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Abstract

Purpose. Thin films of Sb Se(Te),, _(provided thatx>50) are suitable for manufacture of the PRAM devices that
work on the basis of the following reversible phase transition: “amorphous phase < crystalline phase”. This paper
presents results of investigations of the temperature dependences between the electrical resistance and optical
transmission coefficient in the course of changes in the conditions of thermocycling and heating conditions.

Methods. Crystallisation of thin films of Sb Se(Te),,, . (provided that x>50) was investigated with the help of
the method, which ensures simultaneous measurements of the electrical resistance and optical transmission
coefficient within one and the same sample. Investigations of the R(T) and @(T) dependences were performed
on the planar structures “chromium layer — Sb Se(Te),,,  film” within the range of temperatures from 293 K
up to 493°K in the continuous mode within the range of the heating rates (q) from 3’K/min. up to 6’'K/min.; in the
mode of thermal cycling, as well as in the heating mode on the condition of the relevant stops of the temperature
sweep at the selected stabilisation temperatures (T,) for a certain duration of the temperature stabilisation ().

Results. Nonisothermal crystallisation of the amorphous films of Sb Se(Te),,,_ (x=50) is accompanied by a
sharp decrease in the values of the electrical resistance and optical transmission coefficient. The transition
parameters (starting temperature T , of the transition from the amorphous state into the crystalline one;
temperature range of transition A i changes in the electrical resistance AR and optical transmission
coefficient A®) depend on the chemical composition of films, as well as on the heating rate. As concerns
the materials under investigation, value of the AT is within the range from 4°’K up to 18°K, while value of the
AR has been changed by 2 or 3 orders of magnitude. As the heating rate increases, T, and ATph values shift
to the higher temperatures. Investigations have shown that crystallisation of the Sb Se(Te),,,  amorphous
films (partial or complete crystallisation) under certain conditions can occur at the temperatures below T ,.
The percentage share of the crystallised volume of films and values of R, @, AR, and A® depend on the

temperature parameters and time-based parameters (for example, T, t ) of the heating process.

st?
Conclusions. Itis established that Sb Se(Te) , (x>50) amorphous films crystallise under certain conditions
of heating. The phase transition from the amorphous state to the crystalline one is accompanied by a sharp
decrease in the electrical resistance and optical transmission coefficient. The crystallisation processes and
phase transition parameters depend on the chemical composition of films and on the heating conditions.
The results testify that Sb Se(Te) ,,__films can be used as the materials for manufacture of the temperature
detectors and PRAM devices
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Introduction

Development of the information technologies re-
quires to develop new media and new recording
methods, which would have high photoelectric
sensitivity and thermosensitivity and which would
ensure: high information recording density, as
well as high information recording and reading
speed; reversibility of the recording process and
increase in quantity of the re-recording cycles;
low consumption of electric power in the course of
the information recording, erasing, and reading;
storing of great volumes of data; long-term stor-
ing of digital information. Efficient method for
solving these problems (that is, search of new
photosensitive and thermosensitive structures
and transition to the nanoscale sizes of the infor-
mation component) will provide possibility to de-
crease electric power consumption in substantial
degree.

The amorphous films of the chalcogenide
vitreous semiconductors (CVS) are prospective
materials for development of such structures,
because of their internal constitution and prop-
erties can be easily changed in the following condi-
tions: change of chemical composition; exposure
to light from the spectral region of the self-absorp-
tion edge; influence of temperature, electrical
field, and mechanical loads. Application of the
amorphous chalcogenide films makes it possible
to perform recording of the relief (three-dimen-
sional) images having thickness of components
at the level from 0.3 up to 0.8 micrometres (um)
due to irradiation at the wavelength /=405 nano-
metres [1-3]. Such technology is of practical in-
terest for development of the systems, which are
intended for recording optical disks (in the formats
of CD, DVD, and BD), as well as for development
of the holographic diffraction gratings [5-7].

