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Abstract: This paper reports a high-frequency silicon carbide (SiC) sensor that relies on dual-mode wavelength modulation and

its application to optical microelectromechanical systems ( MEMS). Based on the properties of as well as SiC and the

characteristics of dual-mode analysis, an optical MEMS sensor suitable for a high-frequency field is designed. In addition, the
finite element analysis (FEA) method with ANSYS and the rigorous coupled wave analysis (RCWA ) method are used. A

comparison with other high-frequency sensors shows that the proposed sensor displays advantages with respect to properties

such as a wide measurement range, high sensitivity, and almost zero cross-axis sensitivity. The proposed optical sensor

provides an optical sensitivity (Ad/Aa) of 2. 247 7, a mechanical sensitivity of 0. 155 nm/g and an almost zero cross-axis

sensitivity in the entire operation measurement range. The first resonance frequency is 40. 035 kHz, the linear measurement
range is =129. 03 g, the sensitivity of the sensing system (AA/Aa) is 0. 348 4 nm/g, and the working bandwidth is 35 kHz.
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0 Introduction

In recent decades, integrated inertial micro electro
( MEMS )

experienced significant development, with a wide

mechanical system sensors  have

range of applications from the automotive
industry[1 2, aerospacem , consumer electronics,
and  biomedical sciences™ to earthquake

monitoring”. In addition, accelerometers have a
wide range of applications in the field of non-
testing ( NDT ),

, condition monitoring systems of wind
[9-10] [11-12]
b

destructive
[7-8]

including  bearing
detection

, tool condition monitoring
[13]
b

energy industry
identification of bridge dynamic parameters and

non-intrusive-fault detection technique for thermal

. . . 141’ .
reciprocating engines 1, Displacement
) . . rfear
measurements include piezoresistive'" 1,
: . 11819 L 20-23 24
piezoelectric* ), capacitive’®*’, tunnel current'*",

5-32
72 measurements, among others. Each

and optical"
sensing technique has its own advantages and
disadvantages.

Piezoelectric and piezoresistive sensors are very

sensitive to changes in humidity and temperature,
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therefore, their application areas are limited in many
ways. However, due to its low manufacturing price
and simple manufacturing method, the capacitive
technique in

approach is the most popular

accelerometer industry even though there are several

t[21]

drawbacks, such as the curling effect”", parasitic

capacitance, high sensitivity to electromagnetic
interference (EMI) in the low-frequency range, and
small capacitance changes caused by external
accelerations. The basic sensing principle is a system
that senses the displacement of a proof mass. The
displacement of the mass block is used to cause a
change in the output voltage or current and thus
ultimately to calculate the acceleration. The optical
sensing mechanism avoids the above shortcomings
owing to its unique performance. Compared with

U2 optical sensors offer

other sensing technologies
an intrinsic immunity to EMI, a higher thermal
stability, and a wider operational bandwidth. In
optical MEMS sensors, the principle of the sensing
system is based on the modulation of light wave
properties, such as the intensity, phase and wave

length.  Wavelength  modulation™**  has  the
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advantage of resisting light source fluctuations. To
date, photonic crystals have intensely attracted the
focus of researchers,

Silicon is a common material in optical sensors
because of its excellent properties. Although silicon
material has good optical properties, its application
in the high-frequency field is limited due to its low
Young ’s modulus (~169 GPa).

Therefore, a high

measurement

sensitivity and a wide

range cannot be achieved
simultaneously. High-frequency sensors are usually
limited by the contradiction between the frequency
band and the sensitivity and cannot achieve both a
high sensitivity and a wide measurement range

2628] - From

simultaneously on high-frequency devices
a material point of view, common materials have
been used for decades in the electronic industry and
have been studied for optical MEMS sensors.
Therefore, the study of new materials is limited in
this field. When using new materials with unique
properties, the original habits are followed.

