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Depth profiles of the near-surface region and cluaintomposition for amorphous films deposited from
GeysAs,Ses bulk glasses and their changes resulting frommgixiths ageing under ambient conditions have
been studied by the methods of Auger electronrggecpy and X-ray photoelectron spectroscopy. # ha
been shown that there is a surface layer of ab@utr thickness enriched with oxygen, germanium, and
selenium atoms and depleted of arsenic atomsslbkan found that in the process of natural ageirihe
near-surface layer of Ge\s,Ses film the decrease in the relative concentratiog@fmanium and arsenic
is observed, with the simultaneous increase irctmeentration of selenium and oxygen associateu thit
formation of AgO0; and GeQ, oxide compounds resultingdioosening of the surface layer.

INTRODUCTION during ageing under ambient conditions have
been studied by the methods of Auger electron
spectroscopy (AES) and X-ray photoelectron
spectroscopy (XPS). The experiments on surface
analysis of thin films were carried out in ultralhig
vacuum of about IDPa with the help of PHI-590
scanning Auger microscope integrated with PHI
ESCA spectrometer combining measurements of
Auger spectra and X-ray photoelectron spectra.
Auger spectra were recorded at primary electron

glasses and films by different authors, includisg u beam e”er?y of 5 KeV, the value of bgam current
(see, e.g., [1-5]). Over the past five years, much up to 210° A/lcn? and energy resolution of the

attention was focused on a comprehensive study of 2nalyzer of.0.4%. Depth profiles were obtained
GepAsi,Ses glasses and films. Specific properties with Ar ion sputtering at ion energy of ~2 KeV.

of this material have made possible a variety of de FOr excitation of photoelectrons, AlK(hv =
vices, including non-linear integrated optical de- 1486.6 €V) X-ray source was used with energy

vices based on planar waveguides [6-10]. Since in Width of 0.85 eV. Resolution of the energy peaks
going to nanoscale objects the influence of surface IN XPS spectra was of 0.5 eV.

effects become significant, the studies of theagerf ~ Thin films of 120 nm thickness for the stud-
properties and processes that occur on the surface/®S Of the chemical composition of near-surface
are of a great importance. Thus, the motivation of region were deposited onto unheateq silicon sub-
these studies was the necessity of a deeper underStrateés by thermal flash evaporation of bulk
standing of the relationship between structure and C&sAS1:5&s glass from the effusion cells in
properties, aimed to improving the performances of Vacuum at a pressure of iQa and source tem-
new devices, their life time, the search for new ap Perature ~ 800 K. The distance between the

Chalcogenide vitreous semiconductors in the
bulk, film, and fiber form find new applicationsdn
are promising for development of passive and active
components for opto- and nanoelectronics due to
memory effects, nonlinear and other properties ob-
served in these materials. The composition under
investigation was selected from the Ge-As-Se fam-
ily as a result of long-term studies of physical,
chemical, optical, and electro-physical properties

plications and technological methods. source and the effusion cell was about 30 cm.
Film deposition rate was about (&®.1) nm/s.

EXPERIMENTAL The starting bulk glasses were prepared by the

The chemical composition of GAs;.Ses conventional method of melting of the relevant

films in the near-surface region and its changes Mixture of high-purity (SN) As, Se, and Ge com-
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ponents in pumped and sealed quartz ampoulesnamely, selenium, oxygen and carbon, decreases

with the subsequent quenching of the melt.

RESULTS AND DISCUSSION

Fig. 1 shows depth profiles of the relative
changes in concentration of selenium, germanium,
arsenic §) and oxygen and carboh)(@toms in the
near-surface region of @As;,Se;s film.
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Fig. 1. Depth profiles of chemical elements at the sur-
face of GgAs;,Ses film a — Ge (curvel),
As (curve 2), Se (curveld); b — C (curved),
O (curveb). Dashed lines show depth prof
of the elements for the films after the hpdfa
ageing under ambient conditions

In these depth profiles we can separate three
regions of chemical elements. For germanium and
arsenic chemical elements in the regions | and Il,
complex depth distribution is observed, when the
concentrations of the other observed elements,
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with depth up to 30 nm. At greater depth (re-
gion IIl) chemical composition remains the same
both for the as-deposited and for the aged films.
As it is seen from Fig. 1 (dotted lines), the behav
iour of depth distribution of chemical elements in
as-deposited films does not change after storage
for six months in the laboratory. However, as a
result of natural ageing in the near-surface layer
of GesAsi,Se;s film, the decrease in germanium,
arsenic, and carbon concentration is observed,
while the relative concentration of selenium and
oxygen increases.

