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Shamakhy Astrophysical Qbservatory named after N. Tusi, National Academy of Sciences
373243, Shemalkha, Pirgulu, Azerbaijan

The continuous and complex investigations showed that Nova Delphins 1967=HR Del has two types of changeable minima on the orbital
light curve with different periods — (P,#0.14 days and P=0.19 days) and amplitudes Am;=~0"70 and Am~0".90). I is a triple star as the

repeated Nova T CrB (1866, 1946).

Establishment of the binary nature of Novae plays the
fundamental role in interpretation of this phenomenon. Duplicity
of stars is a Key in understanding of the mechanism and
reason of flare of Nova and is basic for the whole modern
picture of the phenomenon.

At observing of former Nova DQ Her in 1956, Walker [1]
for the first time has found regularly repeating deep decreases
of the brightness of this star with period 4h3%min - the
eclipses. In 1963 he has also discovered that Auriga Nova is
the eclipsing birary star with the period 4h59min.

P. Kraft [2] has discovered the binary nature of Nova Agl
1918 from periodic changes of the radial velocity of this star.
In 1980 it was reported that the brightness of this star varied
with the same period (3h19min), which was established by
Kraft [3]. It was revealed that the light curve was eclipsing
(the duration of eclipse was 33 min, and the deepness — 0.36).
The same author [4] from spectral data has detected binarity
of Nova Per 1901. Its orbital period was determined ambigucusly;
according to Kraft [4] it was 1,904 days, but Paczynski [4]
has found the value of 0.685 days.

In the last years it was discovered binarity of HR Del
1967 (period is 4h35min) VD Pav (4hl18min), 1500 Cyg (about
3.5hotrs). Vaikoff and Vekhinger [4] confirmed with the
help of spectral observations, that for the slow Novae RR Pic
the exact value of the orbital period is 3h29min. Many
observations of Nova confirm the presence of periodic
changes of their brightness as in binaries.

Similarity of periods of typical Nova is not casual, it
specifies similarity of the structure of binary systems where
Novae outburst. The discovery of binarity has allowed for the
first time to obtain directly an estimation of masses of Nova.
In 1964 R. Kraft has obtained masses of components of the
binary system of Novae based on the analysis of light curves
and radial velocity curves. Finally, he has shown that Novae
were low mass stars with masses from 0.2 to 0.6 mass of the
Sun, but the mass of repeated Nova T CrB is considerable
larger - 3.7 masses of the Sun.

Now, it is commonly believed that all Novae are close
binary systems. The binary star consists of a blue hot star,
being white dwarf, and cold componenta of Red dwarf. The
blue component in result of burst gives Nova It is
surrounded by the disk formed in result of gas stream from
the red component. The matter gradually falls on to the
surface of the white dwarf. This process refers to as
accretion, and the disk itself is called the accretion disc.
Observations of bin.:a'ry Novae, carried out in last years, have
confirmed the existence of disks around white dwarfs. The
disk manifests itself well in those systems, where eclipses are
observed.

The periodic fluctuations of brightness were found by
Kohecutek and Pauls [5] and M. Babaev 6] for slow Nova

HR Del 1967 (fig.1). Recently the binarity was revealed with
the help of the spectrophotometrical method. In 1979
Hutchings [7] has found that the Nova HR Del is the binary
and the period of variability of this system was -0.17098 days
(=4h06min). After this we carried out photographic observations
during 12-14.06.1978, 27-29.08.1979, 16-18.09.1930 and 30-
31.07.1981 on the 350 min AST - 432 telescope at Shemakha
Aswophysical Observatory (ShAQ) of the Azerbaijan
Academy of Sciences and 70 images of HR Del have been
received.
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Fig. 1. Light variation. of Nova HR Det with period 70°.177125
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Nova HR Del was observed by us photographically with
the aim to investigate the changes of the brightness and to
determine the orbital period. Therefore for revealing of the
binarity of Nova HR Del in 1978, 16 images with 6 minutes
expositions was taken again for one night and 36 pictures in
1981 also for one night with an exposition 6 minutes (fig.1).
In this figure the change of photographic magnitude of the
star with the phase is shown, which was calculated with
elements which we determined [8].

MinI=J.D.2443674%.242750+0°, 177125k

The period determined by us is in the good accordance
with the data received in 1978 and 1981 and with the value of |
the period obtained by Hutchings {7]. The amplitude of
variation of the brightness of HR Del in the first minimum is
0™ 15+0720. So, for the period of HR Del we have adopted
the value P=0.1771250+£0.0007 days. The shape of the light
change shows, that in addition to the founded period there is
the period of 0.13 days with variable amplitude.
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Fig.3. Light curve of HR Del in 1995,

During 13 nights from August 12 to September 13, 1986
at fist with the telescope AZT-8, and then from August 13 to
August 14, 1987 with the 2 m telescope ShAO with the help
of the photometer AFM-6 by the method of photon counting,
we carried out photo-electrical observations of HR Del for
specification of the orbital period, for which different authors
give different values. In spite of this, by using these observational
materials we revealed that Nova HR Del has two types of
brightmess changes, which are due to the binarity of the Nova.

The periods are variable with mean values of ~ 0.14535 and
0.1938 days (fig. 2) [8].

As can be seen from fig. 2 except the minimum 0.17:0.21
days — £=0.1938 days (according to different authors) connected,
apparently, with the binarity of HR Del, there are also minima
with periods 0.13+0.14 days (~£=0.1455 days) [8]. Thus, it
was found that Nova Del 1967 is the cataclysmic variable star
with some peculiarities, one of them is the double minima.
Therefore we observed the Nova Del 1967 from 30.01.,
06.07.1995 to 26-27.07.1995 with the aim of determination
of the orbital period and detection ultra-short changes of
brightness by the photoelectrical method.

The observations were carried out on the telescope CEIS -
600 at ShAO with the help of the photometer AFM-6 by the
methods of photon counting as it was done eariier.
Photometric observations were carried out mainly with the
filter "B" in system UBVR for increase the accuracy.
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Fig. 4. Light curve of HR Del in 1995

The processing of this material showed, that Nova Del
1967 has double mumima with different periods and amplitudes
which alternate each other (fig. 3 and 4). As it can be seen in
these figures, the observational material obtained in different
nights again demonstrate that this Nova has periedic changes
in brightness with two minima not similar to any other type
of Novae. The comparison of these two figures shows that
these minima have approachements and removals as in the
triple system. Such character of changes gives us an
opportunity to say, that in this system either two stars were
burst or the star which was burst has been broken up nto two
parts. Probably the further continuous and detailed observations
will confirm this phenomenen if it is the real one and it will
be unique for Novae.

The author expresses thanks to Dr, SK Zeinalov for
useful discussions and Dr G.A Ismailov for critical remarks.
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BINARITY OF NOVAE
ML.B. Babayev
YENILORIN QOSALILIGI

Uzunmiiddeth, ardicil vo hartarefli miigahidelerin tedqiqi gésterdi ki, Yeni Delfin 1967-HR Del ulduzunun orbital isighlig
oyrisinda mixtelif periodlu — (~0%14+~0%19) ve amplitudah ~ (~0",70+~0"90) ik: minimumu vardir.

M.E. Bataes
JBOMCTBEHHOCTB HOBBIX
T[IpOACKHTENLHBIE B KOMIUIEKCHEIE HCCACAOBAHNA MoKaams, uro ¥ Hosolt Jensduna 1967=HR D¢l uMeeTca IBa THIIG HIMEHYHROTO
MHHAMYMA Ha OpSHTANLHOH KPHBOH Gnecka ¢ passmit nepuofamy ~ (P; = 0914 n 2, M%.19) u avnnutyaams — (dm;=0"7 1 4m;~0"9).

Ona asnserca Tpoiinol seesnoll kak nosropHas Hoead 3eezna T CrB (1886, 1946)
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INFLUENCE OF THE ADDITIONAL ELECTRICAL FIELD
ON I-V CHARACTERISTIC OF REAL SCHOTTKY DIODES

R.K. MAMEDOV
Baku State University
Baku 370148, street. Z Khalilov 23

The real Schottky diodes are usually exposed te an additional electrical field arising in near contact region of the semiconductor, because
of an emission non-uniformity of the interface. It is established, that under influence of the additional electrical field, the norn-ideality factor
of the forward branch of their volt-ampere characteristic increases, its reverse branch is not saturated and strong raise cceors of the reverse
current at low voltages, i.e. a premature breakdown of the transition takes place.

INTRODUCTION

In spite of intensive research of physical characteristics of
real Schottky diodes (RSD), the analysis of influence of an
additional electrical field on current transportation property
has not received the due reflection in the literature. Such
additional electrical field arises because of an emissive
inhomogeneity of the interface and exists in the near contact
region of the sericonductor almost of all kinds RSD. Research of
influence of an additional electrical field on a voltage-current
characteristic of RSD causes doubtless interest because of the
high scientific and practical significance of RSD.

MAIN THEORETICAL THESES

A potential barrier height of RSD, having even an ideal
homogeneous interface, because of limitation of the contact
area, does not remain identical on all contact surface. Really,
on an interface of real Schottky diodes, made on the basis of a
close contact of the metal (with the work of exit &} and the
semiconductor (with the work of exit ¢3), a potential barrier
arises with the height ¢ equal to the contact potential
difference between contact surfaces of the metal and the
semiconductor (i.e., Pg=dy-¥s). The contact surface of RSD
is limited by free surfaces of the metal and the semiconductor.
As a result a contact potential differences of values (®y-93)
and (¢s-®g) arises [1-3] between a contact surfaces with &p
and free metal surfaces with ¢y and the semiconductor surface
with ®s. The clectrical field of the potential ¢, is main and it
concentrates in all the near contact region of the semiconducior. At
the same time, the additional electrical field of contact
potential differences (¢y-®5) and (5 ®;) concentrates in the
peripheral contact region of the semiconductor RSD. As the
work of exit of a meta) and semiconductor is about 4-5eV
11,4] and a potential barrier height of RSD is of the order of
1eV [5], then the strength of an additional electrical field
becomes comumensurate with the strength of the main electrical field
in the near contact region of the semiconductor. Therefore, a
potential barrier on the peripheral contact surface and on
inner contact surfaces of RSD has different heights.

However, RSD owing to a series of such causes as a
polycrystalline structure of the metal, unevenness of solid-
state interaction, congestion of stranger atoms and molecules
etc., which in practice are always inherent to an inhomogeneous
mterface and their potential barrier has a different height
along a contact surface [6,7,8]. Then RSD is represented as
combination of the two parallel separate microcontacts with

different local barrier heights. Such notion of RSD at first
seems nonconvincing. Indeed, because of a inhomogeneity of
the interface, the difference of potential barrier heights of
microcontacts can reach up to eV, and the potential barrier
of RSD has the same height. Therefore, the real contacts
metal and semiconductor, consisting of two parallel separate
microcontacts with different local barrier heights, would not
have normal rectifying properties. Actually, RSD are
produced without the special difficulty with satisfactory
qualities and they are widely used in different electronic
devices, However, some important problems of physics of
RSD still remain open [3]. This contradiction is eliminated at
account of the fact, that on the interface of RSD
microcontacts with differens local barrier heights and linear
dimensions of the order of sizes of the crystalline grains of
the metal, are in the direct electrical contact and interacting
between themselves create an additional electrical field in the
near contact region of the semiconductor. As a result, the
barrier height along the contact surface smoothes and RSD is
characterized by an average height of the potential barrier.

Independently of a degree of complexity of a contact area
configuration and distribution of microcontacts with different
local potential barrier heights along a contact surface, RSD is
represented as combination pf two interacting sites with
different local barriet heights, The potential barrier heights of
the first and second sites becomes, accordingly, lower and
higher than the average potential barrier height on all contact
surface of RSD. The dependence of the potential barier height of
the first site of RSD on the voltage is determined by the
anomalous Schottky effect, and the second site of RSD by the
normal Schottky effect.

Let's designate the average potential barrier height of the
first site of RSD through &z, and its increment under
influence of the second site through A<¢,;, and the average
potential barrier height of the second site of RSD through &g,
and its decrease under influence of the first site through A¢,;.

At application of an external voltage to RSD, according to
anomalous Schotiky effect, the dependence of the increment
of the potential barrier height of the first site A5, on the
voltage U in the first approximation is expressed by the
formula:

Aﬂf’g; =ﬂ¢oji' ﬁQ'U 1)
where the dimensionless factor <1

The dependence of a decrease of the barrier height A®,,
on the voltage U for the second site of RSD, according o
normal Schottky effect, is determined by the known formula:



a2, = gllg’n, /8% \u, - v - kT/q)l" . @

Here all notations are generally accepted [4]

Al the application of the forward voltage to RSD with the
contact area S, made of a n-type semiconductor, in a near
contact region of semiconductor interfaces an external field
and an additional field are parallel for the first site and are

antiparallel for the second site. Barrier heights of both sites of
RSD decrease on the value gU with growth of the voitage for
electrons proceeding from the semiconductor to the metal. If
contact areas of the first and second site of RSD are equal,
accordingly, to g, S and g5 (where g;+g,=1), then according to
the thermionic emission theory [5], the forward branch of the
volt-ampere characteristic of RSD is expressed by the
formula:

Ip=g, I+ g.1p =SAT? {gie"{p["(@m +A4D,, +ﬁqU)/kT]+g 2eXp["(¢'32 -4, )/kT]}[exp(qU/kT)—l]m

~ 8prAT? expl-@,, /kT)explqU/n kT)

where index I and 2 demonstrate corresponding parameters
for the first and second site of RSD.

At the application of a reverse voltage to RSD, in the near
contact region of the semiconductor interfaces an extemal
field and an additional field are antiparailel for the first site
and parallel for the second site. When the additional electrical
field penetrates into the semiconductor on the depth 1, larger
than the width of a depletion layer of the semiconductor d,
then redistribution of free carriers of charges occurs outside
of d. Exactly this redistribution of free charges carriers causes
the formation of the part Ad;, * of the increment APg; of the
first site. With growth of the voltage U=U. up to the definite |

(3)

criffcal value U, (where qU. <Ay, ' and qU.z=A®;; '), the
value &y " is partially compensated. At 0<UsU, the reverse
current does not flow through the first site of RSD and 4¢g;
decreases on the value AgU , and A¢g; increases. Such
current transportation property was observed experimentally
both at research of a contact surface of RSD with the help of
a scanning electron microscope [9,10], and at research of a
reverse branch of volt-ampere characteristic of RSD [11].
According to the thermionic emission theory , the reverse

branch of volt-ampere characteristic of RSD at the account of
a bove mentioned facts is described by the formula:

I, = gy +g21R2=SAT2{g1 eXp[_(@BI +4¢,, —'ﬁqU)/kT] ) Ie"p(_Q'(U_Uc )/kT)‘l] +
+ g, exp[— (@, -49,, /kT] . [eXp(qU/kT}—l]} ~ 8 AT exp(- @y, /kT) explqUu/n.kT)

)

where U.=0 at the forward direction and U =UsU. at the
reverse direction. S

When the additional electrical field penetrates into the
semiconductor on the depth 1<¢l, then the eritical voltage will
be Ux=0¢U.=0) and both the forward and the raverse
currents begin to flow through the first site of RSD at once
with growth of the voltage (beginning from zero).

RESULTS OF CALCULATION

For a quantitative estimation of influence of the additional
electrical field on volt-ampere characteristic of RSD, their
forward and reverse branches were constructed according to
formulas (1) - (4). Thus following reasonable values of electro-
physical parameters of RSD were used:

Doy + AP,y =0, 608V: Cp=ADpy=0. 656V, B=0.02; Uy=0. 5V,
Uep=2V, A=]120Acm™ K%, T=300K,. kT=0.026eV,
Np=5.510"cm™ £s=10.6107KI. Viem™, Up=100V
S=10"%em’; g=1-g; g=1; 0.5, 107 10% 107
107% 10°% 0; Up=0-0.3V: Upx=0-100V.

In fig. 1 forward volt-ampere characteristics of RSD are
shown at different values ¢; and g, calculated on the
formulas (3) taking into account formulas (1) and {2). It is
seen, that the current of the general contact at g,=1 and g,=0
consists only of the current of the first site of RSD with the
effective barrier height ¢,5=0.60eV and non-ideality factor
n~1.02, and at ;=0 and g,=1 consisis only of the current of
the second site of RSD with @5,=0.65e¢V and n/~1.01. At

éecrease of g, from 1 up to 107, the contribution of the
current of the first site of RSD to the current of the general
contact decreases. Therefore the effective barrier height of the
general contact of RSD) increases up to the value 0.65¢V and

the non-ideality factor decreases up to the value n~1.01.
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Fig 1. Forward 1-V characteristics of real Schotiky diodes at
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gz=1-gy, where g;: 13-1;2)-0.5:3)-10"; 4)-102
5)-107, 6)-10%; 7) -10%; 8)-0.
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Fig 2. Reverse |-V characteristics of real Schottky diodes at U.=0
and gz=1-gi, where g: 1)~ 1;2)=0.5; 3) -10°'; 4) -10%,;
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At further decrease of g, i.e. at 0<g,<10?, the contribution
of the current of the first site to the current of the general
contact of RSD is not essential. It is necessary to mark, that at
B=0.1 the factor iy increases and becomes equals 1.11.

In fig.2 reverse branches of the volt-ampere characteristic
of RSD are constructed on the formula (4) at ¥ =0 and
different values g, and g,. At g, =1 and ¢, = 0 the current of
the general contact consists only of the current of the first site
of RSD with the effective barrier height ©,,=0.60eV and area
Sep=S. The dependence of the reverse current on the voltage
at U20.1V has the exponential nature and is determined by the
formuia:

Ir=SzrAT XD (-®ss/k T} exp (qU/ngk T} (5)

Here the dimensionless factor n, becomes equal to
np=ng/ {ng=1) =51. At the voltage =10V the barrier height
of RSD decreases on Sgl=0.2¢V and the reverse current
raises on four order of magnitude. At g; =0 and g, = | the
current of the general contact consists only of the current of
the second site of RSD with the effective barrier height
®5r=0.65¢V and its dependence on the voltage expresses by
the formula:

I, = S ATexpl-@,./kT) explq[(q3Np/87r2£: )(UD+U-kT/q)]%/kT} ©)

It is seen from the figure that at g, =1 the current I,
increases nonconsiderably with growth of the voltage.

At gi<l1, g.>0 reverse branches of the volt-ampere
characteristic of RSD express by the sum Ig=g,Iz;+G,1z0
At g;20.01 volt-ampere characteristics of the general contact
are completely determined by the cumrent of the first site of
RSD. With decrease of g, i.e. at g;<0.01, the weak growth
of the back current of the general contact takes place at initjal
values of the voltage. Even at ;=10 it is watched only up to
U=25V.

In fig.3 the reverse branches of the volt-ampere characteristics
of RSD are constructed on the formula (4) at U0 and
different values ¢; and g,. At g; =1 and g,= 0 with increase
of the voltage U=U. up to the value U=U,=2V, the reverse
curretit does not flow through RSD. At (>2V the current starts to
flow through contact which increases exponentially with the
voltage growth according to the formula:

I, = 5, AT exp[-(®,,~Pau)/kT] -

-
fexplalo-u. Y k7)) ¥
At 570 and g=1, the volt-ampere characteristic expresses by
the formula (6). At g;<1 and g>0 currents of the general
contact consist of the sum of currents of two sites of RSD.

As it is seen from fig. 2 and fig. 3, the sharp growth of the
reverse current of RSD reminds the process of the electric
breakdown of the transition, whose theoretical value is 100V,
A breakdown voitage of RSD is usually determined as the
voltage, at which the reverse current starts strongly to increase,

" Whereas it is seen from fig. 2, that at g,=10" the increase of

the reverse cumrent becomes noticeable at I,~0.001 A and the
reverse voltage has the value =6V much smaller, than the
breakdown voltage 100V, Notwithstanding that, at g;<107 the
current of the first site of RSD has not an effect in the current of the
general contact in the forward direction, it becomes essential
in backwards.
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4) -10% 5)-107; 6} 107 7}-10F; 8)-0.

Thus at g,=10" the early breakdown is watched at =12V,

and at .g;=t0°* the voltage of the premature is only (=25V.
Cnly at g;=0 and g-=1 a breakdown of the RSD takes place
at the voltage =100V,

CONCLUTIONS

In summary it is possible to say, that under influence of

the additional electrical field the non-ideality factor of the
forward branch of their volt-ampere characteristics of RSD
increases, its reverse branch is not saturated and at low
voltages the strong growth of the reverse current occurs, i.e.
there is a premature breakdown of RSD,
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R.Q. Mammadov

REAL SOTTKI DIODLARININ VAX-na 8LAVO ELEKTRIK SAHSSININ TosiRi

Real $ottki diedlar, adeten, yarunkesiricinin kontaktalt hissesindo kontakt sathinin emissiya qeyri-bircinsliyi hesabina yaranan
slava elekirik sahesinin tesirine moruz qalir, Askar edilmigdir ki, elave elektrik sahesinin tesiri ilo VAX-n geyri-idealliq omsah artir,
aks istiqamatde carayanin doyma hak bay vermir ve garginliyin kicik qiymatlarinde aks cereyan siiratle artir, yeni kegidde

vaxtindan avval elektrik desilmesi bag verir.

P.K. Mameaon

BJHAHHE JONIOJHUTENBLHOTO JIEKTPHUECKOIO I10JI1
HA BAX PEAJIBHBIX THOAOB IHOTTKH

Peamuheie avonn errku ofbmue noaeepralorea Bo3AcHCTEUIO AONOTHHTENLHOMO EKTPHIECKOTO TI014, BOIHHKAIOWENO B NPUHKOH-
TAKTHOS 06nacTh NOAYNIPOBONHHES H3-33 IMUCCHOHHMT HEQIHODOAHOCTH FPaHHLILI pasznena. VCTaH(}BIIeHO, HTO 0O BNHAHHEM JOMONHH-
TEABHOTO IMEKTPHYECKOTO TI0M1A KOMDHUMERT HEAACAALHOCTH fpAMOH BETER WX BAX ysenmunpaetcs, ce OOpATHAL BETBL HE HACKILLACTCH
H NPH HHIKHK HANPAKEHUAX MPOMCXOANT CHABHOS BospacTanue ofpaTHOTO TOKA, T.¢. RPOUCKOANT APSKICBPEMERHBIH MPeGOH nepexona.
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CONCENTRATION PHASE TRANSITION IN Ag,Te
WITH AN EXCESS OF Ag

F.EF. ALIEV
Institute of Physics of Azerbaijan National Academy of Sciences
370143, H. Javid av., 33, Baku

The concentration phase transition (CPT) was observed in samples Ag,Te with the excess of Ag>0,01 at.% at investigation of the
concentration and temperature dependences of electric and thermoelectric properties. It is supposed, that the appearance of CPT is connected
with the formation of the new sublattice of Ag in Ag;Te beginning from the excess ~0,01 at.%. It is shown that the first sublattice of Ag,
aloms creates the two-electrons donor and the second-(Ag,) one-electron donor. The last fact is caused by the position of the Fermi level

lower or inside of the impurity state.

Electric and thermoelectric properties of AgaTe have been
investigated with the excess of Ag up 10 ~0.25 at %. Concentration
phase transition (CPT) is observed in ctystals with excess of
Ag 0.1+12 at %. Transition is connected with the appearance
of new sublattice Ag in Ag,Te.

Ag,Te is classified among narrow-band semiconductors
with high electron mobility, small lattice thermal conduction
and having the structural phase transition in the temperature
range 390+450K [!-3]. Therefore investization of concentration
and temperature dependences of kinetic parameters is important for
revealing of application field in electron technology.

Investigations are carried out on a series of Ag,Te

samples: the stoichiometric composition with the excess of Te .

(up to 1.0 at %) and Ag (up to 0.25 at %). As it is known [2),
the excess of Te up to 1.0 at % does not cause a falling of the
second phase, any changes in crystal structure are not
observed and causes the formation of p-Ag,Te [3]; and it is
established, that the hole concentration is proportional to Te
content [1]. Excess of Ag in homogeneity region leads to the
formation of n-Ag,Te.

Wy

Fig.! Eleciron concenteation dependence on the excess of Ag.
Solid line is calculated.

At investigation of kinetic effects in n-Ag,Te it is found
that the excess of Ag up to ~0.10 at % leads to the rise of the
electron concentration (r) up to n~5.0-10"cm™ and the
excess of Ag up to ~ 0.12 at % decreases n sharply about by
a factor of 10 (fig.1), i.e. CPT takes place. This fact has not
been described in literature.

With this aim concentration and temperature dependences
of the Hall coefficient R, electroconductivity o and thermo-

electromotive force @, have been investigated for revealing
of CPT mechanism in n-Ag,Te.

Samples have been obtained by the common technology
with the excess of Ag up to 0.25 at %. Refined silver with
99.99% purity and Te of TA-1 model after two fold distillation
in vacuum were used for Ag,Te synthesis. Samiples were cut out
to the shape of the parallelepiped with sizes 2x3x10 mm’.
Obtained experimental data of temperature dependences
R(T), o({T) and &, (T) for two samples of n- Ag,Te with
the excess of Ag 0.10 and 0.12 at % are presented on fig.2.
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Fig 2 Termperature dependence of the Hall coefficient R(at H=12kE}
electroconductivity and thermoelectrometive force an
Solid lines are calculated.

