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Present article is devoted to discharge processes in solid gases and dielectrics under influence on discharge gap the high voltage
nanosecond pulses. Are considered the local and non-local criterions of run off electrons in gases and formation on the discharge gap the
powerful electron beams. Are considered a conversion of diffusive volumetrical discharge to constricted discharge on different interelectrode
distance and electrodes geometry, the physical processes in solid dielectrics under influence the high voltage nanosecond pulses. It is
presented a quantitative correlations between the electrical pulse parameters, dielectrics properties and space-charge characteristics of pulsed

discharges.

1. Intoduction

Last time is given enormous attention to development of
high voltage pulsed technique for realization of the different
researches and applied purposes. At the most fields of
industry and technique is observed transition from
microsecond high voltage pulses to nanosecond ones. Nano
and subnanosecond electrical pulses by on-peak power from
MVt up to TVt are used in a number of the most areas of
modern technique such as relativistic microwave electronics,
super wide-band radio-location, electromagnetic reaction,
research of electromagnetic compatibility of the complex
systems, underground radio-location, lasers and accelerators
power systems and so on [1]. Powerful short pulses are also
used in a number of modern developmental physics areas
such as controlled nuclear fusion and other large-scale
physical experiments.

Particular interest presents study of high voltage
nanosecond discharges and their influence on electro physical
properties of solid dielectrics [2] and showing up the new
phenomena earlier no metering in that materials under
influence of high electrical fields.

Development of nanosecond pulsed discharge process is

accompanied by infraction of electrons distribution function
by energy and appearance of run off electrons capable to
realize a collision ionization.
The run off electrons phenomenon in plasma is known a long
time ago [3] were carried out the numerical computations
[4,5] and analytic treatment for low fields [6]. This
phenomenon has an essential importance for diagnostics and
admixture’s energy-balance in plasma of tokamacs [7].

2. Theory and experimental results in solid gases

Appearance of run off electrons in gases takes on special
significance in view of getting the powerful subnanosecond
electron beams with record big current amplitude [8].

Space structure of discharge gap’s glow during the pulsed
discharge process is defined by some factors such as the
electrodes geometry, pressure and gas type, inductive and
capacitive parameters of generator, disruption voltage of

discharger — peaker[9].

In spite of rapid growth of experimental researches and
technical applications [10] of nanosecond gas discharges,
transition to the new time scale doesn’t entail the
corresponding revision of fundamental positions of
breakdown classical models developed for conditions near
the static ones [10]. But in article [11] are determined the new
understanding of nanosecond pulsed discharges.

An electrical breakdown models in solid gases differed in
many respects from each other, sometime radically,
nevertheless have general fundamental feature: they are local.
It means that on given space time (7, t) the average statistical
value such as an electrons energy - &,, ordered motion speed -v.,
Townsend ionization factor - & are determined by local field
at the same point £ (r,t) =E,+ E,(r,t), where E,and E,=E,. + E,
- external field and space charge intensities.

To local models are related to Townsend avalanche
generation with y-processes on cathode and different
modifications of single-avalanche streamer model that
describes the breakdown processes in solid gases
corresponding to right part of Pashen’s curve (pd >> (pd),.in),
where the space charge Z,, and time ¢, avalanche progress
scales satisfy to correlations:

Z,=a'-InN¥” <d (1)
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<
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where N - electrons quantity on the critical avalanche, d-

interelectrode distance.

In classical streamer model can emphasize three main
parts: an electrical field strengthening on electron avalanches
front and streamers as result of their polarization (E~=E,+E,);
gas ionization by photons ahead of front; prevalent ionization
processes in gas volume in comparison with cathode
emission.
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As result of field strengthening the electrons energy is

become more than ¢ (E, ), balanced intensity of external field
E, owing to which the ionization processes are intensified.

A volumetrical photoionization explains the streamers big
propagation speed (>>v. (E,)) that is necessary for
propagation of cathode streamer. Is opened to question the
nature of radiation initiating the second ionization centers out
of initial avalanche [12, 13]. On this article is considered all
these questions.

In case of big interelectrode distance even for strong
fields, where field intensity exceeds a critical value,
Townsend’s ionization mechanism is also true and is taking
place the y- processes on cathode and streamers formation by
which are described the ionization processes in gases
corresponding to right part on Pashen’s curve (pd>> (pd) i)

At that for determination of an average energy E ', it is
necessary to take into account a number of electrons by
E>E.,, as is shown below:

E*
dNE) ¢EN, - F(E")N, 3)
dx
dN
—<=gq, N, 4)
dx
di:eE—F(E*)—aiE* (5)
dx

where ¢ - a collision ionization factor, E - electrons average
energy.

In formula (5) we can see that even by full neglect of
electrons braking in gas F(E*)=0, an average energy of
electrons is restricted.

R ek
E <E  =— (6)
(24
By sufficiently big over voltages (4>>1) development of gas
discharge process is differed from classical discharge forms
in gases.

In strongly overstrained discharge gaps an avalanche-
streamer transition is realized on the length of z.,. ~ 100 mcm.
As a result of that is formed a plasma cloud by big
conductivity. In strong electrical fields this cloud is
polarized.. Then ionization is developed by electrons,
escaped from cloud and accelerating in space charge zone.
Part of these electrons have very big energy comparable with
full kinetic energy eU=eEd and uninterruptedly accelerated
up to anode. These electrons efficiently radiate the brake
quantum ionizing gas in whole discharge gap and beat out the
electrons from electrodes. As a result of that number of the
elementary “accelerators” is grown.

At that on fig.1 is shown the Pashen’s curve division on
three zone: space upper left part curve corresponds to the run
off electrons, space between the left and right parts on curve
corresponds to electrons multiplication and space below the
right part corresponds to electrons drift those couldn’t
multiply

Were carried out the experiments in uniform and no
uniform electrical fields [14] on big pressures and different

gases (nitrogen, air, helium, neon, argon, krypton) without
ionization source.

In all gases in no uniform electrical field at the
atmospheric conditions under influence of high voltage
nanosecond pulses were received the high specific energy up
to 10 1J/em’ and electron beams by record current amplitude.

The run off electrons ensure the propagation speed of
ionized field to anode and attendant X-radiation ionizes gas
and causes a photoelectric effect on cathode stipulated for
motion the gathode streamer.
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Fig. 1. Dependence of the critical breakdown voltage (U,,)
from multiplication an interelectrode distance between
the electrodes — d on pressure — p (pd), Pashen’s curve.

Our researches were carried out by means of high voltage
nanosecond generator on 100 kV with short pulse front 2 ns.
Block scheme of an experimental assembly is shown on fig.2.

Voltage pulse was supplied from generator 1 to high
voltage electrode — cathode 3 inside of vacuum chamber 2 at
atmospheric pressure — P=760 Torr and higher were used two
cathodes by different radius of curvature — ». ~ 1-6 mm. For
getting a volumetrical pulsed discharge glow at atmospheric
pressure and higher on cathode by diameter & 1 mm is
installed fluoroplastic cap 6. As an anode is used a
copperplate 4 and a metal screen 5. Interelectrode distance ~d
is changed over the range ~ 3-10 mm. For photographing of
the high speed pulsed discharge glow is used an electron-
optical camera 7. The total current of pulsed discharge by
current shunt 8 is registered on high-frequency oscillograph
TDS-5104. Electron beam’s current by Faraday cup and
current shunt 9 is also registered on high-frequency
oscillo grapthDS—S 104.

6 8

Fig.2. Block scheme of an experimental assembly 1- high voltage
nanosecond generator, 2- vacuum chamber, 3- cathode,
4 - anode, 5- metal screen, 6- fluoroplastic cap, 7- electron-
optical camera, 8 — shunt for measuring of discharge total
current, 9 — shunt for measuring of electron beam’s current.
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The cathode and cathode plasma are the sources of run off
electrons in air at atmosphere pressure. Dispersion on gas
molecules strongly influents on the space distribution of run
off electrons. In case of pointed cathode, the interelectrode
distance — d greatly influents on the width of run off electrons
beams. By increase the - d up to 10 mm beam’s diameter
reaches & ~3cm. If there are some channels in pulsed
discharge taking place on developed work surface, the
channels quantity are equal to beams quantity in electron
stream behind the anode. The streams structure respond to
emitting centers distribution. Plasma bunch on cathode is
transformed into constricted channel growing deep into
discharge gap by stream of run off electrons. By statistics of
that interaction and also initiation of electron avalanches is
explained a variety of discharges space forms. When
overvoltages factor A >>1, the gas breakdown is initiated by
auto electronic emission and the first avalanche reaches a
critical size near the initialization point ( Z..~/00 mem<<d ).
As a result is happened the field strengthening of positive

space charge Ej+ and auto electronic emission. Therefore,
when A>>], the emissive processes play a fundamental role
in ionization propagation towards cathode. The high
penetrability of run off electrons and X-ray emission reduces
to solid gas ionization far off the first ionization center and
discharge loses its compact form and has diffusive or multi-
channel character. By big overvoltages in solid gases in
atmosphere pressure the complex space structure of the
nanosecond volumetrical discharges as the constricted
channels is explained by electrons acceleration in space
charge field getting the possibility to accelerate up to anode.

These electrons radiate the quantum ionizing the gas in
whole discharge gap and battered the electrons from electrodes.
The space structure of discharge gap’s glow as mentioned is
determined by some parameters such as an electrodes
geometry, interelectrode distance — d, gas pressure - p,
parameters of generator. The photography of discharge gap’s
glow for different distance value — d and electrodes geometry
are presented on figures 3-7. On figures a flat copperplate and
the metal screen is as an anode and as a cathode is a metal rod
by different radiuses of curvature — r,, ~1-6mm. On fig. 3 is
shown that in atmosphere pressure, U,.,=100kV and d=10
mm is realized the diffusive volumetrical discharge

' .
_

Fig.4. =6 mm, anode - metal screen, U,,,= 100 kV, P=760
Torr, interelectrode distance d=5 mm

On the cathode are formed the plasma bunches by visible
dimension /,~ 2 mm<< d, but remaining space up to anode is
filled up by diffusive glow. The cathode plasma formations
significantly are not uniform.

On fig. 4 is shown that at atmosphere pressure and
interelectrode distance — d=5 mm there are some plasma
bunches on the cathode and is realized transition from
diffusive volumetrical discharge to constricted discharge and
constricted channels quantity is equal to plasma bunches
quantity on cathode

We have to note, when we decrease an air pressure, the
plasma bunches dimension on cathode is grown and
luminosity is decreased.

When P< 0.5 Torr the discharge phenomena on the case
of planar electrodes with developed work surface aren’t
observed, but if cathode is a metal rode by different radiuses
of curvature, the plasma bunches are appeared on its surface
and their size is significantly smaller in comparison with
atmosphere conditions - P=760 Torr.

On Fig. 5 when the cathode radius of curvature is smaller
. ~Imm, an interelectrode distance d=10 mm, U,,.,= 100 kV
and P=760 Torr, an intergrowth of the bright constricted
channel and overlap of whole discharge gap is observed.

Fig.3. r=6mm, anode - copperplate, U,,,=100kV, P=760 Torr,
interelectrode distance d=10 mm

Fig.5. =1 mm, anode- metal screen, Uy, ~100 kV,
P=760 Torr, interelectrode distance d=10 mm



E.D. GURBANOV, I.P. KUZHEKIN, A.M. HASHIMOV. A.S. BONDYAKOV

Fig.6. 1= 1 mm, anode- metal screen, U,,,=100 kV, P=760
Torr, interelectrode distance d=3 mm

On Fig. 6 by decrease of an interelectrode distance up to
d=3 mm the enlargement of discharge channel is observed.
Diffusive cover in that case is not appeared.

In case of sharply no uniform field is fixed only one
bright channel and plasma bunch. By increase of the field
uniformity the channels and plasma bunches quantity are
grown.

On fig. 7 is shown a glowing ball, formed by pressures
more than atmospheric (P=3.5 atm) and interelectrode
distance — d=3 mm. By means of fluoroplastic cap, put on
etal rod by diameter & Imm and high pressure in vacuum
chamber the pulsed discharge channel looks like glow ball.

By multiple overvoltages in volumetrical discharges in air
ionization emission reaches the light speed and the current
pulse with a high rate of pulse rise ~ 10 TA/s is realized. In
that case a pulse front is 77 < 0,5ns and upper bound of
current is 7, ~1,5 kA. By decrease of the interelectrode
distance — d the volumetrical discharges pass into constricted
channel and the current amplitude 1/, and channels
conductivity are grown.

Also we have to note the importance of the breakdown
delay time parameter — ¢, relatively to moment of voltage
pulse supply from generator that characterizes a speed of
ionization processes development.

When d < 10 mm and U, > 180 kV independently from
cathode geometry in solid gases a big conduction current is
already appeared on the front of voltage pulse and #; <7 < 7,,<0,6ms,
where 7; is an acceleration time of voltage pulse at the
discharge gap.

Fig. 7. =1 mm, anode - metal screen, U,,,~100 kV, P=3,8
atm, interelectrode distance d=10 mm

So speed of ionization propagation V;>d/t>d/7,>2.5: 10%cm/s
is more than speed of streamers propagation [15, 16]. When
Ugen< 180 kV in relatively uniform field we can register the
breakdown delay interval parameter — 7, ~2 ns for cathodes
radius of curvature r, ~20 mm. By decrease of pressure this
parameter z,1s grown.

Thus the mechanism of discharge development in solid
gases by big overvoltages can be presented in the following
way. As a result of auto electronic emission the initial
electrons from cathode form an avalanche that on pulse front
during some picoseconds on the length Z,~100mcm
transforms into anode streamer. Before the voltage pulse
reaches the maximal value, an electrical field intensity on the
streamer front reaches the critical value E,.. On that time on
streamer front are formed the run off (high power) electrons
and is realized the mechanism of polarized self-acceleration
reducing to generation the powerful subnanosecond pulses of
electrons by anomalous energy (100-200keV). These
electrons ionize a gas and form the volumetrical discharges
on discharge gap in relatively weak non-uniformity field. In
strongly no uniform fields the volumetrical discharge is only
formed as a result of gas ionization by run off electrons
stream. Because an interelectrode distance — d>>Z.. the
cathode discharge is caused only by photoelectric effect.
Local field strengthening on cathode by positive space charge
reduces to formation of plasma bunch during #; < Ins on the
first avalanche place. From this moment are begun formation
and development of cathode spot and exploding processes on
cathode by transition to exploding electronic emission. On
sufficiently small interelectrode distance the plasma bunch is
constricted and advanced over ionized gas by run off
electrons. As result the high local intensity of electrical field
on the channel head where is concentrated a negative space
charge, this channel is accelerated as a single whole. In spite
of the fact that reached power density, input in discharge gap
is ~100MVt/cm’ plasma is remained low-temperature, weakly
ionizated in all discharges development stages because there
is the weak coupling of run off electrons with gas.

Thus on big overvoltages the run off electrons effect plays
a fundamental role in breakdown mechanism of pulsed
discharges in solid gases. Participation of run off electrons in
breakdown process in solid gases is determined by
displacement of minimum on Pashen’s curve U(pd) to right
by overvoltage growth (shortening the pulse front z,,) for big pd.

3. Pulsed discharge researches in solid dielectrics

By influence of high voltage nanosecond pulses on solid
dielectrics is also observed a formation process of high power
electrons. During an influence of powerful short pulses it is
necessary to note the propagation speed of pulsed discharge,
parameters of plasma condition in discharge channel, its
geometrical sizes and others. Already it is insufficient to
know only parameters of discharge gap and high voltage
pulse.

The direct measurement of propagation speed of
discharge channel by electron-optical chronogram was
determined that the sonic speed is a limit for propagation
speed of discharge channel from cathode and anode i.e. v.< ¢,<v,

where v~ discharge speed from cathode, V,- discharge

speed from anode, ¢, - sonic speed in solid dielectrics [17].
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Change of that boundary “from above” and “from below”
by change the pulse parameters (U, dU/dt) were unsuccessful.

Transition mechanism from subsonic initial channel to
supersonic anode channel demands an especial study.

Discharge speed from anode - v, is mainly determined by
origin discharge voltage U, and corresponding momentary
value dU/dt, but discharge speed from cathode - v. depends
only on U, In that case an influence of interelectrode
distance — d and momentary value dU/dt is absent. This can
be related with instability of dielectrics phase boundary with
its melt. Supersonic speed of change of boundary curvature
under influence of very high electrical fields reduces to
formation the shock wave that is result of turbulent energy-
release by electron injection from valence band to
conducting band and formation the complex “shock wave +
energy-release zone” named as electron detonation.

Run off electrons took part in collision ionization of
valence band in solid dielectrics have anomalous energy and
just only they explain the physical mechanism of turbulent
electron injection to conducting band under influence of
high voltage nanosecond pulses on these materials. As result
of this is formed dense non-ideal plasma by big pressure on
self-destruction which is liberated energy accumulated in an
ionic subsystem.

Ionization degree of electron injection will be determined
by correlation [18],

A
Xe :a)v— 7N

a

n
where @ =— - ionization probability ¢, n — quantity of

electron-hole pairs formed in time unit and volume unit, N —
valence electrons quantity. lonization probability @ depends
from forbidden gap and defined as

L (eEd" exp[ B 1 j "

N 2mE, \eEd  a

where o- ratio of valence band to conducting band, E;

and d* - accordingly an effective value of forbidden gap and
lattice constant by shock compressing.

By compressing of solid dielectrics dependence between
forbidden gap and plasma pressure is presented by following
formula:

E,=E, —a,-p )

where a, =y - K - pressure factor J *Pa”’, k — compressibility
factor, ¥ - proportionality factor.

These expressions allow to quantitatively estimating the
dependence of plasma pressure P, ionization factor @ and

E; from speed of an electron detonation wave in solid

dielectrics.

Ascertained regularities allow us to use conceptions and
methods of high- density energy physics for description the
dynamics and matter state parameters in discharge channel on
transition front from subsonic to supersonic speed.

It is evident that speed of this process at the different
dielectric mediums and its initial parameters (U, , dU/dt)
present a big interest.

It is necessary to carry out a number of experiments and
theoretical study for proper quantitative consideration an
influence of compressibility on electron injection process in
solid dielectrics. First of all it is concerned to study an
influence of plasma pressure on electron structure of large
band dielectrics. It will allow to more rigorous determination
of pressure factors value a, Can say that here this
dependence will be nonlinear in a large pressure interval.

So were determined the quantitative correlations between
the electrical parameters of process, physical properties of
dielectrics, matter parameters in energy-release zone and
space-charge characteristics of pulsed discharges under
influence of high voltage nanosecond pulses on solid
dielectrics.

4. Conclusion

In presented article are considered the physical processes
in pulsed nanosecond discharges in solid gases and
dielectrics. The local and non-local criterions of run off
electrons (high power) in solid gases are shown.

To produce the pulsed discharge figures by different
electrodes geometry and interelectrode distance. Is shown
transition of volumetrical diffusive discharge to constricted
discharge formed due to run off electrons created on cathode
plasma bunches.

The electrical breakdown process in solid dielectrics
under influence of high voltage nanosecond pulses, electron
injection process from valence band to conducting band by
run off electrons by anomalous energy were considered.

Was determined the quantitative correlations between the
pulse electrical parameters and physical properties of solid
dielectrics and their interference on each other. Consideration
of that interference can produces to correction of existent and
detection the new before no registering phenomena in solid
dielectrics.
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YUKSOK GORGINLIKLI QiSA iIMPULSLARIN BORK CiSIM HALINDA OLAN DIELEKTRIKLORO VO
YUKSOK SIXLIQLI QAZLARA TOSIRI ZAMANI ELEKTRONLARIN HOROKOTININ LOKAL VO
QEYRI-LOKAL KRITERIYALARI

Magqaloe yiiksok sixliglt qaz miihiti ve berk cisim halinda olan dielektriklorde, qazbosalmasi araligina yiiksek gorginlikli nanosaniye
impuls gorginliklori vasitesile tesir etdikde, qazbosalmasi proseslerinin toedqiqine hasr olunmusdur. Elektronlarin qaz miihitinde hareketinin
lokal ve geyri-lokal kriteriyalarina ve gazbosalmasi araliginda giiclii subnanosaniye elektron destinin emele goelmesine baxilmigdir. Bark
cisim halinda olan dielektriklorde katod ve anod yaxmliginda plazma kanalinda ve oxun dinamikasinin emele gelmesi sertlori
miieyyenlosdirilmisdir. impuls qazbosalmasinin elektrik parametrlori, dielektrikin xiisusiyyatlori vo termodinamik xarakteristikalar1 arasinda
olagaler toqdim olunmusdur.

J.J. Kypoanos, I.II. Ky:xkexun, A.M. 'amumos, A.C. bonasikon

JOKAJIbHBIN U HEJIOKAJIbHBII KPUTEPUU YBETAHUA SJIEKTPOHOB B INIOTHBIX I'A3AX U
TBEPJIbIX JUDJEKTPUKAX ITPM BO3JIECTBUU KOPOTKHUX UMITYJIbCOB BEICOKOI'O
HAIIPAKEHUSA

Hacrosimast craThst MOCBSIIEHA pa3psAHBIM MPONEccaM B INIOTHBIX Ta3aX M TBEPABIX AMIJIEKTPUKAX IPH BO3JCHCTBUH Ha pa3psAHBIA
IIPOMEKYTOK BBICOKOBOJIBTHBIX HAHOCEKYHJIHBIX UMITYJIbCOB BBICOKOIO HAIpsKEHUS. PacCMOTpEHBI JIOKANIbHBIN U HEJOKAIbHBIM KpUTEPUU
yOeraHusi 3JI€KTPOHOB B razax W ()OPMHPOBAHUE B ra30BOM IPOMEXKYTKE MOIIHBIX CYyOHAaHOCEKYHIHBIX 3JEKTPOHHBIX ITyYKOB. AHAIIU3H-
pyloTcs citydan nepexoja auddy3Horo o0beMHOro paspsjia B KOHTParupoBaHHBIH pa3psil MPU Pa3IMYHBIX KOHQHUIYPALUsIX dJIEKTPOLOB U
paccTosHUAX Mexay HUMU ChopMyIMpoBaHbI yCIOBHUsS 00pa30BaHMS IUIA3MEHHOIO KaHalla M €ro AMHAMUKM Yy KaToJa M aHoJa B TBEPABIX
nuanekTpukax. IlpencraBieHa KoMTHUeCTBEHHAS CBSA3b MEXIY 3IEKTPHUECKUMHU MapaMeTpaMi UMITYJIbCHOTO pa3psijia, CBOMCTBAMH AUAIIEK-
TPUKa U TEPMOAMHAMUIECKIMH XapaKTePUCTHKAMHU.

Received: 17.08.07



FiZzIKA

2007

CiLD XIII Nes

SPECTRAL CHARACTERISTICS OF ANTIREFLECTIVE OPTICAL COATINGS WITH
COMPLEX REFRACTIVE INDEX

R.A. KARAMALIYEV
Baku State University, Z. Khalilov str., 23, AZ-1148,Baku, Azerbaijan

R.M. KASIMOV
Institute of Chemical problems of National Academy of Sciences,
H.Javid av., 29, AZ-1143,Baku,Azerbaijan

Spectral characteristics of reflection of optical waves by system an absorbing coat-metal at the selective thickness of coating
corresponding requirements of a total absorption of incident radiation in it are considered.

1. Introduction

Last years the optics of antireflecting coatings represents
the significant practical interest. The problem of the full
suppression of reflection of optical waves from absorbing
coatings is especially actual one. However, known
computational methods of antireflecting coatings are valid
only when optical media are completely transparent. As is
known, in this case refractive indices of all media can have
only real values [1-3].

One of the interesting problems in thin-film coatings
optics is that of analysis of the spectral characteristics of a
multilayer whose optical constants and thickness are known.
For microwave region of spectrum the effect of reflectionless
absorption in layered system an absorbing dielectric-metal
both theoretically and experimentally was investigated in
[4,5]. This method of investigation was extended to include
optical wavelengths in [6].

In the present paper we have developed the research
technique of antireflective absorbing optical coatings
presented in [6] for to investigate their spectral characteristics.

2. Reflection characteristics of a two-layer dielectric-
metal structure
In order to find a formula for the reflectance of a two-

layer dielectric-metal structure illuminated by a parallel beam |

(1-n)* + z*

n= R
1+ n)2 + ;(2

@) = —arctg

of light at wavelength A, we must consider the multiple
reflections of light at each surface of the structure and
perform a multiple beam summation. Incident light is
considered normally and plane polarized. The reflected
complex amplitude R* is given by

R* B rlei(/;l +r2ei(pz—2ik|

o 1+ r.r ei(§01 +¢72)72ik|
172

(1

where | is the thickness of the absorbing coating; ry,r, @1, @
are modules and phases of reflection coefficients for first and
second surfaces of the layer, respectively; k is complex wave
number and for materials with complex refractive index
equals

k:27r(n—|;() o
A

where n is the refractive index of the layer material, y is the
extinction coefficient of the material. Modules and phases of
reflection coefficients are given

2
%, r, :1, Q, =7 3)
I-n"—y

The expression for energy reflectance may be obtained from equation (1)

47yl _Am 2nl
- zn -2
h-ne * | +4nne ~ cos? L o
5 A 2
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We shall introduce the suggestion that the specified zero | | 1(2N =1
minimum of function R(l) is realized at thickness of a layer —=— ——+A (5)
of the absorbing substance a little differing from quantities of A n 4

mn]ﬁplp 2/4n
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where N is ordinal number of the minimum of R(I)
dependence corresponding to the antireflective absorption, A4
is the quantity to be determined by optical parameters of
absorbing coating material.

One can see from equation (1) that the condition R=0 will
be realized if we get

)

In==£[72N-1)+¢, -] (©)
n n

[ 1 2N -1 ®r — Q1

—== + ™

A n ( 4 1y )

A= O ®)

4

From equations (6)-(8) one can see that to obtain non-
reflective absorption on the coating layer for the selective
wavelength, layer thickness and its optical parameters are
required.

The dispersion theory gives us the connection between
optical parameters n, y and complex dielectric constant &
The real ¢ and imaginary & parts of £ may be expressed by
relations

) 2 n__
e'=n"—y°,&"=2ny 9)

In the first approximation we can obtain the next relation

between & and &’

(g'— Noo” )2 +(&"- b)2 =b? (10)

where

2770°N 47q°N
_ <79 0 w2 2 a7q No

My

b = o an

n, is refractive index far from the resonance frequency ;
g, m are charge and mass of electron , Ny is concentration, yis
damping coefficient, ay and @, are frequencies.

In this approximation the frequency @ which the effect of
non-reflective absorption takes place may be determined
from the next equation

"

& _ V4
&'-Nw’ 2w — o)

(12)

Let us illustrate the results of this approach for dye
solution of rhodamine. The absorption spectrum of
rhodamine presented in fig.1.

Using optical parameters of dye solution y, No , @, N,
we can calculate layer thickness ly, refacive index N and
extinction coefficient y for a given incident optical
wavelength. The Table of these selective parameters was
presented in [6].
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Fig.1. The absorption spectrum of rhodamine.

Fig.2.
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Absolute value of reflection coefficient R vs. of
wavelength in the two-layer dielectric-metal
structure: layer thickness land wavelength A is
given in mem, r,=1, »=0.08,n=1.7, 1=0.68..
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Fig.3. Absolute values of reflection coefficient R vs.

of wavelength in the two-layer dielectric-metal
structure: layer thickness | and wavelength A is given
in mem, ry=1, a)»=0.08; n=.1.73; 1=0.724; N=5 ;

b) y=0.07; n=.1.72; 1=0.884; N=6



SPECTRAL CHARACTERISTICS OF ANTIREFLECTIVE OPTICAL COATINGS WITH COMPLEX REFRACTIVE INDEX

In fig.2 we represent dependence of reflection coefficient
amplitude R on incident wavelength A for non-selective
values of optical parameters of the rhodamine. One can see
that reflection coefficient R is an oscillating function of
incident wavelength which asymptotically approaches its
limit value R=1.There are two regions in the R(X)
dependence which differ by character of changing of extrema
in increasing of wavelength of incident light. In the left
domain decreasing of wavelength lead to a decreasing
maxima and increasing minima of function R up to the
complete coincidence of these parameters with limit R at
large value of layer thickness. Unlike this case, in the right
domain of function R(l) we observe increasing both maxima
and minima of function R which approaches to 1. It is clear
that a proper choice of dielectric properties of the optical
coating, the boundary of the left and right regions may
coincide with one of the minima of function R(I) taking zero
value. It follows from this that existence conditions for this
so-called zero minimum of function R will determine
conditions for the total (non-reflective) absorption of the
optical radiation by the coating-metal structure under study.

The method of computation of selective values of I, n and
y for to arise non-reflective absorption in the optical coating
was presented in [6]. Using these optical parameters
calculated for dye solution of rhodamine we have obtained
spectral characteristics of this optical coating (fig.3a,b). They
are gained at thickness of a layer I= 0.724(a) and | =
0.884mkm (b) corresponding to the fifth and sixth zero
minimums of function R(I). To these specified selective
values of layer thickness of a coating correspond selective
values of optical coefficients of a coating n=1.73, y=0.08 (a)
and n=1.72, »=0.07 (b).

3. Conclusion

As follows from the analysis of the gained spectral
characteristics of the rhodamine a total or non-reflective
absorption of optical radiation may be observed for a
frequency band where the wave dispersion of this substance
takes place. Thus, the total absorption may be realized at the
infinite number of discrete values of a layer thickness of a
coating.
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KOMPLEKS SINDIRMA OMSALLI OKS ETDIRMOYON OPTIK ORTUKLORIN SPEKTRAL
XARAKTERISTIKALARI

Udan ortitk-metal sisteminds diison siialanmanin 6rtitkds tam udulmast

dalgalarin oks olunmasinin spektral xarakteristikalar: 6yronilmisdir.

sortlorine uygun secilmis qalinliglar tgiin optik

P.A.Kapamanues, P.M.KacumoB

CIIEKTPAJIBHBIE XAPAKTEPUCTUKH AHTHOTPAXKAIOIINX ONTUYECKHAX MOKPBITHUI C
KOMIIVIEKCHBIM INOKA3ATEJIEM ITPEJIOMJIEHUSA

PaCCMOTpeHLI CIICKTPAJIbHBIC XaPAKTCPUCTUKHU OTPAKCHUSA ONTHYCCKUX BOJIH CHCTEMOH TOTJIoNIaroniee NOKPBITHE-METAJLT IIPpU n30u-
PaTCIIbHBIX TOJIIHWHAX IMMOKPBITHA, COOTBETCTBYIOIINUX YCJIOBUAM IMOJHOTO ITOTJIOIICHHS B HEM AaJarolEero U3J1y4CHUsA.
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RAMAN SPECTRA IN HETEROSTRUCTURES Ge/Ge.xSix
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The structure studied in this work has been obtained by the method MLE on Ge substrates. The parameters of the samples were
determined by method of x-ray structure analysis. The method of combined light scattering spectroscopy was used for the regulation of the

content.

At modern stage of scientific and technological
revolution special emphasis is placed on the advancement of
those fields of science the achievements of which define the
wide prospect of technological development. These fields of
science include semiconductor physics, one of the main tasks
is search, study and modification of crystal properties with
high values of applied-physics characteristics in order to
develop new materials promising different technological
applications.

Solid solutions of Ge and Si are of great interest from
scientific and technological aspect. This interest is
conditioned by multiple unique properties: complete
solubility, continuity of electrical properties’ change,
resistance against thermal actions, large energy gap width,
high fusion temperature, mechanical strength, resistance
against the effect of high-energy particle bombardment and
others.

At present it was experimentally showed that Ge and Si
really form solutions not only in liquid state but also in solid
state and the quantity of lattice parameter of Ge; xSix solid
solutions change almost linearly with the change of solution
and alloy composition.

The interest to the study of defectless films of Ge;Siy
solid solutions at substrates of Ge is connected with practical
significance of such structures for developing of transistors
with high charge carrier mobility in channel. In such devices
the channel has thin (10 nm) stressed layer of Si and Ge
grown in buffer layer from solid solution. At the result of
significant mechanical stress stretching for Ge (constriction
for Si) leading to splitting of valley, charge carrier mobility
can increase for several times the value of unstressed material
[1]. As vibration spectrum of lattice depends substantially on
atomic composition of films and amount of mechanical
deformation in them and are considered relevant for Raman
spectroscopy (RS) to evaluate these parameters.

Raman spectroscopy is a rapid, informative and
nondestructive technique. The first analysis of the
composition and mechanical stress in Ge;.Siy solid solutions
were carried out in the 60s of the last century, the technique
improved and developed [1-3] but there still remain
methodical difficulties bringing to ambiguity in interpreting
of obtained results.

So the purpose of the work is formulation of refined
parameter description of the dependence of intensity and
position of Raman scattering peaks on the composition and
permanent and mechanical deformation in the films of
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GeSiy solid solutions on the substrates of Ge with
orientation (100).

Experimental samples were developed with application
of molecular beam epitaxy (MBE) on the substrates of Ge
with orientation (100). After standard procedure of chemical
cleaning the substrate of Ge charged into growing vessel
MBE. Disposal of protective and chemically applied
germanium was conducted at the temperature 650-700°C in
low flow of Ge (0.02nm/s). The next stage was growing of
buffer layer of Ge the thickness of which was 50 nm with the
purpose of obtaining of maximum pure surface of Ge (100)
and this had superstructure transformation such as 2x1. After
observing such surface transformation film growth of
Ge;.xSix solid solutions was realized with the help of DBE,
for the obtaining of which the method of low-temperature
MBE had been used [4,5]. Growth rate of Ge;xSix solid
solutions was about 0.1lnm/s. The thickness of the films
varied between 250 and 500 nm. The composition and
residual mechanical stress in obtained structures were
checked by the method of X-ray diffraction. Analysis of
rocking curves of X-ray diffraction taken in several allowed
reflections for Ge (for example, (113) and (004)) was used
for this purpose.

Peculiarity series were detected during thermal treatment
of deposited GeygsSig 5. Films of solid solutions Geg gsSig 5
are extremely resistant against thermal annealing.
Condensates obtained at the temperature 7,=490K carried
quasi- amorphous character. At the temperature range 350-
450K they carry semiconductor character of conductivity
with thermal activation energy which equals to 0.052eV. This
value was determined according to inclination of graphics Ig
o=f(1/T) constructed for experimental values, at the
temperature regions 450-550K, 550-680K semiconductor
character of conductivity remains unchanged but activation
energy slightly increases and reaches to 0.096eV. At these
temperature regions three sections are observed with more
abrupt change of electrical conduction (350-420K, 510-540K,
590-620K) which are responsible for crystallizing process
realized in condensates.

Crystallization kinetics and thermal stability were
studied by heating amorphous films directly in electron
microscope column UEMV-100K using adapters PRON-2
(fig.1). At the same time thermal stability of amorphous state
was determined with the appearance of diffuse maximums of
amorphous phase on the background which are more
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intensive than diffraction reflections of crystalline phase.
Films formed at the substrates in the process of deposition at
the room temperature and at the temperature 490K.

For example, in Fig. 1 sequential stages of structural
transformations in amorphous films were given. Amorphous
films GegsSip 5 don’t be in equilibrium in initial state but
they relax to metastable state. At that with the increase of
temperature annealing of defects, change of free volume and
short-range topological order occur too, but composite order
remains unchanged.

L(S)

L(s)

1(S)

1L(s)

Fig. 1. Crystallization kinetics of films of solid solutions
Ge,Siy (x-0.15).

In order to study thin films Ge;,Six by the method of
Raman scattering it would be better to use wave-lengths of
laser radiation of blue-green range in consequence of light
absorption’s shallow depth (less than 10nm). But Raman
spectra have data only on upper layer.

Raman spectra were registered at room temperature with
the help of automatic plant on the basis of spectrometer DFS-
52 using lines of Ag-laser 514.5 nm.
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Fig. 2. Raman spectra of relaxed germanium films (dashed
line) and solid solutions Ge;_,Si, (dots) are shown
above. For comparison spectrum of bulk germanium
(full line) are shown too. Raman spectra of the films
of solid solutions Ge,_xSiy are given below.

In fig.2 Raman spectra of pure germanium films and
germanium- silicon solid solutions were shown at frequency
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ranges of optical oscillations Ge-Ge (about 300 cm™), Ge-Si
(about 400 cm™) and Si-Si (about 500 cm™).

It is seen that peaks of Raman scattering on oscillations
Ge-Ge —coupling films of silicon grown on germanium
substrate shift to the side of low frequency (approximately for
2cm™) and broadened. For silicon and germanium tensile
stress shifts phonons’ frequency to the side of low frequency.
Tensile stress in the films of silicon and germanium may
occur at cooling of heterostructures due to different
coefficients of thermal expansion of germanium and silicon.
If structural stress was relaxed in growth process at epitaxial
temperature, then tensile stress may occur in the film at
cooling of the sample. Observed high-frequency arm may be
conditioned by the presence of local mechanical compression
stress near dislocations. On spectrum of Ge;Si, films you
can see peaks from scattering to coupling vibration Ge-Si
(~395cm™).

In some works authors tried to determine the
composition of films according to the state of Raman
scattering peaks [4-6]. The basic difficulty of this technical
approach is that state of peaks depends on mechanical stress
(shift may reach 17cm™ for the peak of Ge-Ge and 35c¢m™ for
the peak of Si-Si). Another difficulty is that if the
composition of silicon is small in heterostructures, Raman
scattering peaks can’t be seen in coupled vibrations of Si-Si
and its state can’t be determined.

Numerous simulations of Raman spectra were conducted
to determine the dependence of peaks’ state. Due to cyclic
and boundary conditions natural frequency and eigenvectors
of oscillation were calculated in Ge-Si solid solutions basing
on Bohr model, then according to the obtained data Raman
spectra were calculated basing on Wolkenstein’s additive
bond polarizability model [6]. Coupling constants of hardness
for germanium in Bohr model were determined by
approximation of computational phonon dispersion in bulk
material to experimental data obtained according to the one
on neutron scattering [7]. As phonon dispersion both for
germanium and silicon are very identical, mass substitution
method was used to construct Ge-Si heterostructure. Solid
solution was simulated on the basis of random filling of unit
cell by germanium and silicon atoms with necessary
relationship x. In order to avoid the influence of periodical
boundary conditions quite big unit cell containing 432 atoms
was chosen for calculations.

Relation of derived coupling polarizability for germanium
and silicon was defined on normalized relationships of Raman
scattering intensity to scattering volume for germanium and
silicon. More detailed calculations were given in the works [8-10].

According to literary data state of Raman scattering
peaks on optical phonon for bulk germanium are 300-302cm’.
As for the germanium GES-40 studied by us, the state of the
given peak was 300.3 cm™. Dispersion of optical phonons has
such character that localization effects make their frequencies
decrease. Phonons having frequencies peculiar to optical
coupling oscillations Ge-Ge scatter and damp by more light
atoms and become local ones.

It was established that electrical conduction of the films
of GeygsSiy. 15 solid solutions at high temperature (300-500K)
carries band-to-band conductivity character.

At the result by determination of parameters and by the
method itself it was shown that the composition and
mechanical stress in heterostructures Gt/Ge;Si, can be
defined on the basis of Raman scattering data.
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GelGe1xSix GETEROSTRUKTURLARINDA KOMBINASION SOPIiLM9 SPEKTRLARI

Ge1xSix osasinda Ge altliq iizerinde molekulyar destaden sopilme yolu ilo alinmis hetorokegidin parametrlori rentgenstruktur

analiz vo rekombinasiya olunmus igigin sopilmo metodu ils toyin olunmusdur.

edir.

Qiusursuz Ge/GeixSix nazik tobaqonin alinmasi yiiksok yiiriiklitys malik tranzistorun hazirlanmasinda boyiik oshomiyyat kosb

III.M. Ad6acoB, A.C. Baiinap, 3.A. Uoparumos, I'.T. ArasepaueBa, JI.A. Tau0oB, Y.®. ®@apax:xoBa

CIIEKTPbBI KOMBUHAIIMOHHOI'O PACCESIHUSA B TETEPOCTPYKTYPAX Ge/Ge;.xSix

CTpyKTypbl, HCCIIEAOBaHHBIE B HacToswIel pabore, moiaydeHsl metogoM MJID na Ge momnoxxkax. [lapameTpsl 00pa3oB onpeneeHs!

METOAOM PEHTICHOCTPYKTYPHOTO aHaju3a. Merog CIICKTPOCKOIIUHA KOM6I/IHaIII/IOHHOFO paccesaHrs CBE€Ta HUCIIOJIb30BAJICA IJid
KOHTPOJIAA COCTaBa.
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BEHAVIOR OF PHASE TRANSITION IN NEAR
INVERSION ZONE OF Pb;.xSnxTe
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Baku State University
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The correlation of temperature of phase transition of the heterojunction Pb,.,Sn,Te in a vicinity of inversion tone were observed. The
temperature dependence of resistivity on the composition with low carrier concentration (p <10'°cm™) has been investigated. The interzone
interaction on the basis of model of seqnetoelectrics, observed from coulomb model of interzone interaction is considered.

The surface structure of crystals is interesting in most re-
spects. For example, it is interesting to know the crystals
compound between the structural surface of pure and nature,
and the forming energy surface complexes adsorbent—
adsorbate. The special interest, surface property represents in
compound with high concentration of carriers in chalcoge-
nides of lead (PD).

We have observed the correlation of temperature depen-
dence of ferroelectrical phase transition 7, and the width of
band gap E, in composition of Pb;,Sn,Te in near inversion
zone (x=0,4+0,6). The temperature dependence of resistivity p in
composition with low concentration of carriers (p<10" sm™)
and range of x=0,2+0,75 was investigated. The investiga-
tions were carried out by horizontal method with alternating
current at temperature of 120 K in a vicinity of 7, anomaly
increase of p takes place, which is more clearly observed in
the samples with low concentration of carriers. Correspon-
dence of anomaly p of ferroelectrical phase transition in these
compositions was convince showed by Kobayashy and others
[1,2], where simultaneously with the measuring was fixed
the softening of ferroelectrical mode by the method of non-
elastic scattering of neutrons. According to anomaly in the
temperature dependence p was determined 7.