Silicon carbide (SiC) is a material with great
potential. A comparison with silicon shows that SiC
displays a high Young’s modulus and high density.
The Young’s modulus of SiC reaches 490 GPa, and
the density reaches 3 100 kg/m’. One of the
important characteristics of a MEMS accelerometer is
the first resonance, which depends on the mechanical
system and relies on the stiffness and the mechanical

Therefore, SiC has a

advantage with regard to its mechanical structure

resonator mass. great
design. Sufficient linearity of the accelerometer can
be achieved by a simple mechanical structure, which
also reduces the manufacturing difficulty of the
process. In addition, in our research, we found that
SiC leads to an interesting phenomenon through
wavelength modulation. Based on this dual-mode
modulation, a high-sensitivity optical modulation
system is proposed to be integrated into a SiC optical

331 Here, we propose a high-frequency

accelerometer
SiC sensor that relies on dual-mode wavelength
modulation. In the field of high-frequency sensors,
the proposed sensor provides a wide measurement
range, high sensitivity and a wide working
bandwidth.

The rest of this paper can be summarized as
follows: The whole operation and design principle of
the proposed accelerometer is presented in section 1;
The discussion and analysis of the optical sensing

system are carried out in section 2; The mechanical

modeling and analysis are discussed in section 3; In
section 4, a comparison between the proposed sensor
and some recently developed high-frequency sensors
is presented; And the final conclusions and

perspectives are given in section 5.

1 Design and principle

The proposed optical accelerometer relies on the
wave length modulation and optical properties of
SiC. A schematic of the proposed sensor is illustrated
in Fig. 1.

(a) Connector block

\

Incident

T Output

waveguide

waveguide : \
,/ EXE.‘,‘ y \/

(b) optical ;1;55ign
Fig.1 3D MEMS

accelerometer sensor

structure of proposed SiC optical

By using a typical lighting emitting diode (LED)
light source, a photodetector, five SiC fingers and an
integrated optical waveguide, the optical sensing
system based on MEMS accelerometer sensor is
designed.  The

accelerometer 1is

operation  principle of  the

summarized as follows. Two
photonic  crystal
located in the
waveguide, and each system is composed of five SiC
fingers spaced at regular intervals. First, the
broadband light source is coupled to the SiC

waveguide through an optical fiber. Then, the signal

symmetrical  one-dimensional

[18]

systems are center of the

passes through the photonic crystal and is captured
by the photodetector. The photodetector converts
these optical signals into electrical signals through
photoelectric conversion, When external acceleration
is applied, the movable finger attached to the proof
mass moves laterally along the sensing direction (Y)
inside the which
wavelengths of the output defect modes to change.

photonic crystal, causes the
The magnitude and direction of acceleration can then
be calculated by the relative change between the two

selected output defect modes.
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2 Analysis and discussion of optical
system

Since the parameters of an accelerometer greatly
affect the structure of the optical sensing system,
researchers have always believed it is important to
In this
study, an optical simulation model was established

determine the optical simulation model well.

according to rigorous coupled wave analysis

(RCWA) ™™,
consists of five staggered SiC layers spaced by air.

As shown in Fig. 2, the optical system

Therefore, some defects are introduced in the optical
crystal structure. The moveable finger attached to
the proof mass, which we call the optical finger, is
the middle finger of five layers. When an external
acceleration is applied. the movement of the optical
finger breaks the original periodic structure, which
leads to transmitted optical modes moving in the

photonic band gap of the photonic crystal.

Incident waveguide Output waveguide

T

Moving (hre( ‘tion

Fig. 2 Schematic of photonic sensing system

In general, the larger the mechanical
displacement, the wider the photonic band gap.
There is a difference between the carborundum layer
width (d ) and air layer width (d,,) to reflect an
extreme range of wavelength gaps. For that, one-
quarter of the wavelength width is determined as the
width of the SiC and air regions in the system. In
addition, the 1. 55 pm communication band is
commonly used in optical sensing technology, so the
primary wavelength is selected as A =1. 55 pm. In
the case where the incoming light is perpendicular,
A, the dielectric index of refraction (n) and the width

of the layer (d) obey

where A =1. 55 pm and n=2. 61, dgc =
and d ;, =

are the thicknesses of silicon layer and air layer,

148. 5 nm
387. 5 nm, respectively; and dgc and d

respectively.
This paper presents a method for analyzing the
modulation  of  the

dual-mode  wavelength

accelerometer. The advantage of this is that it can

achieve higher optical sensitivity than when using a
single peak. Further discussion follows below.

