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REACTIVE CHARACTERISTICS OF BARRIER STRUCTURE
ON BASE OF SILICON UNDER ILLUMINATION

E.A. JAFAROVA
Institute of Physics of National Academy of Sciences of Azerbaijan
Baku AZ-1143, H. Javid ave., 33

There have investigated reactive properties of diffusion Si photocells in which high level of injection is made by both external voltage
and lighting by intensity light. It is shown that sample lighting by focused light increases full capacity for photocarrier accumulation in
corresponding regions of p-n structure at low frequencies of alternating signal. At bigger lighting accumulated charge of mobile carriers
results in conductivity modulation of basic region due to inductive effect and capacity decrease.

There are been also investigated influence of electric field and lighting of photosensitivity of Si based MISIM structures. It is shown
that spectral sensitivity of In,0; — SiO, — Si - SiO, — M structures is controlled by applied voltage.

1. Introduction

Non-stationary electron process investigations in
different semiconductive materials of p-n and MIS structures
allow electrophysical properties to be varied, in particular
reaction properties of these structures. In is important in
creation of sensitive elements with controllable parameters
under the effect of electric field, temperature and etc.

Earlier [1,2] we showed that at high levels of injection
when wt>1 (where @ — frequency of the test signal, = —
lifetime of minority carriers) and concentration of injected
majority carriers (the forward bias p-n junction) is to be equal
to concentration of majority carriers, reaction resistance of
capacity behavior passes into inductive one. It is of interest
the creation high injection levels when capacity passes into
inductance without applying forward bias (photoinjection).
Such approach is of practical interest with big scientific
meaning, as there has been possibility of non-conduct control
of reactive properties of p-n structure [3]. The influence of
spurious capacity of conducting wires has been also exuded.
It is also known that in metering circuits there have been used
semiconductive  lightsensitive  varicaps, which allow
transformation of light energy into electric one and
parametric amplification of the given signal to be overlapped.

2. Experimental

There have been investigated reactive properties of Si
diffusion p-n structures (photocells, Si with =400 Ohm-cm)
which is made by both external voltage (dark characteristics)
and its illuminating by light. For sample light there have been
used focused light of electric lamp by 170 wt with A=1mkm
water filter cutting off infrared part of spectrum.
Measurements of reactive properties of p-n structures are
made on installation with the use of bridge of full
conductivity MPP 300.

MISIM structures have been prepared on p-Si-based with
p=10° Ohm-cm. SiO, is obtained by thermal oxidation in wet
and dry oxygen (d,x=0,3+0,5 mcm). Field electrode of In,0O5
light modulated with the frequency 300Hz from
monochromator DMR-4. Alongside MISIM-structure there
has been mainted silicon photodiode FD-27 K graduared in
power of incident light.

3. Results and discussion

It is known that by photocell light the accumulated
photoelectrons in n-region and photoholes in p-region are due
to the additional capacity.
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Fig.1. Dependence of Si photocell capacity on lighting at
T=300K and different frequencies of alternative test
signal.

Therefore by sample light we need to increase its complete
capacity observed in the experiment (Fig.1). With the
increase of light intensity at rather low frequencies p-n
junction capacity rises linearly, at medium frequencies
(f<60 kHz) it does not change. In 100+600 kHz the capacity
from A=4-10"Lx reduces linearly with the light. At low
intensity of light sample capacity (C™) at all frequencies is a
little more than initial capacity in the darkness (Co“) and does
not almost depend on the frequency, as the capacity Co®. And
with the increase of light intensity the pattern changes sharply
up to frequency f<60 kHz the capacity being more Co? rises
with the increase of light intensity and decreases with the
growth of changing signal frequency: at f=60-70 kHz C=Co",
i.e. reactance of the light elements does not change, but at
f>70 kHz capacity of photocell decreases as with the increase
of frequency as with the increase of light, i.e. C*"<Co% At
maximum light intensity and f=250-300 kHz, Co™, i.e. light
photocell has reactance equal to O and purely effective
resistance to be remained. At f~300 kHz sample capacity by
light goes into the inductance without applying external
voltage. Such character of C™" with the photocell light level is
similar to the change of diode capacity with direct shift [1,2]:
at low levels of injection (low intensities of light or small
forward voltage) capacity increase is related to the rise of
number of nonequilibrium carriers and is due to the
accumulation of mobile change carriers. At high levels of
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injection charge accumulation goes on, however this
sufficiently big accumulated charge causes the decrease of
basic region conductivity that is due to the inductive effect.
Inductive effect exists simultaneously with the capacitive one
causing first capacity decrease and then with the injection
level increase shows more sharply giving rise to the capacity
decrease below to 0 and its transition into the inductance

(Fig.2).
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Fig.2. Frequency dependence of Si photocell capacity at
different lighting.

Capacity transition into inductance in photocells causes
about at £>70 kHz. It appears to be connected with the fact
that at photocell light the lifetime of nonequilibrium carriers
increases a little, so wz=1 (when capacity goes into the
inductance) corresponds to a less frequency. Besides under
the light inversion voltage at all frequencies where reactances
sign inversion is observed shifts to the low value of forward
voltage. Decrease of U;,, value at light can be explained as by
the influence of decrease of series resistance of photocell as
the carrier photoinjection appears to be carried out easier than
the injection caused by external voltage. By photoinjection
the sauce number of carriers overcauces the barrier at rather
less value of voltage.

It is noted that capacity inversion voltage U;,, into
inductance of Si p-n structures under investigation almost
decreases linearly with the increase of light intensity, and
light sensitivity of inversion voltage increases with the
frequency growth w of bigger w=1/z. Both in darkness and
at lighting inversion voltage decrease linearly with the
coefficient &~2,2+2,7 mv/deg.

It is known that effects of carrier canilibrium distribution
breakages in semiconductors are with background of the most
semiconductive devices and they arise both during current
passage through the structure and its illumination by light.
Transition processes in semiconductor — insulator structures
are accompanied by sharp capacity change and general
resistance of the structure, in this case the structure has the
possibility of transformation and memory of images [3-5].
We present investigation results of electric field influence
and illumination on InyO3-Si0O,-Si-SiO,-M  structure
photosensitivity.

VAC of the structures under investigation are linear and
currents through the structure at U, in some volts are
nanoampers. It is shown at applying constant voltage to
MISIM-structure photocurrent decreases significantly and
falls up to the noise level at U;=12V and at further increase of
voltage it changes the sign, increases in absolute value and
tends to the saturation.
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Fig.3. Spectral characteristic of Si MISIM-structure at different
voltages: 1-U=2V; 2-U=0V; 3-U=-5V; 4-U=-10V;
5- Ug=-20V

Spectral dependence of MISIM-structure taken at
different values of voltage is given in Fig.3. It is seen that in
spectral characteristics in photovoltaic regime (curve 2) and
at applying voltage (curves 1,3,4,5) sensitivity maximum at
2=0,5mkm is observed and photo response value changes
significantly with applied voltage. Thus it is shown that
spectral sensitivity of MISIM-structure is controlled by
applied voltage.
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Fig.4. Dependence capacity for In,03-SiO,-Si-SiO,-Al
structures on voltage at different frequencies: 1-465kHz,
2- 1MHz, 3- 5MHz, 4- kHz (in dark); 1", 2, 3" -at white
lighting.

By investigation of structure photocapacity dependence
on the voltage at different frequencies of test signal
(f=0,001+5 MHz) and illumination power 0,4 mV it is shown
that unlike MIS-structure capacity of 1n,03-SiO,-Si-SiO,-M
structures in the interval of external voltage is sensitive to
the light. At positive and small negative voltages
photocapacity is constant. Pronounced dependence of
photocapacity on the voltage is observed in the neighborhood
of minimum at voltages from 0,5+5V up to 15V. (This
dependence has a complex behavior). It is possible that at
lighting the capacity of quasineutral volume mainly
increases.

4. Summary

Investigations under the study show that at light of
diffusion Si photoelements focused by light there have been
observed the increase of its complete capacity. Capacity
dependence on the light sample has a complex character: it
changes linearly at low frequencies (f<6kHz), it does not
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almost change at medium ones (f<60kHz) and decreases at
high frequencies (>500kHz). Such change of capacity is due
to the accumulation of mobile nonequilibrium carriers at low
levels of injection. At big light there have been taken place
modulation of base conductivity that leads to the capacity
decrease and its transition into the inductance (negative
capacity).

It is also shown that the capacity of investigated In,Os-
Si0,-Si-Si0O,-Al structures within the range of applied
voltage U=(-20++2)V is sensitive to the light and this
dependence has a complex character. One can suggest that
light of above-mentioned structures by the white light brings
about the increase of the capacity of quasi-neutral volume.
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E.O. Cafarova

ISIGIN TOSIRI ALTINDA Si 9SASINDA COPOR QURULUSLARININ REAKTiV XASSOLORI

Xarici elektrik vo yiiksok isiq intensivliyi altinda amslo golon injeksiyanin diffuziya y6lu ilo alinmis silisium fotoceviricilorin

reaktiv xassolorinoe tosiri Oyronilmigdir. Nimunoslorin fokuslanmis isiq vasitasiilo isiqlandirilmasi p-n

strukturunun miioyyan

oblastinda dayison siqnalin kigik tezliklorinds yiikdastyicilarin artmasi hesabina faydali tutumun ¢oxalmasina gotirib ¢ixarir. Yiiksok
isiglanmada yig1lmis miitohorlik yiiksok baza oblastinin kegiriciliyini modulyasiya edir ki, bunun naticosinds induktivlik effekti bas

verir, bu da tutumun azalmasina gatirir.

Homginin elektrik sahosinin vo olavo isiqlanmanin silisium MDYDM-strukturunun hossasligina tesiri  Oyronilmisdir.
Gostorilmisdir ki, In203-Si02-Si-Si02-M strukturunun spektral hassasligi verilon gorginlikls idars olunur.

J.A. lxadaposa

PEAKTUBHBIE XAPAKTEPUCTUKU BAPBEPHBIX CTPYKTYP HA OCHOBE KPEMHUA IO/

JNEWCTBUEM OCBEILEHUS

HccnenoBanbl peakTuBHbIE cBOiicTBa AU(GY3HOHHBIX Si (HOTOI/IEMEHTOB, B KOTOPHIX BBHICOKHH YPOBEHb MHKCKLHH CO3JABAJICS Kak
BHELIHNM HaIpsDKEHUEM, TaK M OCBELICHHEM ero MHTCHCHBHBIM CBeTOM. [lokaszaHo, 4TO OcBelleHne 00pa3uoB chOKyCHPOBAHHEIM CBETOM
YBEJIMYMBACT IIOJIHYI0 €MKOCTh M3-3a HAaKOIUICHUS (POTOHOCUTENEIl B COOTBETCTBYIOIIMX OOJACTSIX P-N CTPYKTYPHI IPH HU3KUX YacTOTaxX
nepeMeHHoro curxana. IIpu GonbIINX OCBENEHHOCTSIX HAKOMJICHHBIN 3apsi MOABMKHBIX HOCHTENEH BBI3BIBAET MOAYJISILIUIO TPOBOAUMOCTH
6a30Boii 061acTH, 00YCIIaBIMBAIOLIY 0 HHIYKTHBHBIN 3 (EKT 1 yMEHbIICHHE eMKOCTH.

Taroke uccaeI0BaHO BIMSHUE IEKTPUIECKOTO MO M MOJICBETKH Ha POTOUyBCTBUTENFHOCTE M/IITJIM CcTpyKTYp Ha OCHOBE KPEMHHSL.
IMoka3zano, 4To cneKkTpanbHas 4yBCTBUTENHHOCTD 1Ny03-Si0,-Si-Si0,-M cTpyKTyp ympaBisieTcsi IPUIOKEHHBIM HAIPSKEHUEM.

Received: 15.12.05
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THE PLASMA OSCILLATOR FOR ION DEPOSITION OF DIAMOND-LIKE FILMS

I.S. GASANOV, V.A. ORUDJEV
Institute of Physics of NAS of Azerbaijan
H. Javid av.,33, AZ1143, Baku. E-mail: ilhamg@hotmail.com

The calculation of the parameters of the oscillator of carbonic plasma for the synthesis of amorphic diamond-like coverings in the
vacuum conditions has been carried out. The construction of the source with electron-ray heating of the graphite cathode and water cooling
of anode camera has been constructed, produced and tested on the base of the carried out estimations. The suggested method allows us to

treat the optimal modes of ion deposition of the films.

The synthesis of amorphic diamond-like coverings in the
vacuum conditions is widely used in scientific and industrial
aims. The magnetron dispersion carbonic targets allow us to
obtain the films of high quality and on the big square [1]. The
method of vacuum arc discharge on the constant or impulse
current at which the coverings with microhardness which
close to the microhardness of nature diamond has the biggest
velocity of film deposition [2]. However, the given method
has the significant disadvantage: the carbonic erosion carries
out in the cathode spot and creating microparticles of
different sizes, getting to the substrate, make worth the
quality of the grown films [3]. Such films become useless for
the optical and other analogical applications. The biggest
hopes from the known different methods of the liquidation of
the fine-dispersated phase are put on the plasmooptical
separation of plasma fluid, at which the ion multiplier along
magnetic field directs to the substrate, and hard
microparticles set down on the walls of plasma entrance
[3,4]. The given method shows is difficult and don’t allow to
obtain the homogeneous fluids on the big square.

In the present paper the possibility of the deposition of
zero-defects diamond-like films by the means of discharge
plasma with electron-ray heating of the carbonic cathode. The
prevention of the oscillation of microparticles on the cathode
surface is predicted because of the control of the power of
cathode ray [5,6]. In the vacuum arc with cathode spot such
mode is impossible, i.e. the mode of high-current vacuum
discharge is established by the self-coordinated method.

The calculation of all nodes of the device, the
characteristics of which are mutually connected in definite
way, is needed for the evaluation of the parameters of the ion
deposition. The oscillator of the carbonic plasma, the scheme
of which is given on the fig.1, has been treated and produced
in the result of the carried out evaluations and test
experiments.

The discharge is burned between carbonic cathode and
cooled anode camera of cylinder form. The -carbonic
evaporates in the result of heating of the block of the cathode
by the in-focus cathode ray. The discharge plasma through
the holes in the camera cover penetrates in the region of ion
deposition before the substrate, the temperature of which is
controlled by the thermocouple. The negative potential by the
value till 100 V for the extension of the positive carbon ions
from the plasma is given on the substrate. The internal
diameter of the discharge camera is equal to 50 mm that
allows us to precipitate the films by the square till 20 sm?.
The device is installed inside the industrial vacuum
installation by the type BY-1 with diffusion spooling and
limited vacuum in useful capacity 3-10"° mm of mercury.
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Fig.1. The scheme of the oscillator of the carbonic plasma:
1 — carbonic cathode; 2 — anode chamber; 3 — discharge
plasma; 4 — substrate; 5 — thermocouple; 6 — isolator;
7 — filament; 8 — cathode ray; 9 — cooling; 10 — cathode
holder.

The high enough specific power of cathode beam is
needed for the carbonic evaporation. The standard electron-
ray evaporator of BY-1 installation with magnetic turn of the
ray on 180° doesn’t allow us to realize the high enough beam
pressure in the transversal direction. That’s why the
longitudinal acceleration of the electrons by the means of the
quazipier system of the electrodes had been used [7]. In this
system the conical form of the limiting electrode causes the
creation of the radial electric field, which leads to the
focusing of the accelerated of the electrode beam. The
limiting electrode has the potential of filament. The electron
energy is equal to 6 keV, the current of the beam can be
increased till 0,5 A, regulating the filament current of the
tungsten filament by diameter 0,5 mm. The cathode presents
itself the rod by the length 120 mm and diameter 6 mm from
the carbonic of optical frequency. As experiments show, the
quazipirs system of the acceleration and focusing allows us
totally to localize the cathode ray on the block of the heated
cathode.

As it is known, the pressure of the carbonic steams 107
mm of mercury is achieved at its temperature 2600-2700°C.
At such pressure the discharge is easily burned on the
constant current. Such high temperature of the cathode causes
the significant energy loss on the radiation, and also on the
heating of the cathode holder.

On the formula Stefan-Bolzman we can calculate the
value of radiation power:

W, =¢&,0T°S (1)
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where £=0,52 is coefficient of the carbonic gray colour. The
radiation power is equal to 180Vt at the cathode temperature
2800K and effective heating square 100 mm?.

The construction of the cathode holder consists on two
joint parts: cooled brazen cylinder and steel uncooled collet.
Allowing the heating of the brazen cylinder till 50°C, the
steel collet till 350°C, we obtain, that the square of the collet
cross-section by 1,5 cm® is needed for the heating of the
cathode block till work temperature. At that the heat fluid
from the heated end of the carbonic till brazen holder is
defined by the equation of the heat conductivity:

W, :zT, )

where A is averaged heat conductivity, | is rod length. In the
given paper the heat fluid has the value 20 Vt.

Thus, the common power, locally introducing into
cathode, shouldn’t be less:

W =W, +W, ~ 200 Vit .

The carried out experiments have been proved, that the
significant evaporation of the carbonic, which is enough for
the burning of the discharge in the work chamber carries out
at the power of the cathode ray 250 Vt.

It is need to note, that cathode heating till the needed
temperature and the stabilization of the discharge mode are
needed the definite time. If all this time the substrate will be
under output window of the discharge chamber, then the
carbonic film will be marking on its surface continuously.
That’s why the special turn mechanism had been worked, by
the means of which the substrate was established under the
output window only after achieving of the working
parameters of the discharge plasma.

The best structure of the marked films obtains at the
substrate temperature near 200°C. The substrate is heated
with the help of the regulated plane heater, which doesn’t
show on the fig.1.

In the source construction the substrate is separated from
the discharge by the cavity, in which the plasma comes
through the holes. This is made in order to the substrate
potential doesn’t influence on the discharge conditions.

The enough high degree of the ionization of the carbonic
plasma is needed for the synthesis of diamond-like coverings.
Otherwise the neutral component will cause mainly to the
creation of the carbonic film. The following calculative
method has been treated for the evaluation of the ionization
degree of the carbonic film.

The ion concentration in the plasma is defined from Bom
formula for the ion saturation current [8]:

j, =0,4en, Zl\l;Te : ©))

where T, is temperature of plasma electrons, M; is ion mass.
The ion saturation current is measured by the voltage-current
characteristics of the interval of the anode plasma-substrate at
the discharge constant current and power of the electron
beam. The electron temperature in the discharges of such
type doesn’t exceed 10 eV.

The atom fluid of the evaporating substance is the
function of the evaporator temperature:

q = n,9exp(—-Q/KT), (4)

where n~2-10" cm™ is surface atom density, 7~5-10" s is
typical frequency of atom oscillations, Q is energy of the
carbonic evaporation. Knowing the volume of the discharge
chamber, on the formula (4) we can evaluate the average
concentration of the carbonic steams at the fixed value of the
cathode temperature (power of electron beam).

In the given case the degree of plasma ionization is
defined as the ratio of the ion concentration to the
concentration of the neutral particles at the discharge
absence.
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Fig.2. The system of the neutralization of the surface charge:
1 — substrate; 2 — ring filament; 3 — screen; 4 — output
window of the discharge chamber; 5 — carbonic ions.

As the diamond-like dielectric film is evaporating, its
surface will be charged by the ions, and ions, drawing the
field will be decreased. In these conditions the potential
fixation of the surface of the dielectric film is needed. With
the aim of the neutralization of the surface charge the system
of the automatic fixation of the potential by the means of the
filament (fig.2). The ring filament from the tungsten
incandesces till the temperature of thermionic emission; it
electrically is connected with substrate. The screen impedes
to the departure of the electrons into discharge plasma. At the
charging of the dielectric the electrons will be precipitated on
its surface, and decrease its potential till substrate potential.

Following to the above mentioned procedure, the
dependence of the ionization degree of the plasma on the
discharge parameters is established: current, voltage, cathode
temperature. After the film deposition the connection
between their physic-mechanical characteristics and degree
of the ionization of discharge plasma will be defined. This
will allow us to treat the optimal modes of the synthesis of
amorphic diamond-like coverings in the given experimental
conditions.

The work has been carried out at the support of the fond
CRDF-AMEF (grant Ne3101).
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I.S. Hasanov, V.9. Orucov

ALMAZABONZOR TOBOQOLORIN iON COKDURULMOSi UCUN PLAZMANIN GENERATORU

Vakuum soraitinde amorf almazabonzor Ortiiklorin sintezi iig¢lin carbon plazma generatoru parametrlorinin hesablanmasi
aparilib. Yerino yetirilmis hesablamalarin ssasinda qrafit katodun elektron-siia qizdirilmasi vo anod kamerasinin su soyudulmasi ilo
monbonin konstruksiyasi iglonib, hazirlanib vo sinanilmigdir. Toklif edilon metodika tobagalorin ion ¢okdiiriilmasinin optimal
rejimlorinin islonmasine imkan verir.

H.C. T'acanos, B.A. OpymixeB
T'EHEPATOP IIJIA3MBbI JIJIS1 HOHHOI'O OCAKIEHUSA AJIMA3OIIOAOBHBIX IVIEHOK

IIpoBeneH pacyeT mapaMeTpoB reHepaTopa YriepoAHOH IIa3Mbl Ul CHHTe3a aMOP(HBIX aIMa30M0J00HBIX MOKPHITHI B BaKyyMHBIX
ycnoBusx. Ha OCHOBE BBHIIONIHEHHBIX OLIEHOK pa3padoTaHa, M3TOTOBJICHA M HCIBITAHA KOHCTPYKLHUS HCTOYHHKA C DIICKTPOHHO-IIyYEBBIM
HArpeBoM I'paUTOBOTO KaToJa W BOASHBIM OXJIaKICHUEM aHOAHOU Kamepsl. [Ipeanaraemas MeToaMKa O3BOJISET OTPaOOTATh ONTUMAIIEHBIE
PeXUMBI HOHHOT'O OCaX/IeHUS IJICHOK.

Received: 06.12.05



FiZzIKA 2005 CiLD XI Ne4

ELECTROPHYSICAL RESEARCHES OF MECHANIZM OF CORROSION CARBONACROUS
STEEL IN DEMINERALIZATIONAL WATER

AF. ALIYEV

Azerbaijan Power Research and

Design Institute, Baku, Azerbaijan

Investigation results of carbon steel corrosion mechanisms in atomic desalting plant (water-freshener) distillate are given. An effective
method of corrosion protection by means of adding bicomponent polyphosphate composition and anionic surfactant info water has been

developed.

Many atomic electric power stations produce considerable
quantity of demineralized water due to using of nuclear
reactor heat removal energy. This water obtained in
technological cycle on thermal desalters represents a valuable
product — distillate that can be used as refrigerant in
circulating systems of water-supply. Using of distillate for
heat exchange apparatus is safe from the point of view of
scale formation because its composition is free of salt-
forming ions of calcium , magnesium, sulphates, etc. and, as
well, of bioovergrowth because lack of microorganisms and
corresponding flora. However as experience of plastic plant
operation of Shevcenco (now Actau, Kazakhstan) showed at
using in technical water-supply carbon steel equipment

contacting with distillate it necessary to take measures for
metal corrosion protection. Investigations were carried out
under the leader-ship of this paper author directly at above-
mentioned plant as well at Baku branch of VNIl VODGEO
(now NIPI "SUCANAL") and in NI Ph Chl (Scientific-
Research Physical and Chemical Institute after L.Ya. Karpov,
Moscow).

Experiments have been carried out with distillate of the
largest in the Former USSR atomic water-freshener
(Shevchenko, Kazarh SSR). Distillate replenishment salt
composition and circulating water data are given in Table 1
(in comparison with portable water standards).

Table 1.
Distillate and circulating water salt composition.
Refrigerant - - . . General
(cooling Ca™, Mg™, SO, C, mineralization,
agent) mg-eqv/ | mg- eqv/ | mg/| mg/| mg/ |
Replenishment
distillate 0,025-0,1 0,04-0,15 0,8-1,0 0,1-0,2 0,1-0,15
C"chi'tztr'”g 0,03-0,12 0,048-0,18 0,9-1,2 0,2:0,3 0,2-0,25
Portable water , .
[1] >(Ca"+Mg™), no more than 7,0 <500,0 <350,0 <1000,0

It is known that water corrosivity, firstly, depends on
its salt composition. As it is seen from Table 1 analyzed
water hardness is very small (tens fold lower of maximum
permissible concentration standard of portable water).
Such water cannot form protective carbonate film on metal
surface and, hence, according to this factor has high
corrosivity. Secondly, according to small content of pitting

forming chloride ions (hundreds fold lower of maximum
permissible concentration standard of portable water and using
of this water is not dangerous from the point of view of
formation more dangerous pointed and pitting corrosion on
metal surface.

Water corrosivity depends on, as well pH value and its
oxygen content (Table.2.).

Table 2.
pH and O, values in distillate and circulating water.
Indices names
Replenishment distillate Circulating water
pH 0O,, mg/l Fe, mg/l pH 0O,, mg/l Fe, mg/l
8,9-9,5 0,35-0,80 0,2-1,2 8,8-9,3 3,45-11,2 4,6-12,0
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Values of pH are practically the same in both waters
and according to this index are favourable for carbon steel.

Data comparison on soluble oxygen content in
replenishment distillate and distillate converted into
circulating water show rapid O, concentration increase in
circulating water. It is connected with air-tightnessles of
plant circulating water-supply system. It has jet gaps
promoting water enrichment by oxygen that rapidly
increase medium corrosivity. Oxygen action destruction is
also shown by a fact that general iron content in circulating
water (and it is a product of steel materials corrosion) is
greatly more (more than one order) than replenishment
distillate (see Table 2). Steel sample (steel 3) gravimetric
test in circulating water (16-24°C) at different exposition
times (from 16-18 up to 100-120 hours) showed that
corrosion values rate is in a range ~ 0,3-0,9 mm/year that
is corresponding to the field of low-resistance metals and
to 6-7 amount of corrosion resistance [2]. Here corrosion
character is uniform at full lack of point and pitting
damage traces.

Influence over corrosion of such factors as exposition
time, medium mixing, temperature was determined by
electrochemical ~measurement on potentiostat and
electrochemical cell by procedure [3].

Corrosion potential ¢ With time increase is removed
initially up to 0,03-0,04 V, then is stabilized, and cathodic
and anodic polarization curves practically do not change
and it shows stability of corrosion rate in time (Figure 1).

2.V (nlre)
09

0.8
-0.7
-0.6
0.5
-0.4

-0.3
-0,2
-0.1

- fgi, Alsrd

Fig.1. Cathodic (1-3) and anodic (1'-3") potentiodynamic
(V=20 mV/min.) polarized curves of steel 3in
motionless circulating water (25°C) at different time
exposition: 1-1'-2h.; 2-2'-22 h.; 3-3'-66 h; ¢,V (normal
hydrogen electrode, n.h.e.)