The non — monotonic dependence of 7, on the composi-
tion (minimum in the region of inversion zone) was revealed.
Results obtained from the inversion zone correspond to well-
known published data.

Interpretation of results was made on the basis of inter-
zone models of ferroelectricity. Due to work [3], it is neces-
sary to take into account the coulomb pair of electrons from
different zones which becomes essentially at E,<E; in the
near inversion side by side with the electron-phonon interac-
tion. This leads to effective overregulation of E, and as the
result of that, to non-monotonic dependence 7 against x.

(M &

E. By

As a rule the coulomb interzone interaction in the model
of ferroelectricity isn’t considered. As the fixed slit E>F),
where E| - is the energy of coulomb exciton, and electron-
hole pair is impossible [3], and the consideration of cou-
lomb interaction doesn’t lead to new effects, but simply
result in the overregulation of interzone electron-phonon

0
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bond constants [4]. If E,<E,, then electron-hole pair leads to
reorganization of spectrum in a vicinity of min; and max; .

All zones of exciton slits appreciably become inessential for
structural transition. Exclusion may be the incident of small
values of E,, or may be in Pb, Sn,Te where exciton slit is
As>E, [5]. This coulomb interaction may lead to qualitative
changes. Over E,<E;, the interzone coulomb interaction
leads to exciton pair and reorganization of spectrum
(T=0) [4];

E(p)=+[e(p)+AX(p)]"* (1)

where &(p)=¢, =—-¢,, but A exciton slit. Considering,
that ¢(p)= €g/2 +p2 /2m and A (p) is the function

of E,, and in a vicinity p=0 can be defined for FEz=0,
E<E,.

24,(0)=E,[2(1-E,/E,)]" @

where ¢, =6,8 (me4 /moeg)aB; ey and m, — are the
mass and charge of free electrons. In solid solutions of
chalcogenides m<<my, usually m=~I 0°m,, and { ... appre-

ciably increase ¢, [6], thatis E; canreach some tens of
electron-volt. In a vicinity E;=0 A (0) = 5,5(m; /mys, ) eV;
and over E,<0 (semi-metal) 4,(0) exponentially diminish
with the growth of ‘E g‘. Qualitative dependence of A4,(0)

on FE, is represented in the figure 1. Without account cou-
lomb interaction of temperature of transition can be
represented in the form [7].

T.(E)=T.(0)-aE.. 3

where 7.(0), @ and n uniquely are defined with the structure
of spectrum.

As seen, in E—0 7; increases reaching maximum values
of E;~0. Thus, over E, >E; , E, - E; and T, increase, reaching
maximum values over E, =E;. The further diminishing of E,
connects with the coulomb interaction and 7, must de-
crease, accepting minimum values over E,=0. Over E, <0
takes place inversion of zone and E, is always over zero,
Ay quickly decreases, T, increases. Consequently, in a
vicinity of non-slit conditions 7. adepts minimum not



maximum values.

A.A. AQASIYEV., E.S. GARAYEYV, S.N. SARMASOV

In chalcogenides Pb;,Sn,Te is the

width of forbidden zones-function of x, consequently, in
solid solutions 7, (x) must behave itself appreciably non-
monotonous.

[1]
[2]

[3]

Of course, detail investigations (concentration and tem-
perature dependence, forms to right and left from E,~0)
represent a great interest for arrangement and development of
interzone models of ferroelectricity.
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INVERSiYA ZONASINDA Pb,,Sn,Te HETEROQURULUSLARIN FAZA KECiDi

Inversiya zonasinda Pb,.Sn.Te heteroquruluslarin faza kegidinin temperatur korrelyasiyasina baximisdir. Birlosmenin (Pb,.

Sn.Te) xiisusi miiqavimatinin konsentrasiyadan asililigi tadqiq olunmusdur.

A.A. Aracues, J.C. I'apaes, C.H. Capmacos

INOBEJEHHUE ®A30BOI'O NIEPEXO/IA B Pb,,Sn,Te BBJIN31 UTHBEPCHUHA 30H

Haiinena xoppernsus TeMnepatypsl Gpa3oBoro mepexoaa B coctaBax Pb,Sn,Te B okpecTHOCTH MHBepcuu 30H. McciaenoBana Temie-

o . o 19 -3
paTypHasi 3aBHCHMOCTb yJEIPHOTO CONPOTHBIICHHSI COCTABOB C Maloi KOHIEHTpanuel Hocutenelt (p < 10~ cm ~ ). PaccMoTpeHO Mex-
30HHOE B3aUMOJICHCTBHE B MOJIEITH CETHETONEKTPHUIECTBA, HCXO U3 MOJIENHN KYJIOHOBCKOTO MEK30HHOTO B3aHMOACHCTBHSI.
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EFFECT OF HUMIDITY ON OPTICAL AND ELECTRICAL PROPERTIES OF FREE
STANDING POROUS SILICON FILMS

T.D. DZHAFAROV®’ S. AYDIN®, C. ORUC LUS"
% Institute of Physics, Azerbaijan National Academy of Sciences, AZ-1143 Baku, Azerbaijan
® Department of Physics, Yildiz Technical University, 127 Davutpasa, 34210 Istanbul, Turkey

The PS films were prepared on n-type Si substrates by anodic etching under the white light illumination. Free standing PS films of
thickness 5-10 um and porosity (30-90) % were obtained by electropolishing. The main results of this investigation are the following, (a) The
rising of film porosity (from 30% to 90%) results in both the increase of band gap of PS (from 1.4 to 1.9 ¢V) and resistivity (from 2-10* to
4-10* ©Q cm), (b) The resistivity of films along pores approximately 2-4 times as large as than that in across direction, (c) The band gap of
films in humid ambient in the range of 40-95 %RH increases from 1.6 to 1.9 eV. The observed porosity-stimulated and humidity-stimulated
changes optical and electrical characteristics were discussed on the base of model including the quantum confinement of charge carries in the

PS microcrystallites and chemical activity of PS surfaces.

Keywords: Porous silicon; Optical band gap; Resistivity; Humidity.

1. Introduction

The discovery of visible photoluminescence from porous
silicon (PS) has attracted considerable interest due to its
potential application in the development of silicon-based
optoelectronic devices. However, the origin of photoluminescence
in PS is still controversial. A few models are suggested for
explanation mechanism of photoluminescence. According
model proposed by Canham [1,2] radiative recombination of
electron-hole pairs occurs within nanometer silicon wires and
their energy gaps become larger than that of bulk Si
(quantum confinement effect). This model modified by Koch
et al. [3] suggests that electron-hole pairs are photo-excided
in nanometer silicon particles and radiatively recombined via
Si intrinsic surface states. Another model [4, 5, 6] suggests
that luminescence from PS was caused by some special
luminescence materials, such as SiH, complexes, polysilanes,
or SiO, rather than an intrinsic property of nanometer Si. A
third model believes that excitation of charge carriers occurs
in nanometer silicon particles and the photoexcitated carriers
transfer into the luminescence centers (defects and impurities) in
the surrounding SiOy layers [7],

In general, main models proposed for explaining the
origin and mechanism of visible photoluminescence in PS
can be divided on three groups. The first group comprises
intrinsic effects in nanometer Si, whereas the second group of
model is related with processes proceeding an external
surfaces of nanocrystals, i.e. on surfaces of PS. These
processes are determined with composition and structure of
materials on PS surfaces. The third group combines models
of the first and second group. The structure of PS is
characterised by an extremely large surface area to volume
ratio (up to 10’m?cm™). It is known that surface bonds, in
particular Si-H and Si-O bonds play an important role in
regulating optical, electrical and gas sensing properties of PS.
These properties of PS are very sensitive to humidity of
ambient. Investigations of optical properties of the free
standing PS films can promote understanding mechanism of
photoluminescence. The optical and electrical characteristics
of free standing films depending on porosity are rarely
considered [8]. Xu et al. [9] have measured evolution of the
optical absorption of free standing PS films during thermal
oxidation in air and decreasing of the gap have explained due
to the Si-O bonds formation. Sagnes et al. [10] have
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measured the absorption spectra of the free standing PS films
with porosity in a range of 45-79 % and observed a blue-shift
of curves with an increase of the porosity. As far as our
knowledge goes, data on effect of humidity on optical
absorption spectra of free standing PS films are absent in
literature.

In this work optical transmission spectra of the free
standing PS films with porosity in a range of 30-85 % were
measured and the increase of energy band gap of PS films
with rising in the porosity have observed. Further, humidity-
stimulated changes of optical absorption spectra and band
gap of PS films have discovered.

2. Experimental Procedure

PS films were formed by anodization of (111)-oriented n-
type silicon wafers (0.01 £2.cm) in HF-ethanol solution at
constant current density under the white light illumination
[11]. The PS films were then detached from the Si substrates
by electropolishing at a current density of about 0.8A/cm’.
The free standing PS films were characterized by porosity,
thickness, resistivity and optical measurements. Average
porosity of films was determined by gravimetry. Free
standing PS films of thickness 5-10um and porosity of
P=30-90 % were analysed in this work.

The transmission spectra of free standing PS films were
measured from 300 to 1000nm at room temperature by using
‘UV/VIS Lambda 2S’ (Perkin Elmer) spectrometer. Resistivity
measurements were performed along and across of pores.
Optical and electrical measurements of PS films were
examined at the normal room conditions (T=300K, 40%RH)
and in the measuring cell at different ambient humiditiy
(water vapour) in the range of 40-95%RH. The relative
humidity in cell was measured by using ‘Extech-444701°
Hygro-Thermometer.

This investigation focuses on the analysis of the
transmission spectra and resistivity in dependency on both
porosity of PS films (for normal room conditions) and
relative humidity of ambient (for PS films with given
porosity). Time-dependence transmission spectra and time-
dependence resistivity measurements under humidity
exposition in cell were carried out after 5-or 10-min intervals
of humidity exposition.
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The absorption coefficient (o) was determined from the
measurements of transmission spectra of two porous silicon
films of same porosity with different thickness by using the
relation [12]

—/
(Z:(dl—dg) |n(T]/T2) (N
Here 7, and T, are the transmission of films with
thickness d; and d, respectively.

3. Results and Discussion

Measuring of transmission spectra at room conditions
(T=300 K, 40%RH) were carried out for free standing PS
films with porosity of 46%. fig.1 shows the absorption
coefficient spectrum for PS film. Analysis of measured
curves of absorption coefficient (&) versus photon energy
(hv) for PS films with porosity in range of 30-90% showed
that spectra discovered behaviour expected for direct
semiconductors

(h)’=A(h-Eg) 2)

Here Ey is energy gap and A is constant. Absorption
coefficient curves for PS films discovered a continuous blue-
shift with porosity increase in range of 30-90 %.

(ahp) 5V em” 2 1075

2 2.5
by (2V)
Fig. 1. Optical absorption spectrum of PS film of P= 46 %

porosity (40 %RH).
2

1.8 4
2
— 1.6 A
wf
1.4 4
12 T T T
20 40 &0 80 100
Porosity (%)
Fig. 2. Energy gap of PS films in dependency on porosity
(40%RH).
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Fig. 2 shows energy gap in dependency on porosity of the
free standing PS films, calculated from extrapolation of the
high energy part of (¢ - hv) spectra. Near linear increase of
band gap from 1.4 to 1.9eV with rising of porosity of PS
films in the range of 30-90 % is observed.

5
o
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w0
E [+
-
829 5
o
N r——r—/_/_’é’z/n
D T T T
40 50 60 70 a0
Porozity (%)
Fig. 3. Resistivity of PS films (1) along and (2) across of pores
(40 %RH).

Fig. 3 presents resistivity along and across of pores for
free standing PS films with porosity in a range of 45-78%.
Increase of resistivity with increase of porosity is observed
for both directions. These data on resistivity - porosity
dependence (fig.3) correlate with increase of energy band gap
of PS films with rising in porosity (fig.2). Lower values of
resistivity across of pores can be related with presence of
lower-porosity layer along PS film-Si substrate interface.

9

@

(ohe)® (6V° e s x 1075

2.5

b (V)
Fig. 4. Optical absorption spectra of PS film at (1) 40 %RH and
(2) 90 %RH (P=68 %).

Data on absorption spectrum of PS films with different
porosity at normal room ambient above have been presented.
Data on the absorption spectra of PS films in dependency on
humidity will be below considered. The absorption spectra of
PS film with a porosity P= 68 % for normal room conditions
(T=300 K, 40%RH) and under exposition in humid ambient
(90 %RH) are shown in fig.4. The blue-shift of the absorption
curves with increasing the relative humidity is observed.
Energy gap of PS films in humid atmosphere (E;=1.9¢V for
90%RH), calculated from the absorption spectra is
considerable larger than that for normal room conditions
(Eg=1.6 eV for 40 %RH).
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It will be noted that optical absorption spectra of PS films
at once after placing in humid ambient are changes and then
after exposition in humid during approximately 20-25 min
these changes are ended. Fig. 5 shows evolution of the energy
band gap of PS film with porosity of 68% at once after
placing the sample in humid atmosphere of 90 %RH (t=0-20
min) and after removal from humid ambient to normal room
conditions with 40%RH (t=20-45min). It will be noted that
evolution of resistivity of PS films (with porosity 64%) on
placing in humid ambient with 90%RH and the further
removal from humid ambient showed behaviour which is
similar to (Eq—t) curve presented in Fig. 5. Increase of energy
gap of PS film from 1.6 to 1.9eV under humid exposition at
first 20min can be tentatively explained by diffusion
hydrogen or oxygen from humid atmosphere (water vapour)
and formation Si-H and Si-O bonds on PS surfaces. Further
decrease of energy gap as result of removal PS film from
humid ambient in normal room conditions, can be caused by
rediffusion of hydrogen or oxygen atoms or molecules from
PS surfaces out of sample. We believed that increase of
energy gap in humid atmosphere is mainly caused by
hydrogen diffusion into PS films, rather than oxygen
diffusion [13]. The indirect confirmation of this suggestion
can be data of Xu et al. [9] on decrease of energy gap of PS
films with an increase in oxygen termination atoms. Further,
hydrogen diffusion coefficient in PS is larger than oxygen
diffusion coefficient [13] and therefore formation of Si-H
bonds under humid exposition is more preferably. On
accepting hydrogen-stimulated model of increasing of energy
gap of PS films, rate of increase in energy gap is determined
by diffusion coefficient of hydrogen in PS films. Then
estimation of diffusion coefficient of hydrogen in PS films at
room temperature for 90 %RH results in D~2.10"%cm?/s [14].

2

Eg (V)

1.5 T T T

1] 10 20 30
t (min)

Fig.5. Change of energy gap of PS film (P= 68 %) during
exposition in humid (90%RH, t=0-20 min) and
subsequent removal of PS film from humid atmosphere

(t=20-40 min).

40

Fig. 6 presents the energy band gap of PS films (with
porosity of 68%) in dependency on the relative humidity.
These data were received from optical transmission
measuring carried out after exposition of PS film in humid
ambient for 30 min. As it is seen from fig. 6, E; — RH
dependence as a energy gap versus porosity (Eg-P) curve
(fig.2), shows nearly linear increasing of energy gap.
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Data on fig. 2 and Fig. 6 concerning a increase of the
energy gap in dependency on porosity of PS films and
ambient humidity respectively, can be explained by a model
including the quantum confinement of carriers in the PS
microcrystallites and the formation of the Si-H bonds on pore
surfaces in humid atmosphere.

18
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Fig. 6. Energy gap of PS film in dependency on relative
humidity (P=68 %).

Visible light emission photoluminescence in PS, as it is
known is closely related with the band gap of PS. Therefore
data on the band gap-porosity and the band gap-humidity
dependencies (fig.2 and fig.6) can be further for
understanding of mechanism of photoluminescence in PS
films. As it is mentioned above, two main groups of models
were suggested for explanation of photoluminescence in PS.
The first group of models [1,2,3] suggest that the
luminescence in PS is related with quantum confinement of
charges in nanostructures, causing the widening of the Si
band gap. The second group of models believes [4,5,6,7] that
the visible luminescence was caused by some special
luminescence materials (such as SiHy, complexes, polysilanes
etc) forming on PS surfaces. Data of present investigation on
increase of the band gap with the rising of porosity of PS
films (fig. 2) can be support of the quantum confinement
model of luminescence, since the rising of porosity is
accompanied by decrease of nanocrystals sizes. At the same
time, data on increase of band gap of PS films with increase
of humidity can be evidence of realization of luminescence
in SiHy-type complexes on PS surfaces, since the surface
concentration of these complexes must increase in humid
ambient. This, in turn, can cause the chance of composition
of complexes on PS surfaces.

In conclusion, data on increase of the band gap of PS in
dependency on porosity and humidity, received in this work,
can be support for both quantum confinement based and the
surface complexes based models of luminescence in PS
respectively.
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T.C. Cafarov, S. Aydin, C. Oruc Lus

NOMISLIiYiIN NAZIK TOBOQOLi MOSAMOLI SiLiSIUMUN OPTIiK VO ELEKTRIK
XASSOLORINO TOSIiRi

Masamoli Si nasik tobagalorin (5-10) pm optik va elektrik xassolorinin namislik vo niimunalorin mosamslilikdon asililigi aragdirilmigdir.
Gostorilmisdir ki, mesamali Si tebagalorin mesamaliliyi 30%-don 90%-o qador artdiqda, onlarin qadagan olunmus zolag: 1.4 eV-dan 1.9 eV
gader yiiksalir vo xiisusu miiqavimeti 2x10*-don 4x10* Ohm sm qadar artir. 40-95% namislik ortaminda mesamali Si tabagolorin qadagan
olunmus zolag1 1.6eV-dan 1.9 eV qoador artir. Miisahids edilon noticalor yilikdasiyicilarinin kvant sinilanma modeli ilo vo masamali sathin
kimyavi aktivliyi ilo izah edilmisdir.

T.A. L:xxapapos, C. Aiiabin, Tx. Opynx Jyc

BJHUSHUE BJAXKHOCTHU HA ONITUYECKHUE U SJIEKTPUUECKUE CBOMCTBA TOHKHUX IJIEHOK
IHOPUCTOI'O KPEMHUS

Ha nnenkax mopucroro kpemuust (5-10 MKM) C pa3iW4YHOM MOPHCTOCTHIO BBIIOJHEHBI M3MEPEHUS ONTUYECKOTO IMPOIYCKaHUS H
anekTponpoBoaHocTH. [Tokasano, 4To yBeaudeHHe NopucTocTy mieHok oT 30% mo 90% mpHBOIUT K BO3PACTAHUIO MIMPUHBI 3aMPEIEHHON
30HBI 0T 1.4 9B 110 1.9 5B, a TaKke COMPOBOKIACTCS YBEMHISHAEM YACTBHOTO conmpoTuBireHns ot 2x10% 1o 4x10* Ohm cm. Iox neiicTBreM
BIaxHOCTH B nHTepBaine 40 - 95% RH mmpuna 3anpemenHoi 3006 Bo3pacTaeT oT 1.6 3B 1o 1.9 3B. Habmronaemble n3MEHEHUS ONITHIECKUX
U DJIEKTPHYECKHX CBOWCTB MOPHCTOrO KPEMHHS, CTUMYJIMPOBAHHBIC MOPHCTOCTBIO WIIM BIIQXKHOCTBIO, OOBSCHEHBI Ha OCHOBE MOJEIH
KBaHTOBO-Pa3MepHOro d(peKTa orpaHNUCHUS] HOCUTEINeH 3apsiia ¥ MOJEIN XMMUUECKOH aKTUBHOCTH TIOBEPXHOCTH TI0P.
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THE EFFECT OF UV LIGHT ON PIGMENTED IN BIOLOGICAL
SYSTEMS AND THE ROLE OF PIGMENT

R.B. ASLANOV, R.L. MAMEDOVA
Institute of Physics of the National Academy of Sciences of Azerbaijan
H. Javid ave., 33. Baku, Azerbaijan

The accumulation kinetics of free — Radicals (FRs) in white and pigmented keratin arc determined by UV light and arc found to obey the
same law. The ESR signal in pigmented keratin has two components. These are the signals appearing in white wool due to pigment and UV

light. For both g=m 2.0054 and Hy, = 0.6- 0.8mT for the central line.

We conclude that the events in melanin can be explained by the theory of Brillouin zones and pigments save the biological systems from

the effect of IV light by behaving like a trap for FRs

1. Introduction

In previous publications the role of pigment epithelia was
clearly studied (1)-(3) and it was found that the natural
pigment in biological systems is more active hen being only a
passive screen. However, these researches are not complete
for the blowing reasons: 1) the suggested mechanism was not
tested for other biological systems having pigment; 2) the
role of pigment in FR processes was not it tidied, that is TR
processes were not analyzed in systems having different
degrees of pigmentation. The Lest system to lic used for
these two purposes is the wool keratin which has a different
pigment (t. e. different color). The FR processes funned by
the effect, of UV radiation has been explained for white
keratin [4]. However, we should make some more points
clear and solve some other problems For example, in FR
processes, the function of the sulphur atoms has not yet been
understood (as is known, the amount of the amount of
sulphur in keratin is 12% cystein + cystin). For this purpose
although the method of recombination-kinetics, for some
proteins, has been suggested (5)-(9) in this paper we prefer
to me the accumulation and annihilation reactions of FR
formed in wool keratin having various degrees of
pigmentation due to the UV radiation effects.

2. Materials and methods

Keratin was taken up from the wool of white (albino)
rabbits and sheep with van oust colors. The wool was
cleaned by stirring it slowly in a chloroform-methilalcohol
mixture (in a ratio 2 to 1) for 6 hours. Later the wool was
dried at room temperature. Two different kinds of samples
were used: wet and dry ones. We placed the wet samples in
a parts ampoule and poured distilled water. The dry
samples having a mass of 4-5gr were placed in a quartz
ampoule having an inker diameter of 2mm. The air was
taken out  under a pressure of 1.3N/m during 30 minutes
and the basin was closed.

The samples were irradiated through a glass ray filter
UFS 2. a ray filter of thickness o cm and a high pressure Hg
tube of power 500 Watt. First, at 77 K. the ESR spectrum
of wool keratin subjected to UV was recorded and later the
sample being left at different temperatures during 5 minutes
intervals was radiated again and measured. The process was
repealed 8 times.

3. Discussion

As in (4). a triplet signal for white wool keratin was
observed in the dry samples and the extreme components
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belonged to FR. As the temperature increased, the integral
intensity of the signal increased. This might be due to either
the recombination of FR or the migration of free electrons.
From the kinetics we saw that the total concentration of FR
was proportional to temperature (fig. 1) and two kinds (fast
and slow) of reactions occurred. The same phenomenon
happened in silk fibroin and college (9)-(10). An Increase in
temperature lowered the relative concentration of FR.
(Fig.1): while in the fast and slow reactions it increased the
concentration of FR respectively. In the interval between
333 and 393 K the concentration of paramagnetic centers
increased and the concentration of FR in slow reactions
remained constant (30 %).

Fig.1. The recombination Kinetic corves of FR, formed by the
effect of UV radiation, in while wool keratin. 1 and 1 are
the integral intensities of ESR spectrum in the standard
and experimental samples, respectively.

In the wet samples, the change of the thermal reactions of
FR, were the same as in the dry samples but 20% more FRs
were added in the reactions. However, the recombination rate
of FRs became lower and the reactions stopped at lower
temperatures. Wetting might increase the portion of regular
regions in proteins.

Using the kinetic proportionality in fig 1 all the basic
beat treatment curves are plotted in fig.2. The treatment was
initiated at temperatures below 273K and completed at 423K.
In the dry samples, the slow reaction was initiated at 273K
and completed at 333K (fig.3 (b)). In these samples the
amount of the slow reactions increased up to 333K with a
percentage of 30+3 then it stayed constant as the temperature
increased. The fast reaction increased starting from 273K and
was completed at 393K. Thus in the wool keratin the thermal
treatment of FRs formed by the effect of UV, occurred at
temperatures in a wide range (fig.2). Comparison of our
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experimental results with those for globular and other fibroin
proteins, yields: 1) The FRs in keratin, subjected to the effect
of UV, have two recombination reactions. 2) This can be
explained by the existence of regular and irregular regions, as
well, including the a-spiral. The FR reactions in irregular
regions completed at 393K in the dry samples whereas in the
wet samples it completed at 243K. The total reactions of FR
forming in the regular regions occur at 393K in the dry
samples and at 273K in the wet samples. In the slow
recombination, the amount of FR is 30%. The amount of the
peptide chains in the wool keratin not belonging to the a-
structure is 30%. The remaining 70% expresses the amount
of the peptide chains belonging to the Q - structure. A highly
intense singlet signal, with g=2.0054 and Hy, = 0.6-0.8mT, is
observed for wool keratin having various degrees of
pigmentation in the absence of UV effect. The amount of
spins (unpaired electrons) increases as the degree of pigmen-
tation increases. The ratio of the high spin concentration
showed a 10 fold increase, from white to black wool.
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Fig,.2. At 77 K, in white wool keratin, the initial amount of FR
formed by UV radiation is proportional to temperature::
1 - stable FR, 2 - FR in slow reaction, 3 - fast reaction.

This ratio might be different for different wool. In our previous
investigations, we stated two mechanisms for the formation
of the signal in the biological systems: 1) "Developed Zone
Theory", restricted for amorphous semiconductors, might be
applied to melanines. For the unpaired electrons near the
valance and conduction band boundaries, the theory of zone
to zone transition is valid. 2) It is assumed that as a result of
the absorption of light quanta, FRs form in monomer unit of
keratins. Thus, melanin (pigment) having both too many FRs
and electron traps protects the biological systems against
photochemical destruction. In addition, melanin plays the role
of deactivator for the chemical protector. Although the FR
concentration belonging to melanin increases with the
amount of pigment in wool keratin, the amount of FR
emerging due to the UV - radiation and its speed of formation
decrease efficiently. In fig. 3, the accumulation kinetics of

FRs by the effect of UV in both white (1) and black (2) wool
keratin and the increasing curve belonging to the pigment, are
shown. From this we end up with the following two
conclusions: a) The signal of the pigment and the kinetics of
FR accumulation with UV in keratin form through a two-
stage process in all proteins, that is, each of the paramagnetic
centers is spread throughout the crystal - like and amorphous
regimes of the biopolymer. In this case, it is possible, using
recombination- kinetic method, to determine the amounts of
the polymer chains both belonging and not belonging to
spiral, h) As seen from fig. 3. the accumulation speed of FR
in the pigment keratin is as low as it can be. According to the
calculations, passing from the low pigment keratin to the high
pigment one decreases this speed to its half. This event
proves the protective role of pigment for electrons in
biological systems.
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Fig.3. The accumulation kinetics of FR in pigmented wool
keratin: 1 - while wool. 2-black wool formed by UV,
3 - paramagnetic renters of pigment.

The intensity of the ESR signal can determine the amount
of the pigment in biological systems. But, in the wool
samples containing man-made dyes, an ESR signal which is
not proportional to the degree of pigmentation is observed. In
this case, by the effect of UV we find out that the
accumulation-recombination kinetics of FR is similar to that
in white wool. Thus, we conclude that man-made dyes only
play the role of screening the pigment but never play the
biological protective role.
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R.B. Aslanov, R.L. Mommadova
BIOLOJi SISTEMLORDO UB SUALARIN PIQMENTO TOSIiRi VO PIQMENTIN ROLU
UB silianin tosiri ilo ag vo rongli yun keratinindo sorbest radikallarin toplanma kinetikasi eyni qanuna osaslanir.
Rongli keratinds UB siianin tosiri ilo alinan EPR signali iki komponentli g=2.0054 vo AH»=0.6-0.8mT olan morkozi signaldan

ibaratdir. Belo notico ¢ixarilir ki, melanindo bas verilonlor Brillion zonalar nazariyyssi ilo izah oluna bilor vo bioloji sistemlorda
pigment UB siialanmanin tasirini azaldir vo kéhnalmadon qoruyur.

P.b. Acaanos, P.JI. MamenoBa
BOSIIEFICTBPIE Y® CBETA HA IIMI'MEHT B BUOJIOTUYECKUX CUCTEMAX " POJIb IIMI'MEHTA

HaxarumBanue kuHeTkH cBoOomHBIX panukainoB (CP) B GenomM M IUIMEHTHOM KepaTuHe miepcT ompeneisercs Y@ ceerom u
OCHOBBIBACTCS HA IIOAYMHEHUU TOMY K€ 3aKoHy. B murmenTHom keparuse EIIP curnan umeer asa xommnonenra: g=2.0054 u AH=0.6-0.8mT
JUISL LEHTPaIbHOW JIMHUH. MBI C/iellalii BBIBOJ, YTO HPOUCXOASIIEE B MEJIAHHHE MOXKET OBITh OOBSICHEHO TeopHeil 30HBbI BprojummoHa u
MMUTMEHTOB, CITACAIOIIUX OMOJOIMYECKUE CUCTEMBI OT Bo3zelicTBus YD cBeta, Benymue cebs mogo0Ho noByike ajst CP.
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MESONS DISTRIBUTION FUNCTIONS IN THE “NAIVE-NON-ABELIANIZATION”
APPROXIMATION AND POWER-SUPPRESSED CORRECTIONS TO Fg(Q?)

Y.V.MAMEDOVA
Baku State Univercity, Institute for Applied Mathematics
AZ 1148, Z. Khalilov st., 23

Power suppressed corrections to the kaon electromagnetic form factor Fy(Q) is estimated by means of the running coupling constant
method. In calculating the mesons distribution amplitudes (DAs) found, the “naive non-abelianization” approximation is used. Comparisons
are made with Fy(Q?) obtained using the “ordinary” DAs and running coupling constant method, as well as with frozen coupling

approximation’s results.

1. Investigation of mesons electromagnetic (e.m.) form
factors (ffs) Fy, (Q?) is one of the interesting and long-
standing problems in perturbative QCD (pQCD) [1-3]. The
form factors are a source of information on the structure of
mesons, on their DAs @, (X,,ué), which are universal,

nonperturbative quantities characterizing meson M. These
DAs can be used to explain and compute other exclusive
processes involving M. Therefore, comparing the calculated
form factors with experimental data, one can deduce the
information concerning the shape of DA. But before inferring
such information and making conclusions about a meson DA,
one has to be sure that all corrections, are least those
calculable in the context of pQCD, are taken into account.
There are some sources of such corrections to the meson e.m.

form factor Fy, (Q?), considered in the literature [4-8]. First
of all, these are the next-to-leading order correction to the
hard-scattering amplitude T, (X, y:Q2, ,ué, ,ué) of the
subprocess (' + y* — (4’ found in [4], the two-loop
correction the
V[X, y;aq (Qz)] and to the distribution amplitude itself |

to Brodsky-Lepage evolution kernel

11
Fu (Q7) =dedy<1>"&n (v, 222 Ty (6, v Q2 222 222 Yoy (, 22 ),
00

where Q* =—q? is the momentum transfer in the process
(q ? is the square of the four-momentum of the virtual photon

Y k), ,ué, ,u,% are the renormalization and factorization

scales, respectively.
At the leading order of pQCD the hard-scattering

amplitude T, (X, y:Q2, Uz, /l,% )

factorization scale /Jé and depends on yé only through

does not depend on the

the running coupling constant ag (,ué). At the next-to-

leading order, T, depends on ,ué , /1,% explicitly due to terms
proportional to ln(Qz/,u,% ) and ln[(l —xN1-y)Q? /,ué] (see
[4]). The proper choice of these scales, i.e. the choice which
minimizes the higher-order corrections to Fy, (Q?) and at
the same time allows one to estimate the power-suppressed

corrections to Fy, (Q?), is an important problem in pQCD

24

obtained in [5]. The form factor Fy, (Q?) with effects of
transverse momenta of the meson constituents on the one-
gluon exchange hard scattering amplitude T, and on the
distribution amplitude, including the Sudakov form factor
and unconventional helicity components (h, +h, =+1) of
the meson wave-function, has been computed in [6-8].
Another source of contributions to the form factor
Fu (Q?) is the power-suppressed corrections, which in the
present experimentally-accessible regime of momentum
transfer (Q? ~a few GeV?), may play an important role

in explaining the experimental data. In order to estimate these
corrections in [9] and [10], the running coupling constant
method and infrared matching scheme have been used.

In this letter we calculate the hard-scattering e.m. form
factor of the kaon using the running coupling constant
method and the mesons DAs, recently obtained in [11] in the
“naive non-abelianization” (NNA) approximation.

2. It is well known that at large momentum transfer the

meson M electromagnetic form factor Fy, (Qz) is given by
the expression [1]

(1

[4,9,10,12]. For the factorization scale yé a natural choice is
sz = Q7 which eliminates the logarithms of Q?/u?. In

Ref.9 the renormalization scale ,ué has been chosen as

mp =(=xN1-yR*, &z =xyQ7, )
and in [10] as
pr=01-x)Q%/2, m=xQ*/2. (3

Equation (2) describes the case with two running
variables (X, y), whereas in (3) we freeze one of the
variables by taking its mean value. In (3), we take
<y> =1/2, X is the running variable. Alternatively, one can

take <X> =1/2,and VY as the running variable or the mean

value of the sum of the form factors, calculated using both of
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these possibilities; due to symmetry of Ty and (1) with
respect to X, Y, one will obtain the same result. In all cases
the choice of yé , /,_Ié depends on the Feynman diagram for

Ty under consideration. Of course, the second choice, (3),
leaves in the NLO correction some logarithmic terms, but it |

16
Ty (%, V;Q%, g (143)) =

7Ce

allows us to compare our predictions with results obtained by
means of the infrared matching scheme [13], and also leads to
better agreement with experimental data [10]. Therefore, we
shall use (3) in our computations.

At the leading order of pQCD, Ty has the following form:

2 as(up) | 1as(iR)

Q2

where Cp =4/3 is the color factor.
3. An important moment in our study is the choice of the
mesons DAs ¢, (X,Qz) in Eq.(1). The meson DAs are

phenomenological model functions, the information about
shapes of which should be taken either from experimental
data, or from nonperturbative calculations. The evolution of
Ou (X,Qz) as a function of the factorization scale Q can be
found by means of pQCD methods [1]. In the literature for
the pion, kaon and p, -meson various model DAs have been
proposed [2,14,15]. They have been obtained using QCD
sum rules method. But from the very beginning these DAs,
enhanced in the endpoint region (for example, the Chernyak-
Zhitnitsky DA of the pion) have been met with criticism [16],
intensified recently in the light of new experimental data on

the transition form factor F,W (Qz) reported by CLEO
collaboration [17]. In [18] and [19] the authors have |

b (6,Q2 )= i [x(1 - x)]““iobn @), (@ Je2/ > (2x 1),

where {Cs/zm (2X—1)} are the Gegenbauer polynomials,
An(as) are normalization constants, D, (Qz) define the

evolution of @), (X,Qz) with Q% and a = a (Q2 )ﬂo /4r .
Here, the Ntakes odd values in the case of the kaon, because
the kaon DA contains an antisymmetric under replacement

2X—1<>1-2x [2]. In (5) fy,
constant, for the kaon it equals to f, =0.112GeV . In

accordance with this normalization of DA and decay constant
f\, , which differs from that of [11], A,(as) are given by
the expression

is the meson M decay

I'(3+2a) n'  3+2a+2n
A = , (6
n(as) V3r(1+a)r(2+a) (2+2a), 2+2a+2n ©
where I’ (Z) is the Euler gamma function, (a)n is the

Pochhammer symbol, (), = [ +n)/T(a).
In this work we neglect the dependence of @y, (X,QZ) on
the factorization scale Q2 , therefore we do not write down

the expression for b, (Q2 ) It is worth noting that (5) |

as(,uz)zm%), Bo :ll—gnf, B

25

3(-x)1-y) 3 xy [ @

concluded that these data can be explained by the pion
asymptotic or asymptotic-like DA and that model DA from
[2] (Chernyak-Zhitnitsky DA) disagrees with the data. At the
same time an asymptotic-like pion DA employed for

computation of the electromagnetic form factor F,_ (Qz) in
the hard-scattering approach (1) gives result lying below the
experimental data on F_ Q2 . As it was proven in [9] and

[10], the power-suppressed corrections, estimated using the
running coupling constant method, enhance the “ordinary”
pQCD result approximately by a factor 2 and can help in

solution of problems with F, Q?).

Recently, in [11] the authors have calculated the

contribution of “bubble chain” diagrams to the Brodsky-
Lepage evolution kernel V [X, Yo (Q2 )] in the “naive non-

abelianization” (NNA) approximation and, as a result, have
got new, infrared (ir) renormalon improved DA for the meson

)

and (6) are valid for both even and odd values of n.
4. As it has been emphasized above, here we choose the

renormalization scale ,ué as in (3). But the electromagnetic
form factor (see (1) and (4)) with oy [(1 - X)Qz] (and
as (XQ2 / 2)) suffers from ir singularities associated with the
behavior of ag in the soft regions X —1; 0 . Thus, the
form factor F,, (Qz) can be found after regularization of
Qg (,quz in this endpoint regions. To solve this problem it is
convenient to express the running coupling constant

aq (/1Q2 /2) in terms of g (Q2 /2), which can be done by
means of the renormalization group equation [20]

__ Qs
1+InA/t

_a3f n[l+InA/t]

2
(i@’ 2) 478, [1+ma/t]

Q)

Here, t =47/ f,aq (Q2 /2), ag =g (Q2 /2) is the
one-loop QCD coupling constant and £, £, are the QCD
beta-function one- and two-loop coefficients, respectively,

38
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where N; is the number of quark flavors, A is the QCD

parameter A = 0.2GeV .

For our purposes it is convenient to rewrite the meson DA
in the following form:

0
1+a
13K e

n=

Pu (XQ ) ©)

The explicit expressions of new coefficients K, ((Zs ) can
be found in the Appendix.

Substituting (4), (7) and (9) into (1), performing
integration over X using the inverse Laplace transformations
[21]

00

1 1
— = exp[-u(t+z)u""'du, Rev >0 (10)
(t+2) F(V)!
and
lnt” J.exp ult+2)[1-C-nujdu, (1)
(t+z) 3

where 7 = ln(l - X), and after integration over Yy we find

the following expressions for the e.m. form factor for the
kaon:

2 4
Q2F, (@2 :M{zz K,B2+n+a,l+a)
98, P
x KJem) U,t)B2+1+a, 1+a—u)du
1=0 0
+ZKHB(2+a,1+n+a)
n=0

o0

I exp

0

4
x> K, tu)R(U,t)B(2 + @, 1+ 1+ —u)du}, (12)

=0
with R(u,t) defined as

By

0

R(u,t)=1--Lu(l-C-Int—Inu).

In (12), B(x,y)=T(x)[(y)/T(x+y) is the Beta
function, C =0.577216 is the Euler-Mascheroni constant.

As it was demonstrated in [9] the integration in (1) in the
framework of the running coupling constant method using the
inverse Laplace transforms allows us to obtain the Borel

transforms  B|Q?F,, [u) and the resumed expressions for
2 2

Q*Fy (@7)
The inverse Borel transformation (12) have the infinite

number of infrared renormalon poles at the points
U= N +«a in the Borel plane. Indeed, this is evident from

the following formula for B(e, )

26

(k+a+p)
(k+a)k+pB)

a+,81—[

and N=1; K+Lk+1+1.

After regularization of these ir renormalon poles in
accordance with the principal value prescription (see Refs. 20
and 22) Eq. (12) became the resumed form factor

[QZ FM (QZ )]res

It is instructive to compare our recent result with its
obtained in the context of the same method, but using the
“ordinary” DA (« =0, in (5)) [9,10],

1) we have the infinite number of ir renormalon poles,
instead of finite one,

2) each infrared renormalon pole in (12) is shifted to a
value o .

B(a.

(13)

It is known [9, 10] that an ir renormalon pole at U = U,

corresponds to a power-suppressed contribution

(A2 /Q? )UO to the form factor. Even if the pole is located at
U=U,+a, its contribution is of order (A2 / QZ)UO /e.
Therefore, our formula (12) take into account the power-
suppressed corrections C (Q2 XAz /Q? )p , p=123,. to
the meson e.m. form factor QZFM (Qz), the coefficients

CP(QZ) of which depend on the meson DA under

consideration. It is worth noting that the principal value
prescription itself produces the higher twist ir renormalon

X, (QZXA2 / Qz)P which has to be canceled
exactly by uv-renormalon ambiguities of higher twist
corrections to QzFM (Q2

effects and do not estimate &C (Q2 )

5. In this section we compare our result for the kaon

ambiguities

). In our work we neglect these

electromagnetic ff Fy (Qz) obtained in the context of the

running coupling constant method using the ir renormalon
improved (9) and the ordinary DAs with each other, as well

as with Fy (QZ)
approximation. It is worth noting that in this approximation
Fu (QZ) with new DAs (9) can be easily calculated.

Equation (12) together with (13) is our final expression,
which can be used for computation of power-suppressed

found by means of the frozen coupling

corrections to Fy, (Qz) In numerical calculations we have

used N =120 ir renormalon poles in (13); this is enough for
correct estimation of integrals in (12). Our results for the

kaon electromagnetic form factor F, (QZ are depicted in

Figs. 1 and 2. It is interesting to compare ffs found by means
of the ordinary and ir renormalon improved DA. The same
DAs in the framework of the frozen coupling approximation
lead to predictions shown also in Fig.1. In this approximation
the ir renormalon effects reduce the perturbative QCD

contribution to Fy (Qz) The

F (Qz) found by means of different model DAs are plotted
in Fig.2.

kaon electromagnetic ff
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g'7, (%)
0& | =

0.4

o et )

Fig. 1. The kaon electromagnetic form factor F, (Qz ) asa

function of Q 2 All curves are found using the
asymptotic DA. Curves 1, 2 correspond to ff obtained
using the running coupling constant method; curve (1) —
by means of infrared renormalon improved DA, curve
(2) — using the ordinary DA. Curves 3 and 4 describe ff
calculated in the framework of the frozen coupling
approximation, with (curve 3) and without (curve 4) ir
renormalon corrections.