As concerns optical methods of formation
of the nanoscale structures, the most practical
interest is connected with the method that is based
on utilization of the near optical field of nanoscale
particles of the noble/precious metals, which are
integrated with a thin chalcogenide film [2; 7-9].
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The optomechanical method is the pro-
spective method of formation of the nanoscale
structures in the amorphous chalcogenide films.
This method is based on the photoplastic effect.
Generation of the nanoscale components (being
from 30 up to 70 nanometres in diameter) within
the zone of recording occurs in the course of the
simultaneous exposure and indentation of the
film surface [3; 10].

The most efficient methods are the methods
of formation of the nanoscale structures with the
help of the light pulse or electrical pulse within the
layer of the chalcogenide material (with phase
transformations), in accordance with which the
following reaction is implemented: “amorphous
phase < crystalline phase”. Recording of infor-
mation on the thin layers is induced by crystalli-
sation (amorphisation) of the nanoscale section
of the chalcogenide film, and this process results
in the changes of the film structure, as well as
changes in optical (for example, coefficient of
reflection) and electrical (resistance) character-
istics of this film.

For the most part, the amorphous chal-
cogenide films of the ternary system Ge-Sb-Te
(first of all, Ge,Sb,Te, and GeSb,Te)) [6; 10-17]
are used in order to manufacture media of infor-
mation, within which the phase reversible tran-
sitions “amorphous phase «> crystalline phase”
(CD-RW, DVD RW, DVD-RAM, BD-RW, PCM or
PRAM) arerealised. Asitwas shown in the course
of investigations [18-26], films of the multicom-
ponent systems (In-Sb-Te, In-Sb-Se, Ga-Sb-Te,
and Ag-In-Sb-Te) are the most prospective ma-
terials for manufacture of the disk media, which
ensure re-recording of information, as well as
for manufacture of the non-volatile memory
devices (phase change memory devices, PCM,
or parameter random access memory devices,
PRAM). Over the last few years, active measures
are taken in order to develop PRAM devices on
the basis of the nominally clear chalcogenide films
of various binary systems (Sb-Se, Sb-Te, and Ge-Te;
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these films are always doped with various com-
ponents) [27-30].

Phase transformations “amorphous phase-
crystalline phase” in the chalcogenide films of
binary systems (Sb-Se and Sb-Te) have been in-
vestigated already [31; 32]. In these cases, transi-
tion from the amorphous state into the crystal-
line one has been investigated with the help of
the combined method, which makes it possible
to ensure simultaneous measurements of elec-
trical resistance (R) and optical transmission
coefficient (@) within one and the same planar
sample of the following kind: “metal layer —
chalcogenide film” [31]. Semi-transparent con-
ducting layers of nickel and chromium have been
used as contacts in the course of these investiga-
tions [31; 32].

In accordance with results of these inves-
tigations, it was established that crystallisation
of the amorphous films of systems of Sb-Se and
Sb-Te is accompanied by a sharp decrease in R
and values. At the same time, change of resistance
(AR) was equal to several orders of magnitude.
Temperature interval of the phase transition ATPh
from the amorphous state into the crystalline one
for the samples, which have been investigated
in the course of [31; 32], was within the following
ranges: from 3’K up to 8K (system of Sb-Se) and
from 5°K up to 15°K (system of Sb-Te). In the course
of increase of the transition heating rate (q), ATph,
as well as the temperature of the transition from
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the amorphous state into the crystalline one (T,
shifts into the section of the higher tempera-
tures. Parameters of the phase transition (Tph, ATph,
AR, A®) depend on chemical composition of films,
on the transition heating rate, on the thermal pre-
history of relevant samples, as well as on the heat
treatment conditions. For example, results of [31]
(investigation of the following samples: “layer of
chromium film — Sb_Se_.”) have demonstrated
that in the course of the transition “freshly-prepared
sample — aged sample — annealed sample”, AR
value increases almost by two orders of magnitude.

This paper presents results of investiga-
tions of the temperature dependences between
electrical resistance and optical transmission coef-
ficient [of the amorphous films of SbxSe(Te),,, .
(x=50)] in the course of changes in the condi-
tions of thermocycling as well as in the heating
conditions.

