ISSN 1028-8546

Azarbaycan Milli EImler Akademiyasi

Fizika-Riyaziyyat ve Texnika Elmlari Béimasi
Fizika Institutu

V)

Fizika

X

2004

Baki ¥ Elm




FiZiKA 2004 CiLD X Ne3

QUASI-ELASTIC SCATTERING OF PROTONS
INTERMEDIATE ENERGIES ON NUCLEUS

M.M. MIRABUTALIBOV
The Azerbaijan State Oil Academy,
AZ-1007, Baku, Azadlig ave., 20

The expression for the amplitude of quasi-elastic knockout of nucleus from the nuclei by protons of intermediate-energies with the
activation of final nucleus has been obtained on the base of quasi-classic theory. The differential cross-section for the quasi-elastic scattering
of protons of 1GeV has been determined for approach protons knockout from 1P;3,,1Py, ,1S;, levels in %0 nucleus . The energies of
protons knockout from these levels and the energy of excited hole states have been determined.

In activity on the basis of the quasi-classical approach, nucleons from nucleus by protons of intermediate energies
developed in [1] is put by the purpose to receive compact  with excitation of a nucleus residual.
expression for amplitude of quasi-elastic knockout of Differential cross-section of reaction A(p, Np)B proceeds

as follows [2]:
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Here g HELE, — kinetic energies of dropping, scattering
- recoil energy of a residual nucleus.

and knockout nucleons, EN — energy of striping of The matrix element of transition of a nucleus is
nucleons accordingly represented by the way
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Wave functions of the relative movement scattered proton |

and a knocked out nucleon is received from the solution of Allowing taking (4) into account (3), after a change of
Schrddinger equations: variables u= r - x and using thus series expansion for the

distorting member @ (r), we have:
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Two partial potential was replaced by his Fourier-mode of Integrating expression (5) on du and then dg’, we’ll

amplitude.of nucleon - nucleon interaction, which one has  recejve simple expression for the differential cross-section:
parameterized form [10]:
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where scattering nucleon, kj- is a momentum of the knocked out
g, = k;, —k;, -k, = g -k, (9) nucleon.

The correlation function B(gg) is the distorted impulse
distribution of nuclear protons in one of a particle condition,

is equal to the momentum of nuclear nucleon before the act - - ) ’
and is determined by an overlapping integral of wave

of interaction, g=k-kr - momentum of transfer of a
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functions of a proton l//l( +)( X) in an initial state and two

nucleons in an final state l//f(_) (x), Y, (x) by a particle

function with a particle function W peim (X) of a nucleus of

the target:

B(qO):Z ‘<f| devl d(X)p(X)Wnejm(X)}l>|2 (10)
m, pg

where

R(x) = 1+ i®(x) — 27°qVP(u + x)|,_,

For determination (10) the functions p(x) - nucleons
density, which depends on features of adopted model of a
nucleus, we proceed from the assumption , that each nucleon
is estimated as a dot particle and introduces the independent
contribution this operator of density:

A—-1
px) = p, Y 8 (x - x,) ,

a=1

(14)

where the summation ¢ is conducted on all nucleons of a |

B(g,) = < f

Py,

m, fe

In a system consisting of a frame of a core and a nucleon,
it is possible to enter effective mass which is taking into
account their relative movement with the help of following
reasoning [3]. Let situation of a nucleons having mass m, is

A-1 .
Z %(Xa )‘//nejm (Xa)eJLQ()XO!
a=1

A-1 , .
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Substituting in a right member of this equaling
manifestative expression of a radius-vector of center of

PLY (< £y, (xm )T 4 (a

m, fs

B(g,) =

where r=r;-r, determines relative position of a nucleon and

frame of a nucleus-core , and effective mass
m = u, which is taking into account relative
° A -1

movement of a nucleon and a core.
Voo (£, 0, 0) is determined from the solution of a

no relativistic Schrodinger equations for spherically -

w(x)exp [ig,x+iyy,(x)+irp.(x)]  an

is accepted , for simplification of expression (11), the
mathematical method advanced in is received [1], after which
we get:

wix) = R(x)e 70 (12)

- ®(x)/ 2 = 2if7q,@(x)VDP(u + x)|,_,

+ (2B°q9 — B°) (VO(u + x)|,_,)°
13)

|nucleus — core , x,~ coordinate of a nucleons which is read
out from center of gravity of a nucleus.

After quasi-elastic knockout of a nucleon from a nucleus
of the target, we’ll esteem a nucleus- core as one nucleon
outside of filled nuclear envelopes. Further if , that during the
process the state of nucleons generated filled shells don’t
change ,the core - rest can be esteemed as a system consisting
of an external nucleon and a frame of a core. Agrees (10),
(12) and (14), the template member of transition of a core is
determined by value of value,

2

1 >

(15)

ldescribed in some coordinate system by a radius-vector r

and situation of a remaining part of a core - rest of mass m(4-2)
by a radius-vector to k,. Then

)eiq°(r1 —Ro)

- RO)Wnejm(rl - RO +
(16)
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gravity, all core - rest R, = I * (A = 2) and

A -1
allowing a result in (15), we have
iq,yr
— 2| ——— e AV Rerm_ )i >, (A7)
(A - 1)

symmetrical potential with allowance for the spin - orbital
interplay. Thus the wave function is represented as:

l//nejm (r’eﬂq)): MQH_/}N (0’¢) (18)
r

Schrédinger equations then we shall record so
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d- 2 AUER)) l) (19)
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Numerous experiments on scattering of nucleons on nucleus
indicate that the potential of a harmonic oscillator more
approaches for description of light nucleus, therefore nuclear
potential is chosen by this way

2

w
U(r) =22 r2 4+ 7V, (r)ls, (20)
Where m — mass of a nucleon, @ - oscillation
frequency of a classic oscillator,
_UGUHD 10+ D) = s+ DY eceives
2
values L for j=1+ 1 ang 12+ 1) , for . The
2 2 2
intrinsic values of an equation (19) look like:
Enej = Ene + A(n)e (21)
Here A — Vol@i+1 . spacing interval between
(n)e 2

formicate levels, which one is determined from following
known expression:

2
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As the A (p, Np)B are investigated in reacting in light
nucleus, it is necessary to result expressions of radial wave
functions for 1C and 1P - state:

33 Pl
u, (ry=mx ‘*a 2exp[— zj (25)
’ 2a

1 1 5
u,,(r)= [%)2 T 4(2} exp(— ;7J (26)

Parameter a  in these wave functions expresses with
the help (23) and (21) through energy of nucleons separation

E

nej ’

e REQ2n+0+3/2)
m(Enff - A(n)f)

@7

Now we shall consider expression (17), being a
correlation function of an exited nucleon and frame of a core.
At its calculations it is necessary to select a coordinate

system, let's select O, ™ r. It means that the exited

A(n)f - 22) nucleon is displaced in a direction inverse to a momentum of

thus a nucleus of recoil.

3 After the count (18) in (17) we have.

E,=ho|2n+1+ =], (23)
' 2
where
P; 2
B(b, —> b,) = —:T [ rn (r)g)(r)dr‘ S(3;r Jr J¢) (28)
where
2
S(j., 3, 3.) = 4= z |(CI) wor Yns CI)MJ} > (29)

m, g

the so-called statistical factor, which one expresses through factors of vectorial addition. The exact form (29) is given in [3],

and (1) receives following form

p(r) = {I/.rjm(rme)ei%rme + (A — 2)Mjm[;je (A‘“}iﬂ(rme)
(A — 1)

Using the formulas of vectorial addition [4], we receive

B(j, > j,) = pi 2(2l+1)

< j1/200)j,1/2>7 | juf (P, (rp(ryridr|’

igyr

(30)
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Thus, for differential cross-section of quasi-elastic knockout of nucleons one particle excitation of a residual nucleus
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3 4
do

dQ,dQ,dE,

Where the energy knockout of a nucleon possess the
value

E,=E,—E ~E, ~E, (33)
also is determined with the help (2) and law of conservation
of momentum
b, = hk, — hk, — hk, (34)
At quasi-elastic knockout of nucleons nucleus of recoil
gain a vacant hole site in a shell, from which one the proton
is released, and the energy of separation is equal to energy of
one of a particle state. As in the beginning the nucleus A
reposed, the momentum of a nuclear nucleon (g,) up to the
act of interaction was considered equal on value, but opposite
in direction to the momentum of a nucleus of recoil in a final
state. Therefore its value can be found from a law of
conservation of momentum (34), ¢, = —P, = —hk,_,

.Thus, knowing energy of taking off nucleon’s and angles of
their departure, it is possible directly to determine of energy
and momentum distributions of one of particle state in
concrete shells. Differential cross-section of quasi-elastic
scattering of protons with energy 1 GeV is computed for a '°0
nucleus. The analysis, basically, was shown to analysis of the
form of correlation distributions and relative outputs of
protons from different nuclear shells. The nucleus '°0  can

release protons from levels 1P3/2’1Pl n 1S P therefore

differential cross-section is counted for each of these cases
and the outcomes are adduced in a fig. 1.

Besides in this figure for comparison, the theoretical
curves counted in [5] with Hartri - Fok by wave functions are
adduced. The calculations, basically, are made for an angle
0, = 61° of departure of sluggish protons at a fixed
scattering angle @, = 13 .4° of a fast proton. Thus oscillator

parameter @ was "free", with the help which one the
noticeable resemblance of theoretical differential cross-
section with experimental is obtained.

fi'm
= (2r) —— B El|fu(al B3 > 5

(32)

In the table the counted energy of one of particle levels in
nucleus '°0 at the conforming values of oscillator parameter
are adduced. Besides for comparison, the experimental values
of energies of one of particle levels are adduced [5].

As it is shown at a fig. 1, power distribution of protons,
corresponds two maximal in the range of energies 860 MeV

and 930 MeV, for levels P;,u P/, and it is possible to

explain these distributions from distributions on momentums
of protons located at the conforming one particle level. The
maiden maximum corresponds to invading of a ground state
(1/2 - )) and (3 /2 - ). The second maximum corresponds to
an exited state in a nucleus of the rest'” N. In this figure a
curve depicting knockout of protons from S, state with a

maximum in the range of energies 870 MeV also is adduced.
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Fig. 1. Differential cross-sections of reaction of quasi-elastic
knockout of protons from different shells of a nucleus
150. Continuous lines - outcome of the present activity,
the shaped lines - are counted with Hartri-Fok by wave
functions [5], point - experimental data.

Table 1
Theoretical and experimental values of energies one of particle state in a nucleus
1 level .
nucleus evels . E, E; E,
Fm (MeV) | (MeV) | (Exs)
(MeV)
1P 227 | 18.6 15.98 19.6
g %
1P, 255 | 12.8 10.74 13.0
h
1S 1.28 | 38.1 33.19 39.2
)5

The satisfactory description of the of correlation
distributions’ form and relative outputs of protons on the one
hand, testifies that the count of distorting of surges and

mathematical methods, used in calculations the amplitudes,
of process are precise enough. On the other hand, consent of
one-particle power spectrums both with experimental data,
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and with curves of cross-sections counted with Hartri-Fok by = nucleus structure. Therefore it can be applied for a
wave functions, allow to make a conclusion, that this quantification of differential cross-sections of quasi-elastic
theoretical gear well describes A(p, Np) B - reaction, and interaction of nucleons in a series of nucleus.

[11 M.M. Mirabutalibov.ANSA PHYSICS, 7.60.2001. [4] V.G. Solovuyev. The theory of an atomic nucleus. .
[2] M. Goldberger, T. Watson. T. The theory M.” Energoizd” 1981.

interactions. M. ”Mir”, 1967. [5] A.A. Vorobyev, O.B. Dotsenko etc. SA USSR
[3] A.S. Davidov. The theory of an atomic nucleus LINF pr.-1076,38,1985.

Fiz-mat izd” M. 1958.
M.M. Mirabutalibov
ORTA ENERJILi PROTONLARIN NUVODON KVAZIELASTIKIi SOPILMaSi

Kvaziklassik nazeriyyays asason, protonlarin nuvedan kvazielastiki sopilmasi prosesinde nlvaden nuklon qoparilarkan
galiq niivesinin hayscanlasmasi zamani, sepilma amplitudasinin ifadesi analitik sokilde tapimisdir. '*O niivasinin
1P32,1P12,1S1,2 enerji  saviyyelorinden protonlarin qopariimasi prosesi Ucln differensial effektiv kasik hesablanmis, hamin
saviyyelerdan protonun qopariima enerjisi ve nlivanin bir zarracikli hayacanlagsma enerjisi tapilmisdir.

M.M.MupabyTanbioos
KBA3BHUYIIPYT'OE PACCESITHUE ITIPOTOHOB NPOMEXYTOYHBIX SHEPTUM HA SIJIPAX

Ha ocHoBe KBa3MKIIaCCHYECKOTO MOAXOJA, Pa3BUTOTO aBTOPOM, IOIYyYCHO KOMIAKTHOE BHIPAXKEHHE JUIS aMIUIUTYBI KBa3HYIPYTOTo
BBIOHMBAHUSI HYKJIOHOB U3 siIep IPOTOHAMH IIPOMEKYTOYHBIX SHEPT Uil ¢ BO30YKICHUEM sijpa OCTaTKa.

JuddepenunanbHoe ceuyeHUe KBa3HYNPYroro paccesHHs MPOTOHOB ¢ dHepruei 1 I'sB, BelumcieHO mpu BBIOMBaHWM NPOTOHOB M3
ypoBHei 1Py, 1Py, ,1S1, B smpe  '°O. Ompenenensl sHeprusi BHIOHBAHHS NPOTOHOB M3 STHX OJHOYACTHYHEIX YPOBHEH M SHEPrHs
BO30YIKIICHHS IBIPOYHBIX COCTOSIHHIA.

Received: 03.06.04
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STM SURFACE TOPOGRAPHY AND UV PHOTOCONDUCTIVITY OF InSe, GaSe LAYER
SEMICONDUCTORS

ZARBALIYEV MAHARRAM ZARBALI OGLU
Institute of Physics National Academy Science of Azerbaijan Republic
Az-1143, Baku, H. Javid ave., 33

Photoconductivity spectra of InSe, GaSe layer semiconductor samples in the region of high energy (hv>>E,) and surface topography
receiving by Scanning Tunneling Microscope (STM) method of these samples have been investigated. The results both photoconductivity
and STM investigation showed that surface and bulk electron behaviors not so different. These allow investigate electron transitions in depth
of adsorption edge by simple photoconductivity method. STM surfaces topography unfolds new usage perspectives for layered crystals InSe,

GaSe.

Layer semiconductors InSe, GaSe due to peculiarity of
their crystalline structure are characterized by practical
absence ragged chemical bounds on a surface. Due to this
property their surface distinguishes weak adsorption ability.
As consequence of before stated conditions the lower density
of surface states allows to register high photosensitivity in a
wide spectral range including ultraviolet (UV) area of spectra
[1].

It is known that electronic properties of these crystals are
not so anisotropy as their mechanical properties. These
crystals are easily cleaved and almost without special
technological processing it is possible to receive samples
rather the big area surfaces with monolayer.

Researches of Auger spectra investigation have showed
are that surface concentration of adsorbents on InSe and
GaSe surfaces two or three order is lower than surfaces of
"usual" semiconductors [2].

On the one hand the above-stated properties of crystals
InSe and GaSe allow to create on their basis photosensitive
devices in a wide spectral range, especially in short-wave
area of a spectrum, and on the other hand to study of
behaviors optical transitions in depth of absorption edge by
means of a photoconductivity method, where Av>>E,.
Characteristic spectral dependences photoconductivity of

layered semiconductors InSe and GaSe on fig.1 are resulted
at the room temperature.

T=300K .

Ipn,arb.un,

hv. eV

Fig.1. Photoconductivity spectra of InSe and GaSe layer
semiconductors in the usual geometry (light being
incident normally to the layer surface and contacts being
installed upon the illuminated surfaces) of measurement
in 1 —6 eV region.
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Fig.2.

Scanning Tunneling Microscope method surface topography of InSe layer semiconductor samples in air. Size of image is

correspondent to 280x280 A° /cm on x and y direction, 60 A° /cm on z direction.
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Fig.3. Scanning Tunneling Microscope method surface topography of InSe layer semiconductor samples in air where mechanical
cleaving occurred in different layers far one from another. Size of image is correspondent to sizes on fig.2.

For present purposes the surface topography of samples
InSe have been studied by the STM method in air. Before
receiving topography images of given samples have been
investigated of photoconductivity spectrums and were
observed high photosensitivity, particularly in UV areas of a
spectrum. On fig.2 the characteristic topography image of
InSe samples surface is shown by STM method. These
pictures distinctly show on reception favorable circumstance
rather big areas of monolayer surfaces by the mechanical
cleaved. On alongside with the assertion on surface of
samples InSe crystal is absent significant inclusions,
nevertheless in some places of topography images differences
for scans are clearly visible. The height of these differences
corresponds approximately to ~12—15 A°. It can be concluded
that on a surface can be have a place that defects of layers as
a transition crystal lattice translation from one layer to
another. Another event shown in Fig.3 where mechanical
cleaving occurred in different layers far one from another and
differences between scans much more than depth one or two
layers.
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Fig.4. Photoconductivity spectra of GaSe layer semiconductors
at different temperature.

Despite of the specified defects it is possible to observe
separate sites of a surface with practical consisting of one
monolayer. Due to opportunity STM it is easily possible to
define on surface areas of layered semiconductors InSe and
GaSe suitable for creation UV sensitive detectors and with
manipulation simple technology it is possible to fabricate
cheep UV devices.

The received results for samples from InSe layer crystals
one can say with confidence can be attributed to samples of
GaSe layer crystals.

— eV

3.26 344 3865

I P, arb.un.
-

Fig.5. Photoconductivity spectra of GaSe layer semiconductors
near deep exciton state.
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It has been marked, that high photosensitivity in depth of  typical Wannier-Mott type excitons, others correspond to
absorption edge allows to studies the nature of optical excitations localized near the atomic site, possess the great
transitions in this spectrum region. The spectrum of binding energy (~90-100 meV), in small Bohr radii (~8 A°),
photoconductivity registered on sample GaSe are shown on  poorly participate in photoconductivity, and can be attributed
fig.4 at various temperatures. Apparently from fig.1 and fig.4 to intermediate type excitons. Photoconductivity spectra of
photoconductivity spectrums of samples InSe and GaSe  GaSe near deep exciton state at the different temperatures are
despite of increase adsorption coefficient factor resulted on fig.5. Deep exciton states originate from direct
photoconductivity signal decrease (~2-3 eV in InSe, ~3-4 eV transitions between states which have atomic-like wave
in GaSe) is observed. Energy interval of this spectrum area  functions. It is easy to annihilate these excitons mainly at the
coincides with spectrum area which optical transitions have low temperature than rather dissociate and consequently their
excitons nature. Temperature influences research on contribution on photoconductivity registered as deep minima.
photoconductivity spectra of InSe and GaSe layer The photoconductivity and STM investigation of layer
semiconductors samples show an opportunity rather precise  semiconductors InSe, GaSe are show that bulk and surface
registration deep excitons transitions in these crystals for electron behavior of given crystals is approximately
estimate their binding energy and Bohr radii. Temperature identically, more conclusions for bulk behaviors almost can
dependence photoconductivity spectra of these GaSe samples  be attributed to surface. At least monolayer surface of InSe,
are shown on fig.4. GaSe layer crystal can be utilized as easy prepare natural

Thus in InSe and GaSe layered semiconductors were semiconductor plane surface for building on this a new
observed two types exciton states. One are formed between nanometer devises and these blocks.
absolute extremes of a conductivity and a valet zone and it is

[11 O.Z Alekperov, M.O. Godjaev, M.Z. Zarbaliev and  [2] E.Y. Salaev, M.O. Godjaev, G.L. Belenkii and L.N.
R.A. Suleymanov. Solid State Commun. 1991, vol. 77, Alieva. Doklady Academii Nauk Azerb. SSR. 1986, 42,
pp- 65-67. 15.

Maharram Zarbali oglu Zarbaliyev

InSe, GaSe LAYLI YARIMKEGCIRICILORININ STM S9TH TOPOQRAFiYASI V@ SPECTRIN
ULTRABONOVSOYi OBLASTINDA FOTOKEGIRICILIYi

InSe, GaSe layll yarnimkegirici nimunaelerin yiksek enerji oblastinda (hv>>E,) fotokegiriciliyi vo hamin nidmunalerin
Skaniraedan Tunel Mikroskopu (STM) metodu ile sath topoqrafiyasi tadqiq edilmisdir. STM va fotokegiricilik metodlarinin har
ikisinden alinan naticelar gosterir ki, sathi vo hacmi elektron xassaleri bir-birinden ¢ox ferglenmir. Bu da udulma kenarindan
darin oblastda elektron kegidlarinin tabistini sads fotokegiricilik metodu ile 6yranmaya imkan verir. STM sath topoqgrafiyasi InSe,
GaSe layl kristallarinin yeni magsadler tglin istifadasina yollar agir.

3ap0aaues Mareppam 3ap0aJu orisl

MOBEPXHOCTHAS TOIIOI'PA®US 1O METOAY CTM U Y® ®OTOIMPOBOANMOCTD CJIOUCTBIX
MOJYIIPOBOJHHUKOB InSe, GaSe

HccnenoBansl CIEKTpB! POTONPOBOAUMOCTH 00pPA3IOB CIOUCTHIX NONMyHpoBoaHNKOB InSe, GaSe n moBepxHOCTHAs TOoHOrpadus 3TUX
e 00pasuoB merogoM Ckanupytomeii TyrnensHON Mukpockonuu (CTM). PesynsTatel, momydeHHBIE 000MMH METOAAMH ITOKA3bIBAIOT, YTO
JJICKTPOHHBIC CBOIMCTBA ITOBEPXHOCTH M 00bEMa HE CHIIBHO OTIMYAIOTCSA. JTO MO3BOJISIET M3ydaTh MICKTPOHHBIC NEPEXOJbl B IIyOHHE Kpast
MOTJIOIICHUST TPOCTEIM MeToJoM (oTonpoBoauMocTH. [loBepxHocTHast Tomorpadust mo Merogqy CTM  OTKpBIBaeT BO3MOXKHOCTH
HCIIOJIb30BAaHMS ITUX KPHCTAUIOB B HOBBIX JIPYTHX LIEIISX.

Received: 26.05.04
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THE FEATURES OF THE SCATTERING OF ELECTROMAGNETIC AND ACOUSTIC
WAVES IN THE WATER BOUNDARY LAYER OF THE ATMOSPHERE

A.SH. MEKHTIYEV, T.M. TATARAYEYV, L.N. FARADGEVA
The Azerbaijan National Space Agency of National Academy of Sciences

On the basis of exploration of the processes of small-scale dependence of the sea and atmosphere conducted in the Caspian Sea [6-9]
were examined some features of the scattering of electromagnetic and acoustic waves in the water boundary layer of the atmosphere.

INTRODUCTION

The solution of the problems of radiophysics and
hydrophysics demands to study the influence of the turbulent
structure of the atmospheres water boundary layer on the
scattering of electromagnetic and acoustic waves in it. The
regime of the turbulence in the atmosphere’s water boundary
layer practically depends on the extent of the windy waves
development defining by the attitude% . where c-phase

bk

velocity of the main energycarrying surface wave, Us-
dynamic velocity of wind. The vast scientific literature [1-3]
is dedicated to the methods of theoretical calculation of the
fluctuation phenomena’s in the water boundary layer and
their experimental research. A few of works are dedicated to
the research of features of the scattering of electromagnetic
and acoustic waves although the remote probe of the ocean
and the sea has a big meaning. So our work is dedicated to
the revealing of the influence of the turbulence’s regime in
the water boundary layer of the atmosphere on the scattering
electromagnetic and acoustic waves in it.

TEORETICAL FOUNDATIONS

Some features of the scattering of electromagnetic and
acoustic waves in the water boundary layer of the atmosphere |

are examined in the dependence on the phase of development
of the windy waves on the basis of the exploration conducted
in the Caspian Sea [7; 8] with following suppositions:

a) The thermal stratification in the water layer of the
atmosphere is close to neutral that is the Richardson number
reaches to zero (Ri—0).

b) Electromagnetic and acoustic waves are spread at
the altitude Z>Z° where Z°height; vertical profiles of
meteorological parameters are declined from the logarithmic
law higher than the height.

The scattering of the electromagneting and acoustic
waves passing through the turbulent medium (it is an
atmosphere and sea) is a main cause of fluctuations of the
refractive coefficient. The refractive coefficient of the
atmosphere [1; 3; 4] is a function of the temperature, wind
velocity and humidity.

For the description of the scattering of electromagnetic
and acoustic waves flows in the volume V containing the

turbulence we must determine the average value do -
effective section of the dispersion in this volume in any
directions( .

This value is determined by the following formulas
mentioned in [3,4].

In the case with electromagnetic waves:

_ 14
d 5K . si N NI -3 . V[a
\% =23 K .sinta-|A2- (BT N, +B® Ne B 23| jsin— ~ (1
: e
and in the case with acoustic waves:
— c. - cos? Y E_g =
do 14 1 1 ~ B™ . N. z3 ) u
v do =23 .K3.cos’v 22 + 2 T‘TZ sin = )
Co .
a

T
Here K=—— - wave number, « - angle between vectors

P (whose the unit vector is perpendicular to the direction of

the spreading of waves and describes its polarization) and ( ;
C;- constant , equal 1,5 ; Co- average speed of the spreading of
acoustic waves in the air ; NT and NE -parameters
characterizing the velocities of inhomogeneties alignment of
temperature and specific density at the expense of the

molecular effects , v - angle of waves’ scattering , T -

absolute average temperature ,E - average specific

11

|humidity , £ - spatial angle , & - average velocity of
dissipation of the turbulent energy , B and B®- constant
values about unity ;

A=107° -[79%)-(“

_7800
B= 3)
[1 + 15_?00 . I?)

15600 Ej;
T
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where P - average atmosphere’s pressure.

According to the theory by Monin - Obukhov [2] in the
case of thermal stratification, close to neutral, is used the
following formulas:

_ u’
£ = ,
k .z

— k'lwl*'T*z

z
2

N, = kK - u E*’

z

where U, , T, , E. - accordingly gauges of the velocity of

wind, temperature and humidity.
These values we can determine through flows of quantity

of the momentum 7, the heat (; and the humidity Wg in the
following way:

T
u*: >
1%
T*:— qT , (5)
k-uw-c,  p,
e W
k'pa'u*’

where C, and p, - specific heat capacity and density of the
air, k - constant of Carmana.

The direct natural measuring of the vertical flows of
quantity of 7 , 0; and W demand to use high-sensitive

and expensive devices. So by solution of the problem of
small-scale interaction of the atmosphere and the sea we must
pay attention to the definition of the mentioned flows through
easy-measurable exterior parameters [2]

M= -0 =,

where U ; T ; E -average velocity of wind , temperature
, density of air and indices “a” and “w” refer to the standard
height their measuring and marine surface .
So vertical flows we can express in the following way:

—2
r:pa'ca'ua ’

qT:pa'CT'Ua'éT ’ (7)

WE :pa'Ua'éE >

where C, ; C; ; C, - coefficients of the marine surface
resistance, the transfer of heat and evaporation.

Then with help of the equations (5) we can receive:

c _
.= |(T.-T,)
\/E (a W)
c _ _
E.=|—|.(E, -E
\/g.k (a w) 3

If to use the received scales the formulas (4) will have a
following form:

U*
&= s
k-z
_ u, _
NT :(k'Zj S1'(Ta _TW)’ ©
_ u, _
NE:(k‘Zj'Sz'(Ea_EW)
2 2
where S, =—— ; SZZCL (10)

Having defined a wave number as 2% and having

ST =T -T. © ‘ .
inserted the formulas (9) in (1) and (2) we can receive the
o - - following formulas:
E =E, - E, |
14 Yo u
3 3 3 _ _
do _2 °(27) i s1n2a[A-(B(”) s,-(T,-T,)+B® s, -(E, —EW)2~|32]- siny © (1)
V-dQ, (k-z)%
2
- - - c -cos’—-¢? = = i
do 2 °3(Qz)-2%  , |© BT N, -&2||. v[3
= 3 cos” Vv 3 + = Sin —| (12)
V-dQ, (k-z) c, 47

12
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As it
parameters S, and S, enter the number of parameters

is seen from the formulas (11) and (12)
determining the diffusion of waves. The last are determined
with help of the coefficients C

in the articles [5,7] one of the main parameters determining
the dynamic processes in the water boundary layer is “waves’
age “(which characterize the extent of the development of

windy waves ) expressed % . According to [5] the values

a » Cr andC, . As it is shown

% <25 —-30 correspond to the regime of the developing
waving, % ~30—-40 - the developed waving and

% > 40 - the decadent waving.

RESULTS

For the definition of the dependence of the scattering of
electromagnetic and sound waves on the extent of
development of windy waves as it seen from ( 11) and ( 12)

we must explore the variability of parameters Sl and 82

defined by the coefficients C, , C; and C. . However up to

now we have not a lot of experimental works which are
dedicated to the study of the connections these coefficients
with characteristics of the interaction wind are fields and
surface waves. But we have a lot of experimental data which

allow defining the variability of the parameter of roughness
Z, or C, in a dependence on the characteristics of

interaction of the sea and atmosphere.
So the task of the definition of the vertical flows of heat
and moisture is tried to solve with help of the calculation of

unit parameter Z, .

In the article [S] on the basis of the natural measuring of
characteristics of the interaction of the sea and atmosphere in
the wide range of the wvariability of exterior

hydrometeorological conditions of the coefficients C, , C;

and C. were approximated by the following formulas :
u, j
2
~ cm . .
where V 0,15 éec is a coefficient of the

\'
kinematic viscosity of the air.
These formulas were received by the data of the direct

0

Z" -U.

c, ~1,2-107° ( (13)

ZO

¢ ~ ¢ ~107 ( (14)

measurement of 7 , (; and Wg. The conducting of the
measuring in the different hydrometeorological conditions
permitted authors to define the dependence Z, and U, on the

parameter% , so far as U, is stimulatingly determined by

direct and indirect methods.