Appendix

The coefficients K, (as ) of DA in (9) are given as

gl

0z 7

0e

04r

0 2 4 6 2 10
CREA

Fig.2. The kaon em formfactor F, (Q2 ), computed in the

context of the running coupling constant method and ir
renormalon improved DAs vs Q% Curve 1 is found using
the asymptotic DA, curve 2- by means of the Chernyak-
Zhitnitsky DA, curve 3 corresponds to DA with

parameters by =1, b, = 0.1, curve 4 — to DA with

parameters by =1, b, =-0.2.

Kolas)= A (as)—b A (ag N3 +2a)+b,A (o N2+ )3+ 2a)-

—%b3 A )2+a)3+2a)5+2a)+

+ %b4 A, (as )3+ 2a)5+ 2a)[1 + %(3 +2a )7+ 205)} :

K, (as)=2bA (as X3 +2a)-2b,A, (as )3 +2a)5+2a)+
+ 20, A (s )3+ )3+ 2a )5 + 2ax) -

—§b4A4(as N3+ a)3+2a)5+2a)7+2a),

K, (as)=2b,A,(as )3+ 2a)5+2a)- 20, A, (ag (3 +2a )5+ 2a )7 + 2a) +
+2b,A, (o N4+ )3+ 2a)5+2a)7+2a),

K, (ars ) = §b3A3(aS N3+ 2a )5+ 2a )7 +2a)-

—§b4A4 (s J3+2a)5+2a)7+2a)9+2a),

K,(as)= §b4A4 (as Y3+ 2a)5+2a)7+2a)9+2a).
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Y.V. Mommoadova

“ZOIF QEYRI-ABELIZASIYA” YAXINLASMASINDA MEZONLARIN PAYLANMA FUNKSIYALARI VO

Fx (Qz) -9 USTLU DUZOLISLOR

isdo kaonun Fy(Q?) elektromagnit formfaktoruna doyison qarsihgli tosir sabiti iisulu gorgivesinde iistlii diizelislor qiymotlondirilmis,

hesablamalar zaman “zoif qeyri-abelizasiya” yaxinlasmasinda tapilmig paylanma funksiyasindan istifado olunmusdur. Alinmis noticalor
“adi” paylanma funksiyas:1 vo doyisen qarsiliqh tesir sabiti, eloco do fikse olunmus qarsiliql tesir sabiti {isulunun va diger model paylanma

funksiyalarin kdmayi ile tapilmis naticelerle miiqayise olunmusdur.

E.B. MamenoBa

®YHKIAU PACIIPEIEJEHUSI ME3OHOB B IIPUBJIWKEHUN «HAUBHOM HEABEJIN3AIIAN» U
CTENNEHHO-ITIOJABJIEHHBIE IIONTPABKH K F, (Q2 )

B paGoTe OLCHEHBI CTECHHO-TIONABICHHBIC TIONPABKH K IEKTPOMAarHATHOMY $hopM dakTopy Fx(Q?) KaoHa, MOTyYeHHOrO ¢ IOMOIIBIO

MeTofa Oerymied HOCTOSHHOW B3aMMOJCHCTBUS. B BBIUMCICHHSX HCIIONb30BaHA (QYHKIUS paclpeneleHHs ME30HOB B IPUOIMKEHUU
«HaWBHOHM HeaOenm3anumy». [loydyeHHBIE pe3yNbTaThl CPABHUBAIOTCS KAaK C PE3yJIbTaTaMH, IOJYYEHHBIMH C NOMOIIBI0 OObIYHBIX OP 1
Merona Oeryiieil IOCTOSHHOW B3aUMOJICHCTBHUS, TaK M C HCIOJIL30BAaHWEM INPUOIMKEHHs (UKCHPOBAHHOHW ITOCTOSHHOW W Pa3IMYHBIX
MOJIEJBHBIX (DYHKIMI pacipeneeHus.
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FAZA KVAZISINXRONIZM REJIMIND®O ISLOYON YUKSOKEFFEKTLI LAZER
TEZLIK CEVIRICILORI

Z.H.TAGIYEV, N.V. KORIMOVA
Azorbaycan Tibb Universiteti

R.C. QASIMOVA, Q.9. SOFOROVA, M.o. MOMMODOV
Baki1 Doviat Universiteti, Baki, Az-1145, Z. Xalilov, 23

Isdo faza kvazisinxron rejiminds lazer tezlik ceviricilorinin isi sabit intensivlik yaxinlasmasinda arasdirilmisdir. Gostorilmisdir ki,
nizamli domen strukturunda domenlorin uzunlugunun optimal (koherent) uzunluga boraborliyindo c¢evrilmenin effektivliyi
maksimuma c¢atir. Sabit amplitud metodundan fargli olaraq, sabit intensivlik yaxinlasmasinda koherent uzunluq ssas dalganin
intensivliyinden asilidir. Domenlorin say1 artdiqca onlarin koherent uzunlugu da artmus olur.

Qeyri-xatti optik proseslards tezlik ¢eviricilorinin effek-
tivliyini artirmaq ugiin dalgalarin qarsiliqh tesiri zamani
onlarin faza siiratlorinin barabarlik sortini tomin etmak to-
lob olunur. Bu sort daxilindo dalgalar miihitdo yayildig:
zaman onlarin arasinda faza siiriismosi meydana ¢ixmir.
Dalgalarin qarsihigh tesiri zamani meydana ¢ixan faza
siirlismasini kompensasiya etmok {i¢iin miixtolif sxemlor
movcuddur. Tacriibi néqteyi nozordon on somorali {isul —
birinci kristaldan kecon optik dalgalarmn, oavvolki kristal-
dan yalmiz spontan polyarizasiyasinin istigamatilo forgle-
non ikinci kristaldan da kegirilmasidir.

Praktikada bu hal ikinci kristalin optik oxunu birinci
kristalinkina nozoron 7 qadar firlatmagqla olds edilir. “Fir-
ladilmis” belo kristallarda ii¢ ranqli gqavrayiciliq tenzorun
isarasi oksina cevrilir. Bu fikir, ilk dofs bir-birindon asili
olmayaraq iki qrup alimlor — Blombergen vo amokdaslari
[1] vo Frankenls, Uord [2] torafindon irali stirtilmiisdir.
Ardicil qoyulmus periodik polyarizolonmis kristallar ni-
zamli domen (tobags) quruluslu (NDQ) kristallar adlanir.
Bircinsli geyri-xatti miihitlarden forqli olaraq, bels nizaml
quruluslu kristallarda garsihigh tesirde olan dalgalarin fa-
za uygunlugu, domenlarin uzunlugunun koherent qarsilig-
I1 tosir mosafasing borabarliyindon yaranir ki, bu da faza
kvazisinxronizmins uygundur. Basqa sozls, kvazisinxro-
nizm — qeyri-xatti optik qarsiligl tesir zamani faza uygun-
lugu yaratmaq metodudur ki, qarsiliql tesirds olan dalga-
lar arasinda fazalar miinasibati periodik qurulugsa malik
geyri-xottti miihitlorin hesabina korreksiya olunur [3, 4].

Kvazisinxronizm qeyri-xatti qarsiligh tesir hesabina
geyri-xatti optikada istifado olunan kristallar sinfini genis-
londirir. Bura hom adi sinxronizmo malik olmayan izotrop
kristallar, vo ham ds sinxron qarsiligh tasirds istifads olu-
na bilmoyan effektiv geyri-xatti tenzor komponentli kris-
tallar aiddir [5].

Bircinsli kristallardan farqli olarag NDQ - kristalla-
rinin {istiinlitylt ham do ondadir ki, bir kristalda eyni za-
manda bir ne¢o harmoniyanin generasiyasini almaq miim-
kiindiir. Dalgalarin ardicil qarsiligh tosiri zamani ikinci vo
tiglincii harmoniyalarin generasiyasi eyni zamanda [6] —c1
isdo alinmigdir. Bu zaman nakagka rolunda dalga
uzunlugu A=1.230mkm, davametms miiddsti 9ns olan
impuls lazerindon istifade olunmusdur. Bu yolla impulsun
davametms miiddati 100 ns, tokrarlanma tezliyi 1 kHs va
orta giicli 1 Vt tartibinda Nd: YAG sitialanmasinin iigiincii
harmoniyaya generasiyasi da alinmigdir [7].

Periodik qeyri-xoatti strukturlarda kvazisinxron garsi-
liqht tesirin nazoriyyasing, xiisuson ikinci harmoniyanin
generasiyasina, bir ¢ox islor hasr olunmusdur [5-9]. Bu
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islordo maosalolor asason ya sabit amplitud yaxinlagsmasin-
da, ya da ki, daqiq hesablama yolu ils hall edilmisdir. Son
zamanlar dalgalarin qeyri-xotti qarsiliqlt tosirini xarak-
terizo edon tonliklors miioyyon sadolosdirmolor aparmagla,
sabit intensivlik yaxinlasmasi da toatbiq edilmisdir [5].

Bu isdo sabit intensivlik yaxinlasmasinda [10] mii-
hitdoki itgini vo qarsiligh tosirdo olan biitiin dalgalarin
faza doyigmolorini nozeros almagla, ikinci harmoniyanin
generasiyasi zamani kvazisinxron qarsiliql tosir prosesi
aragdirilmigdir. Sabit amplitud yaxinlagsmasindan forqli
olaraq, baxilan yaxinlasmada ikinci harmoniya dalgasimin
osas dalgaya oks tosiri nozors alinir.

Sabit intensivlik yaxinlagmasinda analitik tohlil zama-
n1 [5]-ci isden forgli olaraq esas dalganin intensivliyinin
ayri-ayrt domenlords doyisdiyi vo domen hiidudunda iso
sabit qaldig1 nozords tutulur. [5] isdo is9, biitiin domenlor
strukturu boyunca osas dalganin intensivliyinin sabit
galdigr gotirtlir.

Molumdur ki, domen strukturunda ikinci harmoniya
prosesini xarakterizo edon tonliklor asagidaki kimidir

a4
dz
dA4,

dz

(D
+0,4, = —i72A12 exp(iAz),

burada 4, ,- o, vo @, (~=2m,) tezliklorino uygun osas va
ikinci harmoniya dalgalarinin kompleks amplitudlari, ¢,
- uygun olaraq o, va w, tezlikli dalgalarin udma omsallar1
vo geyri-xatti olaqo amsallar, A=k,-2k, - dalgalarin faza
siirligmosidir.

Baslangic halda qobul edilir ki, birinci domenin
girisinds ancaq o, tezliyina uygun dalganin kompleks
amplitudu sifirdan forglidir, yani

A4 (z =0) = 4y exp(ipyg),

harada z=0 birinci domenin girisina uygundur, @,;,-9sas
dalganin baslangic fazasidir.

Domendon domens kegorkon sorhad sortlori asagidaki
kimi gotiriilir

1 (z2=0)=4, (ln—l)eXP(i(ﬂl,z (ln—l))a n=2.73,.
(€)

A,(z=0)=0, (2
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domendan 7 - tortibli domens kegid zaman1 w, vo @, tez-
. ‘ i o likli dalgalarmn faza doyisilmosidir.
iso (n-1)-ci domenin ¢ixisinda @, vo w, tezlikli dalgalarin (2) vo (3) sorhad sortlori daxilinds (1) sistemin ardicil

kompleks amplitudlaridir, @, (/,_)- (n-1) - tortibli | yerlosdirilmis dérd domen iiciin halli (85,=24;):

burada A/',(z =0) n-ci domenin girisindo, 4, ,(/, ;) -

2 .9
A Al
4] S 244 | exp(=26,1,), @)

2
, sin A,/ ,

n, (1) =n,(%3) (005/1414 +C. 0 /1—44] +(Cb72 +7 >

4 4

Burada iki qonsu domenlords geyri-xatti gavrayiciligin (ndqtavi xattlor {iciin).

isaralori bir birinin oksinadir y,, /y/, = —1) Vo Sokilds ikinci harmoniyaya ¢evrilmonin effektivlik
T oyrilori gostorilmisdir. Burada, 7,(/;) effektivliyin birinci

442 = 21“31 +A%/4, domenin /i uzunlugundan, 7,(1,) ardicil gétirilmis iki

domen oldugu halda, effektivliyin ikinci domenin /2 uzun-

Fi = ;/1' }/2'11 @), lugundan, 7,(/;) ardicil goétiiriilmiis ic domen oldugu hal-

da, effektivliyin ii¢incii domenin /; uzunlugundan, va

€4 Cp - omsallar1 birinci i¢ domenin uzunlugundan, 4 - nohayet, 7,(1,) ardicil gétiriilmiis dérd domen oldugu

dalgalarin faza stirismoesindon, y,, (y/,) - qeyri-xatti olage  halda, effektivliyin dérdiincii domenin /, uzunlugundan

Vo &,, - udma omsallarindan vo qarsiligh tesirdo olan asihiliglars verilmisﬂdir. o L
dalgalarin intensivliklorindon asilidirlar. ¢, ¢, tigiin ifado- Oyrilor faza siriismosinin gotirilmis A (A =A/2T))

lor nshsr.l.g olduguna gérs burada Ver1hvmr:. o , iki giymotlorindo, yoni A=2.4 (biitév xattlor) vo A=3

(4) disturna fiaXﬂ Qlan li(ly) vurugu ticlinelt domenin  (h5qtavi xattlor) qurulmusdur. Oyrilordon gdriiniir ki, ef-
¢ixiginda osas dalganin intensivliyidir. fektivliyin domenlorin uzunluglarindan asiiig  7,(1)
maksimumlara malikdir. Domenin uzunlugu koherent
uzunluga borabor olduqda, effektivlik 7,(/;) maksimuma
catir vo harmoniya dalgas1 o biri domens daxil olur. Ikinci
domends do harmoniyanin effektivliyi ikinci domenin
koherent uzunluguna qador artmis olur, va s. Belaliklo,
nizamli domen strukturunda harmoniya dalgasinin in-
tensivliyi domenlords get-geds artaraq, ¢ixisda maksimu-
ma catir. Arasdirmalar gostorir ki, domenlorin saymin az
oldugu halda bels ikinci harmoniyaya g¢evrilmonin effek-
tivliyini nazors ¢arpacaq doracads artirmaq olur.

Qeyd edok ki, sabit amplitud metodunun naticasindon

09
M0

00 03 06 08 1

,2
M forqli olaraq (4) diisturunda A, - tin ifadoesine asas dalga-
Sakil. Sabit intensivlik yaxinlagsmasinda hesablanmis ikinci nin intensivloyindon asili hadd T, daxil olur. Intensivlik-
harmoniyanin 72 gevrilmo effektivliyinin domenlorin don asili olan bu haddin daxil olmasi ikinci harmoniyanin
gotirilmis uzunluqglarindan I'sl, j=1+4 asililiglar1 n2(/1, faza doyiinmolorinin minimumlarinin yerini dayisir vo
b, I3, l4): 61.2=0, A=2.4 (biitdv xottlor) vo A=3 (ndqte-  mosalonin optimal parametrlorinin qiymotlorina tosir edir.
vixattlor) (A = A/2r,)- Burada o =0.5639, Ona gors do asas dalganin intensivliyindon asili olan faza
Ty =0.5742, T, L opt =0.6015 (biitov xattlor {iciin) miinasibatlorinin miintozom domen strukturlarinda nozaors

= - _ alinmasi vacib masalalordondir.
VO T o =0.4736, Uil opi =0.47717, Tils o =(.4890
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FAZA KVAZIiSiINXRONIZM REJIMINDO iSLOYON YUKSOKEFFEKTLI LAZER TEZLiK CEVIRiCIiLORi

HIGH EFFICIENCY LASER RADIATION FREQUENCY CONVERTERS IN
QUASI-PHASE -MATCHED REGIME

There is made an analysis of quasi-phase-matched interaction of light waves of the process of doubling frequency in regular domain
structure in the constant-intensity approximation. The analytical expression of the frequency conversion efficiency for the case of fourth
domains has been obtained. It has been shown that in the constant-intensity approximation, in contrast to the constant-amplitude
approximation, the account of the dependence of the phase relationships from the pump intensity influences on the characteristics of
conversion process of nonlinear waves in regular domain structure.

3.A. Tarues, P./x. Kacymona, I'.A. Cadaposa, M.A. Mamenos, H.B. KepumoBa

BBICOKO2®®EKTHUBHBIE IPEOBPA30OBATEJIN YACTOTbBI JIASEPHOI'O U3JITYYEHUSI B
PEXXUME ®A30BOI'O KBASUCHNHXPOHU3MA

B npubmmxennn 3amaHHOW MHTEHCHBHOCTH PAacCMOTPEH PEXUM KBa3MCHHXPOHHOTO B3aMMOAEHCTBHS CBETOBBIX BOJH B PETYJIAPHBIX
JNOMEHHBIX CTPYKTypax Ha IpUMepe Ipolecca YABOEGHHs 4acTOThl. [laHo BeIpaxkeHHEe I 3()(EKTUBHOCTH IIpeoOpa3oBaHUS B CIlIydae
4eThIpex MOoMeHOB. [Toka3aHo, 4TO B OTIMYHE OT Pe3yJbTaTOB MPUOIVDKCHUS 3aaHHOTO IOJIS B MPUONVDKEHUH 3aaHHOW MHTEHCHBHOCTH
Y4eT 3aBUCHMOCTH (Da30BBIX COOTHOIIGHHH OT WMHTEHCHBHOCTH OCHOBHOTO M3JIyYEHMSI BIMSET Ha XapaKTePHCTHKH IIpoliecca
npeoOpa3oBaHys HEIMHEHHBIX BOJIH B PETYJISIPHOI TOMEHHOH CTPYKTYpe.
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AQAR GELININ OZLU-ELASTIK XASSOLORININ REBINDER USULU iL9
OYRONILMOSI

E.5. MOSIMOV, A.R. IMAMOLIYEV, K.M. BUDAQOV
Baki Doviat Universiteti, Fizika Problemlori Institutu
Baki, Az-1145, Z. Xolilov.23

Bu igdo siiriismo deformasiyas: handasesindos agar gelinin ani elastiklik vo yiiksok elastiklik sabitlorinin, homg¢inin statik 6zlilik
omsalinin mexaniki gorginlikdon asililigi 6yronilmisdir. Méhkomlik hoddindan asagi gorginliklords ani elastiklik sabiti, demak olar ki,
doyismir, yiiksokelastiklik sabiti zoif artir. Mohkomlik hoddinden yuxari gorginliklords iso hor iki sabit azalir. Alinan naticorin

keyfiyyatco izaht verilmisdir.

Bork cisimlor ii¢lin Huk qanununa tabe olan elastiklik,
mayelor {igiin iso Nyuton qanununa tabe olan 6zIii axin
xassosi xarakterikdir. Ozlii-elastik materiallarda bu
xassalorin kombinaiyas1 miisahids olunur [1]. Ozlii-elastik
materiallar Debor adadi (De) adlanan adadlo xarakterizo
olunur. Bu adad material tigiin xarakterik olan relaksasiya
(vo ya gecikmo) miidatinin proses {i¢iin xarakterik olan
deformasiya miiddstino (deformasiya siiratinin tors
giymati) olan nisbatins barabardir

t

material

t

proses

De = (1)

Mayelor tigiin De<</ (sirf 6zl maddolor iiglin
De—0), bark cisimlor fi¢iin iso De>>1 (mitkammal elastik
bork cisimlor {iclin De—o0) sorti 6donir. De~I sortini
O0doyan materiallar ozliielastik materiallar adlanir. Belo
materiallar bir ¢ox reoloji xiisusiyyatlors malik olur ki,
bunlarin arasinda normal gorginlik effekti (Kuit axim
zamani Vaisenbenrq effekti, Puazeyl axin1 zamani1 Barus
effekti), gorginlik relaksasiyasi, gecikon reaksasiya,
stiriingonlik vo s. géstormok olar [2].

Sokil 1.

Bir c¢ox polimerlor, o climlodon, bioloji tobistli
polimerlor, su miihitinds dispersiya vo ya hall olundugda
Ozlii-elastik sistem amolos gatirs bilirlor. Sirf 6zI1ii sistemdon
elastik gelin yaranmasi (zol-gel kegidi) hom kimyavi, ham
do termik yolla hoyata kego bilor. Termik yolla gel omalo
gotiran tobii polimerlora, aqaroza, aqar va karraginan
kimi aqaroidlori goéstormak olar.

Gellor daha ¢ox bork hala yaxin xassolor gostarirlor.
Gelo tatbiq olunan gorginlik ham borpa olunan, ham da
borpa olunmayan deformasiya (axin) yarada bilor. Bu ciir
ozlii-elastik  xassolori modellosdirmok iicin  miioyyon
gayda ilo birlosdirilmis yay vo 6zlii mayedo horokot edon
porsendan ibarat sistema baxilir [3]. Masalon, siirlisma
deformasiyast halinda gelo sabit gorginlik totbiq
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olundugda yaranan deformasiyanin zamandan asiligimi
tapmaq uc¢in

o=Gy+ny 2
tonliyi ilo xarakterizo olunan sade Kelvin-Foyqt modeli
(yay vo porsen paralel birlosdirilir) dogrudur [3]. Burada

mexaniki sirismo  de-

o=—- gorginlik, jy=tgep -

N
formasiyasi, - siirlismo siiroti, G- elastiklik modulu, 7 isa
ozlulukdir (sokil 1).
7=const olduqda (2) tenliyinin halli

y=rall-e"") G)
gorginliyi gotiirdiikdo iso deformasiyanin relaksasiyasi
y=y,et @

disturu ils ifads olunur. Burada y, - maksimal deforma-
siya

n
T=— )
G
isa gegikmo miiddatidir.
) 3
d)
:

'\Ilr 3

ey

Saokil 2.
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Olgmolor gostorir ki, alnan noticalor (2)-(5) diistur-
larinin tosvir etdiyindon forqli olur (sokil 2). Birinci farq
ondan ibaratdir ki, elastik deformasiya ani vo yiiksok-
elastik adlanan iki hissodon ibarotdir. Ikinci iso ondan iba-
rotdir ki, 6zl axin miioyyon ok gorginliyindon sonra
baslayir.

Ani elastiklik (Huk elastikliyi) geldoki polimer
molekullarinin valent rabitalorinin va bucaqlarimin moh-
dud doracads deformasiyasi ils, yiiksokelastiklik (gecikmis
elastiklik) iso ayri-ayr1 seqmentlorin sorbast sokilde yerdo-
yismosi ilo olagadardir. Geldo makromolekullar arasinda
foza torunun mévcud olmasi nisbaton kigik gorginliklorde
onlarin biitdvlitkde bir-birine nazeron yerdayismasine ma-
ne olur. Bu halda verilon gorginliyi gotiirdiikds gel-niimii-
na avvalki vaziyyatino qayidir va avvalca ani olaraq mak-
romolekullarda ovvalki valent rabitalori vo bucaglar, son-
ra iso miloyyan gecikmo ilo molekulun oavvalki konforma-
siyast barpa olunur (sokil 2b). Niimunayas verilon gorginliyi
artirmaqda davam etsok, miioyyon gorginlikden baslaya-
raq (bu gorginlik plastik deformasiyanin vo ya 6zIii axinin
basladig1 gorginlik olub gelin méhkomlik hoddi oy adla-
nir) faza toru qirilmaga vo molekullar 6zlari bir-birino no-
zoran yerini doyismaya baslayir. Bu gelin dénmoyon defor-
masiyasidir vo gorginlik gotiriildikds gismon borpa olu-
nur (sokil 2¢).

Bu isdo aqar gelinin 6zlil-elastik xassolori Rebinder
tsulu ilo (tangensial siiriismo deformasiyast hondasasinda)
Oyronilmisdir. Agar tobii biopolimer olub tobabotds ye-
yinti sanayesindo, aczaciligda genis totbiq olunur [4]. Bi-
zim istifads etdiyimiz aqar (Precoldia, Saxalin) kifayat qo-
dor giiclii gelomologatirma qabiliyystine malikdir. Gelin
hazirlanmasi1 asagidaki texnologiya iizro hoyata kegirilmis-
dir. Yarpaq soklindo olan aqar terozido ¢okilorak tomiz
(distillo) suyuna slava olunur, suyun gaynama temperatu-
runa yaxin temperatura qadar qizdirilir vo bir nego saat bu
voziyyatds saxlanilir. Bu zaman yarpaqdak: aqar tamami-
la suya kecir. Mohlul ki¢ik masamali siizgacdon kegiril-
dikdon sonra soyudulur vo 35-40°C intervalinda gel halina
kegir. Olgmo, gel bir giin saxlanildigdan sonra r=20°C-do
aparilir. Gel niimunas toxminon 20mmx15mmx10mm 6l¢ii-
stinds gotirillmiigdiir. Niimunays verilon gorginlik diskret
yiiklor torofindon yaradilir. Siiriismo deformasiyas: foto-
elementin koémoyi ilo elektrik signalina gevrilir vo qra-
fikgokonin Y girigine verilir.

Qrafikgokon yuxarida geyd olunan oayrilari (sokil 2b vo
2¢) verir. Bu oyrilora asason ham elastiklik modullarini
hom do 6zlilityii tapilmisdir:

(o2

Gy =— (6)
Yo

o

G1: (7
7/m _70

p=""Tk 7% ®)
e ga

Sokil 3-do 1%-li aqar gelinin ani (dolu dairaler) va
gecikmis elastiklik modullarin (i¢ibos dairalor), homg¢inin
statik ozliliyliniin (igbucaqlar) totbiq olunan mexaniki
gorginlikdon asililiq qrafiklori gostorilmisdir. Naticalori
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asagidaki kimi sorh etmok olar:

1. o, kritik gorginliyindon asag1 gorginliklordo ani
elastiklik modulu G, demok olar ki, doyismir, bu
gorginlikdon yuxarida ise gorginlik artdiqca azalir;

2. G, yuksokelastiklik modulu o kritik gorginliyindon
asagida gorginlik artiqca artir, o, -don yuxarida iso azalir;

3. n ozliilik omsali gorginlik artdigca artir .

13, Gy, kPa ', kPas

13
1 -

-z
0,5+

, &{ 4

| | |

01 0.2 03 °

Sokil 3.

Kigik gorginliklords ani elastiklik modulunun demok
olar ki, sabit qalmasi valent rabitslorinin vo bucaglarinin
gorginliklo miitonasib olmasinin naticasidir. Yiiksak elas-
tiklik modulunun zsif artmasi iso gostorir ki, gorginlik
artdigca polimer zoncirlorinin dartilmasi ¢atinlosir. Lakin
miloyyon gorginlikdon (o;) baslayaraq foza toru omols
gotiran rabitalor qirllmaga baslair vo bu andan baslayaraq
G, vo G, koskin azalmaga baslayir. 1%-li gel i¢lin
mohkamlik 20°C-da, grafikden gérindiiyli kimi 240Pa ot-
rafinda olur. Gelin méhkomliyini digor sads iisulla da qiy-
moatlondirmok olar. Bunun {ig¢iin geli nazik uzun saquli
bordan porsenlo sixib ¢ixarmaq lazimdir. Miioyyen
uzunlugda (7 gel stitunu 6z agirhigr ilo qirilir [5]. Bu uzun-

lugu 6zgmoklo gelin méhkomliyi o, = pgl/, diisturunun
komoyi ilo hesablamaq olar. Qeyd edok ki, aqarin
konsentrasiyasinin artmasi gelin moéhkomliyinin koaskin
artmasina sobab olur. Masslon, méhkamliyin sonuncu
iisiilla  qiymotlondirmosi  1%-li aqar geli {igln
o, = 270 Pa , 2%-li aqar geli liciin iss o, = 1,6 kPa verir.

Oksor geyri-Nyuton mayelorindo mexaniki gorginlik
artdiqca 6zliililylin azalmasi miigahids olunur. Ciinki gor-
ginliyin artmasi axia (molekullarin bir-birina nazoron
yerdoyismasino) mane olan faktorlarin aradan qalxmasina
sobab olur. Lakin bazi miirokkob mayelords (dispersiiya-
larda, genislondiricilorde) oksino xasso — mexaniki gorgin-
lik artdigca 6zliilityiin azalmasi miimkiindiir [2]. Gelds do
oxsar xasso misahido olunur (sokil 3). Bunun sobabini
gelin miirokkob qurulusu ilo izah etmok olar. Gelds faza
toru miixtalif saviyyali assosatlardan - ikiqat spirallardan,
supraliflordon  vo  ssosiatlagmada istirak  etmoyon
makromolekullardan ibarotdir. Ozliielastik xassalordo
bunlarin hor birinin 6z payr vardir [6]. Belo miirokkob
sistemlordo gorginlik (vo ya axin siiroti) artdiqca axinin
¢atinlismasi miimkiindiir. Masalon, gels verilon gorginliyin
bir hissoesi aqreqatlarin dagilmasina, digor hissosi iso
onlarin qarsiligh yerdoyismosino sorf oluna bilor. Bu
versiyanin yoxlanmasi oalave tocriibalor qoyulmasini tolob
edir.
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E.A. Masimov, A.R. Imamaliyev, K.M. Budagov

THE INVESTIGATION OF ELASTOVISCOUS PROPERTIES OF AGAR GELS BY REBINDER’S METHOD

In this work the dependence of instantaneous and high-elastic modules, as well as static viscosity of agar gels on applied stress in a
tangential shear geometry has been studied. At the stresses lower than yield stress the instantaneous modulus almost doesn’t change, but the
high-elastic modulus increases slowly. If the applied stress exceeds the yield stress both quantities decrease by increasing of the stress. The
obtained results are explained qualitatively.

J.A. Macumos, A.P. Umamasues, K.M. Bynaros
N3YUYEHUE YIIPYTOBSI3KHX CBOMCTB I'EJIE ATAPA METOJOM PEBUHJIEPA

B pabore m3ydyeHa 3aBUCHMOCTh MIHOBEHHOW M BBICOKODJIACTUYHOW MOJIYJIEH YNPYTroCTH, a TaKXKe CTaTH4ecKoro KoddduimeHra
BSI3KOCTH arapoBOM TeJI OT NPUJIOKEHHOT'0 MEXaHWYECKOTO HANpPsHKEHHsI B TEOMETPHUH CIIBUTOBOH nedopmarun. Hioke mpesenna npoyHoCTH
reis MIHOBEHHBIH MOIYyJNb MOYTH HE MEHAETCS, a BBICOKONACTHYHBIA MOIyNb €lab0 YBENHMYMBACTCS C POCTOM HAMpPSKEHMS, a MPH
HAIPsDKEHUAX BBIIIE Mpejiesia MPOYHOCTH 00€ BETMYMHBI YMEHBINAIOTCS C POCTOM HampsbkeHus. IIpuBOAMTCS KaueCTBEHHOE OOBSICHEHHUE
TIOJTyYeHHBIX PE3yJIbTATOB.

Received: 17.04.07

34



FiZiKA 2007 CiLD XIlI Nes

PAYLANMA OMSALI VAHIDDON BOYUK OLDUQDA YENi USULLA DUZOLDILMi$
XOLITONIN BASLANGICININ QIDALANDIRICININ BASLANGICI GOTURMOKLO
BORK MOHLUL MONOKRISTALLARININ ALINMASI

V.i. TAHIROV
Baki Doviat Universiteti, Baki, Az-1145, Z. Xalilov. 23

7.9. AGAMALIYEV, Z.Y. HOSONOV
AMEA Fizika Institutu, AZ 1143, Baki, H. Cavid pr., 33

9.F. QULIYEV, N.F. QOQHROMANOV
Sumgqayit Déviat Univesiteti

Isdo gosterilmisdir ki, yeni tisulla alinmis binar bork mohlul xolitesinin, ikinci komponentin birincide paylanma omsal vahidden
boyiik (k>1) olduqda, baslangicini gidalandiricinin baslangici kimi istifads etmoklo bark mohlulun sabit torkibli monokristallarini
yetigdirmak miimkiindiir. Bu zaman qidalandiricinin va kristalin yerdoyisma siiratlori bir-birina barabor sec¢ilmalidir. Belsliklo, Ge-B
binar sistemi tigiin (k=17) kasilmazlik tonliyinin hallindan istifads edilorak germaniumun borla agsqarlanmis sabit torkibli monokristal-

lar yetigdirilmisdir.

Binar bork mohlullarin monokristallarini yetisdirmok
ticiin, adoaton, gidalandirict xolitodon istifads olunur. Biz

[1]-ds  bu mogsad tgiin yararli olan yeni iisulla alinmis |

C, {1 —(1- k)exp(— %)}

C/(t):

xalito boyunca torkib paylanmasimin asagidaki kimi ol-
dugunu gostormisik:

0<t<t, = on0yz20a

v

)

k-1
C, {1 —(1- k)exp(— k‘;tj j} : [l ey, )j , 1>t ondyeda

Burada C, - xslitads ikinci komponentin orta konsen-
trasiyasi, k- onun paylanma amsali, L- xalitonin uzunlugu,
[- orimis zonanin eni, - onun yerdayismo siirati, - zaman-
dir.

Qat1 binar bork mohlullarin monokristallarint almaq
tictin £>1 oldugda bu ciir xalitonin sonunu, k</ olduqda —
baslangicin1 qidalandirmanin  baglangici kimi istifade
etmok lazzimdir. Clinki, bu halda kristallasma cobhasinda
bag veran ifrat soyumanin qarsisini almaq mimkiin olur.
Bununla belos, bir sira hallarda binar bark mohlul mono-
kristallarmin alinmasinda yeni tsulla alinmig xslitonin
baslangicini £>7 halinda gidalandiricinin baslangici kimi
secmokla do ugurlu naticolor almaq olar. Bu, kristallasma
cobhoasinds ifrat soyumanin nazors alinmayacaq doracada
kigik oldugu torkiblorde miimkiindiir. Zaif bark mohlul-
larda dogrudan da bu ciir imkan yaranir. Ogor yada sal-
saq ki, masalon, yarimke¢irici monokristallarin asqarlan-
mast mahz zaif bark mohlullarin monokristallarinin alin-

V,(t)=",(t)= Sw,
V.z(f) = V.I(t) =38v,

Burada vahid zamanda qgidalandiricidan arintiys daxil
olan maddsnin miqdar1 hamin miiddstds putadaki orin-
tidon kristallasmaya sorf olunan maddonin miqgdarina
borabardir. Ona gors arintinin sathinin soviyyasi dayismaz

V()

[

Imasi demokdir, onda bu variantin hayata kegirilmasinin
no gador aktual oldugu aydin goriinor. Ona gors do biz
hazirki isds hamin variani aragdiracagiq. (1) paylanmasi-
nin birinci va ikinci satirine uygun olaraq prosesi iki mor-
holads hayata kegiracayik.

Qidalandiriciya, yetisdirilon kristala, vo kosik konus
sokilli putadaki orintiys aid olan parametrlori uygun ola-
raq 1,2 vo 3 indekslori ilo gostoracayik.

Birinci morholods kristallagma rejimini bu sortlora
uygun sec¢acayik:

S$=5,=5, V=V, =V (2)

S, S5 - xalitonin vo kristalin en kasiyinin sahasi, v, va 1,
- onlarin yerdoyismo stiratloridir.

Birinci morhslods uygun hocmlar va onlarin téramslori
bels olar:

=V,(0)+n0v,(t)-7,(t) =, (0)

20

3)
0

[ qalir (v;=0).
Kasilmaozlik tonliyindoki P vo Q parametrlorinin ifads-
lorini yazaq [2]:
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Vi(t)+kvy(t)  kSv
ACINAN

o)== S -1 -2

Ikinci komponentin konsentrasiyasi iigiin kasilmozlik tonliyinin hallini yazaq [2]:

C,(t)= exp(— f Pt it ){[Q(f)equf’(f Yt )4’ +4, } =

P(t)

4)

==exp(—-j kSy “”J{fgﬁfil

AOMINAD
ksve ) [eSve,

‘n@)%hqm
ksve [ sve,

- %m D‘ exp[

o

IS

=exp

kSvt

v,(0)

kSvt
v,(0)

=exp

=exp

(&)
k_

1-(1-k)

IS -V,

A4 - inteqrallama sabitidir. Onun qiymaotini baslangic
sortdon istifads etmokls tapacagiq.

Burada baslangic sortin segilmasinin miixtalif varian-
tlar1 ola bilor. Ancaq halalik biz baslangic sorti elo segocay-
ik ki, prosesin baslangicinda putadaki arintids ikinci kom-
ponentin konsentrasiyasi sifra barabar olsun:

t=0 -da C;(0)=0 (6)

Bu sort daxilinds (5)-dan alariq:

{1 ~(1- k)exp(— ?ﬂ epr
{]—(I—k)e%p(—f%zj}e%P(
jﬂ—u—ﬂwp&&{

J—U—kb;%%ﬁﬂeﬂ{Mh[

el -

IS(1-k)

_SU-k) <G
IS -v,(0)

al
of

C
Cslt)=—"=
0=

P e
y_apﬂ. J+

—%@}
IS(1-k)
Is -v,(0)

C

Cy kSvt
k

v,(0)

IS(1-k)
is-v,(0)

3 kSvt
v,(0)

kSv dr

B )

Jdt+A4}=
1

DYae)-
i

kSvt

v,(0)
(5)

v;(0)

1
v,(0) st
kSvt
v,(0)

|

Gf,__Is
ks

-7,(0)

P

Ain giymatini (5)-do yerins yazaq:
kSvt

[A-5%)-
] s

J+A4=0

|

Buradan:
G
k

_is(1-k)

;
1S - ,(0) @)

A =-

®)
L-1

v

Kristal boyunca ikinci komponentin konsentrasiyasinin paylanmasi iss bels olar:

kSve | 1S(1—k)

cg@)zkc;@)zc%{z—aq{— j+

Yeni tisulla alinmig gidalandiricinin son / uzunlugunda
ikinci komponentin konsentrasiyasinin paylanma ganunu
basqa ciir olur. Ona gora bu hissa iigiin kasilmazlik tonliyi-
ni yenidon hall etmak lazimdir. Dogrudur, gidalandirici-

nin son / uzunlugunun toyinati bagqadir vo ondan praktiki
olaraq kristal yetisdirmok ii¢iin istifade olunmur. Bununla

v,(0)) 1s-v,(0

)

{a{

kvt

[

B kSvt

0<t<
7,0) =0

©)

P57}

|bela [-in kifayat qadar boyiik gqiymatlorinds onun miioyyan
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hissasindon kristal yetisdirmoa prosesinds istifado etmok
olar. Ona gora biz burada ikinci morhalays do baxacagiq.
Yeno da:
$=5=S, (10)

V=V, =V
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gotiiracayik.
Hocmlorin yeni ifadalorini yazaq:

Vl(t)le(tl)"'SV(t_tl)

Hacmlorin zamana gors birinci tortib téramalori iso be-
lo olar:

V() =7,()+ Svle—1,) (i RO=r0=s  70=0 a2
v, (t) =V, (O)+ "r](V1 (t)— v, (t)) =V, (0) | P va Q parametrlorini do yazaq:
kSv
P(t)=—"~
V5(0
:(0) o
C,Sv

olr)= _t‘))k_l, t>1

{1 -(1 —k)exp(— k;fl J}(Z —V(It

Ikinci morhals iigiin kosilmazlik tonliyinin hellini tapaq:

C,(1)= exp(— j P(t)dt){[ Q(t)equ P(t)dt)dt + 4, }= exp(— j
: (M)“ . eXpU %dtjdt 4, } - exp(—
(e el

k-nin ixtiyari tam giymati ii¢lin sonuncu inteqrali analitik |inteqrall hesablayacagiq. Bunun {igiin inteqralalti ifadada
sokildo ifado etmok miimkiin deyil. Lakin biz toqribi he-  bozi dayisiklikler aparaq:
sablamadan istifado etmoklo >/ olan imumi hal lgiin |

v,(0)

C,Sv|

ro

7.0\
kSvt

S5l el

v,0)

_(z_k)exp[_ f

)
’Wlff ﬂ (14)

I—v(

(4] {2 i)

Burada ikinci hadd 0-dan baslayaraq vahido qoador |ii(;i'1n yazdiq. Oslinda, praktiki olaraq, onun yalniz bas-

(15)

doyisir, bu doyismo intervalimin  baslangicinda  langic intervalindan istifado etmak olar. (15)-i (14)-do isti-
v(t - tl) _ . oo fado edok. Ozii do inteqrali (J,) ayrica hall edib sonra yeri-
T << 1 olur. Biz (15)-1 mohz bu baslangic interval no yazaq:
k-1
[—vlt—t kSvt it —t kSvt
J4=J M exp Yt == 1—(k-1) (t-1,) exp Y ld =
! 7,(0) ! v;(0)

kSvt

v, (0)jd )

jKH(k_z)%j_(k_z)ﬂex (
v

~

(0

)

~(k=1)

kSvt

_ ];S(S)(H(k—])% exp(%) (k-1)Y Itexp( ()j } (16)
=ﬁﬁwﬁm@$“(m( %&%%M:
3

kSv

Kz (k- 1)%

J ;- (14)-da yerino yazaq:

~ | =

ol

kSv
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Ci(0)= eXp(— %J{%[l ~(1- k)exp(— @ﬂ .

