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Abstract

The present paper deals with the wet etching g8&ky.(x=20, 40) thin films. Etcher was used to invesiga
the changes in the etching rate depending on th&afenide glasses composition and light expostine.
surface microstructure of thin chalcogenide layard its change after etching were studied by SEMASFM.
The selective etching of Sh-Se thin film observétéraight exposure opens opportunities for deapcstire
processing applications.
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1. Introduction

Chalcogenide glasses are very promising materiatause of their unique physico-
chemical properties. One of the most studied phemom these glasses is based on
photoinduced change in physico-chemical propedregxposure to bandgap light (typically
in the visible or near infrared (NIR) region of thpectrum) (Stronski 2000: 973-978, Vicek
1994: 969 — 973).

These materials can be used in the photolithograshs high resolution registering
media or inorganic photoresists. The utilization abfalcogenide thin films in gray scale
lithography is based on different dissolution raiéexposed and unexposed parts of the film.
The different etching rates occur as a consequehgehotostructural changes induced by
band- or sub-band gap energy exposure (Tanaka ZEBR-2584)Such media provide a
resolution capability of the order of several naeters due to their amorphous structure
(Utsugi 1992: 161-163) and ability to produce scefeelief after exposure and treatment.

On another hand, these materials can be used astdatge media. High-speed phase
transformation from “amorphous” to “crystalline’ag¢ has been widely studied as a suitable
medium both for erasable (Utsugi 1992: 161-163)d WORM (Orava 2007: 1008-1013,
Orava 2008: 533-539) applications. In this contbgtcreation of micro- and nano-scaled thin
film samples becomes especially interesting ancntapt.

Although a number of articles about selective wehieg of amorphous/crystallized
phases have been published (Gerbreder 2007: 3153-¥lrava 2007: 1441-1445, Orava
2006: 1637-1640, ¥ek 2003: 515-518), very scanty information is afali in the literature
on such process in SBe oo« thin films. That is why our attention has beenaatted to in situ

real-time study of chemical etching process igS®o.x(x=20, 40) thin films.



2. Experimental
Thin film was prepared by thermal evaporation téghe from bulk glass samples of
composition SkSey in vacuum 18 Torr onto BK-7 glass substrates at room tempegatur
Film thickness was controlled during evaporationnbgans of interference technique, as it
was shown by Sledevskis (Sledevskis 2007: 51-5BijcKhess of prepared film was about
300 nm. The composition and structure of the dapdmpgers have been analyzed using the
INCA x-act detector and X-ray difractometer SmartLab Rigak
During process of formation of micro-scale struetuphotolithographic techniques
were used to illuminate and then pattern photaresis
Confocal laser-scanning microscope Leica TCS-SREsaanning Electron Microscope
TESCAN VEGA were used to study the modificationtloh films induced by light. Leica
TCS-SPE was used for in-situ study of thin filmhétg process.
Local optical-crystallization of Sb-Se thin filmsaw carried out using He-Ne laskrs
633 nm and output energy 16mW for 30 min. Orgaameal solution e.g. amines was used for
selective etching of optically crystallized/amorpeoand thermally crystallized/amorphous
thin films.
The dissolution rate was measured by interfereridéee-Ne laser beanh (= 633 nm,
output energy: 0.013 mW) on decreasing thicknesghof film during wet dissolution
process. The dependence of thickness on etchirggvtias calculated from interference curve

and the dissolution raie(nm/s) as the slope of the curve was read.
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Figure 1: A schematic of the experimental wet-atghsetup.
In microscopé.eica TCS-SPE=0.

3. Reaults



The amorphous Sk5ep thin film was crystallized in the area irradiateyd laser
beam. Locally optically crystallized/amorphous tHitms were selectively etched. The
amorphous part is completely dissolved in the rapigetching time 130 s for 2§5e0 and
760 s for SSe, whilst the crystallized area could be consideasdinsoluble as it is
schematically depicted on Fig. 2 for optically icdd crystallization. With an increase in the

percentage of Sb in Sb-Se compound etching rateases.
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Figure 2: Kinetics of dissolution of amorphous @&ngktalline phases of Sb-Se in organic
etcher (room temperature).