Techniques of the Experiments

Investigations of temperature dependencies of
the electrical resistance and optical transmission
coefficient of the thin chalcogenide films of the
“stibium-selenium” system and “stibium-tellurium”
system have been performed with the help of the
combined method [31], which makes it possible to
perform simultaneous measurements of these
parameters at one and the same planar sample of

the following kind: “metal layer-chalcogenide
film”.

5
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Figure 1. Structure of the planar sample: 1 - glass substrate; 2 — semi-transparent metal film; 3 — gap in the
metal film; 4 — film of the material under investigation; 5 — contacts that are made of the indium-gallium paste



Figure 1 presents structure of the planar
sample. In the course of these investigations,
the chromium film (being 50-80 nanometres in
thickness) has been used as the semi-transparent
conduct-ing layers. Width of the gap in the films
of the chromium, which was obtained with the
help of the scribing method, was equal to approx-
imately 5 um. Later on, thin films of Sb Se(Te), ,
(being 50-100 nanometres in thickness) have been
applied upon the region of the gap with the help
of the method of vacuum thermal evaporation of
the polycrystalline alloys of relevant compositions
from the quasi-closed effusion cells.

The polycrystalline alloys of Sb Se(Te),,
(50=x<75) have been manufactured with the help
of the direct synthesis from the primitive compo-
nents in the vacuumised (0.01 Pa) quartz ves-sels/
vials. Mass of loads was equal to 15 grammes. Tem-
perature of homogenisation T, of the liquid melt
has been individually selected for each chemical
composition taking into account state-transition
diagrams of the Sb-Se system and Sb-Te system.
As concerns the materials under investi-gation,
T, of the liquid melt has not been exceeded the
melting temperature by more than 50°K-80°K.
Duration of homogenisation of the liquid melts
is equal to 48 hours. The liquid melts have been
regularly mixed. Cooling of the liquid melts has
been performed in the mode of the de-energised
oven.

Measurements of dependencies R(T) and
O(T) have been performed within the range of
temperatures from 293°K up to 493°K within the
range of the heating rates from 3’K/min. up to
6’K/min. Accuracy of temperature measurements
was equal to = 0.5°K. In the course of investiga-
tions of the @(T) dependencies the emitting diode
with /=880 nanometres has been used as the
source of irradiation.

Results and Discussion

As concerns all the samples under investiga-
tion, Figures 2, 3, and 4 present conventional
temperature dependencies of R and @ values of
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the following freshly-prepared samples: “layer
of chromium - film SbSe,.” and “layer of chro-
mium — film Sb, Te_”. These dependencies were
obtained within the range of the heating rates
from 3’K/min. up to 6’K/min. It is worth to note
that as concerns the amorphous state, the samples
with the films of the “Sb-Te” system have the lesser
resistance values as compared with the samples
with the films of the “Sb-Se” system.

The presented data (Figures 2, 3, and 4)
demonstrate that crystallisation of films is ac-
companied by a sharp decrease in the values of
R and ©. Temperature interval of the transition
from the amorphous state into the crystalline one
is within the range from 4’K up to 18’K. In the
course of increase of the transition heating rate
this interval shifts into the section of the higher
temperatures. In the course of increase of q val-
ues into the section of the higher temperatures,
temperature of the phase transition is shifted as
well. It is worth to note that in such conditions of
the experiment, the “amorphous phase-crystalline
phase” transition is not reversible one. In the
course of cooling, values of the electrical resis-
tance and optical transmission coefficient of the
crystallised films (both the “Sb-Se” system, and
the “Sb-Te” system) continue to stay practically
unchanged.

From a practical point of view, it is import-
ant to take into account the information on the
time stability and thermal stability of the ma-
terials under investigation. In view of this, the
following investigations have been performed:
investigations of the thermocycling influence upon
the electrical resistance and optical transmission
coefficient of the “layer of chromium - chalco-
genide film” planar samples, as well as investiga-
tions of the R(T) and ©(T) dependencies on the
condition of the relevant stops of the time-base
sweep at the selected temperatures.

