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The changes in optical properties and atomic structure of as-prepared amorphous As,Se; and As,S3
films upon annealing and light irradiation have been studied. The films were prepared by the methods of
thermal evaporation in a vacuum and radio frequency ion plasma sputtering. It was found that after the
thermal and light irradiations the optical transmission edge of the films is shifted and there are some changes
in atomic film structure. The most essential changes in atomic structure and optical properties as well as a
correlation between the changes in the medium-range order of the atomic structure and the optical band gap
have been revealed in the TE films7.

1. Introduction

The effect of short- and medium-range order of atomic structure in the non-crystalline
materials on their electrical properties is one of the main problems in non-crystalline solid physics
[1-3]. It is more actual for the chalcogenide glassy semiconductors (ChGSs) with structural lability
due to low coordination of their atoms [1-6]. One can change, to some extent, ChGS films structure
using external influences (such as light irradiation and annealing [2-6]) and different methods of
preparation [2, 7, 8]. Changes in films atomic structure lead to modification of their
thermodynamic, electrical and optical properties [3-6]. In particular, some changes in the position of
absorption band edge, which is determined by its energy gap, are observed. Most of investigations
deal with TE films of As.Ses and As>Ssz stoichiometric composition, which are the model object for
ChGSs properties investigation.

This study is devoted to the results of comparative investigations of the thermal and light
irradiation effect on optical properties and short- and medium range order in atomic structure of
amorphous As;Sez and As»Sz films obtained by different methods. ChGS films were prepared by
thermal evaporation in a vacuum (TE films) and RF ion plasma sputtering (RF films) — two
techniques differ essentially in the conditions of substance vaporization and condensation of atoms
and molecules on a substrate.

2. Experimental procedures

The technique of amorphous As»Ses and As;Sz preparation by TE and RF methods is
described in [7, 8]. The films were deposited onto polished glass substrates, and their thickness was
varied between 4 and 12 um. As-prepared films were annealed for an hour. The annealing
temperature was 150°C and 165°C for a-As>Ses and a-As»Ss, respectively. Light irradiation of the
films was carried out by a lamp of 150 W with tungsten filament. The focusing lens, IR-cut and
optical filters were used as well. The light filters were chosen so that it could transmit the light
photons with the energy corresponding to the fundamental absorption band. The exposure time was
4 hours.

Spectral characteristics of the films optical transmission were measured in the wavelength
range from 0.4 to 0.75 um at T=300 K. The optical gap Ey was determined from spectral
transmission characteristics at absorption coefficients corresponding to the fundamental absorption
edge by extrapolating the dependence (ah1)? = f(hv) to the axis of energy. The measurement error
was = 0.01 eV.
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The parameters of short- and medium-range order in the atomic structure of amorphous films
were determined by x-ray diffraction analysis. The intensities of the reflected x-rays were recorded
at the constant grazing angle of 4.52°. The wavelength /1 of X-ray monochromatic radiation was
1.5418 A. The error in the coordination sphere radii was AR ==40.01 A, and in the number of
nearest neighbors - AZ =40.1.

3. Results and discussion

Figures 1-4 show the effect of the thermal and light irradiation on optical transmission spectra
for amorphous As;Ses and As>Sz films. It is seen that annealing and irradiation shift the optical
transmission edge of TE films towards long wavelength region of the spectrum. On the contrary, the
optical transmission edge of RF films shifts towards shorter wavelengths during the annealing
process. The following irradiation leads to the shift of the transmission spectrum to the longer
wavelength region both for RF films and TE films. Table 1 shows thermal and light irradiations
influence on the optical band gap of the films.
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It should be noted that thermal and light irradiations have more influence on the optical
properties of TE-films than those of RF-films.
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Table 1. Optical band gap Eg of as-prepared, annealed and irradiated TE and RF a-As»Sesz and a-
AszS3 films

Composition As,Ses As2S3
Films TE RF TE RF
as-prepared | 1.81 |1.75 |243 |2.25
Eg, 5B | Annealed 1.78 | 176 |2.38 |2.28
irradiated 173 | 174 | 233 |224

The effect of annealing and light irradiation on x-ray diffraction patterns 7 (26) for as-prepared
TE- and RF a- AszSes and As,Ss films is presented in figures 5-8. Figure 5a shows that annealing of
TE-films leads to essential decrease of the first sharp diffraction peak (FSDP) and slight decline of
the second diffraction peak. The other part of diffraction spectrum is not changed. Light irradiation
reduces the intensity and half-width of the peaks.
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Fig. 5. X-ray diffraction intensity versus diffraction angle for TE- (a) and RF- (b) a-As,Ses films:
1- as-prepared, 2- annealed and 3-irradiated
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Figure 6. FSDP of as-prepared (1), annealed (2) and irradiated (3) TE a-As>Ses films