The optical reflectivity reaches the highest value at
the central wavelength, and the wavelengths close to
the central wavelength have a high reflectivity.
Therefore, an optical band gap forms, as mentioned
above. The application of the band gap is elaborated
In this
special

in detail according to the following content.
found that
transmission peaks in the photonic band gap because
This is
the key part of our design of the optical system.

study, we there are two

of the displacement of the moveable finger.

The main goal of this part is to determine the
relative change in the respective central wavelength
of the output transmitted defect modes in terms of
the change in the applied acceleration. Fig. 3 shows
the transmission curves of the designed optical
system. In this study, we take the analytical method

[24]

of double-defect mode motion Specifically, the

peak wavelength changes due to different optical
When there is a slight shift,
the two optical defect modes move in opposite

finger displacements.

directions simultaneously.
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Fig. 3  Transmission curves of carborundum one-dimensional
photonic  crystal system. Vertical coordinate represents

transmissivity and horizontal coordinate represents corresponding
wavelength

Since the magnitude and direction can be calculated
by the relative changes between two selected output
transmitted defect modes, the accelerometer can
distinguish between the negative and positive
directions. Therefore, the structure is designed such
that the movable finger is positioned in the center of

the linear response measurement of the structure in
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the absence of the applied acceleration. The
following is an analysis of the optical linear response.

When the optical finger position changes, the
defects with

changes, and then the

optical crystal presents abnormal

periodic corresponding
transmission peak appears. In terms of this kind of
wavelength modulation, the initial position of the
located at the side of the

measurement range of the one-dimensional optical

optical finger is
crystal system. Here, we define the initial position
as Ad =0.

For high precision, we set 388 locations from 0 pm
to 0. 387 pm.
Fig. 4, we define the right mode as defect mode 1,

In terms of the characteristics of

which moves toward the direction in which the
wavelength increases, and the other mode as defect
mode 2 as Ad increases. The top diagrams in Fig. 3
correspond to Ad = 0 and the following diagrams
follow a pattern in which the next diagram is
0. 05 pm larger than the one before.

2.6

24} O Transmission peak

® Linear section

el
SN

A,=2.247 7x+0.397 5
720.990 2

Wavelength/um
> 5o

14r
1.2F
1.0 i . : ;
0 0.1 0.2 0.3 0.4
Displacement/pum
(a) Linearity is 0. 99
2.6
O Transmission peak
24 ® Linear section
2.2

g
=}

R*=0.999 9

—_
=)}

Wavelength/pm
5

-
~

—_
5]

—_
(=]

6 0.‘1 0.l2 0.‘3 0..4
Displacement/pm
(b) Linearity is 0. 9999
Fig. 4 Wavelength variations of transmission peak versus
displacement changes of proof mass. The red part of figure is a
linear response. Note that A,, is relative change in wavelength
between two peaks, and X is the position of movable finger.

Let us combine Fig. 4 with Fig. 3. The photonic
band gap width directly determines the detection
range, and they are positively correlated. By fitting
the peak wavelength, we found that the transmitted
defect mode 1 and mode 2 behave approximately
linearly with respect to the relative displacement
within limits. Furthermore, the slopes of the two
models are negatively correlated, which means that
the relative change between the two defect modes is
more obvious. Simultaneously, a more detailed
analysis is provided for designing a reasonable optical
modulation system.

In Fig. 4, “A,=2. 247 7Tx+0.397 5” and “A,, =
2.6854x + 0.34187 (

approximations of the wavelength relative variations

pm ) are the linear
of the two peaks as functions of the applied
acceleration in the whole measurement range with
and 0.999 9,
Experimental data show that the proposed detection

linearities of 0.99 respectively.
relies on two consecutive peaks in the spectral
response of the actuated photonic crystal. Both peaks
are approximately 0. 5 pm—1 pm apart. This range
can be measured by a wide band spectrometer, or it
different bands of

spectrometers, and the information can be processed

can be divided into two
together. In this study, we theoretically analyze the
wave band in which the signal exists. Engineering
can choose the appropriate detection method
according to this.