Time of specimen-electrode exposition practically has
no influence upon steel 3 corrosive electrochemical
behaviour in mixing water.

Absolutely other picture is observed at steel 3
electrochemical behaviour study in motionless (statical
state) and mixing (dynamical state) water (Figure 2). In

this case cathodic and anodic polarizational curves are
significantly different. In case of medium mixing rapid
efficiency in crease is observed in both cathodic and anodic
processes. It is explained by significant facilitation of oxygen
access to cathodic and anodic areas of metal surface and
corrosion process takes place mainly by oxygen polarization.
Water temperature increase from 25 up to 50°C (actually water
temperature is no more than 30°C) practically has no influence
upon steel cathodic and anodic polarization (Figure 3). Only
small displacement of ¢, to ~ 0,05 V into negative side is
observed. Value of top cathodic current and corrosion rate (i)
remains practically unchanged.

-2, W (nhe)
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02
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0.1
o I I 1 1

Fig.2. Influence of circulating water (25°C) upon cathodic (1-4)
and anodic (1 '- 4") potentiodynamic
(v =20 mV/min) polarization of steel 3:
1-1' and 2-2'-exposition time -2 h.
3-3" and 4 - 4 - exposition time —70 h.
1-1" and 3 -3 ' — motionless water.
2-2 ' and 4 - 4'-mixing.

To protect carbon steel from corrosion in demineralized
water in conditions of work of water-supply circulating system a
number of corrosion inhibitors had been tested on the basis of
phosphates NazPO412H,0; (NaPO3)s; NasP;04¢ and surfactant
RAS (refined alkylarylsulphonate).

Out of phosphate inhibitors the most efficient was
hexamethhaphosphate of natrium (Na POs)s. Using 40-60 mg/I
(by general mass) provides full protection of carbon steel in
distillate. However it is known [4] that polyphosphates getting
into open reservoir promotes development of blue-green water-
plants (phenomenon of autrofication) decreasing oxygen content
in water and causes fishes death. At present tendency of
polyphosphate using limitation each taken separately and
transition to their use in mixture with organic combinations is
observed.

A large group of corrosition inhibitor preparations as in
known from literature including patent literature are different
inhibitor ~ mixtures, in  particular, with  surfactants.
Multicomponent mixtures for obtaining effect of synergetic
inhibitors more often are formed by proper corrosion inhibitors.

10
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Fig.3. Cathodic (1-2) and anodic (1 '- 2 ') potentiodinamic
(v = 20 mV/min) polarized curves of steel 3 in
mixing circulating water at different temperatures:
1-1'-25°C; 2-2 ' - 50°C.

Their efficiency is significantly higher than initial

The quantity of every possible combination is rather too
much.

As an example "Composition for metal corrosion protection
in neutral medium (authors certificate No. 280163 of USSR")
consisting of four [4] components is showed and each of them
separately is corrosion inhibitor.

However using of such complex inhibitor is more efficient
than using of its components separately.

Two-component composition of polyphosphates  with
surfactants are of special interest and as is known they can show
excellent synergetic effect.

A large number of surfactants are known, however only
some their varieties are produced by industry. Besides,
surfactant use in the system of circulating water-supply requires
intoxicate, availability and low cost. Anodic surfactant RAS met
all these requirements.

As a results of numerous experiments and test a new highly
efficient way of carbon steel protection in a demineralized water
had been developed for using in closed water-supply work
conditions, i.e. introduction of polyphosphate and surfactant
into composition system.

Composition components natrium hexamethophosphate and
RAS are untoxic and permissible for use in industrial scale.
Optimum protective dose of composition is 6mg/l (according to
PO,*) of natrium hexamethophosphate and 50mg/l of RAS
active part.

ingredients.

[1] GOST 2874-85 "Portable water".

[2] GOST 13819-85 "Metal corrosion resistance scale".
[3] L.I. Freyman, V.A. Makarov, LE. Bryksin.

"Potentiostatical methods in corrosive study and
electrochemical  protection”.  Publishing  house
"Chemistry", L., 1972.

[4] V.A. Panov, A.AA. Emkov, G.N. Pozdnyshev, N.M. Baikov.
Inhibitors of inorganic salt deposits. Review of field main
directions, series «Neftepromyslovoe delo»,
M.VNIIOENG, 1978. (in Russian).

A.F. Sliyev

MINERALSIZLASDIRILMIS SUDA KARBONLU POLADIN KORROZIYA
MEXANIZMiNiN ELEKTROFiZiKi TODQIQi

Karbonlu poladin atomlu sirinlesdiri¢i qurguda distillyatin korroziya mexanizminin todqiqi noticalori arasdirilib. Suya daxil

edilon ikikomponentli kompozisiyali polifosfat vo anionlu SAM (Saothi Aktiv Maddo) ilo korroziyanin garsisinin alinmasinin
effektli iisulu islonib. Texnologiya Aktau s. (Kazaxistan) plastmass zavodunda istehsala totbiq edilib.

A.®. AlneB

IJEKTPOPUINYECKHUE UCCIIENJOBAHUS MEXAHU3MA KOPPO3UH VIJIEPOJMCTOM CTAJIA
B IEMUHEPAJIN30BAHHOMU BOJE

IIpuBonsTCcst pe3ynbTaThl UCCIENOBAaHUN MeXaHM3Ma KOPPO3UHU YIJIEPOJUCTON CTadu B IUCTHIUITE aTOMHOW ONPECHUTEIbHOM

ycraHoBku. Pa3paboran 3¢¢eKTUBHEINH croco0 NpenoTBpamieHHuss KOPPO3HH - BBEJCHHE B BOLY JABYXKOMIIOHCHTHOH KOMIIO3HIIUH
nonudocdara u annonaoro ITAB. TexHoorus BHEAPEHa B IPOM3BOACTBO Ha 3aBojie miacTmacc T. Akray (Kaszaxcran).

Received: 19.10.05
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THE ABSORBENTS OF MWF RADIATION ON THE BASE OF HIGH DISPERSION
MATERIALS

S.T. AZIZOV, M.A. SADICHOV
Institute of Physics of NASA
Azerbaijan, AZ-1143, Baku, Javid av., 33

The possibility of the use of the composition material in the capacity of the microwave absorbent on the base of the epoxy resin with the
inputted water in it in the capacity of the high dispersion filler is investigated.

Introduction

The problem of the creation of non-reflective absorbents
of electromagnetic radiation on the base of the accessible
composition materials and simple technology of their
production has been presented the big interest from
immemorial times and has been attracted the attention of
many investigators. Firstly it was connected with the
neediness of treatment of the coverings for the population
defense from harmful influence of the microwave radiation
on them. Last time the investigations were carrying out in
this direction in USA, Russia, Great Britain, Japan and in
other industrially developed countries [1,2]. The absorbents
of microwave radiation, created in the result of these
investigations presented mainly multi-layer composition
materials, marked on the metallic surfaces containing the
high dispersion metallic and ferromagnetic particles in its
composition. The absorbents of this class seemed usable in
the long-wave region of microwave range. The efficacy of
selective absorption of radiation of such absorbents on more
high frequencies strongly decreased. Besides, the coverings
of such type were needed to lead to relative big width even
on the low frequencies for the achievement of total absorbent,
that significantly charged the defended objects, and use of
more effective ferromagnetic materials in the capacity of the
fillers made these absorbents mechanically less strong.

At the same time, as it was established in the refs [3,4,5]
the dielectric materials, which have the significant absorption
in the range of super-high frequencies, can be used in the
capacity of the absorbent microwave coverings. Thus, the
treated microwave absorbent on the base of polyformaldegide
and polyamide, introduced in it in the capacity of absorbent
filler, supplied total slaking of electromagnetic radiation with
wave length 4=1,5 cm in it [6]. However, the obtaining
covering had the bigger width in the comparison with
covering, forming with use of metallic or ferromagnetic
particles, because of the low value of dielectric constant of
composition material.

The main content

In this connection it is more preferably the use of
microwave coverings of polar liquids in the capacity of
fillers, having in this wave range the high values as dielectric
loss &', so dielectric constant &’. The polar liquid can be
used in the capacity of the filler of some solid-body material,
having good adgeoz properties for the technical realization of
such absorbent coverings. The obtaining absorbents could
have the need constructive rigidity at low volume of such
encapsulated liquid inclusions, and they could supply the
realization of the condition of total absorption of falling
radiation in them at definite set of inclusion concentrations.

12

The inclusions themselves are possible in the form of
capsule of liquid polar substances, closed into defense

polymeric film membranes. As &'’ =0 of the nonpolar matrix
substance of absorbent, and &' doesn’t depend on frequency,
then at the given temperature T and wave length A of falling
electromagnetic radiation, the choice of resonance values &

and &, of absorbents is achieved by the variety of

concentrations of it liquid phase.

The probability of realization of absorbents of
electromagnetic radiation at the given T and A on the base of
composition materials, containing the high dispersion
encapsulated polar liquids, is illustrated by the following
example. The additive character of the connection of
dielectric properties of absorbent with dielectric properties of
it components and the smallness of the dimension of liquid
capsules in the comparison with wave length of radiation is
supposed for the comfort of the concept of results.

In the correspondence with data of the ref [5], the
conditions of total or nonreflective absorption of
electromagnetic radiation in two-layered system of dielectric-
metal are described by the following equations:

27y 1 |@+n) +(ny)
2N -1 t =—/n | —F—
g Jrarctg ey )1y @-n) +(nyy
1)
l 1 2ny
Ao 47zn[”( )+angn2i1+ nzi—l} @

where |y is layer width, N is number of zero minimum of
dependence wave reflection coefficient on width of substance
layer.

The coefficient of refraction of waves n and factor of
dielectric loss y of covering material, introducing into

equation (1) and (2) connect with itg”, &'’ by known ratios:

g=n?l-y?}&"=2n?y. (3)

The values &' and ¢&", introducing into equation (3),
connect with dielectric constant &; and dielectric loss &, of
liquid phase and &, of matrix substance by additive equations:

g=¢(p,)+e,1-9,) &= 10
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where ¢ is concentration of liquid phase in covering
substance.

The joint solution of equations (1)-(4) allow to calculate
the selective values of concentration ¢ of liquid phase and Iy
layer width of covering at given values N, wave length A of
falling radiation and dielectric coefficients of useable liquid
phases &', &'" and matrix material.

Solution of simultaneous equations at the given values
&, &, &, A Nis carried out by the iteration mean. The
selective values of liquid phase concentration and thickness I,
of the coating layer are results of this calculation.

At the existence of the inclination of &' and &'’ filler
from additivity the graphoanalytic method of solution of
initial equation system is used.

Below the calculation results ¢ and | on equations (1)-(4)
of microwave absorbent at 1=1,5 cm, forming on the base of
epoxy resin, introducing of the encapsulated water in it in the
capacity of the filler.

The epoxy resin has dielectric constant ¢&=2,7. For water
A=1,5 cmand T=20C &'=36.8, &'’ =36.4 [7]. At the additive
character of the connection between dielectric properties of
the filler and its components, we have from the joint solution
of equation system (1)-(4), that conditions of nonreflective
absorption of radiation carry out at the volume concentration
of liquid phase at ¢=0.077 and 1=0.173 cm width of
absorbent layer on the value, which is closer to A4/4 (at N=2).
The total absorption takes place also at less concentrations of
liquid phase, but at the widths of covering layer, which is
closer to (2N-1) A4/4.

Conclusion

Thus the conditions of total slaking of microwave
radiation in the covering marked on metal, by the
composition from epoxy resin and introduced water in it in
the capacity of high dispersion filler.
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S.T. Ozizov, M.A. Sadixov

YUKSOK DISPERSIYALI MATERIALLAR 9SASINDA ©YT SUALARIN UDUCULARI

Moqalads mikrodalgali diapazonda epoksid gatranin ssasinda kompozit materiallara yiiksok dispersiyall madds
kimi su daxil etmoklo uducularin yaradilmasi miimkinliyii tadqiq olunur.

C.T. Azuzos, M.A. CagbixoB

MNOI'JIOTUTEJIA CBY U3JIYYEHHSA HA OCHOBE BBICOKOAUCTIEPCHBIX MATEPHUAJIOB

I/ICCHGI[yeTCFI BO3MOXHOCTb HUCIIOJIb30BAHUA B Ka4€CTBC MHUKPOBOJIHOBOI'O MOTJIOTUTEIIA KOMIO3UIHUOHHOTI'O Marcpuaia
Ha OCHOBC 3HOKCI/I,HHOI>1 CMOIJIBI ¢ BBEJICHHOH B HETO BOJBI B KAYE€CTBE BBICOKOAUCIIEPCHOI'O HAITOJIHUTEIIA.
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THE EXACT SOLUTIONS OF KANE EQUATIONS WHICH HAVE BAND EDGE GAP
POTENTIAL WITH RING-SHAPED NON-SPHERICAL OSCILLATOR POTENTIAL IN
EXTERNAL NON-UNIFORM ELECTRIC FIELD

A.M.BABAYEV '?
YInstitute of Physics, Azerbaijan Academy of Sciences, 370143, Baku,
Department of Physics, University of Suleyman Demirel,
Isparta 32260, Turkey

The energy spectrum of electrons in narrow band gap semiconductor nanocrystals which have position dependence band-gap in an
external non-uniform electric field which compensate the position dependence of the band edge of the valence band potential is studied
theoretically taking into account the nonparabolicity of electrons in dispersion laws. The exact solutions of the Kane equations with strong
spin-orbital interaction are determined with via the band-gap changes as a function of the position. The band edge gap potential is taken as

the ring-shaped non-spherical oscillator potential \, (r)= ﬁ + a

2 r

1. Introduction

In recent years there has been a great interest to the
nanostructures, which was developed from narrow-gap
semiconductors. In these nanostructures much smaller
effective mass of electrons results higher size quantization
energy. In order to investigate the optical and kinetic
properties of nanostructures it will be possible to observe size
quantization energy states. On the other hand in narrow-gap
semiconductors (InSh, InAs) the spin-orbit interaction and
the non-parabolicity energy spectrum of carriers must be
taken into account. Kane model was derived to prove the
non-parabolicity of the energy spectrum of carriers. Parabolic

potential V (r) = %ma)zrz is often used to describe confined

quantum dot [1].
Confinement potentials which are in the form of

V(r)=a-r? +br? describe a quantum dot, an antidot, or a

quantum ring, depending on the values of a and b [2].

In the work [3] the eigenfunctions and eigenvalues of the
Schrodinger equation with a ring-shaped non-spherical
oscillator were obtained.

For electronic devices, one of the most important
semiconductor parameter is the value of the energy gap
between the valence band maximum and the conduction band
minimum. Many applications, particularly those that depend
on optical properties, depend crucially on the value of the
fundamental gap. The fundamental gap is indeed modified in|

b

r’sin’é

compositional quantum wells, wires and dots as position
dependent [4,5].

In [6] the exact solutions of the Dirac equation with a
linear scalar confining potential in uniform electric field are
given. A scalar potential in the Dirac equation is equivalent to
a dependence of the rest mass upon position.

In the present study, the energy spectrum and the wave
functions of the electrons in Kane-type semiconductor
quantum dots with strong spin-orbital interaction is
determined with via the band-gap changes as a function of
the position. The position dependence of the band gap
implies the position dependence of the effective mass of
electrons and is taken ring-shaped non-spherical oscillator
potential.

In the Kane model [7, 8, 9, 10], the k.p interactions within
the valence and conduction band complex are considered in
an exact manner, while the interactions with remote bands are
accounted for in second order perturbation theory. This eight-
band model, which simultaneously takes into account the
nonparabolicity of the electron- and light hole dispersion and
the complex structure of the valence band , describes the
energy band structure around the T point of the Brillouin
zone very well.

In the three-band Kane's Hamiltonian the valence and
conduction bands interaction is taken into account via the
only matrix element P (so called Kane's parameter). The
system of Kane equations for the case of strong spin-orbital
interaction A > E, have the from [7, 8]:

Pk 2 Pk
(gc(l’)— Ex:l_T;C3+\/;PkZC4 +T6_C5 =0 (1)

Pk 2 Pk
(gC(r)_E)CZ_TgC4+ EPkZCS +T2_C6 =0 2
Pk
-—=Cy+(&/(r)-E)Cc3=0 @3)

2

2 Pk_
\Epkzcl _fCZ +(g,(r)-E)C, =0 4)
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Pk

e

V6

C + \EPkZCZ

Pk,
Ng)

Here P is the Kane parameter, and k, =k, +ik,,

Co+ (gv

K=-iV, g, (r) is the band edge potential for conduction

band and &, (r) is the band edge potential for valence band

and Cj are envelope functions. Let’s introduce an external|

+(ay(r)-E)Cs =0
(r)-E)Cs =0

©)

(6)

electric field V (r) to compensate the position dependence of
the band edge band potential ¢, (r),
whereV (r)=—¢,(r). Thus the Kane equations will be as
follows:

of valence

Pk,
(gc(r)_gv(r)_E)Cl_ﬁ
Pk,
(5c(r)_‘9v(r)_E)CZ_\/g
P

V2

2
\Epkzcl—

Pk,

NG

Pk

NG

Pk,

V2

If we eliminate the expressions (9) -(12) into formulas (7)
and (8) we obtain:

2P?

o) ()- 2

As}Cllz =0  (13)

2
C, +\/;sz

C, -

Cs +\/§PKZC4 +PTI(§CS _0 ™)
C4+\/ngZC5 +%C6 =0 (8)
EC, =0 ©)
C,—EC, =0 (10)
C,—ECs =0 (11)
ECy =0 (12)

| —&,(r)+¢&,(r)=E,(r) the band gap potential energy. Let’s

assume that the band gap potential is
A
E,(N=E,(0)+—+—+ . Where a and b are
(N =E,0) 2 r? r?sin’g

constant have the dimensions of Joule -m? Equation (13) can
be written as follows according to the above expressions.

where A,  three  dimensional  Laplacien  and |
-E+E (0)—2—PZA +7r—2+i b C,,=0 (14)
¢ 3E ° 2 r? rZsinfe| P
Since the problem has a spherical symmetry, we seek a solution to the differential equation in the form
1 .
C.,(r.0,0)= " FL(NO@)expimp)  m=0+1+2,. (15)
Substituting equation (15) into Eq. (14) allows us to obtain the angular wave function and the radial one as
2 2 3E(E-E,(0
& gt 3E EE-EO) adE Al o (16)
e 2 2P 2P r<2p° r° )"
2
1 i(sin 96®—@j+ oM B 3Eg0)=0 (17)
sind o6 00 sin“d sin“ 4 2P

with the constant A to be determined below.
Let’s introduce a new notation;
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3Eb

E=m*+=—, A=0(0'+1), x=cosf (18)
2P
Substitution of Eq. (18) into Eq. (17) leads to
d%e(x d®(x o £2
(L-x?) dxﬁ )_ox d)(( ){f (¢ +1)—1_X2}®(x):0 (19)

whose normalized solution can be obtained as [11]

'+1 1'=¢&

7
2 k '
sing) 3" (-1) (20 -2k +1) (cosd) 2

0, = 7 20
r+(0) \/ 2 r(z'+§+1)( & 2" K0 -2k - (¢ -k +1)" 0
with [ equation (16) can be written as
'=&+K, k=012,. (20) 4F () (L+1)
I:1,2 r 2 2,2 L(L+1 _
If we introduce the following notation dr? J{b (B)—x'r" - r2 F(N=0 (29
b2(E) = 3E(E_Eg(0)) . . .
(E) = T (21) Taking into account the asymptotic behavior of Flyz(r)

for r >0 andfor r — oo , we look for a solution Flz(r)

,_y 3E in the form of [12]:
== 22
PP @2
3E Fo(r)=r"" exp(—lrzju(r) (26)
a=a—; (23) 2
2P
Substituting (26) into (25), we get the following equation
a+A=L(L+1) (24)| for the function u(r):
d’u L+1 du 3
+2| —— — 224 L+=|-b*(E)tu=0 27
R e LY (RE RRC) @
Introducing a new independent variable gg = ){FZ , we obtain the following differential equation from (27):
2
fd li+(L+§—§]d—u+ 1£L+§j—£s u=0 (28)
d& 2 dé |2 2) 2

where

2 _
_b*(E) _E-E,(0) [sE 9
2y 2P 4

The solution of equation (28) is a confluent hypergeometric function

u=, Fl{%(L+g—sj,L+g;§} (30)

The condition that F, , (r) decreases for I — oo gives us

1 3
—|L+=-5S|=— =012,... 31
TREINEP o

and consequently the energy levels are given by
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E-E_,(O
—9( ) E:(L+2nr+§} (32)
2P\ y 2

Where L is found from equation (24) as follows:
+ L (33)
2

L=l 1+4a3E2+ m2+3Et2)+k 1/m2+3EE
2 2P 2P 2P

The Kane parameter P is expressed by the effective mass m,, of electrons as the following relation for strong spin-orbital
interaction [9]:

2P% i’ )
= and y=m @ (34)
3E, 2m,
1 2m, Ea o, 2m, Eb , 2m, Eb
= 1+4 ———+| M +———+k | M +————=+k+1]||-
(E-£,0) |- = 2\/ [h 4 (0) W it Eq(0) I\/ nt ) H o (@)
g 4 (0) 1 3
——+2n, +—
2

Equation (35) can be useful for analyzing the influence of nonparabolicity on the energy spectrum of electrons in quantum
dots and determines only the energies of electrons in quantum dots.

For the parabolic case (E -E, (O)) << E4(0), we obtain

2m,a 2m b 2m_ b
E=E,(0)+ L W LN R AU IS (Y L L | —£+2nr+§ ho  (36)
2 h? h? h? 2 2

If a=b=0 we obtain

3
E=E, (0)+(€+2nr +Ejha) (37

from (36) where / =m+Kk.

The equation (37) is the same as the solution of the Schrédinger equation for the harmonic oscillator potential.
The radial eigenfunctions are:

1 3 3
RE(r)= NL F,(r) = N rbexp(— % /2),F { [ +E—3j L+E;§} (38)

with a normalized factor NnL to be determined below. | R 2d 5
The confluent hypergeometric functions can be expressed I r= (41)

by the associated Laguerre polynomials [13]: L.
where the radlal wave function is given by

a( ) _ F(a +N +1)
" NI (e +1)
from which, together with the following important formula

[13]: with

fe 120k - Mensd);

nm

SFna+1x} (39) RL(r)= Nir exp( 4t /2) 1(;(r) (42)

(40) (43)

we can flnally obtain the orthonormality relation for the
radial wave functions as
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2. Conclusion

The exact solutions of Schrodinger equation for the
electrons which have Kane spectrum, in the spherical
potential well considering the position dependence of the
edge of the valence and the conduction bands are studied.

The results which are found can be used to describe the
energy spectrum of electrons in the quantum dots which are
growth from narrow band-gap semiconductors A’B® (InSb,
InAs etc.).
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QEYRI-BIRCINS ELEKTRIK VO HOLQOSOKILLI QEYRI SFERIK OSSILYATOR POTENSIALI

SAHOSINDO KEYN TONLIKLORININ DOQIQ HOLLi

Qadagan zolagin eni koordinatdan asili olan darzolagl yarimkecirici nanokristallarda elektronlarin dispersiya ganununun
geyri-parabolikliyi nazero alinmagla, valent zonasinin ksnarinin koordinatdan asthiligini kompensasiya edan xarici geyri-
bircins elektrik sahasinds elektronlarin enerji spektri nazari olaraq dyranilmisdir. Qadagan zolaginin koordinatdan asili oldugu
Keyn tanliyinin dogiq hoalli tapiimigdir. Zonanin ksnarlari t¢iin potensial kimi halgosakilli, geyri-sferik ossilyator potensiali
a b

r’sin?é

gotariimisdar: v () = 27, !
2 r

A.M. Ba6aeB

TOYHOE PEIIEHUE YPABHEHUS KEMHA B Y3KOIIEJIEBBIX IIOJTYITPOBOIHUKOBBIX
HAHOKPUCTAJLIIAX C TO3UIIAOHHO 3ABUCSIIIEN HIEJIbIO, BO BHEIIIHEM HEOJJHOPOJHOM
SJEKTPUYECKOM HOJIE, KOMIIEHCHUPYIOIIEM IMNO3UIINMOHHYIO 3ABUCUMOCTbD KPAS
BAJIEHTHOM 30HBI

TeopeTnuecky U3y4eH JHEPIETUYECKUI CIEKTP JIEKTPOHOB B Y3KOILUEJIEBBIX IIOJYNPOBOJHUKOBBIX HAHOKPUCTAIUIAX C
MO3ULMOHHO 3aBUCALICH WIEIbI0O BO BHEIIHEM HEOJHOPOJHOM 3JICKTPUYECKOM II0JIC, KOMIICHCUPYIOIIEM IIO3ULMOHHYIO
3aBUCHMOCTH Kpasi BaJICHTHOW 30HBI, C yYETOM HenapabOoJMYHOCTH 3aKOHA JUCIIepCHH 3JIeKTpOoHOB. HaiiieHo TouHoe perieHne
ypaBHeHuii KeliHa C ITO3MIMOHHO 3aBUCSIIEH OHEPreTHUEcKOM mienplo. [loTeHuman Juii KpaeB 30H BBIOpaH B BHUJE

a b

2
KOJIb11€000Pa3HOro Hec(hepHIecKoro OCUUILIATOPHOro noteHuuana V (r) = n tt——
resin“é

2 r?
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THE MODERN PROBLEMS OF THERMO-ELECTRIC MATERIALS SCIENCE

F.K. ALESKEROV
Scientific-Production Association ““Selen” NASA
Baku-1143, F. Agayev, 14

The analysis shows, that the crystals on the base of Bi and Sb chalcogenides, obtained by the method of molecular-beam epitaxy, are the
more perspective materials for thermo-electrical cooling. However, the thermo-electric cooling devices on the materials, produced by the
method of powder metallurgy are still realized practically. This is the more profitable economically technological operation. The standard
thermo-batteries on the base of AIN ceramic with the use of polycrystals are realized and treated over the World.

The modern problems of material treatment for thermo-
electric solid-state cooling and electro-generation have been
discussed. The data, published during 10 years are given. The
following questions had been included in the base of the
review:

1. The technology of the obtaining ( synthesis, metalo-
ceramic method, extrusion) and growing up of the crystals
(methods of Chochralsky, Bridgmen and directed
crystallization);

2. The homogeneity of complex doped solid solutions,
the heterogeneity of impurity segregation on interlayered
borders;

3. Thermo-electric efficacy in the interconnection with
structure changes;

4. The artificially anisotropic materials with different
layers;

5. The nano-structural film thermoelectrics.

The present paper is dedicated to the analysis of the
literature data on the above mentioned problems and choice
of more technological methods of thermo-element production
(TE).

