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GRUNEISEN PARAMETERS AND ISOTHERMAL COMPRESSIBILITY
OF GaS SINGLE CRYSTALS

Z.A. ISKENDERZADE, V.D. FARADJEV, E.M. KURBANOV, E.K. KASUMOVA
Azerbaijan Technical University,
Az 1073, Baku, H. Javid ave., 25

The temperature dependences of Gruneisen parameters and compressibilities of GaS in the temperature range 80-410K have been
investigated. It is shown that the Gruneisen parameters decreases and the compressibilities increases with increasing temperature.

GaS crystallises in the layered structure with hexagonal
spatial symmetry Dgh and contains four molecular units in

the unit cell; lattice parameters at 300 K are a=0.358 nm and
c=1.55 nm. Each layer consists of four sublayers in the
sequence S-Ga-Ga-S. The bonding between layers is mainly
of Van der Waals type, while within layers there exists a
strong covalent bond. The weakness of the interlayer bond
compared to the intralayer one leads to interesting physical
properties, owing to a strong structural anisotropy.

In order to determine Gruneisen parameters and
compressibilities we learned elastic properties of GaS. The
linear elastic properties may be described with elastic
constants. The elastic constants of GaS were calculated from
the longitudinal and transverse ultrasound velocities
propagating along and perpendicular to the C-axis.

The GaS single crystals were grown by Bridgman
technique. The samples were formed in rectangular shape by
cleaving and mechanical polishing with dimensions varying
5 to 10 mm along the C-axis, and from 5 to 8 mm in the layer
plane. The faces perpendicular to the crystallographic C-axis
were easily cleaved reflecting of layered structure. The faces
parallel to the C-axis were mechanically polished to make
90+0,5° to the C-face.

The sound velocities were measured by pulse-phase
method. From measured velocities and value of the mass
density (p=3750 kg/m®) we obtain elastic constants of GaS.
At room temperature C1,=15,7; Cy3 =1,35; C53=3,87; Cyy=1,1
and Cg=6,15 in units 10"® N/m?. Taking into account the
temperature dependence of density the temperature
dependence of elastic constants were built [1].

The compressibilities along (By) and perpendicular (B,) to
the C-axis can be expressed in terms of the elastic constants,
yielding:

_ Cll + ClZ B 2(:13
B|| - 20
C33 (Cll + C12 )_ 2C13

B = Cs —Cis
J_ 1
C33 (Cll + C12 ) - 2C123
B=B,+2B,.

Using the elastic constants, we obtain B”=0,23;

B, ~0,036, B~0,302 in units 10™° Pa™. These values are in

agreement with calorimetric measurements. Thus, the crystal
is much more compressible along the C-axis than
perpendicular to it.

The compressibility anisotropy is due to large difference
of intra- and interlayer forces.
In the temperature region 80-410 K compressibility linear

increase with increasing temperature and the slope of BII

more than that of B, . This fact indicates that along the C-

axis contribution of thermal expansion to value of
compressibility is much more than perpendicular to it.
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Fig.1.The temperature dependence of isothermal
compressibility B of GaS single crystals: By, B -
compressibilities along and perpendicular to the C-
axis, respectively.
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Fig.2. The temperature dependence of Gruneisen parameters
of GaS single crystals: Y I Y, Gruneisen parameters

along and perpendicular to the layer plane.
The Gruneisen parameters also can be obtained from
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elastic constants. In the case of hexagonal crystals, one can
define two independent Gruneisen parameters: y" and Y

They are related to the elastic constants by

V
m = C_ [(Cll + ClZ)all + ClBaL]’
P
V
Vi = C_ I:C33ai + 2C:130‘”]’
P

where V — molar volume; C, — molar heat capacity at
stationary pressure; o — components of the thermal
expansion.

In [2] the temperature dependence of Gruneisen

parameters was built without taking into account the
temperature dependence of elastic constants. According to

21 y " is negative in the narrow temperature interval 30-

50 K and this can be understood with a main role "bending”
waves in thermal properties of layer crystal.

In view of temperature dependences of elastic constants
[1], thermal expansion [3] and heat capacity [4] the
temperature dependence of Gruneisen parameters were built
in the temperature region 80-410 K. At T=200 K our values

y":1.073, YL =0.379 are in a good agreement with data

[2]: y" =0.8, i =0.35. As it is shown, V||>VL Thus

anharmonicity of the interatomic forces is more in the strong
bonding direction.
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Z.9. isgandoarzada, V.C. Foracov, E.M. Qurbanov, E.K.Qasimova

GaS MONOKRISTALLARININ QRUNAYZEN PARAMETRLORI VO iZOTERMIKIi SIXILMASI

80-410K temperatur intervalinda GaS monokristallarinin Qrunayzen parametrlorinin ve izotermiki sixilmasinin temperatur asililiqlari
tadqiq edilmisdir. Gostorilmisdir ki, temperaturun artmasi ile Qrunayzen parametrlori azalir, izotermiki sixilma ise artir.

3.A. Uckenpep3ane, B.JI. ®apanxes, E.M. Kyp6anos, J.K. Kacymosa

IAPAMETPHI TPIOHAMI3EHA 1 U30TEPMUYECKASI CXKUMAEMOCTh MOHOKPUCTAJLJIOB GaS

HccnenoBansl TeMnepaTypHbIe 3aBUCHMOCTH IapaMeTpoB ['proHaii3eHa M M30TEpPMHYECKOW C)KMMaeMOCTH MOHOKpHCTaioB GaS B
unrepBaie temueparyp 80-410K. [TokazaHo, 4To ¢ yBeIMYEHHEM TeMIIepaTyphl MapamMeTpsl I ploHali3eHa YMEHBIIAIOTCS, @ M30TepMHUYecKast

CXKUMAEMOCTb YBEIMINBACTCA.
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THE LANTHANUM OXY-SULFIDES, ACTIVATED BY NEODYMIUM IONS ARE
PERSPECTIVE CRYSTALS FOR THE MINIATURE LASERS

G.I. ABUTALIBOV, A A. MAMEDOV
Institute of Physics, Azerbaijan National Academy of Sciences,
Baku AZ-1143, H. Javid av.,33, interservis @azeri.com

The decay kinetics of *Fg, of level Nd** in the crystals La,0,S has been investigated. The dependence of threshold of generation on the
nonresonance losses and the output power on the input one at the multimode regimes has been calculated.

In spite of the fact, that three-valence neodymium ions in
the crystals La,0O,S have intensive absorption bands and the
big cross-section of the laser transition in the comparison
with the corresponding parameters of three-valence
neodymium ion in YAG, because of the bad optical quality,
La,0,S-Nd** hasn’t been widely applied in laser technique.
In the work [1], it is informed, that in La,0,S-Nd** at the
impulse pumping, the generation with the threshold lower,
than YAG-Nd*" has been obtained and is proposed, that the
differential efficiency in 8-12 times bigger, than YAG-Nd**
in the continuous mode can be achieved. In the difference
from the lamp pumping, at the pumping by the
semiconductor lasers or light emitting diode, the crystals with
the bigger sizes don’t need and that’s why La,0,S-Nd** can
become the perspective materials for miniature lasers. The
aim of the present work is the comparison of the dependence
of threshold generation on the nonresonance losses, and also
the dependence of output on the pumping power for La,0,S-
Nd** with the analogical dependence YAG-Nd** and the
investigation of the concentration quenching of neodymium
ions in La,O,S.

1. The concentration quenching of neodymium ions
in La,0O,S

/1,
10

-1
10 i

|
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Fig. 1. The experimental (total lines) and calculated (dots)
decay curves of the upper laser level of neodymium in
the crystal La,0,S at the different neodymium
concentrations and the excitation with 4=0,53mcm:
1-0,8%; 2-x=1,8%.

The curve 1 corresponds to the radiation decay.

The decay curves of “F4, of Nd** layer ions in La,0,S is
presented on the fig.1. The decay curve is exponential with
the constant time 100mcsec at the small ion concentration.
This time is radiation time. At the big concentration the curve

becomes the nonexponential, however on the far stage the
output on the exponential part takes place.

As it is known, the concentration quenching of
neodymium ions goes in three stages, which reveal on decay
curves.

The first stage is the statically ordered, the second stage
of the statistically disordered decay connects with acceptor

relative intensity y (y:ni,nO — is the total number of
nO

lattice points in the volume unit, which can be full of

acceptors) by the ratio [2]

WCT = yC DAZ Rii6 1)

where sum is taken by all points of acceptor sublattice (center
in donor), but Cp, is microparameter, which characterizes the
donor-acceptor interaction. For the definition of Cpa

microparameter it is need to know the lattice sum ZR(G .
i

At the definition of lattice sum the structural data, taken from
the work [3], according to which La,0,S has space group

ng3 were used. The point symmetry, filled by lanthanum

(neodymium) is C, . The elementary cell of La,0,S is

ortorombical with parameters: a=4A, ¢=6,82A, c/a=1,7. The
lattice sum, calculated by us, is equal to 3,4-10* cm®, and
minimal distance between neodymium ions Rg=3,7A. Knowing
the lattice sum and velocity of the statical ordered decay, the
microparameter of donor-acceptor interaction, which is equal
t0 Cpa=4,3-10° cm®sec™, was defined by us.

In the work [4], the theory of quenching of luminescence
at the presence of excitation migration on donors is spread,
kinetics of the luminescence decay in all time scale is found
and the expression for the velocity of migrated quenching in
the common form is obtained:

T1(t) = jw (t)dt @)

W (t) = 4;znAjWDA(R)n(R.t)R2dR @)
0

n(Rt) = Q+Wp,7) "L+ W,,7
exp[— (! +WDA)t] ', )
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here TI(t) -function of the nonradiation energy transfer, na

is acceptor concentration, Wpa=Cpa/R® is probability of the
couple donor-acceptor interaction, S is the multiplicity of

donor-acceptor interaction, N(R.t) is the instant excitation

density on the donor, being on the distance R from acceptor
(it is considered, that n(R.0)=1), 7 - is the more probable time
of the one excitation “jump”, which is equal to the case of
dipole-dipole donor-donor interaction:

8 -1
T:(Eﬂ'SCDDnSJ (5)

The consideration the real crystalline structure of the
sample leads to the expression, obtained in [5] in limits of
approach [4]:

W (t) :E—AZWDAn(Ri,t), ®)
D i

summation on the points of donor lattice, np is the number of
donor points in the volume unit. The calculation of total
kinetics decay of the excited state on the expression [6]
allows to define the microparameter of donor-donor
transmission Cpp without use of the approximation treatment
methods of experimental results, based on the asymptotic
approximations, the evidence of which needs the special
consideration. The definition circuit Cpp, offered in the work
[6] is following. The decay curves in all time interval
corresponding to the experimental plots at the above
mentioned definite value Cpp are calculated. The design
lattice of the curves puts on the experimental plot, which is
obtained at the given concentration of donors and acceptors
and from the condition of the best agreement of calculated
and experimental kinetics, the microparameter Cpp value is
defined. The best agreement of the calculated and
experimental decay curves in the all time range at
Cop=3-10*cm°sec™. Thus, the microparameters, defined by
us, allow to define such characteristics of the substance, as
luminescence quantum output, optimal concentrations of the
active impurities and e.t.c.

2. The comparison of the generation parameters
La,0,S-Nd** and Y ,6,Ndg 3AIs01,

The wave lengths of /’tp pumping, corresponding to the

transfer maximums *1,, —*F,, of Nd** ions, are equal to

820 nm and 808 nm for the crystals La,0,S-1%Nd*" and

Y,97Ndo3Als01,, correspondingly. The crystal length ¢ was

E’*i, where a, is
ap

absorption coefficient on the wave length of pumping. The

life times 7 of upper laser layer “Fs;, are equal to 100 mcsec

considered as optimated one

1 R
0,16% and 0,2%, the cross-section of the generation transfer
(o) is equal to 2,1-10™%cm? and 46-10%°cm?, particle part (F)

on the Stark sublevel of upper laser level is equal to 0,52 and
0,4 for the crystals La,0,S-1%Nd* and Y ¢;Ndg3AlsO1,,
correspondingly.

Applying the expression

o _ he(Iy + 1)
e = g —expla f) For-o

()

for the calculation of the generation threshold at the
longitudinal excitation, the plots of dependencies Pyyes 0N
nonresonance loss 7 for crystals La,0,S-1%Nd*" and
Y297Ndg 3AlsO,, have been constructed by us. From the fig.2
it is well seen, that power of generation threshold of
Y2,97Ndov3A|5012 is higher, than Lazozs-l%Nd3+.
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Fig.2. The dependence of the density of pumping threshold
power on the nonresonance losses at the longitudinal
pumping: 1- La,0,S-1%Nd>*
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Fig.3. The dependence of output power on the input one
at the longitudinal pumping in the multimode
regime: 1 - La,0,S-1%Nd>*

2 - Y397Ndg 3Al501;

The laser output power is defined by the following
expression
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LASERS
Vv I 1
I:)output = f(V_L) (Pinput - = Pthres) (1 - P )2 (8)
F Pinput - FR Pthres

1%
The ratio [—Lj (where v, , v, are frequencies of

Ve
generation and pumping) is equal to 0,763 for the crystals
Lazozs'l%Nd3+ and Y2’97Ndov3A|5012. The values of
nonresonance losses were accepted as 0,15%.

The calculated values of Py,s were equal to 0,079 mW
and 0,8 mwW for the crystals La,0,S-1%Nd** and
Y 2,97Ndo 3Als01; at the beam diameter D=60mcm and Iy
=0,15%.The plots, describing the dependences of Py ON

I
(1 - FRPthres

I'the Pinput are given on the fig.3. It is seen, that both plots are
almost coincide. This is connected with the fact, that at

I
Pinput) ?R Penres in formula (8) the Py gives the main
deposit.

Thus, we conclude, that it is possible to create miniature
lasers with the record characteristics on the crystal base
La,0,S-1%Nd*".
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H.I. Abutalibov, A.8. Meammadov

NEODIML® AKTIVLOSDIRILMIS LANTAN OKSISULFiDi - MINIATYUR LAZERLSR UGUN
PERSPEKTIVLi KRISTALLARDIR

La,0,S kristallarinda Nd** ionlarinin *F3;, saviyyesinin kinetikasi tadgiq olunub. Generasiyanin bas verma haddinin geyri-
rezonans itkilerden ve gox modali rejimda ¢ixis glicin giris glicinden asiliidi hesablanib.

I' 1. AGyTansiooB, A.A. Mamenos

OKCHUCYJb®U/bI JJAHTAHA, AKTUBUPOBAHHBIE HOHAMHW HEOJHUMA - IIEPCIIEKTUBHBIE
KPUCTAJLJIbI )11 MUHUATIOPHBIX JIASBEPOB

WccrenoBana KknHeTHKa pacmanga ‘Fap ypoas Nd** B kpuctamtax La,0,S. BelumciieHa 3aBHCHMOCTb MOpOra TEHEPALMH OT
HEPE30HAHCHBIX MOTEPh, @ TAKXKE BHIXOJHASI MOIIHOCTH OT BXOJHOH MPHU MHOTOMOJIOBBIX PEKHMaX.
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FiZzIKA

2004

CiLD X Ne4

EFFECT OF SPIN-VIBRATIONAL 1" STATES ON GROUND STATE CORRELATIONS OF
NUCLEI

AA. KULIEV *%3 M.GUNER* E. GULIYEV **, M. TUTUNCU ?
YInstitut fiir Theoretische Physik der Universitat Tiibingen, Auf der Morgenstelle14
D-72076 Tubingen, Germany
*Department of Physics, Faculty of Science and Art, Sakarya University, Sakarya, Turkey
% Institute of Physics, Azerbaijan National Academy of Science, Baku, Azerbaijan
*Department of Mathematics, Faculty of Science and Art, Sakarya University,
Sakarya, Turkey

We have considered a number of features of the ground state correlations (GSC) in deformed nuclei connected with the effective spin-
spin forces in the framework FR-QRPA, R-QRPA and QRPA. The result of calculations has indicated a significant role of the high energy 1*
states and the importance to use a complete set of the RPA solutions for reliable predictions of the theory in GSC. It is concluded that
collective excitations, which form M1 resonance give dominant contribution to GSC. The total number of quasiparticles in the ground state

N__and the nuclear transition matrix elements are significantly affected due to the collective states of the M1 resonance energy region. The

ap

results are practically insensitive to the QRPA, R-QRPA and FR-QRPA methods with isovector spin-spin interactions in particle-hole (p-h)

channel.
1. Introduction

Quasiparticle Random Phase Approximation (QRPA) is
based on the quasiboson approach (QBA), which treats the
two quasi-particle states as bosons [1]. An improvement of
this approach is the Renormalized QRPA (R-QRPA), which
takes into account the Pauli principle for the fermion pairs in
the correlated ground state [2-4]. A further development of
this approach for realization of a self-consistent condition
between ground state and RPA matrix elements was
presented in [5-7]. Recently the pn R-QRPA for charge-
exchange processes was formulated in [8]. An extended
version of this approach with proton-neutron pairing (Full
Renormalized QRPA) was proposed and applied to the
double beta decay [9]. The R-QRPA has been intensively
used in previous studies of the double beta decay [10,11].

But R-QRPA violates the lkeda sum rule, which is
fulfilled within QRPA and must be fulfilled for an exact
solution [11-13]. In the last decade different ways were used
to extend R-QRPA in order to cure this drawback of R-
QRPA [12-14]. But the drawback has not been cured neither
in the self-consistent QRPA [14] nor in the second order
QRPA [12] and self-iterative BCS+RQRPA [13]. The main
disadvantage of the R-QRPA is inconsistency between the
model Hamiltonians and one phonon wave functions.
Modification of the phonon operators by including scattering
terms is unavoidable if one wants to restore the ISR [15] or
EWSR within R-QRPA [16].

Recently the Fully Renormalized QRPA (FR-RQRPA)
was formulated in [17]. In this approach the phonon operator
is constructed from a given quasiparticle structure of the
effective interactions by means of invariance principles. By
requiring that the phonon operators must have a good angular
momentum J and commute with the total particle number
operator a consistent description with given Hamiltonian is
achieved. Because of this full consistency between the
phonon structure and Hamiltonian the FR-RQRPA fulfills
ISR exactly.

The calculation beyond QRPA requires the solution of the
complex nonlinear system of equations of motion. It follows
to take all RPA solutions for all the R-QRPA calculations

into account. Indeed in this approach the collective states are
important in ground state correlations. In numerical
calculations we must, in principle, take into account all the
eigenstates of QRPA Hamiltonian in the GSC calculations.
Many R-QRPA calculations [2,13-18] take into account only
the first or some lowest QRPA solutions neglecting high
energy QRPA solutions in the ground state expectation value
of operator equations. Excepting [13], as a rule, the
description of Double Beta Decay (DBD) [10,11] in all R-
QRPA calculations have been performed without taking into
account the effects of high energy state, since there are no
physical grounds whatever for neglecting the effect of high
energy solutions. It is impossible to guarantee the smallness
of the effects associated with these approximations.
Therefore, the results of numerical calculations are not fully
correct because of the collective high energy admixtures. One
can expect large effects of the collective high energy states of
resonance energy region on the average number of
quasiparticles in ground state (Nq =2ZYq‘q,2) [7] if one
i,q'

keep in mind that for collective states backward amplitudes
are large YS‘Sr than non collective states [1,19]. Therefore their

influence on the results and contribution to GSC should be
large.

Here we want to study the influence of high energy spin-
vibrational 1" states and the FR-RQRPA approach in
comparison with QRPA and R-QRPA on the ground state
correlations in deformed nuclei. Up to now, the important
aspect of high energy RPA solutions on GSC has not been
examined. In connection with this, it is interesting to
establish how important the role of high energy RPA
solutions for the ground state correlations is and to estimate

their contributions to the average quasiparticle number qu.

In order to demonstrate the order of magnitude of the effects
of high energy solutions in the GSC we have calculated

qu and B(M1) value of the 1" excitations generated by the

isovector spin-spin forces for the deformed ***Sm, *°Gd,
18y and °Hf of the rare-earth nuclei.
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2. Theory

Let us consider a system of nucleons in an axially
symmetric mean field interacting via pairing forces. In this
case the corresponding single-particle Hamiltonian of the
system is given as

Hyp = 2 E.()(a (Do, (1) + a5 (D)o (7)) ()

here E, are the single-quasiparticle energies of the nucleons
and isospin index 7 takes the value n(p) for neutrons
(protons), «(a) are the quasiparticle creation (annihilation)
operator and single particle states |) are the time-reversed

of |s) .Now supposing the isovector spin-spin interactions

)=} %)=

SSI,T

SIXL (0) =YL ()] =1

SSIT

Hereafter we use all definition of ref. [21], now, we
present the expressions of the Hamiltonian (1) and o, in FR-
QRPA representation

v =720, ®
where
=23 [G 0.V, C —uv.Cy) (@
st
Here, G, takes into account the blocking effect due to the

Pauli principle (scattering terms, exact commutator etc.),
ol =(-)"c_, and o =(s|o,|s). Employing the

conventional procedure [19,20] of QRPA with the equation
of motion:

[H sqp +Vm ! Qi+] = a)iQi+ (8)

one can obtain the equation for the energy w; of one-phonon
1" excitations in the form (see, e.g., refs. [21])

D, =1+y,F =0 )

where

2
G ssr E ssr Lssr

Fo=2) =

SSr ssr 0)

(10)

S IXL (DL (£) =YL (£)C0 ()1%,)

generate the 1% states in deformed nuclei, then the model
Hamiltonian of system can be written as [20]

H= qup +V__ )
where
1
or :EXUrzo-io-jTZirzj . (3)
i
Here V__ is charge-exchange spin-spin interaction,

X .. denote spin-isospin coupling parameter.c and 7 are

Pauli matrices representing the spin and isospin, respectively
.In FR-RQRPA the modified phonon operator of the
collective excitations in even-even deformed nuclei can be
written as

(4)

Q)

|
Here, the function F_

is defined as usually for the spin-
. =E,+E,
us and vy the Bogolyubov transformation

vibration, E_ are two-quasiparticle energies,

I-yEUsVs"Us’Vs,
parameters and

E. =E, +E
TRATAY

S sTsrsr (

2N2
Gssr(vsr =V )

(11)

Ess’ = (Es - Esr)

N, -N,) (12)

and
2 2 2
1u’ lu, —v
G —1——2— N, +—% N, (13
2v, ~—v 2v " —-v
Sr S ST S
Here Nq is average quasiparticle occupation number in the

ground state modified by interactions between nucleons. The
calculation of the qu can be performed with help of the

fermion-boson mapping [7]. In the phonon representation one
gets N _QZY' 2, We show that in FR-QRPA the two-

quasiparticle energies E;r are naturally modified by the

given interactions between nucleons. As a result the
interactions between quasiparticles and the transition matrix
elements are changed since it involves particles with

modified properties. E . is responsible for the modification

of the quasiparticle energies. Note that in the R-QRPA and
QRPA the expression (12) is zero. The two-quasiparticle
amplitudes of the one phonon wave function (4) can be
written as
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(14)
(15)
where
2 2
7 = ZZ Gserssr Lssro-ssr (16)
7 ssr ( Essr Essr - a)iz )2
3. Results and Discussion [ calculate the energy weighted and non-energy weighted sum

rules of M1 transition matrix elements. The calculation shows
Numerical calculations have been carried out for the

. 2 4 .
deformed nuclei in the rare-earth region 150<A<172. The that the matrix elements <S|S+1|Sr> =10™ do contribute
experimental values of deformation parameters of these only little to the sum rules (the effect does not exceed 2%).
nuclei were taken from [22]. The single particle energies are  We perform all the numerical calculations with this
obtained from the Warsaw deformed Woods-Saxon potential ~ restriction on the matrix elements.

[23]. The basis contains all discrete and quasi-discrete levels The aim of the present calculations is to demonstrate the
in the energy region up to 3 MeV. The pairing interaction role of collective high energy RPA solutions in GSC
constants chosen according to Soloviev [1] are based on  calculations. This can be obtained by the comparison with the
single particle levels corresponding to the nucleus in  results calculated in different energy regions. The results of
question. The isovector spin-spin interaction strength was  calculated N__values for **Sm and *"®Hf taking into account
chosen to be y,. =40/A MeV [20]. &

As the R-QRPA and FR-QRPA calculations are very time

consuming processes in the deformed case, it is interesting to

determine which spin matrix elements are important to be

taken into account while calculating the RPA solutions. We |

RPA solutions in different energy region are given in Table |
for the various FR-QRPA, R-QRPA and QRPA methods.

Table 1
Comparison of the value of qu calculated with Hamiltonian (1) using FRQRPA approach, RQRPA and QRPA

154Sm 178Hf

o (MeV) | FR-QRPA | R-QRPA QRPA FR-QRPA R-QRPA QRPA

2-5 0.0100 0.0100 0.0100 0.0097 0.0097 0.0097
5-9 0.0108 0.0108 0.0108 0.0160 0.0160 0.0160
9-13 0.1361 0.1364 0.1364 0.1485 0.1482 0.1489
13-25 0.0077 0.0077 0.0078 0.0048 0.0048 0.0048
2-25 0.1646 0.1649 0.1650 0.1790 0.1787 0.1794

There is a fragmentation of the 1" states at low energy. | take into account only low-lying states overestimate ground

For these 1* states the summed N is order of 0.07 and state correlations strongly.

. 0 R Besides the N_  another important quantity of the 1°
contains about 8 % of the total N o Contributions of the 1 ap

) N . states is N, (@) distribution over RPA solutions. The
states with large value N are obtained in the energy region a®

distribution of the average number of quasiparticles in the

9-13 MeV. The absolute value N, in this region is in the  g0,ny state N, (@) for the different RPA solutions w;
order of 0.15. The relative contribution of the high energy
RPA solutions which form M1 resonance gives more than
80% of the total number of quasiparticles in the ground state

of the nuclei considered. Thus we see that the models, which

gives important information about the role of the 1" states
and their relative contributions on ground state correlations.
In Fig.1 we show examples of these calculations for the
nucleus '*Er.

10
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Fig.1. Distribution of the relative values of N @ (@) in relation to the total qu value for the 1" states in ***Sm.

As seen from the figure, most contributions come from the
high energy collective states which form M1 resonance. We
note that the 1 states in the M1 resonance region take up to

about 80% of the total qu. Unlike previous calculations
[2,8,18] we conclude that the collective states of the |

Iresonance region exhaust the main part of the total qu and
their role is very important for GSC.
The comparison of the calculated value of N for ***Sm,

1%6Gd, 8Er and ®Hf in framework QRPA, R-QRPA and
FR-QRPA approaches are given in Fig.2.

a0 1M L6 d IRy IEHf
& 15
E - .-
=10
Rk R} FR Nk R} FR Rk R} FR QR R FR

Fig.2. Comparison of the average number of quasiparticles in the ground state qu due to the vibrational 1" states calculated in the
QRPA, R-QRPA and the FR-RQPA approaches. The three different approaches QRPA, R-QRPA and FR-QRPA are denoted

below the axes as QR, RQ and FR, respectively.

It follows from Fig.2 that the total values of qu are

almost the same in QRPA, R-QRPA and FR-QRPA approach
(a difference is about 1-2% of the total qu ). The results that

we have obtained indicate a significant role of the high
energy 1* states and the importance to use a complete set of
the RPA solutions for reliable predictions of the theory in
ground state correlations calculations. Besides the

calculations show that the absolute values of N o are almost

the same in QRPA, R-QRPA and FR-QRPA for the p-h
isovector spin-spin interaction.

4. Conclusions and outlook

Thus, we have considered a number of features of the
GSC in deformed nuclei connected with the effective spin-
spin forces in p-h cannel. It is concluded that high energy

[ collective excitations which form M1 resonance give
dominant contribution to GSC. The total N

qp
renormalizied nuclear transition matrix elements are
significantly affected by the collective states of the M1
resonance energy region. The study of ground state
correlations seems to give some evidence for the importance
of taking into account a full spectrum of RPA solutions for

reliable predictions of the theory.

and
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SPIN-VIBRASIYA 1" SOVIYYOLORININ NUVOLORIN 9SAS HALINDAKI KORELASIONLARINA TOSIRi

Mogalodo deformasiyali niivelorin osas hal korelasionlarmin effektiv spin-spin qiivvetloeri ile elagedar olan bozi xasselori FR-QRPA,
R-QRPA ve QRPA metodlar ¢ergivesinde tedqiq edilmisdir. Hesablamalar osas hal korelasionlarinda etibarli naticeler alde edilmasi {iglin
yiiksok enerjili kollektiv 17 soviyyelorin vo RPA metodunun biitin koklerinin (tam set) nezere alinmasinin mithiim rol oynadigini
gostormisdir.

M1 rezonanst meydana gotiron kollektiv saviyysallerin asas hal korelasionlarina slavesinin qalan seviyyelerden daha bdyiik oldugu
gostarilmisdir. Bu kollektiv saviyyoler, asas haldaki kvazizerrociklerin tam sayma ve niive kegidlerinin matris elementloerine daha ¢ox tesir
etmoakdadir. Nezeri hesablamalar spin-spin qiivvetlarini zerracik-desik kanalinda nazere alan QRPA, R -QRPA ve FR-QRPA metodlarinda
alda edilen naticelorin bir-birine yaxin oldugunu gostermisdir.

A.A. Kyaues, M. I'yuep, A. Kyaues, M. TioTioHuy

3®PEKT CIIUH-BUBPAIIMOHHBIX 1 YPOBHEN HA KOPPEJISILIUA B OCHOBHOM
COCTOSIHUUA B SIIPAX

B craThe pacCMOTPEHO HECKOJIBKO CBOWCTB KOPPEIALMU B OCHOBHBIX COCTOSIHHUSX 1e(OPMUPOBAHHBIX S/IEP, CBA3HHBIX C 3((HEeKTHBHBIMU
cuamu B pamkax FR-QRPA, R-QRPA u QRPA. Pe3ynbTaThl BHIYUCIIEHUH YKA3bIBAIOT HA 3HAYNTENBHYIO POJIb BBICOKMX dHEpreTHyecknx 1°
COCTOSIHHH, Ba)KHOCTh HCITOJIb30BaHUS HOJIHOTO Habopa RPA 1yt Hajge:HOTo NMpencka3aHusi TEOPHH KOPPEISIMUA B OCHOBHOM COCTOSTHHHL.
IToka3aHo, 4TO KOJUIEKTUBHBIE COCTOsIHMUS, hopmupyromue M1 pe3oHaHC NaloT JOMUHHPYIOIMH BKIJIAJ KOPPEISILUA B OCHOBHOE COCTOSTHHE.
Beinre ynoMmsiHyThIE COCTOSHHSI MMEIOT 3HAYMTENIbHOE BIMSHUE Ha IIOJHOE YHCIIO KBAa3WMYAaCTHI] B OCHOBHOM COCTOSHMH M MaTPHYHBIE
JJIEMEHTHI SIIEPHBIX epexo/oB. [loyueHHble pe3yJbTaThl MPAKTHYECKH HE YyBCTBHTENbHBI K ucmoib3oBanuio QRPA, R-QRPA u FR-
QRPA MeT00B, KOTOpbIE HCIIONB3YIOT H30BEKTOPHOE CIIUH-CIIMHOBOE B3aMMOJCHCTBIE B KaHAJIe YaCTULIA-bIPKA.

Received: 09.11.2004

12



FiZzIKA

2004

CiLD X Ne4

THE PERSPECTIVITY OF THE SEMICONDUCTOR GLASSES,
AS THE ACTIVE MEDIUM FOR THE MINIATURE LASER

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

The threshold of generation at the longitudinal and transversal methods of pumping and output power at the multimode and one mode
regimes for the miniature lasers have been calculated. The probability of miniature laser creation on the base of the sulfide, oxy-sulfide and
sulfide- oxygen glasses, activated by Nd** at the longitudinal and transversal excitation methods, has been created.

The high-qualitative optical fibers, used in the
communication systems, have the minimal losses in the wave
length region 1mcm-1.3mem. It is followed, that miniature
neodymium lasers, generating the radiations on the wave
lengths ~1.06mcm, can be successfully applied in these
systems, as the light source. For the clearing of the
perspectivity of sulfide, oxy-sulfide and sulfide-oxygen
glasses, as the miniature laser medium, it is need to compare
the dependence of threshold on the nonresonance losses at the
different pumping configurations and also the dependence of
the output power on the input one for these glasses with the
corresponding dependences for the glasses by the type ED-2
[1].

As it is known, the laser generation condition has the
form:

rre? ) =1, L)

where r; and r, are mirror reflection coefficients, j is the
medium gain exponent, | is the medium length, Sare losses in
the medium. Taking into consideration, that y=o-4N, where
AN is the population inversion between Stark sublevels of the
generation transition, o is the cross-section of this transition.
Taking into consideration (1), we have:

AN=[2s+Tn ], @
20 I,

If photon number, falling on the unit area of laser
medium in the unit time is Iy, then the photon number,
absorbed on the unit area in the unit time will be

—a .l
lh(1-e P). Here o is the medium absorption coefficient.
In the continuous regime of laser work:

—a IAN
|0(l—e pl):? ) ©))
f

a

where 7 is the life time of the upper laser level, F, is the
particle part in the Stark sublevel of the upper laser level,
from which the laser transition takes place:

_AE
g kT 1
F,= O A
l+e © l+e @

where AE is the energy gap between Stark sublevels of the
upper laser level “Fs,. The first expression for F,
corresponds to the case, when laser transition takes place
from the upper sublevel *F3, and the second expression
corresponds to the case, when transition takes place from the
lower sublevel.

From the formula (3), we define the I,

~ IAN
* o (1-e“")F,

[ (4)

Substituting the formula (2) in the formula (4), we
obtain:

(215 +1Ln1)

rr
I — - 12 (5)
° 207, (1-e“")F,

1
Let’s write 216 + Ln—— in the form:
nr

216 + Lnizl“0 +Iy,
rlr2

where 7 is the nonresonance losses, but 7 is the resonance

ones Ir=2loNg/z, where N is the work ion density,
AE, 4

gty

ﬁt —e kT

of Stark sublevels *lg, and sublevels *1,y, till the lower laser

sublevel to the population of the lowest Stark sublevel *Ig.

Expressing the formula (5) in the energies, we define the

power density at the threshold:

, Z is the ratio of summary population

he( T, + Iy)
I:)treshold :h Vp 0= 0 R,a | (6)
22,0t F,(1-e ")
In the case of transversal pumping we have:
he(T, + T5)
treshold — 0 R (7)

22,0t Fa )l

Let’s consider the 4-level energy laser circuit. The time
change of the stored atom energy N on the upper laser level
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and the energy E; of coherent electromagnetic field inside the
resonator is described by the equations:

dN oA B B
O = R-A, AN EN-)

, (8)
e AN - - BT+ 0

where t is time, N is the atom quantity in the upper laser
level, but n is the atom quantity in the lower laser level. The
both values N and n are multiplied on the energy of laser
transfer. R is the atom quantity, pumped in the upper laser
level in the unit time. The parameter of the stimulated

radiation S = , Where hv_ is the laser transition

Lhv,
energy, S is the laser medium cross-section, L is the length of
the one transfer in the resonator, T is the omission of the

2L
output mirror, divided on the —, & are losses in two
C

2L
transfers, in the resonator, divided on the ? A is equal to

the inverse life time of the upper laser level. The ¢ parameter
is the damping coefficient of the resonator, excepting the
losses, caused by the output mirror and any resonance losses.
The Bolzman population of lower laser level, namely, the
resonance losses (/R) have been taken into consideration by
us. In the formula (8) the derivations on t are equal to zero in
the continuous laser regime:

0 - AN-n) - fE(N-n)

©)

0 PEN —n) - E(T + &)

The output power is defined as TE;. Calculating (9) in
respect of Eg, we obtain:
Aj
p

e -1

dP
From the extremum condition d—zo, we find the
T

maximum output power in the continuous regime:

o 1)

R - A,

10
T+ ¢ (10

T

: (1)

1

R - An)(l - ﬁ]z

14

B(R-An)
Ae

ratio of the effective pumping to the minimal effective
pumping, needed for the achieving of threshold (at T=0). The

where ¢ = . Thus, ¢ parameter is defined as the

V

R parameter is equal to mput( j where Pippyt IS pumping
14
p

power, of absorbed laser medium v, is pumping center
frequency. Taking into consideration, that resonance losses

2on

and total loss

hv, S

c
F=Iy+Ig= Zs + I'y, instead of the formulae (11), we

obtain:
I 1)
Vv
Poutput= {LJ( Pinput_iR Pltreshold j(l_J ' (12)
v, r ¢
Pinput _‘R Pltreshold
¢ = and IDreshold — "treshold S s

r

1--R
r
absorbed power at the threshold.
Multiplying the right part of the formula (12) on the f, we

obtain the output in the multimode regime at the longitudinal
1

A [ e

The f is defined as the ratio of the volume, engaged by
the in the active medium to the pumped volume.

Instead of the step function, in limits of which, the
transversal distribution  of the intensity stays constant, we
take Gaussian distribution function, which is character for
TEM g mode:

1
F)treshold

Rpl

treshold

P

output —

P

input

2p%
2

E- _Eef” , (14)

where EFc is light energy on the surface unit along resonator

axis, p is the distance from the resonator axis, @ is gudgeon
radius.

The density of the light energy and the density of the
inversion energy are described by the equations:

I

d—N:R—An

F

ds = J'[ﬂEF —n)—E.(T+&)Hs @5)

= AN-n) — fE(N-N). (16)



THE PERSPECTIVITY OF THE SEMICONDUCTOR GLASSES, AS THE ACTIVE MEDIUM FOR THE MINIATURE LASER

Here, it is proposed, that values Er, N and R are
beforehand integrated on the length of laser medium. Here N
and n are atom quantities in the surface unit in the upper and
lower levels correspondingly, and parameter of the stimulated

radiation £ is equal to . R is the atom quantity,

Vi
pumped in the upper laser bed, on the surface unit in the time

unit and is equal to B, (VLJ/S The dS is the surface
14
p

element in the plane, which is perpendicular to resonator axis.
In the stationary case instead of the equations (15) and (16),
we obtain:

_B _
jEFds_T+g[EF(N n)ds 17

R-A, = AN - n)+ fEN - n)

Substituting the formula (18) in the formula (17), we

obtain:
J'EFdS:ﬂ(R—An)J'
T+e¢

(18)

E.dS
A+ [Ee

Substituting the expression for Eg of formula (14) in the
both parts of the equation (19), after integration, we obtain:

e, - R-An) fy ) B
¢ T+ ¢ A

(19)

(20)

The laser output is defined by the following expression:

Poutput = TJ- EF ds (21)
Substituting the formula (14), we obtain:
7w’
Poutput = —2 TEFc . (22)

Substituting the Eg value, defined in the formulae (22),
in the formula (20), we obtain:

At the optimal omission of mirror and the maximum

dPoutput
1

dl =
(T )

1
parts of the formula (23), relatively?

output the =0 takes place. Differentiating the both

and taking into

dPoutput
1

dl =
(T j

SO Ca D TR
& 2

consideration =0, we obtain:

(24)

output

where ¢ = and upper indexes on Pgutput and T°

(R—4n)s
A

correspond to maximum and optimal values correspondingly.
Substituting the Pgutput (24) in the right part of the formula
(23), we obtain:

_ 7w*(R—An)T®
output 2(TO + g)

Lng . (25)

Using the expression T, found in the formula (24), we
obtain:

P

output

_AW o _#-1
=7 (R=An)(Lng== %), @0)

Using for expressions for R, threshold and loss, we
obtain:

®* I -1
Po?ltput = ( R — Ptrleshomj Lng — ¢¢ , (27)

-
205\ "™ T

where ay is radius of the active medium.

Using the expressions of the formulae (6), (7), (13) and
the spectroscopy data (table 1), the comparisons of the
generated parameters of glasses in the corresponding

) o ) .
_ 7@’ (R—An)T il 1 2 Pt parameters of ED-2, in which the generation has been
output — nfl+——>-""-1. (23) obtained, were carried by us.
2(T+¢) 7w AT
Table 1.
Spectroscopy data of glasses
/,LL, /’Lp, ap, O, 7, Nv Fa BX 1 FR, (%)
Material nm nm | cm? | cm? Mcc | cm? % | —
z
0.112Nd,S;30.888La,S3-3Ga,S; 1073,2 | 12 22,6 | 4,710 45 510% 0,74 | 1,05 | 0,505 | 0,011
20
0.095Nd,S30.905La,S3-2.3Ga,S;3 1073,2 | 812 18,4 | 3,810 62 5,310% 0,75 |1 0,444 | 0,0097
20
0.097Nd,S;3 0.903La,S33Ga,03 1067,4 | 809 14,8 | 2,510- 88 6,081020 | 0,76 | 1 0,457 | 0,0094
20
0.085Nd,S30.915L.8,S32.3Ga,0; 1071,2 | 810 15 2,910 82 6,21020 | 0,75 | 1,05 | 0,449 | 0,011
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20
La,S; -2Ga,03— 3.8% Nd** 1071,2 | 810 20,8 | 2,910 51 761020 | 0,75 |1 0,48 0,01
20
0.11Nd,0,S-0.89La,0,S-3Ga,S; 1071 812 16,9 | 3,210- 65 5,21020 0,73 | 11 0,442 0,009
20
ED-2 1060 808 1,27 | 2,910 300 2,83102 | 0,64 0,064
20
1200 18000 ]
14000 /
00 /
12000
s00 ! / — 1
H 10000 - =
— 3 = 3
E |on + E gnon // +
£ . £ /,/ ——
— B0 —c
400 . / -
200
ﬁfi |
o ¥ } T r r r r r r T
0 o1 02 0% 04 06 08 07 08 08 o 01 02 0F 04 05 08 07 08 08
a L] b L)

Fig.1. The dependence of the density of threshold power of pumping on the nonresonance losses at the (a) longitudinal and (b)

transversal pumpings:

1- 0.112Nd,S;-0.888La,S3-3Ga,S;

2- 0.095Nd,S;-0.905L.a,S;-2.3Ga,S;3
3- 0.097Nd,S;3-0.903La,S3-3Ga,03
4- 0.085Nd,S;-0.915La,S;3-2.3Ga,03
5- La,S;-2Ga,05— 3.8% Nd**

6- 011Nd2028089L&20253Gazs3
7- ED-2.

