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1. Introduction

The thermal evaporation in the vacuum from the opeaporators is widely used at the
fabrication of thin semiconductor layers. The resare considered satisfactory if the physical
parameters of the obtained layers are in correlatith the parameters of the parent material.

It is well known that (CGS) of ASs;Se1ytype (B x< 1) possess is a steady amorphous
phase in thin layers in a large range of the teldgical methods of their fabrication. Such layers
are thermally stable, do not interact with the mois, with the organic solvents and do not reveal
any relation between semiconductor bandwidth armd stiudied composition. The CGS layers
having the thickness of 2-4um practically alwaysgsss a mirror like homogeneous surface and a
good adhesion to the substrate. But the structomeptexity of CGS glassy state which includes
atomic chains, wide rings and bands [1] does Howalabrication of thin layers with the identical
electro-physical parameters by using different rmésh Moreover the CGS layers plasticizing is
possible by addition of small amounts of ligatuseaa 5-7% the addition, as a rule, results in the
appearance of a crystalline phase, and small ctnatiems are “smeared” by the absence of the far
order in the material structure.

The given paper is related to the studies of tloalpities of CGS thin layer fabrication,
including on to a large extension flexible substsat

2. Experiment
2.1 Evaporation kinetics of CGS materials based on As-Se-S system

For the studies of evaporation kinetics, the temijpee dependence of CGS (W/T.s) was
studied, as it is characterized by the amount efghbstance evaporated from the surface unit
during a time unit, and it is related to the satdlavapors pressure and its molecular composition
at the given evaporation temperaturgX.T

At the studies of CGS temperature dependence ofvhporation rate the method of the
evaporation process evolution in time [2]. A narrcendensation band was established where the
layers were deposited on a transparent basis lamsaing at a constant rate. The mass of CGS
portion was constant. The evaporator mass neitlege rifihan by 10 times exceeds the mass of
downloadable portion, which considerably decreaffes time of it heating up, at this
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constructively the evaporator temperature was fiken outside. The condensate thickness
distribution was estimated by optical transmissigito) at the wavelengthA) from the
fundamental absorption region of the correspondi@$ material. As one can see from Fig.1 the

evaporation process is not a homogeneous one grathdieg on the evaporation temperature the
homogeneity of the condensate varies.
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Fig.1. The CGS evaporation process characteristics for three different evaporator temperatures.

The condensate inhomogeneity at the initial stagieslated to the CGS material supply
on to evaporator and its heating up, the inhomadtjeneat the final stages is related to the
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evaporation of the residues and only the middlgesteharacterizes the peculiarities of the given
CGS evaporation. At low and high evaporator tentpeea an average CGS evaporation rate does
not considerably change (Fig.2).
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Fig.2.Average evaporation rate temperature dependence for different CGS compositions

On the transitional segments a sharg/aNT)dependence is observed, for which the
evaporation feature is homogeneous. The evaporadi@) i.e. the substance amount evaporated
from 1cnf of the evaporator during 1s,is related to thers#¢d vapors pressure by the formula:

w(T)= 0.0585\@ P(T) (1)

Where T-is evaporation temperature, evaporated riaht@olar weight, P(T) - the evaporated
material saturated vapors pressure which fgSAsaccording to [3] is written as :

lgP(T)=- 9092, 134 541<T <626 K

5683 @)

lgP(T)= +79 926<T <1100K

The joint solution of (1) and (2) gives the thamr&ehavior of AgSe; evaporation rate by
time ( Fig.2.) which corresponds to the experimietsa.

