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1.1
MEMS Micro electromechanical system
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Figl.1
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MEMS
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Fig.1.1 Working principle of the micro-mirro
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Fig.1.2 Schematic torsional test apparatus
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Fig.2.1 Maxwell model



2.3 Saint-Venant's principle
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P A-A B-B C-C
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Fig2.2 20
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W |

(a) E=196GPa c=
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Fig.2.2 Stress distribution under different load configuration
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Fig.3.1 Experimental setup
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Fig3.2
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Fig.3.2 Specimen wafer(L,W mm)
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Fig.3.5
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3.1.7
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Fig.3.7 Fig.3.8
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3.1.8
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FigA-9

20 N

(s)]

O P N W b~ OO N

0 50 100 150
(lam)

Fig.3.9
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Fig3.10 Mechanism for demanded function
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Fig3.6 (T=32.9(}uam) ,W=0.8(mm) ,L=4.0(mm))
Fig3.5
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Fig.3.12 Specimen fabrication process
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4.1
4.1.2

Figd.1

250

ENT-2100
Table4.1

T 8.2(pm),L 4.0(mm),W 0.2(mm)

Fig4.1 Nano-indentation ENT-2100

Table.4.1 Principle specification of Nano-indentation ENT-2100

90

Table4.2

( B) O

104.856 (mN)

1600 (nN)

A)

0

20 (L1 )
0.3(n )

Table.4.2 Parameter of Nano-indentation test
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10 N 500 20( sec)

4.1.2
4.1.2.1
Fig4.2 5

(1.1),(1.2)
Table.4.3

Table4. 4 Table4.4 7.5Gpa

10 !

Load(mN)

0 ————— i
0 300 600 900 1200 1500

Displace ment(nm)

Fig.4.2 Result of Nano-indentation test(30 )

Table.4.3 Material properties of polymide and diamond indenter

AV \V2 E,
0.35 0.17 1140(GPa)

Table.4.4 Young’s modulus(30 )
1 2 3 4 5 average
7.52 7.49 7.46 7.51 7.49 [7.49 (GPa)

22



4.1.2.2

Table4 .6

90

90 250 90 5 250
250 Figs.3,Figd.4 90

250 250

90 6.68GPa

Gpa 250 3.43Gpa

Load(mN)

Load(mN)

10

0o %0 500 750 1000 1250 1500
Displace ment(nm)
Fig.4.3 Result of Nano-indentation test(90 )
10

: 4

I
4
2 /.—f__,.-""
0 o —— ___-.-'_ — —
0 250 500 750 1000 1250 1500

Displace ment(nm)

Fig.4.4 Result of Nano-indentation test(250 )
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Table.4.5 Young’s modulus(90 )

1 2 3 4 5 average
6.64 6.61 6.72 6.73 6.70 |6.68(GPa)
Table.4.6 Young’s modulus(250 )
1 2 3 average
3.56 3.42 3.29 |3.43(GPA)

24



4-2

4-2-1
MST-1
Table5.1 IN
4mN 0.2pam
Fig5.1
X-y . 0.5mm
Fig5.2
table L=0.8,L=3.2 32
Tabled4.7 Principal specification of the micro testing machine
MST-1
2kN
1/250 *+1%

0.0012 30mm/min

0.02pam
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i Slllcon Wafer with Hole \/’/ error ]. -’

Fig4.6 photograph of bending test
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4.2.2
Fig5.3

1/4
SHELL93
Xy z
Fig5.3
Table5.2
0.35
ANSYS9.0

boundary condition extrapolated
from coarse model

Node constrained for
zdirection

Fig4.7 FEM model

Table4.8 Material properties used in the FEM analysis. The values are based on the elastic constants of
x:[110],y:[110],z[001]

E, E, E, \Vy \V,, 2 Gy Gy G,

168.9 168.9 130.2 0.064 0.361 0.278 50.9 79.4 79.4
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4.2.3
Fig5.4, Fig5.5
32 30

Fig (T=14.7,L=4.0,W=0.8) Fig (T=20.5,L=4.0,W=0.8)

