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Abstract and Introduction:
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Aluminum-induced crystallization (AIC) has become an
attractive method of fabricating polycrystalline silicon on
insulating substrates because of its ability to produce thin
films with uniform surface orientations [1], and its low process
temperatures (< 500°C), which make the use of much cheaper
substrates such as glass possible. One drawback of current
methods is that they tend to produce films with high-angle
grain boundaries. By using patterned substrates to align the
grains in the films we hope to minimize the presence of high
angle grain boundaries which tend to act as defects and can
inhibit future device performance.
Previous studies on patterned quartz substrates made with
fluorine-based reactive ion etching showed increased
crystallization rate in the patterned regions, but the preferential
orientation was lost. It was found that the patterned surfaces
were significantly rougher than the unpatterned surfaces, which
may have led to the loss of preferential orientation. This work
examines the effect of surface roughness on crystallization rate
and orientation.
Samples with higher and lower patterned region surface
roughness were prepared by using contact lithography and
fluorine and chlorine-based plasma etches, respectively.
Aluminum and amorphous silicon (a-Si) layers 30 nm thick
were deposited by electron-beam evaporation, and then
AIC was performed by annealing the samples below the Al/
Si eutectic temperature, at temperatures between 400°C

and 500°C. In situ and post anneal optical microscopy were
using to determine the effect of patterning and roughness
on crystallization and grain size. We hypothesize that the
smoother surface will be better able to preserve preferential
crystal orientation while maintaining the increased crystal
growth rate.
Experimental Procedure:
Patterning. Fused quartz substrates were cleaned by
sonication in acetone, isopropanol and de-ionized (DI) water
followed by Nanostrip®. The cleaned samples were spincoated with 3012 resist, then; contact lithography was used
to produce line patterns with spacings of 100, 75, 50 and 25
µm (Figure 1). The samples were etched to a depth of 25 nm
using reactive-ion plasma etch with fluorine-based etch and
chlorine-based etch in order to produce samples with higher
and lower surface roughness respectively. After etching, the
resist was removed using acetone, isopropanol and DI water,
then atomic force microscopy (AFM) was used to characterize
the surface roughness of the samples and contact profilometry
was used to determine the etch depth.
Deposition and Annealing. Using e-beam evaporation, 30
nm of aluminum was deposited on the etched samples, then
the samples were exposed to air for 30 minutes in order to
form a thin oxide layer before 30 nm of amorphous silicon was
deposited onto the samples. The fused quartz substrates were
diced and separated by line spacing and etch type. Anneals
were performed in an annealing furnace in ambient nitrogen
at 450°C for four hours on samples, and then an aluminum
etchant (hydrochloric, acetic and nitric acid mixture) was used
to remove the aluminum layer before optical microscopy was
used to view the polycrystalline silicon layer. In order to study
differences in crystallization between chlorine and fluorine
etched samples, in situ optical microscopy was performed
using a heating stage with a viewing window. Samples were
again annealed at 450°C in ambient nitrogen and, images were
captured every 30 seconds over the annealing period.

Figure 1: Optical micrograph of 100 µm patterned
region.
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Results:
The chlorine-based plasma etch was found to produce a surface that
was much smoother (RMS 3.02 nm) than the fluorine based etch
(RMS 6.88 nm) — comparable to the roughness of an unetched
substrate (2.96 nm (Figure 2). For the chlorine etched samples, at a
line spacing of 50 µm, there seemed to be no effect of patterning on
crystallization, but 25 µm line spacing seemed to cause some grain
confinement in the patterned region. Similarly, for the fluorinebased etched samples, the 25 µm-spaced line pattern had a greater
effect on crystallization than the 50 µm-spaced line pattern. In
both cases, however, the fluorine-based etch showed a much more
dramatic effect of patterning on crystallization, with the 25 µm
pattern causing almost continuous growth in the direction of the line
pattern (Figure 3).

Figure 2: AFM scans; (a) chlorine-based etch, and (b) fluorinebased etch.

In situ optical microscopy (Figure 4) revealed that for chlorineetched samples, nucleation began simultaneously in and out of the
patterned region, but the growth rate for crystals was faster within
the patterned region. Conversely, for fluorine-etched samples,
nucleation occurred mainly along the lines between etched regions
where there seemed to be a faster crystallization rate than the
patterned region. This caused the crystals to first grow along lines,
then, spread outward into the etched region, leading to the nearcontinuous crystals and periodicity seen in the fluorine-etched
samples.
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Conclusions and Future Work:
Smaller line spacing and fluorine etching seems to promote grain
alignment with pattern. This result shows that patterned substrates
could potentially be used to align grains. Orientation imaging
microscopy will be used in order to determine the effect of surface
roughness on the surface orientation. Further on, we hope to use
these patterned substrates as templates for the growth of nanowires
and other substances such as GaN [2].

Figure 3: a) Chlorine etch unpatterned, (b) chlorine etch 50 µm
pattern, (c) chlorine etch 25 µm, (d) fluorine etch unpatterned,
(e) fluorine etch 50 µm, and (f) fluorine etch 25 µm.
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Figure 4: In situ micrographs of chlorine-etched 50 µm line
patterned samples during anneal showing difference in growth
rate between patterned and unpatterned region.
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