More detailed results of our experimental system
are as follows: the linearity reaches sensitivities of
0.990 2 and 2.247 7 from Ad =0 pm to Ad =
0. 355 pm, respectively. While greater linearity is
required, we can achieve a sensitivity of 2.685 4 in
the wavelength modulation from Ad =
0.068 pum to Ad = 0. 19 pm with a linearity of

0.999 9. The above indicators and parameters affect

range

the  measurement range of the proposed
accelerometer. It is obvious that there is always a
compromise between the optical modulation range
and linearity. In the matter of the specific application
field, we typically select reasonable parameters. For
a highly sensitive photodetector, we apply a linearity
of 0.999 9,

Based on the above analysis, our method has a
large advantage. In other words, for the same
photodetectors, a better device resolution can be
provided by the relative modulation of two defect
materials with low optical

modes. For some

sensitivity, “another high sensitivity” is selected.
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3 Modeling and analysis of mechanical
system

The design of the mechanical structure of the

proposed accelerometer directly determines its
mechanical properties. In this study, we propose the

structure shown in Fig. 1. The proof mass and long

When an
applied in the

beams are linked by connector blocks.
external acceleration is sensing
direction (y-axis), the proof mass shifts by a certain
displacement, which would result in changes in the
optical system.

The related geometrical parameters are illustrated
in Table 1 and discussed further.

Table 1 Geometrical parameters of the MEMS accelerometer

Symbol Parameter Value
E/GPa Young’s modulus of SiC 490
o/(kg e m *) Density of SiC 3100
r Poisson ratio of SiC 0. 142
nge Refractive index of SiC 2.61
LXW/(pmX pm) Length X width of proof mass 200200
L XW /(pmX pm) LengthX width of proof beam 250X 2
L XW,/(pmX pm) Length X width of proof connector beam 25X15
T/pm Structure thickness 60
M/pg Proof mass 7.44

For further analysis of the dynamic behavior of the
proposed accelerometer, it is modeled by a second-
In addition,
according to the second-order differential equation,

order mass damping spring system.

the relative displacement y in the direction of
compression/tension (sensing-axis, on y-axis) of the
second-order differential equation and the relative
displacement y of the proof mass by the applied
acceleration are illustrated as

d’y

m @jLC

dy

& +ky =ma, (2)

where k., ¢ and y are the total spring constant,
damping coefficient and relative displacement in the
sensing direction, respectively, and m is the effective
mass.

In Eq. (2). % is determined by the four mechanical
long beams of the proposed accelerometer. Based on
the basic beam theory, the spring constants of a fixed
beam with length (/), width (w) and thickness (¢)
along the x-axis, y-axis, and z-axis are given by

k. :2El’fw, (3)
Etw’®

ky — 13 ’ (4)
3

where E is Young’s modulus (460 GPa for SiC).
In this study, w=W,, L =1L,/2, and ¢ is the

structural thickness of the proposed accelerometer,
as seen in Fig. 1 and Table 1. Combined with the
proposed mechanical design, we can derive k = 4k.

Simultaneously, using w, =vk/ M, § =c/(2/kEM )
and M (proof mass)=7. 44 png, we have
dy? dy
?JrZ@wnEeriy:a, (6)
where ¢ is the damping ratio of the system, and w, is
the radial frequency of the vibration system.
One of the important characteristics is the first
affects  the
bandwidth. For the proposed device,

operational
the first
resonance frequency ( natural frequency) can be

resonance that sensor

approximated as

Wy,

27

o= (D
According to the above, we can carry out a
theoretical analysis and determine the first resonance
frequency to be 40. 469 kHz, and the error is 0. 08 %
compared with the result  of
40. 036 kHz. The theoretical analysis is in good
agreement with the practical results (see Fig. 5).

when actual

the mechanical
limits the

In ordinary optical sensors,

measurement range usually optical
measurement range. However, the unique properties
of SiC greatly improve the embarrassing situation.
Since SiC has a high Young’s modulus, we can
reach enough first resonance frequency to extend the

band-width. The operational frequency range of the
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been broadened. To further
substantiate this, we compare the performance of

system has thus

different materials (carborundum and silicon) with
the same geometric parameters and analyze them in

principle. A further investigation is described below.