The dependence of the threshold on the nonresonance
losses for every material at the transversal pumping is
presented on the fig.1b. The length of every material I=1cm.
For the calculation of Z parameter, we propose, that Stark
sublevels “lg), are on the equal distances in the energy scale.
According to F, parameter, the gaps between Stark
components *F4, for every glass on absorption spectrums “lg),
—*Fp, fixed at T=77K, were defined by us. From the fig.1b,
it is seen, that investigated by us glasses have the very low
threshold in the comparison with ED-2 at the longitudinal
pumping. Thus, investigated by us glasses are the perspective
materials for the creation of miniature lasers at the transversal
pumping. It is need to note, that formulae (13) and (26) have
to be multiplied on the gathering of diode radiation
coefficient £ and the efficiency of diode 7. These coefficients
don’t take into consideration by us for simplicity. The
dependence of the threshold on the nonresonance losses for
every material at the longitudinal pumping is presented on the
fig.1c. The length of every material was considered as

- . 1 . .
optimized one, i.e. ¢ =—/" It is seen, that the generation

%p

thresholds are significantly higher, than ED-2 in the
investigated glass by us. The relative small thresholds have
the glasses with the  compositions  0.095Nd,S;
-0.905La,S5-2.3Ga,S; and 0085Nd283 -0.905La,S3-2.3Ga,03.

The dependence of the output power on the input one on the
longitudinal pumping in the multimode is represented on the fig.2.

32

28
%' 2 / /;4: :;
:':' 20 V 3
£ 15 g 4
§ 12 / i(i///y ——5
§ 8 :—// _;W ——F
o 1 // —7

0 P

0 20 40 60 80 100
power input (mWA)

Fig.2. The dependence of the output power on the input
one at the longitudinal pumping in the multimode

regime:

1- 0112Nd253 -0.888La,S;-3Ga,S;

2- 0.095Nd,S;3 -0.905La,S;-2.3Ga,S;
3- 0085Nd283 -0.915La,S;-2.3Ga,03
4- 0097Nd2830903L32333G3.203
5- La,S; -2Ga,05— 3.8% Nd**

6- 0.11Nd,0,S-0.89La,0,5-3Ga,S;3

7- ED-2.

For these calculations, it is proposed, that nonresonance
losses are equal to 0.15%, f=0,5, the operating radius of the
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laser element is ~60mcm for every material and «=0,5a. It~ worse generation parameters, than ED-2 at the longitudinal
is seen, that investigated by us glasses have the significant  pumping.

[1] Yariv. Kvantovaya elektronoka, M.: “Sovetskoye radio”, 1980. (in Russian).

H.I. Abutalibov, A.®. Memmadov

YARIMKEGIRICI SUSOLSRDSN MiNiA]'UR LAZERLSRIN AKTiV ELEMENTL®RI KiMi iSTIFAD®
ETMOK IMKANLARI BARSD®

Miniatir lazerlar Gglin enina va uzununa hayacanlanma hallarinda, ¢ixis glicii ve lazer generasiyasi baslayan gic bir va gox
moda hallarinda hesablanmisdir. Nd*" aktivlesmis sulfid, oksosulfid ve sulfidoksid siisslerinin asasinda uzununa ve enina
hayacanlanma hallarinda miniatlr lazerler yaratmagqg imkanlari aragdiriimisdir.

I'' 1. AGyTaaniooB, A.A. Mamenos
O NEPCHEKTUBHOCTH MOJYITPOBOJHUKOBBIX CTEKOJI, KAK AKTUBHOMI CPE/JIbI
MUHHUATIOPHOTI'O JIABEPA

BbIYHCIIEHBI TIOPOT T€HEPALMK TIPH TIPOJOJIBHBIX M MOMEPEYHBIX CIOCO0aX HAKAYKU W BBIXOJHAS MOIIHOCTh MPU  MHOTOMOJOBBIX U
[P OJHOMOJIOBBIX PEXHUMAax JUIsi MHHHATIOPHBIX JIa3epoB. BBISICHEHA BO3MOXKHOCTH CO3JAHUSI MHHHUATIOPHBIX JIa3€pOB HA OCHOBE
CyNbGUIHBIX, OKCOCYJIb(PHUIHBIX U CYIbOUIOOKCUIHBIX CTEKOJI aKTHBUPOBAHHBIX Nd** [PU [POJOJBHBIX M IIONEPEYHbIX CHOCOOax
BO30Y KICHHS.

Received: 22.09.2004
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THE KINETICS OF PHASE TRANSITIONS IN AMORPHOUS FILMS TlInSe,, OBTAINED
UNDER THE CONDITIONS OF THE ACTION OF THE EXTERNAL ELECTRIC FIELD

D.l. ISMAYLOV
Institute of Physics of National Academy of Sciences of Azerbaijan,
AZ-1143, H. Javid av., 33

The kinetics of crystallization of TIInSe, amorphous films obtained by thermal evaporation under the conditions of the action of external
electric field (E=3000 V-cm-!) is studied by kinematic electron diffraction method.
The summary activation energy of crystallization is equal to 36,04Kkal/mol. Crystallization velocity of films obtained in electric field is

higher than one of films obtained under ordinary conditions.

The kinematic electron diffraction method is applied for
the investigations of phase transition processes. It can be
applied also for the measurements of diffusion velocities in
the thin films, basing mainly on the optical measurements.

For every concrete material of any substance class the
stationary activation energy values showing the final of phase
transitions carrying out with the creation of new phase bud
and the further their growth are defined by this method. The
results obtained by this method can’t be achieved with the
enough definiteness by the method of optical reflection and
other optical methods, which are potentially not useful for the
thin films of the width from the several nm till the some
decades of nm, on the investigation results of X-ray
spectrometry, ellipsometry.

L

Jem

Na

W

YU

Figl The circuit of electric field creation.

The investigation objects (amorphous films TlInSe, ) are
obtained by the way of condensation of the given compound
in the vacuum 10 Pa. The amorphous films that crystallized
at the different temperatures are prepared at the similar
conditions. The steam condensation is carried out in the
constant electric field (fig.1) of the strength E=3000V-cm™. The
substrates are the small fresh chips of stone salt. The films
from these substrates are taken by the dissolution of NaCl in
the water and put on the special furnaces, which are
especially for the kinematic shooting of the diffraction
figures, allowing to register the phase transformations
photographically.
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In the electron diffraction study the photographic
registration of phase transitions is interest not only by its
expressivity, but by the possibility to obtain the all picture of
electron scattering immediately. From the electron diffraction
pattern, it is possible to take the information about the sample
microstructure: about superstructural reflections, reflexes
from twins and general character of background distribution.

v, 10° em™

-

1.0F

/

10

1.0

A A — 1, cek
170 210 250
Fig. 2. Kinetic crystallization curves of amorphous
TlinSe,. Values T,: 1 - 358 K; 2 - 368 K; 3 - 403 K;

4-443 K.

S0 90 130

For the definition of kinetic parameters of phase
transformations in the amorphous films TlInSe, of the width
25 nm obtained under the conditions of the action of electric
field the isothermal kinematic electron diffraction patterns at
the four different temperatures: 398, 408, 423, 443K have
been obtained. The three diffusion lines corresponding to
S=47sin@1=0,2061; 0,3395; 0,5040nm™; are observed on
the kinematic electron diffraction pattern (fig.2), taken at
423K, on which the process of phase transformation is
observed. The disappearance of diffusion lines according to
amorphous phase is accompanied by the appearance of the
lines of crystalline phase, the intensities of which correspond
to the different moments of film annealing. The electron
diffraction pattern calculation shows that amorphous film
TlInSe; is crystallized in the tetragonal crystal system with
the periods of unit cell of crystalline lattice, a=0.8075+0.001,
€=0.6847+0.002nm, c/a=0.8479, SGS 14/mcm, the number of
formulae units in the cell z=4 [1].

The photomicrograms have been taken with the aim of the
measurement of line intensities of crystalline TlInSe, from
the different areas of kinematic electron diffraction patterns
obtained in the process of amorphous film crystallization.
The intensities of lines of crystalline phase of TlInSe, are
defined by them. The transition from the intensity values to
the quantity of crystallized substance is carried out with the
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help of Vainshtein formula [2], taking into consideration, that
intensity of electron scattering is proportional to the volume
of scattering substance.

hkl

iy |

oA

@

2
L =1 I(I) kII

Here I, is intensity of primary beam, A is wave length of
primary beam, @ is structure factor, £ is the volume of unit
cell, V is the irradiated volume of polycrystalline substance,
dnq are interplanar distances, A is small area of Debye ring, p
is repeatability factor, Al is device constant.

The values stay constant during the kinematic film,
besides of the volume V. It is followed, that defining the line
intensities change on the kinematic electron diffraction
patterns, one can possible to find the change of substance
quantity in the dependence on the crystallization time. During
the transition from the intensity to the volume maximum
value of intensity is compared with the irradiated volume
V=Sh, where S is the cross-section of electronic
beam~2,8-10%cm™, h is the film width~2,5-10° cm.

Defining by the given comparisons, the volume of
intensity unit, the value of volume of crystallized phase in
every given time moment on the base of which the plots of
dependence of phase volume changing on time are
constructed, are found (fig.3).

Inln Vs
V, -1

05
0.0 F

0.5 F

Int

Fig. 3. Dependence InIn[Vo/(Vo-Vy)] on Int for crystallization
of amorphous TlInSe,. Denotes are as on Fig. 2.

The obtained isotherms are compared with the famous
analytic expression of Avraami-Colmogorov for the kinetics
of phase transitions carrying out with the creation of the new
phase buds with the following their growth.

V, =V, [1 —exp(—kt" )]

V
Inln{ 0
V

o Vvt

() [3-4],
or

}:Ink+mlnt : €)
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where V, is crystallized volume in time moment t, V; is the
initial volume, K is reaction velocity constant, m is constant,
characterizing the growth of size of new phase center.

From the formula (3), it is followed, the linear
dependence InIn[Vo/(Vo-Vy)] on the Int. The plot of the
dependence InIn[Vo/(Vo-Vy)] on the Int for temperatures 398,
408, 423, 443K given on the fig.3 has been constructed on
the base of experimental data.

The plot, given on the fig.3 shows, that this dependence is
described by direct lines, on which all experimental points for
given temperatures are put. From these line inclinations the
values of “m” exponent on t have been calculated. These
values were close to four. It shows, that in the case of
amorphous film TI In Se, crystallization obtained in the
electric field the three-dimensional growth of small crystals,
depending on the law established by Avraami-Colmogorov
takes place and is described by the equation (2).

The values of Ink, established for temperatures 398, 408,
423, 443K are equal to -15,80; -12,27; -10,57; -8,43
correspondingly. The plot of the dependence Ink on inverse
temperature has been constructed on the base of these data.
The linear dependence Ink on I/T shows that velocities of bud
creation and linear growth of small crystals need to describe
by the expression of the type of Arrenius equation [5]

(E;+3E,)
RT ’

Ink =A- 4)

where A is constant independent on the temperature, R is
universal gas constant, T is absolute temperature, E;z is
activation energy of bud creation, E, is activation energy of
small crystals growth.

From the direct line inclination Ink on I/T, the general
activation energy of crystallization process, which is equal to
36,04 kkal/mol, has been estimated.

The activation energy of bud creation, calculated from the
plot dependence In(l,z) on I/T (where 7z is experimentally
observed time of crystallization beginning) is equal to
E,=tgaR=15,3. Here tge is inclination angle of direct line
from the plot In(l/7) on I/T.

The activation energy of small crystals growth E,
defined from the ratio E,=(E.z,~E3)/3, is equal to 10,35
kkal/mol. The values of activation energies of bud creation
and their further growth, including the general activation
energy of film TlInSe, crystallization obtained in the
conditions of electric field action are smaller than
corresponding values for films obtained outside the field [5].

The only one acceptable explanation of decrease of
activation energy values for amorphous films in the electric
field can be given in the terms of ordering process. This
means, that during the process of molecular beam
condensation on the surface of ion crystals NaCl, the ordered
under the action of electric field, the additional centers of bud
creation of crystalline phase, which can be point, line, two-
dimensional defects, having electric charges or their
collections, simplifying their further growth, have been
created.
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C. . ismayilov

XARICi ELEKTRIK SAHSSININ TaSIRI $_6RAiTiND6 Q('j_KDURULMU$ TlinSe, AMORF TOBSQSLSRININ
KRISTALLASMA KINETIKASI

Vakuumda elektrik sahasinin (E=3000 V-sm'1) tosiri soraitinde ¢okdirilmis TIlInSe, amorf tabagalerinin kristallasma

kinetikasi kinematik elektronografiya Usulu ile tedqiq edilmisdir.
Kristallasmanin iGmumi aktivlesma enerjisi 36,04 kkal/mol-a barabardir. Elektrik sahasinde alinmig tebaqgalerin kristallasma

surati adi seraitds alinanlara nisbatan boyukdur.

A.A. Ucmauniios

KUHETHUKA ®A30BbIX IEPEXOJO0B B AMOP®HBIX IVIEHKAX TlInSe,, MOJTYYEHHBIX B YCJIOBHUSIX
BO3JEUCTBUS BHEHIHEI'O QJIEKTPUYECKOI'O ITOJISI

MetonoM KMHEMaTHYECKOM 3.HeKTp0HOI‘pa(1)I/II/I HcclieJoBaHa KMHETHKA KPUCTAJUIN3alluU IJICHOK T“nsez , HOJIYYCHHBIX TCPMUYECCKUM
HallbUICHHUEM B YCJIOBUAX BO3JICCTBYS BHEITHETO DJIEKTPUHYCCKOTO IOJISI HAIIPSI?KEHHOCTBIO E=3000 B CM-l.

0611139[ OHEPrusi aKTUBAllMU KPUCTAJIIIM3AllMU paBHA 36,04 KKaj1/MOJIb. CKOpOCTL KpUCTaJNIM3alluu IJICHOK, IOJYYCHHBIX B J3JICKTPH-
YCCKOM I10JIE, 6OJ'II:IHC, YEM JUIA IJIEHOK ITOJIYYCHHBIX B OOBIYHBIX YCJIOBHUAX - BHE JJICKTPHUYCCKOI'O I10JI.

Received: 14.09.04
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THE INVESTIGATION OF STATES OF ION Ni, Cr, Co, Bi AND K IN THE
COMPOSITION OF DEHYDRATION CATALYSTS
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G.S. GEYDAROVA, A A. KASIMOV
The Institute of Petrochemical Processes of National Academy of Azerbaijan,
370025, Baku, H.Rafiev str., 30

The states of ions Ni, Cr, Co, Bi and K, including in the composition of dehydration catalysts of paraffin hydrocarbons Cs-C, are
considered.

The data on the ion state in the catalyst in the dependence on the preparation method are presented. For the obtaining of the imagination
about ion states, the mass catalysts are used.

The catalysts are treated by drying and glowing in the atmosphere conditions and the conditions of low pressure. The conditions of
catalyst syntheses influence on the valiant and coordination ion states of transition elements (Cr, Ni, Co), including in the catalyst
composition, by the definite way. The catalysts, obtained in the conditions of the low pressure, have as oxidated [(Cr**(Oy), N**(Oy) and
Co®, Co“], so the reduced Cr’, Ni° Co° forms of active components. The conductions of low pressure cause the creation the such
components as K,Cr,0O;, NiO, Cr,0s, Cr,03 Bi,O3 in the significant quantities, allowing to carry out the dehydration of paraffin

hydrocarbons Cs-C,.

The catalysts, having ions Ni, Cr, Co, Bi and K are widely
used in the industrially-important processes and in a
particular, in the processes of dehydration of normal low-
molecular hydrocarbons [1-10]. For the optimization of the
processes and improvement of exploitation properties of
catalysts, it is need to study in detail the contact physico-
chemical properties and in a particular, valiant and
coordination ion state, including in their composition.

Below of results of spectral (electronic spectroscopy of
diffuse reflection) investigation of states of ions Ni, Cr, Co,
Bi and K , including in the composition of dehydration
catalysts, treated in the IPChP of NAS of Azerbaijan, are
given.

The technique of experiment

The electronic spectrums of diffuse reflection (ESDR) in
the region 50000-100000sm™ are taken on the
spectrophotometer “Specord M40”, which has the ladder for
taking of diffuse reflection spectrums.

The catalysts are prepared by the way of the nitrate salt
borrowing of corresponding metals. The catalyst samples are
treated by drying (100°-120°C) and glowing (600°-620°C) in
the conditions of low atmosphere pressure.

The experiment results

The oxide system Cr (80%) — Co (20%)

In the sample spectrum, obtained in the air atmosphere,
the absorption bands (a.b.), at 22000 (very weak a.b.) and in
the region 12000-18000cm™ (fig.1, c.1.) are observed.
According to the refs [11, 12] absorption bands can be
created to the Cr** ions , stabilized in the octahedron
coordination fields (transfer “A;—*Ty,). The observable
absorption band at 12000-18000cm™ is structural and insist
on the three components with maximums at 14000, 16100
and 17000cm™. These maximums can be related to ions Cr**
and Co> (O) (transfer "Ayy — Tyy), correspondingly.

The presence of ions Co®*'(Oy) in the system shows on
the existence of phase Co30, in the system [11, 12].

Thus, the given binary system has phases C0z04, Cr,0s3,
Cr,0s, i.e. in the given case the ions Co®*, Co?*, Cr** and Cr®*
are exist.

fransmission

18
14 10-10%

54 50 46 42 38 34 30 26 22 18
wave-length, sm-1

Fig.1. The spectrum of diffuse reflection of catalysts.
1 - Cr(80%) - Co(20%) - obtained at the atmosphere pressure
2 - Cr(80%) - Co(20%) - obtained in the vacuum conditions
3 - Ni(57%) - Co(43%) - obtained at the atmosphere pressure
4 - Ni(57%) - Co(43%) - obtained in the vacuum conditions
5 - Cr(10%) - Ni(90%) - obtained at the atmosphere pressure
6 - Cr(10%) - Ni(90%) - obtained in the vacuum conditions
7 - Cr(25%) - Ni(75%) - obtained at the atmosphere pressure
8 - Cr(25%) - Ni(75%) - obtained in the vacuum conditions
9 - Cr(25%) - Ni(75%) - obtained at the atmosphere pressure
10 - Cr(15%) - Ni(75%) - obtained in the vacuum conditions
11 - Cr(80%) - Bi(20%) - obtained at the atmosphere pressure
12 - Cr(80%) - Bi(20%) - obtained in the vacuum conditions
13- Cr(92%) - K(8%) - obtained at the atmosphere pressure
14 - Cr(92%) - K(8%) - obtained in the vacuum conditions
15 - Ni(57%) - Bi(43%) - obtained at the atmosphere pressure
16 - Ni(57%) - Bi(43%) - obtained in the vacuum conditions
17 - Ni(80%) - K(20%) - obtained at the atmosphere pressure
18 - Ni(80%) - K(20%) - obtained in the vacuum conditions
19 - Bi(75%) - K(25%) - obtained at the atmosphere pressure
20 - Bi(75%) - K(25%) - obtained in the vacuum conditions

The wide unstructured absorption band, having almost all
area (fig.1, c.2) is observed in the vacuum conditions in the
catalyst spectrums. Moreover, the general absorption phone
strongly increases. The black color of the sample shows on
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this fact. Probably, i the vacuum conditions, the partial
reduction process of ions Co®*, Co?*, Cr** and Cr*" is carried
out till the Co®, Cr°, correspondingly. In the given case, the
sample surface has as oxidated (Co*, Co®*, Cr** and Cr**), so
the reduced forms of ions of cobalt and chrome (Co®, Cr°).

Oxide system Ni (57%) — Co (43%)

The sample has the black color, and spectrum is
characterized by the total absorption, having almost all region
(fig.1., ¢.3). The analogical spectrum has the sample,
obtained in the vacuum conditions (fig.1, c.4). Moreover, in
the both cases, the general absorption phone strongly
increases.

The total unstructured absorption difficults the spectrum
interpretation, but taking into consideration the common
positions and literature data, it can be proposed, that in the
sample, obtained in the vacuum, in the result of partial
reduction of ions Ni**(Oy), Co® and Co?*, the particles Ni°
and Co° should be existed.

Oxide system Cr (10;25 and 75%b) — Ni (90;75 and 25%0)

The sample spectrum, having 10% Cr and 90% Ni,
obtained in the air atmosphere is characterized by absorption
band at 13800; 14500; 24000 and 26200cm™(fig.1, c.5).
Observable absorption bands, according to the refs [11,12],
can be interpretated by the following way:

-absorption band at 14500 and 26200 cm™ can be related
to Cr** ions;

-the absorption in the region 24000cm™ is characterized
for Cr** ions, stabilized in the octahedron coordination fields
(transfer “Ayg — “Tig).

-the absorption band in the region 13800cm™ can be
related to Ni**(Oy) ions (transfer *A,, — *Tyg), including in
the phase NiO composition.

Thus, the given catalyst is complex many phase system
(Cr205; Cr,03 and NlO)

The catalyst, obtained in the vacuum conditions, is
characterized by total absorption, having almost all region
(fig.1, c.6). Probably in the vacuum conditions, the ions Cr*,
cr* and Ni? partially reduce till Cr’ and Ni°
correspondingly. In the given case, the oxidated Cr**, Cr®*
and Ni*" and reduced forms of Cr® and Ni° are coexisted on
the catalyst surface.

The increase of chrome quantity in the sample till 25%,
insignificantly influence on the place of absorption band on
ions Cr**, Cr** and Ni**9 (fig.1, c.7). The some increase of
general phone and intensity decrease of observable
absorption bands are observed.

The catalyst, obtained in the vacuum conditions, has the
spectrum, identical for the previous catalyst(fig.1, c.8).

The latter increase of chrome concentration till 75%,
leads to the strong change of catalyst spectrum, obtained in
the air atmosphere. The total absorption, having all region
(fig.1, c.9) is observed.

The identical spectrum is observed in the vacuum
conditions (fig.1, c.10).

The color of the sample becomes darker at the chrome
high concentrations. Probably, the general absorption phone
increases and absorption bands, which are character for
chrome and nickel ions, are masked. The X-ray-phase
analysis of catalyst, prepared in the atmosphere conditions
shows the existence of phases NiO, Ni,Cr,O, and in the
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catalyst, treated by thermal-vacuum treatment - only phases
NiO.

Oxide system Cr (80%0) — Bi (20%b)

In the sample spectrums, obtained in the air atmosphere,
the absorption bands at 16500, 21500 and 27000cm™ are
observed (fig.1, ¢.11). The bands in the region 16500 and
21500cm™ can be related to the absorption of ions Cr**(Oy)
(transitions *Ay; — “Ty and A,y — *Ty4 correspondingly),
and at the 27000cm™ - to Cr®".

The Bi*" ions have electron configurations d*°S? and their
absorption in the ultraviolet region takes place because of the
so-called Ridberg’s transitions, i.e. inside the membrane of
ions themselves. The Bi** ion absorption is observed in the
region 28500; 32250 and 38460cm™ [11, 12]. In the given
case, probably, the phone absorption masks the absorption
bands from Bi*" ions. The stabilization in the system of ions
Cr**, Cr** and Bi** can be said.

The catalyst spectrums, obtained in the vacuum, gives the
total absorption, having almost all region (fig.1, c.12).
Probably, in this case, ions Cr"* and Cr*, are partially
reduced till Cr°. The Bi**ions are more stable [11, 12] and the
existence of Bi,O; phase and ions Cr**, Cr*" and Cr° in the
sample can be proposed.

The catalyst, prepared in the air atmosphere conditions on
RFA shows the existence of phases Cr,Oz and Bi,Os in the
thermal-vacuum treatment conditions it is amorphous.

Oxide system Cr (92%) — K (8%b)

The sample spectrum, obtained in the air atmosphere, is
characterized by the weak absorption bands at 16500; 21500
and 27000cm’, which can be related to the ions Cr** and Cr®*
(Fig.1, ¢.13). The absorption from K ions is masked by the
phone absorption.

The catalyst, obtained in the vacuum, has the spectrum
with the unstructured absorption, having almost all region
(Fig.1, c.14).

In the given case, as mentioned above, the oxidated (Cr**,
Cr®) and reduced (Cr°) forms of chrome ions are stabilized in
the sample.

Oxide system Ni (57%) — Bi (43%)

In the sample spectrum, obtained in the air atmosphere,
the absorption bands in the region 13000(arm); 13800;
15500; 21500; 24000; 26300; ~29,000cm™(fig.1, c.15),
which are character for Ni**(Oy,) ions, creating NiO phase, are
observed [11, 12]. The grey-green sample color shows on this
fact. The absorption from Bi** ions is masked by the
absorption of the phase NiO.

The sample spectrum, obtained in the vacuum condition,
significantly differs from the above mentioned case. Thus,
the wide intensive absorption bands in the region 13000 -
16000 and~25500sm™ (fig.1,c.16) are observed. Besides, in
the given case in the difference from all previous binary
systems, the disappearance of absorption bands from active
component [in the given case absorption bans from Ni**(Oy)
in NiQ], connected with the partial reduction of transition
element under influence of reduction medium, which the
vacuum is, doesn’t observed. Probably, this effect can be
explained by the alloying influence of Bi** on NiO, that leads
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to the stability of nickel oxide, to the reduction processes in
vacuum conditions. From this the another important
conclusion takes place, i.e. Bi** ions reveal the alloying
properties in the case of binary oxide systems Cr-Bi.

The catalyst, prepared in the atmospheric conditions on
RFA shows the existence of phases NiO and Bi,O3,

Oxide system Ni(80%b) - K(20%)

The absorption bands from Ni?*(Oy) in the phase NiO are
observed in the sample spectrum, obtained in the air
atmosphere (fig.1,c.17). The dark green sample color also
shows on this fact (pure NiO has grey-green color). The
significant increase of general absorption phone, connected
with the darkness of sample color, is observed.

Thus, the existence of phases NiO and KO in the catalyst
composition can be said.

The sample, obtained in the vacuum, is characterized by
the unstructured absorption (fig.1,c.18). Probably, the part of
Ni?*(Oy) ions transfers to Ni’ in the result of reduced
processes. The change of sample color from dark-green to
black also shows on this fact. Thus, the catalyst includes the
phase NiO and Ni° particles. The X-ray-phase analysis shows
the existence of NiO phase in the both samples, prepared as
in the vacuum conditions, so in the atmosphere ones.

Oxide system Bi(75%0) - K(25%)

The absorption bands from Bi** (in Bi,O; phase) at
40800; 31200 and 27000sm™ are observed in the sample
spectrum, obtained in the air atmosphere (fig.1,c.19). The
yellow color, which is character for Bi,O3 also shows on this
fact.

The absorption bands from Bi** ions are absent in the
catalyst spectrums, obtained in the vacuum conditions
(fig.1,c.20). Probably, in this case part of Bi** reduce till Bi.

Thus, in the given case, the catalyst includes Bi** ions (in
Bi,O5 phase), the Bi° particles, K* ions and probably K°.

Oxide system Cr(63%) - Ni(21%) - Bi(16%b)

The total absorption in all investigated spectral region is
observed in the catalyst spectrum, obtained in the air
atmosphere (fig.2.,c.1). The sample has black color.
Probably, in the given case, the absorption bands from ions
cr*, cr®, Cr* and Bi** are masked by more phone
absorption and don’t reveal in the spectrums.

In the difference from this, in the sample spectrums,
obtained in the vacuum conditions, the weak, but allowed
absorption bands at 16000 and 23000cm™, which are accord
to Cr** ions, stabilized in the octahedron coordination fields
(transfers *Agy — Ty and *Ayy — *Tyq correspondingly), are
observed. Besides, the weak-intensive absorption band at
27000cm™ from Cr®* is observed. Probably, at the catalyst
synthesis in the vacuum conditions, part of Cr¥*(Oy) and ion
quantity of trivalent chrome increases in the system. The
dark-green color of the sample, which is character for
Cr¥(0y) ions shows on this fact. The given conclusion
doesn’t except the presence of ions Cr**, Ni** and Bi** in the
system.

Besides, probably the Bi** ions or Bi® ions influence with
the alloying influence on Cr**(Oy) ions, increasing their
stability to the reduction processes.

Thus, the given catalyst has the complex composition and
includes the ions Cr>*, Cr¥(0y), Ni**(0y) and Bi** probably
creating the phases Cr,Os, Cr,Oz NiO and Bi,0Os,
correspondingly.
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Fig.2. The spectrums of diffuse reflection of catalysts.
1 - Cr(63%) - Ni(21%) - Bi(16%) - obtained at the
atmosphere pressure
2 - Cr(63%) - Ni(21%) - Bi(16%) - obtained in the
vacuum conditions
3 - Cr(63%) - Ni(21%) - Bi(16%) - obtained in the
vacuum conditions

Oxide system Cr (63%) — Ni (21%) — Co (16%0)

The sample has the black color and gives the total
unstructured absorption, having all region (fig.2,c.3). The
catalyst, obtained in the vacuum conditions, has the identical
spectrum (fig.2,c.4). In the given case the interpretation
of these spectrums is difficulted, but it can be proposed, that
oxidated-reduced processes, carrying out with the
participation of ions Cr**, (Cr*"), Ni** and Co*'(Co?") realize
in these samples.

Thus, on the base of spectral (ESDR) investigation of
massive two- or trivalent component oxide systems, we can
make the following conclusions:

-the catalyst synthesis conditions (air or vacuum
atmospheres) influence on the valence and coordinate ion
states of transition elements (Cr, Ni, Co), including in the
catalyst composition, in the definite way;

-the catalyst, obtained in the air atmosphere, include the
oxidated forms of ions of chrome, nickel and cobalt Cr**,
Cr¥*(0y), Ni**(0y), Co*(Co*), including in the composition
of phases Cr,0s, NiO, C030;.

-the catalysts, obtained in the vacuum conditions, have as
oxidated [(Cr**, Cr¥*(0,) and Co**(Co?")], so the reduced Cr°,
Ni°, Co® forms of active components. The fact of coexistence
of oxidated and reduced ion forms of transition metals as
two- and trivalent oxide systems;

-in the combination with the transition elements, Bi** ions
are more stable to the reduction processes and influence in
the case of Ni-Bi system, the alloying influence on Ni?*(Oy)
ions, that reveals in the stability of nickel ions to the
reduction processes.

In the binary systems Bi-K, the Bi** ions are more
influenced to the reduction medium
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DEHIDROGENLSSM® KATALIZATORLARININ TORKIBIND3KI Ni, Cr, Co, Bi VO K IONLARININ
HALININ TODQiQi

Parafin karbohidrogenlarinin dehidrogenlasmasini temin eden katalizatorlarina daxil olan Ni, Cr, Co, Bi ve K ionlarnin
halina baxilir.

Hazirlanma isulundan asili olaraq katalizatorda ionlarin hali hagginda melumat tegdim olunur. ionlarin halinin dyrenilmasi
Ugln massiv katalizatorlardan istifade olunmusdur.

Katalizatorlar atmosfer ve vakuum seraitinde qurudulub ve koézardilmigdir. Katalizatorlarin sintez seraiti katalizator
terkibindaki Ni, Cr, Co, Bi ve K ionlarinin valent va koordinasisya halina tasir edir. Vakuum saraitinda hazwlanml% katalizatorun
terkibinde ham oksidlasmis [(Cr®*, Cr**(On), Ni**( On) ve So°" ,So** ] ham do reduksiya olunmus (Cr® , Ni °, Co°) aktiv
komponentlar mévcuddur. Vakuum saraiti  K.Cr,O7 , NiO, Cr,0s5 ,Cr,03 , BioO3 kimi birlegsmalarin amale galmasina serait
yaradir ve onlar C3-C,4 parafin karbohidrogenlarinin dehidrogenlesmasini temin edir.

H.A. Anues, C.A. I:xkamanosa, P.b. Axsepaues, C.I'. ®apan:xeBa,
C.M. I'azkusape, I'.C. I'eiinaposa, A.A. Kacumos

HUCCIIEJOBAHHUE COCTOSHUSA UOHOB Ni, Cr, Co, Bi 1 KB COCTABE KATAJIU3ATOPOB
JAEIrIJIPUPOBAHUA

PaccmarpuBaercst  cocrosiuie wonoB Ni, Cr, Co, Bi u K, BXomsiux B COCTaB KaTalu3aTOPOB JETHUIPUPOBAHUS MapadMHOBBIX
yraeBo1oposioB Cz — Cy.

IpexacraBieHbl JaHHBIE [0 COCTOSHMIO MOHOB B KATaJM3aTOpe B 3aBUCHMOCTH OT CIOCO0a MPUrOTOBIEHUs. J[Jisl MOIydYeHUst
MPEJICTABJIEHUS] O COCTOSHUM MOHOB HCIIOJIb30BaHbl MACCHBHBIE KaTaIM3aTOPHI.

Karanuzaropsl mojBeprajd CyIIKe W TNPOKAaJKe B aTMOC(EpHBIX YCIOBUSIX M B YCIOBHSX IOHIDKCHHOTO HaBICHMS. Y CIOBHS
CHHTE3a KaTaJH3aTOPOB OIMpEACISIONMM 00pa30oM BIMSIOT Ha BAJICHTHOE M KOOPAMHAIIMOHHOE COCTOSHMSI HOHOB IEPEXOJHBIX JJIEMEHTOB
(Cr, Ni, Co), Bxomdmux B COCTaB KaTaau3atopoB. KaTanu3aTopsl, MOMyYeHHbIE B YCIOBUSX MOHMKCHHOTO MABJICHHS, COAEPXKAT Kak
okmcnennsie [ (Cre*, Cr¥*(Op), Ni*( Op) m Co® ,Co®* ], Ttak m Boccranosnennsie Cr’, Ni °, Co® hopMBI aKTHBHEIX KOMITOHEHTOB.
VChnoBusT MOHMKEHHOTO JaBJICHUS CIIOCOOCTBYIOT OOpa30BAHMIO B 3HAYMTENBHBIX KOJNMYeCTBAX Takux coenunenuit kak K,Cr,07 ,
NiO, Cr,05,Cr,03 , Bi,0O3, no3Bossitomux BecTH JAeruapupoBanne napaduHoBbIX  yriieBonoponoB Cz — Cy .
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THE PHENOMENON OF A HYSTERESIS IN AgFeTe; IN
PHASE TRANSITION REGION

S.A. ALIEV, Z.5. GASANOV, S.0. MAMEDOVA
Institute of Physics, Azerbaijan National Academy of Science, Baku, Azerbaijan
Ganja State University

The electric properties are investigated and the differential thermal analysis is carried out in AgFeTe,. The additional PT are observed
on the temperature dependence of DTA before and after SPT. The phenomenon of hysteresis is observed on the temperature dependences of
electric properties in PT region in the direction of heating and cooling. The results are interpreted in the limits of DPT theory. It is shown,
that the phenomenon of hysteresis is explained by the temperature dependence of the inclusion function in the second approximation of
L,(T) and dL,/dT. The diffusion region of PT and the width of hysteresis loop are defined. It is shown, that phase coexistence region is

proportional to the width of hysteresis loop.

Introduction

The investigation of physical properties of bodies near
and in PT region is the one of the developing directions of
physics of solid body. The most actual task of the given
direction is the definition of the region and diffusion degree
of PT, the regularity of transition of one phase to another
one, and also the thermodynamical parameter changes at PT.
The double and triple argentum halcogenids, having
structural PT, are the most suitable objects for the studying
of these questions. In the last years the works in the given
direction are carried out very intensive [1-14]. In a particular,
in the refs [3-9], interpreting the expert results with DPT
theory [15-16], PT parameters are calculated, defining the
region and degree of diffusion, and also allowing to calculate
the change of some thermodynamical parameters. For this is
enough to define the temperature dependence of inclusion
function Lo(T) and its derivation on the temperature in the
zero approximation dLo/dT.

At the same time the phenomenon of hysteresis is
observed at the investigation of electric and thermal
properties of Ag,Te near and in PT region in the direction of
heating and cooling [17]. The DPT theory is applied for the
explanation of phenomenon of hysteresis nature. It is proved,
that the temperature dependence of inclusion function and its
temperature velocity in the second approximation Ly(T),
dL,(dT) well enough explain the phenomenon of hysteresis.

The triple argentum halcogenid AgFeTe, is analog of
Ag,Te, has the structural phase transition, in it the phase
transition is strongly scoured, the additional PT takes place
[7]. Moreover, in the given work, with the aim of the result
comparison and obtaining of new informations about
phenomenon of hysteresis in argentum halcogenids, the
electric properties of AgFeTe, in PT region in the direction
of heating and cooling are investigated and differential
thermal analysis (DTA) is carried out.

Experimental results

The measurement of electric properties and carrying out
of differential thermal analysis are carried out on the
installation, allowing to create the adiabatic and isotherm
conditions [18].

The temperature dependence of DTA T,(T) in AgFeTe,
is represented on the fig.1(a). As it is seen, the transitions
(413 and 429K) with the absorption of few quantity of

heating, revealing only in the adiabatic conditions take place
before and after the main structural PT (423K). The
temperature units are presented on the fig.1(b) in the
directions of the heating and cooling.
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Fig.1. The temperature dependence of DTA AT, (7) (o) and
electroconductivity % (b) in AgFeTe,
mun

It is seen, that PT begin in the heating direction, for example
from the initial temperature of additional PT 410K and end at
430K for the sample with the higher electron concentration
(p) PT. At the cooling the &T) curves goes below, than
burned, than at the heating, the beginning and end of PT shift
to the side of high T, the curves mix only at T=390K, i.e. the
phenomenon of hysteresis with the big enough loop square is
observed. The identical phenomenon is observed on the
temperature dependencies of R (fig.2a) and therma (-----)
(fig.2b). The hysteresis loop in the case of «(T) is more big,
than in the cases of o(T) and R(T). This is connected with the
fact, that «(T) is measured at the presence of temperature
drop in the sample deep, that leads to the additional diffusion
of curves as at the heating, so at the cooling. It is need to
note, that the additional transitions aren’t significant on the
temperature dependencies of electric properties of AgFeTe,
in the difference from Ag,Te [17]. Probably, this is
connected with the fact, that the change of electric properties
is insignificant and agrees by the direction with the change at
the main PT, at the additional PT.
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Fig.2. The temperature dependence of Hall coefficient R(T)
(e) and thermoe.m.f. with o(T) in AgFeTe,.
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The result analysis

As it was mentioned, according to DPT theory, the
temperature dependence of inclusion function in the zero
approximation Lo(T) allows us to understand and interpret
the many PT peculiarities, in a particular, to reveal the law of
mutual transition from the existing phases, to calculate PT

decomposition members of function F(T), defining L(T). The
different values of F.(T) are correspond to the different
approximations of L,(T)

1

L(T)=
1+expF (T)

1)

As the zero approximation results are given in the refs.
[3-9], so in this ref. we are limited by the consideration of
first and second approximation (n=1 and 2), In DPT case
[15,16]

Fl(T):aO(T _TO)+a1(T _To)2 (2)
then
1
L(T) — e 1 @)
1+explay(T Ty )+a,(T -T, ) |

dL, 3 23,

=— 1+ 59T -1
dT 2[1+chF1(T)][ " a, ( 0)} @

In the second approximation of DPT
Fz(T) = (T _To)lao + a1(T _To)+ az(T _Tz)ZJ ©)

1

T
parameters, defining the region and degree of diffusion, and L(z )= 1+exoF (T) (6)
also the change of some thermodynamical parameters in PT PF
region. However, besides the general properties and
regularities of PT, it is need to consider the another |
dL 2a 3a
t=- % 1+ T =T+ "2 (T -Tf ()
dT  2i+chR(T)]| 4 a,
The PT temperature is defined from the equations| 2
= = i = a
(I::éErTgsp(c)) r?g?ol'ZZ(T) 0. The roots of the equation F1(T)=0, are -]-01 =T, -|-02 =T, 271 oA Y (10)
- a, 23, a,
Tol =Ty ; To2 =T, _ZO )] a
1 T, =T, - - — (11)
: 2a, a,

In this case two PT take place at T, and Ty . The one

temperature is agree with Ty, and second temperature in the
dependence on the values a and a; is shifted to the left or to
the right from T,. The second root of T strives for the infinity
at oy —0.The temperature difference between both points of
PT is equal

ATO :Toz _To1 = _20
1

©)

The roots of equation F,(T)=0, are correspond to
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As it is seen, F,(T) takes place at in the second
approximation. In the formulae (10) and (11), the substance
roots are present the interest, that gives the limit on the
constant decomposition coefficients «p ; a1 ; o according to

which the inequality al2 > 4aya, should be carried out, taking
place at, a>0, a;>0, <0 from which it is followed
T03 <T, <T02 .The negative value of @, proves the main
demand, which is function L. At T<<T,
T>>T, L,—1.

