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Abstract

This work presents the possibility of As-S-Se chalcogenide glass thin film preparation from a
solution of commercially available AsiSeo glass by modification of the solution composition with
elemental selenium. We studied the dissolution of elemental selenium in n-butylamine and
ethylenediamine based chalcogenide glass solutions.

Samples of four compositions ranging from 0 % selenium content (pure AsiSe) to 30 %
selenium content (AssSsSesp) were prepared by spin-coating in specular optical quality with low
surface roughness (below 1 nm). Structure, refractive index, optical band gap, organic residua content,
and chemical resistance were studied in dependence on the annealing temperature. The structure was
studied using Raman spectroscopy, and the data suggest incorporation of selenium into the glass
structure already in the solution, which resulted in an increased refractive index and reduced optical
band gap of deposited thin films. Due to chalcogen over-stoichiometry, modified thin films have lower
organic residua content.
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Highlights
®  As4Seo chalcogenide glass solution was modified by amorphous selenium.
e Spin-coated thin films of As-S-Se were deposited in specular optical quality.
o The optical properties, structure, and chemical resistance of films were studied.
e The described method allows preparation of films with tailored optical properties.

Introduction

Chalcogenide glasses are semiconducting materials with band gap values between 1-3 eV [1].
They have been widely studied for their desirable properties, such as wide transparency window in the
infrared region, high refractive index, and high optical nonlinearity [1; 2]. They are also suitable for the
preparation of IR optical elements such as lenses [3], diffraction gratings [4], waveguides [5], and
optical switching elements [2]. The first commercially produced chalcogenide glass for bulk optical
components was AssoSeo in the 1950s. In the following decades, other S and Se glasses were developed,
including Se-Te for the far infrared region optical components [6].

For many applications, preparing thin films of chalcogenide glasses is desirable. Traditionally
these films are prepared by vacuum deposition methods, such as thermal evaporation [7],
sputtering [8], or laser ablation [9]. Alternatively, thin films can be also prepared from a solution of
chalcogenide glass in an amine or amine-based solvent. Thin films can be deposited from solution by
various techniques, including spin-coating [10], dip-coating [11], or spray-coating [12]. Solution-based
methods do not need expensive high vacuum equipment and enable composite thin film deposition
from mixed solutions of chalcogenide glasses, or with doping components [13; 14; 15].

Elemental selenium is notoriously insoluble in most organic solvents, which limits its solution
processability. Elemental selenium can be dissolved in an aqueous cyanide solution, amine-thiol
mixtures, or hydrazine [16]. The mentioned solvents have some specific disadvantages for the
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processing of selenium and selenium-based chalcogenide glasses. Notably, due to hydrolysis, agueous
solutions are not suitable for chalcogenide and chalcogenide glass dissolution. Hydrazine and thiols
are highly toxic and dissolve chalcogenide glasses on a molecular level, which is not suitable for
amorphous film manufacturing due to the high tendency to crystallization [16; 20]. However, selenium-
based chalcogenide glass thin films have been previously reported to be successfully deposited from
ethylenediamine, ethanolamine, or multi-component solutions [17; 18; 19].

In this work, we expand upon our previous work dealing with the modification of the source
solution composition for thin film deposition [21]. Chalcogenide glass AsacSs0, commercially available
as AMTIR 6 (Amorphous Materials Inc. (USA)) or IRG27 (Schott AG), was dissolved in n-butylamine and
ethylenediamine and modified with amorphous selenium. N-butylamine was chosen as the most
common solvent for sulfur-based chalcogenide glasses and ethylenediamine as the most common
solvent for selenium-based chalcogenide glasses. Modification of the source solution allows easy and
predictable tailoring of the optical properties (refractive index and optical band gap).

We studied optical properties (refractive index at wavelength 1550nm njssp and optical band
gap E;°"), thickness (d), surface roughness, structure, organic residua content, and chemical resistance
of the deposited chalcogenide thin films.

Experimental

The bulk chalcogenide glass of AsicSeo composition was synthesized using the standard melt-
guench method. Stoichiometric amounts of pure 5N elements were weighted into a quartz ampoule
and sealed under vacuum (1073 Pa). The synthesis was conducted in a rocking tube furnace at 850°C for
32 hours. After synthesis, the ampoule was quenched in cold water.

Amorphous selenium was prepared from pure 5N selenium using the melt-quench method.
Selenium was introduced into the quartz ampoule and sealed under a vacuum (103 Pa). The selenium
was heated in a rocking tube furnace to 500°C for 8 hours and afterward quenched in cold water.