The considered methods. The main methods of material
obtaining on the base Bi and Sb chalcogenides are:

- the obtaining of perfect monocrystals
Chochralsky method;

- the growing up of directed crystals (DC) by the
method of vertically directed crystallization, and also by HF-
heating;

- crystallization from the solutions by Bridgmen
method;

- the obtaining of the samples by the method of
powder metallurgy;

- the obtaining of the samples by extrusion method;

- the evaporation by thermal method

- the growing up of nano-structural elements by the
method of electron-beam epitaxy.

The monocrystals of above mentioned layered crystals
and their solid solutions are better grown up by Chochralsky
method with alloy replenishment of liquid phase from
floating crucible. They have high thermo-electric efficacies
(Z > (3,2-3,5)10° K™) and are used mainly for the study of
physical properties of monocrystals of complex solid
solutions. The termo-elements on their base are etalons as on
maximal temperature overfalls, so on minimal temperatures
of cool junctions of thermo-element (TE).

(DC), obtained by the vertical crystallization don’t let to
them on the efficacy. The crystals, obtained at the growing
velocities are well used for TE (2-3)cm/h. At smaller
velocities (less than 1 cm/h) it is possible to obtain the doped
crystals Bi,Tes, Sh,Tes, Bi,Ses, Bi,Se; and their solid

by
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solutions and eutectics. They are easily pricked on the basis
plane (0001); on these layers at easy pricks the steps of
different complexes are clearly seen (unnecessary, inclined
from component stoichiometry, and also introduced
impurities).

This method unites in itself not only obtaining of the
crystals for the investigations, but the growing up of the
complex high-effective alloys of half-manufacturing scale.

Bridgmen method. Many semiconductor crystals A'VBY",
A,"B;" are obtained by this method. This method has the set
of advantages [1]: the experiment simplicity, the possibility
of crystal obtaining with micro-structural characteristics and
sizes of monocrystal regions, accessible for the study of
physical properties. The monocrystal ingots by diameter 10-
30mm can be obtained by the given method. On the
investigation results [1] the microstructures of grown up
crystals (for, example A"VBY') at variation of the form of
conic bottom of ampoule of alloy overheating AT relatively
the furnace liquids temperature, the axes temperature gradient
in stove AT, of velocity of ampoule broach v has been
established, that the creation of the monocrystalline seed
crystal is more possible at the conditions: AT<20 K/cm,
AT*<30K, < 0,4 mm/h. The conic bottom of the ampoule
should have the walls of equal width [1]. Indeed, the given
method is seemed ineffective one at the serial manufacturing.

The widely-known metal-ceramic method and the
extrusion of sample storages by the extrusion are the more
technological ones for the manufacturing mastery. The ingots
directly after synthesis in ampoule are obtained by these
methods. The refs, in which the technologies of alloy
obtaining of bigger volume (more 5kg) without quartz
ampoules (for example in dielectric crucibles) are described,
demand the special attention. The investigators prefer not to
publish the processes of such type. The samples, obtained by
cool (heat) pressing and extrusion are mainly used in all
produced thermo-electric batteries (TB). It is need to note,
that alloys of p-type are less effective ones (< 2,6:103-K™).

The influence of obtaining technology on the branch
homogeneity TE (BTE). Let’s compare and analyze (DC,
pressed streaks-extrusions) on the heterogeneity of the
composition in materials on the base of Bi and Sb tellurides,
obtained by different methods after synthesis and from
samples from them. The publications in this region are given
in the following refs [2-5]. Not only thermo-electric
properties of alloys in wide temperature intervals are
discussed in them, but the parameters, influencing on the
formation of micro- and macro-heterogeneities in growing
crystals. The longitudinal and transversal heterogeneities,
which are character for the considered alloys,
homogenization questions and impurity introduction, are
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such ones. The qualitative analysis of distribution curves of
Se and Te shows on the presence in solid solutions, obtained
by directed crystallization from the alloy and by extrusion
method, longitudinal layered heterogeneity. Solid solutions,
prepared by the methods of powder metallurgy reveal the
micro-heterogeneities, statistically distributed on the volume.
The size of micro-heterogeneities, observable in all samples
was bigger >150mcm [2]. (DC) are more homogeneous ones;
the samples, obtained by cool and heat pressing are less
homogeneous ones.

The composition of n-type has the most homogeneity.

Bix(Teoos S€0,06)3<0,01% CuBr>). These crystals in
temperature interval 298-433°K have high value of parameter
ZT (0,91). The decrease of concentration micro-heterogeneity
in alloys is observed Sh,, Bi,Te; at their obtaining by
extrusion method in the conditions of superplasticity in the
comparison with metaloceramic samples [2,5]. The high
diffusion velocity in deformation hearth and micro-crystal
structure of extruded samples cause to quick regulation of the
composition.

The distribution of micro-thermo-electromotive force («)
on the length of the samples (for p-Sh,., Bi, Te; (x=0,2 u
x=0,5) qualitatively shows the bigger dispersal of the values
from average in metaloceramic samples). The least dispersal
in values of micro-electro-motive force is observed on
extruded annealed samples [2,4].

The analysis of component distribution in crystals Bi,
Sby. Es.y at x=0-2,0 y=0,03 by grown method of vertical
band recrystallization shows, that solid solutions have non-
equal homogeneity of element distribution on cross-section.
The increase of Te content in alloy increases the homogeneity
of Sb distribution on sample cross-section [6]. The decrease
of quantity of excess Te leads to the appearance of the streaks
of pure Te between grains of phases and to the appearance of
grains of the given phases.

The monocrystals of more effective solid solutions of
systems n-(Bi,Tez-Bi,Ses) and p-( Sh,Tes-Bi,Tes), grown up
by Chochralsky method with alloy replenishment by liquid
phase from floating crucible, are characterized by most
homogeneity. The homogeneous content of Bi, Sh, Te on the
cross-section and monocrystal length, doped by Se in the
correspondence with cut Sby s Bigs Tes-Bi,Se; (Bi,Ses till 15
mol%) is proved in [7], the effective distribution coefficient
of Se in Sh,Tes-Bi,Te; system has been defined. Its value is
defined by the ratio Sb,Te; and Bi,Te; in the system and
decreases from 1.25 till 0.70 with the increase of stibium
telluride content [7].

Thus, the more homogeneous samples on length and
cross-section are obtained by the methods: Chochralsky,
Bridgmen and directed crystallization. The samples, obtained
by methods of extrusion and powder metallurgy are less
homogeneous ones.

Structure and electro-physical parameters of thermo-

electric monocrystals Sb,Te; and Bi,Te;

The thermo-electric properties are defined not only by
impurity atoms, but by electrically active own defects. For
the growing up of dopmyna it is need to establish as the
dependence of structure unsoundness from obtaining method,
so its influence on the different properties. In this direction in
the capacity of example can be investigations [8] of defects
of crystalline structure and dislocation structure of
monocrystals of bismuth telluride and its solid solutions by
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method of fairy electron microscopy. These investigations [8]
show, that dislocation in basis plane are main type of defect:
the presence of hexonal nets and parallel sets of dislocations
has been established. The presence of packing defects,
situated parallelly to the chip plane and very small dislocation
loops has been revealed from contrast of electron-
microscopic  photos. The observable defects don’t
significantly influence on electric properties. However, some
impurities, being in basis plane (0001) can significantly
influence on anisotropy of crystal properties. That’s why
electron-microscopic photos always visually demonstrate the
surface of glide plane (0001). It is possible to make the
following conclusions about desirability of the presence in
interlayered space the electroactive additions (as Cu and Ni),
leading to the increase Zyy. > 3,2:10°K™ and hardening
(BTE).

Anisotropic thermo-electric devices

Last years on the base of anisotropic crystals the
transversal transformers, in which non-diagonal tensor
component of thermo-electro-motive () force is used, have
been created and treated. Moreover, the transversal voltage
(besides thermo-electric parameters) strongly depends on the
ratio of geometric sizes of thermoelement (TE) and because
of this can achieve the bigger value. The anisotropic
materials are created artificially with the aim of the increase
of thermo-electric good quality. They present themselves the
system of alternating parallel layers with different parameters
[9]. The high-grade semiconductors of n- and p-type with
significantly differed electro- and heat conductivities are the
most initial components of such layered material.

Thus in the ref [9] the calculation of characteristics
artificially anisotropic material, consisting on semiconductor
and super-conductive layers (HTSC) was carried out by the
authors. It is shown, that the use of the streaks from (HTSC)
changes the optimization conditions of geometrical
parameters of layered structure (layer angle of inclination and
the ratio of their widths) in the comparison with normal
semiconductors. Thermal-electrical efficacy and sensitivity
(TE), prepared from the material with superconducting
streaks, increases the corresponding parameters of the
structure with the layers from the metal in 2-3 times [9].

The use of HTSC increases the sensitivity of the heat
flow probe more than in three times. Thus, the treatment of
strongly anisotropic heterophase TE is the actual task; also
the results of author ref’s are interest in this respect [10].

Multi-layer film hetero-structures for TE

The thin films of Bi and Sb chalcogenides and their
multi-layer hetero-structures have the highest value (Z). The
epitaxial films (Bi,Sh), (Te,Se); with high values of power
parameter z=a’J are grown up with the help of the method of
heat wall and method of molecular-beam epitaxy MBE [11].
The chemical method (MOCVD) for the obtaining of thin
textured layers Bi,Te; has been successfully used by authors
of the ref. [12]. According to [13] the significant increase of
Z can be achieved in the films with width « in several lattice
constants; this increase of Z can be supplied as because of
then, so in the result of the decrease of lattice heat
conductivity. Thin layers (Bi, Sh), (Te, Se)s; with width or
size of crystal grains in 50-20 nm can have the significant
bigger value of Z, than corresponding monocrystals [11]. The
plane-parallel hetero-structures, in which the layers of
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thermo-electrical material are divided by thin barrier streaks
from the material with excellent physico-chemical parameters
are investigated experimentally [13]. The Bi,Te; was used in
hetero-structures on the base of the films Sb,Te;, obtained
with the use of MOCVD in the capacity of the material of
barrier streaks. This direction is significantly perspective
from the point of view of the creation of new high-effective
thermo-electrical materials with the use of micro-electron
technologies.

What is the real picture, which is connected with the
serial production of thermo-electrical batteries on the base of
the created high-effective branches of TE.

The samples, “obtained by the method of powder
metallurgy, extrusion and further directed polycrystals” are
firstly the most economic TE for the industrial aims. The
leading world firms (China, USA, Russia, Germany, France
and others) use these samples at the assemblage of the
thermo-electrical batteries on the base of AIN ceramic.

The conclusions: nowadays the metalo-ceramic
processes, which are brazed on AIN ceramic, are the most
economically technological ones for the serial production of
thermo-batteries. The samples, obtained by epitaxial grafting
of hetero-structural layers on the base of the same Bi and Sh
chalcogenides will be more perspective for the future.
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TERMOELEKTRiK MATERIALSUNASLIGIN MUASIR PROBLEMLORi

Bork cisimlorin esasinda olan termoelektrik soyuducular vo elektrogenerasiyali materiallarin miasir problemlori miizakirs
olunub, son 10 ilds ¢ap olunmus maqalslor gostarilib. Miizakirays asagidaki masalalor ¢ixarilib:

1. Texnoloji proseslor va kristallarin goyardilmasi (Coxralski, Bridjmen vo yénalmis kristallizasiya metodlar);
2. Legirs olunmus bircinsli cox komponentli bark mshlullari; foza araliginda asqarlarin geyri-bircinsliyin seqreqasiyasi;

3. Struktur dayisilmoasi ilo alagads olan termoelektrik effektivliyi;
4. Layli stini anizotropik materiallari;
5. Nanostrukturlu nazik tobagali termoelektriklor.

@ K. AileckepoB

COBPEMEHHBIE ITPOBJIEMbBI TEPMOJJIEKTPUYECKOI'O MATEPUAJIOBEJIEHU A

Ananu3 mokasan, 4To Haubojee MEepCIeKTUBHBIMU MaTepHalaMH Ul TEPMOAIEKTPHUECKOTO OXJIAKACHHS SBIAIOTCS KPHCTAJLIBI Ha
OCHOBE XaJbKOTCHHIOB BHCMYTa U CYPBbMBI, IOJTyYCHHBIE METOJOM MOJEKYISIPHO JTydeBOH smuTakcuedl. OXHAKO MpPaKTHYECKH IOKa
peanu3oBaHbl TEPMOAIICKTPUUECKHIE OXJIaXAAI0IUE YCTPOUCTBA Ha MaTepHUaiax, U3rOTOBICHHBIX METOAO0M IOPOLIKOBOI MeTaulypruu. 3To
HanOoJiee BHITOAHAsT SKOHOMHUYECKH TEXHOJOTMUecKas onepanus. Bo BcemM Mupe pa3paboTaHBI M peaau3yloTCsl B IPOAaXKe CTaHIapTHBIC
tepmobatapen Ha ocHoBe AIN KepaMHKH ¢ HCIIOJIb30BaHHEM MOJIMKPUCTAIIIOB.
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PHOTOLUMINESCENT PROPERTIES OF GLASSES IN THE SYSTEM La,03- Ga,Ss- Ln',0;
(WHERE Ln'-Ce, Er)

S.A. ABUSHOV, H.B. GANBAROVA
Institute of Physics of National Academy of Sciences of Azerbaijan
Az-1143, Baku, H. Javid av., 33

I.B. BACHTIYARLI, O.Sh. KERIMLI
Institute of Chemical Problems of National Academy of Sciences of Azerbaijan
Az-1143, Baku, H. Javid av., 31

The photoluminescent properties of glasses

(GaS3)0,80(L2203)0,10(Ce203)qg 10,

(Ga3S3)0,65(La203)0,33(Er203)0,02,

Ga,S3)0,65(La203)0.28(Er203)007 and (GayS3)o65(La203)030(Er203)00s have been investigated. It is established, that glasses of given
composition have the photoluminescent properties, intensity of which depends on quantitative content of Er,Os.

The glasses on the base of complex lanthanoid
oxisulphides are used in the capacity of matrix, in which the
4 f-membranes are totally present or absent and the rest
corresponding lanthanoid ions are applied in the capacity of
activator, presenting the interest as from position of the
revealing of common regularities of chemistry of rare
elements, physics and chemistry of solid body, so in the plan
of the creation of new materials with special properties.

That’s why the aim of present paper was the investigation of
photoluminescent properties of glasses
(Ga;S3)080(La203)010(Ce2S3)010,  (GazS3)oesL-2203)033(Er-Os)o0z
(GazS3)oe5(Laz03)o28(Er203)007 and (GazSs)oss(L-2203)020(Er203)o 05

Experimental part

In the capacity of initial components - Ga,Ss, 4- La,0s3,
A-Ce;03 and C- Er,0; were used. B Ga,S; has the
monoaclinic syngony, which analogical to literature data [1].
A- La,0sand A4-Ce,O3 are crystallized in hexanal syngony,
C- Er,O3 - in cubic syngony, corresponding to the lattice
parameters in [2].

The synthesis of the samples of glasses, consisting from
the given components, was carried out under the pressure of
sulfur steams at 1425K in glass-graphite crucible, put into
quartz reactor [3]. The synthesis was continued during 2,5
hours; further tempering was carried out at the temperature
from 1425K by the means of the putting into the water at
room temperature.

The photoluminescent (PL) spectrums of the investigated
glasses were fixed on manufacture installation SDL-1. The
sample excitation was carried out by helium-cadmium laser
by the type LPM-11 (4-441,6nm). The photoelectron
multiplier FEU-39A was used as radiation receiver. The
luminescence registration was carried out on the single-beam
scheme with the help of the electron self-recording
potentiometer KSP-4.

The results and their discussion

The photoluminescent properties  of
temperature range 77+300K were investigated.

The PL spectrums of glasses (Ga,S3)og(La:03)010(Ce2S3)o10 at
different temperatures (1 - 77K, 2 - 190K, 3 - 300K) are
presented on the fig.1. It is seen, that PL spectrum captures
the region of wave lengths 460+700nm. The pronounced
three maximums at 537, 550 and 590 nm are observed on the

glasses in
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spectrum at the temperature 77K. The observable pronounced
maximums are joint and become insignificant at 190K, the
spectrum has the bell-shaped form with one maximum at
540nm at 300K.

il

450

T 3 (1m)

B

450

S0 S50 600 3 (mm)
i)
Fig.1. The PL spectrums of glass (Ga,S3)go(L-8203)0.10(Ce203)0.10
at 1-77, 2-190, 3-300K (a), (G@a,S3)0,65(La203)033 at

1-77 and 2-300K (b).

The observable broadband radiations on PL spectrum are
connected probably with matrix defects (fig.1). The PL
spectrum broad-band form at 300K is connected with quazi-
conrtinuous  distribution of the levels of radiation
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recombination in the forbidden band of the given material.
The emphasizing of the maximums in PL spectrums at 537,
550 and 590 nm in the temperature range 77 and 190K
probably connects with the decrease of temperature widening
of the bands, connected with matrix defects.

=
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Fig.2. The PL spectrum of glass (Ga;Ss)os0 La203)o35(Er203)00s (),

g%gszs)o,es (La203)0,28(Er203)0,07 (b) at 1-77K and 2-

The PL spectrums of glass (Ga;Ss)ogs (La:03)oz(ErO3)o at 77
and 300K are presented on the fig. 1b. These spectrums

capture the spectral region 450+-580 nm. The two weak peaks
at 500 and 512 nm at 77K are observed on the spectrum, the
one intensive peak at 550 nm and the step at 562 nm, and
new weak peaks appear on the spectrum at 300K in short-
wave region at 490, 500, 502, 511 nm, the relative intensive
peaks - at 528, 533, 537 nm and intensive peaks — at 545,
550 and 555 nm.

The observable intensive peak at 550 nm and the step at
562 nm on PL spectrum of glass at 77K are connected with
internal-centered transfers “Sy,- *l15, of Er** ion [4,5]. This
fact also proves by that at the temperature change from 77 till
300K the energetic state of maximums of these bands doesn’t
change (fig.1b).

The appearance of new weak bands of PL in the region
525+537 nm at 300K and the increase of the value of peak
half-width 550nm probably are connected with transfer
4H11/2—)4|15/2 of ion Er3+ (flglb) [4,6]

The PI spectrums of gIaSS (63.283)0'55(L3.203)028(Er203)0'07,
(Ga2S3)0,65(La203)0.30(Er203)0,05 at 77 and 300K are presented
on the fig.2 a, b.

From the picture it is seen, that PL spectrums of both
glasses are almost similar. The revealed new bands in the
spectrums of glass compositions (Ga;Sz)og(La;03)010(Ce203)010,
(Ga:S3)oes(La203)o33(Er2Os)002  (Ga2S3)o,65(L2203)0,28(Er203)0 07,
which are absent in spectrums
(Ga,S3)0,65(La203)0.30(Er203)o0,05.are connected with the fact,
that ions Er,05 in these glasses are in different surroundings.

120
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Fig.3. The dependence of radiation intensity on the
(Er,05), content for glasses (Ga;S3)oesl-a,03)oas(Er-0s)x
at 300K.

Thus, the photoluminescence, the intensity of which
depends on percent content of erbium oxide in them is
observed in glasses of the compositions
(GazS3)ogu(Laz03)010(Ce203)010, (GaS3)oes(Laz03)oz(ErOs)o e,
(GazSs)ogs(LaOs)ozs(Er-0s)or and (GazSs)ogs(LaOs)oan(Er-Os)ocs, i-€.
the intensity increases and further increase of Er,O; content
decreases with the increase of percent content Er,Os till 5%.

[1]. 1. Goodyear, G.A. Steigmann. Acta crist. 1963. v.16.
N10. p.946.

[2]. V.B. Glushkova. Polimorfizm okislov redkozemel-
nikh elementov. L. Nauka, 1967. 133s. (In Russian).

[3]. I.B. Bakhtiyarov, O.Sh. Karimov. Kimya problemlari
jurnali. 2003.Ne3. s.27. (in Azerbaijan).

[4]. Spektroskopiya kristallov. Pod. red. A.A. Kaminskiy,
Z.L. Mortenshtern, D.T. Sviridov. lzd., «Nauka».
Moskow 1975. 384s. (in Russian)

[5]. B.G. Tagiyev, O.B. Tagiyev, S.A. Abushov, F.A.
Kyazimova, P.Benaloun, K. Bartau. Luminescenciya
kristallov EuGa,S4:Er. Trudi V mejdunarodnoy
konferencii. Optika, optoelektronika | tekhnologii.
2003. 125s. (in Russian).

[6]. Ch.Barthou, P.Benalloul, B.G.Tagiev, O.B. Tagiev,
S.A.Abushov, F.A.Kazimova and A.N.Georgobiani.
J.Phys: Condens. Matter 16, 2004, p. 8075-8084.

S.A. Abusov, X.B. Qanborova, i.B. Baxtiyarh, O.S. Korimli
La,03- Ga,Ss- Ln',05 SISTEMLORINDO SUSOLORIN FOTOLUMINESSENSIYA XASSOLORI

Ga,33)0,50(L3,03)0,10(C€,05)g 10> (G2,53)0,65(L2205)0 33(Er,05)0. 02, G8,53)0,65(La203) 25(Er,03) g 07 Vo (Ga,S3)g 65(La,05)030(Er,03)g s torkibli
sisolorin fotoliiminessensiya xassosi todqiq edilmisdir. Miiayyen olunmusdur ki, bu terkibli sliseler fotoliiminessensiya xassasi gostorir vo

intensivlik terkibdeki Er,0; miqdarindan asilidr.
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TilnixSe; TIP KRISTALLARIN PYEZOELEKTRIK XASSOLORI

E.M. QOCAYEYV, K.C. GULM9MM®8DOYV, G.S. COFOROVA,
H.S. ORUCOY, S.S. OSMANOVA

Azaorbaycan Texniki Universiteti,
Baku, 370073, H. Javid av.

Toaqdim olunan isds TilnixLnxSe: tip kristallarin pyezoelektrik xassalorinin tadqiqinin naticaleri verilmis vo baza birlesmasi olan
TilnixSe2-nin zona qurulusuna ssason alinmis naticolorin miizakiresi aparimisdir. Mioyyen edilmisdir ki, TilnSe2 -nin kristallik
gofasinds {igvalentli indium atomlarmin tigvalentli lantanoidlorle avaz edilmasi ilo bu kristallarin tenzohassasliq omsalini artirmaq va
idars etmak olar.

Moslum oldugu kimi TISe tip ¢oxkomponentli birlog-  lur. Bu tsulla tomizlonmis althigin tizorins epoksid-krezol
molor yiiksok tenzohassasliq amsalina malik olmalart ilo  lak (EP-96) tobaqasi ¢okilir. Bu toboagenin galinligr 10-15
forqlonirlor [1-5]. Bu tip birlosmalor icorisindo TlInSez mkm tortibde olmalidir. Althq tzerine lak ¢okilorkon
kristali xtisusi yer tutur [6,7]. Bu onunla olagodardir ki, onun soth {izerindo barabar paylanmasina nail olmaq la-
tenzorezistorlarin hazirlanmasi zamani meydana ¢ixan ¢a-  zimdir. Althq otaq temperaturunda 1 saat saxlandigdan
tinliklar, yoni niimunslorin kasilmasi vo emal edilmasi, on-  sonra yiiksok temperaturlu polimerlosmoni hoyata ke-
larin sothinin cilalanmasi, xiisusi kimyavi tisulla sothinin  ¢irmak {iciin quruducu skafda yerlosdirilir. Temperatur
mexaniki qiisurlu hissasinin yox edilmosi va s. TlInSe2  tadrican 470 K-a qadar qaldirilir va bu temperaturda alt-
kristalindan istifado edildikds ¢ox sadolosir vo boyiik  Iigin 1 saat saxlanilmasi tam polimerlogsmoni tomin edir.
zohmoat talob etmoadon hoyata kegirilir. TlInSez birlosmasi- Bu prosesdon sonra altliq tizerina niimunsnin handasi
nin vo onun asasinda bark mohlullarin monokristallar1  Gl¢lisiindon boylik 6lgiids 2-ci lak tobagesi ¢okilir. Yuxa-
tobii diizbucaqli formaya va giizgii sothlors malik olurlar.  rida geyd etdiyimiz qaydada kontakt vurulmus kristal alt-
Belo ki, gostarilon tip monokristallar, en kesiklorinin saha-  ligin ikiqat lak toboqosi ilo 6rtiilmiis hissesinds yerlosdirilir
si toxminon 0,1+0,2mm?2, uzunluglar1 1-50mm olmaqgla vo ehmalca sixilir. Bundan sonra kristalin sothi tamamilo
miixtalif Slciilords olurlar. Bu kristallardan iti uclu kosici  lakla oértiiliir. Bu proses hayata kecirilorkon altliq izerindo
alotla, cox asanligla tenzodtiiriicii hazirlamagq {igiin niimu- ~ nilmunani ixtiyari istigamotdos yonaltmok olar. Nimu-
nalor segmok miimkiin olur. Bu niimunalors etibarli me-  nonin altliq {izorinds stabil voziyyatini tomin etmak ii¢iin
xaniki kontakt, kondensator bosalmas: ilo tesirsiz qaz 0, nazik (eni 1.5 mm olan) ftoroplast lentls baglanilir. Nii-
mithitinds nagillorin birbasa niimunays lehimlonmosi ilo  muns ilo althq arasindaki baglayici tobaqaleri tam qurut-
vurulur.  Otiiriiciilorin hazirlanmasinda altlq olaraq 45 maq Ugiin bu sistem ovvalco 290-300K temperaturda 1
markal;, qalmligi 0,5+1mm, uzunlugu 20-100mm olan  saat saxlanilir vo bundan sonra 1.5 saat miiddatinds 460K
polad 16vholerden istifads edilir. Sethinin islonmoesine goro  temperaturda tabalma hayata kegirilir. Bu prosesdon son-
althq 7-ci sinifdon asagi olmamalidir. Althq svvslco toluol 1@ lentin agilmasi niimunsnin halina he¢ bir manfi tosir
vasitasilo diggetlo tomizlenir, sonra isa etil spirti ilo yuyu- ~ €tmir va niimuna 8lgma t¢lin yararl sayilir.

Sakil 1. Statik rejimda nisbi deformasiyani 6lgmak {igiin qurgunun sxematik goriinisii:
1-kristal niimuns; 2-polad altliq; 3-konar dayaqlar.

