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2.1  

 
Euler’s equation [1]  
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2.2 MEMS  

3 Silicon Oxide

ooo hE ρ,, Silicon Nitride ( NNN hE ρ,, )
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Silicon Nitride NNN hE ρ,,  

Silicon Oxide ooo hE ρ,,  
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2.3 MEMS  

 
MEMS CMOS

Young’s Modulus

MEMS
Wafer Cantilever beam

Cantilever beam Young’s Modulus[2]
Two-wave Mixing 

Interferometry TWMI [3] Polytec  vibrometer (Laser Doppler 
Vibrometer)[4] [3 4]  
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x  

( m x m) 
 

kHz 

 

(GPa) 

W1 276x35 39.7 150.6 

W2 203x35 74.5 155.2 

W3 131x35 174 146.8 

N1 305x15 37.4 199.7199.7199.7199.7    
N2 209x15 74.1 172.2172.2172.2172.2    
N3 139x15 158 153.4 
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3.2 �

ANSYS 5.6 W1
2 Shell 99(Linear Layer)  Shell 93(Elastic 8 node)

Shell 63(Elastic 4 node) Shell 99
W2 W3 N3 3

152 Gpa (Ee) (3)
Shell 99 [5]

=NE 380 GPa =oE 75 GPa Shell 99
Silicon Nitride

104 GPa 380 GPa [6 7]
FEM
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(Ec) W1

NE 200 GPa oE 50 GPa ~ 250 GPa ANSYS
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Case (kHz) 

1.  39.7 
2. Ee=152 GPa (3) 39.88 
3.ANSYS Shell 99 (Linear Layer) == No EE 152 

GPa 
39.87 

4.ANSYS Shell 93(Elastic 8 node) E=152 GPa 39.87 
5.ANSYS Shell 63(Elastic 4 node) E=152 GPa 40.01 
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kHz 

Ee=152 

GPa (3) 

ANSYS

Shell 99

== No EE 152 GPa 

ANSYS  

Shell 99

=NE 380 GPa 

=oE 75 GPa 

W1 39.7 39.88 39.87 41.90 

W2 74.5 73.72 73.79 77.54 

W3 174 177.03 177.55 186.58 

N3 158 157.23 157.00 165.00 

 


 ANSYS � NE 200 GPa oE 50 GPa ~ 250 Gpa) 

oh  
( m) 

Nh  
( m) 

oE  
(GPa) 

NE  
(GPa) 

CE  
(GPa) 

1f ( CE ) 
(Hz) 

1f ( ), No EE  
(Hz) 

0.7 1.87 50 200 159.1 40793 34747 
0.7 1.87 75 200 

0.7 1.87 100 200 

0.7 1.87 125 200 

0.7 1.87 150 200 

0.7 1.87 175 200 

0.7 1.87 225 200 

0.7 1.87 250 200 
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3  f(Ec)/f(Ec,En) v.s. Eo/En 
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� Silicon 

Nitride(Si3N4)  104 GPa 380 GPa

FEM
� ( )

ANSYS
Shell 99(Linear Layer)  Shell 93(Elastic 8 

node) Shell 63(Elastic 4 node) 
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