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Abstract

Spectral dependence of photoinduced structurasfibamation and related changesfg‘fp‘, a
and n of thermally evaporated terna®s,0So0-S6 thin films have been studied under the
exposure to bandgap and super-/sub-bandgap lighEDf The irradiation by bandgap and
super-bandgap light with intensity 0.1 W/chaads to partial photoinduced polymerization of
molecular structural units into continuous netwthkt is characteristic for the bulk glasses
with appropriate stoichiometric composition. Thdiogncy of structural transformation
depends on penetration depth of excitation beane iaximum photosensitivity (i.e.

changes ofE,™

, @ andn) were achieved at the wavelengths ~ 100 nm abozédandgap
wavelength for each appropriate composition. Beythedegion of maximal photosensitivity
the values of optical parameters and kinetics aft@hduced changes depend on relation

between exposed and unexposed sublayer for supdgap beams or on absorption

coefficient for sub-bandgap light.
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1. Introduction

The structural flexibility of glass network in anptious chalcogenide thin films results in
plethora of photo-induced changes of optical, $tmat and surface properties [1, 2]. Thus,
such chalcogenide glass (ChG) thin films are prowisnaterials for various applications in
integrated optics/photonics such as, photo- andtrele resists [3], optical storage and
memory devices [4] and in all-optical processinglsas waveguides, optics amplifiers,
diffraction gratings, microlenses [5-8], ultra-fagitical switches [9], etc. Most applications
are based on the well-known photo-induced changéisear optical constants (i.e, E,°",

n), nonlinear optical constants (i.g3) andn,), thickness of the film(4d), phase of the
material (i.e. amorphous or crystalline), and thresistance to alkali solvents etc. [2, 10].
Generally, photoinduced structural changes on tashfy deposited thin films are almost
completely irreversible. Mechanism of these phataoed structural transformations depends
mainly on absorption coefficient and penetratioptdeof photons with appropriate energy,
efficiency of electron-hole excitation, displacermehatoms and/or switching bonds due to
creation or amplification of phonons by excited célens [1]. Thus, the degree of
photoinduced structural transformation depends Ipadm parameters of exposure beam
(intensity, energy, polarization can also play eaportant role) as well as on the thin films
properties (composition, network structure and gtehy). It is obvious and well known that
noticeable photoinduced structural transformatibassevaporated thin films network can be
obtained by irradiation of bandgap and super-bandight with moderate intensity or sub-
bandgap light with high intensity [3]. In most dfet previous studies, the exposure by cw
Ar*, He—Ne or He—Cd laserd=614.5, 632.8 and 441.6 nm respectively) were used
investigate changes in optical/structural/surfaceperties of ChG thin films [11-13]. In
details the spectral dependence of photoinducettatal transformation were investigated

mainly for binaryAsS; [14] andAs;eSeo [15] thin films.



Ternary amorphou8s,0Sso0S& (X=0, 10, 20, 30, 40, 50, 60) as-evaporated tinmsfwere in

focus of our interest in present study. The spkaependences of photoinduced non-
reversible structural transformation and relatedanges of optical properties were
investigated under irradiation by relatively narrband light beams that cover energy region
from super- to sub-bandgap for each particular asition. The observed effects were

compared with those changes induced by broad bgrasare.

2. Experimental

Bulk As;0S0-x56& glasses were prepared from pure 99.999% elemgnt®iventional melt
guenching technique. The starting materials werigheel and sealed in quartz ampoules in
the vacuum. The sealed ampoules were heated iaderat 500 °C over 24 h, and after that
the temperature was raised up to 850 °C for 1@ lardler to ensure the homogenization of
molten glasses, the ampoules were frequently rockedmaximum temperature. The
guenching was done into cold water. Thin films yfithesized glasses were prepared using
thermal evaporation technique on cleaned glasstraés at room temperature (Tesla
Corporation, model UP-858) at pressure~-@x10* Pa (10° Torr), and with evaporation rate
1-2 nm/sec. Thickness of the thin films was inridnege 200—-1000 nnDuring evaporation,
the substrates were kept rotating by planetarytiostasystem, so that the thickness
uniformity of the films was maintained. After evaipton thin films were storedhside the
deposition chamber for24 h to achieve the metastable equilibrium.