The concrete crystal is need to define the parameter
values ap , a4, a, and To. for use of equations (3) - (7). The

L,—0 , and at
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values «p and T, are easily defined by the temperature
dependences ATy(T), ofT), R(T), oT) on the method,
approved in the refs [3-9]. The obtained data «=0.17; and
To=423 are almost agree with the data of the refs [4,7,2]. The
value a; can be calculated by the given experimental data
with the use of ratio (8), and value «, is estimated from the
condition of corporeality limit of the roots (10) and (11).
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409 415 Toy U7 421 423 497 4R Ty, W35 Tee 437

Fig.3. The temperature dependence of inclusion function in
AgFeTez 1- Lo(T), 2- Lo(T), 3- Lo(T)

The temperature dependences Ly(T), Lo(T) and dL./dT
dL,/dT at the obtained values for AgFeTe, , &y =0.17; o
=0.017 and o, =-0.002 are given on the figures 3 and 4. The
curves Lo(T) and dLo/dT at the zero approximation are given
on these figures for the comparison. From the fig.3, it is seen,
that L,(T) strongly differs from Lo(T), especially in T>T,
region. The curve Ly(T) in the difference from Ly(T) is
asymmetrical in T<Ty L{(T) region, Lo(T) by the form looks
like the curve Lo(T), and in T>T, the extremum AT=T =5K
takes place, which connects with the diffusion region of PT.
The conditions of L,(T) in this region are carried out at
T>>T, (curve Ly(T)), going through the minimum at AT=18k,
strives for KL>>1). The value of the observable asymmetry is
defined by the value ;. The cross-section of horizontal line,
taken from value L;=0.5 (which is constant for every
approximation), is equal to the temperature of second PT,
T02 =433K. It is seen, that T* is between the both

temperatures Ly(T)To=433K, the ratio

T*=To+ %0 =428K is in the agreement.

2a,

According to the refs [15, 16], the one of the physical
meaning of such stroke L;(T) can be in the case of one phase

existence in the definite temperature interval (TOZ —TO) in PT

region. The experimental data and temperature dependence
Lo(T) (fig.3) for AgFeTe, show on the absence of such AT
region, which are represented on the figures 1 and 2. In this
purpose says the law of « phase transition in £ phase,
established in the ref [7]. But informations about the
existence of such regions at PT meet in the signet crystals o
[16]. This is one of the possibilities, that’s why in the
common case it is need to consider another approximations of
inclusion function under its derivation.

The temperature dependence L,(T) for
calculated on formulae (6) is given on the fig.3.

The look of this curve is strongly differs not only from
curve Lo(T), but the peaks situate on the left and right sides

AgFeTe,,
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from T, axis, moreover they are asymmetrical according to
the axis. According to DPT theory [15,16] the experimental
value L, corresponds to the temperatures

. . a
T, =T0—;;2+D and T :T0—3—12—D (12)
where
D:i«/a12—3a0a2

3a,

The ratio Tl* > Ty, > T; takes place at >0, a1>0,

the curve Ly(T) is more asymmetrical and it tells on the
values T,=9K and T,=4,4K correspondingly. The cross-
section of horizontal line, taken from the point L,=0.5 till the
cross-section of the curve L,(T) , corresponds to the

temperatures of PT, To, =437K, To, =417K. The value for

To, defined on L,(T) is bigger on the one degree, than on
Ly(T).

0,06

§ a2 16

438 T

40t 423

Fig. 4. Temperature dependence of PT velocity dL/dT in
AgFeTe, 1 - dLy/dT; 2- dL,/dT; 3 - dL/dT

gff s a9 427 431 435

The temperature dependencies of the PT wvelocity in
AgFeTe, in the zero dLy/dT, first L,/dT and second L,/dT
approximations of inclusion function are given on the fig.4.
From these data the velocity asymmetry of transition reveals,
i.e. maximums dL,/dT and dL,/dT aren’t situated on the T,
axis, but are shifted in the side T>T,, the maximum values
are significantly bigger, than dLo/dT, moreover, the value
dL,/dT > dL,/dT is shifted to the side of big T maximums
d<l. As it is mentioned, the asymmetry is defined by the
value of dL,/dT, in the expression of which (7) the parameter
a, includes with the negative sign, that decreases the
maximum value and shifts in the side of the more small T.
According to theory, the horizontal line, taken on the half
dLy/dT, defines the diffusion region of PT. If the given
method will be applied for dL,/dT, dL,/dT then we obtain
dLy/dT 2T'=20K at dL,/dT 2T'=10.4K and at dL,/dT
2T°=9.5K. As it is seen the values of diffusion region of PT
at the first and second approximations are almost in two
times less, than at the zero approximations. However, if we
take into consideration the negative sides of dL,/dT and
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dL,/dT, which aren’t presented on the figure, then the
agreement between data can be achieved.

The analysis of temperature dependence L,(T) gives in
the ref [5], according to which one of the possible variants is
that new phase appears in AB region (fig.3), disappears in
BC region, and then it appears in CD region. The authors
consider that such case is almost unreal however it is possible
at the existence of several transitions, situated closely enough
from each other on the temperature axis. However, the more
possible is the case, which connects with the fact that BC
region corresponds to some metastable system state in the
definite interval.

Then, picturing BD and AC curves, we obtain the
hysteresis loop ABDC.

The experimental data of electric and heat properties of
double [3,6,8,9] and triple [4,7,9,11] argentum halcogenids
show on the presence in them the additional PT[17]. That’s
why the given both mechanisms, leading to the appearance of
phenomenon of hysteresis, can be applied not only to these
crystals, but they even add each other.

The some information about PT diffusion and
phenomenon of hysteresis can obtain from the data of
hysteresis loop width. According to theory [15,16] the
hysteresis loop width in the second approximation of F,(T)
function is defined by the ratio

hz :T03 _Toz =2 (13)

From this formulae it is seen, that phenomenon of
hysteresis takes place only at the inequality a;>4apa,
carrying out and hysteresis loop width is defined by the
ratio’s ay/ap. and ap/ap.. In the limit case of the loops the
condition ag<<-4ayrp, the width hy, ¢ is defined as

2
a
N, =2 /—a‘)[l—l j (14)
a‘2 8a'0a2
In the case of symmetrical loops h is defined as
h =lim~2 |- % (15)
a—0 a2

For crystals AgFeTe,, the h values, calculated on the
formulas (13)-(15) are equal to h,=20k, h,,=19.4k and
h.=18.4k. In the experiment, the hysteresis width in the
dependence on the investigated effect and temperature region
(in PT region) changes, moreover in the several cases the
hysteresis loops are strongly asymmetrical. But asymmetries

L(lT) and L(ZT) for AgFeTe, are bigger, than in the case of
model consideration [15, 16]. In a particular, the hysteresis
loop width, found from o(T) h=25-30K. It can be said, that
agreement of calculated values of h and experimental ones is

good, except from o(T). About the reason, leading to the
additional PT diffusion we said above.
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The one of the important questions of  investigations is
the definition of the region of two phase AT coexistence. In
the case of zero approximation, the definition of region AT,
Lo(T) and dLo/dT is more simple, than in the cases Ly(T),
Lo(T) and dLy/dT dL,/dT.

For the symmetrical loops AT can be defined as ref. [15]:

AT = Z(Tz - T, )z 2(T02 -T; ) (16)

For the loops with the small asymmetry with the

exactness till the first order on oy

« 1 1 a
T, -T, ==|1-—h-——"1 17
A 2( ﬁj 6a, ()
« 1 1 Q
T, -T, ==|1-—— |h+ L 18
20 2( ﬁj +6a2 ()

For the total symmetrical loop «; =1 with the taking into
consideration (13) as

1
NE]

The calculations, done on (17) and (18) with the taking

AT = (1— )h ~0.42h. (19)

into consideration of corresponding h for AgFeTe,,
correspond to the values:
T02 - T =55K, T, —T03=2.7K.

These data are in the agreement with the data on the fig.3.
Thus, for the region of two phase coexistence we obtain: on

AT = 2602 - Tl*) = 11K, on AT:Z(F*—TOS ):5.4K

and in the case of total symmetry on AT=0.42h,=7.73K.

These data show on the strong asymmetry of hysteresis
loop in AgFeTe,, and also show that temperature interval AT
of two phase coexistence is less, than hysteresis loop width.
From these data, it is followed, that coexistence interval.

Thus, from the given results and discussions, it is
concluded, that taking into consideration the ~ members of
temperature difference (T-To) in the function F(x), defining
the inclusion function L,(T), leads to the appearance of
hysteresis.

The process carries out on the ACD curve at the heating
and the process carries out on DBA curve at the cooling. The
stroke along parts AB (at the heating) and DC (at the cooling)
isn’t benefit energetically, i.e. leads to the creation of BC
metastable state region. From the above mentioned, it is
followed, that thermodynamic formalism of DPT gives the
principal possibility to explain the hysteresis presence. At the
same time as in the limits of the general thermodynamic
approach for point PT, the hysteresis interpretation is
impossible without input of additional supposition.
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S.A. 9liyev, Z.S. Hasanov, S.0. Memmadova

AgFeTe, KRISTALINDA FAZA KEGIDi OBLASTINDA HISTEREZIS HADISOSI

AgFeTe; kristalinda diferensial termiki analiz aparilmis ve elektrik xassaleri tadqiq olunmusdur. SFK-den avval va sonra
DTA asiliiginda slave FK muisahids olunmusdur. FK oblastinda elektrik xassalarin temperatur asiliiginda qizma va soyuma
zamani histerezis misahide olunmusdur. Naticaler yayilmis faza kegidi nazariyyssi asasinda tahlil olunmusdur. Histerezis
hadisasi qosulma funksiyasinin va onun ikinci yaxinlasmada yayllma suratinin temperatur asiliigi (L2(T) ve dL,/dT) ile izah
olunur. FK-nin yayllma oblasti va histerezis ilgayinin eni teyin olunmusdur. Fazalarin mévcud oldugu oblastin histerezis ilgayinin
eni ile mitanasib oldugu goésterilmisdir.

C.A. Aimmes, 3.C. I'acanos, C.O. MamenoBa

ABJIEHUE THCTEPE3UCA B AgFeTe, B OBJIACTH
DA30BOI'O NMEPEXOJA

HccnenoBaHbl 37IEKTpUYECKUE CBOMCTBA M MpOBeneH Iu(QepeHInanbHblii TepMmudecknil aHann3 B AgFeTe, . Ha temmneparypHoit
3aBucumoctd [ITA no u nocine COII obnapyxensr nonomantensusie OI1. Ha temmepaTypHBIX 3aBHCHMOCTSIX JIEKTPHUECKUX CBOWCTB B
obmactu DI B HampaBieHNH HarpeBa M OXJAKACHHS OOHAPYKEHO SBICHHE THCTEpe3Hca. Pe3ynbTaTbl MHTEpHIpPETUPOBAHBI B paMKax
teopun PODII. IlokazaHo, 4TO sBIE€HHME THCTEpe3nca OOBICHIETCS TEMIIEpaTypHOW 3aBHCHMOCTBIO (DYHKIMH BKIIIOYEHHUS BO BTOPOM
npubmwkennn Ly(T) u dL,/dT. Omnpenenensr oGnactu pasmpitis @I u mmMpuHa nerid rucrepesuca. IlokasaHo, 4TO 00J7acTh
coCyIecTBOBaHuUs (pa3 MponopuuoHagbHa MKUPUHE METIH THCTEPE3HCa.
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UzZUM MSMULATLARININ TEMPERATURKEGIRMS
OMSALI VO PRANDTL 9DaDi

A.D. SLIYEV
Azerbaycan Texnologiya Universiteti
374711, Azaerbaycan, Gence, 28 May kig¢. 103.

Maqgalads istilik mibadilasinda ¢ox vacib olan Prandtl edadi va temperaturkegirma amsali Azarbaycanin Gzim mamulatlan
Ugun hesablanib. Onlarin temperatur asililiglan ayri-ayri memulatlardan 6trii gostarilib.

Azarbaycanda xeyli miqdarda spirtli ickilar hazirlanir.
Onlarin istehsalini tekmillagdirmak ve keyfiyyatlorini yuksalt-
mok ve saxlaniimasinin optimal rejimini tayin etmak
Ugln hazirlanan ve hazir olan mehsulun termodinamik
va kogurme xarakteristikalarini bilmak vacibdir [1-5], o
cumladan temperaturkegirma amsalini ve Prandtl ade-
dini. Azarbaycanin bazi Uzim mamulatlarinin sixiigi p,
izobar istilik tutumu C,, istilikkecirma amsali A va dina-
mik 6zI0lUk emsall n GzUm spirti, caxirlar (turs ve sirin)
va konyaklar tgtin atrafli dyrenilib [6-11]. Bu imkan verir
ki, onlarin temperaturkegirma amsalini (a) ve Prandtl
adadini (Pr) de hesablayasan. Bu kamiyyatlerin malum
olmasi heam nazeri, ham da praktiki shamiyyat dasiyir.
Ona gore do moagalads a ve Pr kemiyyatlari hesablanib
va naticaler uygun olaraq cadval 1 ve 2-da verilib. Ni-
muna kimi bazi Gzim mahsullar tgln naticaler sakil 1
ve 2-do nimayis etdirilib.

© e P misan

138

\
148 :

300 325 o TK
Sak.1. Uziim mamulatlarinin temperaturkegirma smsalinin
temperaturdan asiliigi; 1 — Goéy-gol konyaki; 2 — Gzum spirti.

Once p, C,, A ve 5 lUzre alinmig malumatlar mitlaq
temperaturun yuvarlaq giymatleri Uglin grafoanalitik
usulla islenmis ve hazirlanmigdir.

a vo Pr kamiyyatlari asagidaki dusturla hesablan-
misdir:

a = —— (1)

ncC
Pr = s 2
r P 2)
.Pr.
30
|
'.\ 1 r
2
RN
| K"“—-\

a0 az5 o TK

Sakil 2. Uziim memulatlarinin Prandtl adadinin tempera-
turdan asilihgi: 1 — Géy-gol; 2 — tzim spirti.

Cadval 1-daki malumatlarin tahlili gosterir ki, tempe-
raturkegirma amsall temperatur artdiqgca turs caxirlar
Ugln mulayim yuksslir (temperatur amsal kigik olur),
UzUm spirti, konyaklar ve Alabasli gaxiri t¢in zaif ds ol-
sa azalir. Portveyn va Addam caxirlarinda temperatur
artdigca a avval azalir, sonra minimumu kegearak artma-
ga baglayir. A Qarabag caxirinda a hamiga yuksalir.
Bu hadisa spirtli igkilarin mlrakkab terkibli olmasi ve
molekullar arasinda slags quvvasinin tabiyyatindan asi-
hdir. Qeyd edsk ki, caxirlarin terkibinds su, spirt (esasen
etil vo az migdarda metil spirti), saker (sirin ¢axirlarda
daha ¢ox) ve muxtalif ekstraktlar var.

Pr adadi butiin ¢axir mamulatlan tgin temperatur
yuksaeldikce intensiv azalir. Bu asasen 6zIuluyun dayis-
masile alagadardir. Ona goérs de algaq temperaturlarda
Prandtl adadi yukssk olur.

Praktikada bazan Angeleskunun [12] taxmini tan-
liyindan istifads olunur:

pCp=const ®)



Cadval 1. Azarbaycan caxirlarinin temperaturkegirmasi, a-10'°, m%san.

T.K
Caxir 275 290 300 310 320 330 340 350 360
Madresali 1298 1375 1428 1482 1529 1577 1623 1669 1714
Al serab 1239 1331 1385 1439 1484 1537 1578 1624 1664
Xindogni 1396 1457 1496 1538 1571 1615 1659 1702 1744
Ag Qarabag 1501 1553 1588 1636 1704 1801 1920 2058 2184
Alabasli 2124 2004 1940 1884 1834 1788 1739 1694 1653
Partveyn 777 1821 1744 1702 1677 1667 1661 1673 1716 1806
Agdam 1995 1905 1864 1841 1823 1825 1843 1865 1950
Uzim spirti 1232 1178 1131 1081 1028 965 903 844 783
Goy-gol 1919 1781 1701 1617 1536 1455 1377 1307 1234

Cadval 2. Azarbaycan gaxirlari Ggun Prandtl adadi

T,K

Caxir 275 290 300 310 320 330 340 350 360

Madrasali 17,56 10,62 8,074 6,317 5,131 4,294 3,644 3,177 2,788
Al serab 30,38 12,59 9,247 7,143 5,670 4,529 3,760 3,196 2,626
Xindogni 20,70 10,61 7,966 6,144 4,978 4,176 3,553 3,161 2,834
Ag Qarabag 29,04 14,87 10,470 7,797 6,012 4,698 3,662 2,953 2,449
Alabasli 26,60 13,96 10,420 8,080 6,589 5,520 4,685 4,039 3,552
Partveyn 777 26,47 14,78 10,760 8,366 6,713 5,538 4,626 3,828 3,124
Agdam 24,36 13,38 9,637 7,503 6,043 4,957 4,073 3,415 2,776
Uzim spirti 24,26 16,69 13,750 11,740 10,170 8,973 8,279 7,804 7,813
Goy-gol 40,03 17,51 12,230 9,640 8,049 6,846 5,980 5,2999 4,804
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Bu dusturu Uzim mehsullarina tatbiq etdikde cox
bdylk xata alinir ve onlar Ugln temperatur artdigca
(pCp) daim ylkselir. Masslen, temperatur 275-den
350K-s gader deyisdikda (pC,) 30-70% artir. Sger (3)
dusturu evazina k=(pCp)ss50/(pCp)275 nisbaetini gotirsek
gOrerik ki, bu nisbat turs ¢axirlar ti¢lin sabit qalacaq va
texminan k~1,32 olacaq. Alabasli, Partveyn 777 va Kir-
damir ¢axirlan Ugln k~1,64.

Veber [13] 50 temiz mayelar Gg¢ln apardigi tec-
rubaler asasinda bels bir empirik ifade vermisdir

A MY
[—j = A =
pC, \p

burada M — molekulyar kitladir.

const , (4)

(M/p)"® haddi molekullarin markazleri arasindaki orta
masafays mitenasibdir. Vebers gora sabit A=0,21 (bu-
rada A-nin 6l¢l vahidi kal/(sm.deqg.dar)-dir). Yoxlama
gOstarir ki, tacrubi ndqteler (4) asiliigindan ¢ox kanara
cIXir.

Sonralar Predvoditelev [14] yeniden (4) ifadesini ne-
zori yolla ¢ixarmig ve isbat etmisdir ki, A=f(T). Burada A
— invariantdir. O, mayenin névindan asili deyil. Bu asili-
g maye siniflari G¢ln islatmak alveriglidir. Onu quru-
lusu ve tarkibi cox muirakkab olan (zim memulatlarina
totbig etdikde musbat natice alinmir. A(T) kemiyyatinin
temperatur amsal ayri-ayri ¢axir mahsullar Ggin ke-
miyyatca ve keyfiyyatca farglonir.
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A L. AiineB

KO2®OPOUIIUEHT TEMIIEPATYPOIIPOBOJHOCTHU U YU CJIO
MPAH/TJISA BAHOT'PATHBIX W3JIEJIAIA

B craTtbe paccMOTpeHbI SKCIIEpUMEHTAIbHbBIE JaHHBIE TI0 TEIUIOPU3MIECKAM CBOMCTBaM BUHOTPAIHBIX M3Aennil A3epOaiimkana U Ha Oa-
3€ MX BEIYHCIICHBI KOA()(QUINEHT TeIIonpoBOAHOCTH U YUci0 [IpaHATIIs B 3aBUCHMOCTH OT TEMIIEPaTypHI.

A.D. Aliyev

THERMAL CONDUCTIVITY COEFFICIENT AND
PRANDTL’S NUMBER OF GRAPE PRODUCTS

In given paper the experimental data on thermal physical properties of grape products of Azerbaijan are considered and on the basis of
them thermal conductivity coefficient and Prandtl * s number in dependence on temperature are calculated.
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IMPROVING OF HISTOGRAM PARAMETERS OF
MAGNETITE NANOPARTICLES DISTRIBUTION ON SIZE

R.A. ALI-ZADE, R.R. HUSEYNOV
Institute of Physics Azerbaijan National Academy of Sciences,
Baku Az-1143, H. Javid str. 33

Histogram of magnetite nanoparticles distribution on size has been constructed on the base of their vicinity to firing ground frequency.
Future parameters of histogram of distribution have been improved by least square method. Constructed histogram of distribution has been
applied to calculation of moments of distribution and magnetization curve of system of magnetite nanoparticles. Analysis of obtained result
showed, that constructed histogram is more accurate describe disperse system of magnetite nanoparticles.

1. Introduction.

Distribution of particles of disperse systems on size is one
of base physical characteristics of these systems. Distribution
function is used to determination of physical parameters of
disperse systems by its statistical averaging, it allows to
analyze mechanism of particle growth and to describe
behavior of these systems in external field and etc.
Nanoparticle size distribution function has been determined
by different physical methods [1-7]. Magnetic granulometry,
dynamical laser light scattering, acoustics spectrometry and
small X-ray scattering methods have determined size
distribution function of magnetite nanoparticles on size.
These all methods are based on measurement of intensity of
physical parameters, related with the size distribution of
nanoparticles. By this methods will obtain distribution
functions of nanoparticles on magnetic, brown diameter and
etc. In this case, magnetic and brown diameter of
nanoparticles is necessary transfer to their geometrical
diameter. For this calculations it is necessary value of
thickness of nonmagnetite layer, length of stabilizer molecule
and etc. [2,3,5,9-12].

At present work histogram of distribution of magnetite
nanoparticles on size has been constructed. Parameters of
histogram have been improved by least square method.
Moments and parameters of distribution, magnetization curve
of systems of magnetite nanoparticles has been obtained by
experimental and calculated by frequency firing ground and
histogram distributions without and with improved
parameters. Results of investigation showed, that moments of
distribution and magnetization of disperse systems of
magnetite nanoparticles calculated by histogram with
improved parameters are more

AP H) = 3[R -
j=1li=1

m n
AP, H) =

j=li=
m n
j=1i=1
m n

—

j=1i=1

parameters obtained by frequency firing ground and
experimental.

2. Determination histogram of distribution of
nanoparticles on size.

One of criterion of construction accurate histogram of
some parameter distribution of disperse system may be
vicinity of intensity of parameters of disperse systems
calculated by statistical averaging with this histogram and
frequency firing ground, respectively.

Theorem: If the constructed histogram of distribution
and frequency firing ground of some parameters of disperse
system are in the vicinity to each other, then characteristics of
disperse system determined by this histogram and frequency
firing ground will be vicinity each other too.

Proof: The vicinity of two discrete functions (histogram
and frequency firing ground) will be estimated by the
following formula

AP H) = Y [RG) ~ HGY < 6 e

where P(r) and H(r) the frequency firing ground and
histogram of distribution on parameters “r”, respectively.

We inequality (2.1) will transform in the following way. Both
parts of inequality (2.1) multiplied to G(r,E;). G(r, E)) is the
function “r”, “E” described as one of physical characteristics
of disperse system. For all values of arguments “r”, “E”

G(r,Ej) J 1. This inequality (2.1) may by generalized to all

near corresponding | values of “E;“. Then obtain:

H(ri} -, E)) < 9

LOEBLOBEMIDE
Y > {PE) - GG, B - HED - GG, E Y| =

PO 6L EY - D [HE - &G E )
j=1li=1



R.A. ALI-ZADE, R.R. HUSEYNOV

As P(r), H(r) and G(r,E;) i 0 for all values of arguments “r”,
“E;” and in definition:

1ED = Y GG E DR

and

WGED = Y G- EDHE)

These last expressions are statistical averaging of G(r,E;)
on parameter “r” by histogram (H(r)) and frequency firing
ground (P(r)), respectively. Taking into account last
expressions we obtain:

2.

j=1

1o(E)) = 1, (E))| <& 22)

Thus the inequality (2.2) is condition of vicinity of Ip(E;)
and I(E;), which was to be proved.
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It’s known, that all constructed distribution functions,
histograms must have different and non-zero values at all
considered values of argument [13]. Thus, numbers of
histograms, which may be constructed on the base of
conditions [13] and (2.1) are limited.

3. Results and discussion.

Four samples of magnetite nanoparticles have been
investigated [14-16]. Improved histogram data, determined
by above mentioned method are (f;x), =(0,2; 0,203), (0,4;
0,563) , (0,6; 0,194) , (0,8; 0,036) , (1,0; 0,004), (f;x)y =
(0,25; 0,664) , (0,5; 0,247), (0,75; 0,08), (1,0; 0,009), (fX)u
=(0,167; 0,121); (0,334; 0,403); (0,54; 0,293); (0,667; 0,123);
(0,833; 0,05); (1,0; 0,01), (fx)v =(0.2, 0.304); (0.4, 0.46);
(0.6, 0.197); (0.8, 0.035); (1.0, 0.004) for samples I-1V,
respectively. In fig.1(a,b) there have been presented curve
firing ground frequency (curve 1), distribution histograms
magnetite nanoparticle samples | without (curve 2) and with
improved data (curve 3).
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Fig.1(a,b). Curve frequency firing ground (1) [14], distribution histogram without (2) and with (3) improved parameters of magnetite

nanoparticle sample —I (a). —I1 (b).

In table 1 there have been shown moments and
parameters of distribution calculated by frequency firing
ground, histogram without and with improved parameters and
relative errors of calculations. As it is seen from table, moments and
parameters of distribution calculated by histogram are more
accurate.
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In fig.2 there have been shown magnetization curves,
obtained by experiment, calculated by Langevan equation
using frequency firing ground, histogram, without and with
improved parameters. As it is seen from fig.2 magnetization
curve, calculated by histogram with improved parameters is
closer to experimental magnetization curve and curves
calculated by frequency firing ground.
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Fig.2 Magnetization curves of magnetite nanoparticle samples —I and -1l obtained by experimental (1) [15,16], calculated by equation (4.1)
using frequency firing ground (2), distribution histogram without (3) and with (4) improved parameters.
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Thus, analysis of carried out investigations shown, that
for monodisperse systems it may be constructed one and
accurate histogram describing distribution of nanoparticles on
size. Physical parameters (moments, parameters of
distribution, magnetization of disperse systems of magnetite

nanoparticles) of disperse systems may be calculated more
accurately and rapidly by this histogram. Thus, it is
established, that histogram of distribution with improved
parameters more convenient and more exactly describes
distribution of magnetite nanoparticles.

Table 1.

Initial moments of distribution magnetite nanoparticles samples I-1V, calculated by firing ground of frequency,

histogram without and with improved parameters

Moments and Relative error of calculation Moments and Relative error of calculation of
N parameters of of moments by histogram parameters of moments by histogram without
distribution without (2) and with (3) distribution (2) and with (3) improved
calculated by improved parameters calculated by parameters
firing ground firing ground
frequency (1) frequency (1)
1 2 | 3 1 2 | 3
| sample 11 sample
)—( .94807E+02 .1406 .0413 .77570E+02 .1706 .0375
P .95468E+04 .3035 .0625 .65486E+04 .3402 .0516
F .10200E+07 .4885 .0634 .60048E+06 .5031 .0526
F .11541E+09 .6924 .0457 .59517E+08 .6551 .0491
E .13788E+11 .9094 .0135 .6328E+10 .7949 .0461
F 173224E+13 1.1322 .0286 .715167E+12 .9239 .0453
; .227792E+15 1.3529 .0756 .851209E+14 1.0452 .0466
F .311936E+17 1.5651 1234 .105799E+17 1.1617 .0492
F A442499E+19 1.7644 1691 .136342E+19 1.2752 .0523
F .646957E+21 1.9488 .2106 .181099E+21 1.3862 .0556
111 sample 1V sample
)_( .733193E+02 .095 .024 .54401E+02 .108 .048
; .566779E+04 .190 .031 .30949E+04 222 077
F .461060E+06 .281 .023 .18391E+06 .344 .087
F .393497E+08 .367 .004 .11395E+08 AT4 .080
; .350948E+10 447 .023 .73457E+09 .612 .058
? .325578E+12 518 .055 491326E+11 .755 .024
; .312638E+14 .582 .087 .339946E+13 .901 .018
F .309242E+16 .640 118 .242519E+15 1.047 .064
F .313672E+18 .693 147 .177805E+17 1.190 119
F .324975E+20 742 171 .133542E+19 1.329 159
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R.9. 9li-zads, R.R.Hiiseynov

NANOOLCULU MAQNETITLORIN OLCULORO GORO HISTOQRAM PAYLANMASININ
PARAMETIRLORININ TOKMILLOSDIRILMOSI

Nanodlgiilii maqnetitlorin dlgiilore gord histoqram paylanmasi onun tezliklar poliqonuna daha yaxin olmast sorti @sasinda toyin olunmus
vo daha sonra onun parametrlori on kigik kvadratlar metodu ile deqiqlesdirilmisdir. Teyin olunmus histoqram paylanmasi paylanmanin
momentlarini ve nanol¢iilii maqgnetitler sisteminin maqnitlogsma ayrisinini hesablanmasinda istifade olunmugsdur. Alinmig naticeler bu iisiilla

toyin olunmus histoqramin dispers sistemlorin paylanmasini daha diizgiin xarakterizo etdiyini tosdiq etdi.
P.A. Aau-3ape, P.P. I'yceiinoB

YIYYHIEHUE TAPAMETPOB I'NCTOI'PAMMBI PACIIPEJEJIEHUS
HAHOYACTHUIL MATHETHUTA 110 PASMEPAM

I'mcrorpamma pacnpeneneHusl HAHOYACTHI] MarHETHTA IO pa3MepaM OblIa MOCTPOCHA HAa OCHOBE €ro ONM30CTH IO TOJIUTOHY YacToT.
[TapameTpsl TucTOrpaMMBI yIydIIeHBI METOAOM HAaNMEHBIINX KBaaparoB. [lomydeHHas rucrorpamma pachpeneieHHs HCIONb30BaHa UL

onpencsicHuss MOMEHTOB pPaCcHpeACiICHUS W HaMarHu4iuBaHUA JUCIICPCHBIX CHUCTEM HAHOYACTHL] MarHeTura. Amnanmms TMOJYYEHHBIX
PEIYJIbTATOB JOKAa3aJIH, YTO MOJIYyYCHHAd TaKUM crocooom TrucTorpamma 00JIee TOYHO OINHCHIBAET pacnpeaciiCHUE TUCIEPCHBIX CUCTEM.
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THE MEASUREMENTS OF DIELECTRIC PROPERTIES OF ACETONITRILE-BENSOLE
SOLUTIONS IN THE MICROWAVE REGION

S.T. AZIZOV, M.A. SADICHQV, Ch.0. KADJAR
Institute of Physics of National Academy of Sciences of Azerbaijan,
AZ-1143, H. Javid av., 33

The results of the measurement of the dielectric properties of solutions, technique and definition algorithm ¢, ¢~ are given
in the article. The existence of the concentration spectrum in these solutions, at which the chosen nonreflecting absorption of

the falling radiation appears, it is established.

Introduction

The investigations of dielectric properties of polar liquid
solutions in the region of their wave dispersion allow to
obtain the information about their molecular structure.
Besides, as it is shown in the ref [1], these investigations give
the possibility to study the revealing of nonreflecting
absorption of electromagnetic radiation, which reveals in the
dissolved solutions of polar molecules.

Technique of investigation

In this connection, the investigations of solution dielectric
characteristics of acetonitrile-bensole in the microwave
range, at A=1,5 cm and temperature T=20°C have been
carried out.

The measurements are carried out on the installation,
working at the wave length A=1,5sm. In the installation, the
panoramic meter of stationary wave P2-66 and indicator
device JA2P-67, are used. The acetonitrile-bensole solution is
put in the specially constructed short-circuit measuring
waveguide cell on the end the last is thermostated and
includes the mechanism of smooth regulation of layer width. |

The obtained experimental data about minimums of taken
dependence 7 on |, and also 7, are used for the calculation of
g, &". For their finding, the method, based on the
information parameter measurement of taken dependence of
stationary wave coefficient 7 on the substance layer width,
taken in the experiment has been applied. These parameters
are substance layer widths I, and value 7, in the minimal
points of 7(l) function, and also the values 7, at the liquid
widths, at which the 7 value reaches its limit value 7,. The
necessity in the usage of 7., at the definition of &', &" of
strongly absorbing polar liquids and their solutions, which ?
The algorithm and realizing its calculation program,
working in the dialogue mode of the investigator with the
personal computer IBM have been treated. They base on the
use of data in the refs [2,3,4] of equations, establishing the
functional connection between measure 7y, In, 7. and
decisions &', &" parameters, which is equitable for every
number N of function minimum #7(l). The following
equations are used for abnormal region (6) of function (1),

& = n2(1 yz), g, =2n°y; g :(g' - p)/(l— p); & :g"/(l— p) "
g b 1- p @)
Azziarctg %chﬂXy - A= >2'
4 n2(1+y2) —(1—y2) o
— l In 77m7700 +1
47X T Mo -1 (4)
and the ratio for 7., obtaining from Frenel equation, but is expressed with the use of given denotes:
CJl+g+4y1-q. 2n
T l+g-41-q° n2(1+y2)+1 6
2
1
y=1 n. e —(n2 +1)
n T

(6)
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Fig.1. The block scheme of the calculation algorithms of the
dielectric coefficients of polar liquids and their solutions:
a) algorithm of the subprogram A, b) algorithm of the
subprogram B, c) algorithm of the subprogram C.
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For the improvement of exactness and reliableness of the
carried out measurements and calculations on them, and also
for the escape of the probable appearance of two-valued
property in the calculation of &', &", the program system
includes three subprograms, the every of which is oriented on
the calculation carrying out of &', &” on the one from the
couple of the measured parameters I, 7, (Subprogram A); |y,
7., (subprogram B); 7., 17m (subprogram C) (fig.1.). Every of
these subprograms include the entering procedures of the
values, including in the initial equations of the aprioristicly
famous parameters A, Ay, p=(A/A)? in the operating computer
memory, depending on the type of applied experimental
installation and frequency, at which the measurements are
carried out. The input of the given measurements 7m, 7.0, In
carried out the input of the number N of the function #(l)
minimum, chosen at the measurements. The use of this or
that subprogram is defined by the attenuation character of the
experimental dependence 7 on | of the investigated objects.
Thus, for the liquids with the value of the dielectric loss
factor higher than 0,5 is better to use of subprogram C. At the
measurements of the weak absorbing dissolved solutions of
polar liquids, it is need to use the subprogram A.
Independently on the subprogram choice, the search of the
values &', &" is ended at the carrying out of the conditions

Xi = Xig| S5 |y —Yia| <O

where 6 is the reasonable error value in the calculations of
the intermediate parameters x and y; X;, Xi, Vi, Vi1 are the
values of the intermediate parameters x and y on i-m and j-m
repeating steps.

The discussion of results

The obtained data of the solutions &', £" are given in the
table 1 and on the fig.2. The solutions of polar acetonitrile in
the nonpolar bensole, the dielectric properties of which are
well enough studied in the high-frequency range, have been
chosen in the capacity of the objects. Earlier, in the refs [5,6],
by the investigations of dielectric properties and reflection
characteristics of acetone-bensole and water-dioxan solutions
in the centimeter wave range, the probability of the
observation of the total absorption effect of the
electromagnetic radiation has been proved. It is established,
that at the given frequency of falling radiation and solution
temperature, the total nonreflecting wave absorption appears
at the strong defined layer widths and solution compositions.
Taking into consideration, that dispersion regions of
acetonitrile are in the centimeter and millimeter wave ranges,
the investigations are carried out at the wave length A=1,5sm
and temperature 20°C. For the prediction of the layer width
and solution composition, at which the appearance of the
total absorption of the falling radiation in the chosen
solutions is expected, the given measurements of their
dielectric constants ¢’ and dielectric losses &" , represented
in the ref [7], are used.

Found by the calculation way, with the help of the above
mentioned method, the resonance values of the layer width
and solution compositions are compared with the similar
data, obtained from the experimental investigations of the
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dependences 7 on | at the different concentrations of bensole
in the solutions.

The obtained in the experiment values of ¢ and &" at
the different bensole concentrations are used for the
construction of the dependences of the values &' and &" of
the corresponding solutions in the same coordinate ox.

The experimental x and calculated x, values of resonance
molar concentrations of polar component of acetonitrile
solutions in the bensole at the temperature 20°C and wave
length 1,5 cm. The &, 10" s is the statistical dielectric
constant and relaxation time of solution polar component; the
critical wave length 4,=2,3 cm.

Table 1
Solutions Acetonitrile-bensole
&, T 36,8 33
Number of zero Xp X
minimums N
1 194 194
2 7,4 6,6
3 4.8 4,6
4 3,6 34

The coordinates of the cross-section points of the
experimental and theoretical dependences fig.2 are found by
the graphical way by their combination with the values of the
curve family of resonance values &', &”, obtained by the
calculated way, and on the last values are found the
corresponding resonance values of bensole concentrations in
the solutions.

The calculated by such graphical method, the values of
resonance concentrations of polar component in the chosen
solutions are given in the table 1. For the comparison there
are also the values, but obtained from the behavior analysis of
the experimentally taken concentration dependences of wave
reflection coefficient module in the minimum points of the
curves pon l.

The given in the table calculated and experimental values
of resonance concentrations of solution polar component are
in well agreement between each other.

—_—
62 Emi——s &/As / \ / %
4 20
(EEEr)
: 71 |4
s / .
/ i ni
{ :___.....--- > 02
]
2 3 4 5 k4 8 2 i0
&

Fig.2. The experimental dependencies of &' on &” of the
acetonitrile solution in the bensole at the temperature
T=20°C and the wave length A=1,5 sm.

Conclusion

The investigated effect of the resonance nonreflecting
absorption of electromagnetic waves in the solution has the
general character and can be revealed in many solutions of
polar dielectrics at the definite measurement frequency
selection, temperature and composition of the investigated
solution. The method and calculation algorithm of the
dielectric properties and characteristics of polar substances
and their solutions is also treated.
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S.T. 9zizov, M.A. Sadixov, C.O. Qacar

MIKRODALGALI DIAPAZONDA ASETONITRIL-BENZOL MOHLULLARININ DIELEKTRIK
XASSOLORININ OLCULMOSI

Maogalede & £”-in toyin olunmasi metodu ve alqoritmi, mehlullarin dielektrik xassolorinin Slgiilorinin naticelori gosterilib. Bu

mohlullarda konsentrasiya spektrinin mévcud olmasi toyin olunub ve bunun esasinda diisen siianin se¢ilme oksolunmayan udulmasi bag

verir.
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C.T. AzuzoB, M.A. CaabixoB, U.0. Kagxap

W3MEPEHMSA TARJEKTPUYECKHUX CBOMCTB PACTBOPOB AIIETOHUTPHJI-BEH30.1 B
JUAITIO30HE MUKPOBOJIH

B crathe HNPUBCACHBI PE3YyJIbTATbl MU3MEPCHUSA ITUDJICKTPUYCCKUX CBOWCTB pPacTBOPOB, METOAWKA W AJITOPUTM ONPEACIICHUA 8/, e”.
YcranoBneHO CyHI€CTBOBABHUE B 3TUX pacTBOpax CIICKTpa KOHHeHTpaL[PIﬁ, IpHU KOTOPbIX BO3HUKACT H36HpaTean0e 6630Tpa)KaTeIILHOC

TOTJIOMICHUE MaJatOMICTO U3ITYUCHUS.
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OBTAINING AND RESEARCH OF ELECTRICAL PROPERTIES OF Y1.xCdxBa,Cu3O7.;

S.A. ALIEV, S.S. RAGIMOQV, V.M. ALIEV
Institute of Physics Azerbaijan National Academy of Sciences
Baku - 1143, H.Javid ave., 33

The temperature dependences of electrical conductivity, thermoelectromotive force and thermal conductivity of Y;.xCdyxBa,CusO.5
were carrying out. It was established, that the superconducting transition is not vanished up to 80 at.% of Cd. On the temperature
dependences of investigated coefficients are observed the sharp changes of dependence course likely phase transition.

The obtaining new HTSC with higher critical
temperature (T.) of transition in a superconducting (SC) state
from not deficient and cheap materials, easily yielding to
mechanic processing still remains to one of actual questions
of physics of superconductors. There is a large number of the
publications, in which one were made partial replacement of
atoms Y by atoms Tm, Nd and other elements observing a
superconducting (SC) transition at 7,=91-95K.

The given work is dedicated to obtaining and research of
electrical properties of Y;xCdxBa,CuzO;;5 Samples
Y 1.xCdyxBa,Cus0.5 were obtained in two stages: the mixture
of oxides CdO, BaO and CuO in the conforming ratio was
mixed, was frayed and caked at 800-850°C on air during 20-
25 hours. The obtained mixture for the second time was
frayed, was extruded in tablets and undergo to an annealing
in a flow of oxygen under pressure 1,2-1,5 at. at 900-950°C
during 25-30 hours.