Fig. 2 shows Se, As, and Gé 8PS spectra for
GeAsSes films. Comparing the spectra for as-
deposited film &) and half year aged filnb), we
can see that the spectra show additional peaks-corr
sponding to the formation of oxide compounds,
such as AfO; and Ge@ and the peaks correspond-
ing to different chemical bonds manifest themselves
indicating a process of self-organization of film
structure under ambient conditions.
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Fig.2.3d XPS spectra of GeAs;,Ses film:
a — as-depositedy — after half year ageing
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These peaks are shown on enlarged scale inTable. Energy of the chemical bounds, possible be-
tween the components of §8s;,Ses glass

Fig. 3a—c, for each of the GgAs;,Se;s film com-
ponents, namely seleniu){ arseniclf) and
germanium¢), near the @ states. The possible
chemical bounds responsible for the features seen
in Fig. 3 are collected in the Table, compiled
from the data of published handbooks and elec-
tronic directories of "XPS International Inc." and
"Perking-Elmer Corporation" companies, U.S.
Lawrence Berkeley National Laboratory [11-14]
and databases collected in the review [15].
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Fig. 3. XPS spectra for®Se @), As (), and Ge¢) in
GezAs.Sess film
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and oxygen
Energy (eV) | Chemical bound
Se
54.5 GeSe
54.9;55.1; 55.7 Se
55.2 GeSg
As
41.3;41.5 As
42.8 AsSeg
44.2: 44.9; 45.0 AS;
44.9; 45.9; 46.0 ASs
Ge
29.0; 29.1 Ge
29.5; 29.6 GeAs
30.5; 31.5 GeSe
30.5; 30.9 GeSe
31.0 GeSg
32.2; 32.5; 32.7; 33.2 GeO

The studies of the microstructure for
GeysAs.Se;s films in transmission electron mi-
croscope have shown that the diffraction pat-
tern of the films is typical of amorphous mate-
rials, and the structure of the films consists of
30—40 nm size areas of dense phase separated by
the areas with lower density. From these studies
we can assume that the areas of a denser phase
present self-limited ordered clusters, which are
surrounded by the channels of molecular dimen-
sions. In these channels it is possible to find dif
ferent type of inclusions and over stoichiometric
atoms, which do not form chemical bonds with
the clusters.

Considering the data of Auger-electron
spectroscopy and X-ray photoelectron spec-
troscopy, we can assume that the surface layer
is formed as follows. Germanium, arsenic, and
selenium atoms which do not interact with
clusters diffusing to the surface, where some
of them, interacting with @or H,O molecules,
form As,0O; and GeQ®@ natural oxide com-
pounds, and form GeSe, GeS&eSg, and,
possibly, GeAg chemical bonds. Volatile
As,0; compound leaves the surface for the
atmosphere, resulting in a depletion of the sur-
face layer of arsenic atoms.

Recent research of Wang R. with co-
authors [8] concerning the effects of thermal
processing on the surface oxidation of
GessAs,Ses films obtained by ultrafast laser
deposition confirms the value of possible
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penetration depth for oxygen obtained in our 5. Shchurova T.N.,

studies and the presence of germanium and
arsenic oxides both at the surface of as-
deposited films and under the next film proc-
essing despite all precautionary measures to
protect the films from the environment attack.

