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® Shape memory effect - Overview ® Phase transformation
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Challenge: Temperature profile 2020 -\\!(IT
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® SMA/Si bimorph cantilever

® 20 pm/ 200 um of beam width/length
@ SMA/Si each of 2 um thickness

® Simulation of T-profile — thermal conductivity of
materials [3]

Kspa(T) = Lo - 0syga(T) - T

50105 x 104 ¥
m

kg (T) = ~19.24 —

® Large temperature gradients along the cantilevers
® Major effect on downscaling
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Coupled Multiphysics simulation

lterations
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SMA — DSC measurement
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Modelling and material properties

Tanaka-type model

osma(T) = (1 — fM(T)) coq + Ey(T) - oy
asya(T) = (1 - S(M(T)) cag+Ey(T) - ay

&y - martensite volume fraction (0 < &, < 1)

Material properties of SMA and Si

SKIT
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Meshing — double beam cantilever

Si NiMnGa NiTi(Hf)
Electrical conductivity Bspa, S/m 10 Brivnca(T) Briri(T)
Thermal expansion coefficient o, 1/K as;(T) g =23 % 10__: @ =11x 1(_)6_ °
ay =33%10 ay = 6.6 %10
Young’s modulus E, GPa 169 E =100 E =87
Poisson’s ratio v 0.22 0.33 0.39
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Temperature / K

Challenge: Temperature profile

Joule heating - temperature profile
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® Design challenges
® Homogeneous T-profile
® Deflection should not be affected
® Power consumption

beam length = 200 um
beam width = 20pum
wing length = 60um

Contact pads

® Solution: Wing like folded structures
® Homogeneous T-profile
® Uniform phase transformation
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Critical Electrical Power

Non-homogenized

critical electrical power (mW)
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® Reference temperature of 600 K (operational limit of the
device)

® Beam width 1 - needs 1 electrical power (#4 and #5)
® Beam length 1 - needs | electrical power (#1 and #2)
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Homogenized
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® With folded beam structure, less power is required to
achieve maximum temperatures

® Nearly 35 % reduction in power consumption
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Maximum Displacement

Out-of-plane deflection / pm
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® Maximum displacement for the critical power
(at the beam tip)

® Beam width — no significant change
® Beam length 1 — deflection 1
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Homogenized
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® Folded beam structure achieves larger deflection at
lower power in all variants

® Deflection improved by factor of 2 with 2 um/20 um of

width/length
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Fabrication Process

(a) (b) (c)
(d) (e) U]

Il Silicon EEE SOy s SMA s Gold
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IeCAT

SOl wafer with SMA and Au layer

Lithography of beam structure (EBL* for
nanostructures)

Wet-etching of SMA

RIE* process of Si using HBr
Isotropic HF etching of SiO,
Free-hanging bimorph structure

*EBL — Electron Beam Lithography
RIE — Reactive lon Etching
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In-Situ Mechanical Characterization

SEM image of freestanding SMA-Si Nanomanipulators
bimorph actuator
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® Temperature homogenization — phase transformation 1
® Reduction of power consumption by nearly 35 %

® For beam width/length of 2/20 um variant — deflection 1 by factor of 2
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