TlInixLnxSe> kristallarindan bu qayda {izre hazirlan- R -R AR_,
mis niimunalorin tenzohassasligi [8] isinds tesvir olunan K=—£ 0 = £ )
qurguda statik rejimdo 6l¢iilmiisdiir. Kristala deformasiya Ry& R.&

sokil 1-da tasvir olunan xiisusi qurgu ilo oturialir. Gilizgi
uzli, dizbugaql «sap sakilli» kristallar (1) yapisdirilmas,
galinlig t olan polad tircik (2) bir-birinden | qader mosa- deformasiya olmadiqda niimunonin miiqavimoti, &= A_l
fada yerlason iti uclu (3) dayaqlar1 tizorinds yerlosdirilir. ’

Oyilmo zamani tirciyin orta hissesinin yerdoyismasi 4h o . L .
olur. Bu zaman nisbi deformasiyanin qiymati - nisbi deformasiyadir. R,- vo Rp- miigavimatlori BK7-9

lampali voltmetrin kémayils toyin edilir.

kimi toyin edilir. Burada R,- deformasiya olduqda, Rg isa

_ 4t AR Boyiik miiqavimatli kristallarin tenzohassasliq amsali-
&= I_z M hin
. . . . : _ ARE,O _ AV&,O
disturu ilo, nlimunonin tenzohassasliq omsali isa K= = (3)
Ry € V, -¢
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kimi toyin edilmesi daha slverislidir. Belalikls, sokil 2-da
gostorilon sxem osasinda tenzohassasliq omsalini toyin

etmoak {i¢iin deformasiya olmadiqda (V,) va oldugda (V)
gorginlik diisgiilorini 6lgmoak kifayatdir.

N306

-
oY X

9?9

ETEL

Sokil 2. Statik rejimds tenzohassasliq amsalini tayin etmoak ti¢lin prinsipial sxem.

Bu wisulla tenzohossasliq amsali toyin edilir vo qonaot-
londirici naticalar alinir.

560°K
20l 530°K
500°K
- 470K
1.6 + 440°K
400°K
1.2+
390°K
0.8+ 2
04+
5 10 15 20 25 &ex10°—
£=4 x 1075_
83=10 x10°
1.8 14 £=16x10"
o £=22x10"
1.2 ™
0.6 +

310 350 390 430 470 510 550 T,Kj

Sokil 3. TlingggNdg o2Se; kristallarinda tenzohassasliq
omsalinin deformasiyadan (a), vo temperaturdan (b)
asihilig

lkin todqiqatlarla miioyyon edilmisdir ki, TlInSe2
birlogsmasi osasinda alinmis TlInixLnxSez (0<x<0.04) bork
mohlullar1 [9,10] boyik tenzohassasliq omsalina malik-
dirlor.

Miixtalif texnoloji rejimlords alinmis veo hazirlanmis
tenzodtiiriiclilorin xarakteristikalariin gismen farqlonmo-
sinin sababi polimerlasma daracasinin, niimunalarin galin-
higlarinin muxtalif olmas1 va digor amillorle slaqadar ol-
mas1 mitoyyan edilmisdir.

Moslumdur ki, yarimkegirici tenzometrik materiallarin
osas gostaricisi onlarm baglangic miiqavimatlorinin va
tenzohossasliglarinin temperatur asililigi hesab olunur.

26

Yarimkegirici tenzometrlordon doyison temperaturlu
konstruksiyalarda istifade olunduqda mshz bu olamot
nozora alinir. Moveud tenzometrlorin hassasligi adston
temperatur artdiqca azalir. Bu da onlarin totbiq olunma
imkanlarimi mohdudlasdirir. Bu baximdan bizim tadqigat
obyektimiz olan TlInSe> va onun osasinda alinan bork
mohlullar xiisusi diqqgete layiqdirler. Belo ki, bu kristal-
larin temperaturu artdiqca onlarin deformasiyaya gors
hassashiglart artir. Masalon, TlInixPrxSez kristallar tiglin
aparilmis todqgiqatlarin  naticalori sokil 3-do  verilir.
Sokildon goriindilyti kimi temperatur artdiqca tenzohas-
sasliq omsali xatti ganunla artir.

Umumon, bu tip kristallarda miisahids edilon pyezo-
elektrik effekt asagidaki kimi izah edils bilor. Malumdur
ki, deformasiya zamani kristalin hom uzunlugu, hom en
kosiyinin sahasi, ham do xiisusi milgqavimati dayisir vo bu
halda iimumi elektrik miiqavimatini

p(e)l(e)

RE="50)

kimi ifads edos bilarik.
ogor

ple) = pyLt 7e), 1(6) =l L+ &), S(e) = S,(1-ve?)

oldugunu gobul etsok, onda miisyyan sadslosdirmodon
sonra tenzohassasliq omsali

2
K = Poly + poloe + poloé + polore
S, —2S,ve +S,ve?

4)

olur. Kicik nisbi deformasiyalar ii¢iin & daxil olan hadlori
atsaq vo  sadolosdirmolor aparsaq tenzohassasliq amsali
tglin

K=1+2u+m, (3)
tapilir. Puasson omsali toxminan 0,3-5 barabar olan metal-
lardan forqli olaraq, m,-omsalinin giymatindon asili olan
imumi miigavimatin dayismasi (AR) bu halda comisi 20%
toskil edir. Yarmmkegiricilordo AR praktiki olaraq xiisusi
elektrik keciriciliyinin doyismasindon asili olur.

Bizim apardigimiz todqiqatlar gostormisdir ki, TlnixNdxSez
kristallart da ilkin TlInSe2 kimi ¢ox yiiksok tenzohassasliq
omsalina malikdirler va torkibden asili olaraq hamin om-
salin qiymatini idars etmok miimkiindiir (sokil 4). Miioy-

yon edilmisdir ki, handasi 6l¢iilori 0.25x0.1x10 mm® olan
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kristallar ayrilik radiusu 4-6 mm olan oyilmoys tab gatirir,
deformasiyanin limit qiymaoti iso 1.5% toskil edir. Tadqiq
olunan kristallarin tenzometrik xarakteristikalar1 zaman-
dan vo deformasiya doracasindan asili olaraq da tedqiq
edilmisdir. Mexaniki deformasiyadan sonra xiisusi miiga-
vimatin doyigmasi

A
—p:ﬁe-Egzmeg (6)

Po

disturu ils tayin edilmisdir.

R, Om

YN

56

54 |

52 |

50 |

48

1 1 1 L 1 Fv N
0 200 400 600 800 1000
Sokil 4. TlIn1xNdsSez krisitallarinin miigavimatlorinin
deformasiya qiivvasindan asililig::
1-x=0; 2-x=0,01; 3-x=0,03; 4-x=0,04; 5-x=0,05.

Burada 7, -deformasiya va xiisusi miigavimat arasinda
miitonasiblik amsali, E- Yunq moduludur.

Belaliklo, askar olur ki, yarimkegirici ii¢lin tenzohas-
sasliq amsali har seydon avval materiallarin miiayyan kris-
tallografik istigamot tizro elastiki sabitlorindon asilidir.
Ilkin 6lgmolora gora [001] kristalloqrafik istigamat {izro
300K-ds TlInixLniSe2 monokristallarinda Yunq modulu
onlarm torkibindon asili olaraq E=(13-160)-10"°N/m? in-
tervalinda doyison qiymatlor alir. Bu qiymset artiq yarim-
kegirici tenzometriyada molum materiallar tigiin alinmis
giymatlordon ¢ox boyiikdiir. Bizim qonastimize goro bu,
osason TlnixLnSex kristallarinin miirakkab energetik qu-
rulusa malik olmasi ilo slagedardir. Dogrudan da TlInSe,
birlosmsinin modifikasiya olunmus Habbard Sam modeli
ilo yik sixliginin araliq giymstlorilo hesablanmis zona
qurulusu c¢lin hesablamalarindan asagidaki naticalor
alinir (sokil 5).

TlinSe2

E (eV)

PDNZFATAF

Sokil 5. TlInSe; birlosmasinin zona qurulusu.

Valent zonalarini ii¢ qrupa bolmok miimkiindiir. On
zonadan ibarot on yuxari asas qrup ~3.5eV eno malikdir.
AOXK metodu istifado olunmaqla vo qrup nozoriyyasi
analizi aparmaqla miioyyan edilmisdir ki, bu zonalar,
valent zonanin tavant vo ona yaxin hissolor istisna

olmagqla, asason TI, In va Se atomlarinin p-hallarindan
torayir. Bu qrupun an yuxari hissalari, yoni valent zonanin
tavani vo yaxin hissalor isa asason Tl ionlarmin 6s-
hallarindan térayir. Sonuncu naticoni homginin ayrica
tavan hallarinin  istiraki  ilo  aparillan yik sixligi
hesablamalar1 da tosdiq edir. 9sas qrupdan agagi ~2.0eV
enindo dord zonadan ibarst qrup yerlosir. Bu zonalar
asason Tl va In atomlarimin s-hallarindan t6rayir. Doérd
zonadan ibarat on asagi qrup —12.5eV otrafinda yerlosir ki,
bu zonalar da Se atomlarinin s-hallarindan t6rayir.

P
K,[001,
B 4001]
/
e f \\
!' \ K,[100]
Q] |
] N
\ / Ng=1
V|7
\|/
o 1 Kj[010]

<
N
//

— ~ — ~<.

S===

K,=K,[110] K,[100]

Sokil 6. Dordellepsoidli model.

Valent zonanin maksimumu veo hamg¢inin kegirici
zonanin minimumu Brilluen zonasinin ssrhaddinds
yiiksok simmetriyali T néqtasinds yerlasir vo uygun olaraq
T3 vo T4 gotirilmoayan tosvirlorine aiddir.

Kegirici zonanin diger minimumu 0.17 eV yuxarida
olmaqgla Brilluen zonasmin ssthinde D xotti {izerinde
yerlasir vo Dy gatirilmoyan tosviring aiddir.

Minimal diz zolag T  ndqtesinde  dipol
yaxinlahmasinda qadagan Tz—T,; kecidlorlo formalasir.
Diiz kegidlorin aktivlosmo enerjisi Eg T3—T4 =1.20eV olur.

Tlin.4Ln,Se, tip kristallar tetraqonal sinqoniyada
kristallasan TIlInSe> -in elementar gofosinds indium
atomlarinin lantanoidlorla ovaz olunmasindan
alindigindan homin kristallar halinda valent zonasinin
~3.5eV eno malik olan qrup TI, In vo Se atomlarinin -
hallarindan, esas qrupdan asagi 2.0eV ens malik zonalar
isa T1, In va Pr-un s-hallarindan térayir.

Qrup nozariyyesina gors [11] TISe tip kristallarda sabit
enerji sothi 6zilinii 3 oxlu elipsoid kimi biruza verir (sokil
6). TlInSe: kristallarinda agkar edilmis pyezorezistiv effekt
ekstremumlar1 Q(N,=0.1ellipsoid), T(N;=4-1/4=1-ellip-
soid) vo T(Ny=4-1/2=2-ellipsoid) néqtslorindo yerloson 4
ellepsoidli model ssasinda keyfiyyatco izah oluna bilir.



E.M. QOCAYEYV, K.C. GULMOMM®DOV, G.S. COFOROVA, H.S. ORUCOV, S.S. OSMANOVA

Vadilardoki dastyicilar iiglin olan miistavilordsa dispersiya
ganunu asagidaki kimi ifads olunur:

| KZ  KE

N-g=—| —>+—= )
2 m, m
2 KZ l‘<2

Toe=l |8 By (8)
2\m,; m
2 KZ K2

Q-e=t B X ©)
2(m, m

burada my va my yikdasiyicilarin miivafiq olaraq ellep-
soidin uzununa vo enins oxlari {izro effektiv kiitloloridir.
Burada yiikdasiyicilarin yiiriiklitklori miivafiq olaraq

m

qr
=— 11
s . (11)

kimi ifads edilir.

Ogor vadilords ylikdasiyicilarin say1r ny olarsa, onda
Q,T, vo N vadilorinde homin dastyicilarin say1 miivafiq
olaraq, ng /4, ng /4 va 2- ng /4 olmaldir. Tetragonal oxa
paralel istigamoatds homin vadilords kegiriciliys tesir edon
| _ en, )

4
., Kimi toyin edilir. Onda /001/ oxu boyunca

A\

toplananlar mivafiq olaraq || _ &M ) g‘T
L=
4

| | e2n0
N T T
timumi elektrik kegiriciliyi

3u, TH

UL‘ =0, =¢€en, (12)

lakin /001/ oxu boyunca bir torofli deformasiya zamani
kegiricilikde istirak edon «agir» (yurikliyt g olan ) ve
«ylingiil» (ylrtkliyQl g olan) desiklorin nisbeti doyisir.
Gostarilon dayisme yitkdasiyicilarin bir vadiden digerine
axmasinin naticasi olub, geyd olunan pyezorezistiv effek-
tin meydana ¢ixmasina sabab olur.

Tilnyg4Ln,Se, kristallarmin /001/ oxu boyunca dartil-
mast zamani homin istiqgamotds hoorkot edon agir desik-
lorin nisbi say1 artir, vo bununla slagodar olaraq kegiricilik
azalir. Analoji gaydada niimunen sixilmasi zamant is9 ok-
sing, kegiricilik artir. Vadilards dasiyicilarin yenidon pay-
lanmasinin sobabi bir istiqgamatli deformasiya zamani eks-
tremumlarin miixtolif goraitlorde olmasi ilo olaqoadardir.
Yoni, kristalin /001/ oxu istigamatds dartilmasi zamani
/100/ va /110/ istigamatlords sixilmalari bas verdiyinden,
naticads /001/ oxu tizerinds olan Q ekstremumu yuxariya
galxir vo buna miivafiq olaraq /100/ va /110/ oxlar1 iize-
rindaki minimumlar asagiya diisiir, bu zaman miivafiq va-
dilorin iimumi elektrik kegiriciliklorina /001/ istigamoatda
verdiklori paylar da doyisir. Beloliklo, kristallarin /001/
oxu istigamatds dartilmasi1 zamani kegiriciliklori

en eAn
=TO'(SIUL T4 \)+T(ﬂ\ mH) (13

kimi toyin edilir.Bununla olaqadar olaraq >y
oldugundan niimunolorin dartilmasi zamani elektrik kegi-
riciliyinin doyigmasi manfi

dar

eAn
Ao :T‘(ﬂ\\_lﬂ)q) (14)
olur.

Niimunenin sixilmasi zamani iss elektrikkeciriciliyinin
doyismasi miisbat olur. Demali /001/ oxu istiqgamatinda
niimunonin dartilmasi zamam elektrikkegiriciliyi azalir,
sixilmasi zamani isa artir ki, bu da tacriibslarin yuxarida

geyd olunan naticalori ilo yaxsi uzlasir.

Q.D. Quseynov, Q.B. Abdullaev. Pgezorezistivnie ef-
fekti na monokristallax TIlInSe,-TlInTe. DAN
SSSR. 1973, t.208, Ne5, 5.1052-1054.
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t.39, Nel, s.11-13. (Rusca)
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koqo spektra elektronov troynix poluprovodni-
9.M. T'oxzkaes, K. JIx. 'onemamenos, I'.C. Ixadaposa, I'.C. Opyxxes, C.C. OcmaHnoBa
IBE3OEJIEKTPUYECKHE CBOMCTBA KPUCTAJLJIOB Tliny,Ln,Se,
B HpeZ[T)ﬂBJIeHHOﬁ pa60’re H3JIOKECHBI PE3YJIbTAThl HUCCICAOBAHUS ITbE303JICKTPHUYICCKUX CBOICTB KPpUCTAJJIOB THUIIA T“nl_XLnXSEZ u
00Cy KIeHHs Pe3yIbTaTOB HAa OCHOBE 30HHOH CTPYKTYphl McxoaHoro coemunenus 11INSe,. BrlsBiaeHo, 4To Npu 3aMEIEHHUH TpeXBajeH-
THOI'O MHJIUS TPEXBAJICHTHLIMU JIaHTAHOUAMU B PEIIETKE T“nseZ MOYKHO YBCJIMYUTH U YIIPABJIATH KO3(1)(1)I/IL[I/ICHT TEH30YYBCTBUTCJIIBHOCTH

OTUX KPUCTAJJIOB.

E.M. Qojaev, K.J. Gulmamedov, G.S. Djafarova, G.S. Orudzhev, S.S. Osmanova
PIEZOELECTRIC PROPERTIES OF CRYSTALS TlIn,,Ln,Se,

In the present work the results of investigations of piezoelectric properties of TlIn,Ln,Se, type crystals and its discussion on the basis
of band structure initial compound TlInSe, are presented. It is revealed that at replacement trivalent Indium with trivalent Lanthanoid in
lattice TlInSe, it is possible to increase and operate the tenzosensitivity of these crystals.
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ROTATIONAL CONSTANTS AND COMPONENTS OF DIPOLE MOMENTS OF TRANS-
TRANS-TRANS AND TRANS-TRANS-GOSH CONFORMERS OF BUTYL SPIRIT

Ch.O. KADJAR, S.A. MUSAYEYV, S.B. KAZIMOVA,
A.A. ABDULLAYEV, E.Ch. SAIDOV
Institute of Physics of National Academy of Sciences of Azerbaijan
H.Javid av., 33, Baku AZ-1143 Azerbaijan

The calculated rotational constants, main inertia moments, asymmetry parameters and components of dipole moments of trans-trans-
trans and trans-trans-gosh conformers of N-butanol molecule are given in the paper.

N-butanol is related to the set of one-atom spirits. The
complexity of the structure, internal rotation relative three
axes simultaneously, the existence of the different barriers,
the presence of hydroxyl group leads to many different
conformers and the complex rotational spectrum of this
molecule is expected. The wide use of butyl spirit in organic
chemistry causes the increased interest as from scientific, so
from practical points of view, the investigation of the
spectrum of this molecule.

The internal rotation and rotational isomerism in N-
butanol molecule had been investigated in refs [1-4]. The
conformational analysis of the internal rotation round single
connections C-C-C and C-O in N-butanol molecule is given
in these refs, that allows to estimate the stability of possible
isomeric forms. Authors show, that in molecule spectrum of
normal butyl spirit the absorption line is expected, connected
with trans-trans-gosh, trans-gosh-trans and trans-gosh-gosh
isomers.

Table 1

Structural parameters of some one-atom spirits

Spirits Methyl Ethyl Propyl Isopropyl Average value
Parameters [2] [5] [6] [7]
R(C-C)A® 1,519 1,505 1,505 1,509
R(C-0)A’ 1,428 1,437 1,466 1,466 1,449
R(O-H)A” 0,960 0,968 0,968 0,965
R(C — Ha)A’ 1,095 1,096 1,104 1,104 1,099
<CcC 114°27 114°59 114°43
<CCO 107°74 106°38’ 110°19 108°11/
<COH 101%40 105°48’ 103%44’
<CCHa 109°61’ 108° 06 109928 108° 98’
Q 2095’ 2095/
® 120°32/ 120°32/

a)
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b)

Fig.1. Structures trans-trans-trans (a) and trans-trans-gosh conformers of N-butanol molecule (b).

For the calculation of rotational constants and
component of dipole moments of normal butyl spirit and its
conformers the structural parameters of related molecules had
been taken as the base. For more right choice of structural
parameters the structural parameters of molecules of methyl,
ethyl, propyl and isopropyl spirits, investigated in the refs
[2,5,6-8] had been analyzed.

The co-ordinates for trans-trans-trans had been chosen
thus, that C1 atom was in the beginning of the co-ordinate,
H1, O, C1, C2, C3, C4, H8 atoms were in plane XOY, H2,
H3, H4, H5, H6, H7, H8, H10 laid on the equal distances
from this plane (fig.1, a.).

| The trans-trans-gosh conformer, considered by us, was
obtained in the result of precession atoms O and H1 round
axes, going through C1 atom and center of gravity of O and
C1 atoms. The expression of coordinates of all atoms, besides
H1 and O stay the same, besides H1 and O.

For the comfort the following designations had been
pointed: R(C - C) —r;: R(C-0) —r: R(O - H) —r3: R(C -
H) — r;: <CCC - a,: <CCO - a,: <COH - a3: <CCH - ay:
rotation angle of atoms O and H1-«: precession angle — .

The mathematic expressions for calculation of
coordinates of atoms trans-trans-trans, trans-trans-gosh
conformers of N-butanol molecule had been mentioned in
such co-ordinate (tab.2).

Table 2

The expression for the definition of coordinates of atoms of N-butyl spirit molecule and its gosh-conformer
in arbitrary co-ordinates

Ne X Y Z
1 Cy 0 0 0
2 C, -1y 0 0
3 Cs -r1- ri*cos( m-a,) 0 -ry*sin( o-o,y)
4 C, X(Cs) -1y 0 Z(Cy)
5 H, X(Hs) - Y(H3) Z(H,)
6 Hs r*cos(m-a) rz*sin(m-o4) * KOPEHB(3)/2 -r3*sin(m-ay4)/2
7 Hy X(Cy)- rz*cos(m-a,) rz*sin(m-o4) * KOPEHB(3)/2 -Z(Hs)
8 Hs X(Hy) - Y(Hy) Z(Hy)
9 He X(Cs)- X(Hs3) Y(Hy) Z(Ca)+ Z(Hp)
10 Hy X(Hs) -Y(He) Z(He)
11 Hg X(C4)- X(Hz) 0 Z (C4)- rg*sin(ﬂ-(X4)
12 Ho X(C4)- X(Ha) Y(Hy) Z (C4)-Z(H)
13 Hio X(Hg) -Y(Ho) Z(Ho)
14 ) ry*cos(i - a,) 0 ry*sin(m - o)
15 H; X(O)+ ry*cos(o—ai3) 0 Z(0)- ry*sin(o—o3)
16 o' X(O)+ ry*sinQ*(1+ cos(m- ry*sinQ*sin(m-w) Z(O)-r,*sinQ*(1+cos(m-m)) *cos(m-o-2)
®))*sin(m-op-0Q)
17 H' X(Hy)-(rs*sin(m-oa3-Q))-  (ra*sin(m-o3-Q))-r,*sin(Q)) *sin(m-w) Z(Hy)+(rs*sin(m-a3-Q))-
r*sin(Q)*(1+cos(n-w))* sin(m- r,*sin(Q)*(1+cos(n-w))*cos(m-a-2)
(lz-Q)
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The rotational constants trans-trans-trans and trans-trans- ! N-butyl spirit and its gosh-conformer are given in the table 3.

gosh of butanol conformers and also components of dipole At the study of molecule structures the program
moments relative them were calculating on the base of the “RASMOL” (molecular visualization program) is used.
obtained structure. Molecular visualization program “RASMOL” is used for the

The rotational constants, main inertia moments, clearness of atom situation in molecule (fig.2).
asymmetry parameters and components of dipole moments of

Table 3
Rotational constants, main inertia moments, asymmetry parameters and
dipole moments of N-butyl spirits and its gosh-conformers

Parameters trans-trans-trans gosh-trans-trans
A 19069.852 19087.051
B 1980.781 1952.240
C 1881.827 1870.899
Ha 0 0
s 1.1085 1.1086
Me 1.1042 1.1044
Hog 1.5647 1.5649
X -0,98849 -0,98823
Ia 26,50943468 26,4855483
Ig 255,2179651 256,323263
Ic 268,6384636 270,207531

a) b)

Fig.2. The visual images of molecules: butyl spirit (a) and its gosh-conformer (b).
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C.0. Qacar, S.A. Musayev, S.B. Kazimova, A.A. Abdullayev, E.C. Soidov

BUTIL SPIRTI MOLEKULUNUN TRANS - TRANS - TRANS VO TRANS - TRANS - QO$
KONFORMERLORININ FIRLANMA SABITLORI VO DiPOL MOMENTLORI

Moaogalods normal butil spirti molekulasinin trans — trans — trans va trans — trans — qos konformerinin firlanma
sabitlorinin, bas otalot momentlorinin, asimmetriya amsallarinin vo dipol momentlorinin komponentlorinin hesablanmasindan
bohs olunur.

Y. O. Kagkap, C. A. Mycaes, C. b. KsazumoBa, A. A. Aoayanaes, J.Y. Canon

BPAIIATEJIBHBIE IOCTOAHHBIE 1 KOMIIOHEHTHI JUIIOJBHOI'O MOMEHTA TPAHC - TPAHC -
TPAHC U TPAHC - TPAHC -TOllI KOH®OPMEPOB BYTHNJIOBOI'O CIIUPTA

B crarpe NPpUBOAATCA  paCCUHUTAHHBIC  BPAIATCJIbHBIC ITOCTOSHHBIC, IJIaBHBIE MOMEHTBI HWHEPLUH, I[MapaMeTpbl aCUMMETpUHU H
KOMITOHEHTBI JUIIOJIbHBIX MOMECHTOB TpPaHC — TPAHC — TPaHC, TPaHC — TpaHC — I'OLI KOH(iJOpMepOB MOJICKYJIbL H- 6yTaHOIIa.

Received: 08.11.05
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THERMO-ELECTROMOTIVE FORCE AND HALL EFFECT IN FeGa,S,

N.N. NIFTIYEV, F.M. MAMEDOV
Azerbaycan State Pedagogical University Az-1000, Baku, U. Hajibeckov, str.,4.

O.B. TAGIYEV
Institute of Physics of NAS of Azerbaycan, Az-1143, Baku, H. Javid av., 33

The thermo-electromotive force and Hall effect have been investigated in the different temperatures in FeGa,S, semiconductors. On sign
of the thermo-electromotive force it is established, that FeGa,S, has p or n type of the conductivity in the different temperature intervals, The
coefficient of the thermo-electromotive force, concentration and Hall mobility of current carriers have been defined.

FeGa,S, is related to the class of the compounds
A"B,"'X,Y'  (A-Mn, Fe, Co, Ni; B-Ga, In; X-S, Se, Te),
having elements with thin d-membranes [1-5]. These
compounds are perspective for the creation of the lasers, light
modulator, photodetectors and other functional devices on
their base, directed by the magnetic field. The physical
properties of FeGa,S, had been studied in some refs. [6-8].

In the given ref. The results of the investigation of
thermo-electromotive force and Hall effect in FeGa,S,
crystals are given.

The crystals FeGa,S,; have been obtained by the direct
alloying of elements of high frequency (99, 999%) in
stoichiometric quantities. By the roentgenographical method
it has been established, that FeGa,S, has rhombic structure by
dbopmyna ZnAl,S, type with parameters of crystalline lattice
a=12.89; b=7.51; c=6.09A [6].

The samples were prepared by the way of the mechanical
treatment of the ingot in the form of the parallelepiped with
average sizes ~ 5x6x7mm?. The investigations were carried
out on the constant current in the constant magnetic field on
FeGa,S, samples.

2
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Fig.1. The temperature dependence of the coefficient of
thermo-electromotive force for FeGa,S, crystals.

