ISSN 1028-8546

Azarbaycan Milli EImler Akademiyasi

Fizika-Riyaziyyat ve Texnika Elmlari Béimasi
Fizika Institutu

V)

Fizika

VII

2001

Baki % Elm




FiZIKA

2001

CiLD VII Ne 3

THE CAPTURE OF HOLES BY EDGE DISLOCATIONS WITH PARTICIPATION
OF OPTICAL PHONONS IN SEMICONDUCTORS

Z.A. VELIEV, N.A. KARDASHBAYOVA
Nakhichevan State University
Azerbaijan Republic, Nakhichevan, University campus

The process of the capure of holes by edge charged dislocations accompanied with radiation of optical phonons is considered. Tt is
shown that in the considered case the effective cross section of the capture sharplier depends on temperature compared with the corcsspon-

ding processes accompanied with radiation of acoustical phonons.

It is well-known that in thé temperature below indoors the
main channel of loosing energy in capture of holes in n-type
semiconductors with charged edge dislocations is the interac-
tion with aooustlc phonons [1] Indeed, interaction of holes
with optical phonons has an exponential small probability in
this case exp {- (ha.-E;) kT), where E; is the bound state
energy of hole distocations, ha, is the energy of optical pho-
nons if ey, —Ep>>kT. However, ih capture process the levels
with the energy E.~Aw, cah be arisen. Then_in this case hw,
-Ep<<kT and the probability of transition of thermal elec-
trons will not be exponentially small, though hw>>kT

We shall investigate a capture process of holes by edge
charged dislocations corresponding to the last situation.

For simplicity, let us suppose that the Read radius of sepa-

rate dislocation is R<<N./* (N, is the density of charged dislo-
cations), i.e. the ¢ylindrical regions arising around the edge

charged dislocations do not intersect. The flux per unit of an
isolated centre is determined by the expression [2]

j=fd’Fdeds’ F(e, r)p(e)w(c, & }P(U}. (1)
Here sand £”are the kinetic energies of holes before and
after emission of optical phonons, Frgr) is the distribution

function of the heles with the kinetic energy ¢ at the distance
r from the axis of distocation
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Here p, is the density of the crystal, N (e,) is the function
of the distribution of optical phonons (in the considered case
it is the Planck fumction}, E,. is the constant of the optical
potential of deformation. Putting (2)-(5) in (1) we obtain the
expression for lhe cross section of the capture
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after a long but not difficult caiculations.Here ry= (£6,kT/ng) "
is the Debye radius of screening, a=e’f/8anes, kT, Ry i8

p is the density ioi_'" the states, m is the effective mass of the
holes, we,£”) is the probability of the transition of the
holes per unit of time with spontaneous emission ¢f phanons,

"P(0) is the probability of the stick of the holes in the state

with the energy U. In the case of edge charged dislocation

' ’F R
U = e—f In— —~ & 3)
o dmEe o r

where £, is the electric constant, ¢ is the dielectric constant

of the semiconductor, 2 is the distance between the atoms

along the axis of the dislocations, £ is the coefficient of fill-
ing of charged dislocation by electrons.

The life time and the cross section of capture of holes in
the field of the charged dislocation are determined by the
expressions:

T 1 =ij /P
o=1/b<U>=1/Np<U>1 , )

where P is the concentration of holes, <>
thermal speed of holes.

Let us consider the situation, when in the valence zone the
holes are distributed equilibriously and the interaction is
going on with deformative optical phonons.

The probability of such interaction is determined by the
formula [1]

is the average

- [lo, Ne + 7o, + (9(0,) + INE -~ 7a) . ®

| . . , .
the density of donors in the volume, 2 is the numerical factor

of the order of unit. Lat us compare the formula (6} with the
corresponding formula obtained in [3] for same conditions.
In this case

6,./0.. ~ (kTY [mSihe, . Q)

According to (7) 0., is more sensitive 1o the change of
temperature than o, In the end, let us estimate the charac-
teristic temperature 7., when o../a,.~1 For the value of
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the parameters of the n — Ge crystai: W=(Eqp/Es)?~0,4 Thus at the temperatures T>>T.,., the emission of optical
{Eag.is the constant of the deformative potential), m5°~0,4K .~ phonons plays the leading role. However at T<T,. the
R@,~430 K and the characteristic temperature is Top,~50 K.  emission of acoustic phonons plays the leading role.

[1] B.X Ridley. Quantum processés in semiconductors, M:  [3] ZA. Veliev. FTP, 1983, v. 17, Ne7, p. 1351-1353.
Mir, 1986.

[21 V.N. Abakumov, V.1 Perel, LN, Yassiewich. FTP, 1978,
v. 12, Nl p. 3-32.

Z.D. Valiyev, N.A. Qardashbayova

OPTIK FONONLARIN ISTIRAKI IL3 YARIMKECIRICILORDO DESIKLORIN KONAR YUKLU
DISLOKASIYALAR TOROFINDON ZORT OLUNMASI

Isde optik fonenlanin siialandiriimas: ile milgahide olunan desiklorin kenar yikli dislokasiyalarla zebt olunmasi prosesine

baxilmigdir, Gésteritmisdir ki, zebt olunmamin effektiv kasiyi baxilan halda, akustik fononlann siialanmasi il geden uypun prosesla
miigayisade temperaturdan daha kaskin asili olur,

3.A. Bennes, H.A. Tapaambexona

3AXBAT JbiPOK KPAEBBIMH HHCHOKAﬂHHMH B ITOAYTMIPOBOIHHKAX
€ YYACTHEM OMITHYMECKUX ODOHOHOB

B paﬁm PACCMOTIRHE MPOUSCE 3AXBATA ARPUK KPAEBRIMH 3apANREHHEIMHE JHCTIOKAUHAMH ¢ HATYICHHOM CHTHMECKHX (bOHOHOB, Towasa-
HO. 9T CedeHHE JaXBATA 0T TEMNICPATYPH 3ABHCHT CHIBHEE, HEM B (ApoLScee C HITYIEHHEM ARYCTHUCCRIL ¢0H0 HOB.

Received: 20.10.00
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EFFECTIVE PLANAR METHOD OF DEFECTS GETTERING

F.D. KASIMOV
Azerbaijan National Aerospace Agency
159 Azadlig ave., Baku 370106

E.S. MAMEDOV
Azerbaijan Technical University
HJavid ave., Baku 370073

It was shown that treatment of polycrystalline silicon films of small grain size in a atmosphen: of oxygen leads to a decrease in their re-
sistance owing to recrystallization of the grams, whereas during the annealing of films of large grain size the oxidation of intergrain bounda-

ries is the dominant process resulting in an increase in the resistance.

The pianar arrangement of gettering centers at close distance 10 active elcmcms make process of getering independent of duration and
temperature technological processes and therefore increase their effectiveness without additional technological operation of the insertion of

the gettering centers.

1. Introduction

Polycrystalline silicon (poly-Si) films are frequently used
in semiconductor devices and irgegrated circuit (IC) elements. In
particular, p-n-junctions prepared by the local deposition of
poly-Si films of one conductivity type onto menocrystalline
silicon (mono-8i) substrates of the opposite conductivity type
have been described in [1, 2], as well as resistors for mono-
lithic ICs [3] based on deposited poly-Si films.

The characteristics of poly-5i and mone-5i films formed
simultanecusly during a single process of epitaxial growth on
locally oxidized silicon substrates have been reported in {4).
Similar films may be used as discrete elements of ICs, their
properties being determined :by the requirements of the
mone-Si films which depend on the class of the circuits in
which the film is used.

The constant temperatwre of the industrial chloride process of
epitaxy as well as the homogeneous surface of the amorphous
$i0, films which seem to be a témplate for the growth of the
local poly-Si films do not make it possible to control the pa-
rameters of the poly-Si films to be grown. It is well known
that the basic parameters which determine the electrical prop-
erties of poly-Si films are mean grain size (determined by the
temperature), the film thickness and the dopant conceatration
which are constant for a given class of circuit. Hence the
films were grown on predeposited thin films of silicon which
act as nucleation layers.

The main aim of this study was to investigate the struc-
ture and electrical properties of poly-Si films grown on the
nucleation layers at various deposition temperatueres.

2. Sample preparation
The samples were fabricated on silicon substrate of p-type

conductivity, orientation (111) and resistivity 10 em. The
substrates were oxidized to obtain a thermal oxide layer of
0.5 pm thick onto which a thin undoped nucleation layer of
about 1004 thick was deposited by the low temperature proc-
ess of monosilane pyrolysis (800-860°C). Using photolitho-
graphy and etching we obtained the local nucleation areas onto
them. Then a vertical reactor heated by high frequency power
was used for the epitaxial growth of the n-type film by a high
temperature chloride process (1220°C) carried out according
to the technology described in [5]. The films were doped by
phosphorus with the addition of phosphine to the float at a
partial pressure of 6.8 Toir. The thickness of the films was §
pm, and the dopant concentration was 10%em™ |, as deter-
mined by the four-probe method on the monocrystailine sub-
strate.

3. Experimental data

When the films were studied by scanning electron mi-
croscopy it was found that an increase in the deposition tem-
perature of the nucleation layer from 800° to 860°C resuits in
an increase in the grain size by a factor of 10 (fig. 1). The
poly-Si films grown on a nucleation layer deposited a1 800°C
were fine grained, the size of the spherical grains being not
more than 0.5 pm. However, the films contained rather large
edge blocks 2-3 pm in size {fig. 1,a). The films grown on a
nucleation layer deposited at 830°C had the most uniform
structure with a grain size of 1-2 um (fig. 1,b), while for a
high deposition temperature of the nucleation layer (860°C)
the poly-5i films had a grain size of 4-5 pm and their struc-
ture was non-uniform showing occasional formations and mono-
blocks up to 10 pm (fig, 1.¢).

Fig. !. The structure of poly-Si films grown on nucleation layers deposited at various temperatures: {a) 800°C: (b} 330°C: (c) B6O°C
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The results show that in spite of the higher film growth
temperature in the chlofide process the size of the grains is
determined by the deposition temperature of the macleation
layer.

The electrical resistance of poly-Si films of size 200umx20um
grown on nucleation layers deposited at different tempera-
tures” were determined from measurements of the voltage
divided by the current. There was a considerable spread in the
resistances of the films. It should be noted that at low applied
veltages (up to 1 V) an increase in the temperature deposition
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Fig. 2. Vohage-resnstance characteristics of poly=5i films of different structures (a) before the heat rreatment and {b) after the hzat
' treatment: curves 1. B00® C; curves 2. 830° C: curves 3. 86(° C

Since the simuitaneous growth of the poly-8i and mono-
Si films on a single substrate offers good possibilities for
their use as IC elements, it seemed to be appropriate to sudy
the effect of heat treatment, which conforms 1o the technol-
ogy of the manufacture of the active elements, on the ¢lectri-
cal characteristics of the poly-Si films. For this purpose the
samples were subjected to consecutive heat treatments at a
temperature of 1000°C (oxidation; 45 min) in wet oxygen, at
a temperawure of 1150°C (base formation: 1.5 h} in a mixture
of oxygen and nitrogen and at a temperature of 1050°C {emit~

ter formation; 50 min) in oxygen, the total time being over 3 h!'"
After heat treatment the size of the grains in the fine-

grained samples had increased with the result that the eleciri-
cal resistance of the films had decreased (fig. 2,b). The resis-
tance of the coarse-grained films (860°C) had increased to 50-
100 MQ. o

For the coarse-grained fikm structure consisting of two

monocrysta]lme areas separated by a poly-Si fitm with an’

area of 107 °cm’ the breakdown voitages were 50-60 V afier a
complete heat treatment, the leakage current density being
10”A-mm™. This demonstrates the possibility of utilizing
these films as an insulating material for IC elements.

4. Application

Increasing reliability VLSI in certain extent depends of
substrate enhancement, reduction of damage and p-n-junction
ieakage. It is known, that bipolar transistors with narrow base
are very sensitive to existence of precipitates of metallic im-
purity, which display itself as generation-recombination cen-
ters and circuit regions of emitter with collector [6].

of the nucleation layer results in a decrease in the resistance
by a factor 10 (fig, 2,a). When the applied voltage exceeded
IV. the resistance of the fine-grained films decreased mark-
ediy. becoming lower than that of the film grown on the nu-
cleation layer deposited at 830°C. The films grown on the
nucleation layers whose deposition temperatures were 830°
and 860°C showed slight changes in resistance when the
voltage was increased. The films with a coarse-grained struc-
ture had the lowest resistance over the entire range of voltage.
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There are methods of gettering v’:hicha are based on previ-
ously introducing of damage into back-side of substrate. This
damage captures and holds impurity in during the high tem-
perature technologica] operation. For:this purpose additional
operation is used, for example, meehamca] thermal or laser
treatment [7].

The problem is that gettering centers are located on the
back side of substrate and during implementation of techno-
logical operations metallic impurities have to be diffused

-across substrate thickness, which is approximately 450 pm,

However, recently there is a tendency towards reduction of
temperature and duration of processing. At the same time the
diffusivity of impurities atoms sharply decreases and the du-
ration of the operation can be not sufficient for the atoms to
reach the gettering centers on the rewards side substrate.

A technology of simultaneous growth of mono- and poly-
crystatline silicon films in the single epitaxial processing
makes it possibie to form local regions of the poly-Si films
required conﬁguratmn which act themselves as gettering
centers.

The density surfacé states Nzz are the most sensitive
characteristic to the defects of devices. Therefore we fabri-
cated the test MOS-sticture, the C-V-characteristics of
which was investigated. The capacitance-voltage characteris-
tics were measuréd with an L2-7 impedance bridge at room
temperature over. fne;quency range 0.465-10 MHz, using an ac
signal of low voltage{2ﬁ mv).

Calcuiation _of mterface Si-8i0y charge was done by for-
mula Gln :

(1)
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where C, is undergate oxide capacity, dU;B is a shift of ex-
perimental curve about theoretical in the point of flat band capac-
. Fe

ity C; .

c? = g(esND /KT, @

For determination of surface states charge Os. required to
" find capacity of semiconducter in the point of inversion

ey f2o -0 )7 @

Croadnv
Cy. =

D OF DEYE ETTERIN

Then by the help of the formuta (1) the calculate full
charge interface 5i<Si0; in the point of inversion and sub-
stract from full charge in the point of flat band. The calcula-
tion showed, that N,. on the samples. around polysilicon
films, two order less, than in the samples, around p-n-
junction jsolated.

The planar arrangements of gettering centers at close dis-
tance to active elements IC makes the process of gettering
independent from duration and temperature technological
processes and therefore increase their effectiveness without
additional operation of the insertion of the gettering centers.

[1] 2w and B.-L.Adiz. {EEE Trans. Electron Devices, 1977,

T Ne2d, p.1025. -

(2] L.D.Lopatina, V.L.Sukhanov and V. ¥ Tuchkevich. Pisma
Zh. Eksp. Teor. Fiz.,, 1979, Me3, p.11.

[3] F.DKing and G.Shewchum. Solid-State Electron., 1973,
MNel6, p.701. - 2 _

(4] M A Garibov, F.D.Kasimoy and V.M Mamikonava. 1zv,

Akad. Nauk AzSSR., Ser. Fiz-Tekh, Mat. Nauk, 1979,

Ned, p91.

{51 F.D. Kasimov and B.Kh. Mamedov. Electron. Tekh..
Ser. Materiali., 1984, Ne§, p.23.

[6]) C.W. Pearce, L.E. Kaiz and T.E. Seidel. Considerations
regarding geftering in integrated circuits., Electrochem.
Soc.. Pennington New Jersey, 1981,

[7] B. Hartiti and J. Muller. IEEE Trans. Electron, Devices,
1992, Ne39, p.27.

F.C. Qasmov, E.S. Mammadov

DEFEKTLORIN PLANAR HETTERIRLONMOSININ EFFEKTIV METODU

Gosterilinisdir ki, kigik denacikli polikristallik silisium tebegelarinin (PST) oksigen mihitinde termik islénmasi danaciklerin rek-

ristallizasiya sayssinde onlarin elektrik miiqavimatinin

azalmasma gatirib gmanw, baxmayaraq ki, iri denecikli tebeqelerde
danacikler satheddinin oksidiesmosi prosesi iistimliik tagkil edir, bu da ki mugavimeti artnr.

PST-de hetterirlome morkezlorinin planar yerlosmesi aktiv elementlatin yaxin masafalerinda hetterirlame proseslarinin zaman-
dan ve texnoloji proseslerin temperaturundan geyri asih edir ve alave amaliyyatlar aparmadan onun effektivliyin artiric, -

o . Kacnmon, 3.C.Mamenos

FOOEKTHARHBHA METOA ILTAHAPHOTO FETTEPUPOBAHHA JEPEKTOB

IToxasaHo, 4T TEpMooGpatoTKa MEKOICPHHCTSIX NIALHOK NOMMKPUCTANTHYECKOTO KPEMHUS {TTIK) B atvochepe KHCTOPOOa BEAET K
YMEHBUICHHIO WX 3MEKTPITSCKONG COMPOTHRNEHUR Onaronzpa PEKPHCTANIHIALKH 3¢PSH. B TO BPEMA KAK B KPYTIHOICPHACTHIX TUICHKAX 20~
MEHHPVIOIINM TPOUECCOM ABASCTCA NPOKHCICHAS FPaKHLL 36PEt, 9T0 TPHBOSHT K YBERKUEHHEC COTIPOTHBACHUA.

[I7anapHee PacnonGKeHNs FeTTEPHPYIOLINY ICHTPOB, KAKOBEIMH ABAKIOTCA TTIK. ua 6MMIKHK PACCTOAHMAX O AKTHBHEIX IMCMEHTOB
AEN2ET MPOUECE TeTISPHPOPAHAA HEIARMCHMEIM OT BPEMEHH U TEMTIEPATYPRL TEXHOTMOIHYECKRX [POIECCOB H YBETHUHBACT Er0 3gHpeKTHE-

¥ T He3 NPOREACHHA NOTIONHHTELHBIX OREPALHA.

- Received: 04.07.01
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MICROPLASMA BREAKDOWN OF p-n JUNCTIONS

S.G. RZAEV
Inst:tute of Physics, Azerbaijan National Academy of Sciences
H. Javid av., 33, Baku, 370143

[t is shown that the charged point defe_cil clusters (PDC) by pertusbing the electrical ﬁeld E of space charge layer of the p-n junctions cre-
ale large-scale traps. whit_:h-'sdﬂcrqa_se a voltage of breakdown. It is found that at the magnitude of E less than its eritical value £_ PDC behave

themselves as the gencration centers and increase the leakage current of the p-n junctions. but at the magnitude of the field E2E. they behave
themselves as the recombination centers on which microplasma atises and the breakdown of the p-n junction starts. The formula of depend-

ence of E. on the PDC parameters is abtained.
INTRODUCTION

It is known that in processes of fabrication of the semi-
conductor devices various defects, which change their elec-
trophysical parameters appear. An- influence of defects on
the electron processes in active elements of integrated circuits
becomes especially actual in-comnection with miniaturization
of production of the semiconductor micro¢lectronics.

Thus, for instance, as a result of thermotreatment of de-
vices with space charge layer (SCL) unequilibrium own point
defects which can be locaily clustered under various factors
appear and they may have an essential influence on the elec-

tror processes in it [1-9]. It is clear that the degree of this.

point defect cluster (PDC) influence on electron processes
will depend on both of their size and the charge state. How-
ever, in spite of revealing of this- dependence the investiga-
tion devoted to this problem is absent in a known literature.
The present paper is devoted to an investigation of the
PDC influence on microplasma breakdown of p-n junction.

Fig. 1 Microphotography of n'-p junction. obtained in the regime
: of second electrons of SEM .»1400. The cluster of impu-
rity in space charge layer on the interface of collector-base
and collector-matrix are shown by pomters Al is the alu-
minum contact.

The investigation was carried out on n'-p junction of in-
tegrated circuits in which 2. 1-pm - thick B-doped (i11) Si
epitaxial film with p~35x10"cm”served as a base layer, and

J

@p(r8)=— rE, cos 8 + E,

the collector comprised a buried n* (~10%cm™) layer, pre-
pared by diffusion of As into the p-type substrate, and an
adjacent n” vertical contact layer reaching the surface.

By the methods of scanning electron microscope in the in-
terface of base-collector and collector-matrix of space charge
layer of p-n junciion of the integrated circuits with increased
leakage currents globe-shaped clusters which were responsi-
ble for leakage currents were discovered (fig.1). Localization
of these clusters at negative poles of SCL testifies that they
are positively charged and clear-cut boundaries of PDC show
that defects in them are distributed by the Poisson law . The
charge O on FDC is congidered as one which uniformly dis-
tributed on the surface of a good conducting sphere of a ra-
dius R

- It was shown in [4,3] that impurity clusters in SCL of p-n
Junction play the role of generation centers at the magnitude
of electric field less than 1,91-10° V/em through which the
generation of unequilibrium carriers due to increased leakage
cutrent take place.

At field E, of the magnitude greater than 1,9} 10° Viem
as a result of collision ionization an avalanche breakdown of

" p-n junction take place and on SCL microplasmas appear.

3

——cos 8 +

They appear also as a result of recombination of "hot" carri-
ers on them. So under the strong electric field condition and
growing of concentration of the carriers in PDC they trans-
form from generation centers into recombination ones,

DISCUSSION OF THE RESULTS.

As fig.1 shows the PDC has a spherical form. Therefore it
can be viewed as a charged sphere put into uniform electric
field of the SCL of the p-n junction. Under the action of elec-
iric field of the SCL free carriers leave the region of space
charge of the p-n junction. At the strong electric field of SCL
of p-n junction when the screening of PDC charge by the free
carriers are impossible. the characteristic picture of a distribu-
tion of force line arises, as it shown in fig.2. As a result of a
such distribution of force lines, the potential barrier appears
which is a large-scale trap for carriers. Generation and re-
combination properties of PDC are determined by the height
of the potential barrier and a capture cross section, which
vary under the action of electric field. The potential of the
charged globe in the uniform electric field is described by the
following expression [6]:

Q

[ E— 1}
dreg, - r (
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where first term is the contribution of the field £,, the second
is the contribution of polarization of the neutral part, and the
third one is the contribution of the charge Q. The angle & is
counted on the direction of the field £,.

As a consequence of screening of the field, directly after a
trap there is a saddle point of the potential reliefin r=R.. It
is necessary to note that between the saddle point and
charged surface of the globe there is a potential barrier which
regulates the flow of camriers from the trap.

The height of this barrier is

O = @(R,) -~ @(R) )
where @ (R.} and ¢ (R)are the potential magnitudes at the
points R. and R, respectively.

Putting in Eq. (2) instead of ¢ (R.)and @ (R} their values
determined by the formula (1) and making some transforma-
tions, we obtain:

g RN, '
o9 = E, R;; - 1| - 2| R 11, (3)
R Jee, \ R, :

where N, is the density of ionized impurity in PDC, = is an
etectron charge.

Keeping in mind that for every PDXC its characteristic pa-
rameters such as R;, R> and N, are constant in the stationary
condition, we can rewrite the expression (3) as follows:

op =

C - afE, (3a)
where C and ¢ are the positive magnitudes, which are deter-
mined by the parameters of PDC indicated above, so that they
are constant under the stationary conditions.

— ————

///’

Fig 2. The perturbation of uniform elecirical field of charged
peint defect cluster (PDC), R is the radius of (PDC), R, is
the coordinate of a saddle point, r is the current coordinate.

As it is seen from the Eq. (3a) at the small value of the
field, when aE,<C, the height of voltage barrier will be di-
minished by the increasing of the field that will lead 1o the
increase of the probability of emission of the carmries from
trap i.¢. 10 the generation of free carries. At the critical value

A BREAKDOWN OF

of the field E,, when aE,<C, the height of potential barrier
disappears (3¢=0) that corresponds to the equality R=R, i.c.
the saddle point touches surface of PDC. This condition is
impliemented when the intensity of the electric field, created
by the surface charges of PDC is equal to E, Under these
conditions minority carries accelerated by the field will be
reaching the surface of PDC that will lead to the recombina-
tion of “hot” carriers and appearing of microplasmas on the

‘PDC and the local breakdown of p-n junction are takes place.

At a certain value of E,, when the energy of "hot" carriers is
enough for collision ionization, there have been appeared a
micropiasma on the PDC surface and the local breakdown
have taken place. The last one is in agreement with experi-
mental results of [4, 5, 7]

 Thus the change of & leads to the change of carriers
concentration in the trap and the capture cross-section o. The
dependence o (E;} can be found from the equation for the
pnncnplc of detailed balance of the rate of capture and emis-
sion of carriers from the trap:

Go = .S“d_n exp(—
T

where 5 is the square of that part of sphere from which emis-
sion of carriers generated by “hot™ carriers, G is a rate of gen-
eration of unequilibrium carriers, An is concentration of un-
equilibrium carrigrs, ris a life time of carriers.

We obtain from (3a) and (4);

_ SA.D exp[(agﬂ —-Cr e:| e
RCi o - kT _

According to Eq. 5) when E; reaches the value E. at
which the condition is fulfiiled

kT

gk, =C {6)

<

the height of voltage barrier Sa=0 and the capture cross-
section does not depend on the field. Tt dictates, that radiation
intensity of microplasma is independent of field.