Figures5, 6, and 7 present conventional (for
all the samples under investigation) temperature
dependencies of R and @ values of the planar
samples “layer of chromium — film Sb_Se,.” and
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“layer of chromium - film Sb, Te, ” in the course of
thermocycling (heating <> cooling). In this case,
heating of the samples has been performed at the
predetermined value of the transition-heating rate,
while cooling hasbeen performed in the mode of the
de-energised heating component. It is obvious that
at the temperatures, which are substantially lower
than T, (for example, 66°C at the dependencies
of R(T) and 63°C at the dependencies of O(T),
changes in the temperature dependencies of R
and O values are practically absent (Fig. 4). At
the higher temperatures and at the stepped change
of temperature (in the course of each subsequent
cycle, the heating temperature has been increased
by a certain value), hysteresis effects (Fig. 5, 6) are
obvious at the dependencies of R(T) and O(T).
These effects are the most obvious and prominent

at the temperature dependencies of the optical
transmission coefficient. Decrease (stepped) in
the electrical resistance and optical transmission
coefficient evidences that there exists partial
crystallisation of the chalcogenide films, as well
as that change in the @ value is essential. Similar
behaviour of the &(T) dependencies in the course
of thermocycling was also found and established
in the course of investigations of the amorphous
films of selenium [33]. In accordance with analysis
of the obtained results, it is possible to state that
that specific share of the crystallised volume of
films depends on the modes of the heat treat-
ment. This fact evidences that within a certain
temperature interval films of the “Sb-Se” system
and “Sb-Te” system can be used as the indicative
materials in order to record thermal fields.
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Figure 2. Temperature dependencies of R(T) and O(T) of the “layer of chromium — film Sbéssegs”
freshly-prepared sample at =3"K/min
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Figure 3. Temperature dependencies of R(T) and @(T) of the “layer of chromium - film Sb_Se,”
freshly-prepared sample at g=6'K/min
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Figure 4. Temperature dependencies of R(T) and O(T) of the “layer of chromium - film Sb, Te,”
freshly-prepared sample at g=3"K/min. (1) and 6°K/min. (2)
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Figure 5. Changes in the R(T) and O(T) values of the “layer of chromium — film Sb_Se,.” sample in the
course of thermocycling (q=6'K/min.) (see explanations in the text)
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Figure 5. Changes in the R(T) and @(T) values of the “layer of chromium — film Sb,.Se..” sample in the
course of thermocycling (g=6'K/min.) (see explanations in the text)
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Figure 7. Changes in the R(T) and &(T) values of the “layer of chromium - film Sb, Te, ” sample in the
course of thermocycling (g=6'K/min.) (see explanations in the text)
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Figure 8. Dependencies of the R(T) and O(T) values of the “layer of chromium - film Sb__Se,.”
sample (q=6’K/min.) in the case of the stop of the temperature sweep by 20 minutes at T=185"C
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Figure 10. Dependencies of the R(T) and O(T) values of the “layer of chromium — film SbSSSe 5
sample (q=6K/min.) in the case of the stops of the time-base sweep by 30 minutes at the
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Figure 11. Dependencies of the R(T) and @(T) values of the “layer of chromium — film Sb, Te_” sample
(g=3’K/min.) in the case of the stop of the temperature sweep by 60 minutes at T=80"C
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sample (g=3"K/min.) in the case of the stop of the temperature sweep by 45 minutes at T=85C



Scientific Herald of Uzhhorod University. Series “Physics”. 2020;(47):7-20

Interesting results were obtained in the
course of investigations of the temperature de-
pendencies of R and @ values of the planar “layer of
chromium - chalcogenide film” structures at the
change in the conditions of the samples heating.
Figures 8, 9, 10, 11, and 12 present dependencies
of the R(T) and @(T) values of the “film of chro-
mium-filmof Sb_Se, ” and “layer of chromium —
film of Sb_ Te_” samples within the range of the
heating rates from 3’K/min. up to 6’'K/min. On the
condition of the relevant stops of the time-base
sweep for a certain period of time. In such mode
of heating at the selected temperatures (T),
temperature control valve has been switched into
the mode of the temperature stabilization for a
certain period of time (¢ ).

