1. Introduction

In the recent years, it has
been shown that the light out-
coupled from the LED source
can be enhanced. This can be
done in several ways. Add-
ing double heterojunction, or
quantum wells to LEDs chip
during the processing are few
to mention. Even though they
may enhance the light outcou-
pled, all-new layout of the chip
is often required, which leads
to increase of production costs
that also reflects on the market
cost. Another possibility is in-
fluencing the management of
light by adding Photonic crys-
tals. PhC structure on the chip
doesn’t require any changes in
the layout. Photonic crystals
are used in applications where
the management of light has to
be influenced. This is a feature
that makes them suitable for use
in modern photonics. PhCs are
commonly applied to the surface
of inorganic LEDs to increase
efficiency of emitted light. PhC
structures create a forbidden
optical band that prevents pho-
tons from propagating to the
frequency falling within that
band. The result is an increase
in photon extraction in the ver-
tical direction from LED [I1, 2].

FUNDAMENTAL AND APPLIED PHYSICS

FABRICATION OF PhC STRUCTURES BY USING
NANOIMPRINT LITHOGRAPHY AND THEIR
OPTICAL PROPERTIES

Juraj Neviela
PhD Student!
juraj.nevrela@stuba.sk

Anton Kuzma
PhD!
antom.kuzma@stuba.sk

Faculty of Electrical Engineering and Information
Institute of Electronics and Photonics
Slovak University of Technology in Bratislava
3 Ilkovicova str., Bratislava, Slovakia, 812 19

Abstract: The contribution deals with creating structure, which
have unique properties for influencing the spectrum of light.
Since these structures exhibit the period under the diffraction
limit of visible light or UV radiation, they can't be fabricated
by standard photolithography. As a result, this nanoscale struc-
ture must be prepared with progressive nanostructure pat-
terning technology known as nanoimprint lithography (NIL).
Especially, in our work UV-nanoimprint lithography was used.
Considering preservation of low production costs, which plays
a crucial role in the industry, the UV-nanoimprint lithogra-
phy will be best suit for this purpose. Using this technology
result with respect to reproducibility and uniformity of created
nanostructure has been achieved. Ability of influencing light
spectrum for nanostructures with the period of 800 nm and
600 nm with various feature size were presented with observa-
tion and simulation also.
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phy, and therefore absolute puri-
ty of the substrate is necessary.
Substrate cleaning was realized
with following steps. First of all
samples were cleaned with ace-
tone and isopropyl alcohol in or-
der to remove organic impurities.
After these steps, it was treated
with DMI water in ultrasonic
bath. The last step was treatment
in oxygen plasma for removing
residual organic materials from
surface.
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Fig. 1. Schematic patterns of
stamp

For creating nanostructure
Suss Microtec MA6 mask aligner,
as well mr UVCur21 from Micro
resist technology was used. For
pattern transfer from photore-
sist to SiO, Oxfor Plasmalab syse
tem 100 was used.

Considering to the size of the PhC structures a reliable method
of producing them is needed while maintaining a low price.

As a consequence, there is a need for the next genera-
tion of nano-scale lithography (NGL) technique. Recently,
the technique of nanoscale pattern transfer technology us-
ing a mold, has attracted attention, thanks to the possible
technology and know-how transfer from academical soil to
industry, as well as high technology readiness levels (TRL)
[3]. Considering preservation of low production costs, which
plays a crucial role in organic electronics market penetration,
the nanoimprint lithography (NIL) may be the best suited
for this purpose. Nanoimprint lithography is one of the ad-
vanced fabrication technologies and possibly may become
the fabrication technology in electronics and optoelectronics
industry [4-10]. The greatest advantage of these processes
lies in higher production yield as well as in better cost-effec-
tiveness compared to other NGL techniques, such as electron
beam lithography.

2. Material and Methods

The quartz glass stamp was used in nanoimprint lithogra-
phy. Stamp consists of different patterns at several locations,
as shown in Fig. 1. Each group (square) of patterns in the col-
umn has a constant width of lines (higher parts in the pattern)
marked as w. pitch (period) of a structure is changed for each
square in Fig. 1.