E ) .
8 g 920°C and were stand during 15-20 hours, then, with the
204 — o u E-_ E 1400 purpose of a sintering, temperature was increased up to
. ] / , 4B = 1000°C, and not for long having stand up to former value
a 15 [y 180 920°C was lowered. Having stand at this temperature during
E / 2 hours, up to the room temperature slowly was cooled.
= . 2 60
101 e -—— v %0 L
T 9 440 > 451 LYYV
| A% + * W :':, &
J:?_=ff=7:f=__f'_-:_ t—t 1 1@ 35 a8 g
0], Lo o4, ; ; 0 01, A et Z
T T T - oy ] "
70 80 90 100 110 120 130 140 150 E 25 aMu,,,,aadt 5, < 18%2
TK S 204 « <
Fig.1.The temperature dependence of specific resistivity for g 15. L 15 4 [ .
different values X (see to text) of Y;.xCdxBa,Cus07.5 © 10 ‘ll' 1
P 03'!7.'
In a fig. 1 are submitted the temperature dependences of 5+ 3"r= rreee 'Hmt 17
specific resistivity p(T) of Y1.xCdxBa,CusO;s at different 0+ T ﬁm"_',_,_
values X (X=0-1; 0,1-2; 0,2-3; 0,3-4; 0,4-5; 0,5-6; 0,6-7; QU 100 150 200 250 300 330

X=0,5 is maximal and on much more, than sample with
X=0,8. Notably, that in samples with Cd temperature of SC
transition 7; displaces in the party low 7, but also here it is
difficult to observe for regularity of change 7, from X.
However, it is seen that at replacement of atoms Y by atoms
Cd (up to 80at. %) the temperature of SC transition is saved,
and varies within the limits 88-90K. With the purpose of
improvement of the obtained results experiments were
suggested with some changes. In this case the carbonate of
barium - BaCOs; is used in return for of barium oxide - Ba,O
and is made some changes in a temperature regime. A
mixture of oxides Cd, CuO and BaCOg; in accordance to a
structure CdBa,Cus07.5 (X=1) was mixed, was frayed in an
agate mortar, and was heated up to 920°C within 6 hours.
Temperature of heating was rise as contrasted to by previous
case, with the purpose of decomposing BaCOs; on Ba and
CO,. On completion of heating from the obtained material
the spacers were pressed in. The spacers were heated up to

0,7-8; 0,8-9). As it is seen, up to 80 at.% Cd

the

Temperature, K

superconductivity in them does not vanish. Let's remark, at
X=0,9 (though the data p(7) for specimens with X > 80 at. %
in figure are not submitted), value p increases in 50 times,
and course of temperature relation p(7) becomes semi
conducting. In a sample with X=1 the value of p increases for
4 order, the semi conducting course p(7) becomes sharper,
passing through a maximum at 170K, decreases in 6 times,
but the SC up to 77K does not observed. From the data
introduced in a fig.1, it is seen, that change of values of
resistance in a normal condition, in process of increasing X is
not systematical. In particular values p for structures X=0,4
and 0,7 are close to a sample with X=0, or p for sample with

Fig.2. The temperature dependences of specific resistivity
(1,2,3), thermo-e.m.f. (4,5) and thermal conductivity (6)
of CdBa,Cu;05.s.

In a fig. 2 the temperature dependences of resistance
p(T) (1,2,3-after first, second and third measurement
respectively), thermoelectromotive force o(7) (4,5 — after
second and third measurement respectively) and thermal
conductivity (k) (6,7- after second and third measurement
respectively) for CdBa,Cuz0,; is submitted. As is seen the
value of resistance for the obtained sample is of the same
order, as well as in Y-123 ceramics: has a metallically course,
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the value of o and its temperature dependence also
corresponds to a metallically course. The superconducting
transition was observed at the temperature of 7,=85K.

It is necessary to mark some peculiarity on temperature
dependences of investigated coefficients in area 250-290K.
As it is seen, there is some sharp change of these coefficients
similarly to phase transitions. Temperature dependences of
thermal conductivity at room temperatures same, as at phase
transitions in superconducting state, i.e. the temperature
dependences of thermal conductivity passes through a
maximum below T.. Below room temperatures the behavior
of all three investigated coefficients resembles phase
transition in superconducting state at 90K. The specific

resistivity, decreasing up to zero, further is raised with
temperature decreasing. The experiments were conducted
repeatedly three times. The two times observed peculiarity on
o(T) and p(7) in third and fourth time were not watched. The
temperature dependence course of thermal conductivity has
not changed after the third measurement. Is probably, it was
connected to a metastable superconducting phase at these
temperatures.

Proceed from the obtained results it is possible to
conclude, that at is successful a selected technological regime
it is possible to receive samples Y.xCdxBa,Cuz0_; with X<1
with superconducting properties to a close structure
YBa,Cuz07.5.

[1] zhao.Y, Sun .S, Zhang Q. J.Appl.Phys.,1998, 64, p.1999.
[2] S.A.Aliev, S.S.Ragimov, V.M.Aliev et.al. J.Rare Earths,
1991, v.3, p.1060.

[3] E.V.Vladimirskaya, M.V.Yelizarova, N.V.Ageev. FTT,
1998, v.40, Nel2, p.2145.

S.A. Oliyev, S.S. Rohimov, V.M. Oliyev

Y,.«CdyBa,Cu,0, ; ALINMASI VO ONUN ELEKTRIK XASSOLORI

Y, xCdyBa,Cu;0, 5 niimunalerin elektrikkeciriciliyi, termoelektrik h.q. ve istilikke¢irmosi todqiq edilmisdir.Y, yCdyBa,Cu;0,;5-do
ifratkegiricilik 80 at.% Cd-yo goder yox olmur. Tedqiq edilmis emsallarin temperatur asililiqlarinda 260-280K oblastinda faza kegidlerine

oxsar kaskin deyisme miisahide edilmisdir.

C.A. Anues, C.C. ParumoB , BM. AlneB

MOJYYEHUE U UCCJIEJIOBAHUE SJIEKTPUUYECKHUX CBOMCTB Y, xCdxBa,Cu;07.;

HccnenoBansl TeMIEpaTypHBIC 3aBUCHMOCTH JJICKTPOIPOBOAHOCTH, TEPMOJC U TEIUIONPOBOLHOCTH 00pa3uoB Y xCdyBa,Cus0;.;.
IMonyueno, uro B Y;xCdyxBa,CuzO75 cBepxmpoBogumocts He ncyezaer BioTh g0 80 ar.% Cd. Ha TemmepaTypHBIX 3aBHCHMOCTSIX
uccienoBanubix KodddunuentoB obpasna CdBa,Cus0;.5 B obmacti 260-280K oOHapykuBaeTcsi pe3koe W3MEHEHHE XOJa 3aBHCHMOCTEH,

AHAJIOTMYHO MMOBEACHUIO IIPpHU (1)8.30BLIX nepexonax.
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ELECTROLUMINESCENCE (EL) IN GaS:Ln** (Ln-Nd, Er, Tm)

F.Sh. AYDAYEV, O.B. TAGIYEV
Institute of Physics of Azerbabaycan of Sciencies
Az-1143, Baku, H. Javid ave., 33

Excitation of EL was accomplished by the applied to a crystal, constants and variable electrical fields. Thus, the luminescence of
the matrix and radiation caused by transitions of rare earth ions is observed.

Research of EL of rare earth ions in wide (-band-) gap
semiconductors represents the big interest in connection with
perspectives of reception of stimulated radiations with
electrical rating and creations of plane solid-state display,
oscillographic and television screens [1,2].

Investigation results of EL characteristics of monocrystals
GaS:Ln*" are presented in the given article. The samples with
thickness from 70 up to 150mkm with sandwich contacts,
made of In, Al, Ag etc, were used for investigation of EL.

Spectra of an electroluminescence in monocrystal
GaS:Nd at 77K and 200Hz are shown on fig. 1. Narrow-band
lines of radiation in an interval of wavelength on
electroluminescence spectrum 0.53+0.55 and 0.59+0.61 mcm
are caused accordingly by transitions of “G;,—"le, and
*G7p—"l11, of Nd*. It is known, that Nd ions have rich
radiating ability in infrared area of a spectrum. In our
researches intensity of radiation in infrared region is very
weak. Therefore this part of a spectrum is not shown on fig.
1.

W

[ FE [T 05 amu [
1

. Fig.1. EL spectra of GaS:Nd (T=77K, f=200H.

EL spectra of monocrystal GaS:Er are shown on fig.2.
From all investigated transitions the most intensive was a
transition *Sgp—*l15).

Fig. 2. Spectra of photo (continuous curves) and electro-

luminescence (dotted curves) of monocrystals
Electroluminescence spectra of monocrystal GaS:Tm are
shown on fig. 3. The area 0.79+0.83 mcm is caused by
transition °F,—Hs, and 0.68+0.72 mcm is caused by
transitions *F;—%Hg of Tm** ion.

T .

e A

Fig. 3. Spectra of photo (curve 1 at 77K, curve 2 at 300K) and
electroluminescence (curve 3 at 77K) of monocrystals GaS:Tm

o
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Fig. 4. Dependence of EL intensity on applied to the sample
(GaS:Nd).

One of the most essential characteristics of
electroluminescence, allowing to determine its mechanism, is
the dependence of intensity of radiation on the applied
voltage. This dependence for monocrystal GaS:Nd** is
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shown on fig. 4. Obviously, dependence of intensity of an
electroluminescence on voltage submits to the exponential

law [3]
=1, exp(%}
u

lp is defined by an external source of electrons, and
parameter of exponent is defined by the value of area. Similar
dependence for crystal GaS:Er is shown on fig. 5. Such
character of dependence of EL intensity is observed also at
excitation of samples by a constant electrical field.

Ja

@

Fig. 5. Field dependences of EL intensity at different
frequencies of applied variable field, at 77K
(*Syp—*l15 GaS:Er); 1- 200, 2-300, 3-400, 4-600,
5-800, 6-1000Hz.

Exponential growth of EL intensity from voltage specifies
that EL in the area of strong fields is caused by shock
ionization of impurity centers. We also establish, that the
relation of intensity of luminescence I, to dark current I,
passing through a sample, also changes on the exponential

law [4].
1./l = Aexp(—gj
u

Such dependence for crystal GaS:Er is shown on fig. 6.
Realization of such regularity also specifies the shock
mechanism of excitation of an electroluminescence in
GaS:Ln*. In the area of electrical fields where the deviation
from exponential dependences is found out, the cubic site and
a site of sharp growth of a current comes to light on current-
voltage characteristics of monocrystals GaS:Ln*".

It is shown in work [5,6], that passage of a current in
structures is In- GaS:Ln**-In is caused by double injection.
Besides the visible luminescence in monocrystals GaS:Ln*",
at small voltage is observed near to the cathode and with
growth of voltage is distributed to the anode. Hence, it is
possible to assume, that at small fields the injection
electroluminescence phenomenon is observed.

It is known, that the mechanism of shock ionization is
possible at presence of a strong field (=10°V/cm). However,
in the investigated crystals, EL is observed in an interval of
electrical fields 10°+10° V/cm . Obviously, acceleration of
carriers occurs on barrier of Shotki. It is possible, that the
electroluminescence at fields of >10°V//sm may be connected

O]
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with microasperity of crystal, formed at doping of rare earth
elements.

&3

75

| |
1'E" k

2 +

o
Fig. 6. Dependence of Lg J,:J,, on U™ for monocrystal

GaS:Er at excitation by constant field 7=77 K,
*Sap—" 1 Er**

The low-frequency peak is found on frequency
dependences of EL intensity at 200 Hz (fig7). Intensity grows
with increase of frequency from 20 up to 200Hz. With the
further increase up to 10Hz intensity slowly decreases.
Expression for a quantum output of radiation is received in
work [7]:

oN,

P=— 2% L
oN, + N,

PTON N
a t

At exp(—E)
kt
©)
where N, and Ny-concentration of activating and braising
impurity, the C;-constant, a and p- probabilities of capture
of holes from a valent zone on levels of activating and
braising impurity, T-time of holes redistribution , E-depth of
activator deposition, At -is the certain part of the period (9):
At=o/f . Apparently from the formula (3), the quantum output
grows with increase of frequency of the applied variable
field. The increase of brightness of a luminescence observed
on experiment at low frequencies, apparently, is caused by
increase of a quantum output. With the further increase of
frequency the quantum output does not play an essential role
anymore as the power absorbed at the big frequencies, poorly
depends on the frequency. The high-frequency area of this
curve is well straightened in double logarithmic scale (fig. 7).
It specifies on capacitor character of recession [8].
Temperature dependence of EL intensity of broadband
radiation (4,=0,58mkm) contains three sites. EL intensity
practically does not vary in the area of temperatures 77+95K,
that specifies the impurity character of energy absorption [9].
The inclination, which is equal to 0.70 eV is found above
temperature 95K. As is known, the wide strip with a
maximum at wavelength (1,=0,58 mcm is caused by
transition of electrons from a zone of conductivity on p-type
levels [10]. P-type levels grasp electrons from a valence zone
with increase of temperature. Temperature dependence of EL
intensity of transition 4S5, 11, of Er®* electrons repeats a
course of temperature dependence of broadband radiation.
Apparently, transfer of energy to ions Er3 + is accomplished
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through strips with maximum A=0.58mkm. Similar results
were received for monocrystal GaS:Tm [11].

20

Fig. 7. Frequency dependence of EL intensity at 77K
(*Saz—"l1s GaS:Er)
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GAS:LN** (LN - ND, ER, TM) KRISTALLARIN ELEKTROLUMINISENSIYASI

GaLn3(Ln — Nd, Er, Tm) kristallarinda elektroliminessensiya hadisasi sabit va dayisen elektrik sahalarinds tedqiq
olunmusdur. Bu zaman nadir torpaq elementina xas olan sualanma va hemgcinin zonalar arasi kegide uygun stalanma

misahide olunmusdur.

®.III. AUJIAEB, O.5. TATHEB.

SJIEKTPOJIOMAHECIEHUS (3J1) B GAS:LN* (LN - ND, ER, TM)

Bo3byxnenue 31 ocymecTBIsIIOCH MPHIOKEHHEM K KPHCTAILTy MOCTOSIHHBIX M IIEPEMEHHBIX IEKTpUIecKkux nonei. [pu atom
Ha0JII0KaeTcs CBEeUSHUE CaMOi MaTPUIIbl U H3JTydeHUe, 00yCIIOBIEHHOE BHY TPHIICHTPOBBIMH II€PEX0JaMH PEAKO3EMEIIbHEIX HOHOB.
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INFLUENCE OF IR-RADIATION ON KINETIC EFFECTS IN CdxHgi.xTe

E.l. ZULFUGAROV
Institute of Radiation Problems of Azerbaijan National Academy of Sciences
Baku-1143, H. Javid av., 31a

The results of influence of an electron beam irradiation on galvano-tehmomagnetic properties in monocrystals CdyHg;.«Te
(0 < x £0,25) in the wide range of temperatures (4,2 +300K) and magnetic fields (60 < H < 22.000ers.) were analyzed in given work.

It is shown, that action of irradiation on Hall effects is most essential at week fields and low T. Comparison of results o(T), R(T,H) with
the two — zoned theory has to reveal quantitatively influence of an irradiation on concentration and mobility of carriers of a charge and to
conclude, that the electron beam irradiation of CMT crystals leads to increase of electron concentration, caused by vacancies of tellurian
with donor type. It is established, that Cd,Hg;«Te (with x = 0,12 +0,15) can be used as sensitive elements in termomagnetic receivers of IR
irradiation. It is established, that at T<40K in CdyHg;xTe (x < 0,15) concentration of acceptor centers which are included in a conductivity

zone, greater more that concentration of donors.

The acceptor levels plays role of traps for both — for ionizing electrons and for electrons induced by irradiation. It was set up, that
electron been irradiation with integral doze 5,610 elec/cm? to increase of specific sensitivity of receivers of IR radiations up to twice at

T=300K.

Introduction

The first studies of influence of radiation defects on
physical properties of CMT appeared in the beginning of
70-ies [1,2]. In [2], the irradiation was made by electron
beam at 25K. After the irradiation, samples of p-type were
converted to n-type and the electroconductivity grew by 4
order. However after heating of samples, the initial properties
almost were restored. In [3] irradiation was made by
integrated beam ®-4.10"sm™ at 77K. The increase of n and
reduction of photoconductivity is revealed. Short term
heating at 300-320K eliminate the entered radiation
infringements. It was shown, that created at low temperature
irradiation defects, has a small thermal stability and anneals
basically at temperatures 50-75K [2] and 150-225K [4]. It is
known, that using of temperatures of the irradiation leads to
formation of various types of stable defects [5].

Meanwhile, practical use of the irradiation demands
knowledge of physical properties of radiation defects and
their thermal stability at 300K. In this sense, the works [6, 7],
in which n and p-type samples were irradiated at 300K are
interesting: in n-type samples p insignificantly decreased, and
conductivity remained almost constant, whereas in p-type
samples was a change of type and o passed through a
minimum. Authors [6, 7] analyzing the obtained results,
conclude, that the electron beam irradiation at 300K,
irrespective at initial type of conductivity, leads to formation
of new donor centers in CMT crystals. MOD-structure is
investigated in [8]. More detailed researches were carried out
in [9-15]. As seen from brief review, the study of influence of
the electron beam irradiation on kinetic phenomena CMT has
only incidental character up to our researches. Coefficients of
electro conductivity and Hall have been considered only at
300K and in the certain value of magnetic field and
irradiation doze for limited structure and concentration. Thus,
the methodical shortcomings were tolerated. In particular,
many authors argue on change of a sign of the conductivity,
influence of the irradiation on the mobility on the dates of ¢
and R at one certain the magnetic field, meant at this product
R-o as mobility. As known, there is a simultaneously
participation of electrons and holes in conductivity of CMT,
therefore dependences of R(H), o(H) and other factors are

complex. Change of sign of R at any value H does not mean
change of conductivity type and R-o not always is the
mobility of one of carriers of charge and etc.

The features of zone structure of crystals, state of
admixture levels were not considered at interpretation of the
obtained results. For example, in some studies, there are such
conditions: the electron beam irradiation results in growth
acceptor centers, reduce or has no effect on mobility etc.

With the aim of elimination of the listed blanks of the
problem, the complex researches of the influence of electron
beam irradiation on electric, galvanomagnetic and
thermomagnetic properties of CMT of various structures and
concentration of carries of the charge at wide interval of
temperature and magnetic fields has been carried out, and a
role of electron RD and opportunities of practical use of
electron processing has been studied.

1. Influence of an electron beam irradiation
on conductivity and galvanomagnetic phenomena
in CdyHg;«Te (CMT)

The galvanomagnetic effects are one of the sensitive
phenomena to external influences. By studying the influence
on them of temperature, the magnetic field and irradiation is
possible to obtain exhauste date on concentration, mobility,
mechanism of dispersion, etc.

The influence of the electron irradiation an CMT with
energy 3,5 Mev, an integrated beam to ®=1,46-10"%cm™, on
R for structures x=0, 0.1, 0.12, 0.15, 0.20, 0.25 at T=4,2+300
K will be considered in this study. The characteristic curves
of dependences R (H,T,®) for samples x=0.12 and 0.15 are
submitted in Fig.1.2. Apparently, the lead to significant
change of factors, and irradiation is most effective at low T
and weak H. As seen from curves R(H), the irradiation lead to
increase of R at investigated range of T. The point of
inversion of sign of R is displaced to high values of H by
rising of the irradiation doze. Rising of the R(Hy) sign
inversion at high fields H should be connected with,
reduction of mobility and hole concentrations or with
increase in concentration and mobility of electrons, according
to expression (1).
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Fig. 1. Field dependences of Hall coefficient for samples of

Cdo 12Hgo s Te. Continuous line — calculation ,°-®=0;
e-®=5,6 10" cm™ ;A-®=1,5.10" cm™?, x-D=10" rad
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Fig. 2. Field dependences of Hall coefficient for samples of
Cdo 12Hgo gs Te. Continuous line — calculation,o-D=0;
e-®=7,2.1017cm?; x-D=10"rad

As in two-zone model, the influence of n on R is most
essential, the growth Hy is caused, basically by increasing of
n. The R(H) in any magnetic field, according to theory looks
like:

2
Pry g
1+7; 1+7;

where 7, = gH;i = p,n
The strong dependence of R(H) should be observed at
u<<1 and not too great value of p/n. Analysis of temperature

eR(H) = @

2
78
1+72

p’uPTp _ r]:Un‘[n
1+77 1+7;

PH,
S+
1+7°
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dependences R(T) shows, that the R(T) differ both
quantitatively and qualitatively at the strong and weak fields.
R monotonously decrease by reduction of T at H=8.7 KErs
and there is the inversion of the sign of R at T=80K.

The course of R(T) radically changes in process of
decreasing of H.

R grows with reduction of T up to 200K at H=1,5 KkErs
occurs through a maximum, and with further downturn of T
up to 77, the value of R decreases.

At weak fields (H=60 Ers) character of curves R(T)
strongly differ before and after the irradiation: before of the
irradiation, has a weak maximum, it disappears in process of
the irradiation and monotonous growth of R by increasing of
T is observed. The location of the maximum and value of R
changes on depending of H. With growth of H the maximum
is displaced aside high T and value of maximum decreases.

The growth of maximum in R(T) is connected with
competing action of electrons and holes.

At weak fields a leading role plays electrons, at high H,
holes, that results in shift of position of a maximum aside of
high T, which causes reduction of the value of a maximum.
The shift of a maximum aside low T and growth of its value
is observed at irradiation.

So, the observable effect is explained by growth of n at
an irradiation.

As is known, at the mixed conductivity, irrespective of
the from izoenergy surfaces and the constancy of time of a
relaxation, in week fields always S(H) looks like Ap /py ~ H?
and it strongly depends on values of mobility and
concentration of each of carries of a charge. In case of the
mixed conductivity in approach z=const, in any H we have:

Ap 0,0, (0,0, —aiR,)’

Lo o, +o0,

)
+ 0_12022(R1 + Rz)z

Where ¢,,0,,R,,R,-factors of electro-conductivity and the
Hall electrons and holes.

The characteristic data on dependence A7'0(|-|)at various T
Po
and dozes of an irradiation are submitted on Fig. 3.

The passage %(T) through a maximum at 200K
0
showed be take attention. It is connected, by that, the Ap
Po
should get the maximal value at pg’ =ng; . For submitted

samples CMT, such conditions, are carried out in nearly of
200K. As we seen, the electron irradiation in an interval

200-300 T does not affect almost on Ap At helium

Po

temperature the Ap grows, but the most essential increase of
Po

Ap i _ .

—— occurs at T=77 K. It is connected with increasing of n

Lo

at the irradiation.
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Fig.3. Field dependences of cross magnetoresistance of Ap/py
of sample of Cdg1,HgogsTe before and after e-
irradiation; o-®=0; e-®=5,6.10cm?;A-®=1,5.10"%cm™
at different temperatures.

From the submitted results follows, that it is possible to
pick up such structure CMT and ratio of n and p, that the

Ap

Po

gets the much greater value, than in the investigated

A
crystals. Using of high value of 2P and its increase under

Po
action of an electron irradiation, it is possible to create
various converters. In particular, having compensated a
voltage in a zero field it is possible to create the high-
sensitivity gauge of a magnetic field.
%%
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Fig.4. Restore of R, at thermal treatment (t=1 hour,
Tannealing=430K) in sample of  Cdg1,Hgogs Te after e-
irradiation; o-®=0 (before thermal treatment; A-after

thermal treatment (®=0); o-®=7.10"" cm™;-after
annual.

1000

For an establishment of temperature anneals for the
defects entered by an irradiation, samples after measurements

were exposed izochronic annuals. As heat treatment in itself
influences on electric properties of CMT, samples previously
(up to an irradiation) were exposed to heat treatment.

On Fig.4 characteristic curve actions of an electronic
irradiation on R(H), and also izochronic annuals before and
after an irradiation are submitted. It is visible, that the
annuals during one hour at 160°C practically liquidates RD.
Similar results are received and from the analysis of other
kinetic factors. We shall note, that before our researches there
were no quantitative data of irradiation influences on n, p,

My, M. This rather challenge as in conductivity
simultaneously paricipate electrons and holes.
60
CMBKriq[
sodt
qodL
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- _c..__ﬂ_____“izs"qa: 200K
100 M._
Ty | ¥
O L 3 X
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Fig. 5. Temperature dependences of parameters of charge
carriers in Cdg 15Hg gs Te; dotted-®=0; continuous-
®=7,2.10" cm™.

In [16,22-24] we have described the technique of the
definition of parameters of charge carries in CMT. It has been
applied here, for quantitative definition of n, p and &,

and £, before and after an irradiation which results are

presented in Fig.5.

With the purpose of check of reliability of the received
results about R(H), experimental data have been compared
with theoretical curves designed under the formula (1) by

: Hn Hp
attraction of the found parameters n . P The
characteristic dependences R(H) compared with calculation
curves are presented in Fig. 1 and 2.

It is seen, that the character of curves R(H) before and
after an irradiation does not vary, and the consent of
experiment with the theory in weak and strong fields is good
enough, and the deviation in intermediate fields is observed.
This question was analyzed in detail in [16,17]. Same
situation is observed for other irradiated samples.

Apparently, the irradiation reduce of mobility of
electrons in 1.4 times and of holes in 15-20%. At this, the
irradiation does not influence on mechanism of dispersion.

The most interesting fact is the temperature dependence
of concentration, arisen of a result of the irradiation. This
question was not discussed in literature, but it is most
attractive. It seems, that if the irradiation results in increase of
concentration of electrons (at T>200K, n~10* cm™®) and
with downturn of T they should not decrease as donor
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impurity in CMT are ionized at the lower temperatures [18-
20]. Hence, concentration of electrons at 4.2K before and
after an irradiation should grow strongly.

However, the ratio of concentration of electrons remains
to be constant in wide range of T. From our data follows, that
this process occurs and induced by electrons (as result of
before and after an irradiation).

2. Influence of the electron irradiation of thermo-emf
and thermomagnetic pheno-mena

It is known, that the determining factors in thermo-emf
and thermomagnetic pheno-mena are the concentration and
mobility of electrons. As electron irradiation of crystals CMT
results in increase in concentration of electrons and some
reduction of mobility. Therefore, the study of the influences
irradiation of thermoelectric and thermomagnetic phenomena
can give the additional information on the nature of
electroactive defects, arising during the irradiation with this
purpose the study of thermo-emf, magneticthermo-emf and
the cross-section thermomagnetic effect in temperatures of
4,2-300K and magnetic fields 0< H <22 KErs has been
carried out.

The characteristic dependences « (T) before and after an
irradiation for a samples with x=0.12 and x=0.15 are
presented in Fig. 6.

As seen, in area, where « >0, the irradiation reduced
value of ¢, and in area where « <0 leads to increase of « .
Thus, the sign of inversion of thermo-emf is displaced in area
of low temperatures, and in the sample with x-0.15 in the
same direction, the position of the maximum of dependence
o (T) is placed also. There results and data on
galvanomagnetic properties, confirm a conclusion on increase
of electron concentration at irradiation.

It is necessary to know the temperature dependence of
parameters of charge carries for the quantitative analysis of
thermo-emf.

These parameters which have been determined, are
involved for the analysis of the data o (T, D).

MI(B'fe
300

200}
o, 100

0 1 1

]
100 00 300
T, K

-100 L

-200 |

Fig. 6. Temperature dependences of thermo-emf ¢ for
samples of Cdy1,HgogsTe; 0-D=0, e-®=5,6.10"" cm?,
A-®=1,5.10" cm™.
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Fig. 7. Temperature dependences of thermo-emf o for
samples of Cdy 1,HgogsTe; continuous lines —
calculation; 0-®=0; -®=5,6.10*" cm™.

The continuous lines in Fig.7 present the results of
calculation of « (T), made according two-zonal model. As
seen, that the calculated curves well describes the
experimental data: The reduction of & and displacement of
positions of maximum and point of inversion of the sign of
« . The appreciable deviatation of calculated results from
experiment at T>50K is connected with unsplit condition of
zone structure CdgisHgogsTe, at which the nonparabolic
zones of conductivity strongly amplifies ( £ > 1), that results

in growth of an error of definition of zone parameters (Eg,
m, 77) and Fermis corresponding integrals.

As shown by calculations, up to an irradiation, at low T
(T<25K) in spite of the fact, that o >, the holes
dominate at thermo-emf with growth of T (since 4.2), the
a, apand o, grow, and the growth « , outstrips o .
Strong growth o ,(T) is connected with the constancy P(T).
At performance of conditions, growth & ,~ a , (at T=25 K),
the o (T) passes through a maximum the further reduction of
« (T) (despite of & > « ) is caused by strong growth of
o hand o o.It not only compensates the reduction of « , but
also reduces « ,. The condition o ,~ &, is carried out
already at T=18K, that explains shift of position of the
maximum ¢ (T) at low T range. Increasing of o ,(T) at
radiation process causes also displacement of the point of
inversion of the sigh of « at low T. The behavior of field
dependences of magneticthermo-emf ¢ (H), measured at
various temperatures is interesting. The researches have
shown that, the irradiation leads to increase of « (H) in all
range of it (and o« (H)<0) at room temperature. The
o (H)>0 before irradiation at T=200K, the irradiation with
doze up to ® =5.6-10""cm™ decrease the magneticthermo-
emf, and the increase of doze up to 1.46:10cm™ leads to
change of sign of o« (H) at low fields (H<2kErs). At
(H>2KErs) the & (H)>0, but quantity of magneticthermo-emf
less than initial. Character of charge magneticthermo-emf at
T2=200K shows the increase n (hence o, and o () at the
irradiation. It is difficult to explain a course « (H) at the
irradiation doze up to @ =5.6-10""cm™ and T=100K. In week
fields (H < 2kErs) magneticthermo-emf less than initial value,
that corresponds to behavior « (H) at high T, but value
o (H) at (H>1.5KErs) exceeds the value « (H) up to an
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irradiation. After an irradiation up to @ =1.46:10"%cm? the
value of o (H) decreases in all interval of H [25].

The H-E effect is most sensitive to the mechanism of

dispersion, presence of other type of charge carries, to charge
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ELEKTRON SUALANMASININ CdHg, \Te KRISTALINDA KiNETIiK EFFEKTLORO TOSIRI

Mogqaleda genis temperatur (4,2-300K) ve maqnit sahslerini (60<H<22.000E) diapazonunda Cd,Hg, Te monokristalinda kinetik
effektlore elektron slialanmasinin tesirinin natijolori analiz edilmigdir.

Gostorilmigdir ki, kicik sahelor ve asagi temperaturlarda siialanmanin Holl effektine tosiri daha ¢oxdur.o(7),R(T,H) asililiglarmin
natijelorinin ikizonali nezeriyye ile muqayisesi siialanmanin yiikdasiyijilarin konsentrasiyasi ve yiiriiklilyline tesiri aydinlagdirmaga ve belo
bir natijoye gelmaye imkan verdi ki, KRT kristallarinin elektronlarla siialandirilmasi elektronlarin konsentrasiyasimnin donor tipli tellurun
vakansiyalar1 ilo gortlonen artimma gotirib ¢ixarir. Miieyyen edilmisdir ki, Cd,Hg, Te (x=0,12+0,25) kristallar1 [Q-siialanmanin
termrmaqnit gobuledijilorinde asao element kimi istifade oluna biler. Askar edilmisdir ki, 7<40 K olduqda Cd,Hg, ,Te (x<0,15) kristalinda
kecirijilik zonasindak: akseptor moarkezlorinin konsentrasiyast donorlarin konsentrasiyasindan ¢ox-¢cox bdyiikdur. Akseptor soviyyelori hom
ionlasdirij1 elektronlar, hom do siialanmanin yaratdig: elektronlar iigiin tolo rolunu oynayirlar.

9.1. 3yabdurapos

BJIMSHUE SJIEKTPOHHOI'O OBJIYYEHUSI HA KHHETUYECKHE D®®EKTBI B CdxHg;.xTe

B paGore aHaMM3UPOBAaHB! PE3YNIBTATH BIMSHUS HIEKTPOHHOTO OOyYeHHs Ha TalbBaHO-TEPMOMArHUTHBIE CBOWCTBA B MOHOKPHCTALIAX
CdyHg;.4Te (0 < x < 0,25) B mupokom ruanaszone temmeparyp (4,2+300K) u marautasix nosneit (60 < H <22.000 ».).
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ITokaszano, yTo neiicTBHs 0OMydeHHs Ha dpdekr Xoya Haubosiee CYIISCTBEHHO MpH ciadbix mojsix W Huskux 1. ComocraBlieHHE
pesynbratoB ofT),R(T,H) ¢ IBYX30HHOH TeopHeil MO3BOIMIO KOJMYECTBEHHO BBISIBUTH BIIMSIHAE OOJydYCHUs HAa KOHIICHTPAMH U
MOJBHKHOCTh HOCHTEJIEH 3apsia U 3aKII0YUTh, YTO DJIEKTPOHHOE 00iydenue kpuctauioB KPT npuBoAUT K BO3PACTaHHMIO KOHLIEHTPAIMI
DJIEKTPOHOB, 00YCIIOBJICHHBIE BAKAHCUSAMH TEJUIypa JOHOPHOro ThIia. Y craHosieHo, uto npu 7<40K B CdyHg;«Te (x < 0,15) konueHTpamus
AKIENTOPHBIX IIEHTPOB, BXOISIIMX B 30HY IPOBOANMOCTD, Ha MHOT'O GOJIbIIE KOHIIEHTPAIMH JOHOPOB. AKIIENITOPHBIE YPOBHU HUIPAIOT POJIb
JIOBYILICK KaK JUIS HOHU3UPYOIIUXCS SICKTPOHOB, TAaK U JUIS DJICKTPOHOB HABEACHHBIX O0IYUCHHEM.
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ABOUT DIFFUSION OF PHASE TRANSITION OF AgSbTe,

S.S. RAGIMOV, S.A. ALIEV
Institute of Physics NAS of Azerbaijan, Baku.Az - 1143, H.Javid ave, 33

It was investigated the influence of second phase on the electrical conductivity, thermo-e.m.f. and Hall coefficient of AgSbhTe, in 200-
450K temperature interval. It was shown, that the phase transition in AgSbTe, related by presence of p-Ag,Te is diffuse and encompasses
~70% from all phase transition. It was established, that the a—/ phase transition has exponential character.

Introduction

In [1] was conducted the detailed research of
thermoelectric properties of samples of Ag-Sb-Te system.
Samples were obtained by a method of zone crystallization.
The experiments have shown that from a beginning part to
middle of an ingot samples are monophase and correspond to
AgioShygTes,. Starting from middle of an ingot on
temperature dependencies of electrical conductivity o(7),
Hall coefficients R(7) and thermo-e.m.f. «(7) the anomalies
were observed. These results were analyzed within the
framework of the theory of kinetic phenomena for two-phase
systems [2]. Was proposed, that in investigated samples the
matrix is AgieShyeTes,, and second phase p-Ag,Te. Was
established, that really these structures are two-phase and the
contents of the second phase changes within the limits of
11-13 vol. %. In [3] is established, that in crystals of Ag,Te
the structural phase transition (SFT) has diffusion nature.
Was calculated the parameters of diffusion phase transition
(DFT) Ty, a, Lo(T), dLo/dT, and is determined the area and
degree of diffusion of phase transition (FT).

In this work was put the problem to consider the
influencing of the second phase Ag,Te on electrical
properties of a system Ag-Sh-Te at more high temperature
encompassing area of FT and to study the contents Ag,Te on
electrical properties in FT area.

Experimental results

In a fig. 1 the temperature dependencies of coefficients
of electrical conductivity o(7), Hall R(7) and thermo-e.m.f.
o(T) of AgShTe, are shown. As it is visible, since 390K the
discontinuous change of all three factors takes place that
unconditionally, is connected with FT Ag,Te containing in
AgShTe,.
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. ™ «
.
80+ . .T — . 4800
) ) * AL
60 - . - 600

a,uVIK

a.fm.cm

Q e P
) ] F
§ 404 ‘“,‘ x 400
o a7
- R - «*
20 " e - LA __ N ] i
'=:'--...—|._ 200
01— . : : = ===
200 250 300 350 400 450 500

Temperature,K

Fig.1.The temperature dependences of electrical conductivity
(o), thermo-e.m.f. («) and Hall coefficient (R) of
AgShTe,.

For a quantitative analyze of the obtained data it is
necessary on basis of experimental data in FT region to find
mass distribution of « and - phases, according to the data m,
and my to calculate FT parameters: temperature of FT -7y, at
which one m, = my; a temperature-dependent constant a of
FT, function of inclusion L, (T) of a p-phase in an a-phase
and temperature speed dLo/dT of FT.

The theory and analysis of experimental results

The theory of diffusion phase transition (DFT) is
particularized in [4,5]. It as well as theory of other phase
transitions, is base of thermodynamic reasons. The
characteristic peculiarity of DFT is the absence of sharp
jumps of physical quantities, which indicates coexisting of
two phases in a certain interval AT. It means that
thermodynamic potential and other additive values of a
system in DFT area contain the conforming characteristics of
both phases. Thus it is possible to use general results
obtained at construction of thermodynamic potential for
condensate systems, according to which one:

2(1)=2,(1)+40(T)=L(T) @

where AD(T)=Dy(T)-P,(T), D:(T)- thermodynamic potential
of the first phase, @,(7) of the second phase, L(7) - function
of inclusion. For finding L(7) it is necessary to take into
account, that in DFT it is necessary conditionally to
distinguish three temperature interval: T<T,, T;<T<T, and
T>T,. Therefore

@, T<T,
O(N=P, =D, +L,(®,—-D,), T,<T<T,; ()
D, T>T,

If to designate temperature of FT beginning through T3,
and the temperature of FT end through 7>, then for L(7) we
have:

0 T <T,
L(M=0 <L <1 T <T<T, €))
1 T>T,

In case of diffused FT
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_ 1
L(T)_l + exp[— AT — TO)] @
and
oL/ _ a 1
G F e 5 BIL

From (4) and (5) it is seen, for their determination the
parameters aq and T, are necessary found. A technique of
determination ay and Ty in detail are described in [3]. If to
take into account, that L(7) characterizes a part of phases in
the region of their coexisting, it can be determined and as:

JOIN
m(T)

Values m, and my it is necessary to determine directly
from temperature dependences of investigated physical
phenomena in FT region. From the joint solution (4) and (6)
in the supposition a=a, we obtain:

L(T)=|1 + (6)

Ine _a(To-T) @)
Mg

From (7) follows, that at constant value a In(m, /m,=y)
is a linear function 7.

In work [3], enabling, that in FT region the abruptly
change of electrical and thermal properties of Ag,Te is
related by a quantitative change o and § phases, m, and my
were calculated. On temperature dependences of electrical
and thermal properties, the dependence Iny on 7T are
constructed and T, and a are determined. For this purpose it
was proposed to achieve linear change T in transition zone.
Then from a beginning up to the end of FT the interval
AT=T,-T, can be divided into equal intervals and
corresponding values of measured coefficients to attribute to
suspected phases, for example:

AT, =Ty, 1-mg/Mm)+AT, s(Mg/M,) (8)

By such method distribution m, and m, were determined
in FT region, Ty, &, then L(7), dL/dT are calculated and it is
shown, that for determination of FT parameters the most
sensible to FT electronic processes can be used.
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Fig.2. The temperature dependence of In(m,/mg),
obtained from electrical conductivity data.
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In a fig. 2 the dependence Iny on 7, obtained on the data
o(T) and R(T) for AgShTe, are shown. The interception of
these straight lines with an axis T gives value Tp, at which
one m,=my, and relation Alny/AT=a. Under the data Tpand a
according to the formulas (4) and (5) the temperature
dependence of a function of inclusion L(7) and speed dL/dT
of FT are calculated. The temperature dependence L(T) and
dL/dT are shown in a fig. 3 and 4.
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Fig.3.The temperature dependence of inclusion function L.

~ 0,124
2 :
% 0,197 AgTe
hd 1 .
0,084
. L]
o 0,064 .
1" .0..0:1-— "t "y Ang'I'c:
" : 1 : L
" ._-’ 0,02 ., .
e’ v , e
-10 -5 0 5 10
AT.K

Fig.4. The temperature dependence of speed of change of
inclusion function dL/dT.

In these figures for comparison, the data for Ag,Te are
presented also. These data visually demonstrate a diffuse FT
in Ag,Te and AgSbTe,. According to the DFT theory the
region of FT diffusion AT is determined by interception of a
straight line conducted from half of maximum value dL/dT
parallel to axis AT, from a curve dL/dT. In a fig. 4 these
straight lines are indicated by broken lines. For Ag,Te the
region of diffusion encompasses 247=8,5K, and in AgShTe,
the diffusion encompasses 247=18K. From the formula (5)
follows, that maximum value dL/dT corresponds to a/4, i.e.
degree of diffusion is the temperature-dependent constant of
FT. From the obtained data also it is follows, that in the
region of diffusion the transition of an a-phase in a Sphase
goes on exponential law m,/m=e*7;™.

