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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 In2O3 – SiO2 – Si - SiO2 – 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 ωτ≥1 (where ω – frequency of the test signal, τ – 
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 ρ=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 λ=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 
ρ=103 Ohm·cm. SiO2 is obtained by thermal oxidation in wet 
and dry oxygen (dox≈0,3÷0,5 mcm). Field electrode of In2O3 
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.  

 

 

 
 
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=4·104Lx reduces linearly with the light. At low 
intensity of light sample capacity (Cph) at all frequencies is a 
little more than initial capacity in the darkness (Cod) and does 
not almost depend on the frequency, as the capacity Cod. And 
with the increase of light intensity the pattern changes sharply 
up to frequency f≤60 kHz the capacity being more Cod rises 
with the increase of light intensity and decreases with the 
growth of changing signal frequency: at f=60-70 kHz C=Cod, 
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. Cph<Cod. At 
maximum light intensity and f=250-300 kHz, Coph, i.e. light 
photocell has reactance equal to 0 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 Cph 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). 

 
 
Fig.2. Frequency dependence of Si photocell capacity at  
          different lighting. 
 
Capacity transition into inductance in photocells causes 

about at f≥70 kHz. It appears to be connected with the fact 
that at photocell light the lifetime of nonequilibrium carriers 
increases a little, so ωτ≈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 Uinv 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 Uinv 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 ω of bigger ωcr≈1/τ. Both in darkness and 
at lighting inversion voltage decrease linearly with the 
coefficient æ≈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 In2O3-SiO2-Si-SiO2-M structure 
photosensitivity.  

VAC of the structures under investigation are linear and 
currents through the structure at Up 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 Uc=12V and at further increase of 
voltage it changes the sign, increases in absolute value and 
tends to the saturation. 

    
 
Fig.3. Spectral characteristic of Si MISIM-structure at different  
           voltages: 1-Uf=2V; 2-Uf=0V; 3-Uf=-5V; 4-Uf=-10V;  
           5- Uf=-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 
λ=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. 

 

 
 
Fig.4. Dependence capacity for In2O3-SiO2-Si-SiO2-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  In2O3-SiO2-Si-SiO2-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<5kHz), it does not 
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almost change at medium ones (f<60kHz) and decreases at 
high frequencies (f≥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 In2O3- 
SiO2-Si-SiO2-Al structures within the range of applied 
voltage Uf=(-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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Е.Я. Жяфярова 

 
ИШЫЬЫН ТЯСИРИ АЛТЫНДА Си ЯСАСЫНДА ЧЯПЯР ГУРУЛУШЛАРЫНЫН РЕАКТИВ ХАССЯЛЯРИ   

 
Харижи електрик вя йцксяк ишыг интенсивлийи алтында ямяля эялян инъексийанын диффузийа йюлу иля алынмыш силисиум фотожевирижилярин 

реактив хассяляриня тясири юйрянилмишдир. Нцмунялярин фокусланмыш ишыг васитясииля ишыгландырылмасы p-n  струkтурунун мцяййян 
областында дяйишян сигналын кичик тезликляриндя йцкдашыйыжыларын артмасы щесабына файдалы тутумун чохалмасына gятириб чыхарыр. Йцксяк 
ишыгланмада йыьылмыш мцтящярлик йцкsяк база оbластынын кечирижилийини модулйасийа едир ки, бунун нятижясиндя индуктивлик еффекти баш 
верир, бу да тутумун азалмасына эятирир. 

Щямчинин електрик сащясинин вя ялавя ишыгланманын силисиум МДЙДМ-структуруnун щяссаслыьына тясири юйрянилмишдир. 
Эюстярилмишдир ки, Ын2О3-СиО2-Си-СиО2-М структурунуn спектрал щяссаслыьы верилян эярэинликля идаря олунур. 

 
Э.А. Джафарова 

 
РЕАКТИВНЫЕ ХАРАКТЕРИСТИКИ БАРЬЕРНЫХ СТРУКТУР НА ОСНОВЕ КРЕМНИЯ ПОД 

ДЕЙСТВИЕМ ОСВЕЩЕНИЯ 
 

Исследованы реактивные свойства диффузионных Si фотоэлементов, в которых высокий уровень инжекции создавался как 
внешним напряжением, так и освещением его интенсивным светом. Показано, что освещение образцов сфокусированным светом 
увеличивает полную емкость из-за накопления фотоносителей в соответствующих областях p-n структуры при низких частотах 
переменного сигнала. При больших освещенностях накопленный заряд подвижных носителей вызывает модуляцию проводимости 
базовой области, обуславливающую индуктивный эффект и уменьшение емкости. 

Также исследовано влияние электрического поля и подсветки на фоточувствительность МДПДМ структур на основе кремния. 
Показано, что спектральная чувствительность In2O3-SiO2-Si-SiO2-M структур управляется приложенным напряжением. 

     
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 sm2. 
The device is installed inside the industrial vacuum 
installation by the type ВУ-1 with diffusion spooling and 
limited vacuum in useful capacity 3⋅10-6 mm of mercury.  

 
 
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 BУ-1 installation with magnetic turn of the 
ray on 1800 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 10-2 
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: 

 

                         STW T
4

1 σε=  ,                               (1) 
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where εT=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 mm2.  

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 cm2 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: 

 

                               ,2 l
TW ∆

= λ                                   (2) 

 
where λ is averaged heat conductivity, l 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: 

 
VtWWW 20021 ≈+= . 

 
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]: 

 

                     ,
2

4,0
i

e
ii M

kT
enj =                                 (3) 

where Te is temperature of plasma electrons, Mi 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: 

 
                     ),/exp( kTQnq s −= ϑ                        (4) 
 

where ns~2⋅1015 cm-2 is surface atom density, η ~5⋅1012 s-1 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. 

 

 
 
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 №3101). 
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И.С. Щясянов, В.Я. Оружов 

 
АЛМАЗАБЯНЗЯР ТЯБЯГЯЛЯРИН ИОН ЧЮКДЦРЦЛМЯСИ ЦЧЦН ПЛАЗМАНЫН GЕНЕРАТОРУ 

 
Вакуум шяраитиндя аморф алмазабянзяр юртцклярин синтези цчцн жарбон плазма gенератору параметрляринин щесабланмасы 

апарылыб. Йериня йетирилмиш щесабламаларын ясасында графит катодун електрон-шца гыздырылмасы вя анод камерасынын су сойудулмасы иля 
мянбянин конструксийасы ишляниб, щазырланыб вя сынанылмышдыр. Тяклиф едилян методика тябягялярин ион чюкдцрцлмясинин оптимал 
реjимляринин ишлянмясиня имкан верир. 
 

И.С. Гасанов, В.А. Оруджев  
 

ГЕНЕРАТОР ПЛАЗМЫ ДЛЯ ИОННОГО ОСАЖДЕНИЯ АЛМАЗОПОДОБНЫХ ПЛЕНОК 
 

Проведен расчет параметров генератора углеродной плазмы для синтеза аморфных алмазоподобных покрытий в вакуумных 
условиях. На основе выполненных оценок разработана, изготовлена и испытана конструкция источника с электронно-лучевым 
нагревом графитового катода и водяным охлаждением анодной камеры. Предлагаемая методика позволяет отработать оптимальные 
режимы ионного осаждения пленок.  

 
Received: 06.12.05 
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ELECTROPHYSICAL RESEARCHES OF MECHANIZM OF CORROSION CARBONACROUS 

STEEL IN DEMINERALIZATIONAL WATER 
 

A.F. 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 VNII VODGEO 
(now NIPI "SUCANAL") and in NI Ph ChI (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 
(cooling 
agent) 

Ca2+, 
mg-eqv ⁄ l 

Mg2+, 
mg- eqv ⁄ l 

−2
4SO , 

mg ⁄ l 
Cl-, 

mg ⁄ l 

General 
mineralization, 

mg ⁄ l 
Replenishment 

distillate 0,025-0,1 0,04-0,15 0,8-1,0   0,1-0,2       0,1-0,15 

Circulating 
water 0,03-0,12 0,048-0,18 0,9-1,2   0,2-0,3      0,2-0,25 

Portable water 
[1] ∑(Ca2+Mg2+), 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.  

рH and O2 values in distillate and circulating water. 
 

Indices names  

Replenishment distillate Circulating water 

pH O2, mg /l Fe,. mg/l pH O2, 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 O2 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 (16-24ºC) 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 φcor. 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). 

 

 
 

Fig.1. Cathodic (1-3) and anodic (1'-3') potentiodynamic         
          (V=20 mV/min.) polarized curves of steel 3 in  
          motionless circulating water (25◦C) at different time  
          exposition: 1-1'-2h.; 2-2'-22 h.; 3-3'-66 h; φ,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 φcor. to ~ 0,05 V into negative side is 
observed. Value of top cathodic current and corrosion rate (i) 
remains practically unchanged. 

 

 
 
Fig.2. Influence of circulating water (25 оС ) upon cathodic (1-4)   
          and anodic (1 '- 4') potentiodynamic  

       (υ = 20 мV/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 Na3PO4•12H2O; (NaPO3)6; Na5P3O10 and surfactant 
RAS (refined alkylarylsulphonate). 

Out of phosphate inhibitors the most efficient was 
hexamethhaphosphate of natrium (Na PO3)6. Using 40-60 mg/l 
(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. 
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Fig.3. Cathodic (1-2) and anodic (1 '- 2 ') potentiodinamic    
          (υ = 20 мV/min) polarized curves of steel 3 in   
          mixing circulating water at different temperatures:  

              1 -1  '  –  25 оС ;  2-2  '  –  50 оС .  
 

Their efficiency is significantly higher than initial 
ingredients. 

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 
РО4

3-) of natrium hexamethophosphate and 50mg/l of RAS 
active part. 

 
 

[1] GOST 2874-85 "Portable water". 
[2] GOST 13819-85 "Metal corrosion resistance scale". 
[3] L.I. Freyman, V.A. Makarov, I.E. Bryksin. 

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

[4] V.A. Panov, A.A. 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). 

 
А.Ф. Ялийев 

МИНЕРАЛСЫЗЛАШДЫРЫЛМЫШ СУДА КАРБОНЛУ ПОЛАДЫН КОРРОЗИЙА 
МЕХАНИЗМИНИН ЕЛЕКТРОФИЗИКИ ТЯДГИГИ 

 
Карбонлу поладын атомлу ширинляшдиричи  гурьуда дистиллйатын коррозийа механизминин тядгиги нятиcяляри арашдырылыб. Суйа дахил 

едилян икикомпонентли композисийалы полифосфат вя анионлу САМ (Сятщи Актив Маддя) иля коррозийанын гаршысынын алынмасынын 
еффектли цсулу ишляниб. Технолоэийа Актау ш. (Казахыстан) пластмасс  заводунда истещсала тятбиг едилиб. 

 
А.Ф. Алиев 

 
ЭЛЕКТРОФИЗИЧЕСКИЕ ИССЛЕДОВАНИЯ МЕХАНИЗМА КОРРОЗИИ УГЛЕРОДИСТОЙ СТАЛИ 

В ДЕМИНЕРАЛИЗОВАННОЙ ВОДЕ 
 

Приводятся результаты исследований механизма коррозии углеродистой стали в дистилляте атомной опреснительной 
установки. Разработан эффективный способ предотвращения коррозии - введение в воду двухкомпонентной композиции 
полифосфата и анионного ПАВ. Технология внедрена в производство на заводе пластмасс г. Актау (Казахстан). 

 
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 λ=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 ε ′′ , so dielectric constant ε ′ . 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. 

The inclusions themselves are possible in the form of 
capsule of liquid polar substances, closed into defense 
polymeric film membranes. As ε ′′ =0 of the nonpolar matrix 
substance of absorbent, and ε ′  doesn’t depend on frequency, 
then at the given temperature T and wave length λ of falling 
electromagnetic radiation, the choice of resonance values 0ε ′  

and 0ε ′′  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 λ 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: 

 

( ) ( )
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where l0 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 itε ′ , ε ′′  by known ratios: 

 
               ( ) ynyn 222 2";1' =−= εε .                  (3) 
 
The values ε ′  and ε ′′ , introducing into equation (3), 

connect with dielectric constant 1ε ′  and dielectric loss 1ε ′′  of 
liquid phase and ε2 of matrix substance by additive equations: 

 

     ( ) ( )oo ϕεϕεε −+= 1'' 21   oϕεε 1""= ,        (4) 
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where ϕ is concentration of liquid phase in covering 
substance. 

The joint solution of equations (1)-(4) allow to calculate 
the selective values of concentration ϕ of liquid phase and l0 
layer width of covering at given values N, wave length λ of 
falling radiation and dielectric coefficients of useable liquid 
phases ε ′ , ε ′′  and matrix material. 

Solution of simultaneous equations at the given values 

1ε ′ , 2ε ′′ , 2ε , λ, N is carried out by the iteration mean. The 
selective values of liquid phase concentration and thickness l0 
of the coating layer are results of this calculation.  

At the existence of the inclination of ε ′  and ε ′′  filler 
from additivity the graphoanalytic method of solution of 
initial equation system is used. 

Below the calculation results ϕ and l on equations (1)-(4) 
of microwave absorbent at λ=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 ε=2,7. For water 
λ=1,5 cm and T=20C ε ′=36.8, ε ′′ =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 ϕ=0.077 and l=0.173 cm width of 
absorbent layer on the value, which is closer to λg/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)λd/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. 

     
[1] I.P. Kozlov. Нормалное падение плоской eлектромаg-

нитной волнi на плоскослоистiй диeлектрик. Вести Моск. 
aвиаts.  инст-т 1997, т. 4, № 2, с. 37-41. 

[2] Н.М. Волков  и др. Eлектромаgнитное излуchение и 
волнi. Москва, 1992.  

[3] Р.М. Касимов. Инженерно-физиchеский журнал, Москва, 
1994, т.6, №5-6, с.489. 

[4] Э.Р. Касимов, С.Т Азизов, Р.М. Касимов, 
Ch.О.Каджар. Iзвестиya АН Азербаiжана, сер. Физ-тех.и 
мат. наук,  1995, т.16, № 5-6, с. 22-29. 

[5] Р.М. Касимов, М.А. Калафи, Э.Р. Касимов, 
Ch.О.Каджар. Инженерно-физиchеский журнал, т. 71, № 2, 
1998, с. 282-285. 

[6] С.Т. Азизов, М.А. Садыхов, С.Р. Касимова,           
Р.М. Касимов, Ch.О.Каджар. Физика, №1-2, т.10, с.3-5, 
2004. 

[7] Ya.Yu. Аkhадов. Диeлектриchеские параметрi chистikh 
жидкостей. М, Iзд. МАI, 1999, с. 285. 

 
S.T. Яzizov, M.A. Sadыxov 

 
ЙЦKSЯK DISPERSIЙALЫ MATERIALLAR ЯSASINDA ЯЙТ ШЦАЛАРЫН UDUCУLARЫ 

 
    Mягалядя mikrodalğalı diapazonda epoksid qatranın яsasыnda kompozit mаteriallara йцксяк dispersiйalı maddя 

kimi su daxil etmяklя uducularыn yaradыlması mümkünlüyц tяdгiг  olunur. 
 

С.Т. Азизов, М.А. Садыхов 
 

ПОГЛОТИТЕЛИ СВЧ ИЗЛУЧЕНИЯ НА ОСНОВЕ ВЫСОКОДИСПЕРСНЫХ МАТЕРИАЛОВ 
 

  Исследуется возможность использования в качестве микроволнового поглотителя композиционного материала 
на основе эпоксидной смолы с введенной в него воды в качестве высокодисперсного наполнителя. 

 
Received: 16.06.05 
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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 1,2  
1Institute of Physics, Azerbaijan Academy of Sciences, 370143, Baku, 

2Department 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 
θ

γ
222

2

sin2
)(

r
b

r
arrV ++= . 

 
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 (InSb, 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 22

2
1)( rmrV ω=  is often used to describe confined 

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

( ) 22 −+⋅= brrarV  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 
Schrödinger 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 

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 Γ  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 

gE>>∆  have the from [7, 8]: 
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                                                        ( )( ) 0
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Here P is the Kane parameter, and ,yx ikkk ±=±   

∇−=
rr

ik ,  ( )rcε  is the band edge potential for conduction 

band and ( )rvε  is the band edge potential for valence band 
and iC  are envelope functions.  Let’s introduce an external 

electric field ( )rV  to compensate the position dependence of 
the band edge of valence band potential ( )rvε , 
where ( ) ( )rrV vε−= . Thus the Kane equations will be as 
follows:
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If we eliminate the expressions (9) -(12) into formulas (7) 

and (8) we obtain: 
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where 3∆  three dimensional Laplacien and 

( ) ( ) )(rErr gcv =+− εε  the band gap potential energy. Let’s 
assume that the band gap potential is 

θ
γ
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arErE gg +++= . Where a and b are 

constant have the dimensions of Joule ·m2 Equation (13) can 
be written as follows according to the above expressions. 
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Since the problem has a spherical symmetry, we seek a solution to the differential equation in the form  
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Substituting equation (15) into Eq. (14) allows us to obtain the angular wave function and the radial one as 
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with the constant λ to be determined below. 