As-deposited thin films were exposed by halogerplavith red cut-off filter near 700
nm and LED diodes Roither Lasertechnik (Austria)teng beams with maximum outputs at
wavelengths 375, 405, 450, 525, 630, 690, 740 80chvh and intensit{l00 mW/cn, with

exposure times up to 60 minutes for each sampkmnshnission spectra of thin films during



the exposure were measurextsituon custom-made setup equipped by fiber spectramete
EPP2000 (StellarNet Inc.) in times from 30 secoad60 minutes. From these optical
transmission spectra the wavelengthat T=10 % were deducted as a functions of exposure
time for particular exposure wavelengths. Time aeleaces were also empirically fitted by

the known stretched exponential function [16]:

y=alt-ex{-()]] ),

whereA is a constant (equal to the total changé-ab, 4/max in Oour case)r and S are the
effective response time and the dispersion paramedspectivelyt is time, andy is the
difference between wavelengthigT=10%) in exposed and as-prepared thin film's speat
time t. All exposures were done in air. The optical traissions of unexposed and fully
exposedAs;0S0-5& thin films were measured by double beam UV/VIS/Ni&nputerized
spectrophotometer (Shimadzu, Model UV-3600) in wength range of 300-3000 nm.
Raman spectra were measured using FTIR spectroniegers5 (Bruker) with Raman
spectroscopy module FRA 106 working with excitatsmurce Nd:YAG laser (1064 nm). An
atomic force microscope (NT-MDT, NEXT) was usedrugestigate the morphology of the

surface of the exposed thin films.

3. Results

Transmittance spectra of as-deposited amorpAgiSso-,S& thin films are plotted in Fig. 1,
showing a clear red shift of absorption edge wittréasingseconcentration. For comparison
the spectral characteristics of all used LEDs arergin the Fig. 1 too. ThEWHM of used
LEDs are in range 15-45 nm, and for further discusse will use term “narrow band” to
distinguish spectral band of LED with the mentioreazbve FWHM from monochromatic

light of laser. The differenc&/ between wavelengthis deducted at=10% from exposed at



time t and as-prepared thin film's transmission spectreevealculated. Fig. 2 shows an
example of time dependences &f for As;cS0Seo thin film and particular exposure
wavelengths. From the dependenagésf(t) the largest shiftdinax between as-prepared and
fully exposed thin film were deduced. The dependevicparametef/,a.x ON compositiork
of Asi0Ss0-x0& for appropriate LEDs wavelengths and normalizepedeence o#iimax On
relative wavelengthi{A_ep —A(Eg"pt)) for 1 pum thick thin films were drawn (Figs. 3a and b
respectively). In the Fig. 3c the normalized fuocd of maximum shifts
Mmas=f(ALep A(E™™)) were drawn for different thicknesses and spedfienpositions of
investigated thin films. From these dependencesLEies for exposure were chosen that
relate to super-, sub-, and bandgap light. As acsoaf super-bandgap light the diode with
ALep=405 nm was chosen for all compositions due totivelly smaller surface damage
contrary to the LED witt,5,=375 nm. The LEDs from region of maximum sensiyivand
energy below bandgap were chosen as the emittetsamigap and sub-bandgap light,
respectively (listed in Table 1). Parameters oétstred exponential function (1) describing
kinetics of the photoinduced changes are presentédble 2.

Raman spectra of the bulk glasses, thermally eagdrfilms and exposed films of
investigated compositionss;0S0-xS& are presented in Figs. 4 and 5. The most inteasd<
in the Raman spectra of these ternary compositiwasiocated around 225 and 345%m
which is near the band maxima positions in the tspaaf the extreme composition80Sso
and As;cSeo). A good correlation is observed in the spect@ifoon and form of the most
intense bands of the thermally deposited film dmal corresponding bulk glass. Beside the
main bands in the spectra of the films additionablwbands appeared, i.e., the main broad
bands (regions 220—260 and 320-380'care structured, and some additional weaker bands
(mainly in the region 125-200 ¢t exist in the Raman spectra of virgin films. These

differences between the spectra of as-depositedfilnis and bulk glasses become more



significant as thes content in theAs0S0x5& thin films increases — differences are not so
notable in the case of exposed samples.

