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We have grown single-grain crystal line on Al and Au thin films. The laser parameters have been

determine to control the crystal orientation of the crystals. The mechanism of crystal orientation
selection has been clarified. The results have applications in microelectronic and plasmonic
devices.

In this research project, we have successfully grown single-grain crystal
stripes on thermal-evaporated Al thin films, and sputter-deposited Au thin films by using laser beam
scanning. We have established the conditions necessary for the growth of single-grain crystal on Au
thin film by laser beam scanning. For single-grain crystal growth on metal thin films, the laser
beam should be controlled to maintain a complete melt pool without excessive ablation. A Si02
capping layer thicker than 400 nm is required. The mechanism of single-grain crystal growth and its
crystal orientation selection was elucidated.
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Metal lines of Al, Cu or Au are important components in microelectronics. They are used as
interconnect lines in integrated circuits, as electrodes in organic light-emitting diode or surface
acoustic wave devices. One big problem with the thin metal lines is that their electrical conductivity
and their durability depend inversely on the density of grain boundary. It is because of the dominance
of grain boundary scattering and grain boundary diffusion in thin lines under electric current, which
leads to a famous failure mechanism called electromigration.

A boundary-free metal line made of a single-grain is probably ideal for electronic application.
However, as the metal lines are often fabricated from metal thin filmswhich have ultra-fine grain size
of few hundred nanometers, the density of grain boundary in the metal linesis very high. Currently
post-deposition annealing can only increase the grain size to few micrometers, which is not sufficient
to achieve single-grain lines. Laser annealing has been widely used for single-grain growth of
semiconductors in amorphous thin film, but a similar approach to metal thin films has not been
reported so far.

This proposal focuses on the problem of single-grain growth in metal thin film by laser annealing.
The key scientific question is by what condition a single-grain line can be grown in metal thin film
during laser annealing. The three specific aims of this proposal are therefore:

1) The effect of laser annealing on grain growth of metal thin film

Hypothesis: Asfor semiconductor, the grain growth of metal thin film during laser annealing depends
on the laser beam shape, beam energy, the film thickness and crystal structure of the metal.

Expected result: Establishment of parameters dominating the grain growth during laser annealing and
relationship between the parameters and the annealed microstructure.

2) Mechanism of grain growth during laser annealing

Hypothesis. Recrystallization of the metal thin film may occur in solid or liquid states. The mechanism
may be different with variation of the beam parameters and the microstructure of the film.

Expected result: Mechanisms of grain growth by laser annealing of thin films of Al and Au.

3) Controlling crystallographic orientation of the recrystallized grain

Hypothesis. Some specific crystal orientations are preferable for single-grain growth. The selection of
one crystallographic orientation depends on surface energy, liquid-solid interface energy, temperature
profile of the melt pool, which depends on the energy of the laser beam.

Expected result: Optimization of the laser annealing processin order to grow asingle-grain of adesired
crystallographic orientation.

Al thin films were deposited at 5.0x10* Pa vacuum on a quartz substrate (18 mm x 18 mm x 0.2
mm) by thermal evaporation method. The thickness of Al film was 60 = 20 nm measured by atomic
force microscopy. The 50 nm Au films on 15 mm x15 mm x0.18 mm borosilicate glass substrate,
which were purchased from PHASIS (Switzerland), were deposited by radio-frequency (RF)
magnetron sputtering method. A 5 nm Ti layer was used to increase the adhesion between the Au film
and the glass substrate. A SiO, capping layer was deposited on top of the Au film by reactive pulse
DC magnetron sputtering to suppress ablation of the Au during laser annealing. The thickness of the
SiO; layers was 200, 300, 400, and 800 nm.

A laser scanning system with amicron chevron-shaped beam wasused [1]. Thelaser source was
a 1.2 W ultraviolet multi-mode laser diode of 405 nm wavelength. The apex angle of the chevron-
shaped laser beam was 60° and the side of the chevron shape was approximately 10 pum.

The metal films were attached to the sample stage, which was placed at the right angle to the
incident laser beam. The beam scanned the sample surface as the sample stage moved in its horizontal
direction at a given speed from 10 to 40 mm/s. After laser scanning, the local crystal orientations of
the annealed regions were measured by using electron backscatter diffraction (EBSD) technique. The
EBSD measurements were carried out on JEOL 7001FA scanning electron microscope (FE-SEM)
operating at 15 kV.

Ultra-long, single-grain crystal of 9-um width can be grown selectively in Al thin film by laser
scan annealing. The crystal quality and the morphology of the crystal depend on the laser power, scan
patterns, and the scan speed as shown in Fig. 1a. The crystal orientation continuoudly rotates in a
positive pitch rotation. The rotation axes are either [001]¢ // TD or [101] // TD depending on the laser
power. The transition between the two rotation axesis at the laser power of 303-315 mW.



Because the laser beam iswell focused during the scan path, an ultra-long single grain can be obtained
with the length comparable with the scan distance. A wide-area of single-grain stripes can also be
realized by a 2D scan as shown in Fig. 1b and 1c. The obtained results would have potential
applications in microelectronic and plasmonic devices.
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Fig. 1. (a) Crysta orientation maps of the single-grain crystal stripes obtained by scans with variation of laser power.
The cubes showing the crystal rotation along the laser scan direction. (b) and (c) are crystal orientation maps obtained
after wide-area annealing (2D scan) by repetition of six scans with an open interval d between the scan line centers.
The arrows indicating the laser scan direction are placed at the center of every scan lines.

For theAuthinfilm, the single-grain crystal could be grown, when asufficiently thick SiO. capping
layer was deposited on the Au film to prevent ablation during laser scanning. The orientation of the
obtained single-grain crystal in Au film varied with the thickness of SiO; capping layer, the laser scan
speed, and the laser power.
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Fig. 2. EBSD image qudity map (1Q) and crystal orientation maps plotted from the sample normal direction (ND), laser
scan direction (SD), and transverse direction (TD) for a single-grain crystal obtained on Au thin film by laser beam
scanning. The crysta orientation was [111]/ND, [112]//SD, and [110]//TD.

Fig. 2 shows EBSD image quality map and typical crystal orientation maps of asingle-grain crystal
obtained on the Au thin film with 800 nm SiO, capping layer. The width of the single-grain stripes
varied between 6-9 um, depending upon the laser scanning parameters. The length of the stripes was
comparable with the distance of laser scanning. All the single-grain crystal stripes have (111) plane
orientation, which was selected to minimize their surface energy. 77% of the stripes have the in-plane
[112] direction aligned with the laser scan direction (SD). The selection of [112] // SD can be explained
if the anisotropy of surface tension was accounted for. In the (111) plane of the Au film, the surface
tension is maximum in the <110> directions, which are favorable for the crystal growth. The stripe
will grow preferentially with its two <110> directions close to the thermal gradients, which are
symmetrically inclined with respected to the laser scan direction. The [112] direction is the sum of
those two symmetrical <110> directions, hence it is aligned with the SD direction. The scenario is
similar to the growth of degenerate seaweed dendrite observed in one-directional solidification of Al
aloys.
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