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Near-filed holographic nanolithography is a method to fabricate periodic
nanostructures using a phase mask comprised of nanogratings, where this
method results in twice the pattern density of the phase mask. However, the

practical use of this method has been limited due to low throughput and
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scalability. In this study, the drawbacks of the conventional holographic
nanolithography were overcome by using a scanning laser beam interference
lithography for making a large area phase mask, and by utilizing large area
exposure with superimposition of laser beam. To confirm the feasibility of the
proposed near-field holographic nanolithography, we fabricated a nanograting

Phase mask having a line width of 88.8nm and a pitch of 170nm onto an entire 4-in wafer
from a phase mask having a pitch of 338nm.
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(a) Half the pattern of the phase mask pitch size was fabricated
by scanning beam near-field holographic nanolithography

X Direction ——»

Stage

Phase Mask

Photo Resist

Scan direction

Periodic nano patterns

Y Direction——»

(b) The seamless nanograting structure patterning was uniformly
applied by overlapping scans
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(c) The Gaussian beams from laser passed through the phase mask
and diffracted into two +1 orders
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(d) The energy incident onto the flat-top-shaped area of the wafer
was realized after scanning through 63% of the overlapping
beam, based on its Gaussian beam profile

Fig. 1 Principle of Scanning beam near-field holographic
nanolithography beam profile
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Fig. 2 Schematic diagram of the phase mask fabrication process
and periodic nano structures fabrication
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Fig. 3 Principle of the fabrication of phase mask (a) A schematic
of the diffraction of an incident UV beam from a phase
mask (b) Light passing through a certain thickness of SiO,
will have a different phase transmittance than light passing
through the same thickness of air (c) Schematic of near
field holography showing cross-section of the phase mask
and two 1 orders interfering beams. Diffracted beams
interfere and form a periodic image on the wafer plane
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Fig. 5 Full 4-in phase mask fabricated by the SBLIL process

Table 1 Measurements of pattern pitch and width of phase mask

Measurement point Pitch (nm) width (nm)
(a) 338.1 170.0
(b) 3419 170.3
(c) 3382 170.0
(d) 3419 170.1
(e) 3382 170.0

Diode Pumped Solid State Laser

A =266nm
. Spatial Filter
Collimator
Polarizer
Phase mask
B , Interferometer
eam profiler
Air Bearing Wafer Stage L
<> Xdirection * Y direction

Fig. 6 Schematic setup of the scanning near field holography
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Fig. 7 Full 4-in half pitch nanopattern fabricated by the scanning
near field holographic lithography process

Table 2 Measurements of pattern pitch and width of scanning
near field holographic lithography patterns

Measurement point Pitch (nm) width (nm)
(a) 170.5 88.9
(b) 169.2 88.5
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(d) 170.4 88.7
(e) 169.2 88.8
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