13

It is known that the development of the surface waves is
escorted by the formation of the unstationary boundary layer
of atmosphere. The connection between characteristics of the
water boundary layer of atmosphere and the surface waves
according to the data of the natural measuring is detail
described in the work [6]. On the basis of the mathematical
models of the atmosphere’s boundary layer [7,8] we can
receive the following formulas for its characteristics:

2. Poget
79 :w. i L_j/ 5 e_ (15)
pa'g 3 u, l1-e :
_:(]_e—ﬁf)*l_l ’izl_o.(i_yj (16)
u, & u. 3 {u,

where U_ - wind velocity on an upper bound of the wave’s
boundary layer, g - speeding up of free fall (acceleration due
to gravity); S -constant, equal 107 ; ¥ -constant
K

u.

coefficient; & =

L}

T

LB AL |

Fig.1. The dependence of the parameter of roughness on % .

bk

The comparisons (15) and (16) with the experimental data
has shown that its better conformity is achieved by y =0,25.

The dependence of the parameter of roughness Z,, on the
stage of the development of windy waves % according to

the data of natural measuring in the Caspian Sea [7, 9] is
shown on the fig.1. As it seen from the figure 1 the
calculating and experimental points are coordinated quite
satisfactorily.

Inserting the formula (15) in (13) and (14) and using (10)
we can receive:
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3

3 -
Llukep, c u e
S=5,~S,=84-10"* U, k-py- B —~ —yl=] L - (17)
97 Pa u, 3 1-e
i ! Such method simplifies to make calculation of the
o scattering according to the formulas (11) and (12), in which S

LI

g
1,

] 1 2 ) L] L

Fig.2. The dependence of characteristics of the scattering of

electromagnetic and acoustic waves on % .
*

14

enters.
The dependence of the parameter S on the stage of the
development of windy waving (curve 1) is shown on the fig.2.

By constructing the figureU,, ZIO%.
As it is seen from the figure when the parameter

% increases from 10 to 70 the value S decreased up tol,5

times.
If touse S =S5, =S, in the formulas of calculation of

the scattering of electromagnetic and acoustic waves in the
water layer of the atmosphere (11) and (12) after the
foolproof transformations we are receiving:

11

1
do 253 .-(22)5 .45, _ _ -
do__2 " (27) DA g, T, P 4B, -E,F B> A lin Y * as)
V-dQ, (k.Z)A 2
14 | 11
do 203-z)5-2%  , |e-k*m? B Y . v
= -COS” V- = Se1-= sin — (19)
V-dQ, (k-2)% £ ¢, 4 T, 2

Then inserting the formula (17) in (18) and (19) and
taking into consideration (15) and (16) we can construct
graphs of the dependence of characteristics of the scattering
on the extent of development of windy waving. We have
constructed the dependences of the scattering on parameter

% for several cases.

The curve 2 (fig. 2) shows the dependence of the
do
on % by 4 =0,081;

V-do
0B =0,0017;  » =025 P =1000mb;

e
= m *
u, =10 s>

parameter

v=48" and z=2, =10, .

But a reverse scattering by such methods is shown on the
curve 4. Analogous dependence corresponds to the curve 3.

CONCLUSION

On the basis of analysis of the results of theoretical and
experimental explorations of the turbulent water layer of the
atmosphere and its interaction with windy waves is shown
that the characteristics of the mentioned interaction have an
influence on the scattering of electromagnetic and acoustic
waves in it.

So the scattering of the waves rather quickly decreases by

the increasing of the parameter%

extent of the development of windy waves.

, characterizing the
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ATMOSFERIN SUYANI QATINDA ELEKTROMAQNIT VO S©S DALGALARININ SOPILM3SINiN
XUSUSIYYSTLORI

Xazarda kicik miqyasli «daniz-atmosfer» qarsiligh tasirinin eksperimental tedgiqatlar naticaleri asasinda suyani atmosfer
gatinda elektromaqgnit ve akustik dalgalarin sepilmasi ganuna uygdunluglari arasdinimisdir. Miayyan edilmisdir ki, gbsterilon
atmosfer gatinda elektromagqnit va akustik dalgalarin sapilma xarakteristikalari dalda rejiminin inkisaf marhalasini xarakterize

edan % parametrindan ciddi asilidir.

A.lll. Mextues, T.M. Tarapaes, JI.H. ®apan:xeBa

OCOBEHHOCTHU PACCESAHUS SJIEKTPOMATHUTHBIX U 3BYKOBBIX BOJIH B TIPUBO/ITHOM
CJIOE ATMOC®EPBI

Ha ocHoBe pe3ymbTaToB 3KCHEPHMEHTATBHBIX HCCIECHOBAHMK MEIKOMACIITA0OHOTO B3aMMOJEHCTBHUS «Mope-aTMocdepa» Ha Kacmum
NIPOaHATN3UPOBAHBI 3aKOHOMEPHOCTH PACCESIHUS DJIEKTPOMAarHUTHBIX M aKyCTHYECKUX BOJH B IIPUBOJHOM CIIO€ aTMOC(Ephl. Y CTaHOBJIEHO,
YTO XapaKTEPUCTUKH PACCeSTHUsS DJIEKTPOMAarHUTHBIX M aKyCTHYECKHX BOJH B YKa3aHHOM CJIO€ aTMOC(ephl CYIIECTBEHHO 3aBHCAT OT

napamerpa % ,XapaKTePHU3YIOLIET0 CTAUI0 Pa3BUTHS BETPOBBIX BOJH.
1
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THE ENERGY SPECTRUM OF CARRIERS IN KANE TYPE SEMICONDUCTOR
MICROCRYSTALS WITH SINQULAR OSCILLATOR POTENTIAL

A.M. BABAYEV
Institute of Physics, Azerbaijan Academy of Sciences,
Baku, Az-1143, H. Javid av. 33

The energy spectrum of light carriers in narrow band gap semiconductor microcrystal are studied theoretically taking into account the
nonparabolicity of the electrons, light holes and spin-orbit splitting holes dispersion laws. The confinement potential of microcrystal is
approximated as A+, 72, and the dispersion laws are considered within the framework of three-band Kane model. Confinement potential

introduced in the Kane equations by non-minimal substation.

In recent years there has been a great interest to the
nanostructures, which was developed from narrow-gap
semiconductors. In these nanostructures much smaller
effective mass of electrons resulting has higher size
quantization energy. In order to investigate the optical and
kinetic properties of nanostructures it will be possible to
observe size quantization energy states. On the other hand in
narrow-gap semiconductors the spin-orbit interaction and
the non-parabolicity energy spectrum of carriers must be
taken into account. It is impossible solve the equation
analytically when the confinement potential is added to the
Kane equations as scalar potential. Because of this in this
study we have added the potential to the Kane equations by
non-minimal interaction applied in the works of [1,2 ]. We
refereed to the obtained equation as the singular Kane
oscillator by analogy with the Dirac oscillator [2].

Confinement potentials are of the form V(r)=A+ +A;~
describe a quantum dot, an antidot, or a quantum ring,
depending on the values of A4 and A4, [3].

In the three-band Kane's Hamiltonian the valence and
conduction bands interaction is taken into account via the
only matrix element P (so called Kane's parameter). The
system of Kane equations including the nondispersional
heavy hole bands as in the case of Dirac equation can be
written in the following matrix form:

(6-k-P+6-G—E)=0 (1)

In equation (1) 8x8 matrix (Z,ﬂand G have the
following nonzero elements:

G11 = G11 =E G11

g’

:GZZZrZZ

[0= ({1 L, 10 10, LI LI 0T )

(6)

(M

®)

®

(10)

(11)

Here P is the Kane parameter, £, - the band gap energy,

- the wvalue of spin-orbital

A4
k, =k +ik k =—-iV. The zero of energy is chosen at

bottom of the conduction band.

Let us carry out the non-minimal substitution

splitting

and

— - 7
o ) o Y —i,b’(/lf—i/il 2] (12)
O3 =0 =—Q6 =0, = _ﬁ (2) r
in Kane system of equations. Expressing all components of
x _ x_ _ x_ x_ L the wave function by the first two we obtain two coupled
s =0, )4 Oy, 3) : . . .
’ ' ’ ’ @ equations for the spin-up and the spin-down conduction band
X X X X 1 =
@y =, = e = @ (A+ BL_ Y[ + BL IIL = 0 (13)
(4—BL.)¥, +BL_ ¥, =0 (14)
¥ ¥ ) where
Oy =703 =0y =0y = ﬁ )
P’(3E+2 a i, +1
A=Eg—E+(%—V2+ﬂ2r2+3ﬂ+2ﬂﬂ1+1(12)) (15)
3+ E)E r
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3EA+E)

where L,, L, L. are angular momentum operator
compenents. Sense the problem has a spherical symmetry, we
seek a solution to the differential equation in the form

F(r)Yim(0g)..
|

By acting upon the equation (11) through the operator L. and
using commutation relationships for the operators, we obtain
L, y». After substituting this quantity into expression (10), we
derive two equations for F(7).

(A+§$B(Z+;)]F(r):0 (17)

After substitution of the values of 4 and B from (15), (16)
the equation (17) can be rewritten in the form:

d> 2d 2m I(1+1) B> a .
— e+ (E - = =br’) |F(r)=0 18
[dl’z +r dr+ I/ ( P 2m r? ) E) (1%)
where
EE-E)E+A 2 2
E = ( ) )-i G 24 +34+ 204 1$(l+1) (19)
3E+2A P 2m, 2m, 3E+2A\2 2
n? 204 (1, 1 | &) -2 3
= | A4 +1)+ 1| —F(U+— 20 F(&)=exp| =2 |- &7 - D —n,2s +—, 23
a 2%[ (4 +1) 3E+2A(2 ( Z)D (20) ) p( 2)5 5] @
b= h 2 21 where is the confluent hypergeometric function, » must be
2m, non-negati integer A= @ E=./2m b-ﬁ
The eigenvalues of equations (18) take the following onnegative ceer om0 "R

form [5]

2
E'=M(4n+2+\/(21+1)2+8;”aJ 22)

2m

n

The eigenfunctions corresponding to the eigenvalues of
equation (18) are

Equation (18) determines the energies of electrons, light
holes, and the spin-orbit split-of band of holes. Equation (18)
can be useful for analyzing the influence of nonparabolicity
on the energy spectrum of electrons in a quantum dot.The
singular oscillator equation is obtained from a system of the
equations for multiband Hamiltonian describing spectrum of
electrons, light and heavy holes in Kane's semiconductors by
the method of a non-minimal interaction.

[11 J. Benitez, R.P. Martinez y Romero Phys. Rev Lett. [4] B.M. Askerov. inetic Effects in Semiconductors
1990, V. 64, 14. (Nauka, Leningrad, 1970.
[2] M. Moshinsky and A .Szezepanik. J. Phys. A 22, L817 [51 L.D.Landau and E.M.Lifshitz.Quantum Mechanics,
1989. 1977, Pergamon press.
[3] Namee Kim, S.J. Lee et all. Journal of the Korean
Physical Society 39, No3, pp.501-505.
A.M. Babayev

SINGULYAR OSSiLY__ATOR POTENSIALINA MALiK KEYN TiP_Li MIKROKRiISTALLARDA
YUKDASIYICILARIN ENERJI SPEKTRL®ORI

Qadagdan olunmus zonasi dar olan yarimkegirici microkristallarda ytngil yiikdastyicilarin enerji spektrleri nazari olaraq
dyranilmisdir. Mikrokristallarda saxlayici potensial olaraq A*+4, 2 saklinde gétiriimisdiir. Potensial Keyn tenliklerina geyri-
minimal qarsiligh tesir yolu ile daxil edilmisdir. Yiingil ylkdasiyicilarin enerji spektrlerinin geyri parabolikliyi nazars alinmisdir.

A.M. ba6aeB

SHEPTETUYECKWI CIIEKTP HOCUTEJEM 3APSJIA B KEMHOBCKUX MUKPOKPACTAJLIIAX
C IOTEHIIUAJIOM CHUHI'YJIAPHOI'O OCIIMJIVIATOPA

Haiinen 3HepFeTI/I‘{eCKHﬁ CIIEKTP U BOJIHOBBIC (byHKIII/II/I KEHHOBCKOT'O CHHI'YJISIDHOTO OCHWLIATOpPA, OIMMCBIBAOUIETO CHEKTP SHEPIUU
OJICKTPOHOB, JICTKUX JBIPOK U CHPIH-Op6I/ITaJ'II:HO OTIICTUICHHON 30HBI ABIPOK B KBAaHTOBOW TOYKE C YACPKUBAIOUM MOTECHIIMAJIOM THUIIA

A+ A r
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KANE TYPE QUANTUM DISK WITH WEAK RASHBA SPIN-ORBIT COUPLING

F.M, HASHIMZADE, A.M. BABAYEV
Institute of Physics of Azerbaijan National Academy of Sciences
Baku, Az-1143, H. Javid ave. 33

S. CAKMAK, S. CAKMAKTEPE
Department of Physics, University of Suleyman Demirel,
Isparta 32260, Turkey

Electrons in Kane type semiconductors quantum disk in presence of Rashba spin-orbital interaction of quantum disk are considered
theoretically. A three-level model of the kp theory is used to describe electrons in weak Rashba spin-orbit coupling regimes, taking into
account the main features of the band structure in InSb-type semiconductors: a small energy gap, a strong spin-orbit interaction. We
calculated the radii, thickness, and coupling strength dependence of Rashba splitting for electrons. It has been seen that the Rashba splitting
of the electrons are decreased with the increasing of radius.

Keywords: Spintronics; Rashba spin-splitting; quantum wire

Introduction above descriptions treat the case of a simple parabolic energy
band .
The study of semiconductor quantum dots and However, the experimental advantages of using narrow-

nanocrystals in recent years has been of great interest from
experimental and theoretical points [1]. The interest
originates from an ultimate limit of size quantization in solids
in those objects. For an ideal quantum dot the electron
spectrum consists of a set of discrete levels. This makes the
semiconductor quantum dots very attractive for possible
applications in micro and nano-opto-electronics [2].

The electron spin plays an important role in the quantum
dot design. Spin-dependent effects that are naturally present
in quantum dots are of great importance for the emerging
field of spintronics.  Spintronics is a new branch of
electronics where electron spin is the active element for
information storage and transport [3]. An example is Rashba
spin-orbit coupling [4], which has recently attracted much
attention as it is the basis of a spin-controlled field-effect
transistor [5]. In [6,7] found analytic solution to the problem
of the Rashba spin-orbit coupling in semiconductor quantum
dots and calculated the energy spectrum, wave functions, and
spin-flip relaxation times using perturbation theory. The|

= R.(A[RI) H,

= R(AiK -J) H

gap semiconductors for the reduced dimensionality systems
make it necessary to account for the real band structure of
these materials. To consider the nonparabolicity of the
electron  dispersion in  narrow-and medium  gap
semiconductors take into account the coupling of the
conduction and valence bands. This is purpose of our work.
We now calculate the total spin-splitting energy in Kane type
quantum disk with hard walls both without and with an
applied constant axial magnetic field. It has a contribution
due the Zeeman effect and another to the Rashba effect. We
consider a three-level model-Kane model of the band
structure at k=0 (the I'point).The 75 level (s type symmetry)
is separated by the energy gap Ey from the /3 level (p type),
which is in turn split off by the spin-orbit interaction A from
the 77 level (p type). We also omit the free-electron term in
the diagonal part and the Paul spin erm, as they give only
small contributions to the effective mass and the spin g value
of electrons in InSb. The Rashba spin-orbit interaction for
conduction band and valence and given by respectively:

= R, ([kJ) (1)

where k is the momentum operator, R, Ry, R, is the coupling | momentum matrices for j=1/2 and j=3/2 [8], n is the unit

strength for conduction band, valence band, spin-orbit-
splitting band respectively, J={J,, J,, J;} are the angular|

. . 1 .
1.iSv, 2. iSv, 3.— ﬁ(x + iy, 4

(x — iy, +2zv,) 6

1
5

Vi — ZV2)

((X - iy) -

i -

- %((X + 1y,

X — iy, 7. -

vector in the growth direction. The Kane Hamiltonian is
represented in the Bloch basis [9]-

- 2zv)) )
Vv, +2V,) 3)

%«x +iy) -

“4)
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1 0
where v, = (OJ, vV, = [1] spin-up and spin-down

functions, respectively

—as:HK=

Fik@ ~E,-E O 0 0 0 0
§sz—|::/k6: 0 -E,-E 0O 0 0 0 (5)
Fi/'% %sz 0 0 ~E, -E O 0 0

0 F:kfz- 0 0 0 ~E, - E 0

Fik@ Fi"@ 0 0 0 0 ~E, -E-A 0

_ F:kg 0 0 0 0 0 -E -E-2

Here P is the Kane parameter, E; - the band gap energy, 4-
the value of spin-orbital splitting and

k,=k, ik, , K=—iV.

The zero of energy is chosen at

| bottom of the conduction band.
The Rashba Hamiltonian has the following nonzero
elements:

For Kane model putting R.=2R, R,=R, R4=2R. The
effective mass m, at the band edge defined as [10]:

(6)

(7

— N[k

We are diagonalized the Kane Hamiltonian with the help
U 71HOU , where U is the

of unitary transformation H®

2 2 matrix of the transformation (see Appendix) . For electron
h = P . 2A + 3Eg (8) states
2m, 3E, A +E,
|
2
3 E+E, E+E, +A
H, = p2 5 1 )
0 ~E-"( + *
3 E +E E+E, +A

After unitary transformation the Rashba Hamiltonian with
providing the terms linear with kK will be as follows for the
conduction band.

0
iR -k,

- 1R - k_

10
0 (10)

|

The spin splitting for electron states it increases linearly
with in plane wave vector k, whereas the spin-splitting of

[ heavy hole states can be of third order in k. These results are
in agreement with [11].
Following the perturbation approach we present the
Hamiltonian H as:

H = Hy + H, (11

Where the Hamiltonian Hy describes the electron states in
zero Rashba spin-orbital interaction, and the Hamiltonian

describes the effect of a weak Rashba spin-orbital interaction Hg.

19
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In cylindrical coordinates the eigenfunction for Substituting this result in Eq (11), and using to the
unperturbed Hamiltonian Hy is standard recurrence relations

{Cl}{exp i[G-2)y +kZZ]-Jj_1/2(kp):| o) (i+jil/ 5

- o kO=KI -, (kX 14
exp ILU+1/2p+k,z1J,;,,, Lkp dx X }111/2( >k e, LX) (14

CZ

where ¢ is azimuthal angle, p is the distance from disk we get the coefficients d , satisfy the eigenvalue equation:

axis, and Jj(0) the Bessel function of the I-th order. .
We expand eigenfunction for perturbed Hamiltonian H in ¢ —E — 1Rk dl -0
the basis of the two lowest spin-resolved eigenstates of the iRk —E |d a
o . iRk, ¢ )
Hamiltonian Hy. Accordingly,

(15)

¥ = d1 v, -C, + d2 - v,C, (13) where ¢ is the solution of equations:

e +ED(e+ A+ E)- %(35 + 2A + BE, PHK* +g*) =0 (16)

where k, q are wave vector perpendicular and parallel to the | E = ¢ £ 1Rk (17)
quantum disk axis.
Equating the determinant of matrix (15) to zero, one Using equations (16) and (17) found the equation for
obtains for the spectrum of electrons | value of k
3 E + +E+A
K + kR (—BE( E)E )+E(E+Eg)+(2E+Eg)(E+E+A)]

(A +3E +3EY (@A +3E +3E)
. HE+E)E+E+H
a A +3E +3FEY?

(18)
=0

The boundary conditions requiring the equality of radial function to zero on quantum disk boundary have the following

form:
lej71/2(kla)+d2~]j71/2(kza)zo (19)

dl‘]j+1/2(k1a) + dzJj+1/2(kza) = 0 (20

where K; , are the solutions of the quadratic equation (18).
The spectrum of the electrons in quantum disk is defined from the equality to zero of a determinant of the system (19)-(20):

Ji1 LK@, LA — I;, L., , Lka) =0 @1)

sias : . . . i

The energy is complicated of the disk parameters and the

— 1 electron angular momentum. The energy system consist of
i_ﬂ_< discrete levels enumerated by a set of numbers {n,j}, where n

s 1 denotes to the nth solution of (21) with fixed j.

] We have solved this dispersion relations for a JnSb disk

o for several radii p, several thickness d, and several R using

599 b e 1 the band structure parameters: my=0.014my, Eg=0.24eV,

e T e R=4.10*"eV.cm[12,13].
B S i SIS, The evolution of the first few energy levels with the

sl 3] 1 parameter »=R/P is shown in fig.1.The energy scale is in init.
= of Eg, Eg is band gap energy and the curves are labelled by
quantum number (N, j).

In fig.2.show Rashba splitting (Energy differences

5275 -

[33
sozas

.
H s

Fig.1.Rashba splittings. Energy as a function of yY=R/P for the

states (1/2’0)(3_)’ (3/2,0)(b), (1/2’1)(0)’ (5/2’0)((1)’ E(l/2,1)-E(3/2,0)) as a function Ofp for thickness of quantum
(3/2,1)(e), (1/2,2)(D), (7/2,0)(1), (5/2,1)(m), (3/2.,2)(n), disk d=20A.
(1/2,3)(k) It has been seen that the Rashba splitting are decreased

with the increasing of radius. The thickness dependence of

20
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Rashba splitting calculated for JnSb quantum disk is shown
in fig.3.for p=200A.
AE/Eg
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Fig.2. Energy differences (E(1/2,1)-E(3/2,0))/E, as a function of
p for thickness of quantum disk d=20A.
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o_00oozs
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Fig.3. Energy differences (E(1/2,1)-E(3/2,0))/Eg as a
function of d for radii of quantum disk p=200A.

It has been seen that the Rashba splitting decreases with
the increasing of thickness.

Conclusion.

Analytic solutions of the Kane equations have been
presented for a quantum disk in the presence of Rashba spin-
orbit .The nonparabolicity of the spectrum of light holes,
electrons and spin-orbit splitting valence band were taken
into account. The spin splitting for electron states it increases
linearly with in plane wave vector kj, whereas the spin-
splitting of heavy hole states can be of third order in k.

2

2

Appendix.

Nonzero matrix elements for transformation matrix U are:

N, -P k
Ull:Nl,U13:_—8l+E 'ﬁ,
1 g
o~ NP 42g
4 g + E, J3
U N, Pk,
» & + E, NN
U ___ NP9
ol g +E; + A 37
|
U - N, -P _k+
18 & +Ey + A J3
N, -P k.
U22 = N13U24 = _—g 1+ E f,
1 9
U - NP ~2g
® 5 +E 437
LR
2 & + Ey N3
U ___ NPk
2 g +E, +A 3’
U ___ NP9
2 g +E, +A 3
1

where Nl_2 =1+ P? . (k2 + q2) . E
& + 9

The expressions Us;, Us; are derived from Uy if the
corresponding substitutions N1—N, , N;—>N; and g—»e,
& —&; respectively. The expressions Uyj, U are derived from
U,; if the corresponding substitutions N;—N, , N;—N; and

&g +E; + A

=~

21

a—¢&, g-—»& respectively. Where

spectrum electrons, light hole
respectively.
k.
=N, E’ Urs = Ny

&, &, & are energy
and spin-split holes
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2 Kk k
U86:N4'ﬁ'k_+’u85:_N4'£’U84:N4
where
N, 2 =1+ k+k2‘ 4 kK
492 3 kK,
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RAMAN SCATTERING IN QUANTUM WIRE IN A MAGNETIC FIELD

T.G. ISMAILOV, B.H. MEHDIYEV
Institute of Physics of Azerbaijan National Academy of Sciences
Baku, Az-1143, H. Javid ave. 33

Electron Raman scattering are investigated in a parabolic semiconductor quantum wire in a transverse magnetic field neglecting
phonon-assisted transitions. The ERS cross-section is calculated as a function of the frequency shift and the magnetic field strength. The
process involves an interband electronic transition and an intraband transition between quantized subbands. We analyze the differential
cross-section for different scattering configurations. We study selection rules for the processes. The singularities in the Raman spectra are
found and interpreted. The scattering spectrum shows density-of-states peaks and interband matrix elements maximums and strong resonance
when scattered frequency equals the “hybrid” frequency or confinement frequency depending on polarization. Numerical results are

presented using parameters caaracteristic of GaAs/AlGaAs.
1. Introduction

Low-dimensional semiconductor systems, particularly
quantum wires are attracting considerable attention recently,
in part, because they exhibit novel physical properties and
also because of potential applications involving them. In
recent years, a number of innovative techniques have been
developed to grow or to fabricate and to study experimentally
a variety of quantum wire structures having different
geometries and potentials.

Many recent experimental and theoretical studies have
been performed on quantum wires subjected to a transverse
magnetic field [1-7]. The electronic properties of quantum
well wires in a transverse magnetic field have investigated in
[8-9]. The subband dispersion and magnetoabsorption have
been studied for rectangular QW in [10].

Magnetic field applied perpendicular to the wire axis,
"free electron" direction, can change significantly the
electronic states of semiconductor quantum wire structures.

Electron Raman scattering seems to be a useful
technique providing direct information on the energy band
structure and the optical properties of the investigated
systems [11-12]. In particular, the electronic structure of
semiconductor materials and nanostructures can be
thoroughly investigated considering different polarizations
for the incident and emitted radiation [13].

The differential cross-section in general case, usually
shows singularities related to interbanda and interband
transitions. This latter result strongly depends on the
scattering configurations: the structure of the singularities is
varied when the photon polarizations change. This feature of
ERS allows to determine the subband structure of the system
by direct inspection of the singularity positions in the spectra.

For bulk semiconductors ERS has been studied in the
presence of external applied magnetic and electric fields[14-
16]. In the case of a quantum well preliminary results were
reported in [17]

Raman scattering in low-dimensional semiconductor
systems has been the subject of many theoretical and
experimental investigations [18, 19]. |

L p_l_gﬂ 2
2-m C

[

Interband ERS processes can be qualitatively described
in the following way: after the absorption of an external
photon from the incident radiation field a virtual electron-
hole pair is created in an intermediate crystal state by means
of an electron interband transition involving the crystal
valence and conduction bands. The electron (hole) in the
conduction (valence) band is subject to a second interband
transition with the emission of secondary radiation photon.
Therefore, in the final state we have a real electron-hole pair
in the crystal and a photon of the secondary radiation field.
The effect of external applied fields on this kind of processes
for bulk semiconductors were investigated in [15, 16]. In the
case of a quantum well preliminary results were reported in
Ref. [17].

In this work we present a systematic study of the
interband ERS in direct band gap semiconducting parabolic
quantum wire in a transverse magnetic field. In these systems
due to electron confinement and magnetic field the
conduction (valence) band is split in a subband system and
transitions between them determine the ERS processes.
Numerical results for the ERS differential cross-section are
presented using parameters characteristic of GaAs/AlGaAs.

This paper is organized as follows. In Section II the
energy spectrum and wave functions for QW with parabolic
confinement potential are given in a transverse magnetic
field. In Section III we present the general relations needed
for our calculations of the ERS cross-section. Section IV is
devoted to the calculations of the ERS differential cross-
sections. Finally Section V is concerned with the discussion
of the obtained results.

2. Wave functions and energy spectrum

We consider a quantum wire aligned along the y
H =(0,0,H)
applied along z direction. The quantum wire is characterized
by parabolic confinements in the plane (X, z). The effective

mass Schrodinger equation for electron in conduction band
can be written as

direction with transverse magnetic field

1
+ M2, (¢ +22) (%, ¥, 2) = Eg, (%, ¥, 2) (1)
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where A= (0, Hx,0) the vector potential in the Landau

gauge and @ characterizes the parabolic potential of the
QW for electron in conduction band. We look for the solution

y
. y.e
in the form where

v, (% Y,2) = p(0n(2)e"

Nie>N2e> y e

E. = (Nle +1jh(DE +(N2e +1jha)0e
2 2

= ¢Nle

is the quasi-momentum of an electron.

Pye =7Ky

After trivial shifting of the origin of coordinates and
separating the variables in the usual way we obtain the
eigenfunctions and eigenvalues of the Schrodinger equation

)

X— XOe Z L
E nNZe f e y (2)

€ €

21,2 2
+ h k}he a)Oe
om, | @,

The wave functions and energy eigenvalues for electron in valence band can be written as

W

Nip Nap -Ky

1), ~ 1
Eh = _Eg _(Nlh +Ejha)h —(Nzh +5Jha)0h

where Eg is the gap energy of the bottom of the conduction
band in the absence of the external magnetic field, ® o
oscillator frequency of the parabolic potential for electron in
the valence band. In Egs. (2) and (3)

2 2
Dy, =gy + Dgqy) 4)

is "hybrid" frequency. The subscript € and h denote
conduction and valence band electrons, respectively.

= ONin

(2, 2)
X = Xon n 2 | ikyny
= Noe 3)
L, L,
2
n’ ky h | @on G.a)
~ ,a
2m, o,
is the cyclotron frequency, M, is the effective mass.
ho,
_ (h)
Xoe(h) = 3 Kyeqh) ©)
Me(h)@e(h)

is oscillator centre.
The full energy spectrum in (2) and (3) is governed by
quantum numbers Nieg), Noen and Kyegm).

Oy =1 )
o Men)C
)4 2
o X— Xoe(h) _ 1 1 exp 1 (X - Xoe(h)) X— Xoe(h) (7)
. r~ | DY ™2 Nie r~
O Ly eih) 2" N ! 2 L L
1
Y
. [ z ]_ 1 1 exp| | 2’ H ( z ] ®
Nae(h - 2 52 Na2e(h)
ke ) (e ) (2" N ! e e
where parameters [ are the units of length.
h h
L= i L= s ® GV
e(h) > e(h) ’ n-2k
Moo B My @oet H, (&)= 'Z (28) (10)

“KI(n— 2Kk)!
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is the Hermitian polynomial.

3. Preliminary relations

We start with the following general expression for the

d-S

2 e2
dQd v :(moch

V1 z‘

Volf

where

Ai,f :Lz

sy -E, +E)

(fepr el (1 prre i

2

Qdv
light with frequency V,and polarization € into light with

scattering cross-section of the scattering of incident

frequency v, and polarization €;:

(11)

m, T\ E; —-E, +hv,

Here i, r and f denote the initial, intermediate, and final
states, respectively, E;, E, and Es are the corresponding

energies, [ is the one-electron momentum operator and M,
is the free electron mass. vV =V, —V, is a frequency shift.

Equations (1) and (2) are based on the electric dipole
approximation. The &function in (1) express the energy-
conservation condition

hv,=hv,+E; —E, (13)

Then Raman scattering processes consist of two steps.

