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'hree Ni-based LIGA MEMS Alloys
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Grain Size ~ 3000 nm Grain Size ~ 100 nm Grain Size < 50 nm
Ultimate Strength ~ 500 MPa Ultimate Strength ~ 1500 MPa Ultimate Strength ~ 2000 MPa
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} atigue Testing of Metallic (LIGA) MEMS

Applied Loads:

~15 mN
Deflections:
~100 um
250 pm Applied
Test Frequency Bending
10-20 Hz Deflections
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Cracks Are Found in

Persistent Slip Bands On the Surface
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Nickel

Bright Field Image

White intensity scales White intensity scales

with intensity of nickel with intensity of

peaks in EELS spectra oxygen peaks in EELS
spectra

Boyce, Kotula, Michael, Acta Materialia, 2004

Selected Area Diffraction
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H pothesis: The fatigue cycles serve to cycI IIIIII
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AWaBounding Solutions for “PSB Oxide Initiation”
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APPROXIMATION (A): APPROXIMATION (B):

A fully-cracked film

A crack in a homogeneous Y
penetrating into the substrate

monolith
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APPROXIMATION (A):

A crackina homogeneaggs

unding Solutions for “PSB Oxide Initiation”

APPROXIMATION (B):

A fully-cracked film

1.92

monolith

penetratinginmtothesubstrate

Ye, Suo, and Evans; Hutchinson and Suo (1992); Bleuth (1991)
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Oxide Thickness Depends on Applied Stress
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These estimates predict a critical oxide thickness in the
vicinity of 600-1200 nm, depending on the applied stress
levels.
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Fatlge Behavior: Two Nl Alloys
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Fatlgue Normallzed S-N Results
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Subsurface microstructure revealed by FIB excavation and lon Channeling Contrast Imaging
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Three Scenarios for
Coarsening+initiation

Deposition causes coarse grains.
Initiation prefers coarse regions.
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Fatigue stresses cause coarse grains.
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Three Scenarios for
Coarsening+initiation

Deposition causes coarse grains.
jon prefers coarse regi

30.0 kV
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Three Scenarios for

Cracks initiate first.
raoetin stress fields cause co3
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Three Scenarios for
Coarsening+initiation

Deposition causes coarse grains.
iation prefers coarse rSgerrs.

Fatigue stresses cause coarse grains.
Subsequent |n|t|at|on prefers coarse reg|ons.

Cracks initiate first.
ip stress fields cause co3
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ther Examples of Mechanical _Coarening

High Cycle Fatigue of
UltraFine Grained
Copper (99.99%)

fatigue

n
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Hoppel, Zhou, Mughrabi, and Vliev, 2002

Monotonic Indentation of
Nanocrystalline Copper
(99.999%)

Thermomechanical
Fatigue of
Solder Alloys

Zhang, Weertman, and Eastman, 2003

Muller and Dreyer, Int J Solids Struct, 2000
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4 ' After a Single Fatigue Cycle,
No Coarsening Is Found
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30.0kV| SED |46.0| 17.0| 7.0° | H11.77 s | 6.50 kX

Dept. 1824 Microsystems Materials G =867 MPa 1) Sandia National Laboratories




A.*’.

Fatlgue Comparlson All 3 Alloys
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Summary: Fatigue Behavior in
iree LIGA Electrodeposited Ni-based Alloys
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(Boyce, Michael and Kotula, Acta Mater., 2004)
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