Let’s introduce a new notation;  
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                                                               2
2

2
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P
Ebm +=ξ ,   ( )1+′′= llλ ,   θcos=x                                          (18) 

 
Substitution of Eq. (18) into Eq. (17) leads to 
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whose normalized solution can be obtained as [11] 
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with         
                      k+=′ ξl ,   ,..2,1,0=k                        (20) 
 

If we introduce the following notation 
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equation (16) can be written as 
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Taking into account the asymptotic behavior of  ( )rF 2,1  

for 0→r   and for ∞→r  , we look for a solution ( )rF 2,1  
in the form of   [12]: 
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Substituting (26) into (25), we get the following equation 

for the function u(r):
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Introducing a new independent variable 2rχξ = , we obtain the following differential equation from (27): 

                                                       

                                                       0
2
1

2
3

2
1

2
3

2

2

=
⎭
⎬
⎫

⎩
⎨
⎧

−⎟
⎠
⎞

⎜
⎝
⎛ ++⎟

⎠
⎞

⎜
⎝
⎛ −++ usL

d
duL

d
ud

ξ
ξ

ξ
ξ                                                  (28) 

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

                                                                     
⎭
⎬
⎫

⎩
⎨
⎧

+⎟
⎠
⎞

⎜
⎝
⎛ −+= ξ;

2
3,

2
3

2
1

11 LsLFu                                                                  (30) 

 
The condition that )(2,1 rF   decreases for ∞→r gives us 
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and consequently the energy levels are given by  
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Where L is found from equation (24) as follows: 
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The Kane parameter P is expressed by the effective mass nm of electrons as the following relation for strong spin-orbital 

interaction [9]: 
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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 ( )( )0gEE −  << Eg(0), we obtain 
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If a=b=0 we obtain  
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from (36) where km +=l . 
The equation (37) is the same as the solution of the Schrödinger equation for the harmonic oscillator potential. 
The radial eigenfunctions are: 
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with a normalized factor L

nN  to be determined below. 
The confluent hypergeometric functions can be expressed 

by the associated Laguerre polynomials [13]: 
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from which, together with the following important formula 
[13]: 

             ( ) ( ) ( )
nmmn

x

n
nxLxLex δαααα

!
1

0

++Γ
=∫

∞
−         (40) 

we can finally obtain the orthonormality relation for the 
radial wave functions as 
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where the radial wave function is given by 
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2. Conclusion 
The exact solutions of Schrödinger 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 A3B5 (InSb, 
InAs etc.). 
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QEYRİ-BİRCİNS ELEKTRİK VƏ HƏLQƏŞƏKİLLİ QEYRİ SFERİK OSSİLYATOR POTENSİALI 

SAHƏSİNDƏ KEYN TƏNLİKLƏRİNİN DƏQİQ HƏLLİ 
 
Qadağan zolağın eni koordinatdan asılı olan darzolaqlı yarımkeçirici nanokristallarda elektronların dispersiya qanununun 

qeyri-parabolikliyi nəzərə alınmaqla, valent zonasının kənarının koordinatdan asılılığını kompensasiya edən xarici qeyri-
bircins elektrik sahəsində elektronların enerji spektri nəzəri olaraq öyrənilmişdir. Qadağan zolağının koordinatdan asılı olduğu 
Keyn tənliyinin dəqiq həlli tapılmışdır. Zonanın kənarları üçün potensial kimi həlqəşəkilli, qeyri-sferik ossilyator potensialı 

ğötürülmüşdür: 
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ТОЧНОЕ РЕШЕНИЕ УРАВНЕНИЯ КЕЙНА В УЗКОЩЕЛЕВЫХ ПОЛУПРОВОДНИКОВЫХ 

НАНОКРИСТАЛЛАХ С ПОЗИЦИОННО ЗАВИСЯЩЕЙ ЩЕЛЬЮ, ВО ВНЕШНЕМ НЕОДНОРОДНОМ 
ЭЛЕКТРИЧЕСКОМ ПОЛЕ, КОМПЕНСИРУЮЩЕМ ПОЗИЦИОННУЮ ЗАВИСИМОСТЬ КРАЯ 

ВАЛЕНТНОЙ ЗОНЫ 
 

Теоретически изучен энергетический спектр электронов в узкощелевых полупроводниковых нанокристаллах с 
позиционно зависящей щелью во внешнем неоднородном электрическом поле, компенсирующем позиционную 
зависимость края валентной зоны, с учетом непараболичности закона дисперсии электронов. Найдено точное решение 
уравнений Кейна с позиционно зависящей  энергетической щелью. Потенциал для краев зон выбран в виде 

кольцеообразного несферического осцилляторного потенциала 
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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 by 
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)10-3 K-1) 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 Bi2Te3, Sb2Te3, Bi2Se3, Bi2Se3 and their solid 

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 AIVBVI, 
A2

IIIB3
VI 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 AIVBVI) at variation of the form of 
conic bottom of ampoule of alloy overheating ∆T+ relatively 
the furnace liquids temperature, the axes temperature gradient 
in stove ∆T4 of velocity of ampoule broach √ has been 
established, that the creation of the monocrystalline seed 
crystal is more possible at the conditions: ∆T≤20 K/сm, 
∆T+<30К, √ < 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 (≤ 2,6·10-3·К-1). 

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. 
Bi2(Te0,94 Se0,06)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 Sb2-х BiхTe3 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 (α) 
on the length of the samples (for р-Sb2-х Biх Te3 (х=0,2 и 
х=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 Biх 
Sb2-х Е3+у at х=0-2,0 у=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-(Bi2Te3-Bi2Se3) and р-( Sb2Te3-Bi2Te3), grown up 
by Chochralsky method with alloy replenishment by liquid 
phase from floating crucible, are characterized by most 
homogeneity. The homogeneous content of Bi, Sb, Te on the 
cross-section and monocrystal length, doped by Se in the 
correspondence with cut Sb1,5 Bi0,5 Te3-Bi2Se3 (Bi2Se3 till 15 
mol%) is proved in [7], the effective distribution coefficient 
of Se in Sb2Te3-Bi2Te3 system has been defined. Its value is 
defined by the ratio Sb2Te3 and Bi2Te3 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 Sb2Te3 and Bi2Te3 
The thermo-electric properties are defined not only by 

impurity atoms, but by electrically active own defects. For 
the growing up of формула 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 

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 Zopt. ≥ 3,2·10-3·К-1  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 (α) 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,Sb)2 (Te,Se)3 with high values of power 
parameter ŋ=α2δ 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 Bi2Te3 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 α in several lattice 
constants; this increase of Z can be supplied as because of 
theη, so in the result of the decrease of lattice heat 
conductivity. Thin layers (Bi, Sb)2 (Te, Se)3 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 Bi2Te3 was used in 
hetero-structures on the base of the films Sb2Te3, 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 Sb 
chalcogenides will be more perspective for the future.  
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F.K. Ələsgərov  

 
ТЕРМОЕЛЕКТРИК МАТЕРИАЛШЦНАСЛЫЬЫН  МЦАСИР ПРОБЛЕМЛЯРИ 

 
Бярк ъисимляrин ясасында олан термоелектрик сойудуъулар вя електроgенерасийалы материалларын мцасир проблемляри мцзакиря 

олунуб, сон 10 илдя чап олунмуш мягаляляр эюстярилиб. Мцзакиряйя ашаьыдакы мясяляляр чыхарылыб: 
 

1. Техноложи просесляр вя кристалларын эюйярдилмяси (Чохралски, Бриджмен вя йюнялмиш кристаллизасийа методлары); 
2. Леgиря олунмуш биръинсли чох компонентли бярк мящлуллары; фяза аралыьында ашгарларын гейри-биръинслийин сегрегасийасы; 
3. Структур дяйишилмяси иля ялагядя олан термоелектрик еффективлийи; 
4. Лайлы сцни анизотропик материаллары; 
5. Наноструктурлу назик тябягяли термоелектрикляр.  

 
Ф.К. Алескеров 

 
  СОВРЕМЕННЫЕ ПРОБЛЕМЫ ТЕРМОЭЛЕКТРИЧЕСКОГО МАТЕРИАЛОВЕДЕНИЯ 

 
Анализ показал, что наиболее перспективными материалами для термоэлектрического охлаждения являются кристаллы на 

основе халькогенидов висмута и сурьмы, полученные методом молекулярно лучевой эпитаксией. Однако практически пока 
реализованы термоэлектрические охлаждающие устройства на материалах, изготовленных методом порошковой металлургии. Это 
наиболее выгодная экономически технологическая операция. Во всем мире разработаны и реализуются в продаже стандартные 
термобатареи на основе AlN керамики с использованием поликристаллов. 
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PHOTOLUMINESCENT PROPERTIES OF GLASSES IN THE SYSTEM La2O3

 - Ga2S3- LnI
2O3 

(WHERE LnI-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 (Ga2S3)0,80(La2O3)0,10(Ce2O3)0,10, (Ga2S3)0,65(La2O3)0,33(Er2O3)0,02, 
Ga2S3)0,65(La2O3)0,28(Er2O3)0,07 and (Ga2S3)0,65(La2O3)0,30(Er2O3)0,05 have been investigated. It is established, that glasses of given 
composition have the photoluminescent properties, intensity of which depends on quantitative content of Er2O3. 

 
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 
(Ga2S3)0,80(La2O3)0,10(Ce2S3)0,10,  (Ga2S3)0,65La2O3)0,33(Er2O3)0,02  , 
(Ga2S3)0,65(La2O3)0,28(Er2O3)0,07  and (Ga2S3)0,65(La2O3)0,30(Er2O3)0,05. 

 
Experimental part 
 

In the capacity of initial components β- Ga2S3, А- La2O3, 
А-Ce2O3 and C- Er2O3 were used. β- Ga2S3 has the 
monoclinic syngony, which analogical to literature data [1]. 
А- La2O3 and  А-Ce2O3  are crystallized in hexanal syngony, 
C- Er2O3 - 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 (λ-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 glasses in 
temperature range 77÷300K were investigated.  

The PL spectrums of glasses (Ga2S3)0,80(La2O3)0,10(Се2S3)0,10 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 

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.  

 

 
  Fig.1. The PL spectrums of glass (Ga2S3)0,80(La2O3)0,10(Ce2O3)0,10  
           at 1-77, 2-190, 3-300K (a), (Ga2S3)0,65(La2O3)0,33 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. 

 

 
Fig.2. The PL spectrum of glass (Ga2S3)0,60 La2O3)0,35(Er2O3)0,05 (a),   

                 (Ga2S3)0,65 (La2O3)0,28(Er2O3)0,07  (b) at 1-77K and 2- 
                 300K. 

 

The PL spectrums of glass (Ga2S3)0,65 (La2O3)0,33(Er2O3)0,02 at 77 
and 300K are presented on the fig. 1b. These spectrums 

сapture 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 4S3/2- 4I15/2 of Er3+ 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→4I15/2 of ion Er3+ (fig.1b) [4,6]. 

The Pl spectrums of glass (Ga2S3)0,65(La2O3)0,28(Er2O3)0,07, 
(Ga2S3)0,65(La2O3)0,30(Er2O3)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 (Ga2S3)0,80(La2O3)0,10(Ce2O3)0,10, 
(Ga2S3)0,65(La2O3)0,33(Er2O3)0,02, (Ga2S3)0,65(La2O3)0,28(Er2O3)0,07, 
which are absent in spectrums 
(Ga2S3)0,65(La2O3)0,30(Er2O3)0,05.are connected with the fact, 
that ions Er2O3 in these glasses are in different surroundings. 

0
20
40
60
80

100
120

0 2 4 6 8 10

мол.%Er2O3

I о
т.
ед

.

 
Fig.3. The dependence of radiation intensity on the  
         (Er2O3)x   content for glasses  (Ga2S3)0,65La2O3)0,35(Er2O3)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 
(Ga2S3)0,80(La2O3)0,10(Ce2O3)0,10, (Ga2S3)0,65(La2O3)0,33(Er2O3)0,02, 
(Ga2S3)0,65(La2O3)0,28(Er2O3)0,07 and (Ga2S3)0,65(La2O3)0,30(Er2O3)0,05., i.e. 
the intensity increases and further increase of Er2O3 content 
decreases with the increase of percent content Er2O3 till 5%. 
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С.А. Абушов, Х.Б. Гянбярова, И.Б. Бяхтийарлы, О.Ш. Кяримли 

 

La2O3
 - Ga2S3- LnI

2O3 ÑÈÑÒÅÌËßÐÈÍÄß ØÖØßËßÐÈÍ ÔÎÒÎËÖÌÈÍÅÑSÅÍÑÈÉÀ ÕÀÑÑßËßÐÈ 
 

Ga2S3)0,80(La2O3)0,10(Ce2O3)0,10, (Ga2S3)0,65(La2O3)0,33(Er2O3)0,02, Ga2S3)0,65(La2O3)0,28(Er2O3)0,07 âÿ (Ga2S3)0,65(La2O3)0,30(Er2O3)0,05  òÿðêèáëè  
øöøÿëÿðèí ôîòîëöìèíåsñåíñèéà õàññÿñè òÿäãèã åäèëìèøäèð. Ìöÿééÿí îëóíìóøäóð êè, áó òÿðêèáëè øöøÿëÿð ôîòîëöìèíåñsåíñèéà õàññÿñè ýþñòÿðèð âÿ 
èíòåíñèâëèê òÿðêèáäÿêè Er2O3 ìèãäàðûíäàí àñûëûäð. 
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С.А. Абушов, Х.Б. Ганбарова, И.Б. Бахтиярлы, О.Ш. Керимли 

 
ФОТОЛЮМИНЕСЦЕНТНЫЕ  СВОЙСТВА  СТЕКОЛ  В СИСТЕМЕ  

 La2O3
 - Ga2S3- LnI

2O3  (где  LnI-Ce, Er) 
 

Исследованы фотолюминесцентные свойства стекол (Ga2S3)0,80(La2O3)0,10(Ce2O3)0,10, (Ga2S3)0,65(La2O3)0,33(Er2O3)0,02, 
Ga2S3)0,65(La2O3)0,28(Er2O3)0,07 и (Ga2S3)0,65(La2O3)0,30(Er2O3)0,05. Установлено, что стекла вышеуказанного состава обладают   
фотолюминесцентными  свойствами, интенсивность которых зависит от количественного содержания Er2O3. 
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TiIn1-xSe2 ТИП  КРИСТАЛЛАРЫН  ПЙЕЗОЕЛЕКТРИК  ХАССЯЛЯРИ 
 

Е.М. ГОЖАЙЕВ, К.Ж. ЭЦЛМЯММЯДОВ, Э.С. ЖЯФЯРОВА,  
Щ.С. ОРУЖОВ, С.С. ОСМАНОВА 
Азярбайжан Техники Университети, 

Baku, 370073, H. Javid av.  
 

Тягдим олунан ишдя TiIn1-xLnxSe2 тип кристалларын пйезоелектрик хассяляринин тядгигинин нятижяляри верилмиш вя база бирляшмяси олан 
TiIn1-xSe2-нин зона гурулушуна ясасян алынмыш нятижялярин мцзакиряси апарылмышдыр. Мцяййян едилмишдир ки, TiInSe2 -нин кристаллик 
гяфясиндя цчвалентли индиум атомларынын цчвалентли лантаноидлярля явяз едилмяси иля бу кристалларын тензощяссаслыг ямсалыны артырмаг вя 
идаря етмяк олар. 

