-

P
brought to you by .. CORE

View metadata, citation and similar papers at_core.ac.uk

provided by Repository of the Academy's Library

SCANNING PROBE MICROSCOPY

Microscopic Study of Nanostructured AlO,

UV Laser Patterning Via Self-organized Nanospheres

Large area ordered nanopatterning of RF sputtered AlO, layers have been
carried out. The technique involves UV laser treating of the film through
LB films of silica nanospheres. The hexagonal, close packed arrangement
of these spheres was projected to the surface due to the laser treatment
resulting in ordered structure of pits of ~200 nm diameter and 1.3 nm
depths. The samples were characterized by means of AFM and XTEM. Ex-
perimental results are in good agreement with the simulations.

Introduction

Recently the nano-scale mod-
ification of materials received
a wide interest in research.
This includes nanopattern-
ing that is applicable in many
fields [1, 2, 3]. One of the most
promising fields of nanopat-
terning is the development of
bit patterned magnetic media
(BPM). The main top-down
techniques for the fabrication
of ordered nanostructures
are e-beam litography [4]
and nanoimprinting [5]. The
bottom-up techniques are
mainly based on nanosphere
lithography [6] and molecular
self-assembly [7]. However,
most of these methods suffer
from the disadvantage of low
throughput and high costs.

In this paper a fast and
low-cost method is proposed
to obtain ordered nanopat-
terns directly, or via prepa-
ration of masks and imprint
molds for nanolithogra-
phy. We apply a monolayer
of self-assembled silica na-
nospheres, prepared by the
Langmuir-Blodgett (LB) tech-
nique [8] that is a template
for a single pulse UV-laser
treatment of the sample. This
technique can be applied un-
der atmospheric conditions.
The treatment of relatively
large areas requires short
time.

In this work amorphous
aluminium-oxide layers have
been nanostructured. AlO, is
a hard, durable non-reactive,
high-melting point material
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that can be applied as (nega-
tive or positive) mask for na-
nolithography and as a mold
for nanoimprinting [5].

Experimental

Amorphous AlO, layers of
25 nm thickness were RF
sputter deposited from an
Al,O; target onto single crys-
tal Si substrates, at room tem-
perature and at a rate of 0.25
A/s.The sputtering gas was an
Ar-0, mixture with the partial
pressures of 1.6 x 102 mbar
and 4 x 10 mbar, respec-
tively. Subsequently, the films
were covered with a mon-
olayer of silica nanospheres of
300 nm diameter arranged in
a hexagonal structure by the
LB technique.

The silica nanoparticles
and their LB films were pre-
pared as reported elsewhere
[9]. LB-films of the nanopar-
ticles were prepared in a KSV
2000 film balance by vertical
deposition (5 mm/min) at ca.
80% of the collapse pressure.
These parameters were de-
termined prior to the LB-film
deposition in a separate ex-
perimental run.

After drying at 50°C in air,
the samples covered with LB-
film were exposed to pulses
of a Kr-F UV excimer laser
(A=248 nm).

The laser spot was mapped
before the treatments in or-
der to reveal the intensity dis-
tribution. It was carried out
with a GaP UV-photodiode
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Fig. 1: AFM image of the formed uniform pattern of holes with domains

(~ 70 x 70 pm? area).

indirectly by using a quartz
plate that reflects ~4% of the
incoming intensity. The inten-
sity distribution was meas-
ured by scanning the board in
1 mm steps and recording the
response voltage by an os-
cilloscope that was synchro-
nized to the laser.

A single pulse with a pulse
length of 30 ns was applied
for the treatment of each
sample, so that the silica na-
nospheres don’t change dur-
ing the treatment.

After the laser treatment
the LB films were removed by
acetone in an ultrasonic bath.
The structure and morphol-
ogy of the samples were char-
acterized by Atomic Force
Microscopy (AFM) and Trans-
mission Electron Microscopy
(TEM). Samples for TEM were
prepared by mechanical and
ion beam thinning.

The phenomena occurring
at our experimental condi-
tions were computer simu-
lated with the help of Crystal-
wave [10]. The refractive
index (n) and absorption co-
efficient (o=4nk/A, where k is
the extinction coefficient) of
our AlO, layers were deter-
mined by a Woollam M2000DI
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rotating compensator spec-
troscopic ellipsometer.

Results

The intensity distribution
of the laser spot is roughly
Gaussian-like as it is plotted
in the color map in figure 2a.
In order to obtain reasonably
uniform patterns in the AlO,
samples, the inner part (5 x
9 mm?) of the spot, marked
with a rectangle in figure 2a,
was chosen for the treatment,
while the outer regions were
masked out.

