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Nanoscale patterns are fabricated by laser interference lithography (LIL) using Lloyd’s mirror inter-
ferometer. LIL provides a patterning technology with simple, quick process over a large area without
the usage of a mask. Effects of various key parameters for LIL, with 257 nm wavelength laser, are
investigated, such as the exposure dosage, the half angle of two incident beams at the intersection,
and the power of the light source for generating one or two dimensional (line and dot) nanoscale
structures. The uniform dot patterns over an area of 20 mm×20 mm with the half pitch sizes of
around 190, 250, and 370 nm are achieved and by increasing the beam power up to 0.600 mW/cm2,
the exposure process time was reduced down to 12/12 sec for the positive photoresist DHK-BF424
(DongJin) over a bare silicon substrate. In addition, bottom anti-reflective coating (DUV-30J, Brewer
Science) is applied to confirm improvements for line structures. The advantages and limitations of
LIL are highlighted for generating nanoscale patterns.
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1. INTRODUCTION

Fabrication of nanoscale structures have been consid-
ered by many researchers focusing on development of
their potential applications in the microelectronics indus-
try. These methods include nanoimprint lithography, elec-
tron beam lithography, focused ion beam patterning and
scanning probe related technology.1 However in order to
account for a maskless, quick process over a large area
and with simplicity of the apparatus, laser interference
lithography (LIL) is a possible candidate for generating
nanoscale structures. LIL is a well established concept
where the basic principle is that an interference pattern
between two coherent light waves are set up and recorded
over a photosensitive layer to produce periodic structures.
One-dimensional line pattern was generated from a sin-
gle exposure and two successive exposures with 90� rota-
tion of the sample in-between define a two-dimensional
dot/column pattern.
Although LIL with utilization of various types of

lasers with different wavelengths were reported previously,
exploring the effects of several key parameters could pro-
vide further understanding especially for a relatively short

∗Author to whom correspondence should be addressed.

wavelength laser (� = 257 nm). By applying a 257 nm
wavelength laser, higher resolution can be achieved2 and
faster exposure process becomes possible, with the avail-
ability of higher power value. Although improvements on
size of structures and process time could be achieved by
applying even shorter wavelength lasers, this could lead to
poor temporal and spatial coherence.3

The main focus of this study is on the investigation
of parameter effects for deep-ultraviolet LIL to fabricate
single and double exposure patterns with the usage of a
robust positive photoresist (DHK-BF424, high resolution
and high etch resistance, DongJin), which was performed
through various case studies. Also, bottom anti-reflective
coating (BARC, DUV-30J, Brewer Science) was applied
to explore its effects on one dimensional structures. Com-
parison will be drawn with the previously reported studies
where appropriate.

2. EXPERIMENTAL DETAILS

A single beam Lloyd’s mirror interferometer was applied
for the experiments with Ar-Ion (� = 257 nm) laser
used as the light source, see Figure 1(a). The laser with
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(a)

(b)

Fig. 1. (a) A schematic diagram of one beam LIL experimental appa-
ratus and (b) Graphs of beam power against position of the detector with
different maximum power.

515 nm wavelength was frequency doubled by a beta-
barium borate (BBO) crystal, where the scheme was previ-
ously reported in Ref. [4]. Prior to the spin coating of the
photoresist, a 3 cm× 3 cm Si substrate was cleaned with
acetone, methanol, and deionized (DI) water, in that order.
For better adhesion between the Si substrate and the pho-
toresist, hexamethyldisilazane (HMDS) was spin coated
for 30 sec at 2000 rpm on the bare silicon substrate, and
then photoresist was spin coated for 25 sec at 4500 rpm,
and baked at 110 �C for 60 sec. The final thickness of
the photoresist measured by a surface profiler (Alpha-step,
Dictak 3) was around 350 nm. The desired power was set
by the optical power/energy meter (Newport, 1936-C) and
with the sample loaded, the exposure was initiated. Then,
the sample was post exposure baked (110 �C for 60 sec),
which was followed by the development process with the
according time conditions. Identical procedures were per-
formed for numerous case studies, exploring the effects
of the critical factors, namely, the exposure dosage, the

(a)

(c) (d) (e)

(b)

Fig. 2. SEM images of one dimensional (cross-sectional) and two
dimensional patterns with variation of exposure dosages and develop
time.

half angle between the two incident beams, and the beam
power.