First, an incident light quantum is absorbed creating an|

12
E,-E, —#hv, (12

Ei =E (N, N2h’kyh);

‘NlhﬁNzh’kyh> =

| . .
electron —hole pair between the state (Nlh’ Nzh) in the

valence band and the state (N N ) in the conduction

le>
band. Second, a scattered photon is emitted due to an

electronic transition from the state (N N ) to the state

le>
(N,..N,

les ) in conduction band. The Raman shift 7V is
equal to the excitation energy of the electron-hole pair
created in the scattering process.

In our model we assume that the conduction band is
empty and the valence band completely occupied by
electrons. We neglect all the transitions assisted by phonons.

The initial, intermediate and final state energy and wave

functions are:

UVV/(Nlha Nzh’kyh)

= Ey(Nis Nog. i) s [N N K ) =U (NG N LK)
Ef :Ee(NleﬂNZe’kye); ‘Nleﬂ Zeﬂkye>:le//(N1h9N2h5kyh) (14)
4. Calculation of Raman scattering cross section
Using Egs. (14) the DCS for ERS can be written as
2
d?s e’
= - NNNNha‘(hV—E—
1h 2e le 2e
dQdv myC NiesNze Nin:Nan Kye
h2K? % 2 =
E E E E ve | @oe yh | @on
1h 2h le 2e 2me R 2mh a)h

1e’ 2e’

where
1 <N1e’ N2e’ k
ANlh-NZe-Nle’NZS = m_ _z_ (N
0 NiesNope h 1lh?
<N1e’ N2e’ kye 0 N'le’ N.Ze’ k.ye><N.1e’ N'Ze’ k

Np» yh) + hv, —

e K5 )N Wi K 650 N N i)
k

1h?
E(Nle 2e? -ye)

Nins Nons kyh>

E(Nys Nops yh) vy —v) -

EL(N;

le? 2e ’ kye)

(16)
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and
1), - 1
ENle(h> =| Nieny +§ had,y, ; ENZM) =| Noerny +E Ny ; amn
The matrix elements of the interband transitions can be written as
<N1e’ N2e’ k le’ 2e’ k-ye> = <N1e’ NZe’ kye Jx N:Le’ N-Ze’ k'ye> + (18)
<N1e’ N2e’ kye Jy le? N.Ze’ k.ye> + <N1e’ N2e’ kye jz N:Le’ N.Ze’ k'ye>
where
Ce in N, N, + 1
<N le> N2e, kye Jx le> Nze’ kye>:_ T jX5N;e-N29|: 2 NiesNie =1 2 Nie Nle+1j|5kye Kye
(19)
(Nies Naoos Kye B3y Py Nigs Nogo Ko ) = K58, 60\ 6, (20)
: i7 IN,. N, +1
<N le> Nze’ kye Jz NZE’ kye >:_ L_ 8j25N1e’N1e|: 2 5N.2€’N2e*l_ 2 §N'29'N28+1i|5kye’k'ye

If we consider allowed electron transitions between
conduction and valence bands, the interband matrix |

(Niae N K

ye

where p,, = < Uv> - the momentum matrix element

U, [p]

between the valence and conduction bands (evaluated at

k = 0)and
7 X — Xop X — Xge
: (ky) = _[O P, (E—hj(p’“ie (Tde
(23)

Nlh-Nle
Z
N2h N2e .[ nN?h[ jnN-ze (EJdZ (24)|

NI N,!

v+l

5

26

ejp‘ Nlh’ N2h, kyh> = (pcv

M2 el
\/2N1e+N1h Nle! Nlh! k=0 j=0 k! j! (Nlh

Nip —2k-u
- XOh)

{

2

element in the envelope function approximation, can be

written as
' ej ) ' I Nlh’NZLe (ky ) . I kyh' ye (22)

We find that the matrix elements (19)-(22) vanish unless
the following selection rule is obeyed

k

ye kye

k k

y (25)

yh
The EHP does not change its total momentum during the
absorption or the emission of a photon (photon momentum is

neglected).
Using (10) it can be obtained that

1)k+j2N1h+N;e-2k—2j
- Zk) (N;Le -
(N' ~ 2§ + u)
le 2J H = V)

Ei (XOe — Xon )JN'E e

Nie —2J+u

(26)

v=0 V! (

*3-

C+0



RAMAN SCATTERING IN QUANTUM WIRE IN A MAGNETIC FIELD

o (lj“z 1 N, I NI [Noe /2] INgn /2] (= 1)%+F QNoe 20t Nan -2/
NanaNae T

LL, V2" = 5 da N, - 2a) (N, - 25)
F(N;e + Ny, — 2a - 20 + 1J o

1 N.Ze -2a Nah -2/ . o 2
= - [(_ :I-)NZe +N3, —2a-2p8 + 1] _
Le Lh L2 n L2 Noe +Ngp —2a-24+1
2 V'h e

V2L, L,

' X-X scattering o | Performing the summation over k, in (15) we obtain
We first consider the case where both the incident and the

scattered radiation are polarized parallel to the x axis. | expression for DCS of the ERS process:

d*s* Vy—V N
=0 | : k )1 20 . le | . —

deV 0 VO N]h,N§1esNze|:N;eZJ\;l29 Nlh»Nle( y( )) NapsNae Nje,Nje [ 2 Nie,Nje—l
_M.%_Nﬂj.[l n 1] . 1 (28)
2 1eN1e Av) Bv) \/hv ~ Ey,. ~ Ey,, ~ Ey,. ~ Ey,, 1

E, E, E, E, E,
where
2 = 222
e’ L, |B.| 7
T ey 2] L L]
me a)e rnh a)h
fi \ D
A(v) :E_(Vo =V +(Ny =Ny )@y + (N, — Nle)a)e) (30)

g

h . .~
KV) = E_(NZe - NZe)oOe +(N1e - Nle)a)e - VO) 31

[¢]

and K, (v)-is the root of the delta function argument
1
(hv B Eg B ENle B ENlh B ENZe B ENZh )2
2 2
e | 1[0
me We rnh Wy,

Z-Z Scattering
We next display the Raman cross section for the case where the incident and scattered light are polarized parallel to z axis:

(32)

k) = 2

d?s# VvV, — V N,
dQdv =01 Z { Z INlh.N'le (ky(v))- INzh,N'ze '5N'19.N19 [ 22 .5N.2e,Nze—l -

Vo Nie\Noe

NihsNansNiesNoe
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2
N, +1
_Ze_.gN_Nﬂ,(lJrlj 1 (33)
2 2e+N2e A(V) KV) hl By Nin ENZe ENZh 1
Eg Eg Eg Eg Eg
where
e2 2 Ly|ﬁcv|2h2
_ i (34)
MoC 2 2e572 | 1 [ @ i 1 [ @on 2
'\/EﬂLemOEg [ o
m, \ @, my, \ @,

Let us make some remarks concerning the above

equations. From Eq.(27) it follows that |N N vanishes

2h>N2

unless Na, + N, =2Nn, where N is an integer. So,

transition can only take place between N2h and N'2e

subbands with the same parity (2M — 2N; and
2m+1—>2n+1; M and N are integers). But for Eq. (26)

quantum numbers N, and N,, can change arbitrarily.

Hence, the following selection rules are obtained for
interband transitions:

‘Nlh - N.le
‘Nzh - N-Ze

As can be seen from Egs. (28) and (33) the DCS is
directly proportional to the density-of —states of carriers in
the valence and conduction bands and the interband matrix
elements. In this case, the scattering spectrum shows density-
of-states peaks and interband matrix elements maximums.
The positions of these structures are given as follows:

=0,12,...;
=0,24...

nv =k, +E, +E +E,  +E 39

Here, the following selection rules must be fulfilled:

Nle = Nle * 1’ NéezNZe

for X-X polarization and N, = N, * 1,
N.1e = Nle for Z-Z polarization. In this case when
Ny — Ni| =2n +1  the spectrum  shows
maximums and when ‘Nlh - N'1e = 2N the ERS

spectrum shows singular peaks. The peaks and maximums
related to these structures correspond to interband EHP
transition and their position depends on the magnetic field.
Other singularities of equations (28) and (33) occur
whenever A(V) = 0. In the X-X scattering configuration

this singularity is

hv = hv, — ho, (36)
Here the following selection rules is fulfilled:
Nle = Nle + l’NZe = NZe'

28

For Z7Z-Z scattering configuration Raman singularity is

hv = hvy — hoy, (37)
In this case the selection rules are N3, = N,
N = N, + 1.

As can be seen from equations (36) and (37) these
frequencies correspond to electron transitions connecting the
subband edges for a process involving the conduction band
(i.e., intraband transitions).

We can also notice that Y-Y scattering configuration is free
from Raman singularity and related to selection rules
Nie =N, Npe = Ny

le>

5. Discussion of the results

In the following we present detailed numerical
calculations of DCS of GaAs/AlGaAs parabolic quantum
wire in the presence of uniform magnetic field as a function

hv / Eg . The physical parameters used in our expressions

E, = 1.5177ev, m, = 0.0665m,,

m, = 0.45m, (the heave-hole band). Taking the ratio

60:40 for the band-edge discontinuity [20, 21], the
conduction and valence barrier heights are taken to be

A, = 255 meVand A, = 170 meV. The oscillation

e

are: e

frequencies @, and @y, of the parabolic quantum wire are
determined via

2Aq 1y

2
Wy = a

Mecny

where d -is the quantum wire diameter.

In figure 1 (a)-1(d) we show the Raman spectra of the
parabolic quantum wire in the X-X scattering configuration
for different magnetic fields, such as

H=0.,2-10*.6.5-10*.8.5 - 10 Gauss. The

(0]
diameter d of the QWR is 2000 A. The incident radiation
frequency was fixed as /1v, =1.82¢V. The positions of the

singularities are defined by (35) and (36).
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Fig. 1 (a)-(d). Calculated Raman cross section of the PQWR in
the X-X scattering configuration with different
transverse magnetic field.
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Fig.2 (a)-(b). Calculated Raman cross section of the PQWR in
the Z-Z scattering configuration with different
transverse magnetic field.

Fig.2(a)-2(b) shows Raman spectra for Z-Z scattering
configuration for magnetic fields H=2.5-10*, 8-10%, Gauss. The
other parameters coincide with those of figure 1.

The structure of the DCS, as given in the figures provides a
transparent understanding of the energy subband structure of
the parabolic quantum wire in a transverse magnetic field.

In the present work we have applied a simplified model for
the electronic structure of the system. In a more realistic case
we should consider multiband structure using a calculation
model like that of Luttinger-Kohn or the Kane model. The
above-mentioned assumptions would lead to better results but
entail more complicated calculations. However, within the
limit of our simple model we are able to account for the
essential physical properties of the discussed problem. The
fundamental features of the DCS, as described in our paper,
should not change very much in real QWR case. It can be
easily proved that the singular peak in the DCS will be
present irrespective of the model used for the subband

structure and may be determined for the values of 71V, equal
to the energy difference between two subbands
hv, = hv, — hv = E; — E} where E; > Ej
are respective electron energies in the subbands. At present
there is a lack of experimental work on this type of ERS. Our

major aim in performing these calculations is to stimulate
experimental research in this direction.
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T.H. ismayilov, B.H. Mehdiyev
MAQNIT SAHOSIND® YERLOSMIS KVANT MSFTILIND® RAMAN SOPILMasSI

Enine magnit sahasinde yerlagmis parabolic kvant maftilinde fononun istiraki olmadan isigin Raman sepilmasi tedqiq
edilmigdir. Elektron Raman sapilmasinin effektiv en kasiyinin tezliyin slrlismasinden ve magqgnit sahasindan asililigi
hesablanmisdir. Kvantlanmis alt seviyyeler arasinda zonalararasi ve zonadaxili kegidlarin istiraki ile bas veran proseslara
baxilmisdir. Diishen ve sepilen isidin polyarizasiyasindan asili olarag secme qaydalari masslenin mdxtelif parametrlarinin
(siklotron tezlikleri ve saxlayici potencilin tezliyi) giymatlerinde tadqiq edilmisdir. Electron Raman seapilmasinin differensial
effectiv en kesiyi hal sixligi ile bagli mexsusiyystlera ve kegidlarin matris elementleri ile bagli slave strukturlara malikdir.

T.I'. Ucmaunos, b.I'. MexTuen

JIEKTPOHHOE KOMBUHAIIMOHHOE PACCESIHUE CBETA B KBAHTOBOI ITPOBOJIOKE B
MAT'HUTHOM HOJIE

HccnenoBano anexTpoHHOe KoMOuHaruonHoe paccesinue cBera (OKPC), 6e3 ywactus GoHOHOB, B mIapaOoIMdecKol KBaHTOBOH
IIPOBOJIOKE ,B MOINEPEYHOM MarHWTHOM moje . Paccumransl 3aBucumoctu cedenus DKPC or chaura 4acToThl M MAarHUTHOTO MOJIS.
PaccMOTpeHBI TIPOIECCHl ¢ y4acTHEM KaK MEK30HHBIX, TAK U BHYTPU3OHHBIX NPEXOJOB MEXKIYy KBAaHTOBAHHBIMHU INOJ30HaMH. M3ydeHbI
npasuia 0T60pa M MpoBeJeH aHau3 AU(hepeHIaIbHOrO CEUCHHUs PACCESHUS Ul PA3JIMYHBIX IOIAPU3ALMI MAJAOLIEero U pacCesiHHOro
M3JIYYEHUH M JUIS Pa3lIMYHBIX COOTHOIICHUH MEXIy NapameTpamM 3anaudl (LMKIOTPOHHBIMHM YAaCTOTAMH M YaCTOTaMH YAEP)KHBAIOLIETO
MOTeHIHaNa 3eKTpoHOB U AbIpok). Ceuenne DKPC comepXUT CHHTYJISPHOCTH OOs3aHHBIC IUIOTHOCTH COCTOSIHHN U JIOTIONTHHUTEIbHBIS
CTPYKTYPBI ,CBSI3aHHbBIC C MATPUYHBIMH 3JIEMEHTAMH TIEPEXOJI0B.

Received: 22.06.04.
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INFLUENCE OF THE SURFACE STATE TO THE THRESHOLD AND TIME PROPERTIES
OF THE FERROELECTRIC LIQUID CRYSTAL

H.F. ABBASOV
Baku State University,
Baku, Az-1148, Z. Khalilov str. 23

In this work the influence of the polar and dispersive parts of the anchoring energy of the liquid crystal molecules with surfaces on the
threshold voltage and the switching time of the “up-down” and “twist-down” transitions were studied by computer modeling of the

ferroelectric liquid crystal electrooptic properties.

The electrooptic properties of the surface stabilized
ferroelectric liquid crystal (SSFLC) depend both on the
material parameters and external parameters [1-3]. The
electrooptic switching with high speed and low threshold
voltage occurs in this materials and widely use in the display
technique.

The threshold and time characteristics of this effect

In the given work the influence of the polar and
dispersive parts of the anchoring energy on the threshold
voltage and the switching time of the electrooptic effects
were studied by computer modelling of the ferroelectric
liquid crystal electrooptic properties.

The considered geometry of the electrooptic cell is shown
in fig.1. The director of the SSFLC, the applied electric field

strongly depend on the surface state treatment. and the spontaneous polarization has the following
component, consequently:
. (]
5 sin ? -
Ps E
» 0
X
—_— 0
a ¥ b
Fig.1 The cell geometry
f(sin @ cos ¢, sin @ sin ¢, cos ), KO, E,;;0), PP, sin ¢, P, cos ¢,0) (1)

were 6 and @ are
respectively.

tilt angle and azimuthally angle,

For considered geometry the free energy per unit area of
the cell has the form:

LG ofdgY o 1% o Lo
F:E!B@[—de—EigoAa(nE)dy—Eipoédy+

F WX cos ¢4,

where the first term is the elastic energy density (B is
corresponding elastic constant), the second term relates to the
electric field interaction with the dielectric anisotropy of the

medium (A& = & I~ & | is the anisotropy of the dielectric
permittivity, &, is the electric constant) and the third term
describes the electric field interaction with the spontaneous

polarization. The term Wlo’d CcoS ¢s describes the polar

interaction of FLC molecules with the surface: this term takes

— W2 cos? ¢, @)

the minimum on the lower surface if ¢s =0 and on the

upper surface if ¢s =77 . The term Wzo’d COS2 ¢s
describes the dispersive interaction with the surface and takes
the minimum if on the both surfaces ¢s =0 or ¢s =7.

The minimization of the free energy density (2) gives us
the dynamic Euler-Lagrange equation:
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2 22
ezyg_i - B6? g ? 4 gOAg; =" sin2g - PE, sin ¢ 6
y
with the boundary conditions:
. d¢ 0,d oz - \W0.d 3
BHd— =W>" sing, ¥ W,"" sin 24, 4)
Ylo.a

where /' - is the rotational viscosity.

For numerical solving this problem has been used
MathCad-2001 program [4] and the Johns retardation
matrix method was applied for determining of the light
transmittance of the FLC cell [5].

It was analyzed the dependences of the threshold

voltages and the switching times of
Up(@y = @4 =7) — Down(p, =94 =0)
and
. 57 ° '
— Uth
— 4L .
5
[_.
332, 4 |
0 11077
Polar anchoring enersy, Mita
a
. 622, 10 !
¥
E Uth 5 =
4
5
[_|
078, g l
0 1107
|:| ml 2_10_5

Diisperstve anchoring energy, Min
C

Twist(p, =0, gy =) — Down(p, = ¢, =0)

transitions on the polar (aty = 0 WIO = Wll )

Y= d Wld =W12) and the dispersive parts
0 d

the anchoring energy. The threshold voltage was

determined from the voltage dependence of the cell
transmittance.

e 522 !
& 52+
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Fig.2. Dependences of the threshold voltage on the anchoring energy at lower (a, ¢) and upper surfaces (b, d) for the “up-down”

transition.

The threshold voltage and the corresponding switching
time of the “up-down” transition decrease by increasing of
the polar part of the anchoring energy at the lower surface
Wy (fig.2a, 3a) that was expected, because the rise of the
polar anchoring with lower surface stimulates the “up-down”
transition.

By increasing of the polar anchoring with upper surface
the threshold voltage (fig.2b) and the corresponding
switching time (fig.3b) of the “up-down” transition increase,
because with the increasing of the polar anchoring at the

32

upper surface the initial “up” state becomes more stable and

the occurring “up-down” transition becomes more difficult.
The rising of the dispersive part of the anchoring energy

both at upper and lower surfaces leads to the increasing of Uy,

and T, (fig. 2c, 2d, 3c, 3d).
The dispersive interaction with surface is same for both

surfaces and the increasing one of these leads to the rising
another.
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Fig.3 Dependences of the switching time on the anchoring energy at lower (a, ¢) and upper surfaces (b, d) for the “up-down” transition.

Some of the electro optic characteristics of the “twist-down” transition are analogously to the “up-down” transition. Uy,
decrease by increasing of the polar anchoring at the lower surface (fig.4a) and Uy, increase too by increasing of the polar

anchoring at the upper surface (fig.4b).
Note, that the rising of the dispersive anchoring at the lower surface stimulates the “twist-down” transition (fig.4c) and the

increasing of the dispersive anchoring at upper surface, in contrary, resist to occurring this transition (fig.4d).
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Fig.4. Dependences of the threshold voltage on the anchoring energy at lower (a, ¢) and upper surfaces (b, d) for the “twist-down”
transition.
necessary to rise the polar and dispersive anchoring at lower
surface and to decrease them at upper surface in the “twist-

down” transition case.

Therefore, for switching time and threshold voltage
decreasing it is necessary to increase the polar interaction at
lower surface in the “up-down” transition case and it is
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H. F. Abbasov

SEQNETOELEKTRIK MAYE KRISTALIN ASTANA VO ZAMAN XASSOLORINS SOTH SORAITININ
TOSIRI

Bu isda seqgnetoelektrik maye kristalin elektrooptik xassalarinin komputer modellesdiriimasi yolu ile maye kristal
molekullarinin sathls ilisma enercisinin polyar ve dispersiv hissalarinin «up-down» va «twist- down» kegidlarinin
astana garginliyina va kegid muddatina tesiri dyranilmisdir.

X.D. AodacoB

BJIMAHUE COCTOAHUS MOBEPXHOCTHU HA ITIOPOTI'OBBIE U BPEMEHHBIE XAPAKTEPUCTHKHA
CETHETOJJIEKTPHYECKOI'O ’ KUAKOI'O KPUCTAJIJIA

B nanHO#l paboTe OBUIO W3Y4YEHO BIMSHHWE IOJISIPHOW M IUCHEPCHOHHOW YacTel SHEPruM CHIEIUICHHS MOJIEKYT C
MTOBEPXHOCTHIO HA TIOPOTOBBIE HANPSHKCHUSI U BPEMEHHU BKIIIOYEHHS IepexoqoB «up-down» n «twist-down» KOMITBIOTEpPHBIM

MOICITUPOBAHUEM DIIEKTPOOIITHICCKUX CBOICTB CETHETORJICKTPUICCKOI'O XKUAKOI'0 KpUucTasia.

Received: 02.07.04
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YUKDASIYICI-FONON QARSILIQLI SOVQUNUN REKOMBINASIYA
PROSESLORINO TOSIRI

Z.9. VOLIYEV, N.A. QARDASBOYOVA, X.0. HOSONOV
Naxg¢ivan Doviat Universiteti

Isde, zeif vo giiclii elektrik sahesinde, n-tipli yarimkegiricilordo kenar dislokasiyalar torefinden qeyri-osas yiikdastyicilarin, yoni

desiklorin tutulmasi hadisesi tedqiq olunur. Elektrik sahasinin zoif vo giiclii oldugunu toyin eden A= g/,

olaraq, tutulmanin effektiv kosiyi hesablanmisdir.

parametrinin qiymetinden asili

xar

Uygun hesablamalarin komoyi ilo alinan neticelerin tetbiq olunma hiidudlarini teyin eden xarakteristik sahenin intensivliyi

qiymetlendirilir.

Molum oldugu kimi [1] giiclii elektrik sahoalerinde
yiikdastyicilar  ve akustik fononlarin  qarsilighh  tesiri
naticesinda onlarin qizmasi ve qarsiliql sévqii bas verir. Bu

zaman ylikdasiyici ve akustik fonon arasindaki qarsiligl tesir |

v (e) = WoKT~2m 31’2(1

°h’s

prosesi vo onu xarakterize eden yiikdastyicilarin impulsunun
relaksasiya tezliyi hom yiikdasiyicilarin, hom de fononlarin
dreyf siiretinden asili olur.

u u
v 5) = v(po)(l - \7)5, (1)

burada u - fononlarin, V - yiikkdastyicilarin dreyf siiretleri, s - sesin kristaldaki siireti,

s 1+us s u
uiCp =D ¢ 2u 1l-us u S’
v, es .
Ve e S gyt e s

0
Vs (8 ) —ylikdastyict  ve fononlarin  qizmasi  ve

qarsiliqlt  soévqii olmadiqda relaksasiya tezliyi, £, -

deformasiya potensiali sabiti, € xarici elektrik sahosinin
intensivliyi, m - yiikdasiyicinin kiitlesi, T - termodinamik
temperatur, k£ - Bolsman sabitidir. (1) ve (2) ifadelerinden
goriindiiyit kimi U — V' — S sorti 6denildikde dve ¢

u
kemiyyotlori keskin sekilde artr, (1 - Vj — 0.

2u (; gjz
V(T (2 KT

T(¢) = cexp| -

3s?

B (VO(T)JJS( £ ) N (\@j 1V
3s? kT ‘

soklinde olur. Burada c- normallasdirici vuruqdur.

() = V(‘g)‘g:kT ;
V(T) = Vo(g)‘g:kT~

[
0
oldugundan Vp (5) —> 0 olr. Bu zaman qarsiliqlt

tosirde olan yiikdasiyic1 ve akustik fononlar bagli sistem
omole gotirir ve onlar biitév sistem kimi hereket edirlor.
Belo hoarakat prosesinde yiikdasiyicilarin impuls ve enerjiyo
goro relaksasiyasi asqarsiz kristallarda esasoen qgofosin
sifirinci ragslorinden bag verir.

Biz n - tip yarimkegiricilorde yiikli qiraq dislokasiyalar
torofinden qeyri oasas yiikdasiyicilarin tutulmasi meselasini
todqiq etdiyimizden yiikdasiyici dedikde desikleri nezerde
tuturuq. Onlarin baxilan halda paylanma funksiyasi

_Von)J(gjm Vou? &
9s?2 \KT 1852 KT
1/ 2
&
3s? (ij ®)

Todqgiqatlarin  zeif ve giicli elektrik sahalorinde
aparilmasi nozorde tutulur. Bu limit hallar1 bir-birinden

B ecu (kT jllz €
3s?my (T) (ms? &

xar
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parametrinin giymeti ile segilirlor. A<</ qiymstleri zaif 64 2 KTW
elektrik sahaleri, 4>>1 qiymatlori ise giiclii elektrik sahalori Vos ( 8) - v Vos (T ) _ 0

PS kT’

zoif saholor limit halinda A<</ olduqda

limit halma uySun golir. (Burada Vpg (T)— desiklerin 5

impulsunun qgoefasin sifirinct rogslerinden sepilmasinin
relaksasiya tezliyinin = &=kT - deki qiymatidir).I

2
f,(¢) = cexp|- = C, exp| - Srar.1 (ij

25 i)
CTY \KT e \KT

47[2h3p (‘gxar 1)3/4
C, = 372 ] ’
@2mkT )y /*1@/4)\ &

Evara = Umv (T)/2e,

burada F(OK ) -Eylerin gamma funksiyasidir.
Giclii elektrik sahalori limit halinda

65 s \572 £ 20 . \3/2
fole) = €2 exp = o i) (ij IR ( ; ) ( j

sm |6
Evar.2 = ? \/;7ps(T);

o = S57°h%p
(24T )P’ %r@27/5)°

Sonuncu limit halinda desik sisteminin orta kinetik lifadosi ilo toyin edilir.

enerjisi kristal gafasin T temperaturu ile deyil, Desiklorin  yiiklii qraq dislokasiyalar terafinden
tutulmasinin effektiv kesiyi [2-3] islerinde teklif olunan
475 hesablama  iisulu  esasinda  heyata  kecirilmisdir.
T =T & Hesablamalarin detallarina varmadan tutulmanin effektiv
h — kesiyi {igiin asagidaki ifadsleri yaza bilerik:
gxar.z

T & 1 3
Xar. d r
N 4)( & )J

_mE;
27 P | 2 (gxar_z)m @ /5)
12kT

&

Bir fakti qeyd edek ki, zaif vo giicli elektrik sahoalori Iii(;iin onlarin méterizeden kenara vuruq seklinde ¢ixarilmasi
magsade uygun hesab edilmemisdir. Beloliklo, [2-3]-o

3. 2|U| uygun hesablamalar aparmagqla desiklorin qiraq dislokasiya-
limit  halinda I d’r 2 inteqralinda  lar terefinden tutulmasinin effektiv kesiyi ii¢iin asagidaki
ms miinasibetleri alariq:

inteqrallama serhadlori miixtalif fiziki sertlerle bagl oldugu
I
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/ 2

3V (gxar.lj RS ﬂ(l - 27/3/2 + 2717/0 — i]/glz),A << 1
JamPE? |[TB/ 4\ ¢ 3

4h4 2/5 3
p F(Z/S)(exar.zj R2[ 1 + \ER_O LA >> 1
res/s)\ « 2 R

e f2 / 472'88061 " Alnan naticalarin totbiqolunma hiidudlarimi

Burada 7o = MS/auy, Uy =
isaro edilmisdir. (f - dislokasiyanin elektronlarla dolma . . ;
omsal, a, - dislokasiyanm oxu boyunca kristal qofesin Sahoni qiymotlondirok. Parametrlorin

periodu, &,- elektrik sabiti, ¢ - dielektrik niifuzlugudur).

mileyyoenlesdirmek ii¢lin 4 kemiyyetine daxil olan &y,

a=5-10"m, £¢~10, s~3-10° ", m~0,3 -10*kq, T ~ 300k, E_ ~ 10~**c
san

\Y V

3 3

giymetlerinde €xgr ~ 100 — olur; yoni €xgy < 107 — . zif sahaler, &yay >103~ 5o giiclii sahoelor limit hali
m m

m
reallasacaqdir.

[1] ZA. Veliev, A.S. Axmedov. Qalvanomaqnitnie effekti v [2] V.N. Abakumov, N.N. Yassievis, V.I. Perel. FTP, 1978,

poluprovodnikax s nizkoy konsentrasiyey elektronov. t. 12, vip. 1, s. 3-32. )
Materiali respublikanskoy konfereniiii, Naxicevan, [3] ZA. Veliev, N.A. Kardasbekova. 1zv. BQU, Fiz.-mat.
1987, s. 73-74. seriya, Baku, 2000, Ne 4. S. 63-64.

3.A. Beques, H.A. KappamobexoBa, X.A. 'acanos

BJIUSIHUE B3AUMHOI'O YBJIEYUEHUSI CHCTEMBI HOCUTEJb-®OHOH HA PEKOMBEUHAIIMOHHBIE
MPOLIECCHI

B pa60Te HCCJIC0BaHa 3aa4a O 3aXBaT€ HCOCHOBHBIX HOCUTEJEH 3apsnaa, T.€. AbIPOK, B c1a00M M CHJIBHOM QJICKTPUYCCKUX TIOJISIX B N -

TUNA MOJYNPOBOJHHUKAX, CO CTOPOHBI KpPAaeBbIX IUCIOKAlMi. B 3aBUcMMOCTH OT 3HayeHuUs MapaMmerpa A = 8/ & , KOTOpBIN
xar

XapakTepusyer cnaboe Wik CHIbHOE DJICKTPUYCCKOC I10JI€, BBIYHUCIICHO 3(1)(1)CKTI/IBHOG CCYCHUC 3axXBarTa.
C mnoMomnipio COOTBETCTBYIOIIUX BBIYMCIICHUI OIICHEHA BEJIIMYMHA XapakKTEPpUCTUYICCKOI'O II0JI, KOTOpas OoIpeaclsaeT npeaecia
MPUMCEHUMOCTH ITOJTYYCHHBIX PE3YJIbTATOB.