It is seen that for both samples the behavior of R (T), o(T)
and a; (T} is characteristic for semiconductors with one kind
of charge carriers in the degenerate state and Cane’s law of
dispersion [4]. In spite of essential distinction of their
concentrations, qualitative distinctions are not observed in
them. Authors [5] suggested that in Ag chalkogenides Ag can
be two-electron donor giving two electrons into the conduction
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band (Ag"—>Ag+2¢). Then the forming two-electron state is
located either at the expense of sirong interaction with the
lattice or strong interaction with vacancies and other defects.
Our experimental data on samples with Ag content up to
0.10at.% (fig.1) confirm hypothesis of authors [5]. Starting
with the excess of Ag 0.12 at.%, the electron concentration
tises proportionally to Ag content, i.e. in this case the excess
of Ag plays a role of one-electron denors.

in paper [6] it is noted, that there are two structurally
different types of Ag atoms in Ag,Te. Ag, atom is surrounded
by four Te atoms on distances 2.87; 2.91; 3.04 and 2.994,
Ag, atom has five nearest neighbours on the distances .3.04;
3.01: 2.95; 2.90 and 2.85A. In both positions the cell has 4
{Ag,Te) and all atoms occupy the disposition of 4 order. Thus
Ag atoms form 2 sublattices of Ag atoms in the structure.
CPT takes place at the transition from the first position {Ag)
to the second one (Ag,).

Ag,Te relates to the class of compensated semiconductors
[7.8]. Thus Te atoms create acceptor levels disposed on the
distance (0.03-7-10°T-K™")eV from the conduction bottom
[4], and Ag atoms in the forbidden band create local energy
donor levels [9]).

In literature an activation energy value of donors By is
absent. Experimental determination of E4at the small value of
band gap Ef(0,0ii-‘?*lU"T-K")eV and the high value of the
donor concentration N, is very difficult. In this situation the
following method is suggested [4]. At any degree of the
electron gas degeneration with a nonstandard band thermal,
EME forces are expressed according to [10].

I, ﬁ)_ﬂ*}

K, | I, *
@, =- -2 —-(;———T (1)
e
where g =1/ K,T is the reduced chemical potential, »# and

+1.2 ’/8

I, . are the Fermi level and two — parametric Fermi integral,

B=K,T/E, is the parameter specifying a non-parabolic of the

band. From (1) u4E; values have been determined at T=15 K

If £ Ny and m, [4] magnitudes (m, is the effective electron

mass on the Fermi level) are known, you can define £,
2n*/?hAN,

according to [10]):
(2 )5/2] - 2H

Magnitudes E; have been calculated (at 7=0K) teking into
[4]): Ey, 22meV (at
NA1.1+50)10%m™) and B, ~5meV (at Ngx1.1:625510"sm)
{counting from the bottom of the conduction band) (fig.3).

[f you take into consideration that weak compensation
goes in the concentration interval NA(1.1+5.0)10"%sm>, and

high compensation goes in the interval N~(1.1+6.25)-10"sm”
then the state density in both cases are expressed, respectively

{11]:

Nd
p(€)=y I

E, = KT/n [ @

account the dependence E,(T)

E3
—+ N, ()

exph-£2/y° )andp(s)—- 3

1§ |

/3 s

e
4

N, is the acceptor impurity concentration, y is the dielectric
constant of the crystal. Chemical potential in the first case is
calculated from (2), and in the second case is calculated
according to [11]:

P ' 4r
where y=0, 26E4 (Ny/Na) **, Ef[_wa)
3

— Ed
21~ N,/N,)

p= @

If the value u is known, then the concentration can be
presented as

#

n _[ v{e)de (5)
-E,

and temperature dependence of thermoelectromotive forces as

(1), Rand o as

1

en

R

enU, (7).

c = 6

r

Temperature dependence of the electron mobility U, (T)
at any degree of electron gas degeneration for a non-standard
band has been determined earlier.
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Fig 3. Temperature dependences of the chemical potential (2
and activation energy of donors (Es) 40 E and tF are
calculated in Ag;Te with the ¢xcess 0f Ag 0.10 and 0,12 at %o,
respectivety,

Calculated data are presented on fig.1,2. As it is seen,
calculated curves nn to CPT are below. The reason is due to
the error of the application field of the formula (3)
Agreement of calculated and experimenta! curves R, o and
ey confirms the assumption, that NgAg,Te is weakly and
highly c¢ompensated semiconductor in corresponding above
mentioned intervals. It offers the scope for understanding of
the origin of CPT in Ag;Te. New sublattice Ag (position Agy)
is formed in the cell Ag,Te starting with the excess of Ag
0.12 at %. In this case the crystal is highly compensated at the
expense of interaction with vacancies and other defects. Then
the electron concentration, localized in donors n=Ng-N, , 18
much less than the donor concentration. Thus at all tempera-
tures all electrons can be arranged in donors, whose energy
levels are significantly reduced by the potential of neighbour
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charged impurities. As a result, # is below than the level of
the isolated impurity (fig.3). The less electron concentration

level in the first donor is defined only by the Coulomb
potential of the second donor, i.e. E=-e%xr, In this case it is

of n the deeper y is arranged. suggested that the second donor is empty. Band energy of the
If we do not take into consideration Hauss fluctuations
{11] it can be suggested that another positively charge donor

can appeare in the vicinity of some donors on the distance
r<<N;1’13 , where 1 is above the impurity state. At r>>a (- is

the effective Bohr radius) the correction of E to the energy

second electron in the couple of donors is close toR Eé.

Therefore at the high compensation, when u is below the
doner impurity leve! and is into the impurity state (fig.3), only
one electron can correspond to the couple of close donors.
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F.F. Oliyev
AgiTe KRISTALININ Ag ARTIQLIGINDA KONSENTRASIYA FAZA KECIDI

AgTe kristalinda 0.25 at.% Ag aruqhf ile olan nimunslerin elekirik ve termoelektrik xasselori tedqiq olunmugdur, Ag
artighginin 0.1+0.12at.%-de konsentrasiya faza kegidi (KFK) agkar olunmugdur. Kegid yeni alt qofesin Ag artighfmin hesabina
yaranmasi ile elaqelenmisdir.

O.D. AIMER
KOHIEHTPALTHOHHBIA ®A30BBIA MEPEXOA B Ag,Te C H3BBITKOM Ag

TpH KCCNEAOBAHHH KOHUEHTPAUHOHHBIX H TCMIIEPaTYPHBIX JABHCHMOCTER DMCKTPHYECKUX H TepMOdIeKTpIeckux ceoficte Ag;Te
OBHAPYKEN KOHUCHTPAUMONHbIA $a3oBblii repexon (KD 5 ofpasuax ¢ wsberrkom Ag>(.01at.%. [Ipeanonaraerca, T1o noABIeHne K[l
¢BA3aHO © oGpasoparieM HOBOH moapeileTkn Ag B Ag,Te Haunxad ¢ uabeaTRa ~ 0.01 at.%. TMoganaKo, 4TO Nepaadt NOAPEeTKA aTOMA Ag,
COITACT ABYXMIEKTPOHWELH A0HOD, 4 BTOPAR — (Ag;) - oxHOdNEKTPOAHE BoHOP. [locieHeS CRA3AHO ¢ HAXOMAEHHEM YPORHA PepMH HHKE
WAH BHYTPH NPUMECHOTO COCTOANMS.

Received: 04.006.01
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GRAPH -THEORETIC ANALYSIS METHOD OF
NON-LINEAR KINETICS OF BIOCHEMICAL REACTIONS

Sh.K. BAYRAMOV
Azerbaijan Medical University
370022, Bakikhanov str. 23, Baku, Azerbaijan

Using the double barrel graph theory, the algorithmic method for determination of characteristic polynomial coefficients of system
nonlinear kinetics equation of biochemical reactions is offered. Several characteristic polynomisl coefficients are expressed by stoichiometric
coefficients of reagents in the biochemical reaction system and their analytical expressions are obtained.

Key words: nonlinear enzyme kinetic, double barrel graph
theory.

INTRODUCTION

At last time, theoretical methods for solution of kinetic
problems based on linear graph theory, are widely used in
bickinetic studies [1-8]. Linear graphs are used at analysis of
the steady- and pre-steady-state (transient phase} of enzyme
reactions with a single enzyme form participating in each
elementary reaction. In linear mechanisms, the enzyme forms
do not interact with each other at any stage. Moreover, each
stage of the enzyme reaction in the transient phase according
to assumption is a pseudo-first-order reaction because a
change of the substrate concentration is negligible during the
formation of intermediate enzyme forns.

In living cells, concentrations of many enzymes are ofien
of the same magnitude, as concentrations of the metabolites,
ie. compounds participating in the elementary stages at similar
concentrations are equivalent components of elementary reactions
in many cases. Such systems are nenlinear, Development of
mote simple and convenient methods for research of stability
of stationary states in nonlinear kinetic systems has not lost
the importance. An aftraction of the theory of double barrel
graphs [9] (bigraphs) allows essentially to simplify the research
scheme of stationary state stability.

BASIC DEFINITIONS AND THEORETICAL
TREATMENTS

Two types of tops are used in representation of double
barrel graph theory, where substances (reagents) are tops of
the type A, and reactions are tops of the type B. Tops of
different types areé connected with oriented branches. The
branch going from the substance, participating in the
reaction, and other branch poing from the reaction to the
substance, which is produced as a result of this reaction, form
a “positive” pathway. Graphically it is represented as
A,—B.—A;, where A is the top - substance, B, is the top -
reaction. Two branches going from two substances, participating
in the same reaction, make a “negative” pathway,
A,—B.¢A;. The closed sequence of ways forms the "cycle”.
Parity of a cycle is determined by the parity of a number of
negative pathways in it. Unity of non-crossed on tops A
cycies and branches, going from the substance to the reaction,
is called as a "subgraph®. The number of tops A in "subgraph” is
called to as his “order”. The m — order " ent” is m reactions
chosen from the scheme, considered in relation to chosen m
substances. Other substances not participating in chosen

reactions, do not enter in the "fragment” and are considered
as constants, "Fragment” of the scheme refers to "ecritical” if
the sum of coefficients of all his "subgraphs", containing odd
number of "even™ cycles, is more than the sum of coefficients
of all other subgraphs. Subgraphs with odd number of even
cycles give the negative contribution to the coefficients of a
characteristic polynemial and are the reason of instability.

Stability of the stationary state is investigated by linearization
of nonlinear kinetic equations near stationary points.
Eigenvalues governing the behavior of the system near these
steady states are solutions of the characteristic equation |11-.4=0,
where A is an eigenvalue, I is the unit matrix, J is the
Jacobian. Stability is provided, if the Jacobian matrix for
system of kinetic equations with elements:

g = Z ¥1,00 /8,
) k=1

has eigenvalues with negative real parts. Here, m is the
number of reaction stages, y:p=8: -0 . S and ;. are
the stoichiometric coefficients (numbers of molecules of the
compound ©J; generated and going into the k-th reaction,
respectively), u, is the concentration of the i-th compound,
L, is the rate of the k-th reaction. If even though one of
coefficients «; of the characteristic polynomial Jacobian
matrix of the reaction system

P=A +a,A" '+ a,A"+. . + g, 1)

(where m corresponds to the rank of the y;, matrix of the
reaction system) changes its sign from plus to minus, when
the reagent concentrations are changed, then the steady state
of the system becomes unstable. According to Ivanova [10],
if the lower coefficient («,) is negative and there are not
steady-state points on the border of the polyhedron of
invariance, determined by the material balance equations in
the phase space, then there should be several steady-state
points within the polyhedron (mubtiple steady states).

If e,>0 at any concentration, then there is 2 single steady
state point {if boundary conditions are fulfilied). In this case,
if another coefficient a,_,<0 (k<m), the single steady state
point can be upstable. A stable limitary cycle, i.e. self-
oscillations, occurs in the vicinity of this single unstable
steady-state point.

Thus, the analysis of existence of critical regimes is
related with coefficients of the characteristic polynomial (1).
The stage of determination of characteristic polynomial
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coefficients is the most toilful stage in the analysis of For this aim let’s rewrite elements of the Jacobian matrix
nonlinear systems. In this work, we offer an algebraic in the form:

algorithmic method for determination of these coefficients by

using of bigraphs.

Jy= Y (ﬂjk—aﬂ)auk/auf; { (B, 00 /Ou,—a, Bv, / Bu,), .+ (r,00,/8u) ,} =

k=l

= D (B) + N, + H))

k=1
where, :
ov ov ov
i _ X koo_ k | X
Eji-ﬂik 2. Ny = -, . Hi =¥ Bu )
3 3 . i
. I

From the point of view of the double barrel graph theory, ' X oo,
these quantities have a real topological sense: PJ?‘iis the H; i* A

positive pathway from A;-top to A;-top through B,-top, ie.
the pathway corresponds to the generation of compound i in This expression is true only for nom-autocatalytic

the reaction k; N;i is the negative pathway from ;- fop to reactions. ] )
. If the reaction proceeds according to the mass action law,
Agtop through Bi-top, ie. the pathway comesponds to o if

Bne
n

interaction of compounds 7 and / in the reaction k; Hf is the v, = K,u ;!u
half-pathway (or segment) of compound { involved in the
reaction k. Here it is necessary to note that in non-

autocatalytic reactions S;; =0 at a;;#0 and therefore in this
case we obtain the value for haif-pathway as in {11]:

el

where K, is the rate constant of k-th reaction stage, then
expressions for pathways and half-pathways are simplified:

v v

. pk [ Y £ A k¥ .k _ it

Py = a, By —~; Ny = —a,a, FHp = 0,7 (3)
ui ui I

{uy is the rate of the stage & u; is the concentration of the 3 ctp is the sum of all twin products of all nodal polynomials, i.e.,

i~ th compound). a; is determined as the sum of contributions of all possible
Let’s write the sum of elements of the i-th column of the  two-order “subgraphs™
Jacobian matrix. This sum will be called by the nodal pelynomial

for the i-th A-top of a bigraph. The nodal polynomial is LI ) )
equal to the sum of all pathways (positive and negative) and a, =Z Z MM, (1 # J) (6)
half-pathways originating from the given i - th A-top: i=1 j=1
8 m - oy isthe sum of all triple products of all nodal polynomials,
M, = Z Z (P:; +Nf3. +Hf) (4 1, @ is determined as the sum of contributions of all

3=1 k=1 possible three-order “subgraphs’:

For the determination of cosfficients @ of the characteristic RoR R e .
polynomial (1), using the conception of the nodal polynomial, we 2 "Z]: Z; kzz MM (125, ik, J2k) ete.
offer following rules of determination: e @

- o is the sum of all haif pathways originating from all  gra of members obtaining in these products are equal to
nodes with the negative sign, i.c., a; is determined as the o5 These members are determined by following rules of
surm of contributions of all possible first-order “subgraphs™: “member reduction”: '

: - a product where the index of one B —top presents more than
n in " .
. 3 % once is equal to zero;
o = _Z Z H; Gy producis where pathways do noi form cycles (determined by
‘ ixl k=l lower indices of the pathways) also are equal to zero (cyclic
products are included into the sum with the opposite sign),

14
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- members corresponding to the product of the pathway and
the half-pathway are equal to zero.

EXPRESSION OF POLYNOMIAL COEFFICIENTS
V1A STOICHIOMETRIC COEFFICIENTS OF
REAGENTS

The above-stated rules allow us to express coefficients «,
of the characteristic poiynomial (1) through stoichiometric
coefficients of reagents. Really, taking into account (3} and
(4) in (5), we obtaine for a;:

n Frl
a, = Z E Fix, ik, (Vi Y 31,

Z z aik}'ug ':_"

i=] kwl

&

Other cocfficients are expressed through stoichiometric
coefficients with point of view of reduction rules. In the
present work, results of calewlations for characteristic polynomial
coefficients &, ,a; and a, are presented:

m;’m) gk, k=1, 2 . mk,=1,2...m ©)
i=1 j»i U; 0,
. Dy, D
Z Z {Z bszbsz Z b31{b33 + b&‘d) — = % (10)
1=l J»i |21>»F Imi, . . 'Ui L!j- u‘l
where
by, = Qg Gy Xy s
by, = Yie,¥ 55,7 ix,
By = Vi, ¥ 56, 1x, 0
b34 = yik,yjklr.lkz’ k;?*}?’l’i;, k;=f,2...m_, k;=!,2...m, " k3=1,2.“m‘

For the coefficient e, we obtaine:

v o u v
a, _Z Z Z Z bk, Z (z b41b337'nk + Z B4\ 234 s, +Z by (b, bu)J %"k_’__h
iml 3»i 2123 h»1 1>1 \ k>l A¥i, 3.2 hei uiuj'il'll..ll.I
here, lmteraction causes destabilization of a stationary state and it
can be the reason of existence of multi steady state and/or
b, = by, self-oscillation regimes in reaction system.
‘ In some relatively simple cases, the obtained expressions
b, = b 3%, » of polynomial coefficients allow to predict Kinetic behavior
of a system without necessary calculations. For example, let
by =7 nc,Jl’ 1k, V1, ¥ hy » us consider the problem of existence of self-oscillation
b, = YoV sx,7 1e,¥ o, s regimes in three — component nonautocatalitic biochemical

ki#k o3k 22K 4 . k1=1, 2. ,
ko=1,2.m, ks=1, 2..m, ke=1,2..m.

In this formulas U, , and U, are the stationary rate of k;-th

reaction and the stationary concentration of i-th reaction
component, respectively.

At necessity it is possible to obtain corresponding
expressions also for other coefficients. For this purpose it is
necessary to express nodal polynomials through stoichiometric
coefficients and to reject members which are equal to zero on
the appropriate items of the reduction rules. It is necessary to
note that the negative members in the obtained expressions of
characteristic polynomial coefficients express contributions
of destabilizing interactions in the reaction system.
Confributions from cyclic fragments in the sbructure of the
reaction graph are such. If the sum of negative members is
more than the sum of positive members then the appropriate

15

systems. From the formula (8) it follows, that for all nonauto-
catalitic reactions ¢, >0. The sign of the second coefficient
is determined from (10) and it is obvious, that for ordinary
biochemical reactions, where at each elementary stage no
more than two various components participate, a,>0. This
reason leads to the following conclusion: Self-oscillations are
impossible in three-component nonautocatalitic, biochemical
systems in range of the first-order approximation of stability.
As an example of illustration of the offered approach we
shall consider the following system of reactions. 1t is the
scheme of the well-known substrate inhibition reaction.

E + 5 — ES {r1)
ES=E+P {rz2)
ES + § = ESS (r3)
ESS — E§ +5 {(r4)
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In this system there are 4 interacting substances (A-tops)
and 4 reactions (B-tops). In the representation of the double
barrel graph the considered system is represented as:

In this figure, letters in circles {A-tops) mean reagents,
and figures in squares (B-tops) - the reactions. The arrow
going from i-th A-top to j-th B-top means the entry of the
i-th reagent in j-th reaction. The arrow going from j-th B-
top to i-th A-top means formation of i-th reagent at the j-th
reaction. '

For the research of nonlinear kinetics of the given
reaction system we shall write matrixes of stoichiometric
coefficients, 8;;, a;; and yyy (i=1... 4, number of interacting
reagents, and j=1 ... 4, number of reactions}):

B a;, = Yij
s [poo1| 1010 |-1 0 -11
E l0100| |too -1 100
Esftoo1] joz1d T 1-1-11
ESSlo 0 1 00 00 1-1

[t is easy to show that the rank of y;; mafrix is equal to 3.

It means, that in the system there is one balance equation,
and only 3 from 4 variable of concentrations of reagents are
independent. It is cobvious, because the total enzyme
CONCeniration must conserve:
E+ES+ESS=E,=Const. (1)
Therefore the characteristic polynomial of the system
will be in the third order:

P=X+al +a,l +aq

On the other hand, it is easy to show, that on border of a
polyhedron of the invariance, determined by the equation
(11), there are no stationary points, ie. there is no a
stationary point, where concentrations of some reagents are
equal to zero. Therefore if a3>0 then the stationary point of
the system is unique. However if a;<0 and other coefficients
are positive, then in the system multiple stationary points are
presented, i.e. poly-stability takes place, If a;>0 and at least
one of other coefficients {a: or o) are negative, then
sustained oscillations arise around this stationary point. Let

coordinates of a stationary point will be (u,, u,, uz, u, ).

We shall proceed now to definition of coefficients &
They are determined from the 4x4 dimensicnal determinant
of the Jacobian matrix. Really, we are interested only in
signs of these coefficients and arising in these coefficients
negative components cause interest with the point of view of
a possibility of critical phenomena in the kinetics of given
system. According to formulas (8-10) we obtaine:

U, + 0 D D, + b [T}
a, = +—32 + 4 L1 4+ 2 59
DU U,0 b.U U,U DU L o _
Q, = 2 ¢ Bl D2y I 2y 5 (20,0, + DD, + D,D,) > 0
WL, Lk, WU, WY, WY, Ui
U0 U 5]
@, = L .12 - =&
U1U3 ul"_ U2

We see that, coefficients @, and a arc positive at any
positive values of concentration of reagents. It means, that
sustained oscillations in the considered system are
impossible. However, there is an opportunity for existence of

the multi-stability. It is possible, if &, <%, , since in the
stationary state o, <1, and therefore, a; < 0. This conclusion

can seem unusual, because in many models the mulkti-
stability and self-oscillations coexist and are realized by
change of kinetic parameters. This example shows that there
are systems admitting muiti-stationarity and not admitting
self-oscillations. In this example our puwrpose is to show the
certain advantage of the offered method of the analysis of
nonlinear kinetics of biochemical reactions. Therefore we do
not stop on the analysis of a condition of multi-steady states
in the considered system. However we would like to note,
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Ithat this obtained condition of multi-stability not always hits
to an eye at research by other methods.

CONCLUSION

The obtained expressions of polynomial coefficients can
seemn as complicated at first glance. However, they are, much
more simple in comparison with other methods [10,12] and
they are easily programmed on electronic means of
calculation. ‘

Moteover, the offered method for the determination of
characteristic polynomial coefficients has the important
advantage: this method allows to distinguish the fragments,
which are the critic fragments. In other words, above-stated
facts allow to see, that interaction of what reagents in what
stages of a reaction are destabilizing factor for the stable
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stationary state. It is very important for the understanding of
the molecular basis and mechanisms of non-ordinary behavior of

biochemical reaction systems.
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$.Q. Bayramoy HEE |

BIOKIMY3Vi REAKSIYALARIN QEYRI-XOTTI KINETIKASININ
QRAF-NOZIRI ANALIZ METODU

ki kel qraf nezarivyosinin tetbiqi ile biokimyevi reaksivalarin kinetikasinm qeyri-xetti tenlikler sisteminin xarakteristik
tenlivinin amsallariin tapibmasi metodu verilmigdir, Bu emsallardan bezileri reagentlorin stexiometrik emsallan ile ifade olunmug vo

onlarn analitik ifadaleri ahnmigdir.

IILK. Baiipamos

I'PA®-TEOPETHYECKHH METOJ AHAJH3A
HEJHHEAHOH KHHETHKY FHOXUMHYECKHX PEAKLIHH

C nmpuMenennem TEOPHH ABYRONBHBIX FPA(OB MPELAOKEH METON ONPEASAcHMA Ko PHUNEHTOR XAPAKTEPHCTHUECKOTD YPABHEHHS
CHCTEMB! HEMHMEeRHEIN KHHeTHUECKHX YpasHeHNH BroxuMuueckix peakuyii. HekoTopele W3 3THX ko3HUITHEHTOR BREDAKEHET CTEXMOMET-
PHMECKHME XO3GPHLHENTAME PEATEKTOB H OAYYSHBI X AHATMTHYECKHE BRIDAKCHH,
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ALLQOY DISORDER SCATTERING-LIMITED ELECTRON MOBILITY
OF THE SEMICONDUCTOR THIN WIRES

G.B. IBRAGIMOY
Institute of Physics, Azerbaijan National Academy of Sciences

Javid av. 33, Baku, 370143

We study the effect of the alloy disorder seattering on the electron transport in a quasi one-dimensional semiconductor. It is shown that
the alloy disorder gives a significant contribution to the electron scattering. It is found that the one-dimensional mobility is significantly
greater than two-dimensional mobility. It is shown that the alloy disorder scattering-limited electron mobility increases with growth of the
wire radius, We compare our results with different scattering mechanisms for one-dimensional system. Results are also included for the alloy

composition dependence of the mobility.
1. INTRODUCTION

Recently the interest increases in the study of properties
of ultrathin semiconducting wires, also called as quantum
well wires with submicron dimensions. Electrons in a
semiconductor quantum wire can be viewed as a quasi-one-
dimensional (Q1D) eclectron gas [}-5]. There are QD
structures where carriers are confined to move along. the
length of the wire and the motion is quantized in the
transverse directions. The physical properties of low-
dimensional semiconducting structures such as electronic
transport characteristics differ from properties of bulk
semiconductors because the translational symmetry is broken
[6]. Sakaki [1] suggested to use semiconductor guantum
wires as a basis for very fast transport processes. Reduction
of phase space in Q1D leads to a decrease in the scattering
process, therefore, the mobility of carriers has to increases in
comparison with to the bulk value. These high mobilities
could be utilized in high-speed device applications [1,7]. The
mobility of the electrons in the Q1D electron gas is limited
by various scatiering processes, which have large importance
at different ranges of temperature and carrier concentration.
There have been calculations of electron scattering by
acoustic phenon [8], impurity-limited mobility {2], phonon-
limited mobility [3], the mobility of ¢lectrons scattered by
impurities, by acoustic and polar optical phonons [4,9]. Alloy
disorder scattering is an important scattering mechanism
when the confining quantum well consists of ternary semi-
conductor. Alloy disorder scattering in temary compound
semiconductors and quantum well structures has been the
subject of many theoretical and experimental investigations
[10-20]. In its conventional theory, the constituent type A and
type B atom pairs are assumed to be distributed randomly
within the volume of the crystal.