The calculations demonstrate, that the region of FT
diffusion encompasses ~70% of all phase change (AT=T.-
Ty)

The mechanism leading to diffusion of FT is fluctuations of
physical states in matter. The main causes of the fluctuation
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at structural FT are as follows: irregularity of distribution of  borders of two phases etc. We shall note that more detailed
temperature, owing to an allocated significant amount of heat  research of two-phase systems can expand knowledge about
at SFT, in particular in Ag,Te, polycrystalline of a low mechanisms of FT diffusion in solids. Some results about it
temperature phase of argentums chalcogenides, distorting of  are obtained at research of a problem of diffusion FT in
crystal lattice, high impurity concentration, deviation froma  HTSC [6-9]. In these works the FT region of a lot known
stoichiometry etc. irregularity of physical states. HTSC is considered and influence of magnetic field on a

It is necessary to pay the special attention that diffusion  degree of FT diffusion is determined. Is shown, that the dual
of FT in AgSbTe, more, than twice surpass diffusion in  states (normal and superconducting), created by a magnetic
Ag,Te. It means that at FT Ag,Te, arranged inside field in a transition zone, hardly enhances a fluctuation, a
Ag.sShyTes, as the second phase, additional source of  source by which one is vortex current. However, number of
fluctuations takes place. Certainly, it could be expected, as vortexes in SC of the second kind, though grow with
distribution 11-13 weights. % Ag,Te inside a matrix should increasing of a magnetic field, but they as against of phase -
result to additional heterogeneities: temperature at FT, Ag,Te ina matrix AgioShogTes, are distributed uniformly.
heterogeneities of distribution Ag,Te on volume basis, on
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S.S. Rahimov, S.A. Oliyev
AgSbTe,~DO FAZA KECIDININ YAYILMASI
200-450K temperatur intervalinda AgSbTe,—nin elektrikkegiriciliyino, termo e.h.q. vo Xoll emsalina ikinci fazanin tesiri toedqiq
edilmisdir. p-Ag,Te -un olmas1 ilo olagadar olan AgSbTe,- nin faza kecidinin yaymiq olmasi ve biitlin faza kecidinin 70% ohato etmosi
gostorilmisdir. o—fazanin f-fazaya kecidinin eksponensial qanun ilo bas vermasi gostorilmisdir.
C.C. Parumos, C.A. AnueB
O PABMBITHUHA ®A30BOI'O IIEPEXOJA B AgSbTe,
HccnenoBaHo BIHSHUSI BTOPOH (ha3bl Ha BIICKTPONPOBOJHOCTD, TepMOod/c U Kodddument Xoma AgShTe, B TemneparypHoii o6nacti

200-450K. Tloka3zano, uto (a3oBbiii nepexox B AgSbTe,, obycnosnenHblid npucytcTBueM p-Ag,Te, sSBISETCS PasMbITBIM M OXBATHIBACT
~70% ot Bcero (a3zoBoro nepexoaa. YCTaHOBJICHO, YTO Hepexo o—(hasbl B f-pa3y NPOUCXOAUT MO IKCIIOHSHIIOHAIFHOMY 3aKOHY.
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INVESTIGATION OF PHOTOELECTRIC CHARACTERISTICS OF SILICON AVALANCHE
MICRO-PIXEL STRUCTURES WITH SURFACE DRIFT OF CHARGE CARRIERS

R. MEHTIEVA, A. NADZHAFOV
Institute of Radiation Problems, Azerbaijan National Academy of Sciences,
Az-1143, H. Javid ave., 31A, Baku

M. MUSAEV
Azerbaijan State Oil Academy, Az-1007, Baku, Azadlig ave., 20

N. MUSAEVA, Z. SADYGOV, E. TAPTYGOV
Institute of Physics, Azerbaijan National Academy of Sciences,
Baku Az-1143, H. Javid str., 33

Photoelectric properties of a new high sensitive photodetector elaborated on basis of silicon avalanche micro-pixel structures being an
adequate analogue of known vacuum photomultipliers are investigated. It was found that dynamic range of this device exceeds five orders at
gain of photo signal of 250. The offered photodetector may be successfully used for registration of weak light pulses and gamma radiation.

During last decade the silicon avalanche micro-pixel
photodiode (AMPD) is considered as one of perspective
options for creation of the cheapest multichannel avalanche
photodetectors [1-2]. In given article the first results on
photoelectric properties of a new AMPD are presented.

Advanced properties the new AMPD is connected with a
local negative feedback (LNF) effect, which significantly
reduces influence of the crystal non-uniformity on the
characteristics of the avalanche multiplication process. The
LNF effect is achieved by forming an electric field of specific
geometry in the multilayer silicon structure, which ensures
localisation of avalanche processes and limits them to the
micro-regions (micro-pixels) of 3-5u in diameter depending
of design. This results in a unique combination of high signal
amplification and uniform avalanche multiplication over
sensitive area of the device.

The new AMPD is produced on basis of low-resistive
silicon wafer of p-type conductivity with specific resistance
of 10 Ohm-cm. A schematic cross section of this AMPD is
submitted in figure 1.

..t
thj/%

1 2 3 4

.o

Fig.1. Cross-section of the avalanche structure.
1-silicon substrate with p-type conductivity, 2—-guard ring
of n-type Si, 3-matrix of p-n-junctions, 4-silicon dioxide
layer, 5—aluminium layer, 6-semitransparent titanic
electrode.

A silicon dioxide layer of 1000A thickness was grown on
silicon wafer, through which it was made ion implantation
with phosphorous followed by annealing process at
temperature of 1000C. The semitransparent titanic layer
surrounded with an aluminium ring was used as a field

electrode. Using this procedure and special photo masks, a
matrix of small p-n-junctions with step about 8-10x was
made in sensitive area of structure. About 10,000 micropixel
c/mm? are formed over the sensitive area of the proposed
avalanche photodiode.

The operation principle of the AMPD is as follows.
Positive bias voltage is applied to the field electrode, large
enough to cause avalanche multiplication in the array of p-n
junctions. At this bias the depletion region reaches the Si-
SiO, boundary where a very thin (~10nm) layer of n-type
conductivity with high resistance is formed. The value of the
surface resistance of this layer determines efficiency of LNF
effect. During the avalanche development time (~1 ns) most
of the multiplied electrons are collected in the given p-n-
junction as a charge packet. Dimensions of the packet are
approximately equal to diameter of p-n-junction, which is
about 3-5.. The packet produces local decrease of the electric
field at this p-n junction, thus locally quenching the
avalanche process. After the avalanche process is suppressed,
the charge packet (electrons) drifts along the Si-SiO,
boundary to the peripheral drain electrode during 100-200ns.
The short signal pulse is generated by the displacement
current across the dielectric (silicon dioxide) layer.
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Fig.2. Spectral dependence of quantum efficiency.
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Multiplication factor (signal gain) M was determined by
formula M=AJJ/dipn, Where AJ; - an increment of the total
avalanche current at potential U>50V (in the beginning of
avalanche process), Aiy, - an increment of photocurrent
initiating avalanche process, which is measured at U=20V (e.
g. at absence of avalanche process).

Figure 2 shows quantum efficiency (QE) of the AMPD
vs. light wavelength. A mercury lamp was used as a light
source for this measurement. Quantum efficiency of the
AMPD sample was defined concerning spectral sensitivity
known p-i-n diode S1223 from Hamamatsu.

It was found that the maximal value of quantum
efficiency is about 58 %, and this value is limited by
transparency of the titanic layer. Fall of quantum efficiency
in range of short wavelength is connected with both high
absorption factors for incident light and high rate of
recombination process in the Si-SiO, boundary. Reduction of
QE in the right part of this dependence is determined by
lowering of absorption factor in the silicon wafers.

Dependence of photoresponse (an amplitude of
photocurrent) on quantity of incident photons has been
investigated at gains of M=250 and 4000. A light emitted
diode with wavelength of 450nm was used for these
measurements.

It was found that the dynamic range of photo response is
determined by multiplication factor (gain) of avalanche
process in semiconductor. As shown in figure 3
photoresponse increases linearly up to number of photons
Npn ~20000 at M=4000. However the AMPD may have
linear photoresponse up to Np,~500000 in conditions of
M~250. This nonlinearly of photoresponse appearing at high
gains may be explained by decreasing of electric field in p-n
junction because the drain layer hasn’t enough conductance
to discharge avalanche region.

Thus, photoelectric properties of the new high sensitive

photodetector made on basis of avalanche silicon structures
being adequate analogue of known vacuum photomultipliers
are investigated. Dynamic range the device may exceed five
orders at gain of M~250. The AMPD offered may be
successfully used for registration of very weak light pulses.
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Fig.3. Dependence of photoresponse on number of falling
photons in a pulse.
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SOTHINDD YUKDASIYICILAR AXAN SILISIUM 9SASLI SELVARI MiKRO-PIKSEL STRUKTURLARIN
FOTOELEKTRIK XASSOLORININ TODQIQI

Molum vakuum fotoelektron giiclondiricinin analoqu olan ve silisium torkibli selvari mikropiksel strukturlarin esasinda hazirlanmig
yiiksek hassasliqli fotodetektorun fotoelektrik xassolori todqiqi edilmisdir. Bu qurgunun dinamik oblastinin fotosignalin 250 defe
bdyiidiilmesi zamani 5 tertibden yuxari oldugu tapilmisdir. Toklif olunan fotodetektor zeif isiq impulslarinin ve qama siialanmanin

geydiyyati zamani ugurla istifade oluna biler.

P. MexTtueBa, A. Hax:xkagos, M. Mycaes, H. MycaeBa, 3. Canpiros, E. Tantsiros

HNCCIEJOBAHUE ®OTO3JEKTPUYECKUX XAPAKTEPUCTUK KPEMHHUEBBIX JIABUHHBIX MUKPO-
NUKCEJBHBIX CTPYKTYP C IOBEPXHOCTHBIM TEUEHUEM HOCHUTEJIEA 3APSIJIA

HccnenoBanbl  OTORIEKTPUUSCKHE CBOMCTBA BBICOKOYYBCTBUTEIBHOIO (DOTONETEKTOpPA, SBISIOLIETOCS AHAIOIOM H3BECTHOIO
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THERMO-MAGNETIC EFFECTS OF HOT ELECTRONS IN NON-DEGENERATE
SEMICONDUCTORS UNDER THE CONDITIONS OF STRONG MUTUAL ELECTRON-
PHONON DRAG

M.M.BABAYEV
Institute of Physics, Azerbaijan National Academy of Sciences,
AZ 1143, H. Javid av., 33, Baku

The thermoelectromotive force and Nernst-Ettingshausen effects of non-degenerate semiconductors under the conditions of strong
electron-phonon mutual drag are investigated by taking into account the electron and phonon heating in high electric field. The dependences
of thermoelectromotive force and Nernst-Ettingshausen voltage on the electric field strength and lattice temperature are obtained.

Recently the theoretical and experimental interest in
thermoelectric and thermo-magnetic effects in bulk and low-
dimensional systems has been intensified [1-6]. There are
also some theoretical investigations of thermoelectric and
thermo-magnetic effects in semiconductors under high
external electric and non-quantizing magnetic fields [7-12].
In addition, there are some review articles devoted to these
subjects [13-14]. In this paper the thermoelectromotive force
and transverse Nernst-Ettingshausen effect of non-degenerate
semiconductors under the conditions of strong electron-
phonon mutual drag are investigated by taking into account

the electron and phonon heating in high electric (E ) field.
The spectrum of electrons is assumed to be parabolic:

E=—". Q
m

The basic equations of the problem are the coupled
Boltzmann transport equations for electrons and phonons. It
is assumed that the electrons and phonons are scattered
mainly by each other (the conditions of strong mutual drag)
via the deformation interaction. We consider the quasi-elastic
scattering of electrons by acoustic phonons. In this case the

distribution functions of electrons f(p, r) and phonons

N (a, F) may be written as:
(p, ) (g r) + fl(&' r)

NG, F) = Nolg. )+ Nafg, )2, 3)

where F, (Ng,) and fl(ﬁl) are the isotropic and

anisotropic parts of the electron (phonon) distribution
functions, respectively. We assume that the so called
“diffusion approximation” for electrons and phonons applies.

@)

'clcl

o ||

If the inter-electronic collision frequency V. is much
more than the collision frequency of the electrons for the
then ¥, (g, F)
distribution function with an electron temperature T, . Note

that all temperatures are in energy units.
We assume that in the lattice there is a “thermal
reservoir” of short-wavelength (SW) phonons for long-

energy transfer to latticev, , is the Fermi

wavelength (Lw) phonons interacting with
- T

electrons: qmax = 2p << —, where S, is the sound
%0

velocity in the crystal, (,, is the maximum quasi-

momentum of LW phonons. Under these conditions LW
phonons are heated and N, (q ’ r) has the form [15]

ho B T
No(q)=|exp| — |-1| ~—>, 4)

Tp ha)q

where Tp is the effective temperature of the LW phonons. In

accordance with Ref. [15], in the case, when the phonons are
scattered mainly by electrons, the temperature of LW

phononsTIO becomes equal to the temperature of
electronsT,. Therefore, under the conditions of strong

mutual dragT, =T,

The anisotropic parts of the distribution functions of
electrons and phonons are obtained by solving the coupled
system of Boltzmann equations:

Therefore, [F1| << T, and ‘Nl << N,
p p — 21Tm B
Vf = HE_Q[M ]+v( )f1+(21'rh T e J.Nl (a)hw,q°dq =0, (5)
— 41TTm —
VN, ()4 B @N:(0)— ™ W (q)N,(a) [ T,dp =0. ©)

(2mn)’ o2



Here € is the absolute value of the electron’s charge,

Ec = E + E7, E1 is the thermoelectric field, m is the

electron’s effective mass, 2 =eH /mc is the cyclotron

frequency, h=H/H, ha)q = Syq is the phonon energy,
2

mE
Wi(q)= 0
(q) hp s, f

electron-phonon interaction, Ej is the deformation potential

v(e)=

is the square matrix element of the

constant, ﬂ(q) and v(e) are the total phonon and electron
momentum scattering frequencies, respectively:

vo(e)+vile), B(a)=B.(a)+ B,(a)+ By (a), ™

where the indices i, P, e andb denote the scattering by impurity ions, by phonons, by electrons and by crystal boundaries,

respectively.

1 3
2T E 2 “N, 2
Vo(E)= T \/_m (T J(;jz,vi(e)zel—;(%j ; ®
0P m2T 2y}
2 1 2
_(1mms; )2 NE; T! S
Be(q)—( 8T, j hpsoTeq’B"(q) 4mp n's 4q Bu(0) = L ©)

where o and L are the density and the minimum size of
specimen, respectively, g is the dielectric constant of the
crystal, N and N; are the concentrations of electrons and

ionic impurity, respectively.
Solving the coupled equations (5) - (6) it is easy to calculate
the electric current density of electrons

Let us direct external electric and magnetic fields along
the Yy axis, and the gradient of lattice temperature (or the

gradient of external electric field) along the Z axis
(E“H||Oy,VTe||OZ). Using the equations J, = j, =0

with (10) we obtain the following expressions for the
thermoelectric field E;, and the transverse NE field E, :

2 e T
(e.p) (e.p)
0 +0
E, +1vzc(T )=a,V,T,+a,V,T,;q,, uPy _ 12512 , (1)
e 0, +0y,
_ (e.p)
= :_H(QeVzTe+Q T )Qe o= 1 O'llﬂlz 0'12511 ' (12)
H ‘711 + 01

where «, , are the electron (e) and phonon ( p) parts of the thermoelectromotive force and Q, , are the respective parts of NE

coefficient.

P_Ewax ii_l X )+ S x)dx =
P -3jate] ) B0 im0,

v(x
Here £(.9, ) is the chemical potential of hot electrons

s e

a(x)=

(13)
}dx (14)
Te
T (15)
(16)



¥ (v (x)

by ()= Q% +v2(1)1-y,)

vty £

a7

vl
1) L v 0K v ()
(18)

The coefficient A(x) characterizes the efficiency of the

it seen from (20) ¥ = y, — 1. In this case from (17) and
(18) follow, that b, (x) and b, (x) grow with raising 7, and

tend to infinity atQ2 — 0,y, —1.Thus to calculate y

from (20) one should take into account as well some other
non-basic mechanisms of electron and phonon scatterings. In

the conditions; (&) << Vi (&), B (@) 5, (q) << B.(a)
the thermal drag coefficient /1(X) and the mutual drag
coefficienty(x) may be written in the form

thermal drag, whereas coefficient »(x) describes the same 2(2mT 3 s
for the mutual drag: AX)= 2y = #35 , (21)
1 ms? 1, 3r2h°N
Ax)=———v, (X)|——0Qq°dq, (19)
) ap* T, o )iﬁQ)
1 v, ()% A(0)
y(x)= a’dg. o =y(x=1). (0)
=270 1 ) T
Under the conditions of strong electron-phonon mutual
drag, i.e. when the electrons and phonons are scattered
mainly by each otherv(e) ~ vp(g), ﬂ(q) = f, (q) and as
2p 2p
7(X):1__VKX)__ 14 Iﬁ%(q)q3dq—- . I[%(Q)qsdq_ 22
vo(x) 4p* ¢ B.(a) 4p* o B.(a)
Using (8) and (9), from (22) we obtain:
11
e'nt 2N, 4 T? S anps,T -
7(X):1_W252EI2 e3 2 3 19e2_3\/;nfls_oNE2 l98)( 2. (23)
00 2mz2h°siNE2 0

In the parabolic case the chemical potential of hot non-
degenerate electrons with concentration N takes the form:

3
B 3
4720°N -,
é/('ge):Tlge In y '9e 2. (24)
(2mT)2
Under the conditions of the strong mutual drag

(% =9,,70 > 1) the electron temperature is determined
from the energy balance equation
2
0'(199 )E = pr (‘9e )1
where 0'(196) is the conductivity of semiconductor in
heating electric field, and W, (4,) is the power transferred

(25)

by the LW phonons to the thermal reservoir of the SW
phonons:

4t fent. )
pr( e):(Zﬂh)3 !Bp(q)hwq[NTe(q)_ NT(Q)]q dg

(26)
We consider the case, when external electric and
magnetic fields are directed along the Yy axis, and the

gradient of lattice temperature (or the gradient of external
electric field) along the Z ams(EHH”oySTQ”ozyln

these conditions

— 38

e’ exp{é/(‘ge )}

)= S TS,
When v, (¢) << v, (&) B,(a). B, (g

v(x)

\/o

1-%o V(l)
<< f (q) using (23) we obtain:

p3(x)e* {1+ y(x) V(X)}dx, @7
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3 11
2N 7n* 38,2 | vio(T 2 > Anps,T
o(9,)= emN Gl V'O((T))3;3 b 92+ \/fpSLONEZ g | (28)
i 2lv = zm
J2m2gzrz| P 2mz2h3sg NE2 0

We consider the following limiting cases:
1) The relaxation channel of the electron momentum by
impurities becomes wider than that of the phonon momentum
scattering by the crystal boundaries or by the phonons

By + B Vi
(p—b << —1). In this case the calculation of the
,Be Vo
expression ,(E) from (25), (26) and (28) at 9, = 4, >>1
4 5 11
_ E |3 em4T 4
gives lge = (E—j ’El :ﬁ
2 x0p?s;
2) The phonons are scattered by phonons or by crystal
boundaries more intensively than electrons are scattered by
By + 5
impurities (—ID b >
e

(29)

Vi .
> —L). In this case there are two
v
p

sub cases:
2a) B, >> [y At 9, =9, >>1 using (25), (26) and (28)
we obtain:

1
(ET_ V2m?T?
== By = ————.

3 I >
m h'eNps,
2b) B, << B, . Inthis sub case at 9, = 9, >>1 we obtain:
4 17w
1 4maT 4
‘ge:(é] Eg = 9 2 mT151- (31)
m43n°eNp2s2 L2

In the region of weak-heated electric field
(9, —1<<1) the electron temperature 9, may be
represented as:
2
E
G =1+ —1, (32)
E;

where E; (1=12,3) are the characteristic fields in the
cases 1), 2a) and 2b).

Let us study the thermoelectric power a(O) and Nernst-
Ettingshausen effects ( Aa(H) and Q) of non-degenerate
semiconductors under the conditions of strong electron-
phonon mutual drag in weak (5 <<‘_/) and strong

(€2 >>v) magnetic fields. On the basis of (11) to (15) it
may be shown that under these conditions the phonon part of

NE coefficient (Qp) and the variation of the phonon part of

the thermoelectric power (AO{p (H )) are equal to zero, both
in weak and strong magnetic fields. Under the conditions of

I _ _ o _
strong mutual drag, in the arbitrary magnetic fields we obtain

from (11), (13) and (15):

3
S 3
__120@mT).
p e 3 e
372h°N
The electron parts of longitudinal and transverse NE
effects strongly depend on the magnetic field strength. In

(33)

weak magnetic fields (€2 <<v) for the thermoelectromotive
force o, (H ) and for the change of thermoelectromotive force

Aae(H):|ae(HX—|ae (O)| (34)

we obtain the following expressions:

2
() I L ge—(“(T)Hj 93
€ ah2(4N ) ¢
(35)
2
1 WTH?
Aad'*)?g(%j 9°, (36)

where ,u(Te) is the mobility of hot electrons in the non-
degenerate semiconductors:
3
- 2\2r ent psh g
( e)_ 5 3 e
2T2E2
m<T <k,
From (35)-(36) it is seen that thermoelectromotive force in
weak magnetic fields decreases with increasing of the

magnetic field strength. The electron part of NE coefficient in
weak magnetic fields:

uT) o5 _ 22z n'psd o
5

3
= u(T)3,2. 37)

Q=-——+8"?= 7 %2 (39
ec >,
cm?T 2E;

In  strong magnetic field (?2 >>1_/) for the
thermoelectromotive  force one obtains the following
expressions:

1{5 3 2mT
ae(H):—g —+—In—2 9 (39)
ah* (4N )3

From (39) it is seen that the thermoelectromotive force
increases in strong magnetic field:

3

Aca, (H ) =—.
2e

The electron part of NE coefficient in strong magnetic

fields:

(40)



5 3
3

164 ¢ o5 _ 16V27 cm?T2ES .

Q=—"o 7%=
T e uTH? 3n? e*ntpsiH?
(41)
Experimentally interesting are the total

thermoelectromotive force (V) and the NE voltage (U) given by
LZ
V=["(av,T,+a,v,T,)d=V,+V, 42)

Lx
U=-["(HQV,T, +HQ,V,T,)Jdx=U, +U , (43

where L, and L, is the linear dimensions of the specimen in

the x- and z-directions, respectively. Let us consider
dependences of V and U on the heating electric field and
lattice temperature under the following conditions: at one end
of the specimen the electrons are in a state characterized by
the lattice temperature T, whereas at the other end they are

heated (9, > 1) by the external electric field.
Taking into account the expressions of 4, (E,T) in

(33) to (43), we obtain explicit forms of V and U as
functions of E and T . In the case of strongly heated
(S, >>1) electron gas in the arbitrary magnetic fields for

V, and Vp we obtain the following expressions:

4 11 10 20

V,~E3T 3;V,~E3T 3N in the case 1),
(44)
1 7 1 5 10

1
Ve ~E3T 3N3;V, ~E°T 3N © in the case 2a),

(45)

4 19 4 0 20 1
V, ~ EUT LNV, ~EUT 1N 1 in the case 2b).
(46)
In weak magnetic fields (5 <<1_/) for U, one obtains
the following expressions:

2 4

U,~E 3T3H in the case 1), (47)
L1z 1

U, ~E ST3HN 6; in the case 2a), (48)
2 4 2

U, ~E UTUIHN 1 in the case 2b). (49)

In strong magnetic fields (£_2 >> 17):

0 2

U, ~E3T 3H - in the case 1), (50)
5 10 5

U, ~E®T 3H NS in the case 2a), (51)
0 2 10

U, ~EHT IH N1 in the case 2b) (52)

Note that under the conditions of strong mutual

drag |ap| >>|ae|, both in weak and strong magnetic fields,

i.e., the total thermoelectromotive force mainly consists of the
phonon part [16].
From (32), (41) and (42) it follows that in the region of

weak-heated (&, —1<<1) electric field the total
thermoelectromotive force V' and the NE voltage U are
proportional E2.
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GUCLU ELEKTRON-FONON QARSILIQLI SOVQU SORAITINDD CIRLASMAMIS YARIMKECIRICILORD® QIZMAR
ELEKTRONLARIN TERMOMAQONIT EFFEKTLORI

Elektron vo fononlarin elektrik sahasindo gizmasi nazara alinmagla, giclii elektron-fonon garsiligh sévqi soraitinds, cirlasmamis
yarimkegiricilords gizmar elektronlarin termoelektrik harokst qiivvasi vo Nernst-Ettingshausen effektlori todqiq edilmisdir. Termoelektrik
harokat qlivvasinin vo Nernst-Ettingshausen garginliyinin elektrik sahssinin intensivliyindon vo gofas temperaturundan asililiglari

taptimisdir.
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TEPMOMATIHUTHBIE DO®EKTBI I'OPAYUX DJIEKTPOHOB B HEBBIPOXKJIEHHBIX ITOJYIIPOBOJHUKAX B
YCJIOBUAX CUJIBHOI'O B3AUMHOTI'O YBJIEYEHUSA 9JIEKTPOHOB 1 ®OHOHOB

Hccnenosanbl Tepmo-3iac U 3ddextsl HepHera - OTTHHICray3eHa B HEBBIPOXKICHHBIX IOJYNPOBOJHHKAX, B YCIOBHSAX  CHJIBHOTO
B3aUMHOTO YBJIEUYEHHS W Pa30rpeBa >JICKTPOHOB M (DOHOHOB B TPEIOIIEM 3NIEKTPHUYECKOM Iose.llomydeHsl 3aBUCHMOCTH TEpMO-3IC U

HanpspkeHus: HepHera - OTTHHICray3eHa 0T HaIPsDKEHHOCTH JJIEKTPUIECKOTO OIS M TEMITEPATyphl PEIISTKH.

Resevied:
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OPTIMIZATION OF THE SIZE OF PHOTOVOLTAIC (PV) ARRAY AND BATTERY
STORAGE CAPACITY FOR POWER SUPPLY SYSTEM IN REMOTE AREAS

MOHAMMAD JAVAD OKHRAWI
Department of Electrical Engineering, Faculty of Engineering
Azarbaijan University of Tarbiat Moallem, Tabriz, Iran

In this paper, a new model is developed for determination of the size of photovoltaic (PV) array and battery storage capacity for
stand-alone power supply system. The optimum size of the PV array and battery bank is important factor for a cost effective and good
performing system. Based on the energy concept, data of solar irradiance, temperature, manufactures specifications of a PV module and
battery, this model enables us to optimize the number of PV modules and the size of battery bank for the best performance of the entire

system.
1. Introduction

Photovoltaic energy can make a significant
contribution to improving the quality of life of innumerable
small communities especially in rural areas by helping to
meet the basic needs such as health care, education,
refrigeration, water pumping and communication [1].

The present work is to assess the economic feasibility of
stand-alone PV power supply systems in sunny countries
and to find hints on the most suitable plant concept [2].

Two different options were investigated in order to
evaluate the most attractive photovoltaic stand-alone
electricity supply concept for a remote area with an
averaged daily demand of 30 kWh.

Polycrystalline (LA361K54S) was selected in both the
fixed-mounted and sun-traced operational mode. This new
model is developed to estimate the photovoltaic generator's
area and battery storage capacity requirements. A chart
recorder has recorded the annual amounts for global normal

and global inclined (30°) data of irradiance. The amount

of electricity produced by the photovoltaic generators (rated
peak power: 50-150 kW, depending on battery capacity)
was calculated the model efficiency as a function of cell
temperature, irradiation intensity and air mass. The battery
store (Ni-Cd) was modeled in form of linear Model [3].
These equations were all then combined to carry out real-
data simulations over one year for all two cases based on
hourly mean values of irradiation and temperature data [4].
Therefore, this data is used as the basis for the design and
sizing of a stand-alone photovoltaic (PV) [7].

2. Investigated Options

It was intended that the power plant should consist of a
PV generator (consisting of modules and panels) and
battery storage only. Plant reliability should be guaranteed
for 24 hours per day throughout the whole year. The
following PV module (Table 1) is selected for the present
investigation.

Within the simulation performed, two options were
considered: Sun-traced and fix-mounted PV generators.
Table 2 shows the monthly global irradiation. Two typical
profiles for the summer and winter consumption resp. were
created for simulation purposes. They differ remarkably.

The annually averaged daily load curve is shown in
Fig.1.

Table 1
Investigated module

Cell type Polycrystallin
Module type LA361K54S
Produced by Kyocera
Efficiency (7, ) 11.7%
Cost US$/Wp 1998 5.3
Lifetime 25
Maximum power 45W
Open circuit voltage 205V
Short circuit cell current | =298 A

ph =2

Reverse saturation current |, =9.23nA
Voltage (max. power point) VMPP =16.3V
Current (max. power point) | \pp =2.76A
Number of cells in series N, =36

Table 2: Monthly global irradiation (kWh/mz) on
to a sun-traced and an inclined plane 30°

Month Sun-traced Inclined plane 30°
Jan 225 148
Feb 234 165
Mar 275 227
Apr 264 215
May 350 234
Jun 365 228
Jul 374 230
Aug 346 247
Sep 325 246
Oct 284 225
Nov 233 175
Dec 230 170

3. Mathematical Model for the PV-
Battery-Load System

The equivalent circuit of a solar cell can be best
estimated by single diode in parallel with the cell [5]. The

generation of current Iph by light is represented by a

current generator in parallel with a diode, which represents
the p-n junction.
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\Y
_ mkt/q
| —Iph—lo(e -1)
Where k is Boltzmann's constant, T is absolute cell
temperature, | is the dark saturation current, m is an

0

empirical non-ideality factor and Iph is the light generated

current.
The output power from a PV module is directly
dependent on the irradiance level.

P

out :Vout ) Iout

VDUI / NS

Iph _ |0(e mkt/q _1)

Ny is the number of cells in a series which in this

out

study Ng equals 36.
VOUt/NS

P, t =Vout(|ph - Io(e mala

ou - 1))

Vout (i)/NS

Pout (1) = Vo (1) - (1, () — 1o (e mkt/q

-1))

Where i represents the i-th typical day in month.
For each typical day in a month, the necessary energy

(E,.) to cover the energy of the load demand (E,,,)is
calculated.

While (Npy - E, (i) - 70y < Ejopq () for any typical
day, is increased the number of modules N, in the PV

array by one. This process continues and the final value of
N, is the optimum number of PV module in the array.

Npy is the efficiency of a PV system due to conversion

losses.
This load is to be fitted with a linear combination of two
other function of time. These functions are the average
power output of the PV module and the power available
from battery bank. In a design of a solar-battery system, it
is desirable to cover the load demand by PV module as
much as possible. First step in determination of the
performance of the solar-battery system is to determine the
number of PV modules that meet the load for a PV system

only.
P

load

Pout ey
The amount of power generated by PV array can be
greater than the load,
(NPV P (1) 775y ('))
or less than the load,
(NPV ) Pout(l) ey < I:)Ioad (I))

The battery current (in-flow or flow-out) is calculated

by:
’ Pout(i) My — I:)Ioad (I)
V

bat

NPV =

>PB

load

.+ N
Ibat (I) = e

f (NPV ’ Pout(i)'nPV < I:)Ioad

battery is discharging, (out-flow).

(i), then 1,,(i)<0,

64

>R

load

If (Noy - Po (1) 7y 2 Pgg (1)), then 1, (i) 20,
battery is charging, (in-flow).

The battery's state of charge (SOC) is computed as
[61[3]:

SOC(i +1) =SOC(i) —SOC(i) - Ogpp £ g (i) - At - 775

Where SOC(t) is the state of charge, ogpy is the
discharge rate, 1, (t) is the battery charge (+) and

discharge (-) current, At is time in hours, 775 is battery
charging efficiency.

During discharge, 775 is assumed to be one. When
charging, 775 is 0.65 to 0.85, depending on the charging
current. When gassing starts at critical state of charge,
Ngce dropsto 0.3

The demand for 100% power reliability means that the
loss-of-load probability LoLP [2] has to be zero during the
observed period of time T:

> kAt
LoLP = == ——
|
where
_ 1> when: B > (Pouioas + Pratosioad)
0—else

Battery storage lifetime is highly dependent on the
number of cycles, being determined by the storage capacity

and the permitted minimum state of charge SOC ;.

consurnption [kiyy]

time[h]

Fig. 1: Daily consumption profile of electricity

4, Simulation Model

The amount of electricity produced was calculated
using correlations expressing the solar cell efficiency 77,

as a function of the irradiance intensity G, cell temperature
L and air mass AM [7]. For the Polycrystalline modules in
equation they are given bellow.
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P2
p=pPLe| | S| s pas| S ||s| 14 pax| L |1 p5s| AV
G, G, Vo AM

P1=0.28204 P2=0.39668 P3=-0.44730
P4=-0.092864 P5=0.016010
G, =1000W /m* v, =25°C AM, =15
50 <G/Wm™ <1100 25<v/°C <50
1.3<AM <3
The parameters P, in these semi-empirical correlation

were found by non-linear least squares fitting techniques
using hundred of tests under actual operating conditions.
Measuring results and correlated values agree well in the
covered ranges of independent variables [8].

The battery storage was modeled in the form of linear
equation using the following recursive relationship [6][3]:

SOC(t+1) = SOC(t) = SOC() - 5y, + 22

Ibat'

at

where SOC is the state of charge, C,,, is the nominal
capacity of the battery store, o4,y is the discharge rate,
* |, is the battery charge (+) and discharge (-) current

and 775 is battery charging efficiency.
Fig. 2 shows the simulation process. Total module or
panel area A, battery capacity C,,,, state of charge SOC

and starting time t, are all initialized at the beginning of

the simulation process. Load demand P, irradiation G

oad !
and temperature © are extracted from a previously
prepared data sheet. The module's efficiency 77, and the
air mass AM are then calculated. This information
subsequently is used to determine the power P, of the
photovoltaic generator and the loss-of-load probability
LoLP. Finally, a new SOC is found from the battery store
model. This procedure is repeated over the time period T
(one month). As long as LoLP is not equal to zero at the
end of this time period, either the battery storage or the
generator area will have to be increased. The cost of
electricity production was calculated when the generator

area A and battery capacity C,,, satisfied the demand for
100% reliability.

5. Results

As shown in Fig. 3, the minimum permitted state of
charge, SOC_;, , has a powerful effect on the battery store

capacity (at constant panel area), and therefore has a strong
influence on the size of the whole battery store. High

SOC,;, values lead to very long store. As expected, small

storage capacities lead to a large panel area. Conversely,
large storage capacities lead to small panel area. However,
the simulations also show that the panel area A must not fall
bellow a certain minimum value. Due to the self discharge
of the battery store this holds even in the case of continues
no-load operation. The analysis of the electricity generation

(0]

*17

BCE
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cost shows a strong dependence on the battery store
capacity and on the minimum permitted state of charge

SOC,,;, (Fig. 4). In Fig. 4 the results of the most attractive
case, i.e. sun-traced Polycrystalline modules is shown.
Minimum cost are found at a SOC_; value of 0.8. From

Fig. 4 it is concluded that undersizing of the battery store
leads to a significant increase of the generation cost, while

oversizing has less consequences.

Initialize: SOCj, A, Cpat to

v
P Read: H,t#Gt'Ut <
v
Calculate: AM¢,n
v
Calculate: Py, LOLP
Increase :A v
and /or Calculate: new SOC
Chat
Initialize
SOCi
and to @ SOCi=S0C

A

o>

Calculate electricity production cost "K"

y

( Output of: A,Cpat, K ’

Fig. 2: Simulation process flow chart
6. Conclusions

The present investigation demonstrated that the
minimum permitted state of charge SOC,, had a strong
influence on the battery storage size and with that on the
cost of the plant. Low values for SOC; lead to small

storage size and low storage costs, while high SOC

values lead to very large and expensive battery stores. On
the other hand, smaller stores have to be replaced more
frequently, leading to increased electricity production cost
too. In the cases examined, the optimum value of

SOC,;, was 0.8. The performed simulations show that one

hour resolution for irradiation and temperature data is
sufficient. Higher resolution leads to unnecessarily long
computing time.

Furthermore, it has been shown for sunny countries that
with stand-alone photovoltaic power plants, Polycrystalline
modules in sun-traced operational mode lead to the lowest
electrically production cost because of their longer lifetime



MOHAMMAD JAVAD OKHRAWI

and better efficiency. In some cases, the cost of the battery
store exceeds 60% of the cost of the whole plant. When
planning a stand-alone PV power plant, it may be better to
include a reduced battery store capacity, i.e. to replace part
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200
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900
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Fig. 3: Dependency of total panel area on battery
store capacity
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of the store by the use of a fossil-fueled generator, to
guarantee the reliability of the plant during periods of low
irradiation. It would thus be possible to reduce the costs to
about 70%.
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Fig. 4: Dependence of electricity cost on the battery
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THE WEINBERG ANGLE IN A MAGNETIC FIELD AND
THE RESTRICTION FOR A NEUTRINO MASS

V. A. GUSEINOV a'b, R. E. GASIMOVA? E. Z. SAFAROVA?
a) Department of General and Theoretical Physics, Nakhchivan State University,AZ 7012, Nakhchivan, Azerbaijan;
b) Laboratory of Physical Research, Nakhchivan Division of Azerbaijan National Academy of Sciences, AZ 7000,
Nakhchivan, Azerbaijan

The work is devoted to the calculation of the parameter sin? 49W in an external magnetic field in the framework of the Weinberg-

Salam-Glashow model. The new formula for Sin’ 6,, obtained from the ratio of the cross sections of the neutrino-electron and antineutrino-

electron scattering reactions in a weak magnetic field shows that sin2 HW is a function of the kinematic and dynamic parameters. The

restriction for the neutrino (antineutrino) mass is found.

The existence of weak neutral currents was confirmed by
the initial observation of 17/, +e - 17# + @ reaction at
CERN [1]. The relation between the weak coupling constant
g and the electric charge e is established with the Weinberg
angle 6,,, which characterizes the contribution of an
electromagnetic current to a neutral current [2]

e=gsin0, (1)

4/ 5 A .
where g =2 GF]/ m,,, G is the Fermi constant,

m,, is the mass of the W boson.

On the basis of the experimental data on the neutral
currents it was found that Sin® 6, =0.23+0.01[3]. This

value of sin @, belongsto q° ~m *(m2), where ¢’ is
the momentum transfer squar
e2
sin’ @, =— )

is not constant and it is a function of the momentum transfer
squared. One of the possibilities to determine sin? 0, is
measuring the ratio of the cross sections of the reactions [4-9]
V,+e o>V, +e, (3)
V,+e" >V, +e, 4)
where Vv, =V, Vv and V| =V, ,V .

Systematic uncertainties in the neutrino flux and
spectrum create some difficulties in precise measurements of
the cross sections of the considered processes. The primary
uncertainty in the neutrino flux is connected with the
uncertainty in the acceptance of the detector [8]. The
questions concerning the limitation on the systematic
uncertainties in the neutrino flux and spectrum is discussed in
[3,7,8].

From the ratio of the cross sections of these reactions

o(v,e—>v,e)

®)

B 0(vﬂe - Vﬂe)
it has been found that sin”@,, =0.209 +0.032 [5]. The

CERN group reported the result sin” 0, =0.211+0.037
[6]. The agreement of these experimental results with the

value of sin’ 6,, predicted by the electroweak theory is one

of the best confirmations of the Standard Model.

The reactions (3) and (4) in an external magnetic field
can be used for testing the theory of electroweak interactions
in a strong magnetic field. Measurement of the parameter

Sin29W in an external magnetic field allows testing the
Standard Model. This work is devoted to the calculation of
Sin29W in an external magnetic field in the framework of

the Weinberg-Salam-Glashow model. In this paper we also
try to find the restriction for a neutrino mass.

Generally, electroweak radiative corrections are
important for precise measurements of the cross sections of
the considered processes. These corrections to neutrino-
electron scattering in the Standard Model were computed by
Sarantakos, Sirlin and Marciano [10]. Radiative corrections
connected with leptonic interactions were also discussed in
the review [11]. We perform our calculations in the tree level
approximation. In this approximation and in the conditions of
relatively low energies and weak magnetic fields the
electroweak radiative corrections can be neglected. Of
course, the consideration of these corrections can improve an
agreement of the results of our calculations with the
experimental data.

In our calculations we neglect neutrino masses and
mixing. For generality, we take into account the propagator
effects (Z boson contribution). But in the low-energy region
we will use the low-energy approximation of the Standart
Model.

In calculations of the cross sections of the neutrino
(antineutrino)-electron scattering reactions we apply the
method of the exact solution of the relativistic wave equation
(the Dirac equation) in an external magnetic field. This
method is one of the most effective methods of theoretical
investigations and it allows to go out beyond the perturbation
theory and foretell some theoretical predictions.

The cross section of the reaction (3) in a crossed
electromagnetic field was found in [12]. It is well known that
a constant crossed electromagnetic field simulates an
arbitrary constant electromagnetic field of the strength
2

F<<H,="% —441x10"G ©)
e




if ultra relativistic particles take part in the process. Here H,
is the Schwinger field strength, € is the elementary charge
and F can be the strength of a magnetic field or the strength
of an electric filed.

Let us suppose that the electrons are ultra relativistic
(&, >>m, where & and &' are the energies of the initial

and final electrons and m,

strength of a constant external electromagnetic field is
F<<H,.

In this work we use the system of units where
h = ¢ =1. The signature of the metric is (+ ———). As this

is a constant external field we can consider the constant
magnetic field. If we take into account that the vector of
intensity of the constant magnetic filed H is directed along
the axis Oz, the longitudinal momentum of the initial electron
is zero and the vector of momentum of the initial neutrino
(antineutrino) k is directed along H, we can write the
following formulae for the invariant spectral variable u and
the invariant parameters } and x:

is the electron mass) and the

e N e H
==L (F, 0" =——, ®
“ mg[ ’ T me HO
2(k 2k, &
J2) _Ze ©
me me
where F_; is the tensor of the constant external field,

2'=xy(p—>p’), p and p’ are the 4-momenta of the
initial and final electrons, Kk is the 4-momentum of the initial
neutrino (antineutrino), K, is the energy of the initial
neutrino (antineutrino), H is the strength of an external
magnetic field. Here y is the dynamic parameter and x is
the kinematic parameter. In spite of the fact (H/H,) <<1
due to the condition & >>m, the field parameter ¥ can

reach the value y >1. In this case, the contribution of the

field to the cross sections of the considered processes is
significant.