 
Мялум олдуьу кими TlSe тип чохкомпонентли бирляш-

мяляр йцксяк тензощяссаслыг ямсалына малик олмалары иля 
фярглянирляр [1-5]. Бу тип бирляшмяляр ичярисиндя TlInSe2 

кристалы хцсуси йер тутур [6,7]. Бу онунла ялагядардыр ки, 
тензорезисторларын щазырланмасы заманы мейдана чыхан чя-
тинликляр, йяни  нцмунялярин кясилмяси вя емал едилмяси, он-
ларын сятщинин жилаланмасы, хцсуси кимйяви цсулла сятщинин 
механики гцсурлу щиссясинин йох едилмяси вя с. TlInSe2 
кристалындан истифадя едилдикдя чох садяляшир вя бюйцк 
зящмят тяляб етмядян щяйата кечирилир. TlInSe2 бирляшмяси-
нин вя онун ясасында бярк мящлулларын монокристаллары 
тябии дцзбужаглы формайа вя эцзэц сятщляря малик олурлар. 
Беля ки, эюстярилян тип монокристаллар, ен кясикляринин сащя-
си тяхминян 0,1÷0,2mm2, узунлуглары 1-50mm олмагла 
мцхтялиф юлчцлярдя олурлар. Бу кристаллардан ити ужлу кясижи 
алятля, чох асанлыгла тензоютцрцжц щазырламаг цчцн нцму-
няляр сечмяк  мцмкцн олур. Бу нцмуняляря етибарлы ме-
ханики контакт, конденсатор бошалмасы иля тясирсиз газ 
мцщитиндя нагиллярин бирбаша нцмуняйя лещимлянмяси иля 
вурулур.  Ютцрцжцлярин щазырланмасында алтлыг олараг 45 
маркалы, галынлыьы 0,5÷1mm, узунлуьу 20-100mm олан 
полад лювщялярдян истифадя едилир. Сятщинин ишлянмясиня эюря 
алтлыг 7-жи синифдян ашаьы олмамалыдыр. Алтлыг яввялжя толуол 
васитясиля диггятля тямизлянир, сонра ися етил спирти иля йуйу-

лур. Бу цсулла тямизлянмиш алтлыьын цзяриня епоксид-крезол 
лак (ЕП-96) тябягяси чякилир. Бу тябягянин галынлыьы 10-15 
мкм тяртибдя олмалыдыр. Алтлыг цзяриня лак чякиляркян 
онун сятщ цзяриндя бярабяр пайланмасына наил олмаг ла-
зымдыр. Алтлыг отаг температурунда 1 саат сахландыгдан 
сонра йцксяк температурлу полимерляшмяни щяйата ке-
чирмяк цчцн гурудужу шкафда йерляшдирилир. Температур 
тядрижян 470 К-я гядяр галдырылыр вя бу температурда алт-
лыьын 1 саат сахланылмасы там полимерляшмяни тямин едир. 
Бу просесдян сонра алтлыг цзяриня нцмунянин щяндяси 
юлчцсцндян бюйцк юлчцдя 2-жи лак тябягяси чякилир. Йуха-
рыда гейд етдийимиз гайдада контакт вурулмуш кристал алт-
лыьын икигат лак тябягяси иля юртцлмцш щиссясиндя йерляшдирилир 
вя ещмалжа сыхылыр. Бундан сонра кристалын сятщи тамамиля 
лакла юртцлцр. Бу просес щяйата кечириляркян алтлыг цзяриндя 
нцмуняни ихтийари истигамятдя йюнялтмяк олар. Нцму-
нянин алтлыг цзяриндя стабил вязиййятини тямин етмяк цчцн 
о, назик (ени 1.5 мм олан) фторопласт лентля баьланылыр. Нц-
муня иля алтлыг арасындакы баьлайыжы тябягяляри там гурут-
маг цчцн бу систем яввялжя 290-300К температурда 1 
саат сахланылыр вя бундан сонра 1.5 саат мцддятиндя 460К 
температурда табалма щяйата кечирилир. Бу просесдян сон-
ра лентин ачылмасы нцмунянин щалына щеч бир мянфи тясир 
етмир вя нцмуня юлчмя цчцн йарарлы сайылыр. 
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Шякил 1. Статик реъимдя нисби деформасийаны юлчмяк цчцн гурьунун схематик эюрцнцшц:  

                                                  1-кристал нцмуня; 2-полад алтлыг; 3-кянар дайаглар. 
 

TlIn1-xLnxSe2 кристалларындан бу гайда цзря щазырлан-
мыш нцмунялярин  тензощяссаслыьы [8] ишиндя тясвир олунан 
гурьуда статик реъимдя юлчцлмцшдцр. Кристала деформасийа  
шякил 1-дя тясвир олунан хцсуси гурьу иля ютцрцлцр. Эцзэц 
цзлц, дцзбуьаглы  «сап шякилли» кристаллар (1) йапышдырылмыш, 
галынлыьы t олан  полад тиржик (2) бир-бириндян l гядяр мяса-
фядя йерляшян ити ужлу (3) дайаглары цзяриндя йерляшдирилир. 
Яйилмя заманы тиржийин  орта щиссясинин йердяйишмяси ∆h 
олур. Бу заман нисби деформасийанын гиймяти 
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дцстуру иля, нцмунянин тензощяссаслыг ямсалы ися 
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кими тяйин едилир. Бурада Rε- деформасийа олдугда, R0 ися 

деформасийа олмадыгда нцмунянин мцгавимяти, 
0l
l∆

=ε   

- нисби деформасийадыр. Rε-  вя R0-  мцгавимятляри БК7-9 
лампалы волтметрин кюмяйиля тяйин едилир.  

Бюйцк мцгавимятли кристалларын тензощяссаслыг ямсалы-
нын 
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кими тяйин едилмяси даща ялверишлидир. Беляликля, шякил 2-дя 
эюстярилян схем ясасында тензощяссаслыг ямсалыны тяйин 

етмяк цчцн деформасийа олмадыгда (V0) вя олдугда (Vε) 
эярэинлик дцшэцлярини юлчмяк кифайятдир. 

 

VS

Rε

Ret
Vε y x

yV2-11 N306

E,T,,,tλε  
Шякил 2. Статик реъимдя тензощяссаслыг ямсалыны тяйин етмяк цчцн принсипиал схем. 

 
Бу цсулла тензощяссаслыг ямсалы тяйин едилир вя гянаят-

ляндирижи нятижяляр алыныр. 

И 
 
Шякил 3. TlIn0.98Nd0.02Se2  кристалларында тензощяссаслыг  
              ямсалынын деформасийадан (а), вя температурдан (б)  
              асылылыьы 
 
лкин тядгигатларла мцяййян едилмишдир ки, TlInSe2 

бирляшмяси ясасында алынмыш TlIn1-xLnxSe2 (0≤x≤0.04) бярк 
мящлуллары [9,10] бюйцк тензощяссаслыг ямсалына малик-
дирляр. 

Мцхтялиф технолоъи реъимлярдя алынмыш вя щазырланмыш 
тензоютцрцжцлярин характеристикаларынын гисмян фярглянмя-
синин сябяби полимерляшмя дяряжясинин, нцмунялярин галын-
лыгларынын мцхтялиф олмасы вя диэяр амиллярля ялагядар ол-
масы мцяййян едилмишдир.  

Мялумдур ки, йарымкечирижи тензометрик материалларын 
ясас эюстярижиси онларын башланьыж мцгавимятляринин вя 
тензощяссаслыгларынын температур асылылыьы щесаб олунур. 

Йарымкечирижи тензометрлярдян дяйишян температурлу 
конструксийаларда истифадя олундугда мящз бу яламят 
нязяря алыныр. Мювжуд тензометрлярин щяссаслыьы адятян 
температур артдыгжа азалыр. Бу да онларын тятбиг олунма  
имканларыны мящдудлашдырыр. Бу бахымдан бизим тядгигат 
обйектимиз олан TlInSe2 вя онун ясасында алынан бярк 
мящлуллар хцсуси диггятя лайигдирляр. Беля ки, бу кристал-
ларын температуру артдыгжа онларын деформасийайа эюря 
щяссаслыглары артыр. Мясялян, TlIn1-xPrxSe2  кристаллары цчцн 
апарылмыш тядгигатларын нятижяляри шякил 3-дя верилир. 
Шякилдян эюрцндцйц кими температур артдыгжа тензощяс-
саслыг ямсалы хятти ганунла артыр. 

Цмумян, бу тип кристалларда мцшащидя едилян пйезо-
електрик еффект ашаьыдакы кими изащ едиля биляр. Мялумдур 
ки,  деформасийа заманы кристалын щям узунлуьу, щям  ен 
кясийинин сащяси, щям дя хцсуси мцгавимяти дяйишир вя бу 
щалда цмуми електрик мцгавимятини 
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кими ифадя едя билярик. 
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 олдуьуну гябул етсяк, онда мцяййян садяляшдирмядян 
сонра тензощяссаслыг ямсалы 
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олур. Кичик нисби деформасийалар цчцн ε2 дахил олан щядляри 
атсаг вя   садяляшдирмяляр апарсаг тензощяссаслыг ямсалы 
цчцн 

                                emK ++= µ21                          (5) 
 

тапылыр. Пуассон ямсалы тяхминян 0,3-я бярабяр олан метал-
лардан фяргли олараг, me-ямсалынын гиймятиндян асылы олан 
цмуми мцгавимятин дяйишмяси (∆R) бу щалда жямиси 20% 
тяшкил едир. Йарымкечирижилярдя ∆R практики олараг хцсуси 
електрик кечирижилийинин дяйишмясиндян асылы олур. 

Бизим апардыьымыз тядгигатлар  эюстярмишдир ки, TlIn1-xNdxSe2   
кристаллары да илкин TlInSe2 кими чох йцксяк тензощяссаслыг 
ямсалына маликдирляр вя тяркибдян асылы олараг щямин ям-
салын гиймятини идаря етмяк мцмкцндцр (шякил 4). Мцяй-

йян едилмишдир ки, щяндяси юлчцляри 0.25х0.1х10 3мм  олан 
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кристаллар яйрилик радиусу 4-6 мм олан яйилмяйя таб эятирир, 
деформасийанын лимит гиймяти ися 1.5% тяшкил едир. Тядгиг 
олунан кристалларын тензометрик характеристикалары заман-
дан вя деформасийа дяряжясиндян асылы олараг да тядгиг 
едилмишдир. Механики деформасийадан сонра хцсуси мцга-
вимятин дяйишмяси 
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дцстуру иля тяйин едилмишдир.  
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Шякил 4. TlIn1-xNdxSe2 криситалларынын мцгавимятляринин  
              деформасийа гцввясиндян асылылыьы:  

    1-х=0;  2-х=0,01; 3-х=0,03; 4-х=0,04; 5-х=0,05. 
 

Бурада πe -деформасийа вя хцсуси мцгавимят арасында 
мцтянасиблик ямсалы, E- Йунг модулудур. 

Беляликля, ашкар олур ки, йарымкечирижи цчцн тензощяс-
саслыг ямсалы щяр шейдян яввял материалларын мцяййян крис-
таллографик истигамят цзря еластики сабитляриндян асылыдыр. 
Илкин юлчмяляря  эюря [001] кристаллографик истигамят цзря  
300К-дя TlIn1-xLnxSe2  монокристалларында  Йунг модулу 
онларын тяркибиндян асылы олараг Е=(13-160)⋅1010N/m2 ин-
тервалында дяйишян гиймятляр алыр. Бу гиймят артыг йарым-
кечирижи тензометрийада мялум материаллар цчцн алынмыш 
гиймятлярдян чох бюйцкдцр. Бизим гянаятимизя эюря бу, 
ясасян TlIn1-xLnxSe2  кристалларынын мцряккяб енерэетик гу-
рулуша малик олмасы  иля ялагядардыр. Доьрудан да TlInSe2 
бирляшмсинин модификасийа олунмуш Щаббард Шам модели 
иля йцк сыхлыьынын аралыг гиймятляриля щесабланмыш зона 
гурулушу цчцн щесабламаларындан ашаьыдакы нятижяляр 
алыныр (шякил 5). 

TlInSe2
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Шякил 5. TlInSe2 бирляшмясинин зона гурулушу.  
 
Валент зоналарыны цч група бюлмяк мцмкцндцр. Он 

зонадан ибарят ян йухары ясас груп ~3.5eV еня маликдир. 
АОХК методу истифадя олунмагла вя груп нязяриййяси 
анализи апармагла мцяййян едилмишдир ки, бу зоналар, 
валент зонанын таваны вя она йахын щиссяляр истисна 

олмагла, ясасян Tl, In вя Se атомларынын п-щалларындан 
тюряйир. Бу групун ян йухары щиссяляри, йяни валент зонанын 
таваны вя йахын щиссяляр ися ясасян Tl ионларынын 6с-
щалларындан тюряйир. Сонунжу нятижяни щямчинин айрыжа 
таван щалларынын иштиракы иля апарылан йцк сыхлыьы 
щесабламалары да тясдиг едир. Ясас групдан ашаьы ~2.0eV 
ениндя дюрд зонадан ибарят груп йерляшир. Бу зоналар 
ясасян Tl вя In атомларынын с-щалларындан тюряйир. Дюрд 
зонадан ибарят ян ашаьы груп –12.5eV ятрафында йерляшир ки, 
бу зоналар да Se атомларынын с-щалларындан тюряйир. 
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Шякил 6.  Дюрделлепсоидли модел. 

 
Валент зонанын максимуму вя щямчинин кечирижи 

зонанын минимуму Бриллуен зонасынын сярщяддиндя 
йцксяк симметрийалы T нюгтясиндя йерляшир вя уйьун олараг  
T3 вя T4 эятирилмяйян тясвирляриня аиддир. 

Кечирижи зонанын диэяр минимуму 0.17 eV йухарыда 
олмагла Бриллуен зонасынын сятщиндя D хятти цзяриндя 
йерляшир вя D1 эятирилмяйян тясвириня аиддир. 

Минимал дцз золаг T нюгтясиндя дипол 
йахынлащмасында гадаьан T3→T4 кечидлярля формалашыр. 
Дцз кечидлярин активляшмя енеръиси Eg T3→T4 =1.20eV олур. 

TlIn1-xLnxSe2 тип кристаллар тетрагонал сингонийада 
кристаллашан TlInSe2 -ин елементар гяфясиндя индиум 
атомларынын лантаноидлярля явяз олунмасындан 
алындыьындан щямин кристаллар щалында валент зонасынын  
~3.5eV еня малик олан груп Tl, In вя Se атомларынын -
щалларындан, ясас групдан ашаьы 2.0eV еня малик зоналар 
ися Tl, In вя Pr-ун с-щалларындан тюряйир. 

Груп нязяриййясиня эюря [11] TlSe тип кристалларда сабит 
енеръи  сятщи юзцнц 3 охлу елипсоид кими бирузя верир (шякил 
6). TlInSe2 кристалларында ашкар едилмиш пйезорезистив еффект 
екстремумлары Г(NQ=0.1еллипсоид), Т(NT=4⋅1/4=1-еллип-
соид) вя Т(NN=4⋅1/2=2-еллипсоид) нюгтяляриндя йерляшян 4 
еллепсоидли модел ясасында кейфиййятжя изащ олуна билир. 
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Вадилярдяки дашыйыжылар цчцн олан мцстявилярдя дисперсийа 
гануну ашаьыдакы кими ифадя олунур: 
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бурада m⎜⎜ вя m⊥ йцкдашыйыжыларын мцвафиг олараг еллеп-
соидин узунуна вя ениня охлары цзря еффектив кцтляляридир. 
Бурада йцкдашыйыжыларын йцрцклцкляри мцвафиг олараг 
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кими ифадя едилир. 

Яэяр вадилярдя йцкдашыйыжыларын сайы n0 оларса, онда 
Q,Т, вя Н вадиляриндя щямин дашыйыжыларын сайы мцвафиг 
олараг, n0 /4, n0 /4 вя 2⋅ n0 /4 олмалыдыр. Тетрагонал оха 
паралел истигамятдя щямин вадилярдя кечирижилийя тясир едян 

топлананлар мцвафиг олараг µσ ⋅=
4
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кими тяйин едилир. Онда /001/ оху бойунжа 

цмуми електрик кечирижилийи  
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лакин /001/ оху бойунжа бир тяряфли деформасийа заманы 
кечирижиликдя иштирак едян «аьыр» (йцрцклцйц µ⎢⎢ олан ) вя 
«йцнэцл» (йцрцклцйц µ⊥ олан) дешиклярин нисбяти дяйишир. 
Эюстярилян дяйишмя йцкдашыйыжыларын бир вадидян диэяриня 
ахмасынын нятижяси олуб, гейд олунан пйезорезистив еффек-
тин мейдана чыхмасына сябяб олур.  