The optical transmission spectf@) taken at normal incidence, of as-evaporated and
exposed amorphouds;cSo,S6 thin films have been used for calculation of ogltic
parametersn(4), a(hv), E;®) by well-known method proposed by Swanepoel [THe
results of calculations are listed in Table 1.

Spectral dependencies of refractive indgx) for the as-evaporated thin films and
thin films exposed by broadband halogen lamp an®d.Bf specified wavelengths are
plotted in Fig. 6. The dispersion of the refraetimdex has been analyzed on the basis of the

Wemple—-DiDomenico (WDD) model [18, 19], which usles single-oscillator equation

EoEq
EZ2—(hv)? (2)

n?(hv) =1+

where E, is the single-oscillator energy arig} the dispersion energy or single-oscillator
strength E, is considered as an average energy gap and,docagpproximation, it varies in
proportion to the Tauc gaE,™ E, = 2E,°" [20]. By plotting (n* — 1)* againsth/” and
fitting a straight lineE, andEg can be directly determined from the slofgHy)™*, and the
interceptEy,/Eqy, on the vertical axis. The WDD model is only vahdhe transmission region,
where the absorption coefficient of the chalcogerfibn takes valuesr = 0. Therefore, due
to optical absorption, the experimental energyatam in the refractive index deviates from
that given by Eq. (2) when the photon energy apgresE,°". The values of the parameters
E, andEy, as well as the value of the refractive indexhat— 0 (extrapolating the WDD
optical dispersion relationship towards the infdaspectral region))(0) with accuracies1%
for the as-evaporated and exposed amorpAgisSso..S& thin films, are listed in Table 1.
Analysis of the high-absorption regioo~10* cm?) has been carried out by well-

opt

known quadratic equation — often called the Tawe [21]. The values oEy™ for the as-



evaporated and exposed amorph8esS0.,S& films have been derived by plottiigh1)*?

versushv as displayed in Fig. 7, and are listed in Table 1.
Compositional dependencies of optical band gapggn@,™) as well as refractive
index of as-evaporated and exposed thin films dottgal in Fig. 8, showing a clear

opt

decreasing oEy ™" and increasing refractive indexwith increasingSe content as well as

decreasing ofE,>™

and increasing of refractive index after expostome each particular
composition.

An AFM images 0fAs,0S0SQ, thin film surface exposed by UV LED withe375 nm
and 405 nm are shown in Fig. 9. The AFM investmashows a growth of crystallites with
triangle shape and size of 1¢4eh on exposed by UV LED (with=375 nm) surface, and

much smaller surface structures on exposed by LED A#405 nm.

4. Discussion

It is well known that change of optical parametefr®s-evaporated chalcogenide thin films
with exposure is apparently connected with photoaed irreversible changes of structure [1,
2]. Raman spectroscopy method is widely used tdysphotostructural transformation in
amorphous chalcogenide glasses as well as thaiffitiis. The Raman spectra of thermally
evaporated thin films and bulk glasses of stoictatimAsSso or As;cSeo compositions (see
Fig. 4), shows the dominant bands at 345'@nd 228 cni respectively, which corresponds
to the presence ohAsS;; and AsSg, pyramids. The shoulders at 312 and 380" cane
assigned to the interaction between A&, pyramids. In case of ternadys—S-Sebulk
glasses, the replacement of chalcogens of onehyphalcogens of another type takes place,
and thus the structure of the as-evapora#e@dSso-xS& layers also should contain mixed

AsS.Se (n =0, 1, 2, 3) pyramidal structural units [2Zhe Raman spectra of bulk glasses



and thin films that contain this mixed structuraits, according to [22, 23], do not exhibit
new bands in comparison with stoichiomethg; S or Asi0Seo glasses. Due to thermal
dissociation of bulk glass the structure of fresphgpared thin films oAs—S—Sdernary
composition contain some of the binary moleculaecsgs, e.9.,AsS, (AsiSe), AsS
(AxSe), significant number of mixed ternary molecular@pe such a8s,S(Se), AsS(Se),
as well as; rings, Sy(Se) chains andAs, molecular fragments [23, 24] which are dissolved
in glass network as molecular or nano-sized padidBecause of their molecular nature, the
Raman spectra of freshly evaporated thin films bred number of narrow bands [25, 26].
The intense and narrow bands in Raman spectrarofikims (see Fig. 4) between 135 ¢m
and 234 crit and also at 363 cmare related to vibration of the above mentionedemdar
units containing ‘wrong’ homopolaks—Asbonds. The narrow band near 254 coan be
assigned tde rings vibrations, the band near 240 tim formed by overlapping of bands
assigned t&e chains and\s,(S)Se molecules vibrations [27]. The two bands at 498 44
cm* are relate—Sbond vibration of3, chains and rings, respectively.

