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Abstract ─ In this paper, a frequency reconfigurable 

antenna was presented. This antenna is made up of a 

square loop and a microstrip line with a gap, in which the 

few layer graphene (FLG) sheet is located to achieve 

frequency reconfigurable. FLG is likes a lumped resistor 

with resistance. And the surface impedance can be 

adjusted by applying a direct current bias voltage, which 

obtains two work modes that imitate switch. Additionally, 

the experimental evidence show the proposed frequency 

reconfigurable antenna can provide a tunable bandwidth. 
 

Index Terms ─ Few layer graphene, frequency tunable, 

microstrip structure. 
 

I. INTRODUCTION 
Reconfigurable antenna, with its advantages of 

improving integration and space utilization, has been 

widely used in the modern wireless communication 

system. According to their functions, a reconfigurable 

antenna can be designed in resonant frequency, radiation 

pattern, and polarization. The method is usually achieved 

by switches, such as PIN diodes [1], varactor diodes [2], 

and micro-electromechanical systems (MEMS) [2].  

Graphene, a flat monoatomic layer of carbon atoms 

distributed in a 2-D honeycomb like lattice, which has 

excellent electrical and thermal properties, will emerge 

as a leading material for communication technologies [3, 

4]. And with changing the bias voltage across graphene, 

the resonant frequency of the antenna changes 

significantly [5, 6]. In Ref. [7], Huang et al. studied the 

performance of wearable antennas made of graphene ink 

from 1 to 5GHz. In Ref. [8], Rajni studied the wearable 

Graphene Based Curved Patch Antenna. However, the 

performance of antenna may be affected by bending. 

Fortunately, many scholars carry out some basic research 

on the optimal design method and radiation efficiency of 

the few layer graphene (FLG) [9, 10]. As experimental 

evidence in Ref. [11], it is verified that the application of 

a proper voltage through two bias tees changes the 

surface resistivity of FLG. In Ref. [12], analyze the 

optimization of the shorted microwave stub. Few layer 

graphene was synthesized by CVD deposition techniques, 

which the thickness less than 5 nm. 

In this paper, a novel frequency reconfigurable 

antenna was presented. This antenna is made up of a 

square loop with a microstrip structure, in which the FLG 

sheet is set. This letter is structured as follows. Section 
II will introduce the design and analyze of the proposed 

antenna. And Section III will introduce the Fabrication 

and measurement of the proposed antenna. 

 

II. ANTENNA DESIGN AND ANALYZE 

A. Configuration of antenna 

The geometry of the presented antenna is shown in 

the Fig. 1. The antenna has three layers, which are a 

ground plate, a dielectric substrate, and a radiation layer. 

As the Fig. 1 (a) shown was the front of antenna, which 

is the radiation layer. The radiation patch comprised a 

rectangular loop and a microstrip stub. The stub consists 

of two microstrip lines and an FLG, which is connected 

to the ground by a shorting pin. The gray part was the 

dielectric substrate. The dielectric substrate is Duride 

5880 with h=1.6mm, 
r = 2.2, tan = 0.0009. As the Fig. 

1 (b) shown was the back of antenna, which is the ground 

plate. As shown in Fig. 1 (c), it is the voltage connection 

method on the FLG. One port of bias DC voltage 

connects the FLG sheet, the other port connects the 

ground of antenna.  

 

 
(a)                                         (b) 
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 (c) 

 

Fig. 1. Geometry of presented frequency tunable antenna: 

(a) the front geometry of antenna; (b) the back of 

geometry antenna; (c) the DC voltage connection 

method on the FLG. (L1=25, Lg=13, L2=11, Lg1=4.5, 

L3=1.5, W1=20, L4=0.7, W2=12, L5=4.5, W3=1, 

L6=0.6, Wf=4.8, Lf=13, Wg1=3.5) (unit: millimeter). 

 

B. The analysis of frequency reconfigurable structure 

Based on existing research on few layer graphene, 

the graphene flake can be modeled as an infinitely thin 

resistive flake with a sheet resistance ρ (Ω/sq), which is 

likes a lumped resistor with resistance. And: 

 4 3/R L W= .                             (1) 

R is the resistance of the FLG, L, and W is the length and 

width,  is the resistivity. According to the Ref (2), the  

ρ is 1360 (Ω/sq) when the DC voltage is loaded to 0 V 

(mode1), the ρ is 49.6 (Ω/sq) when the DC voltage is 

loaded to 5.5V (mode2).  
 

 
 (a) 

 
 (b) 

 

Fig. 2. The microstrip stub: (a) geometry of microstrip 

structure; (b) circuit equivalent model of microstrip 

structure. 

 

The microstrip stub is shown in Fig. 2 (a). It includes 

microstrip line, graphene fleet and shorting via which 

connects the ground. As shown in Fig. 2 (b), the 

microstrip stub is equivalent to the transmission line 

circuit model. The input impedance of the transmission 

line can be calculated by formula (2): 
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For this model, the input impedance Zin of antenna can 

be obtained by two calculations of Equation (2). In  

Equation (3), Z0 is the characteristic impedance of 

microstrip line, β is propagation constant. And the 

following conditions (4) should be met: 

 3 4 5 10L L L+ +  .                            (4) 

In order to achieve the impedance matching of the entire 

antenna, the ranges of L3, L4, and L5 is initially 

estimated by equations (3) and (4) and (5). 