As mentioned above, w,=+k/M . To obtain a
sufficient operating bandwidth, we need to increase
the spring constant £ and reduce the effective mass
m. For this goal, we can start from two aspects:
selecting suitable materials and designing a
reasonable geometric structure.

From the material point of view, Young’s
modulus E is positively correlated with the spring
constant k, and the mass density is positively
correlated with the mass m. A comparative analysis
of silicon and SiC shows that the Young’s modulus
is 169 GPa and the density is 2 330 kg/m® for
silicon”, while the Young’s modulus is 490 GPa
and the density is 3 100 kg/m® for SiC. Taking both
into consideration, using SiC instead of silicon in the
same geometric design, the operational bandwidth of
the proposed accelerometer is extended to the square
root of two times the original.

From the point of view of geometric parameter
design, there is always a compromise with respect to

the relationship between different parameters as well

" oL satuTiom
orerey

son =
FREGS40035
w0

Roroy
30; m10504.1
im0t w10504.1

40.035 kHz

(] 2334.23 4668.47 002,7 ;E
350135 5935 )

1167.12 .59 9169.52

(a) First-order mode

sex =20030.3

815.76 kHz

46449 8928.97 13393.5
2232.4 6696.73 11161.2 15625.7

(¢) Third-order mode

as the fabrication constraints. Among the numerous
indicators measured by the accelerometer, the
measurement range and sensitivity are contradictory
and mutually limited, and the pursuit of increasing
one value inevitably leads to decreasing the other.
Because of the use of SiC, not only are the design
requirements of high-frequency sensors fully
satisfied, but the manufacturing difficulty is also
effectively reduced. After a long time of in-depth
study and parameter comparison, we found the
appropriate geometric parameters in terms of the
measurement range, linearity and manufacturing
difficulty. The specific data are listed in Table 1.
After determining these important values, we
found that the first
40,035 kHz, and the bandwidth is approximately
35 kHz. 1If silicon is used instead of SiC, the first

resonance frequency is only 27.4 kHz, and the

resonance {requency is

corresponding operating bandwidth is reduced.
The response under different resonance frequencies
characteristic ~ of  inertial

is an  important

accelerometers. Moreover, the resonant signals
seriously affect the detection accuracy, so that the
frequency response at different resonances should be
analyzed. The first four resonance frequencies are

simulated by finite element analysis (FEA).

ANSY!

R19.0

v 18 3018
WinaT

mox =35841.3

603.09 kHz

(] ‘NZ 81 1488 7227, 22970

2 1 s
2071.2% $613.76 14356.3 20098.8 25841.3

(b) Second-order mode

[0 #10904.2

15 600 kHz

2423.16 4846.31 265,47 $692.63
1211.%8 UM 6057.85 8481.05 10904.2

(d) Fourth-order mode

Fig. 5 Modal analysis of proposed MEMS accelerometer
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behavior of the
accelerometer has also been investigated by using
ANSYS. The first four vibration modes are shown in

The dynamic proposed

Fig. 5. Normally, the first vibration mode is selected
as the working mode, and the design requires that
the other resonance frequency be large enough to be
separated from the first resonance frequency. If this
condition is not met, the accelerometer is in an
unstable state and is easily broken. For example, the
third resonance corresponding to the rotation around
the z-axis may damage the accelerometer. The
fourth resonance may lead to z-axis displacement of
the movable finger.

As shown in Fig. 6, the harmonic response
analysis of the accelerometer can be carried out
through  the method.
Accordingly, we found that the response is relatively
flat from 0 kHz to 35 kHz Therefore, the
operational band-width (0 kHz to 35 kHz) of the

proposed accelerometer is lower than the natural

modal  superposition

frequency (40. 035 kHz). However, it is quite a

number compared with that of other

[17-19]

large

reports After determining these important
values, we found that the first resonance frequency
of 40.035 kHz has a bandwidth of approximately
35 kHz. 1If silicon is used instead of carborundum,
the first resonance frequency is only 27.4 kHz, and

the corresponding operating bandwidth is reduced.
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0'4 | “.:\-. ................... .':\

Normallized sensitivity
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B
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0 —t 7
10 15 20 25 30 {35 40:45 50
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Fig. 6 Harmonic response analysis of proposed accelerometer

Cross-axis sensitivity is an important index to
measure the performance of high-frequency sensors.
To demonstrate the test results intuitively, linear fits
of experimental data are presented in the form of
double ordinates in Fig. 7. The cross-axis errors of
the accelerometer are extracted as 0. 07% and 0. 25%
for the x-axis and y-axis, respectively. It is obvious
that the cross-axis sensitivity of the accelerometer is

almost zero.

