1 2 

[29] L-probe square-ring (LB), stacked patch 
(HB), multilayer printed circuit board 

(PCB) TLE-95/RO4450T, grounded CPW 

(GCPW) feed, Ku-band satellite 
communications (SATCOM) 

13.21 
15.32 

2110 5.42 2 

[30] FR4, rectangular radiator, curved edges, 

partial ground slot, meandered band-notch, 
orthogonal elements 

12 1000 4 4 

This work 4×4 hexagonal antenna with graphene E 

slots 

12.5, 12.8, 14.1, 14.8, 

16.3, 16.8 (“off”) 
12.6, 12.9, 14.4, 15.06, 

16.5,17.15(“on”) 

2480 

(“off”) 
2750 

(“on”) 

13.30 

(“off”) 
13.64 

(“on”) 

16 

 

 

 

 

References Technology  GHz MHz dBi Reconfigurability Complexity 

[23] Circular patch + PIN 

diode (RT5880) 

12.85 

12.50 

650 

500 

6.15 

5.8 

Yes High (isolation circuits required, complex 

biasing networkDC, multiple PIN diodes) 

[24] Reuleaux monopole + 
DGS + 2 PIN diodes 

13.7 2950 3.85 Yes Medium (biasing lines affect radiation, 
defected ground structure, 2 PIN diodes) 

[25] Dual patch + LC phase 

shifters + couplers 

12.00 1000 5.2 Yes High (5-layer stack-up, 2 meandered phase 

shifters, DC decoupling structures, 
complex biasing) 

This work Hexagonal antenna with 

graphene E slots 

14.81 

15 

783 

517 

6.9 

7.8 

Yes Low (no active diodes, simple DC biasing 

through graphene, no complex isolation 
circuits) 
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4. CONCLUSION  

The potential of graphene as an active material for frequency-reconfigurable Ku-band antennas is 

highlighted in this study. Two resonant modes at 14.81 GHz and 15 GHz, with bandwidths of 783 MHz and 

517 MHz and a peak gain of 7.8 dBi, are achieved by the proposed hexagonal patch. When extended to a 4×4 

configuration, the antenna operates over 12.5–16.8 GHz (“off” state) and 12.6–17.15 GHz (“on” state), 

achieving a bandwidth of up to 2750 MHz, a peak gain of 13.64 dBi, reduced sidelobe levels, and stable 

impedance behavior. Although the results are obtained from full-wave simulations, experimental validation 

remains necessary for practical deployment. Future work will therefore focus on prototype fabrication and 

the integration of an appropriate graphene biasing network. Particular attention will also be given to system-

level constraints such as weight, compactness, and electromagnetic compatibility when integrating the 

antenna into UAV or satellite platforms. In addition, alternative tunable materials and modified antenna 

configurations will be investigated to extend the proposed concept toward other frequency bands and 

applications. These developments position graphene-enabled antenna arrays as promising candidates for 

adaptive Ku-band satellite platforms and next-generation 6G communication systems. 
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