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Pulsed-Laser Annealing of NiTi Shape Memory Alloy Thin Film
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Local annealing of amorphous NiTi thin films was performed by using an Nd:YAG 1064 nm wavelength pulsed
laser beam. Raw samples produced by simultaneous sputter deposition from elemental Ni and Ti targets onto
unheated Si (100) and Silica (111) substrates were used for annealing. Delicate treatment with 15.92 W/mm2

power density resulted in crystallization of small spots; while 16.52 and 17.51 W/mm2 power densities caused
ablation of the amorphous layer. Optical microscopy, scanning electron microscopy, X-ray diffraction and
atomic force microscopy were performed to characterize the microstructure and surface morphology of the
amorphous/crystallized spot patterns.
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1. Introduction

Considerable research has recently been devoted
to thin film NiTi shape memory alloys (SMA)
for development of micro-electro-mechanical (MEMs)
devices[1–6]. NiTi helps development of stents, med-
ical infusion pumps, microneedles for trans-dermal
and sub-dermal fluid transport, microvalves, micro-
grippers and micropositioners[1–7]. Potential future
applications of the NiTi alloy include medical mi-
crodevices such as micropumps to promote fluid
circulation[8] and artificial heart valves[9].

Two-way NiTi thin films can simplify the sen-
sor/actuator mechanisms used in production of the
above systems. Local laser annealing can induce two-
way shape memory effect with the non-annealed re-
gions demonstrating elastic behavior and the annealed
spots showing shape memory behavior[10,11]. Fur-
nace annealing is not a feasible option for bio-MEMs
consisting of low melting point polymers. The as-
deposited NiTi amorphous film may, however, locally
be crystallized by laser heating to a composite-like
pattern. Rapid laser heating can reduce the expo-
sure time to the oxidizing atmosphere[2,3] and reduce
the risk of oxidation for the SMA layer. Direct crys-
talline film-deposition onto a heated substrate is not
so beneficial because of film cracking[12] and coarse
crystallographic texture that produce high surface
roughness[13].

Previous investigators have studied continuous-
laser treatment of the NiTi thin layers. Bellourd
et al.[12] have, for example, treated the NiTi thin
film with a continuous-wave (CW) laser system for
an application in a micro-gripper[12]. They utilized
a zero-contact line-scan approach to provide a flex-
ible inexpensive technology. He et al.[4] used CO2

laser annealing to achieve a crystalline structure in-
duced on films for IC applications. They demon-
strated capability of local annealing achievable with
alternative line scans. Wang et al.[13] reported selec-
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tive crystallization via diode laser annealing of amor-
phous NiTi thin films. They reported homogenous nu-
cleation with random crystallographic textures lead-
ing to a uniform microstructure across the annealed
area. They observed a significant stress recovery of
their laser annealed layer[13].

Properties of ultra high vacuum (UHV) furnace-
annealed films have also been investigated before[14].
No information is, however, on pulsed-laser treatment
of NiTi thin films available in the literature. Present
investigation is devoted to the pulsed-laser heat treat-
ment (PLH) as an alternative novel method for cre-
ation of local shape-memory crystals embedded in
amorphous NiTi thin layers.

2. Experimental

Infrared (IR) pulsed-laser beam was used to inves-
tigate the localized crystallization of the as-deposited
NiTi thin films. The films were deposited by sputter
deposition from separate elemental Ni and Ti targets
onto unheated Si (100) and Silica (111) substrates[14].
Samples 1 and 2 were deposited on silicon substrate,
while sample 3 was precipitated on silica. Total area
of all samples was 5 mm×10 mm.

Laser heating was carried out under atmospheric
condition. The pulse duration was 200 µs. A Q-
switch solid-state Nd:YAG laser with a wavelength
of 1064 nm (Baublys Co., Germany) was used for
heat treatment. The position of the specimens and
the laser optical parameters were software controlled.
The sample X-Y stage had an accuracy of 0.1 µm.
Sample No. 1 (Si substrate) had a laser spot diameter
of 0.8 mm. The optical parameters of the laser were
changed from one spot to another. The laser power
changed from 8 to 8.5 W for this sample; changed
from 8.2 to 8.3 for sample 2 and between 8 and 8.3 W
for sample 3.

Microstructures of the spots were studied by op-
tical microscopy and scanning electron microscopy
(SEM, LEO 44oi, England). Crystallographic studies
were done by X-ray Diffraction (XRD) using a Philips
Xpert, Netherland (CuKα, 40 kV, 40 mA). Grazing


