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Spatial frequency doubling of interference lithographic
structure using two-layer chalcogenide photoresist
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The low cost method for spatial frequency of the gratings doubling, have been developed. The method combine
interference lithography with a spatial frequency doubling, based on vacuum evaporation of two layer AssS3pSeso-
AssGespSes photoresist and wet etching only. Relief parameters and diffractions properties of the obtained structures were
studied. This technology can be used for the fabrication of high-frequencies periodic structures on the substrates of the

different materials (semiconductors, dielectrics, metals).
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1. Introduction

High-frequency gratings have many applications in
optics, electronics, biotechnology, etc. For manufacture of
such gratings most simple and cheap method is
interference lithography (IL), or so called holographic
lithography [1-3]. Such method allows to receive high-
quality and sizable gratings. The smallest period that can
be formed by this technique can only approach to A/2, or
M2n for immersion interference lithography, where A is the
wavelength of the laser source, n — index of refraction of
prism. IL provides an inexpensive method for the
fabrication of nano- and microscale periodic structures
over large areas and is ideally suited to a large scale
manufacturing environment.

As shown in a number of works [4-7], one of the most
perspective photoresist for formation of interference relief
structures is an inorganic photoresist based on
chalcogenide glasses. Such chalcogenide photoresists are
characterized by an extremely high resolution (1 nm),
vacuum deposition (that allows obtaining homogeneous
film of precisely controllable thickness on various
surfaces, including the nonplanar ones), sufficient
mechanical, thermal and chemical stability. Combining IL
and liquid or solid immersion the high-quality holographic
gratings were obtained on chalcogenide resist with spatial
frequencies up to 6000 and 8000 mm™" [8].

An alternative fabrication technique for manufacture
of high-frequency gratings is the “frequency doubling,”
which doubles the number of lines of a grating [9-11].
However, these techniques based on multiple
technological steps, including vacuum deposition,
electroless plating, lift-off, wet and reactive ion etching,

and others. As a result, frequency doubling process can be
lengthy, hence reducing the yield and increasing the cost.

In this work, we present the simplified method for
doubling spatial frequency of the periodic structures
fabricated using interference lithography. In our process
two-layer chalcogenide photoresist As-S-Se / As-S-Ge are
used. Compared with previous frequency doubling
methods, the present one is based on thermal vacuum
deposition, interference lithography and wet etching, only.
This simple process can be realized on the substrates of the
different materials (semiconductors, diclectrics, metals)
and can find a number of applications.

2. Experiment

The samples for our experiments were deposited
sequentially onto polished glass and polished (111) silicon
substrates using the thermal vacuum evaporation of
chromium and chalcogenide glass (AssGesSgs and

As40S30Ses) at the pressure 2107 Pa. The layer thickness
was controlled during deposition process by the quartz-
crystal-oscillator monitoring system (KT-1) and reached
30 nm for the chromium layer, 80-200 nm for As,GesoSg,
and 60-80 nm for AsyS;oSesq layers. After deposition, the
thickness of the films was measured using a MII-4 micro-
interferometer.

The prepared samples were exposed by interferential
pattern that was generated by an argon laser (wavelength
of 488 nm) using the holographic setup assembled by the
wave-amplitude division method. The exposure value was
near 0.5 J/em®. The size of an exposed part of the substrate
reached up to 75%75 mm.
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After exposure, the samples were chemically treated
in non-water alkaline organic solutions [12] (negative
etching, i.e. the exposed areas are dissolved more slowly
than the unexposed areas) to form a resistive mask in Asyg
S30 Sey layer. For etching of As,GezoSes layer a weak (less
than 0,05 %) water solution of KOH was used. Water
solution of HCI was used for etching Cr layer through
obtained chalcogenide mask.

The surface patterns of obtained structures were
examined with a Dimension 3000 scanning probe
microscope (Digital Instruments) in the AFM tapping
mode.

Diffraction properties were studied by measuring the
spectral (L) (A is a wavelength) dependence of diffraction
efficiency (1) of samples. The diffraction efficiency was
taken as the ratio of intensities of the diffracted to the
incident beams, and was measured for non-polarized light.
Spectral measurements were carried out for the first
diffraction order within the range of 400 to 900 nm using
the setup for transmission gratings.