Actually, it has been experimentally determined in [7.8],
that the number of microplasmas increased with the increas-
ing of field, but intensity of radiation of some microplasma
have not changed till the ceasing of forming of new mi-
croplasma.

Thus, the fulfillment of the af,=C condition, the recom-
bination of “hot” carriers on the surface of PDC and the inde-
pendence of the capture cross-section on field correspond to
the imitial condition of arising of the microlpasma and ava-
lanche breakdown of p-n junction.

The magnitudes of critical field £. on which microplasma
arise, as it follows from Eq. (6), depend on the PDXC parame-
ter. When falfillment of condition  Eq. {6) from Eq, (3) we
obtain
_ eN.R

E M

<



i.e. E,is proportional to the radius of PDC and the density of
ionized impurity in PDC.

According to Eq. (7), with the increase of the number of
. _.microplasmas with the increase of the field the electric ficld

" first reaches critical value on PDC of small size, then on large

‘ones. The last one is agreement with experimental results of
[7.8]. that testifies the certainty of Eq. (7).

The certainty of obtained dependence is proved by the
- fact that it accurately coincides with the dependence for in-.
tensity of electrical field on surface of charged globe, which,
according to the condition of the problem, is refated to PDC.
We must note that the obtained dependence can be used in
any material, where the screening of charge PDC by free car-
riers is absent.

Given model completely describes the experimental re-
sults in [4.5.7.8].

The sizes of PDC which are within (0,3£0,5)-10™em, in
SCL of investigated p-n junction are determined by the

means of SEM (fig.1), and a magnitude of critical field at
which microplasmas arise, that corresponds to the condition

(6) and changes within (1,8+2)-10°V/cm, depending on thé °

size of the PDC,

By using of experimental data and proceeding from the
condition (6) such parameters of PDC are determined: the
capture cross section (3-10"‘cm2). its charge 2,2-10C) den-

- sity. of ionized impurity (1.7-10"cm’™), lifetime of unequilib-

rium carriers in the region of microplasma (<10™'%s).
'CONCLUSIONS

It is shown that charged point defecis clusters create
large-scale traps, by pertutbing electric field of space charge
layer of p-n junction.

The dependence of the height of the potential barrier and
the capture cross-section of traps are determiined both from
parameters 'of PDC and the magnitude of external electric
field. We found that thete is a critical value of an external
electric field £, on which microplasma on PDC arises and
avalanche breakdown of p-n junction takes place.

It is found thar at the magnitude of the field less than £
PDC behave themselves as generation centers and increase

.the leakage current of p-n junction, but at the magnitude of

field E2E. they behave themselves as recombination centers
on which microplasmas arise and starts to breakdown of p-n
junction,

The necessary conditions and mechanism of macroplasma
formation on PDC are presented. The dependence of £. on
the parameters of PDC is obtained. It is shown that capture
cross-section of traps, depends exponentially on the electric
field due to impurity cluster.
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5.Q. Rzayey

p-n KECIDLORIN MIKROPLAZMIK DESILMOSH

Gostarilmisdir ki, yiiklanmis néqtavi defektlar topalart (HDT) p-n kegidlorin faza yitk qatinn sabasini £ hoyacanlandirarag

boytik ol pleler. yaradie. Onlar p-n Kkegidin desilme gerginlivini azaldir. Mieyyen edilmisdir ki. elektrik sahesinin kritik
qiymatine Z_ qeder onlar generasiya rolunu oynayir. E2E, olduqda onlar rekombinasiya merkezlarine cevrilirlor ve onlarn iizerinde
mikroplazma yaramr, bununla adi p-n kegidin degilmasi baglayir. E.-nin HDT parametrlsrinden asilibiginm diistaru alinmasdir.

C.I. Paaen
MUKPOIUIASMEHHBIHA IPOKOI p-n TEPEXO10B

TTokazano. 4T 3apAkertbie ckonaetta Todednnx aederron (CTII). posmywan snekrprycckos noae E ¢oA 06BEMHOrO 3apaza p-n Tic-
PEXOOD, CORMANT KPYMHO-MACIITAGHEIE NOBYINKH. KOTOPLIE YMEHBMAIOT HANPIKEHHE MPobon. Y CTAHORNEHO. YTO MPH IHAYEHHAX INEK-
TPHHECKOTO MONA MEHLIE €10 KPUTHYECKOH BENHYNHB £ . CTI BemyT ce09 Kak FeHePALHORHES USHTPLE ¥ YBEAHUHEAKT TOKH YIeTKH p-n
fICPEXONDB, a NIPH E2E. OHW BEAYT ce0f KAk UCHTPH PEKOMOHHALAA, Ha KOTOPBIX 3APOAIAIOTCH MUKDOTUIA3MEL H HAWHHAETCS TpoBoil p-n
nepexona. Ionyuena (opMyna 3aBucHMOCTH E. 0T napaverpos CTJL,
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THE DIELECTRIC PROPERTIES OF THE ZnS FILMS

M.M. PANAHOV
Baku State University
Z. Khalilov str.23, Baku, 370148

The dielectric properties of the Za$ films obtained by magnetron sputteting on the glass and the mica are considered. Beginning irom the
thickness of 150 A. the films were solid. The dependence of dielectric constant on thickness shows the decrease of £ in the range of 0.1 mkm
and less. The frequence dependence of tgd increases. and versus the eiectrode resistance media it decreases. The moiswre effect on the di-

electric loss tangent is also shown.

I. INTRODUCTION

The diclectric properties of films are of great Interest both
in studies of electroconductivity of such films and their appli-
cation in different devices.

The description of dielectric properties in literanure refers
mainly to thick films intended for preparation of condenser in
microelectronics. It is clear that for the condenser with a high
capacity the films of low thickness and high dielectric con-

stant are necessary. As the solid films of a very low thickness ..

with permanent properties are very difficult to be prepared.

rather thick films (more than 500 4 for oxide films) are usi- il

ally used in condensers. Thus, the study of temperature and

frequency dependences of dielectric constant and dielectric

tangent of the ZnS films is the purpose of the present paper.
The thin films of ZnS were obtained, by the magnetron sput-
tering method in argon medium [1].

The mica and glass were used as the sabstrates. The alu-
minum and golden electrodes were used as the contacts, The
structure and morphology of films were controlled by elec-
tron diffraction camera.

2. RESULTS AND DISCUSSION

Theoretical caleulations show {2] that the dielectric con-
stant of films is independent of the thickness up to several
atomic layers. This fact was confirmed experimentally [3]
with organic films of cadmium stearate with perfect structure
and thickness to 24 A. The dielectric properties of the dielec-
trics films are estimated according to the resuits of a simui-
taneous measurement of capacity and dielectric tangent. The
dieleciric loss coefficient measured is composed of the di-
electric losses of different mechanisms and the dieleciric loss
at series connection of electrode resistance with capacity.

The contribution of electrode resistance to electroconduc-
tivity depends on frequency and this fact should be taken
into account. That is, in order to decrease the dielectric loss
coefficient at high frequencies, the metallic electrodes of low
resistivity should be used,

When deposited from the vapor phase, the atomic accu-
mulation takes place during the growth. As a result, the thin
films (200 A) are usuaily porous and the dielectric constant
values of such films decrease rapidly with decrease in thick-
ness [4]. The dielectric constant (&} of the ZnS films is shown
in fig.1. When the film porosity effect on the dielectric con-
stant is appreciable, the film thickness depends on the way
and conditions of film deposition. In the case of ZnS, this
thickness decreases with decrease of the subsirate tempera-
ture, For the mica substrate it is lower than for the glass. A
high inner mechanical tension usually existing in deposited

films does not nearly affect their properties. In the case of
cracking and shelling of these films under the effect of me-
chanical tension, their effective dielectric constant becomes lower.

£a
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Fig.1 The dependence of dielectric constant on the ZnS film
thickness: 1) Al-ZnS-Al on the mica at 25°C:
2) Al-ZnS-Al on the glass at 25° C:
3) Al-Zn3-Al on the glass at 300°C.
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Fig.2 The frequency dependence of diclectric loss in the Zn3
films: 1} The solid line — without account of the electrode
resistance;
2) The dash line — with account of the electrode
resistance.

The electric field applied to the thin film of the dielectric is
usually of the order of 10* V/m that is close to the breakdown
voltage value. If the polarization in the dielectric does not
correspond to the change of the field, the dielectric losses, as
is known, appear. Principally, the dielectric losses refer to the
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bulk properties and should be independent of the thickness if
the structural defects are not invelved into any relaxation
mechanism. If the film is not very thin, the thickness does not
affect the dipole reorientation. The diclectric losses can be
varied by stoichiometry, Therefore, their magnitudes strongly
depend on the deposition conditions. As the temperature in-
creases and depending on the material of electrodes that dif-
fuse in the dielectric film, the intensive increase in losses is
observed [5]). The frequency dependence of the loss coeffi-
cient measured with the ZnS condenser of 1000 pF in capac-

* ity i$ shown in fig.2. The increase of the losses at high fre-
quencies is due to unaccounted electrode resistance.

The solid lines in fig.2 denote the data without account of
electrode resistance, while the dash line denotes the data with
accourt of electrode resistance. The dielectric loss in such
films ¢an be explained by excess concentration of vacancies.

The dependence of dielectric loss has the maximum at 200
and 450 K corrcspondmg to the activation cncrglcs of 0.15
and 1,12 eV.

Subsequent to film deposition, their dle:lecmc losses in-
crease with the film aging. The loss coefficient and the capa-
city are higher, the lower the frequency. Hence, one can say
that at frequencies below 100 Hz a certain relaxation mecha-
nism takes place, while at frequencies about ~ 1 Hz the de-
pendence of (&) and tgS has the form of the plateau which
can be considered as the mechanism attributed to the joint
action of the two mechanisms of losses, at least.

The absorbed moisture considerably increases the capac-
ity and the dielectric loss even in the case of material insolu-
ble in water. This increase of capacity and the diclectric
losses is probably due to the effect of principal mechanisms
of the change of ¢ and tg3.

[1) AA Agasiev. M7 Mamedov and MDD Muradov. 1 Phys. ITT
France 6, 1996, p. 853-861.
[2) W. Kohn. Phys. Rev., 1958, {10, p. 857.

“[3)1 KL Chopra 1Appl. Phys.,

1965, 36, p. 655.
[4} € Zeldman. M. Hacskaylo. Rev. ki, Inste. 1962, 33, 1459,
[5) “C: Zeldman. Rev. ici, Jnste., 1955, 26, 463,

M.M. Ponahov

ZnS NAZIK TaBaQOSININ DIELEKTRIK XASSSLORI

Maqaleda magnetron tozlandirma tsulu ile sitye vo sliida dzerinde alinmig ZnS nazik tebeqasinin diclcktrik xassolorine baxilmisdar.
Qahnligi 150 A —den boyiik tebagoler selt tebeqeler idi. Tebeqelerin dielektrik nifuzlugunun galmhgdan asihlify gésterir ki, 0.1

mkm-don ki¢ik qalinhqlarda ¢ azalir. Dielektrik itkisi g tezlik artdiqea artir. ancaq c1ektrodlarm miigavimetini nezere alsaq, azahr.
igde hamginin su buxarlanmn dielektrik itgisi tg&—ya tosiri gosrerilmisdir. :

M.M. [anaxos

JHINEKTPHUECKHE CBOHACTEA ILIEHOK ZnS

PaccMoTpeHst AH3IEKTPHYECKNE CBOHCTBA NACHDK ZnS, NOAYYCHHBIX MArHETPOHHLIM PAcIbACHHEM HA cTekne W cmone. flnenky Going
CIACIABIMK, HawkHas ¢ Tonwmnbl 150 . Tonmensan 3a8HCHMOCTE IFDICKTPIYECKON NPOHHLAEMOCTH MOXAILIBACT YMEHBLIEHHS. £ HAYW-
Had ¢ 0.1 MEM 1 MeHBIe. 3aBHCHMOCTL Egré YHACTOTE BOIPACTAST: & ¢ YHETOM CONPOTHBACHHA 3MEKTPOIOE, yMeHbacTcA. [lokasaHo Tak-

%¢ RARAHHE RIATH HA £O'5 ININEKTPHUECKWX [TOTEPE.
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ACOUSTO-OPT!C METHODS AND DEVICES OF SIGNALS
e B HANDLING IN TEMPORAL AREA

e | A.R. HASANOV
Institute of Physics, Azerbaijan National Academy of Scrences
H Javid av., 33, Baku, 370143

The results of the authors investigations directed on the use of peculiarities of photoelastic effect for electronically control-
lable signals delay, for separation of channel signals by a temporal indication and for a pulse-width modulation of a sequence of

rectangular impuises are generalized.
1. GENERAL INFORMATION

Interaction of light and acoustic waves in photoelastic
media (the photoelastic effect) has a number of peculiarities
representing a certain interest in the context of applicability
for the solution of series of the radioelectronic problems.
They include: significant regulated delay of an output re-
sponse, modification of a diswribution direction, intensity and
frequency of diffraction order in accordance with coordinates
of acousto-optic interaction, frequency and amplitude- of an
elastic wave being spatial analog of an input electrical signal.

The purpose of the present work is a generalization of
outcomes of the authors theoretical and experimental investi-
gations directed on handling of signals in temporal area based
on the use of peculiarities of acousto-optic interaction effect
in photoelastic media.

For facilitation .of perception of the accepted decisions, at
first we shall consider some properties of photoelastic effect.

A major unit of any acousto-optic device is an acousto-
optic modulator representing a photoelastic medium, to one
edge of which an electroacoustic converter is attached, it
transforms a radio-fréquency signal into an elastic wave
spreading in 2 photoelastic medium with a velocity, approxi-
mately, 10° times less than a velocity of propogation of 2n
electromagnetic wave. During an excitation of an elastic wave
in a photoelastic medium dynamic modifications of an index
of refraction {density of a-mediim) occur. These modifica-
tions lead to the formation of a phase lattice, with a step equal
to the length of an elastic wave, and the amplitude propor-
tional to the amplitude of an acoustic wave, as well as photo-
elastic constant medium. With realization of definite condi-
tions, optical waves incident on this phase iattice deviate.

Diffractions of Raman-Nath and Bragg are distinguished.
The diffraction of Raman-Nath is widely applied in acousto-

rgplic devices of signal handling working on frequencies up to
100 MHz. Acousto-optic devices using Bragg diffraction are
applied in data reduction systems working in the field of fre-
quencies from several tens MHz up to units of GHz. The ba-
sic exterior difference of Bragg from a Raman-Nath diffrac-
tions consists of 2 nonsymmetric emerging of diffractional
orders, with modification of the incidence angle a light stream
in the aperture of acousto-optic modulator. The maximum of
light intensity in a diffractional order takes place if the Bragg

' T11 conditions are fulfifled, i.c. if light falls on the aperture of
acousto-optic modulator at the Bragg angle &, defined from
the relation

' Sin6s = 0,54/ , (1)

where 4 is a wavelength of incident light; /- is an elastic
wavelength in 2 photoelastic medium of acousto-optic modu-
lator. Thus all deviating light will be concentrated in one or-
der spreaded at the angle, :

sindy = A/A = 0,5//8, @)

where /and Jare frequency and velocity of elastic wave dis-
fribution, respectively.

From (2} it follows, that the modification of an elasti¢
wave frequency is accompanied by the modification of
deviating light distribution direction.

The intensity of a deviating bundle is determined by an
expression [2]:

ir, = 80° ' G)

where U7 is the amplinude of the voltage on an ¢lectrical input
of acousto-optic modulator; B is a constant factor.

In correspondence with (3), the intensity of deviating light
is proportional to a square of input voltage.

2. VARIARBLE SIGNALS DELAY

The indicated peculiarities of acousto-optic interaction
can be applied to a signal delay. by extraction of a useful sig-
nal by means of elastic-optical connection on a defined dis-
tance from the electro-acoustic converter. A significant signal
delay accessed by this method is determined by the run time
of an elastic wave from the electro -acoustic converter up to
the point of acousto-optic interaction. The device which op-
eration is based on the indicated principle is named an
acousto-optic delay line. Thus, the controlled delay of signals
is got by a modification of a distance (span) from an electro-
acoustic converter up 10 the point of acousto-optic interaction,
by transition of acousto-optic modulator relative to a laser
beam. However, the mechanical installation of the position of
acousto-optic modulator eliminates the possibility to use the
acousto-optic delay line in systems of information processing,
in which fast reguilation by hold time of signals is required.

In this context electronically controlled acousto-optic de-
lay line (fig.1) with small time of installation of a required
delay [3.4], has high potential abilities. Here the beam of the
laser | is splitted on n bundles by the forming cascade 2.
The spectrum of a treated signal is transferred in the area of
working frequencies of acousto-optic modulator 3 by ampli-
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tude modulator 7, modulating on amplitude made by a gen-
erator 6, high-frequency oscillations, which face values fire-
quencies are selected by governing veoliage U and can accept
one of r discrete values thus remaining, in a band of acousto-
optic modulator 3. The modulated high-frequency oscillations
act on an input of acousto-optic modulator 3 and raise in it
elastic waves of an appropriate frequency. Light bundles in-
tersecting the aperture of acousto-cptic modulator 3 deviate
on elastic waves and form signal bundles hitting or a photo-
sensitive surface of a photoreception device 5, on exit of
which an entering signal with a constant multiplicand corres-
ponds to delayed on time =h./9, where b is a distance from
clectro-acoustic converter 8 of acousto-optic modulator 3 up
to a signal bundle, which passes through an appropriate hole
of a screen 4. The modification of controlling voltage given on
a high-frequency generator 6 results in a madification of frequency
of an elastic wave and angle of diffraction of deviating ordets
in a focal plane of acousto-optic modulator 3. As a results,
through the hole other signal bundle will passes, i.e. the dis-
tance h and hold time rvary.

Fig.l.

In the offered device the improvement of parameters of
formed time intervals is'énsured by transition of acousto-optic
modulator relative to a beam of the laser.

Experimentally the possibility of construction of discrete
acousto-optic delay line with the possibility of choice of three
values of hold time, 1. [,7; and 2,5 ps., accordingly was
checked. As a photoélastic medium the mesh from TF-7 was
used, and the electro-acoustic converter was madé from
LiNbO;. The ceniral frequency of acousto-optic modulator
was 80 MHz. -

3. SEPARATION OF CHANNEL SIGNALS ON A
TEMPORAL BASIC '

The methed of temporal division of channels consists of
translational means (commanication circuit, the insrument
tract etc.) are represented by various sourses in tum. each
elementary signal (signal possessing necessary and sufficient
properties for its selection from the aggregate of all trans-
ferred signals of a multichannel system) exists during a
strictly defined time interval. In general case it can be prem-
ises of a binary code, reference 'of a signal, sine wave oscilla-
tion of definite frequency etc.. _

For a separation of channel signals in modern selectors the
presence of controlling impulses for each channel is neces-
sary. These controlling impulses are broadcasied on appropri-

ate communication circuits, resulting in complication of the
system in wheole.

The offered acousto-optic method allows to-replace n con-
trolling imputses for n of ¢channels by one clock pulse for al)
channels. As a results the number of communication circuits
is reduced by n-1.

1
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The structural electrical scheme of acousto-optic selector
of channel signals is represented on figure 2. A ray of the
laser 1 is splitted into n bundles by the forming cascade 2.
and any: k- th light bundle falls in the aperture of acousto -
optic modulator 3 under an angle Bragg 6z, defined from the
relation .

$infs=0,54/Ax 4
where A, is the length of an elastic wave apprepriate (o any

k-th channel n-th channel signal in photoelastic medium of
acousto-optic modulator 3.

Fig.3.

The group signal medulates in the modulator 7 high-
frequency line frequency-modulated oscillations of a genera-
tor 6, started by clock pulses with frequency Fr The radicim-
pulses will be transformed by an electro-acoustic converter B
into an elastic wave spreading in photoelastic medium of
acouste-optic modulator 3.

The incident light bundles diffract on clastic wave packets. Dif-
fracting orders, spreading at angles

8d."( = 0;5/; A/Ig . (5)

where f, =874, is the frequency of an elastic wave packet
appropriate to any k-th channel of a n-th channel signal, are
selected with the help of appropriate diaphragms with orifices
4 and fall on a photosensitive surface of a muitichannel
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photoreception device 5, on which exits the channel signals
tumn out. The diaphragms are placed in such a manner that
any k diaphragm selects only bundle diffracted at the angle
7

The virtue of the offered device is, also, a possibility of
operating regulatien of time intervals of reception.

The possibility of construction of acousto-optic selector of
channel signals was checked experimentaily. As a photoelas-
tic medium of acousto-optic modulator 3 the monocrystalline
quartz was used, and the electro-acoustic converter 8 was
made from ZnQ, which was put on a surface of crystal by a
method of vacuum dispersion. The central frequency of
acousto-optic modulator 3 was 157 MHz. The device ensured
a separation of channels of a 4 channel signal,

4. PULSE-WIDTH MODULATION OF A SE-
QUENCE OF RECTANQULAR IMPULSES

A basic unit of pulse-width modulators is the temporal
modulator of a continuous operation, sensitive to¢ amplitude of
modulating low-frequency voltage. In this context smocthly con-
trolled acousto-optic delay line has high [5] potential possi-
bilities, which can ensure a large index of modulation in com-
parison with existing analogs, and these devices differ by high
linearity of temporal modulation.

Because of explained above the acousto-optic method of
pulse-width modulation is synthesized. The method [6] is
explained by the block diagram given on fig. 3. Here modu-
lated impulse sequence o (£} acts on an input smoothly con-
trolfed acousto-optic delay line 1 and on an input «S» of the
trigger 2. Under an operation of 3 modulating (primary} sig-
nal Us¢t} the hold time of an impulse sequence ut) in
acousto-optic delay line varies. Thus, the delaying impulse
sequence acts on an input «R» of the wrigger 2. As a results on
the exit of the frigger impulses are formed, which duration {6]
is defined as:

VICES OF SIGNALS HANDLIN T

AREA
T & 19 F ¢Upn, (6)

where 7, is the duration of an impulse on the exit of the trig-
ger in a case U, {t) =0; cis a dimensionality factor, s/V.

From (6) it follows, that the increment of duration of an
impulse on the exit of the trigger is directly proportional to
the amplitude of modulating voltage Us (€ )on the input. In
other words, the offered modulator is ensured with a linear
pulse-width modulation.

The author checked experimentaliy the principle of a con-
struction of acousto-optic breadth-impulse modulator ensur-
ing linear modification of duration of impulse 7 on the exit O
of the trigger 2 from 4 up to 5,8 ps., with modification of
voltage on the input Up(t) fromOupio 3 V.

CONCLUSION

The proposed methods and devices of handling of signals
in temporal area allow to expand the boundaries of applica-
tion of peculiarities of photoelastic effect for transformation,
transmission and reception of information. These devices are
distinguished by simplicity and do not require special set-up.
Besides, the visualization of basic processes in acousto-optic
modulator (a laser radiates in visible range) considerably
simplifies a specification of separate parameters of the device
in whole. During last years acousto-optic modulator with sar-
isfactory maintenance and engineering by indices (low power
of an elastic wave excitations, high effectiveness of a diffrac-
tion etc.) and semiconductor lasers with a sufficient coher-
ence of a radiation have been developed. Taking into account
all this it is possible to state, that in the nearest future some
compact acousto-optic device of handling of signals consid-
erably exceeding their clectronic analogs in characteristics
wili be created.

[1] JN. Lee, A Vanderlugr. Acoustooptic signal processing
and computing. Proc. of the [EEE, 1989, vol. 77, Me10,
p-1528-1557

[21 AR Hasanov. Osnovi teory i texniki formirovaniya i[5]
obrabotki signala akustoopticheskimi metodami. “Elm”, 1999, s.

55, (in Russian).
{31 A.R Hasanov i dr. Pribori I sistemi upravieniya, 1997,

Neb, 5. 46, (in Russian).
(4] A.R. Hasanov. Radioelectronica, 2000, t. 43, N.n5 5..73-
76, (in Russian).
A.R. Hasanov. Pribori i sistemi upravleniya, 1997, Ne6,
5..45, (in Russian)..
[6] A.R. Hasanov. Fizika, 1998, t.4, Ned, 5. 12-13, (in Rus-
siam).

AR, Hasonov
SIQNALLARIN ZAMAN OBLASTINDA ISLONMBST UCUN
AKUSTOOPTIK USULLAR V3 QURGULAR

Signallanin electron-tenzimlomeli lengimesi, kanal signallannm paylanmas ve diizbucagh impulslar ardicillifmn enins-impuls
modulyasivan Ggiin fotoelastik effekiden istifada olunmasi istigametinds miellifin apardifs elmi-tedqigat 1$]armm naticalori

iimumilegdirilir.