The main purpose of this paper is to derive approximate
analytical expressions for the momentum relaxation time
associated with the electron alloy disorder interactions, and
the calculation of the mobility of Q1D electron gas. The-i

H, = W{(l-x) Ty, (¢ -

xrin

where Yﬂo (ra - rb) = 1/02, when r, and r, are inside

the same unity cell and vanishes elsewhere, and the
summations run over all the unit celis, £2; is the volume of
the unit cell.

outline of this paper is as follows. In Sec.Il we give the
general framework of the paper. In Sec.lIl we present the
calculation of the momentum relaxation time for the alloy
disorder scattering. In Sec.lV the quantum theory of the altoy
disorder-limited electron mobility of thin semicenduting
wires is presented. In Sec.V some numerical results of our
calculation are presented for In;,Ga,As. Finally, a brief
discussion about our numerical analysis is given,

2. GENERAL FRAMEWORK

We assume that the electrons are confined to move in a
cylindrical wire of radius R and are free to move along the
axis of the wire, which has the length L. Within the
framework of the effective-mass approximation the electron
wave function in quantum wire is

olr) = 1777 explirzle, (). M
where p=(x, y) and r=(p, z} we take the wire axis as the
z direction. The electron spectrum is parabolic and isotropic

E, = E, + K*/2n @)

We make the same approximation as in [2,3] i.e., we take

95(p) = (=R} *x(r - p)

which means that the envelope function is constant inside a
cylindrical wire of radius R and zero outside. Y (X} is step
function.

When the confining quantum well consists of a ternary
semiconductor (like Gap,InAs), in the virtual crystal
approximation alloy disorder scattering potential has the form

[17-20]):
rCa )} *

3)

rIn) = z Yao(r -

rlca

4)

The momensum relaxation time rof electrons in a Q1D
system due to the scattering potential H,.. is given by the
relaxation rate [21]
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_ 2 L.
= f ; 1< fHas

Here, i and frepresent the initial and final states and 8 is
the angle between the incident and scattered wave vectors of
electrons along the axis of the wire. Because of the QID
nature of the electron gas in a thin wire in the quantum limit,
the scattering angle £ is limited by two vahies 0 and = Thus
the valne (I-cosé) in Eq.(5) will be 2. The total wave
function of the state /" is @fT=@Tu.(r.), where u.(r.},
are Bloch functions correspondmg to the extrema of the
conduction band.

In order to evalute the matrix ¢lements <f | #yss| 2> iny

(£,

v = o35

K
where f, (Ex} is the electron distribution function for carriers
in the wire,

3. MOMENTUM SCATTERING RATE FOR
ALLOY DISORDER SCATTERING

Using the wave functions given by Eq.(1) and (3} , matrix
elements induced by the alloy disorder become

<:f|Hdist._>—=?Z Li(P)eisz [(I_X o.1n _X5p,ICa]

(M
where AK=K~K’. The summation on r,, is over zll the crystal
unit cells and &, p,=1 (=0) if the cell at r, contains one In
(respectively, Ga) atom. |

A straightforward calculation of the square of the matrix
element in {7} gives

(VY x(1-%).
aLR?

i>f=

< ledis ()

When (5} and (8) are combined, the momentum relaxation
rate for the electron alloy disorder scattering is obtained:

20,(VF (1 ~ x)m *
A’ RZK '

1

T

)

which combined with £ = h°k?/2n” gives 7(E) explicity

as a fonction of the energy E.

Eq. (9) shows that the scattering rate increases and the
moinentum relaxation time decreases as the radius of the wire
decreases for scattering from the alloy disorder.

The formula similar to Eq.(9) has been obtained by Ando
[19] and Bastard [18] for Q2D electron gas.

4. MOBILITY

In the general case, without approximations for using Eq.
(9) in Eq.(6) the mobility can be written as

i>°(1-cos0)s (&,

(%)

- &)

IEq (5) we replace ro—r,+rinc.; and use relations:

Uc(re+r1anaJ) =Uc(r,) and fﬂ dr|u (r] = £2,. The

scattermg rate induced by the alloy disorder is calculated
using, the statistical average of products of two different
matrix elements,

The mobility of electrons confined by Q2D quantum well
and free to move along the Z axis of the thin semiconducting
wire is given in the relaxation time approximation by

) afo(E

5] (5 )

2ehR’K,TF,(n)
m* 2,8V x(1 - x)n,,

(6)

po= (10)

Here n,; = Q‘IQKB!’m"Fm?(q)/M is the density of

electrons per unit length of the wire, F,(#) is the Fermi

integral of the argument n=¢/KT , and ¢ is the chemical
potential. It can be seen that in Eq.{10) the mobility increases
as the wire radius increases.

For comparison we also give the result obtained for the
acoustic phonon scattering limited mobility of the thin
semiconducting wire [8]

1)

ac |

24
— (K T)zzz }1:-:

Here 2 is the cross-sectional area of the wire, p, is the
mass density of the semiconductor, u is the sound velocity,
and E,. is the deformation potential. In this case, the
mobility is suppressed as the cross-sectional area A of the
wire decreases,

For the cese of non degenerate carrier statistics, f, (E) is
given by the Maxwell-Boltzmann distribution and mobility is
given by

1/26h2R2(K T)I/R

\/ m” 2,(5VYx(1 - x)

When carriers are degenerate, at low temperature, /7 (E)
is given by a Fermi-Dirac distribution and mobility is
er(EF}/m':

Hn dey . (12)

aréh3R’KB
2m *? 2, (V) x(1 - x)

pdeg. =

(13)

where the Fermi energy Er of elecirons in a degenerate 1D
electron gas is hEKﬁ /2n" with Ke=mn,,/2.

19
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It is noteworthy that the mobility due to the alloy disorder
scattering in 3- and 2-dimensional system has the functional
dependence on the temperature according to T°2/? [10] and
7% [13], respectively.

Eqs. (12)-{13) show that p varies as T° at the low
temperature and as T'/? at the high temperature. It occurs
because the density of states in a 3-, 2-, and 1-dimensional
system has the functional dependence on energy according to
E*?, E®and £7%'? respectively.

5. NUMERICAL ANALYSIS AND DISCUSSION

As a numerical example, we consider a Gadn,.,ds
quantum wire. Certain material parameters such as the
effective mass m* and lattice parameter occur in vartous
formulas for mobility (relaxation time),. The lattice parameter
has been assumed to follow Vegard's "law"

@ = a,x + a,(l - x),
where a, is the lattice parameter of the component A and op
is the lattice parameter of the component B.

The electron effective mass m * has been taken as

1
o

where m," is the effective mass in the pure A component and
mg" s the effective mass in the pure B component.

1
30 60 70

Y
Hy

i1
3040

E((m’r’}

1

0 20

Fig 1. For a | D GagglngoAs system, the momenturn relexation vate is
plotted as function of the electron enctgy Ex for alloy disorder
scattering. Scattering rates for scattering from background
impurity, acoustic phonon and polar optic phonon are
shewn for 1 0 GaAs system [4].

The momentum relaxation rate, v! as a function of the
longitudinal energy Ex in the Gagslng,As is shown in fig.1.
These numerical results are plotted from Eq.(9) for scatiering
alloy disorders. In order to compare the momenium relaxation rate
for the alloy disorder scattering with momenturmn relaxation rate
for various scattering mechanisms, values ¢! for GaAs thin
wire structures were found in the literature [4] and are plotted

20

in fig.1. It is shown that for impurity, alloy disorder and
acoustic phonon scattering the momentum relaxation rate
diverge E, as approaches to zero.

10%}-

-

;:{:m’.‘i’-mj

10‘ § WU T B B TR B | [ |
lnAs 10 20 3040 30 60 7¢ 80 90 GaAs
MOL PERCENT Gass

Fig.2. Dependence of the alloy disorder scattering limited electron
mobility on the alloy composition for the case of GaIn.As
quantum wire {curve 1), quantum well structure (cusrve 2,
[11], and 3D systems (curve 3, [10].

In fig2 the composition dependence of the electron
mobility is shown for the In, ,Ga,As quantum well wire with
the radius R=1004. Curves 2,3 in fig.2 show the composition
dependence of the electron mobility for the In.GayAs
quantum welt [11] and bulk In,..Ga.As [10], respectively. In
three cases bulk density of electrons is the same n;p=2-10""cm™
The strength of the alloy disorder potential 6V is chosen
0.53eV.

The nature of the composite dependence of the electron
mobility limited by alloy disorder scattering being fx (1 -
-x)m* (x)agtx}3]7°. Here oy (x) is the lattice parameter
and m* (x) is the electron effective mass at the composition x .

The minimum in mobility at about 10 per cent InAs
seems are in agreement with other works {10,12]. This could
be result of the influence of band structure on the scattering
in the alloys,

e ¥=0.2
- /1::—’7
} i x=.47
{1l IS S WU S NS S T N
Fo2 3 4 5 B 1 38 9 (¢
my(i0em }

Fig. 3. Variation of the mobility versus the linear density of
electron for different alloy compositions.
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In fig.3. the variation of electron mobility limited only by
the alloy disorder scattering is shown as a function of the
electron density for Gay sIng aAs and Gay 42Ina s3As cylindrical
wires with the radius R=100A. Thus the alloy disorder scattering
is important at low concentrations especially for systems with

a small Ga content x.

In conclusion, we have developed the theory for mobility
assuming scattering of electrons by alloy disorder, and have
found that this scattering is the dominant mechanism in
temary-based quantum wires.
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H.B. ibrahimoy

KVANT NAQILLORDO ELEKTRONLARIN 9RINTININ NIZAMSIZLIGINDAN SOPILMasi
HALINDA YURUKLOYU

Kvazi birdlgiilil yanmkegiricilorda arintinin nizamsizligindan sepilmasinin elektronlann daginmasina tasiri dyrenilmisdir.
Miiayyen olunmusdur ki, birdlgiilil sistemlorde yiiriklik ikigleilii sistemlerdaki yiriklikdon ¢oxdur. Gosterilmisdir ki, elektronlarin
srintinin nizamsizhfindan sepilmasi halinda yiiriiklilk kvant naqilin radiusunun artmasi ile artir. Neticeler birleiilii sistemioar iigtin
olan miixtalif sapilime mexanizmlari ile migayise clunmugdur. Yiirikliyiin tarkibden asithhig miisyyen edilmisdir.

I'.b. Hoparnmos

NOABWXXHOCTB NEKTPOHOB B KBAHTOBOH [TPOBOJIOKE, OTPAHUYEHHAA PACCEAHVEM
HA CIIIABHOM BECIIOPFAAKE

B kpa3HOIHOMEPHOM MONYNPOBOXHHKE M3YuaeTcd HP4iKT CITABHOTO paccesHHS Ha neperoc zapana. [lokazaHo, 4To cnnasHoil Bec-
NOPSROK NAET 3HAUATENLHBIA BKNAL B 3ACKTPOHHOC pacceaHie. HaliaeHo, 4TO 0OAHOMEPHAA NOABHAHOCTEL HAMHOTO §0/Ib11e, HeM ABYMEpHas
NOABKKHOCTD. TI0Ka3aHo, Y4TO OrPAHHHMCHHOE CILIABHOE PAcCEAHHE YBEITHYHBACTCA ¢ POCTOM paanyca Nposonoxy. Hawk pesynasrars Guini
CPABHEHEL C PA3THIHEIMA MCKBHUIMAMH PACCEAHHA A7 OMHOMEPHEX cHCTEM. Hayqantch Takke 3aBHCHMOCTH TIOABHIKHOCTH OT COCTaBA
¢nnaea.
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THE INFLUENCE OF COCON TREATMENT ON THE ELECTRIC PROPERTIES
OF THE NATURAL SILK FIBROIN

R.S. ISMAILOVA
RI NAS Sector Azerbaijan
370143, H. Javid av., 31°, Baku

The influence of thermal treatment and treatment by the liquid nitrogen of cocons, on electric properties of the natural sitk fibroin has
been studied. It has been established, that the polarization (&) and tangent of angle of dielectric losses (tgd) increase with the growth of
amorphous sectors, that corresponds to the sample received from cocons, treated by the liquid nitrogen. Moreover the dielectric constant,
tangent of the loss angle and the efectreconductivity of the fibroin, received from cocons treated by the liquid nitrogen, are on 10 % more in
comparison with the fibroin, received from cocons trzated by the heated air and ultrahigh frequency (UHF) field.

It has been established [1] that in the fibroin received
from cocons, treated by the liquid nitrogen, the improvement
of physico-mechanical properties of natural silk is observed.
We connected this improvement with the increase of amorphous
portion of fibrion. {2,3}

We have studied in given article the influence of cocon
treatment (thermal, by the liquid nitrogen and ultrahigh-
frequency field) on the polarization (¢} and tangent of angle
of dielectric losses (tgd) of the natural silk fibroin. Accor-
ding to [4, 5] dependences of £ and £g& on the temperature
and the frequency of the electric field, authors connected with
the structure of the pelymer and the character of the heat
motion of macromolecules.

The silk received from cocons was treated by different
methods; by plunging into the liquid nitrogen during 2 minu-
tes; by the thermal treatment at 350K during 60-90 minutes
and by the UHF field (915 MHz) till 6 minutes. The samples
of the silk fibroin were produced in the form of the pressed
pills, on whose opposite surfaces silver layers of electrodes
were sprayed. Measurements were made by means of P589
bridge in the closed volumes at temperature intervals 100-550 K.

£ _ o

: jaoy
&1 f

| 1603

1662

) ‘

J061

[ 1

B 250 %50 450 550
T.¥

Fig.l. Temperature dependence of £and tg &of the fibroin at
the frequency of the electric  field 1KHz (the reatment:
by the liquid nitrogen -a; by the heated air -b, by UHF
field -¢.
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The dependences of £ and £g8 on the temperature are
given on the fig.1 for the silk fibroin treated by the liquid
nitrogen, heated by air and UHF field. As it is seen from the
given fig.1, £ increases in steps with the increase of the
temperatuse, and the dependences of £gd on the wemperature
have maximum [6, 7}, that is caused evidently by local
motions of polar groups placed in the main and side chain of
macromolecules, i.e. by the § - process in the silk fibroin.

The f -process at the frequency 1KHz takes place at tem-
peratures which are lower than the vitrification temperature
[4]. The transition from the glassy state to the high-elastic
state takes place in temperature limits till 350K. High growth
of tgdis observed at further increase of the temperature and
the second maximum i3 discovered before the material
destruction caused by the process of dipole polarization

The last fact, apparently, is cansed by the increase of leak
curtents, because at high temperatare, thanks to the greater
conductivity of the gilk fibroin, dipole-segmental maximum is
smoothed.

Values ¢ and tgd for the fibroin received from cocons
treated by the liquid nitrogen, at all temperature intervals are
much more than for the fibroin, received from cocons, treated
by the heated air and UHF field. Let us turn to some known
considerations to explain this fact.

The silk fibroin is the partialy-crystallizing biopolymer,
formed approximately from 60% of crystal and 40% of
amorphous part. The crystal part mainly consists of rests of
amino acids, glycin , alanin, serin and terozin. The amorphous
part consists of numercus amino acid rests, containing polar
groups. Moreover, intermolecular interactions in crystal region
impose additional restrictions on polar group mobility. Hence
it follows that the main contribution to & and £gdis made by
amorphous parts of the silk fibroin. Consequently £ and tgé
will increase with the growth of part of amorphous sectors,
that corresponds to the sample received from cocons treated
by the liquid nitrogen {fig.1).

We have received the analogous conclusions by measuring
of the biopolymer electroconductivity. For this we have
measured the volume resistivity p(T):

27-1.8-10"°
-&-tgd

where p is the volume resistivity of the dielectric (om, m), @
is the circular frequency of the electric field. For samples,
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treated by different methods, the dependence lgp (T) was
determined at the same conditions. Obtained results are
presented on the fig2 from which follows that p for the
fibroin, received from cocons treated by the liquid nitrogen, is
considerably less than for samples, received by the heated air
and UHF field. We have earlier established 1]} that the
electroconductivity reduces at the increase of the degree of
polymer crystallinity, and the volume resistivity grows. The
Yast fact has found the confirmation in experiments for samples
received from cocons, treated by heated air and UHF field.

1t is necessary to note that at the primary cocons treatment
by the heated air and UHF field, the fraction of amorphous
sections reduces and the quantity of submicrocracks in the
fibroin will increase. The growth of submicrocracks leads to
situation, when the increase of ion traps causes the decrease 8
of mobility of latters. That is why the electroconductivity of
the fibroin treated by the heated air and UHF field, reduces
and the conductivity is the least at cocons treatment by the

& L.fOw

I i

UHF field. 6 7
It has been established that the diclectric constant, tangent
of the loss angle and electroconductivity of the fibroin, Fig.2. Temperature dependence of the fibroin specific resistance
received from cocons treated by the liquid nitrogen, are on on the variable current (the treaiment: by UHF field - a;
10% more in comparison with the fibroin, received from by the heated air -b; by the liquid nitrogen -c).
cocons treated by the heated air and UHF field.
[11 R.S Ismailova. «The influence of temperature and SVS 1981, Ned, pp.19-20.
ficld on the physical properties of the fibroins - Doct.Thesis, [4] The electric properties of polymers. Under editing of
Baku, 1989, p.126. B.1. Sqjin L: Chemistry, 1977, p.192.
[2] The All-Union sympesium « Magnetic resonance in [5] ME. Bagirov, V.P. Malin. The electric aging of polymer
biclogy and medicine» (19-22 March, 1981): Theses of dielectrics - B, Azemeshr, 1987, p.208.
the report (AN SSSR)- M., Chernogolovka, 1981, p.302.  [6] YA Poplavko. Physics of dielectrics (the lecture) (Under
[3] MY. Bagirov, Y.G. Shukywrov, P.S. Ismailova. The editing of M. M. Nekrasov), Kiev, 1zd. UPL, 1972, p.312.
mutual activity of UV- iradiation and selenium on the [7] Dj. Magoshi. The dielectric properties of the silk fibroin.
stable-deformational properties of the natural silk. «Silio, Kobunsi rombunsyu, 1974, v. 31, Ne7,pp. 456-462,467.

R.S. Ismailova

BARAMANIN ILKIN EMALININ ToBil iPOK FIBROININ
ELEKTRIK XASSOLORIND TOSIRI

Baramamn ilkin emahnmin fibroinin elektrik xasselarine tasiri dyrenilmigdir. Mieyysn edilmigdir ki, maye azotla emal edilen
baramadan alinan fibkroinda amorf hisseler ¢ox oldufundan, onlarin polyarizasiyas) fe)}ve tangens bucag smsah (tg#) da arur.
Bundan basqa, maye azotla emal edilmis baramadan alinan fibroinin diclekwrik nifvzlugu, tangens bucaq emsall ve elekirik
kegiricilivi isti hava ve yiksak tezlikli sahe ile emal edilen baramadan alian fibroinden 10% yiiksek olur,

P.C. Hcmannosa

BJIHAHHE OBPABOTEKH KOKOHOB HA JJIEKTPHUECKHE
CBOWUCTBA ®HEPOHHA HATYPAJILHOTO ILIEJIKA

H3yucHo BIMAHKE TepMuveckod 00paloTky H AKIOKHM a30TOM KOKOHOE Ha JASKTPHUCCKUE CBOHCTBA Gubporta HATYPaREHOTG ek,
Y CTAHORICHO, MTO TIOMAPHIALIAA (&) H TAHMCHC YINa AHMICKTPHICCKHX 0TEpE (tgd) YBEITHUHBAIOTEH € POCTOM aMOPQHIALMH YHacTKOS, &
IT0 COOTBETCTRYeT 00pasiy, NOAYUEHHOMY W3 KOKOHOD, 0GPaBOTAHHEIX HAKIM a20ToM. KpoMe TOro, AN3NEXTPUYECKAS NPOHULAEMOCTE,
TAHTEHC YT7IA TIOTEPh H ANEKTPOTIPOROAHOCTS (PUOPOMHA, TIONYYEHHOMD K3 KOXOHOR, 06paboTasHbX KHIKHM aloToM Ha |0% Gonbme no
CPABHEHHIO ¢ GUOPOHHOM, HOIYMEHHBIM W3 KOKUHOB, 00paBoTaHubix HarpeTeiM Boaayxom 1 CBY nonem.

Received: 25.06.0f
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THE MECHANICAL AND ELECTRIC DURABILITIES OF POLYMER COMPOSITIONS
ON THE BASE OF POLYVINYLIDENEFLUORIDE AND PIEZOCERAMICS

S.A. ABBASOV, M.A. RAMAZANOYV, Z.E. MUSTAFAEV
Institute of Physics of Azerbaijan National Academy of Sciences
370143, H Javid av., 33, Baku

Mechanical and electric durabilities of polymer compositions on the base of polyvinylidenefluoride (PVDF) and piezoceramies of the
type PCR3M and PCR8 have been studied.lt was shown, that at other equal conditions the mechanical and electric durabilities of polymer
compositions depend on the physical structure of piezoceramics and temperature-temporary conditions of crystaliization of compositions.

At last time compositions on the base of polymers and
piezoceramics are widely used in different sensors and
converters devices, because they possess by piezoelectric,
electric, electret and other properties [1, 2]. It is obvious, that
at exploitation of such devices with elements from a polymer-
piezoceramics composition, the main part plays its strength
properties (the mechanical and electric durabilities).

The mechanical and electric durabilities of polymer composi-
tions on the base of polyvinylidenefluoride (PVDF) and
piezoceramics of the type PCR3M and PCR3 and the
influence of temperature-temporary conditions of crystalliza-
tion on these sirength properties have been studied in given
work.

PCR3M and PCR8 piezoceramics had zirconate-titanate-
lead ( ZTL) composition and, correspondingly, possessad by
thombohedral and tetragonal structure. Piezocemics were
taken with sizes of particles @<50 mkm.

The powdery piezoceramics PCR3M and PCR$ were
inserted in the powdery PVDF by means of the mechanicat
mixing of polymers with admixtures (piezoceramics).

The compositions have been received from mixtures by
method of the hot pressing at the melting temperature of the
polymer matrix under the pressure 15 Mpa during 15 minutes
with the following cooling.

For receipt of samples with different physical structures,
the process of film preparation from compositions took place
in two conditions: in the first case samples, received by hot
pressing, were cooled with the high rate 2000 grade/minute
by means of plunging of the melt between two aluminum foils
into the ice-water mixture, These samples (films) of composi-
tions were called as «quick cooled» (QC). In the second case
the melt in the press was cooled slowly up to the room
temperature with the average rate 2 grade/minutes, that is was
received so-called «slowly cooleds (SC) samples (films) of
compositions.

Force dependences of the mechanical durability r,
(dependences of time passed from the moment of the sample
loading till its burst on the ¢constant mechanical stress o) and
field dependences of the electric durability 7 (dependences
of time passed from the moment of application of a high
electric field to samples till its breakdown on the intensity of
the field £) were registered. Dependences of r,on & and ¢,
on E have been determined at the temperature 293K by
methods, described in works [3, 4].