At the end of this section, we describe the
mechanical sensitivity (Ad/Aa), which is related to
a key characteristic of an optical system called
accelerometer sensitivity (AA/Aa ). As shown in
Fig. 7, its slope is its mechanical sensitivity. Further

information is described in next section.

4.5 T T T . - 45
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£ 35} 135 5
g 3.0} 130 =
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£ 25t 125 §
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2 15t 115 735
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Fig.7 Mechanical linearity test results of propsed accelerometer
along x-axis, y-axis and z-axis, left longitudinal axis corresponds
to y-axis, and right longitudinal axis corresponds to x-,z--axes

4 Comparison and discussion

Each performance of the accelerometer is

interrelated. The resolution of the proposed
accelerometer can be calculated by

da =d/S, (8
with

S=S,S.: €))

where 61 denotes the minimum resolution of the
spectrum analyzer, S denotes the accelerometer
sensitivity, S, denotes the optical system sensitivity,
and S,
Therefore, in the case of the same spectrometer

higher  the

sensitivity, the lower the resolution of the proposed

denotes the mechanical sensitivity.

performance,  the accelerometer
accelerometer. The performance of the accelerometer
is thus better.

Because the application here is a theoretical
calculation, the performance of the analysis is based
on the current high-precision spectrometer with a 10-
pm resolution to discuss the sensitivity and resolution
of the accelerometer.

In this section, a comparative review is carried out
between the proposed sensor and several recent
contributions of high-frequency sensors.  The
parameters that are used for the comparison are
collected in Table 2. Currently, more optical MEMS
accelerometers prefer to use silicon and graphene as

materials, so we have compared various parameters
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with accelerometers made of these two materials.
Table 2 makes it clear that the proposed
accelerometer has great advantages. The sensitivity,
which depends on optical sensitivity and mechanical
sensitivity, is a significant parameter. Due to the
method of dual-mode wavelength modulation, a
higher optical sensitivity and a wide wavelength
modulation range are obtained at the same time. The
higher the optical sensitivity, the better the sensor
resolution. Moreover, the operational measurement
range is the key factor limiting sensor applications.
The application field would be wider with a greater
operational measurement range. It is worth
mentioning that the high Young’s modulus of SiC is
an excellent advantage. This leads to satisfactory

parameter results for sensors. For example, an
almost zero cross-axis sensitivity can be obtained
through reasonable design.

In addition, the high Young’s modulus also
benefits the operation frequency. The proposed
sensor has significant advantages compared with the
references mentioned. Thus, sensors have great
applications in related fields, such as railway
industry,  earthquake detection, and health
monitoring.

There is always a compromise between sensitivity
and measurement range. Although a high Young’s
modulus inevitably leads to low mechanical
sensitivity, the final sensitivity is still proper because
of the optical sensitivity, as mentioned above.

Table 2 Parameters comparison of proposed sensor and other sensors

Parameter Proposed Ref. [17] Ref. [18] Ref. [19]
sensor
Material SiC Graphene Silicon Graphene
Footprint of proof mass/pm 200X 200 220X 220 220X 220 220X 220
Sensitivity of sensing system AA/Aa/(nm+g ') 0. 348 4 0.211 1.17 0.075 6
Mechanical sensitivity of sensor Ad /Aa/(nm + g™ 1) 0. 155 0. 461 3.18 1.6
Optical sensitivity of sensor AA/Ad 2.2477 0.457 2 0. 368 0.047 2
Measurement range/g +129. 03 +189 +22 +156
First resonance frequency/kHz 40. 035 23.032 8 908 12. 935
Operational bandwidth/kHz 35 8 2 Not reported
Cross-axis sensitivity/ % 0. O? (Iiax?S) almost zero Zero Z€ero
0. 25 (y-axis)
Resolution (AA=10 pm)/mg 28.7 47,37 8. 547 132