A.P. T'acanop
AKYCTOONTHYECKHE METOAbI H YCTPOICTBA OEPABOTKH CHTHAJIOB
BO BPEMEHHOH OBJIACTH

O6olmAITER Pe3yALTATRL HaYYHLX HCCTIETOBAHIA ABTOPA, HANPARTCHHEIX Ha HCMONE30BaHHe 0CofeHAOCTEN iporoympyroro fupexra
LA INCKTPOHHO-YIIPABNREMON 3A0CPAKH CHIHANCS, JUIA [A3IENCHHA RAHANBHEX CHIHAIOB ¢ BPCMCHHOMY IPH3HAKY W AIH TTHPOTHO-AM-
MYNBCHOH MOIYASIMA BOCTEAOBATSTEHOCTH TPAMOYTOIERED HMITYHCOR.

Received: 14.05.0¢



FIZIKA

2001

CILD VII Ne3

SEMICONDUCTOR VIBRATIONAL FREQUENCY-RESPONSE SENSOR FOR
'PRESSURE MEASUREMENT

Sh.M. ABBASOV
Radratron Research Deparfmenr of Azerbaijan National Academy of Sciences

H Javid av.,31¢,

Baku, 370143

The representing electromechanical resonator on elastic vibrations of monocrystals strings from semiconductor materials
rather simple in manufacturing of string in tenzoconverter on the basis of monocrystals is described. The examples of such
class of converters using in concrete designs of devices for measurement of various physical parameters are reported.

The aim of our efforts is to design a sensor combining the
advantages of two types of sensors and opportunities of the
microclectronic technology as well as the properties of the
oscillating string and stress diaphragm. The principles of the
oscillating string stress sensors {1] are further developed to
overcome all the difficulties arose when one tries to design
these ranscucers. The development of microelectronics makes it
possible to realize a pressure sensor based on a semiconduc-
tor string,

" The choice of a semiconductor string as an active element
"of this sensor is determined by the following properties of
monocrystal fibres:

- extremely high mechanical su‘ength due to structure per-
fection of the grown fibres;

- the fibres due o their size, geomclry and crystallo-
graphic orientation can be used for the manufacturing of sev-
eral sensors. In this case it is necessary to make ohmic con-
tacts and to connect the fibre with the leads:.

- the doping possibility during the fibre growth ailows us

_to obtain the crystals with required electrodynamic parame-

- fibre sensor manufacturing technology is simple and the
waste of semiconductor material is rinimal.

The basic advantages of the string pressure sensors are:
high sensitivity, opetating stability, linear charactetistics and
frequency output signal.

e e v

Fig 1. Schematic diagram of the electromechanical string
resonator: 1 = fibre monocrystal. 2 — current terminal.
3 - diaphragm, 4 — eleciric connection

In comparison with all other types of electromechanical
resonators used for the meéchanical measurements the string
sensors have the highest sensitivity. The best results were
obtained with the diaphragm made of the same material.

Concerning the piezoresistive properties, silicon is the best
material for this purpose. Using the advantages of the micro-
electronic technology a new type of electromechanical reso-
nator with electrostatic excitation was developed. Its structure
is shown in fig.1. The resonator is prepared from a monocrys-
tal fibre (string) 1 with current terminals 2. It is fimly fixed
over the elastic element 3 (a silicon diaphragm in this case).
The diaphragm surface is used as an exiting electrode as well.
For this reason an electric contact 4 is attached to the dia-
phragm. The operation of this sensor can be described as fol-
lows.

When an alternating signal between the monocrystal fibre
and the exciting electrode is applied, an induced electrostatic
force Fappears;

F=1/2 A€ L sin® ot )
dz °

where: C is a string-diaphragm capacity; z is a distance be-
tween the string and the diaphragm equal to the height at
which the string is fixed above the diaphragm.

The harmonic exciting force generates the harmonic oscil-
{ations of the string with magnitude. These oscillations cause
the strain of the string monocrystal

TiAc
& = l- 2art 2
E (I - cos 2ot) )

where: 1 is an oscillating length of the erystal.

As a result of the piezoresistive effect the variable com-
ponent of the strain causes a generation of a variable compo-
nent of the string resistance

rika’

- 4R = kg =
81¢

R, cos 2wt 3)

where: k is a gauge factor, R, is a nominal string resistance.

If a direct current passes through the monocrystal fibre an
alternative voltage is generated along the string. Its frequency
is equal to the doubled mechanical oscillation frequency. The
oscillation frequency is calculated by:

1 |BE(d./4)7 + B' ¢ 1°
J C( [+ ) o (4)

2xl1? e

where: B and B’ are numeric coefficients depending on the
strain; d, — string diameter: £ is an elasticity modulus along
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the string length; p is a crystal density; g is stess, acting:
over the string. For a round shape dlaphragm sensor the ex-

pression for stress is

_ 3p{1 - pf Eclz + h/2) (o°
¢ 16E_h’

e

where: P is a pressure acting over the diaphragm; s a
Poisson coefficient; D is a diaphragm diameter; h is a
diaphragm thickness; E, is a diaphragm elasticity module.

Equation (5} is valid when the diaphragm bending is less
than the diaphragm thickness.

The elastic properties of the swring are hundred times
better than these of the bulk silicon [2]. The oscillations may
be maintained with relatively low excitation energy as a
result of the low density of silicon. Breaking strenght of a
string crystal is retatively high. This ensures a maximum
value of intrinsic mechanical oscillation frequency for a
single crystal lenght. Crystal deformation semsitivity is
relatively high.

™ :‘;1

&
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Fig.2. Design of a string transducer: 1,2.4 — package parts,
3 - silicon diaphragsn, 5,6.7 — tubes, 8 — sring monocrystal

o

-

The structure of the pressure sensor on the base of a
semiconductor [3] is shown in fig.2. The sensitive element is
mowunted in the hermetical sealed package. The internal volume of
the package is connected to the environment with

N SOR FOR PR RE ME MENT

pressure P; by a capillary tube. The second capillary tube
connects the other side of the sensor to the measured pressure
P, 1f the first tube is closed the hermetically sealed
diaphragm modules may be used for absolute pressure
measurements. The relative pressure changes can be

measured when the diaphragm is not hermetically sealed.

I aHz
801

40

0

avendis.

i ol

b 2 3 4 5 p.10® wPa

Fig 3. Sensor sensivity as a function of the string length:
| -1=2mm, 2 - | =2.5 mm

- When the difference between P; and P changes a
deformation of the diaphragm appears. This deformation is
transformed into the variations of the output signal frequency.
The sensor signal is transferred to interface circuit. It makes
the sensor module operating in the permanent autoscillation

“mode. The sensor structure and dimensions depend on its

practical application.

The theoretical investigations and the experiments show
that the geometrical dirmensions of the string and the
diaphragm have a significant effect on the sensor operation
characteristics. As it is discussed above the infrinsic oscillation
frequency of the monocrystal resonator depends on the
diaphragm dimensions. fig.3 shows the results for the square
shape diaphragm. The obtained sensitivity (output frequency
as a function of the applied pressure) is in a good agreement
with the discussed theory and depends on the string length.
The investigations show that the transducer is thermostable.

[i] N. Milohin. Frequency Sensors for Control Systems,
Energia, Moskow, 1968.

[2] N Bogdanova, R Baizar, V. Voronin, E. Krasnogenov.
Single-crystal Silicon Resistors as Sensitive Elements

for Sensor. — Proc.Annual School on Semiconductor and
Hybrid Technology, Sozopol, 1996,

[3] Auth.Cert.of USSR, Ne1458737 — Bull.Inventions, 1989,
Net,

S.M. Abbasov

YARIMKECIRICILOR 9SASINDA SIMLI TozZYIQ CEVIRICILOR1

Konstruksivasina ve hazirlanmasina gore sade olan simli yarunkegirici monokristallardan hazirlanmug, elastik
regsler osasinda igleyen clektromexaniki rezonatordan ibaret olan tezyiq tenzo gevirici tesvir edilmigdir. Miixtelif fiziki
parametrlorin Slgiilmesi iiglin konkret konstruksiyada bu ciir tozyiq ceviritmelsrinden istifade edilmasine dair misal

getirilir.



Sh.M. ABBASOV
- . LL.M. A6bacor

NOJAYNPOBOAHEKOBEIHA BHEPAUYACTOTHBRIA TEH3OIIPEOGPAIOBATENDL
JATYMK JABREHUA

ONKCAH CPABHUTENBHO NPOCTOMH (10 KOKCTPYKLUHH 4 B M3TOTORNEHMH CTPYHHBIM TRH30MPE0BpOI0OBaTeN L, PEACTABLARILINA
COO00 JEKTPOMEXAHHYECKHA PE30HATOP Ha YNPYTHX KONe(aHHAX MOHOKPHCTALIFMECKHX CTPYH H3 [FONYNPOBOIHHKOBbIX M2-
TepHanos. [IpHBOASTCA MPHMEPHI WCMONL3IOBAHMA TOHKOIO Kiacca mpeofpa’oBaTencii B KOHKPETABIX KOHCTPYKURAX Yye-

TPORCTB ANA H3MEPeHIA TaBIeHAA.

Recetved: 30.09.0]



FIZIKA

2001

CILD VII Ne3

THE INFLUENCE OF THE MAGNETIC FIELD ON THERMALCONDUCTIVITY AND
THERMAL POWER IN Bi-BASED SUPERCONDUCTING CERAMICS NEAR PHASE
TRANSITION POINT

S.A. ALIEV, 8.8, RAGIMOV, VM. ALIEV, R.1. SELIM-ZADEH
Institute of Physics of Azerbaijan National Academy of Sciences
H Javid av., 33, Baku, 370143

The influence of the magnetic field to thermal conductivity (K} and thermal power (S) in phase transition (PT)

region is

investigated. The ¢lectron part of the thermal conductivity (K.) is calculated. 1t is shown. thai the ratio K (B) /K, increases with the increase
of B, that is stipulated by the thermal conductivity of despaired electrons. The decrease in 5 ¢7} in the normal phase is associated with the

simultaneous participation of electrons and holes in conductivity.

INTRODUCTION

One of the peculiaﬁi:ies of HTSCIs that, the pushing force
of magnetic fields is significantly weaker, and the second .

critical field (B,,) is much higher, than in SC-1 872 >>B7, . .
' observed. The magnetic field dependencies of k(B and

The magnetic force lines inside SC create around themselves
3¢ -vortex fluxes. Starting from a certain value of B (from
B.; up to B,,) a lattice by shrinking begins to destruct. The
destruction of SC is accompanied by formation of normal
electrons, partial restoration of conductivity and as a
consequence by the electronic part of thermal conductivity.
Depending on defect concentrations and investigated
temperature interval the vortices may exhibit themselves as
the scattering centers of clectrons and phonons. Such
conditions are fulfilled at low temperatures when, the
electrons and phonons mean free paths reach the size of
vortices section. The destruction process of SC under
magnetic field is well studied by magnetocenductivity o¢B)
investigations and thermal power S$(¢5) and some
peculiarities of HT.5C have been derived. In this connection
it is interesting to investigate the magnetothermal
conductivity and magnetothemmal power 5 ¢B) of HTSC.
However, the experimental observation of the change of
K.; {B) becomes complicated by the fact that, in HTSC in
spite of high concentration of charge camiers, the lattice
thermal conductivity is significantly larger than electronic
part. Therefore for similar investigations it is necessary either
1o increase the concentration of charge carriers. or select an
object with small K;. Among known ATSC the Bi-based
ceramics have the smallest value of ;.

Last years a number of theoretical and experimental work
devoted to electron and phonon scattering on vortices as well
as to restoration of electronic thermal conductivity in
magnetic fields have been published [1-5}. In the present
work, the influence of magnetic field on thermal conductivity
and thermal power in bismuth ceramics of 2212 phase in
phase transition region (PT) has been analyzed.

EXPERIMENTAL RESULTS AND DISCUSSIONS.

The details on ceramics preparations experimental method
are reporied in [5]. The measurements have been crried out
in the magnetic field B-2. 27T in direction perpendicular to a
heat flux. The temperature has been controlled within an

accuracy of 2 0.03K and with a precision of 0.1K by carring
out the measurement in the dynamical regime. Each
measurement has been carried out twice by cooling down and
heating up the sample. Any thenmal hysteresis on
dependencies of K(T,B) and S(¢T,B) have not been

S{B) have been measured at different temperatures. The
temperature stabilization was achieved within 60-77 K with
accuracy to 0,05 K and at 77K to 0,1 K accuracy. A
temperature interval of 60-77 K has been obtained with a
special pressure regulator of liguid nitrogen vapor.

H-—- (-
1'{ 3 _.-l-"'""'_.* ..:‘:-m-——it
£l --~r_-"‘a'=“ i S il
*x
3.5 3 ) ]
Ik 1 S "-'1‘_} R A
0 " 1 £

B Testa

Fig. 1. The magnetic fi eld dependence of thermal conductivity
I-76K. 2-70K, 3-80K, 4-65K. 5-90 K.

In fig.] the magnetic field dependence of thermal
conductivity as X {8} /K, (K, - total thermal conductivity at a
given temperature) ratio is shown. As it is seen the ratio
K (B} /K. increases with increase of B. However, 4K (B)
increases only on the limit region of T (65-95K). The

_ vanishing of this effect above 90 K is stipulated by the low

mobility of holes in normal phase state while the absence of
this effect at T<65 K can be explained by sufficiently increase
of Be2. At such temperatures the magnetic fields up to 22T
are failed to break a sufficient number of pairs. 1t is clearly
seen from the temperature dependence of K(B) at B=22T
{fig.2).

As it is seen the maximal effect corresponds © 75 K.
Theref'ore, it can be concluded that the thermal conductivity
increasing effect in magnetic field is stlpulated by despaired
electrons in a heat transport. o

B o
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Fig.2 The temperature dependence of thermal conductivity
[= Kajy 2=K1ae, 3=Ks. 4= bismuth, 3-yitrium,

The temperature dependence of experimental and
calculational data of total X, (B) (3), lattice X, (T) (2) and
clectron part K, (%) (1) of thermal conductivities is
presented in fig.2. In the same figure also the temperature
dependence of total thermal conductivity of crystalline Bi-
type SC (4) and yttrium ceramics (§) is presented.
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Fig.3. The temperature dependences of experimentat and
calculated thermal power.

The calculation of electron pant K. (T} was carried out
by Wideman-France law (K.=LoT)} in the ¢lectron elastic
scattering approach. The dotted urve (1) corresponds to the
calculation in the absence of SC  (taking into accound
pr(TY. Lattice part of thermal conductivity at T>80K is
determined as K;=K,~K, and at temperatures lower than FT,
K, (T} (at B=0) was taken as lattice K. since the electrons do
not take part in thermal conductivity. In this fig.3 the curve
(6) comesponding to total thermal conductivity K(T} is
. presented in the case if the superconductivity is absent in the

sample. As it is seen from temperature dependences of
K{T){1} for the sample with high value of the K, the at 5C
transition condition its decreasing is observed while in
crystalline sample (4} of Bi-type SC  and im yHtrinm ceramics
,:the tendency to decrease of K.(5) is absent. In crystalline
.sample it is related to the high value of po and X, and in Y-
.ceramics to relatively high:value of K; one. The gap between
curves (4) and (6) is stipulated by superconductivity
phenomenon. Between these curves in small temperature

interval data of KB, T} at 2,2 T are presented. It is seen
that, as 5 increase the K(T) curverises o K, (T} curve

. What the temperature dependence of thermal conductivity
of HTSC ceramics is concerned one can notice that it
strongly differs from K(T) of metals, semiconductors and
dielectrics. In particular, they have very weak temperature
dependence up to low T,-as well as high value T,., and in
several ceramics the maximum on X(T) is not arised, in
particular for bismut ceramics also. These pecularities of
K(T}) are inherent to amorphous and glasslike
semiconductors. This is related 10 the absence of strict
crystallic lattice, Probably, this may be addressed to ceramic
condition t00. The temperature S¢7) and field S¢B, T)
dependences are presented in fig.3 and fig.4. It is seen that
S¢T) and S¢B,T} curves are of similar character.
Approximately 10 K below the phase transition, the value of
S passes through a peak and then decreases with temperature.

S.e¥/K

100

- Fig 4. The temperature dependences of thermal power at various
magnefic fieids..

The value of 5 in Bi-based SC decreases sharper, than in -
based SC. It can be seen that the transition width AT (B)
increases with B. The arising of 5 under magnetic field is
related to dispairing of Cooper’s pairs. It can be seen that this
effect significantly decreases with T disappears ( T<70K). The
change of 5(B) disappears at 790K also. The datza of S(B)
are confimmed by data of K(T).The results of (T} in
normal phase have been interpretated according to the theory
[6). According to [6] the Fermi leve] for these materials lies
near the nammow peak AE at the density of states g (e) dueto
overlapping p-and d-band of oxygen and copper. Taking this
citcumstance into account, the authors of ref. [7] obtained the
expressions for S in the cases when A4E>kT in analogy with
electron prosesses in noncrystalline materials. In ref. [8], this
model was developed for an arbitrary AE, which made it
possible to describe the results for S and p quantitatively and
to determine the allowed band width AE in each individual
case. The dashed curves in fig.3 show the results of
calculations of S¢T). It can be seen that 5¢T) of Bi-based
ceramics swongly differs from the calculation. We believe
that this is due to electrons which simultaneously take part in
conductivity In this case the two-band model was applited.
The parameters of electrons were obtained from Hall and
specific electroresistivity data. The results of calculations of
S are represented by solid curves in fig.3a. Thus, the
participation of electrons m conduction of Bi-based HTSC



materials is beyond doubt ., although the question on the  (BiO), planes. Holes dominate in the conduction of singie
nature of electrons and holes is dispwtable. This problem is  crystals in the direction of the c-axis, while charge transfer in
analized in [9] where it 'was proposed that holes were the  a direction perpendicular to the ¢- axis can be execoted both
main charge carriers in negatively charged CuQ; planes, by holes in the CuQ, plane and by electrons in the (BiO),
whole electrons play the major role in positively charged layers. '

[1] "¥.B. Efimov, L.F. Mejov-Deglin, Low. Tem. Phys., 1997, [6] LF. Maities. Phys.Rev.Letters, 1987, v.58, Nel0,

23, Ne3, p.278-289. _ p.1028. o

[2) V. Pogorelov, MA. Arranz, R. Villar, S. Vieria. [7] V.I. Tsiditkovsky and J M. Tsidilkovsky. Phys. Metal |
Phys.Rev. B, 1995, v.51 MNe 21, p.15474-15477. Metalloved (Sov), 1988, v.65, p.83.

[3] M Houssa and M. Ausloss. J.Phys. Conden.Matter, [8] S.4. Kazmin, Y.J. Kavdanov, G. Leysing. Fiz.Tverd.
1997, 9, p.20i-210. Tela, 1988, v.30, Ne 10, p.2655-2958,

[4] SA. Aliev, 8.8 Ragimov, V.M. Aliev. Low Temp. Phys, [9) [ Tot G.H. Panova, V.D. Corobchenko. Superconduc-

T 1996, v.22, Ne 6, p.522:524, tivity, (USSR), 1990, v.3.Ne8, p.1821-1330.

#{5] ‘S.A. Aliev, S.S. Ragimov, D.A. Bagirov. Turkish J.of
" Phys, 1994, v.18 Nel0, p.1051-1057.

S.A. Oliyev, 5.8, Rahimov, V.M. Dliyev, R.1. Solim-zada

FAZA KECID! YAXINLIGINDA BISMUT IFRATKEGIRICI KERAMIKALARDA
MAQNIT SAHOSININ ISTILIKKECIRMS V8 TERMOEHQ TOSIRI

Faza kegidi ¢FK} oblastinda maqnit sahesinin istilikkegirma (X} ve termoehq (8} tosiri todqiq edilmigdir. Istilikkegirmenin
electront hissasi (Ke) hesablannugdir. Magnit sahesinin artmas: ils qunimis electron ciitlorinin istilikkesitmesi naticosinde K(BVK.
nisbatinin artmas: ghsterilmisdir. 577 normal fazada azalmasi kegiricilikde eyni zamanda hem elektron, hem de desiklerin istiraks
ila olagadardir. S '

C.A. Anues, C.C. Parumos, B.M. Annen, P.H. Cenamiage

- BNIHAHHE MATHHTHOTO NNOJIA HA TEHJONMPOBOAHOCTE B TEPMO3IAC B BUCMYTOBbIX
CBEPXTIPOBOIAINHX KEPAMHUKAX BBJIH3H ©A30BOIO NEPEXOJA

Heenenonano simAHHE MAMHHTHOTO MOAL HA TENROHPOBOAHOCYR (K) W Tepmodac (5} B obmzctu dasosoro nepexola (Of).

“ BHMACAEHA INEKTPOHHAN A0 TEAONPOBOAHOCTH (Ke) . TTokasano. 4T0 OTHOWEHHE K (B} /K, PAcTET ¢ YRGTHUCHHEM MATHHTHOTO fIOMA,
+ 4T0 06YCADBACHO TEMIOTPOBOIHOCTEI PACTIAPSHHBIX. IMCKTPOHOR, YMCHBWEHAS 5 (T) B HOPMANsHOH da3e 0BYCNOBIEHD 0THOBPEMEHHEIM
YHACTHEM B [POBONHMOCTH INEKTPOHOB M JLIPOK. . _

.. Received: 23.05.01
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DETERMINATION OF DEFECTFORMATION PARAMETERS IN Ag:Te

F.F.ALIYEV, B.A.TAIROV, T.F. YUSIFOVA
Institwie of Physics Academy of Sciences of Azerbaijan
H.Javid, av., 33, Baku, 370143

M.A, KERIMOV, FIRUZA M. HASHIMZADEH-
Azerbaijan Technical University
HJavid av., 25, Baku, 370143

On the basis of electrical, thermoglectrical and thermodynamic parameters the concentzation of defects N and energy of defectformation
in Ag;Te up 1o and at phase wansitions are calculated. It is shown that the transitions «—«’and #—»8 occur in the sublattice of Ag;Te
structure. and the transition &’—#”is accompanied simultancously by a change of vacaney concentration of Te atoms in a lattice site and
intesstitial atoms of Ag in the sobiattice. [t is established that the probability of spontaneous formation of nuclei int the transitions a—a” and

= is less than in the a—{F transition.

Tellurid of silver belongs to compounds such as Ag'sz .

having native defects owing 1o an amrangement of silver atoms in

interstitials and presence of vacancy at sites of a crystal
lattice. The concentration of defects (N) in them increases
with temperature and at certain temperature dae to defects
there is a structural phase transition (PT) accompanied by a
drastic change of electrical, thermal and other physical

parameters.

In the work [1] it is shown that in Ag;Te PT from monoclinic

a-phase into face-centered cubic Sphase is accompanied by

additional transitions a—a’ and #'F approximately accmﬂing-

to the scheme a335—>a 4258120 Fusox:

A number of works J2-3] is devoted to study of defects in
Ag,Te. However, there is no information on the domain of
PT in them, which is actual and important for an-explanation
of PT process. therefore a present work is devoted 10
determination of defectformation parameters in Ag,Te up to
and in the domain of PT.

METHOD OF CALCULATION

At present with reference to compounds AIZ_XBW there

are two models of possible defects formation: models of Rau
[4] and Weiss [5], in each of which there is a dominant type
of defects causing a deviation from stoichiometry. In the first
mode! it is necessary, that the formation of defect goes in two
stages: the jump forms neutral vacancy of metal V,, then
there is an ionization of vacancy, therefore a hole is formed.
Hence, the complete concentration of defects is determined

asN=v, +’} and the holes concentration is p=V, .
In the second model the introduction of metal atoms in
interstitials is possible: A,=A; +n, where A, 2]and n

concentrations of neutral, ionized domors and electrons,

respectively
A compiete concentration of defects is

N=V,+V, - A - A/
or .

N=V,+p-A -n 0

where p ~ n IIVJ; - A7
The concentrations V7, and A;- are determined by the
method described in [3], p and n are determined according to

(61,

(2m kT
_ temp Rl ()

4::.%'113
¥ .
(2m k,TV% 3y
= #0008

Here m; and m, are. effective_masses of electrons and
holes, p=¢,/k,T is a parameter of nonmparabolocity of a

band, £, is a width of the forbidden band (7), 41, = 1,/ ¥,T
and ,u; =u kT, y, and u, are chemical potentials,

lg_,‘q.ﬁ(,u;, B) is two-parametric integral of Fermi. The
chemical potentials, determined from the following expressions

[6], are
k{} ”Fr+£‘(Ju;) »
a = o — n 3 X
e e F:+1 o yp ( )
[ 1, (a0, .
a.; Fp— ka 3. ‘.ﬂ(/ur: ﬂ) _ #n (4)
€ ‘13/2,0 1Y ﬂ

where o, is a thermo-emf of holes at absence of magnetic
feld, @, is a thermo-emf of electrons in strong magnetic
fields, () and I7,(u;. A} are one and two-parametric

integrals of Fermi, respectively.

In work [3] it was reported that Ag,Te is characterized by
the defects of Frenkel, vacancies of Ag in interstitials,
appearing for the account of statistically arranged atoms of
Ag in sublattice. Then on distribution of Frenkel {8],
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N/N, = e (5)
where N, is a general concentration of at oms. A is an
integer (close to 1), describing the quantity of identical
interstitials in account on one atom of a lattice and & is an
energy of defectformation, measured in ¢lectronvolts, Using
values of N/Ng it is possible to find &, (see a table).

