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Abstract— This paper presents a tunable antenna with frequency reconfigurability caused by an external bias voltage. The antenna is composed of a patch with two stubs and commercial graphene nanoplatelets deposited in designated gaps between the antenna and the stubs. As the graphene nanoplatelets are biased with a dc voltage, their sheet resistance is varied causing a change in the reactance at the radiating edge of the patch antenna resulting in a variation of the resonant frequency. Even though commercial graphene nanoplatelets bearing higher sheet resistance are deployed yet the prototype is designed to provide comparable frequency shift to tunable antennas based on lab grown graphene flakes. Simulated values of return loss are compared to measured values. The resulting shift in the frequency is 370MHz at a frequency of 5GHz.  
Index Terms— Graphene, tunable microwave components, frequency reconfigurable antenna, voltage controlled antennas

I.  Introduction 

There has been considerable amount of work on carbon based materials in the recent years due to their interesting electronic, mechanical and thermal characteristics [1],[2]. They have found inwards into a large number of applications due to these characteristics [3],[4]. Among carbon based materials, graphene is one of the most important and has been vastly studied. A number of applications have been proposed based on graphene due to its tunable conductivity [5]-[7].  

In order to induce the variation of conductivity in graphene, its electron mobility is varied using a DC voltage [8],[9]. The variation in conductivity of graphene happens from DC up to millimeter waves thus granting it applications in a lot of microwave and millimeter wave devices, components and systems. Attenuators [10]-[13], Phase shifters [14] and antennas [15] are among the most noteworthy. 


It is highly technologically demanding to produce monolayer graphene but since the tunable conductive behavior of graphene is present in multilayered graphene, therefore it is worthwhile to use it instead. Another aspect to consider is the higher wavelength and the resulting large component size at lower frequencies that require larger graphene depositions, which is difficult to cover with monolayer graphene. A number of components have been designed using lab grown multilayered graphene, [10]-[15]. For mass-scale production of graphene based tunable components, commercial graphene nanoplatelets should be deployed and comparable performance should be ensured.


In this paper, a tunable antenna based on a similar principle as [15] is proposed, where analysis on the comparison of graphene and varactor based tunable antennas was performed. Commercial graphene nanoplatelets are deployed instead of lab grown graphene. Similar performance to the single stub antenna of [15] is ensured by increasing the number of stubs since commercial graphene nanoplatelets are less conductive as compared to lab-grown graphene. The tunable antenna is composed of a patch antenna connected to two shorted stubs through graphene as shown in Fig. 1. The conductivity of graphene is varied by the help of an external DC bias voltage. Thus varying the imaginary part of the input impedance of the two stubs and varying the resulting radiating frequency of the antenna. The use of two stubs increases the total input reactance variation at the radiating edge of the patch.

II. Design of the Antenna

[image: image1.png]


 The tunable antenna consists of a patch antenna connected to graphene and two shorted stubs. The lengths of the stubs are designed to vary input reactance upon a variation in graphene resistance. This is in principle similar to conventional method of using pin diodes in tunable patch antennas.

Fig. 1. Tunable graphene antenna geometry.
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Fig. 2. Simulated reflection loss for different values of graphene resistance. 

Simulations are performed by the help of Ansys HFSS in order to verify the performance of the tunable antenna. Graphene Nanoplatelets are modelled as infinitely thin resistive sheets with assigned resistance values in terms of /square. Since commercial graphene is deployed, which has higher resistance values, the aspect ratio of the graphene deposition is kept  to get the variation of resistance in the desirable range.


The substrate on which the antenna is designed is Rogers 3035 which has a dielectric constant, r = 3.5 and loss tangent, tan δ = 0.002. The thickness of the substrate is, h=1.52 mm. The width of the feed line is w=3.2 mm, which corresponds to a 50  line and the length of the inset is Li = 5.2 mm. The width of the stub is ws = 1 mm and length, Ls = 15 mm. The graphene depositions have width similar to the width of the stub and length is kept at 0.2 mm in order to bring down the resistance variation for better tuning.   
Simulation results as shown in Fig. 2 shows a variation in the frequency of radiation of the antenna with varying graphene resistance values. With a maximum graphene resistance of 3500 sq, the antenna resonates at the frequency of 5.03 GHz. The radiating frequency of 4.7 GHz is reached for a minimum graphene value of 350 sq. The simulated gain of the antenna is 1.7 dB and radiation efficiency is 0.56. 
III. Measured Results

Prototype of the tunable antenna was fabricated with a standard  etching technique out the areas left out of a photo resist applied to a dielectric substrate (see Fig. 3 right panel). Commercial graphene nanoplatelets produced by Nanoinnova were subsequently drop casted in the two gaps between the stubs and the patch antenna. The aspect ratio of the graphene deposition is designed so as to achieve lower conductivity values. Applying a bias voltage to graphene nanoplatelets results in the variation of reactance of the two stubs causing a shift in the radiating frequency of the patch antenna. 
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Fig. 3.  Measurement setup (left panel).  Fabricated prototype of the graphene-based microstrip tunable antenna (right panel). 

TABLE I. 
Measured DC Voltage and Current values with corresponding resistance and Sheet Resistance values

	Applied Voltage

(V)
	Current drawn

(mA)
	Resistance

()
	Sheet Resistance

/sq)

	0.3
	2
	300
	2000

	4.7
	75
	126
	844

	5.1
	100
	102
	680

	5.3
	120
	88
	588

	6
	190
	63
	421
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Fig. 4.  Measured reflection loss of the tunable patch antenna for different applied bias voltages. 


The return loss of the fabricated prototype is measured by the help of a vector network analyzer (see Fig. 3 left panel). The DC bias voltage is applied to the graphene nanoplatelets 

by the help of a broadband bias-tee.  Bias  voltage  is  applied  between the ground plane and the patch antenna. Simultaneous measurements of the current drawn by the graphene nanoplatelets are performed along with the return loss for each value of the DC Voltage Bias. It is seen that the increase in applied bias voltage causes a reduction in the resistance of graphene. The resistance variation causes a significant change in the total reactance of the two stubs causing a shift in the resonant frequency of the patch antenna.


The values of applied DC voltage and respective current and resistance values are shown in Table I. The return loss measured at each applied DC bias is as shown in Fig. 4. As expected, increasing the DC bias voltage the resonant frequency of the patch antenna is shifted to a lower value. At a low bias voltage of 0.3V the antenna resonates at the frequency of 4.89 GHz which shifts to 4.52 GHz at an applied bias voltage of 6 V. 

Note that the values of the graphene resistance for the simulated reflection coefficient of Fig. 2 are not the same as that of Fig. 3. The reduced measured reflection coefficient may be due to the frequency dependent dielectric properties of the substrate, which for the simulated case are considered constant. Simulations of radiation pattern show no significant variation in radiation pattern due to the presence of the stubs. The total shift in the resonant frequency is 370 MHz . In order to compare simulated and measured return loss, respective values of voltage and resistance can be correlated with the help of Table I.  
IV. Conclusions 


A tunable planar antenna composed of a patch and two stubs connected via graphene nanoplatelets is proposed. The lengths and widths of the stubs have been designed so as to cause a larger variation in the reactance with a change in the graphene resistance. Applying a DC bias voltage causes a change in the graphene resistance resulting in a change in the reactance at the radiating edge of the patch. This causes a shift in the resonant frequency of the patch antenna. The structure with two stubs have been optimized so as to maximize the frequency shift even for less conductive commercial graphene nanoplatelets. The total shift in frequency is 370MHz at a frequency of 5GHz with minimum gain degradation.
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