5 Conclusions

In this paper, a high-frequency optical
accelerometer based on wavelength modulation is
presented. Detection and analysis of the optical
sensing system is accomplished using two-defect
mode motion. The performance of the optical sensor
system and mechanical parts is analyzed through a
FEA simulation. The simulations show that the
proposed optical sensor provides an optical sensitivity
of 0.348 4 nm/g, a mechanical sensitivity of
0. 155 nm/g and almost zero cross-axis sensitivity in
the whole operational measurement range, a first
resonance frequency of 40.035 kHz, a negligible
linear measurement range of +129.03g, a
sensitivity of the sensing system (AA/Ad ) of
2. 247 7 and an operational bandwidth of 35 kHz.

MEMS accelerometers are already being used for

781 a properly

bearing sensing and detection
structured MEMS sensor can be integrated onto, or
even into, the bearing race. Such integrated solution

is expected to improve prognostics capability of the

health status of bearings. Other than that, the
combination of vibration analysis by accelerometers
and acoustic emission (AE) analysis can improve the
sensitivity of wind energy condition detection
systems-'". Also in the field of identification of
bridge dynamic  parameters, tool  condition
monitoring and nonintrusive fault detection technique

for  thermal  reciprocating  engines'!'*,

a
comprehensive solution by enhancing the vibration
characteristics  and structural parameters of
accelerometers is expected to provide better detection
and more reliable diagnosis.

However, there are still many restrictions in the
wave length modulation accelerometer.  Their
realization relies on the development of the designed
optical system, and there is still much work to be
done to make the processing technology leap from a
microscale line width to a nanoscale linewidth. In
addition, the high-resolution spectrum detection
system increases the manufacturing cost of the
device. However, the proposed accelerometer has a
variety of advantages that make it appealing for
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various applications in precision measurement.

The use of deep reactive ion etching (DRIE) can be
considered a method to realize MEMS accelerometers
with this structure™”, However, considering the
high chemical stability of SiC, the etch selectivity
and masking material are important factors in etching
evaluations™®®*.,  The University of California,
Berkeley used ALN, which has a selectivity of 16:1,
which

successfully prevented micro masking defects on the
[40]

as a SiC masking material to etch SiC,

etch surface Zhao et al. presented using photo-

etching single-crystal wafer to

[41]

electro-chemical
fabricate SiC devices

light, ultraviolet laser cutting to release cantilever

A method using ultraviolet

beams of SiC accelerometers and laser ablation to
process masses could be acceptable™”. Since this

the

simulation of the proposed accelerometer,

and
this

article focuses on theoretical analysis

fabrication may be the subject of a completely
This

fabrication in detail.

different paper. article does not discuss
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ETHEKEHH RSN S RSB ERLEE
St MEMS hniE B it

k2L, ROKS, W T, xsuk’, Eadwt, RER, ¥R
(1. ILPEIRE RS SO B e 35 440, [LTG ¥ 0410005
2. bR AL BMIRE AR FRK E AR E, 196 K 030051)

8 FE: ARSCRIE T R T RSB R i Y e Ak i (Silicon carbide, SiC) %8k &% K AL IO AA TbL
i, & 4t (Microelectromechanical systems, MEMS) Hi5 F , JE Tl AL ik 61 BHE 1 B 4307, %3 T —Fhid
MT & REE MEMS {28 . IFFIAT ANSYS A BRIC/MT (Finite element analysis, FEA) 77 #1745 4
B 1T (Rigorous coupled wave analysis, RCWA ) 5%, ¥ H 5 HAh S (G B AT RE ik, 459 % 1,
TG AR BEA BRI 90 R Y AT AL 2. 247 7N/ Aa) FDE2E R . 0. 155 nm/g AYHLA R 8505 A
JLTP N A SO R, HLAE— PRI 3R N 40. 035 kHz, £&PEINEIEF A 1129, 03 g, EIRAR L R Y
(AX/Da)H 0. 348 4 nm/g, TAE® 5~ 35 kHz.
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