As it is evident from the Figure 8, a stop of
the heating process at the temperatures, which
are close to the temperature of transition of the
chalcogenide film into the crystalline state T ,
has no practical influence upon the form of the
temperature dependencies of R and . Crystal-
lisation begins at the predetermined selected
temperature (for example, at 185°C in the Fig. 8),
and this process is accompanied by decrease in
the electrical resistance and optical transmission
coefficient. In the course of comparison of these
dependencies of R(T) and ©(T) with the tem-
perature dependencies of R and @ values of the
freshly-prepared samples, it is possible to note
that crystallisation has occurred within the en-
tire volume of the chalcogenide film. As concerns
stops of the temperature sweep at the tempera-
tures, which are lower than the Tph (Fig. 9, 10),
somewhat another patterns are observed in these
situations. In the case of a stop of the heating
process at the certain temperature (for example,
at 165°C as it can be seen in Fig. 9), and in the
case of subsequent switching the temperature
control valve into the mode of the temperature
stabilisation during a certain period of time, R
and O values decrease.

Following the moment of switching on the
process of heating, form of the dependencies

R(T) and ©(T) is the same as before the stop of
the temperature sweep. It is worth to note that
the stepped nature of the temperature depen-
dencies of the electric resistance and the optical
transmission coefficient in the case of changes
in the conditions of heating, is also observed at
the temperatures, which are substantially lower
than Tph (Fig. 10). The more clear and prominent
dependencies of R(T) and @(T) were obtained in
the mode of heating with stops of the time-base
sweep for the planar samples, which were made
on the basis of the antimony tellurides (stibium
tellurides, see Figures 11 and 12). In the case
of stop of the heating process and subsequent
temperature stabilisation at the values of T< Tph
during 60 minutes, substantial decrease of the
R and 6 values is observed in the same manner
as it was observed for the samples, which were
made on the basis of the films of the antimony
selenides. In this case (as it can be seen from
Figures 11 and 12), forms of thermal and time-
based dependencies of the electrical resistance
and optical transmission coefficient are deter-
mined (for the most part) by the value of the
temperature, at the moment of achievement of
which the temperature control valve is switched
into the mode of the temperature stabilisation.
Comparison of these Figures demonstrates that
changes in the values of AR(T) and A@(T) in the
case, which is presented in Fig. 12 (a stop of the
heating process at 85°C during 45 minutes), are
substantially higher as compared with the case,
which is presented in Fig. 11 (a stop of the heat-
ing process at 80°C during 60 minutes). The ob-
tained results let us make the following conclu-
sion: it is possible to control the crystallisation
process through changing thermal and time-based
modes of the heating process.

Conclusions

It was established that the thin films of
Sb Se(Te),,, , (provided that x > 50) are crystal-
lised at the certain conditions of the heating pro-
cess. The phase transition from the amorphous



state into the crystalline one is accompanied by
a sharp decrease in the values of the electrical
resistance and optical transmission coefficient.
Parameters of the transition (Tph, ATph, AR, AO,
percentage share of the crystallised volume) de-
pend on the chemical compositions of relevant
films, as well as on the conditions of heating (q,

T, t ) and thermocycling, that is, it is possible
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to control the crystallisation process through chang-
ing thermal and time-based modes of processing
these films. The obtained results confirm possi-
bility of application of the Sb Se(Te),, (provided
that x=50) films as the threshold detectors of the
temperature and of the materials that are used
for manufacture of the parameter random access
memory devices (PRAM devices).
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ZlocmikeHHA XaJbKOTe€HiITHNX MaTepialiB AJjid IIPUCTPOIB IaM’ATi 3 JOBLUIbHUM
ZIOCTYIIOM Ha 6a3i ¢pa30BUX Mepexo/iiB
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AHoraiia

