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Abstract
The aim of this study is to develop a high-precision optical MEMS accelerometer, which is capable
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of detecting weak seismic fluctuations and vibrations in seismic monitoring and helps to identify
seismic activities earlier and make early warnings. Firstly, the accelerometer was modeled in 3D
using SolidWorks software. Subsequently, the sensitivity of the device was simulated using COM-
SOL finite element simulation. The simulation results show that the sensitivity of the device is
359.6 nm/g. The fabrication of the accelerometer cantilever beam mass block structure is com-
pleted by using the MEMS process, and the Fabry Perot cavity structure is formed by epoxy resin
gluing. The sensitivity of the device was tested using the wavelength tracking method. The sensor
was deflected at an angle along the direction of the gravity field, and the device sensitivity was
calibrated using different gravity field components. The tests show that the device sensitivity
reaches 358.5 nm/g, which is close to the simulated value, and the accelerometer nonlinearity
error is 0.58% over the tested range. In addition, the theoretical mechanical thermal noise is 397
ng/\/Hz. Therefore, this paper establishes the whole process of MEMS optical accelerometer de-
sign, simulation, fabrication, and testing method, which provides a strong technical guarantee for
high-precision seismic monitoring and lays a solid foundation for subsequent in-depth research
and application in related fields.
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Figure 1. Simplified model of a single-degree-of-freedom vibration system
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Figure 2. Cross-sectional diagram of accelerometer
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Figure 3. SolidWorks modeling diagram
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Figure 4. (a) Finite element analysis (FEA) of stress simulation distribution based on COMSOL; (b) The local diagram of the
maximum stress point; (c) FEA of first resonant frequency; (d) Displacement simulation under 1 g gravity

[E 4. (a) £F COMSOL K NAESTE; (b) ZRARNREIHREE; (©) 1 MERMEHESFE; (d)19#H
hEREE

3. IMRE T HFIE SRR
3.1. FIETEHA

FERTCH, AT SolidWorks BAFSE /K 1 WZ BB 5 - R RE M I =B A, JFELIERL A
H1 COMSOL 1 FARMFREAT T ERE ST o O 1 S UE D LA R I HERPE, A SCRE— 2D R Rl in T 1 20xt 1%
SERIBEAT A I 2 o AR I E L AR WA 5 FR

5, MR 500 pm JF RO RE SRR RE, i OR B SRR T X ARHRS . BifJa, RN
JEAG 2SO TTRR (LPCVD) B AR TERE RV 1.5 pm JE R EALEE(SENG B, R Ay BB 5
BRI N B2 R BT FEBRTIRSE S, JATEAT 2 — VOt B2 T ZHEMB A
Ko BIRER S, RN T ZI(RIE) B RALRE R AT B A Z e 9 1 5 OB R i 8 4
gik, BAMERER IS — HREDCZIE, IFAT IRIEDEZ], T SEBUW T B R . HE, JEad i i
W& T2 AR A e, NIRZ ML R R At Orfs. PR, R RIE TENRALREZ 3T 2000, JF
H TR N 8 1 20 P (DRIE)BOAR T et F RIR 2 Th 2 £L, AT B R A . WAIhse s, #A1%
B RO BRI 2L, e th e B R A . Oy TR SR8 PN 5 28, BRAIAE AN 1
ARERIMPREZ, IR SEDIEER Lom x Lem /N . f)a, SR AU o B 42 1 O i v

DOI: 10.12677/m0s.2025.145421 639 R T

+

Y


https://doi.org/10.12677/mos.2025.145421

Wik

HIREA R, SERONZ 2B RN T2 BB RRGE R 5, FIHFH 7 BT (SEM) X 1l 5 (1 45
RTINS, Wil 6 Fion. WTLLEH, BACEEERE R T e Cagise 4205, BRI 7 AR A
R,

500umXNEHIEER (FIERMDE)

l LPCVD l RIE Pl =pd ot
I AR l RS et
—— — | & @ 11 | e
l RIE l DRIE
= i
= | ssseamrm

Figure 5. Manufacturing process flow diagram
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Figure 6. Double-layer cantilever beam-mass block photographs and local SEM images
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Figure 7. Sensitivity measurement system schematic
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Figure 8. Gravitational field calibration testing method
8. ENGHFEMRA
IR G IRRN], I S KA BRI R R . REUE IR E TR
Ah=S-Aa (11)

Horp, SERRREE, a NINERE. LR H) REEEL) )y 358.5nmlg, 5105 HA 359.6 nm/g #3iL, %
UE T ERRR A HERA I . K A S AV S B I A e SO AN RN P B AR 22« AN [R) Jnsek JB2
NEMmZEE 10 fs, Has K ZEN 0.071nm@0g, RABBEAAETIZIMR[13]. Fitl, %K
AL IR 7209 0.58%. {ESLIR E I AL AN TR T Q v 6, HIA(6) AT A3 LIH I =
sa, 4 397 ng/\NHz.

DOI: 10.12677/mo0s.2025.145421 641 5 1 A


https://doi.org/10.12677/mos.2025.145421

Wik

-19 1 -
-20 {\\—

|

Do

—
1

I

Ih#E (dBm)

-24 4 u

T T T T

1520 1540 1560 1580
WK (nm)

Figure 9. Initial spectrum diagram
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Figure 10. (a) Simulation and actual sensitivity comparison analysis; (b) Nonlinear deviation under different accelerations
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