Z.A. Veliev, N.A. Kardashbayova, Kh.A. Hasanov

THE INFLUENCE OF THE CHARGE CARRIER-PHONON MUTUAL DRAG ON THE
RECOMBINATION PROCESSES

The question of the capture of the non-basic charge carriers, i.e. the holes by the edge dislocations in n-type semiconductors in the weak

and strong electric fields is investigated. The effective cross section of the capture is calculated depending on the ratio A = & / char

characterizing the weakness or strongness of the electric field. The characteristic field determining the boundaries of application of the
obtained results is estimated by means of corresponding calculations.
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XARICI ELEKTRIK-KVANTLAYICI MAQNIT VO ELEKTROMAQNIT SAHOLORINDO
REKOMBINASIYA PROSESLORI

Z.9. VOLIYEV, X.O. HOSONOV
Naxg¢ivan Doviat Universiteti

Isde ciitlosmis elektrik vo kvantlayici maqnit sahelerinde, hemg¢inin magnit sahesine perpendikulyar miistevide yerloson doyisen
elektrik sahoasinde kenar dislokasiyalarla yiiklonmis n-tip yarimkegciricilorde desiklorin tutulmasi meselesi todqiq olunmusdur. Desiklorin
yasama miiddati liclin alinan analitik ifadeden goriiniir ki, bu kemiyyet kristal ve temperaturun parametrlerinden asili oldugu kimi, hem de

xarici saholori xarakterizo eden kemiyyotlorden asilidir.

Kinetik omsallarin  miixtelif kombinasiyali xarici
saholorde Ol¢iilmesi tsullart tekmillegsdikco bu sahelorde
hamin kemiyyatlerin nazeri tedqiqi de genislonir. Qarsiligl
perpendikulyar statik elektrik ve kvantlayict magqnit

(ELH vo E LOX, HL1LOZ -

saholorino

istiqgametlonmesi halinda) maqnit sahasinde perpendikulyar I

miistovi iizorinde yerloson € = &5 COS @ t xarici

doyisen elektrik sahasini de olave etdikde (cz," vektoru Xy
miistovisi {lizerindedir) alman sahelor sisteminde hissecik
stasionar hallara malik olur.

2
_. 0¥ 1 _. O e
ih—— =) |—|-ih—-=A | -eEX 0
Xp =X X =Y, X3 =2
- - C = - C = -
A=CAsALA) = |- —¢,sinaot; - — ¢, sinwt — HX; 0
a @
Dalga tenliyinin hellinden alinan stasionar hallar
2
1 n’k: ec)’ g, €
Enc, = (N + —jha)H + —= + eEa’k, - (2 ) —~ | = + = @)
y 2 2u, Aof - o)\ e ny
ifadesi ilo toyin edilir. Bu ifadeda Imexanizmi akustik fononlarla qarsiligli tesir hesabina olur.

eH / \ My 1Y C - anizotropiya nezero alinmagla

1/2
tsiklotron tezliyi, & = (Ch/ eH) - magnit uzunlugu-

a)H =

dur. 45 -ler uygun istigametde hissaciyin effektiv kiitlasi, ¢

- igigin boslugdaki siireti, €gx Vo goy - xarici deyisen

elektrik sahosinin x ve y oxlar istigamatinde amplitud
qiymetloridir.
Elektron kegiriciliyine malik silisium n-Si kristalda yiiklii

konar statik dislokasiyalar olduqda E L Hkv istiqgamat-

lenmesinde rekombinasiya dalgalarimin yayilmasi tedqiq
edilmis ve tocriibi neticelor [1,2] islerinde nozeri tohlilden
kecirilorok tocriibi faktlarla uzlagan nezeri neticeler
almmugdir.

Alinan bu neticelor sahelerin yuxarida gosterilon daha
praktik konfiqurasiyasinda n-Si kristalinda qeyri osas
yiikdasiyicilarin - desiklerin qiraq disloksiyalar terafinden
tutulmas1 masealasinin tadqiqinin zoruriliyini ortaya qoyur.

Sorbest desiklor stasionar kvant hallarina malik
oldugundan onlarin yiikli qiraq dislokasiyalar terefinden
tutulmasi, pillevari tutulma mexanizmi vasitesi ile heyata
kecir. Bu halda desiklerin kristal qofese enerji verme

Kvantlayici statik maqnit sahasi Z oxu istigamatinde (dislo-
kasiyanin oxu boyunca) yoneldiyinden xy miistevisinde

desiklorin horoketi kvatlanmis olur. Z@y > KT serti

odenildiyi tigiin desiklorin kinetik enerjisi & ~ hw, / 2

tortibindedir. Ona gore de qiraq dislokasiyanin potensial
sahosinde siialandirilan fononlarin  xarakterik —enerjisi

ha)(qH ) ~ (Zé:,usz )l /2 = (ha)H ,USZ )1/ ? tortibindo

olur. Burada s - sesin kristalda yayilma siireti, /¢ desiyin ef-
fektiv kiitlesidir). Bu enerji H=0 olduqda siialanan fotonun

2 . .. .
KT - ms® xarakterik enerjisindon ¢ox olur. Maselonin
holli zamani desiklorin akustik fononlardan sepilmasine

S\L/ 2
baxilir vo bu vaxt Eg, KT —>> (hCUH © S )1 limit

halinin reallagdigi forz olunur.

Bu limit halinda desiklerin enejilorini kigik paylarla
itirocek ve onlarin tutulma prosesi tam enerjisinin miisboat
qiymatler oblastindan menfi qiymatler oblastina kvazidiskret
enerji soviyyelari ile kesilmaz enislo ke¢idi bas veracakdir.

Desiklor praktik olaraq tam enerjilori W < —KT

oldugda tutulmus hesab olunurlar ve onlarin geri qayitma
ehtimali enerjinin bu qiymetlerinde sifra yaxindir.



Dislokasiyalarin konsentrasiyasi ele gotiiriiliir ki, onlarin
R radiuslu silindrlori bir-biri ilo kosismirlor

Rekombinasiya seli j [3-5] islorine uygun sokilde aparilir.
[3-5]-de toklif olunan iisuldan istifade ederok desiklorin

-1 ) ) : asama miiddeti liclin
(2R >> ND , R dislokasiyanin radiusu, ND-onlarln yas ¢

konsentrasiyasidir), yeni her bir dislokasiya  merkezi
tocridedilmis sokilde tesir gostorir. Onda vahid hecmde olan 0
” : " N, | exp/kT)
tam rekombinasiya seli J = P/ Th , asagidaki kimi ifade 7,7 = ka(O) J- dw 5)
edilo bilor: p 5 BW)
Jd =N . j 3 ifadesini alariq. Burada f(W) desiklorin Bolsman paylanma
D G ke
unksiyasidir.
(3) ifadesinden desiklorin disloksiyanin potensial
sahasinde serbest yasama miiddeti {iciin f(W ) = Ap eXp(W / kTh) (6)
P
T, = - 4) Bu ifadedeki 4 ve T, kemiyyaetlori asagidaki kimi teyin
ND - J edilirlor:
I
alariq.
372
2 h? 1 C ¢
A=|— —,ThZTl-i-—ﬂz.ﬂ:__ @)
Y wy T, 2 ’ S H
Enerji fozasinda B(W) diffuziya emsali [3-5] islorine uygun sekilde hesablanmigdir:
mEZ (7 hao hao - e¢ eca
BW) = 3(7@“)*R(W)exp —2—(“) In (”Z o —exp|-2——
2p,°h esas Uy ho'(9,) U,
(ho'(g,) - eca (. ho
T _ei[2 @)
U U ®
0 0
- X —y
Burada EI(X) =€ J.e inteqralidir [6]..
5 J -X
Ry, Uy, ha)* (C]H) Vo 6‘* kemiyyaetlori agagidak: diisturlarla miieyyen edilirlor:
2
R, = 2r, exp(- WNU,) U, = e*F2zega
* 2\1/2
ha)( H) = ha)(QH)(l + f); holgy) = 1s(ay) = (ha)HmS )
2
. Ee e g &
£ =E- - x4y
2 24 4( 2 2) ©))
My Oy Wy — @ J\ K Hy
Ogor
es a Vv
b — ﬁ — holl << 1
ho' () S
olarsa Vj,oyp = ec / H , bu zaman B(W)-nin (8) diisturu ilo toyin edilon ifadesi sadelosir vo
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sokline diisiir. (10)-u (5)-de nazears alsaq desiklorin yasama miiddeti li¢lin
u 82\ heo, )
_ _ ),
.t = 0,37, In 0 + H
3nelay) 2 | Uy
[
alinar. Burada z-r: 2N b <V>go nozoron asagidan N@y >> KT | yuxandan iso

SVL/ 2
/5 kT >> (ha)H / ms ) ifadelori ile moehduddur.

1
20m3EfrDZ ) <V> 8kT Buradan
O- = ey _
0 4 ’
2
3V 7h” ps Tl ha, ms
1 << —
. . . ya
Gorilindliyii  kimi  desiklorin yasgama miiddeti hem kKT kT
temperaturun, hem de xarici sahaloerin amplitud ve tezliyin
funksiyasidir. H m32
Alinan ifadslerin maqnit sahasine nazeren tetbiqolunma
e 4 1 << — << —
hiidudlarina baxaq: 7 {giin alinan ifade maqnit sahesine xar kT
[1] Z.A. Veliev. FTP, 1985, t.1 ,v. 6,s. 1141-114. [S]1 Z.A. Veliev. J.Physics. 1997, v.3.1, p.42-43.
[2] Z.A.Veliev. FTP, 1989, t. 23, v.8, s. 1524-1526. [6] E. Yanke, F. Emde, F. Lyos. Spesialnie funksii. M.,
[3] Z.A. Veliev. FTP, 1983, t.17, v.7. s. 1351-1353. Nauka, 1977, s. 60-61.
[4] Z.A. Veliev. FTP, 1999, t.33, v. 11, s. 1308-1302.

3.A. Beaues, X.A. I'acaHoB

PEKOMBHUHAIIMOHHBIE MPOHECCHI BO BHEINIHUX 3JIEKTPUYECKOM, KBAHTYIOIIEM
MATHHUTHOM H DJIEKTPOMATHUTHOM MOJISIX

B paborte nccnenoBana 3aja4a 3axBaTa AbIPOK B MOITYNPOBOAHUKAX A -THMA C 3apSHKEHHBIMU KPAaeBBIMU JUCIOKALUSIMH B CKPEIEHHBIX
JNIEKTPUYECKOM U KBAHTYIOIIEM MAarHUTHOM IIONISIX, a TaKkKe B IEPEMEHHOM 3JIEKTPHYECKOM IONEe, PAaCHON0KEHHOM B IUIOCKOCTH,
HeprNeHUKYIAPHOIl MarHUTHOMY moiro. Kak BHAHO M3 aHAIMTHYECKOTO BBIPAXKEHHS, MOIYYEHHOTO IS BPEMEHM XXM3HH JBIPOK, 3Ta
BEJIMYMHA 3aBUCUT KaK OT MapaMETPOB KPUCTANIA H TEMIEPATYPhL, TAK M OT BENUYHH, KOTOPBIE XapaKTEPHU3YIOT BHEIIHHE MO,

Z.A. Veliev, Kh.A. Hasanov

THE RECOMBINATION PROCESSES IN THE EXTERNAL ELECTRIC, QUANTIZING MAGNETIC AND
ELECTROMAGNETIC FIELDS

The question of capture of the holes in n-type semiconductors with charged edge dislocations in the mutual perpendicular static electric
and quantizing magnetic fields and also in the alternating electric field located on the surface which is perpendicular to the magnetic field is
investigated. It is determined that the lifetime of the holes depends on both the parameters of the crystal, temperature and the quantities
characterizing the external fields.
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HIGH FREQUENCY PROBE MEASUREMENTS AND
LOCAL BEAM-PLASMA INTERACTION NEAR DOUBLE LAYER

M. MOSLEHI-FARD
Faculty of Physics, University of Tabriz, Tabriz 51664, Islamic Republic of Iran

A.H. MURADOV
Department of Physical Electronics, Baku State University, Baku, 370148, Z.Khalilov st. 23. Azerbaijan

The spatial distributions of high and low frequency fields were measured on the anode side of double layer. Measurements show that
double layer is composed of a central region with a very sharp potential gradient surrounded by regions where ions and electrons entering the
layer are accelerated. Low frequency field, which appears due to double layer motion and potential drop fluctuations in the layer, has a sharp
maximum in the double layer region. The high frequency field has a broad maximum around the electron plasma frequency and it is localized
in the anode plasma. Its maximum is displaced from the double layer to the high potential side, where electron beam is formed.

Distribution functions measured with the help of improved pair probe method showed that electron energy distribution is consisted of
two parts: thermalized trapped electrons and beam part, which is formed passing through the double layer. Though electron beam rapidly
losses its energy exciting high frequency field in the anode plasma, it does not become completely thermalized and preserves its directed

character up to the anode surface.

Keywords: Double layer, Beam-Plasma interaction, High
frequency field, Anode plasma.

1. INTRODUCTION

In number laboratory experiments the properties of
double layer (DL) have been investigated in magnetized as
well as in unmagnetized plasma [1.2.3]. However, little is
known about the excitation of waves and fluctuations at a
DL. In addition to possible instabilities associated with the
spatial inhomogenity at the layer, interaction is expected
between the surrounding plasma and the particle beams that
are formed as the result of acceleration. Interesting questions
are whether such interactions may lead to a strong
modification of the DL structure, whether the electron beam
breaks up and becomes completely thermalized within the
anode plasma, and what fraction of the beam energy is
converted to hf energy and ultimately radiated.

If the beam were completely thermalized the anode
current would have the character of a random current,
reduced by a Boltzmann factor corresponding to the potential
minimum near the anode. The average depth of the
fluctuating potential minimum is about 4V [1]. Probe
measurements in the anode plasma indicate the electron
temperature about 2 eV and density 3.10"°m™. A plasma with
this density and temperature could only supply an anode
current of a fourth or less of the actual current. The
conclusion is that the electron beam does not become
completely thermalized. The majority of the beam electrons
make a single transit through the anode plasma to the anode.

In this paper results of experimental investigation of a DL
in a magnetized plasma column on the anode side of the layer
are reported. The spatial distributions and other important
properties of the fluctuating electric field are presented for
the high and low frequency waves. Electron energy
distribution function have been studied with the help of
improved pair probe method. Measurements show that the
DL is composed of a central region with a very sharp
potential gradient, surrounded by regions where ions and
electrons entering the layer are accelerated. Though electron
beam mainly losses its energy exciting hf field in the anode

plasma, it preserves its directed character up to the anode
surface.

2. THE DL FORMATION

The plasma column, which is confined by a homogeneous
axial magnetic field, is obtained between the hollow electrode
with inner diameter of 1.5 cm and the anode. The plasma
source is a DC arc discharge between the mercury pool
cathode and hollow electrode. The mercury vapor pressure in
the vacuum chamber is kept at 0.1 mTor, which is about one
order of magnitude smaller than the pressure in the plasma
source.

The electron mean free path is much longer than the
plasma column whereas the ion mean free path for charge
exchange is estimated to 6 cm. In the current-free column the
following parameter values are typical. The axial electric
field is weak about 1 V/m and directed towards the anode.
The electrons have a Maxwellian distribution with a
temperature of about 2 eV. The ion energy can be estimated
to be of the order of 0.1 eV. For the weak magnetic fields
considered here, the ion gyro radius is larger than the column
diameter, and a radial field confines the ions. The electron
number density is of the order of 3 10"* m~. This is also the
typical electron number density on the low potential side of
the formed DL.

When a sufficiently large electron current is drawn to the
anode, an anode sheath depleted of ions is formed. The
electrons in this sheath form a negative space charge and the
anode potential rises to the value necessary to draw the actual
electron current to the anode. When the potential difference
between the anode and plasma exceeds the ionization
potential of the gas, ionization begins in a thin sheath close to
the anode, and electric field at the anode surface is expected
to be reduced due to the space charge of the ions. When the
current is further increased, the region with steep potential
gradient moves further away from the anode and forms a DL.
The layer can be placed at any desired distance from the
anode by varying the anode current. The DL separates the
cathode plasma from the anode plasma [4].
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Number of axially and radial movable Langmuir probes
have been wused for potential, density and electron
temperature determinations. The bandwidth of these probes is
limited to about 200 kHz because of their rather large
capacitance’s to ground (100 pF).

Special methods have been used to overcome the
difficulties caused by the fluctuations in the plasma, and to
compensate for the inevitable disturbance of the plasma
caused by the presence of the probes. A sampling technique
has been used to select moments when the layer position and
the potential drop over the layer assume fixed values.

The cathode plasma is quiescent but the potential of the
anode plasma fluctuates almost coherently with the
fluctuating potential drop across the double layer. Within the
anode plasma the signals were found to be almost identical,
independent of the probe positions, and the small delays
between the probe potential fluctuations are consistent with
propagation velocities of the order of the thermal electron
velocity (10°m/s) or larger.

Measurements of the spatial distributions for various
frequencies confirm that the low frequency field assumes its
maximum values in a region at the double layer, where it
typically is an order of magnitude larger than in the
surrounding plasmas. This is shown in figure la for a
frequency of 50 kHz (bandwidth 8 kHz), and single- humped
distributions like this one were found for frequencies larger
than some tens of kHz. This suggests that the fluctuations in
the layer profile are the dominating source for the electric
field at these frequencies and that the axial layer motion
manifests itself only in the width of the hump, which is a
rough measure of the amplitude in the motion.

The radial electric field is directed inward in the cathode
plasma but directed outward in the anode plasma. The
equipotential lines, which are transverse to the magnetic field
at the symmetry axis, tend to become parallel with the
magnetic field at the plasma boundary. There is a radial
expansion of the plasma column towards the anode. Most of
this expansion seems to occur in a region at the DL.

The cathode plasma, which is maintained by the plasma
source, provides the layer with reflected ions and free
electrons, and random electron flux at the potential minimum
(X=Xo, figure 1) determines the electron flux towards the layer
and the discharge current.

E
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Fig.1. a) The spatial distribution of low frequency field for a
frequency 50 kHz (bandwidth 8 kHz).
b) The spatial distribution of high frequency field,
measured by a twin probe for a frequency of 500 MHz
(bandwidth 3 MHz).

The acceleration of these electrons in the layer increases
the probability of impact ionization by several orders of
magnitude, and this process is the only source for positive
ions in the anode plasma. The potential in the anode plasma
assumes a flat maximum so that a potential well is formed for
the electrons. Probe measurements show that the depth of the
well, which is determined by the potential minimum in front
of the anode, is at least 4 V, but it may be deeper. Although
the electron mean free path is much longer than the length of
the plasma column, elastic and inelastic collisions between
electrons and atoms can accordingly build up a trapped
electron population, which gives reflected electrons at the
layer. Thus both free and reflected ions and electrons are
present at the layer.

It can also be argued that the DL is strong, that is, the
particle energies gained by accelerating in the layer (18 V)
are much larger than the energies of the particles when they
enter the layer. Electrons in the cathode plasma are
Maxwellian-distributed with a temperature of 2eV.
Accordingly the distribution function of the electrons, that
enter the layer at the potential minimum, can be
approximated by a half-Maxwellian distribution with this
temperature. The fast ions, that have been accelerated in the
DL, are lost in the cathode plasma by charge transfer
collisions. The energy of ions moving towards the layer in
the cathode plasma is therefore determined mainly by the
mean free path for charge transfer collisions and the weak
axial field there, which is directed towards the layer for X<Xx.
The average energy can be estimated to be about 0-5 eV. In
the anode plasma the initial energy of the ions, when they are
formed by impact ionization, is negligible, and the maximum
ion energy is limited by the passed potential difference. The
energy of the trapped electrons in the anode plasma is limited
by the depth of the potential well there; that is, the potential
difference between this point and the point at the potential
minimum in front of the anode.

3. HIGH FREQUENCY FIELDS AND BEAM -
PLASMA INTERACTION

The electron distribution function on the high potential
side of the double layer may be strongly modified due to
beam-plasma interaction. A first evidence of this interaction
is a high frequency field with frequencies of the order of the
plasma frequency. The conditions on the high potential side
of the DL are similar to those prevailing in front of the
cathode sheath in hot-cathode, low pressure discharges, and
in that case a large number of investigations of the high
frequency field and the energy dispersion of electron beam
have been presented [5]. Here the high frequency field
existence on the high potential side of the DL and its
properties with earlier investigations were demonstrated.
Accordingly the same group of problems appearing in beam-
plasma interaction should also be of importance for the
understanding of a DL phenomenon.

Specially developed twin probes were used in the
measurements for the following reasons. A single coaxial
cable with the inner conductor as a probe tip would measure
the difference between the potential of the tip and badly
defined potential of the outer conductor, because this has
usually to be grounded at some point several wavelengths
from the plasma volume. In particular, this potential would
depend on the way in which the cable enters the plasma, and
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correlation measurements with two probes would become
erroneous. The twin probe consists of two thin parallel cables
with the inner conductor protruding 2 mm into the plasma.
The outer conductors are carefully joined near the probe tips,
and therefore have a common potential. This unknown
potential is eliminated by forming the difference of the
signals in a hybrid tee. All cables are carefully terminated in
the receiving end to avoid standing waves. The HF power is
measured with a spectrum analyzer with 3 MHz HF
bandwidth and 3 Hz LF bandwidth. All measurements are
thus time-averages over periods that are long compared with
the periods of the low frequency fluctuations.

The spatial distribution of the power level associated with
the HF field, measured by a twin probe, is shown in figure 1b
for a frequency of 500 MHz. It is a single hump in the anode
plasma with a remarkably sharp maximum displaced about
100 Debye lengths from the DL. Similar distributions were
found for frequencies between 300 and 700 MHz.

The power spectrum, shown in figure 1b, has a maximum
in the vicinity of the plasma frequency. However, since the
diagram represents time-averaged values, any possible fine
structure is probably wiped out by the low frequency
fluctuations. Errors due to the frequency-dependent coupling
between the probe and the plasma also distort such diagrams.

Improved sampling and signal averaging technique has
allowed refined probe measurements. Pairs of thin rod-

shaped probes (@ 0.2mm, g =5mm), one rod parallel to
the beam, the other transverse, have been used. The parallel
probe exhibits only its small end surface to a parallel flow
while the perpendicular one shows a hulf — cylindrical. Total
areas of two probes were equal and currents of thermal
electrons of both probes should be identical. Difference of

currents J | — J; provides a rough method to distinguish

d
beam electrons. Thus d—(J | — Jrepresents directed
\

part of electron energy distribution function. In fig 2 is shown
d

—Q

dv =

of DL. To eliminate hysteresis the curve 2a is measured in
both direction of change of ramping potential. Near the DL

— J ;) versus V measured at different distances

d
(fig 2a) d—(J |, — Jy)shows a sharp peak according to
vV

the beam electrons accelerated in DL. This is an unstable
situation and leads to hf — generation. Further downstream
this peak diminishes and gradually disappears, though
directed character of distribution function preserves in the
course of whole anode plasmas.

Pair collisions cannot explain the strong energy exchange,
obtained from the comparison of curves a, b, ¢, d in fig 2, as
the mean free path of electrons is much longer than the
plasma column length. The rapid loss of energy of electrons,
accelerated through the DL can be explained by the
conversion of this energy to the hf field generation. These
oscillations having noise character with the wide spectrum
exists in the measured curves. It should be noted that in this
method the errors connected with the plasma potential
oscillations eliminated since potentials of both probes change
identically.
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Fig.2. Measured — (3, - J,,)at different distances
dv
from the DL: a) 0,5 cm; b) 2 cm; ¢) 6 cm; d) 12 cm.
4. CONCLUSIONS

The double layer investigated is associated with low
frequency and high frequency field fluctuations. Low
frequency field is partly due to an axial layer motion back
and forth and partly due to potential fluctuations in the layer.
It has a sharp maximum in the double layer region. The high
frequency field, which has a broad maximum around the
electron plasma frequency, is also sharply localized in space.
It has its maximum displaced from the double layer on the
high potential side where an electron beam is formed. It is
associated with axially propagating waves with a phase
velocity that is nearly constant over a wide range of
frequencies and rather smaller than the electron beam
velocity.
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Electron energy distribution is consisted of sum of current. Consequently though electron beam mainly losses its
thermalized trapped part and beam part, which is formed energy exciting hf field in the anode plasma, it does not
passing through the double layer. The measurements become completely thermalized and preserves its directed
performed with the help of twin probes showed that beam  character up to the anode surface. The majority of the beam
electrons rapidly loss their energy exciting high frequency electrons make a single transit through the anode plasma to
field. If the beam were completely thermalized, plasma with  the anode.
actual density and temperate could not supply an anode

[1] S. Torven, L. Lindberg. J.Phys.D. Appl. Phys. 1980, [4] A.H. Muradov Plasma Physics 1985,

v.11, p.2285. Properties of a fluctuating double layer v.11.N.11.p.1385.
in a magnetised plasma column. [5] V.L. Granovskiy Elektric current in gases, v.2. 1971.
[2] M.V. Nezlin Plasma Physics 1981. v.7, p.1048. M. “Nauka” Pbl. Co.

[3] T. Gyergyek Plasma Phys. and Controlled Fusion
1999, v.41. p.175. Experimental study of the nonlinear
dynamics of a harmonically forced double layer.

M. Moslehi-Fard, ©.X.Muradov

IKIQAT TOB9Q3 YAXINLIGINDA YUKSSK TEZLIKLi ZOND OLCMSLORI VO DOSTO-PLAZMA
QARSILIQLI TSSIRI

Plazmada ikigat elektrik tabagasindan anod tarafde ylksak- ve algaq tezlikli elektrik sahalerinin intensivliklerinin fazada
paylanmasi dlciilmisdiir. Olgmaler gosterdi ki, ikigat tebaqe potensialin cox keskin deyisdiyi merkazi hisseden ve onu shats
edan, elektron va ionlarin ilkin slretlondiyi, atraf oblastlardan tagkil olunub. Algaq tezlikli sahanin amplitudu ikigat tebaqa
oblastinda kaskin maksimuma malikdir. Bu saha asasen ikiqat tebagenin bultdvlikds fluktuasiya xarakterli heroketi ve
potensialin profilinin deyismasi ilo alagadardir. Yiksak tezlikli saha plazmanin elektron tezliyi yaxiniginda genis maksimuma
malikdir va ikigat tebagadan yliksak potensial tarafds, elektron dastasinin formalasdidi oblastda, lokallagmisdir.

Paylanma funksiyasinin tekmillagmis iki zond Usulu ile 6lglilmasi gostardi ki, elektronlarin enerciya gore paylanma funksiyasi
iki hissadan taskil olunub:

1. Demak olar ki, izotrop paylanmus istilik elektronlarina uygun hisse; 2. ikiqat tebagaden kegerken siiretlonarek deste toskil
eden istigamatlanmis hissa. Elektron dastesinin anod plazmasinda yuksak tezlikli regsler haysjanlasdirmasi hesabina 6z
enercisini siratls itirmasina baxmayaraq paylanma funksiyasi tam izotrop olmur, va 6zlnin istigamatlenmis xarakterini butin
anod plazmasi boyunja saxlayir.

M.Mocaexu-®@apa, A.X.Mypaaos

BBICOKOYACTOTHBIE 30HJOBBIE U3BMEPEHMS U JIOKAJIBHOE ITYUYKOBO-IIJIABMEHHOE
B3AMMO/JIEMCTBHME BEJIM3H JBOMHOI'O CJIOS

M3MepeHsl IPOCTPaHCTBEHHBIE PACHIPE/EICHHS BBICOKO- U HU3KOYACTOTHBIX I10JICH HAa aHOIHON CTOPOHE OT JABOMHOIO 3JIEKTPUUECKOIO
cnos. M3mepenus mokasanau, uTO JBOMHOHM CJIOM COCTOMUT W3 LIEHTPAJIbHOM YacTU C OYEHb PE3KUM CKAYKOM IOTEHLMANA, OKPYXEHHOM
00J1acTsIMU B KOTOPBIX 3/IE€KTPOHBI U HOHBI MIPEJBAPUTENBHO YCKOPSIOTCSA. AMIUIUTY1a HU3KOYAaCTOTHOTO TIOJIS, BOSHUKAIOIIETO B PE3yNIbTaTe
MIPOJONBHBIX (IYKTYalIMOHHBIX NEPEMEICHUH NBOMHOrO CIOS M M3MEHEHMH Nmpoduiis moTeHnuana, MMeeT Pe3KHi MakcUMyM B 00JacTé
cioeB. BricokoyacToTHOE MOJE€ MMEET HIMPOK Wil MaKCHMyM BOJIHW3HM SJCKTPOHHOH IIa3MEHHOH YacTOTHl M JIOKATM30BAaHO B aHOIHOM
wia3me. Ero MakcHMyM HECKOJIBKO CMEIEH OT ABOWHOTO CJIOSI B CTOPOHY BBICOKOTO TIOTEHIHANA, Iie (GOPMHUPYETCS SNEKTPOHHBIHN ITydOK.

Wsmepenns (GyHKIHMM pacrlpenelieHHs yCOBEPIICHCTBOBAHHBIM METOJOM [BYX 30HIOB IOKAa3alH, YTO (YHKIOUS paclpeereHHs
9JIEKTPOHOB COCTOMT M3 JBYX 4actei: 1. COOTBETCTBYIOIIAs 3alepTHIM TEIUIOBBIM JJIeKTpoHaM U 2. [TyukoBoi yacTH, (OpMHUPYIOMEHCS IPU
MIPOXOXKACHUU IIPOJIETHBIX JJIEKTPOHOB uYepe3 BOHHOM CIIOH. XOTs JIEKTPOHHBIM My4OK OBICTPO TEpsSeT SHEPrHi0 B aHOJIHOH ILIa3Me Ha
B030Y>KJIeHHE BBICOKOYACTOTHOI'O TI0JISI, pAcCHpeelIeHHEe HIEKTPOHOB MOJHOCTBIO HE TEPMAIIM3YeTCs, U COXPaHsAeT HalpaBICHHBIH XapakTep
BIUIOTH JI0 MOBEPXHOCTU aHOAA.

Received: 22.06.04
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BULK SPIN WAVES PROPAGATION IN DIRECTION PERPENDICULAR TO THE (110)
PLANE FOR FERROMAGNETIC SUPERLATTICE

V.A. TANRIVERDIYEV, V.S. TAGIYEYV, S.M. SEYID-RZAYEVA
Institute of Physics of Academy of Sciences of Azerbaijan
Baku - 1143, H.Javid av. 33

A superlattice consisting of alternating layers of two-simple Heizenberg ferromagnetic is considered. Using Green function method the
dispersion equations of bulk spin waves propagation in direction perpendicular to the plane (110) are derived for this systems. The numerical

results are shown graphically.