3. Results and discussion

The frequency doubling process starts with a
sequential thermal vacuum deposition on a substrate of
three layers (Fig. 1, a): Cr (layer thickness was 30nm),
As,GeypSes (150 nm) and AsgpSz;eSezp (80 nm). Top
As40S30Sesq layer is light-sensitive (photoresist) and can be
used for recording of interference pattern and formation of
first lithographic mask (Fig. 1, b) as a grating of parallel
lines. Selective non-water etchant [12] on the basis of
amine solution is characterized by good selectivity for
As40S;30Se30 layer (value of selectivity, that defined by the
solubility ratio of exposed and nonexposed film areas,
achieves 13), and almost does not dissolve AsyGespSes
layer, both exposed and unexposed. The width of grating
lines was controlled by the time of selective etching of
As40S30Sesq layer so that the gap between the mask lines is
about half of the final grating period.

Second, thicker As;GesoS¢s layer almost is not
sensitive to light, but dissolves in weak aquatic solution of
KOH. This etchant is actually neutral for AssS;oSesq, not
dissolving neither exposed nor unexposed AssS;pSesq
films [13]. At the same time As;Ge;;Ses layer dissolves
with high speed that gives possibility to form on this two-
layer chalcogenide structure more deep relief with the
“mushroom” form of grooves (Fig. 1, ¢). The width of the
grooves in their bottom part (near Cr layer) was also
controlled by the time of As;Ge;Ses etching and was equal
to gap between "mushrooms".

In the next step (Fig. 1, d), additional resistive layer
(5) was evaporated onto the sample at an incident angle
normal to the substrate (in our case it was the same
As40S30Sesy photoresist). Then Cr layer was wet etched
using water solution of HCI (Fig. 1, e).
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Fig. 1. Process of spatial frequency doubling:

(a) deposition of the three-layer structure (2 — Cr,
3 - As,GespSss, 4 - AsyS3;pSesy) onto substrate (1),
(b) formation of the lithographic mask (using IL onto
As0S308e39 photoresist) as a grating of parallel lines;
(c) wet etching of As,Ge;pSss layer; (d) evaporation of
additional resistive layer (5); (e) wet etching of Cr;
(f) removing of both chalcogenide by concentrate
KOH solution.

Finally, the remaining As;GesSgs and AsgoSzoSes are
removed using concentrate KOH solution (Fig. 1, f). As a
result of our frequency doubling process we have obtained
a periodic Cr pattern which has doubled (as to the first
interference lithographic mask) spatial frequency.

Fig. 2 shows the AFM image of obtained Cr pattern.
During deposition of the additional resistive layer (step (d)
on Fig. 1) part of the sample was screened. After etching
we have obtained onto the same sample both initial grating
with spatial frequency 769 mm™, and grating with double
frequency — 1538 mm™. Fig. 2 shows area on the interface
between these two parts of the sample.

By varying the etching time in the fabrication cycle
we can form periodic structures with different line-width.
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Fig. 2. AFM image of Cr grating: right part of the
picture — original grating formed by IL method, left part
— IL and frequency doubling.

Fig. 3 shows the spectral dependences of diffraction
efficiency for Cr gratings presented on Fig. 2. Curves 1
and 2 correspond to the initial grating and grating with
double frequency. These gratings were formed onto glass
substrate and spectral n measurements were carried out in
transmittance mode. As it is evident from the figure, the
useful wavelength range of high-frequency grating is
shifted to short wavelength and cover all visible spectral
range. The initial, low-frequency grating most effectively
cover the wavelength range in visible and IR spectral
range (0,45 — 1,0 mkm).
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Fig. 3. Spectral dependence of the diffraction efficiency n

for non-polarized light: curve I - initial grating with

spatial frequency 769 mm™, 2 - with double frequency —
1538 mm.

4. Conclusions

We have shown that the two-layer chalcogenide
photoresist can be applied in the frequency doubling
process which doubles the number of lines of a grating
fabricated by interference lithography. The developed
fabrication process involves only IL, vacuum evaporation
and wet etching, which are all low-cost processes. In
addition, this process can be realized on any substrate,
including semiconductor and dielectric one. The
developed frequency doubling technique can find a
number of applications, particularly in the field of
subwavelength optical devices, or optical sensors.
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