At low evaporation temperatures the material im élvaporator is heating up slowly and
irregularly due to convective heat transfer, whistipulates weak variation YT) and a
considerable irregularity of the condensate. Atdtaporator temperature increase the CGS liquid
material begins to boil by forming intensive bulsbt# saturated vapor, which rising through the
material thickness to the surface warm up the C@&Bhbairst by supplying all the temperature set
of the saturated vapor to the substrate, what md@tes the homogeneous condensate composition
in the transition area. The critical radius of théoble, which could come off from the evaporator
bottom on the account of the pull out Archimedescdo by overcoming the liquid ASe
superficial tension, was of 2 mm and the tempeeatifrpossible appearance of such bubbles is
around 418C. The given temperature corresponds the initigibre of the transition from the first
segment to the second of M) dependence. Experimentally was establishedenigtansition
temperature, which could be explained by the presendifferent centers of bubble formation. At
high temperatures on the segments of transitiotiméothird region the bubbles have no time to
come off from the evaporator walls and merge insingle vapor layer. The material heating up in
this case occurs on the account of radiation. Byiog from Stefan-Boltsman’s equation the
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calculated temperature of the transition to thedthiegion for AsSe; makes _540F°C, which
correlates with the obtained experimental data.

So for the obtaining of the homogeneous CGS layétts a constant and reproducible
electro-physical parameters one should use theoeatp of the open type, and the evaporation
temperature should assure the bubble mechanisr®sfWarming- up in the evaporator.

2.2 Open type evapor atorswith an activated surface

From the physics of the liquids boiling it is knoyh5] that for the formation of the gas
bubbles at the bubble boiling the cores, let itobea small but limited dimensions, are needed.
Such cores could be the microscopic defects asagetiavities on the solid state surface. For the
cavities to act as steady centers of the bubbladtion it is necessary the following conditions to
be satisfied: vapor penetration inside of the gauhe dynamic stability of gas-liquid interface
inside of the cavity; statistical stability relatéal the bubbles growth reaching the cavity outlet.
The scheme of the stability of three phases (ssihte -3, liquid -2, gas -3) stability related to a
small drop situated on a solid state surface. @nengite:

oy, —04 =0, COSO

Oq —0
O-LV

Whereos, —is superficial tension between solid state and gas is superficial tension between
liquid and gase -is wetting contact angle.
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Fig.3 Sability at the three phases interface: gas- 1, liquid- 2, solid state -3.

Though it is impossible independently to change tiguid superficial tensioro,
nevertheless at, increase the contact angle increases and theceurdaworse wetted by the
liquid, at this the time of surface release from lthubble increases too. To accommodate the cavity
stability on the warm up surface acting as centethe bubble generation, let us consider the
characteristic of the vapor volume, captured bgriaal cavity (Fig.4).

Fig.4.Satistical stability of a cavity: 1- liquid, 2- vapor; (a)- good wetting
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The angle on the cavity top i®,2the contact angle ®. In this case the curvature radius
R of the gas — liquid interface takes the form:

sing
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sn(@—¢izj

R=

X (1):0<7+¢ (a)
():e>7+¢ (b) @

Where, X- is the generatrix length of the coniaaface. In both cases the coefficient at X in the
right side is positive.

The vapor pressure inside of cavitycBuld be represented by the curvature radius and by
the liquid pressure on cavity, P

20,
R

R =P+ (+):0<T+¢ (a)
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In the case represented in Fig.4a or at low vabfethe length X, the vapor pressure
increases and the corresponding saturation temyperatcreases too. If this temperature will be
higher than of the vapor main volume local pamtin the vapor volume a hidden heat is released
and the condensation occurs. As a result the vaglame decreases and this process will repeat
until the thermodynamic stability between gas aqdidl comes. In the case represented in Fig.4b
the pressure inside of the vapor volume will deseesnd the corresponding saturation temperature
decreases, as a result the stability corresponttinthe pressure ,Fis reached. If the liquid
superficial tensiors, is high or the superficial tension at the sol@tetvapors, or when both of
the above conditions are performed then the comtagte © (formula 3) will increase and the
vapor volume captured by the cavity stabilizes. STthe stabilization of the bubbles formation
centers occurs. The simplest method of cavitiesilsation on the evaporator surface — is the
using of the heating up surface with a low freergper is sufficient to decrease the surface free
energy of the inner walls of the cavities.