TiIn1-xLnxSe2 кристалларынын /001/ оху бойунжа дартыл-
масы заманы щямин истигамятдя щяяркят едян аьыр дешик-
лярин нисби сайы артыр, вя бунунла ялагядар олараг кечирижилик 
азалыр. Аналоъи гайдада  нцмунян сыхылмасы заманы ися як-
синя, кечирижилик артыр. Вадилярдя дашыйыжыларын йенидян пай-
ланмасынын сябяби бир истигамятли деформасийа заманы екс-
тремумларын мцхтялиф шяраитлярдя олмасы иля ялагядардыр. 
Йяни, кристалын /001/ оху истигамятдя дартылмасы заманы 
/100/  вя   /110/ истигамятлярдя сыхылмалары баш вердийиндян, 
нятижядя /001/ оху цзяриндя олан Г екстремуму йухарыйа 
галхыр вя буна мцвафиг олараг /100/ вя /110/ охлары цзя-
риндяки минимумлар ашаьыйа дцшцр, бу заман мцвафиг ва-
дилярин цмуми електрик кечирижиликляриня /001/ истигамятдя 
вердикляри пайлар да дяйишир. Беляликля, кристалларын /001/ 
оху истигамятдя дартылмасы заманы кечирижиликляри  
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олур.  
Нцмунянин сыхылмасы заманы ися електриккечирижилийинин 

дяйишмяси мцсбят олур. Демяли /001/ оху истигамятиндя 
нцмунянин дартылмасы заманы електриккечирижилийи азалыр, 
сыхылмасы заманы ися артыр ки, бу да тяжрцбялярин йухарыда 
гейд олунан нятижяляри иля йахшы узлашыр. 
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ПЬЕЗОЕЛЕКТРИЧЕСКИЕ СВОЙСТВА КРИСТАЛЛОВ TlIn1-xLnxSe2 

 
В предъявленной работе изложены результаты исследования пьезоэлектрических свойств кристаллов типа TlIn1-xLnxSe2 и 

обсуждения результатов на основе зонной структуры исходного соединения TlInSe2. Выявлено, что при замещении трехвален-
тного индия трехвалентными лантаноидами в решетке TlInSe2 можно увеличить и управлять коэффициент тензочувствительности  
этих кристаллов. 

 
E.M. Qojaev, K.J. Gulmamedov, G.S. Djafarova, G.S. Orudzhev, S.S. Osmanova 

 
 PIEZOELECTRIC PROPERTIES OF CRYSTALS  TlIn1-xLnxSe2 

 
In the present work the results of investigations of piezoelectric properties of   TlIn1-xLnxSe2 type crystals and its discussion on the basis 

of band structure initial compound TlInSe2 are presented. It is revealed that at replacement trivalent Indium with trivalent Lanthanoid in 
lattice TlInSe2 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. MUSAYEV, 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 
Parameters 

Methyl 
[2] 

Ethyl 
[5] 

Propyl 
[6] 

Isopropyl 
[7] 

 Average value 

R(C – C )A0  1,519 1,505 1,505 1,509 

R(C – O )A0 1,428 1,437 1,466 1,466 1,449 

R(O – H )A0 0,960  0,968 0,968 0,965 

R(C – Hа)A0 1,095 1,096 1,104 1,104 1,099 

<CCC   1140 27/ 1140 59/ 1140 43/ 

<CCO  1070 74/ 1060 38/ 1100 19/ 1080 11/ 

<COH   1010 40/ 1050 48/ 1030 44/ 

<CCHа  1090 61/ 1080 06/ 1090 28/ 1080 98/ 

Ω    20 95/ 20 95/ 
ω    1200 32/ 1200 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) – r1: R(C – O) – r2: R(O – H) – r3: R(C – 
H) – r4: <CCC - α1: <CCO - α2: <COH - α3: <CCH - α4: 
rotation angle of atoms O and H1-ω: precession angle – Ω.   

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 

 
№  X Y Z 
 
1 C1 

 
0 

 
0 

 
0 

2 C2 - r1 0 0 
3 C3 -r1- r1*cos( п-α1) 0 -r1*sin( п-α1) 
4 C4 X(C3) - r1 0 Z(C3) 
5 H2 X(H3) - Y(H3) Z(H3) 
6 H3 r3*cos(п-α4) r3*sin(п-α4)*КОРЕНЬ(3)/2 -r3*sin(п-α4)/2 
7 H4 X(C2)- r3*cos(п-α4) r3*sin(п-α4)*КОРЕНЬ(3)/2 -Z(H3) 
8 H5 X(H4) - Y(H4) Z(H4) 
9 H6 X(C3)- X(H3) Y(H2) Z(C3)+ Z(H2) 

10 H7 X(H6) -Y(H6) Z(H6) 
11 H8 X(C4)- X(H2) 0 Z (C4)- r3*sin(п-α4) 
12 H9 X(C4)- X(H3) Y(H2) Z (C4)- Z(H2) 
13 H10 X(H9) -Y(H9) Z(H9) 
14 O r2*cos(п - α2) 0 r2*sin(п - α2) 
15 H1 X(O)+ r4*cos(α2−α3) 0 Z(O)- r4*sin(α2−α3) 
16 O1 X(O)+ r2*sinΩ*(1+ cos(п-

ω))∗sin(п-α2-Ω) 
r2*sinΩ*sin(п-ω) Z(O)-r2*sinΩ*(1+cos(п-ω))∗cos(п-α2-Ω) 

17 H1
1 X(H1)-(r4*sin(п-α3-Ω))-

r2*sin(Ω)*(1+cos(п-ω))∗ sin(п-
α2-Ω) 

(r4*sin(п-α3-Ω))-r2*sin(Ω)) *sin(п-ω) Z(H1)+(r4*sin(п-α3-Ω))-
r2*sin(Ω)*(1+cos(п-ω))∗cos(п-α2-Ω) 
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The rotational constants trans-trans-trans and trans-trans-
gosh of butanol conformers and also components of dipole 
moments relative them were calculating on the base of the 
obtained structure. 

The rotational constants, main inertia moments, 
asymmetry parameters and components of dipole moments of  

N-butyl spirit and its gosh-conformer are given in the table 3.  
At the study of molecule structures the program 

“RASMOL” (molecular visualization program) is used. 
Molecular visualization program “RASMOL” is used for the 
clearness of atom situation in molecule (fig.2). 

 
                                                                             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 
µа 0 0 
µв 1.1085 1.1086 
µс 1.1042 1.1044 
µоб 1.5647 1.5649 
X -0,98849 -0,98823 
IA 26,50943468 26,4855483 
IB 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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БУТИЛ   СПИРТИ   МОЛЕКУЛУНУН   ТРАНС - ТРАНС - ТРАНС  ВЯ  ТРАНС - ТРАНС - ГОШ  
КОНФОРМЕРЛЯРИНИН   ФЫРЛАНМА  САБИТЛЯРИ  ВЯ  ДИПОЛ МОМЕНТЛЯРИ 

 

Мягалядя  нормал  бутил  спiрти  молекуласынын  транс – транс – транс  вя транс – транс – гош     конформеринин  фырланма 
сабитляринин, баш  яталят  моментляринин,  асимметрийа  ямсалларынын  вя  дипол  моментляринин  компонентляринин щесабланмасындан 
бящс олунур. 

 
Ч. О. Каджар, С. А. Мусаев, С. Б. Кязимова, А. А. Абдуллаев, Э.Ч. Саидов 

 
ВРАЩАТЕЛЬНЫЕ ПОСТОЯННЫЕ  И   КОМПОНЕНТЫ  ДИПОЛЬНОГО     МОМЕНТА  ТРАНС – ТРАНС – 

ТРАНС  И  ТРАНС – ТРАНС – ГОШ  КОНФОРМЕРОВ БУТИЛОВОГО СПИРТА  
 

В статье  приводятся  рассчитанные  вращательные постоянные, главные моменты инерции, параметры асимметрии и 
компоненты дипольных  моментов  транс – транс – транс,  транс – транс – гош конформеров   молекулы   Н – бутанола. 

 
Received: 08.11.05 
     



ФИЗИКА                                                            2005                                                       ЖИЛД XЫ №4 
 

 34

 
THERMO-ELECTROMOTIVE FORCE AND HALL EFFECT IN FeGa2S4 
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The thermo-electromotive force and Hall effect have been investigated in the different temperatures in FeGa2S4 semiconductors. On sign 

of the thermo-electromotive force it is established, that FeGa2S4 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. 

 
FeGa2S4 is related to the class of the compounds 

AIIB2
IIIX4

VI  (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 FeGa2S4 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 FeGa2S4 
crystals are given. 

The crystals FeGa2S4 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 FeGa2S4 has rhombic structure by 
формула ZnAl2S4 type with parameters of crystalline lattice 
a=12.89; b=7.51; c=6.09Å [6]. 

The samples were prepared by the way of the mechanical 
treatment of the ingot in the form of the parallelepiped with 
average sizes ~ 5×6×7mm3. The investigations were carried 
out on the constant current in the constant magnetic field on 
FeGa2S4 samples. 

 
Fig.1. The temperature dependence of the coefficient of  
           thermo-electromotive force for FeGa2S4 crystals. 

 
The temperature dependence of the coefficient of thermo-
electromotive force (α) for FeGa2S4 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 FeGa2S4 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 FeGa2S4 crystals nDµD> neµe. It 
can be proposed, that extrinsic levels in FeGa2S4 crystals at 
~420K aren’t ionized totally. Ionizing they with temperature 
increase lead to the increase of electron concentration and 
higher ~420K till 670K neµe become more, than nDµD. It is 
seen, that in this temperature interval FeGa2S4 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 
α increases with the temperature increase is one α~In(T)3/2, 
that corresponds to the following expression [9]: 

 

⎟
⎠
⎞

⎜
⎝
⎛ ++= 2r

n
N

In
e
k cα  

 
(Effective state density Nc~T3/2). 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. 

 
Fig.2. The temperature dependence of the concentration of  
           current carriers for FeGa2S4 crystals. 

 
The temperature dependencies of the concentration of 

current carriers, defined from the measurements of Hall 
effects for FeGa2S4 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)⋅1014cm-3 changes. It is need to note, that 
the same values of the concentration of the current carriers 
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for FeGa2S4 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)⋅1016cm-3. 

 

 
Fig.3. The temperature dependence of the mobility of the  
           current carriers for FeGa2S4 crystals.   
 
The temperature dependence of Hall mobility of current 

carriers for FeGa2S4 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 µ≈180cm2/B⋅s. In the high-temperature region 
500÷740K the value of the mobility of current carriers 
changes in the interval µ=(4÷9)cm2/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 FeGa2S4 becomes lower, that in the low-temperature 
region. 

Thus, in FeGa2S4 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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Н.Н. Нифтийев, О.Б. Таьыйев, Ф.М. Мяммядов 

 
FeGa2S4-ДЯ ТEРМО-E.Щ.Г. ВЯ ХОЛЛ EФФEКТИ 

 
 FeGa2S4 йарымкечирижисиндя мцхтялиф температурларда термо-е.щ.г. вя Холл еффекти тядгиг едилмишдир. Термо-е.щ.г.-нин ишарясиня 

эюря мцяййян едилмишдир ки, FeGa2S4 мцхтялиф температур интервалларында p вя йа n тип кечирижилийя малик олур. Термо-е.щ.г. ямсалы, 
жяряйан йцкдашыйыжыларын консентрасийасы вя Холл йцйцрцклцйц тяйин едилмишдир. 

 
Н.Н. Нифтиев, О.Б. Тагиев, Ф.М. Мамедов 

 
ТЕРМО-Э.Д.С. И ЭФФЕКТ ХОЛЛА В FeGa2S4 

 
В полупроводниках FeGa2S4  исследованы термо – э.д.с. и эффект Холла при различных температурах. По знаку термо- э.д.с. 

установлено, что FeGa2S4 обладает p и n типом проводимости в разных температурных интервалах. Определены коэффициент 
термо-э.д.с., концентрация и холловская подвижность носителей тока.   
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PIEZORESISTIVE EFFECT IN THE NONORDERED SYSTEM  

POLYMER-SEMICONDUCTOR  
 

A.I. MAMMADOV  
Institute of Physics of NAS of Azerbaijan 

Baku, AZ-1143, 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 and 

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 (Р) on 
electroconductivity (ρ), 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 lgρ from the pressure Р 
composites on the base of PEHD, PP and PVDF silicon and 
germanium is shown in the plate (table) 1. 

 
                                                                                                      Table 1 

Dependence of lgρ of various composites 
 

Lgρ, Оm⋅m Р,MPa 
PEHD+Si PP+Si PVDF+Si PEHD+Ge PP+Ge PVDF+Ge 

0 
0,5 
1 

1,5 
2 

2,5 
3 

3,5 
4 

4,8 
3,7 

2,55 
2,1 

1,78 
1,56 
1,33 
1,22 
1,22 

4,44 
3,1 

2,22 
1,8 

1,44 
1,22 
1,11 
0,89 
0,89 

3,7 
2,7 
2 

1,44 
1,22 
0,89 
0,67 
0,56 
0,56 

5,08 
4,15 
3,38 
3,15 

3 
2,92 
2,85 
2,85 
2,77 

4,77 
4,15 
3,61 
3,15 
2,85 
2,54 
2,46 
2,35 
2,27 

4,92 
3,38 
2,85 
2,62 
2,46 
2,38 
2,31 
2,23 
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 lgρ0/ρ, 
where ρ0 and ρ specific resistance of composites at normal 
pressure which we consider as 0 and terminal pressure (in our 
case 4 МPа). On table 2 there dependence lgρ0/ρ on the 

content of semiconductor filler С for compositions with 
silicon and germanium is presented. With the increase of the 
quantity (С) of the filler the magnitude lgρ0/ρ is increased at 
first, reaching the maximum at С = 50% mаss, and afterwards 
it is decreased.  

Dependence lgρ on electroconductivity of filler lgσн for 
composites on the base of PEHD и PVDF is shown in the 
tables 3 и 4. 
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                                                                                                 Table 2 

Dependence lgρ/ρо on the content of semiconductor phase 
lgρ/ρо С,%. 

d=75mcm PVDF+Si PEHD+Si PVDF+Ge PEVP+Ge 
20 
30 
50 
60 
80 

2,6 
3,2 
3,5 
3,4 
3,2 

2,3 
2,9 
3,2 
2,9 
2,2 

2 
2,6 
2,7 
2,4 
1,8 

1,8 
2,3 
2,4 
2,2 
1,7 

 
 

                                                                                                Table 3 
Dependence lgρ  on electroconductivity Si for PEHD 

lgρо, Оm⋅m lgσн, Оm-1m-1 
С=7% С=33% С=40% С=60% 

0,5 
1,2 
1,8 
2,5 

8,5 
8,5 
8,5 
8,5 

5,875 
5,325 
4,375 

3 

4,375 
4 

3,25 
2,25 

1,75 
1,75 
1,625 
1,625 

                                                                                                                  
                                                                                       Table 4 

Dependence lgρ on electroconductivity Si for PVDF 
lgρо, Оm⋅m lgσн, Оm-1m-1 

С=7% С=33% С=40% С=60% 
0,35 

1 
1,4 
1,9 

2,75 

9 
9 

8,5 
8,5 
8,5 

4,2 
3,9 
3,6 
3,1 

1,33 

2,8 
2,5 
2,3 

1,83 
1,08 

1,25 
1,17 
1,17 
1,08 

1 
 
At little contents of the filler (С<Скр1) resistance of the 

composites reach the level at which it doesn’t depend on the 
filler’s electroconductivity. At big contents of the filler 
(С>Скр2) resistance of the composites also doesn’t depend on 
σн. At medium contents С (Скр1<С<Скр2) there is strong 
dependence of lgρ  on σн. 

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

Concentration   of    he    current  carrier   (N)   and   their  

mobility (µ). 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 lgρ  from N has the same form 
as lgρ  from σн, 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 lgρ and lgρ1/ρ from the carrier  
concentration lgN particles of the semiconductive phase 

 
lgρ, Оm⋅m lgρ1/ρ  

lgN on the base of 
PEHD 

on the base of 
PVDF 

on the base of 
PEHD 

on the base of 
PVDF 

17 
17,25 
17,75 
18,25 
18,75 
19,25 
19,5 

19,75 

8,86 
- 

8,29 
7,71 
7,14 
5,71 
4,43 
2,86 

6,14 
- 

6,14 
5,71 
5,28 
4,29 
3,43 
2,43 

1,55 
1,8 

2,05 
1,7 

1,35 
- 

0,65 
0,3 

1,05 
1,45 
1,7 

1,85 
1,7 

1,35 
0,75 
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 µ 
charge carrier of the particles semiconductive phase, С=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 
composite polymer-semiconductor under the mechanic 
tension.  

 
Fig. 2. Model and energy band structure of the piezoresistor: 1- 

metal electrodes, 2- polymer, 3- semiconductor. qφм, qφпол, qφп – 
works of extraction, semiconductor and polymer, correspondingly, 
φм, φпол, φп – Fermy metal levels, semiconductor and polymer, ап – 
polymer layer, where the charges are localized, апол – layer 
thickness of the semiconductor spatial charge. 

 
It is known, that the tunneling possibility is practically 

defined by the expression: 
 

( ) ⎥⎦
⎤

⎢⎣
⎡ −−≈ dEmW οϕ22exp
h

 

 
where h  - quantum  constant, οϕ - 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 

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 п – 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 сродством фаз. 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 электростатического 
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. Ionization 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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Ə.İ. Məmmədov 

 
POLİMER – YARIMKEÇİRİCİ QEYRİ-NİZAMİ SİSTEMDƏ PYEZOREZİSTİV EFFEKTİ 

 
Hazırkı işdə polimer-yarımkeçirici kompozit sistemin pyezorezistiv xassələrinin nəticələri təqdim edilmişdir. Yarımkeçirici maddənin 

yükdaşıyıcıların elektrikkeçiriciliyinin, konsentrasiyasının, yürüklüyünün və kompozitin dielektrik xarakteristikaların pyezorezistiv xassələrə 
təsiri öyrənilmişdir. 