At PT the general concentration of defects is equal to

(N + N, E-N—J , where N, is a concentration of silver atoms
i
in interstitials, which is determined by the method [3], AN is a
change of concentration of defects at PT. The relation AN/ Ny
is calculated as follows. Frenkel [8) has put forward an idea
about a dynamic balance of nuclei, which ¢ssence consists of
a fact that at given temperature the nuclei, which sizes are
less critical, fluctuationally arising and disappearing, are in
some siatistic balance. It Is equivalent to the existence of

some set of constant nuclei with the sizes less critical.

In AgyTe factor, promoting stabilization phase of
fluctuations, is presence of defects in a crystal lattice; which
is caused by deformation of structure. From [8] it is possible
to conclude that at eritical temperatures (7;) fluctnation
volumes (V;) are more than elementary subsystems (V). It
is possible to expect that the following in this case is fulfilled

(V,~V,)/Vy=AN/N, ®)

where V, =ak T /Q,, V,=ak,T,T,/0,d here ais a
temperature constant of the transition [9]. 0. and O are a
heat of PT for unit of volume and mass accordingly and dis a
density of a crystal. Using the data of &, T; and Q, [9] and o
{10] it is pussible to calculate AN N, (see the table).

The calculated data for three samples are given in the
table.

Defectformation parameters in Ag,Te . . 3w 1 ; D Mt
1:1.:“1_. 'N<H_|“ Tﬁ_\,K_ _,VQ'JUM Vg»lo”, ﬁ J .5‘,_.. ERL ’;. 8'09 E . AH* . AS‘. Qg
sition | e | . | em? } em” N, eV | Geal/mol | eV | &V | dar | calinol | cslimol | cal/g
zampl L ’ Lo . K [
L2 | 360 o3 [ L _
AgTe |@—a | 21 | 400 [ 228 | 2051783 [ 010 | 24.02 1.00 | 0.12.] 0,13 | 309 | 0,77 0.9
a8 60 | 416 | 082 | 042 { 48.0 | 0.07 | 20.0i 008 | 0.05 | 017 | 1304 | 3,13 39
B8 | 28 | 432 | 290 | 266 | 83 | GI12 | 2351 ] 130 | 011 | 04 | 285 | 069 | 083
22,0 | 300 . 0,13 . , ]
AgTer Mo | 410 | 394 § 1,70 157 | 76 | 0.12 2380 | 099 [ 020 [ 014 | 412 [ 0,52 1.2
0730 " 5p7| 780 | 416 | 089 | 051 | 3.0 | 0.08 | 1961 | 0.06 | 0.05 | 018 | 1340 | 332 | 39
pa—p | 390 | 430 | 238 | 221 [ 1.7 ol 23.1 104 | 0,13 | 0,15 | 343 0.80 LD
04 | 300 0,13 SN -
Agler oo T 06 | 393 | 1,30 | 120 | 7.7 | 0,10 | 2510 | 097 | 0,12 | 0.14 | 549 | 1,40 1.6
e lamp [ 12 [ 4 |05 | 0a2 | 50 [006 [ 2100 | 0.06 ] 006 | 018 | 1407 | 34l | 4l
F'wg | 0.7 | 430 | 238 | 2,10 | 11,8 | 0.3 | 2480 1.23 1 0.14 | 0,15 378 0,88 1,1

THE ANALYSIS OF THE RESULTS

As it is seen from the table, the value & for a—a’ and
f'—f transitions is more than for a'—f Apparently, it is
connected to the following facts.

The temperature speed of transition dL/dT on the data
[9] locks as follows:

(dL/dT), ,, < (AL/dT), ,; > (dL/dT)s, 4.

At the same time dL/dT depends on energy of activation
Eqs (E, =RT§/V: [11), R is a gas constant, r is time of

transition and V is a speed of heating), necessary for the
transition to become allowed. With increase of temperature
the internal energy of a crystal changes due 1o PT. If thus the
crystal should pass through an intermediate state with energy
exceeding energy of a final state, this intermediate state
creates an energy barrier of height B, and the speed of
transition is proportional to number of atoms having energy,
sufficient for overcoming of this barrier, namely ~exp (-
B/kT). If the portion of such atoms is less than unit, the
speed of a transition is smail. [f the intermediate state of high

energy does not prevent & transition, such transition occurs
rapidly [12]. B can be determined, as the energy of activation
of one defect (or energy of ionization of vacancy), ie.

B=E,/N’, where N'=N iéﬂ Accordingly [12] it is possible
N, .
to mention that the large value of B, £, and small AN/N and
dL/dT for g—a’ and f'—F transitions testify that these
transitions are limited by a speed of duffusion or carry of Ag
from «- phase into o~ phase and from F< phase into § -
phase. It means that the atoms of Ag are hardly displaced
from initial positions, that does nol cause changes of
symmetry of Ag,Te structure and the transitions a—aand
=1 are of displacement type [9].

The high values of dL/dT and small B and & at the
a’—f° transition testify that the atoms Ag and Te easily
gvercome possible energy barriers (B) and the transition
occurs rapidly.

For understanding of the received results about the @—a’
and S0 transitions it is necessary to'note the following. As
it is known [E3], in Ag2Te structure in sites of monoclinic
(a) and face-centered () cubic lattice the atoms of Te



(anions) and cations of Ag in interstitials in several positions
forming sublattice are-located. For displacement of Te atoms
high 4K (change of enthaipy at PT) is required, what is not
energetically favourable. Therefore low AH at e—a” and
f'—p transitions are provided only with displacement of Ag
atoms. Due to their displacement relatively to Te atoms in a
direction of one of 4" lattice edges to a new position there is a
rearrengemend in sublattice. Thus the changes of interatoms
distances because of displacement of Ag atems do not exceed
the sizes of elementary cells, and for displacernent of Ag high
heat g, is not required [9].

The authors [14] consider that the transition in a state of
superionic conductivity (SIC) in Cu.,Se is complex
transformation of evtectic type. The occurrence of SIC in p-
phase of CusSe is caused by disorder of cation sublattice. In
[15] it is also noted that PT in superionic state, when cation
lattice is completely disordered, can preceed PT with partial
ordering, The authors [16] on curve temperature dependence
of tonic conductivity at room temperature have found PT,

which has been attributed to the second order PT .
' 1t is known that all compounds such as A,'B belong to
SIC group, in particular in Ag.Te interstitial ions of Ag" have
high mobility and can be ordered before and after the a’—3
transition in sublattice, as a result the o—a’ and 5
transitions occur.

ABOUT THE MECHANIZM OF TEMPERATURE
SMEARING OF TRANSITIONS

Using as a base the assumption [17], it is possible to
accept that unit of volume of a crystal is divided into ¥ areas,
where N ‘=V, is the volume of one area accordingly. At
temperatures close to T, ie. "macroscopic” PT, state in
microareas more and more intensively fluctuates, thus the
ratio of number of areas not "transformed” (2 ) to number of
spontancously formed nuclei (N-n*), determined in each
moment of time, varies depending on a iemperature change.
The probability of phase fluctuation in volume exp(-
Vyd@/ kT), where change of thermodynamic potential (AJ)
under state of AT=T,~T<<T, is determined by expression
AP=0,AT/T [18]. It is possible to assume that there is a
connection between the ratio AN/N and exp ( -V AP/ LT),

i.e. for definition of AN/ N there is

AN/N=exp (-V, AP/ kT) )]

Further more the question is reduced to a low value of
AN/N and a large value of “smearing”. T,/45 (4S5 is a
change of enthropy at PT) at the a—e’ and #'—f transitions.
It can occur by two reasons: 1) the probability of spontaneous
formation of nuclei is small; 2) the structure of Ag;Te does
not allow an occurrence of distinct P'T in the sublattice.

In case of Ag,Te in the o—a’ and $’—f transitions the
probability of phase fluctuation (~7-10 %) is small, ie.
because of a high value of B the spontaneous formation of
nuclei is weak. Thus transition of Ag atoms from one
sublattice to another, on account of large ionic radius of Te,
needs the large energy of activation E, (see the table). Here
the multiplicity of ratio of the perieds of sublattice of
different phases and closeness of parameters "c"and "a" low-
and high- temperature phases correspondingly are possible,
that does not cause a delay of the transition in time and on
temperature, not observable experimentally [9). The heat of
transition Qp can result in weak change of interatom
interaction at a variation of lengths and number of bonds.
Therefore insignificant change of Ag,Te structure can entail
to evolutionary passage of PT in time and on temperature.

So, the offered versions are in complete agreement with
experimental and calculated data.

A smali value of T»/AS and large values of O, and AN/N
at the & =" transition cause preservation of distinct PT at
T415K. The high probability of fluctuation phase (~45 %)
allows to assert that the essential spontaneous formation of
nuclei takes place at the &’ — transition.

In 4g,Te the @’ —f" ftransition is related to "order -

disorder” category, for which the drastic change of the ratio
of a number of disordered atoms of Ag to a number of
interstitials is characteristic. It results in a growth of a number
of defects: numbers of vacancies of Te atoms in sites and Ag
atems in interstitials, causing rearrangement in both lattices.

Thus, in AgsTe the a’—»#’ wansition is accompanied
simultaneously by a change of a number of vacancies of Te
atoms. in the lattice and Ag aioms in interstitials of the
sublattice.
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T ETERMINAT FD RMATION PARAMETERS IN Ao,Te

F.F.Oliyev, B.A.Tahirov, T.F. Yusifova, M.A. Korimov, Firuza M. Hagimzad»
Ag:Te KRISTALINDA DEFEKTOMOALOIGALMD PARAMETRLORININ TOYINI

AgiTe kristalinda elektrikkegimme, 1cmmoeds v termodinamik parametrlorin asasinda defektomelagaime parametrlori,
konsentrasiya, defcktorin amslageime enetjisi ve faza fluktuasiva ehtimal faza kegidlerinde teyin olunmusdur. Alinan hesablama
neticolori gostermisdir ki, a—a’ vo -7 kegidi alt gefasde, a'—f" kegidi ise esas gofasde bag verir. Mieyyen olunmugdur ki,
dzaklarin spontan smalo gelmasi q—»a’va f'—B kegidinda azdir, nainki =" kecidinde.

: &ﬁé;:’q“ ®.®. Anncsa, B.A. Tanpos, T.@. H0cudosa, M.A. Kepumosa, ®upyza M. Fawnmsane
it v

OMPE/AEJEHHE NAPAMETPOB JE®EXTOOBPA3ZOBABHA B Ag,Te

Ha OCHOBAHHH IMEKTPHYECKHN, TEPMOICKIPHYICCKHX H TEPMONKHAMUMECKHX MapaMeTpOR PAcCHUTANE KOMUSHTPALMA fehekToR ¥
FHCPTHA TefexTo00pasonaid, a Take BEPOATHOCTE dazopoli rykryandy B Ag;Te nph ¢asoBsIl nepexolax. AHERHI DacueTHLIX
PEIYNLTATOR MOKAIAL, HTO NEPEXOIH a—a’ W = TPONCKOEAT 8 NOAPCIIETKE CTPYKTYPhl. @ NEpexon a’=f" conpoBeRaASTCH
QNHORPEMEHHO HIMCHEHHSM UHCIIA BAKAHCHH ATOMOB Te B PRWIETKE H AE B MEKIOYIINAX NOIPEIISTEH. YCTAHOBACHO, YTO BSPOATHOCTS
CIOHTAHHONG 00PasDBaHAA 3apoAKILCH B IEPEXOAaX a—a i P~ wmensllle, 4eM B "= nepexone.
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THE SEMICONDUCTING NANOCRYSTALS

A.S. ABBASOV, S§.1. MEKHTIYEVA
Institute of Physics of Azerbaijan National Academy of Sciences
H. Javid av., 33, Baku, 370143 '

The paper reviews a recent state of physico-chemical studying of semiconducting nanocrystals. There have been highlighted the major
factors 10 condition special physico-chemical properties of semiconducting nanocrystals. It has been revealed a difference in chemical con-
versions on their surface and in the volume dealt with a dimensional factor. Most of naneparticle sutface atoms determine melting tempera-
ture and pressure as the conditions under which semiconductor lattice rearrangement occurs depending on the size of nanoparticle.

Non-=linear optical effects and dependence of optical characteristics and physice-chemical properties versus the size are brought about by
comparability of the size of nanoparticles and the radius of delocalization of charge carrier. '

INTRODUCTION

As known the properties of semiconductors containing a
macroscopic number of atoms do not depend their size. Dur-
ing the past few years it has been shown that at a characteris-
tic size of semiconducting particles <10 nm many of their
physico-chemical properties vary. It is stipulated by the fact
that in the semiconductors the ¢nergy of intermolecular inter-
action is high and the crystal might be considered as a whole
big molecule in the description of electronic properties.

Crystal excitation leads to the formation of light-bound
electron-hole pair whose delocalization area might signifi-
cantly outsize a constant of crystal lattice. The given decrease
in the size of crystal has an effect on its electronic properties.

Supersmall crystals are known in the literature as
nanoparticles, nanocristals or the quantum-sized particles.

Investigations of nanocrystals have brought to light a line
of their peculiar properties to be of a great interest,

Dependence of electronic excitation radiation life tme
versus size, melting temperature, pressure necessary for rear-
rangement of crystal structure characteristic physico-
chemical properties are conditioned by three major reasons:
firstly,the size of nanoparticles is comparable with a Bohr
radius of excitons in the semiconductors. This determines
optical, luminescent and another properties of nanoparticaies.

Secondly, for nanoparticles a number of atoms to be on
the surface accounts for a quite significant part of the total.
So, for 6 nm-sized CdSe about 20% of atoms is situated on
the surface. Surface atoms contribute to the thermodynamic
properties, and determine a structural transition and melting
temperature; thirdly, own size of nanoparticies is comparable
with the size of molecules which determines the thermody-
namics and kinetics of chemical conversions on the surface,
To date the following nanoparticles have been synthesized
and studied: CdSe, CdC, MoC, HgC, ZnO, 5i0,, etc. For
some nanoparticles there have been studied structure of elec-
tronic zones, electrochemical and thermal properties. The
present paper overviews the methods of synthesis, quantum

dimensional effects characteristic for semiconducting
nanoparticles.
METHODS OF SYNTHESIS

Nanocrystals are produced by the method of chemical
synthesis in colloidal selutions, polymers, glasses, zeolites,
micelles [1-4]. The simplest method is the synthesis from
initial reagents in solution by means of interrupting a reaction
at a certain moment of time. Nanoparticles of metal sulfides

are synthesized by the reaction between water-soluble salt of
metal and H,8 or Na,S in the presence of stabilizer-sodium
metaphosphate:

Cd(CI10)+Na,$=CdS | +2NaClO;,

In the course of reaction the growth of nanoparticle CdS
is interrupted as pH of solution is increased. Nanoparticles
TiC, are formed in the hydrolysis of titanium tetrachloride:

T: Cly+2H;0 = T:0,+4HCI

Large-sized nanoparticles are synthesized by adding extra
molecules to an initial cluster stabilized in a solution with
organic ligands. It is normally assumed that nanoparticles,
containing some hundreds of atoms have spherical or ellip-
soid shape and sometimes have distinct faces similar to mac-
roscopic crystals.

Shape and size control is hold by the methods of elec-
tronic microscopy.

A gas-phase synthesis of nanoparticles T:0, and Si is
submitted in [5] with a yield ~70%

In [6,7] there has been suggested the method of synthesis
of semiconducting nanoparticles by of metal pulsed laser
evaporation in the chamber containing a necessary amount of
gas-reagent by means of controlled nanoparticles condensa-
tion on the carrier.

The given method is a modification of the method of syn-
thesis in a diffasion chamber and enables the synthesis of
nanoparticles with mixed molecular composition-oxides, ni-
trides carbides and their mixtures. By changing the composi-
tion of gases in a chamber and by varying a temperature gra-
dient and the power of laser pulse, it is possible to control
both composition and size of nanoparticles. Nanopatticles
might also be synthesized by ultrasonic treatment of colioidal
solutions of large particles of semiconductors. Nanoparticles
of layered semiconductors are formed as a result of large par-
ticles dissolution in an appropriate solvent. MoS,-type lay-
ered semiconductors are distinguished for Van der Waals
force between separate layers S-Mo-S [8]. During the process
of dissolution the molecules of solvent penetrate into the
space between the layers of semiconductor and destroy large
particles therein. With respect to MoS, the process proceeds
until a bilayered particle is formed. The further destruction of
layers is not observed because the formation of monolayered
particle is accompanied by an increase of free energy.

The ultrasonic treatment of dispersed system with large
patticles also leads to the formation of manoparticles MoS,,
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WS, Pbl,, Fe,0;[10]. In respect to Pbi,-type layered semi-. ..

conductors there have been observed discoid-nanoctystals
featuring discrete magic “discisize” [11]. It is assumed that,
in this case, a stable particle-crystallit¢ holding a hexagonal
symmetry of macroscopic crystal consists of two layers of
iodine of seven atoms and of two layers of lead Mo5;
nanoparticles are an analogous structure.

There is a great interest shown to thin films of semicon-
ducting nanoparticles, which are synthesized by means of the
precipitation of previously - synthesu.cd nanoparticles from
colloidal solutions onto the carriers, by means of direct pre-
cipitation of semiconductor molecules onto the carrier and by
means of oxidative hydrelysis of metal salts at the anode.
Normally, a film thickness is ¢, 1 -1m.

Films of Sn0;, Zn0s, Wos, Fe;0; hdve been synthesized

Oxidative hydrolysis of TiCl; at pH=2, 3 and potential of
platinum anode leads to the formation of nanoparticles of 1-
Znim in diameter on the surface of anode [12]

By the method of precipitation it is possible to form
nanostructared films to contain nanoparticles of different
semiconductors. _

Another method of film synthesis consists of wetting of
the plate with a deposited film of certain type of nanoparti-
cles in a solution containing ions of metal followed by wet-
ting in a solution with sulphide ions. The films containing
ZnO and CdS have been synthesized by this way [13,14].

OPTICAL PROPERTIES VERSUS THE SIZE OF
NANOFPARTICLES

Change of excitation energy of semiconducting crystals
when their small are sizes is seen obvious. The electron exci-
tation energy of an isolated molecule normally highly ex-
ceeds interband transition energy in the macroscopic semi-
conductor. It means that in the transition from crystal 10
molecule there should be 2 cerain size range within which a
smooth change in crystal electron excitation energy from a
smaller magnitude to a greater onc to characterize a given
molecule is observed. For the semiconducting ¢rystals such
the transition occurs over a nanometric range. For a variety of
semiconductors, there has been shown the influence of the
size of nanoparticies on the optical spectra.

In [7] the spectra for different-size nanoparticles CdSe
have been represented and it has become clear that nanoparti-
cles absorption spectrum shifis 1o a short-wave region with an
increase in their size. Dependence of nanoparticle electron
excitation minimum energy on the size could approximately
be calculated if the correlation between the uncertainty (dx)
in position and the uncertainty (4p) in momentum of an,
exciton in the macroscopic ¢rysial and in nanoparticle

h
dp - Ax = — 1
p - dx = - m

is taken into account.

The position of delocalized exciton in a periodic potential
of the macroscopic crystal is not fixed, but the energy (E) and
MOMEntm (p ﬁK) are sinictly determined and at smialli (X)

hK?
2u

@

where g is an exciton effective mass. .

For nanoparticle the uncertainty in an exciton position
depends on a nanoparticle characteristic size Ax=d. If one
assumes that the ratio between the energy and momentum
does not depend on the size of a particle, the energy of exci-
ton will vary inversely with the square of nanopatticle
characteristic size.

More rigorous analysis of the effect of the size of spheri-
cal nanoparticles upon an exciton excitation energy E, leads
to the following equation:

]

E

i

= E, +E £3)
where E,is an interband transition energy in the macroscopic
semiconductor; E; is the energy of an exciten localization on

the nanoparticle

'’ 1.78¢°
B, = o - € _0.248E
' 8R'u &r - .
n is integer number, R is the nanoparticle radius,
u o= (m’ +m ©)

m, and m, are effective masses of electron and hole respec-
tively; £ is a semiconductor dielectric permittirity semicon-
ductor dielectric permeability; E. is Ridberg effective en-
ergy. First term in. the right hand side of the equation is a
dominating one, the second one allows for a Coulomb inter-
action between an electron and hole inside the nanoparticle,
third is responsible for a spatiai correlation. The values n>1
in the equation are consistent with the transition of an exciton
1o the higher excited states. In the case of anisotropic semi-
conductors effective masses of electron and holes are direc-

] tion-dependent: in view of anisotropy the equation takes
more complicated form:
- i
A ni 1.78¢°
E _ , = " + —L 4 —FEe | - ~ 0.243E;. (6)
e 1’:’: £ p}g X ﬁyay‘i #z.\'azx ¢R

where n,, n,, N, are integer numbers; g, u,. K- are exciton
effective masses along the corresponding directions; a,, ;.
a, ate nanoparticle geometrical sizes. The nanoparticle exci-
ton excitation energy is well described by function 1 /R’. The

[ given equation is frequently used to calculate the nanoparticle
size:

KR 0

o)
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Another manifestation of size effect in the optical charac-
teristics of nanoparticles is found to be a short-wave shift of
the optical spectrum of nanoparticles under “the placing” an
excess electron on them. There may be three reasons to ex-
plain the given shift: firstly, an increase in the energy of an
exciton as a resuft of the effect of the excess electron electiric
field; secondly. the effect of low vacant state occupation by
the excess electron, much energy is needed to excite the elec-
tron to a higher state; thirdly, a decrease in the power of exci-
ton transition oscillator because due to the effect of electrons
and holes trapped. The recombination of light-generated
charges leads to nanopanticles luminescence. With an in-
crease in their size, a short-wave shift is observed under these
conditions. The luminescence of ZnO, ZaS, CdS, CdSe has
been comprehensively swdied. One more manifestation of
quantur size effect is the growth of oscillator strength fixed
on volume of an excitonic absorption. This growth occurs
with the size decrease with an increase in integral of electron
and hole wave functions overlapping in parallel with a de-
crease in the size of nanoparticles [16-17].

DEPENDENCE OF THERMODYNAMIC
PROPERTIES ON NANOPARTICLES SIZES

A big number of atoms in nanoparticles find themselves
on the surface and increase with a decrease of the nanoparti-
cles size. Their contribution to the energy of nanocrystal is
high enough. Because of that there is a regular dependence of
melting temperature of nanoparticles on their sizes.

In the case of CdS nanoparticles:

1.5 nm-600 K; 2 nm-100 K: 3.7 nm-1200 K [13-20]. As
known, liquid surface energy is lower than that of crystal.

A decrease in the size of nanoparticles leads to an in-
crease in surface energy, and consequently, to a decrease in
melting temperature.

The pressure may change the geometry of the crystal lat-
tice of macroscopic crystal to come to a tighter packing (the
same is observed in the case of nanocrystals). The pressure
brought to bear on CdS nanocrystal CdS with a structure of
virtzite (tetrahedron coordination) results in the change of
structure 1o face-centered cubic one. As a result, less ordered
surface with high energy is formed. In the case of InP, CdS,
CdSe and Si an increase in the pressure necessary to change

the geomeiry of crystal lattice with a decrease in the size has
been observed. This phenomenon is characteristic of
nanocrystals, which account for a great portion of the surface
cenitres,

The colloidal solutions of nanocrystals are found to be

. useful in the demonstration of their application in photocata-

lysts. It should be noted that their practical usage is compli-
cated dus to the necessity of separating nanoparticles from
solution after the completion of a photocatalytic process. In
this aspect thin layers of nanoparticles adsorbed on the film
to consist of heteronanoparticles are seen more promising.
This expands the range of spectral senmsitivity refemred to
wide-band semiconductors and increases a quantum effect of -
photoseparation with respect to the charges. Porous films of
nanoparticles display a high adsorbability.

The application of the above-mentioned features allows to

-increase their photocatalytic effects at the cost of films sensi-

bilization 1o the visible ragion of spectrum [21,22].
CONCLUSIONS

From the present review of papers dedicated to the inves-
tigation of semiconducting nanocrystals, it follows that their
extraordinary physicochemical characteristics are caused by
the foillowing factors:

The size of nanoparticles is comparable with that of
molecules and this defines the difference between chemical
conversions on their surfaces and in the bulk,

The number of atoms on the surface of nanoparticles ac-
counts for a great amount of the total what has an effect on
the thermodynamic properties of the particles. This condition
defines dependence of melting temperature and pressure, at
which the rearrangement of semiconductor crystal lattice
OCCUrs, On its size.

Non-linear optical effect and dependence of execution

 transition energy, oscillator strength and other characteristics

on the size of nanoparticles are brought about by comparabil-
ity of the size of nanoparticles and the radius of delocalizition
of charge carriers.