The open type evaporators made from stainless etetntalum proved to be reliable
devices for CGS layers fabrication due to theirdyeeetting by the evaporated material, to the
absence of its perceptible interaction with thepevator material, to the simplicity and reliability
of the design.

For the decrease of the metallic evaporator surfeee energy it was suggested [6] to
activate their surface by the insert of polishedpbite. Such insert also provides creation of
artificial centers of bubbles formation uniformlysttibuted on the entire selected evaporator
surface. The dependencies of thicknesses on evapotane for AsSe(1l) and AsS;(2) layers
on a fixed substrate at the corresponding tempe®froviding the bubble mechanism of material
heating up in the evaporator are given in Fig.5e Ttheard=f(t) dependencies shows a constant
rate of CGS material evaporation.
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Fig.5. The dependencies of thicknesses on evaporation time for As,Ses(1)
and As,;S;(2) layerson a fixed substrate.

The evaporators with the activated surface prdedae good at the evaporation of,8s
plasticized with (1-3) at.% Sn. At the evaporatimm the metallic evaporator the given material
in the literal sense “get out” from the evaporatagkes it difficult obtaining of the reproducible
results. If to activate the metallic evaporatorface by a pyroceram platen placed with the rough
(back) side to CGS material, then on the accoutitigghmount of the bubble centers generation
compared to the case of the polished graphite theeps of of AsS; plasticized with Sn becomes
stable. But on the account of the further decreasiee evaporator free energy the evaporation rate
decreases somewhat and the obtained layers ptssasproducible electro-physical parameters.

2.3 Obtaining of CGSthin layerson aflexible substrates

The proposed open type evaporators with the aetivaturface can be used for the
obtaining of CGS layers on the long flexible lavs@bons. But the amount of the ribbon with
CGS is limited by the evaporator volume, its hidfertmal inertia needed for uniform CGS
warming-up per the length unit of the semicondutdger due to accumulation in the evaporator
of CGS remains having none-uniform compositionhef tnolecular vapor in the bubbles.

The method of multiple coatings for the obtaining@GS layers on the long lavsan
ribbons by using the open type evaporators is textin the paper [7]. The long CGS layers with
averaging electro-physical parameters were obtaBgdn the account of tribo adhesion during a
multiple substrate passing over the evaporatolafeearing defects inside of CGS layer sharply
decrease the carrier quality, which especiallydrasnpact at holographic recording.

Using of the flash evaporation method for the fedtion of CGS layers in the form of
long ribbons it is impossible due to high evaparaémperature as at the method is based on a
postulate: the rate of material supply should etjualrate of its evaporation. For the obtaining of
the extended homogeneous CGS layers with the aunstad reproducible parameters we
suggested to use an interconnected system: bagterded evaporator [8]. The given system
provides a periodical supply of the entire surfatethe heated up evaporator with the small
portions of the evaporated material, which in thepearator are on their evaporation time interval
and on their geometrical segment of the evapordibe supply periodicity of every regular
segment of the evaporator requires the entranem ioperating mode of the preliminary loaded
portion, then in every moment of time the total exnllar flow will contain the whole composition
of the molecular vapor and its density correspdndle evaporation of a single dose of the initial
CGS. The condensation zone is optimized for sgeedcuum equipment. As the molecular flow
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distribution from each dose being on its time sagnaé evaporation is subjected to the kossinus
law, then the increase 6k angle leads to the molecular flow decrease.

The number of the evaporated doses during the mofithe allotted substrate segment in
the condensation zone provides the given thickraesk stability of the CGS layers electro-
physical parameters. The loading periodicity isvited by the batcher on the shaft of which the
wells of same volume are situated shifted relativene another on an angle of #®0(where n —
is the number of the evaporated doses) and digtdbalong the evaporator length, that determines
the evaporator length. The evaporation is carrigidby using calibrated CGS grains, which are
loaded in the batcher bunker which provides theestieat up time for the dose feed to the
evaporator. In all cases the evaporation temperatonresponds to the bubble boiling of the given
CGS and the evaporator heat inertia is sufficienttlie evaporated doses not to influence on its
temperature.