The temperature dependence of the coefficient of thermo-
electromotive force () for FeGa,S, crystals is given on the
fig.1. It is seen, that in the temperature interval 300+-850K the
curve of the coefficient of thermo-electromotive force has
easy character. At low temperatures (up to ~420K) the
coefficient of thermo-electromotive force shows on the hole
conductivity. The thermo-electromotive force in the interval
300+400K weakly increases and achieves ~1mV/K. On the
sign of the thermo-electromotive force it is seen, that in the

temperature interval 300+420K FeGa,S,; has p type of the
conductivity. The positive sign of the coefficient of thermo-
electromotive force till ~420K evidences about the fact that
in this temperature interval in FeGa,S, crystals npp> Netse. It
can be proposed, that extrinsic levels in FeGa,S, crystals at
~420K aren’t ionized totally. lonizing they with temperature
increase lead to the increase of electron concentration and
higher ~420K till 670K ngu, become more, than npup. It is
seen, that in this temperature interval FeGa,S4 has n type of
the conductivity. In the temperature interval 425+510K the
negative coefficient of thermo-electromotive force strongly
increases and its value achieves ~ 2.1mV/K. The part, where
a increases with the temperature increase is one a~In(T)¥?,
that corresponds to the following expression [9]:

oz:E(InNC +r+2j
e n

(Effective state density N~T>?). Further, in the
temperature interval 510+675K the negative coefficient of
thermo-electromotive force decreases with temperature
increase and higher ~675K the conductivity transfers into
hole one.
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Fig.2. The temperature dependence of the concentration of
current carriers for FeGa,S, crystals.

The temperature dependencies of the concentration of
current carriers, defined from the measurements of Hall
effects for FeGa,S, crystals are given on the fig.2. It is seen,
that the concentrations of the current carriers in the low-
temperature and high-temperature regions have different
values. The concentration of the current carriers (curve 1) in
the low-temperature region in the investigated temperature
interval P=(6+12)-10"cm™ changes. It is need to note, that
the same values of the concentration of the current carriers
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for FeGa,S, have been obtained from the measurements of
the dependence of the electroconductivity of these samples
from electric field [8]. In the high-temperature region the
value of the concentration of current carriers (curve 2) in the
temperature interval 500+730K almost doesn’t change and its
value is equal to (1+3)-10"%cm.
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Fig.3. The temperature dependence of the mobility of the
current carriers for FeGa,S, crystals.

The temperature dependence of Hall mobility of current
carriers for FeGa,S, crystals is given on the fig.3. It is seen,
that the mobility of current carriers (curve 1) in the

temperature interval 300+400K weakly increases and its
value achieves p~180cm?B-s. In the high-temperature region
500+740K the value of the mobility of current carriers
changes in the interval z=(4+9)cm?B-s. We know, that the
mobility of the current carriers depends on the composition
and perfection of the crystalline structure of the
semiconductor, on concentration temperature of current
carriers [10]. As at the high temperatures the scattering on the
thermal vibration of the lattice is the main mechanism of the
scattering and the mobility of current carriers decreases with
temperature increase. The mobility also decreases with the
increase of the concentration of current carriers. In our case
in high-temperature region the mobility of the current carriers
in FeGa,S; becomes lower, that in the low-temperature
region.

Thus, in FeGa,S, crystals the thermo-electromotive force
and Hall effect at the different temperatures have been
investigated. The coefficient of the thermo-electromotive
force and conductivity type have been defined. The
concentration and Hall mobility of the current carriers have
been found.
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N.N. Niftiyev, O.B. Tagiyev, F.M. Mammadov

FeGa,S,-DO TERMO-E.H.Q. VO XOLL EFFEKTI

FeGazSa yarimkegirijisindo miixtalif temperaturlarda termo-e.h.q. vo Xoll effekti todqiq edilmisdir. Termo-e.h.q.-nin isarasine
goro miloyyon edilmisdir ki, FeGa>S4 miixtalif temperatur intervallarinda p va ya n tip kecirijiliys malik olur. Termo-e.h.q. amsali,
jorayan yiikdasiyijilarin konsentrasiyasi vo Xoll yiyiirtikliiyi toyin edilmisdir.

H.H. Hudgtues, O.b. Tarues, ®.M. MamenoB

TEPMO-3./1.C. U DODPEKT XOJIJIA B FeGa,S,

B nonynpoBoxunkax FeGaxSs4 nccnenoBansl Tepmo — 3.14.c. ¥ 3ddext Xomwia npu pasinyHbX Temreparypax. 1o 3HaKy Tepmo- 3.]1.C.
ycraHosieHo, uto FeGaxSs obnamaer p u N THIIOM IPOBOJMMOCTH B Pa3HBIX TeMIEpaTypHBIX MHTepBanax. OnpeneneHsl K0dQGUIUESHT
TEpMO-3.11.C., KOHIIEHTPAIMS U XOIJI0BCKas MOJBHKHOCTh HOCUTENEH TOKa.
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PIEZORESISTIVE EFFECT IN
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POLYMER-SEMICONDUCTOR

A.l. MAMMADOV
Institute of Physics of NAS of Azerbaijan
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H. Javid av.,33

In this work the results of investigations of piezoresistive properties of the composition system polymer-semiconductor are presented.
Also, the influence of the electroconductance, concentration and mobility of the charge carriers of the filler, the upper mentioned properties
and the dielectric characteristics of the composite components had been investigated.

It is shown that the electroconductance in composites due to tunneling charge carriers between particles of filler through polymer layer.

Till recently variety of active composite materials and
sphere of their usage were limited. There were basically
electret, pyroelectric, piezoelectric and photoelectric
composites [1-3]. But lately the figure was suddenly changed,;
now there are new active composites — posistors, varistors
(bipolar non-linear transducer) and piezoresistors. One of the
main features of the above mentioned composites are extreme
big and invertible dependence of resistance on tension of the
electric field, temperature and mechanic tension. This
promotes their wide usage in electronic technique [4-7].
Composite limiter of current, tension and no- contact
switches are very perspective elements for usage in
electrotechnical, chemical and petroleum industry.
Composites-semiconductor, polymer-piezoelectric allow to
create nonlinear elements on their base for different purposes,
particularly piezoresistors.

However, receiving necessary and what is an important,
reproducible feature of the mentioned composite abruptly get
complicated by their structural features:

Presence of difficultly regulated interphased limits,
heterogeneity, potential barrier on the verge of phase
disengagement and hysteresis effect. Depending on the
limits’ type and geometry, phase interaction character andl

potential barrier, the features of piezoresistive composite may
noticeably differ. It cannot be doubted that electronic features
of piezoresistive composite are mainly defined by energetic
levels laid in the forbidden gap of polymer phase, which
appear because of heterogeneity of its physical and chemical
structures, availability of the interfacial phase, structure of
which differs from structures of the other (separated) phases.

There is conflicting data about the nature of localized
states and their role in the formation of different effects,
including piezoresistive. That’s why establishment of the
structure contribution and electrophysical parameters of the
separated phases and limiting electronic effects gains very
important meaning in formation of piezoresistive effect in
composite — polymer-semiconductor.

Let us examine the influence of pressure (P) on
electroconductivity (p), i.e.

Piezoresistive effect in composites on the base of non-
polar polyethylene (PEHD), polypropylene (PP) and polar
polyvinylidene fluoride (PVDF), filled with semiconductors
(Si and Ge). Dependence of Igp from the pressure P
composites on the base of PEHD, PP and PVDF silicon and
germanium is shown in the plate (table) 1.

Table 1
Dependence of Igp of various composites
P,MPa Lgp, Om-m
PEHD+Si PP+Si PVDF+Si PEHD+Ge PP+Ge PVDF+Ge
0 4.8 4,44 3,7 5,08 4,77 4,92
0,5 3,7 3,1 2,7 4,15 4,15 3,38
1 2,55 2,22 2 3,38 3,61 2,85
15 2,1 1,8 1,44 3,15 3,15 2,62
2 1,78 1,44 1,22 3 2,85 2,46
2,5 1,56 1,22 0,89 2,92 2,54 2,38
3 1,33 1,11 0,67 2,85 2,46 2,31
3,5 1,22 0,89 0,56 2,85 2,35 2,23
4 1,22 0,89 0,56 2,77 2,27 2,19

As may be seen from the table 1, as the pressure is
boosted, the resistance of the compositions is decreased, and
what is more, the level of decrease depends on the features of
polymer and filler, also very much from the quantity of filler
content in the composite. Level of resistance change at
pressure change may be defined by the expression lgpo/p,
where py and p specific resistance of composites at normal
pressure which we consider as 0 and terminal pressure (in our
case 4 MPa). On table 2 there dependence lgpoy/po on thel

l content of semiconductor filler C for compositions with
silicon and germanium is presented. With the increase of the
quantity (C) of the filler the magnitude lgpoy/p is increased at
first, reaching the maximum at C = 50% mass, and afterwards
it is decreased.

Dependence Igp on electroconductivity of filler Igo; for
composites on the base of PEHD u PVDF is shown in the
tables 3 u 4.
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Table 2
Dependence Igp/p, on the content of semiconductor phase
C.%. lgplp,
d=75mem PVDF+Si PEHD+Si PVDF+Ge PEVP+Ge
20 2,6 2,3 2 1,8
30 3,2 2,9 2,6 2,3
50 3,5 3,2 2,7 2,4
60 3,4 2,9 2,4 2,2
80 3,2 2,2 1,8 1,7
Table 3
Dependence Igp on electroconductivity Si for PEHD
lgo,, Om™*m™ lgp,, Om-m
C=7% C=33% C=40% C=60%
0,5 8,5 5,875 4,375 1,75
1,2 8,5 5,325 4 1,75
1,8 8,5 4,375 3,25 1,625
2,5 8,5 3 2,25 1,625
Table 4
Dependence Igpe on electroconductivity Si for PVDF
lgs;,, Om™*m™* Igp,, Om-m
C=7% C=33% C=40% C=60%
0,35 9 4,2 2,8 1,25
1 9 39 2,5 1,17
1,4 8,5 3,6 2,3 1,17
1,9 8,5 31 1,83 1,08
2,75 8,5 1,33 1,08 1

At little contents of the filler (C<C,,1) resistance of the
composites reach the level at which it doesn’t depend on the
filler’s electroconductivity. At big contents of the filler
(C>C,,) resistance of the composites also doesn’t depend on
o.. At medium contents C (C,1<C<C,,;) there is strong
dependence of Igp on ;.

It is known that the electroconductivity of the filler is
defined by two factors:

Concentration of he current carrier (N) and their

| mobility (u). That’s why let’s view the influence of these
factors on the electroconductivity of the composites. As it’s
seen on the table.5, influence Igp from N has the same form
as lgp from o, while the electroconductivity of the carriers
practically doesn’t affect on the electroconductivity of the
composites (fig.1). That’s why we can say that the
electroconductivity of the composite is basically connected
with the concentration of the current carriers in the semi-
conductor filler.

Table 5

Dependence of the specific resistance Igp and 1g,o./p from the carrier
concentration IgN particles of the semiconductive phase

lgp, Om-m lgp/p
IgN on the base of | onthe base of | on the base of | on the base of
PEHD PVDF PEHD PVDF

17 8,86 6,14 1,55 1,05
17,25 - - 1,8 1,45
17,75 8,29 6,14 2,05 1,7
18,25 7,71 571 1,7 1,85
18,75 7,14 5,28 1,35 1,7
19,25 571 4,29 - 1,35
19,5 4,43 3,43 0,65 0,75
19,75 2,86 2,43 0,3 0,4
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Fig.1. Dependence of the specific resistance and composite
sensitivity on the base of PEHD and PVDF from the mobility p
charge carrier of the particles semiconductive phase, C=33%: 1,3 —
PEHD, 2,4 -PVDF.

In the composite piezoresistor between semiconductive
particles very thin layers of the polymer are placed, and that’s
why each pair of the contacting layers form the
micropiezoresistor. The composite piezoresistor is the

difficult chain of the parallel and in series connected
micropiezoresistors.

On fig. 2 the simple model of the composite is shown
which allows us to explain the conductivity change of the
under

composite  polymer-semiconductor the mechanic

tension.

N
Q..

Fig. 2. Model and energy band structure of the piezoresistor: 1-
metal electrodes, 2- polymer, 3- semiconductor. q¢.,, 4¢uen J0n —
works of extraction, semiconductor and polymer, correspondingly,
s Gon @, — Fermy metal levels, semiconductor and polymer, a, —
polymer layer, where the charges are localized, a,,, — layer
thickness of the semiconductor spatial charge.

It is known, that the tunneling possibility is practically
defined by the expression:

W = exp[—% 2m(p, — E)d}

where 71 - quantum constant, ¢, - potential barrier height, d

— barrier thickness.

As it is seen from this expression, the possibility of
tunneling is less when the barrier width gets more and the
energy of the tunneling particle gets less. As all these
parameters stand in the index of exponent, the dependence of
the possibility from them is very abrupt. The distance
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between the particles in the composites at which the
tunneling is possible, may be achieved by variation of the
volume content and by the size of the semiconductive filler.
As it was already mentioned, on contact forming the phase
composite, there happens the exchange of the charge which
leads to the establishment of the thermodynamic equilibrium
on the verge of phase separation. By this Fermy level is
compared at both phases. We may assume, that from the
semiconductor (e.f. type n — Si) the chargers go to the
polymer phase and are stabilized on the different boundary
traps. On semiconductive phase the equal-sized positive
charge is formed. According to the charge concentration in
the semiconductive particle and in the traps in polymer
matrix on the verge, positive and negative charges will be
distributed in accordance with the phases on some area near
the verge of the phase separation. It is obvious, that the height
of the barrier in this case is equal to the difference between
the work function of the polymer and semiconductor or to the
electronic cpoacteom da3. However, let’s mention that in the
composite this factor depending on the width of the polymer
layers between semiconductive particles, which depends on
the diameter and volume content of the semiconductive filler,
may be somewhat different. In this connection, the formation
of the potential barrier, appearance of the charge carriers and
conductivity mechanism will be somewhat different. Carrier
tunneling through the barrier may be accompanied by their
hopping conductivity through thin polymer layer. The
changes of the height and the width of the barrier on the
verge of the phase separation with the increase of the content
of the semiconductive particles at their diameter constancy
(reduce) can be explained by the following way. At the
increase of the content of the filler the width of polymer
layers between the particles are reduced, that’s why, in spite
of the increase of number of traps on the verge the polymer-
particle because of the strong on the boundary of the
amorphousation, the number of ionized traps are reduced
because of the increase of electrostatic aaexktpocraTudeckoro
repulsion between the boundary layers of polymer matrix
(fig.2), bordering to two neighboring particles or to electrode
and particle. That’s why the reduce of the electroconductivity
of the composite with the increase of the content is connected
with the reduce of the barrier layer width and the height of
the potential barrier on the verge of phase separation. From
this point of view the examined effects, for example,
piezoresistive effect in the composite polymer-semiconductor
can be explained. By interaction of mechanic tension the
thickness of polymer layers are reduced and it leads to the
release of the charge carriers from the ionized traps on the
verge of polymer- particle due to the increase of the
electrostatic repulsion. If the energy disengaged from the
traps of polymer layers of the charge carriers will be not
enough to reach the zone of conductivity, the hopping
mechanism is realized. In compliance with spatial and energy
distance between separated traps the deformation of polymer
layers and activation of the charge carriers under the
influence of mechanic tension may lead to charge tunneling
from one trap to another. lonization of the traps on the verge
of phases’ separation and their charge transfer along the
polymer layers by one of the mentioned mechanisms lead to
further charge tunneling from semi-conductive particles to
polymer and to decrease of height and width of the potential
barrier, therefore, to increase of the conductivity of the
composite, i.e. to appearance of piezoresistive effect.
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POLIMER - YARIMKECIRICI QEYRI-NiZAMI SISTEMD® PYEZOREZISTIV EFFEKTI

Hazirki isdo polimer-yarimkegirici kompozit sistemin pyezorezistiv xassalorinin naticalari toqdim edilmisdir. Yarimkegirici maddanin
yikdastyicilarin elektrikkegiriciliyinin, konsentrasiyasinin, yirukliytinin va kompozitin dielektrik xarakteristikalarin pyezorezistiv xassalaro
tosiri dyranilmisdir.

Misyyan edilmisdir ki, kompozit sistemdas elektrik kegiriciliyi ylUkdastyicilarin polimer laylar vasitasilo yarimkegiricinin hissaciklori
arasinda tunel effektins asason bas verir.

A.A. MamenoB

MNBbE3OPE3UCTUBHBIN 3®PEKT B HEYIIOPSJIOYEHHOM CUCTEME
HOJIUMEP-TIOJYITPOBOJHUK

B macrosmelt pabore mpeAcTaBIEHBI Pe3yNbTAaThl UCCIECAOBAHUS NMbE30PE3UCTUBHBIX CBOWCTB KOMIIO3MIMOHHBIX CHCTEM IOJIMIMEp-
HOJTyIPOBO/IHUK.

W3ydeHo BiIMsAHNE HAa HUX JIEKTPOIIPOBOJHOCTH, KOHIIEHTPALMM U MOJBMKHOCTU HOCUTEJIEH 3apsiia HAIOJHUTEISA U AUIICKTPUUECKHE
XapaKTEPHCTUKN KOMIIOHEHTOB KOMITO3UTA .

VYCTaHOBIEHO, YTO 31E€KTPONPOBOJHOCTh B KOMIO3UTAX OCYLIECTBISIETCS TyHHEIMPOBAHMEM HOCHTENEH 3apsia MEXKAy YacTHUKaMHU
HAITOJIHUTEIS Yepe3 MOINMEPHBIE TPOCIOUKH.
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DETERMINATION OF DEBYE SCREENING LENGTH FROM CONDUCTIVITY
OF PbTe FILMS

M.M. PANAHOV, S.N. SARMASOQV, M.Z. MAMEDOV
Baku State University
Baku, Az-1145, Z. Khalilov str, 23

In this paper the epitaxial layers of PbTe, which physical properties practically did not differ from properties of monocrystals were
prepared. IR-lasers and receivers of radiation, optical filters and thermogenerators are created on the basis of such layers. However number
of questions concerning growth of epitaxial layers of the given group materials is investigated insufficiently. The laws of oxygen molecules
capture, during layers growth and influence of ferroelectric substrate polarization on conductivity of layers concern to such questions.

Measurement of film parameters, prepared on ferroelectric substrates, allows carrying out experimental determination of Debye

screening length.
Introduction

In modern science and engineering with monocrystals of
various semiconductors are widely applied also of thin films
prepared by vacuum evaporation and other methods.

A huge success of physics of semiconductors has served
as stimulus to development of semiconductor electronics and
modern  semiconductor  technology. Application  of
semiconductors in various areas of cybernetics, automatics
and telemechanics providing the successful decision of huge
number of tasks of the large economic value, represents all
growing requirements to essential expansion of nomenclature
of a new semiconductor materials and increase of their
quality.

The various methods for preparation of epitaxial films
have enabled essential expansion of their application areas.
The idea about an opportunity of use epitaxy for preparation
monocrystalline films of semiconductors and creation on
their basis p-n junctions was stated in 1954. The set of works
is published in literature from that moment. The outstanding

place among these works takes epitaxy of A*B°® group
materials. These materials belong to narrow gap
semiconductors and are widely used in engineering. In 1964
were prepared epitaxial layers of PbS and PbTe by
S.A. Semiletov’s group, which physical properties practically
did not differ from properties of monocrystals. IR-lasers and
receivers of radiation, optical filters and thermogenerators are
created on the basis of such layers. However number of
questions concerning growth of epitaxial layers of the given
group materials is investigated insufficiently. The laws of
oxygen molecules capture, during layers growth and
influence of ferroelectric substrate polarization on
conductivity of layers concern to such questions.

Films of PbTe were prepared on LiNbO; and Debye
screening length is determined from conductivity of films.

Results and discussion

It is known, that at interaction of an external electrical
field with the charge carriers in semiconductor are
redistributed, therefore there is a volumetric charge

p(r)and electrical field E connected with a volumetric
charge by the Poisson equation [1]:

diveg,E(r) = p(r) @
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Expressing an electrical field E by potential we can write

Veigp(r) = —p(r) / ec, @
The potential energy of electrons V(r) bends zones so,
that E(r) = E+V(r) or,
E.(r) =E +V(r) (3)
V(r) =V.,e ™t 4

The zones bent downwards for the p-PbTe films. For the
film prepared on negative, domains, the power zones are bent
upwards (Figure 1).

Fig. 1. The energetic zone diagram of n-PbTe films prepared
on the negative and positive domain of LiNbO;.

We shall consider the characteristics of conductivity
change of the p-PbTe films prepared on different domains of
LiNbOg, for definition of Debye screening length (Figure 2).
Let’s on experimental curve allocate  some points
appropriate to thickness interval of 45-75 nm, which where
tga <1, that is characteristic for p-PbTe films prepared

LiNbO; with various polarization. Film of p-PbTe
prepared on positive domains at small  thickness
(d <50 nm) has intrinsic conductivity about ~ ~ 10'® cm™

and at d > 50nm the structure was worsened. Therefore we
have chosen some pairs of points in thickness interval of
50nm< d < 75nm. The concentration of holes in samples

with thickness of 60 nm, prepared on positive and negative
domains was:
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P! =38-10"cm™®, P'=14-10"cm>,

and for the thickness of 70 nm,

P?=6-10°cm™® , P?>=2.10"cm™®

The concentration holes in a source were ~ 10" cm™ at
300 K, i.e. film is nondegenerate [2]. Then the formulas for
concentration of charge carriers in semiconductors maybe

write as [3; 4]
P_~e—|:,/kt (5)

-F, /Kt
P, ~e

(6)

where P. and P, -are the concentration of holesin PbTe
films prepared on negative and positive domains of LiNbO;,
and F- and F. - are the appropriate Fermi levels.

U_‘. A

V)

x

Fig. 2. Change of conductivity of the n-PbTe films on
different domains of LiNbOa.

As the semiconductor is in a thermodynamic balance
condition and Fermi level in it is constant, distance between it
and energy zones varies at change of carrier concentration.
We spend readout of Fermi levels from edge of valence zone
(Figure 1) and thus for Fermi levels of these two p-PbTe
films we can write down:

F =F, —ue " 7)

F.=F, +ue /" (8)

where u — is the potential energy connected to action by
surface polarization. Substituting (7) and (8) in (5) and (6)

and resulting in linear approximation (LD > d) averaging

of a Fermi level by film thickness we can write for carriers
concentration:

Fy+ue 9/2LD

P-~e K 9)
Fo_ue—dIZLD
P~e X (10)
Further having divided (9) on (10) and taking the
logarithm we have

d/2L,
kT

In(P_/P,)=2ue (11)

The expression for curve points appropriate to film
thickness of d, =60nm and d, = 70 nm , can be write as,

dy/2L,
In(P*/P})=2ue (12)

d,/2Lp
In(P?/P?)=2ue (13)

Having divided the equation (12) on (13) and take the
logarithm, we have,

In(P*/P!) _d,-d,
In(P2/P2) 2L,

(14)

Equation for calculation the Debye screening length
can be written:

dz _dl
In(P*/P!)

In(P? /P2
( J

Substituting experimental values of d;, d, and hole
concentration for investigated films we find value of Lp~100

nm. Designed on the formula of L  =,/e&,kT /ne®, this

parameter is about 107 -10°m. Here for PbTe & ~400,
n=10"cm™ , T =300K.

D (15)

2In

Conclusion

Substituting experimental values of d;, d, and hole
concentration for investigated films we find value of Lp~100
nm. Designed on the formula of, this parameter is about
107 -10°m. Here for PbTe & ~400, n=10"cm™, T =300K

Measurement of film parameters, prepared on
ferroelectric substrates, allows carrying out experimental
determination of Debye screening length.
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M.M. Panahov, S.N. Sormosov, M.Z. Mommoadov

PbTe TOBOQOLORININ KECIRICILiYi OSASINDA DEBAY EKRANLASMA
UZUNLUGUNUN TOYINi

PbTe-un alinmis epitaksial laymin fiziki xassolori monokristalin xassolorindon praktiki olaraq forqlonmir. Tobagonin
parametrlorinin 6l¢iilmasi Debayin ekranlagma uzunlugunu tocriibi olaraq toyin etmoys imkan verir.
Bu ciir laylar asasinda IQ — lazerlar, siialanma gabuledicisi, optik siizgaclor vo termogeneratorlar yaradilmisdir.

M.M. IIanaxos, C.H. Capmacos, M.3. MamenoB
OINIPEJAEJIEHUE JJUIMHBI DKPAHUPOBAHMUS JEBAS U3 TIPOBOAMMOCTMU IIVIEHOK PbTe

Tosy4ens! snuTakcHanbHbie ciion  PbTe, ¢usiyeckue CBOMCTBA KOTOPBIX MPAKTHYCCKH HE OTIHYMINCH OT CBOWCTB MOHOKPHCTAILIOB
[1,2]. Ha ocnoBe Takux cinoeB co3aanbl MK — na3epbl 1 NPUEMHUKH W3JIyYCHHUS, ONTHYCCKHE DHIBTPBI U TepMOreHepaTopbl. OmHAKO, psi
BOIIPOCOB, OTHOCSIIUXCS K POCTY 3MUTAKCHANBHBIX CIOEB IAHHBIX COEIMHEHMH, M3ydeH HexocTaTouHo. K Takum BompocaM OTHOCATCS
3aKOHOMEPHOCTH 3aXBaTa MOJEKYyJ KHCIOpOAa B IPOIIECCE POCTa CIOEB, BIUSHUE TMOISIPHU3AIMU CETHETOINEKTPHUYECKON MOMIOXKKH Ha
TIPOBOJMIMOCTB CIIOEB.

W3mepenne mapaMeTpoB IJICHOK, BBIPAICHHBIX HAa CETHETOMIEKTPUYECKHX ITOJUIOKKAX, MO3BOISIET MPOBOAWTH IKCIIEPUMEHTAIBHOE
olIpeieNieHNe JUTNHBI 3KpaHupoBanus Jlebast.

Received: 14.12.05
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KUTLO SPEKTROMETRININ iON — OPTIiK XARAKTERISTIKALARINA
ANALIiZATORUN PARAMETRLORININ KONARACIXMALARININ TOSIRI

A.M. HOSIMOV, T.K. NURUBOYLI,
Azorbaycan MEA Fizika Institutu

K.Z. NURUYEV
Azarbaycan Milli Aerokosmik Agentliyi

Isdo aksial-simmetrik elektrik sahali ugusmiiddatli kiitlo spektrometrlorin konstruktiv elementlorinin hesablanmis giymatlorden
konaragixmalarinin onlarin texniki gostoricilorine tesiri todqiq etmok iigiin hesablama tisulu toklif olunub. Bu vaxt nominal paramet-
rdon konaragixmalarin iki tipi, miioyyon diapazonda diskret vo kosilmoz konaragixmalara baxilmisdir.

Konkret kiitlo spektrometri misalinda konstruktiv elementlorin hazirlanmasinda yol verilon konaragixmalarin vo gorginliklorin
fluktasiyalarinin onun ayirdetma gabiliyyatina tosiri aragdirilmisdir.

