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Abstract: Micro electromechanical systems (MEMS) based capacitive pressure
sensor for ultral-low pressure using graphene has been proposed. The characteristics of
sensor such as membrane displacement, capacitance and sensitivity of sensor with
external pressure effect are simulated and analyzed using Comsol Multiphysics
software. The obtained results show that the MEMS capacitive pressure sensor using 3,
5, 7-layer graphene exhibits the sensitivity of 230.8 aF/Pa, 174.4 aF/Pa and 144.4
aF/Pa, respectively.

1. INTRODUCTION

Nowadays, micro electromechanical system (MEMS) devices are commercially
available in many applications, such as acceleration and pressure sensors, etc. Among the
potential MEMS devices, pressure sensor has been studied extensively for both industrial
and medical applications due to its small size (from um to mm), high performance, high
reliability and low cost. There are some types of pressure sensors including piezoelectric,
piezoresistive and capacitive sensors [3, 5, 8]. Compared to piezoelectric and
piezoresistive, capacitive sensor has more attracted attention for practical applications
because of its high sensitivity, low power and compatible with IC [3]. In particular, most
of studies of MEMS capacitive pressure sensors focused on improving the sensitivity of
the pressure sensor using variation of material and optimization of shape and size of
sensors [1, 4]. Among these approaches, graphene has been extensively studied as the
most potential material to improve the sensitivity of sensor.

In this paper, we report the design and simulation of MEMS capacitive pressure
sensor using graphene membrance which is based on Comsol Multiphysics simulation.
The dimensions of graphene membrane are 10 pm x 10 pum with different thicknesses of
the membrane. Furthermore, the size of the air chamber has been optimized to increase
the sensitivity of sensor. The obtained results show that using 3, 5, 7-layer graphene
membrane, the sensor exhibits the sensitivity of 230.8 aF/Pa, 174.4 aF/Pa and 144.4
aF/Pa, respectively.

2. CAPACITIVE PRESSURE SENSOR
a. Device design

A capacitive pressure sensor has two parallel plates acting as electrodes of
capacitor which separates by air gap. The bottom plate is silicon substrate and the top
plate is the thin film of graphene. The thickness of graphene membrane is varied, which
is 1.05 nm (~3 layer), 1.75 nm (~ 5 layer) and 2.45 nm (~ 7 layer). The symmetric device
geometry with one quadrant of pressure sensor as shown in fig. 1.
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Fig. 1: The symmetric device geometry with one quadrant of pressure sensor,
where: (1) graphene membrane, (2) air chamber, (3) silicon substrate.

Fig. 2 shows the cross-sectional view of the MEMS capacitive pressure sensor. A
thin membrane is held at a fixed potential of 1 V. The distance of the two electrodes were
surveyed and selection is 0.05 pm to achieve the high sensitivity.
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Fig. 2: The cross-sectional view of the MEMS capacitive pressure sensor

The technical properties of materials which are used for fabrication of the sensor
as shown in table 1.

Properties Graphene Silicon
Young’s modul [TPa] 1 0.17
Poisson’s ratio 0.17 0.06
Relative permittivity 2.14 11.7
Density [kgm™] 2,000 2,320

Table 1: Properties of graphene and silicon
b. Operating principle

The underlying operating principle of capacitive pressure sensor is based on of
changing the capacitance value of the sensor when applied an external pressure.
Normally, capacitance value between two electrodes is expressed as,
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where, & is permittivity of free space, & is relative dielectric constant of material
between plates, A is effective electrode area and d is separation between plates which is
the height of air chamber gap.

When an external pressure is applied to membrane, the membrane surface will be
deformed non-uniformly. Thus, the equation (1) is not sufficient to calculate the
capacitance value. With square shaped membrane of MEMS capacitive pressure sensor,
centre deformation of membrane is given by [2],

PL*

Wmax = 0.01512 (1 — uz)m @)
where, L, h, E, i, P and wiax are length of diaphragm, thickness of diaphragm, Young’s
Modulus (GPa), Poisson’s ratio, applied external pressure and maximum diaphragm

deflection, respectively.
Then, the capacitance value due to deformation is presented by [2],

C= Jf gty dxdy 3)

where w(X, y) is deformation of membrane.

