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Fabrication of SiO, Microcantilever and Its Mechanical Simulation
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Abstract: When SiO, microcantilever was prepared by the method of KOH wet etching, incomplete or
over-complete undercutting was found at the bottom of the microcantilever structure with the etching
mask edge at 45°from(100)silicon wafer’s main reference surface. With the help of COMSOL multiphys-
ics simulation software, modal analysis and static analysis are carried out on the three-dimensional model
of microcantilever structure which has incompletely undercut to over completely undercut. The static
working mode of the microcantilever and the stress concentration under the influence of residual stress
are simulated by different loading forms. The results show that the modal frequency of the microcantile-
ver decreases with the undercutting process. Under the static mode, the displacement increases with the
process of undercutting, and the maximum Von Mises stress on volume increases firstly and then decrea-
ses to the minimum vaule at the time of complete undercutting. The stress concentration under the influ-
ence of residual stress was reflected by two indexes K, and K, , the results were not related to the load
size but related to the size of the microcantilever, and the K, index was more regular.
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Tab. 2 The first four mode frequencies of different

undercutting microcantilever structures

( 149 ) SiO, ( ) 379
1) 1) . SIOZ s a ~ e
s , Von Mises . 3
Von Mises
10(b) Von Mises )
’ a s ) 3 ] a (& .
2.2.1 . a ~e ,
4 2 ,
2 1 3 s Von Mises

1 2 3 4
b
/Hz /Hz /Hz /Hz
b b
a 1.26X10" 8.59X 10 1.13X10° 2.40X10°
b 1.17X10* 8.08 X 10" 1.10X10° 2.26X10°
c 1.09x10* 7.62X10* 1.07 X 10° 2.13X10° 3
d 1. 02X 10* 7.924%104 1.07X10° 2.03X10° Tab. 3 Static performance of different undercutting
e 0.97X10* 7.07X10° 1. 06X 10° 1.99X10° microcantilever structures
2 . 4 Von Mises /MPa /’um
e 1 a 1. 82 0.182
. b 2.19 0.205
O.97><10 HZ, a 1 1.26>< c 2.38 0.230
10* Hz. , e a 0.78 d 2.24 0.257
e 0. 40 0.277
1 11
10(3) s
b
1 q ,a ~e Von
’
. Mises 12 12 ,
29%. MEMS ,
Von Mises
b
b
e ’
13 000
12 500 15
12 000 —a—
e y=-2931.84x+12 501.4 L o—bA
11500 | R?=0.979 6 &
g%’ =
411000 |- R
g 5 o
% 10500 F  y=1196.282-4 128.11x+12 650.9 &
R?=0.998 1 =
10000 | £ 6
2
9500 L L L EE
0 0.25 0.50 0.75 1.00 < 3r
AR AR e 1 L
11 1 ) L L L
0 50 100 150 200 250 300
Fig. 11 Modal frequency curve of the first order of TR 1 g/Pa
different microcantilever 12
2.2.2 Fig. 12 Stress variation of different microcantilever
10Ca) , q=50 Pa under different loads



380 2021 5
2.2.3 , (100)
a s s COM-
Von Mises o/ SOL Mutiphysics
Do K ; Von Mises N
oo/ Von Mises Ob s ;
Kz. v Kl p ?
13 , 13 , K, , Von Mises
2 ’ K1 ’
’ Kz ? 3
» 14 . 14 . K, , K,
’ D ’ Kz
[{2 ’ Kz ’
KZ [}
1.60E7
e . —
1.56E7L —=—R%E15 um
—o— 35520 pm
—&— 9§25 pm [ 1] Hemker K J, Last H. Microsample tensile testing of
L52E7 R0 LIGA nickel for MEMS applications[ ] ]. Materials
M Science and Engineering, 2001, 319(21). 882-886.
L4BETF [ 2] Mazza E, Able S, Dual J. Experimental determina-
tion of mechanical properties of Ni and Ni-Fe micro-
et bars[ J]. Microsystem Technologies, 1996, 2 (4):
e . . *— o 197-202.
1.40E7 . . . . . , _ , ,
0 5 10 15 20 25 30 [ 3] Lamba M, Mittal N, Singh K, et al. Design analysis
JE5% p/Pa of polysilicon piezoresistors PDMS (Polydimethylsi-
13 K, loxane) microcantilever based MEMS Force sensor
Fig. 13 The stress concentration K; under different LJ]. International Journal of Modern Physics B.
microcantilever widths varies with load 2020, 34(9): 2050072.
7 000 [ 4] Kaveh O, Coskun M B, Mahdavi M, et al. FPGA-
v v - v v Based Characterization and Q-Control of an Active
6000 —=— RIS pum AFM Cantilever [ C]//International Conference on
—e— 23820 pm
— & TS5 um Advanced Intelligent Mechatronics ( AIM), IEEE,
5000F —v—smasoum . . . 2020.
2 4000| [ 5] Demirkiran A, Karakuzu A, Erkol H, et al. Analy-
sis of microcantilevers excited by pulsed-laser-induced
30001 photoacoustic waves[ J]. Optics Express, 2018, 26
(4) . 4906.
2 000+
[ 6 ] Devkare S S, Bhole K S. Review of Micro cantilever
1000 L . . L - sensors for detecting diseases: fabrication methodolo-
0 5 10 15 20 25 30 _ _ 4
FE3 piPa gies and sensing techniques[ J]. IOP Conference Se-
ries: Materials Science and Engineering, 2020, 10
14 K>

Fig. 14 The stress concentration K; under different

microcantilever widths varies with load

KOH Si0,

L7]

(1) 012069.

