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Optical properties of Ge—As—S thin films
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Thin Ge-As-S films have been prepared by thermal vacuum evaporation. Optical pa-
rameters and thickness values of the films have been calculated basing on transmission
spectra. The dispersion dependences of the refractive index have been shown to be de-
scribed well by the single oscillator model. The optical band gap width has been determined
using the Tauc dependence. The non-linear optical properties of the films have been

estimated basing on the data obtained.

MeTOHOM TEPMUYECKOI'0O BAaKYYMHOI'O HCIIapeHHusd IIOJIYyUYeHBbl TOHKHEe IIJIEHKHW CcocTaBa
Ge-As-S. Us CIIEKTPOB IIPOIIYCKAaHUA PACCUHUTAHBbI TOJIIIUHBI IIJIEHOK U OIITHUYECKUEe IIOCTOSH-
HBIE. HORaSaHO, 4YTO AUCIIEPCHUOHHBIE€ 3aBHUCHUMOCTH IIOKa3aTeJd IIPpeJIOMJIEHHS XOPOIIOo OIIM-
CBIBAIOTCA OEHOOCILI/IJIJISITOPHOI;'I MOZEJIbIO. C IIOMOIIIBIO 3aBHMCHUMOCTHU Tayua omrpengesieHa IIW-
puHa OIITUYECKUH 3anpemeHHofx’I 3oHBI. Ha ocHoBaHuU IIOJITYy4EeHHBIX MJaHHBIX IIpOBeJgeHa
OIleHKa HeJIMHEHHBIX ONTHUYECKUX CBOMCTB IIJIEHOK.

Highly non-linear optical materials attract
the attention because of their potential appli-
cation in telecommunication systems as ultra-
fast optical switchers (10719 s), frequency
converters, electrooptical modulators, etc.
Chalcogenide glasses are materials of good
prospects in this area of application due to
high optical nonlinearity and transparency
in visible and near IR spectral regions.
Third order non-linear optical susceptibility
¥®) of chalcogenide glasses exceeds by more
than two orders of magnitude that of silica
glass [1]. Therefore, study of optical properties
of these materials is of great interest.

To predict non-linear optical properties
basing on linear ones, semi-empirical rela-
tionships proposed in [2—4] can be used. The
present work is concerned with the study of
optical properties of Ge-As-S thin films and
estimation of non-linear characteristics
thereof. Photostructural transformations in
the films under investigation were also
studied.

The glasses of AS126G623SSG36 composi-
tion were prepared by conventional melt-
quenching technique. Thin films were pre-
pared by thermal vacuum evaporation onto
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a glass substrate being at room tempera-
ture. A planetary system was used to pro-
vide the film thickness homogeneity. Some
samples were exposed to halogen lamp ra-
diation or natural light up to saturation of
photostructural changes. The transmission
spectra of the films were measured at room
temperature in the 0.4-2.5 um range. The
Swanepoel method [5] was used to evaluate
optical constants, refractive index n and the
film thickness d.

In Fig. 1, typical n(A) curves for unex-
posed and exposed films are shown. The solid
line shows extrapolation result of the values
obtained by the function n(A) = a/A2 + c¢. The
wavelength dependences of refractive index
are well described by single oscillator model
[6]:

42 1. Lafo (1)
E}-E2’

where E; is the single oscillator energy; E,
dispersion energy; E, the photon energy. E,
defines the position of effective oscillator
connected with average energy gap; the dis-
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Fig. 1. Refractive index dispersion curves.
persion energy E,; characterizes the
strength of interband transitions. The ex-
pression (1) was applied successfully to ana-
lyze the dispersion data for more than hun-
dred different materials: covalent, ionic,
crystalline, and amorphous [6]. To obtain
Ey and E;, we have plotted equation

(n? - 1)1 = f(E?) (2)

at the points corresponding to the spectrum
extremes and then performed least squares
fitting to a straight line (see Fig. 2). The
points corresponding to maximum photon
energy are seen to drop out of the linear
dependence, therefore, they were excluded
from consideration when evaluating the E,
and E; parameters.