3. SIMULATION RESULTS AND DISCUSSION

In order to evaluate the sensitivity of the sensor using graphene material, the
displacement and capacitance of sensor are simulated and analyzed. Fig. 3 shows the
deflection of 3 layer graphene membrane due to external ultral-low pressure of 10 Pa. As
shown in Fig. 3, the displacement is non-uniform on entire surface of membrane. The
displacement value decreases gradually from the centre to the edge of the membrane. The
strongest displacement at the centre of membrane is 0.0135 pm.
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Fig. 3: Structure surface deflection of 3 layer graphene membrane when applied
pressure of 10 Pa
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Fig. 4 shows the displacements of membrane with different thicknesses when a
pressure of 10 Pa is applied to it. The obtained results show that when the ultral-low
pressure applied on membrane surface is between 0 Pa and 10 Pa, the membrane
displacement of the sensor with different thicknesses of 1.05 nm (~3 layer), 1.75 nm (~ 5
layer), and 2.45 nm (~ 7 layer) is 0.0135 pum, 0.0111 pm and 0.0097um, respectively. It
indicates that displacements of membrane can be increased by decreasing the thicknesses
of membrane.
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Fig. 4: Displacement of sensor with different thicknesses of membrane
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Fig. 5: Capacitance of the sensor when apply pressure

Furthermore, the effect of pressure on the capacitance of the sensor is also
investigated. Fig. 5 shows the capacitance values of the sensor based on a few layers
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graphene when applied ultral-low pressure 0 to 10 Pa. As shown in Fig. 5, with
increasing pressure from 0 to 10 Pa, the capacitance value of the sensor with different
membrane thicknesses of 1.05 nm (~3 layer), 1.75 nm (~ 5 layer), and 2.45 nm (~ 7
layer) increases non-linearly and the maximum capacitance value of sensors are 5077.5
aF, 4923.9 aF and 4828.8 aF, respectively. Therefore, sensitivity of sensor is 57.7 aF/Pa,
43.6 aF/Pa, 36.1 aF/Pa (one quadrant of sensor) and 230.8 aF/Pa, 174.4 aF/Pa and 144.4
aF/Pa (on whole sensor), respectively. It notes that the sensitivity of our proposed sensor
structure is improve rather than that reported in references [6, 7].
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Fig. 6: Capacitance of pressure sensor with different thickness of air chamber

With the size of the sensor membrane has been proposed, the thickness of the air
chamber is surveyed and selected to achieve the high sensitivity. Figure 6 shows the
relationship between pressure and capacitance with different thickness of the air chamber
gap. As shown in Fig. 6, the thickness of the air chamber is strongly affected to the
capacitance of the sensor. With increasing the air chamber from 0.05 pm to 0.07 pm, the
capacitance value of the sensor decreaces at the same pressure. It indicates that the
sensitive of the sensor can be increased by decreasing the air chamber gap.

4. CONCLUSION

Micro electromechanical systems (MEMS) based capacitive pressure sensor using
graphene has been designed and simulated using COMSOL Multiphysics software. The
membrane displacement, capacitance and sensitivity of the sensor with external pressure
effect are evaluated. The MEMS capacitive pressure sensors using 3, 5, 7 - layer
graphene exhibits the sensitivity of 230.8 aF/Pa, 174.4 aF/Pa and 144.4 aF/Pa,
respectively. The obtained results indicate that the proposed sensor using graphene is a
promising candidate for MEMS capacitive pressure sensor.
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TOM TAT

MO PHONG VA PHAN TICH CAM BIEN AP SUAT PIEN DUNG MEMS
DUNG MANG VAT LIEU GRAPHENE

Cam bién &p suit dién dung ché tao dua trén cong nghé vi co dién tir dung cho &p
suit cyc thap st dung I6p mang vat liéu graphene da dugc dé xuat nghién ctru. Cac dic
tinh cta cam bién nhu do dich chuyén caa 16p mang, gié tri dién dung va do nhay cua
cam bién khi c6 tic dong cua ap suat bén ngoai da duoc md phong va phan tich bang
phan mém Comsol Multiphysis. Cac két qua dat dugc cho thdy cam bién &p suat dién
dung MEMS ding 3, 5, 7 16p graphene c6 d6 nhay tuong tng 1én dén 230,8 aF/Pa, 174,4
aF/Pa, 1144 aF/Pa.
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