In the framework of the Weinberg-Salam-Glashow
model the cross sections of the processes (3) and (4) in a

U= l! 1_< _1, @ constant external magnetic field are
x € |
GZm? 7 udu J Pk m ) u ’
o = F e Kt 2 1ru) |, M) -2 % | fLo'O)Y1ra—| — 10
=3 l(““)“l{“ . 29,95 )} Q) M L0'() [mj o (10)
where m, is the mass of a Z boson, o, and Where
2 2 2 .
f+:g|_(12+u) +gRz artza for the reaction (3), o_ and a,=A -B,.a,=A —B,, (16)
f =gg(@+u)°+9g, are for the reaction (4),
1 . 2 : 1
g, ——E+S|n 8, gg =Sin” @, . Here the functions A=« ﬁ@ Ndu, (17)
q)'(t):d%t(t) (11)
And A =k ;CD Ndu, (18)
” < (L+u)*
®,(t) = [(p)Kp (12) Lo
t 3
are determined with the Airy function B, =2y .[(1+ u) Ndu, (19)
CD(t)=(1/Zﬁ)jduexp{i(ty+%y3)] (13) .
—o0 2w 2
All these functions depend on a new variable B, = 2;(3!43@ Ndu, (20)
2 o @+u)’
3
t:(ﬂJ (1—5) (14)
X u
C= 4<D Ndu . (21)

To determine sin® 6,, in an external magnetic field we find
theratio R=0, /o _:

(A -B)g’ +(A,
(A —B,)gZ +(A,

_'Bz)gé
"Bz)gi

—-29,9;C
_szgRC

» (L+u)’
: 1 in2
If we take into account g, :_E+Sln 0,.

g, =sin’@,,, we obtain



n_ A-B,—4(A-B ~C)sin’8, +4(A ~B, + A - B, ~2C)sin*4,

A, —B,—4(A,—B,-C)sin’ g, +4(A —B,+A,—B,-2C)sin* 4,

According to the general theory developed in [13] the
influence of the external magnetic field on the processes (3)
and (4) is determined by the parameter

X

n==.
K

(23)

Let us consider the asymptotic behaviour of the ratio R
in the limiting case

n<<1l (weak field). For 7 <<1, we use the weak

asymototic expansions of the Airy functions (see, for
example, [14])

(22)

|
CI)l(Ax):\/?r[e(—x)Jr%A36"(x)+O(A6 )}

(25)
where o0(x) =d@(x)/dx is the Dirac delta function,
A=7" is the parameter (A>>1), 6(x) is the

Heaviside function. Supposing in the expression (10)
x(m,/m,)* <<1, we find the following expression for

R:
2
ag; +bgz —cg, g +87n2(dgi + fgz —hg, gz)

R =
2
@'(AX) = VT A5 (X)+ O(A™®), @, ag§+bgi—chgR+37n2(dgé+fgi—thgR)
(26)
or
A sin® 6, — (A, —B,)sin?8,, +H, +%772[D0 sin*@,, — (D, — E,)sin’ 8, + IO]
R = ; (27)
Aysin 6, —B,sin? 6, +C, + - n*(Dysin* 6, —Eysin® 6, +Gy)
S
where |
A, =a+b-c=4s>-2s+1, (28) b=s?+s+1, 37)
1 , 1 c=3s, (38)
BO:b—Eczs —ES+1, (29) d=52(—252+25+3), (39)
f =-3s* —4s+10, 40
C,=tb=1(s24s+1), 30) 2 “0)
4 4 h=2s(s“ —6s+6). (41)
D, =d+f-h=-2(s"—6s" +85-5), (31) In the expressions (26-41) s=x +1=(q+ p)>/m? is
_ 1 .3 2 the normalized Mandelstam variable. The terms in (26)
Eo=1 _Eh =—5"+3s" ~10s+10, (32) proportional to C and h correspond to the interference
1 1 terms.In the expression (26) we retain the interference terms
G, =~ f ==(-3s* -4s+10), (33)  for low energy applications.
4 4 When the energy of the initial neutrino (antineutrino) is
H, :la :Esz (34) of order ~ MeV (k, =0.5MeV') and the energy of the
4 4 electron is & = 0.5GeV , for the kinematic parameter & we
| :ld =132(_232+25+3) 35) have k=2x10° >>1 and s=x+1>>1. In the weak
0 4 4 magnetic field limiting case from (27) we find the following
and formula for sin” @,,:
a=3s?, (36)

2 2
R—3+4Zi\/—3R2 +10R—3+4%(R2 —6R+1)

sin® g, = -

8R-1(1-T)
S

From the last expression we see that the contribution of |

an external magnetic field to sin’ 6, is determined by the

(42)

terms proportional to 772/ S. If we take into account the



definition of 7 and formula for y and x, we have

7 _i(H) m
s 8\H,) ki

The contribution 772/8 is determined by three variables

(43)

ko, H and €. This contribution is especially significant

when we have dealings with relatively strong magnetic field
and low-energy neutrinos (antineutrinos). In this case not

very high € is desirable. If we set H =10_2H0,
k, =0.5MeV and ¢=0.5GeV , the estimations give
7% /s =0.625x107 that is very small.

According to the formula (43) the upper limit of 772/8 is
determined by the maximal possible value of H and the
minimal possible values of K, and &. The order of the
maximal value of 7’ / S can not be greater than
sin®@,, =0.23~10". The maximal possible value for
H canbe H ~ H, and the minimal possible value for the

electron energy can be &~ m,. In this case the value

e

sin®@, ~10™ can be achieved due to the multiplier K,°.

However, there is definite restriction for the lowest value
kOmin of the neutrino (antineutrino) energy ko- The neutrino
(antineutrino) energy K, can not be smaller than the value

K
be greater than sin?@, ~0.1. But 7°/s can not be

omin - Otherwise, the order of the parameter sin’ @, would

greater than ~ 107, It means that the lowest energy of a
neutrino (antineutrino) is Ko, . If a neutrino (antineutrino)
is a massive particle, the lowest limit of k0 corresponds to
neutrino (antineutrino) mass. So, the muon neutrino
(antineutrino) mass m,, can not be greater than K

(H zme“_%
_L\H) e 1

n
S

Omin *

Q
I
3

o m. <0.255MeV . (44)

This estimation is right for v, v, v_and v_.
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B. A. TYCEHHOB, P. 3. TACBIMOBA, 3. 3. CA®GAPOBA

YI'OJl BAMHBEPTA B MATHUTHOM I1OJIE 1 OTPAHUYEHUE HA MACCY HEMTPHHO

- 2 o
Pa6oTa nocssiiieHa BeYuciaeHuo napamerpa SIN HW B paMkax Mojenu BaitnGepra-Canama-Iemoy Bo BHEIITHEM MAarHUTHOM IIOJIE.

in2 . VI . o o
Hogas (bopMyna JUIsL SIn 0 , HNOJIYY€HHas U3 COOTHOLICHUSA CEYCHHH PEAKIIMHM HEUTPUHO-3JICKTPOHHOU W aHTHUHCUTPUHO-3JICKTPOHHOU

o Ho .
paccestHui B cl1abOM MarHUTHOM I10J1€, ToKa3sbiBaet, uto Sl HW siBIsieTCsl QYHKIMEH KMHEMAaTH4eCKOTo U JMHAMUYECKOTO MapaMeTpoB.

HaiifieHo orpaHiyeHne Ha MacCy HEUTPHHO (AHTHHEHTPHHO).

V. A. HUSEYNOV, R. E. QASIMOVA, E. Z. SOFOROVA

MAQNIT SAHOSINDO VAYNBERQ BUCAGI VO NEYTRINO KUTLOSI UCUN MOHDUDIYYOT

Is xarici magnit sahesinde Vaynberg-Salam-Qlesou modeli ¢orgivesindo sin? HW parametrinin hesablanmasina hasr olunmusdur.

Zoif maqnit sahasinde neytrino-elektron ve antineytrino-elektron sepilme reaksiyalarinin en kesiklorinin nisbatinden SIN HW tglin alinmis

yeni ifade gostorir ki, sin 2 ¢9W kinematik ve dinamik parametrlorin funksiyasidir. Isde neytrino (antineytrino) kiitlesi igiin mehdudiyyet

taptlmigdir.
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INFLUENCE THE HEAT TREATMENT ON THE MECHANICAL
CHARACTERISTICS OF SILICON PLATES

A.M. HASHIMOV, Sh.M. HASANLI
Institute of Physics, Azerbaijan National Academy of Sciences
H. Javid av.,33, Baku, Az-1143

The paper is devoted to research of influence the heat treatment of silicon plates on their mechanical characteristics. Silicon plates n- and p-
type conductivity having diameter of 100 mm are investigated. Plates had surface orientations of (111).

1. Introduction

During the fabrication of integrated circuits and other
semiconductor devices, silicon wafers are exposed to various
mechanical and thermal processes. As a result, there is a big
danger of dislocation generation in these wafers and
deterioration of semiconductor devices characteristics.
Therefore, the questions connected with the problem of
dislocation generation in semiconductor materials in a wide
temperature interval, still remain topical and need to be
further investigated.

There are many articles that are devoted to dislocation
generation under the action of various external factors

[1-3]. According to our and other articles [1,4],
dislocation movement under loading has a spasmodic
character.

By using the investigation methods of microhardness and
fracture toughness, much valuable information can be
obtained about the mechanical proprieties of semiconductor
materials in a wide range of temperatures.

2. Experimental methods

Investigations were carried out on both n- and p-type
silicon wafers having diameters of 76 and 100mm with (111)-
1 and (100)-2 surface orientations. Microhardness H, fracture
toughness K and the imprint length d were used as the
characteristic parameters (Fig.1,2,3).
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At least 20 tests for each sample were carried out for
determination of the microhardness. The microhardness
measurements were accomplished by a PMT-3 type device. .
The fracture toughness was determined on the same imprints
as used for microhardness. The investigated samples were
heat treated in the atmosphere. For heating each wafer

uniformly and avoiding it from direct heat radiation, it was
covered with another wafer. The loads applied on the Vickers
pyramid were varied in the range 0.3-1.2 N.

The calculations of the microhardness and the fracture
toughness values were done using [5].
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Fig.2.

The experiments were carried out at room temperature.

Microhardness and diagonal length of the replica channel
have been used as characteristic parameters. Microhardness
has been determined by results of not less than 20 tests for
each sample by means of device PMT-3.
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The Vickers pyramid has been used as indenter. Heat
treatment of the investigated samples has been carried out in
an air atmosphere. Loading on pyramids (at indenting) is
varied from 0.3 upto 1.2 N.

The following experimental results are obtained.

1.Dependence of microhardness on annealing temperature
has the exponential character, namely, with reduction of
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annealing temperature the microhardness value sharply grows
and further reaches the monotonous growth (Fig.1).

2. With growth of annealing temperature up to T~450°C
diagonal length of the replica channel decreases,at the further
growth of annealing temperature it sharply increases.
Moreover, at T=250C and T=1000°C diagonal length of the
replica channel at the edges of plates is more than in the
middle of plates (Fig.2).

3. The non-uniform distribution of fracture toughness on
the surface of wafers depends on the loading. On the edges of
wafers K value is less than that on the middle of wafers. At
the increasing of the annealing temperature (at constant F
values) the value of K increases reaching the maximum value

and it sharply decreases at temperatures above 800°C.

3. Conclusions

1. The occurrence of dislocations at low temperatures area
(where the thermal activation is practically absent) means
that during the local indentation of the sample surface,
stresses larger than the Pairel’s stress can be created.

2. The temperature dependences of the microhardness and
dislocations and sliding strips running from the imprint after
annealing process confirm again the relaxation possibilities of
elastic stress at the room temperatures.
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Hosonli

TERMOISLOMOLORIN SILISIUM LOVHOLORININ MEXANIKI XUSUSIYYOTLORINO TOSIiRi

Is, diametri 100 mm olan, n ve p tip kegiriciliye malik, (111) orientasiyal silisium lévhalerinin mikroméhkemlik, ¢at emelogelmaye
doziimliilikk ve s. mexaniki xiisusiyyetlorine termoislomalorin tesirinin todqiqine hasr olunmusdur.Gosterilmisdir ki, termoislomalor zamant
mexaniki xassolorin deyismosine sebab dislokasiyalarin horoketi ve mexaniki gorginliklorin relaksasiyalaridir.

AM.I'ammumos, III.M.T'acanin

BJMSTHUE TEPMAUYECKOM OBPABOTKH HA MEXAHUYECKHE
XAPAKTEPUCTUKHU KPEMHUEBBIX IINTACTHH

PaboTa mocBsIIeHa UCCIIEOBAHMIO BIMSHUS TEPMUYECKONH 00pabOTKM KPEMHHEBBIX IUIACTHH N- U P- THIIA HPOBOJMMOCTH AHAMETPOM
100 mm u ¢ opuenranueii (111) Ha MexaHHYECKHE XaPAKTEPUCTHKN: MUKPOTBEPAOCTD, TPEIIMHOCTOUKOCTD 1 Ap. [Toka3aHo, 9TO H3MEHEHHS
MEXaHUYECKUX XapaKTePHCTHK IIPU TePMUUECKOH 00paboTke OOYyCIOBIICHBI IBIXKEHHEM MAWCIOKAIUH M pelakcanueld MeXaHHYECKHX

HaIpPSHKCHUH.

Received: 12.10.2004

72



FiZzIKA

2004

CiLD X Ne4

THE TRANSIENT RADIATION OF THE MAGNETIC MOMENT IN THE NON-STATIONARY
MEDIUM

.M. ABUTALIBOV, M.B. ASADOVA, |.G. JAFAROV
The Azerbaycan State Pedagogic University
370000, Baku, Uz. Hajibekov str., 34

The process of transient radiation of magnetic moment at the strong change of dielectric constant in time is considered. The formulae
for eigen field and radiation field are obtained. It is established, that with the increase of energy the contribute of magnetic transient radiation
with comparison of charge one increases essentially. In the case of magnetic medium at the strong change of physical properties isotropic

radiation appears.

The transient radiation, appearing at the intersection of
the boundary section of two mediums by the charge, firstly
was considered by Ginzburg and Frank [1]. In our previous
works the transient radiation of the magnetic moment on the
strong boundary section of two mediums [2], and also the
transient radiation of the magnetic moment on the scoured
boundary of section of mediums, in a particular, the transient
radiation in the plane-layered medium [3-6] were
investigated.

One of the reason of the appearance of the transient
radiation at the constant velocity of the source is the change
of the physical properties of the medium in time. In the given
task the transient radiation, appearing in the medium,
physical properties of which strong change in time, is
considered. The sharpness criterion of medium properties
change is defined by the condition, when the time length of
the change is much less, than time of the radiation forming. It
is considered, that in the time moment t=0, the dielectric and
magnetic constants change by the jump from the values &
and g4 till the values &, and 4, correspondingly.

On the base of Maxwell equations the differential
equations for field vectors have been obtained:

= ep 0% )5 Anu [= =
v2-2L 2 15 = -2 W), 1
( c? atzJ c [J] @

g

Here the current density and charge density, created
constantly by the moving magnetic moment are defined by
the formulae

eu 0° - u@]
- |E= rad p . ().
c’ atzj € {g Yoo @

3)

p =—divP | (@)
where M(r,t)=ms(r —ot) and P(rt)= [ m]ﬁ(r - ot)
are vectors of electric and magnetic polarization.

The considered task is completely homogeneous by the
space that is why all values need to decomposition in Fourier

c” ot

[kz

In the equations (5) and (6) the Fourier-images of current
density and charge density are correspondingly equal to:

& 82 = Ar|. - EU =
+—f—2jEk.(t):—?ﬁ{| PR,

integral on the space components. Moreover, we have
Fourier-images of equations (1) and (2):
(e 2 0=k o
I
aéitk} . (6)

The equations (5) and (6) are nonhomogeneous common
differential equations, the common solutions of which are
presented in the sum form of the private solution of

Lz(t) [mK]eXp(—lkUt) (7)  nonhomogeneous equation (eigen field) and common
solution of homogeneous equation (radiation field):

o (t)= (k ])exp(—iIZUt) : 8) oy Az[K[mR JJuexp(-iKot)

(27 )’ B; (t)= A —1 )
@rPlk* ~eu(kBY |
where K :IZ—,B(IZ,B) and f=0lc.
Eir)- 47 1 (KB)[mK ]-K (K[ Bm])exp(-iKot) 1)
‘ (2”)35 kz—e,u(lz )
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47z|K[mK Silke/ 3 i(ke/ Jom
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In these formulae the s index corresponds to the eigen !
field, and r index corresponds to radiation field. In the B:W(0)=B*?(0)+B"@(0 13
formulae (11), (12) the complex coefficients b, and b. "(0)=B:20)+ B7(0), (13
describe the amplitudes of two waves, propagating in the
opposite directions - on K and against kK correspondingly. £E(0)=¢, [E§(2)(o)+ E‘[(2)(0)] (14)
At t<0, the radiation field is absent and at t >0 the two X X X
waves appear immediately. The amplitudes of the radiation from which we obtain:
field are defined from the condition of the linking of the '
solutions: |
. k’ H H
b, (K,8)= " L S
BN ~ 25\2 — \2+
2| k? _gllul(kﬁ) k? —&H, (kﬁ) (15)

St —EH,

+k(KB)Ju, I €, c

From the condition of the field corporeality we have:

b: (K, 2)=b.(K.B) . (16)
Moreover, the formulae (15) it is followed, that
b,(-K~B)=b,(K,3) . 17).

From the formulae (15) it is followed, that module is
‘bJ > ‘b_‘ at any source velocity, and in the ultrarelativistic

case it is |b,[>>b_|. It is need to note specially, that in the

rest state of the magnetic moment at the strong change of the
physical properties of magnetic medium

bi(R,o)z%io,

that proves about the fact, that radiation takes place that
can’t be said about rest charge, amplitudes of radiation field

of which is such case a,(K,0)=0, i.e. the radiation doesn’t

take place. This effect is interest by the fact that the rest
particle is the nonstationary medium, having magnetic
moment, then because of the magnetic moment the transient
radiation will be exactly, that has the real value for fixation of
particles. For the nonmagnetic medium (wu==1) the
amplitudes of transient radiation, charge and magnetic
moment are proportional to the jump of the dielectric

constant, |s; —&,|, i.e. the more bigger the jump of the

dielectric constant, the more stronger the radiation is. For the
nonmagnetic medium the ratio of module quadrate is equal
to:

b ‘1+ ﬂ@cos@‘z
b? ‘1—,8@00549‘2 '
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The dependence of the ratio (18) on the energy at the
fixed angle @ is given on the fig.1. As it is seen from the

. 2 2 . . .
plots, the ratio \bJ /‘bﬁ‘ strongly increase with the increase

of energy, that shows, that the main pert of the radiation
energy is on the radiation part forward.

b /o f
10%

]0' L i 1 1 L | 1 1 I
4 6 8

]
10 ¥
Fig.1. The energy distribution of the ratio of quadrate module

amplitudes. Here curve 1 corresponds to the value 6=15°,
but curve 2 corresponds to the value 6=5°.

The plot of the dependence of the ratio (18) on the angle &
at the fixed energy value is given on the fig.2. From the fig.2
it is seen, that in the region of small angles the forward
radiation becomes stronger, i.e. the radiation is along the
source velocity.
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Fig.2. The angular distribution of the ratio of quadrate module
amplitudes. Here curve 1corresponds to the value =10,
but curve 2 corresponds to the value y=25.
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and my is the electron magnetic moment in the eigen
reference system.
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Fig.3. The energy dependence of the ratio of quadrate of module
intensities of transient radiation of magnetic moment and
charge. Here curve 1 corresponds to the value 6=5°., but
curve 2 corresponds to the value &=15°., curve 3
corresponds to the value 6=30°.

The plot of the dependence of the ratio (19) on the y
energy at the fixed values of angle @ is given on the fig.3.
From the figure it is seen, that at small angles and velocity
increase, this ratio strongly decreases. This is connected with
the fact, that charge transient radiation with the velocity
increase more increases, than transient radiation of the
magnetic moment. At the transition to the big angles (6=15°,
30°) with y energy increase, to ratio (19) increases, i.e.
deposit of the magnetic transient radiation becomes more
significant, than charge one.

(2- g% 387 cos? 0+ p*(cos® 6+ cos* 0)) |

In the work the influence of the electron magnetic
moment on its transient radiation is also considered. The
expression for the ratio of the intensity module quadrate of
the transient forward radiation of the magnetic moment and

charge:

4

rl
‘Eﬁ,m

rl
‘EM

2
i

Mc?

2
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where

(20)
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Fig.4. The angular dependence of quadrate of the module of
intensities of transient radiation of magnetic moment and
charge. Here curve 1 corresponds to the value y=25, but
curve 2 corresponds to the value y=40.

The angular distribution of the ratio (19) at the fixed
values of y energy is represented on the fig.4. As it is seen
from the plots, the deposit of the magnetic transient radiation
significantly increases with the angle increase, so for example
at the angle 6=45° (y=40) and 6=60°(=25) the charge and
magnetic transient radiation become almost equal. The
energy of the radiated transient photon is chosen by

g, = 0,1yMc?, where Mc?=0.51MeV is electron rest energy

at the construction of the curves on the figures 3 and 4.
These results can be applied in the one of the important
tasks of the modern physics of high energies.
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MAQNIT MOMENTININ QEYRI-STASIONAR MUHITD® KEGID SUALANMASI

Dielektrik nufuzlugun zamana gore kaskin deyismasinde magnit momentinin kegid stalanmasina baxiimisdir. Maxsusi ve
stalanma sahaleri Ggun ifadsler alinmigdir. Muayyan edilmisdir ki, enerjinin artmasi ile maqgnit kegid stialanmasinin payi yik
stialanmasina nisbaten kifayat gqadar artir. Magnit muhitler Uglin fiziki xassalerin kaskin deyismasinds izotrop siialanma bas
verir.

HN.M. AdyTaabiooB, M.b. Acagosa, U.I'. Ixxadapos

HEPEXO/THOE U3JITYYEHUE MATHUTHOI'O MOMEHTA B HECTAIITMOHAPHOWM CPEJIE

PaCCMOTpeH nponece nepexoqHoro U3JIyueHUuss MarHuTHOTrO MOMEHTA IIPpU PE3KOM HU3MCHCHUHN ,HI/I3IIeKTpI/I'leCKOﬁ MNPOHUIIACMOCTU BO
BPEMCHHU. HOHy‘{eHBI q)OpMy.HI)I JUIs COOCTBEHHOI'O TIOJISI U TIOJISt H3JIYyUCHUS. YCTaHOBHeHO, YTO C POCTOM SHEPIrvMu BKJIAJA MAarHuTHOTO
MEPEXOAHOI0 U3JIIYUYCHUS OTHOCUTEIIBHO 3apsA0BOr0 3HAYUTEJIBHO YBECIMYUBACTCA. B ciy4dac MarHUTHOM Cp€abl NpU PE3KOM HU3MEHCHUU
(1)PI3PI‘-I€CKI/IX CBOWCTB BO3HUKAET H30TPOITHOC U3TYUCHUE.
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THE GROWTH PROCESS AND SOME OPTICAL PROPERTIES OF NANOPARTICLES GaSe,
FORMED IN THE VOLUME OF GLASS MATRIX

M.B. MURADOQV, Y.M. YOLCHIEV, N.G. DARVISHOV, G.M. EYVAZOVA
Baku State University,
Az-1073, Baku, Z.Khalilov str.,23

The nanoparticles of gallium selenide in the volume of glass matrix are obtained with the help of the crystallization method in the
matrix. The X-ray diffraction investigations show, that the nanoparticles of gallium selenide with structure 6-GaSe form in the glass matrix.
In the obtained structures, the photoluminescence radiation spectra (at the excitation wave length 510nm) have half-widths of lines ~0,23eV
with the radiation maximum 710nm.

Introduction

Last years, the big attention has been paid for the technology working of the obtaining and studying of nanoparticle
physical properties of layered gallium selenide semiconductor [1-5]. The limit of particle sizes leads to very interest physical
phenomena. With the decrease of the particle sizes, the material physical properties change significantly. The decrease of the
particle sizes increases the ratio of surface area (S) to the particle volume (V) and increases the contribution of the surface
atoms to the physical and thermodynamical properties of nanoparticles. For example, the decrease of nanoparticle sizes CdSe
from 10 nm to 1nm increases the past of surface atoms practically from 20% till 100% [6]. The increase of the ratio (S/V) at
the decrease of the particle sizes increases the contribution of surface energy to the free energy. As result, the materials, which
are unstable in the volume state, can be stable in the nanoparticle form [7]. The semiconductor nanoparticles are perspective
materials in the computers, medicine and instrument making [6]. The one of the important problem of the computers is the
increase of system speed, which can be solved with the help of nanomaterials, having the high nonlinear-optical properties [6].
Such materials can allow to create the computing systems, working in the terahertz regions. That’s why the working of new
technologies and materials for the high-speed computers present the big interest. The composite materials on the base of
nanoparticles of layered semiconductor GaSe, which has the high nonlinear optical properties can become the one of such
materials. As it is known with the decrease of nanoparticle sizes the forbidden band width of material increases because of
quant-size effect [8-9]. However, the situations are possible at witch with the decrease of the particle sizes, the forbidden band
width of nanomaterials decreases. Such situation described in the work [10] is realized for nanotubes of GaSe. It is shown, that
such systems are stable. The possibilities of the change of forbidden band width of GaSe in the wide interval make this
material one of the interest object of scientific researches.

The technology of obtaining and nanoparticle structure of GaSe

The meaning of the technology is that nanoparticle and matrix materials (or its components) are taken into quartz ampoule
or corundum crucible. The matrix melting point should be lower, than nanoparticle material melting point.

The mixture is heated up to the homogeneous mass formation at the temperature higher than melting point of nanoparticle
material. Moreover, components (anions and cations) of nanoparticle dissolve in the melt of matrix material and form the
homogeneous mixture. Further the mixture is cooled by the definite program. At the mixture cooling, the supersaturation on
semiconductor components forms in the system. At the same time, the creation of buds and nanoparticle formation begins. The
process of nanoparticle formation in the matrix melt volume accompanies with the creation of buds of different sizes and
carrying out of crystallization process. Moreover, the absorption of small particles by the big ones is benefit on energy
expenditure.

As result, the nanoparticle crystallization centers form. The formation of these centers in the matrix melts volume
decreases of supersaturation factor around the nanocrystal. In this connection, the probability of new bud creation around
nanoparticles decreases. The sizes of the created microcrytals depend on the mixture duration time at such temperature. After
that the mixture is cooled till the room temperature by the definite program.

The GaSe nanoparticles in the volume of glass matrix are formed by us by the following method. The glass and
components of nanoparticle (Ga and Se) are taken in the quartz ampoule. Metallic Ga and Se in the stoichiometric weight
ratio are mixed with the well ground glass and are taken in the quartz ampoule. The nanomaterial components are 5% in the
weight ratio with matrix. The quartz ampoule is pumped, with the help of forvacuum pump and made unbrazing. After that the
ampoule is taken in the muffle stove and is heated till the temperature 1200°C. The heating time was near 90 minutes.
Moreover, the homogeneous mixture creates. The Ga and Se components interreact in the volume and totally dissolve in the
glass melt. After that the homogeneous melt is cooled by the special program. The melt is kept at the temperature 850°C
during 60 minutes, later the melt is cooled till the room temperature. The obtained composite material is porous one. The
planes, prepared from this material, are treated by the thermal annealing at the temperature 570°C during hours. In the result of
this process, the nonhomogeneous of composite material removed.
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The GaSe nanoparticle structure is defined with the help of X-ray diffraction analysis ( DRON 2.0). The glass, in the
volume of which the gallium selenide nanoparticles are formed, is ground in the mortar. After that the powder X-ray-grams are
obtained (fig.1).

I'o ;
4

£ e

Figl. X-ray diffraction from powder GaSe:glass

The analysis results are shown in the table 1. As it is seen from the table, the observable values of spacing of lattice planes
significantly don’t differ from standard values.

Table 1.
Ne Observable value d in A° Standard value d in A° I hkl
1 7,993 7,988 40 004
2 3,998 3,994 100 008
3 3,234 3,232 36 101
4 2,899 2,90 42 105
5 2,776 2,779 94 106
6 2,5226 2,527 12 108
7 2,3989 2,392 30 109
8 1,874 1,8697 15 1014

The value of interplanar distances corresponds to phase 3-GaSe. The nanoparticle sizes 6 -GaSe are founded from the ratio
[11].

0.91
d=——, )
pcosé

where - is intensity half-width of diffraction line, measured in radians, A=1,5406A° is wavelength CuKa, 6- is diffraction
angle. The average value of particle sizes GaSe, calculated from the equation (1), is equal 15,6nm. Such small value for
nanoparticle sizes of gallium selenide is explained by the fact, that duration time for crystallization process is chosen very
small. In the result of this, the process of nanoparticle enlargement (coalescence) was difficulties. Besides, probably, the high
temperature (850°C) harms to the increase of the particles in the direction Van der Wasl forces evidently.

The photoluminescence in nanoparticles of GaSe

The optical properties of gallium selenide nanoparticles, formed in the metanol volume are investigated in detail in the
ref.[1]. The particle sizes in these experiments change from 2nm till 6nm. The average particle size is 4,0nm. The half-width
of radiation line depended on wavelength and changed in interval (0,16-0,7)eV. After chromatographic particle division on
sizes the average size is equal ~ 2,5 nm. In this case the half-width of radiation line decreases in 1,5 times in the comparison
with the previous samples.
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The radiation spectra (fig.2a) and excitation spectra (fig.2b) in the GaSe nanoparticles: glass at the temperature 90K, are
investigated by us. At the excitation by photos with the energy A=510 nm, the not wide band with half-width, which is equal to
0,23 eV and radiation maximum at 710nm (1,75eV) are observed. The nanoparticle excitation spectra have very wide band with
half-width E=0,42eV, and maximum is in the region 2,42 eV.
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Fig. 2a. Radiation spectra of GaSe nanoparticles.
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Fig. 2b. Excitation spectra of GaSe nanoparticles.

The observable by us wide excitation spectrum testifies about the wide interval of particle distribution on the sizes. In the
result of which, the width of the prohibited band in the dependence on the sizes, changes in the wide range, according to the
ref [8].
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, ()

where h is Plank’s constant, d is particle size, m” is effective reduced mass of electrons and holes, n=3,14 constant. In the
result of which, the of fundamental absorption edge in the nanoparticles spreads.

The temperature dependence of photoluminescence of Ga Se nanoparticles, formed in the glass matrix is investigated also
by us. The dependence of radiation intensity maximum (A 710nm) on the sample heating temperature in the temperature
interval 80-270K is investigated (fig.3).

As it is seen from the figure 3, in the temperature interval (80-120)K, the radiation intensity increases~15%, and in the
temperature interval (120-200)K, the intensity change doesn’t significant (less, than 2%). The temperature increase leads to the
insignificant intensity increase of photoluminescence (~7%). Such form of temperature dependence is explained by the fact,
that nonradiative transfers are near radiative transition. At the temperature increase, the carrier transition from the
nonradiative transitions into the radiative one takes place, in the result of which the radiation intensity increases. The last
heating leads to the radiation level saturation. In the temperature interval (200-270)K the decrease of the carrier concentration
in the radiated level takes place and radiation intensity decreases.
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Fig.3. Temperature dependence of photoluminescence of GaSe nanoparticles.
Conclusion

Thus, for the first time the gallium selenide nanoparticles in the volume of glass matrix are formed by the crystallization
method. By X-ray diffraction analysis, it is shown, that the nanoparticles with the structure 6-GaSe form in the glass matrix.
The wide value of excitation spectrum half-width is explained by the distribution of particle sizes in the big range. It is shown,
that maximum radiation intensity of photoluminescence weakly depends on the temperature.
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M.B. Muradov, Y.M. Yolciyev, N.Q. Darvisov, G.M. Eyvazova
SUSO MATRISDO FORMALASDIRILMIS GASE NANOHISSOCIKLORININ BOZi FiZiKi XASSOLORI
Matrisde kristallasma metodu ile siiso matrisde GaSe nanohissacikleri alinmigdir. Rentcen struktur analizi vasitelsile miiayyen
edilmisdir ki, siiso matrisde &GaSe strukturlu nanohissacikler formalasir. Alinmis niimunsalerde fotoliimenessensiya spektrinin yarim eni
(510nm dalga uzunlugu ile hayeacanlandirildiqda) ~0,23eV, siialanma spektrinin maksimumu ise 710nm diapazonundadir.

M.B. Mypanos, SI.M. Esunes, H.I'. lapeumos, I''M. Jiipa3oBa

MPOIECC POCTA U HEKOTOPBIE OIITUYECKUE CBOVMCTBA HAHOYACTHII GaSe,
C®OPMUPOBAHHBIX B OFbEME CTEKJISIHHOI MATPHIIbBI

C moMoIipio METOJa KpuCTa/UIM3alluhd B MaTpUlC ObLTH IMOJIY4YE€Hbl HaHOYAaCTULbl CCJIICHHU/A raJiyiusd B 00BME CTEKIISTHHOMN MaTpuUlbl.
PeHTFeHOCprKTypHLIMI/I HCCJIICAOBAHUAMU OBLIO IIOKa3aHo, 4TO B CTEKJITHHON Marpuue (I)OpMI/IpyIOTCH HaHOYaCTHULbI CCIICHU A IaJlIks CO

CTpyKTypoii 6-GaSe. B moJyyeHHBIX CTPYKTypax CIICKTPbI H3JTydeHHs (OTOIFOMHHECUEHLMH (IPpU IJIMHE BOJHBI BO30YyxkaeHHs 510HM)
HUMEIOT noymupuHs! muHuH ~0,23eV ¢ MakcuMyMoM m3mydeHnst 710HM.
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®OTODJIEKTPHYECKHUE CBOMCTBA BAPLEPA IIOTTKH
HA OCHOBE T'MJPOTEHU3MPOBAHHOI'O AMOP®HOI'O
KPEMHMS (o-Si:H)

AT MAMEJIOBA, III.C.ACJIAHOB. C.BTAMHAJIOB, C. TTAXPAMAHOBA, A M. FAUPAMOB
HUuctutyt ®usuku HAH A3zepbaiiixana

B pabote npuBeneHbI pe3yabTaThl MOTYyYSHHUS IUIEHOK THAPOTeHU3UPOBAHHOTO aMOP(HOT0 KPEMHUS
(a- SitH) wMerogoM  MarHeTpOHHOTO — PAacHbUICHHST W UCCICIOBAaHUS WX  DJICKTPHYECKHUX,
(OTOIIEKTPUYECKUX M ONTHUYECKUX CBOMCTB. Ha OCHOBE MONYyYCHHBIX IUICHOK CO3[aHbI COJHEYHBIC
aneMeHThI ¢ 6apbepoM IIIOTTKH ¢ BEICOKMMHE (POTOIICKTPUUICCKIMH MTapaMETPaMHu.

[Tocneqnue toapl Bce OoJibllice BHUMAHHUE YJSNSIECTCS WCCICIOBAHHIO CBOWCTB
TOHKHUX TUICHOK HEYMOPSJOUYCHHBIX TOTYyIpOBOAHUKOB. Cpeiu HUX 0COOEHHO BBIIETSETCS
THJIPOTeHU3UPOBaHHbIN aMopdubIii kpemuuid (a-Si:H). MHTepec k sToMy Marepuairy
00yCIIOBJICH, TJIABHBIM 00pa3oM, BO3MOKHOCTBIO CO3/IaHUSI Ha €r0 OCHOBE d(D(PEKTUBHBIX
U JICHICBBIX (POTORICKTPUUCCKUX ITPeOOpa3oBarTesieii CoHeUHOM sHepruu[l].

B psine uccnenoBanuii ObUIO YCTaHOBIEHO, YTO B MPOLIECCE Pas3NiOKEHUE CHJIAaHA B
TUIa3Me NP MPUIOKEHHH MAarHUTHOTO TOJISL YIYUYIIaroTCs (POTOIIEKTPHUECKUE CBOMCTBA
wieHok [2, 3]. [Toaromy B maHHOHN paboTe i MOJMy4eHus ieHoK o-Si:H npumensiercs
METOJI MarHeTPOHHOTO PACTBUICHUS Ha TMOCTOSHHOM TOKE W3 MOHOKPHCTaJUTMYECKOU
KPEMHHUEBOW MHUIIEHW. METO MarHeTpOHHOTO pAcTHbUICHUS Ha TOCTOSHHOM TOKE
oOnmamaer psaoM mpeuMymiecTB; A(G(EKTUBHBIN KOHTPOJIL COIEpKaHHUS BOJAOPOJA B
KaMepe M B IUICHKE, a TaKKe TeMIIepaTypbl IOUIOKKA B IIHMPOKOM HWHTEPBAJIE,
UCIIOJIb30BAHUE I PACTBUICHUS MUIICHH CJIOKHOTO COCTaBa, BBICOKAs CKOPOCTH
OCXJCHHS, OTHOCUTCIIbHO HH3KOoe HampspkeHue ocaxiaenus (menee 400B), udro
OTPAaHUYUBAET OTPHUIATEIILHOE BO3ACHCTBHE OSHEPTUM HOHOB HAa CTPYKTYPHI U
BOJIOPOIHOM CBSI3M B IJICHKAX, IPUMEHUMOCTH B MAaCCOBOM IPOHM3BOJICTBE U JIP.

Ilenpto maHHON pabOTHI sBIsETCS moiydeHue o-Si:H ¢ wucmonp3oBaHueM MeTona
MarHeTpOHHOTO PACIBUICHHUS] Ha TIOCTOSSHHOM TOKE, MCCJICIOBAHUE WX DJICKTPUYECCKUX U
(OTOIIEKTPUIECKUX CBOWCTB B 3aBHCHMOCTH OT COCTaBa, a TAKKE M3TOTOBJICHHE HA HMX
ocHOBe 0apbepoB ILIOTTKHM ¢ BBICOKHMH (OTOITCKTPUICCKUMU TTapaMeTPaMH.

Hamu pa3paboTaHo M HM3rOTOBJIEHO MAarHeTPOHHOE PACHBUTUTENIEHOE YCTPOWCTBO B
BaKyyMe, ITO3BOJISIONICE MCIIOIh30BaTh MHIICHh B BHJIEC IUIOCKOTO JIMCKA C AUAMETPOM
100mm. [pu mosyueHuu MmieHoOK o-Si:H ucmonp30Baniach KPEeMHHUEBAS MHUIIECHb YHCTOTHI
99,99. JIns ocymiectBiaeHus 3(PpPEKTUBHOTO TpOIecca TUAPOTCHU3ANN ¢ TTOHKEHHON
IUIOTHOCTBIO JIe(PEKTOB B 3ampenieHHOW 30HE, HaMH ONTHMH3UPOBAINCH IapamMeTpPhl
OCaXJCHUS - NapuuaibHOE NaBieHHe Boaopona Py, maBineHue aprona P, Temmepatypa
TIOJITIOKKH T, BXOJHASI MOITHOCTH P 1 cMemenne Ha moaiiokke Vg . Hammydmme mieHku
OBLIIM MOJyYEHbI IIPU MapaMeTpax NPUBEIECHHBIX B Tabnuie 1.



AT.MAMEJIOBA, III.C.ACJTAHOB. C.B.TAMWIOB, C.TTAXPAMAHOBA, A.N.BAUPAMOB

Tabnunal. TeXHOJOrHUECKUE YCIOBHS MONyYEHHs IIEHOK o—Si:H.
T (°C) Ph (%) P ar(%) Piotar (Mtorr) | Ve(V)
250 50 50 10 -100

Pe3y.HBTaTBI KOMINICKCHOI'O UCCIICAOBAHUA XapPaKTCPUCTUK INNICHOK IIPHUBCIACHLI B Ta6J'II/II_IC 2.

Tabnuna 2. XapakTepUCTHKH MMOJYUYEHHBIX TIEHOK o—Si:H
Copnepxanue | conepxanue | Ontuueckas | [lmotHocts | Audnektp. OTtHolIeHHE
BOJIOpOJZIa MO | KUCIOpOAa IIAPUHA COCTOSTHHI MOCTOSIHHAsI | CBETOBOU U
OTHOWIEHUIO | IO 3aIpELICHHON (cm'3~eV'1) TEMHOBOU
K Si (%) OTHOIIICHHIO | 30HBI (€V) MIPOBOIUMOCTEH
K Si (%)
1 2 3 4 5 6
19 1 1.92 8-10" 8.5 10°

Hamu ObuiM HM3roTOBIEHBI COJHEYHBIE 3JeMeHThl ¢ OapbepoMm IlloTTku Ha OCHOBe
THIPOTCHU3UPOBAHHOTO aMOppHOTO KpemHUsi o-Si:H Ha CTEKICHHOW MOJUIOKKE.
[701maab M3rOTOBICHHBIX IEMEHTOB COCTABIUIN 2X2CM°, B KA4eCTBE METAILTHYECKOrO
KOHTaKTa MCHOJb30BaHbl amopdubie cmon Al+Ni, a mis co3ganus Gapwepa LloTTkH
UCIIOJI30BaHbl ~ MOHOKPUCTAJUIMYECKHE  IUICHKM  cwiMnuia — Iuatueel  PtSI.
TepmooOpaboTka i1 ojydeHus MOHO-PtSI u crabunm3arnus mapameTpoB o-Si:H Obuin
COBMEIIICHBI U TIPOBEJICHHI B BaKyyMe U B cpene hopmunr raza (N, + Hy ).

