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Table 1 Materials used for MEMS

Property
Density Elastic Modulus | Tensile Strength Application
(g/em™) (GPa) (MPa)
Single C_rystallme 232 130 3790 Pressure sensor, accelerometer,
Silicon mirror, etc.
Polycrystalline silicon . 140210 20003000 | Electrostatic motor, gyro, micro
TIITor, efc.
Silicon dioxide 2.65 66 69 Insulator, probe tip
Silicon carbide 2.55 100-450 -
Silicon nitride 3.10 73 460 Prober tip, thermal insulator
Gallium arsenide 3.76 - - Semiconductor,
Aluminum 2.71 70 110 Micro mirror, structural
support(MEMS)
Gold 19.3 75 125 Electric conductor, intermediary
Metal layer
copper 8.89 115 220 Thermal conductor, space
MEMS
Nickel 8.90 150-200 148 Turbine rotor, accelerometer,
inkjet head
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Table 2 Comparison of measurement techniques of mechanical properties

in micro/nano materials

Test Method Measurable Properties Advantage Disadvantage
. ~ difficult in specimen
- Elastic Modulus I Direct Measurement preparation

- Yielding, tensile strength
- Poisson Ratio

Micro-tensile test Easv i .
- Easy interpretation

difficult in micro(nano)
deformation measurment

difficult in specimen

Bending test | Elastic Modulus - Easy interpretation preparation
g - Yielding strength - simple in system - sensitivity in specimen
‘geometry
Resonant . - no mechanical contact [ ¢4 in modeling boundary
g - Elastic modulus - condition
Tequency to the specimen Co
- effect in evironment
Elastic modulus . b - difficult in specimen
o . . |- insensitivity to edge .
Bulge test | biaxial elastic and plastic effects preparation
properties - complicated interpretation
Nano-indentation | hardness - simple specimen - complicated interpretation
- elastic modulus preparation . .
test . s including substrate effect
- yield strength - in-situ measurement
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(b) Tensile specimen prepared by MEMS
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Fig. 1 Typical test specimens for measurement

of micro/nano mechanical properties
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(b) Tensile test system

Fig. 2 Direct Tensile testing system using
ISDG technique(U. of Johns Hopkins)
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(b) Tensile test system

Fig. 3 Direct Tensile testing system using
micro-ESPI technique(KRISS)
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(b) Tensile loading mechanism

Fig. 4 On-Chip tensile testing system
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Fig. 5 Membrane tensile testing system
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