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The paper is focused on the development of an in situ real-time method for
studying the process of wet chemical etching of thin films. The results of studies
demonstrate the adequate etching selectivity for all thin film Sb,Se;q0 (X = 0, 20, 40,
50, 100) compositions under consideration. Different etching rates for the as-
deposited and laser exposed areas were found to depend on the sample composition.
The highest achieved etching rate was 1.8 nm/s for Sh,Seg, samples.
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1. INTRODUCTION

Chalcogenide glasses are highly promising materials because of their unique
physical and chemical properties. One of the most studied (see, e.g. [1, 2]) pheno-
mena in these glasses is based on a photoinduced change in the physically-
chemical properties on exposure to bandgap light (typically in the visible or near
infrared (NIR) spectral region). The Se—Sb glasses have been proved to be an
attractive candidate in optical and electronic communications, switching &
memory devices, and photovoltaic applications. These materials can be used as
data storage media. The phase resulted from high-speed transformation from
“amorphous” to “crystalline” state has been widely studied as a suitable medium
both for erasable [3] and WORM [4, 5] applications. In this vein, the creation of
micro- and nano-scaled thin film samples becomes especially interesting and
important.

Apart from that, selective etching of chalcogenide thin films in organic
solution is of importance in microphotolithigraphy, where chalcogenide films could
be used as inorganic photoresist [6]. The utilization of chalcogenide thin films in
gray-scale lithography is based on different dissolution rates of exposed and
unexposed parts of a film. To obtain a high-quality film the dissolution rate should
be different for its exposed and unexposed areas; also, a high contrast of the resist
[7] is required.

To the selective wet-etching of amorphous/crystallized phases a number of
articles are devoted [6-10]. The extended study of chemical etching process in
ShyeSegy thin films is described in work [11], which deals with selective wet-
etching of optically and thermally crystallized/amorphous Sh,Se;g.« thin films in
organics-based solution (e.g. amines).

45


mailto:osimane@gmail.com

2. EXPERIMENTAL

ShySen x (X = 0, 20, 40, 50, 100) thin films were prepared by thermal
evaporation from bulk glass samples as shown in [12]. The composition and
structure of the deposed layers were analyzed using an INCA x-act detector and a
SmartLab Rigaku X-ray diffractometer. The optical microscopy was employed to
study the modification induced by light treatment of Sb-Se samples. The
topography of the structures drawn on the substrate was determined using an
Atomic Force Microscope (AFM) Veeco CP |1 in the tapping mode.

The local optical crystallization of Sh—Se thin films was carried out using a
He—Ne laser (A = 633 nm, output energy 600 W/cm?) for 30 min. The organics-
based solution (amines) was used for selective etching of optically crystallized/
amorphous thin films. The non-stirred etching solution was kept at laboratory tem-
perature during the etching. Real-time in-situ monitoring of the chemical etching
process was performed according to the contactless method described in [11].

3. RESULTS

The amorphous nature of as-deposited Sb—Se thin films has been confirmed
by the absence of peaks in the X-ray diffraction pattern (Fig. 1a). It is well known
that heating as well as laser irradiation of Sb—Se films results in crystallization of
the amorphous regions [11, 13, 14].
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Fig. 1. X-ray diffraction patterns for as-deposited Sb-Se thin film (a), and Shy,Seg (b),
ShyeSeg (C), SbseSesg (d) thin films after laser treatment.
All peaks on (c) curve were identified as a ShaoSeg crystalline structure.
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In our experiment, after laser exposure the Se and Sh4Seq, crystallites were
produced in the samples with an excess of selenium, while in those with a
stoichiometric Sh/Se ratio only ShySeg, crystallites were obtained. The X-ray
diffraction pattern of a sample with an excess of antimony revealed the presence of
Sh4oSego, Sb and Sh,0, in the crystalline phase (Fig.1 b, c, d). The crystallized area
should be sufficient to allow clear and unambiguous X-ray diffractograms to be
obtained, so laser beam passage was arranged through a diverging lens.

In the experiment, we developed the contactless method for thermally
crystallized/amorphous ShySeg thin films that had been used in our previous study
[11], with a good etching selectivity achieved. Very high etch selectivity was
detected in ShySeg and ShseSes, samples, with the amorphous part completely
dissolved and the crystallized one practically insoluble. The intensity of the ref-
lected signal remained almost unchanged. For Sh—Se thin films the dissolution rate
differences between amorphous and crystalline phases are connected with the
structural changes due to illumination. The results show a pronounced decrease in
the etching rate with an increase in the degree of crystallinity up to the zero rate for
the crystalline phase [11]. Figure 2 shows the interference pattern of Sh,Seiqo «
(x=0, 20, 40, 50, 100) thin films experimentally obtained upon the etching
process.
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Fig. 2. Time-dependent reflected signal during the etching of amorphous Sh,Se;qo_« thin films.