Comparison between Raman spectra ap3sSeso bulk glass, as-deposited thin films
(d = 1pum) and thin films (d = Jum) exposed by wide band and with narrow band lajht
different wavelengths is shown on Fig. 5. Ramarcispeof thin films exposed by halogen
lamp (curve 2, Fig. 5) as well as by band gap LElr(e 3, Fig. 5) are very close to that of
the Raman spectra of bulk glass (curve 1, Fig.lt5gonfirms that significant structural
changes appear at energies equal or slightly hititaer is the bandgap energy. As can be
seen from Figs. 4 and 5, the exposure of as-degb8s—S—Sdilms causes significant
decrease in intensity of narrow bands associatéldl ‘wrong’ As—Asbonds in region 100—
234 cm'; S-Shonds at 474 and 495 &mSe—Sebonds at 255, 270 chand broad band at
440-480 crit. The decreasing of ‘wrong’ bonds content indidaetransformation of above

mentioned molecular species to the binas®, andAsSe, as well as mixedsS .S (n =



0, 1, 2, 3) pyramidal structural units of chalcagenglass network, i.e. the photoinduced
chemical reaction [1, 2]. One of the main such pwyization scheme is:
AsS(Se)+S(Se) — AsS(Se) & AsS..Se (n=0, 1, 2, 3).

Exposure by super-bandgap LED (curve 4, Fig. 5) g thick thin film modifies
the structure less effectively. The explanationrsoth dependences is rather related to the
energy dependence of light penetration depth.negation depth of wavelength of particular
LED is sufficient to cover the whole thickness bé tthin film, the structural transformation
will be similar. This is proved by Raman spectra&2060 nm thick film (see curve 4', Fig. 5)
exposed with super-bandgap LED with wavelenfji»=405 nm.

Irradiation by LED with sub-bandgap wavelength donescause significant decrease
in intensity of narrow bands in region 100-234cmssociated with ‘wrongAs—Asbonds of
AsS(Se), As1S(Sej) molecular cages. The decreasing intensity of maband at 220 and 254
cm* (curve 5, Fig. 5) indicates that the transformai® connected mainly with decrease of
Se-Sdonds associated withg rings andSe, chains.

The photoinduced polymerization of as-evaporatedftims causes change of optical
properties, i.e. absorption spectaghv) and refraction coefficienh(1). The spectral and
compositional dependence of the refractive indaxtiie as-prepared, exposed by halogen
lamp and multiple LEDs amorphouls;cSoS6 films are shown on Figs. 6 and 8,
respectively. Increase in the values of the reiffracindex is observed with increasii@g
concentration as well as with irradiation by LEDttwivavelength close to band gap energy
and especially in case of irradiation by halogandaover the whole spectral region under
study. It is well known that refractive index coldd explained on the basis of the Lorentz—

Lorenz relationship [28]:

n?-1
n2+2

1
30, 27 Nitp,j (3)



where & is the vacuum permittivity antl; the number of polarizable units of typeer
volume unit, with polarizabilityr, ;. Thus, the increase of refractive index with iasiag Se
content connected with larger polarizabiliy; of Se atoms (atomic radius deatoms is
larger in comparison witls atoms). The structural densification during thevatomentioned
photoinduced polymerization process increases tmaber of polarizable unitdN; per
volume, that accordingly, leads to increasing mfractive index of exposed thin films.