The bulk glass As40Se0 Was pulverized in an agate bowl and afterward dissolved in n-butylamine
(BA) and ethylenediamine (EDA) under a nitrogen atmosphere in a glovebox. The concentrations of
As40Seo solutions were adjusted, so the concentration of the resulting glass solution (after selenium
doping) of the targeted composition was 0.1g/ml of BA, and 0.15g/ml of EDA. Glass dissolution was
performed under intensive stirring with a magnetic stirrer. After the glass dissolved, the calculated
amount of amorphous selenium was dissolved in AssSeo solution while agitated by vortex mixer Classic
(Velp). Solutions of 4 different compositions were prepared: As4eSeo (hereafter referred to as 0 % Se),
As36Ss4Seqo (hereafter referred to as 10 % Se), As3;SasSeso (hereafter referred to as 20 % Se), As2sSa25€e30
(hereafter referred to as 30 % Se).

Chalcogenide glass thin films were deposited by the spin-coating method. The chalcogenide
glass solutions were pipetted onto rotating soda-lime substrates and spin-coated (spin-coater Laurell
WS-650Mz-23NPPB) in a nitrogen atmosphere for 60 s at a spin-rate of 5000 RPM for the BA-based
solutions and 2000 RPM for EDA-based. Deposited thin films were annealed at 60 °C on a hot plate for
20 min (hereafter referred to as “as-prepared” thin films). The as-prepared thin films were
subsequently annealed at temperatures 90, 120, 150, and 180 °C for 1 hour on a hot plate in a nitrogen-
filled glovebox. The temperature range was chosen based on a preliminary experiment, with respect
to the glass transition temperature of the used glasses (T, = 184°C for AsSeo, Tg = 150°C for As3sSey, Ty
=125°C for A523,6571,4, Tg =150°C for AS4oS€50, Tg =135°C for A533SEG7, Tg =112°C for ASzg,sse71,4) [22,‘ 23]
in order to obtain thin films with specular optical quality and low organic residua content.

Transmission spectra were measured using UV-VIS-NIR spectrometer UV3600 (Shimadzu) for the
spectral range of 190 — 2000 nm. Transmission spectra of all studied thin films are provided in
supplementary materials in Figs. 1S and 2S. The thickness and refractive index of the prepared thin
films were determined from the transmission spectra using the fitting procedure described in [24]
based on a combination of Swanepoel’s model of thin film on a finite substrate [25] and the Wemple-
DiDomenico’s equation [26]. The optical band gap was determined using Tauc’s method for
semiconductors [27]. Transmission spectra were measured on three samples for each annealing
temperature and thin film composition. The presented values of thickness and optical parameters



represent the average values of experimental results, and standard deviations from these average
values are provided as the error bars.

The structure of both thin films and solutions was studied by Raman spectroscopy. Measurements
were performed on MultiRAM (Bruker) FT-Raman spectrometer using 1064 nm Nd:YAG excitation laser
(resolution 2 cm™, average of 64 scans for thin films and 200 scans for chalcogenide glass solutions).
The resulting spectra of thin films were normalized by the intensity of the most intensive band.
Solution spectra were normalized by the intensity of the most intensive band of the pure solvent (400
cm™ for BA and 475 cm™ for EDA).

A LYRA 3 scanning electron microscope (Tescan) equipped with an EDS analyzer Aztec X-Max 20
(Oxford Instrument) was used to study elemental composition. Samples were measured on five 400 x
400 pum areas at accelerating voltage of 5 kV. The presented data show the average of five values, and
the standard deviation is given as an error bar.

The thin film surface roughness and topography were studied using atomic force microscopy (AFM)
in semi-contact mode using NTEGRA (NT-MDT) microscope equipped with HA_HR tips (ScanSens).
Three areas of 5 x 5 um were measured for each annealing temperature and thin film composition.
AFM scans of all studied thin films are provided in supplementary materials in Figs. 3S and 48S.
The presented values of RMS (calculated according to 1ISO 4287/1 norm) are the average values of
three scans with error bars representing standard deviations.

The chemical resistance of the thin films was studied by etching thin films in a solution of 5 vol.%
n-butylamine in dimethyl sulfoxide at 25°C. The etching rates were evaluated as described in [28].