Kiitlo spektrometrlorinin layihslosdirilmasinds vo
hazirlanmasinda osas masalalorden biri onun konstruk-
tiv elementlorinin parametrlorinin hesablanmis giymat-
lordan yol verilon konaragixmalarin diizgiin qiymatlon-
dirilmoasidir. Ciinki bu taloblarin haddon artiq sort ol-
masi cihazin osassiz baha basa golmasina, sorbastliyi isa
analizatorun ion-optik xarakteristikalarinin pislogsmasi-
no gotirir [1-4]. Elektrik va (vo ya) maqnit sahoali ana-
lizatorlarin bu ciir kenaragixmalarinin metodiki vo no-
zori osaslandirilmasi iglorinds baxilmisdir. Masalan, [4]-
do radial elektrik sahali analizatora daxil olan enerjiya
vo bucaga goro dagmiqliga malik ion dastinin anali-
zator daxilinds tigqat fokuslanma sortlori nazori baxil-
mis vo bu parametrlorin analizatorun ion-optik xarak-
teristikasina v ionlarin zamana va mokana gora fokus-
lasdirilmasina tosiri arasdirilmisdir.

Bu moqalods konkret parametrloro malik aksial-
simmetrik sahoys malik ugusmiddatli kiitla-spekt-
rometrlorinin konstruktiv parametrlorinin nominal qiy-
motlordon konaragixmalarinin onun texniki gostaricils-
ring tosiri arasdirimisdir.

1. Hesablama metodikasi

Sokildo aksial-simmetrik sahsli u¢usmiiddotli kiitlo
analizatorunun ion-optik sxemi verilmisdir. [5]-do bu
clir analizatorun ionlarmin trayektoriyalarimin onun ¢i-
xiginda kosismo (fokuslanma) noqtesinin koordinatlari
asagidaki sokilds verilmisdir:
y—-Iy . z

A==, (1)

A= ;
o I

burada y - ionlarin fokus néqtesinde orta trayek-
toriyadan nisbi kenaragixmalarimin radial proyeksiyast;
z - radial istigamatds bucaga goro daginighiga malik
ionlarin orta trayektoriyadan kenaragixmasi; r,- orta
trayektoriyanin radiusudur.

Bu koordinatlarin ¢; kigik parametrlordon asililig:
asagidaki parametrik tonliklorls ifads olunur:

7 7
i=1 i=1
burada 4

koskin sarhodo malik analizatorun hondosi vo saho
parametrlorinin funksiyalari, kicik ¢; parametrlori isa

vo ;- girisinds va ¢ixisinda elektrik sahaosi

o, =tga; a,=tqg p,; 0{3=i;

h AV AM | U,

Og="7") Og=——, O;=""",

MO VO

burada « va f - ionlarin radial v aksial istigamoatds acilma
bucaqlari; S, h- giris diafranmasinin eni vo hiindiirliyii; AV,
AM - ionun orta trayektoriya ilo harokatine uygun enerjisi va
kiitlosinin konara ¢ixmalari, V;, voUp - ionun enerjisine uygun
stiratlondirici gorginlik vo orta trayektoriyanin potensial-
laridir.

Kiitlo spektrometrinin parametrlorinin hesablanmis qiy-
motlordon konaragixmalari nainki ionlarin trayektoriya ton-
liklorinin amsallarina (4,, 4;) homginin, ki¢ik parametrlors do
tosir eds bilir. Bu hal ion monbayinin enins yerdoyismasi va
potensiallarin fluktasiyast zamani1 bas verir. Bu hallar [6]-
dan istifads etmoklo arasdirmaq olar. Burada iso 4 va 4
omsallarinin doyismasi halima baxaq. Hesablanmanin sado-
liyi xatirino forz edok ki, analizatorun parametrlorinin ¢
konaragixmalari konar elektrik vo maqnit sahslorinin pay-
lanmasina tasir etmir. Onda (1)-doki 4, amsalmin doyis-
mosinin asagidaki sokildo gostormok olar:

SA ZA @ +y zap a.

i=1\ k=1

burada P, -konaragixmalara moruz qalmis parametrlor,
LB=0Py — k- c1 parametrin keanaragixmasi; N-Py parametrlorin
sayidir. Py- parametrlori dedikdos analizatorun hondssi 6l¢ii-
lorini xarakterizo edon ry, A1, Ao, W, o, 2k (sokilo bax) va ya
elektrik vo maqnit saholorinin paylanmasini gétiirmok olar.
& Vo [ parametrlori bir-birindon asili olmadigr tgiin
omsallarin maksimal doyismalorinni belo yazmaq olar:

N 6 aA
| |max le(ap

i |ai|max|ﬁe|max : (€)
i=1 k

Buradan goriiniir ki, xarakteristikalar1 ikinci tortib kigik
komiyyatlorlo toyin olunan analizatorun parametrlorinin
konaragixmalar1 hesabina A, omsallarinin doyismosi heg
olmasa bir tartib kigik olmalidir.
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2. Konar¢ixmalarin ionlarm bucaga gors fokuslanma-
sina tasiri

fonlarin bucaga gore fokuslanmasi zamani anali-

zatorun parametrlorinin hesablanmis konaragixmalari
A; amsallarinin agsagidaki doyigsmolaring gatirir:

N HA
SA =) 50
25p

Bu zaman fokus ndqtesi sistemin optik oxu boyu
yerdayismasi bels ifads olunur:

|5AZ|:J1|<Z;8P |ﬂk| 1 kz;ap |ﬁk|max K
burada ] 1=%- analizatorun ¢ixis golunun
X

r
( A, :I—ZJ fokusun yerdayismasina verdiyi tohfasidir.
o

Qeyd edok ki, analizatorun konstruktiv parametr-
larinin icazs verilon konaragixmalari ela secilmoalidir ki,
A-nin doyismesinin yekun qgiymoati ikinci tortib aber-
rasiyadan boyiik olmasin. Bu vaxt agar arzu edilon noti-
coni alds etmok miimkiin olmursa, ya cihazin konstruk-
siyasinda miioyyon doyisiklik etmoli, vo ya ion moanbo-

yinin doliyinin yerini 2, -[52,| -dan A, +[5 4|

intervalda doyisdirmok nozords tutulmali, ya da fokus-
lanma bagqa parametrlorin doyigmosi hesabma oldo
olunmalidir.

[3]-do gostarilmisdir ki, onlarin enerjiya vo radial
bucaga goro daginiqliq hesabina fokuslanmanin pozul-
masini korreksiya etmok ii¢iin analizatorun ti¢ paramet-
rindon istifado etmok kifaystdir. Buxdigimiz halda bu
ti¢ parametrin (Py, Py, P3) nominal qiymotdon konaragix-
malar1 zamani fokuslanma sorti asagidaki tonliyi 6de-
molidir.

a4,
8PHQ

0A;
8P

OA]

B+

At aP

NOA
=2 op | P

k=1 2

2
Ogor fokuslanma zamani g, £, f; parametrlori sim-
metrik doyismoys moruz qalirsa (-, ... < S < B max )

onda fokuslanmani alds olunmasi iigiin asagidaki bora-
barsizlik 6danilmalidir.

>

n=1

N

OA
|ﬂ|max kz_la_l:)nﬂ?|ﬂk|max'

8P

Bu zaman inamli natica alds etmak tigiin hor bir pa-
rametrin tonzimlomo sorhadlarini elo se¢gmok lazimdir ki,

o4 |
0 Pk

N
ﬂn,max Z‘ Z_:

P Pk |ﬂk|max ®)

olsun.

3. Konarac¢ixmalarin analizatorun dispersiyasina vo ayird-
etmo qabiliyyatino tosiri

Yuxarida deyilonlora va [6]-da alinan naticalora asason
analizatorun parametrlorinin  konaragixmalar1 hesabina
onun kiitloys gora ayirdetms gabiliyystinin (R) hesablanmis
giymatini asagidaki ifads ilo toyin etmoak olar:

sR=S T

Analizatorun yol verilon maksimal konaragixmasi avval-
cadon verilmis SR qiymatinin va har bir f,-nin bu doyismoys
vera bilacayi tohfalori nazers alsaq analizatorun konstruktiv
parametrlorinin icaza verilon konarigixmalarmi toyin etmoak
olar.

Analoji olaraq dispersiya omsallarinin qgiymatlarini
doyismasini tayin etmak {liglin
N OA
z 5 A z 65
= Az P ﬂz

alariq.

4. Siiratlondirici garginliyin vo sahalorin paylanmasinin
fluktasiyasimn analizatorun xarakteristikalarna tosiri

Yuxarida baxdigimiz biitiin hallarin hamisinda forz olu-
nurdu ki, analizatorun hor bir parametri onlarin nominal
giymotlori otrafinda konkret giymot alir. Bu halda iso ba-
xilan parametrlor miioyyon diapazonda kosilmoz doyisdiyi
tigiin bu doyismalarin analizatorun ion-optik xarakteristika-
larina tesirini kompenss etmok olar.

[5, 6]-da gosterildiyi kimi siiratlondirici gorginliyin qeyri-
stabilliyi ionlarin enerjiys goro daginighigia olave ekvivalent
dagimiqliq demokdir. Garginliklorin geyri — stabilliyi ilo buna
uygun olan enerji vo kiitlonin ekvivalent doyismalori arasinda
olaqo tonliyi zorraciklorin orta trayektoriya ilo horaketini
tomin edon tarazliq sortindsn alinir

LK+ k) =+k) 20 (250 ()
2 2 H, E0
burada &=a5; Vo y=agz- enerji vo Kkiitlonin nisbi

konaragixmalari, E, vo H, elektrik vo maqnit sahalorinin
intensivliklorinin orta trayektoriyadaki qiymetidir. k=-/
(elektrik sahosi) vo ya k=1 (maqnit sahasi) qiymatlorini
yerina qoysaq gorginliklorin dayigmalorinin «yaratdigy» slave
enerji va kiitlo daginiglar tigiin uygun olaraq

gmaxz(anj ; ax=2(5Ho]
EO max HO

yazmagq olar.
Hor iki sahonin birgs tesiri zamani homin fluktasiyalarini
oE

«kiitlaya gore alave daginiqlign»
max
EO max H 0 Jmax

olar. Axirinci ifadedon goériiniir ki, basqa sortlorin eyni oldu-
gu elektrik vo maqnit sahasi analizatorlarin maqnit sahasinin

7max:2max=(
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stabilliyins elektrik sahosinin stabilliyine nisbaton daha
ciddi mohdudiyyatlor qoyulmalidir. Basga soézlo bu
geyri-stabilliklorin analizatorun isine mane olmamasi
tictin onlarin yol verilon konaragixmalar: tigiincii tortib
kigik komiyyat saviyyasinds olmalidir.

5. Analizatorun parametrlorinin kanaracixmalarmnin
onun ayirdetms qabiliyyating tosirinin hesablanmasi

Hesablanmig  parametrdori  ry=240mm,4;=4,=1,
y=254°44" yo=n=m2, w=1, k=-1 (elektrostatik saho)
olan kiitlo analizatoruna baxaq. Forz edok ki,
Vo=1.2kV, Omax=Lnax=1.7510% S$=10mm, h=0.08mm,
=510,

Uygun hesablamalardan sonra (6) asagidaki soklo
diigor:

5
SR< {17,6i+8,75,1l +880%, #1765+
rO

+(0-5 zo +08y, +45350)-10°)

Ogor forz etsok ki, aywrdetmo qabiliyyatinin
hesablanmig R=1000 qiymotindon yol verilon
konaragixmasi oR=2.5¢, -dir va biitiin parametrlorin bu
doyismoys verdiyi tohfo eyni olub, uygun olaraq
6=0.07, 5A,=62,=5.6-10", Sy=2.8-10"rad, dw=1.1-104
-dirss onda (8)-don Jy, va Jy, tglin 0,0175 alariq. Onda
parametrlorin yol verilon maksimal konaragixmalari
ticlin asagidakilar1 aliriq:

fonlarm orta trayektoriyasinin oyrilik radiusu
(ro)0,07 mm.

Analizatorun giris vo ¢ixis qollart (I vo Iy1,)

0,13mm.
Radial sahanin agilma bucagi ()1’ bucaq daqiqgasi.
Elektrodlarin oyrilik radiuslar1 (1; vo 1, ) 0,03

(8) ifadasini arasdirarkon asagidakilari nazors almaq
lazimdir:

1. Analizatorun parametrlorinin nominal giymatlordon
yol verilmis konaragixmalari onlarin avvalds gobul olunmus
ki¢ik kamiyyat sortino uygun galmasi xatirina boyiik gotiiriil-
mamolidir.

2. Digor torafdon onlarin olduqca kigik gobul edilmosi
geyd olundugu kimi cihazin hazirlanmasini miirokkoblos-
dirir, bozon ise miimkiinsiiz edir. Nozors almaq lazimdir ki,
yol verilon konaragixmalarin maksimum qiymoatlori kiitlo
spektrometrinin ayirdetma qabiliyyatini nazars ¢arpacaq do-
racads azaltmasin. Burada da arasdirma iki istiqgamatds apa-
rila bilor. Birinci — parametrlorin konaragixmalarin qiymot-
lorini gqabaqcadan qobul edorok onlarin cihazin ayirdetmo
gabiliyystina tosirini hesablamagq, belsliklo konara ¢ixmala-
rin qiymatini segmak; ikincisi — ayirdetma qabiliyyatinin yol
verilon doyigsmosini vo onun parametrlor arasinda boliinmo-
sini qabagcadan bildikdan sonra analizatorun parametrlorini
giymatlorinin yol verilon maksimal konaragixmalarii toyin
etmok.
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nun ion-optik sxemi.
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Hasimov A.M., Nurubeyli T.K., Nuruyev K.Z.

THE INFLUENCE OF PARAMETERS’ DEVIATION ON ION-OPTICAL CHARACTER OF MASS-
SPECTROMETER

The method was elaborated which allows to research the influence of the value deviation from nominal parameters of analyzer
over the character of mass-spectrometer with axial symmetrical electrical field. Two types of deviation were considered: receiving
discrete values and the values changing in some ranges uninterruptedly.

The influence of discrepancy of master field elements as well as the instability of accelerating and declinator fields over the mass-

spectrometer characteristic researched.

45



A.M. HOSIMOYV, T.K. NURUBOYLI, K.Z. NURUYEV

I'ammmmos A. M., Hypyoeiiau T. K., Hypues K.3.

BJUSAHUE OTKJIOHEHU TAPAMETPOB AHAJIM3ATOPA HA NOHHO-ONITUYECKHE
XAPAKTEPUCTHUKHU MACC-CIIEKTPOMETPA

Pa3pa60TaHa MCTOJHKA, IO3BOJIAIOIIAA HMCCICAOBATH BJIMAHHUC OTKJIOHCHHM# 3HAYCHHH OT HOMHHAJIBHBIX apaMeTpoB aHaJIu3aTopa Ha
XapakKTECPUCTUKU MaCC-CIEKTPOMETPA C aKCHAJIBbHO-CUMMETPUYHBIM JJICKTPUYCCKUM IIOJIEM. PaCCMOTpeHbI JIBa THUNA OTKJIOHCHHI:
NMPUHUMAIONUE TUCKPETHBIC 3HAYCHUA U MCHAIONIUECS HEIIPEPLIBHO B HEKOTOPOM AHAIIa30HE.

HccnenoBano BIIMSIHME HETOYHOCTH PasMEPOB MOJIC3aJaroIUX JJIEMEHTOB, a TaKXKe HECTaOWILHOCTH YCKOpAOMUX U OTKJIOHAIOUUX
moJsicit Ha XapaKTCPUCTUKU MACC-CIIEKTPOMETPA.

Received: 15.12.05

46



FiZiKA

2005

CiLD XI Ne4

PUTTING OUT OF LUMINESCENCE OF Nd* IONS IN SEMICONDUCTOR GLASSES

G.l. ABUTALIBOV, A.A. MAMEDOV
Institute of Physics of National Azerbaijan Academy of Sciences
Az-1143, Baku, H. Javid ave., 33

The processes of transfer and degradation of the energy of electron excitement in glassy matrix have been investigated. The
microparameters of the interaction and minimal distance Nd-Nd have been defined by the different methods.

The several hundreds of active mediums of solid-state
lasers have been found during the time of the formation of
quantum electronics. These are mainly activated dielectric
crystals and glasses. Their spectral-luminescent characteristics,
fundamental properties of quantum transfers, are fundamental
for laser crystals and glasses, defining the possibility of
generation obtaining. That’s why the luminescent properties
present the most interest from all their properties. The
methods of quantitative investigations of transformation
processes of energy of electron excitement in collective of
optically active centers, interacting with each other and field
of the external radiation have been developed relatively
recently. It is established, that we always have the situation
I>>W in laser crystal and glasses, where W is interaction
possibility, /7 is line width [1]. By other words, the
interaction is carried out by incoherent way that gives the
possibility to use the possible approach for the describing of
the energy processes in collective of interacting particles.

The energy relaxation of electron excitement in the
collective of interacted particles in solid body presents itself
the superposition of big number of elementary acts of energy
transfer of two types. Firstly, these are elementary processes,
leading to the excitement migration on metastable particle
states, creating the donor (D) subsystem at their interaction
with acceptors (A). There is the possibility of taking place of
corresponding elementary acts [1]

Wop =Cpp fop(R) Wpa =Cpa fpa(R) 1)
where Cpp and Cpa are microparameters of interactions D-D
and D-A; R is distance between couple of the interacted
particles; f_ (R) f,,(R) are the functions, the form of
which is defined by the nature of the interactions D-D and D-A.
The dipole-dipole interaction and f_ (R)=f,,(R)=R™® take
place in laser crystal and glasses.

The interaction processes in common case can be divided
on three stages, revealing in the decomposition curve of the
excited state, which can be expressed in general form [2]:

|

where 7 is life time of donor excited state in the absence of
energy transfer from donors to acceptors, and 71(t) function
describes the kinetics of irreversible non-radiating energy
transfer from excited donor state. The Kinetics of first two
stages, which are responsible for static transfer (the transfer
in the absence of energy migration on donor subsystem), is
described by common expression [3]

I(t) = Z In {1_Xa + X, EXPp [_ (\NDA)it]} )

|a)=uem{ul+na) @

Ty
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where x, is relative acceptor concentration, i.e. the part,
accessible for acceptors of lattice nodes, captured by
acceptors. The summation is led on all lattice nodes,
accessible to the energy acceptors.

From the expression (3) in the capacity of the limits the
expressions are followed, describing the static order
decomposition at t<t; and static disorder decomposition at
<ty:

Xa CDA

b~ [In@-x,)| RS

, 4)

where Rq is minimal distance between donor and acceptor of
the energy. At t<t; the expression (3) is transformed in

1
H(t) = _XACDAZ:¥t : Q)

From (4) it is seen, that at X, =1, t, > o0, i.e. the

expression (5) will have the place in all time scale. This is
naturally, i.e. in this case each donor has the equal
surroundings and all they disintegrate with equal velocity
CDAZ = , Which is equal to the sum of possibilities of
transfer on all acceptors.

The summation exchange on i on integration on R in (5)
gives

CDAnA
Ro

() = —gn ©

The expression (3) has the form at low acceptor
concentration (X,—0):

1I(t) =—x, Y |1—exp (—%t]

The summation exchange on | on integration on R in (7)
at t<t leads to the well-known Ferster result

I(t) = -yt |

()

(8)

where ¥ = % 7°'°n_/Cp, -

The energy migration on the donor subsystem causes the
process of migration-limited energy transfer from donor
subsystem into acceptor one. It takes place at tyt,~ (y/W)?

and the decomposition law of excited state of donor
subsystem has the form [1]:
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I(t) =1, exp[— (l +Wt+ Aﬂ )
T

where e is excitement part, not died by static way and

W = f(nA’nD’CDA’CDD) (10)
(np is concentration of energy donors) - velocity of
migration-limited relaxation. The form of function (10) is
different in different models of migration-limited relaxation,
which describe the different methods of excited transport in
energy acceptor region [2]. At

Seu N2 (12)

where A = ngl’?’

is character length of migration jump,
5RW =R, /m (m is interaction multipolarity degree, in our
case m=6, Ry, is radius of sphere of strong stewing, defining
as

C
27, =1,

W

(12)

Ty IS passing time through sphere of radius R,, in the acceptor
absence), mechanism of migration stewing is diffusion one.
As analysis shows [4], the condition (11) demands very

strong demands on the ratio C, /Cpp =2 >10" [4] that
makes it very doubtful: the possibility of the realization of
diffusion model of energy transfer in laser crystals and
glasses. The realization of mixed stewing mechanism,
suggested in [2], is also unlikely, i.e. the potential form of
dipole-dipole interaction doesn’t leave the place for the
region of this mechanism use:
Ry /M((A((Ry, (13)
The jump mechanism of migration-limited relaxation is
more often realized in practices [1,4]. It is supposed, that
excitement enters (goes out) into (from) stewing sphere (5)
for one jump, i.e.

Ry <4, (14)
That on microparameter language means
Cor <Cpp (15)

Concretesizing the time of one jump 7y as the most |

) = %

where  na(np) is  acceptor concentration  (donors),

Ty = (8277[3néCDD)_1 -

DATO @(\/7) _@(\/7) € TO( 2 ,

possible one:
o =(4137%"n,C52 )° 16 (16)
We can obtain the expression for Ry in jump model
- (CDA /QCDDnD )1/6 (17)

The calculation of fundamental connection (10) of
velocity of non-radiated relaxation because of the energy
migration to the acceptor with microparameters of energy
transfer for jump mechanism was carried out in [5]. This
connection is defined by the formula

W = 20nDnA\/a\/g\/P_o’

where oy is possibility not to be in initial movement point at
occasional passing along the lattice. In the case of simple
three-dimensional passing <0.66, i.e. taking under
consideration the consequence, that the excitement can go out
from the band of the acceptor action without dying, leads to
the appearance of the numeral coefficient, very few differing
from 1. The following is more significant one. At the
calculation of ratio (18), the supposition about the fact, that
distance donor-acceptor fluctuate in different stewing spheres
was used. This supposition is right only at the small
concentrations of active particles in crystal lattice, when
acceptor donors exchange the one and the same base ion. By
other words, it takes place, when the condition (14) has been
carried out, but moreover in sphere Rj many seats are

(18)

existed.
The concentration increase of donors leads to the
decreaseas 4 ,so R,, . The ratio
Ry (R, (19)

means the density constancy of donor excitements in space,
which decreases in time on exponential law with
decomposition constant, given by (5), i.e. the velocity of non-
radiated. Decomposition in all time range is the single one
and coincides with decomposition velocity on the initial part
at small donor density. Such situation is called by kinetic
limit.

The microparameters Cpa ,Cpp and value Ry, had been
defined by two methods. First method is the following one.

The expression for TI(t) at dipole-dipole transfer
mechanism has the form in limits of Zusman approach:

(20)

is more possible time of donor-I

dr7(t)  $Cpn 2
Wt)=—2=n n(R,t)dVv
==y j n(RY

==7z°n
3

1 FO
2 -
’n, Con |7} 1 (&jze “yp | LU 1)
7, N AW! T,

donor transfer, and @(x)= 2 J'e Y dy is possibility integral.
NE2
Momentary stewing velocity W(t) is equal at this
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where n(R,t) is momentary excitement density on donor, for 7/Zt) and W(t) can’t be obtained, however, their
being on R distance from acceptor. However, formulas (20)  asymptotic behavior can be analyzed, and also it is possible
and (22) had been obtained in the supposition of the equality  to study functions 7Z(t) and W(t) by numerical methods.

to the zero of minimal distance donor-acceptor, where the In ref. [7], the common expressions for 7Z(t) and W(t),

infinite big velocity of stewing at t=0 was obtained from, that  \hich have the form had been obtained with the use of the

difficult. It is need to note, that at the consideration of
minimal distance, not equaling zero, the analytic expression |

1 tp _ty b 7

A O — -—re
W(it)=—n,(=22)2!arctgb+e ©®|e © dx—e ™
() =5 (247 arctg j i

Foxp (22)

1(t) = jw (t)dt’

i 1z c -1 It is need to note, that end kinetics of R(t) coincides with

where b=| - | |, 7 =|=PA| . Theexpression(22) function (24) only on initial step (t<7,), when the
7 RS ) o , .

) - _ ) excitement return on initial center can’t be considered, even

describes the decomposition process of excited donor state i jn the case of order donor situation. At the dipole interaction

all time interval. the end Kinetics at partial consideration of the return and

Thus, the microparameters Cpa , Cop and value Rmin can  dispersal on the distances between the donors has the form
be obtained from the best coincidence of calculated and [g]:

experimental curves.
The second method is the following one. According to R(t) = exp(_\ﬁ) (26)
Burshtein theory [6], kinetics of migration — rapid process, 7’
assigned by function N(t), is described by integral equation _
t where 7 is average holding time on the initial center. That’s
N , N s why in equation (23) R, should be changed on R, after that
N(t) = Ny (DR, (1) _I No (t—t)R, (L —t)N(t")dt’(23) instead (25) the following kinetic equation for the stewing
0 will be obtained

_t t
where R, =€ ™ (24) describes the kinetics at the end of ~ N(t) = N, (t)R(t) _INO(t —t)R(t -t )N (t")dt". (27)
excitement, and N, = (e™y is kinetics of static stewing of 0

the excitement by acceptors. In particular, at dipole-dipole In the equation (27) the minimal distance donor-acceptor
interaction Ny has the form: wasn’t considered. As it was mentioned, the damping law of
donor number with taking under consideration of “forbidden
N, = (e"Wt> _ e_yft _ (25) volume” differs from Ferster one (25) and has the form:
|
N
. Y B 2 tC
N, =exp —?nARf1in e —1+2)fy, [edx|f, where y, = 2 (28)
0 min
That’s why in order to consider the minimal distance | It was shown in the previous chapter, that interaction
donor-acceptor, in equation (23) Ny should be changed on  microparameters, defined by different methods for
N; . After that exchange we obtain the following equation neodymium ions in glass La,S3-2Ga,Os are very close. This is

connected with the fact that in glass La,S;-2Ga,05-Nd** at

¢ the investigated neodymium concentrations the condition

N(t) = N} (D)R(t) _J' N, (t—t)R(t —t")N(t")dt’. 29) 7ty is well carried out. If the given condition isn’t
0 carried out, it is impossible to define interaction

microparameters, emphasizing the region of static disorder

It is impossib_le to golve this equation in _analytic form  decomposition. That’s why at the use of traditional analysis it

and N(f) can be investigated by only numerical methods. s need to check the carrying out of the condition 7, ({7,

Thus, solving the equation (22), from the condition of the fitisn ied hen the describi  th in all
best coincidence of experimental and calculated curves it is I_ Itisn’t carrie out, t en the describing of the curves in a
time scale is the only right step.

possible to define the microparameters Cpp, Cpa and Rpyn.
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Fig.1. The experimental (continuous time) and calculated
(points) of the decomposition of metastable state
*F32Nd* in glasses (LayNdy),Ss-2Ga,Ss: 1-x=0.04;
2-x=0.14; 3-x=0.32; 4,=0.591mcm.