The influence of annealing and light irradiation on the FSDP of the films in more detail is
shown in Figure 6. After annealing the FSDP intensity for as-prepared TE films is 30 % less and the
intensity maximum shifts to the greater diffraction angles. The further irradiation decreases the
FSDP intensity by ~ 18 % and the maximum shifts practically to its original position. For as-
prepared, annealed and irradiated TE films the 26 angles of FSDP maxima are 16.1°, 16.4° and
16.2°, respectively.
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The dependence 1(26) for as-prepared, annealed and irradiated RF a-As>Ses films is shown on
figure 5b. It can be seen the slight influence of annealing and irradiation on curves 1(26). Slight
distinctions are observed in the region of FSDP at 20 scattering angles exceeding 100°.
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Figure 8. FSDP of as-prepared (1), annealed (2) and irradiated (3) TE a-As2Sz films

The 1(20) curves were used to calculate the atomic radial distribution functions (RDF) and the
short-range order parameters for amorphous TE and RF As,Ses films, namely, the radii of the first
ri1 and the second r. coordination spheres, the number of the nearest neighbours of arsenic Zas and
selenium Zse atoms in the first coordination sphere as well as the valence angles between the bonds
@ and their change 4¢. Linear dimensions of the regions of local structural order, i. e. medium-
range order is characterized by parameter L=0.9A/[f(26)cos(6maxrsor)], Where £(26) is the FSDP
half-width in radians and 26hnax is the angle of the FSDP maximum , were estimated using FSDP
curves by Scherrer’s formula.

Using an approximate relation d=2/S, where S=47sinéhaxrsor/A, the estimation of “quasi-
period” d of the structure was carried out.

It can be seen from the Table 2 that annealing and irradiation cause insignificant variations in
short- and medium-range parameters for RF As,Ses films in comparison with TE-films.

The results of thermal and light irradiations effect on 1(26) for as-prepared TE and RF a-As2S3
are presented in figures 7,8. Figure 7a shows significant difference in the first diffraction peak for
as-prepared TE-films due to annealing and irradiation. The FSDP is sharper in as-prepared films
(Figure 8) rather than in annealed and irradiated films. Besides, the FSDP intensity is far higher for
as-prepared films (by ~ 38 % and ~ 44 %) comparing with annealed and irradiated samples,
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respectively. The angle (26) of FSDP maximum for as-prepared films comes to 16.5°. Annealing
and irradiation shift slightly (by ~0.5°) the FSDP maximum towards the greater angles.

The effect of annealing and irradiation on 1(26) is insignificant for RF a-As;Ss films in
contrast with TE films (Figure 7b). The obtained short and medium range order parameters for TE
and RF As»Sz films are listed in Table 3. The data indicate that annealing and light irradiation have
a pronounced effect on TE films atomic structure parameters and, mainly, on medium-range order
parameter L of atomic structure.

Table 2. Parameters of short- and medium-range order of the atomic structure for as-prepared,
annealed and irradiated TE and RF a-As,Ses films

Films TE RF
External as- . T as- . T
. annealing | irradiation annealing | irradiation
influence prepared prepared
Zns 3.4 3.3 3.5 3.2 3.2 3.2
Zse 2.3 2.2 2.4 2.1 2.1 2.1
Ri, A 2.35 2.40 2.45 2.40 2.39 2.42
Rz, A 3.71 3.70 3.67 3.65 3.67 3.66
0+ Ap 102°427° | 101°+25° 97°+£22° 99°+26° | 100°+25° 95°+23°
L, A 31 22 19 13 12 14
d, A 55 55 54 54 5.2 5.2

Table 3. Parameters of short- and medium-range order of the atomic structure for as-prepared,

annealed and irradiated TE and RF a-As,S3 films

Films TE RF
External as- . s as- . e
. annealing | irradiation annealing | irradiation
influence prepared prepared
Zns 3.8 3.6 3.9 4.0 3.9 3.8
Zs 2.5 2.4 2.6 2.7 2.6 2.5
Ry, A 2.30 2.29 2.36 2.34 2.35 2.35
Rz, A 3.58 3.52 3.59 3.54 3.54 3.53
P+ Ap 103°+28° | 100°+26° 96°+23° 98°+23° 97°+24° 99°+27°
L, A 38 21 18 14 17 15
d, A 5.4 5.2 5.2 5.2 5.3 5.2

It can be concluded that annealing and light irradiation mainly effect on the parameters of
atomic structure of TE a-As,Ses and a-AsSz films, and the essential changes occur in medium-
range order parameter L.

Let us analyze the change of Eg and L parameters in TE films. These parameters decrease
markedly during annealing of as-prepared TE a-As:Ses and a-AsSs films. The further irradiation
leads to substantial decrease of Eq and L parameters as well. Thus, change in the medium-range
order of the atomic structure is correlated with change in the optical gap of these films.

It should be noted that medium range order parameter L, which characterizes linear
dimensions of the regions of local structural order, has much lower value for RF films in
comparison with that of TE films. That is the evidence that the RF films structure at the medium-
range order level is more disordered than in TE films. Note that while investigating the local
structures of the films by Raman spectroscopy we found that RF films have much complicated local
structure, i.e. RF film matrix contain, along with the structural units common to TE films, other
structural units with As-As bonds predominance.
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4. Conclusion

The results of annealing and irradiation effect on optical properties and atomic structure of a-
As>Ses and a-AsSs films show that the films prepared by radio frequency ion-plasma sputtering
have more rigid structure compared with the films prepared by thermal evaporation in a vacuum.