3. RESULTS AND DISCUSSION

Figure 2(a) shows the cross-sectional SEM images of line
patterns with the aspect ratio of the columns of around 5:1
and the half pitch size of 150 nm.
In order to investigate the suitable exposure dosage for

the current experimental conditions, case studies were per-
formed with constant values of other parameters, such as
LIL angle and beam power.
Figure 3 shows variation of doses for both single

and dual exposures. Although some structures were not
sufficiently developed, which could lead to non-uniform
depth profiles, it can be clearly seen that a dosage of
13�5∼15 mJ/cm2 produced the best result for both types
of patterns. Also SEM images were taken at random posi-
tions to confirm uniform patterns over the 20 mm×20 mm
area. Even with the utilization of a positive photoresist,
insufficient dosage resulted in holes rather than columns
(Fig. 2(c)), whereas excessive dosage could lead to incon-
sistent shape of patterns and collapse of the structure
(Fig. 2(e)). These confirm the findings from references,5–7

(a)

(d) (e) (f)

(b) (c)

Fig. 3. SEM images of single and dual exposure with different exposure
dosages (a) < (b) < (c) and (d) < (e) < (f).
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where similar results have been reported. The gradual
decrease in thickness of the nanoscale pillar seems to be
due to the vertical standing waves caused by the reflec-
tion from the bare silicon substrate. Intensity distribution,
energy distribution, is another crucial factor for generating
periodic patterns over a sufficiently large area, where it
is a function of the wave amplitude of the partial beams,
the wavelength of the light source, and the LIL angle.
Although the intensity distribution displayed changes, for a
20 mm×20 mm area, seen in Figure 1(b), the distribution
was sufficient enough to generate identical and periodical
patterns.
With the required dosage defined, effects of the half

angle between two beams at the intersection were explored
by rotation of the stage. The relationship between the
LIL angle (�� and the pitch of the pattern (�� can be
expressed as

�= �

2 sin �
(1)

By observing the size of the pitch and the LIL angle,
it is apparent that Figure 4 agrees well with the above
equation, itemized in Table I below, where the smallest
size of the pitch is half the wavelength of the laser. How-
ever, in order to fabricate uniform patterns over an area of
20 mm×20 mm, this theoretical value is unrealistic, espe-
cially due to the angle restriction in view of the geometry
of the Lloyd’s mirror interferometer.
As shown in Figure 4, two dimensional nanoscale struc-

tures were successively fabricated over an area of 20 mm×
20 mm for 10�, 15�, and 20� with pitches of around 741,
497, and 378 nm accordingly. For the one dimensional line
patterns, uniform 310 nm sized pitches were achieved, see
Figure 3(c). Although smaller pitches could be generated
from shorter wavelength laser, which highlights the advan-
tages of using 257 nm Ar-Ion laser, the experiments con-
firm the existing limitations in producing small, uniform
patterns over a large area by LIL.
Finally, with a set exposure dosage, the power of the

beam was varied in order to reduce the exposure time
for quickening the LIL procedure. Although this process
seems to be apparent, since the total energy applied to the

(a) (b)

(d) (e)

(c)

Fig. 4. (a)–(c) SEM images of two dimensional patterns with LIL
angles of 20�, 15�, 10� respectively and (d)–(e) 45 degrees tilted SEM
images with LIL angle of 15�.

Table I. Comparisons between theoretical and actual pitch sizes of the
fabricated patterns.

LIL Angle Theoretical pitch size (nm) Measured pitch size (nm)

10� 740 ∼741
15� 497 ∼497
20� 376 ∼378
25� 304 ∼310

sample is identical, the difficulties in realizing large area
uniformity could be observed from the beam profile with
different ranges of power (Fig. 1(b)). The actual area of
exposure is around ±20 mm from the center (depending on
the size of the sample), where it could be clearly seen that
the power distribution varies more as the beam power is
increased, which could cause inconsistent patterns. In this
experiment, power was increased up to 0.600 mW/cm2,
shortening the exposure process time to 12/12 sec, to pro-
duce similar results with patterns by application of lower
power (0.150, 0.300, and 0.450 mW/cm2), see Figure 5.
The dosage was set to be 13.5 mJ/cm2 for all cases. Thus,
this confirms the validity of the high power usage.
Additionally, experiments with the application of an

anti-reflective coating were carried out for exploring its
effects on one dimensional structures as shown in Figure 6.

Fig. 5. SEM images of two dimensional patterns with different beam
power (variation of exposure time).

(a) (b)

Fig. 6. SEM images of one dimensional patterns (a) with normal coat-
ing conditions and (b) with the application of BARC.
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These comparison studies were performed under the
same experimental conditions except for the applica-
tion of bottom anti-reflective coating material (BARC).
BARC was spin coated under the photoresist coating, to
reduce the effects of the vertical standing wave. This
was confirmed from observing Figure 6, where the the
decrease in thickness of the pillars were significantly
smoothened.

4. CONCLUSIONS

The effects of key factors in LIL have been investigated,
such as the exposure dosage, the LIL angle, and especially
the beam power for generating one and two dimensional
nanoscale structures. From this study, the advantages and
limitations of LIL are highlighted for generating nanoscale
patterns. Among various patterning techniques, LIL is
useful for its maskless, quick, and simple process char-
acteristics, and improvements on LIL, such as quicker
process, the capability of patterning over a large area,

and improving the patterns through application of anti-
reflective materials could be advantageous.
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