CONCLUSIONS

Analysis of Auger spectra of the surface
for GeysAs1,Ses amorphous films and depth
profiles of chemical elements has shown that
there is a surface layer of 30 nm thickness en-
riched with oxygen, germanium, and selenium
atoms and depleted of arsenic atoms. It has
been found that in the process of natural age-
ing in the near-surface layer of $A&s;,Ses
film the decrease in the relative concentration
of germanium and arsenic is observed, with
the simultaneous increase in the concentration
of selenium and oxygen, associated with the
formation of AsO; and GeQ®, oxide com-
pounds resulting in loosening of the surface
layer.
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Buznayenns npodijiB po3noaiay ejgemMeHTIiB
N0 IIN0MHI NPUIIOBEPXHEBOI0 MIApPY
TOHKHX ILTIBOK Ge33A 5,565

T.M. HMlyposa, M.I. CaBuenko, K.O. IlonoBuu, M.1O. bapaun

Voicecopoocvruil nayionanvruil ynigepcumem
eyn. Kanimynona 13, Yoaczopoo 88000,V kpaina, shchrv@ukr.net

Hayxoso-0ocrione mosapucmeo HanoTexI[enmp
eyn. Opanya Iixnepa 32, Baiiy A-8160,4eécmpis, karl.popovic@ntc-weiz.at

Memooamu Oodice-enekmponnoi cnekmpockonii i penmeenigcbkoi pomoenrekmpornnoi cnekmpocko-
nii docaidacyeanrucs npo@ini po3noodiny eremenmis no eAUOUHI NPUNOBePXHe8020 wiapy i XiMiuHuu
cknao amopprux ninigok Hanunenux 3i cmekonr Ge&3AS,S8s, a maxooc ix 3mina npu npupooOHomMy cma-
pinni npomseom niepoxy. Ilokazano, wo icnye nogepxuesuii wap moswunoro 0o 30 nm, 36azauenuil
amomamu OKCu2eHy, cepmMaHnilo ma ceneHny i 36i0nenutl amomamu apceny. ¥ npoyeci npupoounoeo cma-
pinns 6 npunogepxuesomy wapi niieku Ge€33AS,S65 cnocmepicaembcs 3nudicenns 6i0HOCHOT KOHYeHM-
payii cepmaniio ma apceny npu 00HOYACHOMY 30iNbUWeHH] KOHYenmpayii celeny ma OKCUuzeHny, wo no-
6's13an0 3 ymeopenusam okcuonux cnoayk A0z i GeO,, 6Hacaidok uo02o 8i00y8acmvbCs pO3NYUleHHs No-
6ePXHEB020 wapy.

Omnpenesnenune npoduiieii pacnpeaeaeHns 3JIeMEeHTOB
110 TOJIIUHE MPUIIOBEPXHOCTHOIO CJI0S
TOHKHX IUICHOK GE33A S,5655

T.H. Hlyposa, H./[. CaBuenko, K.O. [lonoBu4, H.1O. bapan

Vorceopoockuil nayuonanehblil yHugepcumem
yn. Kanumynsnas 13, Yorceopoo 88000,Vkpauna, shchrv@ukr.net

Hayuno-uccnedosamenvcroe obwgecmeo HanoTexI{enmp
ya. @panya Huxnepa 32, Baiiy A-8160,4ecmpus, karl.popovic@ntc-weiz.at

Memooamu Oodnce-31eKMPOHHOU CREKMPOCKONUU U PEHM2EHOBCKOU (POMOINeKMPOHHOU CHeK-
MPOCKONUU UCCAE08ANUCL NPOPUIU pAchpedesieHus INeMEeHMO08 NO MOJUWUHe NPUNOBEPXHOCMHO20
COS U XUMUYECKUL COCMA8 aMop@HbIX NIeHOK, HanblieHHbix u3 cmekon Ge&3AS,S8s, a makoce ux
U3MeHeHUue Npu ecCmecmeeHHoOM cmapeHuu 6 meyenue nonyeoda. llokazano, umo cywecmeyem no-
sepxnocmublil ciou monwunot 0o 30 um, obozawennbii amomamu KUCIopoo0a, cepManus U cejleHd,
U 0beOHeHHbIl amomamu MulubsiKka. B npoyecce ecmecmeenno2o cmapeHusi 6 npuUnO8epPXHOCmMHOM
cnoe naenku Ge33AS,S6s HabnwOaemces CHUNCEHUEe OMHOCUMENbHOU KOHYEHMPAayuu 2epManus u
MblUlbAKA RPU OOHOBPEMEHHOM YEEAUYEHUU KOHYECHMPAYUU CeNeHa U KUCLOPOOd, YMo CBA3AHO ¢ 00-
pasosanuem okcuonvix coedunenuti A0z u GeOy, 6credcmeue weco npoucxooum paspulxieHue no-
6EPXHOCMHO20 ClLOS.
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