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Abstract

The electronic equipment needs a special circuit design during working in complex

electromagnetic environmental. Human-made or natural electromagnetic interference has a

large effect on electronics. Both the couple of signal cable and the bit error rate during high-

speed communication affects the reliability of equipment. Thus, electronic equipment with these

problems is bad for the process of industrial production. Electromagnetic shielding is a good

method to improve the radiated susceptibility of electronic equipment. The material of the

chassis, the structure of chassis, and the thickness of the chassis wall affect the shielding

effectiveness of chassis. Thus, in order to investigate the effect of microwave absorption

material on the shielding effectiveness of chassis. This article is based on the material of the

chassis, combing the simulation of High Frequency Structure Simulation (HFSS) software, to

study the effect of MXene-based microwave absorption material on the shielding effectiveness.

The simulation results indicate that chassis optimized by MXene-based materials has a better

shielding effectiveness. When the thickness of the microwave absorption material is 0.6 mm, it

shows a good shielding effectiveness.
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1. Introduction

Wireless communication shrinks the information time cost between the space and the land,

the land and the other land. 2020 is the first year of fifth-generation mobile communication.

The widely used 5G communication technology makes virtual reality and autonomous

vehicles perform a new appearance [1-4]. The intact of communication link covers the driver,

the communication channel, and the receiver. Different communication systems are made of

aforementioned these different three parts. Since communication systems are used to

guarantee normal communication, the quality of signal is the main factor to assess the pros

and cons of communication. The realization of low bit error rate, high traffic transmission,

and low power consumption of communication systems could promote the development of

society. There are many factors to influence the bit error rate, such as crosstalk, ringing,

reflection, and timing jitter. The signal could accomplish the zero-bit error rate transmission

ideally. However, the electric signal is easily to interrupted by external electromagnetic

interference during the transmission in the communication channel. Finally, the signal is

distorted [5]. What’s more, the long-time transmission of electric signal could also decrease

the signal power. This is because of the dielectric loss of the channel. When the electric signal

has low power, it is also easily interrupted by the near high-power electric signal. The

common channel could divide into two parts. One is free space, and the other one is a fiber or

cable-based channel. Different communication channels have different mathematical model

[6]. Electromagnetic interference could access the circuit through the coupling of the space.

How to effectively decrease the interruption of electromagnetic interference to electronic

equipment is urgent.

Oliver Heaviside published an article named “On interference” in 1881. This article first

caught the researcher’s attention about electromagnetic interference [7]. With the outbreak of

World War II, the army became increasingly interested in radio communications. How to

avoid the impact of electromagnetic disturbance on the communication system and ensure

normal wartime communication was an urgent problem that needed to be solved at that time.

Faraday Cage provides a feasible idea to isolate the interference in the system [8]. The

completely enclosed metal chassis effectively shields electromagnetic disturbances from the

metal material. As we all know, shielding, filtering, and grounding could effectively decrease
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the problem of electromagnetic compatibility [9]. The shielding effectiveness of equipment

will affect the use of electronic equipment directionally. The shielding effectiveness is mainly

affected by the structure and material properties of the equipment shell [10].

Two-dimensional graphene materials have good wave absorption properties, and MXene with

similar layered structures also has good wave absorption properties [11]. MXene films were

successfully prepared from MAX by Yury Gototsi et al. in 2011 [12]. The chemical formula of

MAX is Mn+1AXn (n=1, 2, 3), where M represents transition metal elements, A is group IIIA

or group IVA elements (such as aluminum, gallium, silicon, germanium), and X is carbon or

nitrogen. The chemical bond energy between the transition metal element and the carbon or

nitrogen element in the MAX phase is large, and the bond energy with the IIIA or IA group

elements is weaker. Thus, A is more likely to be stripped away under the reaction of the

outside world to form MXene. The chemical formula of MXene is Mn+1XnTx (n=1, 2, 3). Since

the MXene is the reaction product of MAX, thus, the symbolic meaning of M, X is same as

the MAX. -ene stands for olefin-type carbon-carbon double bond structure [13]; T represents

the functional group, such as -O, -OH, -F; The subscript x represents the proportional of these

functional group [14]. MXene possesses good electric, mechanics, antibacterial,

photocatalysis, electrocatalysis, and supercapacitor properties [15-20]. MXene's potential in

absorbing electricmagnetic wave is mainly reflected in the following three points: (1) The

layer structure is adjustable, the distance between layer is also adjustable. This property could

control the propagation trace of electromagnetic wave; (2) The conductivity of MXene-based

materials up to 1.4 ± 0.077 × 106 S/m. Such a high conductivity could accomplish the high

dielectric loss and electric polarization loss [21]; (3) Since the abundant ionizing functional

group of the surface of MXene, it is easy to form defect dipole; The defect dipole will orient

with the external direction of the electric field, finally, it causes electric polarization loss [22];

(4) The transition metal elements contained in MXene, such as Fe, Co, Ni, Cr, and Mn, could

also cause the magnetic loss [23]. What’s more, since the microwave absorption effect of

MXene, it is necessary to consider the impedance match during the practice using.