Dependences of 1gt, on o for QC PVDF-PCR3M
compositions, containing different quantities in volumetric
compositions of PYDF and PCR3M, are presented on fig.1 in
semilogarithmic coordinates. It is seen that in all cases 1gr,

reduces in a linear fashion versus o. It means that 7, reduces

exponentially in the dependence on g, when the equation is
fulfiled:

T,=Ae ™ |

where A and & coefficients are parameters, defining the
mechanical durability properties of the matetial; moreover A
and ¢ depend on the nature of the studied material and on
the temperature of durability testing. It is seen from fig. 1, that
the decrease of the mechanical durability and the strength of
PVDF-PCR3M composition takes place in dependence on the
quantity of the inserted PCR3M admixture, According to
graphics, given on fig.1, the parameter A in the exponential
equation does not change, and the decrease of the mechanical
strength properties of PYDF-PCR3M composition in the
dependence on the content of the inserted PKR3M admixture
reflects on the growth of the coefficient a.

wl
1

o 10 20

Fig. ! Force dependences of the mechanical durability of QC
samples of the PVDF-PCR3M composition in different
relations of components in volumelric contents;

I -90-100b %; 2- 80+20 0b %; 3 - T30 0b %; 4 - 60H40 0b %

Force dependences of the mechanical durability in
semilogarithmic coordinates of 15z, versus o were registered
for QC PVDF-PCR8 compositions, containing different
quantities in volumetric contents of PVDF and PCRS compo-
nents, Field dependences of the electric durability in
semilogarithmic coordinates of Igry versus E were also
registered for QC PVDF-PCR3M, PVDF-PCR$ compositions,
containing the different quantities in volumetric contents of
components.
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Fig. 2. Dependences of the mechanical {1.2) and electtic (3,4}
strengths of QC of PYDF-PCR3M and PYDF-PCRS
compositions on volumetric contents of PCR3M and
PCRE piezoceramics. 1 - PVDF-PCR3IM; 2-PVDF-PCRS;
3. PVDF-PCR3M; 4 - PYDF-PCRS
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For clarity, on the base of the force and field dependences
of the mechanical and electric durabilities, correspondingly,
dependences of the mechanical strength (as the mechanical
strength o the value of the explosive stress at 7,=1s; i.e. at
1gzs~0 was taken) and the electric stability (the value of the
puncture voltage at 7z~1s., i.e. at Igr;= 0 was taken as ihe
electric stability E) were built for QC samples of PVDF-
PCR3M and PVDF-PCR8 compositions on the quantity F of
inserted PCR3M and PCR8 admixtures. Such dependences of
the mechanical strength o and the electric strength E of
PVDF-PCR3M and PVDF-PCR8 compositions on the
content of F admixtures of PCR3M and PCRS piezoceramics
are shown on fig.2. It is seen that the mechanical strength &
and the electric strength £ of PYDF-PCR3M and PVDF-
PCR8 compositions reduce at the growth of the quantity of
PCR3M and PCR8 admixtures. It is also seen from fig.2 that
at the same contents of PCR3M and PCRS$ admixtures the
mechanical strength ¢ and the electric strength £ of the
PVDF-PCR3M composition arg more in comparison with o
and E of the PVDF-PCR8 composition. These experimental
results are explained by the fact that the value of the
rheorientation polarization -and the degree of made (in the
process of the polarization) domain reorientations different
from 180° for PCR3M piezoceramics are more in comparison
with the piezoceramics PCRS [5). As a result, interphase
interactions in the case of PVDF-PCR3M composition are
more in comparison with the interphase interactions in PYDF-
PCR3 composition, that leads to the growth of the stable
properties of the PVDF-PCR3M composition.

RIC DURABILITIES OF POLYMER COMPOSITION.

E BASE e

To establish the influence of the physical structure
(temperature-temporary condition of the crystallization) of
compositions on its mechanical durability r, and the eleciric
durgbitity 7, force dependences of the mechanical durability
and field dependences of the electric durability of SC and QC
compositions were compared at other identical conditions.

&

Mile

Fig.3. Force dependences of the mechanical durability of SC
and QC of PYDF-PCR3M (1,2); PVDF-PCRS (3,4)
compositions in relation of components 80-20 volume %:
1,3- SC samples; 2,4- QC samples.

Force dependences of the mechanical durability of SC and
QC for PYDF-PCR3M and PVDF-PCRS compositions in the
relation of components 80-20 volume % were built on fig.3. It
is seen, that for both compositions the mechanical durability
1, of SC compositions is more in comparison with 7, of QC
compositions at other equal conditions (at the same values of
the explosive stress and temperature of measurement). The
analogous results were received also in the case of force
dependences of the electric durability, and exactly, the
electric durability z; of SC compositions is more in comparison
with r; of QC compositions. These experimental results could
be connected with the thermal treatment of compositions,
which takes place in the case of slow cooling. Then the
amplification of the interaction occurs between phases, which
is connected with the growth of the near-boundary layer and
with structural changes in polymer compositions and also
adhesion between the polymer matrix and piezoceramics [6-
8]. It, in its turn, leads to the growth of the mechanical and
electric strengths of SC PVDF-PCR3M and PVDF-PCRS
compositions.

{1} MA. Ramazanov, ZG. Pangkhov. Instruments and
Experimental Technigues, 1997, v. 40, Ne5, pp.708-709.
MG Shakhiakhtinskii, M A. Kubanov, MA. Ramazanov,
A1 Mamedov, Y.N. Gazvryan, M. A. Nuriev. Piezoelectric
microphone. A.S. 15929557,

V.R Regel, A1 Sluisker, E.E. Tomashevskii. The kinetic
nature of solid bodies strength. M., Science, 1974. p.560.
MA. Bagirov, V.P. Malin, 8.A. Abbasov. The influence of the
electric charges on polymer dielectrics. Baku, Elm, 1975, p.168.

2]

3]
[4]

25

[5] EG. Fesenko, A.Y. Dantsiger, O.N. Razumovski New
piezoceramical materials. 1zd.NII fizika at RGU 1983,
p.156,

M G Shakhtakhtinskii, A.l. Mamedov, M. A. Rameazanov,
MM Kuliev, MA Kurbanov, NN Aliev. DAN  Azerbaijan
SSR, 1987,1, 43,76, pp. 21-24

MG Shakhtakhtinskii, H.A. Sadigov. The forth All-
Union symposium «Actual problems of production and use of

t6l

17



S5.A. ABBASOV, MLA. RAMAZANQY, Z.E. MUSTAFAEY

segneto-piezo-pyroelectrics and related to them [8] SA ABbasov, M.A. Ramazanov. Fizika, 1999, c.§, Ne2,
materials». Moscow, 1991, p. 24 pp.11-13.

5.A. Abbasov, M.©. Ramazanov, Z.E. Mustafayey

POLIFINILDENFTORID Vo PYEZONKERAMIKALAR OSASINDA ALINMIS POLIMER
KOMPOZiSIYALARININ MEXANIKi VO ELEKTRIK YASAMA MUDDOTI

Polivinildenftorid ve PKR3M, PKR8 markah pyezonkeramikalar asasinda alinmig polimer kompozisiyalanmin mexaniki ve
elektrik yasama muddeti Syrenilmigdir. Géstarilmigdir ki, diger eyni saraitlarda polimer kompozisiyalarinin mexaniki ve elekirik

yagama miiddstiari pyezokeramikalarin fiziki qurulusundan ve kompozisiyalann kristallasmasimin temperatur — zaman rejimindan
asilhide.

C.A. ABacos, MLA, Pamazanon, 3.9, Myctadacs

MEXAHHYECKAS U SJEKTPUHUECKAA JOJITOBEYHOCTH MOJUMEPHBIX KOMIIO3HWLIMA HA
OCHOBE MOJMTABUHUIAEHDTOPHIA H NLE3OKEPAMHKH

HayueHb! MexaHHYecKan W INEKTPHYECKAS ADAMOREUHOCTH MOMMMEPHBIX KOMNOIHUHI Ha ochope nearsARKaendgropuaa (JIBA®) u
meazokepamMukod mapk TTKP3M u [TKP8. Tloka3aHo, 4To NpH MPOYHX DABHEIX YCAOBHAX MEXAHHYCCKAA H 3NEKTPHYCCKAA AQITOBEHHOCTH

NOMMMEPHBIX KOMIO3KUHA 3aBHCAT OT {PH3HYECKOH CTPYKTYPLl OHE3CKEPAMMKOB H TEMIEPATYPHO-BPEMEHHOIO PEXHMa KPHCTANIH3ALMH
KOMIO3nuni.

Received: 22.10.01
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© - TOLUNITRILE MOLECULE
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The theoretical study of absorpiion bands intensities of the IR-spectrum of the o-tolunitrile molecule has been conducted by the method
of the theoreticat oscillatory spectroscopy. Theoretical values of absorption bands intensities of the IR - spectrum of the molecule have been
received, the set of electrooptical parameters has been found, the analysis of the creation nature of each absorption band has been carried out
and the theoretical curve of the spectral distribution of the absorption coefficient of the o-tolunitrile molecule has been plotted.

Vibration of polyatomic molecules are directly manifested in
infrared absorption spectra of appropriate molecules, The
absorption process takes place as a result of interaction of the
electron and nucleus of the molecule with the electromagnetic
field of the light waves. The electron shell of the molecule
deforms at the nuclear vibrations. The character of these
deformations depends both on the shell’s structure and on the
oscillation propertics. Peculiarities of the structure of the
electron shell of the molecule are completely manifested in
intensities and polarizations of spectral lines and bands.
Exploring intensities and polarizations in oscillatory spectra,
we may get the information about parameters, characterizing
the electron shell of the molecule. Firstly, it is dipole
momenis and polarizabilities of separate bonds and their
derivatives on oscillatory coordinates.

On 2 level with the application of quantum mechanics
apparatus to the task of intensities of the oscillatory absorption
spectrum, giving still some divergence from the experiment
because of the polyatomic molecules composition complexity, a
valence-optic theory [1] is the most real base for the
theoretical study of intensities in infrared absorption spectra
of polyatomic molecules,

Given work is devoted to the calculation of intensities of
the absorption [R-spectrum of the o-tolunitrile molecule by
means of the program, created on the base of the valence-
optic theory [2]. Calculations, according to this program,
allow not only to calculate values of integral intensities of IR-
absorption bands of molecules and to find electrooptic
parameters, which (as force constants) reflect peculiarities of
electron density distribution of molecules, but also to build
theoratical IR-spectra of studied molecules, what allow
directly visually to compare theoretically received spectta with
their experimental IR-spectra. The frequency task has been
eartier solved by us for the o-tolunitrile molecule.
Frequencies and forms of standard vibrations of the model o-
tolunitrile molecule have been calculated and the complete
theoretical interpretation of its oscillatory spectrum has been
carried out on forms of standard vibrations and the
distribution of the potential energy on oscillatory coordinates
[3]. The experimental IR-spectrum of the o-tolunitrile
molecule was taken from the Saddler atlas [4].

The absorption bands intensity of IR-spectra of molecules
is calculated on the base of the semiempiric theory and
therefore the electrooptic parameters of molecules (dipole
moments of bonds and their derivatives on oscillatory coordi-
nates) are necessary to introduce in computer for the selution
of the direct electrooptic task, when intensities and

polarizations of the absorption band are calculated on the
base of known electrooptic parameters. On the other hand
these parameters may be calculated from experimental
absorption bands of IR-gpectra of molecules. It is a reverse
electrooptic task, when electrooptic parameters of molecules
are determined on the base of absolute intensities from the
experimental spectrum. The calculated o-tolunitrile molecule
model is shown on the fig.1.

Fig.t. The caleulated model and numeration of atoms and o-
tolunitrile molecule bonds

The calculation was made by means of solution of direct
and reverse electrooptic tasks for the o-tolunitrile molecule.
The direct electrooptic task always must be solved before
solving the reverse electrooptic task. If the stdied molecule
consists of already known fragments, then the same initial
values of esiectrooptic parameters are given as for frapments.
Initial values of electrooptic parameters for the o-tolunitrile
molecule were taken from benzonitrile and ethane molecules.
Theoretical values of intensities, calculated with these
electrooptic parameters, for the model o-tolunitrile molecules
strongly diverged from values of intensities of appropriate
absorption bands of the experimental spectrum. Therefore, it
is necessary to solve the reverse electrooptic task for this
molecule for correction of electrooptic parameters. The
parameter of caleulated square difference sum and experi-
mental intensities should be minimal at the solution of the
reverse c¢lectrooptic task. Moreover, variated parameters
should be in limits of the fixed interval, The interval is fixed
usually on the base of additional physical considerations. The
practice of solution of reverse clectrooptic tasks has shown,
that the choice of the change interval excludes numerous
solutions of the nonlinear task,

The absolute intensity has been calculated by us for all
observed absorption bands of the experimental spectrum of
the o-tolunitrile molecule (see table 3) before solving of
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reverse electrooptic tasks and the dependence has been
analyzed of absorption bands intensities on electrooptic
parameters of concrete polar bonds of the studied molecule,
Electrooptic tasks had been solved at three stages. At the
first stage the electrooptic task had been solved for dipole
moments of bonds of the c-tolunitrile molecule. Values of
dipole moments had been variated before achievement of the

VA, Z 1. GADJIEY

best conformity of theoretical and experimental values of
intensities of those absorption bands, which depend on these
dipole moments. Values of dipole moments, calculated after
solving of the reverse electrooptic task, are shown in the table |,
where initial values of dipole moments are pointed in
brackets.

Table |

Dipole moments of bonds of the o-toJunitrile molecule

117+0.390(-0.427) 1i5=0.844(0.816)

29=0.844(0.816) H10=0.288(0.480)

411 =0.8440.816) | .= -0.593(-0.13)

4i13=1.602(2.020) H#1¢=0.101(0.305)

s 5=0,101(0.305) H16=0.101(0.315)

At second and third stages, reverse electrooptic tasks had been
solved by us for dipole moments derivatives on oscillatory
coordinates, cormespondingly, for non-plane and plane vibrations of

the o-tolunitrile molecule and calculated values of electroop-
tic parameters are shown in the table 2,

Table 2.
Derivatives of dipele moments of bonds of the o-tolunitrile molecule on its oscillatory coordinates.
9, 8 7]
2T 00260041 | 2L =.2275(-2.263) 27 06100557
¢, 6, 2019
3 F) 3
T w0495 (0.451) 2 . 0.041 (-0.030) 5. = 0.560(0.560)
98, 0830 0843
2 3 3
T 2 0578(-0451) | —2 =.0.014(-0.019) s 0.470(0.490)
28,, 891 38s
a Su, 3
Yo w 0813¢:0203) | 22 = 001 {-0.74) Zu _ 0265 (0.246)
36,, a8,, 3929
3 ) 3
$iz . ooum ©0392) | 2. g8 (-0.477) Pz _ pas0 0.610)
28 081z of1e
8 E) a
Hiz - 0302¢0317) 12 2 0551(0.260) %2 4033 0432)
o8, 0828 0fzs
Byt o 8
21z e omconsy | 22 - o190 (-0.270) Pz _ 43520491
08, 00«5 8651
& i/ &
s L0101 | EI m 00320022 3 . 0.203 (-0.230)
0, o819 0643
3 2 F)
233 L osnrsey | L« 9439 (0476) £14 _ 0151 ©.126)
28, 2845 0046

Results of the theoretical calculation of the osciilatory
spectrum intensities of the o-tolunitrile molecile are shown
in the table 3, where calculated values of theoretical intensities and
their comparison with experimental values of intensities are
shown for each observed experimental band, and also values
of contributions of all electrooptic parameters, taking part in
creation of all absorptien bands of the IR-spectrum of the o-
tolunitrile molecule, are shown.

Absorption bands of the o-tohmitrile molecule may be divided
on 4 groups, taking inte account the analysis of theoretically
calculated values for electrooptic parameters of the o-tolunitrile
molecule and dependences of absorption bands intensities of
the IR-spectrum of the c-tolunitrile molecule on these parameters.

The intensity of bands of the first group depends on
different combinations of dipole moments of polar bonds and
on dipole moments derivatives on oscillatory coordinates of

28

the structural elemeni C-C=N. These absorption bandsz are
observed in the low-frequency region of the spectrum: 430,
342, 566, 706, and 1006 cm".

The second group of bands is absorption bands 962, 987,
1047, 1455, 2919 and 2920 ¢cm™', whose intensity depends on
dipole moments of CH bonds of benzene ring and dipole
moments of CH bonds of CH; group. Moreover, the intensity
of these absorption bands depends also on dipole moments
derivatives of CH bonds, coming into the C-CH; group. The
band at 1455 cm™' is the most intensive band among these
absorption bands.

The third group. Absorption bands intensity of this spectrum
region depends on dipole moments of all polar CH bonds and
their derivatives on angle oscillatory coordinates. Moreover
intensities of some these bands depend also on dipole
moments of the C-C=N group.
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Tabte 3.
Experimental and theoretical frequencies and absorption bands intensities of the IR-spectrum of the o-todunitrile molecule.

Derivatives of
Vesper. Laxpear. Tineor Contribution, | Dipole moments Contrubution | dip.mom. on
H Az 50, oscil.coord.
3068 570 43 0.377 Bits/ Eys
3063 9.79 9.5 -0.593 g/ e
30585 | 187 0393 St Bl
0.066 Bite/ Fz3
3057 0.12 03 -0.08 Bus/ s
2920 3.19 30 -0.076 o, f3, g1, fis 0601 EYNE
0.051 -0.610 B/ Bus
2919 3.54 3.2 008? M4, Mg, Mg, Hiz [22' ﬁl_u/éﬁ‘;
-0.059 B 3 D1/ Aras
;o 0a23 13/ Aan
0.123 Bure/ Baes
0.102 el 3gst
-0.102 Bize/ Eais2
2849 1.13 1.01 0061 Hie, His, Hig 1.521 ﬁ}ls/aq‘g
o o |
* E/ 8
0.071 za/gs
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é];'?f utya/ A4z
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-0.279 g:é/ ?;1 §
0.279 Bit12/ Aze
-0.244 Fyre
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Bands with frequencies 2233, 3057, 3063 and 3069 ¢cm’
are observed in the high-frequency region. It is the fourth
group of absorption bands. The absomption bands intensity of
this spectrum region does not depend on dipole moments of
polar bonds. The observed absorption bands intensity of this
region mainly depends on derivatives of dipole moments on
oscillatory coordinates of the polar bond of the C.Hg type.
The intensity of the absorption band 2233 cm™ is determined
by the derivative of the dipole moment of the C-C=N group
on oscillatory coordinates. 1t has been established by means
of the theoretical study, that bands 5656, 756, 871, 962, 1006,
1455, 1919, 1920 and 3057cm’’ are completely polarized.
Bands 756, 871, 962 and 1006 cm™ display from these absorption

k]|

bands at the expense of the vibration of bond exit type from
the plane.

The theoretical IR-spectrum, which has been visually
compared with the experimental spectrum of this melecule,
has been built by us with caleulated values of electrooptic
parameters after soiving of the reverse electrooptic task of the
o-tolunitrile molecule. The comparison of these spectral
curves shows, that the received theoretical curve of the
spectral distribution of the absorption coefficient describes
quite satisfactory the experimental spectrum of the o-
tolunitrile molecule, that proves the reliability of determined
by us electrooptic parameters of this molecule.
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Fig. 2 The theoretical {upper} and experimental spectrum of the o~tolunitrile molecuie.
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[2] LA Gribov «Light elucidation of vibrations, The description  [4] The Saddler standard spectra infrared grating spectra
of the program and instruction to the user». Q0O Philadelphia: Saddler research laboratories, 1978,

«INLAN», 1995,
S.D. Demiihommoadova, Z.1. Haciyey

O-TOLUNITRIL MOLEKULUNUN 1Q SPEXTRININ UDMA ZOLAQLARININ
INTENSIVLIYININ HESABLANMASI

Nazari regs spectroskopiyasi metodu ile o-tolunitril molekulunun IQ spektrinin udma zolaglanmn intensivliyi tadqiq olunmus-
dur. Molekulunun 1Q-spektrinin udma zolaglaninin intensivliyinin nezeri giymetleri teyin olunmusdur. Elekirooptik parametrler
toplusu tapiniig ve udma zelaglannin tebieti tehlil edilmisdir. Udma emsahmin spekirde paylanmas: ayrisi quralmusdur,

C. & JAemyxamenona, 3.1. Mapkuesa

PACYET HHTEHCHBHOCTEH TIOJIOC O O EHUAA
HK-CITEKTPA MOJIEKYJIbI O-TOJYHUTPHN

Metenom Teopernyeckol KoneDaTensHOH CNEKTPOCKONHH OPOM3BEACHO TEOPETHYCCKOS HCCACAOBEHHE WHTEHCHBHOCTEH nosoc
noraowedna HK cnektpa Monekynbl o-TosyRHTpuy. TIOny9eHB! TCOPSTHYECKHS 3HAUSHMA WHTEHCHBHOCTEH Mmonoc noriowesns HK-
CTIEKTPa MONEKYNLI, HalieH Habop MERTPHYSCKUX NAPAMETPOB, TEPOBEAEH AHAIHMI [IPHPOOLL TOABREHHA KaKAOH r0A0CH KOCMOLIEHHA |
MOCTPOSHA TEOPETHYECKAN KPHBAd CREKTPANLHON PACTIPEAENEHUS KOIDHHLIMEHTA NOTNOIIEHHS MONEKYNIE O-TORYHHTPIIL.
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ISOPERIODIC HETEROJUNCTIONS BASED ON
Pby..Sn,Se, PbSe,S; EPITAXIAL FILMS

LR. NURIYEV, Kh.D. JALILOVA, N.V. FARADJEV, AM. NAZAROV
Institute of Photoelecironics of Azerbaijan National Academy of Sciences
370141, F. Agayev str., 555quarter, Baku

P-Pb x50, Se/n-PbSe, .S, /BaF; isoperiodic epitaxial heterostructures have been obtained and peculiarities of growth and their electrical
and photoelectrical properties have been investigated. Epitaxial films have been grown by molecular beams condensation method at 10 Pa
of vacuum. The data on structure of films were obtained by electronographic, X-ray diffractometric and electron-microscopic methods. The
heterojunctions are photosensitive in the spectral range 8+12 pm. Maximum of the photosensitivity is observed at the wave length
A=11,8 pm. The observed displacement of the photosensitivity maximum in the short-wave length of the regien of the spectrum is interpreted

by the increase of the condensation temperature of the upper layer.

Persisting interest in Pb,.,Sn,Se narrow gap solid solution
and their use in different fields of optoeletronics stimulates all
round research of their physical properties, playing a decisive
role in development of the infrared photoreceiver in the
atmospheric window from 8 to 14 um based this material
[1,2). It is informed in [3] about photodiodes with the Shottky
barrier based on Pb,,Sn,Se (0.06<x<0.07) layers, obtained
on BaF; spallings, and the delectability is on one order higher
than for photodiodes based on Pb,..Sn,Se monocrystals. In
these layers the concentration of charge carriers is
{2+6)10" em? at 77 K. Peculiarities of the growth and
electraphysical properties of Pb,,SnSe (x=0.03+0.07)
epitaxial layers doped by indium (N, =0.3+0.05 weight.%)
with various degrees of compensation, grown on BaF,
spallings, were investigated in [4,5]. The optical absorption
edge on the indium-doped (N;,<0.08 weight.%) Pb,.Sn.Se
(x=0.07) epitaxial layers have been investigated in {6]. It is
necessary to note that, uatil recently, there were not
experimental works on the receipt and investigation of
photovoltaic srtuctures on the base of Pb,..Sn,Se thin films of
monocrystals or epitaxial films of Pb,..Sn,Se solid solutions.
It is connected, apparently, with the absence of materials with
the lowered concentration (<10 cm™). However theoretical
analysis of A™BY solid solutions demonstrates a number of
advantages of Pb.,Sn,Se solid solutions for making of such
structures, The same experimental work on making of
Py 938ng i75¢/PbSe heterojunctions, and investigation of their
electrical and photoelectrical properties for the first time was
published in 1997 [8]. Heterojunctions were produced by the
vacuum epitaxy method of PbSe films on the Pb,.Sn,Se
monocrystals. However, for creation of monolithic matrix
photoreceivers, producing isoperiodic heterojunctions based
on epitaxial layers on the dielectrical substrates are very
Interesting. Such substrates allow to realize the electrical
decoupling of separate functional elements at the creation of
muiti-elements devices. In this work we present results of
investigation of electrophysical and photoelectric properties
of p-Pby;8ng075¢/n-PbSe heterojunctions obtained on the
basis of epitaxial films of above-mentioned solid solutions,

The films were grown by the molecular beams condensa-
tion method on the newly chiped off and polished sides of
BaF, {111,100} substrate, under a vacuum of about 10™* torr.
Lattices constants of contacting pairs have the identical valuye
{@pbsase=apvses=6,19A).  Synthesized samples, doped by
indium (In), were used for receipt of p-Pb,.Sn,Se films with

low concentration of charge carriers (p£10"cm™). Perfection
of films structure was controlled by electronographic, X-ray
diffractometric and electronmicroscopic methods. The spectral
and volt-current characteristics have been investigated.

5

Fig. Ia. Electronogram and the electron icroscopic photograph
of Pbyg38npesSe a) electronogram of the reflection,

Fig.ib. Electronogram and the ¢lectron microscopic photograph
of Pby 438ng0;Se b) ¢lectron microscopic photograph of
the surface.

For the making of heterojunctions, at first, the thin p-Pb,Sn,Se
films with the thickness about 1+1.5 pm (,00q=7+8 A/5) were
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ploted on BaF, {111,100} substrate at the temperature
(400+-450)£0.5°C by the method [4]. Measurements of the
half-width of X-ray diffraction swinging curves showed, that
the structural perfection of films is on the level of best
samples obtained by the method condensation of molecular
beams (W,,=100+150 angl.s.} and films grow in the plane
parallel to the base according to  [4-6]. Electronograms and
electromicroscopic photographs also confirm this fact.
Electronograms on reflection are characterized by reflexes
stretched from the shade to the sample. It testifies on relative
large dimensions of the blocks and on high crystalline
perfection, respectively (fig.1.a). The smooth surface without
second inclusions have been observed (fig.1.b) on the
electron-microscopic photographs. pPb,,SnSe epitaxial
films with the mobility £=(2:3)10%m*V.s and charge
carriers concentration p=2.10":3.10"%m? on the BaF,
substrates, have been received with application of the
additional compensating Se steam source at the growth
process. The method with the additional source of selenium
allowed to lower the concentration of charge cartiers and to
receive single phase films without second inclusions. Then
Pb,..Sn,Se (x=0.12) epitaxial films of the n-type conductivity
were grown without breakdown of the vacuum. Additional
compensating selenium source was used during this growth.
Pb,,5n,5¢ films had the charge carriers concentration
n=3-10"+4.10" cm™ which was estimated on measurements
of Hall effect and photomagnetic effect. The n-type PbSe,.,8,
films were received at temperatures of condensation 7=(250;
300; 350)°C. Mask with the size of gaps about 0.3 mm was
used for making of heterojunctions conducted in the united
technological cycle in the process of films growth,

L
19
TTK
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x| '. t ! .
4 £ 12 i6 i, um

Fig 2. Volt-ampere characteristics of the p-Pby o380 01Se/n-
PbSep 355012 heterojunctions.