During the past decade, there has been considerable effort
devoted to the synthesis and study of composite materials,
and of superlattices formed from alternating layers of
different materials [1-3]. The study of spin waves is very
useful in determining the fundamental parameters that
characterize magnetic superlattice. In magnetic superlattices,
elementary excitations have properties distinctly different
from the modes associated with any one constituent. Bulk
spin waves of periodic structure or magnetic superlattices
have been analyzed theoretically in many special cases [4-6].
In the short-wavelength limit, where the exchange coupling is
dominant, comparatively fewer studies have been done. Some
qualitative features of superlattice are most easily explained
for the simple — cubic structure in terms of modified single -
film properties. The bulk spin-wave regions in simple-cubic
Heisenberg ferromagnetic material are derived in Ref.[4] The
aim of this paper is to study by the Green function method
[7,8] properties of an ferrormagnetic  superlattice with
quantum Heisenberg spins at finite temperature and this
theoretical studies are analogous to one from the Ref.[9],
where bulk spin waves propagation in direction
perpendicular to the plane (001) in ferromagnetic
superlattice is considered.

As indicated in fig. 1 we consider in this paper a simple
cubic ferromagnetic superlattice model in which the atomic
planes of material 1 alternate with atomic planes of material
2. The materials are taken to be simple — cubic Heisenberg
ferromagnetic, having exchange constant J; and J, and lattice
constant a.

We consider here the following Heisenberg Hamiltonian:

H =—%ZJ;7(SiSj)_Zg'uﬂ(HO +Hi(A))Siz (M
ij i

where J jj -represents the exchange between the spins S; and

S ; of the nearest neighbors. Hy is an applied magnetic field

in the superlattice z direction, and H™ (i =1,2) anisotropy
field for a ferromagnetic with simple unaxial anisotropy|

along the z axis. We define a double — time Green function
in real space Gj; (t,t') =<< S/ (t),‘ Sy (t') >> .
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Fig. 1 A simple cubic ferromagnetic superlattice model in
which the atomic planes of material 1 alternate with
atomic  planes of material 2. The same lattice
parameter a is assumed for all materials.

We consider here the following Heisenberg Hamiltonian:
1 A) z
H=-2%J, (5,5,)- X g, (e, + )57y
i,j i

where J jj “represents the exchange between the spins S; and

S i of the nearest neighbors. Hy is an applied magnetic field

in the superlattice z direction, and H® (i =1,2) anisotropy
field for a ferromagnetic with simple unaxial anisotropy
along the z axis. We define a double — time Green function

in real space Gij(t,t') =<< Sj(t);Sj‘(t’) >>. Writing the

equation of motion for Green function and employing the
random-phase approximation one obtains a set of equations.
Furthermore, to emphasize the layered structure we shall use
the following the frequency and two-dimensional. Fourier
transformation [6,10]

N 1 :
G, (1t ):?I dk, exp[ ik, (r, -7, ]EI doG . (w.k )exp[—io(t—t')] )

where kH is two-dimensional wave vector, 1 is spin-wave frequency, n and n indices of the layers to which r; and r; and

belong, respectively.
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{(w = Ay + JSDEGL, o+ IEHEGT)  + I SHEGY,  + ISIHCE, = 281, 3

(@ — A, + I,(SIHGP,  + ISHUGHE, | + I (SHEGR, . + JSHEY, | = 2S5, ,

where

Al(z) = 8Hp (Ho + Hl(é)))+ 4J1(2)<S12(2)> + 2J<Szz(1)> - 2J1(2)<S12(2)> cos(kya),

t= exp(ikxa/\/z), "= exp(— ikxa/\/g)
The system is also periodic in z direction which lattice constant is a/ \/E . According Bloch’s theorem we can write
GU) = ewli.a/ )G <TGl
Using (4) the system of equation of (3) can be written the following matrix form

WA, +J (ST +1'T") HSHT+er) ) (G (28D,
ISHT+eT) A, + (ST +07")) \ G2 )| 286

' '
n,n n,n

(&)

The dispersion of equation for the bulk spin waves propagating in direction perpendicular to the plane (110) for the
superlattice under consideration is derived by the equation (5) as following form:

o + o coslalk, + k. )N2 )T (SF) +T,(85))— 4, — 4, |+ (27,(S ycoslalke, + k. )/N2)- B, )x o
x(27,¢53) coslalk, +k.)/N2 )~ B, )- 477 (57 )52 coslalk, - £.)/~2)] =0

The equation (6) is the main results of this paper. It can be verified from equation (6) that when both media are identical

it reduces to dispersion equation of bulk spin waves propagation in direction perpendicular to the plane (110) for ferromagnetic
constituents [4,5].

)

}4
1

AN

k. a
Fig 2 Bulk spin-wave regions for (a) the constituents 1 and (b) constituents 2 with the parameters J, / I,=2;¢g =¢g,;
guugH, [T (S{)=0.05, g H{" [J,(S7)=0.01; g,u, H{Y [J,(S)=0.03.

-
)
oo 10
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=
0 ] 5 0 1 2
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Fig. 3 Bulk spin—wave regions for superlattice, when J / J, =1.5 and the other parameters are chosen as Fig. 1.
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In Fig.2, 3 the results numerically illustrated for particular
choice of parameters. Fig. 3 shows the bulk spin-wave
regions for the superlattice as a function of the quantity

K.a, while fig. 2 shows those for the components 2 and 3.

The analysis of the results shows that the width of the bulk-
spin wave regions in ferromagnetic superlattice is depended
on wave vectors and exchange interaction.

[11 Ed. By M.Cottam. “Linear and Nonlinear Spin Waves
in Magnetic Films and Superlattices”, World
Scientific, 1994.

Feng Chen and H.K.Sy. J. Phys. Condens. Matter.
1995, 7, 6591

R.E.Camley and R.L.Stamps. J Phys. Condens. Matter.

(2]

1993, 5, 3727.

[4]1 T Wolfram and R.E.DeWames, Prog. Surf. Sci. 1972,
2,233.

[51 R.E.DeWames and T. Wolfram. Phys. Rev. 1969,
185, 720

[6] V.A.Tanriverdiyev, V.S.Tagiyev,  M.B.Guseynov.
Transactions, Azerbaijan Academy of Sciences, 2000,
2, 20.

V.L. Bonc-Bruyevic, S.V. Tyablikov. Metodi funkcii
Grina statisticeskoy mexanike. M.: FM literature,
(1961)

Yi-Fang Zhou. Tsung-han Lin. Physics Lett. A. v.134,
N.4, p.1989, 257-259.

V.S. Tagiyev, V.A.Tanriverdiyev, S.M.Seyid-Rzayeva,
M.B.Guseynov. Fizika, 6, N. 1, 2000 p.33-35.
H.T.Diep.  Physics LettA 1989 138,

[10] 69

V.. Tanriverdiyev, V.S. Tagiyev, S.M. Seyid Rzayeva

FERROMAGNIT IFRAT QOF9SDO (110) MUSTOVISINO PERPENDIKULYAR iSTIQAMOTDO YAYILAN
HOCM SPiN DALGALARI

Iki miixtelif sade kubik Heyzenberq ferromagnitin atom laylarmin névbelesmesinden alinan ifrat gefes tedqiq olunub. Qrin funksiyasi
metodu ile ifrat gofesin oxu boyunca yayilan hacm spin dalgalar li¢iin dispersiya tenliyi tapilib. Alinan naticeler parametrlorin se¢ilmis

giymatlari ii¢lin kemiyyetce tosvir olunub.

B.A . TanpsiBepaues, B.C. Tarues, C.M. Ceun-P3aeBa

OBBEMHBIE CIIMUHOBBIE BOJIHbI, PACIIPOCTPAHAIOINMUECS B HATIPABJIEHUU NEPITEHAUKYJIAPHOM K
IJIOCKOCTH (110) B ®BEPPOMATHUTHOM CBEPXPEIMIETKE

PaccmatpuBaeTcst cBEpXpemeTka, COCTOSIAs U3 YepeTyOMUXCsl CIIOEB ABYX Pa3IMYHBIX THNOB I el3eHOeproBCKuX (heppOMarHETUKOB.

Hcnonesys meron ¢yHkuun [puHa MOTydeHBI

JVCTIEPCHOHHBIC YPaBHEHHS AT OOBEMHBIX CIMHOBBIX BOJH, PacIpOCTPAHSIONIUXCS B

HaTpaBJICHAU TEPIEHANKYIIpHOM K miockocTH (110). UncneHHbIe pe3yabTaThl MPEICTaBICHBI IPadUIECKH.

Received: 24.07.04
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THE EFFECT OF THE THERMAL INFLUNCE ON THE MICROHARDNESS AND THE
CRYSTAL EXPANSION OF BaF,

O. DAVARASHVILI, M. ENUKASHVILI, N. KEKELIDZE
The Thilisi State University name of Javakhishvili,
3801286 Thilisi, Chavchavadze ave., 1

G. DARSAVELIDZE, L. GABRICHIDZE
Institute of metallurgy and materiology name of A.Tavadze, AS of Georgia,
380060, Thilisi, Kazbegi str., 15

T. MAMEDOV, N. AHMEDZADE
Institute of Physics of Academy of Sciences of Azerbaijan
Baku - 1143, H.Javid av. 33

L.TECER
Karaelmaz University, Zonguldak, Turkey

It was revealed, in BaF, crystals with grain-structure thermal influence is the reason of unstrengthening and hysteresis of the coefficient

of thermal expansion.

It is observed that in the BaF, crystals, differing by the
unit structure, the thermal influence leads to the disorder and
the hysteresis character of the change of thermal expansion
coefficient.

The crystals of barium ftoride are widely used in the
capacity of the substrates for the epitaxial growth of
compounds IV-VI seeing that of the uniqueness of the types
of their crystal lattices and the nearness of the lattice
constants. The epitaxy from the gas and liquid phases is
usually carried out at the temperatures 300-500°C [1]. The
activation of the structure-sensitive properties at such
temperatures can influence on the perfection of the epitaxial
layers and the state of the heteroboundary between them in
the result of the borrowing of the defects from the substrates
of BaF,. The similar situation can appear at the use of BaF, in
the capacity of buffer layers at the creation of the multi-
layered structures also.

In the present paper the influence of the temperature
factor on the structure-sensitive properties at the investigation
of the microhardness and the thermal expansion of BaF,
crystals has been studied.

The microhardness of the BaF, samples in the initial state
was studying at the room temperature and after the heating
till 450°C in the vacuum ~10-3mm.m.c., and the temperature
dependence of the elongation ratio in the cycle heating-
cooling till 600°C have been studied.

The measurements of the microhardness by Knoop were
carried out on the device PMT-3 at the load ~20G. The
measurement accuracy of the microhardness is <30%. The
results of the microhardness measurements on the samples of
the different form are presented in the table 1. From the table
1 it is seen, that sample of the prism form differs by the most
microhardness. Its value is close to the literature value of the
microhardness, which is equal to 82 kg/mm? [2]. The cycle of
heating cooling in the temperature interval from room till
450°C, carried out with the velocity of he temperature change
~3gr/min, increases significantly the microhardness of the
BaF, crystals. It is easy to propose, that given mode of the
thermal influence leads to the crystal disorder the difference
of the microhardness values in the samples of the different
thickness connects with the forming character of the
prolonged defects.

Table 1

The microhardness of the barium ftoride samples

Microhardness by Knoop, kg/mm?
Crystal form Thickness, mm
Initial state | After heating till 450°C
1. Round plane 1 75 60
2. Beam 80 65
3. Rod 1 75 65

The thermal expansion of the samples of sizes
3x5x12mm’ was investigated in the temperature interval 20-
600°C on the vacuum dilatometer with the inductive gauge.
The heating of the samples was carried out with the velocity
3grad/min. The measurement accuracy of elongation ratio

was 3%. The results of the measurements are given in the
fig.1.

From the figure it is seen, that values of the relative
aspect ratio, defined at the similar heating and cooling
temperatures strongly differ, essentially in the temperature
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interval 20-400°C. At the repeating of the cycle heating-
cooling, the difference of the values of the elongation ratio
decreases. In the given temperature interval the decrease was
30% approximately. When the measurements are carried out
in the mode of the continuous heating and cooling, this
difference becomes more significant. If the crystals will be
subjected to the additional following annealing at 450°C
during 30 minutes, the difference of the values of the
elongation ratio would be decrease on 50%.

_ S — L >
1] "
200 400 600 1"C

Fig. 1. The dependence of the aspect ratio in the BaF, crystals
in the cycle heating-cooling.

On the basis of the obtained results from the known ratio
a=Al/IAT, the values of the thermal expansion coefficient
were defined. The results of the definition at the different
temperatures are presented in the fig.2. From the fig.2, it is
seen, that thermal expansion coefficient has the hysteresis
character in the cycle heating-cooling also, and is equal to
18-10° grad in the initial state and after the cycle heating-
cooling has the values 20-10° grad™.

NEBTAE
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[ L L »

200 400 600  T'C

Fig.2. The temperature dependence of thermal expansion
coefficient of BaF, crystals.

{)

Thus, crystals of barium ftoride heating till 600°C or the
short-term extract at the temperatures ~400°C becomes
disordered, and at the same time appears the hysteresis
character of the change of thermal expansion coefficient,
essentially in the temperature interval from room till 450°C.
The last circumstance leads to the presence of permanent
elongation ratio after cooling.

The above mentioned peculiarities, probably, connect
with the relaxation of the nonhomogeneous interval stresses,
leading to the creation and motion of the dislocations,
essentially near block boundaries and consequently, to the
crystal disorder. Such anomalies in the behaviour of thermal
expansion coefficient were observed in the boron and calcite
[3,4] and explained by the role of the twins and packing
defects, interacting actively with he residual impurities at the
thermal influence.

The paper partly is supposed by grand of NATO.
PST.980089.
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BaF, KRISTALLARININ MiKROBORKLIiYIN® VO GENiISLONM3SIN® TERMIK HORSKSTIN TOSIRI

Blok qurulusu ile farglenan kristallarinda misyyan edilmisdir ki, istilik tesiri termik genislenma amsalinin gisterezis xarakterli

dayismesina ve moéhkamliyinin azalmasina gatirir.

O.U. Japapamsuiau, M.U. Enykamsuiu, H.IL. Kexkenunze, I'.1Ll. lapcaBeauase,
JLJL. Ta6puunnse, T.C. Mamenos, H./I. Axmen3ane, JI.H.Tecep

BJIMSTHUE TEPMUYECKOI'O BO3JIECTBUS HA MUKPOTBEPIOCTb U PACIIUPEHUE KPUCTAJLTIOB BaF,

OOHapyxeHO, 4YTO B Kpuctamiax BaF,,

OTJINYAIOUIMXCSl OJIOYHOW CTPYKTypOH, TeMIlepaTypHOE BO3ICHCTBHE IPUBOAUT K

Pa3yNpOYHEHHIO U THCTEPE3UCHOMY XapaKTepy U3MEHEHUs KO3()(GUIIMEHTa TEePMUUECKOTO PACIIUPEHHUS
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SOLUTION OF THE PRINCIPAL CHIRAL FIELD PROBLEM
AS “MATHEMATICA” ALGORITHM

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

Solutions of the principal chiral field problem are constructed by means of Mathematica software.

1. The problem of constructing of the solutions of self-dual Yang-Mills (SDYM) model and its dimensional reductions, the
principal chiral field problem in our case, in the explicit form for 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
(14+2)-dimensions are symmetry reductions of SDYM or they can be obtained from it by imposing the constraints on Yang-
Mills potentials [1-12].

This work is a direct continuation of [13-15], where the exact solutions of the principal chiral field problem have been de-
rived, and it shows how to obtain the further results using determined Mathematica algorithm. The discrete symmetry trans-
formation method [12] applied here allows to generate new solutions from the old ones in much more easier way than applying
methods from [11], and the case of SL(3,C) algebra gives us a key to construct solutions for an arbitrary semisimple algebra.

2. Equations of the principal chiral field problem are the systems of equations for the element f , taking values in the
semisimple algebra,

o f of of
6-0,) == M
OX;OX; OX; OX;

In the case of two-dimensional space: €,=1, 6,=-1, X, =& ,X, =v.

Following [12], for the case of a semisimple Lie algebra and for an element F being a solution of (1), the following state-
ment takes place:
There exists such an element S taking values in a gauge group that

oS 1 |éf o 1
S_l—:T —,X+ -0 ——X, 2
ox  f {axi M} tox, £ @

Here X ,T,, is the element of the algebra corresponding to its maximal root divided by its norm, i.e.,
X, x7] = H, 1, x*] = 22x*

— F_ - is the coefficient function in the decomposition of T of the element corresponding to the minimal root of the algebra,
T = ofc " and where ois an automorfism of the algebra, changing the positive and negative roots.
In the case of algebra SL(3,C) we’ll consider the case of three dimensional representation of algebra and the following
0 01
formof o = | 0 1 O|.
-100

The discrete symmetry transformation, producing new solutions from the known ones, is as follows:

~

Ezsﬂs—w%és—l (3)
OX; OX; OX;

3. Let's represent the explicit formulae for transformation in the case of SL(3,C) algebra

T =X + X, + al’le*,z + h + ,h, + aX; + aX, + a X, )
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In connection with the general scheme, first of all, it is necessary to find the solution of the equations (2) for the SL(3,C)
valued function S for given T, solution of equations (1).
From (2) it is clear that S is upper triangular matrix and can be represented in the following form:

S =exp :lef exp ﬂl,z)q,z exp ,32X2+ exp :BOH ’ ®)
where H=h,+h,.
After substitution of the last representation of S into (2) and taking into account (4), we have at every step of the recurrent
procedure the following relations

b = Inal,zs bh=a, B =
(ﬂl,Z)xi :(al,Z)zx, - (9, +52)xi a, _(al)xi a, (6)

As the initial solution we'll take the explicit solution F belonging to the algebra of upper triangular matrixes:
T = aX + X5 + a X, + r;h, + 7,h, (7

The component form of self-duality equations for this case is following
o’r,
OX; X
o’a
—={0,,a,},  ,» =12, )
OX; X P
2
o-a,,
OX; X
where 6, = 27, - 7, , 6, = 27, — 7, and figure brackets of two functions g; and g denotes :

d9, 09, 49, o9
{g]9g2}xijxj :Tl_z__z_l -

>

:{51 +52’a1,2}x,,x]— )

The general solution of system (8) takes the form

=27 (%) @ = fa; (A)exp(=5, (A)dA,
N _ Tis (Xs)
=T
a,, = $a,, (A exp(=5,(4) - 5, (A)dA +
A2, () exp(-5, (1) )
A=A

+§on (1) exp(-6,(2)d$

Here the circle integration goes over the complex parameter A.

By the direct check one can be convinced that (9) are the solutions of equations (8). The formulae (9) can also be obtained
as a solution of homogeneous Riemann problem in the case of the solvable algebra [11].

Let’s represent two types of Backlund transformation by means of which one can construct new types of solutions of equa-
tions (8) from the known solution (9). For solutions of first two equations of (8) this two Backlund transformations are the
same:

k k k+1 :
O0s(a7)y, =(6), 00 =(a7),, »i=12 (10)
For solutions of the third equation of the system (8) they are different:

0.k 0.k K K 0,k+1
95(0‘1,2 X - (0, +§z)><S o, —(a )xS a, = (051,2+ ) (11)

S

and
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k.0 k.0 K, ok K+1,0
0, (o)) X, - (4, +52)x5 o, 0 (sz)xs = (051,3 )x (12)

S

Note that starting, zero step of upper transformations procedure coincides with initial solutions (9).
Let’s return to the solution of the equation (7) at the first step of the recurrent procedure.

Comparing (6) and (12) we came to the conclusion that ,31’2 = 05(1),’21 .

Finally, knowing all components of matrix S and using (3) we can express the solution

F = F'X + BEX; + FLX, + FPhy + Fh, + FX, + B X, + FLX(,

of self-duality equations at the first step of the recurrent procedure in terms of chains (10)-(12):

1,0 0,1
a,’ a;’
0 _ 1,2 0 _ 1,2
Fo=0+—=55.F =5 +—=55
1,2 1,2
0 0
F,= = F =% F=-_%
1,2 00 * M1 00 72 0.0
1,2 1,2 a5
0 1 0
F+ _ 1 o, a; F+ _ 1 a, a, (13)
1~ 7 00 |.00 100 *» "2 T 7 00 |.00 0,1
Qo Oy Q5 Q5 |Gy Q5

0,0 0,1
1 | o)

= 700 | .10 1,1
12 |F12

Using the equations of the principal chiral field problem for the group-valued element

6.(9), 97 =(f),

the relations (3) can be rewritten as

0(S,09,), (S,09,)" =(f,..),,

So we see that the group valued elements Qn+; and g, are connected by the relation

gn+1 = Sno-gn (14)

Let's represent the explicit formulae of the recurrent procedure of obtaining the group-valued element solutions.
At every step, as it shown in [5], S is upper triangular matrix and can be represented in the following form:

S, = exp(B,),X; exp( 1,2)nX1+,2 exp(f,),X; exp(f ) H . (15)

where H=h;+h, and for g, we use the following parameterization:

g, = expln; ),X; expln;,) X;, exp(n; ), X exp(t,),h, + (€,),h,) x

(16)
x expln; ), Xz expln, ) X1, expl ), X;

with
9o = expln LX; expln, ) X1, explr; X exp((t, h, + (€)h,)

as an initial solution.
Hereafter, X 1i , X; , X 1i,2 ,h1, hy are the generators of SL(3,C) algebra.
Following the general scheme from [5] we have at
(0)-step:
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“1_ -1 = -1,0
@& =n=vi.Onid =00 =L2,(1)% = 7
The further calculation we deliver to Mathematica program:

(ty)y ==V, . (0 )y = a1 =12,(n,), = a3’

The further calculation we deliver to Mathematica program:

01 0y 00 0y (00 Iy
Xf=[00 OL: xf:[u 0 1&: xb:[o 0 0&:
000 000 000
(00 0y 00 0y 00 0y
)\T:[IOO[: 5:000&, .f,‘;:[uool;
000) 010 l1oo0
10 0y 00 0, 00 1y
hy= |0 -1 0f; hz=[“‘ ul:w_{o l(ll:
o 0 o) 00 -1 -100

G = MatrixExp|ny X{ | MatrixExp[ng 3 X{ 2] MatrixExp{np X3 | MatrixExp{ry hy .

MatrixExp[ra ha];
S1 = MatrixExp[by X{ |.MatrixExp| by 3 X 2 | MatrixExp{ by X3 | VatrixExp[ by (hy + hy)l;

G =85pwGy:
MatrixForm[G ]
Nt
_e‘b{ﬁrl [bl I}2+ b]‘z) !,_,71‘1+F2 b] —¢17b07r|+r2 nj [bl b2+ bl_z} cbO"Q +e 12 b] ny - i‘_bo_ ] (bl b2+ bl.2}[n] ng + "1,2)]
e borT e TI#12 _ = bo=11412 py ™12 ny— =202 by () my 41 )
_(,~|J(;+r| -c—bu—flﬂz ny —p_bU_rZ{r” ny+nj o) )
G/ (by bp+bya)»ay2(1,01/ ngng+ny 3 —ay 210,11/ by - Loglay 210, 0]] /.
by - a7]0]

[ by = agl0] /. np = aq[-11/ m - ay[-1]
(e oMLy oy oy e yg0) - LORRL200] Ty gy

. Log[a] 210,0]] -Log[a| 210.07]

“2,m2 a0l m[-1]-¢ -2 ap 200, - ay L1 01,

{_E-Log[all[ﬁ,{)!]u[ 10, e~ rp+ry ‘,“Lo.%[al,Z[O«OI]“r] 419 ajl- 11 al0,
o1 wl-1] - f—lﬁg[alz[(u}}]— r 2210] a) 210, - ||:~
~l.og[a 0.0)]+r -Log|: 0] - - i )0l |-
[_r Og[alz[ i]+I L _, [ 05[;1]_2[0_0]] 1+ al-1-e Log[llz[(_Ol] ry a1 210, - I]H

Gy = FullSimplify{%]
el aj2(L0] e n+mn (ap[01a] 20, 0] —ay[- 1 aj 21, U]]

ap 210, 0] . 31,210- 0]

T2 [u|[()] az(-11a 210,01 +aj 210, 0]2- 21210.- 1 ap o[ 1. 0]] o'l (0]

a) 210, 0] a0
2 (Cay[- 12101 +21 2(0, 01) e~ "2 (- ap(0) a) 210, - 1] +ap[-11a) 2(0.0])
ay 7(0, a - o R a) 510, 0] ’
el S gq-1y e”ayal0,-1)
) a) 2(0,0 . ap 210, OJ_ T Ia]:.;_‘[(J-. I-_)[ -

G| = FullSimplify{% /. aj [0]a3[-1) —ajp a1, —1]-a1210,0]
fagl=1az10] » ag 210, 0] —ay 3 [-1, 1]]
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a0y e~ "172 (a)[012) 210, 0)—a [~ 1) a) 2 (1. 0))

a) 210, 0 ) a1 710, 0]

e~ "2 (ay 210, 0 a (1, - 11- a) 2(0, - 1 ag 5[ 1, 0))

aj 2(0.0]
a0 ¢ T 202011 &7 2 (—apf0] ) 5[0, - 1]+ ag(— 1] 2y 210, 0)) |
Caai0.0 aa0.00 a) 50,0} '
P T2 e 2apa00,-1)
i ay 2[0.0] B a1 2(0. 0] i a 200,01 _

Tyl11= Gyli3, 311
Ty[11= Minors|G (13, 31];
as[l1= Gyl(2, 3]1/ T (1];
M= Gl13, 2]/ Ta(1];
Ayl= Minors [G (I3, 2))/Ty (1)
ay|1]= Minors [GI[2, 311/ T [1];
rxl,zll]:—h'inors ]G]][[l.3j],1’T|[l]:
A1 2011= —Minors [G 1113, 11/ TyL1)
FullSimplify{T3[1])

e "2a1510,- 1]

£]|_2[0. 0]
FullSimplify(Ty[1]]
™M (~(ay =1 ag (01 +ag 21-1. 1) ay 210. - 1] +ay(- 1] agl- 1 ay 2[0, 0])

a| »[0. 0]2
Tyl = FullSimpIifyI"A; fapl=1azl0] = ay 310, 0] -aj 71-1,1]
,n’.a||—1];13[——]]—»auiﬁ.—ll—nu[—l.U]]
¢ apa1-10]

apo[0, 1)
FullSimplifyl g1(1)]
{'2 r-r2 p[-1] ;1|2[(],U[

—(aj-11a10]+ a2l- 1. 1) El],gJO. =1 +ajl- Nap[- 11aj 5[0, 0]
A1l = FullSimplify]% /. ay [-1]a210] - aj 2(0, 0] -aj 5(-1,1]

fagl-lagl-1]- ﬂl‘zl{}-— 1] —au[—l, 'l]j]

7 -
=2 as- 1y

- a) o[- 10
FullSimpIif_\IﬁIj”J
e"T712 (ag[- 1l +ay o[- 1, 1)

(agl=1agl® +ay 2= 1, M) ay 210, - 11-ay[-1] a[-11ay 210.01
Bialll= Fu'llSimpIil')[“/i.}.a] [-11az10] = aj 710, 0] - apal-11]

feagl=1agl=1]-a5210,-1]1-a1 2 [-1, 01]
fr|+r2
apol- 1.0y
FullSimplify{ g3]1]]
“— I'|+2 rg “I - ”
:l|._ﬂ_[U. -1]
FullSimplify{a[17)
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a|.2[0, 0 (- a][(}] 31_2[0, -1 +a] -1 211‘2[1,— 1)

(a1 = Nazl01+ay 2[-1. 1) ag 210, ~ 11 +aj [~ 1@~ 11 aj 2[0. )
aq[1]= FullSimplify|% /. a1 [-1]1a2[0] - aj 2[0, 0] - aj [~ 1,1]

joayl-1agl-11-ap210,-1] -aj 3]-1,0]]
ap[) :112[0,—]]—211 [-1ap (L -1

ajal- 1.0
FullSimplifyjas]1]1]

wm[- 11ap 270, 0}
w0 - = 12

31_2[0_.— 1]
FdlSiln|ﬂif)[a|l[lj]
a[;}_[ﬂ._ 01(ay (0] (a2(0] 312[0, -1-ap[-1] al_z[(),{)]} +ay o[- 1, 1 a|.2[l, —]]_]

+a1‘2[],(]]
—(aj =N azl0]+ay 2[- 1. 1]} ag 20, - 1] +aj(- 1 al- 1] a 210, 0]

apalll= FullSimplil'}i% /-ap[=112a2[01 » ay 5[0, 01-aj 5[-1,1]

j-aql=Tlagl=11-ag210,~ 11 -aj 31-1, 0]]
agl01 (- (01 ay 200, - 11 +ag[- 112 210, 00) - ay 2[-1. lTa; 21, -1

+ﬂ|‘2[].0]
312[—],0]
Expand[“o]
a1 [0 ap[0] 31210.— 11 ap[0)a-1] 312[0. 0] a 2l- 1,1 ai_‘z[l. -1
o + _

+ap2(1. 0]
ap20-1.0] apol-1.01 aj 2l-1,0]

ayalll= Full.Simplif)'i% fa1201,0]— ag(0] az[0]+ay 210, l!/
apall, 11— ag(0laz[-1]1+a12(0,01/.a5 2 (0,11 ay[-1) az[-1] +al’2|—l.0|]

1

——————(~ay [0l agl- 1] (ayl- 1 apl0] +a 51— 1. 1) +

ap2l=1.0]
(al01ay[-11-aj 21~ 1. 11) 2 210.01 +ay (- 1.01ap 2[0. 11)

ay 2(11 = FullSimplify| % /.ag =1 a2(0] - ag 210, 0) - ag 211, 1]
ap20-1, 11aj 210, 0]

+a1 200, ]
ajol- 1,0 '
The second step.
—ap[0lag2[l, 0] +ay[1]a 210, 0] B —a2[0]aq 700, 11 +a3[1]ay 210,0]
1= y b= i
al,zl{]. 0] 3].2,[0; 0]
—ap2[l11ay 210,01+ aq 2[1,01 a1 2 (0, 1]
By = Log| _ ;
al’zll),ﬂl
1
BI-.2= — = ﬂ]llﬂ,ﬂ] [312[1.2]312[0, Uj—al;_![l.l]am[[}. 11]313[0. 1]

(al,g[U', 0]]"2
(ag 211, 1 ag 200,01 —aq 21, 0] aq 210, 1)) ;
]