MerTta. ToHKI IUTiIBKU beSe(Te)wOfx (3a ymoBwH, 1110 X=50) MpUAATHI 1T BUPOOHUIITBA MPUCTPOIB PRAM, ski
MPAIIOIOTh Ha OCHOBI TaKOTO (Ha30BOTO PEBEPCUBHOIO Tepexoy: «amopdHa dasza < KpucrariyHa dasa».
Y 1it craTTi mpeAcTaBieHi pe3yabTaTH AOCTI/PKEHHS TeMIIePaTypHUX 3aJeXHOCTeN MiX eJeKTPUIHUM
OTIOPOM Ta KoedillieHTOM OITHUYHOTO MPOIYCKAHHSI PU 3MiHi YMOB TEpPMOITUK/IIOBAHHS Ta HarpiBaHHA.

MeToau. Kpucranisanito Tonkux mwiisok Sb Se(Te), ,  (3a ymoBH, 110 X>50) JOCT/HKYBaIH 3a JOTIOMOTO0
MeTOZy, SKUi 3abe3nedyye OfHOYACHE BUMIPIOBAaHHSA €JEKTPUYHOIO OIOPYy Ta KoedillieHTa ONMTHYHOTO
MIPOITyCKaHHA B OZHOMY i TOMY K 3pa3ky. BumiptoBanusa 3anexxnocrett R(T) Ta @(T) npoBoawiucsa Ha
IUIOMIMHHUX CTPYKTypax «map xpomy — Sb Se(Te),, rmutiBka» B ianasoni remneparyp Big 293 K 10 493 Ky
6e3mepepBHOMY PEXKUMI B MeXKaXx ITBUAKOCTI HAarpiBy (q) Biz 3 K/xB. 10 6 K/XB.; y peXKUMi TEDMOITMKIIOBaHHI,
a TaKOX y pPeXWMi HarpiBy 3a yMOBU BiZITOBIAHUX 3YIWHOK TEMIIEPATYPHOI PO3TOPTKYU MpPU OOpaHUX
TemrnepaTypax crabitisawii (T, ) mpoTAroM neBHOI TPUBAIOCTI cTabinisanii remnepatypu (t, ).

PesynbraTu. Heisorepmiuna kpucranisaiia amopduux mwiiBok Sb Se(Te),  (x=50) cynmpoBomKyeThcsa
PI3KMM 3MeHIIeHHAM 3HaueHb eJIEKTPUYHOTI'0 OTIOpY Ta KoedillieHTa OITUIHOro NporyckaHH:A. [lapameTpu
nepexozy (rmoyaTkoBa Temnepatypa T mepexozy 3 aMopGHOro CTaHy B KPUCTa/IIMHNA; iaia3oH TeMIIepaTyp
nepexoay AT ; 3MiHa eJIeKTpUYIHOTO onopy AR Ta koedillieHTa ONTUYHOIO MpOMIycKaHHA A@) 3aiexarh
TaKOXX BiZl XiMiYHOTO CKJIaZly IUTIBOK Ta yMOB HarpiBaHHA. IIlo cTocyeThbcsa AOCITiZKyBaHUX MaTepiasliB,
3HaueHHs AT 3HaxX0ANUTHCA B Aianas3oHi Bix 4 'K 10 18 °K, Tozi sik 3HaueHHsI AR 6ys10 3MiHeHO Ha 2 a60 3 TOPSIAKHU.
3i 30iIBIIEHHAM IIBUAKOCTI HAarpiBaHHA 3HauYeHHA T 5 i AT » 3CYBAIOTbCA B JAUTIHKY BUILIUX TeMIIepaTyp.
JlocmimpkenHsa mMoKasany, WO Kpucranizania amopduux miiBok Sb Se(Te) — (4actkoBa a6o moBHa
KpHCTai3allis) 3a MEBHUX yMOB MOXe BiZ0yBaTHCsA IpU TemmnepaTypax Hipkde T . TIpoleHTHa 4acTka
KPHCTaIi30BaHOTO 00’eMy IUTIBOK Ta 3HaYeHHs R, @, AR Ta A@ 3anexarth BiJ TeMIlepaTypHUX MapaMeTpiB i
nlapaMeTpiB, 10 3a1eKaTh Bif yacy (Hanpukaag, T, ,t ) mpollecy HarpiBaHH:.