Microanalysis shows significant change in compositibetween amorphous,
crystallized not etched and crystallized selecyivetched ShSeo, sample. Quantitative
results taken on this specimens are listed in Bable

Table 1. Quantitative microanalysis with an OxfoNICA. Starting compound for

evaporation is SigSeyo

Spectrum Sb Se Sample
Spectrum 1 20 80 As-deposited, amorphous
Spectrum 2 30 70 Cristallizsed, non-etched
Spectrum 3 40 60 Crystallized, etched

As we can see from Table 1, the percentage of annincreases during laser irradiation.
This probably occurs because of the loss of setertiwough volatilization: on heating in the
air SeQ is formed and sublimes (Jain 2009: 96-102, Sm@M12 59-69). The percentage of
antimony increases during the etching process lie§S®0. In the case of the composition of

ShySe; percentage remains unchanged (Table 2).



Table 2. Quantitative microanalysis with an Oxfi€CA. Starting compound for
evaporation iShyeSe;

Spectrum Sh Se Sample

Spectrum 1 | 40 60 As-deposited, amorphous
Spectrum 2 | 40 60 Cristallizsed, non-etched
Spectrum 2 | 40 60 Crystallized, etched

The presence of the substantial amount of Sb—SeSar&e bonds in these glasses
are responsible for this differences: the Se-Sedddbond energy 205.8 kJ/mol) will be
ruptured soon by the etchant, whereas Sb—Se buainish have higher bond energy 214.2
kJ/mol, partically remain unruptured during thehaitig process (Starbov 1998: 209-214). The
change of the dissolution rate between amorphod<ceystalline phase for Sbh-Siin films
is connected with changes of the structure uponilin@ination. Results (Fig. 2) show a
pronounced decrease in the etch rate with an isertdee degree of cristallinity right up to
zero etch rate for crystalline phase.
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Figure 3: Time dependent ecthing rate during weltiag ofSb-Sethin films.

From the above it follows that the nature of a gative change in the etching rate
depends on the ratio of Sb—Se and Se—Se bonds sathple. As we can see from the Figure
3, etching rate of SESey increases with time, while the same characteristicShyoSes

reduces.



Only laser crystallized spot remains after complef the wet-etching process (Fig.

4).
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Figure 4: The SEM images of crystallized spot inoSko (a) and SSeso (b) thin films
(1 — substrate, 2 — crystalline phase).

Surface of the laser crystallized spotSif,oSe is sufficiently flat and smooth, with
no roughness (Fig.5). Formation of wrinkled pattecours due to laser irradiation of ghes

thin film (Fig.6).
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Figure 6: LFM 2d (a) and AFM 3d (b) images for ¢ayized ShoSesithin films.

The selective etching is very effective method rfucroscale elements fabrication
therefore the deeper study of interaction betweehirg solution and material should be
done. The different dissolution rates between ahmmup and crystalline phase would be also
used to stabilize in phase change type recordipdjegbin DVD technique and new type of
memories.

Rather smooth and homogeneous surface of the sarapler after the photo- and
thermal stimulation or after etching process ad a®fine crystalline structure makes the Sb-
Se composition attractive and promising for elactbeam lithography.

Conclusions

Selective etching of Sh-Sehalcogenide thin films in organic solutions of ags was
performed. Phenomenon of different etching ratesdependence of the degree of
crystallization demonstrated and discussed.

The evaluation of the in-situ etching rate methas wuccessful and this thesis proved
the method would be a very useful instrument. I§ waen possible to measure the changes of
etching rates under a dynamic etch process asfdotiee Sb-Se thin films.

Potential application of selective etching could deected in the field of micro
optical elements fabrication i.e. grids, wavegujdescrolenses, highlighting phase change

type recording memories.
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