CTpyKTypa METaJFIMYECKON IUJIEHKU OIpesesieHa METOIaMU PEHTI€HOAU(PPAKTOMETPUN
u 3eKTpoHorpaduu. PesynpraThl npeacTaBieHbl Ha puc.l

Puc 1. @ —penTren nudpakinMoHHAas KapTHHA MOHOKpUCTAJUIMYecKoW rieHku PtSi u  b-
anekTpoHorpaduyeckas kapTuHa amopduoi wienku Al+Ni,
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®OTODJEKTPUYECKHUE CBOWCTBA BAPBEPA IIOTTKA HA OCHOBE T'MJIPOTEHU3UPOBAHHOI'O AMOP®HOIO ...

CnenmyeTr OTMETWUTh, YTO NPUMEHEHHE aMOP(HBIX U MOHOKPHUCTAIMYECKUX
METAJUIMYECKUX IUIEHOK OOECHEeYMBAET JOJITOBEYHOCTh M HAJIEKHOCTh 3JIEMEHTOB, TaK
KaK B 3THX IJICHKaX OTCYTCTBYIOT AU(P(Y3HMOHHBIE MPOLECCHI 10 TPaHULIAM 3EPEH.
KoHcTpyKiust M3roTOBIEHHBIX COJTHEYHBIX 3JIEMEHTOB MPEICTaBIIEHA HA PUC 2:

Puc.2

1 — crexnsiaHAs moToxkKa, 2 —N'- a-Si:H, 3—n- a-Si:H
1" - a-Al+Ni, 4 —mono-PtSi, 5-Ti+W MeTa. KOHTaKTHI,:6- MIPOCBETIISAONICE MTOKPHITHE

B niporiecce pacnblieHus ¢ LEIb0 MONy4YeHUs N’ THIA MPOBOIMMOCTH HCIIOIb30BaH
dochun PH;.

JI1st yaydIeHus: aAre3uu K CTEKISTHHOM OJIJI0KKE METANIMYCCKUX KOHTAKTOB
HaHeceH o4eHb TOHKUM cinoil SiO, tommmuon 0,01MkMm.

[TapamMeTpsl M3rOTOBJICHHBIX 3JICMCHTOB OIPEJACICHBI Ha CICIHAIBHOM CTEHIE C
perynupyeMon ocBemeHHOCThI0. [Ipu ocBemennoctn 100 mW/cm?, AM1 HaIpspKEHUE
xojocroro xonaa, Uoc =0,88 mU (open circuits voltage) , TOK KOPOTKOTO
(short circuits current) 1:=15.3 mA/cm?,
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A.H. Mammadova, S.S.Aslanov, S.V.Homidov, S.T.Qahramanova, A.H.Bayramov

HIDROGENLOSDIRILMIiS AMORF SILISIUM (a-Si:H) 9SASLI SOTTKI BARYERININ
FOTOELEKTRIK XASSOLORI

[sdo magnetron tozlandirma metodu ile hidrogenlosdirilmis amorf silisium ince tobogelorinin
alinmas!l vo onlarin elektrik, fotoelektrik vo optik xasselorinin tedqiqi naticeleri verilmisdir. Alinmis
tobogolorin osasinda yliksek fotoelektrik parametrloro malik Sottki baryerli gilines elementlori
yaradilmisdir.

A.G. Mamedova, Sh.S.Aslanov, S.V.Gamidov, S.T.Kakhramanova, A.l.Bayramov

PHOTOELECTRICAL PROPERTIES OF SCHOTTKY BARRIERS ON THE BASIS OF
HYDROGENIZED AMORPHOUS SILICON (a-Si:H)

In this work the results of preparing of hydrogenized amorphous silicon thin films by the magnetron

sputtering method and studies of their electrical, photoelectrical and optical properties are given. On the
basis of obtained films high efficient solar cells with Schottky barriers are created.
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ON THE MIXED PHASE OF STRONGLY INTERACTING MATTER

M.K. SULEYMANOV, O.B. ABDINOV
Institute of Physics of ANAS, Baku
B.Z. BELASHEV, A.S. VODOPIANOV
Joint Institute for Nuclear Research, Dubna
YA.G. GUSEYNALIYEV
Aerocosmic Agency of ANAS, Baku

1. Introduction.

The studying of the behavior of some characteristics of hadron-nuclear and nuclear-nuclear interactions as a function of the
collision centrality Q is an important experimental method to get information about the changes of nuclear matter phase,
because the increasing of the centrality could lead to the growth of the nuclear matter baryon density. In other words, the
regime change in the behavior of some centrality depending characteristics of events is expected by the varying the Q. It would
be the signal about the phase transition. This method is considered as the best tool reaching the quark-gluon plasma phase of
strongly interacting matter.

Some experimental results demonstrate already the existence of the regime changes in the event characteristics behavior as
a function of collision centrality.

Let us look over some of them’.

First results of hadron -nuclear reactions.

In paper [1] the results are presented from BNL experiment E910 on pion production and stopping in proton-Be, Cu, and

Au collisions as a function of centrality at a beam momentum of 18 GeV/c. The centrality of the collisions is characterized
using the measured number of «grey» tracks, Nge, , and a derived quantity, v, the number of inelastic nucleon-nucleon
scatterings suffered by the projectile during the collision. The values of average multiplicity for n- mesons (<m’-
Multiplicity>) as a function of Ny, and v for the three different targets are plotted in Fig. 1.
We see that the <n’- Multiplicity> increases approximately proportionally to Ng., and v for all three targets at small values of
NgeyOr v and saturates with increasing of Nge, and v in the region of more high values of Ny, and v. It is also shown
with a solid line in Figure the expectations for the <n- Multiplicity> (v) based on the wounded - nucleon (WN) model and with
dashed line, does a much better job of describing p-Be yields than the WN model. So the results demonstrate definitely the
regime changes of the behavior for these distributions. BNL E910 has measured the A production as a function of collision
centrality for 17.5 GeV/c p—-Au collisions [2]. Collision centrality is defined by v. The A yield versus v is plotted in Fig.2(5).
The open symbols are the integrated gamma function yields. The black symbols are the fiducial yields. The various curves
represent different functional scalings. We see that the measured A vyield increases for v < 3 and then it saturates with
increasing v. Similar results for K*-, K% - mesons and = multiplicity in p+Au collision at 17.5 GeV/c have also been obtained
by the BNL E910.

The results on the nuclear-nuclear reactions.

In paper [3] the experimental results of particle multiplicity distributions in silicon-emulsion collisions at 4.5A GeV/c are
reported. The correlations between the multiplicities of target fragments are given. The saturation effect of target black
fragment multiplicity in the collisions is observed. It is demonstrated in Fig. 3 where the dependence of <N,> on N, for silicon-
emulsion collisions at 4.5A GeV/c (closed circles) is presented. The corresponding results for oxygen-emulsion collisions at
3.7A GeV (open circles) and 200A GeV (open squares) are given in the figure, too. One can see that the value of <N,>
increases with the increasing Ng in the region of Ng<8, and the saturation effect appears in the region of Ng>8. The saturation
effect was previously observed in proton-emulsion collisions at high energy [4]. Recently, in oxygen-emulsion collisions at the
Dubna and SPS energies, the saturation effect was also observed [5].

Litis necessary to note that the number of identified protons (N,), fragments (Ng), slow particles (Ngow), 0f h -and g - particles (N, and Ny
accordingly in emulsion experiments) have been used to obtain information on the Q and correspondingly on the impact parameter of the
collision.The measured energy flow of the particles at an emission angles 8=0° and 6=90° have also been used to define the Q.
Apparently, it is not simple to compare quantitatively the results on Q-dependencies of event characteristics taken from different papers.
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Fig.1.The values of average multiplicity for = - mesons (<’ Fig.2 A production as a function of collision centrality for 17.5
Multiplicity>) as a function of Nge, and v for the three GeV/c p-Au collisions. The open  symbols are the
different targets. Solid line in figure is expectations for the integrated gamma function yields. The black symbols
<m~ Multiplicity> (v) based on the wounded -nucleon (WN) are the fiducia! yields. The various curves represent
model and the dashed line, does a much better job of different functional scalings.

describing p-Be yields than the WN model.

In paper [6] the results are presented on dimuon production in proton-tungsten and sulphur-tungsten interactions at 200
GeV/c/nucleon were measured using the HELIOS/3 dimuon spectrometer at the CERN SPS. It was made a direct experimental
comparison between the S-W and p-W results for the ratio pu/charged particles and found there was a clear excess in pu
production relative to charged particle production in S-W interactions compared to p-W interactions as a function of mass. The
excess is defined as the difference between S-W and p-W spectra. The values of inverse slope parameter of the transverse mass
distribution for low mass excess versus of the charged multiplicity is shown in next Fig. 4. We can also see the regime change
in the behavior of this distribution.

The ratio of the J/y to Drell-Yan cross-sections has been measured by the CERN NAS5O as a function of the centrality in
Pb-Pb collision at 158 GeV/nucl [7]. It is shown in this Fig.5. E fixes the centrality, which was a transverse energy flow. The
result for light nuclei collisions is also demonstrated with solid line in the figure. The regime change is observed for the
behavior of these dependencies.
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Fig. 3 The dependence of <Nb> on Ng for silicon-emulsion Fig. 4 The values of inverse slope parameter of the transverse mass

collisions at 4.5A GeV/c (closed circles). The corresponding distribution for low mass excess versus of the charged
results for oxygen-emulsion collisions at 3.7A GeV (open multiplicity production in proton-tungsten and sulphur-
circles) and 200A GeV (open squares) are given in the figure, tungsten interactions at 200 GeV/c/nucleon.
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Fig.5 The ratio of the J/y to Drell-Yan cross-sections as a function Fig. 6 <P;> as a function of the transverse energy for J/¥ mass
of the centralityin Pb-Pb collision at 158 GeV/nucl . intervals. The error bars are only  statistical.

In paper [8] the moon pairs produced in Pb-Pb interactions at 158 GeV/c per nucleon are used to study the transverse
momentum distributions of the J/¥ , ¥’ and dimuons in the mass continuum. In particular, the dependence of these
distributions on the centrality of the Pb-Pb collision is investigated in detail.

The <P;> values obtained for the J/¥ are plotted in Fig. 6 as a function of E. It is seen for the J/¥ , the values of <P;> first
increase and then tend to flatten when the centrality of the collision increases.
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Fig. 7 Inverse slope parameter, T, of the J/¥ transverse mass distributions, plotted as a function of the transverse energy.

The transverse mass distributions of the produced muon pairs have also been studied in order to allow a comparison with
thermal models. The inverse slope T of J/YW transverse mass distributions is also plotted in Fig. 7 as a function of the E. First
it increases with Et and then seem to flatten at high Er, as the <P> values.

So the main obtained result is the existence of the regime changes. The regularity is observed for hadron-nuclear and
nuclear-nuclear interactions as well for the interaction of light and heavy nuclei; at high and at low temperature; and for the -
mesons, nucleons, fragments (F), strange particles (S) and J/¥, that is the regularity is also observed at small densities and
temperatures. Therefore it could not be connected with the existing of the predicted QCD point for hadronic matter quarks-
gluons phase transition.

2. The Mixed Phase

Therefore it was suggested to consider the appearance of the strongly interacting matter mixed phase (MP) for a qualitative
understanding of the regularity. MP is considered as a phase of compressed nucleons. These phase are predicted by QCD for
the temperatures around the critical temperature T, . It could be formed in the result of nucleon percolation in density nuclear
matter. It is well known the statistical and percolation theories can describe the critical phenomena best of all. But how we
have seen the regime changes have also been observed for small density and temperature for which the conditions of applying
of statistical theories are practically absent. So the percolation approach could be the only approach for the description of the
results. Therefore we consider the percolation mechanisms as one of the mean mechanisms for MP formation. It would lead to
the formation of the percolation cluster.
In paper [9] was discussed that percolation clusters much larger than hadrons, within which color is not confined;
deconfinement is thus related to percolation cluster formation. This is the central topic of percolation theory, and hence a
connection between percolation and deconfinement seems very likely [10-12]. So percolation cluster can be color object.



Therefore MP could be considered as a system of color and color-neutral objects and experimental information on the

particular conditions of the MP formation is important for the fix the onset stage of deconfiment.

2.1.Experimental signals on Mixed Phase

To experimental confirmation the MP formation it is necessary to extract the signals on the accompany effects of MP. We
can say that the effects of cluster formation, the appearance of critical nuclear transparence and the n-meson condensate could

be the accompany ones.

3.1 Effect of percolation cluster formation.
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Fig. 9 Angular distributions of protons emitted in 7 '?C -interactions
at. the momentum 5 GeV/c.

Fig. 8 Angular distributions of protons emitted in 7 '°C -interactions
at momentum 40 GeV/c

The cluster could be form in the result of percolation of nucleons in high-density baryon system. There are many papers in

which the processes of nuclear fragmentation [13] and the processes of central collisions [14] are considered as critical
phenomena and it is suggested that the percolation approach to be used to explain these phenomena. We suppose that the
cluster had formed at some critical values of Q in hadron-nucleus and nucleus-nucleus collisions and then with increase of Q
it would decay on fragments and free nucleons.
The existence of the percolation cluster could explain the experimental results on the angular distributions of emitted protons
in 7C -interactions at the momentum 40 GeV/c [15]. In these experiments the angular distributions of protons (with the
momentum less than 1.0 GeV/c) were studied in the events with total disintegration of nuclei (or central collisions). This
distribution is shown in Fig.8. The anomalous peak in this distribution is seen. The results on the angular distributions of
protons emitted in ©C -interactions at momentum 5 GeV/c [16] confirm the existence of the anomalous peak (Fig.9). We
believe that it could be connected with formation and decay of the percolation cluster. The anomalous peak in angular
distribution of emitted protons and fragments could be considered as the signal of the percolation cluster and MP formation
(signal I).

3.2 Effect of critical nuclear transparence

When the MP appears the conduction of nuclear mutter could sharply increase and the matter could become a
superconductor [9] because the nucleons must be bound in the result of percolation in high-density baryon system. It could
lead to critical change of the angular correlation of particle production and might be another signal on MP formation (signal

).

3.3 Effect of =-meson condensation

The meson condensate appearance effect might be the other accompanying effect for the processes of MP formation. The
idea of a meson condensate formation was predicted [17] many years ago. But up to now there are no experimental results
definitely confirming this idea. When we analyzed the results from the TAPS setup [18] we found some results, which could
be interesting for the experimental search of the meson condensate. In these papers the temperature of the slow ° -mesons
defined as slopes of the invariant transverse mass (m;) spectrum, which are shown in Fig.10 - 11. The result at low m is to be
very interesting as the behavior of the me-spectrums differ from the exponential law (in Fig. 10). We believe that some part of
these deviations could be connected with the appearance of meson condensate. It depends on the centrality (Fig.11). The last is
the main argument confirming that the observed deviation could be connected with the meson condensate. The centrality
dependence of this deviation could be considered as one more signal on MP formation (signal I11).
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Fig.11. Transverse-mass spectra of n°and n-mesons for Au+Au interactions at 0.8 A MeV in:
a) noncentral collisions; b) in central collisions.

4. Conclution

So we think that the simultaneous observation of signals I-111 could all low to get an important information for answer of
the question on MP formation. Therefore we are going to investigate the behavior of angular distributions of protons; a
behavior of n°- or n*+r’-mesons pair invariant spectrum as a function of the m, ; the particles yield at different emission
angle as a function of the centrality.

We expect to see a simultaneous appearance of the signals I-111.
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PHOTO-ELECTRONIC PROPERTIES OF CU-DOPED CDS THIN FILMS
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The effect of copper diffusion and electrodiffusion on structural, electrical, optical and photosensitivity characteristics of thin film
Cu/CdS structures was investigated. The thermal diffusion of copper at 300-400°C is accompanied by conversion of conductivity type of
the films from n- to p-type, decrease of resistivity and origin the long-wave photosensitivity at A>540 nm.

XRD patterns of Cu/CdS structures exposed to thermal diffusion showed presence of Cu-S compounds. Diffusion under direct electrical field
(electrodiffusion) of copper in Cu/CdS structures at room temperature results in increase or decrease the photosensitivity in depending on
polarity of applied electric field.

1. Introduction

CdS thin films have been widely studied in the past 10 years due to their potential applications as windows in solar cells
manufacturing. On the other hand, the Cu-CdS bilayer system is used for the preparation of metal-coated semiconductor
nanocrystals which are of great interest for the fabrication of optical and electroluminescent devices [1]. As a rule, the as-
grown CdS films has n-type conductivity, the high dark resistivity (about 10° -10® Q) cm) and exhibit a high photoconductivity
(10* - 10°). Donor centers which formed in CdS during growth, were attributed to the strong self-compensation effect due to
the native point defects (vacancies of the sulfur sublattice, the interstitial cadmium atoms etc) caused by deviation of CdS
composition from the stoichiometry. To make the as-grown CdS films useful in optoelectronic applications, the dark resistivity
must be reduced from 10° - 108 Q cm to almost 10 © cm. Moreover, on this view preparation of p-type CdS thin films is need.
Growth of the p-type CdS by doping or conversion of n-type CdS into p-type and by thermal impurity diffusion is a hardly
realized process [2,3]. Copper is substitutional acceptor impurity in CdS. Copper are reported to be incorporated also as
interstitial donors, and mobility of interstitial Cu atoms is known to be very high [4]. Cu-diffusion doping was used for
preparation of p-type CdS [5].

Here, we report the results of investigations of the effect of copper diffusion and electrodiffusion on structural, electrical,
optical and photosensitivity properties of CdS thin films.

2. Experimental Procedure

The n-type CdS thin films with a thickness of 2-4 um were fabricated on glass and SnO,-coated glass substrates by spray-
pyrolysis technique. The temperature of the substrates was 250°C. The resistivity of as-grown n-type CdS films was about of
....Q2cm . The Cu films (about of 20 =30 nm) were deposited onto the upper surface of the CdS films by vacuum evaporation.
Then, Cu diffusion in n-type CdS thin films was performed by annealing of Cu/nCdS structures at 300°C for 10 min in
vacuum. Moreover, the doping of CdS films was also carried out by electrodiffusion of Cu in CdS at room temperature under
applying the accelerating or retarding electric field. Current-voltage characteristics of Cu-CdS structures were measured at
room temperature in darkness and under an illumination of about 100 mW cm™ from a solar simulator. The spectral
distributions of photosensitivity were measured in the wavelength range 400-1100 nm at room temperature. Optical
transmission spectra of films grown on glass substrates were measured in the range 400 — 1100 nm by using a “Lambda 2”
Perkin-Elmer spectrometer.

The crystalline structure and composition of the undoped and Cu-doped films were analysed by the X-ray diffraction
(XRD) technique using a Rigaku D/Max 111C diffractometer with CuK, radiation. The surface morphology of films was
studied using a JEOL JSM-6400 scanning electron microscope (SEM).

3. Results and discussion

The electrical measurement showed that resistivity of as-grown n-type CdS films was about of 10° Q cm.
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Fig 1. XRD patterns for (a) CdS film and (b) Cu/CdS structure (300°C, 10 min).

Figure.lillustrate the XRD patterns of as-grown CdS film and Cu/CdS structure exposed to annealing at 300°C for 10 min.
The strong XRD peak at 20 =26.6° corresponds to diffraction angles of the (002) plane of hexagonal CdS [6]. Therefore, the
CdSs films deposited on a glass substrate by spray-pyrolysis were of a hexagonal structure and the c-axis of crystallites was
mostly oriented perpendicular to the substrate. (102), (110) and (103) peaks Cu-S compounds (Cu,S) in XRD patterns were
additionally observed for the Cu/CdS structure exposed to copper diffusion at 300°C. The morphology studies of CdS and Cu-
doped CdS films reveal the existence of polycrystalline structure with crystallite dimension of .... and ...um (Figure 2).

Fig 2. SEM micrographs for (a) CdS and (b) Cu-doped CdS films.



The conversion of conductivity type of CdS film from the n-type to the p-type, as result of Cu diffusion into CdS film at
300-400°C is measured by thermoprobe. Herewith the resistivity of p-type film decreases from 10°up to 2x10” Q cm.
Optical absorption coefficient spectra, depending on the duration of copper diffusion in bilayer Cu/CdS structure at 400°C are
presented in Figure 3.
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Fig 3. Optical absorption coefficient spectra of Cu/CdS structure (1) before and
after annealing at 400°C for (2) 15, (3) 30 and (4) 45 min.

Data on the absorption edge of films determined from (ahv)? - hv plots are presented in Figure 4.
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Fig 4. The energy band gap of Cu-doped CdS film in dependency on duration of annealing at 400°C.

It is seen that the band gap of films decreases from 2.42 eV (CdS) to 1.5 eV (Cujy ¢6S) as result of Cu diffusion in CdS film.
These results can be explained by diffusion of Cu in CdS accompanied with formation a new Cu-S phases in CdS films.
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Fig 5. The spectral distribution of photosensitivity of Cu/CdS structure after annealing at 400°C for 30 min.
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Figure 5 shows the spectral distribution of photocurrent for Cu/CdS structure exposed to annealing at 400°C. It can be seen
that the edge of photosensitivity begins at about of 800 nm (1.55 eV) and a peak of photosensitivity settles down at 510 nm
(2.43 eV) corresponding to the band gap of CdS.

Thus the thermal diffusion of copper in Cu/nCdS structures at 300-400°C results in the conversion of conductivity type of the
film from n-type to the p-type, decreases the resistivity from 10° to 2x10” Q cm and the band gap from 2.4 eV to 1.5 eV, and
origins the long-wave photosensitivity at A < 800 nm.
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Fig 6. The spectral distribution of photosensitivity of Cu/CdS structure (1) before and after electrodiffusion
for (2) 5, (3) 7, (4) 10, (5) 15 and (6) 20 min at 25°C (“+” on Cu).

Figure 6 shows normalized spectra of photocurrent of Cu/CdS structure in depending on duration of electrodiffusion at
room temperature (+10V on Cu-side). Region of spectral photosensitivity for all spectra spreads from 500 to 780 nm and
photosensitivity decreases with increase duration of electrodiffusion. In contrast, applying the negative polarity (-10V) on Cu-
side of Cu/CdS structure results in increase of photosensitivity of Cu/CdS structure as a function of duration of electrodiffusion
(Figure 7).
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Fig 7. The spectral distribution of photosensitivity of Cu/CdS structure (1) before and after
electrodiffusion for (2) 2, (3) 4 and (4) 6 min at 25°C (“-” on Cu).

Decrease of photosensitivity of Cu/CdS structure on accelerating action (for positive Cu ions) of applied electric field can
be explained by the fast penetration of Cu® ions into CdS film accompanied by decrease of copper concentration at Cu/CdS
interface. Applying the retarding electric field to Cu/CdS structure, on the one hand, prevents to penetration of Cu® ions inside
of CdS film and the others hand, assists the out-electrodiffusion of S* ions to interface, accompanied by formation of Cu-S
phases.

[1] B.A.Smith, D.M.Water, A.E. Foulhaber, M.A. Kreger, T.W.Roberti, J.Z. Zhang, J. Sol-Gel. Sci. Technol. 9 (1997)125.
[2] S. Keitoku, H. 1zumu,H.Osono, M. Ohto, Japan J. Appl. Phys.34 (1995) L138.

[3] B. Ulrich, H. Ezumi, S. Keitoku, T. Kobayashi, Mater.Sci.37(1995) 117.

[4] H. Wolf, F. Wagner, T. Wichert, Physica B, 340-342 (2003) 275.

[5] T.D.Dzhafarov, M. Altunbas, A.l.Kopya, V. Novruzov, E. Bacaksiz, J. Phys.D: Appl.Phys. 32 (1999)L125.

[6] Y. Kashiwaba, T. Komatsu, M. Nishikawa, Y. Ishikawa, K. Segawa, Y. Hayasi, Thin Sol. Films, 408 (2002) 43.



FiZzIKA 2004 CiLD X Ne4
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Raman and photoluminescence studies of CaGa,S, compound was performed. The orthorhombic thiogallate CaGa,S,: Th®* exhibits pho-
non energies: 280 cm™ (~35 meV) and 360 cm™ (~45 meV) for the most intense vibration modes. Factor group model predicts that the total
number of Raman-active phonons is 84 for this structure.

It is shown that the excitation spectra contains wide intense band (max~320 nm) and emission process of CaGa,S,:Th*" connected with
radiative (°Ds—Fs, °Ds—'Fs, °Ds—'Fy4, °D4—'F3) energy transitions of Th*" ions.
Decay characterisation of intensive maximum (545 nm) shows that the lifetime of Tb** ions is 2.7 ns (fast decay) and 615 us ( long decay).

1. Introduction

Ternary compounds of general formula M"M"',(S,Se), (where M" and M"" are respectively divalent and trivalent
cations) form an extensive class of semiconductors and present luminescent properties when doped with rare earth elements.
Photoluminescence and cathodoluminescence properties of thiogallate compounds doped with rare earth activators have been
studied since the seventies [1-5]. The Eu**- and Ce** doped CaGa2S4 and SrGa,S, compounds are well known respectively as
efficient green and blue phosphors with excellent colour coordinates [1]. They have been claimed as promising candidates for
full-colour Thin Film Electroluminescence (TFEL) displays [6] and Field Emission Display (FED) applications [7]. The aim of
this work is to clarify the origins of the vibration modes in the chalcogallate based phosphors in order to increase the knowl-
edge about the lattice dynamical properties that influence the luminescence efficiency. Indeed, among the non-radiative transi-
tion mechanisms leading to a thermal relaxation of the luminescent centre, a multiphonon process is often observed between 4f
excited levels of rare-earth ions. It involves mainly the high-energy optical phonons. The non-radiative multiphonon transition
probability is increasing with the frequency increase of the high-energy phonons of the lattice. In the case of ElectroLumines-
cent (EL) materials, the most frequent scattering event under high electric field is the emission of optical phonons and the
cooling of "hot electrons” is dominated by the coupling to the high-frequency modes. The scattering rate is lower for EL phos-
phors presenting low phonon energies. For CathodoLuminescent (CL) materials the rate of phonon energy loss is controlled by
the phonons with highest energy and the CL efficiency of the phosphors decreases with increasing phonon energy [8]. This
work is also an opportunity to collect spectra of powders CaGa,S,: Th** that will be used as references to study by Raman spec-
troscopy and photoluminescence the quality of thin films prepared for device applications.

2. Samples and experimental details

CaGa,S, compound was obtained from an intimate mixture of CaS and Ga,S; in a single zone furnace in quartz ampoules at
1200°C. The good crystalline properties of the powders were showed by XRD measurements .Activation by Th (2 atom %)
was realised using TbF; doping during the synthesis process.

The samples were excited by a pulsed nitrogen laser (Laser Photonics LN 1000, 1.4mJ energy per pulse, pulse width 0.6 ns).
The emitted light from the sample, collected by an optical fiber located at 10mm perpendicular to the surface, was analysed
with a Jobin-Yvon spectrometer HR460 and detector for visible range.

The decay curve was analyzed with a Jobin-Yvon HR360 monochromator coupled with: - a PM Hamamatsu R5600U and a
scope Tektronix TDS 784A with a time constant of the order of 2 ns for the fast decay time; - a PM Hamamatsu R928 and a
scope Nicolet 400 with a time constant of the order of 10 ns for the longer decay time. Stokes and anti-Stokes spectra were
recorded between 500 cm™ and +500 cm™. Line positions are determined by calculating the arithmetic average of both Stokes
and anti-Stokes values. Raman scattering spectra of CaGa,S; were measured by a Jobin-Yvon U1000 spectrometer with a Kr
Spectrophysics laser and a photomultiplier counter at room temperature in back scattering configuration, with a laser excitation
wavelength of A= 676.4 nm and a laser power of 140 mW.

3. Results and discussion
3.1. Normal vibration modes

Stokes spectrum of the polycrystalline CaGa,S, is given from 20 cm-1 to 500 cm-1 in fig.2. Each line in the Stokes part of the
spectrum can be associated to an anti-stokes line positioned symmetrically with respect to the laser line frequency.
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Fig.1. Raman spectra of polycrystalline CaGa,S,
The Stokes spectrum consists of 18 vibration lines positioned between ®=74.4 cm-1 and ®=413 cm-1 listed in table. In spectra

the Raman vibration lines are divided into two groups separated by a domain without Raman frequencies between 200 and 275
cm™®. Two intense vibration lines dominate the (Fig.1.) Raman spectra of polycrystalline CaGa,S, 284.8-361.8 cm™.

Table.

X-Ray Diffraction data and Raman frequencies of polycrystalline CaGa,S,: Th**

h |[K |[L D(A) Raman frequencies(cm™)

0 4 0 5.083 74.7

4 0 0 92.3
98.3

2 2 2 4.624 117.2
127.2

4 2 2 3.635 148.6
156.5

0 6 2 2.934 171.8
180.8

2 6 2 2.825 191.7

6 2 2 199.8
284.8

0 8 0 2.533 300.8

8 0 0 3114

2 4 4 3425
361.8

4 4 4 2.300 408.0
413.0

4 8 0 2.251

8 4 0

5 7 5 1.682

7 5 5

3 9 5 1.593

9 3 5

12 |2 2

The CaGa,S, compounds of the type M"Ga,S, (where M"= Sr, Eu, Pb, Ca, Yb) belong to the orthorhombic crystal class with
the space group Dpn* (Fgqq). There are 32 formula-mass units per unit cell (z=32) and therefore 56 atoms in a primitive cell: 8
M", 16 Ga, 32 S. According to our XRD data and [1,9] the M" atoms occupy square anti-prismatic sites formed by eight sul-
phur atoms (fig.2) (symmetry group: Dyg).
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Fig.2. Schematic illustration of the local environment around one of the Ca ions in CaGa,S, phosphors. The Ca ion occu-
pies square antiprismatic sites (eightfold coordinated surrounded by S* ions).

Gallium atoms are tetrahedrally coordinated to four sulphur or atoms forming GaS, units (symmetry group: Ty) and the sulphur
atoms are at the centre of deformed M",Ga, tetrahedrons forming SM",Ga, units.

The factor-group analysis [10] shows that vibration modes can be classified as I',= 19 Aq + 21 Byg + 22 Byg + 22 By +19 A, +
20 By, + 21 By, + 21 Bg,. According to the symmetry rules, the Ag, Byg, Bog and Bsy modes are Raman active. Thus the factor
group method predicts that the total number of Raman-active phonons is 84 for this structure. We observe the vibrations be-
tween Ga and S atoms but also those concerning the S neighbours of Ca or Ga atoms that move together along the anion-cation
direction. The vibrations of S around Ca can be described in the CaSg molecular model: the Raman-active modes have the A;,
E, and E; symmetry in the D4y group and their frequencies are independent of the Ca mass [11]. The vibrations of Ga-S bind-
ings can be described in the GaS, molecular model in the Td symmetry.

The fact that the Ca mass has very slight influence on the Raman spectrum excludes the possibility of the SGa,Ca, vibrating
units. The interpretation of the spectrum in terms of vibrations of isolated groups seems to provide an adequate first approxi-
mation because the binding energy of the Ga-S bonds is significantly higher than that of the Ca-S bonds in CaGa,S,; com-
pound. Thus the GaS,; model seems to be more adequate than the CaSg model to interpret the CaGa,S, Raman spectra. So we
can formally consider the structure as consisting of isolated ions Ca and isolated GaS,;. The model of isolated vibrating GaS,
and isolated Ca subunits is in good agreement with the fact that no mass effect of Ca atoms is observed.

We propose to investigate the Raman vibrations of Ga-S bindings in respect with Ga,S; Raman spectrum because the vibra-
tions of Ga,S; have been also described in the GaS, molecular model in the T4 symmetry [12]. By analogy with the assignment
of Ga,S; vibrations, vibration lines of CaGa,S, compound above 270 cm™ are assigned to internal vibration modes due to
stretching vibrations of S-S and Ga-S in the tetrahedral GaS, units. Among those located at frequencies lower than 200 cm™
some may be due to bending vibrations of the GaS, tetrahedral units and others may correspond to external vibration modes
issued from translation vibrations of molecular subunits (lattice modes)[13,14].

3.2 Luminescent properties
Fig. 3a and 3b show the excitation and emission spectra of the Tb*" ion incorporated in CaGa,S,. In addition to the band below
290 nm which corresponds to an excitation via the host lattice, excitation specter contains an intense band.

Intensity (a.u.)
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Fig.3a. Excitation spectra of CaGa,S, :Th*" at 300 K.(Excitation of the °D,—F5 emission lines.)

For excitation into this band CaGa,S,:Tb*" shows an intense visible emission at 300K. The probability of non-radiative transi-
tions between 4f" levels is dropped owing to the low phonon energies. Because of the large energy gap between the °D, and 'F
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(see fig.4) levels of Th**, multiphonon de-excitation processes from the °D, level are negligible. The most intense radiative
transition originating this level, °D,—'Fs, lies in the green, but because of the transitions to the other components (°D,—'Fg,
°D,—F4, *D4—'Fs) of the ’F; multiplet, the color purity (x=0.372, y=0.524, fig.7) is unsatisfactory.
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Fig.3b. Emission spectrum of the CaGa,S,:Th*" at 300 K. (Excitation in the f—d band; Aey.=337.1 nm.)

However the lowest-energy f-d transitions of the latter are spin forbidden, so the first intense bands Th*" ion lie at close wave-
lengths. The charge transfer and f-d bands lie at energies higher than that of the absorption edge of the host lattices. Among the
non-radiative transition mechanisms leading to a thermal relaxation of the luminescent center a multiphonon process is often
observed between 4f excited levels of rare-earth ions.
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Fig.5. Color coordinates for CaGa,S,: Th** crystal. (R, G, B: CRT coordinates).
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The non-radiative multiphonon transition probability is dependent on the energy difference between the electronic states AE
and n, the number of phonons necessary to fill the energy gap, i.e. AE=n ho.

3.3. Decays
As all the main transitions observed come from the same °D, excited level, we analyzed only the decay for the most intense

transition (°D, — 'Fs) at 545 nm.
The fig.6a represents the fast decay at A, = 545 nm. This fast decay must come from the broad band observed on the emis-

sion spectrum under Ay = 337.1 nm (Fig.3b).
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Fig 6a. Decay curve under A= 337.1 nm. The dashed line represents the decay time of 2.7 ns

The fig.6b represents the long decay at Aqny = 545 nm. We made a fitting of the exponential part of this decay with a lifetime of
615 ps (fig.6b). This exponential part of 615 pis corresponds to the intrinsic lifetime of Th*". At short time, the decay presents a
non exponential part due to an energy transfer mechanism with nonradiative transitions and a loss of energy.
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Fig.6b. Decay curve under A= 337.1 nm. The dashed curve represents the simulation of two exponential decays of 615 ps
and 271 ps.

4. Conclusion

The Raman study of polycrystalline CaGa,S,:Th*" compounds was performed to clarify the origins of the Raman vibrations.
We observe that no vibration involving directly the divalent cation Ca is present in the Raman spectra since the mass of the Ca
has very little influence on the vibration frequencies. The Raman vibrations depend essentially on the M" cation size. Since the
effect of the M" cation on the M"Ga,S, Raman spectra is very slight we conclude that the orthorhombic thiogallates present
nearly the same phonon energies whatever the M" cation..

The non-radiative multiphonon transition probability is given by:
W, (AE ) = W, (0)exp(— ¢AE / 7).

The non-radiative multiphonon transition probability is increasing with the frequency increase of the high-energy phonons of
the lattice [15]. In the case of EL materials, the energy exchange between electron and phonon is described by the electron-
phonon interaction Hamiltonian. Under high electric field the most frequent scattering event is the emission of optical phonons
and the energy relaxation of electrons is dominated by the coupling to the high-frequency modes. Scattering rate is lower for
EL phosphor lattice presenting low high-frequency phonons [15]. For CL materials the rate of phonon energy loss is controlled
by the highest energy phonons and the CL efficiency of the phosphors decreases with increasing phonon energy [16].Several
conclusions can be drawn from Raman vibration spectra of CaGa,S, compound. The optical high-frequency phonons of crystal
we have to consider correspond to the vibration modes dominating the high-frequency domain, i.e. at about 35 and 45 meV.
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Institute of Physics of AzerbaijanNational Academy of Sciences, 33H.Javid av.,
Baku, Az-1143, e-mail: elmira @physics.ab.az

It is known that superposition of states of states taking place in the quantum world can occur in the macroworld too due to the
mechanism of intensification. “Schrodinger cat” is a fact of such intensification. It is known that in an open system the
“Schrodinger cat” paradox is explained by the decoherence phenomenon but in a close system it is explained by the many-
world interpretation of quantum mechanics Everett-Wheeler. The quantum real world is presented as a certain complex multi-
spatial geometric figure and what we call the “classical” world is one of face of this figure. In the paper it has shown that the
this complex figure constitutes the simplex notion in the functional analysis. It has been shown that such an interpretation of
mechanics enables one to obtain the non-uniform wave equation, and Schrodinger equation is the uniform equation of this
equation.

1. Simplex.

From the functional analysis [1] it is known that the sequence of points {x,+1} are in general provisions
when these points are not in (n-1)-dimensional space. If these points are connected with each other,
they form n- dimensional simplex. For example, one point — zero-dimensional simplex, the piece - one-
dimensional one, the triangle — two-dimensional one, the tetrahedral - three-dimensional simplex , etc.
(Table 1).

Table 1
THE SIMPLEX
0-dimensional | 1-dimensional | 2-dimensional 3-dimensional | 4-dimensional | etc.
Point Piece Triangle Tetrahedral It isn’t possible
to imagine
|
THE NUMBER OF FACES OF SIMPLEX CK=— " _
Ki(n—K)
1 2 6 14 30

It is known that if xi, x2... X, points are in the general provisions, any (x+1) points of them, where k < n,
are also in the general provisions and form k - dimensional simplex named k-dimensional face of the
given simplex. For example, the three-dimensional simplex — the tetrahedral - has 4 two-dimensional
faces (triangles), 6 one-dimensional faces (pieces) and 4 zero-dimensional faces (points). In total the
sum of the faces equals 14 . Let's note that a cube are not the simplex because for creation of the simplex
from the 8 points it is necessary all these points are in the 6- dimensional space. Let's consider the 4-
dimensional simplex. Here the number of the points are 5. All of them should not be located in the
three-dimensional space. It is impossible to imagine such a figure. This 4-dimensional simplex has 30
faces: 5 three-dimensional faces (tetrahedron), 10 two-dimensional faces (triangles), 10 one-dimensional
faces (pieces) and 5 zero-dimensional faces (points). Thus the formed from more than four points
simplex cannot be presented in our three-dimensional space. It is the complex volumetric figure.

The simplex in n-dimensional space is the minimal convex set, i.e. all points of a kind Za,x, where Za,
=1 belong to this simplex. From the theory of probabilities [2] it is known that the probability of event is
closely connected to random and average value . The belonging to a simplex points are the set of all
average value if we count that the tops of the simplex {x,} are the random value and a, are probabilities
of x, . In this point of view the consideration of a simplex is expedient. Also from the point of view of
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A.Einstein who wrote [4]: ”... We should refuse from the description of the nuclear phenomena as
phenomena in the space and the time . We should go away from old mechanical review. The quantum
physics formulates the laws which manager sets but not individuals. It is described the probabilities and
not the properties. It is formed the laws opening the future of systems but not the laws managing the
changes of probabilities in the time and concerning to large sets of individuals.”

2. Superposition in quantum mechanics.

It is known that by using imagination experiment “shrodinger cat” [5] it is proved that the
superposition of two microstate ( atom decayed and atom didn’t decay) transform in the superposition of
two macrostate ( cat is alive and cat is dead). If in the open system this paradox is solved by the
“decoherence” [12] than in the close system that is solved by the theory in which the consciousness is
included. One of such theory is many- word interpretation of quantum mechanics of Evverett-Willer
[9,10].

The author of paper Menskii M.B. [6] the quantum world symbolically represented as some complex
volumetric figure and what we name "a classical reality " is only one of projections of this figure. He
presents the following interesting scheme.

The objective quantum world

{

The illusion of the classical world

In this scheme the quantum world is objective because it does not depend on consciousness of the
observer. In this case the system is close, i.e. our consciousness inside volumetric figure. The objective
real world exists in the form of the parallel worlds, each of which is not realer than the rest. In scheme
the classical world is illusion because it depend on consciousness of the observer. In this case the system
iS open, i.e. our consciousness outside volumetric figure Being outside the volumetric figure our
consciousness is interacting with the surrounding world and in consequence the decoherence take place.
Picture of the world seen by us is the result of the coupling of wave functions of our consciousness and
surrounding world [13]. We always see only one of the parallel worlds, but other worlds do not cease to
exist. Therefore the classical world is only one of many variants and it arises in our consciousness. From
the beginning of existence of the quantum mechanics the famous scientists Pauli [11], Wigner[12],
Shredinger [5] said about the necessity of inclusion of the observer’s consciousness in the quantum
theory of measurements. Wigner paper contains more stronger statement: the consciousness not only
should be included in the theory of measurements but the consciousness may influence on the reality. As
M. Plank wrote:

” ... We are compelled to recognise that behind the sensual world there is a second, real world, which
exists independently from the man , the world which we cannot directly study but which we comprehend
through the sensual world, known signs which inform us just as if we could consider the subject
interesting for us through glasses, optical properties of which are completely unknown for us.”

3. Construction of the simplex

Apparently the above mentioned complex volumetric figure is the simplex.

