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Questions

How does one produce motion at small
scales?

What concepts are suggested by theory?
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Plan of talk

Microscale: films of active materials
Why martensitic materials?

Theory: interfaces, microactuator concepts
Bulk vs. film

MBE growth of Ni,MnGa
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Martensitic phase transformation

0> 0.

Ni,MnGa

0 =0,

0 < 0.
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Why martensitic materials?

based on
bulk theory:
0.k.?

Work output per volume per cycle of various actuator systems, Krulevitch et al.

Actuator Type

Work/volume (J/m?3)

Basic formula

NiTi shape memory

Solid liquid phase change
Thermo-pneumatic
Thermal expansion

Electromagnetic

Electrostatic

Piezoelectric

Muscle
Microbubble
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Comments

one time: O = 500MPa, € = 5%
thousands of cycles: O = 300MPa

k = bulk modulus = 2.2 GPa,
8% volume change
F =20N, d=50 pm, V =4mm X 4mm x 50 pm

Ni on Si (ideal); s = substrate,
f =film, AT =200 C
variable reluctance (ideal); V = gap
volume, M, =1V sec/m?
variable reluctance (ideal); F = 0.28
MmN, V =100 um % 100 pm x 250 pum
external field; T = torque = 0.185 mNx m,
V =400 pm x 40 pm X 7 um
F =100 volts, d=gap = 0.5 um
comb drive, F = 0.2 mN (@60V)
V=2pum x 20 um x 3000 ym, d=2 um
integrated force array; 120 volts
PZT; E; = 60GPa, d;; = 500, E = 40KV/cm
Zn0O; E; = 160GPa, dy; = 12, E = 40KV/cm
O =350 KPa, € =10%
F=09puN, 6=71pum
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Martensitic films

What theory?

VS.

This talk: single crystal films
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