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Abstract: In this paper, a design method of tunable multifunctional attenuators is proposed by 

analyzing the characterization of dual-mode microstrip resonators loaded by graphene sandwiched 

structure (GSS). Firstly, the odd-even mode method is applied to analyze the resonance 

characteristics of two common GSS loaded dual-mode resonators, which clearly describe the 

influence of graphene on these resonators. Then, two kinds of multifunction attenuator with 

dynamically tunable attenuation are proposed based on graphene integrated dual-mode resonators, 

which enables controllable characteristics and multi-frequency transmission options for traditional 

attenuating devices. Finally, all the proposed multifunctional attenuators are fabricated and 

measured. The experimental results are in good agreement with the simulation results, which 

further verifies the conclusions and design method proposed in this paper. 

Keywords: multifunction attenuator; dynamically tunable; graphene sandwiched structure; 

microstrip dual-mode resonators 

 

1. Introduction 

With the continuous development and of preparation methods and processing technology, 

graphene-based materials are being widely used in the design of new electromagnetic devices due to 

their excellent properties [1]-[5]. In the microwave band, graphene-based materials prepared by 

different improved processes often have different properties, thus suitable for the design of different 

devices. For example, the properties of omnidirectional resistance and easy printing of graphene ink 

is particularly suitable for the design of absorbers with periodic structure [6]-[8] and multi-way 

dividers [9]. Multilayer graphene films through high temperature annealing and rolling and with the 

properties of high conductivity and flexibility are ideal for the design of pressure sensors [10] and 

wearable antennas [11]. In addition to the above materials, graphene-based materials with 

controllable electrical conductivity is the hotspot recently. Both of few-layer graphene flakes and 

graphene nanoplates have controllable conductivity and small size, which make them suitable for the 

design of tunable attenuator [12]-[15] and reconfigurable antenna [16]. However, tunable devices 

based on graphene nanoplates always require additional bias circuits, which make it difficult to be 

apply to the design of multifunctional devices. Graphene sandwiched structure (GSS) is a kind of 

graphene-based material processed from two monolayers graphene and ionic liquid, which also has 

controllable conductivity and can be used for the design of tunable attenuator [17]-[19]. The surface 

resistance of GSS can be controlled only by applying a vertical voltage on the two pieces of monolayer 

graphene. So, GSS is well suited for the design of integrated devices. For example, by loading GSS on 

spoof surface plasmon polariton (SSPP) transmission line with a low noise amplifier (LNA) chip, a 
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dynamically tunable integrated device for attenuation, amplification and transmission can be 

designed [18]. Since no additional bias circuit is required, the loading of the GSS does not affect the 

operation of the LNA. 

In this paper, the GSS is integrated with two kinds of microwave dual-mode resonators to 

analyze the influence of graphene on the different modes of these resonators. Then, two conclusions 

and a design method for multifunction attenuator are proposed through comparing the resonant 

intensity of different modes. At last, some multifunction attenuators are designed and fabricated 

according to the proposed method. The measured results show that all these multifunction 

attenuators can achieve controllable attenuation by applying vertical voltage on the GSS be loaded 

on the resonators. 

2. Characterization of Dual-Mode Microstrip Resonators Loaded with Graphene Sandwiched 

Structure 

The microstrip dual-mode resonators have open structure and clear electromagnetic field 

distribution, making them easier to be integrated with graphene. In order to study the effect of 

loading graphene on the dual-mode resonators, GSSs are loaded on the different positions of two 

common resonators. 