.%{(1 (k- 1)%‘} (k- 1){; —%ﬂ.exp[ V%)j LA, b= .
- %[1 —(1- k)exp(— %ﬂ{[l (k- 1)V7tlj (k- 1);@ - Eé?ﬂ +
‘4, exp(_ %J .

| - .
A, integrallama sabitini tapmaq iigiin iknci morhalo- — Maq lazimdir. Bu o demoakdir kl,. t=t; aninda (17) va (8) bir
birina barabar olmalidir. Bu sorti yazagq.

nin baslangicint birinci marhslonin sonu ilo st-iisto sal- | =i do (17)-don:

_ kSwt,

YA AT B

(8)-don isa:
G(t)= G 1—exp| — KSvi + (1=k)is exp| — KSvi, ) _ exp(— mj
k 70)) 1s-v0) 1 %) !
alariq. Son iki barabarliyin sag toraflorini baraborlosdirok:

%{1 —(1- k)exp(— kvl d jﬂ] (k- 1)%) (k- 1);(@ - Eéi)ﬂ 4, exp(— ’;‘% ’)J _
-l Sl i A
Buradan 4, -ii taparq;

ool ) R el 22

v,(0)
0) kSve 1
vt v V. Vv
A1+ k=120 = (k- 1)2] ¢, - 22 20
H Sy SO O H}exp(n(a)]
A4,-tin bu qiymatini (17)-ds yerine yazmaq lazimdir.
Ikinci morholods kristal boyunca paylanma balo olacag:
kvt 122
C,(t)=kCy(t)=C,| 1-(1-k)exp - 1+(k—1)T -
(19)

— (k- I)K(Z - 1/3(0)) + kA, exp| — KSvi
I kSv v,(0)
doyismo qanununu almagq ig¢iin (9)-ilo (19)-1 birlogdirmok

Aiin (18) ifadesini burada yerine yazmaq lazimdir. Biitiin
kristal boyunca ikinci komponentin konsentrasiyasinin | lazimdir:
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IS(1-k)

V3(0)j
(ol )t

8]

A, -tin (18) ifadaesini burada yerina yazmaq lazimdir.

Qeyd edok ki, burada biz birinci marhals iigiin C,(?)-
nin kristal boyunca deyigme qanununu alarken 4-nin qiy-
matino he¢ bir mohdudiyyst qoymadiq. O, vahidden ham
boyiik, hom do kigik ola bilor. Tkinci morholods ise A-nin
giymatinin vahiddon boyiik olmasi sortini qoymusduq. Bu
mohdudiyyati kasilmazlik tonliyinds istirak edon inteqral-
larin analitik gokilds ifads oluna bilmasi tigin qoymusdug.
Ikinci morhalo tigiin digor mohdudiyyat gidalandiricini uy-
gun hissasinin yalniz az bir qisminin istifads oluna bilmasi
imkanindan irali golir.

C. k)
c, r
15 +
L+-f-=--
03 T .
10 A
: :D 1 1 ho S | 2
1 2 13 20 25 [f(saal)
. N c,(0)
Sakil 1. Ge-B sistemi {igiin (20)-don hesablanmis ———= -in
Cy

kristal boyunca doyismosi.

Sakil 1-do germaniumda bor asqari ti¢iin (borun Ge-da
paylanma amsali k=17-dir [3]). (20)-don kristal boyunca
hesablanan konsentrasiya doyismosi gostorilmisdir. Bu
halda da ikinci komponentin konsentrasiyasi sifirdan bas-

TIs-7,0)
e
CO{I (- k)exp[— %H{(l (- 1)V7f1j _

+£A4e
CO

0<r<t,
(20)

t>t

-5

|d9 bu kaskin artim iti maksimumdan kegir vo sonra azala-

raq sabit qiymato (Cy-a) yaxinlagir. Kristalin sonunda (yo-
ni qidalandiricinin son / uzunluguna uygun goalon hissasin-
do) konsentrasiya azalmaga baslayir. Onu da geyd etmo-
liyik ki, burada orintids (daha dogrusu, kristallagma cab-
hosindo) ikinci komponentin konsentrasiyasi kigik
(10"+10"%sm tortibindoa) oldugu iigiin ikinci komponentin
konsentrasiyasinin bagslangicda xeyli koskin artmasi vo
maksimumdan kegmasi kristallasma cobhasinda ifrat soy-
umanin yaranmasina sabab olmur. Ona gore bark mohlul
monokristallarinin alinmasi fi¢iin mévcud olan olverigli
sorait pozulmur.

1 2

Sokil 2. @ -1n kristal boyunca doyismasi (k=17).
C
0

Tkinci komponentin konsentrasiyasmin kristal boyu-
nca doyisma siiratinin neca oldugunu miisyyan etmoak {igiin
Cy(¢#) -nin zamana goro birinci tortib toéromosini almaq
lazimdir. Birinci moarhalo tiglin (20)-in birinci satirindon

layaraq artir. Ancaq burada artim daha koskindir. Ozii | alariq:
C()=c kSv [ kSve ), IS(1=k) | kSv oo _ SV R (_@j _
SR A O WA N A A O R WA ) A

kSv

kSI-V,(0)
IS -v,(0)

v,(0)

|

p[_%j +(z_k)exp(- %}

@1

0<t<t,

C, (t) -ni sifira barabar etmakls ayrinin maksimumuna uygun gslon ¢=t,,.-u tapa bilarik:

kSv

kSt —v,(0)
CO
1S —7,(0)

|4

,0)

|
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Buradan alariq:

kSI-V,(0) (kS ot (=t =)y KIS T0)
KSI-VAO) | KSve | [t " (IS -7,0) (k-1),(0
AL o 2 -1 (s =7, 0)" G170

Tacriibi parametrlorin qiymotlori belo segilmisdir: /=18mm,

Hor iki torafi / asasindan logarifmalayib #ni tapaq: V,(0)=900mni®  r=4mm, S=m’=5024mm’, "

(23)

>

saat
In kSl — K(O) _ kSvt _ kvt 22) k=17(borun Ge-da paylanma omsal).
(k — I)V3 (O) V. (O) [ (23)-den ,,,. -un odadi qiymetini tapaq:
Buradan ¢=t¢,,, -u belo alariq: |
18-900 18-50,24-17 — 900
(= In =100,95-0,01 = 1,01 (saat)
17-2(18- 50,24 - 900) 16 -900
to =101saat
. |dan kegir, isarasini dayisir, minimum qiymoatdon kegoarak,
C, (t)-nin kristal boyunca doyismoasi sokil 2-do gosto-  yenidon sifira yaxinlasir. Sonuncu qiymot 7=¢, anina qadaor
. ( ) davam edir.
rilmigdir. Goriindiyi kimi, éi baslangicda on boyik Ikinci morhalods (yoni £>t; oldugda) C(t)—ni bals alariq:
0
giymoata malikdir, sonra o, tadricon azalaraq ¢,,,-da sifir- |
(.?(t)— Cd= (k=12 1+ (k- 1)exp e, kLB exp KSvi (24)
' ! L)l ¢, v0) v;(0)

) . lalinmas1 miimkiin olmayan hisso qiriq xatlo verilmigdir).
Ikinci morhalo tigiin C, (t ) monfi qiymat alir vo krista-
Iin sonuna yaxinlagsdiqca sifira yaxinlagir (tacriibada

[1] V.1 Tahirov, Z.9.Agamaliyev, S.R.Sadixova, Ge-Si. Iz-v. «Elm», Baku, 1983.(Rusca).
O.F.Quliyev, N.F.Qaohromanov «Torkibi qeyri- [3] S.A. Medvedev. Vvedeniye v texnologiyu polupro-
miintozom paylanmis gidalandirict xslitonin totbiqi vodnikovix materialov. Izd-v. «Vissaya skola»,
ilo binar bark moahlul monokristallarinin alinmasi» Moskva, 1970.(Rusca).

SDU Xabarlori Nel 2007 sah. 3-13
[2] V.ITagirov. Poluprovodnikoviye tvyordiye rastvori

V.I. Tagirov, Z.A. Agamaliyev, Z.Y. Hasanov, A.F. Quliyev, N.F. Qahramanov

OBTAINING OF BINARY SOLID SOLUTION SINGLE CRYSTALS USING THE BEGINNING OF THE
FEEDING INGOT AS REPLENISHMENT BEGINNING AT K>1 BY NEW METHOD

Binary solid solutions single crystals with permanent content distribution have been grown using ingots made by new method and trun-
cated cone crucible. When second component distribution coefficient is more than unit the end of the ingot is taken as the beginning of the
feeding ingot. The velocities of replacement of the feeding ingot and the grown crystal are taken the same.

The method applied to Ge-B binary system.
B.NU. Tarupos, 3.A. Arama.ibleB, 3.1. T'acanos, A.®. I'ynaues, H.®. I'axpamanos

MNOJIYYEHUE BUHAPHBIX TBEPJIBIX PACTBOPOB MOHOKPUCTAJLJIOB UCITIOJIb30BAHUEM
HAYAJIA HOBBIM METOJIOM INOJYYEHHOT O ITOAIIUTBIBAIOIIEI'O CJIMTKA KAK HAYAJIA
MNOAIIUTKU ITPH k>1

B pabote penrennem ypaBHEHHUSI HEIPEPHIBHOCTHU ITOKA3aHO, YTO MCHOIB30BaHUEM Hadaja CIUTKA, TOMyYeHHOTO HOBBIM METOAOM, KOTAa
K03 GUIHEHT pacHpeeseHHss BTOPOr0 KOMIIOHEHTa OOJbIIe €AMHUIIBI, MOXKHO MOTy4aTh MOHOKPUCTAILIBI OMHAPHBIX TBEPIBIX PACTBOPOB
C TIOCTOSTHHBIM COCTaBOM. [IpM 5TOM CKOpOCTH IepeMelIeHHs ITOIUTKH M MOHOKPHUCTaLIa HYXKHO BHIOUPATh OANMHAKOBEIMIL.

Taxum 00pa3oM, MOTyYICHEI MOHOKPHCTAIIBI TepMaHUs, JeTHpoBaHHEIE 60poM (k=17) ¢ pa3THYHBEIMU IIOCTOSHHBIMH KOHIIEHTpA-

LIUSMH.
Received: 21.09.07
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THE CURRENTS, LIMITED BY THE SPACE CHARGES IN
CHALCOGENIDE VITREOUS SEMICONDUCTORS OF SeosAss SYSTEM, CONTAINING
THE SAMARIUM IMPURITIES

A.L ISAYEYV, S.I. MEKHTIYEVA, N.Z. JALILOV, R.I. ALEKPEROYV, V.Z. ZEYNALOV
Physics Institute of Azerbaijan National Academy of Sciences,
Az-1143, Baku, Javid str. 33

It is established, that transition of charge (holes) carriers transfer in Al-SeqsAss-Te structure is carried out by the current mechanism of
monopolar injection, limited by the space charges at the participation of two groups of shallow traps (shallow E,;), corresponding to charged
intrinsic defects C;, caused by selenium broken bonds and deep (£,,), corresponding also to charged intrinsic defects P, created by arsenic
atoms with the broken coordination. It is shown that samarium impurities strongly influence on the mechanism of current-going and on the
parameters of shallow traps (energy state and concentration); in which connection mainly influence on the deep traps.

Such  peculiarities of  chalcogenide  vitreous
semiconductors (CVS), as structure change and electric
properties under the light action, in particular, the change of
index of light refraction, optical absorption edge, and also the
appearance of unpaired spins, which are registered by the
electron spin resonance, photoluminescence with Stokes
shift, fatigue and etc. make the given materials perspective
for the use in the different electric switches, storage devices,
infrared technique, and also in the different acousto-optic
devices [1-3]. CVS of SegsAss system differs by the
crystallization stability [4] and has the improved parameters
of the electric charge transition at the introduction of halogen
impurity (Cl, Br), and also high photosensitivity [5-6], that
makes given CVS more attractive material.

The states, caused by the 4f states of rare earth element
ions, form at the use of rare earth elements (REE) in the
capacity of the impurities in the forbidden band CVS and in
this case the optic width of the forbidden band CVS will be
covered on the energy at most possible transition number,
allowed for REE ion (Sm), that leads to the essential change
of its optic, photoelectric and electric properties [7-10]. For
the understanding of electron process mechanisms, which are
responsible for above mentioned peculiarities it is necessary
to define the energy spectrums of localized states in the
forbidden band, for which the current investigation, limited
by space charges (CLSC) is the one from the certain methods,
to which the given work is dedicated.

The experiment and sampling techniques

The CVS synthesis of SegsAss with samarium impurity is
carried out by the melting of the corresponding quantities of
chemical elements of high purity in evacuated quartz
ampoules up to 10 millimeter of mercury at temperatures,
higher 900°C into rotating stove with the further cooling in
the mode of out stove. The impurity introduces in the
synthesis process, its concentration is in the limits
0,001+1at%.

The volt-ampere characteristics (VAC) are measured in
the stationary mode on the standard technique. The samples
present themselves structure “sandwich” with aluminic and
telluric electrodes. The samples for the measurements are
produced by the method of thermal vacuum evaporation
~10"° millimeter of mercury. The film width is measured by
interferometer method and varied in the range 0,2+8mcm.

VAC of Al-SegsAss-Te structure with samarium impurity
are investigated at the applying of electric field of both
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polarities. CLSC mode is observed at the application of
positive potential to Te, and at the reversal polarity VAC of
N-type is observed.

The results and their discussion

VAC of Al-SeysAss-Te structure with samarium impurity
at the application of the positive (fig.1a) and negative (fig.1b)
potentials to Te at room temperature is shown on the fig.1.
VAC of VAC of Al-amorphous selenium-Te structure is also
presented on the fig.1a. It is seen, that VAC of the given
structures at the application of positive potential to Te
consists in several regions.

The dependence I~V" where n<l is observed in the most
samples at small voltages. Further, the dependence I~V",
where n in the different regions of VAC has the different
values, evidences, that transition of charge carriers (holes) in
the given structure is carried out by the current mechanism of
monopolar injection, limited by space charges at the
participation of shallow traps of charge carriers, is observed.
The investigation shows, that the voltage, at which the
nonlinear dependence of current intensity on the voltage
begins, quadratically depends on the sample width that
proves the CLSC mechanism embodiment once again. As it
is shown from the fig.1,a, VAC of amorphous selenium at
small values of applied voltages with voltage increase is
obeyed to ohmic law, which transfers to quadratic law, after
which the current begins to strongly increase with the
increase of applied voltage, the region, called by “total trap
filling” is observed [11]. Further this region is replaced by
another one, in which the current quadratic dependence on
voltage, I~V is observed. Such VAC behavior corresponds to
CLSC mechanism, controlled by small traps [11]. VAC of
Al-SegsAss-Te structure differs from VAC of amorphous
selenium by the fact, that region, corresponding to power
law, i.e. I~V", where n exceeds 2 goes after the region, which
is obeyed to ohmic law. Further, the region, where I~J? is
observed. Finally, the quadratic region is changed by the
other one, in which VAC slope increases again. The VAC
peculiarities of Al-SeqsAss-Te structures, investigated by us
prove about the fact, that transition of electric charge in the
given material is controlled by the two groups of trap centers
with the depths of occurrence E,; and E,,, situated in the
different sides of Fermi level. Simultaneously, voltage
values, at which the region, corresponding to strong current
increase, i.e. to the mode, corresponding to limit trap filling is
observed, shifts to high voltages, that proves about the
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increase of the concentration of local states, being the
shallow traps of the main charge carriers. The samarium
impurities quite complicated influence on VAC forms and on
the values of voltage transient between different regions. The
concentration growth of samarium atoms up to 0,005 at%

leads to gradually reconstruction of VAC form,
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corresponding to CLSC in the amorphous selenium. Further
the concentration growth of samarium atoms, lead to the fact,
that VAC becomes the same, as in CVS of SegsAss system.
Analogically, the halogen impurities influence on the drift
mobility of charge carriers that is successfully explained in
the limits of the model of charged intrinsic defects [5-6].
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Fig.1. Volt-ampere characteristics (VAC) of Al-SegsAss-Te structure with samarium impurity at applied positive (fig.1,a) and negative

(fig.1,b) potentials to Te at room temperature.

The influence of chemical composition and samarium
impurities on the VAC behaviors allows us to say the some
thoughts about the nature of local states and their energy
position in the forbidden band relatively to equilibrium
position of Fermi level, controlling current going in the
investigated materials. The shallow traps of the charge main
carriers (holes) in amorphous selenium are small (£,;), i.e. are
situated below, than value of equilibrium Fermi level. It is
supposed, that local states, which control VAC in amorphous
selenium are connected with charged intrinsic defects C,
caused by broken selenium bonds. It is supposed, that the
charged intrinsic defects P’,, created by arsenic atoms with
violated coordination exist parallel with defects of C;” type in
CVS of SegsAss system. The existence possibility of such
defects in CVS, containing arsenic is also informed in the ref
[12]. According to forms of VAC, the energy state of local
states, corresponding to given defects should be higher Fermi
level, i.e. are deep ones.

At low voltages the holes, injected in SegsAss system from
tellurium contact are captured by deep traps (E,;), but the
conductivity stays ohmic one because of the presence of
equilibrium holes. The filling of £, centers takes place with
voltage increase and simultaneously the concentration of free
hole concentration increases and the moment when
concentration of injected free holes exceeds the concentration
of equilibrium holes, the current strongly increases with
voltage increase, i.e. the so-called region of “limit trap
filling” is observed. After it the current is controlled by the
E,; traps, moreover the trap square-law is observed still Fermi
quazi-level stays higher, than E,; level. The slope increase of
VAC on the last region probably is connected with thermo-
field hole emission from trap levels. In the proof of the last
said the fact evidences, that strong current increase takes
place at the same values resistance of applied field at the
inverse polarity of applied field, when CLSC mode isn’t
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observed, that also is connected with field trap emptying
(fig.1,b). The influence of rare earth element impurities on
VAC can be explained, if the submissions, developed in the
model limits of charged intrinsic defects [12] could be
involved.

According to this model, the transition of charge carriers
in CVS is controlled by U -centers, presenting themselves the
charged defects D' and D", which form from initial neutral
defects D’ on the reaction:

2D’ D"+ D, (1)

Where D" and D' -centers are traps for electrons and holes.
It is supposed, that role of C; and P, centers, connected by
broken centers of selenium and arsenic atoms with violated
coordination play in our case the role of D -centers,
correspondingly.

The electric neutrality law should be carried out at the
introduction of positive charged impurity 4" into CVS (it is
supposed, that samarium mainly reveals in the form of
positive charged ion Sm™):

+ + -
[4']+[D ]1=[D] ©)

According to the law of mass action, the quantitative
relation between concentrations of charged centers is
expressed by the expression:

[D1[D]= [D’) = const 3)

According (2) and (3), at the introduction of positive
charged 4" impurity the concentration of D" -centers should

decrease, and concentrations of D’-centers should increase,
that should influence on the current-going mechanisms. If we
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take into consideration that hole transition in CVS of SegsAss
system is controlled by the local states, connected by D-
centers, then it is possible to explain the changes, taking
place in VAC at the concentration change of samarium
atoms. Indeed, the voltages, at which the region,
corresponding to limit trap filling is observed, shifts to high
value of applied voltage, that evidences about growth of trap
concentration of hole shallow at relatively big concentrations
(0,6 1at%). The influence of samarium impurities on VAC at
small concentrations doesn’t take place in the limits of the
model of intrinsic charged defects, i.e. the region,
corresponding to the filling of deep centers disappears; in the
result of participation of samarium impurity in VAC, i.e. the
concentration of deep states decreases. The halogen
impurities take an effect the same influence on D* and D'-
centers, i.e. halogen impurities in the small concentrations
decrease the concentrations of intrinsic defects of both signs
[5-6]. The analogous influence is observed in the present
paper and probably, is caused by chemical activity of REE
atoms, which are able to form the chemical compounds with
selenium and arsenic, in the result of which the concentration
of initial intrinsic defects decreases, too.

The some parameters, characterizing the transition of
electric charge in CVS of SegsAss system, and also
parameters of hole shallow traps are defined, using the
known CLSC theory [11].

The film specific resistance is calculated from the ohmic
region of VAC and using these values, the concentration of
equilibrium free holes (table) from the formula p=(epy)”’,
where e is elementary charge and u is mobility of free
carriers in the allowed band z=10cm? (V.s.) is estimated.
Using this formula

Po = S

Fermi level in the forbidden band (Fy-E,) (table Nel), where
N, is effective state density in the valency band, kT is thermal
energy, is defined. At calculations N, was equal to 10"°cm™
[12].

The concentration (p;) of traps, initially disengaged by
the holes with E;, energy is calculated from the equation:

2
Vo= ep,p, L
FCT =
&

)

and is presented in the table Nel, where Vicr is voltage, at
which the region of total filling of E,, traps begins. As it is
seen from the table p,,>>p,. As it was mentioned above, the
deep levels in the investigated materials are connected with
D (P,). Taking into consideration the concentration of P ,-
centers (Ny) in 10" em™ order [18], on the formula

N,, N

~ 12 exp(

A4

Fo _Ezz

Pz = ) (©)

E,-F
1+gAexP(%) &

The energy position of E,; level (table Nel) is calculated.
G, is the coefficient of spin degeneration of E,, level in the
formula (6). It is considered, that g,=2.
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Taking into consideration, that Fermi quazi-level for the
holes (F) coincides with E;; with accuracy up to k7 on the
region, where trap quadratic law (TQL) begins, the energy
position of E; level, where Prcr is concentration of free
holes, injected into the sample at the voltage, corresponding
to beginning of TQL (Vgcr) regions, is estimated.

N,
Ej—Fy~F—-E, =kTln—~ (7)
Prer
The p,, values are calculated from the formula:
eprerl’
Vicer= E ®)
&

The estimation results of E;; also are presented in the
table Nel.

Table Nel
Fo-Ev.eV | Ptgp, Sm™ Ewn,eV | Eg.eV

Se 0,7 - - 0,26
SegsAss 0,79 4256x10™ | 0,856 | 0,23
SegsAssSmg o1 0,8 5,9><1014 0,847 0,23
SegsAssSmg o5 0,75 - 0,875
SegsAssSmy g 0,78 - 0,887
SeosAssSmy | 0,79 1,22x10" | 0,89

SeosAssSmy 6 0,8 333x10% | 0,859 [ 0,24
SegsAss Sm, 0,8 4,34><1014 0,86 0,21

As it is seen from the table the energy state of £, level

corresponds to the activation energy of the hole drift mobility
in the amorphous selenium, that also evidences about the
connection of the given states with the charged intrinsic
defects C;, caused by the broken selenium bonds. This fact
allows to accept the value 10" cm™ [12], which corresponds
to the density of localized states, controlling the hole drift

mobility for center concentrations with energy £/, (N i ) .

Conclusion

In the result of the carried investigations it is established,
that transition of charge carriers (holes) in Al-SeysAss-Te
structure is carried out by the mechanism of currents of
monopolar injection, limited by space charges at the

participation of two group of shallow traps (small £,,),

corresponding to charged eigen defects C, , caused by the

broken selenium bonds and deep (E,), corresponding to
charged eigen defects P,, formed by arsenic atoms with
violated coordination. It is shown that samarium impurities
strongly influence on the mechanism of current going and on
the parameters of shallow traps (energy state and
concentration); moreover, mainly influence on deep traps,
connected by charged intrinsic defects P,’, formed by arsenic
atoms with violated coordination. The small content of Sm
impurity (till 0,01 at%) increases their energy deep,
decreasing the concentration of deep traps, and big
concentrations of the given impurities (more than 0,01 at%)
decrease their energy deep, increasing the concentrations of
these traps. The behavior of Sm impurity in small
concentrations is explained by chemical activity of REE,
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which are able to form the chemical compounds with
selenium and arsenic, in the result of which the concentration
of initial intrinsic defects decreases. The behavior of
samarium impurity in big concentrations takes place
according to the model of charged intrinsic defects [12], i.e. if

it is taken into consideration, that samarium impurities
mainly reveal in the form of positively charged ions, then in
the result of their presence the concentration of U'-centers
should change: concentration of D -centers decreases, and D’
-centers increases, that indeed is observed in experiments.
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A.L Isayev, S.I. Mehdiyeva, N.Z. Calilov, R.I. Dlakbarov, V.Z. Zeynalov

TORKIBINDO SAMARIUM ASQARI OLAN SessAss- SUSOVARI HALKOGENID YARIMKECIRICI
SISTEMLORINDO FOZA YUKLORI iLO MOHDUDLANMIS COROYANLAR

Miioyyan olunmusdur ki, Al-SegsAss-Te strukturunda yiikdagimast iki qrup zeptetms tolssinin istiraki olduqda (qirilmis selen rabitolari
ilo bagli olan C;” moxsusi yiiklii defektlora uygun gslon dayaz (£;;) ve arsen atomlar1 tarafinden yaradilan -P,” moxsusi yiikli defektlora
uygun golon dorin (£,)) foza yiiklori ilo mohdudlanmis monopolyar injeksiya corayanlart ilo bas verir. Gostorilmisdir ki, samarium asqarlari
coroyanin kegmo mexanizmino vo zoptetms tolasinin parametrloring (energetik voziyyati vo konsentrasiyasi) nozors ¢arpan soviyyado tosir
gostorir. Lakin geyd olunmusdur ki, samarium asqarlar1 asasen arsen atomlari ilo yaradilan -P,” moexsusi yiiklii defektlorlo bagli olan derin
zoptetma talolorina tosir edir.

A.N. Ucaes, C.U. MexTueBa, H.3. I:xaaunos, P.U. Anexnepos, B.3. 3eiinajion

TOKHU, OTPAHUYEHHBIE ITIPOCTPAHCTBEHHBIMMU 3APAJJAMMA
B XAJIBKOI'EHUJIHBIX CTEKJIOOBPA3HBIX ITIOJYITPOBOJHUKAX CHUCTEMBI SeysAss ,
COJAEPXAIIUE TIPUMECHU CAMAPHUA

YcTaHOBIIEHO, YTO TEpeHOC HOcHTeNei 3apsma (IbIpok) B cTpykType Al-SegsAss—Te ocymiecTBIseTcS MO MEXaHHU3MY TOKOB
MOHOTIOJIIPHOW MHXEKIUM, OrPaHUYCHHBIX MPOCTPAHCTBEHHBIMHU 3apsjaMH, NMPU YYacTHH JBYX IpYII JIOBYLIEK 3axBara (Menkue E,;,
COOTBETCTBYIOIINE 3apsHKEHHBIM COOCTBeHHBIM Jedexram C;’, 00ycioBieHHble OOOPBAaHHBIMH CBSI3SIMH CeleHa U TIiyOokume K,
COOTBETCTBYIOIINE TAKKe 3apsDKEHHBIM COOCTBEHHBIM JedekTaM P, , CO31aBaeMBIMU aTOMaMHU MBIIIBSKA C HapYIICHHOH KOOpIMHANIUEH).
IToka3aHo, 4TO IpPHMECH CaMapHsi CHIBHO BIIMSIIOT Ha MEXaHHM3M TOKOIPOXOJXKICHHUS M Ha IapaMeTpbl JIOBYIIEK 3axBaTa (JHEPreTHYecKoe
THIOJIOXKEHHE M KOHIIEHTPAIHs1); B OCHOBHOM, Ha IIyOOKHE JIOBYIIKH.
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THE DOPING INFLUENCE OF NEAR-SURFACE REGIONS OF PHOTOSEMICONDUCTOR
MICROPARTICLES BY ANNEALING IN CHLORINE ATMOSPHERE ON THE
ELECTROPHOTOGRAPHICAL (EF) PARAMETERS OF TRIGONAL Se LAYERS IN THE
BONDING SOLUTION

N.I. IBRAGIMOYV, V.G. AGAYEV
Institute of Physics of NAS of Azerbaijan
Az 1143, Baku, H.Javid av., 33

The introduction of chlorine impurity in the near-surface region of microparticles (=15mcm) of trigonal Se by diffusion annealing

increases the integral photosensitivity of EF layers.

The electrophotography (EPh), for the development of
which the perfection necessity of existing and the search of
new materials, useful for the photoreceptor formation
appears, is the one of operative methods of information
recording and duplication. Moreover, the change possibility
of their properties purposefulnessly is considered of no small
importance one.

Nowadays, the amorphous Se and its alloys,
chalcogenides and organic semiconductors, multi-layer
composition structures and etc are widely used. The use of
amorphous Se is caused by correspondence of its
photoelectric properties to demands of Eph process. Besides,
Se is manufacturable, comparatively easily comes to
purification, doping and it is relatively inexpensive one.

EPh layers on the base of amorphous Se have the high

photosensitivity (Sin=0,8(Lk-s)") in the visible region of

spectrum, well charge up to initial potential Uy=~600 V, have
the long duration of dark half-decay of surface potential 71,.
However, they have the significant disadvantage: they
crystallize under the influence of many factors and fail in the
result of exploitation and storage. Moreover, the technology
of their manufacture is complex, requires the vacuum
equipment, high temperatures, big power imputs. EPh layers
on the base of trigonal Se in the bonding solution are stable
on the structure, have enough high photosensitivity

(Sin=0,4(Lk-s)"), the complex and power-consuming
equipment isn’t required for their manufacture.

Se by SF-17 type, which is treated by thermal processing
in the extracted quartz ampoules at 700 during 3 hours with
the further quick cooling up to 250°C in the flowing water, is
the initial material. At such thermal processing in Se the
initial molecular and submolecular structure (thermal
prehistory) destroys and the stabilized new one, which
corresponds to the given conditions of thermal processing
forms [1]. Moreover, at such thermal processing the chemical
oxygen fixation and other impurities and their transition into
electro-inactive state take place [2].

Se, obtained by such way, crystallizes at 210°C during 40
hours. The measurements show, that trigonal Se has the dark

conductivity =107(Om-cm)™". This trigonal Se is crushed in a

ball mill up to average size of particles ~15 mcm, is filled up
into quartz ampoules, in which the gaseous chlorine is filled

with the help of a la carte tap after degassing (p=~107Pa).

The pure chlorine is obtained by the way of interaction of
MnO, with HCI [3]. The chlorine pressure in ampoules varies
in the interval 5-10°+10° Pa. After chlorine filling the trigonal

45

Se is treated to diffusion annealing at T=90+170°C during
0,5+5 hours. In the result of such thermal processing the
chlorine molecules diffuse in the near-surface region of

trigonal Se particles up to depth ~1mcm, i.e. in fact that
region of photosemiconductor dopes, where the light
quantum can penetrate at exposure of EPh layer.

The solvent (ETOH)and the bonding solution
(polivinilbutiral of ITIII type) are added to obtained by such
way powder of trigonal Se with chlorine impurity and after
combined dispersion the emulsion is marked on the
aluminum substrate (foil by width 150 mem) by method of
swimming roll. The substrate preliminary is degreased,
dipped in 10% solution of KOH, thoroughly washed and
conserved in acetone up to emulsion marking.

The width of manufactured EPh layers is 20+30 mcm in
the dependence on the relation trigonal Se — bonding
solution. Further, EPh layers are dried in the common
conditions during the day.

Their main EPh parameters are measured on the
ectrometric installation with vibrating electrode near layer
surface. The charging of EPh layers is carried out in the
corona discharge. The light characteristics are measured by
exposure through shutter with the use of lamp glowing and
neutral color filters after dark adaptation of EPh layers during
15 minutes.

The newly-made EPh layers from the trigonal Se,
annealed in chlorine atmosphere in bonding solution charge

only up to initial potential Uy~ 100 V, have the duration of
dark half-decay of surface potential 71,~15c and integral

photosensitivity Si=0,04(Lk-s)"". The essential improvement
of all parameters of the same layers after drying at
T=70+150°C with further slow cooling is observed. Thus,

Sint increases almost in 10 times at Ty4=~120+150°C. The
improvement of other parameters is observed. The obtained
results are tabulated in the table, from which it is seen, that
powder annealing of trigonal Se in chlorine atmosphere
(Pci=5-10°+10°Pa) essentially influences on the parameters of
EPh layers.

The further growth Tg>150°C leads to the parameter

degradation and thus, the drying at T4=~120+150°C is
necessary for the formation of optimal sizes. The parameter
degradation of EPh layers at T¢>150°C is probably caused
both by penetration of chlorine impurity deep into particles of
trigonal Se and beginning of thermo-destruction process of
bonding solution.
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The introduction of chlorine impurity into trigonal Se is
caused by the fact, that chlorine increases the dark
conductivity of photosemiconductor on several orders.
Situating on the edges of Se chains, the chlorine molecules
decrease the height of potential barriers and promote to
mobility of current carriers. Simultaneously with it both
acceptor impurity and the chlorine increase the -carrier
concentrations. The photosensitivity of trigonal Se increases
because of the given reasons. However, the growth of dark
conductivity of photosemiconductor strongly decreases the
charge quantity of EPh layer. The chlorine impurity makes
degradation the dark characteristics, improving the light ones.
Thus, it is necessary to introduce the impurity so, that it can
wrap up the surface layer of particles of trigonal Se up to the

depth of light penetration at exposure (=1 mcm at A<S0,7
mecm). The impurity shouldn’t penetrate into internal regions

of powder particles in order the conductivity of main mass of
trigonal Se stays low one. Only at that case the slow
relaxation of surface charge in the darkness will be promoted.
The diffusion annealing of powder of trigonal Se in chlorine
atmosphere is carried out especially with realization aim of
such situation.

From the table it is seen, that the parameter improvement
of EPh layers is observed with the increase of annealing time
tir up to 1 hour. At the further increase t; their degradation is

observed, i.e. the annealing during ty~ during 1 hour is
optimal one.

The result analysis (see table) allows us to confirm that
annealing of photosemiconductor microparticles in chlorine
atmosphere at the given Ty and t; promotes the increase of
integral photosensitivity of EPh layers of trigonal Se in
bonding solution.

Table
Ty h Siney (Lk - 5) Up, V i, S
t, h
PCl,, 0,5 1 2 3 5 105 1 2 3 5 105 1 2 3 5
Pa Tw.°C
90 0231021 ]024]026[027]293 [288 | 282 [ 262 | 251 | 41 |40 381 37] 36
120 0231025031 [034[037][29 [286 [ 272 [ 254 [ 244 | 39 |38 371 36| 34
5-10° [ 135 024 028 1033]035[038] 284 [274 [ 266 [ 248 [ 235 [ 38 [36 35 34| 33
150 025]031]034]037][039] 275 [265 [ 262 [ 242 [ 232 ] 36 |34 321 29| 28
170 0251030]033]035[038] 270 [262 | 258 [ 240 | 228 | 34 |31 28 26 25
90 0241024 ]027][029]031[292 [288 [ 278 [ 256 [ 246 | 41 [39 371 36| 36
10* 120 0251030037040 [ 041 [ 285 [280 [ 272 [ 250 [ 238 [ 39 [37 36 | 34| 33
135 0,26 [ 032038041 [042]280 [272 [ 265 [ 244 [ 232 | 37 [35 34 3] 32
150 027 [ 037040042043 ] 275 [264 [ 258 [ 240 [ 228 | 36 [ 34 321 30] 30
170 028 1 035]038]043[043] 268 [260 | 255 | 235 | 224 | 33 |30 28 26 25
90 025028028 [031[032]290 [285 [ 274 [ 250 [ 236 | 40 | 38 371 36| 36
120 0,26 032038 ][040 [ 044 [ 282 [ 278 [ 265 [ 242 [ 230 [ 38 [37 35 33| 32
5-10* [ 135 0,28 1034040042045 276 [270 [ 258 [ 235 [ 224 | 36 |35 34 32| 32
150 032 ]043]050]050][049] 270 [ 264 [ 254 [ 231 [ 220 [ 35 [ 34 331 31 ] 30
170 0331044 048] 047047 ] 260 [ 258 | 250 | 226 | 216 | 32 |28 26 25| 24
90 0,26 [ 027 [ 027 [030]030][ 288 [280 [ 270 [ 246 [ 230 [ 39 [37 34 | 31| 28
120 0,27 [ 031 [ 036040 [ 042 [ 282 [274 [ 263 [ 238 [ 225 | 37 [35 31 29| 28
10° 135 0,28 1034040041 [044] 275 [266 [ 256 [ 232 [ 217 [ 35 [32 29 27] 26
150 034 ]045] 047044047 ] 265 [253 [ 248 [ 228 [ 213 [ 32 [30 26 22 21
170 035]042]045] 041040 258 [ 256 | 246 | 224 | 210 | 30 |28 24 20 19

[11  N.I Ibragimov. Nekotoriye zakonomernosti formiro-
vaniya strukturt i svoystv selena. Azerbaycan Res-
publikasinin Prezidenti H.O. Sliyevin 80-illik yubi-
leyine hasr olunmus etmi konfransin materiallart. XXI
YNE, Baki, 2003, s.15.

[2] G.B. Abdullayev, N.I. Ibragimov, Sh. V. Mamedov.
Phys. Selenium and Tellurium, Pergamon Press, 1969,
p-321.

[3] B.M. Yavorskiy, A.A. Detlov. Spravochnik po fizike,
M., Nauka, 1985, s. 512. (in Russian).

N.I. ibrahimov, V.H. Agayev

FOTOYARIMKECIRICININ MIKROZORROCIKLORININ SOTHO YAXIN OBLASTININ XLOR
ATMOSFERIND® TERMIK ISLOMOKLO LEQIRO EDILMOSININ TRIQONAL Se-NiN
OLAQOLONDIRICIDS EF LAYLARININ PARAMETRLORIN® TOSIRI

Trigonal Se-nin mikrozarraciklorinin (=15 mkm) sotho yaxin oblastinin xlorla asqarlanmasi EF laylarin inteqral fotohassasligini artirir.

H.M. U6parumos, B.I'. Araes

BJUSHUE JIETUPOBAHW S NPUITIOBEPXHOCTHBIX OBJACTEA MUKPOYACTUYEK
®OTONOJYITPOBOJAHUKA OT)KUTI'OM B ATMOC®EPE XJIOPA HA 3JIEKTPO®OTOI'PAOUYECKHUE (EF)
IMAPAMETPBI CJIOEB TPUT'OHAJIBHOT'O Se B CBSI3YIOLIEM

BBezeHne npuMecH XJopa B MPUIIOBEPXHOCTHYIO 00J1acTh MUKpodacTHuek (= 15 MkM) TpuroHnanbHoro Se nuddy3rnoHHBIM OTKUTOM

YBEJIMYMBAET HHTETPalib-HYIO CBETOUYBCTBUTENBHOCTh EF c0€B.
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THE INFLUENCE OF TEMPERATURE -TIME CRYSTALLIZATION MODE ON THE
MECHANICAL STRENGTH AND ON THE STRUCTURE OF POLYMERIC MAGNETIC
NANO-COMPOSITES ON PVDF+Fe;04 BASIS

P.B. AGAKISHIYEVA, S.A. ABBASOV, R.A. ALI-ZADE
Institute of Physics of NASA,
AZ-1143 Baku, Azerbaijan, H. Javid ave. , 33

M.A. RAMAZANOV
Baku State University
Baku, Az 1145, Z.Khalilov str.23

The investigation results of the influence of temperature-time crystallization mode on the microstructure and on the strength properties
of compositions on PVDF+Fe;0, base are described in the given work. It is shown, that increase of mechanical strength of nano-composition
samples, obtained in the modes of slow cooling is connected with increase of interphase interaction of composition components, and increase
of nano-particle sizes is connected with increase of coagulation probability of Fe;0, particles.

Last time the magnetic nano-structures are successfully
used for the high-density magnetic record of information,
pigmentation, in the micro-wave coverings, at magnetic
cooling and other technique spheres.

The nano-composite properties are defined by the
chemical nature of polymeric matrix, structure of interfaces,
the part of which is too large in nano-composites, and also by
the interaction between nano-particles and polymer matrix.
The temperature-time mode of polymer -crystallization
changes the physical structure of the polymeric matrix and
interphase interactions between composite components that
leads to the change of the composition strength properties
[1-5].

The investigation results of the influence of temperature-
time crystallization mode on the microstructure and strength
properties of compositions on PVDF+Fe;O, base are
described in the given work. The magnetic polymeric nano-
composites are obtained by the following way. The Fe;04
nano-particles are added to the PVDF solution in
dimetilformamid. The nano-particle size is 4-10nm. The
mixture is mixed at the temperature 343K up to the emulsion
formation, the water solution is added and Fe;O,, consisting
PVDF, is steamed and further is dried in vacuum safe. The
nano-composite samples are obtained from the compound by
the method of hot pressing at PVDF melting point under the
pressure 15MPa during 10 minutes with further cooling up to
room temperature at various velocities.

The microstructures of PVDF+Fe;0, compositions are
investigated on the scanning atomic force microscope
(AFM).

The mechanical strength properties of nano-composition
samples are defined at temperature 293K. The mechanical
strength of nano-composition samples, obtained in the modes
of quick cooling (QC) f=2000grad/min and slow cooling
(SC) p=4grad/min are studied. It is experimentally
established, (fig.1) that mechanical strength of PVDF+Fe;0,
nano-composition, obtained in the mode f=4grad/min bigger,
than nano-composition samples have obtained in the modes
S=2000grad/min. It is also shown, that the small increase of
mechanical strength of PVDF+Fe;0, nano-composition is
observed in the dependence on the volume content of Fe;0,
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nano-particles up to 2%v.con., after that the concentration
increase takes place up to 20%v.con.

50
MEPa

N
T at

.
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Fig. 1. The dependence of mechanical strength on the filler
volume content, obtained in the different cooling modes.
1. f=2000grad/min (QC) 2. f=4grad/min (SQ)

Further increase of nano-particle concentration leads to
the strong decrease of mechanical strength of this nano-
composition. From the fig.1 it is seen, that change regularity
of nano-composition mechanical strength on the volume
content of Fe;0, is saved for the samples, obtained in the
modes f=4grad/min and f=2000grad/min.

By our opinion the small increase of nano-composition
mechanical strength till 2%v.con. of Fe;O4 concentration is
connected by the structuring of polymeric matrix. The nano-
particles play the role of crystallization center in them, if
additions of Fe;O,4 are 2%v.con.

Further decrease of mechanical strength is connected
with the decrease of the part of polymeric matrix with the
concentration increase of Fe;O4 nano-particle. The strong
decrease of nano-composition mechanical strength is higher
20%v.con. that is connected with destruction of polymeric
matrix.

AFM 3D image of region topography of nano-
composition surface PVDF+Fe;0,4, obtained in the modes
f=4grad/min is given on the fig.2. It is seen, that at slow-
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cooled samples the nano-composition relief becomes more
ordered, than at quick-cooled ones.

b)

Fig.2. AFM 3D topography image of nano-composition surface
region PVDF+Fe;0, a) f=4grad/min. b) f=2000grad/min.

It is known, that crystallinity degree of composite
materials much increases at slow cooling of polymers and
composites on their base in the comparison with quick-cooled
one. The decrease of crystallinity degree in the samples,
obtained in the mode of quick cooling, probably can be
connected with small crystal structure. By our opinion, the
increase of nano-composition mechanical strength of
PVDF+Fe;0,4 samples, obtained in the modes of slow cooling
is connected by the formation of more ordered structure of
polymeric matrix and increase of interphase interaction of
composition components.