Results and Discussion

Selenium is insoluble in pure BA and slightly soluble in EDA [16], therefore it is not possible to
prepare a selenium solution using these solvents alone. However, we have found out that selenium
readily dissolves in As-S chalcogenide glass solutions in both BA and EDA. During preliminary
experiments, we observed an increased dissolution rate of selenium in stoichiometric AssoSeo
chalcogenide glass solution compared to sulfur-rich chalcogenide glass solutions (As30S70, As33Se7). We
assume that As-rich clusters which are more abundant in stoichiometric glass are responsible for the
enhanced solubility as they can provide reactive As-As homopolar bonds.

The solubility of elemental selenium strongly depends on its crystallographic modification [16].
Although crystalline selenium is also soluble in both BA-based and EDA-based 10% Se chalcogenide
glass solution, amorphous selenium dissolves significantly faster (especially in BA-based solution),
therefore it is more suitable for compositional modification. Amorphous selenium dissolved in 5 to 30
minutes depending on concentration. Figure 1 shows the photos of selenium-modified chalcogenide
glass solutions and their gradual color change from yellow to dark red with increasing selenium
content.

BA EDA

Figure 1 — Photos of BA-based (left) and EDA-based (right) chalcogenide glass solutions with increasing
Se content (from left to right 0 % Se, 10 % Se, 20 % Se, 30 % Se).



The optical properties of the thin films prepared from BA and EDA-based solutions were
evaluated using UV-VIS-NIR transmission spectra. The experiments confirmed that the optical quality
of EDA-based thin films is superior to that of BA-based thin films. While the EDA-based thin films have
specular optical quality (interference maxima reaches the transmission of the substrate), BA-based
samples containing selenium show visible optical defects (such as lowered optical transmission or
opacity of thin films), especially at lower annealing temperatures. For this reason, the optical
parameters of the BA-based thin film could not be reliably determined. Only the thickness of BA-based
thin films is presented, but the accuracy of its determination may be affected by the poor quality of
the samples. Examples of UV-VIS-NIR transmission spectra for BA-based thin film and EDA-based thin
films annealed at 120°C are shown in Figure 2, and spectra of all compositions and annealing
temperatures are presented in Figure 1S and 2S in supplementary materials.
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Figure 2 — Example UV-VIS-NIR transmission spectra of thin films deposited from modified solutions
(10% Se in BA and EDA, T=120°C).

The EDA-based samples possessed specular optical quality in the whole studied temperature
range. The values of film thickness d, the refractive index at 1550 nm n;sso, and optical band gap £,
were evaluated according to the procedure described in [24] and results are presented in Table 1. The
dependence of thin film thickness and refractive index on both selenium content and annealing
temperature are shown in Figure 3.

The thickness of the as-prepared EDA-based thin films is almost similar for 0 % Se, 10% Se, and
20 % Se but drops significantly for 30 % Se samples. We assume that this may be due to changes in
EDA-based glass solution, which are visible on Raman spectra and will be discussed later. The data also
show a decrease in film thickness with increasing selenium content, despite the same source solution
concentration in the annealed samples.

We observed a decrease in the thickness and an increase in the refractive index of thin films
with increasing annealing temperature due to the release of organic solvent molecules and
decomposition of alkyl ammonium arsenic sulfide salts [29]. Contrary, the optical band gap doesn’t
show any significant dependence on the annealing temperature. Additionally, we observed a
significant increase in the refractive index and a decrease in the band gap with increasing selenium
content. This observation is in line with the compositional dependencies described by other authors
[30; 31; 32].

The BA-based samples exhibit high variance in the thickness of as-prepared samples, while the
thickness of annealed samples regularly decreases with rising Se content. The probable cause of this
behavior will be further discussed later.



Table 1 - Thickness, refractive index at wavelength 1550 nm, and optical band gap of thin films in
dependence on annealing temperature and composition.