The obtained heterojunctions with charge carriers
concentrations (p=2-10"°:3-10"" em®; n=3.10""+4.10"® cm™)
have rectifying properties {(fig.2). The volt-ampere
characteristics of the heterojunctions show that the insulation
current strongly depends on the degree of structural
perfection of the p-layer. The straight branch of the volt-

ampere characteristic at small displacements (T=30+100 mV)
is submited to the exponential law J=J,-exp(eU/BkT). The
coefficient b changes in the range from 2.0 to 2.5 at =77 K,
that is characteristic for the generation-recombination process
of the current leaking through the region of the space charge
[10]. Tn the region of high straight displacements (U=100+130 mV)
the current leaking is determined by the tunnelling (5=9+10).
The spectral dependence of p-Pb,.,Sn,Se/n-PbSe,.S, photo-
sensitivity at 7=80 K is shown on fig.3. The reduction of the
charge carriers concentration in PbSe, .S, thin film leads to
the decrease of nonequilibrium defects in the n-type layer
and, at the same, time stimulates appearance of the photo-
sensitivity peak in the short-wave range of the spectrum with
the maximum at A=7.8 pm in the spectral characteristics of
heterojunction photo reply.

J, ma
4 e
. 77K
2}
i [
200 U, mv

Fig.3. Spectral dependence of the o-Pbyg SnggrSe/n-PbSenssSq,;

heterojunction photosensitivity.

The shift of the photosensitivity maximum to the short-
wave region is observed with the increase of the condensation
temperature (T,) on the spectral characteristics of hetero-
junctions produced at T,=(250; 300; 350)°C. Indeed, such
increase of T, leads to decrease of the concentration of
nonequilibrium defects in the n-layers and, at the same time,
stimulates processes of atomic diffusion in the contact region
of heterojunction components. Apparently, in accordance
with work [8], the diffusion of tin become noticeable from the
base to the growing layer of PbSe,,S, at temperatures of
condensation more than 300°C. As a result, the blurring of the
metallurgical border occurs. In this case geometrical
dimensions of blurring regions are comparable with the extent
of regions of the spatial charge and the heterojunction
acquires characieristics of the varizon structure that leads to
the shift of the photosensitivity maximum of heterojunctions
at the temperature growth of their making. Thus, for practical
applications, hetercjunctions are interesting, manufactured at
the condensation temperature T,<300°C with the spectral
distribution of the photosensitivity determined by characteris-
tics of heterojunction components in basic regions.
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Ph1.SnxSe, PbSe:.«Sx EPITAKSIAL TOBOQOLORI BSASINDA iZOPERIODIK HETEROKECIDLAR

BaF» altlglan uzerindo p-Pbi.xSn.Se/n-PbSei-«8. izoperiodik epitaksial heterokegidlar alinmmg, onlarin elektrk vo fotoelektiik
xassalari tadqiq edilmisdir. Epitaksial tabaqeler molekulyar dastonin kondensasiyasi metodu ilo 10-4Pa vakuumda yetisdirilmigdir.
Tebagelerin struktur milkemmalliyi elektronoqrafik, rentgendifraktometrik ve elektronmikroskopik metodiar vasitesi ile
dyrenitmisdir. Alinms heterokegidlor spektrin 8+12 mkm dalga oblastinda fotohsssadirlar. Fotohassahgin maksimumu dalga

uzunluguniun A=11,8 mkm qiymetine uygun gelir. Gosterilmis ¢ir ki, yuxan s-tip tabaqanin kondensasiva temperaturu artdigea,
fotohessashigin maksimumu qisa dalfatar oblastina taref siiriisiic.

H.P. Hypnes, X. 1. Ikanunosa, H.B, ®apanxes, A.M. Hazapoe

HIONEPUOIUUYECKHE FETEPOIEPEXOABI HA OCHOBE
SMUTAKCHAJIBHBIX HIAEHOK Pb,.,.Sn,Se, PbSe,..S,

TlonyyeHB! H3OTEPNOAWYECKHE HIHTAKCHANBHBIE TETEPOCTPYKTYPH P-Pby . Sn.Se/n-PbSe,.,5,/BaF,, Hecneaosansl mx 3nekTpodranuec-
KHE H (OTOITERTPHMECKHE CROFCTBA. SMTUTAKCHATHHBIE MIEHKH BLPALERE] METOOM KOHICHCALMY MOTIEKYASPHLEY. My4KoB B Bakyyme 107 IMa.

CTPYKTYPHOE COBEPIIEHCTBE NISHOK KOHTPOAHPOBANOCH IEKTPOHOTPAHHECKAM, PEHTICHOAN(DAKTOMETPIHYECKHM K DNEKTPOHHOMHK-
POSKOMTHHCCKMM METOOaMH. HITOTOBNCHHRIC TETEpONepexonbl 0Kasankeh GoTosyBCTBHTENLHBIMA B 00acTH crekTpa 8+ 14 MkM, Makck-

MATBHOS FHAUCHHE GOTOYYBCTEHTENRHOCTH HabmIoLaeTCA TIpH AnuHe BoAbHEL A=11,3 Mkn. TloKasaHo, YT0 ¢ YBENHHCHHEM TEMOEPATYDLI
KOHHSHCALUN BEPXHEND CHON MAKCHMYM (DOTOUYBCTBHTENEHOCTH CHEINZLTCd B KOPOTKOEOTHOBYIO 05AaCTh.

Received: 20.11.01
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THERMOMAGNETIC EFFECTS OF NONDEGENERATE KANE
SEMICONDUCTORS UNDER THE CONDITIONS OF MUTUAL ELECTRON-PHONON
DRAG IN A STRONG ELECTRIC FIELD

M.M. BABAYEYV, T.M. GASSYM
Institute of Physics of Azerbaijan National Academy of Sciences
370143, H Javid av., 33, Baky

The thermoelectric power and Nernst - Ettingshausen effects of nondegenerate Kane semiconductors with due regard of the electron and
phonon heating and their mutuai drag are investigated. It is shown that the nonparabolicity of electron spectrum significantly influences on
values of thermoelectric power and Nemst - Eitingshausen coefficients. leads to the change of their dependence upon the electron
temperature T, , as well as upon the heated electric field E. Under the conditions of strong mutual eleciron-phonon drag for the
semiconductors with parabolic spectrum of ¢lectrons the phonon part of Nernst - Ettingshausen coefficient 0,=0, but in the nonparabolic case
=0 and Qp, is larger than the electron part of Nernst - Ettingshausen coefficient Q, . i.e. Nernst - Ettingshauzen field mainly consists of the

phonon part.

The interest to the studies of thermoelectric power and
thermomagnetic effects in different systems under the
conditions of carrier heating at the strong externg! electric
ficld has recently been intensified [1-3]. Lei [1], Xing, Liy,
Dong and Wang [2] discussed the thermoelectric power
under the conditions of carrier heating at the external high
electric field neglecting the contribution of the phonon drag,
which is very important at low temperatures of the lattice [4].
The role of the phonon drag in thermoelectric power of hot
carriers was studied by Wu, Horing and Cui [3], by taking
into account only the drag of electrons by phonons (thermal
drag), but the mutual drag of efectrons and phonons was
neglected. The thermoelectric power and thermomagnetic
effects of hot carriers with regard of both the electron drag by
phonons and their mutual drag were studied in [5]. In all
papers [1-3,5] the electron dispersion law was assumed to be
parabolic. In the publication [6] the thermoelectric power and
thermomagnetic effects of hot electrons in sttongly
degenerated semiconductors for two-band Kane spectrum of
electrons was discussed.

In this paper the thermoclectric power and transverse
Nernst - Ettingshausen effect of nondegenerate Kane semi-

conductors placed in high electric(E) and nonquantized

f[B, }']

N(E, 'r')

—

Here fyand £,, N, and ; are the isotropic and anisotropic
parts of the electron and phonon distribution functions,
respectively.

If the inter-electronic collision frequency .. is much
larger than the collision frequency of the electrons for the
energy transfer to of lattice v, , then f,(e, £) is the Fermi
distribution function with an electron temperature 7. We

consider the case when for long-wavelength (LW) phonons
there is a “thermal reservoir” of short-wavelength (SW)

T

= 20 << ==, where S, is the sound
s
0

phonons: g,

£le, 7) + 7, 2) 2,

No(q, r) + ﬁl(q, r

magnetic (H) fields are investigated with regard of both the
drag of heated electrons by phonons and their mutual drag,
The electron temperature gradient VT, can be produced by
the gradient of (E) or by the lattice temperature gradient V7.

The phonons were assumed to be heated or non-heated. Two-
band Kane spectruin of electrons is assumed [4] as follows:

[XRCH

ple) = (eme)s| 1+ £, Q)
£

g

where m, is the electron effective mass at the bottom of the
conduction band, &, is the band gap, pand £ are the electron
momentum and energy, respectively.

The basic equations of the problem are the coupled
Boltzmann wransport equations for electrons and phonons.
The case of quasi-elastic electron scattering by acoustic
phonens is considered. For the considered case the distribution
functions of electrons £(B, £) and phonons N(g, E) may

be presented in the form:

% "F;| <«< £, @)
)g, N:| << N,. 3)

velocity in the crystal, gu.. is the maximum quasi-
momenturn of LW phonons. In this case N,(g, ) has the
form [7] :

_)%Tp_(})

Nﬂ(q! r s,q

where T is the effective temperature of the LW phonons.

) 4

Starting from the Boltzmann transport equations we
obtain the following equations for f and N, in the steady
state :
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Here e is the absolute value of the clectron's charge, Iphonons or by crustal boundaries, 8¢g) doesn’t depend on

E.= E + E;, E, is the thermoelectric field, m (s} is the

electron’s effective mass, {2=eH/m{s}c is the electron
cyclotron frequency, h = #/H, ha = s,q is the phonon

energy, W(q}=W,q® is the square matrix element of the
electron-phonon interaction (¢=1 for deformation, and t=-1
for piezoelectric interaction), B(q) and v(g) are the total
phonon and electron momentum  scattering  rates,
respectively.

For the Kane semiconductors with the electron spectrum
(1) the expressions of m (&) and v{¢£) have the form [4]:

0 = 10 ) o

&

gzl o

where r=3/2, 1=0 for the scattering of elektrons by impurity
ions and r=-t/2, 1=1 for the scattering of elekireons by

acoustic phonons. When LW phonons are scattered by SWI

£, +

4

E

=vi4(T) = aV.yT, +av7i,;a

w = ~H(QV.T, +QVZTP) Qe =

the spectrum of elektrons and has the form [7]:

Sy

= — 9
p.(q) L 9

4 ph.; 4 qf ﬁb(q) =

where the indices p and b denote the scattering by SW
phonons and crystai boundaries, o and I are the density and
the minimom size of a specimen, respectively. When LW
phonons are scattered by electrons, #(qg) depends on the
spectrum of electrons and for the spectrum (1) we obtain:

2 2 -%
b ):[m s,,] NW, (hzg] [Ha:;} o
T, £ 28,

e g

(10)
where N is the concentration of electrons.Solving the
coupled equations (5) - {6) by the same way as in [5] and

Te,p ||oz) we

obtain the following expressions for the thermoelectric field
Er, and the transverse Nernst - Ettingshausen (NE) field Eq,:

using the conditions 7,=7,=0 (E‘”fl"o v, V
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where &, , are the electron () and phonon (p) parts of the thermoelectric power and g, , are the respective parts of NE

coefficient,
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Here £'(T,) is the chemical potential of hot electrons,
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7

e ?a(x{-‘?( )J ‘ [A(x) + Mp, (ax , 8, =

e plxvix)

ax) =

3R’ m(x) 027 (x) + vi(x)|

£
—_ 13
T’ (13)
+-_[ gf“"}]bi (x)pax, (14)
P8, = % (15)
T
v oxg $E) _ X] ’ a6



b() = O m |y ) 2020) )
Q41 + v (12 - 7,F m(3) | vix) |
y{xp(x) o(x) [ mn{x)]
b = = X1 - + vi{x , 18
W = B v ¥ a7 “
3+t 'I-’ ﬂ (q) 2+t:
Y (X) = . 19
(2py’* V(x) I Aa) *
3+t m(x)s 1
Ax) = - Ly (x) “‘dq, (20)
v, (x} is the electron scattering frequency by phonons. The (29-1)1-) , | ¢
coefficient A ¢{x) characterizes the efficiency of the thermal v(g) = 2sv,(T ),9; £ (ﬁ] 23)
drag, whereas y(x) describes the same for the mutual drag. Eq T

Because of the complexity of general analysis of
expressions (11) - (15), later we examine the dependence of
electron momentum upon its energy in the form

3
pls) = (2111,,89)%{—8*} ,
€q
which for the spectrum (1) corresponds to the parabolic
(T,<<gq, s=1/2) and strongly nonparabolic (Te>>g,,
s=1)) cases, m(g}, v(e) and Fq) respectively. In these
cases, and may be presented in the form:

1)

.

where n=1, k=t for scattering of LW phonons by electrons,
n=0, k=0 for the scattering by crystal boundaries and when
n=0, k=1 LW phonons are scattered by SW phonons. For
the spectrum (2§} the chemical potential of hot
nondegenerate electtons with concentration N takes the

Blg) = ﬂ('r)sg”’fz’-[

£ ’ form:
mig) = Zsmn[-__m} s (22)
69’
|
. . o 1Y -
' . ' 233 : 3(‘3]
¢(r,) =1, In SN . z 9.7, (25)
r(1 + 3s)em,7)% &,
Let us study and in weak and strong magnetic fields. In weak magnetic fields in a first approximation on we obtain
-1
a, = E(.Il+£‘ Yo } {3_54;231._@_’_[1_;(@)]@ Yo } (26)
e £ Te Ta i- Yo
a, = - G, + €, ~c), A2 an
e 1+(c, - 1,
-2
0. = c,,.[z rc; e ] {(4-4s+2sr)c3+ [(4-Ss+4sr)c,c,~(2-s+2sr)c,] l" 0
ec B Vo
~-(2-s+ 2srk, T Yo ufr), (28)
1 - | \
0, = —--C{I v ¢, Lo ) e, -c,c, + e, +cc, -cc, -c0)—L— +
ec _ 1=17, , 1-v,
+ 6,1 - )L Wi, @), @9
(1 - ?’a}
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where is the mobility of hot electrons with spectrum (21) in the nondegenerate case:

1"(3 -8 % 2sr)

7 {i-23)z~r)
2= 45+ 2. -1
(__] '99 5 3r'9p.

L) = 30
() ¢s’r(1 + 3s) m VO(T) ©0)
I
From (26)-(29) it appears that in weak magnetic fields the 1 (,"(T )
mutual drag essentially influences on electron and phonon @, = -1+ 35— L] (31)
parts of thermoelectric power and NE coefficients. e T,
In strong magnetic fields from (11) and (12) we obtain i ' .
a, = -~ C.,.&(l), (32)
c
0, = e [(2 - 4s + 2s1)C, - 3sy,C,] —r (T) (33)
0, = = P [CC Csic.w *“'Cg(cs - C;)?’a] L A2) . (34)
er’ C] #,(T.)
As it seen from (31) - (34), in strong magnetic fields l .j"(_z- + 33)
shemmnoelectric power explicitly does not depend on mutual g = T — ,
drag coefficient y, but Q, and @, linearly depend on y,. (3 -5+ 2sr )
Here '
o = }'(1+33+2sr'+25t-rsk) C, o L0s =1+ st - sk)
1T F(3——s+23r) ’ : F(3—S+2SI.")
c _F(.I+3.s+2sr+st—sk) CS=F(73—~I—25r)
R (3 - s+ 2sr) i ' (3 - s+ 2sr)
c3=r(5-53+45r), o . Ils - 1+ 2st - sk)
(3 -5+ 2sr) ; 1"(3 s+ .25":)
C4=I"(3—s+4sr+2st—sk)’ c F(.Ils-3—-2sr+st—sk)
- r@-.s+ 2sr) e '3 - s+ 2sr)
35
-C_F(3-s+4sr+st~—sk) 3
s I'(3 - s +2sr)
' |
3_("_-3“‘;'.,"_}: o R s—-lz—](Zri-?t-:k-n‘rl] 3n-3-
}f = (3 + t)2 . mnsﬂ 2 Tlge 3r+t+ : 3 31 -1 ﬁ (T) v_fa(T) (36)
¢ 3+2t-k T £, ' ¢ i ﬂ(T) VU( )’
s-~- (4+t-k-n} e :
T+t k T -eg. ° ﬁ(T)

The expressions (26} - (34) are valid for any values of the
mutual drag coefficient {0syy<I). The thermoelectric power
and thermomagnetic effects of hot carriers in absence of
mutual drag (7,=0) were stadied in papers [8,9]. Thus we
consider here just the strong mutual drag regime. This regime
takes place when the elecirons and phonons are scattered
mainly by each other, ie.k=t, n=1, r=-t/2, I=Il,

t
ﬁ (T) Vo) (T)
" @) @
conditions the expressions (26} - (29) and (31} - (34) can be
transformed to the following forms.

In weak magnetic fields electron part of thermoelectric
power both in parabolic and non- parabelic cases has the

g

P 1. Under these

e’yo
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identical form anc_i depends on degree of nonparabolisity only As it follows from (25), (38) and (39) a. weakly
through the chemical potenual of elektrons: (logarithmic manner) depends upon T, , whereas a, strongly
(T ) increases with increasing of electron temperature:

s T 7 —e- T, (8) »~T."? for the parabelic, and @, ~T. for the strong

nonparabolic cases,
The electron and phonon parts of NE coefficient in weak
magnetic fields:

but phonon part of thermoelectric power strongly depends on
degree of nonparabolicity:

oo 1 22 ][ Va2 .

e (39 0 = (2 - s - st) LT} grmwe-ae g,
: : ec

N AR ST P [3]’(“‘5‘)- @) oo
g £, N

99 ’ 4b
.3:’:3 F(3—S—.St)

where g, (T) is the mobility of cold {T.=T)electrons. iand Q, decreases with increasing of T. at deformation
Since 1-4s-st<0 for the both electron - phonon interaction.

scattering mechanisms (tz1) and for each spectrum of In the sirong magnetic fields:

electrons with 521 /2, from {40) we obtain that O, decreases .

with increasing of T.. From (41) it is seen that in the 1 ¢(T.)

parabolic case (5=1/2) Q,=0. ln the strong nonparabolic a, = - ; 1+ 3s- I (42)
. L

case (s=1) 0,#0 and O, ~& 5, ie. (, increases with
increasing of T, at piezoelectric electron-phonon interaction, |

(43)

=1 wW2(2sf I(ts-1) (T :{_s_é] (mnT)g
T 3:5 (3 - s - st) PN

From (38) and (42) it follows that electron part of and the increase in the non-parabolic case is bigger than in

thermoelectric power increases in magnetic field: the parabolic case. The dependence of ap upon T in strong
1 magnetic field is the same as in weak magnetic field.
= |a. (i) - |0} = - 38, (44) l In the strong magnetic fields for 0. and 0, we obtain:
e S
= {75 - 2 + st) I S ) ¢ ! g, (45)
r*(1+ 3s)y eH® ufr) °
2 .
, = 4‘@(2_;5) f(32 =, st) irgs -~ 1+ st) - r(izs - 3 + st)]i?-—;— x
2 I*(1+ 3s) en’ u,(T)
%2
(e
x | _r{'_ (m T)2 3:.51-5!: F) (46)
£, N : _

P

As follows from expression (45), in contrast to the weak : {,_l} 3
magnetic fields, in the strong magnetic fields Q, increases T 2 (m,,T)E 5_(1)
with increase of T. (for the all real cases (45+st-1>0)). e | N exp[— >>1, (47)‘
Expression (46) shows that for the parabolic case Q=0
whereas for the strong nonparabolic spectrum of electrons
(5=1)Q, strongly increases with increase of T.: Qpn‘i'e‘;”
ie. Q,~9  at deformation interaction and G~ al
piezoelectric interaction of electrons with phonons.

As it follows from (25) for the nondegenerate electrons

&

and from the comparison (38) with (39) and (42) with (43) it
is seen that under the conditions of strong mutual drag
| aF] >3] ae[ , both in weak and in strong magnetic fields, i.e.
the thermoelectric power mainly consists of the phonon part.
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Since in the case of a parabolic spectrum (,=0, the NE
field consists only of the electron part, But in the case of the
strong nonparabolic spectrum from (40), (41), (45) and (46) it
follows that | Q,J >> ol , i.e. NE field mainly consists of the
phonon part.

Under the conditions of the strong mutual drag
(9.=9,,y—>1) the electron temperature is determined from
the energy balance equation

0., (8,087 = w {3,) (a8)

where Wy, (9,) is the power transferred by the Liw phonons
to the thermal reservoir of the S# phonons. The calculation of

the expression &. (E) from (48) at (8= 9. >>1 in following
limiting cases gives:

. g
v 2
Case2) f#,>>4,, *ﬁ_p>>;i_ PGB, (50)
e 2
B v 2
Case 3) f,<<f,, hﬁ>>;,i ;8B . GD
e b

As it seen from (49) - (51) the nonparabolicity of electron
spectrum strongly changes the £ -dependence of electron
temperature. Using these expressions one can easily obtain
the dependence of thermoelectric power and NE coefficient
upon the heated electric field in the considered cases. From
(25), (38) and (42) it follows that «, weakly (logarithmic
manner) depends upon E for the all cases (49) - (51). The

2
Case 1) ﬂp + B, <<V_j . 9 ~pie1 , “9) fiep;ndel;:;:e of &0 and Q, upon E in these cases are shown
. e In the tabla,
a Vp . I
Table
The dependence of &,,0. and O, upon E under the conditions of strong mutual drag
_ Case 1 Case 2 Case 3
68 kL] 65
ap o~ E.ﬁs-l ~ Edmﬁl ~ E?.s+2
= - {1~ ds-st) 1-43-a¢ 2(1= 43— 3t)
Q. (.Q << v) - ——— : e
~ B Je-l ~ B 5e] ~ F T2
— = A4me8r-1) " dstat—1 : A4s+3c-1)
o > ) T Y eI
~ B S5g=1 ~ B d5+] ~ E Ts+2
— - Al~s-at} 1-5-5t H1-s-at)
Qp(ﬂ << V] ~ E S8-1 ~ B 49+l ~ E T7s+2
= = A7s+st-1) T Tseet-1 " A7atsr-1)
Qp(‘(? >> V) ~ E S8-1 ~ B g2+ 1 ~ F s+l

When one uses this table, he must take into account that
in parabolic case (O,=0, and the total NE coefficient
0=0.+0Q,=0.. but in strong nonparabolic case | oo = Qe [,
and O=Q,. For instance, if d-interaction and inequality (49)
are satisfied in the semiconductors, pased in the strong
magnetic fields Q~E"/7 for the parabolic, and for the strong
nonparabolic spectra.

Under the conditions of streng muwal drag | e >> @,

and the total thermoelectric power a=a,+a~a,, both in
parabelic and nonparabolic cases,

For instance, if inequality (49) is satisfied then a~EZ, in
the parabolic, and a~E*7 in the strong nonparabolic cases.
From the Table it is seen that for the all cases nonparabolicity
of spectrum essentially changes the dependence of « and O
upon .
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Texnika

M.M. Babayev, T.M. Qasim

QARSILIQLI ELEKTRON-FONON SOVQU $ORAITINDS GUCLU ELEKTRIK SAHOSINDS
YERLO$DIRILMIS CIRLASMAMIS KEYN YARIMKECIRICIT.ORINDS TERMOMAQNIT EFFEKTLOR

Elektron ve fononlarin quzmasi ve qarsiligh sdvqi seraitinde orlasmamis Keyn yanmkegiricilerinde termoelektrik harokat
quivvesi ve Nernst-Ettingshausen effektlari tadqiq edilmisdir. Qbstoritmisdir ki, elektron spektrinin geyri-parabolikliyi termoelekirik
haraket qiivvesinin ve Nernst-Ettingshausen smsalinin giyenetlarine Elicly tasir edir ve onlann elektron temperaturundan, elocs do
qrzdiner elektrik sahasinin intensivliyinden asihhqlanm deyisdirir. Giiclii elektron-fonon qarsihgh sivqil seraitinde, elektronlaninin
spekiri parabolik olan yarmkegiricilarde Nernst-Ettingshausen emsalinin fonon hissesi Qp=0 olur, amma qeyri parabolik halda
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@70 ve Qp Nernst-Ettingshausen amsahnin elektron hissasinden (Q,) xeyli biyiik ofur, yani Nernst-Ettingshausen sahasi, asasen,
fonon hisseden teskil olunur.