Pure amorphous selenium is etched evenly, whilst pure antimony cannot be
etched even in the amorphous phase. The etching rate can be calculated as

V=—,
T

where d is the thickness of deposited layer, 7 is the time of complete dissolution.
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The calculations have shown dependence of the etching rate on the Sh/Se
ratio in the samples. The etching rate of amorphous selenium without Sb impurities
is 0.4 nm/s; this value increases with addition of antimony in the composition and
reaches maximum at the stoichiometric ratio (omex = 1.8 Nnm/s). Further increase in
the Sb content leads to a sharp decrease in the rate of etching. Pure amorphous
antimony is insoluble (Fig. 3).
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Fig. 3. Dependence of the etching rate on at.% Sb for Sb,Se;qo_« thin films.

4. DISCUSSION

In the experiment, the amorphous part in selectively etched locally optically
crystallized/amorphous thin films was completely dissolved, whilst the laser-
crystallized area turned out to be practically insoluble. The etching rate of amor-
phous Sh,Seigx increases with increasing antimony content up to the stoichio-
metric ratio, and then abruptly drops to zero.

This indicates that the selected etchant most actively operates on Sh-Se
bonds. Bonds of the kind dominate in Shs,Seso samples, so the etching process
occurs there most rapidly. In Sby,Segs compound, apart from Sb—Se bonds there are
also Se—Se bonds, for which the selected etchant is less active. The etchant does
not affect Sb—Sb bonds appearing in the samples with excessive antimony, so a
pure Sh sample remains insoluble.

Selective etching is a highly efficient method for the microscale element
fabrication; therefore, a deeper investigation into the interaction between the
etching solution and the material should be done. The different dissolution rates for
amorphous and crystalline phase are also to be used in order to stabilize the phase
change type recording applied in DVD technique and obtain a new type of
memory. Rather smooth and homogeneous surface of the samples after the photo-
stimulation and etching process as well as fine crystalline structure makes the
Sh4Sego composition attractive and promising for micro- and even nano-scale
lithography.
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5. CONCLUSIONS

Sb-Se thin films have been locally crystallized by laser irradiation followed
by etching in organics-based solution (amines). In all cases the amorphous region
was etched off, while the crystalline one remained insoluble. The etching rate was
found to depend on the antimony percentage in the compound. The etching rate
increases with increasing Sb amount up to the stoichiometric ratio. A further
increase in the antimony content leads to a sharp decrease in the etching rate (down
to zero). Based on the results obtained we can conclude that the Sh,Ses, compound
is suitable for commercial fabrication of diffractive optical elements to be used in
recording media for holography.

Application of selective etching could be expected in the field of micro-
optical elements — grids, waveguides, microlenses, highlighting phase change type
recording memories, etc..
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AMORFAS UN KRISTALIZETAS Sb-Se PLAVNAS KARTINAS
SELEKTIVA KIMISKA KODINASANA

O. Simane, V. Gerbreders, E. Sledevskis, A. Bulanovs
Kopsavilkums

Nanostruktiiru veidosanas dazados materialos ir viens no miisdienu p&tnie-
cibas galvenajiem jautajumiem. Stiklveidigo materialu petiSana ir Ipasi interesanta
un perspektiva divu iemeslu d&l. Pirmkart, kontroléta nanoizmeéru struktiru
iegiiSana stiklveidigos materialos jau var tikt uzskatita par petjumu objektu. Ka
zinams, monokristaliskos materialos meés varam iegiit atomari Iidzenas virsmas.
Amorfos materialos $adas manipulacijas ar atomiem ir bezjedzigas, jo amorfas
struktiiras atomu ltmen1 ir nesakartotas. Otrkart, amorfas nanostruktiiras ir daudz-
veidigakas neka kristaliskas, jo nav ierobezojumu, kas saistiti ar saiSu klatbiitni
kristaliska struktiira. Tapec stiklveidigie halkogenidu pusvaditaji ir pievilcigi
materiali nanostruktiiru Tpasibu pétjjumiem.

Saja raksta tiek aprakstiti halkogenidu planas kartinas kodinasanas procesu
petijumu rezultati. Tiek paradita paraugu augsta selektiva sp&ja amorfs/kristalisks
stavoklt: visos gadijumos (visiem sastaviem) amorfais apgabals tika nokodinats,
antimona procentuala satura: palielinot antimona daudzumu lidz stehiometriskai
attiecibai, arT kodinaSanas atrums palielinas. Talaks antimona daudzuma palielina-
jums sastava noved pie strauja kodinaSanas atruma samazinajuma lidz pat nullei.
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