0.14
0.12 Strain:0.74% /
010
0.08 —  FEM
£ ~ experiment
2 0.06
3
0.04
0.02 /
0 L
0 0.1 0.2 0.3 0.4 0.5

Displacement(mm)

Fig.4.8 A load-displacement curve under bending test (T=14.7,L=4.0,W=0.8)
0.18

0.16 -
Strain:0.74%

0.14

012
— FEM

0.10

— experiment

0.08

Load(N)

0.06
0.04

0.02 /

0 0.1 0.2 0.3 0.4 0.5
Displace ment(mm)

Fig.4.9 A load-displacement curve under bending test (T=20.5,L.=4.0,W=0.8)
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AN AN

Fig.4.10 displacement T=14.7,L=4.0,W=0.8 Fig.4.11 Stress(T=14.7,L=4.0,W=0.8)
AN . e AN

Fig.4.12 displacement (T=20.5,L=4.0,W=0.8) Fig.4.13 Stress (T=20.5,L=4.0,wW=0.8)
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4.3

4.3.1
4 32 30
VHZ 450
Fig.7.1
A
35 35 32

Fig7.1 A

0.7

0.6

05 [

0.4

Load(N)

0 0.1 0.2 0.3 0.4 0.5
Displace ment(mm)
Fig.4.14 Comparison of result of bending test and FEM of peeling specimen (T=32.9,L=1.4,W=0.8)
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4.3.2

4.3.2.1
Fig7.3
4.3.2.2
i)
i)
Saint-Venant's principle
1
SOLID95
2
Fig7.4

fig

31

Fig7.2
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Loadcell
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b .
Silicon wager holder
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boundary condition extrapolated

Solid 95 fromcoarse model

nodes constrained for z-direction
aboutsurrounding area

Shell 93

/

Node constrained for
Xy direction

Node constrained for *
xy direction

Fig.4.17 FEM model(whole model with shell element and sub model with solid element)
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4.3.2.3

Fig7.5
Fig7.6
0.213Gpa

LineA,LineB Fig4.20 Fig4.21

0.6

05 1

0.4
z
g 03
g /

0.2

— experiment
0171 ~ FEM
0 ‘ ‘ ‘ ‘ ‘
0 0.2 0.4 0.6 0.8 1.0 1.2

Displace ment(mm)
Fig.4.18 Comparison of result of peeling test and FEM (T=14.7,L=4.0,W=1.6)

Fig4.19 Result of FEM analysis (principal stress distribution)
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Stress(MPa)

140
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0.2 0.4 0.6 0.8
Displace ment(mm)
Fig.4.20 stress-displacement curve(line A)

1.0

1.2

250

200

Stress(MPa)
|_\
o1
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T

0.5 1.0 15
Displace ment(mm)

Fig.4.21 stress-displacement curve(line B)
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5.1

MST-1 AN
0.2pam
X-y
0.5mm

Table.6.1
(T=20.5,L=4.0,W=0.4) (T=20.5,L.=4.0,W=0.8) 2

Table.5.1 Parameter of stress relaxation test

W=0.8 W=0.4
0.2 0.1 0.1mm/min 30000(sec)
5.2
Fig6.1, Fig6.2
5.3 Maxwell
Maxwell
N 5 Maxwel 1
-t -t
T T
F=S(G,+Ge™ +G,e™?)
2
Table6.2
Fig6.3 Fig6.4
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Load(N)

0.1

0.09
0.08
0.07
0.06
0.05

0.04

0.03
0.02
0.01

Load(N)

0.2

0.18
0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02

5000 10000 15000 20000 25000 30000
Time(sec)
Fig.5.1 Result of stress relaxation test (T=20.5,L=4.0,W=0.4)

% :

0

5000 10000 15000 20000 25000
Time(sec)

Fig.5.2 Result of stress relaxation test(T=20.5,L=4.0,W=0.8)
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Strain(GPa)

Strain(GPa)