The optical band gap E, was determined
using the Tauc law, (0fin)l/2 = f(E). In
Fig. 8, the energy dependence of (aE)!/2 pa-
rameter is plotted, where the linear section
in the high photon energy region corre-
sponds to the Tauc law. The E, value corre-
sponds to the point where the straight line
intersects with abscissa axis. In Fig. 4, the
absorption coefficient (in logarithmic scale)
vs the incident photon energy is plotted.
The almost linear region where the absorp-
tion coefficient ranges from 2:102 +to
5-10%2 cm™! meets the Urbach law:
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Fig. 2. Evaluation of oscillator parameters.
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Fig. 3. Tauc plots.
W(E) = aoexp(ﬁj. 3)
EC

In Table 1, the film optical parameters
determined from transmission spectra are
presented (n, is refractive index in the
limit E — 0). It is seen from the Table that
E, scales well with the optical band gap
(Eg~ 2:Ey). The Ge—-As-S glasses contain
covalent chemical bonds besides of the ho-
mopolar ones. Structural fragments of dif-
ferent dimensionality can co-exist simulta-
neously within the covalent-bonded network
of such topologically disordered glasses or

Table 1. Films parameters obtained from transmission spectra

Film d, nm E, eV E,, eV Eg, eV E, eV ng
Unexposed 1150 16.1 4.9 2.37 0.15 2.07
Exposed 1167 15.8 5.1 2.51 0.15 2.02
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Fig. 4. Urbach’s absorption tale.

films. Freshly deposited Ge—As—S films con-
tain the same main structural units as in
the respective bulk glasses as well as some
non-stoichiometric molecular fragments
forming As-enriched and/or Ge-enriched
nanophases. The density of such fragments
in fresh films is higher than in the glasses
(and in well-annealed films), thus indicating
a higher disorder degree therein. It is seen
from Table 1 that illumination of fresh
films results in increased E_, value, i.e. in
photo-bleaching. The photoinduced struc-
tural transformations and structural rear-
rangement cause some increase of the film
thickness (by about 1-2 %). The presence
of the photostructural changes makes it
possible to use such films in information
recording and photolithography.

The non-linear optical properties were es-
timated by two different ways basing on
linear ones calculated from the transmission
spectra. In [3], to estimate the non-linear
properties of chalcogenide glasses, a general-
ized Miller rule was used which establishes
relation between linear optical susceptibility,
¥, and third order non-linear optical sus-
ceptibility, x®). According to this rule,

1® = AL, (4)

Here A is a constant. Its value for chal-
cogenides appears to be A =1.710719 and
so the (3 wvalue is obtained in esu. We

Table 2. Estimated non-linear properties of films

compared the estimated and experimentally
measured values and achieved a satisfactory
agreement within one order of magnitude.

It was proposed in [4] to use a classical
anharmonic oscillator model to establish
correlation between ¥ and E,:

2 (5)
1 hv) 4
® =pLg1 |2
X >
Eg[ [Eg] ]

where hv is photon energy,

B = 2.846.10716 esu-(eV)0 is a constant. Values
of ny and E, were measured independently
for silica glasses, some oxides and chalco-
genides and plotted in the form of function

1 (Y ©
ng = Eg[ Eg] ’

representing the results obtained by authors
of the work as well as literature data. All the
values were fitted well by a straight line.

In Table 2, estimations of n, and 13 are
obtained using formulas (8) and (9) for un-
exposed and exposed films. The results co-
incide within an order of magnitude but the
values obtained using generalized Miller
rule exceed by about 50 % those obtained
basing on the anharmonic oscillator model.
The non-linear optical parameters of studied
films are more than two orders of magni-
tude higher than those of silica glass. The
high values of non-linear optical parameters
show that such media are of good promise
for the use in optical switching, frequency
converters, electrooptical modulators and
optical signal processing devices.
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ny, 10711 esu

Miller’s rule Anharmonic oscillator

Film %(8), 10712 esu
Miller’s rule Anharmonic oscillator
Unexposed 0.78 0.44
Exposed 0.63 0.30

1.43 0.81
1.17 0.56
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OnTuuHi BiIacTUBOCTI TOHKHUX ILIiBOK Ge-As-S

I.J.Tormawos, O.B.Cmponcovruil

MeTtomomM TepMiUYHOrO BaKyyMHOT'O BHUIAPOBYBAHHS OTPUMAHO TOHKI IJIiBKM CcKJIaLy
Ge-As-S. I3 cnexTpiB IponmycKaHHA PO3PaxoBaHI omTmuHi crani Ta ToBmMHH ILIiBOK. IIoka-
3aHO, II0 AUCIepCiiiHi 3ajeXKHOCTI IIOKaSHMKA 3aJOMJEHHS I00pe ONHCYITHCS OJHOOCIIHJIS-
TOPHOIO MOEJII0. 3a mormoMorom sanesxkHocti Tayla BU3HAUEHO IIMPUHY ONTUYHOI 3a00po-
HeHol 30uHu. Ha OCHOBi oTpuMaHMX HAHMX IPOBEIEHO OiHKY HEJiHIMHMX ONTHYHUX BJIACTHU-
BOCTEl ILIiBOK.
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