 

C. Parameters optimization 

According to the theoretical calculation results, 

several parameters optimization have been carried out to 

improve the performances of the proposed reconfigurable 

antenna. Because of the diverse combination of 

parameters, the better value was selected by multiple 

simulation optimization tests, and the simulation result 

of optimization was shown in Fig. 3. The simulation was 

completed by 3D electromagnetic simulation software 

HFSS17. Four parameters are optimized to improve 

bandwidth of mode1 and mode2. One of them is L4, 

which represents the length of the graphene flake that 

connect with the microstrip line. Figure 3 (a) and Fig. 3 

(b) intimate that with the variation of L4 from 0.5mm to 

0.9mm, in two modes, S11 achieves the best value at 

L4=0.7mm. The other are W3, L3, and L5, they represent 

the width and length of two microstrip line. Figures 3 (c)-

(h) show that with the variation of W3 from 0.8mm to 

1.2mm, L3 from 1mm to 3mm, and L5 from 4mm to 6mm. 

Consider the balance of the two modes, the values of  

the three parameters were L4 = 0.7mm, W3 = 1mm, L3 = 

1.5mm and L5 = 4.5mm respectively. 
 

 
  (a) 

 
  (b) 
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  (c) 

 
  (d) 

 
  (e) 

 
 (f) 

 
 (g)  

 
  (h) 

 

Fig. 3. The S11 of parameters optimization: (a) mode1, 

the variation of L4; (b) mode2, the variation of L4; (c) 

mode1, the variation of W3; (d) mode2, the variation of 

W3; (e) mode1, the variation of L3; (f) mode2, the 

variation of L3; (g) mode1, the variation of L5; (h) 

mode2, the variation of L5. 

 

III. FABRICATION AND MEASUREMENT 
A prototype of the frequency tunable antenna is 

shown in Fig. 4. The scattering parameter is measured 

using an Agilent N5230C vector network analyzer to 

analysis impedance matching. Because of the processing 

technology, the FLG sheet is large than the gap area. The 

simulated and measured scattering parameter is shown  

in Fig. 5. The measured resonance frequency is 4.9GHz 

(from 3.9GHz to 5.45GHz) in mode1 and 11.58GHz 

(from 11.1GHz to 12.75GHz) in mode2. The S-parameter 

in different modes verifies that it is feasible to achieve 

frequency reconfigurable. 
 

 
 

Fig. 4. The prototype of the proposed antenna. 

 

 
  (a) 
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  (b) 
 

Fig. 5. Simulated and measured S-parameter of the 

proposed antenna: (a) mode1, simulated and measured 

S-parameter, and (b) mode2, simulated and measured S-

parameter. 
 

 
 (a) 

 
 (b) 

 

Fig. 6. Far filed radiation patterns of the proposed 

antenna: (a) mode1, measured radiation pattern at 

4.9GHz, and (b) mode2, simulated radiation pattern at 

11.6GHz. 

 

Far filed radiation patterns of proposed antenna 

which was measured in the satimo OTA system as shown 

in Fig. 6. Figure 6 (a) was the measured radiation pattern 

at 4.9GHz of mode 1. Figure 6 (b) was simulated 

radiation pattern at 10.6GHz of mode 2. For both 4.9 

GHz and 11.6 GHz, the antenna manifests a good 

performance in radiation patterns. Comparing the two 

radiation patterns, it is found that the changes in different 

modes were acceptable. The gain of the antenna is also 

improved of the mode 2. The 3D radiation patterns are 

shown following (Fig. 7). In mode 1, the maximum gain 

of the antenna is 2.71dB. In mode 2, the maximum gain 

of the antenna is 3.28dB. Compared to mode 1, 3D 

radiation patterns of mode 2 have some variations. 
 

 
   (a) 

 
   (b) 
 

Fig. 7. 3D radiation patterns of antenna: (a) mode 1 3D 

radiation patterns, and (b) mode2 3D radiation patterns. 
 

Efficiency of the proposed antenna was shown in 

Fig. 8. At 4.9 GHz, the efficiency of the antenna is 58%. 

At 11.6 GHz, the efficiency of the antenna is about 41%. 
The lower efficiency of the proposed antenna may be due 

to the smaller radiation area of rectangular loop. In mode 

2, the electromagnetic wave radiation was affected to 

some extent, and the efficiency was also reduced. 
 

 
 

Fig. 8. Efficiency of the proposed antenna. 
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IV. CONCLUSION 
This letter presents a frequency tunable antenna. It 

was made up of a square loop with a microstrip structure 

based on the few layer graphene, which the surface 

impedance can be adjusted by applying a direct current 

bias voltage. As experimental evidence, the resonant 

frequency of the antenna can be modified from 4.9GHz to 

10.6GHz. The proposed frequency reconfigurable antenna 

may be great candidate for wireless communication 

system in the future. 
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