Nanostructures were prepared on Si substrates with 120 nm
SiO,. Nanostructures were fabricated by nanoimprint lithogra-
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3. Results

In Fig. 2, a, c is shown topology of fabricated nanostructure
using above mentioned stamp, specifically a 1D PhC structure
with 400 nm thick lines, 800 nm pitch, and 200 nm thick lines,
600 nm pitch. A XE-100 Park systems atomic force microscope
was employed for acquiring the AFM scanning from nano-
imprinted patterns. Inhomogeneity was observed on surface
of fabricated structure, caused by the adhesive forces between
a stamp and photoresist during separation. The height of the
lines was estimated to 52-54 nm using statistical function as
shown in Fig. 2, b, d. The nano-pillars of the patterned area on
the stamp shows a height in average 56 nm (50 nm declared by
datasheet).

In the next step nanostructure was transferred to the SiO,
with the dry etching process. First of all residual photoresist
layers (from the bottom of the structure) was removed by
oxygen powered RIE. Dry anisotropic etching of SiO; has
been achieved with CF4 gas. The chamber was evacuated to
the 5 mtTorr and flow of working gas to the 20 sccm. Self-bi-
as voltage was set to the 200 V. Etch rate was estimate to the
10 nm per minute. Topology of etched structure is shown in
Fig. 3, a. The statistic function was applied to calculate the
height of nanostructure which is in average 34 nm. The sta-
tistic function is shown in Fig. 3, b. Surface roughness after
etching was estimated on 3 nm at the bottom and 4,2 nm at
the top of structure, which are comparable to roughness before
this technological step.
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Fig. 2. AFM analysis of molded structure: a — Topology of
molded structure with period 800 nm and 400 nm width hole;
b - Statistic function for period 800 nm; ¢ - Topology of molded
structure with period 600 nm and 200 nm width hole;

d - Statistic function for period 600 nm
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Fig. 3. AFM analysis of structure: a — Topology of structure
etched to the surface (period 800 nm); b — Statistic function

4. Discussion and conclusions

Top and side illumination (under 30 degrees of the incident
light) was used during the investigation of the samples. In the
Fig. 4 is shown the light reflected from the top of the sample.
This photo was taken by a microscope camera situated above the
sample surface, in the long working distance (10 cm).

The structure was designed in RSoft’s Photonic Component
Design Suite [9]. The material parameters of the layers described
in Palik [10] were applied. The rigorous coupled-wave analysis

(RCWA) simulation method was used for the simulations of

the structure including 1D pattern in the layer. Even though
the structure is designed as a 1D layer with patter, 2D simula-
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tions were performed by the RCWA simulation method. This
simulation method is best suitable for calculating transmission,
reflection and absorption of incident radiation in the examined
structure throughout whole spectrum of wavelengths and in
all angles. It may help in recognizing increase in extraction
efficiency or a change of output characteristics of Simulations
as well as optical investigation show diffraction effects of
patterns with higher periods for wavelengths from the visible
light spectrum. Lower periods cause diffraction effects for ra-
diation in the UV spectrum. Fig. 5, 6 are illustrated reflectance
as a function of an angle of incidence of illuminated light for
samples reflected yellow (400x800) and cyan (200x800) light
underside illumination. Reflectances are illustrated as a contour
map rescaled to the max value of the visualized range of angle
of incident and wavelength. Investigation of reflectance over the
spectrum is an evident match between imaged camera images
and simulated results.
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Fig. 5. Reflectances as a function of angle of incident light
from visible spectrum for nanostructure with 800 nm period
and feature size of 400 nm: a — Reflectances for a broad range
of angle of incidence; b - Reflectances for a range of angle of

incidence corresponding to side illumination
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Fig. 4. Reflected light from structures of the imprint: a - Top illumination and period of each square; b — Top and side illumination
under 30°% ¢ - Side illumination under 30°% d - Side illumination under 30°~ TM mode; e - Side illumination under 30° - TE mode
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Fig. 6. Reflectances as a function of angle of incident light from visible spectrum for nanostructure with 800 nm period and
feature size 200 nm: a — Reflectances for a broad range of angle of incidence; b — Reflectances for a range of angle of incidence
corresponding to side illumination
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