In glass La,S32Ga,Ss-Nd** the condition 7,{(t{(z,

doesn’t carried out and traditional analysis gives the result,
strongly differing from the results, obtained on the describing
of experimental curves in all time scale in Zusman theory
limits. For the neodymium ions in glass La,Ss-2Ga,S; the
following parameters had been obtained on the describing of
the experimental decomposition curves in all investigated
interval (fig.1, point-calculation, total lines-experiment):

R, ~(54+08)4
Cpp ~ (25%1)-10 % cm°s™
Cop ~(1£0,5)-10 % cm°s™

i1,

107

600

300

!'[.\lk'c‘]

Fig.2. The time population evolutions of upper laser level of
neodymium 4Fgin glass La,S3-2Ga,03: 1-x=0.002; 2-
x=0.01; 3-x=0.03; 4-x=0.05; 5-x=0.1; 6-x=0.156
A,=0.594mcm.

The decomposition curves of the excited state
4FmNd3+ in glass (La;xNd,),S3-2Ga,03(x=0.002; 0.01; 0.03;
0.05; 0.1; 0.156) are presented on the fig.2. The
measurements of quantum output at the resonance excitement
on the glass samples with small concentration Nd*" give the
values 7 ~1. That’s why the life time *F,,,Nd*", measured

by us at the small concentration Nd* , which is equal
145 mcs, is the radiation one. The analysis of the non-

50

exponential decomposition region, captured between the
regions of static order and migration-limited decomposition,
is given on the fig.3. The value C_,(Nd — Nd), calculated

on the region of static disorder decomposition was 5-10°
“cm®s™. The value C, (Nd —Nd), defined from formula

(36), was equal to 5-10%%m°s™. At the high neodymium
concentrations its concentration stewing usually takes place
in the mode of kinetic limit [4], moreover, the stewing
velocity coincides with the velocity of static order
decomposition [9], i.e. significantly depends on minimally
possible distance donor-acceptor Ry, in the given matrix,
being thus, the important parameter, characterizing the
stewing effectiveness.

miry-wi

04 -

0,3

0,1

Fig.3. The kinetics type of static disorder decomposition of the
level *F3, Nd* in glass (LayxNdy),S3-2Ga,05. 1-x=0.03;
2-x=0.05; 3-x=0.1

The value Ry, in glass La,Ss-2Ga,03-Nd** was obtained
by us by several methods. First was in the measurement of
the velocities of static order stewing

4r C
Wy :?nA Rr?:iAn (30)

Substituting in this formula the value of microparameter
Cpa, found before on the region of static disorder

decomposition, we obtain Ryi=~(3,8 % 0,3) A.

The second method is the following one. It is known, the
function expression of non-radiation losses at static dipole-
dipole energy transfer taking under consideration of minimal
distance of donor-acceptor, which isn’t equal to zero, has the
form [10]:

4 I 2
H(t):?nAR,fﬁn (e —1+2,fy, [e'dx), @1
0
where Y, _t oA
C -1
At big times t))rlz( SDAJ we obtain:
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A

3/2
() = 3 M R NaCont™

R3 4

min

. (32)

Thus, that extrapolating the experimental dependence
H(\/f) till t=0 we obtain the value on “a”:

A
a=—

3 nARamin )

(33)

where the value Ry, is defined from. The value Ry;,, defined
with the help of (33), was (3,8 + 0,3) 4, i.e. coincided with
the value Ry~ (3,8 £ 0,3) A , defined by other method.

The critic neodymium concentration at the increase of
which the concentration stewing of luminescence Nd** in
glass carries out in the mode of kinetic limit, was
n*~3.5-10%cm™. The time was equal to z;=3mkc.

At the definition of Ry, by the two above mentioned
methods the emphasizing of the region of static disorder
decomposition and definition on it Cpa is the weak place.
Indeed, after &-excitement of the sample the single process of
the establishment of stationary profile of density of donor
excitement round acceptor (at this it is possible to say about
non-stationary migration-raped stewing) takes place and say
about the emphasizing of the static disorder stewing from this
process only at Ry>>R», Where in stewing sphere the big
enough number of seats are present, causes the dispersal of
the distances donor-acceptor in different spheres (in “joint
sphere”). By other words, the ratio 7))z, (34)

i ~ (E)IIG

(R 7

strong modulation of decomposition curve, i.e. it will be quite
different from the curve in semi-logarithmic scale. For the
use of the usual analysis methods of the static disorder
et

min

J should be carried out. This is expressed in

decomposition ( ) should be the following: 7z, ((t{(z,
(35) can be smoothed, if don’t use 7I(t), but use the

expression 71(t) = ;/\/f, defined by the formula (31). The
condition (30) smoothes at this: 0 <t{(zr, (36). In such

cases, when nor (35), neither (36) aren’t carried out, the
describing of the decomposition curve in all investigated time
interval and the definition of interaction microparameters
(Cpa and Cpp) and minimal distance Ry, from the condition
of the experimental and calculated data, is the only right way.

In the limits of Zusman approach [6] taking under
consideration of donor-acceptor distance (Rni,) the analysis
of the decomposition curves was carried out by us. From the
coincidence of the calculated and experimental data the
following values of the above mentioned parameters had
been defined from the calculated and experimental data:

R. ~(35+05)A
Cu~(35+15)-10%cm®s™

Cy ~(2£1)-10%cm s
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Fig.4. The experimental (continuous lines) and calculated
(points) of decomposition curves of metastable state
*Far, Nd*® in glass (La,.«Ndy),S5-2Ga,05. 1-x=0.05;
2-x=0.03; 3-x=0.01

200 400

The experimental decomposition curves are given by
continuous lines, the calculative curves are given by points.
The results, obtained with the help of the describing of
experimental decomposition curve in all time scale are close
to the results, obtained by the way of the emphasizing of the
region of static disorder decomposition and on formula (18).
The closeness of the results is explained by well carrying-out

of the condition z,))z; at the investigated neodymium
concentrations.
The concentration dependence of the value of quantum

output of the luminescence Nd** at the different lengths of
excitement waves is shown in table 1.

Table 1

The concentration dependence of the value of the
quantum output of the luminescence of Nd** ions in glass
La,S3-2Ga,03 at different wave lengths of excited light.

Material Concentrations yn Tair | Tin
Nd**(%) (mem) | (%) | (%)

La,S;-2Ga,05 1 0.596 90 88
1 0.812 95 88

5 0.812 61 57

10 0.812 27 22

It is seen, that with the increase of Nd*" concentration
the quantum output “F4, of the level Nd** decreases because
of the concentration stewing. The valuesz, measured with the
use of balance and indirect methods are well coincide
between each other in the relation to the squares under
decomposition curves of excited state ‘Fs, at the impulse
excitement. At Stockes-law excitation the quantum output of
the luminescence doesn’t change in the limits of experiment
mistake at the different lengths of excitement waves.

Thus, the carried out investigations evidence about the
perceptivity of the use in the capacity of the laser material of
semiconductor glass La,S;-2Ga,0; - Nd**, and also allow to
describe the processes of concentration stewing of ion
luminescence in the investigated materials in wide range of
the concentrations of active impurity.
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Fig.5. The damping kinetics of luminescence from *Fz;, Nd*2
level at the excitation of glass samples by the light with
wave length
A,=0,6 mcm

1-0,004 Nd,0,S - 0,996 La;0,S - 3Ga,S3;
2-0,11 Nd,0,S - 0,89 La,0,S - 3Ga,Ss;
3-0,085 Nd,0,5 - 0,915 La,0,S - 3Ga,S3;
4-0,003 Ndz0,S - 0,997 La,05S - 2,3Ga,Ss;
5-0,097 Nd,0,5 - 0,903 La,0S - 3Ga,S3;

6 - 0,003 Nd,0,S - 0,997 La,0,S - 3Ga,Ss;
7-0,112 Nd,0,S - 0,888 La,0,S - 3Ga,Ss;

8 - 0,004 Nd,0,5 - 0,996 La,0S - 3Ga,S3;
9- 0,095 Nd,0,5 - 0,905 La,0,S - 2,3Ga,S3;
10- 0,003 Nd,0,S - 0,997 La;,0,S - 2,3Ga,Ss;

At the sample excitement by light of second laser
harmony on crystal YAG - Nd**(1=0,53 mcm), the
evolution population of excitation state *Fz, Nd** in glasses
La,0,5.3Ga,S,, La,S,.3Ga,S,, La,S,.2,3Ga,S,, La,S,.3Ga,0;, La,S, 2,3Ga,0,
had pronounced maximums. This fact is connected with that
given in glasses have less extensive oscillation spectrums,
than the many known laser materials, that causes the low
velocities of many-phonon of internal-centered energy
relaxation in  Nd** ions, also between the state
?Kya/p+°Gy,,+G, 5, » till which the Nd** ions are excited at

given excitation method and close state to it below
‘G,,,+°G,,, (energetic space between given states was ~1500
cm™). The luminescence flaming up from the level “F4, Nd**

is practically absent (fig.5), i.e. the energetic gap between
below lying (till to *Fs,) states Nd** are significantly Iessl

than above mentioned one at the sample excitation by the
light, the wave length of which is A~0,6 mcm directly into
levels ‘G, ,+%G,,. These decomposition curves of excited

state “F3, Nd** had been used by us for the analysis of
processes of inter-ion interaction in investigated glasses.

As it is known three time region can be emphasized on
damping curve of donor luminescence after sample &
excitement. First-exponential is realized on the initial
beginning stage:

1(t) = 1 (0)exp(—W, t—1) | (37)
T

where 7is own life time of metastable state, Wy, is maximally
possible velocity of luminescence stewing in given particle
collective (at Stockes their distribution). In the ref. [11] the
expression of the type was supposed by the way of analysis
of the expression for Wy at different packs of impurity
complexes

Con
R

W, =7 Ny, (38)

min

where Ry, is minimal distance between interactive particles,
N, is acceptor concentration.

The second non-exponential region is observed in
damping kinetics of luminescence after order region:

1(t) = 1 (0)exp(—yt —%) (39)

where y = 57;3’2nAC%)’A2_. Subtracting from total function of
3

non-radiation losses of 7/(t) that part, which is connected
with migration-limited relaxation, it is possible to obtain the
I1(t), defining the static disorder decomposition (39), from
which it is possible to define y parameter and Cp, constant.
Knowing the value Cp We can find the value Ryn.

Table 2

The values of Cpa, Cpp, Rimin microparameters in semiconductor glasses

Material

Microparameters

0,112 Nszg - 0,888 La,S;3- 3Ga,S;

Cpa=5,8 - 10% cm®sec?
Cpp=9,2 - 10¥ cm®sec
Rmin:4A

0,095 Nszg' 0,905 La,S;3- 2,3Ga,S;

Cpa=2,4 - 10 cm®sec™
Cpp=4,2 - 10 cm®sec’?
Rmin=3,8A

0,097 Nd233 - 0,903 La,S;3 - 3Ga,03

Cpa=5,3 - 10 cm®sec™
Cpp=1,4 - 10¥ cm®sec
Rmin=4,3A

0,085 Nd,S;3- 0,915 La,S; - 2,3Ga,0;

Cpa=4,5 - 10* cm®sec?
Cpp=1,2 - 10°¥ cm®sec
Rmin=4A

0,11 NdzOzS - 0,89 La,0,S - 3Ga,S;

Cpa=4,7 - 10 cm®sec™
Cpp=3,1- 10 cm®sec?
Rmin=4,3A
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On the third exponential region the migration-limited

luminescence stewing takes place, the velocity of which is
defined by the expression (18).

(1]

[5]

(6]

tesir

|
The

Knowing W and Cpa, We can define the constant Cpp.
obtained values of corresponding parameters are given in

the table 2.
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YARIMKEGIRICI $USSLORDS Nd** IONLARININ LYUMINESSENSIYASININ SONMOSI

Slse materiallarda elektron hayacanlanmasinin 6tiirliimasi ve deqredasiyasi tedqiq olunub. Miixtelif metodlarla garsiligli
mikroparametrlari voa Nd - Nd minimal masafasi teyin edilmisdir.

I' 1. AGyTauabiooB, A.A. Mamenos

TYIWEHUE JTIOMUHECIEHIMU MOHOB Nd** B TOJYITPOBOJHUKOBBIX CTEKJIAX

HccnemoBaHbl POIECChl TIEpeaul U erpagalliil SHEPTUH dJIEKTPOHHOTO BO30YKICHUS B CTEKI000pa3HON MaTpuIle. PasmuuHbIMu
METO/IaMH OTIPEICIICHBl MUKPOTIapaMeTphl B3aMMOJICHCTBHS 1 MUHIMaJIbHOE paccrosiane Nd - Nd .

Received: 06.12.05

53



FiZzIKA

2005

CiLD XI Ne4

MIiSIN XALKOQENIDLORININ FAZA KECIDLORININ TERMODINAMIKI TODQIQI

F.M. MUSTAFAYEV
Mingagevir Politexnik Institutu
Mingacevir D. 9liyeva kiig¢asi 21

Elektrik hareket qiivvesi (E.H.Q.) metodu ile misin xalkogenidlerinin (Cu,S, Cu,Se, Cu,Te) faza kecidlerinin termodinamikasi (tempe-

Misin xalkogenidleri (Cu,S, Cu,Se, Cu,Te) perspektivli

yarimkecirici materiallar olmagqla elektron texnikasinda ter-
moelektrik generatorlarda enerji ¢evrilmalorinda genis totbiq
edilir [1]. Bu yarimkegirici birlosmalorde struktur faza ¢evri-
Imalorinin olmasi, onlarin fiziki ve fiziki-kimyavi xasselori-
nin sigrayisla deyismesine sebab olmagqla, yarimkegiricilorin
elektronikasinda istifade etmoaye imkan yaradir [1].

Misin xalkogenidlorinin faza gevrilme istiliyi az oldugun-

dan bu materiallar iizerinde kalorimetrik ve buxar tezyiqi
metodlart ile termodinamiki tedqiqat aparmaq ¢atinlikler t6-
radir. Bu moagseadle biz tedqiqat obyekti olaraq elektrik hara-
ket qiivvesi (E.H.Q.) metodunu se¢dik.

Misin xalkogenidlerinde faza kegidlerinin termodinamiki

xassolorini dyrenmak {i¢lin berk elektrolitli E.H.Q. metodun-
dan istifade edilmisdir.

Tadqiqatda bark elektrolitli asagidaki nov qalvanik ele-

ratur, entropiya vo entalpiya) dyrenilmisdir. Elementin E.H.Q.-nin temperatur asilliginda faza kecidleri uygun olaraq 370 K (Cu,S), 380 K
(Cu,Se) vo 440 K (Cu,Te) temperaturlarinda miisahide olunmusdur.

Tadgiqatda berk elektrolit olaraq Cu,RbCl,J, gotiiriilmiis-
diir. Superionlu Cu,RbCl,J, bark elektroliti otaq temperatu-
runda yiiksek ion kegiriciliyine malikdir [2].

Superionlu Cu,RbCl,J, bark elektrolitinin alinma texnolo-
giyasi [3]-de gosterilmisdir.

Todgiqat tiglin Cu-S sisteminde Cu,S-CuS ve CuS-S faza
oblastlar1 ii¢lin uygun olaraq 37,00; 41,00 ve 45,00 at % S;
55,00, 65,00 vo 70,00 at %S; Cu-Se sisteminde Cu,Se-
Cu,Se,, Cu,Se,-CuSe, CuSe-CuSe, vo CuSe,-Se faza oblast-
lar1 iglin uygun olaraq 38,00, 46,00, 59,00 ve 78,00 at % Se;
Cu-Te sistemindo Cu,Te-Cu,Te;; Cu,Te;-CuTe vo CuTe-Te
faza oblastlar1 {igiin uygun olaraq 39,00, 48,00 ve 55,00 at %
Te torkiblorde elektrod xalitelar tacriibi olaraq vakuum se-
raitinde ampula metodu ile sintez edilmisdir.

Bork elektrolit vo x»litalor-200 saat miiddetinde homo-
gen doemae qoyulmusdur.

ment totbiq edilmisdir: Tocriibalorin temperatur intervali 298-500 K olmusdur.
Toadqiqat iiclin qurgu, 6lgma sxemi vo metotdikasi [4]-de ve-
rilmisdir.

(I) gqalvanik elementinin E.H.Q.-ni 6l¢gmakle vo E.H.Q.-
nin temperatur asilligindan misin xalkogenidlerinin faza ke-
c¢idlarinin termodinamik funksiyalar1 asagidaki termodinami-

ki miinasibatlerle toyin olunur:

() pt/CulCu®* berk elektrolitdo [Cuy BY'y [pt(+) (@)

burada Cu”'-misin ionunun yiikii, B"-S, Se, Te; x-misin
Cu, B,", -xalitesinde molyar payidir.

aAG’f.k. aAEf.k.
AS,, =— — | =z F| | ()
* oT oT
p p
AH, =T, -AS;, ceern.. @

Sekil 1-3-de elektrodlar: miixtalif torkibli xsliteler olan
qalvanik elementlorin E.H.Q.-nin temperatur asilliglar1 veril-

hardaki 7}, -faza kegidinin temperaturu, Z-ionun yiikii, F-
Faradey ododidir, AE,-elementin E.H.Q.-nin doyismesi,

AGy,, AS;, ve AH), ise faza kegidinin Gibbs enerjisi, entro- misdir.
piyasi vo entalpiyasidir. Iy
o wr M
x X -
o = o o MM
310K 4aor-
375 | 1
350
350 ! .
o-3700 %S 0- 5500 £4S 3001 . 0- 38,00 %Se
_ ° - 6500 %S J80°K A-4600 Y Se
3251 o- 4100 A4S m- 65, - 59, o
A-4500 %S x-7000 %S 250 el ’-}i‘l
1 Il 1 1
1 1 1
300 350 400 450 300 350 400 50 500
7K T.K

Sakil 1. Cu-S sistemindoki xsliteler ti¢lin elementin E.H.Q.-

/ ) Sakil 2. Cu-Se sistemindoki xslitaler ti¢lin elementin E.H.Q.-nin
nin temperatur asillig

temperatur asillig1
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Sakil 3. Cu-Te sistemindaki xaliteler li¢lin elementin E.H.Q.-nin
temperatur asillig1.

Sekil 1-3-den goriiniir ki, Cu-S sistemi {iigiin Cu,S-CuS
faza oblastinda elementin E.H.Q.-nin temperatur asilliginda
elementin E.H.Q.-nin temperatur amsali olan [ oE j 370 K,

ar J,

Cu-Se sistemi ligiin Cu,Se-Cu,Se, faza oblastinda 380 K veo

Cu-Te sistemi {igiin Cu,Te-Cu,Te, faza oblastinda ise 440 K
temperaturlarda doyisilir. (1) ifadesine gore elementin
E.H.Q.-sinin temperatur emsalinin deyismesi faza kegidinin
entropiyast ile bagl olduguna gore belo naticoye golirik ki,
faza kecidi temperaturlarinda entropiya sigrayisla deyisilir ve
Cu,S, Cu,Se ve Cu,Te uygun olaraq 370, 380 ve 440 K
temperaturlarda faza oblastlar1 serhadlerinde / név faza ke-
¢idlarine meruz qalirlar.

Olgmolor B-7-30 tipli voltmetrlo aparilmisdir. Biitiin xoli-
toler {iglin alinmis tocriibi neticeler asagi temperatur (@) vo
yuxar1 temperatur (f) fazalar1 {igiin on kigik kvadratlar meto-
du ile iglenilmisdir [5]. Hesablamalar Pentiyum-4 tipli hesab-
lama masiminda aparilmisdir. Asagr ve yuxari temperatur
fazalar tliglin £=(A+BT)#2 D(E) soklinde reqressiya tonlik-
lori alinmisdir, hardaki 4 ve B —reqressiya amsallari, D(E)-
Olciilmiis her bir elementin E.H.Q.-nin secilmis disper-
siyasidir. @ vo [ fazalan {igiin reqressiya tonliklorinden isti-
fade etmoklo faza ke¢idi temperaturasinda elementin E.H.Q.-
nin dayisilmasinin temperatur asillig1 tapilmigdir.

(1) vo (2) ifadelarinden istifade etmoklo faza kecidi tem-
peraturunda misin xalkogenidlerinin (Cu,S, Cu,Se, Cu,Te)
entropiyasi ve entalpiyasi toyin edilmisdir.

Tadqiqgat islerinin neticeleri cadvelde verilmis ve
adabiyyatda olan melumatlarla tutusdurulmusdur.

Cadvael
Misin xalkogenidlerinin faza kegidinin termodinamiki xarakteristikalari
Madde fo:id Ty, K | AE=f(T), V AHy,, A8, Odebiyyat
novil kC/mol C/mol-K
Cu,S a—>B | 370 -0,0551+0,1486-10°-T+2-10° 5,4%0,9 14,3+1,1 Bizim todgiqat
5,6 [6] 14,8 [6]
CuSe | a—>p | 380 -0,0560+0,1750-10°-T+2-10 6,4+0,9 16,8+1,1 Bizim todqiqat
6,8 [6] 17,2 [6]
Cu,Te a—p 440 -0,0190+0,0430-10°-T+2-107 1,8+0,9 4,1£1,1 Bizim todgiqat
1,50 [7] 3,1[7]
[1].  V.V. Qorbagev. Poluprovodnikoviye soyedineniya Monogqrafiya, izd. "Elm", Baku 1998, s. 25-29.
A!BY', M., Izd.«Metallurgiya», 1980, s. 4-10. (Rusca). (Rusca).
[2] Yu.Ya. Qurevig. Tverdlye elektrolitt M., 1986, s. 46- [5] VV Nallmov Primeneniye matematigeskoy statistiki
52. (Rusca). pri analize vessestva. M., 1960, s. 263. (Rusca).
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F.M. Mustafayev
INVESTIGATION OF THE THERMODYNAMICS OF PHASE TRANSITION OF COPPER HALCOGENYDES
The thermodynamics of phase transition of copper halcogenydes (Cu,S, Cu,Se and Cu,Te) has been investigated by the electromotive

forces methods with solid electrolyte.

Temperature, entropy and enthalpy of phase transition of Cu,S, Cu,Se and Cu,Te have been obtained from temperature dependence of
electromotive forces of galvanic element. Phase transitions of | kind are discovered in temperatures 370 (Cu,S), 380 K (Cu,Se) and 440 K

(Cu,Te).

®.M. Mycradaes
HNCCIIEJOBAHUE TEPMOJNHAMUNKHU ®A30BbIX IIEPEXO/10B XAJIBKOI'EHUJ1OB MEJIHN

TepmoauHamuka (Ga3oBbix nepexonoB xaabkorennaoB meau (Cu,S, Cu,Se, Cu,Te) usyueHa METOIOM 3.71.C. C TBEPABIM DJIEKTPOJIIUTOM.
W3 TeMmnepaTypHBIX 3aBUCUMOCTEH 3.1.C. TAIbBAHHYECKUX DIIEMEHTOB OINpPEIEJICHbI TEMIEPATyphl, SHTPONUM W DHTAIBIUM (PAa30BBIX

nepexonoB Cu,S, Cu,Se u Cu,Te.

dazosble nepexopl | poaa Geutr 00HapyskeHsl pu Temmeparypax 370 K (Cu,S), 380 K (Cu,Se) u 440 K (Cu,Te).
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NANOSTRUCTURAL CENTERS IN THE CRYSTALLINE LAYER OF THE BISMUTH
TELLURIDE AND THEIR INFLUENCE ON THE KINETIC PROPERTIES

S.Sh. GAKHRAMANOV
SMU *“*Selenium” of NAS of Azerbaijan,
F.Agayev str.14, Baku

The level-to-level and island growth of nano-layers: cuprum, nickel and boron realizes spontaneously between the layers Te'-Te in the
process of the directed crystallization of bismuth telluride (doped by easily diffusing impurities). This was proved by the electron-
microscopic photos of the chipped surface (0001) Bi,Tes<B>, Bi,Tes<Cu> and Bi,Tes<Ni>. The wide set of island sizes 50-200nm was
revealed.

The appearance nature of nano-layers, islands and their enlargement in the interlaminar space of the layered crystal of bismuth telluride
is the same as on the open surfaces of the systems semiconductor-metal. The two-dimensional islands, which combining form the wetting
layer of nano-thickness appear on the initial steps of the growth.

It is established, that the cuprum layers, nano-sized by the height, are charged with extremal behavior of Hall thermoelectromotive force
and other kinetic parameters Bi,Tes<Cu>. The temperature dependencies of coefficients of Hall, electroconductivity, mobility and other
kinetic parameters revealed the oscillation character. These extremums can be connected with the consecution of the phase transfers, known
as order-disorder transfers, connected with positional order. The anomal increase of the mobility of the charge carriers (more, than in 5
times) in the direction along axes of the (0001) Bi,Tes<Cu> layers at the temperature 105K is observed.

1. Introduction which are less, than 8 nm [5-6]. The doping of GaAs, grown
by the method of low-temperature molecular-beamed epitaxy
Above all, we note, that properties of the island films can be used for the managing of the space distribution of
significantly differ from properties of massive crystals and  clusters-islands in this material [7]. The “two-dimensional”
total metallic films. The mechanisms of the cluster layers, obtained at this, have the significant quantity
electroconductivity and nature of anomalous optical of atoms of doping element besides the atoms of exceed
properties of the island films are widely studying. The arsenic. This circumstance influences on the properties of the
impurity layers are created in many layered crystal of the layers and traps for the electrons, having in them [6].
types A"BY and A2||| B;" . The structure and properties of Now Iet’§ consider the growth mechanisms of' the filr_ns
and information, needed for us for the comparison with
mechanisms of film growth — layers in layered crystals of the
type Bi,Tes. If the chemical reactions between evaporated
substance and substrate are absent (for the given temperature
interval), then in the dependence from the chemical nature of
the substrate and adsorbate, it’s possible to emphasize the
following growth mechanisms of metallic films [3-4; 8]: two-
dimensional (2D), or layer-to-layer growth (figl.a), typical,
for example, the metallic film on the metallic substrate for the
system; three-dimensional (3D) or island growth (fig 1.b),
which is characteristic for the metallic film on the dielectric
substrate and intermediate (2D—3D) growth (fig 1.c), i.e. the
island layer on the preliminary formed mono-layer of
adsorbed atoms (adatoms). This mechanism is considered as
characteristic one for the system metallic film on the covalent
semiconductor. The consideration of the layer Te®-Te® in
Bi,Te; is interesting, as this space will be considered as the
substrate (quintets) Te®™-Te® on the basal plane (0001), on
which the inputted impurities will be settled in the process of
the natural growth.

the island films of the metals on the semiconductor surfaces
can be analogical in some degree (or repeated) on the
external form in the comparison with film interlaminar
impurity structures of layered crystals. Thus impurity films of
cuprum in the crystals of bismuth telluride totally increase the
mechanical properties and reveal the anomalous Kkinetic
effects [1-2].