cm’
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BuCcHOBKU. BcTaHOoBIEeHO, 10 aMOpOHI TITiBKU beSe(Te)wOfx (x=50) xpucranizyroTbcs 32 IEBHUX YMOB
HarpiBaHHA. ®a30Bul nepexiz 3 aMOpPHOTo CTaHy B KPUCTAIIYHUH CYIPOBOKY€ETHCA Pi3KUM 3HIKEHHAM
€JIEKTPUYHOTO OIIOpy Ta KoedillieHTa ONTHYHOTO IpolryckaHHs. [Iporecu Kpucrasizanii Ta mapameTpu
¢dbaszoBoro mepexoAy 3ajexarhb Bifl XiMIYHOTO CKJIa[y IUTIBOK Ta YMOB HarpiBaHHs. Pe3y/nbTaTH CBig4aTh,
wo wiiBku Sb Se(Te) ,  MOXyTb BUKOPMCTOBYBATUCA AK MaTepiaau /jif BUTOTOBJIEHHs TeMIIEPaTyPHUX
JlaTYMKIB i TpucTpoiB PRAM

Kirro4oBi cy1oBa: xanbKoreHiziHi MaTepiany, amopdHi wiiBky, $pasoBi mepexoau, KpHUCTaIisallis, KOMipKy
maM’siTi, IeTeKTOpU TeMIlepaTypu
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AnHOTaMAa

Ilens. ToHKUe IIEHKU beSe(Te)wo_x (mpu ycomoBuM, uTO X=50) IPUTOAHBI [ IPOMU3BOZCTBA YCTPOUCTB
PRAM, KoTOpble pabOTalOT Ha OCHOBE TAaKOro (a30BOr0 PEBEPCUBHOTIO Iepexoza: «amopdHas dasza <
KpucTauindeckass ¢asza». B 3TOH cTaTbe IpeACTaBIeHbl pe3yJabTaThl HCCAENOBAaHUA TeMIIEPAaTyPHBIX
3aBHCUMOCTEN MEX/Y 2JIEKTPUYECKUM COIIPOTUBIEHHEM U KO3DOUITMEHTOM ONTHYECKOTO MPOITyCKAHUS
MIpYU U3MEeHEeHUU YCJIOBUY TEpMOITMKJINPOBAHUA U HarpeBa.

MeTozpl. Kpucta/sinzanyio TOHKUX IIJIEHOK SbXSe(Te)mOfx (mpu ycimoBuwM, yTo Xx=50) ucciaezoBaau C
ITOMOIIBIO METO/IA, KOTOPBIH 0becrieurBaeT OZHOBPEMEHHOe U3MepeHHe 3JIEKTPUYECKOT0 COITPOTUBIEHNUS
1 K03 OUIMIEHTa ONITHYECKOTO ITPOITYCKaHUA B OZHOM U TOM ke obpasue. Miamepenus 3aBucumocreii R(T)
u O(T) mpoBOAWIUCH HA TUIOCKOCTHBIX CTPYKTypax «ciod xpoma — Sb Se(Te),, TuleHKa» B AuamnasoHe
TemnepaTyp oT 293 K 70 493 K B HellpeprIBHOM perkrMe B IIpeZiesiax CKOpocTH Harpesa (q) oT 3 K / MuH. 1o
6 K/ MUH .; B pe2kuMe TepMOLMKINDPOBAHNA, a TAKXKE B peXKHUMe Harpesa IIPH COOTBETCTBYIOLIUX OCTAHOBOK
TeMIepaTypHO! pa3BePTKU PH BRIOpaHHBIX Temmnepatypax crabunusanuu (T ) B TeueHUe onpe/ie/IeHHON
MIPOAO/IKUTETHHOCTH CTAOWIN3AINK TeMIIEPATYPBI (,)-