Sy = MtrixExp|By X{ | MatrixExp| B 5 X{ 5 | MatrixExp[By X5 | MatrixExp{Bg (hy + hg)J;
Gz = 5.wGy; T2121 = Gal[3, 311; Ty [2]1 = Minors[G2 1113, 311

a212]1= G212, 311/ T 12); 52121 = G2 113, 2] / T2(2); B1[2) = Minors [G2II[3, 211/ Ty [21;
a12] = Minors |G2]1(2, 311/ Ty [2]; @y 2121 = —Minors [G2l([1, 311/ Ty [2);

B1.2121 = —Minors [G2I(3, 111/ T1(2] FullSimplify{T2[2]]

™2 (ay 200, 01 ay (1.~ 11— a1 210, - 11 ay 211, 0])

_31,2[0* 1] al,z[l, 0] +a]2[0, 0] ‘d];}_l[], 1]
FullSimplify{Ty[2]]
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(e” n {a1 210, 01 (a0} {ap (0] a|2i0, - -a[-1] 1112[0, an) +a]2[-l, 1] 111__21 l.-17)-
((ajl-1aa[( +a1 2[- 1, 1) H]QIU. -1-ajl-Na-1 ﬂ|.2[0,0]} a|2[l. ()]]}/
(a1 210, 01(-a1 210, 11a) 211, 01+a) 210,01 a) 711, 11))
Tql1]= FullSimplil'){%&-U.al,zll,— 11-a1210,0] +aj(0]ay[-1]
,-'.'.ll’z[{), -1] —>al,zl—l.Ul+a]l—l]azl—l]f.all—llazlﬂl—balzlﬂ, 0]—312[—1, I]I
(e "L (ag[= 1) ay (0) agl- 1) al0] +ay (0] (ap [0} a) o~ 1. 01+ (1] (a) al- 1. 1) ay 2(0.0))) +
apal-1, 11a) 210,01 - a[_gl—- 1.0) alz[l, O]]]/{-al_zﬂl. 1 a)orl. 0f + aj 20, O1a) o[, 1)
chl =(a[-11a([0] a3 [-1] a3[0] +ay[0] (a3[0] apa2[-1, 01 +az(-1] (31,21—1- 11-ap2l0, 01)) +
ap2l-1, a1 200,01 —ay 5[-1,0]aq 2[1, 01);
FullSimplify{chl /.a) 2[1,0] - ap 210, 1 +a(0]a2]0] /.a1l-1]1a3(0] - aj 210, 0] - ap 2I-1, 1]
apol-1. 12y 210,01 - aj 5= 1,0} a [0, 1]
Th12]1=
e "1 aga-1, 11ag 210,01 - ay 2[-1,0] a1 210, 1))/
(-a1210, 1]aj 211,01 +ay 210, 0] ag 5 [1,1])
¢~ Hag 2l- 1. 17 210, 01- aj 51~ 1. 0] a 210, 1))

—ap 210, 11y 211, 0 =ay 210, Oy ap o1, 1]
.F uﬂl]Simplif}[ A121
(= 172 2y 270.01 (;[01 2y 11, - 1 - apf- 12y 51, 0)) /
(ag 200, 01 {101 (- apl0 a) 210. - 1] +ap [~ 112 210.01) - ay o~ L. Lay ofl, ~11) +
((ajl-Maz10]+ay 21-1, W} ay 200, - ap - Hag[-11ay 200,01} aj 2(1.0])
Znl =(a) 210,0] (ay 10] (=22 (0] ay 210, =11+ ap[=1]ay 210, 0]) —ay 2 [-1, 1 ag 2 (1, - 1])+
{[nl[—I]u2|0]+212[—1. 11)alzlﬁ.-1|-a,[-l]azl—llaulo,m)auu.m);
I"ulISim]]Iif_\l
Znlfoapall,-1] —}aI,Z[IJ.[]]+a|[[}] az[-1]
fag2l0, =11 = a) 2[-1, 01+ ap =11 az[- 1]/ ayl-1] 22101 > a;210,0]-ay 2[-1, 1] /.
ap2(l 01=ay 200,17 +a)[0] az[(}]l
ap 210, 01 (-ay (0] apl- 1] (aq[- 1 a[0] +ay o[- L. 17} +
(a[0]ag[-1)-a) 2(-1. 1]] aj 2[0,0] +a) (- 1,0] al,z[(]. 1)
FullSimplify{% /. ap [-1] a2(0] - aj (0, 0] —ay 2(-1,11]
n;Qz[U. ] (—:1|‘2|— 1, 1] &11‘2[0. 0 +u1__2|— 1. O1aj 210, I|_']
Bli21= e2 1712 (ag101ay 201, =11 - azl-1] aj 211, 0])/
{—al’zl— I, 1]ap 210,01 +ay 21-1,0] a1210, I]);

FullSimplify{ 82[21]

- 2l
- Ip+<

2 (ay 101a) 10. 01 - ay- 112y 2[1, 03)

a1 210.01ay 211, -11-a1 210, 1121 2110
FullSimllIifﬂﬁLzHlI
(e"1772 (g (01 2101 a1 210,01 - (agl- 1 al01 +ay 2= 1. 11) a 211,01)) /
(@) 200, 01 (a) 101 (ag [0 &y (0. =17 - agl- 11 a) 20, 01) +a) 2[-1. I]n]__g[l.- 1)-
((2jl=1axl0r+ay o1=1, )2y 210.- D)-ayl-1] m[-1)ay 210,01} a7 211.01)
FullSimplify]|% /. ay 211, - 1] » aj 210,0] + a1 (0] az[-1]
fa1200, =11 = ag21-1, 01+ agl-1agl-1] fag2(1, 01— a1 210, 1]+ a4{0]az10]
fagl-11a30] - 312|U~ 0]—31’2[—1, ]]]
(€112 ) 910, 1)) / (~a) 10] apl- 1] (g - 1] apl0] + & o= 1, 1)) +
(@ O1az[-11-aj 2[-1. 1) a; 200,01 «ay o[- 1,02 210, 1)
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I"ullSimplif){“ u/oap(-11a210] » ag 210, 0] —ay 5[~ 1, 1]]
crl+r2 al‘zl(), 1]

—ap20-1, ap 210, 01 +a) o[- 1,01 a3 210.1]
erl+r2a12[0, 1]

Blal2l= —
—a121-1, 1)ay 210, 01 +ag 2(- 1,01 af 210, 1]
pr]+r2 El]Q[U, 11
—apa-L 1 ﬂ]jQIO. 0] +ap - 1,0} al__le, 1]

At that point we stop the procedure, but it is obvious that it can easily be continued for any step and the resulting formulas

correspond to those from [15].

As it is seen from formulas (11-12) for algebras of the rank higher than two, the number of corresponding Backlund trans-
formations of the initial problem solutions will be equal to the rank of the algebra. Thus, it is necessary only to overcome the

routine calculations using Mathematica 4-0 software.
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THE INFLUENCE OF THE ELECTRIC FIELD ON THE POZISTOR PROPERTIES OF THE
ELECTROTECHNICAL GLASSYPLASTIC ON THE BASE OF THE EPOXIDO-CASE RESIN

M.N. BAYRAMOV, A .M. MAGERRAMOV
Institute of the Radiational Problems of NAS of Azerbaycan
Baku c., Av. G.Javid, 31a, e-mail: arifm 50@ rambler.ru.

The peculiarities of the pozistor effect in the electrotechnical pressmaterial of PET type have been investigated. The influence of the
electrical discharges on the pozistor characteristics of the epoxido-case pressmaterial has been studied, the coefficients of PTCR, PTK,, T,
AT, and their stability have been defined. It is shown, that at the moderate modes of influence (9kV, 5h), the values of PTCR and PTK,
increase, but values of T, and AT, decrease, and in the mode of 11kV, 5h the two regions of &(T) are observed on the dependence & at the
temperatures from 360-390K and 395-425K. It is proposed, that the first dispersion region &(T) connects with the before hardness processes,
and second region probably is caused by the different oxygenocontaining groups, appearing at the influence of the electric discharges and

their interaction with fillers in the PET samples.

The results of the investigation show, that the probability of the regulation of pozistor properties of elements, prepared from the
pressmaterial of PET type by the way of influence of electric discharges and j~radiations, and change of content and type of fillers, takes

place.

INTRODUCTION

The glassyplastic materials (GM) on the base of
fenoloformaldegide and epoxido-case resins, fulfilled by fiber
and dispersion fillers are widely used in the electrotechnical
devices, in radioelectronic equipments and e.t.c. The GM
structure introduces the heterogeneous systems from fillers
and polymer matrix (binding) with special building of the
division boundaries between them and character structural
defects [1]. For the directed change of the structure and
electrophysical properties, they are often subjected to the
electrodischarge modification [2,3]. At the influnce of the
electric field on the GM the anomaly temperature
dependency of the specific electric resistance g, of
pressmaterial of PET type in the temperature interval 373-
500K [3] was observed. On the dependence p,(T) the valdues
o increase on 2-3 orders at the temperature growth till S00K,
beginning from T=363K. However, the reasons, regularity
and mechanism of the observable high value of the positive
temperature coefficient of resistance (PTCR) of the samples
of PET type haven’t been investigated. It is shown, that
materials with high value of PTCR are called pozistor [3].
The distinctive peculiarities of the pozistor properties of
materials are the temperature interval AT,, at which the high
values of PTCR and reversible change of p, stay without
change. In the dependence on the material composition, the
pozistors should have the big sensitivity, small innertionness
and cost. The ceramics on the base of BaTiO; with the
addition of glass in the quantity 1-5 mass.% [5] correspond to
these demands. However, the pozistor properties i.e. the
increase of p, at the increase of T slowly depends on the
applied voltage. The polymer composites have pozistor
properties also, for example, on the base of polypropilen and
CTS-19 [4], but the moderation of the reversibility p, in the
wide temperature interval is character for them.

It is need to note, that the creation of phase-boundary
potential barrier, controlled by the composite dielectric
constant & [4,5] is the main reason of acquisition of pozistor
effect by heterogeneous system.

In the case of the epoxidal glassyplastics, the value &
will be depended on the type of hardener and character of the
influence of the electric field and discharges. On our opinion,
these questions did not describe enough. Moreover, in the set
of cases, the pozistor application in its capacity of the

thermoregulators, fire netificators and thermogauges and
e.t.c. demands the definite security at their detail geometrical
sizes. These demands are possible for the compositional GM
after the electrofield influences or the modification of their
structure by the change of the ratio of the fillers and binding
in them.

The aim of the given paper is the studying of the
peculiarities of the influence of electric field and discharges
(ED) on the pozistor properties of glassyplastic materials.

EXPERIMENTAL PART

The samples from GM by the thickness of 500 mkm had
been obtained by the thermopressing of two marks of
pressmaterial — PET and MFE-1. The samples have been
prepared from the pressmaterial of PET mark on the base of
the epoxido-case resin UP-643, fillers — glassifiber and
caoline. In the capacity of the accelerator of the hardness
process was used the accelerator A-30-1,5. The second type
of the samples had been prepared from the pressmaterial of
MFE-1 mark on the base of melaninoformaldegide resin with
the aminosilaxan AM-2 and fillers are glassyfiber and talc
[3]. The pressing temperature at the pressure 150MPa for
PET and MFE-1 was 423 and 453K, correspondingly. The
degree of dispersion of the powder fillers wasn’t higher than
10-15 mkm, and diameter of glassyfiber — 13 mkm.

The hardness of resin was under the external pressure
action. Further the GM samples were subjected to the
influence of the electric discharges on the technique [6] at the
effective value of voltage on the electrodes — 9kV and 11kV
during 5 hours. The dielectric measurements (&, tgd) were
carried out on the device E7-8 at the frequency 1kHc. The
specific electric volume resistance of p, was measured with
the help of the teraohmeter EK6-13 at the direct-current
voltage 100V. After the sample’s standing under the voltage
during 1 minute, the temperature dependencies of p(T) have
been fixed.

The PTCR and the temperature interval AT, of existence
of pozistor material properties were defined on the inclination
of the dependencies of g(T). The value of PTCR, i.e. the
sensitivity coefficient to the temperature change of the
sample is defined by the formulae:

PTCR = Ig(p;, - pD/T, -T, ()
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1 2 . . .
where p, and p, are specific electric resistances of the

sample at the temperatures T; and T,, correspondingly. From
the dependency &(T) the degree of dispersion coefficient of
pozistor was defined by the formulae:

2

PTK, = & — & /T, - T, @)

1 2 . .
where ¢, and &, are values of dielectric constant at T; and

T,, correspondingly. In the given case the value T;
corresponds to the temperature of the increase beginning of g,
and &, i.e. to the temperature of appearing of pozistor
properties of T, of PET type.

THE RESULTS AND THEIR DISCUSSION

The temperature dependences of p(T) of PET samples
before (curvel) and after the influence of the discharges at
the voltage on the cell U,=9kV (curve2) and 11kV (curve3)
are given in the fig.1. It is seen, that with the temperature
increase, p, of all samples firstly decrease, going through the
minimum at 373-383K, and further again begin to increase.
Thus, till the temperature 440-450K, the PET samples have
pozistor properties. From the fig.1 it is a followed, that the
influence of the electric discharges in the air leads to the
increase of the inclination on the line area of p(T)
dependence at the temperature interval of pozistor effect
appearing. Moreover, this inclination becomes more
significant (curve3) with the increase of the discharge power
(Up increase). The decrease of p, of the initial state parts of
the dependence p,(T) connect with the increase of the number
of current carriers and the reason of the resistance increase
probably can be as the before hardness processes, i.e. the
additional structuring, so the formation of the potential
barrier with the depth Ag.
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Fig.1. Temperature dependences of specific volume electric
resistance o, of PET pressmaterial samples; 1-initial, 2
and 3 after influence of discharges in the mode U,=9kV,
t=5 hours, U,=11kV, t=5 hours, correspondingly.

About the going of the before hardness processes testify
the data on g measurement and its temperature dependencies
(fig.2). As it is seen from the fig.2 the g values of PET
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samples significantly increase in the region of the pozistor
effect appearing.
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Fig.2. Temperature dependences of dielectric constant & of PET
pressmaterial samples: 1-initial, 2 and 3 after influence of
discharges in the mode U,=9kV, t=5 hours, U,=11kV, t=5
hours, correspondingly.

The significant increase of & takes place at the discharge
influence (curve3), where the increase of the dielectric
constant Ag is 5+6. Moreover, it is need to note, that the
increase of g values with the temperature stops and the some
decreases of &, beginning from the temperature 420-430K,
which testifies about the stop of the before hardness
processes, are observed. As it is seen from the fig.2, the
influence of the electric discharges leads to the increase of
the temperature interval of the & increase (curve3). The
creations of the different oxygenocontaining groups can
influence also on the electrophysical properties of PET at the
stronger mode of discharge influence (Up). These and other
structural changes cause the increase of the value of the
potential barrier A between matrix and PET pressmaterial
fillers, which are the main reason of the pozistor effect
appearing in them. Comparative studying of the pp(T)
dependencies for MFE-1 samples before and after discharge
influence shows that nonlinear dependence p,(T) in MFE-1
doesn’t observed. This can be connected with the different
composition of fillers in these glassymaterials MFE-1 has 40-
50 mass.% of talc and calcium steorat. Thus, the properties
mainly are caused by the presence of caoline in PET
pressmaterial. At the preparation of PET the surface treated
caoline of the following composition: Si0,(45,4%),
AL,O(3)(38,8%), Ti,05(1,5%) with the specific volume
resistance p,=10"> Om-m and dielectric constant &=2,6, was
used. The values T, AT,, PTCR and PTK,, changed under the
influence of ED at 10-time cyclic heating-cooling of PET
samples are presented in the table.

From the table it is followed, that PET pressmaterial has
pozistor properties and & dispersion also in the temperature
interval 277-327K. At the moderate influence modes (9kV,
Sh) the PTCR and PTK, values increase, but T, and AT,
values decrease.

Moreover, in the mode 11kV, Sh, two region of & at the
temperatures from 360-390K and 395-425K (fig. 2, curve 3)
are observed on the g(T) dependence.
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Table
Pozistor characteristics Before ED influence After ED influence
9kV, 5h 11kV, 5h
T,.K 377 363 353
AT, K 50 40 45
PTCR, (Om-m-K™") 2-107 5.10° 2,7-10°
PTK, K 3,3:107 3,5:107 4,7-107

If the first dispersion region &(T) connects especially  characteristics (T, and PTK,) for PET is some worth in the
with before hardness processes, then the second region is comparison of the corresponding parameters of these
caused by different oxygenocontaining groups, forming at the  materials. However, the PET is less energy capacious, the
ED influence and their interaction with fillers in PET  probabilities of pozistor properties by the way of ED and -
samples. The comparison of the values, given in the table radiations influence, change of content and type of fillers,
with the values of these values for the semiconductor and  takes place.
ceramic materials [5,9] shows, that some pozistor
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M.N. Bayramov, A.M. Maharromov

EPOKSID QOTRAN 9SASLI ELEKTROTEXNIKI $USO PLASTIKIN POZISTOR XASSOLORIND
ELEKTRIK SAHOSININ TOSIRI

PET presmaterialinda pozistor effektinin xiisusiyyotlori todqiq edilmisdir.

Epoksid-novalak presmaterialinin pozistor xarakteristikalarina elektrik bosalmalarinin tesiri oyrenilmis, PTKS, PTK,, T,, AT, emsallar
vo onlarin stabilliyi toyin edilmisdir. Gosterilmisdir ki, miilayim tesir rejimlorinde (9 kV, 5 saat) PTKS ve PTK, qiymetleri artir, 7, vo AT,
qiymotlori ise azalir, 11 k, 5 saat rejiminde ise &(7) asililiginda g-nin 360-390 K ve 395-425 K temperaturlarinda iki oblasti miisahide
olunur. Forz edilir ki, &(7) dispersiyasinin birinci oblasti barkima prosesinin davam etmasi ilo baghdir, ikinci oblast ise ¢ox gliman ki,
elektrik bosalmalarinin tesiri zaman1 miixtalif oksigenli qruplarin yaranmas: vo onlarin PET niimunelerindeki doldurujularla qarsiligh
tosirlori ile olagedardir. Tadqiqatlarin naticaleri gosterir ki, PET presmaterialindan hazirlanmis elementlarin pozistor xasselarini elektrik
bosalmalari ve y-siialanma ile tesir etmoklo, homginin doldurucularin migdarlarini ve tiplerini deyigsmokle nizamlamaq imkant mévcuddur.

M.H. BaiipamoB, A.M. Mareppamos

JIEMCTBUE DJIEKTPUYECKOI'O ITOJISI HA TO3UCTOPHBIE QBOFICTBA CTEKJIOIIJIACTUKA HA
OCHOBE 2ITOKCHUJIHO-HOBOJIAYHOU CMOJIbI

HccnenoBanbsl ocoOeHHOCTH MO3UCTOpHOTO 3(ddekra B smexTporexamdeckoM [1DT. M3ydeHO BIUSHHE SICKTPUUCCKUX
pa3psAI0B Ha TO3UCTOPHBIE XapaKTEPUCTUKU SOKCHIHO-HOBOJIAYHOTO MpeccMaTepuana, onpeaeneHs! koaddumueHTs! [ITKC,
OTK,, T,, AT, u ux crabmibHOCTE. [l0Ka3aHO,9TO MPH YMEpEeHHBIX pexknmax BozaeicTusa (9 kB, 5 1) 3mavenus [ITKC u
IITK, Bo3pacratoT, a 3HaueHust I, u AT, yMeHbImarorcs, a B pexume 11 kB, 5 4. Ha 3aBUCHUMOCTH &,(T) HaOIOJAIOTCA JIBE
obmactu ¢, ipu Temmeparypax ot 360-390 K u 395-425 K. IIpennonaraercs, 9To mepsas 00JacTh AUCIEPCUH &(7) CBSI3aHA C
MpoIeccCaMi  JTOOTBEPXKACHUS, a BTOpas 00JacTh, MO-BUAUMOMY, OOYCIOBIICHa Ppa3IMYHBIMH KHCIOPOJCOACP KAIIMMU
rpynmnamMy, oOpa3yloIUMICS IMPH BO3ACHCTBUU DIEKTPUYECKUX Pa3psloB, W WX B3aUMOACWCTBHEM C HAIOJHHUTEISIMH B
obpasmax [19T. Pe3ynbraThl HCCIIEAOBAHUS MOKA3bIBAIOT, YTO UMEETCSI BO3MOXKHOCTh PETYJIHUPOBAHUS MO3UCTOPHBIX CBONCTB
3JIEMEHTOB, HM3TOTOBJIECHHBIX U3 MpeccMmarepuana [13T myTem Bo3neiCTBHS ANIEKTPUYECKUX PAa3pAA0B U p-M3IIyUeHHH, a TaKkKe
U3MCHCHUEM couepmaﬂym U TUIla HaHOJ’IHHTeJ’Ieﬁ.
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THE STUDING OF PHOTOCONDUCTION MECHANISM OF THE PHOTOSENSITIVE
CRYSTALS BY THE TYPE OF PbGa;S4(Se4)

N.N. MUSAYEVA, O.B. TAGIYEYV, R.B. JABBAROV
The Institute of Physics of NAS of Azerbaijan,
Baku-1143, H. Javid, 33

L.I. ALIYEV
The Institute of Chemical Problems of NAS of Azerbaijan

The photosensitive structures of In/PbGaS,; and In/pbGaSe; have been created and investigated. the spectral dependencies of
photocurrent at the different temperatures and applied voltages, show the presence of the local centers inside the forbidden band width,
connected with the self-doping and appearing crystals in the process of the obtaining.

The numerous class of the triple compounds II-I11,-1V,
(where II two-valent cations are Mn, Pb, Hg, Zn; III three-
valent are chalcogens S, Se), belong to the number of
multicomponent semiconductors, the initial investigations of
which have already led to new besides them, which are
perspective for the applying of the materials in the
optoelectronics [1,2].

The compounds PbGaS4(Se;), belonging to the given
class, are the photosensitive ones in the visible region of the
spectrum. Some parameters of crystals (the forbidden band
width, the nature of the optical transitions, phonon energy,
dielectric constant, photoconduction mechanism and e.t.c.)
were identified by the investigations of their physical
properties, in the same way as the electric and optical ones
(absorption and Romanov spectrums) [3-5].

In the present paper the results of the investigations for
the studying of the photoconduction nature in PbGaS4(Sey)
are presented.
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On the basis of the experimental and literature data, we
can note, that II-111,-VI, belong to the defective crystal group.
The wide application of the semiconductors II-ITI,-VI, in the
microelectronics during long time was strongly limited by
fact, that in these semiconductors always many prolonged
defects, such as boundaries of grains and dislocation. It is
known, that such defects are responsible not only for the
significant decrease of the motion of majority carriers and the
life time of the minority carriers, but can be as the centers of
the creation of the secondary phases and segregation of
impurities in the process of the crystal growth [6].

Thus, the significant change of these material properties
can be achieved by the way of the controlled doping, i.e. that
in the process of the crystal growth the degree of their
inclination from stoichiometric can be controlled or
influenced on the segregation impurity mechanism.
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Fig.1. a) The photoconduction spectrum for the structures In/PbGaSe, at the temperatures T=110(1), 306K(2).
b) The photoconduction spectrum of In/PbGaS, at the temperatures In/PbGaS, at the temperatures T=100(1), 290K (2).

The obtaining of the detailed know ledges about local
disorder, as in the elementary semiconductors, so in the
compounds, is the open problem, as disordered mass
impurities or point defects in some crystal region difficultly

differ from the prolonged ones. The prolonged defects are the
sources of the electric fields and fields of the high voltage,
appearing near them, that significantly differs their electronic
states from the electronic states of the local mass of
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impurities. It can be proposed, that photoconduction in the
crystals PbGaS4 and PbGaSe4connects with such prolonged
defects, which manage to store the big enough charge for the
illumination time. It is hardly to believe, that the permanent
impurities, being in the substitution state or the intrinsic point
defects can influence on the band structure so significantly,
i.e. lead to the appearance of the local electronic stats inside
the conduction band. In this case in the photoconduction band
the maximums would be appeared behind the intrinsic
absorption edge (fig.1a and 1b).

From the figures it is seen, energetic value of short-wave
maximum on the photoconduction spectrum samples of
PbGa,Se, coincides to the value, defined from the
measurements of the optical absorption (Eg=2,35¢V) [4], but
on the photoconduction spectrums of PbGa,Se, samples the
intrinsic conduction band isn’t observed. However, the
optical absorption edge for the direct allowed transitions
shows that Eg=2,78eV [7].

At the low temperatures the spectrum narrower and the
impurity maximum at 1,61eV becomes more intensive than
the short-wave one, but the other maximums disappear. This
fact probably connects with the insufficient influence of such
kinds of defects on the conduction at the low temperatures. In
the samples PbGa2S4 the temperature decrease doesn’t lead
to the decrease of the action of the similar kinds of defects
that probably connects with the decrease of the defect
number, taking part in the conduction.

For the observation of the effects, which go on the crystal
volume of PbGa,Sey, the samples were lightened from the
opposite side of contact (fig.2). It is seen, that at this the
intrinsic photoconduction band becomes almost invisible on
the phone of the impurity conduction bands. This fact and
moreover, the difference of the energetic positions of the
maximums, by our opinion connects with the quantity and
different volume impurity distribution.
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Fig.2. The photoconduction spectrum of PbGaSe, at T=300K.
The illumination geometry: from the side of indium
contact — 1; from the side of PbGaSe, crystal — 2.
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Fig.3. The photoconduction spectrums of In/PbGaS, at 300K
and applied voltage U=50(1), 100(2), 250(4), 400(5).

The analysis of the obtained experimental data shows that
energetic position of the maximums on the photoconduction
spectrum for the sample In/PbGaS,; doesn’t depend on the
external electric field and temperature (fig.3).

The observation of these defects connects with the
realization in the base region of the structures of the complex
(multicentral) recombinative model, including the S-channel
of the intensive recombination, r-centers of photosensitivity,
t-centers of majority carrier attachment [8].

As the r-centers are the photoactive, so they cause the
more slow temp of electron recombination, and consequently
the most time of their life

rnz—gr
C.P

nr-r

where g,~C,N, realizes between regions of the temperature
extinction of photocurrent (TEPh) and temperature activation
(TAPh) and depends on the yield of the recombinative flux
on r-channel (9,<1); C, and C, are the coefficients of the
electron and hole capture by slow r-recombinative centers, N,
and P, are concentrations of electrons and holes on r-levels at
the illumination.

The intensity of the impurity band (fig.4), connected with
r-centers is proportional to the value 7,(3) under the condition
0r=1. They depend on the technology of crystal obtaining.

The regions of TAPh (100+131K) and TEPh (131+250K)
are observed on the temperature dependence at the impurity
excitation of monocrystal sample PbGaS,.

At the temperature (131K), according to the photocurrent
maximum, the main recombinative flux goes through r-
centers. The further temperature decrease leads to the
generation of the minority carriers from r-centers and
promotes to the transition of these charges on s-centers, with
the connection of which, the life time of the free electrons
decreases and TEPh is observed.
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Using the method, described in the ref [9], based on the
experimental data, the energetic state of the r-centers of
recombination, which is equal to 0,24¢eV, has been defined.
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Fig.4. The dependence on the photocurrent temperature for
In/PbGaS,.
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Fig.5. The photoconduction spectrums of In/PbGaS, before (1)
and after annealing (2).

On the fig.5 the photoconduction spectrums before and
after crystal annealing with and without sulfur atmosphere
are presented. It is seen, that annealing leads to the
disappearance of the another types of th defects besides the
one. This proves the presence of the defective structure and in
spite of the quantity of the defects this doesn’t lead to the
appearance of the secondary phase that is proved by
differential-thermal (thermographical) analysis (fig.6).

880
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Fig.6. The thermographical spectrum of PbGaS, crystal before
(I) and after annealing (II).

In the conclusion we can note, that photoelectrical active
centers in PbGa,S, and PbGa,Se, can be intrinsic defects —
vacancies of atoms of sulfur and selenium, correspondingly,
appearing in the result of these atoms from the composition
in the synthesis process. Quantity of these defects is
correlated by the technological modes of crystal obtaining.
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PbGa,S, (Se,) TIPLI FOTOHOSSAS KRiSTALLARDA FOTOKECIRICILIYIN MEXANIZMIiNIN
ARASDIRILMASI

In/PbGa,S, ve In/PbGa,Se, structurlari yaradilmis ve tedqiq edilmisdir. Miixtelif temperaturlarda ve totbiq olunan
gorginliklorde spektral asililiglar gadagan olunmus zolagin iizerinde kristalin alinmasi zamani emale galen ve 6zii-asqarlama

ilo elagadar olan lokal merkeazlerin mévcudlugunu gosterir.



N.N. MUSAYEVA, O.B. TAGIYEYV, R.B. JABBAROV, L.I. ALIYEV

H.H. MycaeBa, O.b. Tarues, P.b. [:xa606apos, U.U. AnneB

BBISICHEHUE MEXAHU3MA ®OTOIMPOBOANMOCTHU Y ®OTOYYBCTBUTEJbHBIX KPUCTAJIJIOB
THUIIA PbGa,S4(Ses)

03JaHbl U HCCJIICAOBAHbI (POTOUYBCTBUTCIIBHBIC CTPYK bI a u in adC4. UIICKTpaJIbHBIC 3aBUCHUMOCTH (POTOTOKaA IIpU
C In/PbGaS, u In/PbGaSe,. C

Pa3HbIX TEMIIEpATypax U NPUIOKCHHBIX HAIIPAKCHUAX YKa3bIBAlOT Ha HAJIMYWUC JIOKAJIbHBIX HCHTPOB BHYTPU HIWPUHBL 3anpemeHH0171 30HBbI,
CBA3aHHBIX C CAMOJIETUPOBAHUEM W BOSHUKAIOMINX B IIPOLECCCE IMOJTYUYCHUSA KPUCTAIIIOB.
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The laboratory plant has been worked out for electrophysical investigations of the electrochemical corrosion of metals under heat

transfer and different movement speeds of electrolytes.

The plant simulates the operation conditions for the heat-exchangers’ pipes and enables to elicit the heat transfer parameters’ and the
movement of the liquid's impact to the corrosive and electrochemical behavior of metals in the electrolyte solutions.

Heat exchangers, in particular, used in cooling systems
of the fuel and energy industry (condensers, compressors,
etc.) are operating in conditions where metal and water are in
contact under the heat transfer and the different speeds of
movement of liquids.

As a rule, the heat exchanger pipes metals corrosive and
electrochemical behavior is studied in static (no movement of
liquid) and dynamic (liquid is mixed up) conditions under the
thermal equilibrium, i.e. when the metal — electrode and the
solution — electrolyte temperatures are the same.