Let’s consider the set of properties and mechanism of
growth of thin island films for the comparative description.
Usually the films, the sheet resistance of which changes from
10° till 10" Om and which consist on the islands with
average diameter 5-100 nm, separated by the spaces 1-3 nm
correspondingly, are related to the island ones [3].

Knowing the form of the islands, it’s possible to connect
the atom number in the island with its size and obtain the
dependence of the covering degree of the substrate on the
time. The knowing of the form of the islands is significantly
for all growth theories of island films [3-4].

The investigations of the last years of recombination
centers, connected with nano-sized clusters As-Sb in the low-
temperature As, have revealed the islands-islands, the sizes of
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Fig.1. The scheme Limage of possible mechanisms of thin films [4].
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Moreover, the biggest attempts will be directed on the
investigation 2D and 3D mechanisms at the studying of the
process of the film growth. It is known, that the growth
(2D—3D) realizes on the covalent semiconductor for the
metallic film system [4]. The results, proving about the
importance of the diffusion process of adatoms in the
substrate (3D* mechanism) on the earliest steps of the
growth, i.e. about the existence one more growth mechanism
— (3D*—3D) have been obtained for the metallic film system
on the amorphic dielectric (fig.1.d) [8]. Nowadays as
(2D—3D), so (3D*—3D) mechanisms in the metals and
semiconductors, are widely used.

The monolayered evaporation of the metal on the atom
pure surface (APS) of the semiconductor (at T=300K) leads
to the quazihomogineous film growth without island creation.
For example, the islands on the APS Si are created only in
the case, if the substrate temperature during the aurum
evaporation is higher, than 100°C [8]. The APS evaporation
of the metal semiconductor, having thickness about in
monolayer, at the high temperatures leads to the formation of
two-dimensional ordered surface phases (2D), which are
character for the given metal and crystal-graphical orientation
of the substrate [8]. The further enlargement of the surface
degree gives the three-dimensional growth of the metallic
islands, i.e. the mechanism 2D—3D of metal film growth
realizes in summary. The investigation of the nanoparticle
semiconductors, created on the surface, is at the high point of
the question now.

The chemical methods of film evaporation. The electron-
microscopic (EM) photos (x 60000) of G surfaces, doped by
the metals (Au, Ag) from the water solution, revealed their
island character. The island coverings, obtained on the silicon
at the adsorption from the solution in the water in Hf differ as
qualitative, so quantitative. The islands of the size, more than
2 nm were fixed [8]. The silver islands are bigger by the
sizes, among them the large enough ones (25-80 nm) had met
(especially on Si). They are created because of the
coagulation of the more small islands, which are closely
situated.

The creation of the island structures at the adsorption of
electropositive metals (Ag, Au, Cu, Pt and others) was
observed on the binary semiconductors also. For example,
(EM) investigations, carried out at Au adsorption on GaAs
showed, that the same regularities of metal adsorptions and
creations of island structures, as on the Si and Ge, were
observed. The quality of the islands on GaAs was changed in
the limits 4-10'°-9-10* cm™, and their sizes were changed in
the limits 3-50 nm.

The consideration of such island structures for us is very
important from the point of view of the comparison of such
ones with the structures in the closed volume of interlaminars
Bi,Tes<metal>. From the other hand, they themselves have
the set of the interesting properties, connected with the
electroconductivity, phenomena of electron emission,
luminescention and thermoelectricity. The island metal
evaporation structure on the semiconductor reveals also
catalytic properties and successfully is used in heterogeneous
catalyst [8]. That’s why the investigation of the surface
morphology with island structures and electron processes on
them presents the significant interest for the different regions
of physico-chemistry and semiconductor techniques
independently from the methods of creation.
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The aim of the given paper was the revealing of
monolayers and island centers between the layers Te®-Te®
in Bi,Tes<Cu, Ni, B>, the studying of the surface
morphology (0001) and their influence on the extremums in
the temperatures dependencies of Kkinetic effects in
Bi,Tes<Cu>.

2. The samples and method

The samples were obtained by the method of vertically
directed crystallization at the band traverse speed 5mm/h.
The materials: Bi, Te, Cu, B and Ni by the frequency, not less
than 99.999% were used. The synthesis was carried out at
T=700°C during the hour, the temperature in crystallization
band was regulated and was not less, than 660°C.

The electron=microscopic photos were carried out on the
microscope by type JEOL-JSM 5410LV. The monocrystal
roentgenograms Bi,Tes; and Bi, Tes<Cu> were investigated on
the installation  Philips Panalytical XRD  (X-ray
difractometer). The green planes (0001) Bi,Te;<Cu>,
Bi,Te;<B> and Bi,Tes<Ni> — ething wasn’t carried out. With
the help of the roentgeno-difractometer peaks of the surfaces
of basis plane (0001) of stoichiometric Bi,Te; and
Bi,Tes<Cu>, the information about situation of cuprum
layers on the ckon surface (0001) had been obtained. The
impurities Cu, Ni and B were inputted into Bi,Tes during the
synthesis. In the process of the crystal growth they had all
intermediate levels, but mainly they were combining in more
wide Van-der-Waalse intervals Te®™-Te. The studying of
surface morphology (0001) and surface roentgenogram
Bi,Tes<Cu, Ni, B> proved the above mentioned.

On the base of the measurements of Hall coefficients R,
and electroconductivity coefficient o the temperature
dependencies of the mobility (u) were calculated, the
concentrations of current carriers (N) in HLCL 1 and H|| CLI
directions of magnetic field (H) and current (I) were
measured magnetoresistance Aol p.

3. The results and their discussion

Firstly let’s consider the electron-microscopic surfaces
(0001) of bismuth telluride, doped by the cuprum, Ni and B.
The photos of surface chip Bi,Te;<Cu> are presented on the
fig2 (a,b,c,d). The photos Bi,Tes<Ni> are given on the fig.3
(a,b), and photos Bi,Tez<Bi> are presented on the fig.4 (a,b).
From roentgeno-difractometer peaks the only pure Bi,Tez and
surface (0001) of Bi,Te;<Cu> monocrystal have been
considered (see fig.5 (a,b)). The kinetic effects (temperature
dependencies R, and Ap/p are given for Bi,Te;<Cu> fig.6
(a,b). The temperature dependencies of Hall concentration of
the charge carriers - (N) and mobility (u) of Bi,Te;<Cu>
crystal are presented on the fig.7 (a,b).

The surface morphology (0001) of Bi,Tes<Cu>,
Bi,Tes<Ni> and Bi,Tes<Bi> crystals has the set of

peculiarities:
- all they have island character of the different form and
sizes,
- the unity tendency of small particles into big ones is
seen;

- the creations of the round islands of bigger sizes are
character for all impurity layers (see fig.2,3,4).
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Fig.2. (a,b.c.d) Electron-microscopic photos Bi, Tes<Cu>.

Unfortunately, we can’t to make conclusions in the
relation to the nanoparticles by the size less, than 50 nm on
the base of the data of electron-microscopic photos, though
they are present on the fig.2 ©. The more large islands are
significant for Bi,Tes<Cu>, (see fig.2 d), for Bi,Tez<Ni> (see
fig.3 b), for Bi,Te; crystals, doped by B, the biggest sizes of
the particles (see fig.4 (b,c)) are observed. Besides big round
islands, the other forms — departures also are present, so for
Bi,Tes<Cu> (fig.2 (a) left below), and for Bi,Tes<B> (fig.4
(@), left up) the polyhedron is seen, created in the process of
the space island distribution. It is possible to say, that initial
evaporation connects with very small cluster systems (by the
size less, than 10-20 nm). This moment is the most interest in
“earlier history” of particle migration on the internal basis
plane of bismuth telluride. The studying of the island
distribution gives the significant information about
regularities of the obtaining of their interaction with the
substrate and between themselves [3-4]. The island, the size
of which is already bigger, than other have, becomes the

effect center of the adatom drain, in the result of which the
concentration of other islands in the neighborhood of the
given islands decreases. The analogical situation appears not
only in the island films, obtained by the different methods,
mentioned in [3,4,8], but in the layers-films in closed system
Te"-Cu-Te®, Te®-Ni-Te" and Te"-B-Te" of bismuth
telluride. This is seen from the fig.2 (a), where the white
spots around the biggest particle are seen, from these places
the particles have been migrated in more big creations.
Besides it, the big Cu island, situated on the Cu monolayer on
the basis plane Bi,Tes, is seen on the fig.2 (c). The one from
these monolayers, consisting from the Cu film, by the size
less, than 100 nm, is illustrated on the fig.2.(c). The two
islands, less by the size, “eaten” round each other very small
islands (approximately ~50 nm) are clearly seen on the fig.2
(c). The distance between the islands ~200 nm. The big
island Ni (see fig.3 (b)) is seen on the surface (0001) also on
the layer of the same Ni for the system Te®-Ni-Te".

Fig.3. Electron-microscopic photos Bi, Tes<Ni>.
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The B creations close the set of the big islands (fig.4).
Here even the island on the island is seen with edge spaces,
from which B atoms have migrated into bigger islands (fig.4
a,b). Moreover, in all investigated systems the common

quantities of the islands increases in the result of the light
shifting of easily diffusing islands, that naturally leads to the
coalescence. Here the temperature mode plays the important
role in migration process.

i B8BTS

Fig.4. (a,b) Electron-microscopic photos Bi,Tez<B>.

Even small temperatures increase the mobility not only
very small nano-clusters, but also the islands of bigger sizes,
that leads to the earlier coalescence. The accumulations of Cu
islands are seen upper on the fig.2 (b), the process of island
combining is seen in left (below), bridge-linear (“bridges”),
on which the accretion and their joining in more big islands is
carried out, is seen on the fig.2 (d). The temperature
annealing (T=400°K, t=1hour) accelerates the particle
combining (on the fig.2. (b)) into big round islands (fig.2.
(c)). Moreover, the island unity takes place as in the result of
the mobility of many particles by the creation of the unit
island in the intermediate state, so in the result of the
migration of the one of the coalescent islands to the other
one. At the low-temperature annealing (till 500°K) the island
number decreases. The degree of infill of the surface (0001)
Bi,Te; practically shouldn’t change. The analogical one is
also observed in the Ag-C, that is the result of the
coagulation, i.e. the joining of the migrating islands without
change of the initial form [4]. As we see, the migrational
mobility of the islands is non-regular. And its direction, as it
was mentioned in [4], doesn’t depend on the
crystallographical orientation of the substrate. The
morphology studying of impurity layers showed, that for Cu,
Ni and B the substrate orientation isn’t so significant at the
growth of the metallic films between telluride quintets. Here
very small ion radiuses of inputted impurities play the
significant role, their high diffusion coefficient along surface
(0001) Bi,Te; and distance between the layers Te®- Te()-
2,61A.

It is need to also note the peculiarity of the deformation of
island films — so-called stimulated coalescence, which was
earlier mentioned in [9]. The island is shifted by the jump on
the surface and joins to the other islands, even situated from
it on the significant distance in the initial moment. The
coalescence on the limited squares of the substrate can have
the avalanche character.

The nonhomogeneity of island films. At the condensation
on the “fresh” surfaces of crystal ckoun, the morphology and
orientation of island films are nonhomogeneous. This can be
connected with the fact, that the real surface of crystal ckou is
nonhomogeneous. It has the set of active places of different
nature: steps of growth and ckou, point defects of vacancy or
impurity origin, outputs of dislocation and grain boundaries,
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including of secondary phases and pores. That’s why the
kinetics of creation and growth, the orientation of the films
should be defined by the nature and activity of crystallization
centers on the real surface. The confirmation of the above
mentioned is the study of the Kkinetics on segregation
nonhomogeneity of the impurities on intercrystal and
interphase boundaries [10]. In the case of the gravity between
the impurities, they reveal the tendency to the formation in
adsorption layer of island structure. The main characteristics
of this structure evolve during the time by the nonmonotonic
way. The preposition has been said, that similar
nonhomogeneous segregation of impurities on the interfaces
can lead to the acceleration of the process of metal
enlargement with impurities (Sn, S, As). The Kkinetics of
island growth of new phase is considered in the preposition,
that two-dimensional germs have already formed, i.e. on the
binodal stadium or coalescence stadium [10].

The above mentioned confirmations increase the interest
to the investigation of the behavior of two-dimensional island
system in different atom layers of thin film, evaporated on
singular crystal surface on the growth kinetics of the islands
on crystal surfaces. Such analysis will help to us to reveal the
one of the possible transfer mechanisms from 2D to 3D with
the increase of evaporated band without growth parameters.

The morphology of the processes of island enlargement at
the formation of several constituent growing atom layer we
had considered on the fig.2, 3 and 4. Additionally, we present
the roenthgen-difractograms of bismuth telluride (fig.5 (a))
and doped by Cu Bi,Te; (fig.5 (b)). As it is seen in nondoped
bismuth telluride, the observable peaks are sharp, high and
thin ones; beginning from 53°C the doublet splitting is seen.
The cuprum layers, evaporated on the ckonax of basis plane,
significantly change the heights and widths of roenthgen-
difractogram peaks. In these changes the appeared resistances
in lattice in layers Te® - Cu - Te® reflected. These
resistances are explained by the structure peculiarities of
island and total, but comparatively thin films, consisting
probably from joined islands, connected by the parts of the
film of nano-sized width. The cuprum impurity is situated in
the interlayer space Te® - Te") Bi, Te;, having the width 0,26 nm.

However, let’s back to the discussion of structure
formation on the surface of the formed layer and islands on
them. As it was seen from the fig. 2, 3 and 4 the many small
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nanoparticles are created on the initial steps of the growth on
the polish surface. Further, these particles combining
practically form the total layer (fig 2 (c,d)). The beginning of
the second layer takes place earlier than the total combining
of the first one. The islands of the second layer, forming
outside the poor bands, themselves become the strong drains
for adatoms (see fig.2. (a), fig.4. (a)). The poor bands are also
created around them, that limits the creation of new islands.
The islands in thi second layer are bigger, than in the first

one at the one and the same covering in the layer (fig.2(c),
fig.3. (b), fig.4. (b). All given data are related to the creations
of the layers in the crack Te®™ - Te!) of bismuth telluride by
B, Cu and Ni atoms with very small atom (ion) radiuses.
Such character of redistribution of two-dimensional islands
on the sizes in constituent growing atom layers on the surface
of the different crystals has been considered in the authors’
investigations [11].
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Fig.5. (a,b) Roentgen-difractograms of stoichiometric Bi,Te;-(a) and Bi, Te;<Cu> (b).

It is shown, that the enlargement of the island sizes with
the increase of layer number takes place, moreover, this
effect is more clearly expressed in heterosystems. The
mechanism of the transfer from the two-dimensional-layered
growth to the three-dimensional one, observing in the one
growth process (growth on Stransky-Krastanov mechanism)
has been suggested [11].

All self-organizing created islands (fig.2, 3 and 4) of the
different sizes and effect of their enlargement in each
nanolayer with simultaneous increase of atom flux of the
constituent nanolayer allow to us to accept for the base the
given growth mechanism.

The influence of Cu creations on kinetic effects in
bismuth telluride

The measurements had been carried out on the samples
Bi,Tez<Cu> with resisted stable parameters. The surface
morphology (0001) was given on the fig.2 (c,d),
roenthgenograms were given on the fig.5 (a,b). Earlier, the
angle position of 12 order of diffraction picture was measured
by us [2] for the increase of the accuracy of the
measurements of lattice parameter. The main parameter of
structure-period of the repetition of fife-layered packs
(quintets) is equal: in nondoped n- Bi,Te; d=10,1619A, in
doped by Cu is equal to Bi,Te;<Cu>A. Thus, the increase of
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the d structure period of Bi,Tes<Cu> d=10.1650A sample
becomes equal to Ad~3-10A. If this result connects with the
order of neutral atoms of Cu in Van-der-Waals spaces, so it
should be accompanied by the decrease of the concentration
of charge carriers. The measurements confirm the changes:
the decrease of the concentration from N=2,1-10"cx? till
N=9,7-10"cx is revealed. Naturally, that this is connected
with the created nanolayers on Cu width on basis surface
(0001) of bismuth telluride. The distance change between
quintets should led to the forecasted change of energy
spectrum Bi,Te;. According to the model of chemical
connection in the bismuth telluride [12] the electron valence
densities of Te® atoms, being on the edges of quintets are
almost totally inputted inside the layers, thus, that the weak
gravity takes place between them. The potential barrier
between the quintets is symmetrical. The Cu neutral atoms,
separating the quintets, increase the potential barrier. This
should lead the energy spectrum of the crystal to more two-
dimensional form. From the other side, as the structure of
five-layered pack doesn’t change, so its potential relief stays
the same. Thus, the energy bands, connected with atom
states, situated in the plane of quintet should stay unstable.
The temperature dependencies (in region 77-300°K
Bi,Tes<Cu>) Ry (T) is Hall coefficient, Adolp is
magnetoresistance N is concentration of charge carriers and
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U is sample Bi,Te;<Cu> mobility, hade been investigated on
such systems.

The investigation results are given on the fig.6 and 7.

.o

Fig.6. Temperature dependencies of Hall-R, coefficient and Ao/ pa-magnetoresistance of the sample Bi,Te;<Cu>) at

the experiment directions 1- H || C LI, 2- HLCLI .
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Fig.7. Temperature dependences of Hall concentration of charge carriers — N and mobility of the sample Bi,Te;<Cu> at

1-HI||C LI, 2- HLCLI.

The comparison of the presented results with
measurement data on pure crystals of bismuth telluride [13]
show, that changes of kinetic parameters took place not only
quantitatively, but also qualitatively. The dependences R(T),
App, n(T) u U(T) obtain the oscillation character in their
considered  temperature  interval.  The  extremum
demonstrations at temperatures near (290-310K), (155-
180K), (105-120K), (980-90K) are clearly seen on the
temperature dependencies of Hall coefficient,
magnetoresistance, concentration and mobility of current
carriers as for the directions parallel, so perpendicular to axes
C. In the region of the above mentioned temperatures the
increase of Hall concentration of carriers perpendicular to
layers and decrease along the layers takes place. Moreover,
the temperature dependency of mobility has the oscillating
character; moreover, in region of 105K temperature the
mobility along the layers has the anomalous big value
(3,1-10%cm?/Vs). The above mentioned processes are

61

accompanied by the redistribution of electron density in
crystal lattice that probably is connected with phase transfers
in the state with disproportionate waves of charge density
into state of chaos structure. The ordered state of Cu atoms
between the layers probably changes on the state with the
creation of island accumulation (macroclusters) of Cu with
small probability of the covering of wave functions of
electrons between macroclusters. The localization of the
definite part of the electrons on the boundary quintet-cluster,
connected with transfer of charge carriers from the layers
through the quintet boundary into below-situated impurity
cluster states of Cu, leads to the redistribution of electron
density. This is the reason of so-called shunting of the layers
through clusters, that the increase of Hall concentration at the
direction HLCLI (C is axes of third order, H is direction of
magnetic field, | is current direction) is explained. The
decrease of Hall concentration at the directions H || C LI can
be connected with localization of the definite part of the
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electrons by clusters and by very small probability of
covering them by the wave functions between each other.
Probably, the big mobility of current carriers is the result of
space separation of the electrons and ions at the transfer of
the part of the carriers from the layers into following (in
energetic meaning) impurity cluster states, and part of the
carriers to the quintet boundary. Thus, the quazi two-
dimensional electron system, spatially separated by its ions,
is created. The reason of high mobility, caused on the
boundaries of the layers is also the decrease of carrier
concentration in the layers at the given temperature. The
anomaly in the mobility value can be combined with Konov's
anomaly [14], when the value of the definite phonon mode
decreases till the zero, i.e. the structure transfer takes place
the, when the frequency of any phonon mode becomes very
small. The layers-films of Cu on the surface (0001) (i.e. along
axes C) Bi,Te; shift the interlayer modes to the side of the
less frequencies as the temperature decrease does. This
phenomenon can lead to the state of the Konov's anomaly.
The introduction of Cu islands in Van-der-Waalse cracks
leads to the increase of potential barriers Te®-Te" and
Bi,Tes-Te(", that leads to the shifting of electron density in
the connection Bi-Te", to the side Te™".

The extremums in temperature dependencies of Hall
effect and effect of magnetoresistance probably are connected
with consistency of phase transfers, known as transfers of
type order-disorder, connected with positional disorder.

The extremums in temperature dependencies of Hall
effects in Bi,Tes<Cu> can be combined with such ones in
layered crystal InSe<Li, Pb> [15]. For the explanation of
obtained experimental results, the several homogeneous
layers with different o and N were given by author and the
potential topology was calculated in layered transfers and on
the base of found expressions the (R,) of such system was
defined. Not taking under the consideration the details of the
calculation, let’s consider the analysis results: the obtained
expression has three substance and positive roots,

corresponding to the three extremums for Hall effects. At the
solving of this problem the model, consisting from three
layers, had been considerated: semiconductor, dielectric and
metal.

It was shown, that layers of inputted Li were in
nonconducting  “dielectric” state [15]. At the lead
concentration less, than ne, (Ner=10%* at/m®) the extremums
on the curve Ry(T) weren’t observed. This proved about the
fact that lead layers were into nonconducting state, the
inputted atoms situated far from each other, their wave
functions don’t change.

The appearance of extremums was mentioned in the
crystals with concentration of inputted lead n>ng,. As the
expression for R, [15], obtained by the author takes under
consideration the existence of the one from the layers in
conducting “metallic” state and moreover the analysis results
correspond to the experimental data, then we can conclude
about the realization of transfer of type dielectric-metal in
inputted lead layer in semiconductor matrix of InSe. At
n>ng, the covering of wave functions inputted atoms takes
place. It accompanies by the growth o of Pb layer, which
begins to play the significant role in o crystal that is caused
the extremum appearance on curve R,(T) [15].

Thus, the existence of extremums in R,(T) of layered
crystal InSe<Li, Pb> and R,(T) other layered narrow-band
sample Bi,Tes<Cu> evidences about significant influence of
monolayers and islands in layered crystals on their electron
properties.

Conclusions

The common nature of self-regulation of impurity of
nanolayers in layered crystal Bi,Te; is analogical on the
morphology (islands on monolayers) of semiconductor
surfaces, with evaporated metals on them, is reflected in
many electron processes, in particular on the extremal
behavior of temperature dependency of Hall coefficient.
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TELLURID VISMUTUN KRISTALLIK LAYDA NANOSTRUKTUR MORKOZLORI
VO ONLARIN KiNETIK XASSOLORINO TOSIRI

Tellurid vismutun istigametlonmis kristallasma prosesindoe (yiingiil diffuzion agqarlarla leqiro olunmus) Te'-Te' laylar
arasinda 6z-6ziine layli ve adali nanolay artma olur. (0001) Bi,Te;<B>, Bi,Te;<Cu> ve Bi,Te;<Ni> elektron-mikroskopik
sokilleri bunu tesdiq edir. “Adalarin miixtelif 6l¢iilori-50-200nm-dir. Tellurid vismutun nanolaylarin ve “adalarin yaranma
tobioti yarimkegirici-metal sistemlorin tobisti ilo eynidir. Baslangic artma merhslesinde ikidlgiilii “adalar emele golir ve
birlegerak nano-qalinliqh lay yaradir.

Gostorilir ki, xoll emsalinin ve Bi,Te;<Cu> diger kinetik parametrlorinin ekstremal deyismesinin sebebi misin laymnin
hiindiirliik nanod6lgiisiidiir. Xoll emsalinin elektrik kecirmasi, yiiriiklilyli ve diger kinetik parametrlorinin temperatur asililigt
ossile xarakterlidir. Bu ekstremumlar faza kecidleri ardicilliglarla uzlagdirmaq olar.Yiiriiklilylin anomal artmasi (5 defeden
¢ox) Bi,Te;<Cu> (105° K-tempraturda) eksperimental miioyyan olub.

C.1I1. KaxpamaHoB

HAHOCTPYKTYPHBIE HEHTPbI B KPUCTAJUVIMYECKOM CJIOE TEJLTYPUIA BUCMYTA H UX
BJIMAHUE HA KHHETUYECKHE CBOUCTBA

B mpouecce HampaBiIeHHOW KPHCTALIM3ALMH TeTypuAa BHCMyTa (JIETHPOBAHHBIX JIETKOAU(D(GYHIAUPYEMBIMH IIPUMECSIMH)
CaMONpPOU3BOJIBLHO MEXIY CIOSMH Te-Te' peanusyeTcd MOCIOWHBII M OCTPOBKOBBIM pPOCT HAHOCIOEB. MeIH, HUKens u Oopa. OT0
MOATBEPANIN 3JIEKTPOHHO-MUKPOCKOIMYeCKre CHUMKH ckoioToir moBepxuoctu (0001) Bi,Te;<B>, Bi,Te;<Cu> u Bi,Tes<Ni>. Boun
BBISBIICH IIUPOKUIT Habop pazmepoB ocTpoBkoB 50-200 HM.

IIprpoJa BOSHMKHOBEHHSI HAaHOCIIOEB, OCTPOBKOB U MX YKPYIIHCHHE B MEKCIOCBOM MPOCTPAHCTBE CIOUCTOrO KpUCTaJIa TEUTypujaa
BHCMyTa Takasi K€, KaK M Ha OTKPBITBIX MOBEPXHOCTSAX CHUCTEM IOJNYIPOBOAHMUK-MeTal. Ha HavyanpHBIX JTamax pocTa oOpasyroTcs
JIByMEPHBIC OCTPOBKH, KOTOPbIE, CIIMBAsICh, POPMHUPYIOT CMAYHBAIOLINI CJIOHM HAHO-TONIIHHBI.

VCTaHOBIGHO, YTO 3a YKCTPEMAlbHOE MOBEACHHE 3AC XOowla U Apyrue KHHeTHdYeckue mapamerpsl Bi,Tez<Cu> OTBeTCTBEHHEI
HAaHOpa3MEpHbIC 10 BBICOTE CJIOM Mexu. TemmnepaTypHble 3aBUCMMOCTH Kod(duuuenta Xoiuia, 3JeKTPONPOBOJHOCTH, MOABHXKHOCTH U
Jpyrue KHHETHYECKHE MapameTpbl 0OHAPYKUIM OCLMULLMOHHBIA XapakTep. DTH KCTPEMyMbl MOXKHO YBA3aTh C IIOCIIEIOBATEIbHOCTBIO
(hazoBBIX TEPEXOJ0B, M3BECTHBIX KaK IMEPEXOJbl MOPAAOK-OECIIOPSIOK, CBS3aHHBIX C IO3MIMOHHBIM pa3zonpodHeHneM. OOHapyKeHO
AQHOMAJIbHOE YBEIMYCHHE MMOJBIKHOCTH HOCUTenei 3apsina (6onee 4em B 5 pa3) B Hampasiexuu Baoib ocu cioes (0001) BiyTes<Cu> mpu
temmeparype 105°K.
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