Müəyyən edilmişdir ki, kompozit sistemdə elektrik keçiriciliyi yükdaşıyıcıların polimer laylar vasitəsilə yarımkeçiricinin hissəcikləri 
arasında tunel effektinə əsasən baş verir. 

 
А.И. Мамедов 

  
 ПЬЕЗОРЕЗИСТИВНЫЙ ЭФФЕКТ В НЕУПОРЯДОЧЕННОЙ СИСТЕМЕ  

ПОЛИМЕР-ПОЛУПРОВОДНИК  
 
В настоящей работе представлены результаты исследования пьезорезистивных свойств композиционных систем полимер-

полупроводник. 
Изучено влияние на них электропроводности, концентрации и подвижности носителей заряда наполнителя и диэлектрические 

характеристики компонентов композита . 
Установлено, что электропроводность в композитах осуществляется туннелированием носителей заряда между частичками 

наполнителя через полимерные прослойки. 
           
Received: 05.01.06 
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DETERMINATION OF DEBYE SCREENING LENGTH FROM CONDUCTIVITY  

OF PbTe FILMS 
 

M.M. PANAHOV, S.N. SARMASOV, 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 64 BA  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 LiNbO3 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   

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

 
                       )()( rrEdiv ρεε =0                            (1) 
 

Expressing an electrical field E by potential we can write 
    
                           0

2 εερϕ /)()( rr −=∇                   (2) 
 
The potential energy of electrons V(r) bends zones so, 

that )()( rVErE +=  or, 
 
                         ( ) )()( rVErE cc +=                         (3) 

                           DLx
S eVrV /)( −=                              (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 LiNbO3.   
 
We shall consider the characteristics of conductivity 

change of the p-PbTe films prepared on different domains of   
LiNbO3, 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  

1<αtg , that  is  characteristic for p-PbTe films  prepared 
LiNbO3 with  various  polarization.  Film  of p-PbTe  
prepared on positive  domains  at  small  thickness  
( )nmd 50≤  has intrinsic conductivity about   ~ 1016  cm-3  
and at  nmd 50≥  the  structure was worsened. Therefore we 
have chosen some pairs of points in thickness interval of  

nmdnm 7550 << . The concentration of holes in samples 
with thickness of 60 nm, prepared on positive and negative 
domains was: 
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31713161 10411083 −

−
−

+ ⋅=⋅= cmPcmP ,,,  , 
 
and for the thickness of  70 nm , 

                                       
     31723162 102106 −

−
−

+ ⋅=⋅= cmPcmP ,  
 
The concentration  holes in a source were ~ 1017  cm-3  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 ~ ktFe /−−                                   (5) 
 
                                 +P ~ ktFe /+−                                   (6) 

 
where  P-  and  P+  - are  the concentration  of holes in   PbTe  
films  prepared on negative and positive domains of LiNbO3,  
and  F-  and  F+ - are the appropriate  Fermi  levels. 

 

 
 
Fig. 2.  Change of conductivity of the n-PbTe films on   
            different domains  of  LiNbO3.   
 
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: 

 
                            DLdueFF /−

− −= 0                         (7) 
 
                           DLdueFF /−

+ += 0                          (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 ( )dLD ≥  averaging 

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

                             −P ~ kt
ueF DLd

e
2/

0
−+

−
                             (9) 

                             +P ~  kt
ueF DLd

e
2/

0
−−

                           (10)  
Further  having  divided  (9)  on  (10) and  taking  the  

logarithm  we  have 
 

                        kT
Ld D

uePP
2/

2)/ln(
−

+− =                    (11) 
 
The expression for curve points appropriate to film 

thickness of  nmd 601 =  and nmd 702 =  , can be write as, 
 

                      kT
Ld D

uePP
2/

11
1

2)/ln(
−

+− =                    (12) 

                      kT
Ld D

uePP
2/

22
2

2)/ln( =+−                     (13) 
 
Having divided the equation (12) on (13) and take the 

logarithm, we have, 
 

  
( )
( ) DL

dd
PP
PP

2/ln
/lnln 12

22

11 −
=

+−

+−                  (14) 

 
Equation  for  calculation  the  Debye  screening  length  

can  be  written: 
 

  ( )
( )22

11
12

/ln
/lnln2

+−

+−

−
=

PP
PP

ddLD                       (15) 

 
Substituting experimental values of d1, d2 and hole 

concentration for investigated films we find value of LD~100 
nm.  Designed on the formula of 2

0 / nekTLD εε= , this 

parameter is about m910107 −⋅ . Here for PbTe ε ~400,  
., KTcmn 30010 317 == −  

 
Conclusion 

 
Substituting experimental values of d1, d2 and hole 

concentration for investigated films we find value of LD~100 
nm.  Designed on the formula of, this parameter is about 

m910107 −⋅ . Here for PbTe ε ~400, ,10 317 −= cmn  KT 300=  
Measurement of film parameters, prepared on 

ferroelectric substrates, allows carrying out experimental 
determination of Debye screening length. 
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М.М. Пянащов, С.Н. Сярмясов, М.З. Мяммядов 
 

ПбТе ТЯБЯГЯЛЯРИНИН КЕЧИРИЪИЛИЙИ ЯСАСЫНДА ДЕБАЙ  ЕКРАНЛАШМА  
УЗУНЛУЬУНУН ТЯЙИНИ 

 
PbTe-ун алынмыш епитаксиал лайынын физики хассяляри монокристалын хассяляриндян практики олараг фярглянмир. Тябягянин 

параметрляринин юлчцлмяси Дебайын екранлашма узунлуьуну тяърцби олараг тяйин етмяйя имкан верир. 
Бу ъцр лайлар ясасында  ИГ – лазерляр, шцаланма  гябуледиъиси, оптик сцзэяъляр вя термоэенераторлар  йарадылмышдыр. 

 
М.М. Панахов, С.Н. Сармасов, М.З. Мамедов 

 
ОПРЕДЕЛЕНИЕ ДЛИНЫ ЭКРАНИРОВАНИЯ ДЕБАЯ ИЗ ПРОВОДИМОСТИ ПЛЕНОК PbTe 

  
Получены эпитаксиальные  слои   PbTe, физические  свойства  которых практически не отличились от свойств монокристаллов 

[1,2]. На основе таких слоев созданы  ИК – лазеры и  приемники излучения, оптические фильтры и термогенераторы. Однако, ряд 
вопросов, относящихся к росту эпитаксиальных слоев данных соединений, изучен недостаточно. К таким вопросам относятся 
закономерности захвата молекул кислорода в процессе роста слоев, влияние поляризации сегнетоэлектрической подложки на 
проводимость слоев. 

Измерение параметров пленок, выращенных на сегнетоэлектрических подложках, позволяет проводить экспериментальное 
определение длины экранирования Дебая. 
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КЦТЛЯ СПЕКТРОМЕТРИНИН ИОН – ОПТИК ХАРАКТЕРИСТИКАЛАРЫНА 

АНАЛИЗАТОРУН ПАРАМЕТРЛЯРИНИН КЯНАРАЧЫХМАЛАРЫНЫН ТЯСИРИ 
 

А.М. ЩЯШИМОВ, Т.К. НУРУБЯЙЛИ,  

Азярбайъан МЕА Физика Институту 
 

К.З. НУРУЙЕВ 
Азярбайъан Милли Аерокосмик Аэентлийи 

 
Ишдя аксиал-симметрик електрик сащяли учушмцддятли кцтля спектрометрлярин конструктив елементляринин щесабланмыш гиймятлярдян 

кянарачыхмаларынын онларын техники эюстяриъиляриня тясири тядгиг етмяк цчцн щесаблама цсулу тяклиф олунуб. Бу вахт номинал парамет-
рдян кянарачыхмаларын ики типи, мцяййян диапазонда дискрет вя кясилмяз кянарачыхмалара бахылмышдыр. 

Конкрет кцтля спектрометри мисалында конструктив елементлярин щазырланмасында йол верилян кянарачыхмаларын вя эярэинликлярин 
флуктасийаларынын онун айырдетмя габилиййятиня тясири арашдырылмышдыр. 

  
Кцтля спектрометрляринин лайищяляшдирилмясиндя вя 

щазырланмасында ясас мясялялярдян бири онун конструк-
тив елементляринин параметрляринин щесабланмыш гиймят-
лярдян йол верилян кянарачыхмаларын дцзэцн гиймятлян-
дирилмясидир. Чцнки бу тяляблярин щяддян артыг сярт ол-
масы ъищазын ясассыз баща баша эялмясиня, сярбястлийи ися 
анализаторун ион-оптик характеристикаларынын писляшмяси-
ня эятирир [1-4]. Електрик вя (вя йа) магнит сащяли ана-
лизаторларын бу ъцр кянарачыхмаларынын методики вя ня-
зяри ясасландырылмасы ишляриндя бахылмышдыр. Мясялян, [4]-
дя радиал електрик сащяли анализатора дахил олан енержийя 
вя буъаьа эюря даьыныглыьа малик ион дястинин анали-
затор дахилиндя цчгат фокусланма шяртляри нязяри бахыл-
мыш вя бу параметрлярин анализаторун ион-оптик харак-
теристикасына вя ионларын замана вя мякана эюря фокус-
лашдырылмасына тясири арашдырылмышдыр. 

Бу мягалядя конкрет параметрляря малик аксиал-
симметрик сащяйя малик учушмцддятли кцтля-спект-
рометрляринин конструктив параметрляринин номинал гий-
мятлярдян кянарачыхмаларынын онун техники эюстяриъиля-
риня тясири арашдырылмышдыр. 

 
1. Щесаблама методикасы 

 

Шякилдя аксиал-симметрик сащяли учушмцддятли кцтля 
анализаторунун ион-оптик схеми верилмишдир. [5]-дя бу 
ъцр анализаторун ионларынын трайекторийаларынын онун чы-
хышында кясишмя (фокусланма) нюгтясинин координатлары 
ашаьыдакы шякилдя верилмишдир: 

 

                   
00

0 ;
r
z

r
ry

=
−

= Λ∆ ,            (1)  

 

бурада y - ионларын фокус нюгтясиндя орта трайек-
торийадан нисби кянарачыхмаларынын радиал пройексийасы; 
z - радиал истигамятдя буъаьа эюря даьыныглыьа малик 
ионларын орта трайекторийадан кянарачыхмасы; r0- орта 
трайекторийанын радиусудур. 

Бу координатларын αi кичик параметрлярдян асылылыьы 
ашаьыдакы параметрик тянликлярля ифадя олунур: 
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 бурада i∆  вя iΛ - эиришиндя вя чыхышында електрик сащяси 
кяскин сярщядя малик анализаторун щяндяси вя сащя 
параметрляринин функсийалары, кичик iα  параметрляри ися 
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бурада α вя β - ионларын радиал вя аксиал истигамятдя ачылма 
буъаглары; S, h- эириш диафранмасынын ени вя щцндцрлцйц; ∆V, 
∆M - ионун орта трайекторийа иля щярякятиня уйьун енержиси вя 
кцтлясинин кянара чыхмалары, V0 вяU0 - ионун енержисиня уйьун 
сцрятляндириъи эярэинлик вя орта трайекторийанын потенсиал-
ларыдыр. 

Кцтля спектрометринин параметрляринин щесабланмыш гий-
мятлярдян кянарачыхмалары няинки ионларын трайекторийа тян-
ликляринин ямсалларына (∆i, ∆i) щямчинин, кичик параметрляря дя 
тясир едя билир. Бу щал ион мянбяйинин ениня йердяйишмяси вя 
потенсиалларын флуктасийасы заманы баш верир. Бу щаллары [6]-
дан истифадя етмякля арашдырмаг олар. Бурада ися i∆  вя iΛ  
ямсалларынын дяйишмяси щалына бахаг. Щесабланманын садя-
лийи хатириня фярз едяк ки, анализаторун параметрляринин αi 
кянарачыхмалары кянар електрик вя магнит сащяляринин пай-
ланмасына тясир етмир. Онда (1)-дяки ∆i ямсалынын дяйиш-
мясинин ашаьыдакы шякилдя эюстярмяк олар: 
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бурада Pk -кянарачыхмалара мяруз галмыш параметрляр, 
βk=δPk – k- ъы параметрин кянарачыхмасы; N-Pk параметрлярин 
сайыдыр. Pk- параметрляри дедикдя анализаторун щяндяси юлчц-
лярини характеризя едян r0 , λ1, λ2, ψ, χ0, χk (шякиля бах) вя йа 
електрик вя магнит сащяляринин пайланмасыны эютцрмяк олар. 

αi вя βk параметрляри бир-бириндян асылы олмадыьы цчцн 
ямсалларын максимал дяйишмяляринни беля йазмаг олар: 

            

        ∑∑
= = ∂

∆∂
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N

k i
xamexami
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i
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6

1
βαδ .              (3) 

 

Бурадан эюрцнцр ки, характеристикалары икинъи тяртиб кичик 
кямиййятлярля тяйин олунан анализаторун параметрляринин 
кянарачыхмалары щесабына ∆i ямсалларынын дяйишмяси щеч 
олмаса бир тяртиб кичик олмалыдыр. 
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2. Кянарчыхмаларын ионларын буъаьа эюря фокусланма-  
    сына тясири 

 
Ионларын буъаьа эюря фокусланмасы заманы анали-

заторун параметрляринин щесабланмыш кянарачыхмалары 
∆i  ямсалларынын ашаьыдакы дяйишмяляриня эятирир: 
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Бу заман фокус нюгтяси системин оптик оху бойу 
йердяйишмяси беля ифадя олунур: 
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lλ  фокусун йердяйишмясиня вердийи тющфясидир. 

Гейд едяк ки, анализаторун конструктив параметр-
ляринин иъазя верилян кянарачыхмалары еля сечилмялидир ки, 
∆i-нин дяйишмясинин йекун гиймяти икинъи тяртиб абер-
расийадан бюйцк олмасын. Бу вахт яэяр арзу едилян няти-
ъяни ялдя етмяк мцмкцн олмурса, йа ъищазын конструк-
сийасында мцяййян дяйишиклик етмяли, вя йа ион мянбя-
йинин дялийинин йерини 

xam22 λδλ − -дан 
xam22 λδλ +  

интервалда дяйишдирмяк нязярдя тутулмалы, йа да фокус-
ланма башга параметрлярин дяйишмяси щесабына ялдя 
олунмалыдыр. 

[3]-дя эюстярилмишдир ки, онларын енержийя вя радиал 
буъаьа эюря даьыныглыг щесабына фокусланманын позул-
масыны коррексийа етмяк цчцн анализаторун цч парамет-
риндян истифадя етмяк кифайятдир. Бухдыьымыз щалда бу 
цч параметрин (P1, P2, P3) номинал гиймятдян кянарачых-
малары заманы фокусланма шярти ашаьыдакы тянлийи юдя-
мялидир. 

 

∑
= ∂

∆∂
−=

∂
∆∂

+
∂
∆∂

+
∂
∆∂ N

k
k

iiii

PPPP 1 2
3

3
2

2
1

1
2222

ββββ
λλλλ

. 

 
Яэяр фокусланма заманы β1, β2, β3 параметрляри сим-

метрик дяйишмяйя мяруз галырса ( )xamkkxamk ,, βββ ≤≤− , 

онда фокусланманы ялдя олунмасы цчцн ашаьыдакы бяра-
бярсизлик юдянилмялидир. 
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Бу заман инамлы нятиъя ялдя етмяк цчцн щяр бир па-
раметрин тянзимлямя сярщядлярини еля сечмяк лазымдыр ки, 
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олсун. 

3. Кянарачыхмаларын анализаторун дисперсийасына вя айырд- 
     етмя  габилиййятиня тясири 

 
Йухарыда дейилянляря вя [6]-да алынан нятиъяляря ясасян 

анализаторун параметрляринин кянарачыхмалары щесабына 
онун кцтляйя эюря айырдетмя габилиййятинин (R) щесабланмыш 
гиймятини ашаьыдакы ифадя иля тяйин етмяк олар: 
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Анализаторун йол верилян максимал кянарачыхмасы яввял-
ъядян верилмиш δR гиймятинин вя щяр бир βk-нын бу дяйишмяйя 
веря биляъяйи тющфяляри нязяря алсаг анализаторун конструктив 
параметрляринин иъазя верилян кянарычыхмаларыны тяйин етмяк 
олар. 