0 % Se in BA 10 % Se in BA 20 % Se in BA 30 % Se in BA
T[°C] d [nm] d [nm] d [nm] d [nm]
as-prepared 235.6£10.1 290.8+3.6 23425 207.4+7.6
90 217.8+9.5 260.9+5.2 204.5+5.7 156.2+1.5
120 204.1+6.9 208.4+2.2 171.4+18.1 148.8 £ 0.9
150 199.5+10.4 179.2+84 156.3+4.7 133.1+£3.5
180 171.1+£14.8 166.1 £ 13.7 133.8+1.2 121.1+£3.6
0 % Se in EDA 10 % Se in EDA 20 % Se in EDA 30 % Se in EDA
T[°C] d [nm] d [nm] d [nm] d [nm]
as-prepared 2849134 286.9%5.5 283.5+53 2458+ 1.7
90 266.914.0 258.5+3.2 250.8+1.8 221929
120 253.0+1.9 2436+1.1 2346%1.0 205.2+1.8
150 238.61+2.6 233.0+£0.8 210.2+0.6 181.4+1.1
180 209.6 £ 0.9 209.0£1.0 187.7+1.7 163.6 £ 0.9
0 % Se in EDA 10 % Se in EDA 20 % Se in EDA 30 % Se in EDA
T[°C] N1s50 N1s50 N1s550 N1ss0
as-prepared 2.23+£0.00 2.22 £0.02 2.24 +0.01 2.26+0.01
90 2.26 £0.02 2.29+£0.02 2.32+0.02 2.32+0.01
120 2.31+0.02 2.35+0.00 2.37+0.01 2.38+0.01
150 2.33+0.02 2.36£0.01 2.40+0.01 2.44 +0.01
180 2.34+£0.00 2.43+0.01 2.46 £0.01 2.50+0.01
0 % Se in EDA 10 % Se in EDA 20 % Se in EDA 30 % Se in EDA
T[°C] E°Pt [eV] E°Pt [eV] E.° [eV] E.° [eV]
as-prepared 2.30+£0.01 2.17£0.01 2.07£0.00 1.98 £ 0.02
90 2.26 £0.00 2.13+0.00 2.06 £0.00 1.99 £ 0.00
120 2.25+0.00 2.13+0.01 2.06 £0.01 1.97 £0.00
150 2.23+£0.00 2.13+0.01 2.08 £0.00 1.96 £ 0.02
180 2.25+0.00 2.18 £0.00 2.07£0.01 1.91+£0.02
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Figure 3 — Dependence of thin film thickness (left) and refractive index at wavelength 1550 nm (right)
on annealing temperature and composition for EDA-based thin films.



The selenium-modified EDA-based thin films exhibit higher surface roughness of as-prepared
thin films than annealed films. The roughness of annealed thin films sharply decreases even at the
lowest annealing temperature (Table 2) and doesn’t affect the optical properties of the thin films. All
annealed samples show low surface roughness (below 1 nm) and no significant structural defects
detectable by AFM (Figure 3S).

The BA-based selenium-modified thin films exhibit high surface roughness and porosity that at
first increases up to a certain temperature (90°C or 120°C depending on selenium content) and later
significantly decreases after annealing at higher temperatures (Table 3 a Figure 4S). A decrease in
surface roughness at higher annealing temperatures may be induced by surface diffusion and viscous
flow [33]. Observed high surface roughness might be a probable cause of decreased optical quality of
BA-based selenium-modified thin films. AFM scans in Figure 3S and 4S further support our claim, that
BA-based thin films exhibit high porosity.

Table 2 — Surface roughness of EDA-based thin films of all studied compositions at all annealing
temperatures.

T[°C] 0% Sein EDA | 10 % Se in EDA | 20 % Se in EDA | 30 % Se in EDA
as-prepared 0.36+0.03 1.52+0.15 2.5+0.29 2.13+0.37
90 0.32+0.11 0.48 +0.07 0.31+0.01 0.47 £0.04
120 0.44+0.14 0.23+0.04 0.21+0.01 0.27 £0.05
150 0.36+0.12 0.26 £ 0.04 0.25+0.01 0.26 £ 0.04
180 0.3+0.02 0.35+0.02 0.25+0.03 0.32+0.04
Table 3 — Surface roughness of BA-based thin films of all studied compositions at all annealing
temperatures.
T[°C] 0%SeinBA | 10%SeinBA | 20% SeinBA | 30 % Se in BA
as-prepared 0.5+0.04 4.52+0.34 5.86+1.49 6.27 £ 0.55
90 0.42+0.02 5.07+0.41 13.02 £ 0.82 6.49+1.28
120 0.3+0.01 6.86+0.33 5.02+0.45 1.73+0.3
150 0.32+0.06 0.43+0.02 0.38+0.12 0.48+0.21
180 0.3+0.01 0.42 +0.02 0.66+0.13 0.32+0.04

The compositions of both BA and EDA-based thin films were analyzed by EDS. The
compositions of as-prepared thin films matched the calculated values with only slightly decreased
arsenic content (by approximately 2 %) as shown in figure 4. This can be explained by the partial
oxidation of arsenic during the transport under ambient conditions to EDS analysis and subsequent
evaporation of arsenic oxide in a vacuum chamber of the electron microscope. This phenomenon has
been previously described in our earlier work [34].