The intensity of the ac-
tual area of the laser spot
was estimated to be uniform
in our computer simulations.
The two parameters at 248
nm wavelength (n=1.681 =+
0.005 and o = (3.86 = 0.15) x
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Fig. 2: (a) The color map of the obtained intensity distribution of the laser
spot. The black rectangle marks the part of the spot that passes through
the aperture. (b) Refractive index and absorption coefficient of our AlO, lay-
ers relative to the wavelength. The n and o values used in our simulations
were taken from this data at A = 248 nm.

10* cm™ as shown in figure
2b were taken from the data
obtained by ellipsometry.

The simulations have
shown that the silica nano-
spheres of the LB film can act
as individual lenses that focus
the incoming laser light (fig.
3). According to the calcula-
tions the energy density of
the laser light increases with
an order of magnitude at the
focus of the silica nanolenses
(fig. 3 b). This way, extreme
local heating may occur be-
neath every single silica na-
nosphere that enables the
modification of the sample
and the preparation of or-
dered nanoscale patterns.

The total energy of the laser
pulse has been varied; the cor-
responding fluences were cal-
culated considering the Gauss-
ian shape of the whole spot.

Uniform, hexagonally
structured pattern of pits

were found by AFM, accord-
ing to the depth profiles, the
lateral size of the pits is 220 =
30 nm in every case.

The sample treated with
30 + 0.7 mJ/cm? (fig. 4) shows
the deepest (1.3 + 0.2 nm)
pits and the wall of the holes
and the surface is flat and
uniform relative to the other

samples.
An XTEM image of
the sample treated with

35 = 0.7 mJ/cm? fluence near
to optimum is shown in figure
5. The cross-section of a sin-
gle pit is seen here showing
~210 nm diameter and ~3 nm
depth. A 15-20 nm wide crys-
tallized region is recognized
at the deepest part of the pit.

Discussion

We observed regular patterns
of nano-pits formed in AlO,

Fig. 3: (a) Simulated intensity profile at the top of the AlO, layer. (b) The
focusing effect of the silica LB film: simulated lateral intensity map. The
intensity scales up from blue to green color.

due to the focusing effect of
self-assembled silica nano-
spheres on the laser spot. The
nanospheres act as individual
spherical lenses that focus
the laser light beneath them
as shown by simulations (fig.
3).

Full width at half maxi-
mum of the simulated inten-
sity distribution beneath a
nanosphere is around 200 nm
(fig. 3a). The size (~ 220nm) of
the pits observed by AFM is
in good agreement with this,
confirming the focusing ef-
fect. The AFM results helped
us to find the optimum flu-
ence that was 32 = 2 mJ/cm?2.
In this case the pits are 1.3
nm deep, and their wall is flat
(fig. 4). With the optimum flu-
ence, uniform patterns of pits
were prepared in domains
that extend at least to 250 x
250 pm? areas as it is seen in
figure 1. Our LB film consists

of domains of ~ 50 pm? size,
which are replicated to the
created patterns.

Wide and shallow pit ge-
ometry can be observed by
cross-sectional TEM. The typi-
cal pit, shown in figure 5, ex-
hibits ~ 210 nm width and
~ 3 nm depth. Beneath the
deepest part of some of these
pits one can see contrast
changes of 20 nm size, which
are thought to be the sign of
crystallization due to the fo-
cused intensity. The AlO, layer
was patterned with few nm
deep pits. According to the
relatively low absorption co-
efficient (o), the intensity drop
of the laser radiation is only
9.2 + 0.7 % in the layer. So
the deposited energy couldn’t
be high enough to evaporate
the AlO,. We suggest that our
amorphous AlO, films con-
tain necessarily nanovoids
stabilized by electrically ac-
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Fig. 4: AFM image and the profile of the pattern of pits obtained (~ 6 x 6
pm? area) by a treatment with fluence of 30 + 0.7 mJ/cm?.

tive dangling bonds at their
inner surfaces. It is supposed
that the voids collapse by the
shock wave of the electromag-
netic field of the laser pulse.
This results in a local densifi-
cation of the AlO, and the for-
mation of the shallow pits.

Conclusions

Nanoscale patterning of
amorphous AlO, films was
successfully carried out by
laser-treating the samples
through self-assembled sil-
ica nanospheres. Large area
of at least 250 x 250 pm? was
patterned uniformly in do-
mains (fig. 1). The focussing
effect of the nanospheres was
confirmed with simulations,
which is in good agreement
with the observed width of
the formed nanopits.

Our results suggest that by
applying UV laser technique
at carefully controlled condi-
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tions molds can be fabricated
suitable for nanoimprinting.
Alternatively, the patterned
surface could act as a mask
after a well-chosen etching.
The method allows direct na-
nopatterning of various thin
films as well. Further de-
crease of the sphere size of
the LB film below the wave-
length of the laser, is sup-
posed to enable the prepara-
tion of ordered patterns with
periods less than 100 nm via
the near field enhancement
effect.
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