The nano-particle sizes, the distribution topography of
Fe;0,4 nano-particle in polymeric matrix for the samples,
obtained in the modes f=4grad/min and f=2000grad/min are
given on the fig.3. AFM investigation of these samples

shows, that sizes of Fe;O, nano-particle change with
crystallization temperature-time mode, i.e. at f=4grad/min is
21nm, and in the cooling modes f=2000grad/min is 15 nm

(fig.3).

DX=15,7 nn

b)

Fig.3. AFM image of nano-composition surface PVDF+Fe;0,
and nano-particle sizes of Fe;0,
a) f=4grad/min b) f=2000grad/min.

By our opinion the increase of mechanical strength of
nano-composition samples, obtained in the modes of slow
cooling is connected with increase of interphase interaction
of composition components, and increase of nano-particle
sizes is connected with increase of coagulation probability of
Fe;04 particle.

[1] M.A. Ramazanov New magnetodielectric polymeric
nanocoposite. Light in Nano-Size Solids 1
International Scientific Seminar Baku-2004. p. 43-44.

[2] Yu. I Petrov. Klasteri 1 maliye chastici. M.Nauka,
1986, 124s. (in Russian).

[3] L. V. Nikitin,L.S. mironova i dr. Magnitniye uprugiye,
strukturniye i magnitodeformacionniye svoystva mag-

nitoelastikov. J.VMS, t.
Russian)

[4] A.D. Sdadnik, G.V. Kirik. Polimerniye kompoziti i
nanokompoziti v magnitnikh polyax. Sumi., 2005,
231s. (in Russian).

[S1 A.D. Pomogaylo, A.S. Rozenberg, LE. Uflyand. Nano-
chastici metallov v polimerax. Moskva. "Khimiya"
2000 r., 671s. (In Russian).

46(A), Ne3, s. 498. (in



THE INFLUENCE OF TEMPERATURE -TIME CRYSTALLIZATION MODE ON THE MECHANICAL STRENGTH AND ON THE ...

M.O. Ramazanov, P.B. Agakisiyeva, S.A. Abasov, R.A. Olizads

KRISTALLASMANIN TEMPERATUR - ZAMAN REJIMININ PVDF+Fe;0s ©SASINDA POLIMER MAQNIT
NANOKOMPOZITLORININ MEXANIKI MOHKOMLIYINO VO QURULUSUNA TOSIRI

Bu igdo kristallasmanin temperatur - zaman rejiminin PVDF+ Fe3O4 osasinda polimer maqnit nanokompozitlorinin mexaniki
mohkamliyina vo qurulusuna tesirinin tadqiginin naticalari sorh olunmusdur. Gosterilmisdir ki, yavas soyuma rejiminds alinmig
nanokompozit niimunslorinin mexaniki méhkomliyinin artmasi kompozitin komponentlori arasinda fazalararasi qarsiliqli tesirin
artmasi ilo olagodardir, nanohissaciklorin 6lgiilorinin artmasi iss FesOs hissociklorinin koaqulyasiya ehtimalinin yiiksolmosi ilo
slagadardir.

M.A. Pama3zanos, I[I.b. Arakumuena, C.A. Abacos, P.A. Anu-3ane

BJIUSHUE TEMIIEPATYPHO-BPEMEHHOI'O PEXXUMA KPUCTAJUIM3AIIMUA HA MEXAHNYECKYIO
MNPOYHOCTDb U HA CTPYKTYPY HOJINMEPHBIX MATHUTHBIX HAHOKOMIIO3UTOB HA OCHOBE
NB/I®+Fe;0,

B nanHO# paboTe W3nararoTcsi pe3ysbTaThl HCCIEIOBAHWS BIMSHHS TEMIIEPaTYpPHOTO BPEMEHHOI'O DPEXHMa KPUCTAJUIM3aLUHM Ha
MHUKPOCTPYKTYPY M Ha TPOYHOCTHBIC cBoiicTBa kommosuimid Ha ocHoBe IIBJ[d+Fe;0,. IlokazaHo, uTO yBenn4eHHE MEXaHHYECKOM
MIPOYHOCTH OOpPa3I[OB HAHOKOMIIO3UIMH, TNOTyYEHHBIX B PEKHMaX MEJUICHHOTO OXJAXJCHUS, CBA3aHO C YBEIHUYEHHEM Mex(a3HOro
B3aUMOJICHCTBUSI KOMIIOHCHTOB KOMIIO3HUIMH, a YBEIHYEHHE Pa3MEpPOB HAHOYACTHUI] CBSI3aHO C MOBBIIICHUEM BEPOSTHOCTH KOATYIISIINU
gactul] Fe;0,.

Received: 18.09.07
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THE STRUCTURE AND FERROELECTRIC PROPERTIES IN THE SOLID SOLUTIONS
WITH THE STRUCTURE OF TETRAGONAL TUNGSTEN BRONZE

R.Z. MEKHTIYEVA, A.I. MAMEDOV
Institute of Physics of NAS of Azerbaijan,
Baku, Az -1143, H. Javid av., 33, Azerbaijan

The investigation results of solid solution systems K,;Ba;Nb;O30-K¢LisNbsO39 (KBN-KLN) K,SryNb;(030-KSr4Nb ;o039 (KSN-KLN)
with the structure of tetragonal tungsten bronze with the aim of revealing of influence of tetragonal position filling on the system structural
parameters and electrophysical properties, in which the morphotropic phase transitions with the storage of the similar cell symmetry in whole
interval of solid solution existence of tetragonal-tetragonal type (7-7), accompanying by the clear anomalies on the concentration
dependencies of structural and electrophysical parameters are given in the given work.

Introduction

The study of oxide solid solutions with the structure of
tetragonal tungsten bronze (TTB), ,having the essential
electrophysical properties (ferro-, antiferro-, ferroelastic and
others) is presented actual both from scientific point of view,
that is the order establishments, caused by their complex
hierarchical construction and practical one, that is the use of
accompanying structural instabilities of extreme material
properties.

The aim of the given work is the revealing influence of
filling of triangular positions on the system structural
parameters and electrophysical properties, in which the
morphotropic phases transitions (MPhT) with the storage of
similar cell symmetry in the whole interval of solid solution
existence (SS) of tetragonal-tetragonal type (7-7),
accompanying by clear anomalies on the concentration
dependence of structural and electrophysical parameters in
double systems of solid solutions with TTB structure [5].

Experimental part

The samples of TR systems K,SryNb;yO30-KLisNb¢O3
(KSN-KLN) and K2B34Nb10030-K6Li4Nb10030 (KBN-KLN)
are obtained by the solid-phase synthesis from the
stoichiometric oxide mixtures or carbonates of corresponding
elements in two stages (with intermediate grinding) at
annealing temperature in the interval from 1150 up to 1475K
and duration from 2 up to 6 hours. The disk samples of high-
density ceramics for the measurement of dielectric and
piezoelectric parameters (&33/6, tgo, ds;, K, and Oy ) on the
techniques, described in [6] are prepared by the method of
hot pressing.

The symmetry and parameters of elementary cell of the
samples are defined on the powder roentgenograms
(diffractometer DRON-3.0, CuK,, is filtered radiation).

The results and their discussion

The compounds of solid solutions with TTB structure
with the limited solubility K¢LisNb;qO3¢ (80 mol%) [4,5] are
obtained by addition introductions. The ceramic properties of
solid solution compounds, which are close to KBN and KSN,
which aren’t baked in the pure form are investigated.

The morphotropic phase transitions (MPhT) with the
storage of the similar cell symmetry in the whole interval of
TR existence of tetragonal-tetragonal (7-7°) type,
accompanying by the clear anomalies on the concentration
dependencies of structural and electrophysical parameters are
observed in the systems of solid solutions (TR) K,Ba,Nb;oO3p-
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KLisNb;gO3p (KBN-KLN) K,SryNb;¢O3-KsLisNb;gO3p (KSN-
KLN) with the structure of tetragonal tungsten bronze (TTB),
also as in the system of solid solutions K,Pby;Nb;;,O3 _
Na,PbyNb;(O39 (KPN-NPN) with TTB structure and rhombic
symmetry of extreme component (P/ — P /).

|
|
i

A L
20 60

!a"‘%mdnl. mals lil'i."ip%
Fig.1. The concentration dependencies of structural parameters
in the system of solid solutions K2B34Nb1()030-K6Li4Nb]0030.

TX
S0or

300

20 40 60 60 %
KESt;.Nb‘ - mel¥ KgLiNb,oUso

Fig.2. The concentration dependencies of electrophysical
parameters in the system of solid solutions K,Sr;Nb;cO3¢-
K6Li4Nb10030.

MPhT 7-T" in these systems reveals in the anomalous
behavior of elementary cell parameters: bend in the going of
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average parameter z (& = ¢*v10a’c , average cell parameter,
is equivalent one on the volume with “ideal” [1,2]) in KSN-
KLN system (table), minimum on the curves of parameter
changes « , ¢ (KBN-KLN system, fig.1); the bend in KSN-
KLN system in the going of average parameter o« is
accompanied by the clear maximums of dielectric and
piezoelectric parameters at 70% KLN (fig.2).

The solid solutions with the structure, which is similar to
the KLN(T") structure [7] form in KBN-KLN system (fig.1) in
the interval 0,7<y<0,8 (y-KLN), i.e. at the content of three
and more Li ions on the elementary cell, and at solid

solutions on KBN(7) basis form at 0<y<0,7. As it is seen, the
a parameter in the tetragonal phase 7 almost doesn’t change.
This can be explained by the fact, that the ion average radius
in A-position in KBN and KLN almost doesn’t differ (R(K'")
—1,64A (c.c. 12) and 1,70A (c.c. 15); R(Ba’") — 1,6A (c.c. 12)
1,72A (c.c. 15)) [5,7].

In KSN-KLN system the parameters of elementary cell
increase with the increase of KLN content (table), as ion
average radius in A-position in KSN is smaller, than in KLN
R(SF") - 1,44A (c.c. 12)) [4,7].

Table
Structural parameters of double system of solid solutions K,Sr,Nb;yO39-KsLiNb;yO3p.
KLN(%) Lattice parameters
0 -

KSN(%) a A C, A a, A Va2e 10/a
90 10 12,4864 | 3,944 12,483 8,505 0,999
80 20 12,513 3,942 12,494 8,513 0,996
70 30 12,527 3,943 12,507 8,523 0,995
60 40 12,5460 3,9531 12,542 8,544 0,995
50 50 12,553 3,958 12,539 8,543 0,997
40 60 12,566 3,966 12,557 8,554 0,998
30 70 12,568 3,965 12,558 8,556 0,998
20 80 12,569 3,989 12,583 8,574 1,004
0 100 12,5784 | 3,9796 | 12,5803 | 8,572 1,001

The bent changes of piezomodule d;; and coefficient of
electromechanical bond K|, go through the maximum on the
area boundary MPhT; are accompanied by the increase of
Curie temperature values (530K). The permittivity has the
maximum on MPhT boundary, to which the compound with
minimum value of mechanical quality Q,, is equal (fig.2).

In these systems the compound change is accompanied by
the gradual filling of positions by Li ions in triangular canals
and observable MPhT, probably, is connected with different
filling character of these positions: with ordering or shifting
from polyhedron center with coordination number 9 in the
one from two incorrect octahedrons, consisting it.

[11  V.A. Isupov. FTT, 1980, t.22, v.1, 5.25-28. (in Russian)

[2] L.A. Reznicenko, R.Z. Mextieva, L.A. Silkina, A.I. Ma-
medov. AMEA-nin Xaborlori, fiz.-riyaz. va t.e. bil,
2003, 5(1), S.53-57.

[31 R.Z Mekhtieva, V.G. Krishtop, E.N. Sidorenko,
R.U. Deviikanova. 1zv. AN SSSR. Ser. fiz. — 1990,
t.54, No 6, 5.1167-1170. (in Russian)

[4] R.Z Mekhtieva, R.U. Devlikanova, G.1. Stepovoy i dr.

[5] Neorgan. materiali. 1991, t.27, Ne.7, ¢.1483-1487. (in

Russian)

[6] V.Q. Krishtop, R.U. Devlikanova, O.A. Bunina,
V.S. Filipev. 1zv. AN SSSR. Neorgan. materiali. 1988.
T.24. Ne9. S.1513-1515. (in Russian).

[71 QOST 12370-80. Materiali pyezokeramicheskie.
Metodi ispitaniy. M.: Izd-vo standartov; 1982. 30 s.

[8]1 V.A. Isupov, A.B. Lutsevich, A.U. Sheleg, T.N. Urban.
Izv. AN SSSR. Ser. fiz. 1983, t.47, Ne4, S.813-815. (in
Russian)

R.Z. Mehdiyeva, ©.i. Mommoadov

TETRAQONAL-VOLFRAM TUNC STRUKTURLU BORK MOHLULLARIN
STRUKTURU VO SEQNETOELEKTRIK XASSOLORI

Bu isds ticbucaq kanallarin doldurulmasmin tetragonal-tetraqonal (7-7") tipli bark mohlullarin biitin mdvcud intervalinda 6zayin vahid
simmetriyasinin saxlanilmasi ilo morfotrop faza kegidlori miisahido olunan sistemlorin elektrofiziki xiisusiyyatlorine va struktur
parametrloring tosirinin dyronilmasi moagsadils tetraqonal volfram tunc strukturlu K,BayNb; (O30~ K¢LiyNbgO39 (KBN-KLN) K,Sr4,Nb(O30-
KeLigNb;(O39 (KSN-KLN) bark mohlullarin todqiqat sistemlarinin naticolori gostorilmigdir.

P.3. MexTtnena, A.1. MamenoB

CTPYKTYPA U CETHETOSJIEKTPUUECKUE CBOMCTBA B TBEPbIX PACTBOPAX
CO CTPYKTYPOM TETPAI'OHAJILHOM BOJIb®PAMOBOI EPOH3BI

B nmanno#t paGore mpUBOAATCS pe3yNbTaThl HCCICJOBAHUHM CHCTEM TBEpABIX pacTBOpoB K,Ba,Nb;yO;p-KsLi,Nb;yOs9 (KBN-KLN)
K581 yNb 19O30-KsLiyNb19Os9 (KSN-KLN) co cTpyKTypoil TeTparoHaIbHON BOIb(PpaMOBOH OPOH3BI C IO BELSICHECHHS BIHMSHUS 3aIIOTHCHUS
TPEYTOJbHBIX MO3UIUIA HA CTPYKTYpHBIC MapaMeTPhl U AIICKTPO(PU3NUESCKUE CBOMCTBA CHCTEM, B KOTOPBIX HAOIOIAIOTCS MOP(POTPOITHBIC
(a3oBbIC TEPEXOJBI C COXPAHCHUEM OJMHAKOBONW CHMMETPUHM SYCHKH BO BCEM HHTEPBAJC CYIICCTBOBAHUS TBEPIBIX PACTBOPOB, THIIA
TeTparoHanbHas-TeTparoHansHast (7-7"), CONpoOBOKAAIOIINECS YeTKUMHU aHOMAJIUSAMH Ha KOHIIGHTPAIIMOHHBIX 3aBUCUMOCTSAX CTPYKTYPHBIX U
AEKTPOPHU3NIECKUX TAPAMETPOB.

Received: 25.09.07
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THE CONCEPTIONS OF THE FRACTAL IN THE PHYSICS OF SUPRAMOLECULAR
EUTECTICS

F.K. ALESKEROYV, S.Sh. KAKHRAMANOV
Scientific-manufacture consortium “Selenium’ of National Academy of Sciences of Azerbaijan,
Az-1143, Baku, F. Agayev str., 14

E.D. MOROYDOR, M.G. PISHKIN
Stambul Technical University “Yildiz”, chemical-engineering faculty, Davutpasha,
Merter, 342, Stambul, Turkey

The main statements of the theory of inorganic eutectic systems, evidencing in the proof of the supramolecular conception and taking
into consideration the interaction of fractal super-assemblies are considered. The experimentally observable geometric samples-fractales are
given; the nature of interphase interaction of fractal aggregate with matrix is shown. The above mentioned is proved by the example of
regular eutectic systems of A™VBY"— NiSb type and fractal dendritic structures.

Introduction

The structures, widely used in the technique of eutectic
alloys, and also eutectic supramolecular conception taking
into consideration the interaction of inadequate substructures
and opening the formation mechanisms of supramolecular
assemblies in boundary layers (‘“non-autonomous phases”)
are considered in the given article. The ability of such self-
organizing supramolecular objects to the molecular
recognition is their main property. The component
recognition proposes the “complementarity”, i.e. the mutual
interaction of assembly participants both geometric one and
on the level of intermolecular bond formation [1-2].

The structural peculiarities of eutectic nature, i.e. the
interconnection between phase crystalline structure and phase
boundary structure and peculiarities of electron structure of
eutectic components are usually considered for its
understanding [3-4].

The formation of fractal structures in the result of
evolution of any physico-chemical systems is possible. Their
formation in the macro- and nanosystems is connected with
revealing of dissipative self-organization. Many materials,
including dendritic structures, have fractal dimensionality on
the different stages of their obtaining [5]. It would be
interesting to analyze the morphology of known eutectic
alloys from the point of view of their fractal character with
the use of fractal aggregate conception once again. There are
enough such objects in the capacity of examples.

The consideration of eutectic structures from fractales
point of view can introduce the some progress in the
description of both regular and irregular aggregates.
However, it isn’t enough only to describe the forms, it is
desirable to understand the formation of internal mechanism
of fractal eutectic systems. The series of eutectic aggregates
has the character fiber-like structure with fuzzy edges [6].
The analogous structures are obtained in the other systems,
for example PbTe — NiSb and PbS — NiSb. They are similar
with fractal formations on appearance [3-4]. The
investigations on the distribution of inclusion grains in the
general matrix (for example, NiSb fibers into PbTe) are
necessary. This leads to the consideration of fractal
dimensionality. It is necessary to reveal how much the
eutectic growth mechanism is able to reproduce the fractal
structure, satisfying the demands, required to them. The
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perceptions of fractale and fractal dimensionality are given in
the works [7-8].

The nonfractal and fractal granular microstructures are
schematically presented in the work [7]. The broken granule
boundaries are fractal ones and are caused by the fractional
fractal surface dimensionality 2<D<3. Such structure is
character for the high-deformed boundaries.

Here, the formations of dendrite-like structures are well
known. The fractal dimensionalities of forming dendrites
correspond to fractal dimensionalities in two- and three-
dimensional systems, obtained at computational modeling [5-
7]. The information about microscopic picture of dendrite
growth is necessary for the further consideration of eutectic
morphology. The eutectic crystallization is always dendrite
one, meaning that granules of eutectic phases, consisting in
colony, develop in the form of thin-branched dendrites in the
connection of specifics of dual growth. The eutectic colonies
themselves transform into two-phase dendrites in the growth
process [6].

Fig. 1. The formation stages of dendrite growth of Fe+(M,, Fe)C
is (a,b), model projection is (c )[6].

For us it is important to know, that each cell grows in the
form of eutectic octahedron and first stages of dendrite
formation (for example, in eutectic Fe+(My,Fe)sC) reproduce
the corresponding stages of the formation of leading phase
dendrite (fig.1 a,b,c) [6].
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The three-dimensional eutectic dendrite, the branches of
which are presented themselves the element chains of cube
directions of octahedron form, quasi planted one on another
along cube direction [6]. The model projection, constructed
on the data of stoichiometric analysis is shown in [6] on the
fig.1 c.
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Fig.2. The irregular structure of high-dispersion dendrite particles
(a) and junction model of dendrite structure of iron high-
dispersion alloys (b) [7]; L is the length of particle main stem.
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Thus, the dendrite formations in eutectics are integrally
similar hereditary fractal structures on the structure as their
leading phase. Here it is need to compare the above
mentioned results with irregular structures of high-dispersion
iron dendrite particles, given in the monograph [7]. The
practical use of irregular structures for identification of
structures of natural fractals on data [7] is illustrated on the
fig.2. The irregular structure, generalizing the model of high-
dispersion dendrite particles is shown on the fig.2a. The
projection of junction model of dendrite particle on the
electron microscope screen, constructed from isosceles
triangulars of decreasing sizes (at angle of ) is shown on the
fig.2b. The procedure of its construction is given in the [7],
here the main stem of particle by length /, and square

S, = 0,5102 sin o 1is divided into some totality of more fine

gauges. The series from K trigonal branches of first order by
length /;=IyK; is formed. The considered models of particle
space structure of high-dispersion ferromagnetic alloys allow
obtaining the qualitative characteristics of their branching
degree and fractional fractal dimensionalities [7].

The consideration of eutectic compositions, which are
inadequate on all three crystallographic directions in extreme
case in the terms of supramolecular chemistry, allows
obtaining the answers on many questions and eliminating
vaguenesses, mentioned at the discussion of existing eutectic
conceptions [2-3].

That’s why we here also pay attention on the study of
microstructure morphology peculiarities of eutectic alloys
with the aim of revealing of nature of interphase interaction
of fractale with matrix.

The revealing of phase fractality features in inorganic
eutectic suprastructures of A'VB"' - NiSb type is the aim of
the given work.

The investigation techniques

The eutectic alloys of the following systems: (PbTe) — Sb,
(PbTe) — NiSb are grown by Bridgman method at the velocity
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V=3mm/h at 7=1200°K and temperature gradient A7=100°
between the heaters.

The microstructures are investigated on the raster electron
microscope (REM) JSM-50A with the device for local X-ray
analysis and on electron microscope JSM-2000 in the beams
of electron secondary emission, in the beams of transmitted
electrons, roentgen images in the beams: Te, S, Ni, Sb. The
spatial resolution of the mode is ~0,1 mc. The results of these
investigations are presented on the fig.2-6.

The fractal dimensionality is calculated by the method,
described in the work [8] — (fig.7). A dimensionality is
defined by the way of sector (or cell) calculation, which are
necessary for the covering of collection in the dependence on
sector dimension and it is called sector dimensionality.

The result discussion
The fractal suprastructures in eutectics

The previous investigations show that structures in PbTe
— NiSb, SnTe — NiSb, PbS — Ni systems are similar. First of
all, let’s consider the crystallization in PbTe — NiSb and PbS
— NiSb systems.

Fig.3. The longitudinal section of PbTe - NiSb eutectic surface.

PbTe — NiSb eutectic (fig.3) has the fiber structure, PbS —
NiSb eutectic has plate structure and composition PbTe
92mol%-NiSb 8mol%. The eutectics of (PbS — Sb), PbTe —
Sb systems can be related to anomalous, limited by rod ones
with leaf structure of rods and plates. The eutectic PbS —
NiSb can be related to normal ones on the form and phase
distribution, i.e. to “regular”’. Each substructure grows with
unite strongly delineated solidifying interface, the surface of
subblock  contact legibly reveals. The  definite
crystallographic relations, which are character for the given
systems exist between phases in the normal microstructures,
investigated by us, that isn’t observed in anomalous eutectics.
The atom interaction of eutectic suprastructures is that
indirect physical reason, which supplies the fractal accretion
on the definite more energetically profitable directions and
supplies the high stability of interphase boundary.

The notion about fractals was firstly used for the
measurement of irregular lines, composed from the sections
of constant length & The length of this kinked curve L(g) was
accepted for approximate length of monitored object [8]. The
dependence of its length on the section dimension in the case
of curved line has the form: L(g)=ae"" (1), where a>1 is

L value for nonfractal curve; D>1 is fractal dimensionality.
The oriented microstructure, characterized by strong
regularity of whole “supramolecular assembly” is obtained in
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the process of directed crystallization. The microstructure of
transversal section of oriented eutectic sample of PbTe —
NiSb system is presented on the fig.4 (a,b). The composition
of eutectic assembly is following: 92mol% PbTe — 8mol%
NiSb. The solubility regions are observed in the solid
solution on component base.

Fig. 4. a) the element distribution; b) eutectic transversal section.

The microstructure regularity is reflected on the periodic
potential stroke of whole eutectic crystal integrally, and
namely: periodic potential of one lattice is rebladed by
periodic potential of another one with some period, which is
constant for the given eutectic and bigger, than constant
lattice of each phase [3].

The morphology analysis of lamellar eutectic of system
PbS — NiSb [3-4] and data about electron structure of eutectic
alloys allows interpreting the directedly oriented eutectic
compositions as class of suprastructural crystalline
substances, having the fractal structure. The bond between
atoms of different phases [4] appears in the eutectic on the
conjugation boundary. Such bond character should be inhered
to many eutectic systems according to investigation results.
Probably, this leads to the boundary degradation between
fractal and matrix.

Fig.5. The photos of local X-ray analysis (XLRA) of transversal
cut of (LXRA) mode-fractal structure of PbTe - NiSb
eutectic in the different modes: a) SE; b) XLRA in
characteristic beams Sb with linear image Sb (x14000);
¢)The same for Ni; d)The same in NiSb beams;e)XLRA in
Te beams towards with linear distribution Te; f) SE-mode.
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Fig.6. The element distribution in the fractal transversal section
(of PbTe - NiSb eutectic).

LXRA photos of transversal section of oriented eutectic
PbTe 92 mol% - NiSb 8mol% are presented on the fig.5. The
roentgen images in characteristic beams Pb, Te, Ni and Sb
towards with their linear distribution obviously evidence
about density change particle distribution (fig.5 (a, b, c, d)).
The matrix and fractals-inclusions present themselves the
limited solid solutions. Each phase is the independent crystal
in the system. Moreover, the length of fibers-fractales in
PbTe — NiSb vibrates in the limits from 200 nm up to 700 nm
at the diameter (160+180) nm. The fractals have the irregular
cigar-shaped form with thickening on the one edge and the
needle-shaped sharpening on another one. Each eutectic
fractal grows towards with matrix by unite solidifying
interface. The boundaries of contact surfaces satisfy the
conditions of fractal growth (slow transition of zigzag
character). The photos of element distribution in eutectic
fractal PbTe - NiSb, obtained by local X-ray analysis
(LXRA) in the one granule are given on the fig.6. As it is
seen from distribution of Pb, Te, Ni, Sb particles in the
fractal, the signal fall from Pb and Te and signal increase
from Ni and Sb take place in the granule; the distribution
densities of Ni and Sb are maximum in the middle and
decrease to the edges in NiSb region. The distribution
maximum falls on Pb and Te in the matrix and coincides with
minimum content of nickel and stibium. The images,
obtained in characteristic beams of all four atoms show, that
both matrix (PbTe) and inclusions (NiSb) present themselves
the limited solid solutions on the base of both components.
All data, including (LXRA) are in the total agreement with
state diagram of PbTe - NiSb system.

The distortion of matrix and fractal lattices takes place on
the interphase boundaries. Here the interaction of force field
atoms, which supply the high adhesion and are able to change
the complex parameters in the near-boundary series of atoms,
takes place.

Thus, the eutectic alloys can be considered as phase
(fractale) supramolecular assemblies in the matrix, having the
distinctive feature in the comparison with artificially obtained
mechanical mixtures, and namely with small distances between
fractal dispersion phases and strong interphase bond [3].

It is possible to conclude, that the some chemical
interaction takes place in the eutectics on the interphase
boundaries that agrees with work results [2-4].
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All this says about the fact, that eutectic presents itself the
special class of fractal systems, in which the changes of
initial component morphology take place in the comparison
with them. The appearance of these or that eutectic properties
is the result of the character of their chemical bond. This is
proved by the morphology of structural fractales.

i&m
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Fig.7. The curve graphical chart in logarithmic scale,
corresponding to the L(g)=a&’” dependence.

Let’s consider the definition questions of fractal
dimensionality of investigated phase boundaries in eutectic
systems (for example in PbTe - NiSb). In the given case we
use the method of region covering by equal square grid with
the length of square side » (fig.7) for the definition of
boundary (fractal) fractal dimensionality. It is calculated, that
(as in the work [8]) the square number N, the sides of which
cross of superblock boundaries even one time; number N=46
for e&=1mm (emphasized fourth fractal in the middle) on the
given figure 3; the value 1,45+0,01 is obtained for D.

This dependence in the logarithmical coordinates is linear
(fig.7). The line of slope ratio corresponds to fractal
dimensionality. This dimensionality is the dimensionality of
only longitudinal cross-section of cigar-like fractal (PbTe -
NiSb).

The description of structure geometry with the help of
only one value of fractal dimensionality isn’t enough. It is
followed to find its reason in eutectic nature itself, which is
connected with suprastructure interphase interaction. This
interaction distorts the lattice on the phase boundary,
containing the eutectic: the interatomic bond inside fractale
itself, being in the matrix weakens. The lattice elastic
deformation is maximal on the boundary and exponentially
decreases in the depth of fractal phase. Along with it, the
bonds between atoms in the near-boundary region inside
phases should cause to the decrease of structure ordering in
the given region. The fractal phases PbTe - NiSb, obtained in
the eutectic, as it seen from the fig.3 and 6 differ by that
property, that their densities decrease on the law, described

by the coefficient in the relation particle number — radius [8].
This is the one from the features of fractality revealing of
different macro- and nanoparticles. The another characteristic
is the fact, that (as it is seen from the fig.3) the fractal here
occupy whole matrix object space PbTe, being the part of
unite supramolecular assembly in the eutectic, These fractals
consist of the parts, which are similar each other in some
means.

We here have defined the phase fractal dimensionality by
only one object cross-section. However, as we see, the
structure of one phase PbTe - NiSb has cigar-like form and it
is in elastic-resistant state; phase lattices are elastically
distorted, matrix lattices are pressed on the boundary and
fibers-fractals are extended. There are no lattice distortions in
the transversal direction [3].

The above mentioned experimental results make the use
of fractale conceptions in the case of non-self-repeating
structures possible. For example the self-affine fractale, the
structure of_which is invariant one after simultaneous, but
qualitatively different gauge change along different directions
in the space. In order to totally character its properties, it is
need that how fractal dimensionalities exist, how independent
directions are. The self-affine fractales can be obtained by the
way of simple expansion of self-repeating fractales, i.e. the
relation of expansion values in the different directions should
depend on the dimension. In the definite systems the particle
aggregates have the brightly emphasized form anisotropy.
Such aggregates are called not self-similar, but self-affine
ones. In this case it is possible to introduce two fractal
dimensions: longitudinal and transversal ones for the
description of fractal aggregates [5,8].

The longitudinal fractal dimensionality we have already
calculated. It is possible to calculate the transversal
dimensionality. The consideration of fractal features of
different eutectic systems is the subject of our future
investigations.

Conclusion

The analysis and experimental data of physico-chemical
processes, taking place in eutectic of PbTe - NiSb system
show, that second phase has the fractal structure (with
longitudinal fractal dimensionality D,=1,45). This fractale
has the fiber cigar-like form, consisting of the limited solid
solution PbTe - NiSb, distributed in the matrix of stibium
telluride (moreover, PbTe matrix consists of the limited solid
solution PbTe - NiSb). Besides, the boundaries of fractal
structures in the whole supramolecular assembly are in
elastically-resistant state. The chemical bond, leading to the
fractal structure formation appears on the fractale contact
boundary. This gives to us the foundation for the
consideration of regular eutectic structures as the essential
class of supramolecular assemblies, on which the fractal
conceptions can be distributed.
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F.K. 9lasgarov, S.S. Qohramanov, E.D. Moroydor, M.Q. Piskin
SUPRAMOLEKULYAR EVTEKTIiKALAR FiZiKASINDA FRAKTAL KONSEPSiYASI

Neorqanik evtektik sistemlorin supramolekulyar konsepsiyasi nozarden kegirilib. Eksperimental alinan geometrik fraktal fiqurlar analiz
olunub. Gostorilib ki, fraktallar matritsa ilo genetik olaqododir. Deyilonlor A™BY'-NiSb evtektikada vo fraktal dendrit strukturlarda 6ziinii oks
edib.

®@.K. Aneckepos, C.111. Kaxpamanos, E./I. Mopoiigop, M.I'. [Inmkux
KOHUEINIUU ®PAKTAJIA B ®UZUKE CYIIPAMOJIEKYJISIPHBIX 9BTEKTHUK
PaccMOTpeHB! OCHOBHBIE IMOJIO0KEHHS TEOPUH HEOPTraHWYECKHX 3BTEKTHYECKUX CHCTEM, CBHICTEJIBCTBYIOIINE B MOJIB3Y
CYIpaMOJIEKYyJISIPHOI KOHIETIINM U yYHUTHIBAIOIINE B3aMMOJICHCTBHE (PpakTanbHBIX cynepaHcamOneil. [IpuBenens! skcnepu-
MEHTaJBHO HaOI0JaeMble TeOMETPHUYECKHE O00pa3ubl-(hpaKTaiy, IOKazaHa MPHpoAa MeX(a3HOTO B3aWMOJNCHCTBHSA (pak-
TaJBHOI'O arperara ¢ MaTpuuei. BpllIen3noxkeHHOe NOATBEPKIACHO Ha NPUMEPE PETYJSIPHBIX 3BTEKTHUECKUX CHCTEM THIIA

A"BV-NiSh u ppaxTanbHEIX JeHIPUTHBIX CTPYKTYP.
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THE OBTAINING AND STUDYING OF ELECTRET PROPERTIES OF
PELD+x vol.% TliGaTe,(TlInSe;) COMPOSITIONS

E.M. GODJAYEYV, Sh.A. ZEYNALOYV, S.S. OSMANOVA,
E.A. ALLAKHYAROYV, O.A. GUMBATOV
Azerbaijan Technical University
Baku, Az-1073, H. Javid av., 25

The obtaining technology, investigation technique of polyethylene of low density with the additions of semiconductor compounds
TlnSe,, T1GaTe, are processed in the presented work and the investigation results of electric properties of these composition materials are

described.

The wide distribution of polymer materials, conquered
the positions in all regions of human activity is the one of the
character elements of technical advancement. It is well
known, that the most essential advantages of this type of
materials, to which the small specific gravity, the ability to
transform into complex configurations products with the help
of high-production and accessible methods, the infusion
possibility of complex valued technical properties to them,
and also the presence of wide source of raw materials are
related to.

The good agreement of physicomechanical and electric
properties of polymer materials allows to more widely use
them in the capacity of electric isolation and dielectrics in
cable manufacture, and also in the manufacture of electric
machines, apparatuses and compensators. It is necessary the
deep studying of polymer electric properties in the
dependence from their construction and exploitation
conditions for rational polymer application.

Note, that polymers with different additions are studied
well enough, however, information about influence of
additions of inorganic nature on electric properties of these
materials is very scanty. The influence of additions of
semiconductor origin on polymer properties isn’t considered
at all. There is some information of foreign [1-3] and
domestic investigators [4,5]. The information about obtaining
of polyethylene polymer compositions (PELD) of low
density with addition of semiconductor compound TlInSe, is
recently appeared. It is revealed, that it is possible to increase
the life time of electret materials from PELD on 4.5+6 times
with the help of additions TlInSe,.

From above mentioned, the obtaining technology of
composition material PELD with TIGaTe, and TlInSe,
additions, the investigation technique of electret materials
and some electrophysic properties of these composition
materials are described in the present work.

The samples for the investigation are obtained by the
following method: polymer powder is mixed with TlGaTe,
(TlInSe;) powder. Further, the films 100 mcm at melting
point of polymer matrix and pressure 10+15 MPa between
aluminum foil are pressed from the mixture. The samples,
obtained by such methods, are suitable for studying of
electret properties.

Note that coronoelectrets are obtained in the fields of
less intensity. The cusped electrodes, being on some distance
from the surface of charged dielectric are applied for this.
The corona discharge takes place between nib and surface,
correspondingly air ionization and displacement of charge
carriers, which are electrons and ions, to electret surface. The
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charge carriers stay mainly in dielectric near-surface layer.
The field intensity in polymer at this is low one that is lower
then polymer puncture strength. The charge values are
limited by puncture strength of environment. The charging
speed can be big enough and the charges are equally
distributed on the surface.

&

10 Mmm

()
NN

3
Fig.1. The installation for electret obtaining in corona discharge.

The installation scheme for electret obtaining in the
corona discharge is presented on the fig.1. The polymer film 1 is
put on the low grounded electrode 2 under the nib needle-
electrode 6, being on the distance 10 mm under the film
surface. The upper needle-electrode is connected to high-
voltage edge of power supply 5. The needle potential is
defined with the help of kilovoltmeter 4, and also efflux at
corona discharge with the help of milliammeter. The film
polarization is carried out at constant voltage6 kV during 5
min.

Further the voltage injection is stopped. Later the
polarized sample is put into cell, where the surface potential
is defined by contact-free induction method. The installation
scheme for the measurement of surface density of electret
charges with periodical screening of measuring electrode is
given on the fig.2. The device consists of massive metallic
cylindrical body, on which the electromotor 1 is fixed. The
one impeller 2, having four arms is fixed on the electromotor
shaft. The impeller is between the low ground electrode, and
upper measurement one, on which the sample is fixed. The
screening of upper measurement electrode from the field,
formed by electret takes at impelling rotation, that it is
equivalent to the appearance of variable signal in the chain,
which has the concatenation with oscillograph 4 electrodes.
The compensating voltage is injected from the source of
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constant voltage 3, supplied by slow voltage regulator and is The surface density of electret charge is measured by
registered by oscillograph. The sign of charge surface induction method with compensation and is defined on the
densities is defined on the sign of compensating voltage, formula:

injected by voltmeter. sgU .

eff d
e Chens)
M where oy is charge surface density (KI/m?%), & is sample
permittivity, £=8.85-10"2F/m is electric constant, Uy is
compensating voltage (V), d is electret sample thickness (m).
We define the life time on the formula

r= txpl _tpo
Inc, —Ino,

by the working of experimental results os=f(ty), where o,
and o, are charge surface densities, corresponding to
retention times ty;; and typ,, correspondingly.

In the given work we investigate the temperature
dependence of specific resistance of compositions PELD+x
vol.% TlInSe,. The investigations are carried out in the
temperature interval 300-450K.

As it is followed from the figure 2, the resistance
decrease with temperature increase is character for all
compositions. This, probably, is connected with storage of
PELD structure. However, the decrease amplification of
specific resistance in the dependence on the composition is
5:“ . . . observed with increase of TlInSe, content in composition
T 300 00 TK compounds. The relatively essential and linear dependencies
Fig.2. The temperature dependence of specific resistance for in the whole ipyestigated temperature interval are observed

compositions PELD+X vol.% TlInSe,, where 1-x=0; for the composition PELD+40vol.% TlInSe,.
2-x=3; 3-x=5; 4-x=10; 5-x=20; 6-x=30; 7-x=40.
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E.M. Qocayeyv, S.A. Zeynalov, S.S. Osmanova, E.A. Allahyarov, O.A. Hiimbatov

ASPE+x hocm% TIGaTe,(TilnSe,) KOMPOZIiSIYALARININ ALINMASI VO ELEKTRET XASSOLORININ
OYRONILMOSI

Toqdim olunan igsdo TlGaTe, vo TlInSe, oslavali asagi sixligh polietilenin alinma texnologiyasi islonilmis, elektrik xassolorinin
6l¢iilmasi tictin metodika secilmis vo elektrik xassalori 6yranilmisdir.

9.M. I'omzkaes, III.A. 3eitnanos, C.C. OcmanoBa, E.A. Annaxsapos, O.A. I'yméaTros

MOJIYYEHHUE ¥ U3YYEHHUE JJIEKTPETHBIX CBOWICTB
KOMIMO3UINI ITIHII+x 06.% TIGaTe,(TilnSe,)

B npencraBnenHol padote pa3paboTaHa TEXHOIOTHS MOTYYICHHS, METOANKA UCCIICIOBAHMUS MMOIUITIIICHA HU3KOH INIOTHOCTH
¢ mobaBKamMu MOMYIpPOBOAHUKOBEIX coemuaeHuid TlInSe, , TIGaTe, u W3T0KEHBI PE3yNIbTATHl UCCICIOBAHUS AIICKTPUUCCKHX

CBOMCTB 3THX KOMITIO3UIIMOHHBIX MaTCpHUaIOB.
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THE COMPOSITE GAS SENSITIVITY ON THE BASIS OF POLYMERS AND Cu,;S AND CdS
NANPARTICLES
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M.A. NURIYEV
Institute of Radiation Problem of NAS of Azerbaijan, F. Agayev str., 9, Az-1143, Baku

The gas sensitivity of the samples gelatin/Cu,S and gelatin/CdS at the influence of the steams of different solvents and ethyl alcohol is
investigated. It is shown, that the composites on polymer base with Cu,S and CdS nano-particles are sensitive on the steams of different
solvents. The gas sensitivity of nano-composites depends on the population of matrix and chemical data of tested gas. These materials can be
applied in the capacity of sensitive element of different gas sensors and sensing elements.

The demand of environment and ecology control always
stimulates investigations on the working of gas sensors.
These sensors are necessary at technological control of
chemical-metallurgical and gas-, oil-producing industry.
There are different gas-sensitive sensors, differing on industry
action and technology. The solid-body sensors, which differ by
the construction and portability simplenesses, are the one from
the sensor varieties. The electric signals, manufactured by such
portative sensors allow obtaining the information about
substance content and its physical parameters. The workings in
this region lead to the formation of multi-functional devices [1]
on their base. The different semiconductor devices are sensitive
elements in gas sensors [2].

The nano-composites are the one of materials, presenting
the big interest at formation of gas sensors. In these materials
the nano-composite interaction processes with molecules of
gas phase are determinant ones. Nowadays, the sensors of
resistive type [3, 4] on the polymer base with metallic filler
have wide distribution. The polymer composites with
semiconductor particles present the essential interest. The
nano-heterogeneous polymer composites consist of polymer
matrix with ultra-disperse particles by dimensions 20-100 nm
and distances between them of the same order [5]. Such
systems have the unusual photo and gas sensitive properties,
which are defined by the charge redistribution process
because of external interactions. The electoconductivity of
these systems changes very strongly even at room
temperature in the result of adsorption of different steams and
gases [6]. The electroconductivity change of nano-composites
at sorption of different gases depends on many factors:
population of polymer matrix with semiconductor particles,
inter-particle space, and interphase interaction between
matrix and semiconductor particles [7]. In this connection the
nano-particle  formation technology of chalcogenide
semiconductors in the volume of polymer matrix with the
help of ion sandwich chemical absorption allows goal-
seeking changing the particle concentration and inter-particle
distance in nano-composites [8].