The geometry of the GSS loaded open-ended resonator with centrally loaded open stub 

resonator is exhibited in Figure 1a. GSS is loaded on position 1 (GSS is loaded on the open-ended 

resonator) or position 2 (GSS is loaded on the open stub) to influence the resonant characteristics of 

this resonator. When GSS is loaded on position 1, d represents the distance between GSS and the 

center of the open-ended resonator. When GSS is loaded on position 2, d1 represents the distance 

between GSS and the beginning of the open stub. Lg and Wg are the length and width of GSS. All the 

parameters are given in Table 1. Figure 1b depicts the equivalent circuit of GSS loaded open-ended 

resonator with centrally loaded open stub dual-mode resonators, which can be analyzed by odd-even 

mode method. Figure 1c shows the disassembling diagram of Figure 1b, when GSS loaded on position 

1 or position 2 respectively. Then, the influence of loading GSS on the dual-mode resonator can be 

theoretically analyzed by calculating the input admittance of the odd-even mode resonant structure. 

When GSS is loaded on position 1, the input admittance of odd-mode and even-mode can be 

calculated by the formula (1)-(3) and (4)-(6), respectively. 

 
(a)                                   (b) 
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(c) 

Figure 1. (a) Configuration;(b) The equivalent circuit;(c) The detail sketch of odd-even mode of the 

GSS loaded open-ended resonator with centrally loaded open stub. 

Table 1. Design Parameters of Gss Loaded Open-Ended Resonator with Centrally Loaded Open 

Stub. 

Parameter Value Parameter Value 

LRo 40mm gap 0.5mm  

LRb 5mm εr 2.65  

Lg 5mm h 1mm 

Wg 1mm   

 (1) 

 (2) 

 (3) 

 (4) 

 (5) 

 (6) 

According to the formula (1)-(6), the surface resistance of GSS has no effect on the imaginary 

part of input admittance but has a great influence on the real part. Similarly, the same method can be 

used to calculate the odd-even mode input admittance when GSS loaded on position 2. The 

calculation results are given in formula (7)-(10) and the same conclusion can be drawing. The full 

wave simulation results of GSS loaded open-ended resonator with centrally loaded open stub are 

shown in Figure 2, which cannot only verify the calculation results, but also summarize the influence 

of loading graphene on the dual-mode resonator. 

As can be seen from the Figure 2, when GSS is loaded on position 1 and d=5mm, graphene can 

attenuate the resonance intensity of odd-mode but have little influence on even-mode. When GSS is 

loaded on position 1 and d=15mm, graphene can attenuate the resonance intensity of both odd-mode 

and even-mode. when GSS is loaded on position 2 and d1=0mm, graphene can attenuate the 

resonance intensity of even-mode but have no influence on odd-mode. Moreover, when graphene 

can effectively attenuate the resonant mode, the smaller the surface resistance of GSS, the bigger the 

attenuation amplitude. So, wo can draw conclusions that the effect of graphene on the resonator is 
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related to the electric field distribution of the resonant mode and for GSS loaded open-ended 

resonator with centrally loaded open stub, the resonance intensity of both two modes can be 

controlled independently and flexibly by changing the loading position and surface resistance of GSS. 

 (7) 

 (8) 

 (9) 

 (10) 

 
(a)                               (b) 

 

(c) 

Figure 2. The relation between Rs and transmission coefficient of GSS loaded open-ended resonator 

with centrally loaded open stub (a) position1, d=5;(b) position1, d=5; (c) position2, d1=0. 

3. Tunable Multifunctional Attenuator Based on Graphene Integrated Dual-Mode  

Microstrip Resonators 

According to conclusion from section 2, controllable dual-band filtering attenuators can be 

designed. This section will design two dual-band tunable filtering attenuator with similar 

performance but using different design principle. Figure 3 shows two dual-band filtering attenuators 

based on GSS loaded open-ended resonator with centrally loaded open stub and all the parameters 

are given in Table 2. Tunable dual-band filtering attenuator I is composed of two open-ended 

resonators with centrally loaded open stub of different size. The larger one forms the first passband 

and the higher passband is formed by the smaller one. GSS 1can attenuate the odd and even modes 

of the large resonator, so the surface resistance of GSS1 can control the attenuation of the first 

passband. Similarly, the attenuation of the second passband can be controlled by controlling the 

surface resistance of GSS 2. 
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(a)                                       (b) 

Figure 3. (a)Tunable dual-band filtering attenuator I. (b) Tunable dual-band filtering attenuator II. 