We observed a significant decrease in sulfur content at higher annealing temperatures in
selenium-modified samples. This can be explained by the partial evaporation of over-stoichiometric
sulfur. This is supported by the fact that the sulfur content decrease is strongly dependent on the glass
stoichiometry. Sulfur depletion was not observed in the AssSeo thin film due to its stoichiometry (no
excess sulfur) and regularly increased with higher sulfur and selenium over-stoichiometry. The
absolute value of selenium content remains unchanged despite the sulfur depletion, which indicates
that selenium is also partially vaporized. Samples containing 30 % Se differ significantly between BA
and EDA-based samples. We think that the high porosity of the as-prepared thin films and low T, could
facilitate sulfur evaporation.
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Figure 4 — Dependencies of As, S, and Se content on annealing temperature for studied glass
compositions.

The nitrogen content was studied to determine the organic residua content (from solvent)
in the deposited thin films. As shown in Figure 5, EDA-based thin films show a strong correlation
between organic residua content and their chalcogen over-stoichiometry. With increasing selenium
content, the organic residua content in annealed films decreases. This is partially due to increased Se
content, and partially due to a significant change in glass stoichiometry. Both phenomena were
previously observed and explained in our previous works [34; 17]. Although a different solvent was
used, the overall results are in good agreement.

BA-based thin films show no strong compositional dependence on organic residua content.
The higher layer thickness of 10 % Se samples, despite their lower organic residua content, probably
indicates high film porosity. This theory is further supported by AFM scans (Figure 4S) and by the
increased surface roughness. High porosity can explain the lower residua content of these films
because evaporating solvent escapes easily through a porous layer.
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Figure 5 — Nitrogen content in thin films in dependence on annealing temperature and thin film

composition.
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Raman spectra of both pure solvents (BA and EDA) and solutions of all glass compositions were
measured to investigate the structural units present in prepared solutions. The spectra were
normalized by the most intensive peak in the 200-500 cm region for pure solvent (400 cm™ for BA
and 475 cm™ for EDA) and are presented in Figure 6.

The most significant change in Raman spectra in dependence on the solution composition for
both BA and EDA-based solutions was observed for the 267 cm™® band, which corresponds to Seg ring
vibration [35; 36]. This band is not present in the AssoSeo glass solution and then grows proportionally
with increasing selenium content. A weaker band at 244 cm™ appears and grows with increasing
selenium content. We assume this band could be attributed to Se-chains [35; 36]. With increasing
selenium content, the bands at 328cm™ and 376 cm™, probably corresponding to AssS4 vibrations [37],
gradually weaken due to the lowering concentration of As;Ss structural units in a chalcogenide-rich
glass. The weak band at 406 cm™, probably corresponding to polysulfides and sulfur radicals [37; 38],
rises with increasing selenium content due to increased free sulfur content and is observable only in
the Raman spectra of the EDA-based solution (the intensive BA band at 400 cm™ overlaps with its
position).

The bands at 352, 484, and 500 cm™ in BA-based solutions correspond to the bands of pure
BA. The band at 438 cm™ probably belongs to S-S stretching bond vibration and should rise with
increasing free sulfur content. However the exact nature of this band or overlapping bands is not
determined yet [35; 37]. According to Guiton [37], the bands at 197 cm™ and 215 cm™ correspond to
As,S, structural unit vibration and are present only in spectra of unmodified samples. In the EDA-based
solutions, we observed a weak band at around 300 cm™ which shifted to higher wavenumbers with
increasing selenium content. We think this band can be attributed to some As-S-Se dissolution
products whose composition changes with increasing selenium content. This could explain the color
change and the smaller thickness of the as-prepared 30 % Se EDA-based samples, as it suggests a
significant change in the dissolution product structure.
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Figure 6 — Raman spectra of BA and EDA-based chalcogenide glass solutions modified by selenium.



Raman spectra of BA and EDA-based thin films of all compositions were measured for both
as-prepared and annealed thin films (Raman spectra of 180°C annealed thin films are not shown due
to the present highly intensive luminescence). The spectra of both BA and EDA-based thin films exhibit
the same trends and will be discussed together. Raman spectra of thin films are presented in Figure 7.

