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ABSTRACT

The shape and size variations of the nanopatterns produced on a positive photoresist uzing a near-field scanning optical

microzcope(NSOM) are investigated with respect to the process wvariables. A cantilever type nanoprobe having a 100nm

aperture at the apex of the pyramidal tip is used with the NSOM and a He-Cd lazer at a wavelength of 442nm as the

llumination source. Patterning characteristics are examined for different laser beam power at the entrance side of the

apsrture(Py), scan speed of the piezo stags(V), repsated scanning over ths same pattern, and operation modes of the

NSOM(DC and AC modes). The pattsrn sizs remained almost the same for equal linear energy density. Pattern size decreased

for lower lager beam power and greater scan speed, leading to a minimum pattern width of around 50nm at Py, =1 2W and

V=12, Direct writing of an arbitrary pattern with a line width of about 150nm waz demonstrated to werifyy the feazibility

of this technique for nanomask fabrication. Application on high-density data storage using azopolymer iz discussed at the end.
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Fig.1  Experimental setup for the near-field
nanolithography using a near-field scanning optical
microscope.

2
ez 1.5
§ 1
A
<05
O L 'l
350 400 450  HOO0 550 600

Wavelength[nm]

Fig.2 Absorbance of the photoresist (DPR-i5500)

measured with a spectrometer.
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Fig. 3 Paiterning results for {(a) noncontact(AC) and (b)
contact(DC) operation modes of the NSOM
Experimental conditions are (a) Py=10uW,
Y=4pum/s and (b) Py,=151W, V=6Lm/s.
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Fig. 4 Variation of the pattern width, (a), and depth, (b),
for increasing scan speed at a constant laser beam
power. The actual values of the power for each data
point are 2, 4, 6, 8, 12, 20pm/s.
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Fig. 5 (a) Three-dimensional AFM image of the

nanopatterns produced for different scan speed
of the probe at constant laser power of 1.2uW.
The numbers on the figure represents the scan

speed in pm/s. (b) Enlarged AFM image of the
pattern for V=12pm/s. The pattern is clear and
uniform along its length.
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Fig. 6 (a) Size variations of the nanopatterns fabricated at
the same energy density (P/V) of 0.4 (b) Cross-
sectional profiles of the pattern comesponding to
each of the laser power and scan speed combination
for the same linear energy density.
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Fig. 7 An example of the direct writing of free patterns
using near-field nanolithography, Fabrication
conditions are Pin=0.14uW and V=1pm/s. The size
of the entire pattemn is 5x1.8um’* and the line width
and depth are 158 and 28nm, respectively.
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Fig. 8 Nanodot fabrication on azopolymer {a) nanodot
array: distance between each dot=2pm, Py =100W,
irradiation duration=3,3,3,5,5,5,10,10zec from left
to right columns (b) enlarged wview of 3sec
irradiated dot (¢} cross-sectional view{AA™) of 3sec
irradiated  dot: hole  width=160nm, Thols

depth=30nm.
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