Tunable dual-band filtering attenuator II is composed of two identical open-ended resonators 

with centrally loaded open stub and the work principle is different form dual-band filtering 

attenuator I. The first passband of filtering attenuator II is composed of two odd modes of two 

identical resonators and the second passband is composed of two even modes of the resonators. 

Therefore, GSS3 loaded on the open resonators can control the attenuation of the first passband and 

GSS4 loaded on the open stubs can control the attenuation of the second passband. 

Table 2. The Dimensions of The Filtering Attenuator. 

Parameter Value Parameter Value 

Lr2 25.9mm Ws 9.3mm 

Lg2 13mm D 8.6mm 

Ls 8.4mm εr 2.2  

Wr2 1mm  h2 0.787mm 

Wg2 0.95mm   

Figure 4 depicts the simulation results of tunable dual-band filtering attenuators I and II. For 

attenuators I, controlling the surface resistance of GSS1 can achieve controllable attenuation of 1.5-

7.1dB at the first passband while keeping the second passband unchanged. Controlling the surface 

resistance of GSS3 loaded on attenuators II can achieve controllable attenuation of 1.3-6.7dB in the 

first passband while keeping the second passband unchanged. The second passband of these two 

dual-band filtering attenuators can also be tuned independently by controlling the surface resistance 

of GSS2 and GSS4. When GSS1 and 2 loaded on attenuator I and GSS3 and 4 loaded on attenuator II 

change simultaneously, the two passbands of these two attenuators can be tuned at the same time. 
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(c)                                        (d) 

 

(e)                                         (f) 

Figure 4. The simulation results of tunable dual-band filtering attenuators I and II. (a)control the 

surface resistance of GSS1 (b)control the surface resistance of GSS3 (c)control the surface resistance of 

GSS2 (d)control the surface resistance of GSS4 (e)control the surface resistance of GSS1and 2 (f)control 

the surface resistance of GSS3 and 4. 

In order to verify the design of tunable dual-band filtering attenuators, two prototypes are 

fabricated and measured. The whole circuit is implemented on F4B substrate with a dielectric 

constant of 2.2 and a thickness of 1mm, as shown in Figure 5a,b. Meanwhile, the measured results of 

these attenuators are shown in Figure 5c,d. According to the results, by applying a bias voltage of 0-

5V to the GSSs loaded on these attenuators, two dual-band filtering attenuators can achieve 1.7-

7.9dB,1.6-7.2 dB and 1.8-7.5 dB,1.3-6.9 dB attenuation in their two passbands. The measured results 

achieve good attenuation control, which can not only verify the design principle but also demonstrate 

the characteristics of GSS loaded open-ended resonator with centrally open stub. 
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(c)                                (d) 

Figure 5. (a)Proposed filtering dual-band filtering attenuator I. (b)Proposed filtering dual-band 

filtering attenuator II. (c)Measured results of dual-band filtering attenuator I. (d) Measured results of 

dual-band filtering attenuator II. 

4. Conclusion 

In this paper, a design method of tunable multifunctional attenuators by integrated GSS with 

microwave dual-mode resonators is proposed. Firstly, the effect of graphene on the resonant modes 

of common microstrip dual-mode resonators is analyzed by utilizing odd-even mode method. Then, 

by comparing the similarities and differences of different GSS loaded dual-mode resonators, a design 

method for multifunction attenuator are summarized. Finally, two kinds of multifunction attenuators 

using different GSS loaded dual-mode resonators are designed and fabricated according to previous 

analysis. The measured results show that all these multifunction attenuators can achieve controllable 

attenuation, which further verifies the proposed design method. Multifunctional attenuators can not 

only improve the integration, but also reduces the insertion loss compared with cascaded devices, 

which can find applications in the multifunctional RF front and the feed network of antenna array. 
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