The most significant band for the 0% Se sample (As40Seo) is situated at 342 cm™ and corresponds
to the vibration of AsSs;, pyramidal units [21; 39; 40]. The intensive band at 373 cm™ can be assigned
to the vibration of AssS, cluster units [21; 39; 40]. The band at 312 cm correspond to different vibration
of the AsSs/, pyramidal units [21; 39; 40]. The weak band at 420 cm™ corresponds to alkyl ammonium
arsenic sulfide salts (AAAS) [29].

The selenium-modified samples exhibit two new bands in the Raman spectra. An intensive
band at 259 cm™ corresponds to the vibration of Seg rings [35; 39], and a weaker band at 232 cm™ can
correspond to either Se-chains [35; 39] or AsSSe, mixed pyramidal units [24; 39].

The most significant trend in Raman spectra is the appearance and subsequent growth of band
corresponding Ses rings with increasing selenium content. The weaker band corresponding to Se-
chains or mixed AsSSe, pyramids grows with increasing selenium content and with increasing
annealing temperature, which suggests the incorporation of previously separated Ses rings into the
glass structure. Another significant change with increasing annealing temperature is decreased
intensity of the band corresponding to As,S4 and an increase in the intensity of bands corresponding
to AsSss. This indicates the reaction of AssS. with excess sulfur and polymerization of the glass
structure. The decomposition of AAAS salts can also be observed at elevated annealing temperatures.

304 312,342,373, 420,

2321259, 312 342373, 420,

0%Se | 301 10 % Se

150 200 250 300 350 400 450 500 550 150 200 250 300 350 400 450 500 550
Raman shift (cm™) Raman shift (cm™)
| 23225 342,373, | 232256, 342373,
. //%\ ; 20% Se| 30 1 - 30 % Se
: i \ 1 Y ] 1

0.0 ’ B . L —y - 0.0 : ; - . hL TR
150 200 250 300 350 400 450 500 550 150 200 250 300 350 400 450 500 550

Raman shift (cm™) Raman shift (cm™)
—— EDA-based annealed 150°C ----- BA-based annealed 150°C
—— EDA-based annealed 120°C  ----- BA-based annealed 120°C
—— EDA-based annealed 90°C ----- BA-based annealed 90°C
—— EDA-based as-prepared =~ ----- BA-based as-prepared

Figure 7 — Raman spectra of thin films in dependence on annealing temperature and thin film
composition.



The chemical resistance of the thin films was studied by measuring the etching kinetics in
5vol.% BA in dimethyl sulfoxide solution at 25°C. For both BA-based and EDA-based thin films, a
significant dependence of etching rate on both composition and annealing temperature was observed.
With increasing annealing temperature, the etching rate decreases due to organic residua release and
polymerization of the glass structure, as discussed in the previous chapter. Also, with increasing
selenium content, the etching rate increases significantly for both BA and EDA-based thin films.
Chalcogenide glasses of the As-Se system are usually chemically more resistant than As-S glasses of the
same element ratio [17; 41]. The Raman spectra suggest at least partial incorporation of selenium into
the glass structure, which should increase the chemical resistance. However, this effect is
counteracted by the change in the ratio of arsenic to chalcogen. Glasses with a lower arsenic-to-
chalcogen ratio are generally less chemically resistant, because of their less polymerized structure [21]
(lower content of trivalent arsenic). This effect dominates in this case, as demonstrated by Figure 8.
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Figure 8 — Chemical resistance of thin film in dependence on annealing temperature and thin film
composition.

Conclusion

Thin films of the As-S-Se glass system were prepared from BA and EDA-based solutions of AsseSeo
directly modified by amorphous selenium. The EDA-based thin films were deposited in specular optical
quality and low surface roughness, but BA-based thin films exhibited lower optical quality and
observable porosity. The structure and composition of the thin films were studied, and the results
suggest the incorporation of selenium into the glass structure already in the solution phase. During
annealing, the release of residual solvent and polymerization of the glass structure was observed by
EDX and Raman spectroscopy. With increasing selenium content, an increase in refractive index and a
decrease in optical band gap was observed, as well as reduced chemical resistance of the selenium-
rich thin films.

This method allows easy and precise tailoring of glass composition and thus optical properties.
The disadvantage of this method is the limited range of solutions that can be achieved using this
method. This method allows more cost-effective and simpler manufacturing of chalcogenide glass
optical elements requiring various optical properties.
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