Changes in medium-range order of the atomic structure in TE films are correlated with
changes in the optical gap of these films under annealing and irradiation processes.

Differences in atomic structure of TE and RF films seem to be caused by essentially different
conditions of substance vaporization and condensation of atoms and molecules on a substance in
two techniques.
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OPTYPJII OJAICTEPIMEH JAWBIHIAJFAH BOCKbLT XAJIbKOTEHU/TI
KABBIPIIAKTAPBIHBIH ATOM/IBIK KYPBLIBIMHBIH KAKBIH JKOHE OPTAIIIA
PETTEPIHJET'T KACUETTEPIHE ’KOHE NAPAMETPJIEPIHE JKBLTY.JIBIK KOHE 'KAPBIK
COVJIEJEHIPYAIH TYCIPETIH bIKIIAJIBI

HI.HI. Copcemonnos, O.10. IIpuxoabko, A.Il. Pary3os, C.5I. Makcumona, B.7K. Y manon

JKapbIkiieH coyseeHAIpyIiH )KoHe KhI3AbIPYIbIH 9CePIHECH KaHaAaH MaibiHaanrad As,Sesxone AsySs
0OCKBUT KaOBIPIIAKTAP/IbIH ONTHKAIBIK KACUETTEPIHIH JKOHE aTOMIBIK KYPBUIBIMHBIH ©3repyi 3epTTEIICH.
KabbIpiakrap BakyyMIarbl TEPMUSUIBIK OYJIaHy KOHE JKOFAphl JKUUTIKTI MOHJBIK-TUIa3MAJbIK [IANIBIPAY
omicrepiMeH anbiHFaH. JKBUTYNBIK JKOHE IKApPBIKTBHIK COYNENCHIIPYAIH ocepiHeH KaObIpImaKTapbpiH
OTITHKAJIBIK YKYTY/IBIH IIETi BIFBICATHIHBI JKOHE KaOBIPIIAKTAP/IBIH aTOMJIBIK KYPBUTBIMBIH/IA ©3repicTep naiaa
0O0JIATBIHBI AHBIKTATFAH. ATOMBIK KYPHUIBIMBIHJIA JKOHE ONTHKANBIK KACHETTEPIHJETI KONTEreH e3repicrep
JKOHE AaTOMJBIK KYPBUIBIMHBIH OpTallla PETIHJETi ©3repiCTepiMEeH JKOHE TBIMBIM CajblHFaH 30HAHBIH
OTITHKAIIBIK CHIHJETT apachIHAAFbl KOPPENSNUsA TEPMHSIIBIK OyJIaHy oJiciMeH alblHFaH KaObIpiiakTapjaa
maina 0oJaThIHbl OAKaAJIFaH.

BJMSIHUE TEILIOBOT'O U CBETOBOI'O OBJIYUEHHUS HA ONITUYECKUE CBOMCTBA U
HAPAMETPBI BJIMKHET'O U CPEJHET'O IOPSIIKOB ATOMHOM CTPYKTYPBI
AMOP®HBbBIX XAJIBKOI'EHUJHBIX IIVIEHOK, ITPUT'OTOBJIEHHHbIX PASHBIMHU
METOJAMMU

HI.II. Capcemounos, O.FO. Ilpuxoasko, A.Il. Psary3os, C.51. MakcumoBa, B.2K.Yimanos

HccnenoBanbl M3MEHEHUS ONTHYECKHUX CBOWCTB M aTOMHOH CTPYKTYPhI CBEXKENPUTOTOBICHHBIX
amopHbIX TUIEHOK AS;Ses U ASS3 npu OTKUIe W 00JydeHMHM CBEeTOM. [IJIEHKH NpPUrOTaBIMBAIUCH
METOJIaMH TEPMHUECKOTO HCIAPEHUsS B BaKyyMe M BBICOKOYACTOTHOI'O HMOHHO-IIJIA3MEHHOI'O PACIbLICHHS.
YcTaHOBNIEHO, YTO TOCJE TEIUIOBOIO M CBETOBOTO OONYYEHWI Kpail ONTHYECKOTO IOTJIOMICHHS TUICHOK
CIBHUraeTCsl, U UMCIOT MECTO M3MEHEHHUS B aTOMHOM CTPYKType 1ieHoK. Hanbosbine n3MeHeH s B aTOMHOMN
CTPYKTypE M OINTHYECKUX CBOHCTBAX, a TaKKe KOPPENSAIMsS MEXIy WU3MCHCHUSMH B CPEIHEM MOPSIKE
ATOMHOM CTPYKTYpbl M OINTHUYECKOH IIMPUHOW 3allpelleHHOW 30HBI OBLTM OOHApPYKEHBI Y IUICHOK,
MOJTyYEHHBIX METOJIOM TEPMHUYECKOTO UCTIAPCHUSI.
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