Tian B, Li HF, Yang H, et al. Design and perform-
ance test of an ocean turbulent kinetic energy dissipa-
tion rate measurement probe [ J]. Micromachines,

2018, 9(6): 311.
( 385 )



149

385

[5]

L6]

L7]

Lol

(10]

study on flame propagation characteristics of gas ex-
plosion pressure in medium scale pipeline[J]. Journal
of North China Institute of Science and Technology,
2016, 13(4): 76-82. (in Chinese)

Christophe P, Rim B, Mohamed G, et al. Thermal
radiation in dust flame propagation[ J]. Journal of
Loss Prevention in the Process Industries, 2017, 49.
896-904.

Proust C. Turbulent flame propagation in large dust
clouds[J]. Journal of Loss Prevention in the Process
Industries. 2017, 49. 859-869.

Smoot L., Horton M. Propagation of laminar pulver-
ized coal-air flames[J]. Progress in Energy and Com-
bustion Science, 1977, 3(4): 235-258.

Wei G, Mogi T, Yu J, et al. Flame propagation
mechanisms in dust explosions[J]. Journal of Loss
Prevention in the Process Industries, 2014, 36 186-
194.

[l » 2019, 38(7): 917-921
Liu Tianqi. Numerical simulation on flame propaga-
tion of coal dust explosion in different size pipelines
[J]. Fire Science and Technology, 2019, 38 (7):
917-921. (in Chinese)
Cao W G, Gao W, Peng Y. et al. Experimental and

(11]

[12]

[13]

[14]

numerical study on flame propagation behaviors in
coal dust explosions[ J]. Powder Technology, 2014,
266 456-462.

Ahn S, Kazuki T, Hiroaki W, et al. Experimental
and numerical analysis of turbulent pulverized coal
flame in a coaxial burner[J]. Energy., 2019, 179:
727-735.

Chen T, Zhang Q, Wang ] X, et al. Flame propaga-
tion and dust transient movement in a dust cloud ex-
plosion process[ ] ]. Journal of Loss Prevention in the
Process Industries, 2017, 49. 572-581.

’ ’ ’

[Jl. » 2019, 40(5);
1188-1193.

Shen Haoshu, Wu Yuxin, Xu Kailong, et al. Large
eddy simulation of a pulverized coal jet flame and its
verification[ J]. Journal of Engineering Thermophys-
ics, 2019, 40(5): 1188-1193. (in Chinese)

’ s ’

R . 2014, 34(5); 586
593.

Cao Weiguo, Xu Sen, Liang Jiyuan, et al. Character-
istics of flame propagation during coal dust cloud ex-
plosion[ J]. Explosion and Shock Waves, 2014, 34

(5): 586-593. (in Chinese)

£8]

£9]

[10]

380 )

Kandpal M, Behera S, Singh J, et al. Residual stress
compensated silicon nitride microcantilever array with
integrated poly-Si piezoresistor for gas sensing appli-
cations [ J ]. Microsystem Technologies, 2020, 26
(4) . 1379-1385.

Yamaguchi H, Tatami J. Yahagi T. et al. Disloca-
tion-controlled microscopic mechanical phenomena in
single crystal silicon under bending stress at room
temperature[ J]. Journal of Materials Science, 2020,
55(17) . 7359-7372.

Lamba M, Nag M, Chaudhary H, et al. Model pre-
diction of microcantilever using DOE for stress and
eigen frequency analysis for force measurement[]].

IOP Conference Series Materials Science and Engi-

[11]

(12]

[13]

neering, 2020, 748. 012025.

Vesna J, Lamovec J, Mirjana P, et al. Fabrication of
Si0,-based microcantilevers by anisotropic chemical
etching of (100) single crystal Si[J]. Journal of the
Serbian Chemical Society, 2007, 72(11); 1127-1138.
Mishra M, Singh S K, Shanker R, et al. Design and
simulation of diatom-based microcantilever immunobi-
osensor for the early detection of Karnal bunt[]].
Biotech, 2020, 10(5): 201.

Balasubramanian S, Polaki S R, Prabakar K. Ultra-
high sensitive and ultrafast relative humidity sensing
using surface enhanced microcantilevers| J]. Smart

Materials and Structures, 2020, 29(9): 095006.