Decrease in the Tauc gaR,") that lead to red shift of the optical absorptige
has been found with increasi&g content (see Figs. 7 and 8) as well as afteriatiadh by
wide band and LED's sub-, super-, and bandgap bhe@hesmaximal values for red shift of
Tauc band gap energy of as-evaporated thin filvig,?") were achieved in range 40-60
meV after irradiation by wide band beam and nart@amd gap LEDs beam for als;0Sso-
xS& ternary compositions (see Fig. 8 and Table 1)oAlslecrease in single oscillator energy
Eo from Wemple-DiDomenico model has been found (salelel' 1), as expected from the
relation E, = 2E,>". The compositional dependence could be explairording to the
previously mentioned relationship by Tanaka [20je higher bonding energy 86—Sbonds
compared with that ofAs—Sebonds, plausibly explains the compositionally dejsnt
decreasing found in both optical parameters. Theedse of Tauc ga,’™ after irradiation
is consistent, as it was shown by Raman spectrgscajth significant decrease in
concentration of ,wrong“As—As homopolar bonds (for instance in t#e,S(Se), and
As,S(Se) species) leading to an also significant increasthné concentration of heteropolar
bonds of the typAs—SandAs—Sewith higher bonding energies than the homopateso

As shown in Fig. 2, the maximum value of red sisifioticed at broadband exposition
by halogen lamp, which becomes more significantthesSe content in theAs;0Ss0-xS&
samples increases. In the case of exposure to idgkDthe values of the red shift strongly

depend on glass composition and wavelength of & band maximum. The normalized



dependence ofimax ON relative wavelengtf(Es>*)-A.ep) (Fig. 3b) drawn for Jum thick
thin films gives evidence that the most significahtfts (with values higher than 0.8y

are caused by exposure to the beams with wavelketiwgihlie up to 100 nm in super-bandgap
region. On the contrary the significantly smalléofpdarkening takes place with exposures
by sub-bandgap beams and further than ~100 nm-f@pelgap beams. At the same time the
Almax for ASSe and ternary compositions with high contentSafis higher in further than
100 nm super-bandgap region as well as in sub-lzgndegion (see Fig. 3b). Decreasing
thicknesses of thin films down to 400 nm, 250 nrd anen up to 200 nm (curve 1-3, Fig. 3c,
respectively) significantly increases the regiom@ximum photosensitivity up to 300 nm in
super-bandgap region.

According to theory of light interaction with amdiqus chalcogenide glasses [1, 2],
an efficiency of photoinduced structural transfotiora depends on few parameters: (1)
efficiency of electron-hole excitation, which maindepends on correlation between
distribution of density of localized states neanduaction and the valence band and energy of
excitation beam; (2) distribution of molecules tustural units able to transformation across
the thin film thickness (i.e. homogeneity of thilmf) and (3) distribution of light intensity
across the thin film thickness (i.e. penetratioptdie Let us consider influence of each
parameter on efficiency of photoinduced irreversiBtructural transformation of ternary
chlacogenidé\s;Ss0-xS& thin films.

The structure of as deposited ternary thin filmgwhigh content o6e as was shown
above by Raman spectroscopy, consist of randomigasp molecular species such as
As,S(Se), As,S(Se) molecular cagesSe rings andSe, chains over the structural network.
These molecular cages and especially selenide aingy€hains create deep localized states in

bandgap which result in broader distribution dgnsf localized states. The broader



distribution of localized states is responsible vader region of photoinduced structural
transformation oAs,Se and ternary composition with higgecontent (see Fig. 3b).

Due to different partial vapor pressure of eaclsgleomponent during the vacuum
thermal evaporation, the homogeneity of chalcogefiuh films with different composition
is under permanent focus of interest. The homogeéiternaryAs; 0056 with x=0, 30,
60 were investigated in detail in reference [28]tHis paper investigation of refractive index
of thin films with different thickness ranging from20 to 24 (1=632.8 nm) has been done by
ellipsometry. Authors of [29] found that thin filmsith thicknessd>50nm have constant
refractive index, e.g. ternays,0S0-xS& thin films prepared by vacuum thermal evaporation
are homogeneous.

The intensity distribution of excitation beam caa balculated from absorption
coefficient according to Lambert—Beer lal = I,e~*%9_ In Fig. 10 an example of intensity
distribution across film thickness for LEDs withffdrent peak maxima wavelengths and
As0330S€p thin film is shown. As can be seen, the super-gapdeams of emitting diodes
penetrate only several tens or hundreds of nanosetethin film surface. Taking into
account that for chalcogenide glass thin films eeabby light with moderate intensity, the
reciprocal law is roughly correct [1], the inducgldotostructural changes occurs mainly in
these depths, with appropriate much smaller chamgesntire thin film. Because the
exponential decreasing of incident beam intensikye$ place, decreasing thickness of thin
film significantly increases the region of maximyhotoinduced structural transformation
(see curve 1-3, Fig. 3).