M.M. Babaee, T.M. Taceim

TEPMOMATHHUTHBIE 3G OEKTEI B HEBLIPOXKAEHHBIX KEAHOBCKUX NMOJYINPOBOAHHKAX,
HAXOAAWMNXCAH B CHWIBHOM JJIEKTPUHECKOM T10JIE B YCJIOBHAX B3AUMHOI'O YBJAEYEHHA
3JEKTPOHOB H ®OHOHOB

Hecneaosane: Tepmoaac k adderrnl Heprcra-3rmHarcrayieta B HepblpoxacrHeX KeHOBCKHX NOAYDPOBOAHHKAX, ¢ Y4STOM Pasorpesa
MeKrpoHOs H POHOHOB, 4 TAIKE MK BIAMMHOID YBTeueHnd. [Tokazano, 4To HenapaGonHUHOCTE CNEKTPA TEKTPOHOB IHAYATENLHO BAHAET
Ha BEIHYHHE! TEPMO3IAC W KOMPOULIKEHTA HEPHCTA~ITTHHICrAY3IEHA, UIMEHRET HX JABNCHMOCTH OT 2IEKTPOHKOH TEMITEPATypELL, 3 TAKKE OT
CPEIONIEEO JICKTPHYSCKOre rofia. B yCAOBNAX CHABHOTO B3AHMHOTO YBICYEHHA B MOAYTPOBOAHMKAX ¢ NapalonM4eCKHM CRCKTPGM
IMEKTPOHOR toHouHad vacTh keadduuuenra Heprera-Drrubrcraysena Q=0 , a B HenapaGonnyeckoM chiydse Q=0 H Qp 3HAYMTEIBHO
Gonble, 9¢M INSKTPOHHAA HacTh kozddruyenTa Heprera-OrTHarcraysena g, T.¢. none Heprera-DrrukrerayscHa, B OCHOBHOM, COCTOMT
¥z JOHOHHOH YacTu.

Received: 05.12.04
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ON THE SUDDEN DECREASES IN THE BRIGHTNESS OF NOVA HR DEL
AT THE MINIMUM.

M.B. BABAYEY and AM. BABAYEVA
Shamakha Astrophysical Observatory named afier N. Tusi,
Azerbaijan National Academy of Sciences,
373243, Shemakha, Pirgulu, Azerbaijan

Extensive photomettic observations of Novae HR Del 1967 at the brightness minimum showed that in addition to the orbital minima
{3.5], 82 second ultrashort per_iodic changes in the brightness {10] and secondary minima in the light curve for the first time there are sudden

decreases of the brightness.

New Delphina 1967=HR Del for the first time was observed
as Nova on June 15, 1967. According to the form of its
brightness change it was determined as uitra-slow Nova [1].
Stefanson observed this star seven months before the flare. At
that time it had magnitude m,=11".8+0"5 and its spectral
class was determined as late O or early B. In 1981 it had
magnitude of 12".5 [3]. Regular observations showed that all
the phases of the flare were proceeding very slowly: just after
4 weeks after the discovery the magnitude reached the value
of 5.0 after which during 5 months its brightness remained
constant and just December 6-13, 1967 the brightness
suddenly increased up to the value of m,=3".5. As it can be
seen, the evolution of the flare of HR Del proceeded very
slowly, which made possible to observe this Nova by many
astronomers. Systematic observations of HR Del showed a
number of phenomena never observed in other Nova. After
the first maximum, afier which usually the decrease of the
brightness is expected, in the case of HR Del another two
flares with intensities comparable with the intensity of main
flare were detected [4]. These events took place after
fluctuations of the brightness of HR Del 1967 about some
level. The reason of such brightness fluctuations of the
typical Novae still remains unclear [5).

The results of investigations of line and continuous
spectra and the change of the brightness of HR Del 1967 have
been published in many works., The light curve of HR Del
1967 which is built up by using enduring photometric
observations (June, 1967 - December, 1971) is presented in [4].
By using this light curve we have found periodical changes
which are in a good agreement with the epoch calculated by
us [5}.

So, HR Del is a c¢ataclysmic variable with some
peculiarities, which justifies future intensive investigations.

With the aim to detect sudden decreases of the brightness
of the Nova HR Del 1967 we have observed them
photometrically for one night 2-3.08.1994. Photoelectrical
observations of HR Del were carried out with the telescope
ZEIS - 600 at Shamakha Astrophysical observatory with the
help of photometer AFM - 6 by the method of photon
counting. Fast photometric observations were carried out in
the UBVR filters with diaphragm of 43. FEA-79 has been
used as light receiver. The observations were carried out by a
differential method using very close stars for comparison.
The results of observations were received in a digital form by
using EUM-23. The accumulation time for each point of
measurement was taken 10 sec. As the standard star was
taken star N1 (m,~13™83) from the list of [6).

Using the data of the star of comparison the root mean
square errors of one measurement, making on the average

+".002, and sometimes not exceeding 07005, were
determined. To construct the light-curve average values of
the difference dm=m,,-m, made on 3 or 4 measurements of

Am, consisting each of them of 15 measurements with
accumulation time of 10 sec were used.

08 mdn #edh SOITUT

Fig I. Part of the differential light curve of Nova HR Del 1967
in UBVR-filters
Fig.1 shows the part of the light curve of HR Del
measured relative to the standard star, on observations on
August 2-3, 1994, These observations gave us an opportunity
to find for the first time a complete picture of sudden falls of




the brightness of HR Del 1967 in filter B, identical for Polars
- flare Nova-like stars such as TT Ari and other [7].

2.1 hour parts of orbital period is covered by
measurements and in each filter it is found narrow -4-5
minute sudden falls of the brightness, which have different

J—

depth depending on the wave length.
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Fig.2 Light curve of HR Del 1967 in B-filter with sudden falls

af the brightness.

Such sudden decreases of the brightness are well visible
in the filter B (fig. 2). In this filter plenty of measurements
was carried out. In fig. 2 bifurcation, amplitude of changes
and duration of sudden falls of the brightness of HR Del 1967
are well appreciable,

For the time for an explanation of such effect being it is
supposed, that the sudden falls of the brightness is the resuit
of absorption of emission of the source, being near to the
white dwarf, by falling flow of matter. Such simple eclipse of
the emitting source cannot explain the observing falls of the
brightness. The picture is more complex. Probably it is
necessary to attract for this purpose shori-term amplifications
of intensity of the gas flow, the change of the structure of the
flow, the change of its density and direction or different
combinations of these phenomena. It seems more likely, that
such sudden falls of the brightness, especially in the filter B,
are caused by eclipse in the field of radiation by non-stationary
clouds in equator ring around binary system and by the jet of
accreting matter.

Thus, observations carried out in 1994 showed that except
some peculiarities in the brightness change of the Nova HR
Del, revealed earlier, sudden falls of the brightness
characteristic for Polars - flaring nova-like stars as TT Ari are
took place. These phenomena do not depend on the phase.
The purpose of present paper is to attract the attention of
observers to short-term sudden falls in the brightness in the
minimum of Nova. Extensive observations could confirm
similarity of characteristic changes of the brightness of Polars
and typical Novae and could confirm the presence of patchy
formations in the disk environments and jets of accreting
matter.

Summarizing all photometric data we can conclude that
for Nova HR Del 1967 6 basic types of small amplitude
changes of the brightness are typical:

1) 32-day quasi-periodic changes observed during a maximum
and fusther [3,5,6]

2) 0917 - 0921 periodic changes (4m=0"15) connected,
apparently, with the orbital motion of the star [3,8,9).

3) 0913 - 0™.14 periodic changes (4m=0".06) connected,
apparently, with the non-uniform brightness distribution in
circumstellar disk [3,8].

4) 82 second uitra-short periodical changes {(Am=0".035},
precisely observed in an orbital light maximum, where the
fluctuations of brightness are very small [10]

3) Quasi-pericdical changes of the brighiness as secondary
minima, not depending on orbital motions, which have variable
form and amplitude. Apparently, these minima are due to the
presence of circumstellar disk and clots of matter, which form
common envelope around the Nova.

6) Finally, in observations carried out in 1994 in different
filters, especially in the filter B, in Nova HR Del 1967 sudden
fails of the brightness, characteristic for Polars - flaring nova-
like stars are revealed.

Thus, our photometric observations, carried out on different
telescopes at the Shamkha Astrophysical observatory showed
that slow Mova HR Del 1967 is a binary system, which has 6
types of small amplitude fluctuations of the brightness.
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M.B. Babayev, A.M. Babayeva
YENI HR DEL ULDUZUNUN MINIMUM AFZALINDA PARLAQLIGININ Q9FL3TON DUSMOSI

Ardicll fotometrik misahidelerin tedgiqi gosterdi ki, Yeni HR Delfin ulduzunun parlaglifinin deyisme orbital, slave udulma
minimumlary va 82 saniyelik qisa periedik doyigkanlivi ile yanagi, onun parlaghgunin gefil digmesi i1k defe milsahide edilmigdir.

M.B. BaGaes nu A.M. badaesa

BHEIAITHBIE [TAJEHHA BJECKA HOBO# HR DEL B MUHUMYME

TMpoaomkuTensHbie GoToMeTpreckie HabmoacHna Hosolt HR Del 1967 r B Munumyme Gnecka nokasans, UTo ROMHMO OpGHTANEHBIX
MAHMMYMOB, 82-CeKYHIHBIX YARTPAKOPOTKO NEPHOLHUECKHX W3MeHeHHH NOBOUHLIX MUHUMYMOB, B opBHTATLHLIX KpHEBIX ONeCKa BREPBLIE

OBHAPYREHEI BHE3AMHLIE KPATkOBPEMEHNEIE NIanenna Grecka HoBOH.
Received: 16.11.01
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MAGNETIC PROPERTIES OF TIMnS; AND TiMnSe; COMPOUNDS.

R.Z. SADIKHOV, EM. KERIMOVA, Y.G. ASADOV, RK. VELIEV
Institute of Physics, Azerbaijan National Academy of Sciences
H Javid av. 33, Baku, 370143

TiMnS; and TIMnSe, compounds have been synthesized and X-ray analysis was carried out. Magnetization and paramagnetic
susceptibility of these compounds have been investigated in the temperature interval 77+300K. It is shown that TIMnS, and TiMnSe, are
low-dimensional magnetics and the antiferromagnetic exchange interaction takes place in them. Experimental values of the effective
magnetic moment are -4.5 pg for TIMnS; and 4.7 pp TIMnSe, , that is in agreement with theoretical values for the three-valence Ma ion.

Roentgenographic, thermal and magnetic investigations
of compounds with the general crystallochemical formula
TIMeX, (Me=Cr, Fe, Co; X=S8, Se, Te) allowed paper's
authors [1 - 7] to conclude about the low-dimension of these
compounds,

For determination of influence of the 3-d configuration of
Me jons on magnetic properties, in given work we have investi-
gated the magnetization and paramagnetic sensibility of
TIMnS; and TIMnSe; belonging to this class of compounds.

TIMnS, and TIMnSe, samples were synthesized in
vacuum quartz ampoules by the solid state method of caking
of binary compounds TIS (Se} and MnS (Se) which beforehand
were put into the powdered state and weighed in the
equimolecular relation. Synthesis was carried out in the
following sequence. Ampoule with initial components was
placed into the furnace where the temperature rises from
room one up to 1000K with the rate 100deg/hour. At this
temperature the ampoule was held for 30 hours, then it is
cooled up to the room temperature with the same rate. For
prevention of interaction of initial components with the
internal wall of the quartz ampoule the last one was in the
rotation during the synthesis process. Obtained samples were
rubbed to the powder, pressed under the high pressure and
undergone to the homogenizing annealing for 240 hours at
T00K.

0,4} G‘_, Emb/g R
Dﬁ -
0 5 o
1‘1‘J KGe

Fig | Dependence of the specific magnetization of TIMnS, (1)
and TIMnSe; (2) on the magnetic ficld at T7K.

X-ray analysis of samples was carried out on the
diffractometer DRON-3M (CuK -radiation Ni- filter). Angle
resolution of the photographing was ~0,1%. Continuous scanning
regime was used. Diffraction angles were determined by the
method of measurements on the intensity maximum, At
experiments the determination emror of reflection angles did
not excess 49 £ 0,02°,

Diffractograms of synthesized samples written down in
the angle interval 10°<26<70° at the room temperature, are
definitely induced in tetragonal (TIMnS,} and hexagonal
syngonies with parameters of the crystalline lattice a=7.74;
c=30.604, roentgen density px=6.40g/cm3, atom number in
the unit cell =z=20 and a= 6.53, c=23.96)§, z=§,
0,=6.71g/em’, respectively.

Magnetization (o) was measured on the pendular magne-
tometer Domenicalli, and the paramagnetic susceptibility (y)
was measured -by the Faraday method on the magnetoelectric
balance.

Fig.] presents the dependence of the specific magneti-
zation of TIMnS, and TIMnSe, compounds on the magnetic
field at 77K. As it is seen, the dependence o (H) at given
temperature for both compounds has the form characteristic
for the paramagnetic state. However the temperature
dependence of the reverse paramagnetic susceptibility of
these compounds (fig.2) follows to the Curie-Weice law with
the extrapolation 10 the range of negative temperatures which
testifys on existence of the antiferromagnetic exchange
interaction. According to fig.2, the temperature of the
magnetic transformation of both compounds is below 77K.

o, 3
iiﬁ‘ﬂ/ﬂn

1 :
: 108 200 300

T %
L]
Fig. 2 Temperature dependence of the reverse paramagnetic
susceptibility of TIMnS; (1) and TiMnSe; (2).

From the temperature dependence of the reverse
paramagnetic-susceptibility we have calculated experimental
values of the effective magnetic moment of compounds under
investigation which are equal to 4.5 (TIMnS;) and 4.7pg
(TIMnSe,). Caiculation of the theoretical value of the
effective magnetic moment (4.9up) was carried out with
account of the purely spin value of the magnetic moment of
the three- valent Mn ion. Comparison shows good agreement
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of experimental and theoretical resuits that is the indirect
confirmation of the accepted ionic configuration of given
compounds,

Interpretation of obtained experimental results, testifying
on the antiferromagnetic interaction in TiMnS; and TIMnSe;,
can be done on the basis of the crystalline structure of these
compounds. As it is known, this structure determines the
periodicity of arrangement of spin magnetic moments where
the exchange interaction is responsible for their mutual
orientation, Taking into account this fact, we, apparently ¢an
imagine the crystalline structure of TIMnS; and TIMnSe, as
sequentially alternating two-dimensional layers of ions Mn™,
TI" and S™(or Se*) parallel to the basal plane. Sufficiently
large ratio c/a ~d testifys on the laminated structure of these
compounds. Ferromagnetic ordering have been carried out in
the plane, including ions Mn™*. Therefore layers of ions Mn™

are two- dimensional ferromagnetic. Layers T!™ and S™(or
Se™) have been arranged between the nearest layers of jons Mn™,
Therefore ferromagnetic layers are connected with each other
by weaker forces of the antiferromagnetic type. Co - existence
of ferromagnetic (within 'layers) and antiferromagnetic (between
layers) interactions leads to the resulting antiferromagnetic
interaction in TIMnS; and TIMnSe,.

We note that authors [6], following from the above-
mentioned model consider that the ferrimagnetic ordering in
compounds TICo8; and TICoSe; is the result of a noncomple-
te compensation of spin magnetic moments of ferromagnetic
layers formed by Co ions.

Thus results of X-ray and magnetic investigations testify
on the low - dimension of compounds TIMnS, and TIMnSe,
and existence of the antiferromagnetic exchange interaction
in them.
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R.Z. Sadxev, EM. Karimova, Y.Q. Osadov, R.K. Valiyey
TIMnS: V© TIMnSe: BIRLOSMOLORININ MAQNIT XASSSL3RI

" TIMnS: ve TIMnSez birlesmalari sintez olunmusg, onlarn rentgenografik analizlsri aparitmigdir, 774300 K temperatur intervalin-
da magnitlenme ve paramaqnit qavraywih§ todqiq edilmisdir. Gésterilmigdir ki, TIMnSz ve TIMnSez kigik dl¢ili magqnetikdirlar vo
onlarda qarsiligh aatiferromaqnit miibadilasi méveuddur. Effektiv magnit momentinin 4.5 (TIMnSz) ve 4.7p5 (TIMnSe2) tocriibi
giymetlari Mn-in Ggvalentli ionunun nezeri giymetleri ile uygun gelir,

P.3. Cagbixos, 3.M. Kepumogra, HO.I'. Acagos, P.K, Beanes
MATHHATHBIE CBOUCTBA COEAHHEHUN TIMnS; u TIMnSe,
Crreaupozansl coeauuenns TIMnS, v TIMnSe, , nporenen ux peHTreHerpaduuecksil ananuz. B unTepaane temnepatyp 77300 K
HCCNEAOBAHA HAMATHHYEHROCTD H NAapaMAarHUTHAS BOCTIPHUMYKMBOCTE, [TokasaHo, wro TIMnS: v TiMnSe,; ABRA0TCH HHIKOPAIMEPHEIMK
MarHeTHKAMH 1 B HHX OCYLUSCTBNACTCA AHTH(CPPOMarHuTHOe 06MEHH0E BIAMOACACTEHE. DKCMEPHMEHTANBHEIE 3HAYCHHA 3¢exTBHOrO

marunTHOro momenta —4.3 (TIMnS;) u 4.7p, (TIMnSe2) - cornacyioTes ¢ TEOPETHYSTKIM IHANCHACM ANA TPEXBANCHTHOTO HoHa M.
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There are a great number of different kind organic and natural admixtures (sand, ferrous, nuclear particles, phenols, oil, etc) in
technelogical liquids and gases, which-can drop production quality for the worse, That is why improved universal treatment devices (filters,
separators, etc) for these liquids and gases are in great need. From the other hand the waste liquids and gases should be filtered before
disposal because they damage environment. The importance of the eavironmental pollution control and treatment is undoubtedly the key
factor in the human future. This paper deals with design of fine treatment technique for the technological and wasté liquids and gases
{separation of microscopic suspended water, sand, oil and other organic and not organic components). The paper briefly reviews existing
processes and technique for liquids and gases treatment and is focused on construction of electromagnetic hydrocyclone. The effect of main
forces (centrifugal, ¢lectrical and magnetic) on the separation of very smaltl-size admixtures (smaller than 10 microns) is analyzed and
compared. Some delicate technologies are shown where even a very small amount of even micro admixtures can bring misfortune or

accident.
INTRODUCTION

Technelogical and waste liquids and gases usually have a
great number of different kind admixtures (ferrous, phenol,
oil, organic, nuclear particles, ¢tc.) which can change
production quality for the worse. That is why improved
cleaning devices (filters, separators eic) for these liquids and
gases are in immense need. Waste liquids and gases should
be filtered before disposal because they damage environment.
Otherwise, the producers have to pay a heavy emission fees.
There are a lot of methods and filter constructions to separate
the above mentioned particles from technological and waste
liguids and gases and main of them are hydro or gas
cyclones, magnetic or electrostatic traps etc. In most cases
they meat the all demands of the industries if very small (less
then 10 microns) impurities do not disturb their main
processes. The efficiencies of the above mentioned filters and
traps are high and very well known for different types of
admixture in liquids and gases [1-4]. But there are some
delicate technologies where even a very small amount of
even micro admixtires can bring misfortune or accident. To
emnpathize this more clearly, some matter-of-fact examples
are given below:

1. There is a very little amount of microscopic water bolls in
plane fuel (less than 0.01% or 100gr in a ton) that can cause
sometimes accident. The water may freeze at any valve or at
rarrow pipe and fuel will not be pumped into engine. The
filtration process of these micron size water particles is
possible by the help of some chemical methods or centrifugal
machine, but difficult and expensive.

2. There is a tiny quantity of some phenois and other light
organic particles {up to molecule size) in the distil water of
thermal plant boilers. These particles separation by the help
of mechanical or chemical methods is extremely difficult and
expensive. Nevertheless that those particles are too small, but
they are very dangerous. They make thousands small bursts
on the inner surface of high temperature and pressure boiler
pipes, pluck out micro particies of the metal, slowly damage

(erode) the pipes and increase risk of the boiler steam leakage
or even explosion.

3. One of the method of different liquids (in particular sea
water) desalination or demineralization is mixing them with
another active sprayed liquid {or a subtle powder), that is able
to entrap the appropriate mineral salts, and then separate the
liquid or the powder from the main one. The smaller micro
particles of the entrapping liquid or the powder the more
effective the entrapping process. One of these active and
rather cheap liquids is kerosene. But to separate these salty
micro particles from main tiquid by ordinary hydrocyclone is
very difficult and more expensive. Electric and magnetic
forces here are more effective than only centrifugal force.

4, Finding and filtering out different nuclear particles from
liquids and gases, especially after Chernobyl Nuclear Station
accident, became a very important issue. It is used in
UKRAINE to reveal and to filter the electrically charged
nuclear particles in milk by the help of electric and magnetic
forces.

5. Textile manufacturing is a very important branch of
Turkisk industry. Multi-cycle painting processes in textile
industry use huge amount water: the higher guality water, the
higher quality textile. There are more than twelve different
operations during panting process of a textile tela (fabric,
cloth) and every one of them demands new portion good
quality water or recycled waste water, It is very ¢ase to take
out rather big specific textile particles {rubbish) from waste
water, but taking out small admixtures less than 30 microns
and especially less than 10 microns (dust, pant particles eic)
is extremely difficult. Here is reasonable to apply more
effective electrical or magnetic forces for separation and to
recycle waste water or, as a minimum, bring it to the required
waste limit norm.

Thus, there are some cases where separation (filtration)
liquids from all admixtures up to even micro particles is very
important and it demands application of more effective forces
for micro particles. Here is important to stress that
electromagnetic forces can help to rise the total coefficient of
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filtration efficiency, but a bit - not more than 1%, even less.
The main effect is coming from higher quality of the concrete
technology, from higher reliability and safety reserve for
humanity, ecology and so on.

DISCUSSIONS

Electromagnetic hydro {gas} cyclone {(EMH) is a
combined apparatus for the technological and waste liguids
and gases treatment. A special construction joints collinear
infleences of electric, magnetic, and centrifugal forces.
Similarly to traditional hydrocyclones, there are several
different types of EMH construction [4,5,7-10]: cylindrical
and conic EMH for two products, EMH for three products
etc. First and especially second type of EMH are most useful
ones and will be mainly discussed in this paper (fig. t and 2).
EMH consists of cylindrical diamagnetic metal (or plastic)
main body 1, conic or flat ferromagnetic metal inferior body
2, entrance 3 and output 4 nipple pipes (tangential to
cylindrical main body), certral light product pore out nipple
pipe 5 (central electrode), flat ferromagnetic metal cover 6,
bobbin around main body 7 and the pipes electrical isolations 8.

Fig. 1. Conic EMH

As itis itlusteated by fig 1 and 2, an electric field force is
produced by applied DC voltage between main body and
central pour out nipple (electrode). A bobbin around the
main body produces a magnetic field force between flat
ferromagnetic cover and magnetic conical {or flat)} bottom
part of the EMH. There is inertial centrifugal force due to
liquid (gas) high-speed rotation in c¢ylindrical main body,
because of the entrance nipple is tangential to the latter and
high incoming flow velocity is equal to liquid (gas) tangential
rotation velocity. For some special cases ozone (O} can be
produced around the central electrode to kill microbes, to fire
poisonous natoral or otganic admixtures in outgoing pipe
(central electrode). In such a case an additional high
frequency voltage can be applied throw a capacitor to this
electrode.

Thus, in two words, technological or waste liquid (gas)
enters throw input nozzle and heavy particles, such as sand,
metals, silt, etc are displaced by centrifugal force to main
body inner cylinder surface, then down and quit from conic
exit. While light particles, such as oil and organic traces, gas
bubbles etc, are ousting to the central electrode-pipe and pour
out of the EMH. In this system quality filtration rises very
high (especially for micron size impurities) due to electric
and magnetic field application in addition and collinear to the
centrifugal force: the three forces act in the same direction.

48
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Fig. ! Cylindrical EMH

There are several vector forces that affect a particle in
EMH in a common case;

FutFetFs+Fi+Fa+Fy+F: = 0, (1)
where: F, -magnetic forces, Fe-¢lectric force, F, - Stokes’
force (resistive), F; -inertia force, F, — Archimede’s force,
F, -weight force, F, -centrifugal force.

Comparative analyses [1] have shown that influences of
F, F:and F,on a very smatl (less than 30 micren)} dispersed
particles are negligible small and they can be omitted. The
main influences belongs to forces Fp, Fao F. and resistive
force . (depends on viscosity of a liquid).

The effect of centrifugal force on particle filtration is
determined as:

7 * dp = p) V]

E. = .
¢ 6r

, (2)

where: o - diameter of particle [m],

P - density of technological liquids, [kg/m?],
p. - density of particles [kg/n?’],

r - average revolving radius [m)],

v, - velocity of particles, m/sec.

In the case of p;<p; (water - ferrous, sand etc admixtures)
cleaned liquid exits trough the central pour out tube and
mechanical particles are removed from bottom conical
product pipe. In the case of p;>p, (water - 0il, phenols etc),
cleaned liquid is extracted trough bottom conical product
tube and oil is removed from central pour out nipple pipe.
But most micro particles cannot be removed just by cyclone
application due to floatation effects, which presents in liquids
and gases: for d<d.,icicss the smaller weight of a micro
particle {proportional to o’ of a particle) the higher floating
force (proportional to o of a particle) as compared with
weight,

Generally, 70-80% of particles in technologic liquids are
charged by negative electric charge [1,2,3]). Electric and
magnetic forces effect on the negatively charged particles.
They can be pushed or pulled to the electrodes. Due to this
fact central pour out tube is often used as a positive electrode
and cylindrical body as a negative one, There are some holes
on this ceatral tube for collecting light and charged particles
such as oil, gas babbles, acetone, phenols, etc. The electric
force effect on a charged particie can be found as:
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Fe = E*Qy , (3)
where: E —electric field strength (V/m), ¢ - average electric
charge of a particle (C). EMH radial electric field E (similar
to electric field of eylindrical capacitor) can be found as:

E = — “)
R

BT

where: R -diameter of outer electrode, r;-diameter of cent-
ral electrode-pipe, r - diameter of any cross-section.