The aim of presented work is the study of composite gas
sensitivity on the basis of gelatin polymer matrix and cuprum
sulfide particles (gelatin/Cu,S) and cadmium sulfide (gelatin/CdS)
at the influence of steams of different solvents and ethyl alcohol.

Experimental part

The sample, on the surface of which the electrodes are
situated parallel, is put in measured cell for gas sensitivity
testing. The resistance change with time at the definite
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pressure in the different gaseous mediums is registered by
automatic recorder through teraohmmeter E6-13A. The
measurements are carried out by two methods: 1) the volume
is evacuated up to vacuum 10" atm (76 torr) and the sample
sensitivity to given gas is defined after lap of tested gas or
steams on the change of resistance value the gas sensitivity of
samples on the steams of ethyl alcohol and acetone; 2) the
vessel with tested substance (alcohol or solvent) is put in the
duar and previously cooled with the help of liquid nitrogen.
After freezing the vacuum system with measured cell and
vessel are evacuated up to vacuum 10”atm. Further the vessel
with tested substance is heated in different modes. The
pressure in the measured cell increases up to pressure of
saturated steams of given liquid at given temperature and
registration of resistance change with pressure change is
carried out. The gas sensitivity is defined on the following
formula:

y=(R —R,)/(P,—=P,))=AR/AP , (1)

where Py and Ry are initial values of pressure and resistance;
P, and R, are final values of pressure and resistance;
AP and AR are changes of pressure and resistance.

Result discussion.

The resistance change with time for samples
gelatin/Cu,S 15 cycles (a) and 30 cycles (b) of formation
after lap of ethyl alcohol (fig.1.a) and acetone (fig.1.b) is
shown on the fig.1. As it is seen from the dependence the
resistance increases with further saturation at the lap of gas or
steams.

The influence of nano-composite content and
composition on gas sensitivity kinetics is also studied, i.e. the
nano-composite resistance change with different content of
Cu,S and CdS nano-particles with time in ethyl alcohol steam
medium is studied. It is seen, that stabilization of resistance
volume for samples gelatin/15 cycles Cu,S takes place
quicker, than for samples gelatin/30 cycles Cu,S (~3 min. and
~20 min., correspondingly). This is said about the fact, that
particles at 15 formation cycles have the relatively small
dimensions, the distances between them is enough for free
adsorption of gas or steam, and at 30 formation cycles the
increase of concentration and nano-particle dimensions
makes difficult the gas penetration and the velocity of
resistance change decreases correspondingly.



M.B. MURADOV, G.M. EYVAZOVA, M.A. NURIYEV

The time dependence of nano-composite change
gelatin/15 cycles Cu,S, gelatin/15 cycles CdS and gelatin/30
cycles CdS in the air at normal pressure latm (760 torr)
(region 1), after evacuation up to 10"atm (76 torr), after air
lap (region 3), after repeated evacuation up to 10"atm (region
4) and after the lap of ethyl alcohol steams (region 5), when
the pressure in the cell changes from 76 torr up to 117 torr.

R, 10" Om

a

Fig.1. The resistance change of the film gel./Cu,S at the lap of
ethyl alcohol (1) and acetone (2) steams; a) gel./Cu,S —
15 cycles; b) gel/.Cu,S — 30 cycles.

It is seen, that values of initial resistance and resistance,
corresponding to the pressure 10™'atm (760 torr) with time
don’t change, i.e. they are relatively stable. But resistance
change at the ethanol lap after evacuation up to 10™'atm has
the different values for different compositions. The best gas
sensitivity at the lap of ethyl alcohol steams is observed for
nano-composites gelatin/15 cycles CdS (9,5x10'°Om/torr).
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Fig.2. The kinetics change of specific surface resistance with
time for nano-composites ge./15¢. Cu,S, gel./15¢. CdS
and gel./30c. Cds.

The second method is used for the definition of gas
sensitivity of samples gelatin/15 cycles Cds.

On the fig.3 it is seen, that the samples resistance
gelatin/15 cycles Cds changes with pressure value change of
ethyl alcohol steams. The measurements are carried out at
vessel heating with different velocity; steams of warm water,
steams of hot water and the vessel are put in the warm water.
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The same dependence, is shown on the fig. 4, but heating rate
is changed: the vessel is heated independently at room
temperature (c.1), by warm water with temperature 36 °C
(c.2), with water temperature 47 °C (c.3) and with water
temperature 60-65 °C (c.4).
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Fig.3. The resistance dependence on the change of ethyl
alcohol steam pressure for the samples gel./15¢. CdS at
heating: 1 — warm water steams; 2 — hot water steams;
3 — the vessel in the warm water.
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Fig.4. The resistance dependence with change of alcohol steam
pressure for the samples gel./15¢c. CdS at the heating:
1- at room temperature; 2 — with water temperature
36°C; 3 -47°C; 4 — 60-65°C.
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Fig.5. The resistance dependence with change of alcohol steam
pressure for the samples gel./15¢. CdS: 1 — alcohol;
2 - acetone; 3 — dichloroethane; 4 — methyl ethyl ketone.
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From the fig.4 it is seen that the curve inclination angle,
which says about the increase of steam saturation velocity
changes with heating rate increase. This is equivalent to
increase of alcohol molecule energy. The molecule energy
increase leads to the increase of sample sensitivity in the
result of more deep steam adsorption.

The resistance variation of samples gelatin/15 cycles

CdS on saturated steam pressure of ethyl alcohol (c.1),
acetone (c.2), dichlorethane (c.3) and methyl ethyl ketone
(c.4) is shown on the fig.5. On the dependence inclination it
is possible to say that the best gas sensitivity is observed at
the lap of ethyl alcohol steams. Such changes of sensitivity
will be understandable, if the chemical data of these solvents
are compared.

Table
Steams Ethyl alcohol Acetone Methyl ethyl ketone Dichlorethane
Structure C2H60 C3H60 C4H80 C12C2H4
Molecular weight 46 58 72 99
Boiling point, °C 78 56 83 79.6
Py, torr 76 76 76 76
Py, torr 125 146 146 139
R, 10" Om 1 2 3.5 53
R;, 10"> Om 8,5 8 6.5 6.8
AR, 10 Om 7.5 6 3 1.5
AP, 10” Om 49 70 70 63
7, 10" Om 15,3 8.6 43 2.38

The chemical structure, the boiling point and molecular
weight of used solvents and gas sensitivity for the sample
gelatin/15 cycles CdS, calculated on the formula (1) from the
dependence, presented on the fig.5 is shown in the table.
From the comparison it is seen, that the ethyl alcohol
molecules have the least molecular weight among these
materials and the best gas sensitivity is observed at the
influence of its steams. The gas sensitivity consistency of the
samples to the steams of these solvents should coincide with
consistency of their molecular weight decrease. It is possible
to say that the best adsorption and correspondingly, the best
gas sensitivity is observed in the steams and gases with

relatively less molecular weight at the sample contact with
the steams of these solvents. This is proved by the obtained
results. Thus, the carried out investigations show that
composites on the basis of polymer with cuprum sulfide and
cadmium sulfide nano-particles are the sensitive ones on the
steams of different solvents. The nano-composite gas
sensitivity depends on the matrix population and on the
chemical data of tested gas. These materials can be applied in
the capacity of sensitive element of different gas sensors and
sensing elements.

The given work is carried out at the support USTC, grant
Ne3486.
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M.B. Muradov, M.A. Nuriyev, Q.M. Eyvazova

POLIMER VO Cu,S , CdS NANOZORROCIKLORI OSASINDA
OLAN KOMPOZITLORIN QAZA HOSSASLIGI

Jelatin/Cu,S  ve jelatin/CdS niimunolerinin etil spirti vo miixtolif helledicilorin buxarlarinda qaza hessaslhigi todqiq edilmisdir.
Miioyyen edilmisdir ki, polimer va Cu,S , CdS nanozarraciklari asasinda olan kompozitlar miixtalif halledicilorin buxarlarina hossasdirlar.
Nanokompozitlerin qaza hassasligi matrisin dolma daracasinden va test olunan qazin kimyavi gostaricilorinden asilidir. Bu materiallardan

miixtalif qaz sensorlarinda hassas element kimi istifade etmak olar.

M.B. Mypanos, M.A. Hypues, I'.M. JiiBa3oBa

IF'A304YBCTBUTEJBHOCTBb KOMIIO3UTOB HA OCHOBE
HOJIUMEPOB 1 HAHOYACTHUILl Cu,S u CdS

HccrenoBana ra304yBCTBUTENILHOCTE 00pa3uoB jxenatut/Cu,S u sxenatun/CdS mpu Bo3aeiicTBHE MApOB pa3iIHYHbIX PACTBOPHUTEICH U
aTu0BOro cnupra. [loka3ano, 4To KOMIIO3UTH Ha OCHOBE MosiuMepa ¢ HaHodacTHuamu Cu,S 1 CdS SBIsrOTCS 4yBCTBUTENBHBIMHU HA Maphl
Pa3IMyHbIX pacTBOpHTENEil. ['a304yBCTBUTEIBHOCTh HAHOKOMIIO3HUTOB 3aBUCHT OT CTCIICHHU 3aII0JHEHHUS MATPULIBI M OT XUMHYECKHX JaHHBIX
TECTUPYEMOTO ra3a. DTH MaTEepHAJIbl MOTYT ObITh HPMMEHEHbI B KAUECTBE YyBCTBUTEIBHOTO DJIEMEHTA PA3JIMYHBIX Ta30BbIX CEHCOPOB U

JaTUYUKOB.
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THE VOLT-AMPERE CHARACTERISTICS OF AMORPHOUS SOLID SOLUTIONS
OF Se-S SYSTEM

N.Z. DJALILOV, GM. DAMIROV, N.R. MAMEDOV
Institute of Physics of NAS of Azerbaijan,
AZ-1143, Baku, H. Javid av., 33

The volt-ampere characteristics (VAC) of film amorphous solid solutions of Se-S system, obtained by the method of hot wall are
investigated. The current for all investigated samples increases at the change of voltage value VX - transition from ohmic region into
quadratic one, i.e. the injected current appears in the investigated samples. The increase of concentrations of local states in Se-S system
samples with the increase of sulfur content is explained by structural differences of the investigated samples.

The glasses are called chalcogenide ones, in the
composition of which Se, S, Te [1] are included. The systems
on Se, S, Te are widely used in the additions and the
experiments besides the pure ones. The glasses of more
complex composition [2-4] are widely used. The
chalcogenide and chalcogene glasses are used in the electron
diffraction investigation (xerography), for the recording of
optical information, in electric changers and storage devices
[5-8].

Selenium, sulfur and solid solutions on their base are
close to chalcogenide glasses on their physical properties.
However, as it is known Se is semiconductor, whereas, S is
good isolator. Consequently, this system promotes the
interest peculiarity in the change from semiconductor up to
isolator.

The homogenous solutions at the crystallization of which
the series of solid solution precipitates form in melted state
between sulfur and selenium. Taking into consideration, that
there are many general things in sulfur and selenium
behavior, it is possible to propose, that they are able to form
the mixed molecules of SSe type [9].

Though Se and Te have properties, which are analogical
to chalcogenide properties [10], they contain the structural
units with molecular properties and are considered separately.

The structural model of binary system presents itself the
continuous grid, in which the coordination “rule 8-N” for
both components at any their relation is carried out. The
hetero- and homeopolar bonds are possible between atoms.
The hexagonal crystalline Se consists of helical chains, set
parallel each other. The chemical bond inside chains has the
covalent character and it is very strong, but the bond between
the chains is the weak one of Van der Waals type. In liquid
phase it is possible to consider, that chains are oriented
occasionally. At quick alloy cooling the viscosity becomes
very high before chains have time to redirect and glassy state
appears [11].

The Te addition into selenium liquid solution leads to
chain shorting, as Se-Te bond is weaker, than Se-Se one and
crystallization at cooling becomes easier. At S addition into
melt, it can be said, that the vice versa takes place, as Se-S
bond is stronger, than Se-Se one. The amorphous selenium
presents itself the mixture of molecules (closed ringers) and
polymer chains. S, Se and Te have the coordination number,
which is equal to 2. The average mole energies in S, Se and
Te series decrease and melting point and density increase.
This shows that the more bonds are in the chain, the less
bonds between them [12].

Nowadays it is established, that it is possible to
directedly change the electron properties of chalcogene and
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chalcogenide glassy semiconductors by the change of
chemical composition and also by impurity introductions.
Moreover, the change of concentration of charged defect
centers (U™ in them takes place and thus it is possible to
manage by their electric, optic and photoelectric properties,
that it is very important for practical use [11].

The given work contains the investigation results of volt-
ampere characteristics of film amorphous samples of Se;gxSk
(x=5; 30; 40) system.

The selenium by Bs purification and pure rod sulfur,
suspended with accuracy up to 0,0001g are taken for the
obtaining of solid solutions selenium-sulfur. The vibration
method is used for better melt homogenization. The ampoules
during 3 hours are treated by shaking at temperature 280°C,
i.e. on 60°C higher the selenium melting point.

The films by width 3 mcm are obtained by thermal
spraying in vacuum, by the method of hot wall, on the
substrates from cover glass. Te, marked by evaporation in
vacuum is used in the capacity of injected contact. Al is used
in the capacity of general contact [13].
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The measurement results of VAC of investigated
samples are presented on the figure.

As it is seen from the figure, VACs of investigated
samples consist of ohmic and quadratic regions. The current

of injected electrons, limited by recombination, begins to
dominate under the current of thermally excited holes.
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The voltage of Vy transition from Ohm law up to “trap”
quadratic law [14] in 1/6 times exceeds the transition voltage
for without-trap case, defined by the formula
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If the concentration of free electrons doubles in the result
of injection, then expression for the concentration of
nonequilibrium electrons, picked on fin traps, has the form
n/ 8, moreover
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The current for the sample of Se¢sSs composition
strongly increases at the voltage transition of V,-transition
from ohmic region into “trap” quadratic one. The current

increase from the voltage is observed for the samples of
Se70S30, Ses0S40 compositions, i.e. the injected current appears
in the investigated samples.

It is observed, that inclinations from ohmic going in
VAC for SegsSs, Ses0S30, SeqS49 samples take place at the
values V=60, 25; 54,95; 48, 97V, correspondingly. By this
values the concentrations of local states, which are equal for
given compositions: 4,75x10"; 3,85x10"; 3,25x10" cm™ are
calculated on the formula, correspondingly [14].

N, :1,1x1065\|i—§ 3)

Thus, the increase of local state concentrations in the
samples of Se-S system with increase of sulfur content can be
explained by the structural differentiations of the investigated
samples.
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N.Z. Cslilov, Q.M. Domirov, N.R. Mommadov

Se-S SISTEMININ AMORF BORK MOHLULLARININ
VOLT-AMPER XARAKTERISTIiKASI

Qaynar divar isulu ilo alinmig Se-S sisteminin bark mohlullarinin volt-amper xarakteristikasi todqiq edilmisdir. Corayanin qiymoti V,
kegid gorginliyini (omik oblastdan kvadratik oblasta kecid) kegdikdon sonra biitiin niimunslords artir, yoni todqiq olunan niimunslordo
injeksiya carayan: bag verir. Torkibindoki kiikiirdiin artmasi ilo Se-S sisteminin niimunalasrindaki lokal hallarin konsentrasiyasinin artmasi

tadqiq olunan niimunslorin struktur miixtalifliyi ilo izah olunur.

H.3. Ixamuaos, I'.M. lamupos, H.P. MemmenoB

BOJIBT-AMIIEPHBIE XAPAKTEPUCTUKHN AMOP®HBIX TBEPJbIX
PACTBOPOB CUCTEMBI Se-S

HUccnenoBanuch BoNbT-aMIIepHbIe XapakTepucTHKH (BAX) miieHOYHBIX aMOP(HBIX TBEPIBIX PACTBOPOB CUCTEMBI Se-S , NMOIy4eHHBIE
METOZIOM ropsidedl creHkd. [Ipy mepexose HampspKEHMsT 3HAUCHUsI Vy -TIepexo] U3 OMHYECKOW B KBaJpPaTHUHYIO 00JACTh-TOK JJIS BCEX
HCCJIE0BAHHBIX 00Pa3IOB YBEIMYHMBACTCS, T.€. B UCCIIEJOBAaHHBIX 00pa3iaXx BO3SHUKAET MH)KCKIMOHHBIA TOK. YBEINYEHHE KOHLCHTpPALUH
JIOKaJIBHBIX COCTOSHMH B 00pasax CHCTeMbl Se-S C YBETHYEHHEM COAEPXKaHHS Cepbl OOBACHAETCS CTPYKTYPHBIMH DPa3lUuUsIMU

HCCIIEIOBAHHBIX 00Pa3IOB.
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THE INFLUENCE OF ELECTROTHERMOPOLARIZATION ON THE MICROSTRUCTURES
AND COMPOSITION STRENGTH PROPERTIES ON THE BASIS OF POLYPROPYLENE
AND MnO,

M.A. RAMAZANOYV, F.V. GADGIYEVA
Baku State University
Baku, Az 1145, Z.Khalilov str.23

A.S. GUSEYNOVA
Institute of Physics of NASA,
AZ-1143 Baku, Azerbaijan, H. Javid ave. , 33

The investigation results of polarization influence on the microstructure and composition strength properties on the base of
polypropylene and low-molecular addition MnO, are described in the given work. It is established, that the change of strength properties of
composition samples PP+MnQ, after electrothermopolarization is connected with change of charge state and formation of order physical
composition structures.

It is known, that the composition dielectrics have electret
properties [1-2] after electrothermopolarization. It is also known,
that charge carriers in polarization process are accumulated
on the phase interface and in heterogeneities [3-4].

The composition electrothermopolarization changes its
charge state. The accumulation of charge carriers on the
phase interface changes the interphase interactions, and this
can lead to the change of composition strength properties [5].

In the given work the investigation results of polarization
influence on the microstructures and composition strength
properties on the base of polypropylene and low-molecular
addition MnO, are described. The compositions PP+MnO,
are obtained from the PP solution by the way of mixture of
PP solution and MnO, with the further solubility moving
away. The concentration MnO, varies from 0 up to 5%. The
obtaining of sample composite is carried out by the method
of hot pressing at polymer melting point and pressure 15 MPa
during 10 minutes with further cooling under the pressure up
to room temperature.

The microstructures of PP+MnO, compositions are
investigated on the scanning atomic force microscope (AFM).

The strength characteristics of sample compositions are
defined at temperature 293K.

It is established, that the mechanical and electric strengths
of the investigated samples increase with the increase of

Znm
200

electric field intensity of (Ep) polarization, achieves the
maximum at E;=7-10° V/m, and later the decrease of the
values of electric and mechanical strengths take place.
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Fig.1. The dependence of electric and mechanical strengths of
PP+MnO, composition, polarized at the temperature
Ty=373K on the polarization field intensity.

Fig.2. AFM image of IITI+MnO, composition before and after electrothermopolarization: a) unpolarized sample; b) polarized sample

E,=7-10° V/m, T,=373K, t,=1 h.



THE INFLUENCE OF TEMPERATURE -TIME CRYSTALLIZATION MODE ON THE MECHANICAL STRENGTH AND ON THE...

The charges, accumulated on the phase interface of
composite components increase with the increase of electric
field intensity of polarization. First of all, the charge
accumulation changes the interphase interaction between
composite components. The increase of interphase
interactions leads to the increase of composition strength
properties. The decrease of the values of electric and
mechanical strengths higher Ep:7'106 V/m, probably, is
connected with the charge dispersion in the composition
volume, which leads to the decrease of composition strength
properties. These results are well agreed with work results
[3].

AFM 3D image of composition relief PP+MnO, before
and after electrothermopolarization are given on the fig.2.
AFM investigation of sample relief of PP+MnO,
compositions shows that relief of sample compositions
strongly changes after electrothermopolarization, i.e. sample
relief becomes uneven. It is seen, that structural changes take

Fourier Spectrum I Calibration I

Image Histogram

Courts

place after electrothermopolarization on the surface of
composition samples.

The histogram of the element values of image and mean-
square roughness of composition surface PP+MnO, is shown
on the fig.3. The histogram of surface heterogeneity shows,
that composition relief becomes relatively uneven after
polarization under the influence of electric field. It is also
shown, that mean-square roughness of composition surface
for the unpolarized samples is 90-130 nm, and for polarized
ones is 110-160 nm. The distribution of Fourier-analysis
shows, that relief heterogeneities are distributed on the
surfaces uniformly.

From the fig.2 and fig.3 it is seen, than the blending of

surface heterogeneities takes place after
electrothermopolarization, i.e. physical structure of
PP+MnO, composition changes. It is also seen, that

microstructure change leads to the change of composition
strength properties.
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Fig.3. The analysis of surface properties of PP+MnO, compositions and histogram of values of image elements: a) unpolarized sample;

b) polarized sample Ep=7-106 V/m, T,=373K, t;=1h.

Thus, the change of strength properties of sample
compositions PP+MnO, after electrothermopolarization is

connected with the change of charge state and formation of
order physical composition structure.
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POLiPROPigEN VO MnO, 9SASINDA ALINMIS KOMPOZIiSIYALARIN
MiKROQURULUSUNA VO MOHKOMLIK XASSOLORINO ELEKTROTERMOPOLYARLASMANIN TOSiRi

Bu maqalads polipropilen vo MnO, asasinda alinmig kompozisiyalarin mikroqurulusuna ve méhkamlik xassalorina elektrotermopolyar-
lasmanin tosirinin tadqiqinin naticalori verilmisdir. Gostorilmisdir ki, PP+MnO, ssasinda alinmig kompozisiyalarin méhkemlik xassslorinin
elektrotermopolyarlagsmadan sonra doyismasi yiik halinin vo nizaml fiziki qurulugun yaranmasi ilo olagodardir
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BJIMAHUE JEKTPOTEPMOIIOJISIPU3AIIMA HA MUKPOCTPYKTYPBI 1
MMPOYHOCTHBIE CBOMCTBA KOMITO3UIIUA HA OCHOBE ITOJIMITIPOIIMJIEHA Y MnO,

B nanHo# paboTe M3NararoTcst pe3yNbTaThl MCCIEIOBAHUS BIMSHHS IOJISIPU3aIUM HA MHUKPOCTPYKTYPHI W IPOYHOCTHBIE CBOHCTBA
KOMIIO3UIIMIT HA OCHOBE HOJIMIPONWICHA M HU3KOMOJIEKYJIIpHOH 100aBkn MnO,. Iloka3aHo, 4TO M3MEHEHHE IPOYHOCTHBIX CBOMCTB
o6pasos komnosuuii [T+ MnO, mnociie 31eKTPOTEPMONONISIPU3ALUN CBA3aHO C M3MEHEHHUEM 3apsJIOBOTO COCTOSHUS M 00pa3oBaHHEM
yIopsiI04YeHHON (PU3UUECKON CTPYKTYPhl KOMITO3HIHH.
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THE MECHANICAL PROPERTIES OF RAPID-HARDENED MULTI-COMPONENT
ALLOYS ON TiNi BASIS NEAR CRYSTALLIZATION TEMPERATURE

M.B. BABANLI
Azerbaijan Technical University
H. Javid ave.,25, Baku, Azerbaijan

The systematic investigations of mechanical properties of rapid-hardened tapes of multi-component alloys on TiNi basis of two types: 4
and B are carried out. The first lot is 4, where only Cu in the samples Ti3Hf|gNiso.<Cuy (Where x=0; 5; 15; 25; 35; 45 at.%) varies in the
composition. The second lot is B (Ti, Hf, Zr) (Ni, Cu, Co, Ag, Pd), where the doping elements Hf, Zr, Pd, Ag, Co, Cu vary on NiTi basis. All
alloys with amorphous, mixed amorphous and crystalline phases demonstrate the elastic behavior before destruction moment in the “after

obtaining” state.
Introduction.

The technique modern development requires more and
more new perfect materials. The unit loads, the exploitation
temperature conditions and medium aggressiveness increase.
The question about the decrease of construction weight,
durability increase, reliability and stability of material
properties remains very acute. Meanwhile, the resource of
property increase of standard alloys practically settles itself.
That’s why nowadays the materials with heterogeneous and
metastable structures are widely used in increasing
frequency.

The structure and phase composition of obtained material
can strongly differ from equilibrium ones at alloy
solidification (both metallic and non-metallic) with cooling
rates on the level 10° — 10° K/c. The more typical effects are:
the formation of new metastable phases (amorphous and
crystal), the widening of solubility limits of doping elements,
the decrease of granule and inclusion dimensions. In spite of
many experimental and theoretical works, there is no total
clearness about formation of rapid-hardened material
structure up to now. The two questions are very important
from practical point of view: how to obtain the material in the
amorphous state (to suppress the crystallization) and how to
carry out diffusionless crystallization.

The systematic investigation of structural changes of
rapid-hardened straps of multi-component alloys on TiNi
base in our previous works [1-5] had carried out by the
methods of X-ray analysis, translucent microscopy and
calorimetry.

The systematic investigations of mechanical properties of
rapid-hardened tapes of multi-component alloys on TiNi base
at different temperatures and especially the interest results by
our opinion are obtained near the temperatures 7, and 7 are
carried out in the present work.

The material choice and experiment technique. The
choice of chemical composition for multi-component alloys
with shape memory effect on TiNi base, which further will be
obtained by super rapid hardening from the melt, is based on
two principles. Firstly, the chemical composition should be
related to amorphization at super rapid hardening from the
melt; secondly, the alloy should have the martensate
transformations in the massive state (before super rapid
hardening from the melt).

The multi-component alloys on TiNi base of two plots: 4
and B are chosen for the investigation. First plot is 4, where
only Cu in the composition varies in the samples
TizHf1gNisgxCuy (where x=0; 5; 15; 25; 35; 45 at%). The
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second plot is B (Ti, Hf, Zr)(Ni, Cu, Co, Ag, Pd), where the
doping elements Hf, Zr, Pd, Ag, Co, Cu vary on TiNi base.

The rapid-hardened tapes (foils) obtained from “master”
alloys, the solidification from the melt; by Planar Flow
Jasting are investigated in our work. In this method the
distance between disk and melt is constant in the quartz
crucible (less than 1 mm, in our case the distance is from 0,15
up to 0,2mm). The melt from the crucible proceeds from
crack by the width 0,3-0,35mm and thickening 7-10mm, that
allows obtaining the more wide tapes, than in our previous
works. The cylindrical pieces of alloy (from 0,5 up to 15g)
are stirred in quartz tube with the melt and are heated by
inductive method. The melt temperature is controlled by
pyrometer. The temperature, at which the gutter began, is 50-
150K, that is higher than liquidus temperature and depends
on the melt viscosity. The melt is put on the disk under argon
pressure 0,2MPa. The disk by diameter 200 mm is produced
from cuprum alloy Cu(Co — Be). The disk spinning rate is
from 5 up to 30 m/c, the gas pressure is 0,2 MPa in the
helium atmosphere [1].

The choice of the given alloys, obtained by super rapid
hardening from the melt allows obtaining the different
structural states after hardening at once (in initial state), and
also investigating the evolution of structure and mechanical
properties at the heating, the characteristics of martensate
transformations after crystallization.

The nominal chemical composition of investigated rapid-
hardened tapes of 4 plot ((Ti, Hf) (Ni, Cu) and B plot (Ti, Hf,
Zr) (Ni, Cu, Co, Ag, Pd), the melt temperature at the output
Tq and the width of obtained foils d are given in the tables 1
and 2.

Table 1.
The nominal chemical composition of rapid-hardened
foils of A plot (T, Hf) (Ni, Cu), the melting point at the

output 7g and foil width d.
Nominal chemical
Alloy | composition (at%) Tq (°C) | d(mcm)

Ti | Hf [Ni|Cu
A0 [32] 18 |50 - 1380 30
Al [32] 18 |45]| 5 1296 30
A2 |32 18 [35]15 1285 30
A3 | 32| 18 [25(25 1300 30
A4 [32] 18 |15]35 1200 30
A5 [32] 18 | 5 |45 1100 30

The differential scanning calorimeter (DSC) Mettler DSC
30 and Mettler DSC 822¢ is used for the investigation of
thermodynamic properties. These installations allow carrying
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out the investigations in temperature interval from -150°C up
to 700°C with heating rate 10-100K/c and cooling rate 10-20K/c.
The sample mass from 5 up to 10mg, the bays type, in which
the samples are situated: aluminum or platinum ones.

Table 2.
The nominal chemical composition of rapid hardened foils of
B plot (Ti, Hf, Zr)(Ni, Cu, Co, Ag, Pd), melt temperature at
the output 7g and foil width d.

Alloy | Nominal chemical composition | 74 (°C) [d (mcm)
(at%)
Ti| Hf | Ni| Cu | others
ore
Zr
B0 50 - 25| 25 - 1280
B3 47| Hf3 | 23 | 245 | Pd-2 1320 30
Ag-0.5
B5 48 | Zr-2 | 23 | 23 Pd-2 1280 30
Ag-2
BS |48 | Zr-7 | 18| 23 Pd-2 1320 30
Ag-2
BI12 48| Zr-7 18 | 25 Co-2 1280 30
B20 |27 | Hf-18 | 50 [ 5 - 1300 30
B21 27 | Hf-18 | 40 15 - 1230 40
B22 |27 Zr-18 | 50 5 - 1250 30
B23 27| Zr-18 [ 40 | 15 - 1230 40
B24 |40 | Hf-15 | 8 37 - 1100 20
B25 |40 | Hf-15 | 3 42 - 1100 20

The machine for mechanical tests Test GmbH is used for
investigation of mechanical properties of rapid-hardened
foils. The given machine is additionally supplied by heating
camera, that allows to us carrying out the investigations in the
wide temperature interval from 20 up to 700°C with
regulation of temperature and heating rate.

The investigated samples have the following dimensions:
the length is ~40mm, width is 6-8, 4mm, the work part is
10mm.

The experiments are carried out on the following
schemes:

1. The main mechanical properties (strength limit o I

Yung module E, maximum deformation before destruction
&nax) and deformation behavior of rapid-hardened tapes in the
state “after obtaining” at room temperature (without heating). The
mode “hard” machine is used. The program assigns the rate to
the deformation ¢&’, which varies in the range 8,3*10’1—8,3* 10% ¢

2. The investigations of the main mechanical properties
and deformation behavior of rapid-hardened tapes in the state
“after obtaining” at high temperatures (higher than room one)
are carried out on the same scheme, described in the item 1,
the only difference consists in the fact, that investigation
temperature is varied in the interval from 20 up to 700°C (but
each following experiment is carried out at constant given
temperature).

3. The investigations of deformation behavior of rapid-
hardened foils in the state “after obtaining” at the heating, i.e.
investigation of superplasticity effect on the scheme “constant
dynamic loading”: the “hard” machine mode is used. The
sample is loaded up to the definite value (200-500MPa),
further, the machine supports the given loading value;
moreover, deformation rate is constant. After it, the sample is
heated with the rate 100K/min and the deformation graphical
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charts “loading deformation” and “deformation
temperature” are written. The data about deformation
behavior of amorphous and amorphous-crystal samples in
temperature interval T,-7, can be obtained with the help of
this mode, which the mode of “hard” machine.

The results and their discussion. The curves “voltage
— deformation” for the investigated alloys are presented on
the fig.1. The main mechanical properties for multi-
component foils on TiNi base in the initial state (“after
obtaining”) are given on the table 3. All samples, which are
in the initially amorphous state, demonstrate c=740+1110
MPa (for A plot), 810+1410 MPa (for B plot), E=15+39 MPa
(for both plots); &,,=2,4-7,3% (for both plots).
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Fig.1. The curve “voltage — deformation” for the multi-
component foils on TiNi base in the initial state (“after
obtaining”) at 7=20°C.

/

2

4 -] 8 14 B8 20 22

The samples with mixed (amorphous-crystalline)
structure show the values: o;=480+1080 MPa; &,,,,=2—6,8%
and £=16+28 MPa (for both plots). All alloys of plots 4 and
B with totally amorphous structure demonstrate the higher
strength limit, than alloys with mixed structures.

[

d

Fig.2. The surface of rapid-hardened foils after mechanical tests
at 7= 20°C, obtained with the help of light microscopy; a
is A2 alloy after mechanical tests at 7=20°C (pore
development); b are “icicles” of A2 alloy; ¢ are cracks of
B5 alloy; d are perpendicular directions to the axis of

applied loading of B2 alloy.
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Table 3.

The main mechanical properties for multi-component foils on TiNi basis in the initial state (“after obtaining”) at 7=20°C:
oy is breaking point; E is Yung module; &, is deformation before destruction.

Relations | Structure “after oy, E, €max »

Alloy, nom. ch. comp., at.% A:B obtaining” MPa GPa %
AI-Ti32Hf18Ni45Cu5 50:50 Amorph.+Cr. 680 16,6 42
A2-Ti32Hf18Ni35Cul5 50:50 Amorph. 740 15,4 4,6
A3-Ti32Hf18Ni25Cu25 50:50 Amorph. 1110 15,0 7,3
A4-Ti32Hf18Ni15Cu35 50:50 Amorph. 890 16,4 5,2
A5-Ti32Hf18Ni5Cu45 50:50 Amorph. 790 22,3 3,1
B20-Ti27Hf18Ni50Cu5 45:55 Amorph.+Cr. 480 22,1 2,0
B21-Ti27Hf18Ni40Cul5 45:55 Amorph.+Cr. 1120 16,2 6,8
B22-Ti27Zr18Ni50Cu5 45:55 Amorph. 630 25,6 2,4
B23-Ti27Zr18Ni40Cul5 45:55 Amorph. 1240 18,6 6,8
B24-Ti40Hf15Ni8Cu37 55:45 Amorph. 1460 38,7 3,6
B25-Ti40Hf15Ni3Cu42 55:45 Amorph. 1510 32,5 4,5
B3-Ti47THf3Ni23Pd2Cu24,5A20,5 50:50 Amorph.+Cr. 1200 19,6 6,1
B5-Ti48Zr2Ni23Pd2Cu23Ag2 50:50 Amorph.+Cr. 810 19,0 4,2
B8-Ti48Zr7Nil18Pd2Cu23Ag2 55:45 Amorph. 1410 21,0 6,9
B12-Ti48Zr7Ni18Cu25Co2 55:45 Amorph.+Cr. 980 18,9 5,1

The inclination of alloy chemical composition from
relation 4:B=50:50 leads to the increase of alloy durability
level. This result well agrees with liquidus point: the highest
liquidus temperature is fixed for the relation 50:50 and
decreases at the inclination from this relation. The liqudus
temperature influences on temperature interval of co-
existence of liquid and crystalline phases, atom diffusion
activity, containing in the composition, cooling rate, that
exchanges the alloy structure in the initial state (“after
obtaining”) and their mechanical properties. The foil
surface in the process of mechanical influences is
investigated by optical microscopy and scanning electron
microscopy in order to establish the possible deformation
mechanisms in the foils with different initial structures. The
following surface peculiarities are fixed: 1) The pore
development at loading of 42 alloys, if they are present
before deformation (fig.2, a); 2) The stairs, formed by the
shift with orientation approximately 45° in the relation to
axis of applied loading, if the destruction surface is
practically perpendicular to loadings (fig.2, 42 alloy); 3)
The tracks, formed by the shift with orientation
approximately 45° in the relation to loading axis ( BS
alloy), if the destruction surface is practically perpendicular
to loading axis for B5 and B2 alloys (fig.2).

The application of term “shift” in the materials with
amorphous structure doesn’t mean that the shift of one atom
square in the relation to another one takes place, this is
impossible in the materials with amorphous structure. For
the given materials the term “shift” means the shift of one
material part relatively another one (in mane cases at angle
of 45° to axis of applied voltage).

The images of destruction surface on the fig.3, obtained
with the help of scanning electron microscopy, show the
presence of “branched” pattern in B/2 alloy samples at
room temperature after expansion. It is well known, that the
presence of this pattern is character peculiarity for the
material destruction surface with amorphous structure: it
forms in the result of the fact that whole information
accumulated in shift thin bands [1].
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The micropores appear in these tapes, they expand and
fill the spaces along shift s and further the isolation of
atomic distances takes place. Moreover, the “branched”
pattern is observed on the surface. These data show that the
destruction has viscous character at the loading; the
behavior of shift tapes is similar to the behavior of thin
viscous full sphere between two parallel plates, that isn’t
practically deformed with formation of “branched” pattern.
This is specific feature for destruction of metals and alloys
with amorphous structure.

The destruction mechanism, which shows the formation
of so-called “liquid drops”, is supposed by authors of work
[6]. The authors of work [6] suppose the alloy
decomposition mechanism with amorphous structure, the
essence of which consists in the fact that the material in the
local regions (shift tapes) is heated in the result of
transformation  adiabatic  process by accumulated
deformation energy into warmth. This process leads to alloy
local crystallization with amorphous structure (formations
of “liquid drops”) and to the destruction in the result it. The
microstructure surface analysis in destruction region doesn’t
reveal the presence of “liquid drops”, i.e. the supposed
destruction mechanism isn’t proved on our alloys neither
with the help of optical electron microscope, nor with the
help of scanning electron one. On the other hand, the series
of experiments and calculations is carried out for the
possibility designation of this destruction mechanism.

The information about deformation rate on the basis of
mechanical properties for model alloys B23 and B25 can be
critic one for the possible decomposition mechanism. Both
alloys have the initial amorphous structure. The
deformation rate for these alloys in the wide interval 0,5-
500 nm/min doesn’t practically influence on strength limit
and Yung module. The elastic behavior of all alloys up to
decomposition moment is the one from the reasons of the
given result, and another one consists in the fact that foils
have the big external surface and small width, that’s why
the warmth, which possible forms at the deformation, is
transformed very quickly into environment.
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Fig.3. The destruction surfaces (scanning microscopy) of B/2 alloy after mechanical tests at 7=20°C.

It is necessary to note the some difficulties, which
appear at the definition of mechanical properties of rapid-
hardened foils. These problems are connected with the
presence of technological defects in the material, such as:
the pores and irregularity to foil width. Moreover, this
irregularity is fixed in two directions of cut: lengthwise and
transversally foil length and has the form “wave” surface.
Before testing the samples are investigated with the help of
optical microscope, and also the measurement statistics is
constructed in order to decrease the influence of these
defects on the measurement results.
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Fig.4. The dependence of the main mechanical properties (o7, E
and &,,,) on the temperature of B24 alloy.
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The alloys with different structural states “after
obtaining” are investigated for the study of deformation
behavior at temperatures, which are higher, than room ones.
The dependencies of main mechanical dependencies
(durability limit o Yung module £, maximum deformation
up to destruction &,,,) on the temperature for B24 alloy,
strain rate &=5Smm/min are presented on the fig.4.

The alloy deformation with amorphous structure can be
conditionally divided into two types: homogeneous and
nonhomogeneous [7-13]. The deformation type changes
from nonhomogeneous up to homogeneous one at some
critical temperature 7, with temperature increase. The
critical temperature 7, depends on alloy strain rate [8,9].
The critical temperature for B24 alloy is ~415°C, the
strength strongly decreases at temperature increase higher
than T, increasing with temperature increase.

The maximum deformation before deconstruction
increases. The peak appears at the deformation of
homogeneous alloys of amorphous types with temperature
increase, and further, decreases at crystallization process
leaking. The increase of maximum deformation up to
destruction well agrees with temperature dependence of
alloy viscosity [8, 14-18].

Yung module decreases with at temperature increase,
forming the minimum and after it increases at
crystallization process leaking. This result shows, that force
of interatomic interaction becomes less in 7, region. This
result hasn’t the clear physical explanation yet [7]. The
alloy durability level decreases at more high temperatures,
which are higher than 7, at formation of crystalline granules
in the amorphous matrix. The deformation scheme:
“constant dynamic loading” is worked for the study of
deformation behavior and high durability effect in rapid-
hardened foils. The high plasticity is the effect, which is
character for amorphous structure at glass-transition
temperatures 7,. The dependencies “deformation — voltage”
and “deformation temperature”, obtained in the
experiment result on the scheme “constant dynamic
loading” for A1, A2, 3P, B12, B23 alloys are presented on
the fig.5. The samples demonstrate the different maximum
deformation before destruction &,,,, for example, for A/
alloy is 19%, for A2 alloy is 62%. These results show that
alloys with mixed structure (amorphous-crystalline) also
have the high plasticity effect and maximum deformation
depends on volume part of crystalline phase in amorphous
matrix.
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Fig.5. The dependencies “deformation - voltage” and
“deformation — temperature” for alloys A1, 42, B3, BI2
and B23, obtained in the result of experiments on the
scheme “constant dynamic loading”.

Fig.6. The foil surfaces (optical microscope) after experiment on
the scheme “constant dynamic loading” 1 a is 47 alloy; b
is A2 alloy; c is B3 alloy; d is B12 alloy.

The surface images of rapid-hardened foils of 47, A2,
3P, B12 alloys after investigation on the scheme “constant
dynamic loading” are presented on the fig.6. These images
are obtained with the help of optical microscope. All
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samples have the constrictions in the middle work part that
is the result of material viscous deformation.

The transition of deformation nonhomogeneous type up
to homogeneous one is accompanied by the fact that the
maximum, so-called “tooth” (fig.7) appears on curves
“voltage — deformation”. The “tooth” height Ac is the
difference between maximum voltage o, and concealed
voltage o;, which decreases at temperature increase and
strain rate decrease [7]. It is impossible to explain the
“tooth” phenomenon with the help of dislocation theory (as
dislocations are absent in amorphous structure) [7], and it
can be result of viscous-elastic behavior of amorphous
alloys, where the role of viscous concealed voltage becomes
essential at more high temperatures and less strain rates in
the relation to elastic behavior (at room temperature).
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Fig.7. The deformation behavior of B24 alloy in the dependence
on the temperature (“voltage — deformation”).