0.049
0.048

0.047

0.046 :
N\

0.045 | %

0.044 |

i
0.043 WMWWWWMWM%

0.042

0 5000 10000 15000 20000 25000 30000
Time(sec)
Fig5.3 Result of stress relaxation test and calculation (T=20.5,L=4.0,wW=0.4)

0.048

0.047

0.046

0.045

0.044

0.043

0.042

0.041 ‘ ‘ ‘
0 5000 10000 15000 20000 25000 30000

Time(sec)
Fig.5.4 Result of stress relaxation test and calculation (T=20.5,L=4.0,w=0.8)

38



Table5.2 Parameter of 5 elements Maxwell model

Goo Gl G2 r]l r]2

5.16 0.25 0.52 2.37><10? 1.01><10*
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7.5Gpa
7.5Gpa

Maxwell
200Mpa
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A-1
0.1mm/min
30,10,0.1,0.01,0.0012(mm/min)  O.5mm 30(mm/min)
0.0012(mm/min) T=8.2(pam),L=4(mm) ,W=3.2(ju4
m) Fig 30,10,0.1(mm/min)
0.01(mm/min) 0.0012(mm/min)
30(mm/min)
0.25
0.20
~ 015
£
g
0.10
0.05
0
0 0.1 0.2 0.3 0.4 05
Displace ment(mm)
Fig A-1 A load-displacement curve(T=8.2,L=4,W=3.2)
A-2
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Fig A-2 A load-displacement curve (T=8.2)
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Fig A-3 A load-displacement curve (T=14.7)
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L=0.8 W=2.0 L=3.2 W=2.0

05 0.8
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Fig A-5 A load-displacement curve (T=32.9)
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Fig A-6 young's modulus

46



B-1
B-2-1 ( )
()
ON
( ) - |~ E-cAL-|
TRAPEZIUM
1. :admin :admin
2 ]
3.( )
4.( -l ]
S'T ) (‘ ) ( )
6.( )
7.( )
8.( [
o ) -L|
10.( )
m( L]
( IMANU]-[ ][ JoR]
( )START]

a7



B-2-2

TEST

EZ TEST

B-3

N

IN

10000

48

COE

(2007/02/09

)

1pm

EZ



49



[1]
2]
[3]
[4]
[5]
[6]
[7]

8]
9]

[10]

N.Asada, H. Matsuki, K. Minami, M. Esashi, “Silicon Micromachined Two-Dimensional Galvano
Optical Scanner”, IEEE Transactions on Magnetics, 30(1994), 4647-4649

Jin-H. Lee, Y.-C. Ko, D.-H. Kong, J.-M. Kim, K.B. Lee,D.-Y. Jeon,”Design and fabrication of
scanning mirror for laser display”, Sensors and Actuators A, 96(2002), 223-230

David L. Dickensheets, and Gordon S. Kino, “Silicon-Micromachined Scanning Confocal Optical
Microscope”, Journal of Microelectromechanical Systems, 7,-1(1998),38-47

S. Eliahou-Niv, “Design, analysis and fabrication of a new MEMS scanning devise actuator”,
Applied Surface Sicience, 248(2005),503-508

Peter F. Van Kessel, Larry J.Hornbeck, Robert E. Meier, and Michael R.Douglass, “A
MEMS-Based Projection Display ”, Proceedings of the IEEE,86,N08(1998),1687-1704

Paul M. Zavracky, Sumit Majumder, and Nicol E. McGruer, “Using Nickel Surface
Micromashining”, Journal of Microelectromechanical Systems, 6-1(1997),3-9

Hiroshi Toshiyoshi and Hiroyuki Fujita, “Electrostatic Micro Torsion Mirrors for an Optical
Switch Matrix”, Journal of Microelectromechanical Systems,5-4(1996),231-237

“ -z NTS(2002)
2006

(2003)

[11] Hiroshi  Miyajima,tTomoko  Arikawa ,Toshiharu Hidaka,Kazunari  Tokuda,Kazuyama

Matsumnoto:”Experimental characterization of polymide torsional hinges for optical
scanner”Sensors Actuators A 117(2005) 341.348

50



p.1 51

19 2

56168

51