The absorption of excitation beam in penetratioptiled,s influences not only
values of photoinduced optical properties, but &setics of structural transformation. In
[16, 30, 31] was shown, that when the film thiclkness smaller tharl/e (i.e.,d<d,q), the

dispersion parameter of stretched exponential fong (equationl) is close or equal to 1,



indicating that the dynamics is presented by aroe&ptial function. Under the condition of
d>d,q, the dynamic response becomes dispersive in nangehencgsbecame smaller of
unity. The results of analysis of darkening kingtaccording to equation 1 for some ternary
thin films are presented in Table 2.

According to these data we can conclude, that pleetsal region of maximum efficiency of
photoinduced structural transformation, with thesineffective kinetic properties for ternary
As—S—-Seomposition increases with increasingSafcontent and with decreasing of thin film
thickness.

We found that after 60 minutes exposures partidhsa destruction of samples took
place for all used diodes. In case of UV LED with375 nm exposed surface exhibited
strong scattering of light, visible even by eye.Mvestigation 0fAs0S0S@0 thin film
surfaces exposed by UV LED with=375 nm shows a growth of crystallites with triang|
shape that is typical for arsenic trioxides{O3) and size of 1-2im, as can be seen on Fig.
9a. Irradiation by LED with peak wavelength 405 meads to creation a much smaller
surface structures (see Fig. 9b). In both casestioreof crystallites on surface of thin film
can be caused by partial oxidationAg—Asbonds during long exposures which is in good
agreement with data given in [32, 33]. As was shawfil4], the super-bandgap light can

form S-rich layer on the surface of chalcogenide titms.

5. Conclusions
Exposure by multiple wavelength beams with sup&dbap and bandgap energy of
thermally deposited ternas,0So0-S& thin films (x = 0, 10, 20, 30, 40, 50 and 60 at.%)

significantly changes their network structure arpfiaal properties E,>

, @ andn). The
photoinduced structural transformations are dittdenon-reversible reduction of molecular

fragments that contain “wrong” homopolar bonds donation of continuous bulk-like



network. The range of maximum efficiency of phothined structural transformation weakly
increases with increasirtgecontent in thin films composition and significanihcreases up
to 300 nm above the wavelength which correspondlddiandgap energy for appropriate
composition with decreasing thin film thickness.u$hfor thinner films the region of

photosensitivity is broader than for thicker thimf of the same composition.
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Fig. 1. Characteristics of the diodes used for eyp® and transmission spectra of as-

preparedAs;0-605& thin films (film thicknessi~1000nm).

Fig. 2. Dependences af1=f{) (T=10%) for particular exposure wavelengtis,(S;0Sey).

The line is fitted using eq.(1).



Fig. 3. Dependence dfl,ox 0on composition 0As,:S0-xS& (a) and normalized dependence of
Almax ON relative wavelength according to band gap gnefgeach composition for im
thick thin films (b) and for lower film thicknessés). The line through the data points is to

guide the eye.

Fig. 4. Raman spectra of bulk (dashed line), aositgd (solid line) and exposed by halogen

lamp thin films (dotted line) oAs,0Sc.s0S§Samples.

Fig. 5. Raman spectra of bulls,0S30Seo (1) and as-deposited (6), exposed by halogen lamp
(2) and band gapA(gp=525 nm) (3), sub-band gag £x=690 nm) (5) and super-band gap

(ALep=405 nm) LED (4, 49As,0S30S&0 thin film samples.

Fig. 6. Refractive index dispersion of the amorphA®Sso-xS& thin films obtained from

their transmission spectra. Curves have been deaewording to Eq. (2)

Fig. 7. Determination of the optical gaps in tewhJauc's law, as linear extrapolation of the

absorption data.

Fig. 8. Dependence of bang gap enerBy’®) and refractive index of as-deposited and
exposed amorphouss;cSso-S& thin films on compositiox. The line through the data points

is to guide the eye.

Fig. 9. AFM images 0As0S505€Q, thin film surfaces after exposition by LEDs witbgk

wavelength 375 nm (a) and 405 nm (b) for 60 min.