At present the development of the methods of nanoparti-
cles synthesis, integrated study of their physicochemical
properties, introduction of results obtained in electronics,
ecology, etc. are of a great interest.
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A.S. Abbasov, S.1. Mehdiyeva
YARIMKECIRICI MONOKRISTALLAR

Nanozerracikiorin ﬁziki-—'kimyé-vi tedgigatlarmin perspektivieri nezerden kegirilib. Yarimkeqiricilarda nanozarreciklerin geyri-adi
xassalerinin asas faktorlam teyin edilib. Manozarreciklerin termodinamik xasseleri, {tezyiq, orima temperaturu) onlarin dlgiisiindon
asthhgr aydmlagdinhb. Qeyri-xatti effektlorin amele gelmasi ve onlarin nanozarremklann olcusundan asthhfimin sababkar

nanozorraciklerin dlgilarinin uygunlugudur.
A.C. AGGacos, C.H. MexTnesa
e MOJYNPOBOIHHKOBBIE KPHCTAJLIbE
PaccMoTpeHo COSTOAHHE Hmﬁomﬂm tbmum-xnumecmx XAPAKTEPUCTHK HAHOKPHCTANNOoB. OmpeaenHst ocxiosHbie darTops, oby-

caapnEBAIOINe HEODRITHAE HY CBOACTRI
BHﬂCHCHﬂ FABHCHMOCTY TEPMOIHHAMHYCCKHX CBO HCTB (AABTEHHE, TEMICparypa TINABACHHA } QT pPaiIMEpoB nauoxpnc‘ta:mon

OBcyHICH BOIHUKHOBCHNE HesHEeHHEX SHHSKTOB H X JABECHMOCTE OT PA3MEpOB HAHOKPHCTATIOB.
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THE KANE OSCILLATOR
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Institute of Physics of Azerbaijan National Academy of Sciences
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The energy spectrum and wave functions for Kane oscillator describing the spectra of electrons, light hole and spin-orbit-splitting bands

in 2 quantum dot with harmonic lateral confinement is found.
1. INTRODUCTION

As shown in [1], for description of an energy spectrum of
quantum dots either “infinite potential barries”, or a model of
parabolic potential confinement can be used. It has been
established, that the model of parabolic potential is realistic
enough for describtion of not too large quantum dots. Within
the framework of this model a number of problems of
quantum dots physics were considered for the standard
dispersion of electrons, including quantum crystallizations in
an external magnetic field [2].

The semiconductor compounds (InAs, GaAs, InSh etc)
on which quantum dots are created now, have a complex
energy spectrum described by muitiband Hamiltonian, In
particular, nonparabolicity of a spectrum is possible to take
into account within the framework of eight-bands Kane
model [3].However due to complexity of the obtained
equation in [3], the analysis of its solution was carried out in
the framework of rather special approximation.

The complexity of the equation mentioned above arises in
a standard way of introduction of parabolic confinement
potential through scalar potential. If the external potential is
introduced by minimal substituting [4]:

P> p-ipAr (D
then for Dirac Hamiltonian the oscillator equation would be
obtained with additional constant term originated from spin-
orbital coupling as shown [4-7].

In the present paper we have shown that if one introduces |

the external potential into the equations invariant under the
rotational group [8,9] by way like (1) it would be wansformed
to the oscillator equation. Note that method [8] directly gives
a system of equations for radial functions for any number of
considered bands.

" We have called the obtained equation Kane oscillator, by
an analogy to Dirac oscillator . To obtain the Kane spectrum
from the system of equations (18) in {8) we consider the
values (=172, r =0) for the conduction, heavy and light hole
(7=3/2, r=1), and spin-orbit-splitting (7=1/2, r=1) bands.
The first index characterizes the weight of an irreducible
representation and a second one indicates the subspace with
the same weight. We have chosen indices for the states which
clearly show that they are created from corresponding s, p
states. In order to give a physical meaning to the equations
we consider the coupling coefficients s, and p,
correspondingly, =0, r=1| to be nonzero, where z is a label
of the subspace.

Substituting

d d
—_— = — 4 BAr 2
dr dr A @

(where A is a parameter characterizes a steepness of a well, §

1.
Py
is a diagonal matrix with elements (—1)[ E I], j. is a
magnetic quantam number ) the system of the equations ,
including also the dispersionless band of heavy hole take a
form [8,9]:

1 1
. IFH1,+-) , St(1,+—) _
a d ar+ Z |7 iV2b 9 e R R, (3)
2AE-E,) | dr r E-E, lldr r r
.'li_‘?ﬁe_ £ - flt = 0 (4
r

141+

. ] -
A- ifzp 2 ar- £f+ £y =0 (5)

E dr 2r



T N ATOR

. 1
) : d . 1% [10 + -2"] _ .
-ia Ny o
— | — = Ar + el £+ £ =0 ©
C2E - E,) dr r
' TR : ! 0.1 , 1,0 .
a = ] [1 - i) [1 + EJ Cyre - _da Cyeye _ ia
2 W 2\ 2 iy E-E, . iy E+4
0,1 L S ¥ :
Here the following notations: iz & b o Cofs, 2. = ib (8)
iy E-E, iy E
£y = ffa | f;n_g o
(A S where Eg is the energy of the bottom of conduction band, 4
£ o= £ ; + f_ " 3 is the spin-orbit-splitting energy. The parameters a.b are
L Ea (7) mairix elements of coupling between the conduction and
£ = £ % f;’__,, N valence bands. The quantities like CJ7 ., £, etc. and y
B L) A Yt e 2t
£t = £l o+ fb are determined in Gelifand et al [8]. The system of equations
g $ein ;_""’21’. ' {1)-{6) are rewritten so in order to separate the mdependent
' splutions ("even” and "odd™.
are used.
Aswell as: 2. THE ENERGY SPECTRUM
Substituting (4)-(6) in (3).we have obtained;
- (1,+ ) (1,4241) '
2 = > : ? : 2b? |
a ,zd —Z _ri-3A a : +1
fdr? = dr -.r‘ 4E-E,) (E+4) E(E-E,)
+ = 2 o2k A (lo v Ly _1) £i="0 - (9)
2(E - Eg) (E + A) E{E - Eg) A : 2 i Cdin 43 )
Ehérgy spe.ctruﬁ is given by: B
3 ..
o(E) = 2/1[1\! + 2] ' (10)
where
E(E - E,) (E + 4) 1 N2a°E - 8PYE + A
?’(E)=4f' gf( )4—'2(-10'4'&11] 2 2( )-3;“ ' (n
a“E + Bb*“(E + A) 2 - aE + 8b*(E + 4) _

T b

and the corresponding eigenfunclions_lread: ' | 1+l N 1 . . .
L where L, ¢ 7 (Ar?) is an associated Laguerre polynomial,
o e 4 ‘1' . _ N=2n+1,21/2 ,n=0,1.2, s a principal quantum number. The
f =A -fléfzexp{ Ar’ JL’ o ~( rz) (12) normalization constants are;
= . . .
. nigt—~ N
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s 2
lpz— + . ’
i 2nf
A = 24 : = , A= D2 (13)
ara e (n+loi~l—+.§] h
2 2

The parameters 2 and b are related to the effective mass
as follows [11):

R 2b*

2m;, B

(14)

g

where m, , m;,and m,, are the effective masses of electron,
light hole and spin-orbit splitting hole, correspondingly.

2 1
A case as—= P, b=—= Pcorresponds o one
NE] J3

parameters Kane model and using (14} we find:

w o optr & K 1 &
2n, E, "4 E,+A ' 2m,, 4 E+4 | )
2 -2
E_+—4 — 4 y
E(E—E_XE+4) “s
pE)=220 | 22 N ;-7 h_m(lw-l-ilJ-S’-@ (15)
W TREs 5 ns
PR I J-b
: : - t+ iN2ba
Using (12) in (4), (5) and (6), we get £;", £ and £} Fin = fo,, (16)
|
' - + +1/2+1, 212
2 = iVzb [[41? 1+21,2 171, +12) Ar)fo*,}- _ _yn(aty /2) £ an
” 4r ’ r '
s g |[2eF1+L(1FD) T Jn(n+1/2+:011/2)
fg’”__E‘i‘A[(‘ Zr —Af O.n r fGnl -(l8)

The equations (15) describes the spectrum of electrons,
light and spm-orblt splitting hole bands .

As well as in a case Dirac of oscillators in ground state
energy appears twice more, than for isotropic oscillator of the
standard Schrodinger equation .

The equations (15) might be useful in analysis of an
influence of the nonparabolicity on a energy spectrum of
electrons in a quantum dot.

CONCLUSION

The oscillator equation is obtained from a system of the
equations for multiband Hamiltonian describing spectrum of

Ire:lec:trorm., tight and spin-orbit-spliting hole bands in Kane
semiconductors by the method of a minimal interaction. The
solution of this equation allows to deseribe the influence of
nonparabolicity on a spectrum of electrons in a quantum dot.

Recently this problem has been considered in [10,11]
within the framework of the infinite potential barrier model.
The advantage of our consideration consists of obtaining of
the analytical expressions and the possibility of their analysis
in comparision with numerical calculations [10,11].

The author thanks Prof. Gashimzade F.M.and Alekperov
0.Z. for helpful discussions.
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THE IMPROVEMENT OF THE SUPER CONDUCTING PROPERTIES OF THE YBa;Cu304;
COMPOUNDS BY NEUTRONS IRRADIATION
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N. GUSKOS, P. EUTHYMIOU
University of Athens, Department of Physics, Section of Solid State Physics,
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Institute of Physics of National Academy of Sciences
H.Javid Ave., 33, Baku, 370143, Azerbaijan

The effect of the increase of the critical temperature 7. by the irradiation of the Y123 samples with small doses of fast newtrons has been
investigated by the temperatore dependence of resistance and by EPR studies. The results indicated that T, and EPR signals of all specimens
increased with growth of irradiation doses. Meanwhile all threc-lattice parameters decreased. These results are explained in terms of redistri-

bution of the oxygen. which promotes the intensification of the interaction between Cu™*

properties of the specimens.
1. INTRODUCTION

The irradiation of some materials with small doses of radiation
stimulated some processes, which resuit in the improvement
of the crystal structure. This phenomenon is attributed to the
decrease of defects by the recombination of the interstitial
atoms with the vacancies [1,2]. In such case neutrons act like
billiards. This is known as the effect of small doses in semi-
conductor physics and later was applied to high temperature su-
perconductors.

In reference [3] it was found that the irradiation of the
Yba,Cu;0;5 and PbBi,,CaySr,Cus0)p  samples with small
doses of fast neutrons resulted in the increase of the critical
temperature by AT. =3.9K for the former system and by
AT.=5 8K for the latter system. It was atiributed to reduction
of the number of defects in the Cu-O chains.

It was reported [4] that the magnetism associated with the
Cu-O units plays an important role in the super conducting
properties of HTSC, Observation of the EPR signal in the
cuprite superconductors was expected because the majority of
copper ions are in the divalent state, as nuclear magnetic
resonance, neutron scattering, photoemission and muon reso-
nance studies have indicated it. HTSC cuprites and their insu-
lating AFM parent compounds have been subjects of numer-
ous EPR investigations in view of the possibility of direct
access to the static and dynamic properties of the intrinsic
Cu* ions. EPR signals of the superconductor compounds
were attributed to the interaction between these ions [4].

Authors [5] investigated the effect of the fast neutron ir-
radiation on the critical current density {(J.) and microstruc-
ture characteristics of highly texwred YBCO bulks prepared
by the powder melting process (PMP). Five similar samples
were imadiated by fast neutrons with different fluents, from
5.1x10'¢ to 6x10'"n/cm®. The results indicated thai the criti-
cal temperature (T} of (PMP) specimens decreased insignifi-

_cantly after irradiation with fluents up to 6.1x10''n/em?, and
the J. values increased monotonically with radiation doses.

ions and the improvement of super conducting

It was reported [6], that the critical temperature enhance-
ment was detected in the same compound by the gamma irra-
diation at the nitrogen boiling temperature. This experiment
was held in our [aboratory.

In this report we investigate the effect of small doses in
the HTSC cuprites by the temperature dependence on the
resistance and by the EPR measurements for several samples
before and after irradiation with small doses of fast neutron
irradiation.

1. EXPERIMENT

YBa;Cu;Oqp (Y123) ceramic samples were prepared us-
ing the selid-state reaction method. The powders were mixed
and sintered in air three times and afterwards the materials
were annealed in the flowing oxygen. Samples were identi-
fied by XRD measurements and Rietveld refinement, which
showed that they were single phase with a high degree of
orthorombicity.

We have taken four Y123 samples with different T.. We
have measured their critical temperatures from the depend-
ence of the resistivity versus the temperature by the ordinary
four contacts method {(which were made of silver paste), and
akso the EPR signals before and after the irradiation. We have
detected the super conducting transition temperature (T.) by
the middle point of the transition.

We have measured the EPR signals from the powders of
the samples at the room temperature. We have taken the ex-
actly same masses for the corresponding powders of the sam-
ples before and afier irradiation.

The fast neutrons held the irradiation of the samples in the
horizontal tunnel of the reactor at the temperature about
340K. The slow neutrons were cutted by a filier of the cad-
mium. Each specimen was irradiated once. The first N1
specimen was irradiated with three fluents of 10" w/em’,
10"n/em’ and 10"n/cm’, The second specimen N2 was irra-
diated with two fluents of 10''n/om” and 10 n/cm’. The third
N3 and fourth N4 specimens were irradiated with one fluent



fluent of 10"n/em’, For the fourth N4 specimet: we have per-
formed the Rietveld refinement before and after the irradia-
tion.

3. RESULTS AND DISCUSSIONS v &

The dependence of the resistance versus femperature for
the specimen N1 is shown on fig.1. We observed the increase of
the T. with growth of irradiation fluents, which is accompanied by
a decrease of the resistance transition width.

' T
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« N110" niern? .
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Fig.I. The temperature dependence of the resistance for the sample
N1 before and after the irradiation for different
fluent.
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nfom?

Fig2. The critical terperature versus the fluent: 2{a) sample
N1, 2(b) sample N2.

Fig;2:(a) shows that, for specimen N1 before the irradiation T,
was 91 44K and after the. irradiation with fluents 10" n/em’,
102n/em? and 10"n/em? was: 92.19K, 93.19K and 94.43K

. * regpectively. . Fig.2-(b) shows.that for the sample N2 the T,
i was 91.79K:befare the irradiation and after the irradiation

with the flueat:10''/em? it inereased to 93.12K but with the
fluent 10" n/em? it decreased to 92.24K. From compatison of
T.'s for specimens N1 and N2, we can see that the T. of the
specimen N1-increases up to 10"n/em’, whereas for the
specimen N2, the T. decreases between the fluents of
10"'n/em® and 10"“n/em’. We have also found that for the
specimen N3 before the irradfation 7. was 90.02K and after
the irradiation with the fluent 10'*n/em’ T, became 91.34K.
Regarding the sample N4 before the irradiation its T. had
been 90.04K and after the irradiation with the fluemt
10"n/em® 7. became 91.34K. Fig.3 shows the EPR specua
for the N1 and N3 specimens. For both of them the EPR sig-
nal increased after the irradiation with the fluent 10"%n/em’
with respect to the EPR signal before irradiation.
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Fig.3. EPR spectra before and after the irradiation: 3(a} sample
N1, 3(b) sample N3,

We have also calculated the lamtice parameters for the
specimen N4 before and afier the irradiation with the fluent
10"n/em®. The lattice parameters that we have obtained are
as follows:

(a=3.82506=b=3.88615=c=11.67384=>) before the irradiation
and

(@=3.82486=5b=3 88459=>¢=11.67069=>) after the irradiation.



So, the reduction of the lattice parameters confirms that
the superconducting properties are improved after the
irradiation.

These results suggest a correlation between the increase

~of T. and the EPR intensity and decrease of the lattice pa-
rameters after fast newtron irradiation. We suppose, that small
doses of fast nevirons cause the recombination effect of the
interstitial atoms with the vacancies. This effect mainly con-
- cerns the oxygen atoms, because of their lightness, We think
that this process improves the crystal lattice, orders of the
conducting planes and Cu-0 chains, reduces the lattice pa-
rameters and increases T,
We suppose that the reduction of the lattice parameters
(or in the other words the compression of the elementary cell)
provokes the reduction of the distance between Cu™" ions and

therefore the reinforcement of the interaction between them.

We assume that this reinforcement is the reason of the rise of
the EPR signal and the critical temperature and generally the
improvement of the super conducting properties of the com-
pound by small doses of the neutrons irradiation.
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Meqale Y123 nimunslerini kigik dozal siretli neytronlarla sialandirdigdan sonra T. kritik tcmperaturunun artmasinin

tadqigine hesr olunmusdur. Niimunalarin EPR spektri ve miiqavimatin temperatur ashhi1 dyranitmigdir. Tadgiqatlar géstarir ki,
sialanma dozas: artdiqda niimunelerde T:ve EPFR signali astir. Bu zaman hem de qefes paramettierinin kigilmesi miisahide olunur.
Almms naticalor oksigen atomlannn yeniden paylanmas) va bununla da Cu2+ mnlaﬂ arasmda qarsihiqh tesirin giiclonmesi il izah
olunmugdur.

I'. Kapuasa, H. I'ycukop, B.Annes, H. Kexenuase, I'. Lnuuanse, P, Jydemny

YJYYHIEHUE CBEPXTNIPOBOAALUUX CBOACTB YRBa,Cu,0,JIOCIE OETYUEHHUA HERTPOHAMA

B palote H3n0KeHRI PE3YALTATH HecAcnoBaHHR HhEKTa YoenHueHuA KDHTHHECKOH Temneparypw T. Y123 ofipasuce nocne ofmyywe-
HHA MaTbiMp Bosami GricTperx Heltrponon. Mayuennt DITP-cricrrpi W 3asucHMocts COTIPOTHEMIGHAA OT KPHTHYCCKOH TeMnepatypel. Pe-
TyNETarTH nokatamu, wro T. u DIIP CHrRAmI peex WIVYAEMEX OBPABUOE PACTYT ¢ yBemIMeHNeM 1031 06xyyerna. Habmonaerea tarwe
YMCHBHICHHC TIAPAMETPOR KDHCTRNIHYCCKOH pewréten. TlomyeHHbIe pea)rm.ram ODBACHKIOTCS TIEPEPACPENLIEHHEM ATOMOR KHCAOPONA,
4TC B ¢BOIC 0YEPEb BLILBACT YCHNCHHC BIAMOICHCTEHA MEKIY HOHaMH Cu™ W yNyMIICHHE CBEPXTIPOBOIAILIMX CBOACTS 05pPasLOB.
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The new stage is creation of the multicomponent taser gas-analyzator for early diagnostics and measure of pollutants in atmosphere with
the high sensitivity on the level =10 +10°°. Thus in this work was established that mid-IR lasers are very promising for creation of: a)
Devices for early diagnostics and control of therapy; b) Devices for the atmosphere monitoring of 0., CO, NH;, N;Q and other components
content in the air on of the level of 107-10" of main components; ¢) New type spectrometers with 10*cm™ resolution; d) Technological

control devices for chemistry. metailurgy, electronics.

Three types of compound semiconductor materials are
used to make mid-IR lasers: IV-V1 maierials (lead salts), I1l-
V materials containing antimony, I[II-V quantum cascade
(QC) structures, Mid-IR lasers made from [V-VI compound
semiconductors are in the best position to reach pulse and CW
operational temperature above 200-220 K, when themmoelectric
cooling modules operate. However today the operating
temperature for the most of laser devices in practical
experiments is 77 K (liquid nitrogen temperature}.

Mid-IR lasers were fabricated on the basis of IV-VI
multicomponent semiconductor materials, which allow to
reduce the generation threshold, and increase radiation power
[1]. The lasers are easily tunable under external influence -
temperature, magnetic field, pressure and operate in the
spectral range 5-25 um which invoives “atmospheric
windows™ and oscillatory-rotatory absorption bands of the
most molecular gases. Therefore they are mainly used in the
following fields;

1. High - resolution molecular spectroscopy.

2. Analysis of gas mixture  samples at a Tow pressure.

3. Measurements in the open atmosphere.

In table 1. basic parameters of pulsed lasers are presented.

Table |
Parameters measured Parameter

variation range |
1. Operating temperature range T, K 77-180
2.Toral range of radiation frequency tuning
with current and temperature, cm 200-300
3.Range of 2 single mode tuning cm™ 0.5-4
4.Power in all modes, mW 1-5
5.Power in a single mode, mW ) 0,1-1,5
6.Rate of radiation frequency tuning of
a single mode, cin™'/s 10%-10°
7.Generation linewidth, cm’” <10™

Requirements imposed upon semiconductor lasers depend
essentially on the problem being decided. The most stringent
of them are determined by molecular spectroscopy problems
and in particular, by spectroscopy of collisional broadening
and shift with the spectral resolution &vs107cm™ and $/N
ratiox10° which is important for the required precision level
of measurements.

For the speciral absorption gas analysis performed at a
reduced pressure (e. g sampling into @ multipass optical cell)
the spectral resolution ~107-10%cm™ should be provided,
which is necessary for a spectral contrast increase and

_selective isolation of separate slightly broadened lines at the

expense of a buffer gas pressure — air, as a rule. At the output
of the recording system the S/N ratio should be >10°. In this
case detection of molecular impurities with minimal relative

1 aF

S =107
gIN, F

(Here the absorption cross-section e=10""cm™, the absorbing

layer thickness 1=100m, the total molecular number per unit

.3 AP N
Ny=10"em™?,

concentration C,. ‘=

possible

volume

_— )

E
feature of this problem is the need for such high parameters at
field measurements, i. e. at laser operating temperatures not
less than 890-100 K (liguid nitrogen temperature).

During measurements in the open atmosphere, at so-
galled route measurements, the resolution may be below =107
2 ¢m', However, high output power of semiconductor lasers
is also required in order that after passing the route up to 500
m long the S/N ratio at the output of the recording system
(without accumulation) should be not less than 10°,

Let us define laser's power satisfying the above mentioned
requirements. Laser power can be estimated as P=P,5/N,

here P =NEP\ A - noise power, NEP~1071°W Hz'? -
power equivalent to noise for Ge or Si and CdHgTe
phatodetectors. Then at AB=1 MHz mode radiation power

The important

P, 00uW is required o obtain S/ Nx10.

Together: with the Institnte of General Physics and
Enstitute of Spectroscopy Russian Academy of Sciences out
investigations were realized in high-resolution spectroscopy,
applied spectroscopy and gas analysis; using heterolasers
with PbSnSeTe isoperiodic layers and homoiasers with
controlled carrier concentration.

High - resolution spectroscopy. Absorption spectra of a
whole numbers -of molecular gases: H,O, NH;, O,, SF,
GeH,, CF,, CO, and eic. have been recorded with high -
resolution and investigated. In particular, by application of
lasers with controlled carrier concentration profile n™-n-p



PbSe, extended and completely resulted areas of SO,
absorption spectra in the v, and v; fundamental band region
have been investigated [2]. Frequencies and intensities of 497
absorption lines have been determinated. The accuracy of line
frequencies measured experimentally is 3-10% ¢mr’!, which is
significantly above the emror ~ 107 ¢m™ of theoretical
description based on the available theoretical models. In this
case the generation pulse was up to 700 ps, which aliowed to
use comparatively low tuning rates and to obtain the
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Fig. 1. N;O molecular spectrum in the range 1282.9-1284.4 cm™

In fig. | NyO molecular spectrum portion within 1282,9 —
1284,4 cm’' is shown [1]. The spectrum is recorded at a
single diode laser frequency scan. On the spectrum the lines
of three isotopic modifications of N;O "N"N"0 (1283, 669 cm™),
UNUNMO (1283, $24em™), N PN %0 (1283, 919 em™') are
clearly seen. In P(9) band 5-10” ¢m™' resolution is obtained.
Below a Fabry — Perot etalon spectrum with 0,05 cm™' free
dispersion region is given.

Applied spectroscopy. In [4] a new method of TEA CO,
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mentioned accuracy of spectral parameter measurement.

CF, melecule spectrum  was also recorded at a
temperature T=77 K [3]. which allowed to decrease the
Doppler linewidth and observe in more detail the thin
multiplet structure in the region of “overturn”, The perfectly
resulted spectrum obtained experimentally in this work is
necessary for a quantitative evolution describing v, CF, band
R branches for high values J > 20.

- laser generation linewidth determination is proposed and
used. Knowledge of TEA CO» — laser generation linewidth is
important for evolution of molecule oscillatory excitation
under non - collisional conditions from separate rotatory
levels, The method of “buming out™ of the downfall in the
SF; absorption spectrum in a pulse supersound stream (fig. 2)
and further measurement of the downfall with heterolaser
enabled one to establish a CO» laser generation spectum
width 0,013+0,002 om™.
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Gas analysis possible. On the basis of developed NH;
microconcentration analysis operating within = 10um wave
length range, where ammonia has the most intensive
absorption lines up to 10” em™. am™ {5). Application of Ag

“Cl — ‘Ag Br fiber optics, multipass cells and heterolasers for
the 10um range allows to achieve a minimally detectable
ammonia concentration i the mixture — 107 and the
sensitivity can be brought to 10°° with a signal accumulation
time increase. This sensitivity is sufficient for a measurement
of NH; background content in the atmosphere (which is 0%,
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Fig 3. a) Fiber-optics gas analyzer scheme
b NH, transtnission spectrum in the range 1030-1055cm-1

MID-IR LASERS

Compact fiber optical devices alsé enable one to carry out
classical spectral investigations. As an example a number of

v. fundamental ammonia absorption band lines were
recorded whose parameters are given in table 2.
Table 2
N Line Line ﬁ'eq]uency | Line intensity
| colentification cm oo~ am’’
1 ak (4.3) 1032, 1310 52
22 aR{4.2) . 1033, 1358 o 31
31 aR(5.5) 1049, 3464 1.2
14 aRis.4) 1051, 5120 1.9
5 ak {3.3) 1053, 1305 4.6
6|  aR(5.2) 1054, 2527 25

The application of fiber optics elements {fig. 3) sitmplifies
essentially the optical scheme and device tuning.