The influence of strain rate on maximum deformation up
to B23 alloy destruction is presented on the fig.5. The
maximum deformation before destruction &, increases,

forming the peak at critical strain rate gcl and after it

decreases at increase of strain rate.

The influence of strain rate on the value of concealed
voltage o4y and viscosity 7 for B23 alloy are presented on
the fig.8. The material viscosity is calculated with the help
of the formula (1) [8]:

=0 g /3¢’ (1)

The viscosity stays practically constant value for strain
rate, but doesn’t exceed the critical gcl and decreases at
deformation rates, which exceeds the critical one. The value
of critical deformation rate 55{ is responsible for cut point

of dependencies 77=@(e’) and divides the deformation mode
into low- and high-speed ones.

The concealed voltage oy, linearly increases with
increase of deformation rate and forms “plateau” at
deformation rate, which exceeds the critical one. The
critical deformation rate at constant temperature is the one
of important deformation parameters, as it shows the
maximum deformation before destruction, which is possible
to achieve. The amorphous alloy demonstrates Newton type
of concealed voltage at low-speed deformation mode and
non-Newton one at high-speed deformation mode.
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Fig.9. The destruction surface of B/2 alloy after the test on the
scheme “constant dynamic loading”.
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Fig.10. The calorimetric curves of rapid-hardened foils of 42
alloy after the superplasticity effect and thermal
working at 630°C during 10 minutes in “free state”
(without loading).

The destruction surface image of B2 alloy sample after
high plasticity effect is presented on the fig.9. As it is seen
from the fig.9., the microstructure of destruction surface isn’t
homogeneous one: the regions with intergranular destruction
type and regions with “sudino-like” type, which is character
for destruction of amorphous phase, are presented. The some
volume part of material stays amorphous after high plasticity
effect. The calorimetric curves for A2 and B3 alloys are
presented on the fig.10 and 11, correspondingly. The
calorimetric curves for foils of A2, which have the different
pre-histories after high plasticity and thermal working in
“free” state (without loading), at similar thermal conditions
630 °C during 10 minutes, are shown on the fig.10. The
following result is obtained: the some alloy part stays
amorphous after high plasticity effect after thermal working
in “free” state. The analogous result is obtained for B3 alloy.

Conclusion. Thus, A:B relation inclinations from 50:50
up to 55:45 and 45:55 in alloy chemical composition in
many cases lead to appearance of foil strength level in the
state “after obtaining”. This result well agrees with liquidus
temperature variation, which is fixed exactly for relation
“A:B” 50:50 and decreases at the inclination from this
relation. It is established, that doping element variation: the
introduction of Zr instead of Hf, changes the structure in the
state “after obtaining” from mixed amorphous-crystalline
phases to totally amorphous one. As a result, the alloys of
TiZrNiCu system demonstrate the highest durability level,
than alloys of TiHfNiCu system.

All alloys with amorphous and mixed crystalline
phases in the state “after obtaining” demonstrate the elastic
behavior up to the destruction moment. It is shown, that
both normal and sufficient voltages influence on the
destruction of rapid-hardened foils (the destructions have
viscous nature with formation of “sudino-like” pattern,
which is typical for materials with amorphous structure).

The strain rate in wide interval 0,5-500 mm/min
doesn’t influence on strength limit and Yung module for the
alloys of amorphous and mixed amorphous-crystalline
structures in the state “after obtaining”.

The rapid-hardened foils on TiNi basis with amorphous
and mixed (amorphous-crystalline) structures demonstrate
high plasticity effect near glass-transition temperatures 7.
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M.B. Babanh

IFRAT SUROTLO TABLANDIRILMIS TiNi 9SASLI COXKOMPONENTLI ORINTILORINDO
KRISTALLASMA TEMPERATURU YAXINLIGINDA MEXANIKI XASSOLOR

Ifrat siiratlo tablandiriimis TiNi esasli coxkomponentli orintilorin mexaniki xassalori iki seriyada sistemli sokilds tadqiq edilmisdir:
A vo B. Birinci, A seriyada torkibde yalmz Cu TizxHf1sNisoxCux ( x=0; 5; 15; 25; 35; 45 at. %)avoz edilmisdir. Tkinci V (Ti, Hf, Zr)(Ni,
Cu, Co, Ag, Pd) seriyada iso NiTi sistemi torkibindo Hf, Zr, Pd, Ag, Co, Cu kimi leqirloyici elementlor doyisdirilmigdir. Malum
olmusdur ki, 6yronilmis arintilords «ilkin vaziyyatdo» amorf vo amorf — kristallik qurulusa malik tobaqalor dagilmaya qgodar elastiklik
xassolori gostarir.

M.B. Badanibl

MEXAHUYECKHUE CBOMCTBA BBICTPO3AKAJIEHHBIX
MHOT OKOMITIOHEHTHBIX CII'TABOB HA OCHOBE Ti-Ni BBJIU3U TEMIIEPATYPbI
KPUCTAJIIN3ALIUNA

TIpoBeeHbI CHCTEMATHYECKHE HCCICIOBAHUS MEXaHHYECKHX CBOWCTB OBICTPO3AKAICHHBIX JICHT MHOTOKOMIIOHEHTHBIX CIUIABOB Ha
ocHoBe TiNi nByx cepuii: A u B. IlepBas cepust A, riue B coctaBe Bapbupyetcs Tonbko Cu B ob6pasuax TisHf gNisoCuy (ze x=0; 5; 15; 25;
35; 45 ar. %). Bropas cepust B (Ti, Hf, Zr)(Ni, Cu, Co, Ag, Pd), rne BapsupoBanucs snerupytomue snementsl Hf, Zr, Pd, Ag, Co, Cu Ha
6aze NiTi. Bce cmmaBbl ¢ amopdrOil u co cmemaHHOH aMopdHOI M KpuUCTAIMYEcKOod (a3aMH B COCTOSIHUHM «IIOCHIE TIOJIYYCHHSD)
JEMOHCTPUPYIOT YIIPYroe HOBEACHHUE 10 MOMEHTA Pa3pyIICHHS.
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GENERALIZED TODA MODELS

M.A. MUKHTAROV
Institute of Mathematics and Mechanics
370602, Baku, F. Agaev str. 9, Azerbaijan

The group theoretical approach has been developed for one-dimensional generalized non-abelian conformal affine Toda models.

1. The study of classical and quantum non-linear
integrable models is of great interest in Mathematics and
especially in High Energy Physics, where such models have
been used as laboratories to develop methods to explore the
non-linear perturbative aspects of gauge theories, gravity and
string theory. In particular, they could help in understanding
some stable classical solutions, like monopoles, which must
have an important role in the quantum theory, and which
cannot be understood by the existing methods.

Within the integrable models in 1+1 dimensions, the
investigation of the different Toda Field Theories has
recently received a lot of attention. According to their
underlying algebraic structure, they can be divided into three
categories; each one exhibiting nice characteristic properties.
First, associated to the finite simple Lie algebras, there are
the Conformal Toda models, which are conformally invariant
1+1 field theories. Even more, they permit the construction of
extensions of the Virasoro algebra including higher spin
generators, namely W-algebras. The second class of theories

At the same time the problem of constructing of the
solutions of self-dual Yang-Mills (SDYM) model and its
dimensional reductions, the one dimensional WZNW model in
our case, in the explicit form for arbitrary semisimple Lie
algebra, rank of which is greater than two, remains important
for the present time. The interest arises from the fact that
almost all integrable models in one, two and (1+2)-
dimensions are symmetry reductions of SDYM or they can
be obtained from it by imposing the constraints on Yang-
Mills potentials [10-27].

Two effective methods of generating of the exact
solutions, the Riemann Hilbert Problem formalism [20] and
the discrete symmetry transformation method [22], have been
applied to Toda like systems. This work is devoted to
construct a group theoretical background of ecarlier
considerations.

2. The two-loop WZNW model was introduced in [6] as
the generalization of the ordinary WZNW model to the affine
case. Its equations of motion are given by

0.(0.067)=0; o(0.997)=0, (1)
where O, are derivatives with respect to the light-cone
variables X, =X+£t, and g is an element of the group G
formed by exponentiating an untwisted affine (real) Kac-
Moody (KM) algebra G. Its generators T,", D and C
satisfy the commutation relations |

g(x, % )= g (x )alx, .x ), glx, . x )—>glx..x )ga(x,)

are the Affine Toda models, based on loop algebras, which
can be regarded as a perturbed Conformal Toda model where
the conformal symmetry is broken by the perturbation while
the integrability is preserved [1]. One of their main properties
is that they possess soliton solutions. These two classes of
models are called abelian or non-abelian referring to whether
their fields live on an abelian or non-abelian group [2, 3, 4,
5].Finally, the conformal symmetry can be restored in the
abelian Affine Toda models just by adding two extra fields
which do not modify the dynamics of the original model; one
of these fields is a connection whose only role is to
implement the conformal invariance. These are the so called
Conformal Affine Toda models [6, 7], and they are based on
a full Kac-Moody algebra; moreover, they are integrable [8],
and have soliton solutions [9]. In fact, many properties of the
Affine Toda models can be more easily understood by
considering them as the Conformal Affine Toda models with
the conformal symmetry spontaneously broken.

I:Tam ! Tbn ]: facb Tcm+n + ng ab5 (22)

m+n,0

o, T"]=mT™, [c.D]=|c.T"]=0 @3
where fg are the structure constants of a finite (real)
semisimple Lie algebra G, n and mare integers, and ¢, is
the Killing form of G, i.e., gy =Tr(T,Ty), T, being the

generators of G. The non-degenerate bilinear form of G is
defined as

Tr(T,"T) ) =00uno Tr(T,.,T,), Tr(C,D)=1

Tr(C, T, )=Tr(D,T," )=0 (2.4)
and we will use the same notation, Tr, for both the Killing

form of G and the bilinear form of G .
The two-loop WZNW model is invariant under left and
right translations

.5)

The corresponding Noether currents are the components of 0_gg ! and g 19 .0, and they generate two commuting copies

of the so called two-loop Kac-Moody algebra, defined by the relations
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7 (x), 32 (y)]= £5 30" (x)o(x— )+ 96, (kO D(x— y)+mI € (x)O(x ~ ) 2.6)
[1°(x), 37 (y)]=ma (y)o(x-y) 27
[J (x),3° (y)]: ko, 8(x—y) 2.8)
1¢(x), 3 (y)|=0 2.9)

The left and right currents satisfying the above relations are related to the group element § in eq.(2.1) by

Fo(x,)=kg'0,q = Z ZgabJ D (x T+ JP(x, )+ IS(x,)D (2.10)
F.(x_)=-ko_gg " = z ZgabJ‘” (x_Jr"+ I°(x )Ic+3IS(x)D @.11)

where ¢ is the inverse of the Killing form g,, defined above. The different meaning of the two central extensions in
eqs.(2.6)-(2.9) algebra is clarified by expressing the algebra as

[Tr(UF(x) , Tr(V F(y)]=Tr([U V] F(x))8(x—y)+KkTr(UV )o, a(x-y) 2.12)
| R ~ R _
h U,V are two elements of the Kac-Moody algebra _ _
where w nts y alg G, = S@OGS , G_= S@OGS (2.16)
G,F is either Fror F , and Tr is the invariant bilinear
form of G . We now consider those group elements that can be
Consider now a gradation of the Kac-Moody algebra G written in a “Gauss decomposition” form
2 2 g=NBM G 2.17
G =®G, 2.13) 9 (2.17)
S
with where N,Band M are group elements formed by
[és ) ér ]C G sir (2.14) exponentiating elements of G 4 éo and G_ respectively.
Using eq.(2.17), we can write the equations of motion
The reduction presented in this section does not require (2.1)as
that this gradation is integer; it just needs that the grades s
take zero, positive and negative values, i.e., 0 Ky = [K R 0_MM - ] (2.18)
_ -1
G=G,®G,86.  (2.15) 0.K, =K, N7 a.N] 2.19)
. where we have introduced
with |
K,=N"0_g§'N=N"0_N+0_BB"+Bo_MM B (2.20)
Ke=Mg'o,gM *=B*N'9,NB+B0,B+5, MM (2.21)
Although the quantities K,z are not chiral, they have a [ the components of N and M associated to the generators
simpler structure than the currents and will be very useful in whose grade is <| and > respectively.
what follows. We will reduce the two-loop WZNW model by To obtain the equations of motion for such model one
imposing constraints not directly on the currents but on notices that the constraints (2.22) and (2.23) imply that
K| ,/r - We impose the constraints
N~70,NeG, (2.24)
RN INE! _ ~
B*(N*a,N)B=4 (222) @ MM™eG, (2.25)

BOMM™B™'=4, (2.23)

Therefore the only terms of zero grade on the right hand
side of (2.19) are coming from [A_, ,NT1o, NJ: [A_, ,BA, B’lJ.
So we get

where A, are constant elements of éﬂ . These constraints

reduce the two-loop WZNW model to a theory containing
only the fields corresponding to the components of B and to
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2, (6. BB )= [ A, ,BAB -1 ] (2.26) The§e are the equgtions of motion of what we call the
generalized non-abelian conformal affine Toda models.
3. The one dimensional reduction of self duality
equations obtained in [20] are the equations for the

which can also be written as

af(BilaJrB):_[/h B 71/148] (2-27)| element f | taking values in the semisimple algebra,
2
2T [HLH -2 X F - 20X X
o or

5 (3.1)
+2[[—-H,fL[X", f]]=0
or

|
Here H, X ™ are generators of A, (SL(2,C) algebra - M D
A where f =e2 fe 2
In terms of these notations we have from (3.3) the
following expression

X3 X |=H,[H,x*|=+2x*

embedded to gauge algebra in the half-integer way. =

of

, _ _ F=—Z+[H,f]l+X e =0
Let’s rewrite (3.1) in the equivalent form: ot
1 0 1 0 _ Let’s introduce the notation
—(—+H)-[X", fl,-=[—-H,f]+ X ]-
[2(ar )l ] 2[8r ] ] -
~ f = _
_l[i_H,fo—:O F:etF:—et6—+et[H,f]+X =0
2 or ot
This equation after changing the variable t = Inr has the Then (3.4) has a form
following form
ﬁ+[A F1=0 (3.5)
et - Z s L e xp- a
ot 2 o 2 N
o 1 (2)  where A=—e'[X",f].

——+—[H, f]+ X" =0
ot 2

The equation (5) is one-dimensional evolution equation
defined by Lax pair operators and it is one of the principal
Introducine the notati criteria of equations integrability.

Hroducing Hie notation From the presentation (3.5) it is followed that
1 1

~ oM of ] L o )

F=e (—E+5[H,f]+x ]e . (33) aspF =0, for Vvn

1

—Ht
multiplying (2) from the left side by €2 and from the right
1 -1
——Ht F = ok , 3.6
side by e 2, we obtain of (3:6)

and solution of the equations can be found in a form

_ | | | | where @(t) takes values in the corresponding Lie group and
oF SHt . —oHt HU —HE o FF
D _[[e? X*e? 2 fe2 |,F]+F=0 Fo=Fl-

ot From equation (5) and presentation (6) it is directly

) ) followed the expression for the operator A :
Due to the evident equality

1

EHtx+ —%Ht Ly + !
e e =€

i o
A=¢'op™ (¢’=E¢) (3.7)

the last equation can be rewritten in a form

oF e E
E—et[[x+,f],F]+F=0, (3.4)

Let’s consider the commutator of F with X *:
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[x+,F]=[x+,x—]—e‘§[x+,f]+et[x+,[H,f]]=
=H —etg[xtF]—zet[xtf~]+et[x+,[H,f~]]=
—H —%(et[x+,fN])—et[X+,f~]+[H,et[X+,fN]].

Taking into account (3.6) and (3.7) the last expression can
rewritten in a form

(X', o0 1=H - (@ o)/ =0 o +[H,0 ¢7'].

Making the substitution ¢ = thq and introducing a new

variable 7 =e™", we have

9.

71: F 7lx+
Grﬁrq )=[aFRa ", X "]

(3.8)

Equation (3.8) is one-dimensional generalized non-
abelian conformal affine Toda model as it is obviously seen
from eq. (2.26). The group-theoretical approach derived for
this equation in paragraph 2 gives reasonable opportunities to
obtain the exact solutions for arbitrary semisimple algebra
and that will be the subject of the further publications.
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M.A. Muxtarov

TODANIN UMUMILOSDIRILMIiS MODELI

Todanin bir6lgiilii geyri-abel konform affin modeli {iglin qruplasmis nezari yanagma islonmisdir.

M.A. MyxTapoB

OBOBIIEHHBIE MOJEJIN TOJA

TeopeTHKo rpymnIoBoif oaxo. pa3padoTaH Ui OJHOMEPHBIX HeabeleBbIX KOH(GOPMHBIX adGUHHEIX Mozeneit Toxa.
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Ag2xCugrS (x=0.45; 0.8; 1.07) BIRLOSMOSINDO POLIMORF CEVRILMOLOR

Y.I. ALIYEV, A.Q. BABAYEYV, F.Q. MOHORROMOVA
Azorbaycan MEA Fizika Institutu,
Baki, Az-1143, H. Cavid pr., 33

Agi55Cu04sS, Agi2CuosS, AgoosCurerS birlogsmolori

sintez edilmis,

Bricmen disulu ilo monokristallar1  alinmisdir.

Yiiksoktemperaturlu rentgendifraktometrik metodla kristallardaki polimorf ¢evrilmalor tadqiq edilmisdir.

AgS-CuxS sistemi  birlogmalorinin  termik, mikro-
struktur va yiiksoktemperaturlu rentgenanaliz metodlari
ilo tadqiq edilmosi haqqinda molumatlar [1-6] islords ve-
rilmigdir. Gostoarilmigdir ki, yiiksak temperatur oblastinda
AgS vo CusS birlogmalarinin har ikisi UMK strukturlu
olub, kaosilmoz bork mohlul sirasi toskil edir. a-AgeS

kristalinin asagitemperatur modifikasiyasinin a-CuzS-do
hollolmasi, oksinas, ¢ox cilizi olub, 340K temperaturda
1.87mol% tagkil edir. Cadval 1-do AgsS vo CusS binar bir-
logsmolorinin strukturu vo polimorfizmi haqqinda molu-
matlar verilmisdir.

Cadval 1.
AgaS va CuaS birlesmolarinin kristal strukturu vo modifikasiyalarin kegid temperaturu.
Modifikasiya va kecid Kristal gafasin parametrlori Ox .
temperaturu a(A) | bA) | sA) B 7 | Feraqrupu q/sm3 Odobiyyat
AgrSiMonoklin 4.236 | 6.909 | 7.888 99.350 4 P2,/C 7,243
452 K
AgS:HMK 4.864 2 0;11 —1m3m 7,107 7-11
873K
Ag:STUMK 6.269 4 Fm3m 5815
Cu2Sa Monoklin 15.246 | 11.884 | 13.494 | 116.350 | 48 P2i/n 5.8
373K
CusS:Heksaqonal | 3.961 6.722 P2/ mmC| 5,785 12-17
738 K
CuzS-UMK 5.725 4 Fm3m 5,632

Is [3]-do qeyd edilmisdir ki, bork halda Agi ssCuoasS,
Ag12CuosS, Agoo3CuierS torkibli araliq fazalar yaranir va
homegenlik oblasti AgixCui+S (0<x<1) disturu ilo ifads
olunur ki, AgCuS (50mol% Ag:S) birlosmasi do hamin
oblastda yerlogir. AgCuS, Agis55Cuo4sS, Agi2CuosS vo
Ago93Cu1,07S birlosmalorinin polimorf modifikasiyalarmin
strukturu vo g¢evrilma temperaturlart haqqinda adobiyyat
molumatlari codval 2-ds verilmisdir.

AgCuS flggat birlogsmasi otaq temperaturunda, ele-
mentar qofasin parametrlori a=4,06A, h=6,66A, s=7,99A,

foza qrupu D127h -Cmcm, Z=4 olan ortorombik qofasdo

kristallagir [3]. AgCuS birlogsmasinin asagitemperatur
ortorombik modifikasiyasinin Ag»S birlosmasinin monok-
lin strukturu ilo bozi oxsarhigt var [7]. AgCuS birlogmasi-
nin strukturundaki kiikiird vo mis atomlarmmdan toskil
olunmus laylar AgeS birlosmasindaki kiikiird-giimiis lay-
larina gox banzoyir. Bu laylarda har bir mis atomu ~2.28A
mosafado yerloson kiikiird atomlari ilo ohato olunmusdur.
Laylar giimiis atomlar1 vasitasilo birlagir vo kiikiird-giimiis
mosafosi ~2.28 A-dir.

Qeyd etmok lazimdir ki, AgCuS birlosmasi defektli
struktura malikdir vo giiman etmok olar ki, mis atomlar1
strukturda catigmayan Ag atomlarini gisman avaz edirlor.

AgCuS birlogsmasindoki polimorf ¢evrilmoalor [19]-da
tadqiq edilmis vo gostorilmisdir ki, asagitemperatur orto-
rombik modifikasiya 400K temperaturda S-CusS ilo [12]
identik olan heksaqonal modifikasiyaya, bu modifikasiya
iso 705+2K-do yiiksoktemperatur UMK modifikasiyasina
kegir (Cadval 6).

Togdim olunan igds yiiksoktemperaturlu rentgen me-
todu ilo Agi,ssCuoasS, Agi2CuosS, AgooCuiesS mono-
kristallarinda polimorf gevrilmalor 6yronilmisdir.

TOCRUBI HISSO.

Ag1,55Cu0,45S, Ag12Cu0,8S, Ago,s3Cu1,07S birlagsmolarinin
sintezi vo monokristallarinin alinmasi.

Gostoarilon torkiblorin sintezi iiciin Ag vo Cu tomizlik
doracasi 99,999% olan vo «B5» markali S komponent-
lorindon istifado edilmisdir. Igerisinde miivafiq torkiblor
olan ampulalar sobanin temperaturu stabil olan zonasin-
da yerlosdirilmis, sonra sobanin temperaturu kiikiirdiin
orimo temperaturuna (7,=393K) godor qaldirilmis vo
kiikiird, giimiis vo mis arasinda reaksiyanin getmaosi ii¢iin 3
saat miiddotinds sobanin temperaturu sabit saxlanilmig-
dir. Sonra temperatur 50K/saat siirotlo AgCuS-in orima
temperaturundan (7,,=1357K) yuxar1 qaldirilmigdir. Hoa-
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min temperaturda 3 saat saxlanildigdan sonra soba am-
pulalarla birlikdo 20K/saat siirotlo otaq temperaturuna
gadar soyudulmusdur.

Almmig niimunolorin birfazaliligini miisyyan etmak
ti¢iin mikrostruktur vo rentgen-faza analizi aparimigdir.

Ag1,55Cu0,45S birlosmasinin tozundan alinmis difrakto-
gram tetraqonal (cad.3), Agi2CuosS birlogmasinin tozun-
dan alinmis difraktogram monoklin (cad.4), Ago.93Cui,07S
birlogsmasinin tozundan alinmis difraktoqram isa ortorom-
bik (cad.5) gqofas parametrlori asasinda indekslonmisdir.

Sintez edilmis tokiblorin monokristallar1 Bricmen tisu-
lu ilo alinmisdir. Har bir torkib xirdalanmis halda, riiseym-
lori segmoyo imkan veran iti uclu ampulaya yerlosdiril-
migdir. Ampulalarin havasi 10-3Pa tozyiqa qadar sorulmus,

hor ampula névbs ilo sobanin yuxar: hissasinds yerlogdi-
rilmis vo 1400K-don yuxar1 temperatura qodor qizdiril-
migdir. Bundan sonra ampulalar 1.5mm/saat siiratls soba-
nin temperatur qradiyenti zonasindan kegirilmisdir.

Bu sortlor daxilinds yiiksoktemperatur modifikasiyasi-
nin kristallar1 alinir. Ampulalar sobanin temperatur gra-
diyentindan kegorkan soyuduqda kristallar yiiksok tempe-
ratur modifikasiyasindan asagitemperatur modifikasiya-
sia kegirlor. Gorginlik vo deformasiyani aradan qaldir-
magq moagsadilo asagitemperatur modifikasiyasinin kristall-
lar1 48 saat arzinds sobanin 3-cii zonasinda kegid tempera-
turundan asagi temperaturda saxlanilmigdir.

Belolikls, alinmis kristallar toqdim olunan isin todqi-
gat obyektlori olmusdur.

Cadval 2.

AgCuS, Agi.55Cuo.45S, Ag12Cu0sS vo AgossCui.o7S birlogsmolarinin kristal strukturu va kecid temperaturlar
haqqinda adsbiyyat molumatlari.

Modifikasiya va kegid Kristal qafasin parametrlori Foza Px Odabivvat
temperaturu a(A) b(A) s(A) yij Z qrupu q/sm3 vy
AgCuS4Ortorombik 4.06 6.66 7.99 4 Cmcm 6.30
366K
Heksaqonal 4.005 6.806 2 P63/m 6.350 1-5, 19
mc
705K
UMK 5.729 4 Fmcm 7.186
Ag1.55Cyp.45S-Tetraqonal 8.673 11.756 16 6.8
>373 K 1-5
HMK 4.825 2 6.736
Agi2fu0sS - - - - - -
424 K 1-5
UMK 5.999 4 6.532
Ag0.93Cu1.07S- Ortorombik 4.066 6.628 7.972 4 Cmcm 6.194
~373K
Heksaqonal 4.138 7.105 2 1-5
~453K
HMK 5.961 2

Ag1,55Cu0,45S, Ag1,2CuosS, AgoosCurerS kristallarmin
yiiksoktemperatur difraktometrik todqiqi.

Yiiksoktemperaturlu difraktometrik todgiqatlar 10-Pa
vakuum almaga imkan veran yiiksoktemperaturlu
«URVT-2000» olavasi olan DRON-3M (CuK,-siia, Ni-
filtr) difraktometrinds aparilmigdir. Difraksiya xotlorinin
yazilmasinda bucaq ayridetmoasi =0.1°, bucaglarin
toyinindoki xata A6=+0.020-dir.

1. Agi155Cuo4sS. Kristallik AgissCuoasS birlosmasin-
don otaq temperaturunda (293K) ixtiyari istigamotli
5x5%2 mm 6l¢iilii niimuns kasilmisdir. Bu niimuns ii¢iin
100<26<100° bucaq intervalinda 15 aydin difraksiya xatlori
geyde alinmigdir (Coadvol 3-do onlar ulduzla isarslon-
migdir). Cadval 3-da gostarildiyi kimi, geyds alinmis biitiin

79

xatlor toz niimunasindon alinmis xatlorls tist-lista diisiir vo
tetraqonal gafas parametrloari ilo doqiq indekslonirlar.

Otaq temperaturunda difraktogram ¢okildikdon
sonra soba iso salinmig va hor 30K-don sonra difraksiya
xatlori ¢okilmisdir. Hor ¢okilmadon avval niimunsnin tem-
peraturu 30 daqiga arzinds sabit saxlanilmigdir. Bu zaman
403K temperaturda alinmis difraktoqramdaki xotlorin sa-
yinda vo intensivliyindo doyisiklik olmamigdir. Yalniz
493K-do ovvalki bucaq intervalinda 7 difraksiya xotti
geydo alinmigdir.

Bu xatlor qofas parametrlori a=4,833X, Z=2, p,=6,704 g/sm?
olan HMK strukturunda birqiymatli indekslonirlor. Nii-
munoani 673K-5 godar qizdirdigda HMK modifikasiya pa-
rametrlori a=5,951X, Z=4, p.=7,179q/sm3 olan UMK mo-
difikasiyaya kegir.
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Cadval 3.
Agi.55Cu0.45S kristalinin miixtalif temperaturlarda alinmis rentgenqramlariin hesabiu.

T, K deksp. ( X) )20 dhes. (X) hikl Kristal qofasin parametrlori
T 3 2 4 3 6
6,933 30 6,9410 101
4812 40 4.8143 102
4.319* 60 4.3365 200
4,064 40 40609 201
3.878 30 3,8787 210
3.673 40 3,6777 121
3.480" 40 3.4705 202
3022 20 32221 212
3.065 40 3,0664 220
2.892 40 2.8910 300
2.802* 100 2,8049 301
2.746 100 2.7452 104
2,484 60 2,4785 312
2,432 100 24072 204
2.353¢ 100 2.3552 321
2.164* 40 2.1683 400

203 2.103 20 2.1035 140 ]ﬁﬁg—?
2,030 30 2,0305 042 =5,

1,991 20 1,9907 134 c=11,576 X
1,930* 20 1,9276 332 Z=16
1.838 40 1.8389 242 0=6,981 g/sm3
1.742" 40 1,7352 404

1.677" 20 1,6828 151

1.611 40 16111 424

1,566" 20 1,5569 415

1,487 30 1.4878 434

1.442¢ 40 1.4406 532

1,388 40 1.3882 505

1.327* 40 1,3229 534

1278 30 1,2780 543

1219 10 1,2197 551

1,168 10 1,1689 553

1.146* 20 1,1458 329

1,083 20 1,0838 555

4,331 60 4.3334 200

3.490 40 3.4900 202

2.805 100 2.8061 301

2,488 60 2.4853 312

2,437 100 2.4354 204

2.356 100 2.3551 321 %g’;—?
2.168 40 2.1667 400 1=5,

385 1,931 20 1,9302 332 e=11,778 X
1,745 40 1,7453 404 Z=16
1,679 20 1,6822 151 p=6,951 g/sm?
1,567 20 1,5684 415
1.443 40 1.4411 532
1.396 40 1.3962 505
1328 40 1.3269 534
1,147 20 1,1493 329
2,438 60 2.4380 200
1,991 100 1.9906 211 HMK
1.724 40 1.7239 220 a=4.876 X

573 1,542 20 1.5419 310 7=2
1.407 60 1.4076 222 0=6,526 q/sm>
1.303 50 1.3032 01
1.219 40 1.2190 400
2.974 40 2.9753 200 -

2,103 60 2.1034 220 a%x

673 1,793 100 1,7940 311 >
1.717 80 1.7169 222 ~ .
1.487 60 1.4876 400 p=7,179 g/sm’
1365 90 1.3644 331
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2. Ag12CuosS. Sintez edilmis Agi,2Cuo,sS niimunasinin
tozundan alinmig difraktoqramda qeyde alinmis 26 di-
fraksiya xotti Cui96S torkibine moxsus olan monoklin qs-
fos parametrlori osasinda indekslonir: a=26,897A,
b=15,745A, ¢=13,565A, p=90013", Z=8, foza qrupu P2i/n
[12, 15].

Qeyd etmok lazimdir ki, 26 difraksiya xosttindon 13-ii
Ag>S-in monoklin gafss parametrlari ilo do indekslonirlar.

Temperatur tadqigatlari ii¢iin polimorf kegiddan alin-
mig yiiksoktemperatur modifikasiyasinin kristalindan isti-
fads edilmisdir. Agi2CuosS-don otaq temperaturunda ixti-
yari istigamatli 4x4x2 mm 6l¢iilii niimuna kasilmisdir. Bu
niimunos ii¢iin 109<26<100° bucaq intervalinda 15 aydin di-

fraksiya xotlori geyds alinmigdir (Cadval 4-ds onlar ulduz-
la isaralonmisgdir). Cadval 4-do gostorildiyi kimi, qeyds
alinmig  biitin ~ xotlor toz nimunodon  alinmig
rentgenoqramla tst-iisto disir.

Agi12CuosS niimunasinin otaq temperaturunda ikifa-
zaliligi miioyyon edildikdon sonra, nimunanin istiqgamatini
doyismadoan soba iso salinmis va 4-cii cadvaldon goriindiiyii
kimi, 372K-do ovvalki bucaq intervalinda 15 difraksiya
xatti avazine yalniz 8 xatt qeyde alinmigdir. Bu difraksiya
xatlori Cur.96S vo Ag:S-in gofas parametrlori ilo indekslo-
nirlor. Difraksiya xatlorinin saymin azalmasi, goriiniir, nii-
munolorin qizdirilmast ilo slaqadardir.

Cadval 4.
Agi12CuosS kristalinin miixtalif temperaturlarda alinmig rentgenqramlarinin hesabiu.
ot ( Cui.96S [12] AgS[12]

T, K X) 5P /D 0)1116& X vy dre (1) l Ik Kristal gofosin parametrlori
6,809 20 6,8089 021 - -

6,050 20 6,0504 202 - - Cui.96S
4,812 30 4,8150 131 - - Monoklin
3,882 | 40 3,8788 123 3,8801 002 4=26.897 X
3,051* | 60 3,0502 433 - - b=15.745 X
2,861* | 60 2,8684 911 - - =13.565 X
2,607* | 100 2,6010 1011 2,6031 121 $=90.130
2,564* | 40 2,5646 161 - - _

2,522 | 40 2,5217 55 : - Zf.;%‘;l,i“’
2,500* | 20 2,4983 022 - - _ R
2407 | 60 2,4055 461 - ; pr=1854 gfsm
2,307 | 60 2,3076 054 2,3178 122

2,186* | 40 2,1893 271 - -

293 2164' | 40 21656 126 . . Mo
2,090° | 40 2,0903 815 2,0931 122 =43 X
2,070* | 60 2,0690 164 2,0707 023 -

2.009* | 40 2,0081 173 - - b=691X
1,947 | 60 1,9466 944 1,9400 004 ¢=7.87X
1,882 30 1,8817 027 - - p=99035"
1,801 20 1,8010 237 1,8168 114 Z=8
1,720 40 1,7207 291 1,7202 033 f.q. P2i/n
1,681 40 1,6806 292 1,6862 041 px=17,19 q/sm?
1,486 60 1,4858 309 1,4838 034

1,393 30 1,3927 468 1,3987 143

1,262 20 1,2614 488 1,2630 152

1,126 20 1,1254 499 1,1256 054

2,539 40 2,5371 253 - R

2,127 40 2,1281 172 - - Cu1.9S
2,071 | 100 2,0730 1123 2,0707 023 Monoklin

173 2,034 40 2,0344 472 2,0163 130
1,981 | 100 1,9812 1104 1,9806 032 AgS
1,919 60 1,9189 555 1,9144 131 Monoklin
1,443 30 1,4436 767 1,4440 142
1,097 20 1,0972 5141 1,0965 225
2,998 40 2,9986 200 UMK

4 2,119 | 100 2,1204 220 4=5.997 X
1,733 20 1,7313 222 0+=6,532 g/sm3

373K-ds difraksiya xatlori ¢okildikdon sonra niimu-
nonin qizdirilmasit davam etdirilmis vo 424K-do ovvalki
bucaq intervalinda 4 yeni difraksiya xotti qeyds alinmigdir
ki, bunlar parametrlori =5,997A olan UMK yiiksoktem-
peratur modifikasiyasina monsubdur. Ke¢id dénan kegid-
dir vo niimuns soyuduqda birfazalh UMK modifikasiya
ovvalki ikifazali hala qayidir.
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3. Agoo3CurosS. AgoosCuiorS kristalindan otaq tem-
peraturunda (293K) ixtiyari istiqgamotli 5x5x2 mm olgiilii
nimuns kasilmisdir. Bu niimuns ii¢iin 10°<26<90° bucaq
intervalinda 18 aydin difraksiya xatlori qeyds alinmisdir
(Cadval 5-ds onlar ulduzla isarslonmisdir).

5-ci cadvaldan goriindiyi kimi, geyds alinmig difrak-
siya xotlorinin hamisi toz niimunasindon alinmis rentgen-
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gramdaki xatlorlo Gst-iista diigiir va tetraqonal qofas para-
metrlori ilo daqiq indekslonirloar.

Otaq temperaturunda difraktoqram g¢okildikdon son-
ra soba igo salinmig vo niimuns todricon qizdirilmisdir.
373K-ds avval geyds alinmig 18 difraksiya xatlorinin ha-
mis1 yox olmus va avvalki bucaq intervalinda 6 yeni xott
yaranmigdir. Bu xatlor, AgaS-in ikinci modifikasiyasi olan

heksaqonal gofesin parametrlori ilo indekslonirlor. Heksa-
qgonal modifikasiya 469K-do qofas parametri a=5,962A
olan yiiksoktemperatur UMK modifikasiyasma kegir.
Bitiin  kegidlor donandir, yoni nimuns soyuduldugda
Ago93Cu1,07S kristal ilkin vaziyyatina qayidir.

Cadval 5.
Ago93Curo7S kristalinin miixtalif temperaturlarda alinmis rentgenqramlarinin hesabi.
T K dekesp. (X) /I dhes. (X) hkl Kristal qafasin parametrlori
3.982° 20 3,9860 002
3,630° 20 3,6226 101
3,458 40 3,4666 110
3,309 60 3,3140 020
3,056 40 3,0737 021
2,615* 100 2,6153 112
2,546 60 2,5579 022
2,110* 25 2,1087 113
2,071 40 2,0730 023
2.031 60 2,0330 200 .
1,994" 60 19930 004 Ortorombik
1,884* 60 1,8861 131,211 a=4,063 X
293 1,745 60 1,7453 132,212 b=6,628 X
1,733 40 1,7333 220 ¢=7,974X
1,728° 40 1,7275 114 Z=4
1,709 40 1,7077 024 f.q. Cmem
1,693 40 1,6939 221 px =6,194 q/sm3
1,588 40 1,5893 222
1,567 40 1,5690 213
1,451 40 1,4528 223
1,422° 60 1,4261 204
1,306° 40 1,3077 224
1,258° 40 1,2598 312, 150
1,239° 40 1,2392 116, 321
1,142 20 1,1433 331
2,522 100 2,5222 102
2,067 100 2,0690 110 %
73 1,971 100 1,9753 103 7090 X
1,809 40 1,7917 200, 112 = [P
1,773 40 1,7714 004 -
1,737 40 1,7387 201 0x=6,329 g/sm>
2,979 40 2,9812 200 -
2,108 50 2,1080 220 a:%g—éKz X
469 1,797 100 1,7977 311 74 F o Fim3
1,720 60 1,7212 222 S i
1,491 40 1,4906 400 px=6.277 g/sm

ALINMIS NOTICOLOR VO ONLARIN
MUZAKIROSI.

Qeyd edildiyi kimi, AgCuS birlosmasinin Kristal
strukturunun Ag>:S kristalinin strukturu ilo bazi oxsarligi
var. Bu oxsarliq, AgCuS-in strukturunun ¢ oxu, AgS-in
iso b oxu boyunca proyeksiyalarinin miigayisssinds daha
aydin nozors ¢arpir. Buna baxmayaraq, AgCuS vo Ag:S-
doki modifikasiyalarin say1 vo kegid temperaturlart biri-
birindan farqglonir.

Cadval 6-dan goriindilyt  kimi, todqiq olunmus
torkiblordon yalmiz Agoo3Cuio7S kristal strukturuna vo
polimorf kegidlorino gora AgCuS kristalina uygun goalir.
Lakin heksagonal modifikasiyanin UMK modifikasiya-
sma ke¢idi AgoosCuro07S kristalinda, AgCuS kristalina
nisbaton asagi temperaturda (236K) bas verir.

82

Agi55CuossS kristalinda asagitemperatur tetraqonal
modifikasiya 425K-do HMK modifikasiyaya, bu modifi-
kasiya iso 673K temperaturda UMK modifikasiyaya ke-
¢ir.

Agi12CuosS kristali otaq temperaturunda ikifazahdir.
Fazalardan biri Cui9S kristalinin  monoklin gofasinin
parametrlorini, digori iso Ag:S-in monoklin gafssinin
parametrlorini gabul edir. 424K temperaturda hoar iki
modifikasiya eyni vaxtda yiiksoktemperatur UMK modifi-
kasiyasina gevrilir.

Beloliklo, yiiksoktemperatur rentgendifraktometrik
metodla Agi,ssCuoasS, Agi2CuosS, AgossCurerS kristall-
larinda polimorf ¢evrilmoalor todqiq edilmisdir. Alinmis
naticalor cadval 6-da verilmisdir.
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Cadval 6.
AgCuS, AgosCuio7S, Agis55Cuo.45S va Ag12CuosS kristallarinin qoafas parametrlori vo kecid temperaturlarr.
Kristal qofasin parametrlori
Modifikasiya vo kegid 7 | Foza qrupu Px
temperaturu a(A) b(A) s(A) B q/sm?
AgCuS- Ortorombik 4,06 6,66 - 4 Cmem 6,30
7,99

366 K

Heksadonal 4,005 - 2 | P6s/mmc 6,350

q 6,806

705 K

UMK 5,729 - - 4 Fm3m 7,186

Ago.93Cu1,07S-Ortorombik 4,063 6,628 7,974 ) 4 Cmem 6,194
373K

4,138 7,090 - 2 | P63/mmc 6,329
Heksaqonal
469 K

UMK 5,962 - - 4 Fm3m 6,229

Ag1.55Cuoa4sS - Tetraqonal 8,673 ) 11,576 ) 6 ) 6,951
493 K

HMK 4,833 - - - 2 - 6,704
673 K

UMK 5,951 - - - 4 Fm3m 7,179

. 15,745 | 13,565 | 90,13° | 8 P2i/n 7,859

Ag12CuosS- Monoklin Cui,96S 26,897 ’ ’ "2 %0 ’

Monoklin Ag:S 4236 6,909 7,888 99,35 4 P2i/s 7,243
424 K

UMK 5.997 - - - 4 Fm3m 6,532
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Y.L Aliyev, A.G. Babayev, F.G. Magerramova
POLYMORPHIC TRANSFORMATIONS IN Ag, ,CuyS(x=0.45; 0.8;1.07)

Ag55Cug4sS, AgioCupsS, AgoosCuysS single crystals are grown by Bridgmen method and synthesized. Polymorphic
transformations are investigated in them by high temperature roentgenodiffractometer method.
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TIGa;_«Co,S; BORK MOHLULLARININ TODQIiQi

A.l. HOSONOV, E.M. KORIMOVA, N.Z. HOSONOV, K.M. HUSEYNOVA
AMEA Fizika Institutu,
AZ 1143, Baki, H. Cavid pr., 33

T1GaS,-TICoS,; sisteminds qarsiligh tasir dyranilib vo bu sistemin hal diaqrami qurulmugdur. Otaq temperaturunda T1GaS, osasinda
15mol%-1i TICoS,-nin hall olmasi ilo bork mohlullar emales goldiyi toyin olunub.