Аналожи олараг дисперсийа ямсалларынын гиймятлярини 
дяйишмясини тяйин етмяк цчцн 
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аларыг. 
 

4. Сцрятляндириъи эярэинлийин вя сащялярин пайланмасынын  
    флуктасийасынын анализаторун характеристикаларына тясири 

 
Йухарыда бахдыьымыз бцтцн щалларын щамысында фярз олу-

нурду ки, анализаторун щяр бир параметри онларын номинал 
гиймятляри ятрафында конкрет гиймят алыр. Бу щалда ися ба-
хылан параметрляр мцяййян диапазонда кясилмяз дяйишдийи 
цчцн бу дяйишмялярин анализаторун ион-оптик характеристика-
ларына тясирини компенся етмяк олар. 

[5, 6]-да эюстярилдийи кими сцрятляндириъи эярэинлийин гейри-
стабиллийи ионларын енержийя эюря даьыныглыьына ялавя еквивалент 
даьыныглыг демякдир. Эярэинликлярин гейри – стабиллийи иля буна 
уйьун олан енержи вя кцтлянин еквивалент дяйишмяляри арасында 
ялагя тянлийи зярряъиклярин орта трайекторийа иля щярякятини 
тямин едян таразлыг шяртиндян алыныр 
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бурада 5αε =  вя 6αγ = - енержи вя кцтлянин нисби 
кянарачыхмалары, E0 вя H0- електрик вя магнит сащяляринин 
интенсивликляринин орта трайекторийадакы гиймятидир. k=-1 
(електрик сащяси) вя йа k=1 (магнит сащяси) гиймятлярини 
йериня гойсаг эярэинликлярин дяйишмяляринин «йаратдыьы» ялавя 
енержи вя кцтля даьыныглары цчцн уйьун олараг 
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йазмаг олар. 
Щяр ики сащянин бирэя тясири заманы щямин флуктасийаларыны 

«кцтляйя эюря ялавя даьыныглыьы» 
 

 
xam

xam
xam

xamxam H
H

E
E

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
=+⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
==

0

0

0

02 δδ
γ  

 

олар. Ахырынъы ифадядян эюрцнцр ки, башга шяртлярин ейни олду-
ьу електрик вя магнит сащяси анализаторларын магнит сащясинин 
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стабиллийиня електрик сащясинин стабиллийиня нисбятян даща 
ъидди мящдудиййятляр гойулмалыдыр. Башга сюзля бу 
гейри-стабилликлярин анализаторун ишиня мане олмамасы 
цчцн онларын йол верилян кянарачыхмалары цчцнъц тяртиб 
кичик кямиййят сявиййясиндя олмалыдыр. 

 
5. Анализаторун параметрляринин кянарачыхмаларынын  
    онун айырдетмя габилиййятиня тясиринин щесабланмасы 

 
Щесабланмыш параметрдяри r0=240мм,λ1=λ2=1, 

ψ=254°44′, χ0=χk=π/2, ω=1, k=-1 (електростатик сащя) 
олан кцтля анализаторуна бахаг. Фярз едяк ки, 
V0=1.2kV, αmax=βmax=1.75⋅10-2, S=10mm, h=0.08mm, 
α5=5⋅10-4. 

Уйьун щесабламалардан сонра (6) ашаьыдакы шякля 
дцшяр: 
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Яэяр фярз етсяк ки, айырдетмя габилиййятинин 

щесабланмыш R=1000 гиймятиндян йол верилян 
кянарачыхмасы δR=2.5q0 -дир вя бцтцн параметрлярин бу 
дяйишмяйя вердийи тющфя ейни олуб, уйьун олараг 
δr0=0.07, δλ1=δλ2=5.6⋅10-4, δψ=2.8⋅10-8rad, δω=1.1⋅10-4 
-дирся онда (8)-дян δχ0 вя δχk цчцн 0,0175 аларыг. Онда 
параметрлярин йол верилян максимал кянарачыхмалары 
цчцн ашаьыдакылары алырыг: 

Ионларын орта трайекторийасынын яйрилик радиусу 
(r0)0,07 мм. 

Анализаторун эириш вя чыхыш голлары (l1 вя l2 2l ) 

0,13mm. 
Радиал сащянин ачылма буъаьы (ψ)1′ буъаг дягигяси. 

Електродларын яйрилик радиуслары ( 1r  вя 2r ) 0,03  

(8) ифадясини арашдыраркян ашаьыдакылары нязяря алмаг 
лазымдыр: 

1. Анализаторун параметрляринин номинал гиймятлярдян 
йол верилмиш  кянарачыхмалары онларын яввялдя гябул олунмуш 
кичик кямиййят шяртиня уйьун эялмяси хатириня бюйцк эютцрцл-
мямялидир. 

2. Диэяр тяряфдян онларын олдугъа кичик гябул едилмяси 
гейд олундуьу кими ъищазын щазырланмасыны мцряккябляш-
дирир, бязян ися мцмкцнсцз едир. Нязяря алмаг лазымдыр ки, 
йол верилян кянарачыхмаларын максимум гиймятляри кцтля 
спектрометринин айырдетмя габилиййятини нязяря чарпаъаг дя-
ряъядя азалтмасын. Бурада да арашдырма ики истигамятдя апа-
рыла биляр. Биринъи – параметрлярин кянарачыхмаларын гиймят-
лярини габагъадан гябул едяряк онларын ъищазын айырдетмя 
габилиййятиня тясирини щесабламаг, беляликля кянара чыхмала-
рын гиймятини сечмяк; икинъиси – айырдетмя габилиййятинин йол 
верилян дяйишмясини вя онун параметрляр арасында бюлцнмя-
сини габагъадан билдикдян сонра анализаторун параметрлярини 
гиймятляринин йол верилян максимал кянарачыхмаларыны тяйин 
етмяк. 

 

 
Шякил 1. Аксиал-симметрик сащяли учушмцддятли кцтля анализатору- 
             нун ион-оптик схеми. 
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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. 
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Гашимов А. М., Нурубейли Т. К., Нуриев К.З. 
 

ВЛИЯНИЕ ОТКЛОНЕНИЙ ПАРАМЕТРОВ АНАЛИЗАТОРА НА ИОННО-ОПТИЧЕСКИЕ 
ХАРАКТЕРИСТИКИ МАСС-СПЕКТРОМЕТРА 

 
Разработана методика, позволяющая исследовать влияние отклонений значений от номинальных параметров анализатора на 

характеристики масс-спектрометра с аксиально-симметричным электрическим полем. Рассмотрены два типа отклонений: 
принимающие дискретные значения и меняющиеся непрерывно в некотором диапазоне. 

Исследовано влияние неточности размеров полезадающих элементов, а также нестабильности ускоряющих и отклоняющих 
полей на характеристики масс-спектрометра. 
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PUTTING OUT OF LUMINESCENCE OF Nd3+ IONS IN SEMICONDUCTOR GLASSES 

 
G.I. 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 
Γ>>W in laser crystal and glasses, where W is interaction 
possibility, Γ 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] 

 

      )(    )( RfCWRfCW DADADADDDDDD ==  ,        (1) 
 

where CDD and CDA are microparameters of interactions D-D 
and D-A; R is distance between couple of the interacted 
particles; )(Rf DD  )(Rf DA  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 6)()( −== RRfRf DADD  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]: 
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where τ0 is life time of donor excited state in the absence of 
energy transfer from donors to acceptors, and Π(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] 
 

    [ ]{ }∑ −+−=Π
i

iDAaa tWxxInt  )( exp1  )(  ,      (3) 

where xα 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<t1 and static disorder decomposition at 
t<t1: 
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where R0 is minimal distance between donor and acceptor of 
the energy. At t<t1 the expression (3) is transformed in  
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From (4) it is seen, that at 1→ax , ∞→1t , 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 

∑
i i

DA R
C 6

1 , 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 
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The expression (3) has the form at low acceptor 
concentration (xα→0): 
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The summation exchange on I on integration on R in (7) 
at t<t leads to the well-known Ferster result 

 

                      tt γ−=Π )(  ,                            (8) 
 

where DAa cn2/3
3

4 πγ = . 
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 

2  tt 〉 ~ 2)/( Wγ  
and the decomposition law of excited state of donor 
subsystem has the form [1]: 
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where e-∆ is excitement part, not died by static way and  
 

            ),,,( DDDADA ccnnfW =                     (10) 
 

(nD 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 

 

                         λδ 〉〉
WR   ,                               (11) 

 

where 3/1−= дnλ  is character length of migration jump, 

mRWRW
/=δ  (m is interaction multipolarity degree, in our 

case m=6, RW is radius of sphere of strong stewing, defining 
as 

                        16 =W
W

DA

R
c

τ ,                         (12) 

 

τW is passing time through sphere of radius Rw 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 710/ ≥= zCC DDDA  [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: 

 

                     WW RmR      / 〈〈〈〈 λ .                    (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 (s) 
for one jump, i.e. 

                           λ≤WR ,                             (14) 
 

That on microparameter language means 
 

                       DDDA CC ≤                                (15) 

Concretesizing the time of one jump τW as the most 

possible one: 
            6/)3/4( 22/12/31

DDDW Cnπτ =−               (16) 
 

We can obtain the expression for RW in jump model 
 

             6/12 )9/( DDDDA
j

W nccR =  .                (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 

 

          020 ρDDDAAD ссnnW = ,            (18) 
 

where ρ0 is possibility not to be in initial movement point at 
occasional passing along the lattice. In the case of simple 
three-dimensional passing ρ0≈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 j

WR  many seats are 
existed. 

The concentration increase of donors leads to the 
decrease as λ , so WR  . The ratio  

 

                         0RR j
W 〈〈                                 (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 CDA ,CDD and value Rmin had been 
defined by two methods. First method is the following one.  

The expression for Π(t) at dipole-dipole transfer 
mechanism has the form in limits of Zusman approach: 
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where nA(nD) is acceptor concentration (donors), 
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 is possibility integral. 

Momentary stewing velocity W(t) is equal at this 
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where n(R,t) is momentary excitement density on donor, 
being on R distance from acceptor. However, formulas (20) 
and (22) had been obtained in the supposition of the equality 
to the zero of minimal distance donor-acceptor, where the 
infinite big velocity of stewing at t=0 was obtained from, that 
made the theory comparison with experiment in all time scale 
difficult. It is need to note, that at the consideration of 
minimal distance, not equaling zero, the analytic expression 

for Π(t) and W(t) can’t be obtained, however, their 
asymptotic behavior can be analyzed, and also it is possible 
to study functions Π(t) and W(t) by numerical methods. 

In ref. [7], the common expressions for Π(t) and W(t), 
which have the form had been obtained with the use of the 
results [6], taking under consideration R0≠0: 
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describes the decomposition process of excited donor state in 
all time interval. 

Thus, the microparameters CDA , CDD and value Rmin can 
be obtained from the best coincidence of calculated and 
experimental curves.  

The second method is the following one. According to 
Burshtein theory [6], kinetics of migration – rapid process, 
assigned by function N(t), is described by integral equation 
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where 0τ
t

e eR
−

=  (24) describes the kinetics at the end of 

excitement, and 〉〈= −WteN0  is kinetics of static stewing of 
the excitement by acceptors. In particular, at dipole-dipole 
interaction N0 has the form: 

 

                  tWt eeN γ−− =〉〈=0 .                     (25) 
 

It is need to note, that end kinetics of R(t) coincides with 
function (24) only on initial step )( 0τ≤t , when the 
excitement return on initial center can’t be considered, even 
in the case of order donor situation. At the dipole interaction 
the end kinetics at partial consideration of the return and 
dispersal on the distances between the donors has the form 
[8]: 

                 )~exp()(
τ
ttR −= ,                        (26) 

 

where τ  is average holding time on the initial center. That’s 
why in equation (23) Re should be changed on R, after that 
instead (25) the following kinetic equation for the stewing 
will be obtained 

 

∫ ′′′−′−−=
t

tdtNttRttNtRtNtN
0

00 )()()()()()( & . (27) 

 

In the equation (27) the minimal distance donor-acceptor 
wasn’t considered. As it was mentioned, the damping law of 
donor number with taking under consideration of “forbidden 
volume” differs from Ferster one (25) and has the form: 
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That’s why in order to consider the minimal distance 

donor-acceptor, in equation (23) N0 should be changed on 
0N ′ . After that exchange we obtain the following equation 

 

∫ ′′′−′−−′=
t

tdtNttRttNtRtNtN
0

00 )()()()()()( & . (29) 

 
It is impossible to solve this equation in analytic form 

and N(t) can be investigated by only numerical methods. 
Thus, solving the equation (22), from the condition of the 
best coincidence of experimental and calculated curves it is 
possible to define the microparameters CDD, CDA and Rmin. 

It was shown in the previous chapter, that interaction 
microparameters, defined by different methods for 
neodymium ions in glass La2S3⋅2Ga2O3 are very close. This is 
connected with the fact that in glass La2S3⋅2Ga2O3-Nd3+ at 
the investigated neodymium concentrations the condition 

01 ττ 〈〈〈〈t  is well carried out. If the given condition isn’t 
carried out, it is impossible to define interaction 
microparameters, emphasizing the region of static disorder 
decomposition. That’s why at the use of traditional analysis it 
is need to check the carrying out of the condition 01 ττ 〈〈〈〈t . 
If it isn’t carried out, then the describing of the curves in all 
time scale is the only right step. 
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Fig.1. The experimental (continuous time) and calculated  
           (points) of the decomposition of metastable state  
           4F3/2Nd+3 in glasses (La1-xNdx)2S3⋅2Ga2S3: 1-x=0.04;  
           2-x=0.14; 3-x=0.32; λb=0.591mcm. 
 

In glass La2S3⋅2Ga2S3-Nd3+ the condition 01 ττ 〈〈〈〈t  
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 La2S3⋅2Ga2S3 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): 

 

                   )8,04,5(min ±≈R Ǻ 
3910)15,2( −⋅±≈DAС cm6 s-1 
3810)5,01( −⋅±≈DDС cm6 s-1 

 

 
Fig.2. The time population evolutions of upper laser level of  
           neodymium 4F3/2 in glass La2S3⋅2Ga2O3: 1-x=0.002; 2-       
           x=0.01; 3-x=0.03; 4-x=0.05; 5-x=0.1; 6-x=0.156          
            λb=0.594mcm. 
 

The decomposition curves of the excited state 
+3

2/3
4 NdF  in glass (La1-xNdx)2S3⋅2Ga2O3(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 +3Nd  give the 
values .1≈η  That’s why the life time +3

2/3
4 NdF , measured 

by us at the small concentration +3Nd , which is equal      
145 mcs, is the radiation one. The analysis of the non-

exponential decomposition region, captured between the 
regions of static order and migration-limited decomposition, 
is given on the fig.3. The value )( NdNdCDA − , calculated 
on the region of static disorder decomposition was 5·10-

40cm6s-1. The value )( NdNdCDD − , defined from formula 
(36), was equal to 5·10-40cm6s-1. 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 Rmin in the given matrix, 
being thus, the important parameter, characterizing the 
stewing effectiveness. 

 
 

 
Fig.3. The kinetics type of static disorder decomposition of the  
           level 4F3/2 Nd+ in glass (La1-xNdx)2S3⋅2Ga2O3. 1-x=0.03;  
           2-x=0.05; 3-x=0.1 

 

The value Rmin in glass La2S3⋅2Ga2O3-Nd3+ was obtained 
by us by several methods. First was in the measurement of 
the velocities of static order stewing 

 

                   3
min3

4
R
CnW DA

AH
π

=  .                      (30) 

 
Substituting in this formula the value of microparameter 

CDA, found before on the region of static disorder 
decomposition, we obtain Rmin≈(3,8 ± 0,3) Å. 

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]: 
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          2/12/1
2/3

3
min 3

4
3

4)( tCnRntП DAAA
ππ

+−= ,    (32) 

 
Thus, that extrapolating the experimental dependence 

)( tП  till t=0 we obtain the value on “a”: 
 

                   min
3

3
4 Rna A
π

= ,                          (33) 

 
where the value Rmin is defined from. The value Rmin, defined 
with the help of (33), was (3,8 ± 0,3) Å, i.e. coincided with 
the value Rmin≈ (3,8 ± 0,3) Å , defined by other method. 

The critic neodymium concentration at the increase of 
which the concentration stewing of luminescence Nd3+ in 
glass carries out in the mode of kinetic limit, was 
n*≈3.5⋅1021cm-3. The time was equal to τ1=3mkc. 