In [6] lasers were used for SO detection in the spectral
ranges 1280 and 1065 cm™,

50, spectrum portion evelution with a change in the
buffer gas (nitrogen) pressure has been investigated. SO, line
collisional broadening coefficients are determined and the
dependence of spectrum contrast on partial pressures in the
mixtore is studied, which is necessary for the choice of
optimal conditions for SO, recording in the atmosphere.

Mublifunctional spectrometer on the basis of wnable mid-
IR lasers was developed and created: with high resolution on
the 10" cm™ level, multicomponent gas analysis with 107 —
10® sensitivity, bench for investigation of new types of
photoreceivers and lasers [7). '

The new stage is creation multicomponent laser gas-
analyzator for early diagnostics and measure pollutants in
atmosphere with high sensitivity on the level —10* +10° [8.
9]. Thus in this work was established that mid-IR lasers are
very promising for creation of:

1. Devices for carly diagnostics and control of therapy.

2. Devices for atmosphere monitoring 30,, CO, NH;, N;O

and other components content in the air on the level of

107-16” of main components.

New type spectrometers with 10™ cm™ resolution.

4. Technological conirol devices for chemistry, metallurgy,
electronics.
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ORTA DIAPAZONLU IQ-LAZERLORIN TOTBIQLORI

AIVBY! birlegmolorinin ¢oxkomponentli bark mahlullart esasmda orta diapazonlu IQ lazerlor siirms torkibli ANBY birlegmelori
esasinda olan kaskad tipli lazerlare nisbaton 200-220 K temperaturlarda impuls ve kesilmaz rejimlerds iglemek d¢in daha
perspektivlidir.

Bu lazerlerin yuksek ayirdetmeli Jazer spektroskopivasinda, tatbigi spektroskopiyada ve gaz analizinde islanmse niimunalati
gostarilmisdir. : :

O.M.dasapaursuan, M.H.Enyxaweunn, H.ILKexenune, JL.ILEwukopa, M. T.36panume, B.A. Asnen
NPHMEHEHHA HK-JA3EPOB CPEJHEIQ IHAIIA30OHA
A cpearere MK auanalona Masepsl Ha OCHOBE MHOTOKOMIIOWSMTHEIX TBEPIEIX PacTsopos coeaumenmii AVBY! NCPCTIEKTHBHEE:
KacKallHbiX Na3CPOB H COACPKALIMX CYPhMY HA OCHOBE COCAMHeHHH A™BY nns paBioThl 8 AMIYTLCHOM W HENpEPHIBHOM pERMMAX MpH
TeMneparypax 200 — 220 K nazepsi b epeanem UK ananasone.

PAcCMOTPEHRE IPHMEHENIS: ITHX 1238POB B CIIEKTPOCKOMUK BEICOKOTO Paspeltiersia, NPHKAAIHON CREKTPOCKOTMM K M30aHATHIE,

Received: 11.06.04
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- VUV-REFLECTION SPECTRA OF PLUMBUM MOLYBDATE SINGLE CRYSTALS

N.G. DARVISHOV
Baku State University
Z. Khalilov str.23, Baku, 370148

The reflection spcctra of PbM004 single crystals have been studied in the energy range of 2+41eV with the use of synchrotron radiation
at =300 K. The spectral dependences of optical functions. characterizing the electron structure of the given compound, have been caleu-
:I_axcd_ It has been shown that the observed structure in the reflection spectra in the range of hv<20eV is sttributed to interband optical transi-
tions, and at hv>20eV is connected with intracentral transitions in Pb**. The bulk ptasma vibration energy (ha =26.5¢V) of the valence elee-
trons has been détermined. The derermining role of MoQ,! - temahedron in the formation of PbMoQ, band structure is shown. It is assumed

that the O 2p electron levels form the valence band, while the conduction band is formed by Mo 4d orbitals.

The XMeQ, single crystals with the scheelite structare
(where X=Pb,Ca,5r, Me=Mo, W) are widely used in different
acoustooptical devices as the fast deflectors of laser radiation
[1], the active elements in solid-state lasers and ionizing ra-
diation detectors in radiative-aggressive media [2]. For suc-
cessful and effective usage of the given crystals in different
optoelectron devices, the knowledge of their electron energy
spectrum in the fundamental absorption region is necessary.
The certain information about their peculiarities can be ob-
tained from absorption and reflection investigations. In litera-
ture only several papers, dealing with the smdy of reflection
spectra of scheelite series in the near-ultraviolet (UV) spec-
tum region, are known [3-7].

wl |
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Fiég.# The spectral dependences of the reflection coefficient R(1),
’ real &; (2) and imaginary &, (3) pants of the dielectric con
sta.m in PbMob), .

In the ‘present paper the reflection spectra of PbMoO,
crystals in vacuum UV region are first investigated with the
use of the storage ring of synchrotronous center I'YaF CO AN
RF as the radiation source [8]. The encrgy region under study
was 2+41eV, The PbMoQ, single crystals grown by the
Czochralski method were investigated. The samples with the
sizes of 10x8x6 mm cut off aleng the principal axes of the
erystal were, mechamcaﬂy treated, their surfaces were treated

according 0 the 14 class of accuracy. The measurements were
carried out in the plane perpendicular to the c-axes of the crystal.

The spectral dependences of real &; and imaginary &
parts of the dielectric constant. &, the refractive and absorption
indices, n and &, respectively, the characteristic loss func-
tions -Im (&), the reduced density of states p~s(hv}?, the
effective number of the valence electrens in the unit cell ngsr
,.and the effective value of the dielectric constant &£, .rr.
were calculated from the reflection spectra of PbMoO, by
means of the Kramers-Kroning relationship according to the
method described in {9].

The results of PhbMoO, reflection spectra measurements
are shown in fig.1. The spectral dependences of £, and &, are
also presented in figure. As seen in fig. 1, more than 10 reflec-
tion maxima, i.e. 3.65eV, 4.64eV, 5.08eV, 5.56eV, 6.8eV,
10.16eV, 10.97eV, 11.5eV, 12.27eV, 15.2eV, 18.1eV, are
observed in the reflection spectrum in the energy range
measured. The maximum reflection value at 3.65 ¢V is 45%.
In the range of low energy values shown in fig.1 the reflec-
tion spectrum of PbMoO, has the similar form as other crys-
tals with scheelite structure [3-5].
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Fig.2 The spectra of the effective va]ue of the dizlectric con
stant £,, ¢ (1). the reduced density of states p~g(hv)?
{2). the effective number of the valence electrons in the
unitcefl n..¢(3). the characteristic Joss functions —
Im(s™') )(4) in PbMoO,.

The spectra of £, and £, well correlate with the reflection
spectrum and reach the maximum values in the region
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h=3+16eV. The low values of £, and &, indicate on a high
degree of ionization of the given crystals. At hv>18¢V the
decay of optical functions of &; and &; is observed. The
&(hv)2, -Im(€}, nerr and &, o¢r Specira are shown in
fig-2. As seen from the &,(hv)” spectra, the density of states
at the optical transitions at 18.1 and 22.2eV is rather high.
The analysis of the- Im (s7) spectrum allows to determine
the energy of plasma vibrations of free electrons,
har =26.5¢V. The dependence of &;,.¢+ on the energy Av
for PbMoQ, has also a distinct saturation region at energies
of hv>2leV. It means that the transitions corresponding to
the two absomption bands with the maxima at 3.65 and
15.2¢V make the most contribution to £, .¢s . The low value
of & .z in saturation region also points on the essential role
of the optical transitions from the deep d bands 10 £y .¢e. The
speciral dependence of n.s indicates its continuous increase
with distinct steps of growth at 3.65, 15.2 and 30eV, respec-
tively. As n.¢; is determined only by the behaviour of &
and presents a total oscillator strength, then given steps of
growth on the curve of .. point on the appearance of the
new types of optical transitions in the investigated photon
energy region.

The band structure calculations [10} and the similarity of
reflection spectra of the crystals with scheelite structure in the
low-energy spectrum region {3-7] points on the essential role

of the MoO,? tetrahedral groups in the formarion of their -

band structure {3, 5-7, 10-12).
It is kmown that the chemical bond in tetraoxyanions is
realized by the valence s, pand d -electrons of metal and

WV NG

2p-electrons of oxygen [3, 5, 10]. In the indicated complex
tetraoxyanions the o- electron density of the central atom
transforms through the irreducible representations of ¢ and e
symmetries, and the 2Zp - electrons of oxygen transform
through the &, e, t; and 2; symmetries [10-12]. Theoretical
calenfations and experimental investigations of mutual posi-
tion of the X-ray spectra of oxygen and the central atom [11}]
atlow to conclude that for the M004'2 tetrahedron, the mo-
lecular orbitals, involving the 2p-¢lectron density of oxygen,
are the upper occupied levels, and the c-states of molybde-
num characterize the vacant molecular otbitals of the given
complex. In this case, the conduction band in PbMoQy is
splitted into two subbands separated by A4=10.5eV. Such
splitting is typical for electron states of the g-transition ¢le-
ments in the crystal field [12, 13]. A high value of 4 in
PbMoO, is connected probably with the role of the heavy
Pb atom involved in the scheelite lattice. Due to its large
ionic radius and mass, it can considerably effects on the d -
state of MoQ,.

The analysis of the reflection spectra in PbMoO  and
other compounds containing Pb and Bi, at h>20eV, and also
the X-ray photoelectron spectra of tetraoxyanions of transi-
tion metals [7,11,12] allow to assert that the observed triplet
in the reflection spectrum ( 20.82; 22.33; 23.83 eV) is caused
by intracentral transitions 5cfss —» 603 . 53 —> 6Dy L Sdp
— 6p;» in the Pb ion. But the spectrum peculiarities at
hv=30eV (354 and 3755 eV) can be attributed to
02 5—»Pbép transitions, Undoubtedly, some peculiarities take
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N.H. Darvisov

MOLIBDAT-QURGUSUN MONOKRISTALLARINDA YUB QAYTARMA SPEKTRI

Sinxrotron sdalanma ilo 7=300 K da 2-den 41 ¢V gader enerji intervahnda PbMoOs monokristallarinda qaytarma spektri
Ayroniimisdir. Bu birlagmalarin efektron qurgusunu xarakterize edon optik funksiyalarn spektral astihglan hesablanmigdir. Qeyd

edimigdir ki, qaytarma spektrinde hv<20 eV oblastindz milsahide olunan struktura zonalararas: kegidlerle, hy>20 ¢V isa Pb daxili
kecidler ile alagadardir. Valent elektronlarin plazma raqstorine uygun encrjisi teyin edilmisdir (hw =26,5 eV). Géstaritmisdir ki,
MoCs2 tetraedri PbMoQ« sona strukturunun formalasmagsinda esas rol oynayir. O 2p elektron seviyyesinin valent zonani, Modd

orbitaln ise kegirici zonam teskil etdiyi séylenilmisdir.

H.I. Hapsmnos

BY®-CITEKTPbl OTPAXKEHHA MOHOKPHCTAJLIOB MONHEAATA CBHHIIA

Hay4eRBl cnextpir OTpakeHHs MoHokpRcTamnos PbMaO, b untepeane 3ueprufi oT 241 3B ¢ HCNONLIOBAHHEM CHHXPOTRONHOTO H3IY-
wenps mpa T=300K. PaccydTaibl CASKTPAABHEIS JABHCHMOCTH ONTHYSCKHX (PYHKUHN, XapaxTepHIywuX SICKTPOHHOC CTPOCHUS JAHKOIO



I ECTION SPECTRA QF PLY VBDATI RYSTA

coeAmHeHns. TIOKA3aHO, ATO AEDMONEEMAN CTPYKTYPA B CTICKTPAX OTPAXEHHA B 061acTH <2035 CBA3AHA ¢ MEKSOHHBIME OTITHHCCKAME
nepexonamMk, a Nps w220 3B BHYTPHUCHTPOBRMME MEpEXOnaMy B Pb>". OIIcheJIeHa IHCPIFA OFBEMHBIX TLTAIMEHHBIX KoNeGannd (hw
=26.5 9B) naneHTHNX exrponos. [TokazaHa OCHOBOMONATAOILAA POfL Mo(Q,? tetpazzmpa B popMHpoRarW J0HKEORA cTpyicrypir PbMoO,
Caenano IpeanofioweHHe O TOM, YTO INEKTPOHHEE yporan O2p ofpazyioT BANSHTHYIO 30HY. 3 10Ha NPCBOAMMOCTH obpasosana Modd
OpOHTANAME.
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- LUX- AMPERE CHARACTERISTICS AND PHOTOCURRENT KINETICS
: IN AusInsSe;, CRYSTALS

N.F. GAHRAMANOV, §.S. SADULOVA
Sumgait Technical University
373208, Sumgait, 43 quarter

Lux-ampere characteristics, kinetics and temperature dependence of the photocurrent for AusinsSeo compound have been investigated
under the light impact and T-pulse excitation. The lifetime for non-equilibrium charge carriers has been determined.

INTRODUCTION

Photoconductivity spectra of Au;lnsSes compound at dif-
feremt directions of the electric field have been studied ¢lse-
where [1].

In this paper results of the studies of lux-ampere charac-

teristics (LAC), measured at different energies of incident
quanta as well as the kinetics and temperature dependence of
photocurrent under the Jight impact and excitation by i-
pulses are presented.

We used the method of rectangular modulation of light il-
lumination to determine the non-equilibrivm charge carriers
lifetime. It is well known [2] that in this case exciting pulses
must be classified as on intensity, and their duration in com-
parison with characteristic relaxation times of the majority
and minotity charge cartiers.

In the measuring installation we have used light pulses of
incandescent lamp (i-pulse) as exciti _g source with a few
minutes duration and light flash of 3-10™s duration by HCLiI-
100 lamp. Exciting pulses have been divided in [3,4] on the
intensity as follows: short pulses have high intensity (light

impact), and long H-pulses have low intensity. The chosen

pulses allowed to find charge catriers lifetimes determined
through slow and guick levels.

RESULTS AND DISCUSSION

Fig,1 presents LAC at different energies of incident quanta,
corresponding to different poims of the photoconductivity
(PC) spectrum. Such choice of excitation energies allows to
compare recombination processes in the volume and surface,
as quanta, whose energies are higher than the band gap, are
absorbed on the surface. It is seen from fig. 1, that recombina-
tion mechanism for all cases is identical and LAC are sublin-
ear (nocI"%), fulfilling the square, bimolecular recombina-
tion mechanism,

From the analvsis of LAC one can find only qualitative
information on non-equilibrium charge carriers recombina-
tion mechanism. In fig.2 (curve 3) PC spectrum is presented
at 100 K with 82 Hz frequency of the light intensity modula-
tion. Light puises had rectangular shape. It is seen from com-
parison of curves 3 and 2 (without modulation) that in the
impurity absorption region the photoconductivity under
modulated light is absent, and in other regions spectra have
identical run. Difference is only in the fact, that the photocur-
rent in the range 1.2-1.38 eV under modulated fight is higher,
and in the 1.5 eV region is lower, than under the permanent
illumination. The first difference is characteristic for all high-
resistance photosensitive semiconductors {2].

The second ‘difference can be connected with the fact,
that quanta with energies higher than AE, are adsorbed near
the surface, where a number of localized states is greater
than in the volume, i.e. a lifetime for non-equilibrium charge
carriers may be calculated, if the amplification coefficient is
known [5]. Calculated value for the non-equilibrium charge
carriers lifetime is equal to t=10"°c.

g Iy (arb. uniis}
=
i

—
!

]
0 2 3
g I furh, units)

Fig 1 Lux.ampera characteristics of Aw;lnsSe; compound at
differentt energies of incident quanta hv: eV: 1-1.1; 2-0.9 and
3-03eV.
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Fig.2 Photocurrent spectrum of AuglngSe, single crystals under
steady-state ( 1,2) and modulated illumination (3) at dif
ferent temperatures, K: 1.3~ 100, 2 - 300 K.

Non-equilibrium charge carriers lifetime can be deter-
mined more precisely from measurements of the photocon-
ductivity Xinetics [3). Dependence of the photocurrent under



the fundamental excitaion of AuslnsSe, single crystals was
studied. Energy of exciting quanta was equal to 1.3 eV and the
light intensity of f-pulse was 9107 Lx. This value corresponds
to the maximum of the photocurrent in the PC spectrum.
Duration of the light pulse At many times exceeds the life-
time 7. of majority charge carriers, i.e. we have the steady-
siate regime: At»t, .

{n ¢ F-AlAL)

In(dAlral)

-3

0 50 f'r L] IW
Fig.3 Kinetics of the current in AuylngSeq compound under the
light impact {a) and IT-pulse excitation: | — decay and
2 - rise curves.

As have been noted above, AusInsSe, single crystals pos-
sess the high photosensitivity. In such semiconductors for
considered levels of the steady-state excitation ry<<r, {where
r.and r, are lifetimes for the non-equilibrium charge carriers,
determined by s- and r- centers, respectively). Rise and de-
cay curves are determined only by the time 7. from the
photocwrrent kinetics, i.e. S-section is absent on the decay
curve. [t means, that owing to the high coefficient of electrons
capture by r-centers, steady-state excitation will not Iead to
appreciable accumulation of holes in these centers,

One can calculate 7, from dependences In (AI /41, ) and
In f1-(AI/AI..) ] versus time. fig.3 shows photocurrent
decay (1) and rise (2) curves at 300 K. Relaxation time, de-
termined from the slope of the linear section, is equal to 4.2 5.

As it follows from the photocurrent kinetics, a variation
of the non-equilibrium charge carriers via slow levels is small
in comparison with the total density. Relaxation of the photo-
current is determined mainly by recombination via fast cen-
ters.

Relaxation time, characterized by these centers, was de-
termined from the photocurrent kinetics under the excitation
by short-term pulses of light (light impact). Duration of light
pulses for HCLI-100 lamp is equal to 3 ps. Kinetics of re-
laxation of the “light impact” excitation is represented on

. cated shape and its interpretation requires

fig.3a. Relaxation time, determined as time, in which an am-
plimde of the photocutrent decreases by e-times, is equal io
4-10%. Lifetime for non-equilibrium charge carriers excita-
tion by light, absorbed near surface, was estimated from the
PC measurements. This value is ~10”%s and does not correlate
with the relaxation time of fast centers. However it confirms
the assumption made at intetpretation of results of PC spec-
trum measurements under steady-state and modulated illumi-
nation. We supposed there that the volume lifetime for non-
equilibrium charge camriers appreciably lower than surface
one. Calculated lifetime, determined from curves of non-
equilibrivrn conductivity at different F-pulses excitation lev-
els for AuslnsSeq specimens, in practice does not depend on
the light intensity {maximum intensity was not higher than

107 Lx at the experiment).
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Fig.4 Temperature dependence of the current in AusingSe,
mmmund for two light intensities: I,>I,.

“Temperature dependence of the photocurrent I, (T} is
shown on fig.4 at different excitation levels in photosensitive
Awln,Se, specimens for two intensities. Tt has the compli-
taking into
consideration temperature dependences of the concentration
and mobility of non-equilibriuvm charge carriers. Photocurrent
decreases in temperature ranges 130-250 K and 320-350 K.
Drop of the photocurrent in the region 320-350 K apparently
is caused by the thermal quenching of PC, observed in photo-
sensitive semiconductors {4]. This assmption is based on the
change of I, (T} curves course under different optical exci-
tation levels. The region of temperature quenching of PC
(TQPC) shifts to higher temperatures with increase of excita-
tion intensity. However, multiplicity of TQPC is so small,
that in practice it is very hard to determine energetic positions
of photosensitive centers. Comparison of the photocurrent
decay in the range 130-250 K with the temperature depend-
ence of the charge carriers mobility allows to assume, that
decrease of I, in the specified range results from decrease
of the mobility with the terperature  growth,

{11 N.F. Gakhramanov. Scientific Reports of the Sumgayit
State University, 2001, Nel, pp. 20-24.

[2} S.M. Ryvkin. Phowoelectrical Phenomena in Semiconduc-
tors. Moscow, Fizmatgiz, 1963, p.494.

[3]1 ElAndrovin, Ye.M Kuznetsova Doklady AN S8R, 1962,
v. 1476, Ned, pp.813-816

[4] R Bube. In “Photoconductivity in Solids™. 1962, Moscow.
p.409,

[5]1 N.M Koichanova, D.N Nasledov.1966, FTT, v.8, Ned,
p.1907-1914.
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AuslnsSes KRISTALLARININ LUKS-AMPER XARAKTERISTIKALARI VO
: FOTOCORIYANIN KINETIKASI

isdo AuilnsSes birlegmasinin LAX, fotocareyanin kinstikas: ve temperaturdan asthity isiq zecbesi v 17 -sakilii tpq impulsunun
tesiri seraitinde dyranilmigdir. Tarazhqda olmayan asas yilkdagiyicilarinin yasama miiddati teyin olunmusdur.

H.®. Kaxpamanos, C.C. Canynosa

JIOKC-AMITEPHBIE XAPAKTEPHCTHKH H
KHHETHKA POTOTOKA B KPHCTAJUIAX AuzlnsSe,

B padore nccnenosatst JIAX, KKHCTHKA M TEMIESPATYpPHaA 3GBACHMOCT poToToKa coeannennn AuingSeq pH CBETOROM YIAPE H BO3-
BywacHun J-aMmynscamy, ONpeneseHo ppeMa mIHY HEPABHOBECHLIX HOCHTE el Japana.
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CHARGING OF POLYMER DIELECTRICS UNDER THE ELECTRICAL EXP@SURES

N.M. TABATABAEI
Tabriz Tarbiyat Moallem University

'P.O.Box : 51745-406, Islamic Republic of Iran

AM, HASHIMOV , RN. MEHTIZADEH
Institute of Physics of Azerbaijan National Academy of Sciences

H. Javid av., 33, Baku, 370143

Results of research of the cha:ged state formation are presenied in some polymeric dielectrics under their treatment by strong electrical
fields and electrical discharges. It is shown. that formation of electrical charge of high density takes place in investigated materials. This
charge is revealed only at the matetial heating. The new compostte material for the electrets making is offered which has the high charge

density and stability.
INTRODUCTION

In polymeric materials subjected to various external ef-
fects such as a radiation, mechanical loads, high and low
temperatures, strong electrical fields and electrical discharge
etc., the essential change of their chemical and physical siruc-
ture and, hence, their basic properties are observed [1]. Many
investigators applying the direct research methods (electrical
and optical microscopy, X-rays diffraction, infra-red spec-
troscopy, electron-paramagnetic resonance etc. [2]) have
rather successfully solved a number of problems concerning
with polymer dielectrics properties. However, despite of
plenty spent researches in this field, the decision of many
questions remains open.

The submited work is devoted to research of a charge
formation in the film samples on base of Polyvinyliden-
fluoride (PVDF) subjected to electrical discharges effects.
The basic purpose of given research is study of basic laws
and physical mechanisms of a charging formation in poly-
mers and composite systems under effects of the strong elec-
trical fields and discharges.

EXPERIMENT

The samples of PVDF and composite material formed on
PVDF as a base and porous adsorbent- KCM mark Silicagel
(mainly consisting in silicon dyoxide-5i0y) as a filler arc
used. The PVYDF films of 180p thickness were made by hot
pressing from melting state at the temperature T= 170°C
under the pressure P=10 MPa (100 athm). The size of initial
powders was within the range of 63y

The filler-Silicagel was comminuted by special apparatus
and in a powder state passed through a sieve for reception of
the size no more than 63y, The received powder was previ-
ously exposed to the heating treatment at T=200°C under the
vacuum for 3 hours, Then the PVDF ‘and Silicagel compo-
nents in a powder state were mixed up in the vibrating mixer
at a necessary volumetric proportion which accounted for 80
% PVDF and 20 % Silicagel.

Received ‘homogeneous powder mixture of components
was placed in special pressform, heated up to temperature
-7=170°C and pressed for 3-5 minutes. Received film samples
 have thickness 180t and size (50x50) mm’.

The studies of charged state of the film samples subjected
to effect of flame and corona types electrical discharges and
thermal polarization in a constant electrical figld are carried
out. The charged state in samples was revealed by the thermal
stimulated relaxation (TSR) method widely vsed at research
of polymeric dielectrics [3]. At TSR method a material at first
is charged (by means of polarization, corona discharge efc.)
and then discharged on the current reading device at simulta-
neously heating with the constant speed of 1°C/min. Accord-
ing to TSR current function of time the value of storage
charge into material may be determined.