Electric field reaches its maximum around the central

electrode when r=r~ and its minimum around the outer

(cylindrical} electrode when r=R.

The average electric charge of a particle can be calculated as:

_ £,85¢

= 5 Coulomb (C), (%)

q

where: £ -relative permittivity &,/ £:7~81, £~8.86x10"* Farad/m,
S -surface area of d=10pm particle 7d’=3,14*10""m?,
& - electrokinetic potentials £=0.1-0.5Volt {for some
organic matter higher),
5 - doubled electric areas thickness 5=10"m.

Thus, it can be obtained for different matter and d=10pum
q=(2 - 6) 10MC, for d=5pum g = (0.5-1.5).10"" C and for
d=lpm g=(0.125-0.375).10"" C.

There are two main magnetic forces that suppose to be
taken into account [2,4,6].

The first one is for magnetic particles only:

Eqn=H+{n, %)
where: H -magnetic field strength {intensity), g, -magnetic
charge of a particle,

When oil, phenol, etc particles separation from water is
concerns, g, is too small [4,6], magnetic field is homogeneous
and this magnetic force can be neglected. On the contrary,
the second magnetic force - the Lorenz one, - in some cases
can be taken into account: any movement of electrically
charged particle in magnetic field creates the Lorenz force
that helps filtration process:

F =g BV N (7)
where: B - magnetic field induction, v - charged particle
velocity.

In the designed construction of EMH tree of the above
mentioned forces {centrifugal, electric and magnetic) effect
along the same direction and help the filtration process
especially in the case of micro particles. For comparison of
the centrifugal and electric forces effects on a particle all

" calculations were made for this type of EMH: particles

diameter g=1; 5 and 10pm, average revolving radius r=0.1m,
velocity of input water and charged particle v=0.5-1.0m/sec,
particle charge g=(6-0.375)*10"" coulomb, applied voltage
V=00V, volume capacity V,=5 liters, r-=25min, r; =25mm.
An emulsion of water with small amount phenol was taken as
a liquid under treatment. The calculations for several variants
of particte diameter @ and its charging ability ¢ (electro-
kinetic potential) influence of electrical field force 5-15 times
more efficient than centrifugal force (the smaller diameter, the
higher efficiency: for =1 umand &03 V F70.026.10™ Newton (N),
while F=0.225.10*N. The special particles pre-charging
technique can rise these figure two-three times and even
more. The ¢lectric field also helps particles to coagulate (get
bigger size) and simplify the separation process. It needs only
400-600V elecirical voltage on main electrode. The Lorenz
force influence for this particular emulsion is very smail and
can be neglected (F;=4.1,10"""N).

CONCLUSION

The special construction of EMH was designed for
filtration and separation processes of different liquids and
gases, which have micro admixtures along with rather big
particles, Similarly, special constructions can be designed for
many kinds of technological and waist liquids and gases
tzking into account their parameters, demands and
performance attributes. Some advantages of the EMH are the
following:

1. It is a combined system designed to use the main three
forces in the same direction.

2. There is no any active rotating mechanical part in EMH.
Because of that this type EMH can be used in high-pressure
technological systems without any risk.

3. Simple process control by electric and magnetic fields
(applied voltage and current).

4. Available for many separating matters (liquid/liquid,
liquid/gas, liquid/solid particles, liquid/ferromagnetic particles, etc.)
5. Possibility of ozone formation (by high frequency AC) in
terms to bum left as a residue poisonous organic admixtures,
microbes and microorganisms at the end of filtration,

6. EMH is an ecology improving system.
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1987, vol. A, 331pp.
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ELEKTROMAQNIT HIDROSIKLON SUZGOCLORDO
TOSIR GOSTORON QUVVOLORIN ANALIZI

Megale, tullanti mayelorin va qazlarnn agqarlardan temizlenmesinin mijasir dsullarinm iglonmesine besr olunmusdur, Megaleds,
maye va qazlarn temizlenmesi qurgulannin ve fisullannin qisa icmah verilmisdir. Elektromagnit hidrosiklon siizgecin konstruksiyass
va ig prinsipi genis sarh olunur. Kigik élgili (10 mikrona geder) asqarlanin separasiya prosesina tasir eden {(markazdangagma,
clektrik ve maqnit) quvvelerin, miqayiseli sekilde, analizi verilmisdir. Qeyd olunur ki, bazi ince proseslerde, gox kigik élgili, az
migdarda agqarlann miéveudlugunu arzuolunmaz hallann emele gelmaesine sebeb ola biler. .

Jpkan Uman, lapens Ann-3age, Perxu lektene, Gapxan Kapapaa, Gefizynna Bapaapat,
Xuxmer Kynues, Ivmun I'yceitnor

AHAJIN3 CWJI, JEHCTBYIWHMX B JJIEKTPOMATHUTHOM
Fr’HAPOHUKJIOHHOM OUALTPE

HacTosmag crarea nocssilena paspatoTke ofopyaesaHna ANA TOHKOA OYHCTKH CTOMHBIX BuAKocTeH A rades (CenapayHl MUKpONpHMe-
celf BoAB, MECKa, HEPTH H AP, OPraHMYCCKHX W HEOPraHMYECKHX KOMIOHCHTOB). B craThe codepwirca kpartkul of3op MeTomos H
YCTPOHCTB, ZNA O¥HCTKY KUIKOCTER W TA30B M OApoGHOE ONHCAHME KOHCTPYKLHH MEKTPOMArHHTRONO THAPOLMKROHHOTO DHALTPa. AHa-
JA3HPYCTCA U CPABHHBACTCH BAHAHNAE OCHOBHEIX CHIT (UCHTPOOSKHEIX, IACKTPHUECKHX H MATHHTHRIX) HA CenapanHio opuMeces OysHs Ma-
Juix paimepop (menee 10 mMuxpon). OTMEHEHBI HEKOTOPBIC TOHKME FPOLECCH, B KOTOPBIX JAKE 0NCHD MAI0E KONMMECTBO O4EHb MENKHX
TIpHMECeH MOXKET NPHBCCTH K HEKENATEALHOMY dddexTy.
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OPTICAL AND MAGNETOOPTICAL PROPERTIES OF NisFe,..Ti. ALLOYS
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The dispersion dependences of o(hv) optical conductivity and Kerr §¢hv) equmbrial effect for NiFe,,Ti, are leamt, Under the
measured optical and magnetooptical charactetistics have evaluated values of nondiagonal £”components of the dielectric constant tensor.
The obtained theoretical results satisfactory are compounded with experiment.

Iron-nickel alloys doped with a transition group of meials
characterized by high initial and maximal dielectric constants
are widely used in industry. Increasing their quality is closely
connected with the study of their electronic stucture. For a
solution of the problems, connected with electronic structure
of ferromagnetic alloys the knowledge of the complete
electronic spectra of the extemnal energetic bands is necessary.
This problem is successfully solved by using optical and
magnetooptical methods. Optical methods are used for
revealing additional uvltrastructural gaps in the electronic
spectrum under ordering as well as for the investigation of the
influence of doping elements on different physical properties of
alloys. The determination of the positions of energetic bands
with differently oriented spins by this methods gives information
for a evaluation of different physical characteristics of metals
and metal alloys such as an exchange spin-orbital splitting,
degree of electron polarization, etc.

By observation of the changes on the optical and
magnetooptical spectra under doping and ordering, one can
study the influence of doping on ordering and trace electronic
structure changes under order-disorder transition [1-3].
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Fig.} Optical conductivity o thv)? foergFe, Ll alloys
o-Ni;Fe, x-NisFe, 4-Ni,Fe,,Ti, {x=0,04), U- Ni;Fe,.Ti,
{x=0,06)

The processes of ordering exert strong influence on magnetic
state of alloys, and thus on magnetooptical properties. From
this point of view NisFe alloy remains as ferromagnetic under
order-disorder transition, but its magnetooptical spectrum
exhibits strong anomalies [4-6].

In this paper results of the study of optical and magnetooptical
properties in 0.7-3.0eV region for Ni;Fe ordering alloy
systems, doped by titanium are presented. Ni-Fe-Ti alioy was
alloyed in vacuum high-frequency furnace. Purity of source

alloy compounds was higher than 99.9 %. Afier the melting
ailoys were annealed in hydrogen furnace at 1100°C during
10 hours. The ingots obtained wers forged and rotled up to
1.5mm thickness. From rolled material specimens of
rectangular shape with 5x1¢ mm dimension were cut out
which further were refined to 0.5-0.7 mm thickness and
mechanically polished for obtaining a- mirror surface.
Specimens obtained were placed into quartz tubes (vacuum in
the tube was ~10"*Pa) and exposed to long time ordering
annealing with slow cooling in accordance with regime
offered elsewhere [6]. Non-ordered state of NisFe alloy was
obtained under cooling tube in water at 1100°C.

For the measurements of the optical and magnetooptical
characteristics and Kemr equatorial effect the wuniversal
automated plant, developed at "Physics of Metals and Alloys"
Scientific Research Laboratory {7] on the basis of polarimetric
Bytti-Cone method was used. An accuracy of our measurements
was about 2-3%.

In fig.1 curves of optical conductivity o(hv) for ordered
and non-ordered NisFe alloy and NisFe,, Ti, (where 0.01<x<0.08)
alloy systems are presented.

It is seen that total shape of frequency dependence
o (kv)for non-ordered Ni;Fe alloys doped with titanium
{x<0.1) coingides with the shape of & (hv)for pure nickel [6].
Fine electronic structure manifests itself on the o(hw)
curves; that is double anomaly at ¢.7-0.9 ¢V and bending at
1.1-1.3¢V is observed.

4

&

Fig 2 Kerr equatorial effect S¢hv) for NiyFe, T, alloys.
o-NisFe, x - NiyFe, A - x=0,04, (-3=0,06

It must be noted that total increasing occurs on the optical
properties of alloys.
Ordering of NiyFe alloys leads to change of characteristic
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behaviour of the optical conductivity o(hv} curves. In near
infrared region decreasing in o¢hv} values is observed,
which is accompanied by decreasing in energy in contrast to
increasing of conductivity for non-ordered alloys. In 0.7-1.4eV
energy region pronounced maximum in o(hv}is observed.
Small additions of titanium leads to total increasing of a(hv).
Further increase of titanium concentration results in decreasing
g (hv} values as elsewhere [6].

Frequency dependences of Kemr equatorial effect (KEE)
for NizFe ., Tiy alloys is shown in fig.2.

From the data of frequency dependence of the KEE and
optical constants with using well-known formulas [8] we
have evaluated values of non-diagonal &4 and £% compenents of
the dielectric constant tensor. £ (hv) ? and &{hv) ° dependences
for NisFe ., Tiy alloys are presented in fig.3(a, b). The obtained
optical and magnetooptical spectra can be qualitatively understood
on the basis of existing representations on electron structure
changes of Ni;Fe alloy under ordering. The main peculiarity
in the behaviour of density of states n (E) of Ni;Fe ultra-
structure is the appearance of the region with low values of
A (E) in Fermi level region [9]). Such a condition in density
of states arises under the formation of ulira-structure at the
expense of dividing of cV-bands on two groups and
formation of the energy gap. The density of states far from
the gap and in other spin sub-band, which as in the case of Ni
is assumed fully to be fully filled, changes slightly. Carrying
out the comparison of &% (hv)? curves proportional to
interband density of states [B] for NisFe in ordered and
disordered states one can see that the main peculiarity of
considered curves is sharply decreasing & a¢hv) value in
0.7-1.2 eV region under ordering. Assuming that in alloys
main peculiarities of optical spectra can be explained on the
basis of non-direct interband transition model {3, 10] one can
to modeiling the shape of occurred energetic gap in 4 spin
sub-band starting from the peculiarities of experimental cures
in 0.7-1.5 eV region. Optical curve o(hv) is proportional to
the sum of T and | sub-bands contributions and must have
maximum at the energy equal to a distance between peaks in
n{E} hVpy=E;, and magnetooptical curve ¢, (hv)? is
proportional to the difference of this contributions and must
have maximum at hvy,~F;;-24E and maximum at
hVgay=E);. From the Berglund-Spicer formula [11] intra-
band density of states N-¢hv} is estimated for each of spin
sub-band which are in a good agreement with the shape of
experimental £ (hv)® and o(hv)? curves. Thus one can
say that experimental results on optical and magnetooptical
properties of ordered and non-ordered Ni;Fe,  Ti, alloys are
in qualitative agreement with energetic structure in the Fermi
level region.

. MUSAYEY, LA. ISKENDERQYV
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Fig 3 (a,b). Non-diagonal companents of dielectric constant
tensor €5 ¢hv)? and 7, (hv) ? for NisFe,.,Ti,
alloys. o -NisFe, x - Ni;Fe, A - x=(,04, [] - x=0,06

For complete quantitative estimation of the experimental
data and the theory for the whole of spectra, detailed
calculations of energetic structure of this alloys are needed.
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OPFTICAL AND MAGNETOOPTICAL PROPERTIES OF NiyFe, . Ti, ALLOYS
T.M. Ponahov, Z.S. Musayey, I.A. iskandarov, N.T. Panahov
NisFe:.Tix ORINTILORIN OPTIK V® MAGNITOOPTIK XASSOLORI
NizFer«Tix erintileri iigiin optik kegiricinin ve ekvatorial Kerr effektinin dispersiya asiihglan éyrenilmigdir. Olglilmiy optik ve

magnitooptik xarakteristikalarina géra dielekirik niifuzlugu tenzerunun qeyri-diaqonal komponentlarin giymetlati hesablanmagdir.
Alminan tacriibi neticelerin méveud nezerivye ile uydunlugu qenastbexsdir.

T.M. IlaHaxos, 3.C. Mycaep, H.A. Hekengepor, H.T. Ilanaxos
ONTHYECKHE H MATHUTOONTHYECKHE CBOMCTBA CIUIABOB NiyFe,, Ti,

H3yuckbl AHCIEPCHOAHBIE 3ABUCHMOCTH OMTHYSCKOH NpoBOAHMOCTH ¢ (hv) W 3kBaropuanerore 3dderta Keppa d¢hyv) ang conasos
NiyFe,,Tiy. [lo #3MEpeHHRBIM ONTHUSCKHM M MAPHHTOONTHYECKHM XApAKTEPUCTHKAM PACCHHTAHBL 3HAYCHHA HEAHArOHANLHBIX KOMNOHEHT
TEH30pa AMMCKTPHYeckoit mpoHHLAeMOCTE €. TlomyenHEIe TeOpeTHYECKHE PE3YNBTATE] YAORIETBOPHTEALHO COMMACYIOTCA C DKCTISPHMEH~
TOM.
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TEMPERATURE DEPENDENCES OF SECONDARY ELECTRON EMISSION
FACTORS OF THE TUNGSTEN AND MOLYBDENUM MONOCRYSTALS

N.M. TABATABAEI
Tabriz Tarbiyat University, P.O. Box 51745-406, Islamic Republic of Iran

B.Z. ALIYEV
Azerbaijan Technological University, Gandja, 28 May st.,103

AZ. PANAKHOV
Baku State University, 370148, Baku, Z. Khalilov st., 23

The parameters describing process of secondary electron emission (SEE) of tungsten (W) and molybdenum (Mo) monocrystals are
investigated at liquid nitrogen temperatures. It is established that obtained effects of crystal’s temperature influence on steucture of the basic
(SEE) characteristics are caused by interactions of electrons with phonons.

At study of temperature influence on monocrystals W and
Mo (SEE) the basic attention was concentrated on measurements
at low temperatures corresponding approximately to the
liquid nitrogen boiling temperature (=80K]}. It is caused by what at
low temperatures was possible to expect the strongest display
of (SEE) anisotropy effects of the monocrystals differemt
sides. The measurements of electron reflection factors (ERF)
were partially carried out at the increased temperatures of
crystals up to {1200 - 1300) K. The reception of data about
the true secondary electron emission factors (SEEF) at the
used device construction was complicated, due to possible
influence o;' parasitic thermal currents from the heater.

gy !

reboni :b H }

““a ) L J I 1 j‘
Fig.l The 5 (B}, ¢(E,) and §(E,) dependences for
tungsten {100} side at =80 K.

The measurement of monocrystals secondary-emission charac-
teristics at T=80K began in (1,5-2) hours after filling of the liquid
nitrogen in vacuum bottle, in which the experimental device
was placed. On fig.1 and fig 2 the dependences n(£,), o(E,)

and §{E,} for W two sides {100} and {111} are given as
illustration of primary experimental material received in these
experiences.

Here:

77 (Ep) is primary electrons inelastic reflection factor,
o(E,) is complete secondary electron emission factor;
J(Ep) is true - secondary electron emission factor;

E, is primary electrons (falling on a target) energy,

§6q
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Fig 2. The n(E,), o (Ep) and & (E) dependences for
tungsten {111} side at =30 K.

From fig.l and fig.2 follows, that decrease of crystal’s
temperature is causes to sirengthening of their structure.
Much more evident and more precisely it can be seen, if the
appropriate curves concerning the different temperatures to
put on one diagram. It is made in a fig. 3 and fig.4 for a side
of the investigated W crystals.

It is visible from the fig.3 and fig.4 data that decrease of
temperature practically does not influence on absolute values
of tungsten (SEEF). _

Also it does not change appreciably the 1.st order
structure. The influence of a crystal cooling is obtained,
firstly, in the essential increase of amplitudes of structure
nonmonotonities of the 2-nd order at =300 K, and secondly,
in occurrence of new (not observable at T=300 K) maximum
and minimum of structures of the 2-nd order,
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The differently the Mo crystals have another behaviour at
cooling. For them, alongside with the above mentioned
strengthening of the 2-nd order structure, as a rule, in most
cases the common shift of curves in the part of factors
reduction was observed.

Q\
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Fig.3. The 1 {E;) dependence for tungsten {100} side a1
7=80 K., T=300 K and T=1300 K.

Let address to consideration of the data received at
T>300K. For the #'s {100} and {110} sides the #(E,)
dependences, measured at =1300K, are shown on fig.3 and
fig.d. Tt is visible, that the increase of crysial temperature
results, on the contrary, to smocthing of curves structure:
disappear completely the nonmenotonities of the 2-nd order
sttucture and the 1-st order structure is less expressed.
Especially distinctly it is appreciable at the & {100} side
(fig.3), for which, as was specified above, the 1-st order
structure is shown most strongly.

The smoothing of 7¢E,) curves structure at increase of
the crystal temperature was observed for Mo samples.

The basic atiention, according to specified above, in this
part of work was inverted on measurements of (SEEF) at
liquid nitrogen boiling temperature (=30K).

The research of monocrystals (SEE) at low temperatures
is carried out in the present work for the first time. In a
number of cases the (ERF) was measured at the increased
temperatures of samples (=1000+1300K).
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Fig.4. The o (E,} and 6 (E;) dependences for tungsten (100)
side at T=80 K and T=300 K.

It shown, that the downtum of crystal temperature appreciable
strengthens the 2-nd order structure on #(E,), o(E,) and
d(E,) dependences and even reveals its additional features.
Much more poorly the downturn of temperature has an effect
on the 1.st order structure. For molybdenum the cases were
observed, when the cooling of a ¢rystal was accompanied by
common small shift of secondary-—-emission characteristics in
the party of smaller values.

Apparently, it is connected with the adsorption phenomena. At
the crystal temperature increase, on the contrary, there is a
smoothing of structure nenmonotonities of the investigated
n (E;) dependence.

It is specified that the influence of a crystal temperature
on structure of basic secondary - etnission characteristics, obtained
on experience, is caused by the electron-phonon interactions.

(1] LN Dobretsov, MV. Gomoyunova. Emissionnaya
electronica, lzd."Nauka", M., 1966. (Russian).

[21 AR Shuimdr V.V. Korabfev, Y.A. Morozov, 1zd. AN
S8SR, ser. fiz,,33, 1218, 1971. {Russian).

N.M. Tabatabaei, B.Z, Oliyev, A.Z. Panahoy
VOLFRAM VO MOLIBDI*;N MONOKRISTALLARININ IKINCI NOV ELEKTRON EMISSIY ASINI
XARAKTERIZO EDON oMSALLARIN TEMPERATUR ASILILIQLARI

Volfram va molibden monokristallarinda ikinci niv elektron emissiyas! prosesini xarakterize eden parametrlarin temperatur
asihhiglan tedqiq edilmigdir. Mileyyen edilmigdir ki, kristahn temperaturunun ikinei ndv emissiyasimn xarakteristikalarina tesir

effekti, elektronlarla fononlarin qargihiqh tesin ile mikeyyanlagir.

H.M. Tadaradaen, .3, Annes, A.3. [Tanaxos
TEMIEPATYPHBIE 3ABHCHMOCTH KOS@@CHLIMEHTOB BTOPUYHOHA IEKTPOHHON
IMHCCHH MOHOKPHUCTAJLJIOB BONBPPAMA H MOJHBIEHA

HccneaoBalil TapaMeTphl, X2pakTepu3yiolide NpoLece BTOPHYHON INEKTPOHHOH IMUCCHH MOHOKPHETANNIOB Bonbhpama ¥ MonHbacHa
Npu TEMIEPATYPAX XMAKOLC a30TA. YCTAHORANEHO, 4TO OOHapyeHuble 3(eKTl BAHAHWA TEMNEPATYPEl KPHCTATNA HA CTPYKTYPY
OCHOBHAIX XapakTepucTik B33 o6ycnogneHb 21aHM0aedCTBUAMUK HEKTPCHOB ¢ (POHOHAMH.

Received: 10.12.01



FIZIKA 2001

CiLD VII Ne 4

THE INVESTIGATION OF STRUCTURAL, ELECTRIC AND PHOTOELECTRIC
PROPERTIES OF n-CdS-p-CdTe HETEROJUNCTION, OBTAINED BY
THE DIFFUSION ANNEALING

L. A. ALIEVA
Institute of Physics of Azerbaijan National Academy of Sciences
370143, H Javid av., 33, Baku

In the present work the original experimental results on properties of n-CdS-p-CdTe heterostructures, obtained by the diffusion
anncaling of two-layer CdS-Te structures are presented. It has been established that the CdTe layer is created in the vacuum or the inert
atmosphere on the CdS and Te boundary by annealing of the CdS-Te structures. Electric and photoelectric properties of CdS8-CdTe-Te
structures have been investigated. The CdS-CdTe-Te structures band energy diagram explaining the photoelectric properties of these

structures has been constructed.
INTRODUCTION

The ATBS-CdS, CdTe compounds are of the special
interest for their use as compenents of the cheap and effective
thin-film solar converters [1,2].

Works, devoted to the creation of the heterojunction in the
CdS-Te system are few [3,4]. The creation of the n-CdS-p-CdTe
by means of the diffasion annealing in the CdS and Te
system is of the great interest because of the opportunity to
create the two-phase wurtzite-sphalerite systems in an one
erystal. The choice of the method for the production of the
given heterojunction has been dictated by the simplicity and
technological availability.

THE METHODS OF THE EXPERIMENT

The n-CdS-p-CdTe heterojunction has been created by

the following methods:
1. The tellurium film of 1-2 pm thickness has been produced
by the vacuum evaporation on a substrait of the monocrystal
CdS of the specific resistance p =001 Qcm. Then these
structures have been placed in the ampoule and have been
annealed in the inert atmosphere at temperatures 380-500°C
during 10-30 minutes with the following sharp cooling.

Ohmic contacts have been produced on the CdS and Te
by the vacuum evaporation of the indium. The air has been
evacuated from the ampoule and this ampoule has been
connected with the special system, which was providing the
inert medium. :

2. The Te film has been produced on the glass substrate by
the vacuum evaporation at the room temperature, Then the
CdS film has been put on this film by the vacuum
evaporation of the monocrystal CdS of the specific resistance
15 Ohm. cm; moreover the mask configuration has been
chosen so, that the CdS film would partially cover the Te
film. The substrate temperature has been 170-190°C at the
covering. Later the annealing of the obtained structure m the
vacuum has been carried out at the temperature 330°C during
30 minutes with the following cooling in an hour. Ohmic
contacts were prepared by means of the vacuum evaporation
of the In (indium) on the CdS film and the deposition of the
In-Ga alloy on the Te layer.

3. The piece of the monocrystal Te has been melted into the
monocrystal CdS at the temperature 450°C. The melting has
been carried out in the vacuum camera of VUD-4 device in
the inert atmosphere 10" mm mercury column during 10 min.

with the foliowing slow cooling (at the rate of 14,2 grade/min. ). The
temperature was controiled by the chromel-aluminium (C-A)
thermocouple attached to the sample Indium to » CdS and In-Ga
alloy to the tellurium have been used as ohmic contacts.