At the definition of Rmin by the two above mentioned 
methods the emphasizing of the region of static disorder 
decomposition and definition on it CDA is the weak place. 
Indeed, after δ-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 RW>>Rmin, 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 10 ττ 〉〉  (34)  

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
≈ 6/1

1

0

min

)(
τ
τ

R
RW  should be carried out. This is expressed in 

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 

decomposition )( te γ−  should be the following: 01 ττ 〈〈〈〈t  
(35) can be smoothed, if don’t use )(tП , but use the 

expression ttП γ=)( , defined by the formula (31). The 

condition (30) smoothes at this: 00 τ〈〈≤ t  (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 
(CDA and CDD) and minimal distance Rmin 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 (Rmin) 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: 
 
                   )5,05,3(min ±≈R Ǻ 
                4010)5,15,3( −⋅±≈ДАС cm6 s-1 

                3910)12( −⋅±≈ДДС cm6 s-1 

 
Fig.4. The experimental (continuous lines) and calculated  
           (points) of decomposition curves of metastable state    
           4F3/2 Nd+3 in glass (La1-xNdx)2S3⋅2Ga2O3. 1-x=0.05;  
           2-x=0.03; 3-x=0.01 
 
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 10 ττ 〉〉  at the investigated neodymium 
concentrations. 

The concentration dependence of the value of quantum 
output of the luminescence Nd3+ 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 Nd3+ ions in glass 
La2S3⋅2Ga2O3 at different wave lengths of excited light. 

 
Material Concentrations 

Nd3+(%) 
λB 

(mcm) 
ηdir 
(%) 

ηkin 
(%) 

La2S3⋅2Ga2O3 1 
1 
5 

10 

0.596 
0.812 
0.812 
0.812 

90 
95 
61 
27 

88 
88 
57 
22 

 
It is seen, that with the increase of Nd3+ concentration 

the quantum output 4F3/2 of the level Nd3+ decreases because 
of the concentration stewing. The valuesη, 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 4F3/2 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 La2S3⋅2Ga2O3 - Nd3+, 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. 

 



G.I. ABUTALIBOV, A.A. MAMEDOV 

 52

 
Fig.5. The damping kinetics of luminescence from 4F3/2 Nd+3   
           level at the excitation of glass samples by the light with  
           wave length  
            λb=0,6 mcm 

1 - 0,004 Nd2O2S ⋅ 0,996 La2O2S ⋅ 3Ga2S3;  
2 - 0,11 Nd2O2S ⋅ 0,89 La2O2S ⋅ 3Ga2S3;    
3 - 0,085 Nd2O2S ⋅ 0,915 La2O2S ⋅ 3Ga2S3; 
4 - 0,003 Nd2O2S ⋅ 0,997 La2O2S ⋅ 2,3Ga2S3; 
5 - 0,097 Nd2O2S ⋅ 0,903 La2O2S ⋅ 3Ga2S3; 
6 - 0,003 Nd2O2S ⋅ 0,997 La2O2S ⋅ 3Ga2S3; 
7 - 0,112 Nd2O2S ⋅ 0,888 La2O2S ⋅ 3Ga2S3; 
8 - 0,004 Nd2O2S ⋅ 0,996 La2O2S ⋅ 3Ga2S3; 
9 - 0,095 Nd2O2S ⋅ 0,905 La2O2S ⋅ 2,3Ga2S3; 
10- 0,003 Nd2O2S ⋅ 0,997 La2O2S ⋅ 2,3Ga2S3; 

 
  At the sample excitement by light of second laser 

harmony on crystal   YAG - Nd3+(λ=0,53 mcm), the 
evolution population of excitation state 4F3/2 Nd3+ in glasses 

32323232323232323222 3,2.,3.,3,2.,3.,3. OGaSLaOGaSLaSGaSLaSGaSLaSGaSOLa

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 Nd3+ ions, also between the state 

,2/7
4

2/9
2

2/13
2 GGK ++ , till which the Nd3+ ions are excited at 
given excitation method and close state to it below 

2/7
2

2/5
4 GG +  (energetic space between given states was ~1500 
cm-1). The luminescence flaming up from the level 4F3/2 Nd3+ 

is practically absent (fig.5), i.e. the energetic gap between 
below lying (till to 4F3/2) states Nd3+ are significantly less 

than above mentioned one at the sample excitation by the 
light, the wave length of which is λ~0,6 mcm directly into 
levels 

2/7
2

2/5
4 GG + . These decomposition curves of excited 

state 4F3/2 Nd3+ 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 δ-
excitement. First-exponential is realized on the initial 
beginning stage: 

 

             )exp()0()(
τ
ttWItI H −−=  ,               (37) 

 
where τ is own life time of metastable state, WH 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 WH at different packs of impurity 
complexes 

 

                  A
DA

H n
R
CW

3
7

min

=  ,               (38) 

 
where Rmin is minimal distance between interactive particles, 
nA is acceptor concentration. 

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

 

           )exp()0()(
τ

γ ttItI −−=                    (39) 

 

where .
3
4 2/12/3

DAACnπγ = . Subtracting from total function of 

non-radiation losses of Π(t) that part, which is connected 
with migration-limited relaxation, it is possible to obtain the 
Π(t), defining the static disorder decomposition (39), from 
which it is possible to define γ parameter and CDA constant. 
Knowing the value CDA we can find the value Rmin. 

 
                                                                                                                                               Table 2  
                                The values of   CDA, CDD, Rmin microparameters in semiconductor glasses  

Material Microparameters 
0,112  Nd2S3 ⋅ 0,888 La2S3 ⋅ 3Ga2S3 CDA=5,8 ⋅ 10-40 cm6 sec-1 

CDD=9,2 ⋅ 10-39 cm6 sec-1 
Rmin=4Å 

0,095  Nd2S3 ⋅ 0,905 La2S3 ⋅ 2,3Ga2S3 CDA=2,4 ⋅ 10-40 cm6 sec-1 
CDD=4,2 ⋅ 10-39 cm6 sec-1 

Rmin=3,8Å 
0,097  Nd2S3 ⋅ 0,903 La2S3 ⋅ 3Ga2O3 CDA=5,3 ⋅ 10-40 cm6 sec-1 

CDD=1,4 ⋅ 10-39 cm6 sec-1 
Rmin=4,3Å 

0,085 Nd2S3 ⋅ 0,915 La2S3 ⋅ 2,3Ga2O3 CDA=4,5 ⋅ 10-40 cm6 sec-1 
CDD=1,2 ⋅ 10-39 cm6 sec-1 

Rmin=4Å 
0,11  Nd2O2S ⋅ 0,89 La2O2S ⋅ 3Ga2S3 CDA=4,7 ⋅ 10-40 cm6 sec-1 

CDD=3,1 ⋅ 10-39 cm6 sec-1 
Rmin=4,3Å 
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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).  

Knowing W  and CDA, we can define the constant CDD. 
The obtained values of corresponding parameters are given in 
the table 2. 
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ÌÈÑÈÍ ÕÀËÊÎÃÅÍÈÄËßÐÈÍÈÍ ÔÀÇÀ ÊÅ×ÈÄËßÐÈÍÈÍ ÒÅÐÌÎÄÈÍÀÌÈÊÈ ÒßÄÃÈÃÈ 

 
Ô.Ì. ÌÓÑÒÀÔÀÉÅÂ 

Ìèíýÿ÷åâèð Ïîëèòåõíèê Èíñòèòóòó  
Ìèíýÿ÷åâèð Ä. ßëèéåâà êö÷ÿñè 21 

 
Åëåêòðèê ùÿðÿêÿò ãöââÿñè (Å.Ù.Ã.) ìåòîäó èëÿ ìèñèí õàëêîãåíèäëÿðèíèí (Cu2S, Cu2Se, Cu2Te) ôàçà êå÷èäëÿðèíèí òåðìîäèíàìèêàñû (òåìïå-

ðàòóð, åíòðîïèéà âÿ åíòàëïèéà) þéðÿíèëìèøäèð. Åëåìåíòèí Å.Ù.Ã.-íèí òåìïåðàòóð àñûëëûüûíäà ôàçà êå÷èäëÿðè óéüóí îëàðàã 370 Ê (Cu2S), 380 Ê 
(Cu2Se) âÿ 440 Ê (Cu2Te) òåìïåðàòóðëàðûíäà ìöøàùèäÿ îëóíìóøäóð.  

 
Ìèñèí õàëêîãåíèäëÿðè (Cu2S, Cu2Se, Cu2Te) ïåðñïåêòèâëè 

éàðûìêå÷èðèúè ìàòåðèàëëàð îëìàãëà åëåêòðîí òåõíèêàñûíäà òåð-
ìîåëåêòðèê ýåíåðàòîðëàðäà åíåðæè ÷åâðèëìÿëÿðèíäÿ ýåíèø òÿòáèã 
åäèëèð [1]. Áó éàðûìêå÷èðèúè áèðëÿøìÿëÿðäÿ ñòðóêòóð ôàçà ÷åâðè-
ëìÿëÿðèíèí îëìàñû, îíëàðûí ôèçèêè âÿ ôèçèêè-êèìéÿâè õàññÿëÿðè-
íèí ñû÷ðàéûøëà äÿéèøìÿñèíÿ ñÿáÿá îëìàãëà, éàðûìêå÷èðèúèëÿðèí 
åëåêòðîíèêàñûíäà èñòèôàäÿ åòìÿéÿ èìêàí éàðàäûð [1].  

Ìèñèí õàëêîãåíèäëÿðèíèí ôàçà ÷åâðèëìÿ èñòèëèéè àç îëäóüóí-
äàí áó ìàòåðèàëëàð öçÿðèíäÿ êàëîðèìåòðèê âÿ áóõàð òÿçéèãè 
ìåòîäëàðû èëÿ òåðìîäèíàìèêè òÿäãèãàò àïàðìàã ÷ÿòèíëèêëÿð òþ-
ðÿäèð. Áó ìÿãñÿäëÿ áèç òÿäãèãàò îáéåêòè îëàðàã åëåêòðèê ùÿðÿ-
êÿò ãöââÿñè (Å.Ù.Ã.) ìåòîäóíó ñå÷äèê.  

Ìèñèí õàëêîãåíèäëÿðèíäÿ ôàçà êå÷èäëÿðèíèí òåðìîäèíàìèêè 
õàññÿëÿðèíè þéðÿíìÿê ö÷öí áÿðê åëåêòðîëèòëè Å.Ù.Ã. ìåòîäóí-
äàí èñòèôàäÿ åäèëìèøäèð.  

Òÿäãèãàòäà áÿðê åëåêòðîëèòëè àøàüûäàêû íþâ ãàëâàíèê åëå-
ìåíò òÿòáèã åäèëìèøäèð:  

 
+− ZCuCupt)(  áÿðê åëåêòðîëèòäÿ )(1 +− ptBCu VI

XX      (I) 

 
áóðàäà CuZ+-ìèñèí èîíóíóí éöêö, BVI-S, Se, Te; x-ìèñèí 

VI
XX BСu −1 -õÿëèòÿñèíäÿ ìîëéàð ïàéûäûð. 

Òÿäãèãàòäà áÿðê åëåêòðîëèò îëàðàã Cu4RbCl3J2 ýþòöðöëìöø-
äöð. Ñóïåðèîíëó Cu4RbCl3J2 áÿðê åëåêòðîëèòè îòàã òåìïåðàòó-
ðóíäà éöêñÿê èîí êå÷èðèúèëèéèíÿ ìàëèêäèð [2].  

Ñóïåðèîíëó Cu4RbCl3J2 áÿðê åëåêòðîëèòèíèí àëûíìà òåõíîëî-
ýèéàñû [3]-äÿ ýþñòÿðèëìèøäèð.  

Òÿäãèãàò ö÷öí Cu-S ñèñòåìèíäÿ Cu2S-CuS âÿ CuS-S ôàçà 
îáëàñòëàðû ö÷öí óéüóí îëàðàã 37,00; 41,00 âÿ 45,00 àò % Ñ; 
55,00, 65,00 âÿ 70,00 àò %S; Cu-Se ñèñòåìèíäÿ Cu2Se-
Cu3Se2, Cu3Se2-CuSe, CuSe-CuSe2 âÿ CuSe2-Se ôàçà îáëàñò-
ëàðû ö÷öí óéüóí îëàðàã 38,00, 46,00, 59,00 âÿ 78,00 àò % Se; 
Cu-Te ñèñòåìèíäÿ Cu2Te-Cu4Te3; Cu4Te3-CuTe âÿ CuTe-Te 
ôàçà îáëàñòëàðû ö÷öí óéüóí îëàðàã 39,00, 48,00 âÿ 55,00 àò % 
Òå òÿðêèáëÿðäÿ åëåêòðîä õÿëèòÿëÿð òÿúðöáè îëàðàã âàêóóì øÿ-
ðàèòèíäÿ àìïóëà ìåòîäó èëÿ ñèíòåç åäèëìèøäèð.  

Áÿðê åëåêòðîëèò âÿ õÿëèòÿëÿð-200 ñààò ìöääÿòèíäÿ ùîìî-
ýåí äÿìÿ ãîéóëìóøäóð.  

Òÿúðöáÿëÿðèí òåìïåðàòóð èíòåðâàëû 298-500 Ê îëìóøäóð. 
Òÿäãèãàò ö÷öí ãóðüó, þë÷ìÿ ñõåìè âÿ ìåòîòäèêàñû [4]-äÿ âå-
ðèëìèøäèð.  

(I) ãàëâàíèê åëåìåíòèíèí Å.Ù.Ã.-íè þë÷ìÿêëÿ âÿ Å.Ù.Ã.-
íèí òåìïåðàòóð àñûëëûüûíäàí ìèñèí õàëêîãåíèäëÿðèíèí ôàçà êå-
÷èäëÿðèíèí òåðìîäèíàìèê ôóíêñèéàëàðû àøàüûäàêû òåðìîäèíàìè-
êè ìöíàñèáÿòëÿðëÿ òÿéèí îëóíóð:  
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ùàðäàêû Tf.k.-ôàçà êå÷èäèíèí òåìïåðàòóðó, Ç-èîíóí éöêö, Ô-
Ôàðàäåé ÿäÿäèäèð, ∆Åô.ê.-åëåìåíòèí Å.Ù.Ã.-íèí äÿéèøìÿñè, 
∆Ýô.ê, ∆Ñô.ê  âÿ ∆Ùô.ê èñÿ ôàçà êå÷èäèíèí Ýèááñ åíåðæèñè, åíòðî-
ïèéàñû âÿ åíòàëïèéàñûäûð.  

 
Øÿêèë 1. Cu-S ñèñòåìèíäÿêè õÿëèòÿëÿð ö÷öí åëåìåíòèí  Å.Ù.Ã.- 
              íèí òåìïåðàòóð àñûëëûüû 

Øÿêèë 1-3-äÿ åëåêòðîäëàðû ìöõòÿëèô òÿðêèáëè õÿëèòÿëÿð îëàí 
ãàëâàíèê åëåìåíòëÿðèí Å.Ù.Ã.-íèí òåìïåðàòóð àñûëëûãëàðû âåðèë-
ìèøäèð.  

 
Øÿêèë 2. Cu-Se ñèñòåìèíäÿêè õÿëèòÿëÿð ö÷öí åëåìåíòèí Å.Ù.Ã.-íèí  
            òåìïåðàòóð àñûëëûüû 
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Øÿêèë 3. Cu-Te ñèñòåìèíäÿêè õÿëèòÿëÿð ö÷öí åëåìåíòèí Å.Ù.Ã.-íèí     
             òåìïåðàòóð àñûëëûüû. 

 
Øÿêèë 1-3-äÿí ýþðöíöð êè, Cu-S ñèñòåìè ö÷öí Cu2S-CuS 

ôàçà îáëàñòûíäà åëåìåíòèí Å.Ù.Ã.-íèí òåìïåðàòóð àñûëëûüûíäà 
åëåìåíòèí Å.Ù.Ã.-íèí òåìïåðàòóð ÿìñàëû îëàí 

pT
E
⎟
⎠
⎞

⎜
⎝
⎛
∂
∂   370 Ê, 

Cu-Se ñèñòåìè ö÷öí Cu2Se-Cu3Se2 ôàçà îáëàñòûíäà 380 Ê âÿ 

Cu-Te ñèñòåìè ö÷öí Cu2Te-Cu4Te3 ôàçà îáëàñòûíäà èñÿ 440 Ê 
òåìïåðàòóðëàðäà äÿéèøèëèð. (1) èôàäÿñèíÿ ýþðÿ åëåìåíòèí 
Å.Ù.Ã.-ñèíèí òåìïåðàòóð ÿìñàëûíûí äÿéèøìÿñè ôàçà êå÷èäèíèí 
åíòðîïèéàñû èëÿ áàüëû îëäóüóíà ýþðÿ áåëÿ íÿòèúÿéÿ ýÿëèðèê êè, 
ôàçà êå÷èäè òåìïåðàòóðëàðûíäà åíòðîïèéà ñû÷ðàéûøëà äÿéèøèëèð âÿ 
Cu2S, Cu2Se âÿ Cu2Te óéüóí îëàðàã 370, 380 âÿ 440 Ê 
òåìïåðàòóðëàðäà ôàçà îáëàñòëàðû ñÿðùÿäëÿðèíäÿ I íþâ ôàçà êå-
÷èäëÿðèíÿ ìÿðóç ãàëûðëàð.  