Let's imagine that on two-co-ordinate plane xoy, on an axis x the number of dead “Schrodinger cats” and on
an axis y the number of alive cats are marked. Let's suppose in experiment with 100 “Schrodinger cats” 80
cats are alive and 20 cats are dead. It is may be different numbers alive and dead cats from the total number
all cats. But we consider numbers 100, 80, 20. In this case the probabilities are approximately equal 0,8
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(alive cat) and 0,2(dead cat). The points 20 and 80 are two tops of the simplex. In the other case or at other
moment of time with 100 "Schrodinger cats " there are 60 alive cats and 40 dead cats. These points we put in
other system of coordinates x'oy’ in 3 dimensional space. If we connect given 4 points we receive three-
dimensional simplex - tetrahedral. (Fig.1)

Y 4
80

Y/\

60 XA

40

Fig.1

If we would consider a lot of points we shall receive the complex volumetric figure — n-dimensional
simplex. Tetrahedral is the final simplex that we can represent in our three-dimensional space. The
simplex of higher order have faces taken from these tetrahedron. The ribs of the tetrahedral indicate to
various probabilities. For example, the rib linking the points 80 alive cats and 40 dead cats point out at
80/120=2/3 of probability of case in that cat is alive. In the case 60 alive and 20 dead cats the rib of the
simplex shows the probability that is equal 60/80=3/4 and etc. The rib linking the points 20 dead and 40
dead cat and the rib linking the points 80 alive and 60 alive cats point out to probability of 1. Let’s
consider the faces of the simplex. In the case of alive cat on one of them the probability changes from 2/3
to 0,8 ; on another face — from 3/4 to 0,6; on third - from 2/3 up to 0,6; on fourth — from 3/4 to 0,8 etc.

4.The directing cosines and the probabilities.

From the quantum mechanics [ 7 ] it is known the following: Let’s assume that e is the energy
eigenvalue operator E .
e = X Crex
where ey are eigenvectors ( the basis ),
Cy are coefficients and X Cxex=1.
(ex,e)=|ex|*|e]|*cosa

where cos?a is the corresponding to e, part of e.
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From the physical point of view this means that if we measure the energy of the identical systems that are
in the e state then the part of the number of Ex energy measurements equals cosa (more exactly it equals

|cosa |). Therefore |cosa | is called directing cosine and it is the probability that the system have Ey energy
in the state e.

It is known that for many operators cosa is the complex number
cosa = x+iy =Ae”
where A=const is the length of the vector cosa..
Then cos?o = X2+ y2.

Using the mentioned simplex, the above can be imagined and presented as the following.
Let’s assume that e;and e; are eigenvectors.

E;and E, are the eigenvalue energy E (E; is energy of decayed atom, E; is energy of normal atom).

€;

normal atoms

L ]

decayed atormns

Fig.2

The information about an amounts of atoms with energy E; and E, are given us on the axis e, e,
respectively.

The exact information about the amounts of normal or decayed atoms are presented on the e; and e, axes.

The statement of physical system and uncertainty of information are presented by vector e and angle a
that is formed by rotation of e on the plane e;oe;, respectively ( fig.2). Note that in [14] paper the
statements of physical system are pictured by unit rays. The rotation of unit vector was considered by

Orlov [8] and called by him “the intention” of the quantum system. Thus angle o is the uncertainty
measure.

The vector e is non-eigenvector and one may be written in the form superposition of e; and e, .
e=Cie1+Coey

The projections of e on e; and e, axes are the number of decayed and normal atoms, respectively and
cosa is the part of decayed atoms and sina. (sina=cos(90-a)) is part of normal of total number of all
atoms. Let’s assume that e; is a real axis and e; is a imaginary one of a complex number. When
constricting the simplex let’s consider the case which we used at constricting the simplex: from 100
“schrodinger cats” (c=a+b=100) 80 cats are alive (a=80) and 20 cats are dead (b=20) (fig.3). It is clear
that probabilities are equal to:
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a - b .
=—— (catisalive), =— cat is dead).
pi=—— oo Pem o )

It is the main point that p; + p,=1.

But it is possible take also other measure p” for which the equality = p~ = 1 will be held true.

It is known that sin’a. + cos?a =1.

Assume cos’a=p 1 and sinfoa=p’.

Here p'; and p’, are other measures which we will call “the new probabilities”. From fig.3 it is clear that

nie;) 4
20
e
normal atoms
r
I‘I(Eﬂ
20 decayed atoms
Fig.2
a’ a a .
* = = X cat is alive
P 2 b7 a+ib a-ib ( )
b2 ib —ib .
P = = X cat is dead).
P2 = 7 07 " a+ib a-ib ( )

In quantum mechanics the wave function y is interpreted as the following. The square of wave function
amplitude | W |2 is the probability p that the particle is in state E. We suppose that in our consideration
| V] |2 isn’t the probability p, but that is “the new probability p~.” Thus:

|¢//|2 ——? % Then w, =———=cosa e’ and =2 - osq e
' a+ib a-ib a+ib a—ib
2 bi —bi bi ; r —bi ) ;
= X . Then = =sina €™ and w, =——=-sina e
e = 5 <oz Ve i Y2 =3 b

So we suppose that in quantum mechanics the directional cosines can be presented not in the form cosa

=a+ib, butas cosa = Taking coso = a + ib and cos’a. = a® + b*, we can’t see that cos’a. is

a+l

it can be seen that cos?o. (cos?o. =

the part of the total amount, on the contrary taking cosa = -
a+i
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2
) is the part of the total amount .So the rubs of our simplex accordingly point on the different

a’ +b?

statement of physical system and probabilities.

5. The Schrodinger’s equation and new wave equation.

It is known that Schrodinger equation
2

h—Ay/— Ey=0 (1)
2m

I
(the solution of which is y = Ae D ) cannot be derived and it was obtained intuitively in order to
explain strange properties of the microscopic world. In this paper it has been shown that Schrodinger
equation has been derived by using the above mentioned geometrical interpretation of quantum
mechanics.
As it was shown in section 3, _

w=cosae™™ (2)

2

Then it is easy to derive the following equation: A"y + 4y =2. HereA' = . However comparing

82

o
—L(Et-p) i .
w=Aeh with w = cosa €™ we can write
Et — px
o= 3).
- 3
2 2 2 2
In the stationary case a=a(x). Then Azaa - :h—zg—z But p?=m*?=2mY_=omE. Therefore
a?  p?ox

02 h? &2 h? 52
= . Thus — wH4w =2 or
oa? 2mE ox? 2mE 6x2 v

2

h—At//+4 Ew=2 (4
2m

In order to solve this non-uniform differential equation we should solve the corresponding uniform

equation
2

h—Az//+4 Ey =0 (5
2m

which is Schredinger equation (Eg.1 ), if 4 factor substitutes for -1. From the theory of differential
equations it is known that the general solution of Eq.4 is equal to the solution of Eq.5 plus one partial
solution of Eqg.4 which, taking into account the expression (3), is in given case

Et - px exp(-i Et - px ). Thus the general solution of Eq.4 has the form of y =A exp(-

cosa. €' = cos

Et — px
h

Et — px Et — px

exp(-i

).

) + cos
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ROENTGENDOSIMETRIC CHARACTERISTICS OF DETECTORS
ON THE BASE OF TIGaS;<Yb> SINGLE CRYSTALS

S.N. Mustafaeva, E.M. Kerimova, P.G. Ismailova, M.M. Asadov

Institute of Physics, Azerbaijan National Academy of Sciences
Baku, AZ-1143, G. Javid av. 33

There have been studied the influence of partial substitution of Ga on Yb in TIGaS, single crystals, on
roentgendosimetric characteristics of grown single crystals. Analysis of obtained experimental data showed that
roentgenconductivity coefficient (K;) in all crystals under investigation is regularly decreased as with the rise of irradiation
dose (E) as increasing the value of accelerating voltage (V,) on X-ray tube. As a result of partial substitution Ga—Yb in
TIGaS, single crystals K, is increased, and roentgen-ampere characteristics (Algo ~ E*) tend to linearity (a=1) in the range of
low intensities of soft (low V,) roentgen radiation. In the range of comparatively high intensities of harder (high V,) roentgen
radiation a—0.5 as for TIGaS,, as for TIGaS,<Yb>.

TIGaS; single crystals are representatives of laminated semiconductors. These crystals are wide-
band and high resistive. Dc- and ac- conductivities of TIGaS; single crystals were investigated in [1, 2].
In [3], the results of study of y-radiation influence on ac-conductivity of TIGaS, single crystals were
described. Of some interest is the study of influence of Ga partial substitution in TIGaS; for rare earth
elements on their physical properties.

The aim of the present paper is the study of influence of partial substitution of Ga on Yb in
TIGaS; single crystals, on roentgenconductivity and roentgendosimetric characteristics of these crystals.

Samples of TIGaS,<0.1 mol.% Yb> composition have been synthesized by melting of initial
high-purity (no less 99.99) components in vacuumed quartz ampoules up to 10 Pa, and their single
crystals have been grown by Bridgeman-Stockbarger method. X-ray analysis showed that
T1Gag 999 Ybo.001S; is crystallized in monoclinic structure with elementary cell parameters: a =10.776; b
= 10.776; ¢ = 15.646 A; B = 100.06°; z = 16; roentgen density py = 5.022 g/cm®. Samples from TIGaS,
and TIGaS,<Yb> for measurements are obtained by spalling along the  C-axis of the natural spall from
massive single crystals and have a thickness by 50+100 um order. Ohmic contacts of samples are made
by In melting. Samples have produced in planar structure so that constant electric field applies along the
layers of single crystals, and X-rays were directed along the C-axis of crystals. Distance between the
indium contacts was equal to 0.10+0.15 cm for different samples. Electric conductivity (c) of obtained

samples has been measured at 300 K. Intensity of applied constant electric field is corresponding to ohmic
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and quadratic section on volt-ampere characteristics (VAC). For measurements the samples have been
placed in screened cell. The ratio of dark resistivities after and prior to Yb-doping amounts to ~ 70.
Roentgenconductivity and roentgendosimetric characteristic measurements are carried out in low
load resistance regime at 300 K. The source of roentgen radiation is the installation of X-ray diffraction
analysis (URS-55a) with the tube BSV-2 (Cu). Intensity of roentgen radiation (E) is regulated by
measurement with current variation in tube at each given value of accelerating potential (V,) on it.
Absolute values of roentgen radiation dose E(R/min) are measured by crystal dosimeter (DRGZ-02).
Roentgenconductivity coefficients K characterizing roentgensensitivity of investigated crystals

are determined as the relative change of conductivity under roentgen radiation a per dose:

K =%e=% _ A% )
° o,;E o, E’

where, oo is conductivity in the absence of roentgen radiation (dark conductivity), og is conductivity
under the effect of radiation with the dose intensity E(R/min).

There have been determined values of characteristic coefficients of roentgenconductivity as of
the initial single crystal TIGaS; as of TIGaS,<0.1 mol.% Yb> at different values of accelerating voltage

(Va) on the tube and corresponding doses of roentgen radiation.
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Fig. 1 Dependences of characteristic coefficients of roentgenconductivity on dose intensity
for TIGaS; single crystal (F =80 V/cm) at various values of accelerating voltages: 1 -25;2-30; 3 -
35; 4 -40; 5-45; 6 — 50 keV and 300 K.

In Fig. 1 there have been presented dependence of K, on dose intensity for TIGasS; single crystal

at 300 K and electric field F = 80 V/cm (ohmic section of VAC). Curves 1-6 correspond to various values

of accelerating voltage V, from 25 to 50 keV (effective hardness).
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Fig. 2 K4(E) — dependences for TIGaS,<Yb> single crystal (F=70 V/cm) at various values of V,: 1 — 25;
2-30;3-35;4-40;5-45;6-50keV (T =300 K)

Fig. 2 shows same dependence K,(E) for TIGaS,<Yb> single crystal at F = 70 VV/cm. It is seen from these
figures that roentgensensitivity of TIGaS, single crystal changes in interval 0.025+0.174 min/R, but in
TIGaS<Yb> K, = 0.024+0.480 min/R, i.e. roengenconductivity coefficient of TIGaS,<Yb> crystal is
increased comparing with K, of TIGaS, crystal. Analysis of obtained data showed that
roengenconductivity coefficient of TIGaS,<Yb> crystals are regularly decreased as with the rise of dose
as with the increase of values of accelerating voltage V, on roentgen tube. At V, > 30+35 keV and E >
10+15 R/min change of K, (E,Va) is slight in studied crystals TIGaS; and TIGaS,<Yb>. One of the
possible reason of observed regularities is that roengenconductivity in investigated crystals, especially at
comparatively low accelerating voltages is predominantly due to radiation absorption in thin layer of
crystal. In this case with the rise of radiation intensity there have been started to prevail the mechanism of
surface quadratic recombination which leads to observed decrease of roengenconductivity. With the rise
of accelerating potential effective hardness is increased owing to penetration depth into crystal is
increased, as a result of which there have been taken place predominantly absorption-generation of free
roentgen carriers in volume and fraction of incident radiation passing through crystal is increased.

Dependence of K, on dose intensity was measured also at high electric fields (from quadratic
section of VAC). K,(E)-dependence for TIGaS,<Yb> single crystal at F=1.5-10% \V/cm has been shown in
Fig. 3.
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Fig. 3 Dependences of K vs E for TIGaS,<Yb> at F=1.5-10% V/cm and V, = 25; 30; 35; 40; 45; 50 keV
for curves 1-6.

Table 1 shows the experimental results of K,(E)-study obtained for TIGaS, single crystal at F =
300 V/cm. 1t is seen from Fig. 3 and Table 1 that the values of K, at voltages from quadratic region of
VAC are less comparing with K, measured at ohmic voltages as for TIGaS, as for TIGaS,<Yb> single
crystals. This experimental result is evidence of fact that at high electric fields concentration of injected
from contact charge carriers is more than concentration of roentgen carriers. In other words in formula (1)
dark conductivity oo increased due to injection and as result, K, decreased.
We also study roentgen-ampere characteristics of TIGaS, and TIGaS,<Yb> single crystals (Fig.
4 and 5), from which it follows that dependence of stationary roentgencurrent on roentgen radiation dose
has a ratio character:
Alg o= lg—lg~E* (2)

Table 1
Roentgenconductivity coefficients of TIGaS; single crystal at supply
voltage (working voltage) equal to 40V (F = 300 VV/cm) and T = 300 K.

Va, keV | E,R/min | K;, min/R | V,, keV | E, R/min | Kg, min/R
25 0.75 0.067 40 7.00 0.036
1.26 0.064 8.89 0.033
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1.47 0.068 12.60 0.030
1.68 0.066 16.38 0.029
1.82 0.082 20.09 0.029
2.03 0.089 23.80 0.033
2.24 0.085 27.58 0.031
2.38 0.088 31.29 0.031
2.59 0.093 35.07 0.030
2.73 0.099 38.78 0.029
1.75 0.080 10.00 0.025
2.73 0.073 13.37 0.025
3.64 0.060 19.32 0.024
4.62 0.058 25.34 0.027
30 5.53 0.052 45 31.29 0.027
6.44 0.053 37.24 0.028
7.42 0.047 43.26 0.028
8.33 0.047 49.21 0.027
9.31 0.045 55.23 0.027
10.22 0.047 61.18 0.026
3.75 0.053 13.50 0.024
5.18 0.048 17.01 0.025
7.00 0.046 24.64 0.025
8.82 0.042 32.27 0.028
3 10.64 0.041 - 39.90 0.029
12.46 0.042 47.53 0.030
14.28 0.043 55.16 0.030
16.10 0.042 62.79 0.029
17.92 0.039 70.42 0.029
19.74 0.038 78.05 0.028
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Fig. 4 Roentgen-ampere characteristics of TIGaS; single crystal at various effective hardnesses: 1 — 25; 2
—30; 3-35;4-40;5-45;6-50keV (T =300 K)
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Fig. 5 Dependences of Algg vs E for TIGaS,<Yb> at V, = 25+50 for curves 1-6.

Ratio of given dependence o is determined graphically from roentgen-ampere characteristics as the
tangent of angle of slope of dependence Ig Algo vs Ig E. o — values for investigated crystals vs effective
hardness V, are shown in Fig. 6. As it is seen from Fig. 6 with partial Ga—Yb substitution in TIGaS,

single crystals, roentgen-ampere characteristics tend to linearity (a=1) in the range of low intensities of
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soft (low V,) roentgen radiation. In the range of comparatively high intensities of harder (high V,)

roentgen radiation a—0.5 as for initial as for doped by Yb TIGaS; single crystals.
2,0

—

1.5+

-2

|:| 1 1 1 1 1 1
25 a0 35 40 445 a0
V. eV

Fig. 6 a(V,) — dependences for TIGaS; (curve 1) and TIGaS,<Yb> (curve 2) single crystals

Obtained results show that TIGaS,<Yb> single crystals have high roengensensitivity and can be

used for the creation of roentgendetectors.
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PEHTTEHOAO3UMETPUYECKHUE XAPAKTEPUCTUKU
JTETEKTOPOB HA OCHOBE MOHOKPUCTAJIJIOB TIGaS,<Yb>

C.H. Mycradaena, 3.M. Kepumosa, IL.I'. UcmannoBa, M.M. Acanos

N3ydeno BauwsHue dacTuyHOro 3amemieHuss Ga wa Yb B Mmonokpucramiax T1GaS,<Yb> Ha
PEHTTEHO03UMETPUYECKHE XaPAKTEPUCTHKKA BBIPAIIIEHHBIX MOHOKPHUCTA/UIOB. AHAIN3 TOJYyYCHHBIX
IKCIIEPUMEHTAIBHBIX ~ PE3yJIbTATOB MMOKa3ad, duTo Kod(puIueHT peHTreHonpoBoaumoctd  (K)
HCCIICIOBAaHHBIX KPHCTAIJIOB 3aKOHOMEPHO yMeHbImaeTcst ¢ poctoM 1036l (E) u sHeprum (V,)
PEHTIEHOBCKOTO M3Ny4yeHus. B pesymprare wactmynoro 3amenienus Ga—Yb B TIGaS, K,
YBEJIMUMBAETCS, @ PEHTreH-amIiepHble  XxapakrepucTuku (Algo~E®) ctpemsres k muneiinoctn (o=1) B
00JIaCTH MaJIbIX MHTEHCHBHOCTEH Msrkoro (Hu3kue V,) PEHTTEHOBCKOTO H3IydeHus. B oOmactu
CPaBHHTEIIHO BBICOKMX HHTCHCUBHOCTEH JKECTKOTO (BBICOKHE V,)  PEHTICHOBCKOTO  W3JIy4CHHS
a—0.5 xak mua TIGaS,, tak u s TIGaS,<Yb>.
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ROENTGENDOSIMETRIC CHARACTERISTICS OF DETECTORS ON THE BASE OF TlGaS,<Yb> SINGLE CRYSTALS

T1GaS,<Yb> MONOKRISTALI 8SASINDA HAZIRLANMIS RENTGEN
DETEKTORLARININ RENTGEN DOZIMETRIK XARAKTERISTIKALARI

S.N. Mustafayeva, E.M. Karimova, P.H. ismayllova, M.M. Asadov

Yetisdirilmis kristallarda Ga—Yb qismen ovez olunmasinin rentgen dozimetrik xarakteristikalarina
to’siri Oyronilmisdir. Allnmls eksperimental naticelor gdstordi ki, tedqiq olunan kristallarda rentgen
keciricilik emsall (K) dozanin (E) ve rentgen siiasinin enerjisinin (V,) artmasl ilo qanuna uygun olaraq
azalir. TlGaS,-de Ga—>Yb qismen ovez olunmasl naticesinde K, yiikselir, rentgen-amper
xarakteristikalar iso (Al;~E") yumsaq rentgen siiasinin (kigik V) asagl intensivli oblastinda xattilogir
(a=1). Sert (yiikksek V,) rentgen siliasinin yiiksek intensivlikli oblastinda TIGaS,-de oldugu kimi
T1GaS,<Yb>-do a—0.5 olur.
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UNIFICATION OF ELECTROMAGNETISM AND GRAVITATION
IN THE FRAMEWORK OF GENERAL GEOMETRY"!

Shervgi S. Shahverdiyev*

Institute of Physics, Azerbaijan National Academy of Sciences, Baku, Azerbaijan

Abstract

General geometry including Riemannian geometry as a special case is con-
structed. It is proven that the most simplest special case of General Geom-
etry is geometry underlying Electromagnetism. Action for electromagnetic
field and Maxwell equations are derived from curvature function of geome-
try underlying Electromagnetism. And it is shown that equation of motion
for a particle interacting with electromagnetic field coincides exactly with
equation for geodesics of geometry underlying Electromagnetism. It is also
shown that Electromagnetism can not be geometrized in the framework
of Riemannian geometry. Using General Geometry we propose a unified
model of electromagnetism and gravitation which reproduces Electromag-
netism and Gravitation and predicts that electromagnetic field is a source
for gravitational field. This theory is formulated in four dimensional space-
time and does not contain additional fields.

*http://www.geocities.com /shervgis
e-mail:shervgis@yahoo.com

IThis talk is based on papers [1] and [2].
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1 Introduction

As we know equation for geodesics of Riemannian geometry

2.\
dx_ o

du2 - )\V(x)xux )

dgr, O 09,

2F/)\ _ ax X I 99u .
M Qak - Jav O

coincides with the equation of motion for a particle interacting with gravitational field

guv- And equation for gravitational field is related to curvature charchteristics of Rie-

mannian geometry

g5 — / dz/—gR'
R = g’“’R:W, W =0, — 0, F, +TH,T7\, — T, TPy, g=detg,,,
where R, is the curvature tensor of Riemannian geometry.

This can be generalized to a definition of underlying geomety for any theory. So,
we understand geometrization of a theory as follows:1. Equation of motion for par-
ticle interacting with a given field must coincide with equation for geodesics of the
corresponding geometry. 2. Equation of motion for the given field must be related to
curvature characteristics of the corresponding geometry.

Because, Riemannian geometry and theory of gravitation satisfy these two require-
ments, Riemannian geometry is considered as an underlying geometry for gravitation.

As it is known equation or action function for gravitation could not be found using
tools of field theory because in order to get conserved energy momentum for grav-
itational field it was required to add to the action infinite number of terms. Only
geometrization principle made it possible to find a proper action for gravitation [3].

After this was realized [4]-[5] at the beginning of XX century, many physicists and
mathematicians tried to geometrize electromagnetism and unify it with gravitation
using geometrization principle [6]-[16]. All these approaches considered this problem
in the framework of Riemannian geometry and failed to satisfy the above mentioned
requirements completely or to reproduce Electromagnetism and Gravitation exactly. I
will mention drawbacks of two well known theories, only. They are Weyl and Kaluza-
Klein theories.

A Drawback of Weyl theory is that some of its predictions contradict experiment
[17].

Drawbacks of Kaluza-Klein theory are that it has charge/mass problem and ad-
ditional dilaton field. As it is noted by its originator, T. Kaluza, this theory is not
applicable even to electrons because of the charge/mass problem [7].

At the end of this talk I will show that Electromagnetism can not be geometrized
in the framework of Riemannian geometry.

To solve these problems, instead of increasing dimensionality of spacetime or choos-
ing different metrics in Riemannian geometry, we construct a new geometry, called
General geometry. We show that it includes Riemannian geometry as a special case,
its the most simplest special case is the geometry underlying Electromagnetism. Using
its another special case we propose a unified model of electromagnetism and gravitation



which reproduces electromagnetism and gravitation exactly and predicts that electro-
magnetic field is a source for gravitational field. It is formulated in four dimensional
spacetime and does not contain any additional fields.

Geometry underlying the proposed model is created by interacting particles and
sources for electromagnetic and gravitational fields unlike geometry underlying gravi-
tation,Riemannian geometry, which is created by sources for gravitational field only.

2 General Geometry

In this section we construct a new geometry. This geometry includes Riemannian geom-
etry, geometry underlying Electromagnetism (see next section), geometry underlying a
unified model of Electromagnetism and Gravitation, and infinite number of geometries,
physical interpretation of which is not known at the present time, as special cases. Be-
cause of this we call it General Geometry. Besides mathematical applications, this new
geometry has important physical applications. We demonstrate it in the next section.

Let M be a manifold with coordinates z*, A\ = 1,...,n. Consider a curve on this
manifold 2*(u). Vector field

0
V="
¢ ox?
has coordinates £*. In Riemannian geometry it is accepted that
d5>\ g v
% = - /)\V(m)];ug)\? (1)

where I'Y (x) are functions of x only.
To construct General Geometry we assume that

de°
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I'{(z, z,) are general functions of z and x,. The next step is to consider z as a function
of two parameters u, v and find lAimOAéa /AuAv. In order to do that we need

Au—0

dge dge ~
S _FU A oS _FO’ A
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=Tz, 2y, z0), ~§ = f‘f\'(:v,mu,xv).
After simply calculations we arrive at
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We call R§ curvature function.



Representing I'{(z, z,) as

ISz, 2,) = FY (2) + TS, (v)zy, + 5, (v) x5zl + ...
and considering each order in x, or their combinations separately we define a set of new
geometries. Only the first order in z,, is already known Riemannian geometry. Let us
show how curvature function is related to curvature tensor in the case of Riemannian
geometry. Let

ISz, 2y, x,) =I5, ()27

v
u?

Fi(l‘7 Lo, JZU) = sz(l‘)m

Curvature function for this case is

o __ o |y R V11
AT )\/.Lu(xuxu xuxu>7

where
= 8MF§V - 8VF§;1 + Fz,url))\u - F;‘Jul—‘i,u

Apv

is the curvature tensor of Riemannian geometry.

3 Geometry of Electromagnetism

In the case of Electromagnetism we do know equation for the field and particles inter-
acting with it but we do not know geometry underlying it. This is the reversed case
for gravitation. We need to know geometry underlying electromagnetism because in
that case we can construct geometry underlying unified model of Electromagnetism
and gravitation and as in the case of gravitation, derive equation for the unified model.

For geometry of Electromagnetism, we consider the most simplest case of General
Geometry

(2, 2y, 20) = FY (2(u,v)),  TS(2, 20, 7o) = FY (2(u, v)),

when I'{(z, z,,) does not depend on x, and show that it is an underlying geometry for
electromagnetism. In order to prove, that geometry defined by

d (o
Y Rwe @

with the length of a curve

L q
ds = \/Nudxrdr” + %Aﬂdx“

is an underlying geometry for electromagnetism we must show that equation of motion
for a particle interacting with electromagnetic field coincides with equation of geodesics
in this geometry, and Maxwell equations and Lagrangian for electromagnetic field are
related to its curvature characteristics.

Geometry defined by (3) has different properties than Riemannian geometry defined
by (1). We do not get into details here. We simply mention that in this geometry the



notion of parallel transport is not defined. As we show in the sequel this makes it be
underlying geometry for Electromagnetism.
To obtain equations for geodesics we substitute £* in (3) by x) and arrive at

d’z,
du?

= —Fg,\(x)xi.

This is exactly equation of motion for a charged particle moving in electromagnetic
field A, if we choose

Foy = (0,45 — 01 Ay).

q
cm<
So, the first requirement is satisfied with this choice of function F,,. In [18], we have
proved this relation between Fj, and A,,.

It remains to show that Maxwell equations and Lagrangian for electromagnetic field
is related to curvature characteristics of geometry (3). To this end let us find curvature
function for (3)

X = Ba(@y —2),

where
o __ o
ux T aMFA :

This tensor is an analog of curvature tensor of Riemannian geometry. After summing
by two of the three indices we obtain

Vector R, is an analog of Ricci tensor. Equations Ry, = 0 coincide with the Maxwell
equations. In order to construct a Lagrangian we need a scalar function. In our case
we have two quantities Ry and A*. A* originates from the length of a curve (metric)
as g, originates from the length of a curve in Riemannian geometry. We can construct
from Ry and A* a Lagrangian

1
R = ARy = 0,(AFY) = SEn P,

This coincides with the Lagrangian of electromagnetic field up to total derivative.

We see that as in the case of Riemannian geometry and gravitation we can find
equations and action functional for electromagnetic field from geometric characteristics
of geometry underlying Electromagnetism. And equation for geodesics coincides with
the equation of motion for a particle interacting with electromagnetic field.

From the geometrical point of view a charged particle interacting with electromag-
netic field can be considered as a free particle in the spacetime with the length of a

curve ds = /n,drtdx” + A, dz* and equation for geodesic

d2
Yo = L (93Ay — 0,431,

du? cm

where A, is a solution to equation Ry = 0.
This theory does not has any drawbacks like in the theories constructed before. It
reproduces electromagnetism exactly is free from additional fields and extra dimensions.

6



4 Unification of electromagnetism and gravitation

Now, we consider a different special case of General Geometry. For geometry underlying
our unified model we choose functions I' and I" as

TNz, Ty, 7)) = FOx(@(u, 0))+ 1% (2)2",  TO\(z, 2y, 20) = FOx(2(u, v))+1% (z)2".
And the length of a curve as

y q
ds = \/ g (z)dxrdz” + %A“(x)dx“'

For our choice of I'7,, (2) becomes

d o
df = —(F7\(2) + I75 (2)2})€", (4)
u
We substitute {7 in (4) by 29 and obtain equation for geodesics
dQ'TU [ea g v
T —Fo\(z)z) =T (@) zha.

It coincides exactly with equation of motion for a particle with charge ¢ and mass m
interacting with electromagnetic and gravitational fields if we choose

q ag)\z/ ag)\ ag v
F/U/ = %(aNAV - aVAM)’ QF/\n“V = axp, + 83;-5 o 8;)\ ’ (5)

In this paper we assume these relations and declare A, as electromagnetic field and g,
as gravitational field. These relations between F' and A, and I' and g, are proven in
[18] and it is shown that A, can be identified with electromagnetic field, ¢ with charge,
m with mass of a particle interacting with A,, ¢ with the velocity of the light, and g,
with gravitational field.

The corresponding curvature function is

RO\ = (0,F\ —T"), F7, + Faqup)\)(xg — )+

1

5(81,1“%\“ — 0,170 + 17,17y, — ngﬂrp/\V)(xeZ — k). (6)

From (6), we see that gravitational field is coupled to F7 through covariant derivative
AF7N=0,F\ =17\, F7,+T17,,F",.

We have g,,,, A, and curvature function to use to find an action for the unified model.
First, we construct a tensor from (6)?

g cm g lea 1 g log log (o
R Apv - Tq(AVF )‘AN - AUF )\Al/) + m(ayr Ap — @#F A\ + F pyrp)\'u - F p#Fp)\V),

where G is gravitational constant. Finally we have a scalar

R = QAVR#)\W/

20ne may construct different tensors from (6).



and action

L1
167G

Am
4q?

2
= o= fanger L e

R = g"'®R,,, SRy, =0, 1"y, — 01"\, + TV, 175, =T, 1"y, g =detg,.,

where use has been made of
1

V=9
Note, that the action is invariant under gauge transformations of fields and general
transformations of coordinates. Covariant derivative appears naturally in this formal-
ism. Hence, geometrization principle leads to an action which is invariant under gauge
transformations of fields and general transformations of coordinates. We conclude that

geometrization principle is more general than gauge principle.
Equation of motion for gravitational field is

A FH = O,(vV—gF"), Aygu =0.

Am? 1

4q? (5

FPF g — 2F" F¥,) +

1
—ERM 4 —ERg") = 0. 7
el +5*Rg™) (7)
From (7) it follows that 8% = 0 for n = 4 (in the rest of the paper we restrict ourselves
to four dimensional spacetime) and (7) becomes
*m? 1 1

1 (igp"gUanmeagW —29°"FynFp) — RgRW =0. ()

We see that electromagnetic field is a source for gravitational field. In the weak gravita-
tional and strong electromagnetic field approximation g"* ~ n** = diag(1,—1,—1,—1)

and ) 9 9
gROQ ~ —@LFSO = _EAgOO’ A = axz%, = 1, 2,3
The 00 component of equation (8) gives
5 d
c

where ® is the Newtonian potential, F; = 9yA; — 0; Ay and H; = %eijk(ajAk — OpA;) are
electric and magnetic fields respectively and €;;;, is antisymmetric tensor. Accordingly,
total energy of electromagnetic field produces gravitational field.

Because geometrization principle gave true equation for gravitational field, we can
be sure that this equation is also true. The proposed theory gives exactly Gravitation
when electromagnetic field is equal to zero and Electromagnetism when gravitational
field is equal to zero. It predicts that electromagnetic field is a source for gravitational
field. This theory is formulated in four dimensional spacetime and does not contain
any additional fields.



5 Discussion

For Riemannian geometry

A
® e,
it is possible to make a change of coordinates so that its right hand side will be equal
to zero, because of its right hand side structure. In new coordinates z’, equation for
geodesics becomes

d2 ZE’U

du?
From physical point of view this corresponds to finding a reference frame where trajec-
tory of particles is strait line, because this equation must coincide with the equation of
motion. For gravitational interaction we can find a reference frame where gravitational
interaction is absent. Accordingly, Riemannian geometry is suitable for gravitational
interaction only. For electromagnetic interactions it is not possible to find a reference
frame where it is absent. Therefore, all attempts to geometrize electromagnetism or
unify it with gravitation in the framework of Riemannian geometry must fail.

On the other hand for geometry

€
du

=0.

= —(F7\(z) + [y (2)a})€

it is not possible to eliminate its right hand side by changing coordinates because of
F?, term. And this property makes it to be underlying geometry for the proposed
unified model.

In general relativity, geometry underlying gravitation and metric are independent
of properties of interacting particles. This is a consequence of equivalence principle.
Geometry and metric depends on the characteristics of sources for gravitational field g,,,,
only. For electromagnetic interactions there is no equivalence principle, so geometry
and metric underling electromagnetism and unified model of electromagnetism and
gravitation must depend on characteristics of interacting particles, because particles of
different charges move in electromagnetic field differently.

For our model we have

d o
N (L (0,4~ 0,A,) + T (@)t
Accordingly, geometry underlying unified model of electromagnetism and gravitation
depends not only on the characteristics of sources for A, and g,, but also on the
characteristics of interacting particles ¢ and m. This means that geometry and the
length of a curve (metric) ds = /g (v)dzrdr” + LA, (x)dx" are created by interacting
particles too, together with sources unlike gravitational interaction. This gives us a
new understanding of problem of geometry and matter.

Next, we note that in General Relativity, if we consider sources for gravitational
field we must add the so called source term g, 7" to the action

&5 = /dx(\/—gR’ + g, TH).
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T+ is the energy— momentum tensor of sources for gravitational field. We can not
simply replace it with energy- momentum tensor of any field, if it is not a source for
Ju- Some people say that General Relativity also predicts that electromagnetic field
is a source for gravitational field trough inclusion of it to T"”. I would like to stress
that in General Relativity there is no natural place for electromagnetic field because
inclusion of electromagnetic field in 7" declares it as a source for gravitational field
which is the assumption but not prediction.

Resuming, we can say that we have eliminated the need for extra dimensions and
additional fields for formulating unified model of electromagnetism and gravitation by
formulating a new geometry. This approach can be useful for formulating a unified
electroweak model without Higgs fields and for unifying strong interactions with the
other ones.
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A NEW LOW-NOISE AVALANCHE PHOTODIODE WITH MICRO-PIXEL STRUCTURE

O. ALEKPEROQV, E. JAFARQV, Z. SADYGOV, N. SAFAROV, M. SULEIMANOV
Institute of Physics, Azerbaijan National Academy of Sciences
R. MADATOV
Azerbaijan State Oil Academy
M. MUSAEV
Institute of Radiation Problems, Azerbaijan National Academy of Sciences

A new design of the avalanche photodiodes with an array of micro-pixel p-n-junctions was developed on base of metal-oxide-silicon
structure. The thermal oxide layer of 1000A thickness contains tunnel oxide regions with about 25A thickness. The device exhibits a noise
factor ~ 4 at a high multiplication factor (M~10000). A high space uniformity of sensitivity was found for gain of M~ 1000.

INTRODUCTION

The use of the metal-insulator-silicon (MIS) structure as
an avalanche photodiode was first proposed in [1, 2]. The
traditional MIS-structures exhibited very high gains in
comparison with ordinary avalanche photodiodes (APD).
However, the mentioned avalanche MIS-structures need
pulsed bias for operation because of a thick oxide layer. This
disadvantage was avoided by using wide-gap resistive layers
instead of the insulator (see [3-6]). In this case, carriers
accumulated during avalanche process at interface silicon-
resistive layer flow out through the high-resistive layer. A
major disadvantage of such structures is the poor
reproducibility of wide-gap layer.

In this study, we examine the characteristics of an
avalanche photosensitive MIS structure, where carriers flow
out from the avalanche regions to upper electrodes throw
specially created pixels with tunnel oxide layer of ~25A
thickness.

DEVICE DESIGN AND OPERATION

The device is intermediate between conventional
avalanche photodiodes and photosensitive MIS structures
intended for avalanche mode operation. This planar
photodiode was made on p-Si wafer with a specific resistance
about 10Q*cm. The photosensitive area is covered with a
silicon oxide (SiO,) layer of ~1000A and a semitransparent
titanium coating connected to a collector electrode of thick
aluminium ring (Fig.1.).

The silicon oxide layer separates metal electrodes from a
substrate. On a surface of silicon substrate a matrix of p-n-
junctions was manufactured. Above the p-n-junctions a thin
oxide of ~25A was made. The sizes of p-n-junctions were
2u*2u, and interval between them — 6u. The amplification of
photocurrent is yielded only in these p-n-junctions. Then the
avalanche current flows out to contacts by tunnelling process
throw thin oxide layer. This enables the MIS structure to
operate in the avalanche mode at a continuous bias mode.

EXPERIMENTAL DATA

We studied photodiode noise properties using a
conventional technique for low-signal radio engineering; i.e.,
a dc signal was measured after square-law detection of noise,
which made it possible to restrict our measurements to a
relatively narrow frequency range (3 MHz in the considered
case).

]

Fig. 1. Cross section of the avalanche MIS- photodiode;
1 - p-Si substrate, 2 - p-n-junction, 3 - thin oxide
layer, 4-thick oxide layer, 5- semitransparent Ti
layer, 6- thick Al layer.
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Fig. 2. Excess noise factor F versus the signal gain M.

Figure 2 displays the measured noise factor for the tested
diode. The noise factor was measured using light emitting
diode with A~0.55u, which is absorbed mostly in near-
surface region. In this case, holes are injected into the diode
active region, which is extremely adverse to the signal-to-
noise ratio, as is evident from the data acquired at relatively
low M. The avalanche MIS photodiode exhibited
substantially better noise characteristics because of local
negative feedback effect. It is necessary to note, that the noise
factor measured at the highest M are lower than those
calculated according to the Mclintyre theory [7] for electron
injection and for very small k = 0.005.

GAIN DISTRIBUTION OVER THE

PHOTOSENSITIVE AREA

One of disadvantages of APD’s with traditional design is
its non-uniform photosensitivity over the working area,
which  becomes more pronounced with increasing
multiplication factor. A negative feedback mechanism in MIS
avalanche photodiodes substantially levels off this problem.
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20 1lph, wh uniformity found in the sensitivity over the area does not
18 exceed 20%. The appreciable photo- sensitivity beyond the
16 receiving area edge is caused by scattered radiation in the
14 optical system.
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G CONCLUSION
08 ! 5 A new type of avalanche photodiode high gain was
0:6 ! \ developed on base of MIS technology. The micro-pixel
o i \ avalanche photodiode demonstrates very low noise factor at
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0.0200 400 80D 800 1000 1200 T4oo TEOO 1800

X pm This work was supported in part by CRDF US-Azerbaijan

Fig.3. Coordinate dependence of photosensitivity at M~1000.  Bilateral Grant #3106.

Figure 3 displays the measured coordinate dependence of
photosensitivity at M~1000. The measurements were carried
out using an optical probe with a diameter of 30u. The non-
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YENI MiKRO-PIKSEL STRUKTURA MALIK ASAGI KUYLU SELVARI FOTODIODLAR

Metal-Oksid-Silisium strukturu osasinda mikro-piksel p-n-kecidlor massivine malik selvari fotodiolarin yeni formasi islonib
hazirlanmisdir. 1000 A qalinligindaki oksid lay1 teqriben 25 A qalinliginda tunel oksid boliimlerini oziinde saxlayir. Yiksok giiclondirme
faktoru altinda (M~10000) qurgunun kily faktoru teqriben 4-o beraberdir. M~1000 giiclonmesi zamani ise hessasligin on yiiksek foza
bircinsliyine malik olmasi1 agkarlanmigdir.

O. Anexnepos, E. Ixxadapos, P. Magaros, M. Mycaes, 3. Caaniros, H. Cajgapos, M. Cyseiimanon
HOBBII HU3KOIYMHBIA ®OTOANO/ C MUKPO-IIMKCEJIbHOM CTPYKTYPOM
HoBeIil m1a6110H JTaBUHHBIX (OTOIMOJOB C MAaCCHBOM MHKPO-IUKCEIBHBIX P-N-NIepexonoB ObUT pazpabotaH Ha ocHoBe Metaiut-Okcun-
Kpemuunit ctpykrypsl. Tepmanbblii okcunublid cioit Toumubsl 1000A comep)XUT TyHHENbHbIE OKCHIHBIC PETHOHBI TONIIMHBI OKOJIO 25A.

VYerpoiictBo nemoncTpupyer ¢dakrop myma ~4 npu dakrope Bbicokoro ymHoxenus (M~10000). Ipu ysenuuenuun daxropa M~1000
Ha#IeHO BBICOKOE IIPOCTPAHCTBEHHOE OAHOOOPA3Ke UyBCTBUTCIBHOCTH.
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