However, the heat transfer surface (metal) temperature
differs from the cooling (or warmed) liquid temperature in
the heat transfer systems i.e. the metal - liquid interaction
process is going on under the heat transfer. Mixing up of the
liquid may not also correspond to the actual movement
speeds observed in the heat exchangers.

To investigate the heat transfer and the liquid's
movement speed impact on electro- chemical behavior of
metals, the plant with rotating heat transmitting disk electrode
(fig.1) equipped with electronic speed governor and tacho-
generator has been developed in the physico-chemical
Institute named after L.Y. Karpov (Moscow) under the
guidance of L.I. Freyman with collaboration of the author.
Truncated cone (6°) shape, 7 mm diameter and 6 mm height
disk electrodes (fig.2) are used at this plant. The disks are
pressed into the teflon shells with screw thread; aluminum
washers are put into the shells to ensure sealing and electrical
contact.

The shell with the heat transmitting disk electrode 1 is
screwed on the lower hollow shaft 2 of the plant (Fig.l).
Then the working surface of the disk is grinded by rotating
the plant’s shaft according to the procedure [1].

Electrical contact of electrode with the shaft 2 through
the aluminum washer, housing 3, brass rings 5 and copper-
graphite brushes is used for polarization and measurement of
the electrode potential.

Heat transfer is provided by hot glycerol from the double
pump thermostat fed into the hollow shaft 2 through the
coaxial double pipe 9 fixed immovably. Heat carrier is forced
into the elongated inner pipe through the branch pipe 8 and is
sucked off through the shorter outer pipe and branch pipe 7.
Speed of suction exceeds speed of forcing in the thermostat
thus preventing leakage of the heat carrier through the
unsealed void between the double pipe 9 and the shaft 2.

Hollow shaft 2 together with the disk electrode 1 is put
in motion by electric motor 4. Rotation is stabilized by tacho-
generator 6.

Fig.1. Plant with rotating heat transmitting disk
electrode (without cell)

T
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Fig.2. Heat transmitting disk electrode:
1 - teflon shell; 2 — disk electrode;
3 — aluminum washer; 4 — plant's shaft
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Fig.3. The plant for potentio-statical polarization measurement
under the heat transfer and the rotation of the disk
electrode with potentiostat, electronic speed governor,
rotating heat transferring disk electrode unit, electro-
chemical cell, the double pump thermostat forcing the
heat carrier and the thermostat for heating of the cell.

To measure the heat carrier (glycerol) temperature
directly at the warmed side of the disk electrode, a chrome-
copper thermocouple is fixed inside the teflon shell (without
strict contact with the electrode). The electrolyte's

temperature in the cell is maintained by the second thermostat
with one pump. General view of the plant is shown on the
fig.3. According to the laboratory simulation of the internal
pipelines’ corrosion [2], the diffusion layers on the viscously
streamlined disk rotating with n rpm and at the inner side of
the pipe (far enough from the inlet) have the same thickness
under the average speed of the turbulent flow U, m/s if
U =0,26 Pr'*? (vn)*?,

where: v is a kinematic viscosity in St; Pr = v/D - the
Prandtl criterion; D — diffusion coefficient (cm?/s).

For example: D ~ 1,0 x 107 cm?s, v= 3,8 x 10~ cm?/s
for Caspian sea water under 90°C [3]. It appears in this case
that 1000; 2000; 3000 and 4000 rpm of the disk angular
speeds are corresponding to the 0,84; 1,19; 1,45 and 1,68 m/s
of linear speeds of the liquid's movement inside the pipes.
Similar speeds are corresponding to the average speed of
movement in the film evaporator of the Sea water [4].

The  described Plant enabled electrophysical
investigations of corrosive and electrochemical behavior of
aluminum alloys in actual conditions of thermal desalination
of the Caspian Sea water under the speeds of water
movement and the temperature drops in dozens centigrade
degrees in the metal — liquid system observed at practice.

[1] L.. Freyman, V.A. Makarov, LE. Bryksin,
Potentiostatic methods in the corrosion investigations
and electrochemical protection, Publishing House
“Chimiya”, Leningrad, 1972.

[2] V.M. Novakovski, Laboratory simulation of the
pipelines’ inner corrosion, “Metals protection”, 1965,
Ne2, p.224.

[3] A.F. Aliyev. Some problems of the Sea water film
movement hydrodynamic parameters impact on the

heat transfer, The 1% All-Union scientific and
technical conference Reports on “Heat transfer and
thermal and physical characteristics of the Sea and
saltish waters used in steam-generators and water-
distillers”, Baku 1973, p.152.

[4] A.F. Aliyev. Heat transfer investigation on the Sea
water film evaporator, Transactions of the A-URI
“VODGEO”, Moscow, 1970, 25 edition, p.4l.

A.F. Dliyev

ELEKTROFIZiKi TODQIQATLARI APARMAQ UGUN FIRLANAN iSTILIK OTURUCU DiSK SOKILLI
ELEKTRODLU QURGU

istilik 6tlirma ve mayelarin miixtalif siiratlori saraitinds metallarin elektro-kimyavi korroziyasinin elektro-fiziki tedqigat islarini

aparmagq ugun laboratoriya qurdusu islenib hazirlanib.

Bu qurdu istilik mubadilasi aparatlarin borularinin istismar saraitini modellasdirir va elektrolit mahlullarda istilik 6ttrilmasinin
parametrlarinin vo mayenin harakatine metallarin elektro-kimyavi korroziyasinin 6ziini aparmasinin tesirini agkar etmaya imkan

verir.

A.D. AnueB

YCTAHOBKA C BPAIIAIOINUMCH TEINVIOIIEPEJAIOIIUM JUCKOBBIM 3JIEKTPOAOM JJIA
MPOBEJIEHUSA DJIEKTPOPUINYECKUX UCCJIETOBAHUN

Pa3pa60TaHa na6opa’ropHa${ YCTaHOBKa JIsd IPOBEACHUS 3J'IeKTp0(1)I/ISI/I'{eCKI/IX HCCIICOBAHMI 3HeKTpOXI/IMI/I'{eCKOﬁ KOppO31UHu METAJIIOB

B YCJIOBHUAX TEIJIONEPEAAYN U PA3TIUNIHBIX CKOPOCTAX NABUKCHUA JKHIKOCTEH.

YcraHoBka MOIACIIUPYET YCJIOBHUA ODKCIUTyaTalluu pr6 TEMI000MEHHBIX arnmnapaToB W IIO3BOJIACT BBISIBUTH BJIIMAHHUC ITapaMETPOB

Terjionepeaaiu U ABUKECHUS ) KUAKOCTU Ha KOPPO3UOHHO-3JIEKTPOXUMUYECKOC IMOBEICHUE METAJUIOB B PACTBOPAX 3JICKTPOJIUTOB.
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THE CONDITIONS OF THE FULL ABSORPTION OF THE ELECTROMAGNETIC
RADIATION OF THE TWO-LAYERED SYSTEM DIELECTRIC-METAL AT THE PRESENCE
OF THE RESISTANCE TRANSFORMER

ML.A. SADIKHOV, S.T. AZIZOV
Institute of Physics, Azerbaijan National Academy of Sciences
Baku, Az-1143, H. Javid ave., 33

Equations describing conditions of preferential non-reflecting (full) absorption of electromagnetic radiation into dielectric-metal system
with covered arbitrary number of quarter-wave none-absorbing layers on it has been obtained. The Influence of such multilayer resistance

transformer on band of preferential absorption of radiation is shown.

In the refs [1,2] the existence of the non-reflecting (full)
absorption of the electromagnetic radiation in the plane two-
layered system polar dielectric-metal had been theoretically
predicted and experimentally proved. This effect appears in
the dispersion region of the material of the dielectric covering
at the discrete values of incident radiation wavelength A,
thickness /, of the reflecting layer of the covering. The
obtained spectrum A, and /) has a resonance character, it is
individual for the covering substance and defined by its static
and dynamical properties. The spectral values A, and /,
correspond to the appearing once so-called zero minimums of
the dependence of the module of wave reflection coefficient
p on the thickness / of composition layer. Moreover, the
obtained values [, are close, but don’t equal to the values,
which are multiple once to the quarter - wave length A, in the
dielectric covering. The specified theoretical and practical
interest is the investigation of this phenomenon at the
presence of the additional plane quarter-wave layers from the
non-reflecting materials, which situate upper than the
absorption dielectric of the two-layered system dielectric-
metal [1,2]. The presence of such additional layers can
influence on the selective absorption band of wave in the
same way, as it is in the tasks of the optic’s antireflection.

Let’s consider the general task of the reflection of the
plane-reflected wave, falling normally on the plane multi-
layered system, which can be presented in the capacity of the
two-layered absorption system dielectric-metal, connected
with the air part of the radiation space with the help of
resistance transformer, which in the general case presents by
itself the m successively covered quarter-wave layers from
the non-reflecting dielectrics. The transformation ratio of
such layered resistance transformer is equal to

_ | 425 Zar Lo - - - 2
2., Z..2Z M)
19 4337 &5- - - - |
n
n =

where £=21,/0, ;0 =47 1 - p

the empty directing system and direction one, filled by the
absorbing dielectric, accordingly.

is the wavelength in

where Z;, Z,, ... Z, are wave resistances of the direction
system, filled by the materials of m successively applied
layers of resistance transformer, accordingly.

The complex value of the wave reflection coefficient of
the system, absorbing the dielectric-metal, taking into
consideration the resistance transformer, is equal to

_ Zkth 1 - Z,
Zkth 1 + Z, @
_ 2
where J = 1 7 VE — P ; Z Z, are the wave

propagation constant and the wave resistance of the directing
system, filled by the material of the main absorbing layer;
&g -ig’’; &, & -are values of the dielectric constant and
dielectric loss of the material of the absorbing layer,
accordingly; / is the thickness of the layer of the absorbing
dielectric, p= (A/A ., )2; A-is the wavelength; A, is the critical
wavelength, defined by the measures of the directing system.
The values & and &' of the absorbing coefficient,
including in the equation (2), connect with its wave refraction
coefficient n and factor of dielectric loss with the known
ratios
d=n’(157); d'=2ny (3)
For the convenience of the later considering, let’s
introduce the mention of the given values of wave refraction

coefficients A and factor of the dielectric loss ;6 , which

are differ from n and y in the case of the usage of the
direction system, when value p differs from 0.

From the expressions for /£, taking into consideration (3),
it follows, that

ﬁ;y =tgA2;A=arctg &" /(& -p) @

Applying such output process that was in the ref [4] we
obtain the following equations, defining the conditions of the
full non-reflecting wave absorption in the considered multi-
layered system.



M.A. SADIKHOV, S.T. AZIZOV

2nyk

2N - 1) + arcng

1 2N

kn(

-1
4

1
A

+

arctg

where N is the number of the zero minimum of dependence
of pon/

The equations (5) establish the connection between values
n, y, N, at which in the considered multi-layered system the
full non-reflecting wave absorption appears. At p=0 and k=1,
they are equal by form with the analogical equations,
obtained at the consideration of the conditions of the non-
reflecting wave absorption in the two-layered system
dielectric-metal in the free space.

The equation (5) doesn’t take into consideration the
change character with the frequencies ¢’, ¢’ of dielectric
material, which is the absorbing layer of the considered
multi-layered system. For the concretization of the appearing
conditions of the non-reflecting wave absorption for the real
polar compositions, let’s take into consideration, that their
dielectric properties in the region of wave dispersion are well
enough described by Debye equation

- - (6
1+ 1w7 ©

where &), €, are extra dispersion statistic and high-frequency
dielectric constants of composition; @ is circular frequency; ¢
is the relaxation time[3].

The combine solution of the equations(5) allows to find
the functional connection between &, £,and 7 of material of
the covering absorbing layer, wavelength A, thickness /, of
the covering absorption layer, transformation coefficient £, at
which the non-reflecting wave-absorption in the multi-
layered system will take place. For the finding of this
connection the iterating process of the solution of the initial
equations has been applied.

The results of the carried out calculations for the case of
the first five zero minimums of function p(/) are given on the
figure 1 in the generalized coordinate planes

1
Ig %~ | and [1g wz, 5], Taking into
consideration, that &, of the more polar compositions within
2-3 units, was equal to 2 at the carrying out of the given
calculations. The obtained dependences & on lgwr at
different N of the zero minimum of the function p(/), and
their vertexes achieve to the value wr=1, according to the
center of the dielectric dispersion region. The value /Ay

increases with the increase of g w7 and stabilizes at wr>1.

n{l + y?) - k?

1 In(k + n)> + n?y?
2y (k — n)® + n%y?
2nyk ©)

n(1 + y?) - k?

— — s W

lgmt

Fig.1.The dependence &,¢., and relaxational 7, @ characteristics
of the selective wave absorption for the different numbers
N of zero minimum of function p( /).

As it follows from the fig.1, at the given N, &), &, and 7
can be two couples of values Ao and /,, at which the
conditions of non-reflecting wave absorption in the system
dielectric-metal is carried out. The analysis of behaviour of
functions &), lo/Ay on lgwr shows, that in the dispersion
region of composition should be the spectrum of wavelength
and the spectrum of the thickness of reflecting composition
layer, corresponding to it. The character of these spectrums is
strongly individual for every composition and is defined by
its statistic and dynamic dielectric properties. The spectrums
consist on two branches: low-frequency and high-frequency,
differing by only change character of values of spectral
wavelengths with the increase of the thickness of covering
composition layer, corresponding to it. For the low-frequency
spectrum arm the increase of A, with he increase of N
accompanies by the increase of /y. It is characterized, that
dielectrics with small values & may have the degeneration of
absorption spectrums because of the disappearance of their
spectral lines, corresponding to first zero minimums of the
function o /).

[1]
[2]

R.M. Kasimov. Injenerno-Fizicheskiy jurnal, 1994, t.66, N 5-6.
R.M. Kasimov, M.A. Kalafi, E.R. Kasimov,Ch.O.Kadjar,
E. Yu. Salaev. Jurnal Texnicheskoy Fiziki, 1996, t.67,
2.5.167.
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[3] A.F. Xarvey. Texnika Sverxvisokix Chactot. M.,1965.



THE CONDITIONS OF THE FULL ABSORPTION OF THE ELECTROMAGNETIC RADIATION OF THE TWO-LAYERED SYSTEM...

M.A.Sadixov,S.T.Ozizov
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INVESTIGATION OF THE Al-Mn ALLOY ELECTROCHEMICAL BEHAVIOUR IN THE
CASPIAN SEA WATER UNDER DIFFERENT MOVEMENT SPEEDS AND HEAT TRANSFER
CONDITIONS

A.F. ALIYEV
Azerbaijan Power Research and Design Institute
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Key words: power engineering, electrophysics, electrochemical corrosion, aluminum alloys, sea water, heat transfer, cooling system,
desalination of water.

Different speeds of movement and heat transfer parameters impact on electrochemical behaviour of aluminium alloy in the Caspian Sea
water has been investigated including also methods used to prevent scaling by acidification of water and injection of anionic surfactants. It
was found that increase in speed up to 2 m/s is the favourable stability factor against the pitting corrosion and the heat transfer through the
surface under the temperature drop up to 90°C / 140°C at the metal-liquid system doesn’t lead to dangerous contraction of passive area, i.e.

is safe from the rise of the pointed-pitting corrosion standpoint.

Caspian Sea water is often used in the Fuel and Energy
and Oil and Gas extractive industry Units’ cooling systems
due to deficiency of fresh water in the Caspian regions of
Azerbaijan, Kazakhstan and Turkmenistan. Moreover, heat
transfer surfaces, as a rule, are made of costly alloys on the
base of copper (cupronickel, brass, bronze) and stainless
steels.

Decrease in prime cost of Units and production is possible
provided replacement traditionally used materials by some
considerably cheaper and available aluminium alloys which
are almost 3 times lighter and 5-6 times cheaper than the
copper ones of the same size.

Corrosive and electrochemical characteristics as well as
protective effect mechanism for number of aluminum alloys
during thermal desalination of Caspian water have been
studied under heat balance and intermixing of medium [1-6],
i.e. when the metal-electrode and the solution-electrode
temperatures are the same. However, the heat transfer surface
(metal) temperature differs from the cooling (or warmed)
liquid medium temperature in the heat transfer systems, i.e.
the metal-liquid interaction process is on, under the heat
transfer. Mixing up of the liquid may not also correspond to
the actual speeds of movement observed in the heat
exchangers.

According to the procedure [7] the anodic potentio-static
polarization curves have been read from the three-electrode
cell made of pyrex-glass with electrode spaces for divided by
taps, at the laboratory plant with rotating heat transfer disk
electrode. Disk electrodes have been made of the Al-Mn
alloy (1,0 — 1,4 % Mn; 0,2 — 0,5 % Mg, everything else is of
— Al) — which is one of the most corrosion resistant alloys to
sea water [1 — 6]. Natural Caspian sea water from the
Absheron seacoast has been used as an electrolyte (total salt

content is apprex. 13g/l ; CI' = 5,35 g/l; SOi_ ~ 3,1 g/l;
(Ca>"+Mg*")~80,0 mg-ekv/l; (HCO ;+CO 7 )=4,0 mg-ekv/;
(Na" + K")=3,4 g/l.

Model aluminum or it’s alloy anodic potentio-static
polarization curve in the sea water is shown on the fig.1. As it
is seen, there is no active dissolution area on this curve and
metal is in passive state when corrosion potential is (@.,,). As
soon as definite pitting-formation potential (¢,,) is achieved,

drastic rise in anode current is registered, caused by local
breach of passivity and formation of pittings.

According to general theory of this process offered by
YaM. Kolotirkin [8], migratory accumulation of activated
anions takes place by the most active parts of the metal
surface. When ¢=g¢,, the anions force out the passivated
oxygen and take part in the local dissolution process (as
catalyst) at this places. Passive area width is defined by the
AQ, = @y — @ difference during the anodic polarization.
Potential at which the direct and back stroke anodic curves
are intersected is defined as the pittings repassivation
potential (¢,,). Density of anodic current in passive area i,
corresponds to the metal corrosion speed in current units.

According to the published works [9,10] formation of
pitting could not happen in the ¢ < ¢, area, arose pittings
may develop and formation of pittings could happen during
sufficient time delay in the ¢, < @ < @, area and pittings
arise practically at once in the ¢ > ¢, area. Development of
pittings which are already arose will be stopped only in case
if the potential becomes lower than ¢,),.

Thus, location of ¢, potential regarding ¢, and ¢,
potentials defines, in essence, the stability to the pitting
corrosion. Movements speed impact on parameters of the Al-
Mn alloy anodic polarization curves is studied in the sea
water warmed up to 90° C under the disk electrodes rotation
speeds of 1000, 2000, 3000, 4000 rpm that corresponds to the
linear speeds of the liquid movement of 0,84; 1,19; 1,45 and
1,68 m/s inside the pipe.

Electrochemical measurements have been made in the
thermostatic three-electrode cells made of pyrex glass with
electrode spaces divided by taps. Investigated heat
transmitting disk electrode has been placed in the middle part
of the cell and connected to the reference electrode by Luggin
capillary. Platinum has been used as an auxiliary electrode
(AE) and silver chloride in the saturated solution of KCI — as
a reference electrode.

The cells had plane bottom enabling mixing up of
solution by MM — 3 type magnetic mixer when necessary.
Working volume of the cell (investigated electrode’s section)

is 50 = 100 sm’, quantity of solution in it is 20 + 50 sm’.
Polyethylene hose connected the cell to the vessel for

preparation of solution, equipped by casing for thermostating

purpose like the cell itself. U-1, U-10, LP-201, TC-16
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thermostats have been used for thermostatting. The
thermostat’s liquid is distilled water (up to 90°C) or glycerol
(over 90°C).

Investigated disk electrodes have been made of aluminum
alloy reds pressed into the teflon. To avoid gap effects, close
fitting to the insulating material’s metal had been carefully
checked.

Before experiment the disk electrodes have been cleaned
out by fine files of different numbers with consecutively
decreasing size of the abrasive grains, degreased by ethyl
alcohol, washed by distilled water and working solution.

Polarization curves have been taken based on steady-state
corrosion potential (¢,,,) after 1-2 hours following immersion
of the electrode. The potential have been changed by 10 — 30
mV steps with 2 — 3 min time delay per step. The delay have
been extended up to 10 — 20 min nearly the pitting formation
potential ¢, (When potentials were approx. 100 mV lower
than ¢,). To take cathode curves the polarization have been
stopped at potentials 0.5 — 0,6V lower ¢@.,,. Each polarization
curve have been taken 3-6 times. Findings have been
averaged.

Taking into consideration the recommendations [5, 6],
stability to pitting have been estimated according to
conventional width of passive area A@,=@, — @, ie.
according to potentials interval higher ¢.,, where metal is
passive as well as according to difference between
repassivation potential and corrosion potential (¢, - @) 1.€.
according width of the area where pittings could not happen;
to measure the pittings repassivation potential (¢,,) after the
current density achieves approx. 10° A/sm” during the
anodic activation process, polarization have been changed in
the opposite direction and back stroke anodic polarization
curve have been taken with the same speed until intersection
with the part of the direct stroke curve corresponding to the
passive area.

Time delay per each potential have been extended up to
5-7 minutes nearly ¢, Results of the ¢, measurement by
potentio-static method (potential shifting speed is 20mV/min)
are the same.

Findings (fig.2) show that along with increase in the disk
rotational speed the corrosion and repassivation potentials are
changing a little like the corrosion current in the passive area,
passive area ¢, — @, width exceeds 200 mV all over the
investigated liquid speeds’ range (the potential values are
shown reduced to the n.h.e. — normal hydrogen electrode).
Along with increase in rotation speed up to 2000 rpm, the ¢,
potential is shifting into the passive side (that is in
conformity with data [11] for aluminum in the (NaCl)
solution at 110 mV); further increase in the electrode rotation
speed shifts the ¢, into the more negative values’ side,
however this potential is more positive than in the static
conditions ever when n = 4000 rpm.

Experiments with disk electrodes have been made under
heat transfer conditions with n 1000 rpm (0,84 m/s).
Presented in the table are the parameters of received anodic
polarization curves competitive to the relevant characteristics
under the heat balance.

As it seen from the table, if there are no descalers in the
water, the corrosion speed and pittings repassivation potential
are unchangeable under heat transfer through the disk, ¢,
potential is shifted first 30 mV into the negative side under
the temperature drop of 120° C/90° C and then 90 mV — into
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the positive side under the temperature drop of 140° C/90° C.
@, Potential is shifted into the negative side maximum
100mV under the temperature drop of 140° C/90° C, however
A, (0,28V) and @,, - ¢, (0,21V) values are quite sufficient
to avoid pitting corrosion in this case.

Under the temperature drop of 140° C/90° C and the
electrode rotation speed of 1000 rpm the anodic polarization
curves have been also taken in the modes of scale prevention
by acidification of water by sulfuric acid (5,7 < pH < 6,3) and
injection of 100 mg/kg of anionic surfactant — sulphonic
carbonate acid dysodium salt.

L J

gl g

Fig.1. Schematic anodic potentio-static polarization curve of
direct &) and back ¢ = =) stroke for aluminium and its
alloys in the Caspian sea water.

4000
nirpm)

Fig.2. @ - Qeon Peor Prp, Ppr and dependences of the Al-Mn
alloy in sea water under 90°C on disk electrode rotation
speed.

1000 2000 3000

Acidification itself shifts ¢, to 40 mV into the negative side
and ¢, to 30 mV into the positive side under some increase



of corrosion current in the passive area (from 28 up to
50 mkA/crnz). Injection of surfactant shifts ¢, to 80 mV
into the negative side and ¢,,to 100mV into the positive side
increasing significantly the passive area width Ag,: Thus, the
alloy corrosion speed decreases 17,5 times (from 28 to 1,6
mkA/sm?).

Pittings repassivation potential is unchangeable in the
scale prevention modes mentioned, however @, - @, and @,
- ¢ values are increased 70 and 30 mV accordingly in
case of acidification and 180 and 100 mV accordingly — in

A.F. ALIYEV

case of descaler injection (anionic surfactant) due to change
of @., and @, So, from the stability to pitting corrosion
standpoint, movements of the sea water is a favorable (factor)
facilitating removal of the metal dissolution products out of
metal surface. As a result, the, ¢,, potential is more positive
in dynamic conditions than in static conditions. Heat transfer
through the surface doesn’t lead as well to the dangerous
contraction of passive area especially when descaler (anionic
surfactant exists).

Table

Corrosion potential and parameters of anodic polarization curves for the Al - Mg alloy in the sea water under the heat balance

and the heat transfer conditions (n = 1000 rpm)

Measurement conditions Deor, V' oV O,V z',,-lO5 , A/sm? Ap,, V P~ Peor V. Oof-Prpr V.
Heat balance, 90° C -0,79 -0,35 -0,52 3,0 0,44 0,27 0,17
Heat transfer, 120° C/90°C -0,82 -0,43 -0,52 32 0,30 0,30 0,09
Heat transfer, 140° C/90°C -0,73 -0,45 -0,52 2,8 0,28 0,21 0,07
The same in acidified sea water
(5,7 <pH<63) -0,77 -0,42 -0,52 5,0 0,35 0,25 0,10
The same in the sea water with
100 mg/kg of anionic surfactant -0,81 -0,35 -0,52 0,16 0,46 0,29 0,17
additive
[11] A.F. Aliyev. Investigation of influence of temperature [6] A.F. Aliyev, LI Freynman, A.A. Abdulla-zade.,

and Caspian Sea water compositions on corrosion and
electrochemical behavior of some alloys. Transaction of
the A — URI “Vodgeo”. Moscow, 1974, 45 edition,
p-103-115.
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DINAMIK ISTILIK OTURMO SORAITINDO XOZOR DONIZi SUYUNDA ALUMINIUM SRINTISININ
ELEKTROKIMY®Vi COHOTDON OZUNU APARMASI

Xozor denizi suyunda miixtelif horeket siirotlorinin ve istilik 6tiirme parametrlorinin aliiminium orintisinin elektro-kimyovi tesiri, o
¢limladen suyun tursusunu artirmaqla ve anionlu sathi-aktiv maddeslerin daxil edilmesi tisullardan istifade olunmasi tedqiq edilib.
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Miieyyon olunmusdur ki, 2 m/s — dok siiretin artmasi, pitting-korroziyasimin dayaniqlig: iiciin alverisli amildir, amma soathden istilik
otiirme maye-metal sisteminde temperaturun 90 °C / 140 °C — deok deyisilmaesi passiv sahenin tohliikeli daralmasina gotirmir, yoni noktali-
yaral1 korroziyanin emele gelmesine tohliike yaratmir.

A.®. AlineB

3JEKTPOXUMHUYECKOE MOBEJEHUE AJJIOMUHUEBOI'O CILIABA B KACIIUMCKOM BOJIE TP
JANHAMUWYECKHUX YCJIOBUAX TEIVIONIEPEJAYN

HccnenoBano BIMSIHUME pPa3iIMYHBIX CKOPOCTEH MIBI)KEHMS M IIapaMETPOB TEIUIONEpeadyd Ha JIEKTPOXMMHYECKOE MOBEICHUE
AIIOMHHHEBOT0 CIIaBa B KACIMICKOW MOPCKOMH BOJIE B TOM YHCIIE TP MCIIOJIB30BAaHUM METOOB IPEIOTBPAIICHNS HAKUIIH TTOIKUCICHHEM
BOJBI M BBEJICHHEM AHUOHHBIX I[OBEPXHOCTHO-aKTUBHBIX BELIECTB. YCTAHOBJIEHO, YTO YBEJIMYEHHE CKOPOCTH IO 2 M/C sBIseTcs
OnaronpuATHHIM (HaKTOPOM yCTOWYMBOCTH K NMUTTHHIOBOM KOPPO3MH, a TEIUIoNepeada uyepe3 MOBEPXHOCTh MY Iepenaje TeMIeparyp B
cucreme xuakocTh-meTamn 10 90° C / 140° C He IPUBOIMT K OMACHOMY CY)KEHHIO MACCHMBHON OOJIACTH, T.€. HE TPEICTABISET OMACHOCTH C
TOYKH 3pCHHUS BOSHUKHOBEHHUS TOUCYHO-I3BEHHOH KOPPO3HUH.
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The present paper is the continuous of publications of complex of optical properties investigations, which are perspective for the practical
additions of nonlinear crystals of LiNbO;+0,03%Fe with the aim of the usage in the systems of transmission, reception, treatment and

storage of the optical information.

After the recording of the interference figure of the
interaction of two plane waves in lithium niobate, he can be
considered as a crystal, the index of refraction of which is
periodic function.

2 2 ® 2z
n"(z)=ny|1+2 X x,, cos| —mz (1
m=l1 A

If the crystal thickness us more than the sizes of the
recorded interference figure, so the hologram will have the
properties of three-dimensional diffraction grating. Thus, the
plane wave propagation along the trajectory is in the
conditions of the periodic modulation of the lateral
component of wave vector k, and consequently, the
longitudinal component £k,, connected with it by ratio
k’+k’=k)’n’. The TE-wave amplitude, propagating in the
medium, the index of refraction of which is defined by the
expressions (1), satisfies to the Hill equation [5]:

2
d u

o0
— (90 +22 0, cos(2mg))4 =0,
dg m=1

the solution of which, according to Flow theorem, can
_idg iog

" f(¢)+Be " f(-¢), where &
is the some characteristic constant, fC) is the periodic (with

express in the formu(s) = 4e

2
. . V4 2A
period 7) functionand ¢ =| — .6y =| — | .6, = X,,6,-
A A
After substitution of the decomposition ) in Fourier
series in (2), the characteristic constant ¢ is defined from the
solutions of equations A(9)=0 or

S5
sin(—) = +4/A(0) s1n|:(£j\/%} , in which
2 2

2
1 S5 )

AG) =———5 20— | fu= Z Optym | =0,
60 —4n m=0

T

A(6) is Hill determinant. It is easy to note, that in the
general case at 0=0, the necessity in the calculations of the
determinant of infinite dimension matrix. However, for the

case ¢ ~ I the approximated solution (6) shows that

periodic medium under the condition
1/2

RO 0) i .

A—/lo|< behaves itself as Bragg
T

reflector and diffraction, propagating in wave crystal, will be
described by Bragg reflective angles, correspondingly. It is
noted, that z axis situates parallel to vector difference vector
(kq - kp), where k; and Kk, are the wave vectors of two plane
waves.