Þë÷ìÿëÿð Á⋅7-30 òèïëè âîëòìåòðëÿ àïàðûëìûøäûð. Áöòöí õÿëè-
òÿëÿð ö÷öí àëûíìûø òÿúðöáè íÿòèúÿëÿð àøàüû òåìïåðàòóð (α) âÿ 
éóõàðû òåìïåðàòóð (β) ôàçàëàðû ö÷öí ÿí êè÷èê êâàäðàòëàð ìåòî-
äó èëÿ èøëÿíèëìèøäèð [5]. Ùåñàáëàìàëàð Ïåíòèéóì-4 òèïëè ùåñàá-
ëàìà ìàøûíûíäà àïàðûëìûøäûð. Àøàüû âÿ éóõàðû òåìïåðàòóð 
ôàçàëàðû ö÷öí Å=(À+ÁÒ)±2 Ä(Å) øÿêëèíäÿ ðåãðåññèéà òÿíëèê-
ëÿðè àëûíìûøäûð, ùàðäàêû À âÿ Á —ðåãðåññèéà ÿìñàëëàðû, Ä(Å)-
þë÷öëìöø ùÿð áèð åëåìåíòèí Å.Ù.Ã.-íèí ñå÷èëìèø äèñïåð-
ñèéàñûäûð. α âÿ β ôàçàëàðû ö÷öí ðåãðåññèéà òÿíëèêëÿðèíäÿí èñòè-
ôàäÿ åòìÿêëÿ ôàçà êå÷èäè òåìïåðàòóðàñûíäà åëåìåíòèí Å.Ù.Ã.-
íèí äÿéèøèëìÿñèíèí òåìïåðàòóð àñûëëûüû òàïûëìûøäûð.  

(1) âÿ (2) èôàäÿëÿðèíäÿí èñòèôàäÿ åòìÿêëÿ ôàçà êå÷èäè òåì-
ïåðàòóðóíäà ìèñèí õàëêîãåíèäëÿðèíèí (Cu2S, Cu2Se, Cu2Te) 
åíòðîïèéàñû âÿ åíòàëïèéàñû òÿéèí åäèëìèøäèð. 

Òÿäãèãàò èøëÿðèíèí íÿòèúÿëÿðè úÿäâÿëäÿ âåðèëìèø âÿ 
ÿäÿáèééàòäà îëàí ìÿëóìàòëàðëà òóòóøäóðóëìóøäóð.  

 
Úÿäâÿë  

Ìèñèí õàëêîãåíèäëÿðèíèí ôàçà êå÷èäèíèí òåðìîäèíàìèêè õàðàêòåðèñòèêàëàðû 
 

Ìàääÿ Êå÷èä 
íþâö 

Tf.k, Ê ∆Å=ô(Ò), Â ∆Ùô.ê, 
êÚ/ìîë 

∆Ñô.ê,  
Ú/ìîë⋅Ê 

ßäÿáèééàò 

Cu2S α→β 370 -0,0551+0,1486⋅10-3⋅Ò±2⋅10-3 5,4±0,9 
5,6 [6] 

14,3±1,1 
14,8 [6] 

Áèçèì òÿäãèãàò 

Cu2Se α→β 380 -0,0560+0,1750⋅10-3⋅Ò±2⋅10-3 6,4±0,9 
6,8 [6] 

16,8±1,1 
17,2 [6] 

Áèçèì òÿäãèãàò 

Cu2Te α→β 440 -0,0190+0,0430⋅10-3⋅Ò±2⋅10-3 1,8±0,9 
1,50 [7] 

4,1±1,1  
3,1 [7] 

Áèçèì òÿäãèãàò 
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INVESTIGATION OF THE THERMODYNAMICS OF PHASE TRANSITION OF COPPER HALCOGENYDES 
 

The thermodynamics of phase transition of copper halcogenydes (Cu2S, Cu2Se and Cu2Te) has been investigated by the electromotive 
forces methods with solid electrolyte.  

Temperature, entropy and enthalpy of phase transition of Cu2S, Cu2Se and Cu2Te have been obtained from temperature dependence of 
electromotive forces of galvanic element. Phase transitions of I kind are discovered in temperatures 370 (Cu2S), 380 К (Cu2Se) and 440 К 
(Cu2Te). 

Ф.М. Мустафаев 
 

ИССЛЕДОВАНИЕ ТЕРМОДИНАМИКИ ФАЗОВЫХ ПЕРЕХОДОВ ХАЛЬКОГЕНИДОВ МЕДИ 
 
Термодинамика фазовых переходов халькогенидов меди (Cu2S, Cu2Se, Cu2Te) изучена методом э.д.с. с твердым электролитом. 

Из температурных зависимостей э.д.с. гальванических элементов определены температуры, энтропии и энтальпии фазовых 
переходов Cu2S, Cu2Se и Cu2Te.  

Фазовые переходы I рода были обнаружены при температурах 370 К (Cu2S), 380 К (Cu2Se) и 440 К (Cu2Te).   
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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 Te1-Te1 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) Bi2Te3<B>, Bi2Te3<Cu> and Bi2Te3<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 Bi2Te3<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) Bi2Te3<Cu> layers at the temperature 105K is observed. 

   
1. Introduction 
 
Above all, we note, that properties of the island films 

significantly differ from properties of massive crystals and 
total metallic films. The mechanisms of the 
electroconductivity and nature of anomalous optical 
properties of the island films are widely studying. The 
impurity layers are created in many layered crystal of the 
types VIII BA and VIIII BA 32 . The structure and properties of 
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 kinetic 
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 
106 till 1013 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 

which are less, than 8 nm [5-6]. The doping of GaAs, grown 
by the method of low-temperature molecular-beamed epitaxy 
can be used for the managing of the space distribution of 
clusters-islands in this material [7]. The “two-dimensional” 
cluster layers, obtained at this, have the significant quantity 
of atoms of doping element besides the atoms of exceed 
arsenic. This circumstance influences on the properties of the 
layers and traps for the electrons, having in them [6].  

  Now let’s consider the growth mechanisms of the films 
and information, needed for us for the comparison with 
mechanisms of film growth – layers in layered crystals of the 
type Bi2Te3. 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 (fig1.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(1)-Te(1) in 
Bi2Te3 is interesting, as this space will be considered as the 
substrate (quintets) Te(1)-Te(1) on the basal plane (0001), on 
which the inputted impurities will be settled in the process of 
the natural growth. 

 

 
Fig.1. The scheme image 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⋅1010-9⋅1011 cm-2, 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 
Bi2Te3<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. 

The aim of the given paper was the revealing of 
monolayers and island centers between the layers Te(1)-Te(1) 
in Bi2Te3<Сu, Ni, B>, the studying of the surface 
morphology (0001) and their influence on the extremums in 
the temperatures dependencies of kinetic effects in 
Bi2Te3<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 Bi2Te3 and Bi2Te3<Cu> were investigated on 
the installation Philips Panalytical XRD (X-ray 
difractometer). The green planes (0001) Bi2Te3<Cu>, 
Bi2Te3<B> and Bi2Te3<Ni> – ething wasn’t carried out. With 
the help of the roentgeno-difractometer peaks of the surfaces 
of basis plane (0001) of stoichiometric Bi2Te3 and 
Bi2Te3<Cu>, the information about situation of cuprum 
layers on the скол surface (0001) had been obtained. The 
impurities Cu, Ni and B were inputted into Bi2Te3 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(1)-Te(1). The studying of 
surface morphology (0001) and surface roentgenogram 
Bi2Te3<Сu, Ni, B> proved the above mentioned. 

  On the base of the measurements of Hall coefficients Rx 
and electroconductivity coefficient σ the temperature 
dependencies of the mobility (u) were calculated, the 
concentrations of current carriers (N) in Н⊥С⊥ I and H ⎜⎜C⊥I 
directions of magnetic field (H) and current (I) were 
measured magnetoresistance ∆ρ/ρ. 

 
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 Bi2Te3<Cu> are presented on the 
fig2 (a,b,c,d). The photos Bi2Te3<Ni>  are given on the fig.3 
(a,b), and photos Bi2Te3<Bi> are presented on the fig.4 (a,b). 
From roentgeno-difractometer peaks the only pure Bi2Te3 and 
surface (0001) of Bi2Te3<Cu> monocrystal have been 
considered (see fig.5 (a,b)). The kinetic effects (temperature 
dependencies Rx and ∆ρ/ρ are given for Bi2Te3<Cu> fig.6 
(a,b). The temperature dependencies of Hall concentration of 
the charge carriers  - (N) and mobility (u) of Bi2Te3<Cu> 
crystal are presented on the fig.7 (a,b). 

The surface morphology (0001) of Bi2Te3<Cu>, 
Bi2Te3<Ni> and Bi2Te3<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 Bi2Te3<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 Bi2Te3<Cu>, (see fig.2 d), for Bi2Te3<Ni> (see 
fig.3 b), for Bi2Te3 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 
Bi2Te3<Cu> (fig.2 (a) left below), and for Bi2Te3<B> (fig.4 
(a), 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(I)-Cu-Te(I), Te(I)-Ni-Te(I) and Te(I)-В-Te(I) 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 Bi2Te3, 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(I)-Ni-Te(I).

 

 
а 

 
b 

Fig.3. Electron-microscopic photos Bi2Te3<Ni>. 



NANOSTRUCTURAL CENTERS IN THE CRYSTALLINE LAYER OF THE BISMUTH TELLURIDE AND THEIR INFLUENCE ON THE…  

59 

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. 

 

 
а 

 
b 

Fig.4. (a,b) Electron-microscopic photos Bi2Te3<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) 
Bi2Te3 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) Bi2Te3 and distance between the layers Te(I)- Te(I)-
2,61Å. 

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 скол, the morphology and 
orientation of island films are nonhomogeneous. This can be 
connected with the fact, that the real surface of crystal скол is 
nonhomogeneous. It has the set of active places of different 
nature: steps of growth and скол, point defects of vacancy or 
impurity origin, outputs of dislocation and grain boundaries, 

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 kinetics 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 kinetics 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 Bi2Te3 (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 сколах of basis plane, 
significantly change the heights and widths of roenthgen-
difractogram peaks. In these changes the appeared resistances 
in lattice in layers Te(I) - Cu - Te(I) 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(I) - Te(I) Bi2Te3, 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 the 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(I) - Te(I)  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]. 

 
a 

 
b 

Fig.5. (a,b) Roentgen-difractograms of stoichiometric Bi2Te3 -(a) and Bi2Te3<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 

Bi2Te3<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- Bi2Te3 d=10,1619Å, in 
doped by Cu is equal to Bi2Te3<Cu>Å. Thus, the increase of 

the d structure period of Bi2Te3<Cu> d=10.1650Å sample 
becomes equal to ∆d≈3⋅10-3Å. 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⋅1019cм-3  till 
N=9,7⋅1018см-3 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 Bi2Te3. According to the model of chemical 
connection in the bismuth telluride [12] the electron valence 
densities of Te(1) 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 
Bi2Te3<Cu>) Rx(T) is Hall coefficient, ∆ρ/ρ is 
magnetoresistance N is concentration of charge carriers and 
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U is sample Bi2Te3<Cu> mobility, hade been investigated on 
such systems. 

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

 
1 

 
2 

Fig.6. Temperature dependencies of Hall-Rx coefficient and ∆ρ/ρа-magnetoresistance of the sample Bi2Te3<Cu>) at 
the experiment directions 1- H ⎜⎜C ⊥I, 2- Н⊥С⊥I . 
 

 
       1 

 
          2 

Fig.7. Temperature dependences of Hall concentration of charge carriers – N and mobility of the sample Bi2Te3<Cu> at   
            1- H ⎜⎜C ⊥I, 2- Н⊥С⊥I. 

 
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), 
∆ρ⁄ρ, n(T) и 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⋅104cm2/Vs). The above mentioned processes are 

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 Н⊥С⊥I (C is axes of third order, H is direction of 
magnetic field, I is current direction) is explained. The 
decrease of Hall concentration at the directions H ⎜⎜C ⊥I 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) Bi2Te3 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(I)-Te(I) and 
Bi2Te3-Te(I), that leads to the shifting of electron density in 
the connection Bi-Te(I), to the side Te(I). 

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 Bi2Te3<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 σ and N were given by author and the 
potential topology was calculated in layered transfers and on 
the base of found expressions the (Rx) 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 ncur (ncur≈1024 at/m3) the extremums 
on the curve Rx(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>ncur. As the 
expression for Rx [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>ncur the covering of wave functions inputted atoms takes 
place. It accompanies by the growth σ of Pb layer, which 
begins to play the significant role in σ crystal that is caused 
the extremum appearance on curve Rx(T) [15]. 

Thus, the existence of extremums in Rx(T) of layered 
crystal InSe<Li, Pb> and Rx(T) other layered narrow-band 
sample Bi2Te3<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 Bi2Te3 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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TELLURÈD VÈSMUTUN KRÈSTALËÈK LAÉDA NANOSTRUKTUR MßRKßZLßRÈ 

Vß ONLARIN KÈNETÈK XASSßLßRÈNß TßSÈRÈ 
                       

Tellurid vismutun istiqamÿtlÿnmiø kristallaøma prosesindÿ (yöngöl diffuzion aøãarlarla leqirÿ olunmuø) TeI-TeI laylar 
arasûnda þz-þzönÿ laylû vÿ adalû nanolay artma olur. (0001) Bi2Te3<B>, Bi2Te3<Cu> âÿ Bi2Te3<Ni> elektron-mikroskopik 
øÿkillÿri bunu tÿsäiq edir. “Adalarûn möxtÿlif þl÷ölÿri-50-200nm-dir. Tellurid vismutun nanolaylarûn vÿ “adalarûn yaranma 
tÿbiÿti yarûmke÷irici-metal sistemlÿrin tÿbiÿti ilÿ eynidir. Baølanüûc artma mÿrhÿlÿñindÿ ikiþl÷ölö “adalar ÿmÿlÿ gÿlir vÿ 
birlÿøÿrÿk nano-qalûnlûqlû lay yaradûr. 

Gþstÿrilir ki, xoll ÿmsalûnûn vÿ Bi2Te3<Cu> digÿr kinetik parametrlÿrinin ekstremal dÿyiømÿsinin ñÿbÿbi misin layûnûn 
höndörlök nanoþl÷öñöäöð. Xoll ÿmsalûnûn elektrik ke÷irmÿsi, yöröklöyö vÿ digÿr kinetik parametrlÿrinin tempåratur asûlûlûüû 
ossilÿ xarakterlidir. Bu ekstremumlarû faza ke÷idlÿri ardûcûllûqlarla uzlaødûrmaq olar.Yöröklöyön anomal artmasû (5 dÿfÿdÿn 
÷ox) Bi2Te3<Cu> (105º K-tempraturda) eksperimental möÿyyÿí olub.   

 
С.Ш. Кахраманов  

 
НАНОСТРУКТУРНЫЕ ЦЕНТРЫ В КРИСТАЛЛИЧЕСКОМ СЛОЕ ТЕЛЛУРИДА ВИСМУТА И ИХ 

ВЛИЯНИЕ НА КИНЕТИЧЕСКИЕ СВОЙСТВА 
 

В процессе направленной кристаллизации теллурида висмута (легированных легкодиффундируемыми примесями) 
самопроизвольно между слоями TeI-TeI реализуется послойный и островковый рост нанослоев: меди, никеля и бора. Это 
подтвердили электронно-микроскопические снимки сколотой поверхности (0001) Bi2Te3<B>, Bi2Te3<Cu> и Bi2Te3<Ni>. Был 
выявлен широкий набор размеров островков 50-200 нм. 

Природа возникновения нанослоев, островков и их укрупнение в межслоевом пространстве слоистого кристалла теллурида 
висмута такая же, как и на открытых поверхностях систем полупроводник-металл. На начальных этапах роста образуются 
двумерные островки, которые, сливаясь, формируют смачивающий слой нано-толщины. 

Установлено, что за экстремальное поведение эдс Холла и другие кинетические параметры  Bi2Te3<Cu> ответственны 
наноразмерные по высоте слои меди. Температурные зависимости коэффициента Холла, электропроводности, подвижности и 
другие кинетические параметры обнаружили осцилляционный характер. Эти экстремумы можно увязать с последовательностью 
фазовых переходов, известных как переходы порядок-беспорядок, связанных с позиционным разопрочнением. Обнаружено 
аномальное увеличение подвижности носителей заряда (более чем в 5 раз) в направлении вдоль оси слоев (0001) Bi2Te3<Cu> при 
температуре 1050К. 
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