Genis temperatur intervalinda (77+400K) T1Gay¢5Cog5S, birlosmasinds kegiriciliyin vo termo-e.h.q.-nin temperaturdan asililig aras-
dirilmus, kegiriciliyin metallik xarakter dasidig: toyin olunmusdur. 100K temperaturda T1Gag 9sCog sS; —do termo-e.h.q.-nin isarasinin doyis-
masi miisahide olunmusdur ve bu temperaturdan yuxari qiymatlords kegiricilik #-tipli olmusdur.

T1Ga;_4CoS, bark mohlullarinin udulma sarhoddi kobaltin ciizi konsentrasiyalarinda diiz eksiton zolag1 soklinds formalasir,
bu zaman OE®/0T temperatur omsali TIGaS,~ds oldugu kimi miisbat isarasini saxlayir, amma Ga-nin Co-la gismon avozlonmasi

noaticasinds eksiton zolagi qisa dalgali oblasta toraf siiriisiir.

Asagi olciili maqnetiklor sinfino aid olan TICoS, bir-
losmasi son illords todgiqatgilarin digqgatini daha ¢ox colb
edir. Is [1]-do rentgenografik analiz vasitasilo TIC0S,—nin
heksaqonal strukturaya malik oldugu toyin edilmisdir.
Onun magqnit niifuzlulugunun vs maqnitlonmasinin
77+300K temperatur intervalinda o6lciilmasi gostordiki,
TICoS, ferrimaqgnetikdir. Kiiri temperaturu 112K, effek-
tiv maqnit momenti 4,645 toskil edir. Is [2]-do geyd olunur
ki, TICoS, 77+225K temperatur intervalinda p-tip kegiricili-
ya malikdir va 225K temperatur atrafinda e.h.q.-nin isarasinin
doyismosi bas verir. Homginin TICoS,—nin istilik tutumu
Olciilmiisdiir, bu zaman onun magqnit hissosinin 6zunu
kvaziasagi 6lgiilii maqnetikloro uygun aparmasi miigsahido
olunmusdur.

TICoS, bark mohlullarini, daha ¢ox Syronilmis T1GaS,
yarimkegirici birlogsmolari ilo miiqayisali sokildo todqiq olun-
mas1 maraq dogurur. Is [1]-do gostorilmis metod osasinda
bizim torofimizdon TICoS, birlosmosi sintez edilmisdir.
T1GaS,-TICoS, sisteminin hal diagrammasmin qurulmasi
icin 13 niimuns hazirlanmigdir. Birlosmolorin sintez rejimi,
onlarin orime temperaturalarina uygun olaraq segilmisdir:
T1GaS, tigiin 1180K, TICoS, ii¢iin 670K. Sintez olunmus xo-
litolorin homogenizasiya olunmast {igiin, 20 sutka orzindo
780K temperaturda gallium birlogsmosi vo 24 sutka orzindo
470K temperaturda kobaltl xslitolor domo qoyulmusdur.

DTA metodu ilo alinmig niimunslor asasinda T1GaS,-
T1CoS, sisteminin hal diagram1 qurulmusdur. Soakil 1-don
goriiniir ki, diaqramin sag torofindo nonvariant eftetik
noqtodon TICoS,—ya godor cado eftetika omolo golir. Bu-
rada nonvariant eftetik néqto (T1GaS,)¢ 70(T1C0S,)¢ 30 tor-
kibla vo 633K temperatura ils xarakterizo olunur. Diaqra-
min sol torofindo nonvariant néqto ilo T1GaS, arasinda
bork mohlul omols golir. Otaq temperaturunda TIGaS,
asasinda 15mol%-1i TICoS,-nin hall olmasi ilo bark moh-
lullar omoalo golir.

Oyronilon TIGa,.Co,S, bark mohlul monokristallari
tokmillosdirilmis Bricmen-Stokbarger metodu ilo orinti-
don yetigdirilmisdir. Butun bunlar layli qurulusa malik-
dirlor. Alinmis kristallarin DTA-1 vo difraktogrammasi
gostordiki, kobalt galliumu kristal qofasdo ovoz edir. Sin-
tez olunmus bork mohlul niimunslorinin rentgenstruktur
analizi, onlarin kristal qofesinin parametrlorini toyin
etmoyo imkan verdi. Butun bunlar, baglangic birlogmado
daxil olmagqla, codvoldo gostorilmisdir.
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Sakil 1. TIGaS,-T1CoS,; sisteminin hal diaqgrammasi.

TlGa;x Co.S, (x=0; 0,005; 0,01) layli monokristalla-
rinin dielektrik xassolori is [3]-do Oyronilmisdir vo toyin
olunmusdur ki, 5-10%+2-10" Hs tezlik oblastinda bu kris-
tallarda Ferm soviyyesi yaxinliginda lokallasmis hallar {izra
ylikdasima hoppanma tipli mexanizmls bag verir. Bu hallarin
sixligt (Ng) vo energetik paylanmast (AE), hoppanmalarin
orta miiddati () vo mosafosi (R) toyin edilmisdir.
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Cadval
T1Ga;_, Co,S,—nin kristal gofas parametrlori

Toarkib Sinqoniya Qofoas parametri zZ F. Sixliq
sim. g/sm’

qrup

| ad) [ bA) [ A [ B
TlGaS2 Monoklin 10.40 10.40 15.17 100 16 P2i/m 5.560
TlCOS2 Heksaqonal 3.726 - 22.510 - 3 - 6.026
TlGa0,999C00‘001S2 Monoklin 10.421 10.406 15.174 100 16 P2ym 5.544
Tetraqonal 7.29 - 29.90 - 16 5.650
T1Ga,495C0, 055, d

TlG%ggCOo,o]Sz Tetraqonal 7.29 - 29.90 - 16 5.662

Maddads yiik dastyicilarin elektron vo ya desik tipli ol-
masini birbaga toyin edon iisul termo-e.h.q.-nin 6l¢iilmosidir.
Bir tipli yiikdastyicilara halinda halogen yarimkegiricilor
iiclin termo-e.h.q.-nin diisturu asagidaki sokildadir:

a(T):—§[§§+A}

(1

harada ki A=l; AE-kegiriciliyin aktivlosmo enerjisidir
(burda gobul olunmusdur ki, yarimkegirici p-tipo malik-
dir).

Asagida bizim torofimizdon alinmis T1Gag 95C0¢ 5S>
birlogsmosinin kegiriciliyinin vo termo-e.h.q.-nin tempe-
ratur asililiginin tadqiqi zamani alinmis naticalar verilir.

Elektrik 6lgmolori iigiin niimunslor paralelepiped for-
masinda hazirlanib. Kontaktlar vurulmamisdan avval nii-
munalar 450K temperaturada domslonmisdilor.

Omik kontaktlar misin elektrolitik ¢Okdiiriilmasi no-
ticosindo alinmisdir. Niimunolorin elektrik keciriciliyi (o)
vo termo-e.h.q.-nin amsali () dérd zond metodu ilo 1%
doqiqliklo 78+400K temperatur intervalinda 6l¢iilmiisdiir.

Sokil 2-da 7,91x4,56x2,32mm? olcili
T1Gay 95C0¢ 053, niimunssinin keciriciliyinin temperatur-
dan asililig oyrisi verilmisdir. Qeyd etmok lazimdir ki,
T1Gag 95C0¢ 055, kristalinin otaq temperaturunda qaranliq
xlisusi miiqavimati  p~5,50m'sm toskil edir, bu iso

T1CoS;,-nin garanliq xilisusi miqavimatindan
(p=0,330m'sm) 16.7 dofo ¢coxdur.
Temperatura 78-don  400K-o qodor artdigca

T1Gag 95C0¢,0sS, niimunasinin kegiriciliyi azalir, bu iso
keciriciliyin metallik xarakterli olmasi ilo miisahido
olunur. Termo-e.h.q.-nin monfi isaroli olmasi todqiq
olunan  nimunonin  biitin  dyronilon  temperatur
diapazonunda n-tip kegiriciliys malik olmasini tosdiq
edir. Termo e.h.q.-nin “metallik” diisturuna uygun
olaraq, temperaturun artmasi ilo termo e.h.q.-nin miitlaq
qiymati xatti olaraq artir.

2 2
a(T):”_.k_T((%no-)
3 E=E;

2
e OE @

(2) diisturu ancaq kT<<Er olduqda dogrudur. Molum-
dur ki, metallarda coroyan dasinmasi (Er) Fermi soviyye-

si yaxinliginda qalinlig1 &7 tortibinds olan energetik qat-
daki yiikdastyicilar hesabinadir.

T1Gap 95C0¢ 95S,—nin termo e.h.q.-nin isarasinin do-
yismo temperaturasi (100K) T1CoS,—ys nisboton ¢ox aga-
g1dir, hardaki bu TICoS, ii¢iin 225K toskil edir.

Belo ki, T1Gaj95C00,05S, birlogsmasi 78+400K tempe-
ratur oblastinda metallik keciriciliklo xarakterizo olunur
vo termo-e.h.q.-nin maksimal qiymati 10mkV/K toskil
edir.

g, Onrl-gnr!
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03|

02 |- ° {10
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Sokil 2. Olgiilori 7,91x4,56x2,32mm?> olan
T1Gay 95C0¢ 05S, niimunade kegiriciliyin vo
termo-e.h.q.-nin temperaturdan asililigi.

T1Ga;Co,S, (x=0; 0,005; 0,01) torkiblorinin udulma
sorhoddinin  77+300K temperatur intervalinda bizim
toraofimizdon Ol¢ililmosi asagidakilart séylomayos imkan
verir: gostorilon butun torkiblorin udulma sorhoddi diiz
eksiton zolagi soklindo formalasir, onlarin voziyatlori
180K temperatura qoador yiiksok doqiqlikle ayird edilir,
daha yiiksok temperaturada bu zolaq cirlasaraq pillo sok-
lina cevrilir vo sonra silinir. Torkibinds kobalt olan bark
mohlul kristallarida miisbat OE“/0T temperatur omsalina
malikdirler. $akil 3-do totdiq olunan biitiin torkiblorin
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eksiton zolaginin maksimumlarinin temperaturdan asilili-
g1 gostorilmigdir. Eksitonun slags enerjisinin temperatur-
dan asili olaraq zaif doyismasini nazers alsaq, iddia et-
mok olar ki, bu kristallarin qadagan olunmus zonasinin
temperatur omsalt miisbat olmalidir. Sokilo osaslanaraq
demok olar ki, kobaltin miqdar: artdiqca 0E*/0T miitloq
qiymotco azalir, basqa s6zlo 0E“/0T-do adi monfi isarsli
qiymatina doniis tendensiyas: miisahido olunur. Harada
ki, OE“/0T-nin orta qiymati 77+-180K temperatur interva-
linda TIGaS, iiciin 1,65-10e¢V/K vo TlGageCog S, iigiin
iso 1,16:10* eV/K godor doyisir.

Gozlonilmoz olan iso kobaltin konsentrasiyasinin
udulma sorhoddinds eksiton zolaginin maksimumunun
voziyyatina tasiri oldu. Adoton asas kristal-matrisaya le-
giro edici olavo vurduqda qadagan olunmus zonanin eni-
nin azalmasi hali miisahido olunur, hansiki bizim torofi-
mizdon dafalarls geyd olunub (bax, [5]). Bizim halda iso
eksiton pikinin qisa dalgalara dogru siirlismosi bas verir.
77K temperaturda T1GaS,-don T1Gag99C0g1S,-yo kegdikdo
bu siiriismo 11maV tosgkil edir. Uygun olaraq Co atomlarinin
konsentrasiyasinin TlGa; Co,S, bork mohlullarinda bir nego
mol faiz tortibde artmasi, bu kristallarin qadagan olunmus zo-
nasinin eninin artmasina gotirib ¢ixarir.

Beloliklo T1GaS, yarimkegirici birlosmolorindo Ga-
nin Co-la kicik konsentrasiyalarda ovoz olunmasi, bu
kristallarin optik xassalorinin idars olunmasina imkan ve-

rir vo buda 6z ndvbasindos onlarin praktikada totbiq olun-
masina imkani yaradir.
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Sokil 3. TIGa,_Co,S, bark mahlullarinin, x= 0; 0,005;
0,01 giymatlarinda, sarhad eksiton pikinin
vaziyyatinin temperatur asililigi. Harada ki,
x: 1-0; 2- 0,005; 3- 0,01.
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A.L. Hasanov, E.M. Kerimova, N.Z. Hasanov, K.M. Huseynova, P.M. Iskenderova
RESEARCH OF SOLID SOLUTIONS TlGa,_,Co,S,

It is established the interaction of system T1GaS,-TICoS, and shown the diagram of a condition of this system. It is established, that on
the basis of TIGaS, are formed solid solutions up to 15mol. % TICoS, at a room temperature.

It is investigated temperature dependences (77+400K) of conductivity in the wide range of temperatures and thermo-e.m.f. of
compounds T1Gag 9sCoy,5S,, and the metal course of conductivity was observed. It is established, that at 100K there is an inversion of a mark
thermo e.m.f,, i.e. above this temperature in T1Gag 9sC0y5S the n-type of conductivity takes place.

It is revealed, that the edge of absorption of solid solutions T1Ga,_,Co,S, at small concentration of cobalt is formed direct exsiton
by a strip, thus the temperature factor OE®/0T has a positive mark, as well as in TlGaS,, and itself exciton the strip direct to short-
wave area at partial replacement Ga on Co.

A.N. T'acanoB, J.M. Kepumona, H.3. I'acanos, K.M. I'yceiinoBa, I.M. UckenaepoBa
HUCCJUIEJIOBAHUE TBEPABIX PACTBOPOB TiGa,_,Co,S,

Wzydeno B3anmoneiictue B cucreMe T1GaS,-TICoS, u mocTpoeHa quarpaMma COCTOSHHS 3TOH CHCTEMBI. Y CTAHOBJIEHO, YTO HA OCHOBE
T1GaS, obpazyrorcst TBepsie pacTBops! 40 15M01.% TICoS, nmpu koMHaTHOI TeMneparype.

B mmpoxoit obmactu temmepatyp (77+400K) nccrnenoBansl TeMnepaTypHble 3aBUCHIMOCTH MTPOBOJMMOCTH U TEPMO-3.1.C. COCIMHEHHS
T1Gag 95C00,05S,, mpudeM HaOMOAANCA METAUIMYECKUi X0 MPOBOAMMOCTH. YcTaHOBIeHO, uTo npu 100K mpoucxoaut uHBepcHs 3HaKa
TEpMO-3.1.C., T.€. BbILlIE 3T0H TemnepaTypsl B T1Ga 9sCoy 955, IMEeT MECTO N-THI HPOBOAUMOCTH.

OO6Hapy:keHo, 4To Kpail noriomeHus TBepaslx pactBopoB T1Ga; (Co,S, mpy HeOoNBIINX KOHIEHTPAUAX KoOanbTa hopMupyeTcs
IPSAMOM DKCUTOHHOMN IMOJOCOM, IPH 3TOM TeMIepatypHbiii kodpduruent OE®/0T uMeeT monoxurenbubiil 3Hak, kak u B TIGaS;, a
caMa SKCHTOHHAsI [I0JI0CA CABUTAETCSI B KOPOTKOBOJIHOBYIO 00J1acTh pH YacTH4HOI 3amene Ga Ha Co.
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p’- Si OSASINDA YARADILMIS MEZOMOSAMOLI SILISTUMDA
YUKDASIYICILARIN DASINMASI PROSESLORI

H.9. HOSONOV
MTN-in H.Oliyev adina Akademiyasi

p'- Si asasinda yaradilmis vo masamaliliyi béyiik olmayan (16+30%) mezomosamoli silisiumun elektrik xassolori eksperimental
tadqiq edilmisdir. Alinmis naticaler 30+50% mosamalilik intervalinda imumilegdirilmisdir. Masamali silisium tobaqasinin altliga nazs-
ron kegiricilik tipinin doyisilmesi effekti askar edilmisdir. Eksperimentin naticalori asqar atomlarinin (bor) hidrogenls passivlesdiril-
mosi modelinin kémayils izah olunmusdur. Masamali silisiumun elektrik xassolorinin tadqiqi zamani istifads olunan digor modellorin

tistiin cohatlari vo ¢atismazliqlar: aragdirilmigdir.

p - silisium althginda formalasdirilmis mezomasamali
strukturlu mosamali silisium (MS) bir sira 6zal xassalora
malik oldugundan, onun tadqiq edilmasins ¢oxlu sayda is-
lor hosr olunmusdur [1,2,3,4,5,6]. Verilmis MS masamalo-
rinin ening Ol¢iilori Inm-dan onlarla nm-ya qodor doyisen
inkisaf etmis sistemdir. p'- Si osasinda yaradilmis mezo-
mosamoli niimiinalor p- Si althqli mezo- vo mikromosamali
niimunoalors nisbaton daha boyiik elektrik kegiriciliyine
malik olduqglarindan, elektroliiminessensiya yuvaciglari-
nin hazirlanmasi tiglin perspektivli materiallar sayilirlar.
Mezomasamoli silisiumun strukturu adadi qiymati 15+60%
intervalinda doyison mosamsolilik géstoricisindon asilidir.
p'- Si osasinda yaradilmis mezomosamoli silisiumun elek-
trofiziki xarakteristikalarini toyin edorkon asas ¢atinliklor,
birincisi, MS tobaqgpolorinin yitksokomlu olmasi, ikincisi,
strukturun metal vo monokristallik althiqla sarhadlorinde
eksperimentin naticalorindo parametrlori nozoro alinmali
olan diizlandirici kegidlorin mévcudlugudur.

Birinci marhslode masamaliliyi boyiik olmayan (16+30%),
sonra isa 30+50% mosamolilik intervalinda p'- Si asasinda
yaradilmis mezomosamali silisiumun elektrik xassalori eks-
perimental tadqiq edilmisdir.

Boyiik olmayan mesamoliliys malik olan MS niimuno-
lori KJIB-0,03 (111) althginda elektrokimyavi asilama
metodu ilo plavik tursusunun 48%-li su mohlulunda

mA mA
10 .

sm sm
mislar. Anodlasma 10+60 daqigs miiddatinds aparildiqda,
MS tobogalorinin qalinligr 15mkm-dan 60mkm-ya gador
artir. Niimunalorin ¢oki mosamaliliyi 16+30% toskil edir.
Analoji anod emali rejiminds plazmakimyavi metodla
formalasdirilmis «sahid» niimunolorin amorflagsmis soth
toboqasi (AST) tamamilo logv edilmisdir. Beloliklo, apa-
rilmig todqgiqatlar ham elektrofiziki parametrlori, hom da
MS sothindoki amorf tobageni qiymstlondirmoys imkan
verir. Termovakuum tozlanmasi metodu ilo MS ve mono-
kristallik silisiumun sothino ¢okilmis aliiminium kontakt
tobaqasi 20 daqiga miiddatindas 300°S-das tasirsiz qaz miihi-
tindo saxlanilmigdir. Coxtobaqali, Slgiilori 5x5mm* Al-
Mos.Silisium-Monosilisium-Al test strukturlari hazirlan-
migdir. MS tobagolorinin boyitk fotohassasligini nazors
alaraq, biitlin 6lgmolor garanliqda aparilmisdir.

MS tobogolorinin mithiim 6zalliyi onun altliga nazoron
kegiricilik tipinin doyismasidir. Termozond metodu vasite-
silo aparilan 6lgmoalor gostorir ki, MS tobagalor effektiv
elektron kegiriciliyino malikdirlor. Yalniz anod emali

vo 15

anodlasma corayani sixliginda alin-

A
miiddati 20 doqiqe vo anod coroyami sixhigr 5 m—2 olan
sm

88

rejimdo alinan niimunalor desik kegiriciliyine malik
olurlar. Mohz bu ciir asagiomlu niimunolordo Holl
effektinin &lgiilmasi miimkiin oldu. Olgmolor desiklorin
konsentrasiyasinin baslangic althga nozoron 1-2 tortib az
olmasini agkara ¢ixardi.

Anod emali zamani1 MS tobagslorinin kegiricilik tipinin
doyismasi faktinin oadabiyyatda praktiki olaraq oksini tap-
mamasini geyd etmoak lazimdir. Bu barads tokca [11] sayl
isdo Otori molumatlar vardir. Effekti asagidaki kimi izah
etmok olar. «Yumsaqg» rejimdo alinan MS-in monokristal-
lik matrisindos elektrokimyovi asilama zamani yiikdasiyici-
larin konsentrasiyasi azalir. Yeri golmiskon, Holl effekti-
nin 6lgmalorinin naticalori konsentrasiyanin azalmasi fak-
tin1 tasdiq edir. MS-do desiklorin konsentrasiyasi ¢ox sii-
rotlo azaldigindan, material moxsusi kegciricilik halina
kecir(p~n). Bu halda termo ehqg-in isarasi daha miitahoarrik
zarraciklorin igarasi ilo miioyyon olunur. Silisiumda elek-
tronlarin yuyriikliyii desiklorin yiyriiklityiindon ¢ox ol-
dugundan, MS niimunslorinds effektiv elektron kegiricili-
yi meydana ¢ixir.

Al-Maos.Silisium-Monosilisium-Al strukturunun elek-
trik parametrlorinin toyin olunmasi volt-amper xarakteris-
tikasinin Glgiilmasi vo tohlili asasinda yerino yetirilmisdir.
1 sayli sokilds bir niimunonin misalinda 120+300K tempe-
ratur intervalinda tipik VAX gostorilmisdir. Silisium alth-
ga verilon miisbot potensial diiz slirligmoys uygun golir.
Otaq temperaturunda diizlondirms omsali birden boyiik,
1V siiriismo zamani iso 1,3+1200-0 borabar olmusdur. p-Si
althgindaki MS tigiin banzor VAX digar islords do (maso-
lon, [7,8,9,10]) geyd edilmisdir. Ancaq uzun muddat apari-
lan elektrokimyavi emal zamani (40+60 doq.) vo amorf
soth tobagasi (AST) lagv edilmadikds diizlondirms amsali
1-dan kigik olur. Bundan slava, 25+40 daqiqe miiddstinda
formalasan AST-li MS-ds diizlondirms amsali 210K tem-
peraturundan asagi temperaturlarda 1-don kigik olur. Bu
fakt, bir torofdon, AST-in strukturdan yilikdasinmasi
prosesinag giiclil tosir etmasi vo AI/MS kontaktinda Sottki
¢opoarini doyismosina dolalat edir, digor torafdon, struk-
turda bir-birina qarst qosulmus iki diizlondirici ke¢idin ol-
masindan xabar verir.

Allmmis VAX-larin tadqiqi ti¢lin 1¢ sayl sokildo gos-
torilmis ekvivalent sxemdan istifads edilmisdir. Ekvivalent
sxem iki ardicil birlasdirilmis dioddan vo miigavimatdon
ibaratdir. Diodlardan biri MS/MK (monokristallik
silisium), digari iso AI/MS kegidlorine uygundur. MS/MK
kegidino miisbat gorginlik verdikde o, diiz istigamatdo
gosulur.
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Sok.1(a). Todqiq olunan strukturlarda VAX-in temperatur

mA

2
cm

va t,=600san miiddatinds formalasib vo amorf
tobago lagv edilmayib. 1-293K, 2- 205K, 3- 160K,
4-137K, 5- 120K. b) Strukturun diiz istiqamatda
qgosulmast. ¢) Strukturun ekvivalent elektrik sxemi.

asiliiglar.. MS- j, =10 ; carayan sixhiginda

Kegidin VAX-1

. qU,
I[=j¢-S-exp — 1
Js p( i T j (1)
dusturu ila tasvir olunur. MS-in VAX-1
;.U _SU, 2
R r

diisturuna asason toyin olunur. Bels soraitde Sottki ¢opari
tors istiqgamatde qosulmusdur va generasiya-rekombinasi-
ya mexanizminds onun VAX-1

1

1 1
I=Sp 2 '(¢0+Ua)E

diisturu ilo miisyyon olunur. (1) vo (2) diisturlarinda asagi-
daki isaralordon istifads edilmisdir: /- strukturdan kegon
corayan, js - doyma coroyanmin sixlii, g- elektronun
yiikil, n-MS/MK heterokegidinds corayan kegiriciliyi am-
sali, U, - heterokegidds gorginlik diisgiisii, U, - MS tobaqo-
sindoki gorginlik diisgiisii, U; — AI/MS kontaktindaki gor-
ginlik diisgiisii, R-MS tobagoesinin milqavimati, ¥=RS, S -
asqar atomlarin konsentrasiyasi, MS-in dielektrik niifuz-
lulugu, yiikdasiyicilarin yasama miiddotindon asili olan
omsaldir. A/MS kontakti omik hesab olunur vs aktiv mii-
gavimat MS toboqasinin milqavimetine (plazmakimyovi
asillanmaya moruz qalmamis niimunalor {i¢iin) vo ya MS

(©)

&9

tobagasi ilo AST-nin birgs miiqavimatine borabardir. No-
zora almmisdir ki, tobogonin miigavimoti dar siirtigmolor
intervalinda sabitdir, lakin xarici gorginliyin artmasi za-
mani1 doyisir. (1)-(3) disturlarindan almir ki, struktura
verilon U gorginliyi

oSl i) e

diisturu vasitasils tayin olunur.Burada,

q

)

80

60

40

20

1000 z—1
T’K

Sok.2. AST lagv edilmis iki niimunadas xiisusi miiqavimat vo
caroyan kegiririciliyi omsalinin tipik temperatur
asilihglar.

Verilmis halda funksional i-ys gérs 1-don s-o qodor

olan como barabar olur:
B ! 2+a 2 (6)
S .

@zz U,— kTt ln(i)—r(i
i=1 q S S

Burada, s-VAX {izerindoki eksperimental ndqtslerin
sayidir.

VAX-1n nazoari va eksperimental qiymotlorinin {ist-iisto
diisdityii an yaxs1 sort nazori qiymatlorin eksperimental
giymatlordon meyl etmosinin kvadratindan tortib olunan
funksionalin minimum olmasidir. Funksional minimumu-
nun zoruri sortindon

0.2 _ 0,00 00
o oa  om

dord xotti tonlikden ibarst sistem alinir. Sistemi hall et-
mokls (r, S, n, @) kamiyyatlori toyin olunur. Bu komiyyat-
lordon r vo n birbaga fiziki menaya malikdirlor. MS-in
xiisusi milqavimati

oo _
or

0

()

r

Pums = ®)

dMS

diisturuna asasan toyin olunur. Hesablamalarin aparilmasi
iicin VAX-in diiz budaginda eksperimental vo nazori
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asililiglarin miiqayisasindon MS-in p xiisusi miigavimati,
MS/MK kegidinds 7 corayan kegiriciliyi amsalini toyin
etmoyo imkan veraon POR proqrami hazirlanmigdir. Adi
¢okilon program vasitasilo eksperimental naticalorin tohlili
gostarir ki, nozori vo eksperimental asililiglar yaxs: uygun-
lagir va xata 4%-don boyiik olmur.

AST-siz tabagalarin tohlili gdstarir ki, 15+60 doqiqe miid-
dotindo formalasmis MS-in xiisusi miiqavimeti otaq tem-
eraturunda, 2V-a qodor siiriismalords (1,4+8,4)-10°0Om-sm-2
borabor olub, elektrokimyoavi emal miiddstindan zoif asi-
1dir. Kigik emal miiddstinds pys zalir va 10 daqigs anod-
asma milddatinds) 5-103 Om-sm -5 barabar olur. MS toboe-
godo nazik dielektrik qat yaradan AST, xiisusi miiqavi-
moti 1+2 tortib artirir. AST—in miiqavimati anod emali
milddotindon asili olub, 10 Kom-dan 40 Mom-a qadar doyi-
Sir.

Boyiik siiriismalor oblastinda VAX-in tohlili géstordi
ki, todqiq olunmus MS niimunslorinin xiisusi miigavimati
identik niimunalorin kigik sliriismolor oblastindaki x{isusi
milqavimatindon bir tortib az olur. Bu fakt boyiik saholor
oblastindaki xarici siiriismolorin artmasi ilo azalmaga dog-
ru gedon MS tobagesi miigavimatinin qeyri-xatti xarakte-
rina dolalat edir. p-Si asasinda MS tobagesinin miigavimot
modullagsmasi Pul-Frenkel modeli asasinda [4] sayl isda,
foza yiiklari ilo mohdudlasmis carayanlar nazariyyosine
osason otrafli izah edilmisdir. Birinci halda kegiriciliyin

geyri-xotti xarakteri
(ij
E F)2 1 q
0.=0, exp| —= |exp| — | , Fj2=——""
ovenf £ Yol 1] 7i= 0,
9
TEE,
disturu ilo miioyyan olunur. Burada, F-xarici elektrik

sahosidir. Ikinci halda corayanm gorginlikdon qeyri-xatti
asililig

(€)

n
I= }/(T— (10)
d m
nk
disturu vasitasilo tosvir olunur. Burada, #7) -dasiyicilarin
ylyriklilyliniin doyismosini xarakterizo edon vo tempera-
turdan asili olan omsaldir. 2 sayli sokildo temperaturun
otaq temperaturundan 120 K-o qador azalmasi zamani n
omsalinin vo MS-in xiisusi miigavimatinin tipik doyismalo-
ri gostarilmisdir. Sokildon goriiniir ki, 300+-200K tempera-
tur intervalinda xiisusi milqavimatin doyismasi aktivlogmis

xarakter dasiyir:
Ea
kT )

Bu diisturda E, aktivlosma enerjisi 200+-800MeV inter-
valinda doyisir. 3 sayli sokildo bir ne¢o niimuno iigiin
295+340K temperatur intervalinda py-in temperatur asili-
Iiglart tesvir olunmusdur. Asililiq ayrilari kegiriciliyin ak-
tivlesmis xarakterini tosdiq edir. Aktivlesma enerjisi igiin
alman nozori giymotlor azmoasamoali MS niimunalori {i¢iin
[12, 13, 14] sayli islords alinan naticalorlo yaxsi uygunlasir.

Pus ~ eXP[ D

90

pus(T)-nin miisahido olunan aktivlosmis xarakteri yiiksok
masamoli (P>50%) MS-do Meyer—Neydel gaydalarini
O0domir.

AST lagv edilmis MS-do n coroyan kegiriciliyi amsali
1,9+8,3, AST-li MS-do iso 1+2,9 intervalinda dayisir. n tot-
biq olunan gorginlikdon asili olur vo gorginlik, 1,5V-don
7V-ya qodor artanda, 2+3 dofo artir. Temperatur asagi
diisdiikkds n-in anomal yiiksok qiymotlora godor artmasi
miisahids olunur (sok.2). Bu hadisanin sababi desiklorin si-
lisium altligdan MS-ys injeksiyasinin yiiksok soviyyasi ola
bilar. Bels injeksiya MS toboqasinin miliqavimatini modul-
lagdirir, sorhoddo lokal hallar vo MS sahosindo geyri-
bircinsliliklor yaradir.

Tadqiq olunan niimunslords lokal elektrik sahasinin
yaranmasi geyri-adi hadisalor kateqoriyasmna aiddir. MS
sothindoki  miixtelif kontaktlar arasinda qiymoti
10+100mV intervalinda dayison vo isiqlanmadan giiclii
asili olan e.h.q. yaramir. [3] sayli isdo bonzor hadisoni
miallif materialin geyri-bircins strukturuna mikrosahsle-
rin slava qosulmasi ilo izah edir.

Alinmis eksperimental noticolor asagida gostorilmis
model ¢orcivasinda tosvir oluna bilor. p™-Si esasindaki az
masamoli mezomosamoali silisiumda mosamolor arasindaki
arakosmo Snm-dan boyiik 6l¢iiys malikdirlar. Bu ciir kris-
tallitlords kvant 6l¢ii effekti olmur vo yiikdasiyicilarin da-
sinmasi klassik elektrodinamika ganunlarina uygun ola-
raq bas verir. Eyni zamanda silisium kristallik matrisinda
Fermi soviyyesi qadagan olunmus zonanin ortasina diis-
diikdo, yiikdasiyicilarin moxsusi kegiricilik halina gotirib
¢ixara bilon yoxsullagsmasi hoyata kecir. Azmasamoali nii-
munalorde masamoalorin  soth boyunca geyri-barabar
paylanmasi naticasindo doracolori mixtalif olan yoxsul-
lagsmig oblastlar yarana bilor. Masamalilik géstoricisi art-
digca MS moxsusi kegiricilik halina daha da yaxinlasir.

In @y
16

| |
34 109
g
Sak.3. Otaq temperaturu oblastinda tadqiq olunan MS
tobagaleri kegiriciliyinin aktivlogsmis xarakteri.

mA mA
1-j=10

T, =20 doq. 2- j=15 55 1,=10 dagq.
sm sm
mA mA
3-j=10—Ft,=60doq.4-j =10 Tl = 10 dag.
sm sm
mA
5-j=15—7:1, = 20 dag.
sm
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o =0 -exp(f—;j asililiginin parametrlori beladir:

1- 6,=3-10"°0m™'sm™ ; E,~0.8 eV,

2- <7(,:4~1010Om'1sm'l ; E~0.7¢V,

3- 7=2:10°0m™'sm™ ; £,=0.8 eV,

4- 0/=2-10°0m’'sm™ ; E,~0.3 eV,

5- 0=1-10"0m"'sm™ ; E,0.4 V.

Yoxsullagsma effekti MS-in xiisusi miiqavimotinin kifa-
yot qodor yiiksok giymotlorini izah edir (10°-10°0Om-sm).
Belo sistemdoki dasinma proseslori valent va kegiricilik
zonalarinin potensial relyefinin fluktasiyalarma malik
olan geyri-bircins yarmmkegiricilor modeli ¢oargivasinda
izah edilo bilar [15].

p-Si osasinda formalasdiriimis azmosamali mezomoasa-
moali silisiumda mosamolor arasindaki arakesmonin de-
siklor torofindon yoxsullagdirilmast miilahizosi hazirda
adabiyyatda ciddi miizakirs olunur, ancaq halalik konkret
natico yoxdur. Taklif edilon hipotezlorden 4-i1 6z tasdiqini
daha ¢ox tapir. Bunlardan birincisi asqar atomlarin (bor)
hidrogenlo passivlogdirilmasi metodudur. Togdim olun-
mus isdo, [3, 4] sayli islordo mohz bu model totbiq olun-
musdur. Mezomasamali silisium halinda anodlagsmanin
hotta azaciq miiddati hidrogen atomlarmin arakesmalora
daxil olaraq Si-H-B neytral kompleksini yaratmasina Ki-
fayot edir. Belo yanasma yuksok passivlosmoa saviyyasi,
termik emal zamani1 MS-in kegiriciliyinin doyismasini yax-
st izah etso do, bozi MS tobogalorinin infraqirmizi bu-
raxma spektrinde, 1900sm™ oblastinda, Si-H-B neytral
kompleksinin xarakterik udulma pikinin olmamasi bu
metodun aleyhinadir. MS/MK ikitabaqali strukturunda
bels pik miisahide olunmusg vo MS tabaqgeni althgdan ayir-
digda yaranan istilik vo ya deformasiya zorbasi naticosinda
asqar atom-hidrogen kompleksi mohv edilmisdir. Son
illordo asqar atomlarmin elektrik xassolorini foalligdan
mohrum edan ionlagsma enerjisinin artmasi effekti asasinda
yaradilan model intensiv totbiq olunur. Olgiisii 4 olan
sferik nanozorrocikds yiikdasiyicisinin asqar atomundan
gopmasi tigiin lazim olan Ej, enerjisi

1 1,44) (¢

€ mdn Esdn A
disturuna osason toyin olunur. Burada, g, - silisium
monokristallitlorinin dielektrik niifuzlulugu, ¢, - otraf

mithitin dtelektrik niifuzlulugudur. Belo yanasma [16] say-
11 isin mialliflari torafindon p*-Si asasindaki mezomasamali
silisiumda elektrik keciriciliyinin mosamolori dielektrik
niifuzlulugu artan mihitlorlo doldurlugda (vakuum iigiin
1-don etanol U¢iin 24-0 goador) boyiimasini izah etmok
tiglin totbiq edilmisdir. Quptanin islarinds [17] elektron

paramaqnit rezonansiin tadqiqi sayssinde asqar bor
atomlarinin MS-dos elektrik foalligini itirmasinin basqa bir
sobobi do toklif olunmusdur. Gostarilmisdir ki, masama
yaranmasi prosesini miisayiot edon mexaniki gorginliklor
asqar bor atomlarini dityiinlorarasi fozadan ¢ixararaq, on-
lar1 passiv hala salmaga gadirdirlor. Asqar bor atomlari-
nin MS-do passivlosmosinin dordiincii  hipotezi asqar
atomlarin elektrik faalligina kristallitlorin sathinin tasiri ilo
osaslandirilir.

18 sayh isdo gostorilmisdir ki, elektrokimyovi emal
zamani bor atomlar1 masams sathins yaxin yerlosdikdas (1-
3 atom tobogqalori) silisiumun lokal asilanmasi dayanir.
Sotho Bor radiusundan yaxin moesafodo yerlogson asqar
hor birinin hom miisbat, hom do monfi cohoatlori vardir va
cox gliman ki, MS-ds yoxsullagsma yaradan universal va-
hid sobab axtarmaq monasizdir. MS-in struktur xarakte-
ristikalar1 rongarang oldugundan, yoxsullasmani bir sabob
va ya bir neg¢a sababin birlikds yaratmasi miimkiindiir.

Sonraki eksperimentlor go6stordi ki, azmosamali
(P<30%) silisium strukturlart ii¢lin nezords tutulan
ikigoparli model daha boyitk masamaliliklords do (P<50%)
mezomosamali silisiumun xassolorini tosvir edo bilar.
Tadqiq olunan 3+11mkm qalinliglh MS niimunaloari plavik
tursusunun 40%-1i su mohlulu vo izopropil spirtinin 1:1
nisbotindoki qarisiginda alimmusdir. (111) oriyentasiyali
KIb-0,03, KJBb-1 markal silisium althiglardan istifads
edilmigdir. Niimunslorin masamaliliyi 30-50% toskil edir.
MS sothina 6lgiileri I1xImm? olan aliiminium ve indium
kontaktlar ¢okilib. In/MS/MK/AI vo AI/MS/MKI/AI struk-
turlarmin VAX-1 qaranlq soraitds 295+350K temperatur
intervalinda ¢okilmisdir. VAX qeyri-xattiliyi vo geyri-sim-
metrikliyi ilo xarakterizo olunur; diizlondirms amsali (MS-
—doki + miisbot siirlismo kimi goétiiriiliir) eyni strukturun
miixtalif metallarla kontaktinda vahiddan kigik va ya bo-
yik giymatlor ala bilir. Kox-Strek metodunun 6l¢maloari ilo
indium vo aliiminium kontaktlarin omik olmamasi isbat
edilmisdir. Tkicoparli model vo POR kompiiter programi-
nin totbiqi gostordi ki, nozari vo eksperimental asililigdar
arasindaki forq 10%-1 agmir. Miixtolif metallar icinVAX-
n forqli goriliniisii olsa da, eyni MS tobagsli In/MS/MK/Al
va A/MS/MK/ALI strukturlarin xiisusi miiqavimatlori eyni
giymata malik olur. Bu fakt se¢ilmis modelin diizgiinlityii-
na va pys qiymatlarinin haqiqiliyine dolalat edir. Verilmis
eksperimentdo MS tobogolorinin  xiisusi miigavimati
10°-10'0m-sm toskil edir. pys -in temperatur asilihg vo
320+680 meV intervalinda qiymstlondirilon aktivlesme
enerjisi  aktivlosmis xarakters malikdirlor. Azmosamali
mezomoasamali silisium halinda oldugu kimi, pys(7T) asili-
liginin da aktivlesmis xarakteri yiiksokmasamali silisium
tictin Meyer-Neldel gaydasindan forglonir.
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H.A. Hasanov

TRANSITION OF CHARGE CARRIERS CHARGEHOLDERS IN MEZOPOROUS SILICON MADE ON BASE
OF p*-Si

In this article the electrical properties of mezoporous silicon which is made on the base of p+—Si and having not broad porosity
(16+30%),were researched experimentally. Acquired results have been summarized between 30-50% interval of porosity. The change effect
of conductivity type relative to base has been detected. The results of experiment were explained by passivation model of admixture atoms
with hydrogen. The advantages and areas of improvement of other models used to study electrical properties of porous silicon were analyzed.

T'.A.T'acanoB

NEPEHOC HOCHUTEJIEA 3APSIJIA B ME3OIIOPUCTOM KPEMHHUU HA OCHOBE p*-Si

IIpuBeneHbl pe3ysbTaThl AKCHEPUMEHTAIBHOIO HCCIICOBAHUS JIEKTPUUECKUX CBOWCTB ME3OIMOPUCTOrO0 KPEMHHUS Ha OCHOBE p+—Si
MOJJIOKEK HA CIIOSIX C HEBBICOKOH MopucTocTho (16-30%), a 3aTeM TH pe3ynbTaThl ObIIN PACIIPOCTPAHEHBI HA JHANa3oH mopuctocta 30-
50%. Baxnas ocobeHHOCTh M3ydaeMbix cioeB [IK 3akirouanack B CMEHE THIIA MPOBOJUMOCTH IO CPABHEHUIO C MCXOTHOM MOJJIOKKOU.
PesynbTarthl 3KCIIEpUMEHTOB OOOCHOBAaHBI Ha OCHOBE MOJCIH IACCHUBAIIMU TNPHUMECHBIX aToMOB (00Op) BOIOPOAOM. AHAIH3HPOBAHEI
MPEUMYIIECTBA U HEAOCTATKH JPYTUX MOJAEIEH, MPUMEHSIEMBIX MPH U3YUYECHUH HJIEKTPUYECKUX CBOWCTB MOPUCTOTO KPEMHHUSI.
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