EXPERIMENTAL RESULTS AND THEIR
DISCUSSION

The investigation of the X-ray diffraction and also electric
and photoelectric characteristics shows, that the CdTe layer is
created between the tellurium and cadmium sulphide in all
three types of CdS-Te structures, described above. X-ray
diffractograms of the CdTe structure of the type 2 are shown
on the fig. 1. Diffractograms have been registered both at the
presence of the CdS layer (fig. 1a, the Cu K, radiation was
used), and after the selective etching of the CdS layer in the
HC| solution {the Co K, radiation was used on the fig.1b).
Three lines of 2623 30°, 26, 45°, 27, 20° are given on the fig. }.a.
Lines of 28 =26,45°,27,20° cotrespond to the reflection from
(002) and (101) planes of the hexagonal CdS with the
principal orientation of grains in the direction of c; and to the
perpendicular plane of the bulk. The weak line of 26223,80°
is identified with the (111) plane of the cubic granecenired CdTe.
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Fig |, X-ray diffractograms of the Cd$-Te structures of the

type 2 before (a; Cu K,=1,5418 A radiation) and after
{(b; Co K, 2 =1,7002 A radiation).




Two intensive lines of 28 = 23 80° and 32,05° are given
on the fig. 1.b. Calculations of interplanar distances show,
that these lines are identified with (111) and (200) planes of
the cubic CdTe.

Therefore, the analysis of X-ray diffractional figures of
CdTe structures of the type 2 points to the presence of the
CdTe layer between CdS and Te films.

\ 2
A a)
i3
i 2l
4 //1
3
= oF A D& OB B
< W "r...-
2
2.
3%
4]
E b

Fig. 2. Dark (a) and light (b) VAC of p-CdS-n-CdTe structures
of the type 1,2,3. The lighting by the sun simulation of
#=100 mW/cm?.

As it is known the mechanicm of the CdTe creation is
connected to the exothemicity of the creation of Cd and Te
atoms [3]. The temperature gradient, directed from the
boundary to the volume of the tellurium film, arises at the
expense of the local heat release on the boundary. The
distribution of the vacancies concentration in the tellurium
has the identical nature, At the first moment atoms of Cd
diffisse in Te with the creation of the CdTe combination. The
vacancies concentration in the growing layer, directed to the
opposite direction, stimulates the diffusion of cadmium atoms
through the growing layer of the CdTe in the tellurium and
leads to the growth of the layer thickness of the cadmium
tetluride in consequence of the reactive diffusion. By this the
beundary between the cadmium tefluride and teflurium moves
in the direction of the Te [3]. As the excess of Cd atoms

57

always exists in the CdS, then the creation of the CdTe layer
between Te and CdS may be also explained by the previous
mechanism. Dark (fig.2a) and light (fig. 2b) volt-ampere
characteristics of three types of n-CdS-p-CdTe samples are
shown on the fig,2. As it is seen from the figure, volt-ampere
characteristics of three types of samples are asymmetric and
manifest the sufficient photosensitivity (fig.2b).

Photoelectric parameters of samples of types 1,2,3 have
the wvalue 7,~0,14 mA/em?; V. ~0,18V; F,~5mA/cm?
V,~0,24 V and 7,~0,8 mA/ cm?; V,.~0,21 V, respectively.

Let us note, that all three types of the CdS-Te sample had
not manifested the rectifiable properties before the realization
of the thermal treatment and were non-photosensitive. It is
the confirmation of the fact, that the new CdTe combination
is created between CdS and Te.
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Fig. 3 The spectral distribution of the density of the photocurrent of
the short circuit of 7. structures of the type 1, 2, 3.
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The spectral distribution of the density of the photoelectric
current of the short circuits, .. of the CdS-CdTe structure is
shown on the fig.3. Tt is seen, that the form of the . spectra
is identical for all types of samples, the short-wave maximum
is caused by the absorption in CdS at < 0,5um and the long-
wave boundary of the photosensitivity corresponds to the
width of the forbidden band of the CdTe layer; Ex1.44eV
(A=0.86pm), which is created between CdS and Te. As it is
seen from the fig.3, this layer is enough photoactive and the
photosensitivity is caused by the light absorption in CdTe in
the interval of the length of waves 0,5-09um. As it is
concern the oscillation j .. in this region, then it is obviously
connected with the interference of the incident light in the’
CdTe layer. The thickness of the CdTe layer, determined
from the interference patterns (for example, for sample of
type 2) makes =l pm.

The type of the conductivity and the specific resistance of
the rest of the CdTe layer have been measured for samples of
the type 2 after the selective etching in the HCl solution of
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the CdS film. Measurements showed, that the CdTe layer has
the p-type of the conductivity of the gspecific resistance
=0, 1Qem. The specific resistance of the CdS film has made
102Qcm. The estimation of the carriers concentration in CdS
and CdTe gives the value n~2.10"%m™ and p=7-10"em™.

Fig.4. The supposed band energy diagram of Cd$-CdTe-Te
SErUCLUres.

Using these data, we show the supposed band energy
diagram of n-CdS8-p-CdTe-Te structure on the fig.4. As it is
seen from the diagram, the band bends have identical signs to
the right and left of the CdTe layer, in other words, fields
signs are opposite on boundaries of CdS-CdTe and CdTe-Te.
Cbviously, low values of photoelectric parameters of the
obtained CdS-CdTe heterostructure are explained by this.

CONCLUSION

1.- It has been established, that the CdTe layer is created on
the boundary of CdS and Te at the annealing of the CdS-Te
structure in the vacuum or the inert atmosphere.

2." Electric and photoelectric properties of the CdS-CdTe-Te
structure have been investigated, the band energy diagram of
the CdS-CdTe-Te structure has been constructed, explaining
photoelectric properties of these structures.

[11 LA Alieva, T.D. Jafarov, A.l. Bairamov and V.D. Nov-
ruzov. Fizika Cild 6. 2000, N2, pp. 4648,
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Semiconductor Science and Technology 12 SST/ABC,
1999, pp. 1234-1239,

[3] R.W. Dutton and R.S. Muller. Solid. State Electronics.
Pergamon Press, 1968, vol. 11, pp. 749-756.
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L.9. Dliyeva

DIFFUZION ISLONM®S YOLU {L® ALINMIS 2 CdS - p CdTe HETEROKECIDLORININ STRUKTUR,
ELEKTRIK v FOTOELEKTRIK XASSOLORININ TODQIQI

Meqgalede ikiqat Te-CdS strukturunun termik islenmesi neticesinde alinmug CdS-CdTe heterokegidinin xasselori iizre orijinal

cksperimental noticalor alimmigdir.

Miuayysn olunmusdur ki, CdS-Te strukturunun vakuumda ve ya tesirsiz qaz miihitinde islenmasi zamam CdS ile Te tebagasinin
satheddinde CdTe tebegesi yaramr., CdS-CdTe-Te strukturunun elektrik ve fotoelekirik xasseleri tedgiq olunmusdur. Ahoan
naticolor esasinda bu strukturun fotoelektrik xassolerini izah eden zona diagram qurulmugdur.

JLA. Arnera

HUCCJEXOBAHME CTPYKTYPHbIX, 3JTEKTPHUECKHUX H ®OTOIAEKTPHYECKHX CROACTE

IETEPONEPEXOIOB n- CdS-p-CdTe, NOAYYEHHLIX THOOGYIHOHHBIM OTXKHIOM

B Hacrodmel paboTe NPHBCACHB! OPHIHHAABHBIE JKCMCPHMEHTANbHbEE PesynbTaThl o ceoficTeam n-CdS-p-CdTe retepocTpykryp,
nonyycHABIX AMQhYIHOHERIM oTHHroM AByxciofinbix CdS-Te- crpyktyp. YeTatopaeHo, ato npu orkdre CdS-Te cTpyRTypw B BaKyyme
UM pHepTHOH atMociepe Ha rpandue CdS u Te obpazyeren cnodt CdTe. Mecneaopane: snextpuaccide # (oTo3nEKTPHYECKHE CBOficTBA
CdS-CdTe-Te crpyxrypet. [TocTpoena 3HepreTHueckad 30HHaR auarpamma CdS-CdTe-Te cTpykTyphl, 00bscafomas (GOTOINEKTPHISCKHE
CBOMHCTBA 3THX CTPYKTYP.
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THE CALCULATION OF THE GETTERING EFFICIENCY OF THE
CHARGE-COUPLED DEVICES '

F. D. KASIMOV, E. S. MAMEDOY
Azerbaijant National Aerocosmic Agency
Azerbaijan Technical University

The calculation of the gettering efficiency of silicon CCD-structure (charge-coupled devices) has been carried out by means of the
microscopic model of the gettering layer capacity, taking inte account progesses of the capture and the ejection of impurity atoms to runoffs.
1t has been shown, that the temperature of the process, parameters of the gettering layer and also the initial impurity concentration have the

essential influence on the gettering efficiency.

In spite of variety of devices with the charge transfer,
where capacities of both the p-n junction and the Shouki
barrier are used [i-3], base of their majority is the MOS-
condenser. Therefore the great attention is paid to research of
electrophysical properties of $i-$i0, structure and the growth
of their stability [4]. Problems of the growth of the charge
wansfer efficiency in CCD-structures and their quick-action
essentially depend on the quality of the swrface of the
monocrystal silicon film, which is determined essentially by
the gettering operation [35]. The specific charge capacity of
the volumetric channel of the CCD-structure is reduced in
comparison with the surface channel and demands the
decrease of the density of the generation-recombination
centers, the suppression of different types of heterogeneities
in the silicon and on the boundary surface. On this reason the
gettering has to be intensified, satisfying the technology of
CCD-structures with the surface channel and the internal
getter has to be created in the initial plates of the silicon [6].

Existing methods of the gettering have essential defects
[7), concluding, firstly, in the large duration and the high
temperature of the treatment, the instability of gettering
centers, usually introduced in the plane at the first stage of
the microscheme preparation and capable to the decay in the
process of the prolonged high-temperature operations.
Therefore it is necessary to create new efficient methods of
the formation of the gettering centers.

By means of C-V-characteristics measurement of MOS-
structures, formed on the base of silicon plates, the getiering
efficiency of their volume atr the introduction of gettering
centers by means of the rapid thermal treatment (RTT) has
been shown in [8]. The RTT operation has been produced on
the ITT-18M device by samples irradiation by the incoherent
IR radiation [9]. The gettering efficiency is determined by the
value of the product of part of the substrate volume, occupied
by the gettering layer, on the segregation coefficient of quick-
diffused impurities (QDI) on the boundary surface of the
gettering layer-substrate. Such approach allows to explain
experimental results of the impurity redistribution in the
substrate-gettering layer system at known empirical values of
the segregation coefficient of the QDI for concrete conditions
of gettering operations. However, the experimental determination
of the segregation coefficient for different gettering
conditions and levels of the substrate soiling is the
sufficiently laborious task. The microscopic model of the
gettering layer capacity, taking into account processes of the
capture on runoffs and ejection of impurity atoms in the
gettering layer [10], allows to avoid these difficulties.

Structural defects of gettering layers provide the reduction
of the free energy of atoms of QDI in the gettering layer in

comparison with the substrate. In the gettering process atorns
of QDI diffuse on the interstices of the crystal lattice of the
substrate, reach the gettering layer; are captured by structural
defects in it and become low-mobile.

Any structural defects of the gettering layer may be
presented in the form of one or several centers of the impurity
capture. The dependence of the energy E of the impurity
atom on the x coordinate near the capture center is shown on
fig.1,a.

& w

¥ {Hh) Mo

a b
Fig.1. The encrgy diagram of the capiure center of impurity
atom {a} and the scheme of the distribution of gettering
impurities in the substrate with the gettering layer (b).

The given energy diagram includes energetic barriers for
interstitial diffusion of quick-diffusing impurities E;, for the
atom transfer of these impurities from the interstice to the
center of capture £; and for the reverse transition £-.

Let us assume, that the monocrystal substrate of the H
thickness, homogeneously alloyed by the monotype QDI with
the concentration N=N.., , exists in the initial state. The
concentration of structural defects is low in substrates and
therefore atoms of quick-diffusing impurities are placed
mainly in interstices [i1]. The gettering layer of the H
thickness is created on the reverse side of the substrate,
containing monotypical capture centers with the concentration
N The gettering layer may be characterized by the surface
density of capture centers because of its small thickness with
respect 10 the substrate. Later the substrate is exposed to the
thermal treatment for the redistribution of QDI from the
substrate 10 the gettering layer. The new equilibrium concen-
trations of quick-diffusing impurities (N, N, are establi-
shed in the substrate and in the gettering layer. The concen-
tration of structural defects is high in the gettering layer and
only the part of centers is filled by atoms of quick-diffusing
impurities:

Neo = Neps + Ner M
where N_,; and N, are concentrations of free and filled by
impurity atoms of capture centers respectively. The following
expression was obtained in [10] for the segregation coefficient:
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ke =I+2_Ii{[l+2(kmu _l)(NsQ;Nco_;h/H} + (kmx _1)-2(N510_/_Nca_"j'hZH)2]2 -(kmm; -IXNSIO /Nco-h/H)_l}

Kppo=1- Nsio expl(E, - B,V kT)
N

whete k... is the limiting value of the segregation coefficient,

obtained at low congentrations of quick-diffusing impurities

in initial substrates, ¥,c; is the limiting solubility of interstitial

atoms of QDI.

The conception of the cleaning degree is used for the
estimation of the gettering efficiency, dy=Nc;o/N.; is the
value, showing in how many times the concentration of QDI
has reduced near the working surface of the substrate in
consequence of the gettering, N, is the concentration of interstitial
atoms of QDI in the substrate and in the gettering layer after
the gettering completion,. It is easy to obtain the expression for
the cleaning degree from the equation of the impurities
balance [12]:

(3

oy = 1+(k; — 1) h/H (4

It follows from relationships (2)-(4), that the cleaning
degree is determined by the comcentration Ny and by the
nature of capture centers (AE=E,~E,), by the temperature of the
gettering process, by the part of the substrate volume, occupied by
the gettering layer hi/H and by the type of the QDI (Nyg).
Results of calculations of the cleaning degree, according to
formulas (2)-(4), are shown on fig. 2 for the basic set of
gettering conditions and parameters of the structure:
T=1273K; 4E=0.5eV; No=10"m>Ng;=10"m”; h=10"m;
H=4-10"m. The known quantitative characteristics [12] of
temperature dependences of the limiting solubility of atoms
of copper, gold and iron in the silicon have been used at
calculations. The following conclusions may be done in the
result of the carried out calculations.

The gettering efficiency reduces with the growth of the
temperature (fig.2,a). The gettering layer capacity grows
according to the exponential law at the temperature reduction.
It is necessary to remember, that calculated values of the cleaning
degree are limiting for the -given temperature. The gettering
efficiency will be determined also by the gettering coefficient
at low temperatures and the limited time of the process.

The gettering effect becomes essential only at the presence of
the sufficient number of capture centers in the gettering layer
{fig.2,b). The minimum necessary concentration of capture
centers, determined by the level 8,10, essentially depends
on the type of the gettering impurity.

Since practically all QDI are contained in real silicon
plates, then, according to the fig. 2,b, the density of capture
centers should exceed 10 cm? in the gettering layer.

Such situation is realized, if the gettering layer is
saturated by vacancies, is in the stressed compression state
and is alloyed by the slowly diffusing impurity on interstices.
COme and the same gettering layer possesses by the different
gettering capacity with respect to different QDI exactly in
connection with the different limiting solubility of impurities.
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Fig.2. The dependence of the limiting cleaning degree of the

working surface of siliceous plates on the temperature of
the gettering process (a), on the concentration of capture
centers in the gettering layer (b), concentrations of atoms

of iron (1), gold (2), copper {3) — in the initial substrates {c).

The most high values of the cleaning degree occur for
atoms of iron, possessing by the low limiting solubility in the
silicon (fig.2). The figure 2 illustrates the essential dependence of
the gettering efficiency on the initial impurity concentration
in the plate. The sharp fall of the geterring efficiency at high
levels of the pollution of initial plates is caused by the fact,
that the impurity concentration in the gettering layer grows
quickly in the gettering process and reaches summary
limiting solubility: (N;g;+Ngs). Then capture centers in the -
gettering layer are practically completely filled and this layer
loses the gettering capacity with respect to the rest in the QDI
substrate. The loss of the gettering capacity of the gettering
layer begins on the identical levels of the pollution of initial
substrates independently of the impurity type. The use of
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more effective capture centers with the higher value of the
energy barrier AE=E,-E; does not allow to increase the
cleaning degree of the substrate. In given case the cleaning
degree may be increased only by means of the growth of the
number of capture centers in the gettering layer,

Therefore, it has been established, that the initial
concentration of QDI has essential influence on the gettering

TTERING EFFICIENCY OF THE

OF THE DEVICE WITH THE CHARGE BOND

layers efficiency side by side with the temperature of the
gettering process and parameters of the gettering layer.

The given model of the gettering efficiency takes into
account both parameters of initial substrates and
characteristics of getiering layers, and may be used at the
choice of methods and conditions of the getering layer
creation on defined substrates.
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F.C. Qasimov, E.S. Mammadov

YUK SLAQOLI CIHAZ STRUKTURLARIN HETTERIRLOMS EFFEKTIVLIVININ HESABATI

Miixtelif metallar igiin asqar atomlanin axina zebt etme va tullanma proseslerini nezers alan hetterirloma tabagasinin wtumu-
nun mikroskopik medelinin kémeyi ile silisium YSC-strukturlarin (yik slaqeli cihaz—struktur) hetierifeme effckililiyinin hesabat
aparibmigdir. Gasterilmigdir ki, hetterirlams effektliliyine prosesin temperaturu, hetierirloms parametrlari, hamginin agqarlarm ilkin

konsentrasiyasi kifayet godar tosir géstarir.

& . Kacumos, 2.C. Mamenon

PACYET 3®OEKTUBHOCTH TETTEPHUPOBAHNA TII3C-CTPYKTYP

[TpoeeacH pacder pPeXTHBHOCTH METTEPUPOBAHHA KpeMHMEBHIX [13C-CTPYKTYD NpH TIOMOWIH MHKPOCKONHUECKOH MOAEAH eMKOCTH
FeTTEPACTOA, YMMTRIBAIOLLEH MPOLIECCH 3AX8ATa W BRIGpPOCA NIPHMECHBIX ATOMOB Ha CTOKH. [10Ka3aHO, YTO HA APQCKTHEHOCTE rETTEPHPOBRa-
HHA OKa3LIBACT CYLIECTREHHOE BAHAHHE TEMNCPATYPA NPOUSCCa, NAPAMETPE! TSTTEPOCIOA, & TaKKE HCXOAHAR KOHUSHTPALNA NPAMECEL.
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INFLUENCE OF A SURFACE CONDITION ON THRESHOLD
CHARACTERISTICS OF FERROELECTRIC LIQUID CRYSTALS

AR. IMAMALIYEV, S.Z. TEMIRNIYAZOVA
Baku State University
Baku 370148, Z Khalilov str.23

In this paper the dependence of ferroeleciric liguid crystal threshold voltage on surface treatment (orientant covering and rubbing) has
been experimentally studied and the simpte theotetical model explaining this results has been proposed.

1. INTRODUCTION

Ferroelectric liquid crystals (FLC) attract the atiention of
researchers because of their high sensitivity to external
electric field. As a result of strong interaction of spontaneous
polarization with electric field the submicrosecond electrooptic
effect occwrs in thin planar sample of FLC [1]. In practice
the threshold voltage of this effect that depends on material
parameters of FLC and surface conditions [2] plays an
important role. In this paper the dependence of threshold
voltage on surface treatment (orientant covering and rubbing)
has been experimentally studied and the simple theoretical
model explaining this results has been proposed.

2. EXPERIMENT

An object of investigation was the induced ferroelectric
liquid crystal that was obtained by doping of smectic C
matrix :

5%

Q
(3)-(3)-CH=GH)-CH(CHy;

CH;

The spontancous polarization per unit tilt angle for this
FLC is equal to 16nC-cmdeg’’. .

The FLC-cell consist of thin film (about 5um) of FLC
between two plane-paralle] glass plates separated by thin
teflon spacer. The internal surfaces of plates are covered by
thin transparent film of Iny0y and undergo further treatment.
The later includes the covering by polyimide lacquer in order
to obtain a planar orientation and the rubbing to achieve the
monodominization of the sample.

The measurement was carried out in the device on the
basis of polarizing microscope. The threshold voltage was
obtained from transmittance-voltage dependence, when
applying triangular wave to the cell. As a threshold voltage
we take a value of voltage for which a transition to final

- a - - a,
CaH 0 @ CQoo @ QCH {38)% aniform state Stars.
C.H ,,0-@-{:1-]:-14. @-C4Hg (375 The results of the measurement are presented in the
. following table.
with polar chiral dopant
: Table
NeMe Surface conditions Celt thickness “{ - Tilt angle Threshold voltage U o
* [ Presence of Tubbing | dmm 6, deg Uen V oLl
orientant il
1 - - 6 8 . 1,7 0,16
2 - + . 6 11,3 2.3 0,13
3 + . 3,6 7 1,8 0,23
4 + + 6 il 2.5 0,13

3. DISCUSSION

We propose a simple model qualitatively explaining these experimental data. The surface free energy density for (<<}

can be presented in the form [4].

F =
pl
-d /2 2

The first term in the integrand is the elastic energy, G; is
the elastic constant corresponding to azimuthal angle change
along, the cell thickness, i.e. X axis (fig,1}. The second term is
interaction energy of the spontaneous polarization Ps and
external electric field £ .

X

The first term in the surface energy is its polar part,
Depending on the orientant nature the spontansous
polarization is directed towards the surface or from it: for

e, e i ({3 oo £ 12
instance, the condition | | — [=—@] — |=— | corresponds
2 2/ 2

[= s l a¢ 2
_[ |:— G 92(-8——) - PE sin ¢] dx + (FW0° sing + W8 cos’ ¢ + W8 sin’ ¢) ()

lto the minimum of polar part of the surface energy. The
second contribution is the surface energy due to dispersion
interaction of liquid crystal melecules with surface, which
tends  constrain  molecules  parallel  to  surface

2

necessary to obtain the monodomain sample generates an
opposite effect: it tends to align molecules paralel to Z axis

d d
¢(—J=¢( ---J'-':t-{r- . The surface profiling (rubbing) that is
2 2

d d
(¢(—]=¢(-—-)=0 or 7} which was taken into account by
2 2



the third part of the swrface energy. Coefficients w,,W. and W
are corresponding coupling energies.

The minimization of the free energy (1) with respect to
azimuthat angle leads to balance torque equation

d .
G#d_i Izaxz =[W, cos ¢x (W, —W3)Sln2¢1|*d/2 ®

in order to define the equilibrium director distribution.
In all considered cases in the absence of electric field the
equilibrium configuration corresponds to the twist state

m X
(p(x)=——+—n), that takes place for strong polar cohesive
2 d
G .
Wyz— and W,>>AW . Then we appl a weak electric field,
d

. Fia
the azimuthal angle ¢ takes a value — everywhere, except of
2

2

32¢ the range of size & = . Then the azimuthal angle
G0° —% + PEcos¢ = 0 @) Fe
X dependent part of the free energy takes the form
with boundary conditions |
1 0¢ 1\, , d d
Fl=ZG 62(——] +Wsingl— =1 - (W, —W.)cos?’ ¢| - = @)
2t \ox /2 2 £ 2

The first integral of equation (2) gives
2
d 2 .
(—2} = —2~(l - sing)
dx &
After a substitution of this expression into the equation
(4) it is not difficult too see that the value ¢(-d/2)=-n/2

Utn

_ W, + 2(W, — W) 1P 8°d . (W: + 4AW)9°d

corresponds to the minimum of energy (4} for smali fields.
When the condition P EE2{W +2(W,~W,) J6° takes place

this minimum loses its stability. From the later inequality we
obtain an expression for threshold voltage

GyF,

Since P;~8, the ratio U,,/8d does not depend on a tilt angle
for given substance and depends only on surface conditions,
The formula (5) allows us to interpret the obtained data,
The greater vaiues of U,/ 8d for last two cascs show that the
covering of substrates by orientant (polymid) strongly

5
5r, )

! increases the value of the polar part of cohesive energy. This

fact has been confirmed by independent experiments: in the
case of polymide covering the stability of twist states
increases essentially in comparison with a non-covered
substrate.
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AR, imamsliyev, 5.Z. Temirniyazova

SOTH SORAITININ SEQNETOELEKTRIK MAYE KRISTALIN ASTANA
XARAKTERISTIKALARINA TOSIR]

fsde sathin islenmasinin (oriventant gokilmesi ve silinme)} seqnetolektrik maye kristahn astana xarakteristikalarma tesiri tecriibi
Syranilmis ve tacriibi verilonleri izah eden sade nezeri model taklif edilmisdir,

A.P. Amamanues, C.3. TeMupHHazosa

BJIMSTHUE IOBEPXHOCTHBIX YCITOBHH HA NTOPOTOBBIE XAPAKTEPHCTHKH
CETrHETOJIEKTPHYECKOI O KHAKOIO KPUCTAAIA ]
B paboTe IKCNEPHMEHTANLHO H3YHCHO BITMARKHE NOBEPXHOCTHOR DOPaboTKH (HAHCCEHHE OPHEHTAHTA | HATHPAHHE) HA 3HAYEHNHE NOpO-
TOBOTC HANMPAKCHHA CETHETIINEKTPHUCCKOTO XKHAKOIQ KPHCTANAE ¥ NPHBEAEHA NPOCTad MOASHb, OOBLRCHRIOIIAN ITH AaHHBIC.
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