From the other side, the effects, connected with the
attenuation of the luminous radiation, which is caused by the
scattering, caused by the density fluctuations on the
microscopic and atom levels, and absorption, and geometrical
distortions of form, thickness and etc. also. For example, in
the case of lithium niobate crystals, the space-time changes of
the coefficient of refraction, appearing under the action of
incident light, depending on its wavelength and intensity,
lead to the trajectory change of the luminous beam
propagation, geometrical sizes and form of output light spot.
The last circumstance is demonstrated in the fig.2 by the
intensity propagating in the region of output light spot, the
maximum of which in the limits of general accuracy, should
be situated in the center. It is clear, that all characteristics of
incident light on crystal, were stable during the time of
experiment carrying out, the influence of external factors,
which can influence on the investigation results, is equal to
zero. Thus, it is followed from the figures 1,2,3 and, 4 the
consideration of space-time changes of index of refraction,
kinetics of scattering and transmission processes, is the
obligatory condition in the optical experiments with given
crystal. It is need to note, that change of angle of incidence of
light from 0 till z/3, leads to the decrease of the scattered
light intensity, at the same moment as scattering indicatrix
doesn’t change. This statement is stable till the crystal
thickness is less than 3-4u. In the other case, maximums of
intensity of scattered light to 0 and z and scattering indicatrix
becomes more diffusive.

As forms of curves of coefficient of refraction change are
close to Gaussian profile, so it can be proposed that

bp2

2 2 T
n"(p.zt)=n f(e ()

where p = x’+)7, f{1) is function on time, b is some constant,
n is coefficient of refraction.
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Fig.1. Space and time dependencies (#=1,2,3 min.) of the
change of coefficient of refraction in lithium niobate
crystals.

Fig.2. The time changes of the form and distribution of the
intensity in the output light spot region in lithium niobate
crystals (@ — t=0; b — t = 2 min).

w-em™?

I4:10

Fig.3. The time changes of transmission (/,) and scattering (/;) of
the light in LiNbO; +0,03%Fe (L=2y, thickness of the
sample is 2mm, A = 440 nm).
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Fig.4. The scattering indicatrix (/;) for LINbO; +0,03%Fe
(L=2p, the thickness of the sample is 2mm).

Taking into consideration, that the index of refraction of
crystal doesn’t depend on x and y, i.e. we consider unlimited

. ik f+xsing
layered medium, and at z =-c0 1, = g f0FeOsOrSNG)

also, the field has the form of plane wave u;, propagating

. z adz
under the angle 6 to z axis: x = xp + | —=—=—=_ The

20 4 n2 (z)-— a2
trajectory of any beam in the Cartesian coordinates for the
considered case can be recorded in the form, where z, and x,

are coordinates of the trajectory point, a =ngsin6 .The

observable inclinations are well described by the given
approach till the crystal thickness isn’t so bigger, than the
sizes of recorded interference figure. From the other side,
such approach doesn’t take into consideration this fact at all,
that as of light propagation in the crystal, the intensity of the
interacted pencils of light change because of the their
interaction with the recorded holographic lattice by them.
Such dynamic process leads to the essential coordinate
dependence of amplitude and phase of the recorded lattice.
According to the ref [2], the phase difference of two
interacted pencils change thus, that surfaces of maximal and
minimal change of the index of refraction generally stop to be
the planes. However, if phase shift is equal to 0 and 7, inspite
of the unequal to 0 value of the diffraction efficiency, the
intensity of the recorded pencils on the crystal output doesn't
change. For the case of phase shift, which is equal to /4, the
recorded lattice has the alternating contrast on the crystal
thickness. In many cases, after the recording of the
interference figure in lithium niobate crystals (by the
thickness, satisfying the condition (274z)/(nL>)>10 [1],
where L is the constant of holographic lattice), the obtained
holographic lattice can be related to the phase volume one.
The limiting recording density for the volume holograms is
estimated by the dependence of the diffraction efficiency on
the inclination from Bragg angle. At the small intensities, this
dependence well coincides with the estimate, given in the ref
[1], A@~L/z. The further increase of the diffraction efficiency
is accompanied by the broadening, connected with the
presence of the efficiency nonhomogeneous on the crystal
thickness. The more big the z value, the more big the
nonhomogeneous and the broadening also. In the case of the
LiNbO; +0,03%Fe crystal (L=2x, sample thickness-2mm)
the reason of the nonhomogeneous can be energy exchange
[3,10] between recorded beams, at which the contrast of
interference figure changes (because of the change of phase F
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and oscillating character 77).From the other side, as it is
followed from the analysis of time changes of transition and
scattering. The big value has the exposition time of recorded
hologram on this crystal. The value of crystal absorption at
the above mentioned parameters, in the region 440nm near
1,5 sm' and the peculiarities of angular selectivity of
diffraction efficiency also weak dependence from this
process. The obtained experimental dependencies of the
diffraction efficiency on the value of phase shift and angle
of reading information for LiNbO;+0,03%Fe are presented
on the fig.5,6.

1
0,5

(0] 1 1 1
1/4 1/2 3/4
O =

Fig.5 Dependence of diffraction efficiency 7 on phase
displacement angle.

To

007
0

Fig.6 Dependence of diffraction efficiency n/ny on angle of
reeding information of holographic lattice in the crystal
LiNbO; +0,03%Fe (L=2u, sample thickness is 2mm,
177=20%).

They are well accord to the results of the ref [3].

The theoretic model, taking into consideration the
nonlinear dynamic processes at the recording of the
stationary holographic lattices with the taking into
consideration of diffusion and drift of photocarriers, change
of crystal dipole moment in the result of the elimination, was
introduced in the ref [4]. The change of crystal AP, dipole
moment, appearing in the generation and recombination
processes of current carriers, was taken into consideration
phenomenologically in the prediction, that it is proportional
to the concentration change of the charged centers, i.e. in the

form: AP = d(N,, - N, ). The connection of dipole moment

change only with the change of the charge impurity state,
probably doesn’t correct at all. It is possible to show, that
absence of the consideration of ion arrangement relatively
each other changes neglible few the value of sum crystal
dipole moment. The questions, connected with the change
nature of crystal dipole moment, were discussed in refs [5,6]
and as analysis of the given experimental results show, the
nature of these changes for the pure crystals and crystal with
impurity is different. In our case we consider LiNbO; with
impurity 0,03%Fe, and the expression application (fP;),

where a*( /P, -is impurity polarizability; f- is Lorentz factor;

(fP;) is the macroscopic field; &(*)(fP,) is the impurity dipole
moment. For the case of shallow impurities: f=0. Thus,
deposit in the polarizability change will be put by the deep
levels. As at the homogeneous elumination of short-circuit
crystal the macroscopic field has tendency to the zero, so
dipole moment changes connect with the change of the
polarizability and deformation of the space region near
impurity atom. Experimentally, the dipole moment value can
be defined, measuring the polarization currents [8]. The
obtained results are well correspond with the ones, given in
the ref [6] and P, value is equal to 0,71 cm™. All above
mentioned allows to take into consideration the time changes
of dielectric constant. They can be easily obtained from the
experiments, given not only in the present publication, but in
the refs [3,5,6,7] also.
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Talat R. Mehdiyev

Fe:LiNbO;-UN OPTIiK XUSUSIYYOTLORI

Toklif olunan is praktik totbiglorde boyiik perspektivi olan geyri-xotti LiINbO;+0,03%Fe kristallarinin optik xasselerinin kompleks
todqiqine hosr olunmus islorin davamidir.Totqiqatlar optik melumati xarice yayan, gobul eden, yeniden isloyen ve 6ziinde saxlayan

sistemlorde istifade oluna bilmek meaqsadini dastyir.

Tanat P. MexTueB

ONTUYECKHUE CBOMCTBA Fe:LiNbO;.

Hacrosimast paGoTta sBiSeTCs NPOROIDKCHHEM ITyONMKAIMi KOMIUIEKCA HCCIIEOBAHMN ONTHYECKHX CBOWCTB IMEPCIEKTUBHBIX IS
NPaKTUYECKUX TPHIOKEHUH HennHeHHbIXx KpuctamwioB LiNbO;+0,03%Fe ¢ membro uMcnonp3oBaHHsi B CHCTEMax Iiepeladd, HpUeMa,

00paboTKM ¥ XpaHEHUsI ONITHYECKOI NHGOPMAIIUHL.
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The technique of the layer thickness selection and composition of the binary absorbent microwave coverings are presented in the paper.

INTRODUCTION

The essentiality of the papers, connected with the
theoretical analysis of the appearing condition of the non-
reflecting absorption of the electromagnetic radiation in the
layer of the polar dielectric, taking into consideration its
characteristics, treatment of the methodological and
algorithmic software with the treatment of the methods of the
measurements of the strongly-absorbent materials in the high-
frequency range, based on the non-reflecting wave absorption
effect, makes them very perspective.

The existence the non-reflecting wave absorption effect in
the polar liquids and their solutions in the non-polar
absorbents makes the perspective of their using in the
capacity of the non-reflecting absorbents of high-frequency
radiation. Such coverings may be used in the location
techniques in the action band of the radio transmitting
devices, at the creation of the dead rooms, and in the other
areas of techniques and ecology, where appears the necessity
in the absorption of the electromagnetic radiation of the given
frequency, also. The existing absorbents of the
electromagnetic radiation are carried out, as a rule, on the
base of the compositional materials and have in their
composition the thin metallic wires or high-disperse metallic
particles. Moreover, the dissipation of the electromagnetic
radiation takes place in the surface layer because of skin-
effect [1,2,3].However, in such absorbents the effective
dissipation of the electromagnetic radiation decreases with
the increase of its frequency, and that makes difficultness of
the creating the high-frequency absorbents of electromagnetic
radiation on the base of existing conducting materials.

In such cases, when absorbents of the electromagnetic
radiation have the metallic base, covered by dielectric film on
it, in the capacity of which the polar substance with the
maximal dispersion near given range of wavelength was
used, it is hardly to select the material of the absorbing film,
the dielectric properties of which satisfy to the conditions of
the non-reflecting absorption of the incident electromagnetic
radiation of the given frequency.

In this direction prefer in the capacity of the material of
the absorbing covering to use the homogeneous mixture,
consisting on the polar dielectric with dispersion near the
given range of wavelength and non-absorbing radiation of the
non-polar substance, but not the concentration of the polar
component of the mixture, and thickness of the covering
layer it is need to choose from the theoretical positions,
concluded for the case of the absence of the reflection of the
electromagnetic radiation of the given frequency from
dielectric-metal system.

THE MAIN CONTENT
It is known, that at the presence of the absorption of the
electromagnetic radiation in the dielectric layer, covered on

the metallic base, the dependence of the amplitude of the
reflected wave on the thickness | of the covering layer has
oscillating and damped character. The state and value of the
module of the wave R reflection coefficient in the external
points of this dependence is defined by the dielectric
parameters of the covering substance and radiation frequency

f Moreover, the non-reflecting wave absorption in the
considered two-layered system dielectric-metal realizes in the

minimum points of the dependence R on | at the carrying of
the following conditions

(1 + y2) - A/ Ay =th (27z|0y//’tg) —y-tg (Zﬂlo//lg)
y-sh(4zlyy/ 4| +sin (47l /24 =0
(1

where

y=tgd/2,5=arctg¢ /., &', &"
is the dielectric constant and dielectric loss of covering

substance, correspondingly;ﬂ., ﬂ.g are wavelength in the

vacuum and dielectric, correspondingly, |0 is the thickness of
covering layer, at which R becomes equal to 0 ).
So
A i A ’
g’:(l_yz)' R g =2y- K
9 9

()

the joint decision of the equations (1), (2) is defined the

functional connection between A , |0 , € and €"of material

of the absorbing film, corresponding to the case of the
complete extinction of radiation in the covering layer by the

way of the deletion from the equations of A and Y.

The results of calculations by the equations (1), (2) are
presented graphically in the axis of ordinates [¢, &"] (fig.1).
They are equal to the first three minimums of curve R on |,
under the condition, that in the chosen its points of extremum
points the wave reflection is absent. Every point of these
dependencies is equal to definite value of the given thickness

|0 / A of covering layer, at which the conditions of non-

reflecting wave absorption are carrying out.

If absorbent’s covering is formed in the type of binary
mixture of absorbent and nonabsorbent material, so values of
the concentration dependencies € and &'of mixture at the
chosen radiation frequency are necessary for the finding of



S.T. AZIZOV. M.A. SADIKHOV

the resonance composition of mixture ¢ and thickness | of the
layer.

In this case it is necessary to cover the found
dependence of ¢''and €' in the fig.1.

Fig.1. The illustration of the graphical method of the
finding of the resonance concentrations of polar
component in the absorbent.

Then the points of intersection of this dependence with
the curves, described by equations (1) and (2), allow to define
the looking for the set of values ¢, and |y for every N value.
As the concentration dependence &'’and &' of the concrete
mixture it is difficult to express analytically, so we use the

graphic method of the finding of resonance values ¢y and g
for their calculation, which was described in the ref [4].

In the table as a example are given the results of the
calculation of the parameters of the non-reflecting coverings
of the solutions of dimetilformamide-dioxan.

N 0% /A

1 4 0,1

2 8 0,3

3 19 0,7
CONCLUSION

Thus, the search of the resonance values | and ﬂ, at
which the conditions of non-reflecting wave absorption
becomes unique. If the frequency dependencies €"and €'of the
concrete covering material are known. In the dispersion
region of the polar substance, its dielectric properties are well
described by Debye equations. From the joint solution of
Debye equations and equations (1) and (2), it is followed, that
any covering substance has the frequency discrete spectrum
and the spectrum of the thicknesses of covering layer,
corresponding to it, at which the resonance non-reflecting
wave absorption effect appears.
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S.T.Ozizov, M.A.Sadixov
MIKRODALGALI POLIMER UDUCULAR.

Moqalade mikrodalgali binar uducularin terkibi ve qalinliq laylart se¢ilme metodikasi gosterilib.

C.T.A3u30B, M.A. CagbIxoB

MHUKPOBOJIHOBBIE ITOJIMMEPHBIE IIOT'JIOTHUTEJIU.

B cratne IpUBEACHA METOANKA BBI60pa TOJIIOUHBI CJIOA U COCTaBa 6I/IHapHLIX TIOTJIOIMAOINX MUKPOBOJHOBBIX HOKpBITHﬁ.
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The separation method of thin-dispersion ferroelectric particles and their input in the crystallizing polymeric matrix have been
described. The morphology of the obtained thin polymer composite films have been investigated. It is shown, that the increase of the part of
the crystallic f-phase of the polymer matrix is observed at the volume content of the filler up to 15%, but at the high filler content the
tendency to the clusteroformation takes place. It is established, that clusteroformation and conformation changes in PVDF, observed on the

lines 840 and 813 sm™' are interconnected.

Introduction

The obtaining and investigation of the properties of thin
ferroelectric and electro active polymeric films is the actual
problem with the aim of their application in the different
converters [1-2]. It is known, that the sizes and volume part
of filler particles play the determinative role in the process of
the formation of composite material structure [3]. With the
increase of the particle sizes, the specific surface increases,
therefore the peculiarities of the interphase interaction and
the size effects are strongly revealed [4-6]. The character of
phase transitions changes at critic sizes of the filler or the
thickness of the film, or in a particular, the decrease of the
particle size leads to the decrease of tangent of diclectric loss
angle [5]. It is need to note, that the substrate surface, on
which these films have been obtained or treated, influences
on the physical state of the thin films essentially. We
informed about the influence of the substrate type on the
submolecular structure (SMS) and showed, that by the choice
of the corresponding substrate one can make dielectric
properties of ftorpolymers better [6].

The study of the structure peculiarities and properties of
the thin polymer composite materials (PCM) with the thin-
dispersion ferroelectric fillers (particle diameter d<Smkm)
opens the possibility of the revealing of the main regularities
of the modification influence of surface and distribution of
fillers on the electret and dielectric properties [4-8].

The modification influence of filler on the structure and
electroactive properties of PCM have been made by different
ways: plasmolysis, nanotechnology, using of the Lengmure-
Blodjet technology, selection of solvent and e.t.c. The
application borders and realization possibilities of these
methods are significantly differed. Moreover, as the analysis
of the obtained data shows, the PCM can be created with the
definite connectivity, morphology and improved electro
active properties at the optimal their combinations in the
dependence on the filler dispersion degree and polymer type.

In the present work the method of separation of thin-
dispersion particles, the obtaining of the polymeric thin films
on the base of the polyvinylideftoride (PVDF), filled by the
thin- and monodispersion particles of ceramic powders by the
PZT-19 type and investigation of their morphology and
conformation changes in the dependence on the filler volume
content, are described.

The experimental part

It is known, that the base of the sedimentation particle
generation, having different sizes, according to which,
particles, precipitating in the viscous medium, have constant

velocity, depending on their sizes is the Stocks law [9]. For
the spherical particle this velocity is expressed by the

following form:u = g 7rr3(pm - X / 6zrn, where
r is particle radius, 7 is dynamic medium viscosity, o, and o,
are densities of material particle and liquid correspondingly.
At the uniform motion wu=const=H/tr, where H is
precipitation height of particle, 7 is precipitation time. Taking
into consideration that d=2r, so for the determination of the
particle diameter the following formulae is obtained:

d = \/18H77 /7 9(p, — py)r In the practical aims it is

necessary to calculate the precipitation time on the fixed
height of the particles, having the different diameters, by the

18Hn / oo, - pyd”.

It is note that the given formulas are correct for the
spherical particles and are applied for the diluted suspensions.
For the particles of the irregular form, the representation
about equivalent radius is used, corresponding to the radius
of the spherical particle velocity.

In our case the separation of the particles by the type
PZT-19 was carried out in the dimetylformamide medium
(DMF) in the measuring glass of 11 volume. The sampling
time in the dependence on the choice of ceramic particle sizes
is given on the table 1.

formulae: 7 =

Table 1
The sampling time in the dependence on the particle
size for the suspension DMF/PZT-19

Diameter of The The sampling time
particle is less, | sampling | DMF/PZT-19, sec.
than mkm depth, sm
50 10 6
10 10 146
10 584
1 10 14600
0,5 10 58400

The polymeric composite films with the thickness
h<10 mkm are obtained by the way of thermal evaporation of
1% solution of polymer PVDF in DMF and colloid ceramic
suspension with chosen particles at the temperature 370 K on
Al substrate. For the obtaining of the homogeneous degree of
dispersion the particles are separated in the opposite order,
i.e. the beginning of the small sizes. The ceramic particle
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concentration in the colloid suspension with chosen sizes of
the particles is found by the weighing of the average trial
volume. The mass ratio of the filler and polymeric matrix is
obtained by adding of the known volume of the colloid
ceramic suspension to the known volume of the polymeric
solution. The thickness of the samples is found with the help
of the thickness meter IZV-2. The samples are treated by the
heat treatment at the temperature 393 K during one hour. The
micro photos are taken on the scanning electronic microscope
(Nanoscope IIla, Multimode SPM). IR-spectrums of the
samples are investigated in the range 950-750 sm™ on the
spectrophotometer Specord 71JR at the room temperature by
the reflection absorption spectroscopy method (RAS). The
measurements are carried out at the angles of incidents,
which are closed to the normal ones (p=109 in the
unpolarised light with the help of special reflection device
(Shimadzu, Japan). Polymer films were polarized in the field
of Corona discharge at polarization voltage of 7kV at room
temperature. The distance between the films and electrode
was 10mm, polarization duration 180 sec. Surface potential if
the electrets were measured by the vibration electrode
method. The surface charge density 6 and then charge Q were
calculated by the formulae:

o=U, gg/h,

where U, is the compensation voltage; & the relative
permittivity of the composite; &, the permittivity of the free
space, equal to 8.854x10™'? Fm™; A, is the electret thickness.

The results and their discussion

Earlier we informed, that the more narrow dispersed
distribution of the ceramic particles, and the particles of the
size 1mkm [10] also, can be obtained at the exact calculation
of the parameters, including in the Stocks equation and at the
sampling selection in the opposite order. At the small content
of such quazimonosize filler (till 15%), on the data of SEM
images, the horizontal and vertical clusters are absent. But at
the increasing of the filler concentration till 20%, the
aggregation process of the ceramic particles takes place that
leads to the cluster formation. SEM images of the composite
film with the 20% of the filler volume content is represented
by fig.1.

16rFm WDI6

Fig.1. SEM microphotography of the polymeric composite film
on the PVDF base and PZT-19 with the particle sizes of
the filler d~1mkm at the volume filler content 20%.

From fig.1 it is seen that particles with the sizes about
1 mkm combine and form the clusters of the form either line
chains or lumps. The cluster sizes change from 2 to 10 mkm.
SEM images of such a clusters is given in the fig.2.

1264 23KV 1m HD16

Fig.2. SEM images of the separate cluster of the composite
film on the PVDF base and PZT-19 with the particle
sizes of the filler d~1 mkm at the volume filler content
20%.

It is seen that the size of this line cluster is about 3 mkm.
The appearance of the clusters destroys the morphology of
the polymeric film. That’s why at increase of filler
concentration because of the increase of sum specific surface
of the ceramic particles and appearance of the vertical
clusters, the composite material with the ratio 4/d~2 isn’t
obtained.

AFM micro photos of free surface and the surface turned
to substrate of the composite material with the scanning area
5x5 mkm” on the base PVDF/PZT-19 at 20% of the filler
volume content are shown in fig.3 and fig.4.

Instruments NaneScope
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Fig.3. AFM microphotography of the free surface of the
composite film PVDF/PZT-19at the volume filler
content 20%.
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Fig.4. AFM microphotography of the surface, turned to the
substrate of the composite film PVDF/PZT-19 at the
volume filler content 20%.

From that figures it is seen the formation of the vertical
clusters of the ceramic particle in the ledge form that destroys
the polymer structures — the ferroelectric particle — polymer.
Indeed, these morphological offences will influence on the
dielectric properties of the composite as a whole. From the
comparison of these images we can see that the surface
composite-substrate is rougher that the surface composite-air,
i.e. the surface of the substrate also deposit in the formation
of the near-surface layer. From the references it is known that
the surface tension of the film from side of the solid substrate
differs strongly from the surface bounded by air [10]. In this
work it is established by authors that the solubility parameter
of the near-surface layer differs also from the solubility
parameter in the polymer volume that leads to the change of
the polymer density in the near-surface region.

Thus, the surface state of the film depends on the volume
content of the filler, energetic parameters of the substrate,
solubility parameter of the polymer, parameter caused by
adhesive properties and etc.. The morphology of the near-
surface region formed by such complex method plays an
essential role in the formation of a submolecular structure as
the polymer film, so the composite material on the base of
these polymers and therefore influences on the dielectric
properties [6].

The doping of the thin-dispersion filler to the polymeric
matrix allows also revealing the structure transformations
caused by interphase interactions with the help of IR-
spectroscopy. Taking into consideration that the sum of
specific filler surfaces causing the interphase interaction
between the polymer and the doped particle can purposefully
change by the change of the volume content of the filler of
the determined size. So it is possible to observe the change of
the conformational transformations. The IR-spectrums of the
initial film (1) and composite films, filled by the thin-
dispersed particles (d~1 mkm) with the volume content 10 (2)
and 15% (3) are given in fig.5.

750 v, emt

Fig.5. IR-spectrums of the initial film (1) and composite films,
filled by the thin-dispersed particles (d~1 mkm) with the
volume content ®=10(2) and 15%(3).

From fig.5 it is seen that the optical absorption of the
conformational sensitive band is 840 cm’, which
characterizes the crystal S-phases, increases with the increase
of the volume content ®. This increase accompanies with the
shifting of the maximum of this frequency and decrease of
the half-width. The band 880sm” is conformational
insensitive, but the band 813sm™ characterizes the amorphic
phase [10]. The data, reflecting the band changes 840 sm
are given in the table2.

Table 2
The change of the parameters of the crystallic f-phase (band 840 sm™) from the volume content
Sample | Volume content Dsao vy of the band Vinax Of the band
@, % 840 sm™ 840 cm’’
1 0 0,025 50 840
2 5 0,05 40 832
3 10 0,065 32 830
4 15 0,075 15 826
5 20 0,068 22 823

The dependence of the optical absorption D and the half-
width of the frequency 840 sm’! (v2) on the volume content
@ is shown on the fig.6. From the plot it is seen, that both
dependencies have the extreme characters. The content of the
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crystal fphase increases and the increase of the crystallinity
takes place at the volume content of the filler till 15%.
Evidently, the fillers in the form of the thin particles in the
polymeric matrix behave themselves as the crystallinity
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centers. However, the value of the optical absorption of the
frequency 813 sm’ also increases, that shows the
simultaneous  appearance of the crystallinity and
amorphization processes (growth £ and yphases).

-1
Vi O
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L1

Y ] 20 Do
Fig.6. The dependence of the optical absorption D and
frequency half-width 840 sm’! (vy2) on the volume

content D.

The cristallinity change directly influence on the electret
properties, in a particular, on the effective electret charge of
Corona polarized composite films. The dependence of the
relative initial electret surface charge O/Q, on the volume
content of the filler @ is given in the fig.7.

p—

Fig.7. The dependence of the relative initial electret surface
charge Q/Q, on the volume filler content ®.

From fig.7 it is seen, that the initial electret surface
charge achieves its maximum value at te volume content
®=15%. The comparison of the figures 6 and 7 shows, that
the direct correlation, which is proved by our experiments
takes place between the cristallinity of the polymer matrix,

volume content of the filler and electret properties of the
composite material.

The external form of the dependence of crystallinity on
the volume content corresponds to other reference data. In
particular, in the work [7] at the studying of the electret
properties of polystirol with the thickness 1,2mm, filled by
silicooxides, the extremum dependence of the effective
surface charge 6 on the volume content of the filler @ is
obtained by authors and is shown that 6 has the maximum
value at ®=12%. This probably can be connected with the
change of the conductivity of the surface layer and decrease
of the quantity of the polarized polymeric material.

On our opinion, in the case of the thin films, the
observable extreme dependence can be explained by the
change of the submolecular structure. The near-surface layer
forms around the doping particle and it can be proposed that
the crystallization process of the polymer takes place in the
near-surface layer of this particle. The sum specific surface of
the particles increases with the increase of the filler
concentration increase that leads to the increase of the
polymer crystallization region. However, at the volume
content of the filler 20%, as it is seen from the fig.1-4, the
clusters form. This is caused the decrease of the sum specific
surface of the particles. And in the result, the crystallization
region of the polymer decreases. That we can observe on the
IR-spectrums.

From the other side, the each particle in the polymer
matrix behaves itself as the center of the mechanical stress,
acting in the near-surface region, the size of which changes in
the dependence on the particle size and filler volume content
[11]. These changes cause the change of the mechanical
stress in the disperse volume of polymer, that leads to the
change of the conformation state. In the work [12], the
change of the conformation states, oriented by PVDF films
with the width 28 mkm by IR spectroscopy methods the
different degrees of deformation, is investigated. These data
prove our prediction about the interphase interaction takes
place with the help of the mechanical stresses forming in the
near-surface layer of the doping particle in the thin filled
polymers.

Thus, the separation technique of the thin-dispersed
ferroelectric particles with their following doping in the
polymer matrix is treated. It is shown, that the surface
morphology of the obtained composite materials changes
under the influence of the substrate and the change of the
filler volume content. By the studying of the conformation
changes, obtained by this method of the PVDF films, filled
by the thin-dispersed ferroelectric particles it is established,
that by the variation of the filler volume content, the content
of the crystallic f~phase can be modificated and improved of
the electret properties of the polymer composite materials.
The authors thankful to the scientists of Norvegian University
of Science and Technology Kjell Evjen and Tanem S.Bern
for realization of SEM and AFM images.
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XIRDADISPERSLI SEQNETOHISSOCIKLORL® DOLDURULMUS NAZIK POLIMER TOB9QOLORINDS
MORFOLOJi VO KONFORMASIYA D9YIiSIKLIKLORININ TODQIQi

Xirdadispersli seqnetoelektrik hissaciklerinin dlgliya géra ayrilmasi ve onlarin polimer matrisasina daxil edilmasi tsulu tasvir
edilmigdir. Alinan kompozit materiallarin morfoloji tedqiqgati apariimisdir. Goésterilmisdir ki, doldurucularin hacm payr 15 %
oldugda polimer matrisanin kristallik p-fazasinin migdarinin artmasi ve yiksek hacmi faizlerde ise klasterlerin yaranmasi
musahida olunur. Miayyan edilmisdir ki, PVDF tebaqgslarinds 840 vo 813 sm” zolaglarina goéra Oyrenilan dayisikliklar va
klasterlarin yaranmasi qgarsiliqli suratde slagadardir. Gésterilmisdir ki, doldurucularin hacm payini segmakla elektret xassalarini
yaxsilasdirmagq olar.

3.M. I'amunos, M.K. Kepumos, A.M. Mareppamos, H.H. I'ax:xueBa

UCCJEJOBAHUE MOP®OJIOT MU U KOH®OPMAILIMOHHBIX U3MEHEHUI TOHKUX
MNOJMMEPHBIX IIVIEHOK, HATIOJITHEHHBIX TOHKOANCIIEPCHBIMH
CETHETOQJIEKTPUYECKUMHA YACTUINAMU

OmnucaH METOA cemapaniy TOHKOIUCIIEPCHBIX CETHETOKEPaMHYECKHMX YacTUI[ M MX BBEACHHE B KPHCTAIIM3YIOLIYIOCS
nojuMepHyto Marpuily. MccnenoBana Mop@os10rusi NONTyYeHHBIX TOHKUX MOJMMEPHBIX KOMITIO3UTHBIX IUIEHOK. [Toka3aHo, 4yTo
IIpU COlep)KaHUM HANOJHUTENs 10 15% 00. HaOmromaercss yBENMYEHHE JOJM KPUCTAUIMYECKOW [-(a3bl IOJUMEpHON
MaTpHILBL, @ TPYU BBICOKOM COJIEP)KaHUU HAIIOJIHUTENSI — TEHICHIMS K KJIAaCTepooOpa3oBaHuIo. Y CTAHOBJIEHO, YTO 00pa3oBaHKe
KJI1acTepoB M KOH(pOpMalHMoHHble m3MeHenns B IIBJI®, mpocnexuBaembie mo momocam 840 m 813 cM”' B3aHMOCBSA3aHBL
[TokazaHo, 4TO JEKTPETHBIE CBOMCTBA MOT'YT OBITh YJIyHIICHBI BEIOOPOM ONTHMAaJIbHOTO 3HAUYCHHS OOBEMHOTO COJECPIKaHMS
HATOJTHUTENEH.
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