PesynbraThl. Hensorepmudeckas KpucTaumsanya aMopoHbix mwieHoK Sb Se(Te) ,  (x=50) compoBoskaaeTcs
PE3KHMM yMeHbIIIEHVEM 3HAYEHWI COTPOTUBIEHUS M KO3PPUITMEHTA ONITUYECKOTO MPOITyCcKaHusA. [TapamMmeTphl
nepexoza (HauanbHasa Temneparypa T » Iepexozia u3 aMOp(dHOTO COCTOSHUSA B KPUCTAUIMYECKOE, TUATIa30H
TeMmrmepaTyp epexoza AT > A3MEHEHHE 3IeKTPIIECKOTO COPOTHUBICHUA AR v k03 pduIIreHTa ONITUYECKOTO
nporyckanus A@) 3aBUCAT Takke OT XMMHYECKOT'O0 COCTaBa IUIEHOK M yCJIOBUM HarpeBa. UTo KacaeTcs
UcciaeyeMbIX MaTepuanoB, 3HaueHne AT HaxoauTcs B AuanasoHe oT 4 ‘K go 18 K, Torza kak sHaueHue AR
OBLTIO M3MeHeHO Ha 2 win 3 nopsiaka. C yBeJlMueHueM CKOPOCTU HarpeBa 3HaueHue T Py AT » CABUTAIOTCA
B 06s1acTh 60Jsiee BBICOKUX TeMItepaTyp. VccaeqoBaHus MOKa3alIn, YTO KPUCTA/UIU3ALMS aMOPPHBIX IIEHOK
beSe(Te)mfx (4acTu4Hasa WK NTOTHAA KPUCTA/LIU3ALNA) IIPU OTIpe/leJIeHHBIX YCIOBUAX MOXKET IIPOUCXOAUTD
pu TeMmneparypax Hmxe T P [TpolieHTHAsA 07151 KPUCTA/LTU30BAHHOTO 00'beMa IJIEHOK U 3HaUYeHus R, @, AR
1 A@ 3aBUCAT OT TEMIIEPATYPHBIX TAPAMETPOB U TaPaMETPOB, 3aBUCAIIMX OT BpeMeHu (Hanpumep, T .t )
npotliecca Harpesa.

BbIBOABL. YCcTaHOB/IEHO, 4TO amopdHbie ieHkr Sb Se(Te),,  (x=50) KpUCTAIM3YIOTCA TIPY OTIPE/IEIEHHBIX
ycoBuAX Harpesa. PasoBelii nepexos 13 aMopQHOI0 COCTOSAHUSA B KPUCTA/UINIECKOE COITPOBOXKAAETCA Pe3KUM
CHIDKEHHEM COIIPOTUBJIECHUA U KoaduIleHTa ONTUYEeCKOro MpoltyckaHus. [Ipolecchl KpUCTa/UIM3aluN U
napameTpsl $pazoBoro Iepexoja 3aBUCAT OT XMMUUYECKOI'0 cOcTaBa IUIEHOK U YCIOBUM Harpesa. Pe3ysbTaTel
CBUZIETENIBCTBYIOT, 4TO IUleHKH Sb Se(Te), ,  MOryT HCIOb30BaThCA B Ka4€CTBE MATEPHAJIOB /I M3TOTOB/IEHNS
TeMIlepaTypHBIX ZaTYNKOB U ycTpoiictB PRAM

KirroueBble c10Ba: XalIbKOT€HUIHBIE MaTepHabl, aMOPQHBIE IUIEHKH, (Ha30Bble IPEBPAIeHNs, KPUCTA/UTU3AIIA,
STYEUKU TTaMSTH, JaTINKA TEMIIEPATYPhI