Fig. 10. Spectral dependence of the penetratiothddd EDs beam iAs,0S30Se0 thin film.

Table 1

Changes of optical parameters under wide-band amdw-band irradiations of amorphous

AS10S0.56 films.
X, Egopi, AEgOp"
status n (0) | 4n (0) Eo, eV | K, eV
at.% eV eV
0 as-deposited 2.33 2.39 5.03 22.27

halogen lamp 2.39| 0.06 2.36 0.04 4.89 23.08

ALED 405nm | 2.36 | 0.03 2.37 0.02 5.02 22.94

overBG —

AEP — 450mm | 2.39 | 0.06 | 2.35 | 0.04 | 4.94| 2317

2D _570nm | 2.38 | 0.05 | 2.38 | 0.01 | 4.98| 23.16

10 as-deposited 2.37 2.25 4722 21.73

halogen lamp 245 0.08 2.19 0.06 4621 23.07

ALED 405nm | 2.42 | 0.05 2.22 0.03 4415 21.40

overBG —

AP = 525nm 2.44 | 0.07 2.21 0.047] 4.486 22.19

ALED - =630nm | 2.41 | 0.04 2.24 0.01 4.55 21.78

subB

20 as-deposited 2.41 2.14 4.69 22.54

halogen lamp 2.50| 0.09 2.09 0.05 4.472 23.12

AED _405nm | 2.43 | 0.02 | 212 | 002 | 4.42| 21.76

AP —525nm | 249 | 0.08 | 2.095 0.05 | 4.43| 2295

5D 690nm | 2.44 | 0.03 2.14 0.004| 4.66 23.10

subBG —




30 as-deposited 2.49 2.04 4.30 22.38

halogen lamp 256 0.07 1.99 0.05 4.25 23.49

ALED . =405nm | 2.495| 0.005 | 2.02 0.02 4.44 23.1Y

overBG

AP = 525nm 2.55 | 0.06 1.99 0.05 4.21 23.12

ALED - =690nm | 2.49 | 0.00 2.04 0.00 4.21 21.79

subB

40 as-deposited 2.56 1.94 4.15 22.97

halogen lamp 2.64| 0.08 1.90 0.04 4.17 24.94

ALED b = 405nm | 2.57 | 0.02 1.94 0.004| 4.19 23.58

overB

A4EP = 570nm 2.62 | 0.06 1.90 0.04 4.08 23.99

AED 740mm | 2.56 | 0.008 | 1.94 0.00 4.28 23.88

subBG —

50 as-deposited 2.61] 1.87 4.02 23.40

halogen lamp 2.68| 0.07 1.82 0.05 3.91 24.21

ALED 405nm | 2.63 | 0.02 1.86 0.01 4.02 23.67

overBG =

AEP = 630nm 2.69 | 0.08 1.82 0.05 3.95 24.55%

ALED 740nm | 2.63 | 0.02 1.87 0.005] 4.09 24.14

subBG —

60 as-deposited 2.69 1.79 3.86 23.97

halogen lamp 2.76| 0.07 1.75 0.04 3.7¢9 25.13

ALED 405nm | 2.72 | 0.03 1.77 0.02 3.74 23.88

overBG —

A4EP = 690nm 2.75 | 0.06 1.74 0.05 3.65 23.93

A _790mm | 2.72 | 0.03 | 1.78 | 0.0l | 3.86| 24.6]

Table 2
Change of kinetic parameters of photoinduced tansition of amorphouls;;Sso-xS& thin

films.



X, Wavenumber| AAyax (for Dispersion, | Effective
at.% | of LEDs peak d~1pm) B response
maximumaA, time,
nm r (sec)
10 375 55 0.37 129
405 11.5 0.37 101
450 16.5 0.46 82
525 19.5 0.84 79
570 14.0 1.16 1412
630 2.0 0.52 761
30 375 9.5 0.41 158
405 10.5 0.40 88
450 12.5 0.43 135
525 225 0.61 82
570 21 1.01 188
630 19 1.15 673
690 3.6 0.58 1521
50 375 5.0 0.34 104
405 4.5 0.50 218
450 7.5 0.52 155
525 18.5 0.44 205
570 21.0 0.63 198
630 24.5 0.82 127
690 18.5 1.12 834
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