Charging of samples by the flame discharge was carried
out at AC voltage ={9xV and the curmrent I=30pA at the
distance between electrodes d=4cm. The typical TSR spec-
wrum for a PVDF film, treated by flame discharge, is shown
on fig.1, curve 1. The spectrum contains two peaks; the first
of them is fixed at 7<935-100y°C. the second peak is observed at
7=130°C. Obtained charge density is: o,=8.0x10° Cout/en’,

L1
]

Fig !

Charging of samples by the corona discharge at the nega-
tive polarity of coronal electrodes was carried out at U=6 KV
and the current I=30pA during 30 minutes. The typical TSR
spectrurn for a PVDF film treated by corena discharge of the
negative polarity is shown on fig. 1, curve 2. Spectrum also
‘contains two peaks the first of them is fixed at T=(95-100)°C,
the second peak is observed at T=135"C. Obtained charge
density is: g =1.2x10*Coul/em’®. Other kind of materials
electrification used in expetiments is the polarization in a
constant electrical ficld. The investigated sample is displaced
between electrodes of the heating TSR instatlation. There are
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polarization temperature T.=130°C, polarization voltage
U =2 kV and polarization time is 1 hour.

” After the exposure d&nﬁg 1 hour the heating of'the sam-

ple is stoped and the sample begins to cool. At achievement
of a sample of the room temperamyre, the applied veliage is

stoped and TSR spectrum is picked off. The appropriate spec-

trum is shown on fig. 1, curve 3. The TSR spectrum also con-
tains two peaks, first of which is observed at T=(95-100)°C,
and the second—at T=125°C. Approprlate charge density is;
7, =2.0x10” Couliem®.

Comparison of obtained resulis showes that all TSR spec-
tra mrespective of a kind of an electrical effect contain two
peaks and the appropriate peaks are fixed approximately in
the same temperature intervals. This fact unequivocally testi-
fies on a determining role of chemical structure and structural
peculiarities of investigated materials in charge storage proc-
€ss,

L
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Fig.2.1- 25°C: 2- 30°C: 3-70°C: 4- 100°C: 5-130°C,

Analysis of results have shown that the value of the total
charge storaged in the materials treated by flame and corona
discharges by an order of magnitude less than at polarization
in a direct electrical field. In development of these research

- we spent the series of experiments on revealing of the effect
of polarization temperature to the charge introduction into
the material. The PVDF films were polarized in a constant
electrical field at a number of temperatures (25, 50, 70, 100,
130)°C during 1 howr. The appropriate TSR spectra are shown on
fig. 2

As it is seen from fig.2, at increase of polarization tem-
perature the TSR curves maximums shift to the higher tem-
peratures atea, however the total charge values obtained from
TSR spectrum are equal in practice. The results obtained at
higher electrification temperatwres are apparently concerned
with formation of more perfect and, hence, more stable struc-
tural units ~ grains.

Values of the stored charge density in PVDF and (30 %

E

PVDF+20 % Silicagel) samples subjected to effect of the
negative pelarity corona discharge are equal to:

PVDF
Opvps=3.9%x10*Coul/cm’ ;

80 % PVDF + 20 % Silicagel
Oconr = 1.8 % 107 Coullem? ;

These results showed that presence of Silicage! as a filler
appreciable increases the. stored charge in polymer compos-
ites. Research of the charged formation was carried out in the

.- samples at various molding and crystallization temperatures

of initial materials. It is obtained that at increase of initial
materials molding and crystallization temperatures the
maxima of peaks on TST spectra are shifted to the higher
temperatures area and the values of total saved charge essen-

tially decrease. However in case of (PVDF + Silicagel) com-

posites these changes appear not so essential as in case of
PVDF samples.

According to the linear model of amorphous-crystal
polymers, we can consider that in samples subjected to elec-
trical effect the electrical charges are trapped by both amor-
phous and crystal arsas of a material. More less value of
stored charge in moulded and crystallized samples at higher
temperatures is connected with increase of a material crystal-
line degree, with defects reduction and formation of the more
perfect crystal structural units in a material, The trapping of
electrical that is charges in such materials carried by centres
located in the amorphous areas which have ingignificant sizes
is the reason of stored charge reduction.

The stability of stored charge values in PVDF+Silicagel
compeosites at increase of molding and crystallization tem-
peratures is connected, obviously, with insignificancess of
structural changes in a material.

The shifting of a current maximum to the higher tempera-
tures area on TSR spectrum is caused by with a charge releas-
ing from deeper trap levels and with more perfect structure.

CONCLUSIONS

1. Formation of electrical charge of high deasity takes place
in dielectric film materials under the treatment by strong elec-
trical fields and electrical discharges.

2. The value of stored charge in polymeric materials is in
many respects determined by their above-molecular struc-
res.

3. Charged state formation in materials is cavsed mainly by
their amorphous areas,

4. The new composite material for the electrets making is
offered. Material including the polymer PVDF and fine-pored
Silicagel has the high charge density and stability.

1] L.M. Anishenko, §.B. Kusnetsov, V.A. Yakovlev. Rhysics
;{' ", and Chemistry of materials treatment, 1984, Ne3, p.85-
" 89 (in russian).

LZ] NS, lichenko, V.M Krrdenko Electriphysical apparatus

and electrical insulation. M.: «Energy», 1970, p. 868 (in
tussian).

[3]1 By edition of G. Sessler. Electrets. M., «Mirs, 1983,
p-486 (in russian).

N.M.Tabatabaei, A.M. Hasimov, R.N, Mchdizade

ELEXTRIK TOSIRLORI VASITOSILO POLIMER DIELEKTRIKLORIN YUKLONMOSH

Taqdim olunan megalede giicli elekirik sahelorinin ve ¢lektrik gazbogalmalarinin tasirlorine maruz galan bezi polimer dielek-
triklerda yiiklii voziyyatlorin yaranmasinin tedgiginden alnmis neticelor verilmigdir.
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Miisyvan edilmisdir ki, tadqlq cdilen matcrla]larda yiksok sixhga malik olan elektrik yikleri comlenir, Bu yiikler yalniz material
quzdinldigda ziinii bilruze verir.

Yiiksak elektrik yitklerinin sixhifina ve bu yuklarm davamiyystli zaman middetinds stabifliyine malik olan, yeni kompozisiyah
elektret materialt lakllf edl|l‘l'll$d1r

H.M. TafataGaen, A M. 'ammmos, P.H. Mexrume

3APH,I[RA MOJHMEPHBIX JHIJEKTPHKOB IPH BHERTPH‘IECKHX
BO3RENCTBUAX

B pafote OpencTasneHkl Pe3yNETATH HCCIEAOBANMA ODDAIOBAHHA 3ADHKCHHOTY COCTORHHA B HCKOTOPBIX MONHMCPHRIX mmcnpuuax
NpH HX 05paboTKe ISKTPHYSCKHMA NOIAMH K PaspalaMy.

{Tokazako. ¥TO B HCCAENYEMBLX MATEPHANAX HMEET MECTO HAKOIIEHHE INEKTPHUSCKOrD 34PA1A BRICOKON HAOTHOCTH. IToT 3ap1u1 BLIAB-
NgeTes TOMLKO MPH HATPEBAHWH MATEPHANA.

TTpeanokeH HOBHH KOMTIO3HUROHHSH MATSPHAR A7 HITOTORIGHHA INEKTPETOR, 081ARAOMINAT BRICOKOH TIOTHOCTRIO 23pANa H €ro CTa-
SHALHOCTEIO.

Received: 21.09.01
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ON INFLUENCE OF STRUCTURE OF PIEZOELECTRIC PHASE ON PYROELECTRIC
PROPERTIES OF POLYMER-PIEZOELECTRIC COMPOSITE

AJX. MAMEDOV, S.N. MUSAEVA, M.A. KURBANOYV, A.Sh. GASANOV
. Institute of Physics of Azerbaijan National Academy of Sciences
H Javid av., 33, Baku, 370143

-1t is shown. that the value of residual reorientation of polarization, in main; stipulated by domains which are distinct from 180°, their
sizes and mobility determine pyroelectric properties of composites. The piezoelectric ceramics with high activation energy of domain walls
and with a coefficient of uniform deformation of a crystal lattice are less effective as piezophase for pyroelectric composites.

By numerous researches of pyroelectric propertics of
composites on the basis of polar and mon-polar polymers
(matrix) and piezoelectric ceramics (disperser) of various
structure it was shown earlier, that the pyroelectric effect in
these heterogeneous systems is stipulated by residual domain-
oriemtation polarization in the filler particles compensated by
a charge stabilized on the polymer-piezoelectric ceramics
phase boundary []1.2]. In this connection it is necessary to
find out from what structural parameters of disperser particles
the value of domain-orientation polarization for the pyro-
electric effect, after their thermopolarization depends on.

Asg the structural parameters it is possible to accept a
number of possible directions () of a vector of spontaneous
polarization, a mobility of domain walls, a value of residual
recrientation ( £} and spontaneous ( F.) polarization, a degree
of domain reorientations which are distinct from 180° (7, in %), a
coefficient of a homogeneous deformation of a crystal lattice
(&) and sizes (1) of grains (domains} in piezoparticles.
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Fig 1. Dependences of #, Sand £, on the content of PbTIO;
in the PbTi0;-PbZr0; - PbNb.; 20 50, - PBN byyMg) 0
system. .

In fig.! the change of some structural parameters of
piezoelectric ceramics of the set PCR ( piezoelectric ceramics

Rostov) in dependence of their position with respect to a
morphotrope region (MR) is represented. It is seen, that 7, P,
and & by approaching from the part of rhombohedral region
{R;} to MR and by going away from it into tetragonal (T)
region vary by a complex law. However, values of 7 and P,
in a cas¢ of thombohedral structure are larger, in comparison
with one’s of tetragonal siructure ceramics .A value of the
parameter 5 in the case of rhombohedral structure is
noticeably less , than in the case of ceramics of tetragonal
structure. A number N=8 for ceramics of rhombohedral
structure, W6 for ceramics of tetragonal structure and N=14
for ceramics of morphotrope region.

It is known, that the reorientation polarization P, is a part
of spontaneous polarization P, of domains of crystal grains
and is determined by a collection of all domain rotational
displacements accomplished during polarization of ceramics
[3]. At realization of all possible rotational displacements the
reorientation polarization is meximum, thus its value
depends on N in different phases. So, for a piezoelectric
ceramics of the set PZT in rhombohedral and tetragonal
phases the ratio P./ P, is equal 0,866 and 0,831, accordingly.
In the case of existence of two phases, ie. for R,+T
P./P0,922. However the indicated number N is not a
defining one for the value P,, since practically at strong
polarizing fields not all possible domain rotational Displa-
cements are implemented. The residual domain reorienta-
tions, accomplished during polarizations distinet from 180°
bring the major contribution inta the value of F. and reaches
the maximum value in a rhombohedral phase (fig.1).

Let us consider a connection of the structural characteris-
tic of i piezoparticle with a pyroelectric coefficient y and .
of the composite. At realization of all possible domain
orientations in piczoparticles during their polarization the
value of the maximal P, is in tetragonal ceramics
P {-15 + % q)O,S.?lPS and in rhombohedral ceramics

r

1 3
Pr=(~— + — q)0,866PS. into the total value of P, the
T4 4

domains, which direction coincides with strength of
polarization E, 180°domains and domains. which are
distinct from 130° contribute. As it is known, the domains
distinct from 180°, which determine are more mobile. They,
as it seems, determine, mainly, pyroelectric properties of
composites as a whole. Really, in the pyroelectric composites
with piezoparticles possessing high valus of 7, the value of



pyrocoefficient is larper, than in similar composnes with the
piezoparticle with smaller value of 7.

Other important structural parameter is: 4. Fhis: parameter
characterizes the value of mechanical tensions. originating at
domain reorientations. The less, the closer a unit cell form to
a cubic ome and that is less energies are expended on
mechanical deformations during the reorientation of domains.
It is clear, that the decrease of 4 means an increase of
mobility of domain boundaries, and consequently, an increase
of a value residual reorientation pelarization (fig.1). From
fig.1 it is visible, that by approaching a morphotrope region
on the part of rhombohedral structure the value of 2
decreases.
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. Fig.2. Dependences of pyrocoefficient yon grain sizes y of
PVDF+PCR-8 (a) and PYDF+PCR-5 (b) composites.

In multicomponent ceramics such as PZT, utilised by us
as fillers in compo-sites, the structural parameter 7 decreases

at transition from a thombobedral phase into tetragonal and &

imcreases. These both parameters have various influence on
the pyrocoefficient: the increase » means decrease of a
number of domain boundaries which are distinct from 130°
and it leads to an increase of the pyrocoefficient: the increase
of 5leads to the decrease of a mobility of domain walls and
to the decrease of the pyrocoefficient. Therefore composites
with the ceramics of rhombohedral structure having the low

value of Sand the high value of 1; have more high
than composites with the ceramics of morphotmpe and

c;em

tecragonal structures. In this case, in the tetragonal phase
the main role is played by the decrease of thé mobility of
domain, walls. as a result of a growth of & and m
rhombohedral — the decrease of a numbe:r of domain
boundaries as a result of a growth of 7. :

This proves to be true by the. following experimental fact.
It is known, that the ceramics of rhombohedral structure have
more coarse domain structure with smaller number of domain
boundaries in comparison with ceramics of tetragonal
structure. '

The grain sizes g in the ceramics of rhombohedral
structure can be changed over a wide range (from a several
micron to a several tens of micron), while as in the ceramics
of tetragonal structure u varies in the range of several
microns [3,4]. The ncrease of the grain size should result in
increase of n and therefore, in increase of a pyrocoefTicient,
as it is observed experimentally for composites with the
ceramics of thombohedral structure. For example in fig.2 the
dependence of pyrocoeflicient of PYDF+PCR-5 composite
on the grain size of the ceramics is presented.For the final
solution of this problem  the composites with the
piezoelectric filler having tetragonal structure depending on
grain size were investigated. For composites with ceramics of
tetragonal structure the opposite pattern is observed — with an
increase of grain size the pyrocoefficient decreases. As it is
shown on fig 2,b the dependence of  on u for PYDF+PCR-
8 composite can be explained by the fact to that in the case of
tetragonal structure the change of the parameter 75 with
change  is practically vnsignificant and weakly influences
on 77 of composite, and the crucial factor here is the
parameter &, that increases with an increase of grain size [3].

Thus, composites with rhombohedral structure have
maximum pyrocoefficient in which the values of Sand nare
high. It is known, that in a rhonbohedral phase 180°, 109°
and 71° domains exist, and in a tetragonal phase the same is
true for 180° and 90° domains. Far from morphotrope region,
both in rhombohedral and in tetragonal phases the behavioar
of n and P, of piezofiller is determined, in main, by the
participation of 130° domains. By approaching morphotrope
region from the part of tetragonai and rhombohedral phases
in ferropiezoceramics on the basis of PZT the walls not only
180° domains, but also 90°, 109° and 71° domains accor-
dingly vibrate. It leads to noticeable growth of values of £,
and 7. It is possible to estimate the energy of domain wall,
which it will have, for example, on boundaries of
morphotrope region. In this comnection we shall use the

known formula

W = 0,88Pd ,

where P.isa polanzauon inside domams d is a constant of
eleme,ntary cell a=4,08 and d=4.15 A for piezoceramics of

. thombohedrai and tetragonal structures, accordingly [3]-

Therefore for the boundary of transition from a tetragonal
phase in the smoothed (R,+T) phase it is accepted, that
P,=0831P, , a=4,115 A and for transition from rhombo-
hedral to tetragonal phase P,=0922pP, , a=4,08 A The
values of boundary their motphotrope region from the side of
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" Rpand T phases, are accordingly equai: 0,48'?52 and 1,01 Pf

% Such difference in values of enérgy of a domain wall
n .

of piezoceramics of the set PZT on boundaries of
"- morphotrope region and on various distances from MR with
the change of concentration of PbTIO;, and also the

i difference of their crystaliophysical and crystallochemical

contribute to the formation of residual

* ‘phrameters

“. “reorientation polarization and pyroelectric characteristics in
- compesites depending on the piezoparticle siructure.
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Fig.3. The model of the pyroelectric composite.

Thus, it is possiblie to consider, that the high pyroelectric

VA M RBANOV v

state will be formed in polymer-piezoelectric composites in
the case when the piezoelectric phase has a high values of 7.
and 77, and the mobility of domain walls is high teo.

Taking into account the above-mentioned conclusion, on
the basis of model offered in fig.3 it is possible to explain the
origin of the pyroelectric effect in polymer-piezoelectric
composites as follows: due to injection of charges in
piezophase and its electric conduction the oriented domain of
piezoparticle are neutralized by free charge of the oppozite
sign and the effective charge defined as their difference, is
equal to zero. Therefore, the presence of polarization
outwardly does not appear. At heating the reprientation of
domains occur,in main, the domains which are distinct from
180° and releasing part of the free charges supports a direct
pyroeiectric current as the function of temperature. Therefore,
the origin of pyroelectric effect in polymer-piezoelectric
composites can be connected with reorientation polarization
of the composite under the change of its temperature. By
cooling the orientation of domains in a field of the injected
charges stabilized in various traps, in main, on the phase
boundary of polymer matrix and piezoparticle and by that
there is appear a pyroelectric current of a reverse polarity.
These components of current arise at the expense of
converted residual polarization. The increase of domain
structure mobility and lowering of the Curie temperature
should result in an increase of a pyrocoefficient. These
conditions, naturally, are satisfied by piezoceramics of
rhombohedral structure.

[1]1 A1 Mamedov, MA. Kurbanov, M.G. Shakhtakhtinsky,
A.Sh. Gasanov. Preprint Ne8 of Institute of Physics,
Azerbaijan Academy of Sciences, Baku, 1987, 68 p.

[2] MG Shakhakhtinsky, M .A. Kurbanov, F.I. Seidov, AL
Mamedov, S N. Musaeva. Fizika, 1997, v.3, p.48-51.

[31 EG. Fesenko, A Ya. Damsiger, G.N. Razumovskaya,
New piezoceramic materials-RGU, 1983, 154p.
" [4] Polarization of piezoceramics.- edited of E.G. Fesenko,
RGU, 1968, 133p.

AJ, Mammadov, S.N. Musajeva, M.D. Qurbanov, A.S. Hasanoy

POLIMER PYEZOELEKTRIK KOMPOZITIN PIROELEKTRIK XASSOLARIND PYEZELEKTRIX
FAZ ANIN STRUKTURUNUN TaSIRI HAQQINDA

Gosterilmisdir ki, esasen 180°den fergli domenlerin yaratd@ qalig reotiyentasiva polyarizasivasinin giymeti domenierin
yilriikKiyil ve dlgilleri kompozitlerin pireclektrik xasselerini teyin edir, Domen divarlanmn aktivasiya enerjisine ve kristallik qofosin
yitksak bircing deformasiya emsalma malik olan pyezokeramikalar piroelektrik polimer kompogzitlar ilgiin pyezofaza kimi az

- effektivdir.

AWM. Mamenon, C.H.Mycaepa, M.A. Kypbauos, A.Ll.T'acanon

O BJIMSHHU CTPYKTYPH [IBE3O3JTEKTPHYECKON ®A3bI HA [IMPOIJNEKTPHUYECKHME CBOHCTBA
KOMITO3IUTA [TOAAMEP-ITBE3OJIEKTPHK

[Tekasano, 4To BeniHa OCTaTONHOR PEOPHEHTALHOHHON NOAADH3AUAH, B OCHOBHOM, OGycnoBicHHOR oMeHaMK, OTIHY-
Halx 0T 180°-HBIX, NOABIDKHOCTh M KX PasMepsl ONpEICIAIOT MHPOMICKTPHYeCKHe CBOHCTEA koMno3uTos. ITse30KepaMuKy ¢
BLICOKOH DHEprieli axTHBanMell AOMEHHLX CTEHOK H KOMPOHLMCHTOM 0AHOPOAKOI AehOPMALHN KPHCTALTHYECKOH peleTkH
~ Metee 3ipEKTHBHBI B KA9ecTBe Mbe3o(azbl LA MHPOINESKTPHUSCKHX KOMIIOSHTOB.
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CONFORMATIONAL POSSIBILITIES OF THE p21™ PROTEIN FAMILY
GTP-BONDING FRAGMENT

K.D. MZAREULOV, V.K. MZAREULOV
Baku State University,
Baku 370148, Z Khalilov str. 23

Using a theoretical conformational of method analysis. a theee-dimensional structure and conformational properties of LeuS3-Atas9
fragment of p2] protein were investigated. The calculations were performed on the basis of the fragmental analysis, using nonvalence.
¢lectrostatic and torsional interactions and hydrogen bonds. The obtained data suggest, that this polypeptide can exist only in several low
energy conformations. The results of this calculated experiment can be used for the study of structure-fun¢tional relationship.

The ras gene family is highly conserved from yeast to hu-
mans and ubiquitously expressed in eucaryotic cells. In
mammals the gene family consists of three members: H-, K-
and N-ras, which code for highly homelogous proteins termed
p21 according to their molecular weight — 21000 Daltons.
The p21 proteins are membrane bound nucleotide binding
proteins, which bind GDP and GTP with high affinity and
have a low intringsic GTP activity. They are members of the
family of G-binding proteins, which includes the classical
heterotrimeric G proteins, the elongation factors and the ras-
superfamily. By analogy to the hormone receptor-coupled G
proteins, the p21 proteins are believed function as signal switch
molecules. In the active GTP conformation, they transmit a
signal to an cffector molecule that leads to cell proliferation.
The p21 effector imteraction is switched off by GTP hydroly-
sis, returning p21 to the inactive GDP bound state [1,2].

The efficiency of the GDP-binding essentially depends on
amino acide substitutions in positions 39 and 61 [3,4]. Like-
ness of 57-63 segment and GDP-binding fragments of another
proteins was determinated by Shih, Hattori etal. [5]. Bolo-
nick, Bollag and McCormick {6) established, that mutations
at codone-61 influence on conformation state of Gly60, which
determine the dissociation of GTP and GDP from the com-
plex with p21. Therefore 57-63 fragment of ras family is re-
sponsible for the guanosine-phosphate binding,

In order to investigate the three-dimensional structure of
the address fragment, the next peptide was taken: Leu53-
Asp54-lle55-Lens6-AspS7-Thr58-Ala59.

The search of the optimum conformations was performed
by minimization of the energy during variations of the dihe-
dral angles. For the calculations we used the program for
- semiempirical calculations of conformations of macromolecu-
lar components on the computer, developed in the Research
Laboratery of Molecular Biophysics of the Baku State Uni-
versity [7]. The conformational energy was determined as the
sum of the contributions of nonvalence and electrostatic in-
teractions, hydrogen bonds and torsional barriers. The inves-
tigations was carried out on the basis of the step by step ap-
proach proposed by Popov [9,10].

- At first stage of calculations the conformational possibili-
ties of the 53-35, 55-37 and 57-59 tripeptides were investi-
"“gated. A total 81 structural models were examined for every
fragment. '

Leu33-Asp54-Ile55 tripeptide shows high degree of the
conformatioral lability. The representatives of all structural
shapes, including the exotic forms BLR, RLR, LRR and LBR,
belong to the relative emergy interval from 0.0 to 2.2
kecal/mole. A global conformational state of this tripeptide is
ef, and the most preferable conformations of ff and f= shapes
have E..;=0.3 and 0.6 keal/mole accordingly.

We have the analogous picture in Ile55-Leu56-Asp5?
fragment. The optimal form f outstrips the of shape to 0.1
kcal/maole, and E_.;=0.6 kcal/mole corresponds to unfolded
ee and £,.,=1.4 kcal/moie - to fo shapes.

A considerable difference of the structural forms was
found for Asp57-Thr58-Ala5Y sequence, The folded £ form
vields 1.3 kcal/mole to the global conformation {ef shape).

The minimized values of dihedral angles of 53-55 and 55-
57 wipeptides were used at the compiling of initia} data for
the calculation of Leu53-AspS4-IleS5-Leu56-AspS7 pen-
tapeptide. We calculated 339 conformations of this amino
acide sequence.

The investigation of this fragment revealed a sharp prefer-
ence of the folded forms of the main chain. A global form
RRRRR. corresponds to the helical structure of the polypep-
tide backborne. Next form BRRRR belong to efff shape and
outstrip lider only on 0.4 kcal/mole.

Then the calculation of the 345 structural models of 53-59
heptapeptide was realized. The initial conformations were
compiled on the basis of the dihedral angles of the most pref-
crable structures of Leu53-Asp57 and Asp57-Ala59 frag-
ments. The main ¢nergy and geometrical parameters of the
preferable conformations are presented in Table 1.