2.4 The estimation of the obtained CGS layer s quality.

The comparative analysis of two methods ofSAdayers obtaining was carried out, as the
given material according to [1§ evaporating congruently. In the first case ampevator with the
activated surface was used and after its accedetoperating mode the metallized on the both
sides lavsan basis was chased away in both dineatfew times. In the second case the batcher —
evaporator system was used and the layer thickm&ss$urned out during a single chase out. From
the studies of AS; layers surface by a scanning probe microscopeaniokicope VEECO type it
was established that in both cases the layersrtégsis the same and equals to 1,5 um. From the
comparison of AsS; layers surface (Fig.6) one can see that at théipteulchase out the layers
ingomogeneity makes75 nm. For a single chase out the;&slayers surface ingomogeneity
decreases to 40 nm. In the first case the strongiyked surface ingomogeneities could be
explained by the appearance of the defects on th8 Surface due to tribo-adhesion, which
provides additional centers of the layer growthtHa second case the surface ingomogeneity is
mainly stipulated by the inhomogeneity of the niegal lavsan basis.

Fig.6. Images of the layer surface: a) As,S; layer obtained by multiple depositions; b)
As,S; layer obtained by single deposition; c) thermoplastic layer on As,Ss.
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The electro-physical parameters of,8slayers and of the compound materials such as
As;S:Se (92 mol%) + AsS3(8 mol%), which further is designated as;,&Set+ As,S;were
studied. The layers obtained at the deposition 26456, solid solutions were studied separately.
The CGS layers spectral distribution was studied standard method and as a front electrode
the conductive glue deposited through a stenctepheas used. The photoconductivity maximum
was estimated as the ratig/(P) (A/W) of the maximum photocurrent(lto the incident light
flow power unit (P). The photographical sensitiv{{§, of CGS layers was estimated by the
potential decline in the recording mode at theniilnation by integral light (E=0,6Ix). The
parameters of the obtained CGS layers are givémeiTable below:

Table 1. Parameters of CGSlayers obtained at multiple and single chase-out

Nr | Composition d,um Ao i (I P) (AMW) | Spix™"s!
1 | AsS;multiple 1.3 456 1.5110° 0.07
2 | AsSssingle 1.3 456 8.010° 0.09
3 | AsS:Set As;S3 5
multiple 1.3 538 4.010 0.12
4 | AsS:Se+ As,S;single | 1.3 540 1.410* 0.17
5 | AsS;Se multiple 1.3 572 1.210° 0.18
6 | AsS:Se single 1.3 564 8.010° 0.23

As one can see from the Table in all cases tlopknsitivity of CGS layers obtained by
the technology of the single chase out is high&ative to multiple chase out. Besides for the
estimation of CGS layers quality the photo-therragpit carriers were created by depositing on a
semiconductor surface of a thermoplastic layer isting of a polymer solution in toluene [8,9].
The low values of polymer layer thickness allow encelief to reveal the CGS layer defects. The
photo-thermoplastic carriers based on CGS,S&s+ As,S; semiconductor and poly-N-
epoxypropylcarbazole with a thickness of 0,3um wadrained. The AFM images of a diffraction
grating surface, recorded at a spatial recordieguencyw=3500 mni are brought in Fig.7.

soomm ||

a) b)

Fig.7. a) PTP carrier surface image at v=3500 mm'*; b) profile depth of the diffraction grating.
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As one can see from Fig.7 the diffraction gratimggists of rectilinear grooves without
presence of visible defects or distortions. Theraye deformation profile depth makes around
0,11um.

3. Conclusion

The bubble mechanism of CGS material warm-up in éwaporator leads to the
homogeneous character of the evaporation-condensatithe evaporated material. The activation
of the open type evaporator surface provides theergéion of the CGS bubbleson the entire
evaporator surface, which allows to obtain CGSraydth the stable electro-physical parameters.
Using of a batcher-evaporator systemallows to absaihomogeneous by its composition CGS
layers on to a long flexible substrates.
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