According to the transmission line theory, the impedance mismatch could cause the reflection

of electromagnetic wave. The reflection loss (RL) can be calculated as follows:

�� = 20��
��� − �0

��� + �0



161

��� = �0
��

��
tanh �

2���
�

����

��� is the input impedance; �0 is the characteristic impedance (50 Ω for communication, 377

Ω for free space); d is the thickness of dielectric material; c is the speed of light. Usually,

when the �� ≤− 10�� , this means the absorption material accomplished the 90% wave

absorption. When ���/�0 ≈ 1 , the incident wave can be fully absorbed [24]. Thus, it is

necessary to consider the impedance match of MXene during use in order to absorb the

electromagnetic wave power.

Considering the above factors, Luyang Liang et al. successively prepared composite materials

composed of (1) Ti3C2Tx and Ni, (2) Ti3C2Tx, Ni and reduced graphene oxide, both of which

can achieve better absorption performance, but the absorbing materials compounded with

reduced graphene oxide can achieve 99.9999996% absorption performance [2, 26]. As

mentioned earlier, the shielding effectiveness of the equipment is determined by the structure

of the equipment and the material of the equipment; Since the above materials can achieve

high absorbing performance, it must also be feasible to use this material to optimize the

shielding performance of the chassis. Since the current large-area MXene synthesis process is

not yet mature, this article uses MXene-based material, combing with HFSS software, to

simulate and optimize the shielding performance of the chassis.

2. Simulation andAnalysis

HFSS is Ansys' electromagnetic simulation software; Basing on the finite element method, the

software can accurately obtain the electromagnetic field distribution on the surface and inside

the chassis under high frequency conditions. It is a benchmark in the field of electromagnetic

industry. It is well known that the behavior of electromagnetic waves can be described by the

Maxwell equation; When electromagnetic waves enter a loss medium, the incident waves

produce reflected waves as well as transmitted waves. The dielectric loss of the dielectric and

the magnetic loss of the medium are the two main parts of attenuating electromagnetic waves

[24, 27, 28]. The complex permittivity (εr) and complex permeability (μr) of the medium are

as follows:

�� = �' − ��''

�� = �' − ��''
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Among them, �' , �' are related to the energy storage of the field; �''、�'' are related to the

energy dissipation of the field [29, 30]; Dielectric loss and magnetic loss can be defined by

the above equation [31, 32]:

tan �� =
�''

�'

tan �� =
�''

�'

Therefore, during the HFSS simulation process, the magnetic permeability and dielectric

constant of the absorbing material are the key factors in experiment. The variable frequency

permittivity and permeability data of the MXene composite used in the simulation derived

from NiMR-H in [26], and its 2GHz~18GHz band parameters are shown in figure 1.

Figure 1. (a) Complex permittivity of Ni/MXene/Reduced graphene oxide (NiMR-H), and (b)

complex permeability. Reprinted with permission of [26], copyright ©2021 American Chemical

Society

The chassis model is cuboid, and its length, width and height are 400 mm, 300 mm and 200

mm respectively; The chassis material is 6061 aluminum alloy. The back of the chassis

contains 40 mm diameter cable inlet holes and cooling windows. The heat dissipation window

is composed of three independent heat dissipation windows, each of which is composed of 16

cuboids with a length, width and height of 95 mm, 1 mm and 2 mm respectively. The front of

the chassis is reserved with 6*6 button windows with a length, width and height of 10.2 mm,

1 mm, and 5.2 mm. The three-dimensional structure diagram of the chassis is shown below,

figure 2(a) is the three-dimensional structure diagram of the chassis, figure (2)b is the front

view of the chassis, and figure 2(c) is the back view of the chassis.
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Figure 2. (a) 3D structure of the chassis, (b) front view of the chassis, (c) rear view of the chassis

The electric shielding performance can be expressed by the following equation:

��� = 20��
�0

��

Similarly, the magnetic shielding performance can be expressed by the following equation:

��� = 20��
�0

��

The above equation shows that in the case of the same external electromagnetic excitation

source, the ratio of the corresponding field strength in the presence of shield (��, ��) and the

absence of shield (�0 , �0 ) in the same spatial position is the shielding efficiency of the

chassis equipment [33]. According to the above formula, in order to obtain the specific value

of the shielding effectiveness of the chassis, it is necessary to set the excitation source

externally during the simulation process and obtain the corresponding field strength size

before and after adding the chassis at the same location inside the chassis. In this test, the

plane wave was used as the excitation and the excitation source was placed 200 mm away

from the back of the chassis, and the specific coordinates were (-350 mm, 0 mm, 0 mm); The

material properties of NiMR-H were established in the HFSS material library file through the

dielectric constant and magnetic permeability in figure 1. The frequency sweep was

performed in the range of 2 GHz~18 GHz. Figure 3 shows the distribution of electric field

strength at 10 GHz in the xoy, xoz, and yoz surfaces inside the chassis; When the excitation

source is vertically polarized and horizontally polarized, the corresponding electric field

maximums are 1.392 V/m and 1.410 V/m, respectively. The corresponding minimum electric

field values are 0.006 V/m and 0.002 V/m, respectively. From the field strength distribution
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diagram, it can be found that under the same conditions, the chassis has a better shielding

effect on the excitation source of horizontal polarization than the excitation source of vertical

polarization. What’s more, since the original electric field amplitude of plan wave is 200 V/m,

the maximum value of the electric field inside the chassis represents that the chassis has a

good shielding effectiveness.

Figure 3. The electric field distribution of xoy, xoz, yoz surfaces (NiMR-H= 0 mm): (a) vertical

polarization, (b) horizontal polarization

Figure 4 shows the surface current distribution on the chassis under the excitation of the

external electric field. From the results of field diagram, it shows that the chassis surface has a

weak induced current under vertical polarization; In the case of horizontal polarization, the
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surface-induced current distribution of the chassis is narrower than the range of vertical

polarization.

Figure 4. Current distribution on the chassis surface (NiMR-H= 0 mm): (a) vertical polarization, (b)

horizontal polarization

In addition, the results of the corresponding electric and magnetic field strengths in the range

of 2 GHz~18 GHz at the intersection of xoy, xoz and yoz planes (0 mm, 0 mm, 0 mm) are

shown in figure 5. The amplitude of the electric field fluctuates greatly before 4 GHz, while

the magnetic field has a large amplitude change before 7 GHz.
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Figure 5. (a) electric field strength and (b) magnetic field strength at the origin of internal

coordinates of 2GHz~18GHz chassis (NiMR-H=0 mm)

As we all know, high-frequency electromagnetic wave has a skin effect when passing through

the conductor, and the specific expression of the skin effect is as follows:

� =
1

����

Where μ and σ are the magnetic permeability and conductivity of the material, respectively; f

is the corresponding electromagnetic wave frequency [34]. Since electromagnetic waves have

a skin effect when passing through the conductor, is it possible to use a certain thickness of

absorbing material to absorb electromagnetic waves before passing through the chassis

equipment to minimize the energy entering the equipment? Therefore, NiMR-H films of

different thicknesses were used to cover the chassis, and the thicknesses of 0.2 mm, 0.4 mm,

0.6 mm, 0.8 mm, and 1 mm were respectively. Figure 6 is the three-dimensional model

diagram of the chassis when the NiMR-H film thickness is 0.2 mm, and the chassis model of

0.4 mm~1 mm is extrapolated on this basis.

Figure 6. 3D chassis model of 0.2 mm thick MXene composite material
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As shown in figure 7, with the gradual increase of the thickness of MXene matrix composite,

the electric field inside the chassis at the origin under the irradiation of vertical polarization

waves shows a trend of first decreasing and then increasing. When the thickness is 0.6mm, the

corresponding electric field value at the origin is the lowest.

Figure 7. The electric field strength under vertical polarization at the origin (a) when the thickness of

the composite is 0mm, 0.2mm, 0.4mm, 0.6mm, 0.8mm and 1mm; (b) The strength of the electric field

at horizontal polarization; (c) Magnetic field strength under vertical polarization; (d) The strength of

the magnetic field at horizontal polarization

Materials with core-shell, core-sheath, yolk-shell and other similar three-dimensional

structures have been widely used in the construction of electromagnetic absorbing materials.

Since NiMR-H also has a three-dimensional structure with a large specific surface area, it is

beneficial for improving the absorption performance of the material [24, 26]; In addition, the

Ni element in the composite material can adjust the impedance matching effect of the

composite in the high-frequency band and the corresponding microwave loss [23].
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4 Conclusions

In this paper, HFSS is used to simulate the shielding efficiency of the chassis, and the

simulation results show that when the chassis surface is optimized by NiMR-H composite, the

amplitude value of the electric field inside the chassis decreases with the gradual increase of

the thickness of the absorbing material. When the thickness of the composite material is

0.6mm, it has the most considerable shielding effect; As the thickness of the absorbing

material further increases, the induced voltage value at the internal origin of the chassis

gradually increases. In summary, similar absorbing materials can be used in the process of

improving the radiated immunity of similar equipment in order to optimally complete the

electromagnetic compatibility performance of the device.
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