The conformational analysis data confirms, that folded
structures are preferable for this amino acide sequence. The
compact packing forms of main and side chains lead to the
optimal balance of interatornic contacts, correspond to mini-
mal values of the full energy. The preference of related con-
formations BsR R RsR;RsR; (efs shape) and
RoRRRaR3RaR; (helical f; structure) is obvious. The infor-
mation, summarized in the Table 1, shows, that the folded
shape of the main chain ensures a high intensity of the nonva-
lence interactions.
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Table 1.
Values of the Relative Energy, Nonvalence, Electrostatic and Torsional Contributions for
T s - the Most Preferable Molecular Structures of the p21ras 53-59 fragment.
Shapes Forms Encnval Eoy Lrera -
e  |¥ BRRRRRR O 400 IO 408 W01 A32 | 77 [
o RRRRRRR " . el 398 T 138 [ 19 ol
fieef | RRRBBRR. i 34 T T T
" BRRBBRR. : 330 | 55 .
ff 4:zd. RRRRBRR.: {4 3853, ] AR ud 62wk
i 7 el BRBLRRR T R L N #‘ 45V
_BRRBRRR | oo 124 gk 56
BRBRBRR IR T
BBLRBRR ’ [ L2~ SRR N :.-3:_.5: a
BRRRBRR T )
RRBRBRR Loun o33
RBLRBRR T ke 122 0 we| 380 0 |
BRBRRBR - T YO YR
BBLRRBR ST M
RRRBRRR L3 T A
RRBRRBR F128 b E . 260 i ot e o
RBLRRER e 58 ol
BRBBRRR 23 | 52
(1) Y.C Lacal SA. Aaronson. Mol. and Cell. Biol., 1986, v.4, XY ca., 1986, p.53-74.
v.6, Ne.12, p.4214-4220. [6] Y. Bolonick, G.Bollag, F. McCormick. Y.Cell. Biochem.,
2] Y.L Dos. M Verlaan etal Nucl. Acids Res., 1986, 1992, Suppl.16B, P.205.
v.14, Ne.3, p.1209-1217. [7] H.M. Fodwcaes, H.C.Maxcymos. Hayu. Tpymt Mumsyza
[3] P.A. Wrightt NR Lemoine, etgl Brit. Y. Biophys. A3, CCP, 1979, Ne5, ¢.157-162.
1989, v.60, N4, p.576-377. [8] E.M. Popov. Molek. Biol, 1975, v.9, Ned, p.578-593.
[4] Y.C. Lacal S.A. Aaronson. Proc. Nat. Acad. Sci. USA, (in Russian)
1586, v.83, Ne15, p.5400. " [9] EM Popov. Fizika molekul, Kyev. Naukova Dumka.
[51 T.Y. Shik, S. Hatiori, et.of. Gene Amplificat. and Anal., 1980, v.8, p.69-113.
K.D. Mzareulov, V.K. Mzarculov

p21r= ZULALLARIN GTP-BAGLAYICI FRAQMENTININ KONFORMASIYA IMKANLARI

Nazati konformasiya analizi metedunun kémeyi ile p2iras ziilallarin Leu33-Ala39 fragmentinin faza qurulusu ve konformasiya
imkanlan tedqiq olunmusdur. Hesablamalar fragmentar yaunlagma esasinda, qeyri-valent, elektrostatik, torsion garsiliqh tesiri ve
hidrogen rabitelari nezers almaqla yerine yetirilmisdir. Todgigat neticalori gésterir ki, bu polipeptid yalmz bir nege algaq enerjili
konformasiya hallaninda ola biler. Bu hesablama eksperimentin naticalati struktur-funksional slaganin dyrenitmesinds istifade oluna bilar.

K.JI. Maapey.nos, B.K. Miapeynon

KOH®OPMOLHOHHbBIE BOSMOKHOCTH GTP-CBA3BIBAIOUIETQ ®PAFMEHTA
BEJKOB CEMEHCTBA p21™

C HCNONBIOBAHHEM METOAMKH TEOPETHUYECKONO KOHGOPMALIMOHHONO AHAMHYA HCCNNOBAHLL TPEXMEPHAR STPYKTYPA W kOHGOPMALIHOH-
Heie cpovictea diparmerra Leu53-Alas9 Genxa p2l. PaccueTsl MPOBGINAKCE HA OCHOBE NOPPArMEHTHOTO NOAXOMS ¢ YHETOM HEBANCHTHBIX,
JIEKTPOCTATHYECKHX H TOPCROMHBX BIaKMOZEHCTEHH H BOAOPOINMX CBAscH. PesynsTarsl AccnenosaHul (OKAIABAIQT, 10 JaHNklH NOTH-
HENTH]] MOXKCT CYMECTROBATY NANEL B HECROITBERX HAFKROIHEPTECTHYCCKHX KOHqJOpMOLlHOHHHK COCTOAHHAX, Pe’synsra‘ru JTOTOQ BRIYHCIH-
TENLAOTD ECTICPUMEHTA MOTYT BLITE HCMOTEIORARE! A HIYMEHHS CTPYRTYPHO Q¥ HKIHOHANKHOH 328HCHMOCTH.

Received: 21.09.01
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PYRYLIUM FERROCHLORIDE AS A DYE LASER
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M. RABIE, A. SABBAGH ALVANI
~ Colour reproduction and colour control
Department of the Iranian Colour Research Center

I the present study the preparation of 2.6 —di {4-methli-phcnyl) 4 {3~ chlor — phcn}’n P)‘W'l“m ferrochloride and its application a5 a
dye laser were investigated. The pyrylium ferrochloride salt was prepared, purified by recrystallisation and characterized by FTIR, DSC and
clemental analysis techniques. The punﬁed product was dissolved in a suitabie solvent in order to give it rigidity {i. e decreased rotational
mobility) and hence increased lasing efficiency. The measured fluorescence and Iasmg efﬁclcncy <arried out at the laser dividion of the Ira-
nian Atomic energy organization showed suitable fluorescence and good lasar effi cmncy -

Keywords: pyrylium fervochloride, dye laser, fluorescence,

lasing efficiency, characterization.

INTRODUCTION

Pyrylium saits belong to a very important class of cationic
compounds with a trivatent oxygen atom and 6717 electrons in
a six membered ring system.

The pyrylium cation as a moiety having the deficiency of
one electron will have an electron accepting character {1].

Molecules in this group of compounds i. e the group of
doner-acceptor chromogenic dyes manifest strong fluores-
cence which can be increased in suitabie solvents giving them
increased rigidity and decreased mobhility.

Observation of the laser emission from some pyrylium
dyes were first reported by the Schafer’s group [2).

From 1991 on wards the Tomasz Kotowsky group, re-
ported the laser effects of a large group of pyrylium dyes. Tt is
worth to mention that many of the pyrylium dyes in suitable
solvents or in combinations with polymers will manifest ex-
cellent lasing properties in the visible spectral range {1.2].
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" EXPERIMENTAL

Pyrylium ferrochloride salt was prepared by the modifica-
tion of the standard method described by Dilthey [3] as fol-
lows. Int a 260 ml round bottomed flask 17 ¢c of acetic anhy-
dride was placed. 0,08 moles of 4-methyl acetophenone and
0,03 moles of 3-chloro benzaldenyde were added and the
mixture was slowly stirred for 5 minutes. Then a total of §
grams of ferric chloride were added slowly to the mixture the
temperature of the reaction being kept between 0-5 degrees
centigrades. The reaction was continued for cne and a half
hours at the ‘same temperature. The temperature was then
raised to 80°C and kept at this temperature for a further two
hours.

The product was filtered, washed ten times with acetic
acid and was then recrystallised from acetone [4).

_.'The mechanism of the reaction is as follows [5]:

~ 1: Condensation of 3 chloro benzaldenyde with 4—methyl
acetophenone. _

2: Condensation with 4-methylacetophenone,

3. Ring formation.

CsH.CH;

3)

+H10‘;-I'i‘.;
CsH,CH;

S
H3CH4C5 . (o R

CaPLCls

- Hscfucﬁf ;\ CsH.CHs

FeCl,-
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The dye was then characterized ilsing FTIR, DSC and
elemental analysis techniques and its fluorescence and lasing
action was investigated by the -use of a fluorimeter and a
nitrogen laser respectively.

RESULTS AND DISCUSSION

The FTIR and DSC of the prepared dye laser are shown in
figure 1 and 2 respectively. The results from the elemental
analysis is tabulated in table 1.

- Table 1.
Element analysis of the prepared pyrylium ferrochioride S
Molecuiar Element analysis - —
‘Formula caleutated Found. -
c C |1 H N. |C H N
 CysH5OFeCly | 52.77- [ 355 | <0.1 521: [ 38 | <M
e ity .
T
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" Fig.I. FTIR spectrum of the prepared pyrylium ferrochtoride.

Fig 4. Laging action of the prepared dye by nitrogen laser.

Dilthey observed a rather poor fluorescence for the three
phenyl pyrylium dye under his investigation [3]. Contrary to
his results results, we achived the laser emission for the
prepared pyrylium dye. This can be attributed to the higher
purity of our compound (it is known that impurities can have
an adverse effect of quenching) and alse to the fact that the

AN, M. RABIE, A. SABRAGH ALVANE

= a - - we T e
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Fig.2, DSC of the prepared pyrylium ferrochloride.

The absorbtion and fluorescence properties and the
corresponding lasing of the prepared dye are shown in figures
3 and 4 respectively.
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Fig.3. Absorption specirum {484 nm) and Fluorescence
spectram (596 nm) for a 0.01 mol concentration of

pyrylium dye in acetone.

choice of a suitable solvent causes the rigidification of the
molecule increasing its fluorescence and laser efficiency

[6.7].

CONCLUSION
The following conclusions can be summerised:
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1 — Three phenyl pyrylium percholorate was prepared

with hogh purity’ which- was confimed by instrumental
characterization techniques.

ity

[2]
(3]
(4]
(5]

2 — The lasing properties of the product increased by the use
of acetone as solvent.
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- PERILIUM FERROXLORID BOYA OSASINDA LAZER KiMi

Isde 2,6 di-(4-metil-fenil) - 4 - (3x]o.r"-'f¢nil) perilium ferroxlorid duzunun alinmast metedu ve onun boya assmda.'
lazer kimi islodilmesi aragdirilmigdir, :

C. Mopaaan, M. Pabue, A. Cabbax ANBAHA
NEPHIHYM QEPPOXJTIOPHA KAK JIA3EP HA KPACHTEJIAX

B jaHHOM cTaThe HCCHENOBAH METON NOMYIeHMA cofn 2.6 — an-(4-mernn-denmn) — 4-(3-ouop-genun) nepranym
deppoxopHa i €€ HCHIONLIOBAHNUS B KAYCCTRE OCHOBL J1a3¢Pa HA KPACHTENAX.

Received: 24.07.01
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THERMODYNAMICAL AND STRUCTURAL ASPECTS OF STRUCTURAL TRANSFORMA-
TIONS IN THE MONOCRYSTAL Cu;Te.

F.Yu. ASADOV, ALl. MOVLAMVERDIYEVA, Sh.K. KAZIMOV, A.G. BABAYEV
Institute of Physics of Navional Academy of Sciences of Azerbaijan.
: Nakhchivan State University

Stractural transformations are investigated in the monocrystal Cu3Te by the high-temperature roentgendiffractometric method in the in-
terval 290-1100K. Five structorai transformations take place in the crystal in this temperature interval, The mechanism of given transforma-
tions is elucidated on the basis of lineary data on the heat capacity. heat of Tormation and entrophy. connected with structura! transitions and
taking into account structural parameters. '

On the diagram of a condition of Cu - Te system, the
compeund Cu;Te corresponds to the structure 33.33 at. % Te
and fuses at the temperature 1393K [1] .It was shown in [2],
that Cu,Te crystallizes into the hexagonal structure with lat-
tice parameters: a;~4.237A, c~72T4A, sp.gr. P6mmm. elemen-
tary cell contains z=2, Density p,=7.474g.cM”. According to [3]
for Cu;Te at the room temperature the orthorhombic structure

is determined with following lattice parameters: 2=a,~7,319A,
=322, 236A, which is the over structire hexagonal phase.

In the literature there are data on tempetatures of phase
transformations in Cu,Te received by different authors and
accordingly by different methods, which are shown as result
in the table 1.

Table 1.
Temperatures of structural transformations in Cu,Te.
Temperature of transformation .T.K Methods of research | The litera-
fure -
468 | 338 593 - 713 Rocntgenography 3
463 - 583 633 823 DTA 4
433 | 331 550 633 835 Dilatometry 5
- 413 539 635 833 DTA [
445 - 578-393 | 633 698-833 | DTA [N
445 | 537 578 633 813 Electroconductivity 8
448 | 548 593 638 848 DTA 9
» -
"1 l
t ! i Pt
I B
g"’ | e a "a\‘ _.;J,..--L'."""'"J b
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Fig. 1. Change of heat capacities Cp (a), C, {b). and entropy Sp
(c). at structural transformations in Cu ;Te.

In [10] the experimental data are presented on the heat
capacity C, are given, to heat of formation AH and entropy
[ & 7)-5(298K)} in the an interval of temperatures 290-1200K.

On the basis of these data the diagrams C;(T), Cu(T)
and 3 (T} are constructed which are shown on fig. I, a, b, ¢.
According to these diagrams, the existence of five structurat
transformations in Cu,Fe confirm in the interval of tempera-
mires 290-1200K, i.e. at 433, 531, 590, 633 and §35K. Changes of
F A the capacity value, the heat of formation and entropy at the
LIV S S — transformation are presented in table 2.

e e e T
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Table 2,
Change of thermodynamic pararneters at structural transformations
of Cy,Te

Tk ACPMJ. | AH gt et | AS kalwol |

433 0.46 0.052 Q.12

531 2.85 0.454 0.84

590 240 | 0232 0.39 .

633 6.96 0.600 _0.95

835 1.46. 0.470 (.56

Thermodynamic parameters are not sufficient for the
complete explanation of the mechanism of structural trans-
formations in a solid state of substances. Therefore for the
complete explanation of structural transformations, it is nec-
essary 1o take into account also structural parameters of this
phenomenon. These questions are successfully solved by the
high-temperature roentgenography method. The research of
structural transformations in the solid state of substances by
this method enables also to establish the connection between
general thermodynamtic properties and concrete struictural
characteristics of separate modifications.

Temperature researches were carried out on the diffrac-
tometer "DRON-3M", with the prefix for adjustment of the
temperature "URVT-2000". The experiments were carried
ot in vacuum 10 pa. A condition of the shooting resolution
was approximately 0.°. Diffractogramm was written continu-
ously, diffraction corners were determined by the method of
measurements on the peak of intensity. The mistake of defini-
tion of reflection cormers did not exceed the value 464 0.02°
at experiments.
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Fig. 2. Temperature dependence of parameters of & crystal lat
tice on volumes and density (6) of existing modification
CupTe.

@ PO-parameters of the lattice of the orthorthombic: modification

®} . parameters of'the lattice of the hexagonal-1 madification

©@- parameters of the lartice of the hexagonal -I1 modification
® - parameters of the lattice of the FCC modification

Records of diffraction reflections from the natural surface

- of the monocrystal Cu,Te, (with sizes 4X4X2mm), split on

Iayers of soldering, were carried out in the interval of tem-
peratures 290-1 100K, in every 100K.

On the basis of received diffraction data the parameters of
the crystal lattice were calculated, Tempcrature areas of exist-
ing modification and results are deduced in the table 3, and
are presented on fig. 2. From fig. 2 we can see: a) crystals
Cu,Te in the interval.of temperatures 290-418K are biphase
and consist of orthorhombic and hexagonal modification,
with parameters of lattice .a=7 319, b=22.236, £=36 453A
and a= 4,1418, c=7.1833A accordingly. b) At 448K the sec-
ond heéxagonal modification from a biphase sample with pa-
rameters of the lattice a=8.4191, c=21.8733A. According to
fig. 2, formed second hexagonal modification does not influ-
ence on parameters of the first hexagonal modification. How-
ever at formation of this hexagonal is allocated modification
the value of the parameter with the orthorhombic modifica-
tion sharply reduces Ac=0,72A. It gives ws the basis to make
the conclusion, that the second hexagonal modification is
formed at the expense of the orthorhombic modification. ¢)
At 540K parameters a and ¢ of the first hexagonal modifica-
tion grow by jump, and parameters a and b of the ortho-
rthombic modification decrease by jump. In this case, proba-
bly. cations shifts occur between modification, d) At 590K
the orthothombic and first hexagonal modification tumn in to
second hexagonal modification and the crystal Cu,Te be-
comes single-phase. So far as parameters of the second hex-
agonal modification don’t vary in this case, then it is possible
to confirm, that in this process the second hexagonal modifi-
cation plays a part of the epitaxy. Thus the crystal Cu,Te be-
comes single-phase in the interval of temperatures 590-638K.
At 638K, with appearance of the reflection from the plane
(IH) of the high-temperature FCC of modification, the ortho-
rhombic modification restored again. At 848K the ortho-
rhombic and the second hexagonal modification tum into the
FCC modification with the parameter of lattice a=6.t 140 A.

All above-stated transformations are invertible, and the
crystal Cu,Te comes back to the initial condition at cooling
up to the room temperature,

On fig.2 changes of the density and volume of existing
modification are shown versus the temperature. As it is seen
from fig. 2, at 484K with the formation of the second hex-
agonal modification the volume of the lattice' of the ortho-
rhombic modification reduced on the value AV=.72.776A% in
comparison with the volume at 290K; at 548K as a result of
reduction of parameters s -and b, volume of the lattice is re-
duced AV =-25,460A’, and at transformations at 520, 633 and
835K the volume of the lattice of the orthorhombic modifica-
tion grows by jump: 3,463; 32,886 and 36,378A" accord-
ingly, Volume of the elememary cell of the I-hexagonal
modification grows lincarly up to 548K and at this tempera-
ture the sharp growth of parameters 2 and ¢ occurs with the
growth of the volume of the fattice A1=1,4A°, and at 590K

Av=0,4A°, In this case the volume of the elementary cell of
ll-hexagonal modification grows linearly before the trans-
formation in FCC modification (875K

From dependence of parameters of the lattice of all modi-
fications, thermal expansmns on the mam crystal directions
are calculated, which are deduced in the table 4. v



Table 3
. Temperature dependences of lattice parameters of modtf cation of the mnnocrysml CiuTe.

- |Texp. K Type of Iat_tice Paramclcrs of laitice HEP 2 Y gr‘cm‘-__. K
... [ 7750 [Orhorhombic 7319 [22.236 [36458 103 159333676  [7.336 | .07
_‘. seri | . - [Hexagonal-l. 14,1481 833 . . _ :
- in 4TRgR [Onthorbombic  [7.3294 [22.305 [36.551 103 59754403 [7285 -
| [Hexagonall  4.1537 7.1939 107.4861 7863
[T 473 |Orthorhombic |7.3621 [22.3663 {35.8287 [103 [5899.659 ~  [7.378
" |Hexagonal-T  [4.1704 72225 108.783 177
Hexagonal-il  [8.4191 218733 |24 [1342.6522 7,554
 [575 [Orthorhombic |[7.3188 [22.3099 136.2493 {103 |5318.8472 7.354
- iha: . - |Hexegonall {42008 7276 N (BREE 7601
T |Rexagonal-ll. (8,459 T [21.9564 |24 [1357.9858  [7.469
500 |Hexagonal It [8,4602 219314 |24 [1359.3945 - [7.461
~ 673 |Omhorhombic 73912 1222831 [36.504  [103 |5963.3614 729 |
T [Rexagonalll (84912 | 720623 |24 |1371.5482  [7.256 1.
oo [0 - [FCC 6.0821 - + [224.93%7 7513
cets T3 |Orthorhombic 173421 [22.2614 (36,342 103 15972.6227 7.288
C [T [Hexagonalll 18,5342 221612 24 [1397.7735 7.256
FCC 6.1021 4 |227.215% .44
"TE21  |Orthorhombic [7.3363 [22.2497 [36.5636 [103 59682938 7293
i Hexagonal-dl  [8,5533 22,2216 1407.8638 7.204
~ . [rcc 6.1138 4 [228,525 7.398
P 873 - |[FCC 61221 4 [229457 7368
S K TN 6.1476 & [2323362 1277
L 1673 [FCC 6.1731 4 [235.2393 7186
Table 4
‘Thermal expansions of medification of Cu,Te crystals.
-_éﬂ;'; ' : -
qpa [ CwTe | Temperature a,mlo*@ ool 07°degr” | o 107° degr”! a=2ay00r+0001 107 depr )3
2y | Thexagonal | 290373 .. 3462 17.78 16,77
: 290473 | | 3473 29,59 29.53
' 290-573 50.34 4560 15.18
T- hexagonal |  473-573 3789 [ 3799 37.92
AR C|oam3eers L 3982 | . 3982 .- 39,50
EEERR | 473-773 4557 b I A kX 2 S S 45.008
L 473.821 4580 4o Cl2 4576 45.77
. “Orthothombic | 290373 | - 1742 .| 3739 3073 2841
R 290473 | 3218 ] 3202 I 9432 g -30.12
L] o 20873 | w0 Lo o 22008 g -8.54
- 250-773 654 ] 236 477 4.56 e
o e - 290-821 445 L6 545 369 .
Tmes b FCC [ 673773 32,883 - A A
AL a7 {0 35216 -
t 7o ek s 673873 32883 ¢ e Pk
oy s o e L 673973 | 35,898 :
: 6731073 | 37405

e Coefficient of thennal ‘expansion referred to 290K I-  hexagonal modification formed at temperature 448K the ani-
hexagona] modification Cy ;Tc, have the certain anisotropy in  sotropy of thermal expansion (a {100] =a (001}) is absent.
the interval of temperatures 290 - 590K, whereas for the Il



Orthothombic medification has the sharply expressed ani-  atomic volume, density (table, 3; fig. 2, a and, b} and coeffi-
soiropy of thermal expansions. cients of the thermal expansion of modification of the crystal

It is necessary to note, that change of the hear capacity, ~CuyTe at temperatures 290 - 100K, testify that all five poly-
heat formation, entropy (Fig. 1, a, b, ¢ and tab. 1), results of morphic transformations are the phase transition of the sort I.
measurements of parameters of crystal lattices, value of the

[}] M Hansen, K. Anderko Constitution of Binary allows. Dreistoffsystems Kupfer-Blei-Teilwr, Zmetallk., 47, 433,
Mc Crow-Hill Book Co. New York, 1958, p.638 1956.

[2] L-Parzak Uber die struktur und dic Loge der phasen in  [7] F. Guastavino. Lugueet and Bougnot, Etude du dia-
system kupfertellur., Z.Metaak.47.418.1956 gramme de phase du system Cu-Te dans le domaine de

[3] A.L Stevels. Phase transitions in nickei and cooper se- la solution solide Cu2-xTe (0 < X < 16). Matet: Res.
lenides and tellurides, Philips. Res. Repts, 24,124,1969 Bull., 8.935.1956.

8] MU Tsypin and A.A. Chipizhenko. The structure and  [8] J Bougnot, F. Guastavino, H. Laguer. Sodini D., Emde
property features of the Jowest cuprouse telluride, Izv. du domaine d "existtence de laphase d" du Tellure
AK NAUK, SSSR, Ser. Neorgan. Mater.10,1210,1974 cuivreux appartiv de la conductive electrique/ Mater.

[5] P Kubaschewski and I Nolting. Spezifische Warmen Res. Bull. 5,763,1973.
und thermische Fehlordning von kupferchalkakogeniden [9) N. Vouroutzis and Monolikas. Phase transformations in
tiel 1: Cu,Se and Cu,Te bliangerahert stochiomerriscer cuprous teHuride. Phis. Stat. Sol., (a), 111,491,1989.
Zusammenzefzung, Ber. Bunsenges, Phys. Chem. 17. [10] P.H Kubaschewski Thesis, University of Gottingen.
70, 1973, 1969,

[6] H. Gravemann and H. Wallbaura. Zur kenntnis des
F.Y. Osadov, AL Maoviamverdiyeva, §.K. Kazimov, A.Q. Babayev

CwmTe MONOKRISTALINDA QURULUS CEVRILMOLORININ TERMODINAMIK Vo
QURULUS ASPEKTI

Cu:Te monokristalinda 290-1190K. temperatur intervalinda yiksek temperatur rentgendifraktometrin Gsulu ile qu-
rulus cevrilmeleri tyronilmisdir. Géstarilen temperatur intervalinda Cu:Te kristalinda beg struktur gevrilmesi bas verir.
Bezi termodinamik ve qurulus paramettlsrinden istifade etmakia qurulus cevrilmesinin mexanizeni aydmlagdinlmgdir,

®.10. Acanos, A.H, Moenameepanesa, ULK. Kassmos, A.T. GaGaen

TEPMOAHHAMHBYECKHE W CTPYKTYPHBIE ACITEKTH] CTPYKTYPHBIX APEBPALIERHHE B MOHO-
KPHCTAJLIE Cu,Te

BHICOKOTEMIEPATYPHBIM PERTIEHOLHPPAKTOMETDHIECKHM METOLOM HCCAENORATACH CTPYKTYPHbIE MPEBPATIEHNA B MOHO-
kpucramne CulTe B uaTepBane 290-1100K. B 3T0M TemnepaTypHOM HHTEpBaNe B KPHCTAINE TPOHCXOANT TISTH CTPYKTYPHLIX
npespameHHt. [Tonp3yach THTEPATYPHBIMA IAHHBIMH O TETUIOEMKOCTH, TeINOTE 00Pa3CBaHMA JHTPOTTHH CBA3AHHBIMY CO
CTPYKTYPHLIMH [TePEX0JaMH W YIHTBIBAY NAPAMETPB! CTPYXTYPH, BLACHCH MEXAHIIM ITHX TIPEBPALLCHAH,

Received: 08.05.(1
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