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THE ELECTRICAL CONDUCTIVITY OF NONDEGENERETE
ELECTRON GAS IN A QUANTUM WELL ASYMMETRIC FORM

HUSEYNAGHA HUSEYNOV
Azerbaijan University of Architecture and Construction
Baku/AZERBAIJAN

huseynov.h.i@mail.ru

ABSTRACT

In this paper, a two-dimensional non-degenerate electron gas in an asymmetric quantum well is considered
and analytical expressions for the chemical potential and electrical conductivity are found. The dependence of the
chemical potential of the nondegenerate electron gas on the well parameters: width and potential is studied. It was
found that the electrical conductivity in the scattering of charge carriers on polar optical phonons is twice greater
than in scattering on acoustic phonons. It is shown that in the case of deep quantum wells the electrical conductivity
depends linearly on the concentration and does not depend on the potential of the quantum well.

Keywords: asymmetric, quantum well, semi-parabolic, electrical conductivity.

DAEKTPOITPOBOAHOCTD HEBLIPOJXKAEHHOI'O DAEKTPOHHOI'O TA3A B
KBAHTOBOM SIME ACUMMETPUYHON ®OPME

PE3IOME

B aannoi1 paGoTe paccMOTpeH ABYMEpPHBIN HEBHIPOKAEHHEIN DAeKTPOHHEIN ra3 B KBAHTOBOI sMe acMMeTpId-
HOTO BMAA U HaliAeHbl aHAAUTIIECKIE BBEIPasKeHNs 4451 XMMIIECKOro IMOTeHIIaAa 1 9AeKTpoIpoBogHocTH. Vccae-
AOBaHO 3aBVICMMOCTD XMIMIYECKOTO IOTeHIIMaAa HEeBBIPOXKAEHHOTO 9AeKTPOHHOIO ra3a OT IapaMeTPOB SIMBL: IIVPWHbI
1 noTeHada. IloayueHo, 4ro 92eKTponpoBOAHOCT IPU paccestHIM HOCUTeAel 3apsaja Ha IOASPHBIX OIITMYeCKIMX
¢ononax B aBa pasa Ooabllle, YeM IpM paccesHNN Ha aKycTudeckux. [TokasaHo, 9To B caydae rAyOOKMX KBaHTOBBIX
SIM 3JIEKTPOIIPOBOAHOCTD AMHEVHO 3aBUCUT OT KOHLIEHTPalNM M He 3aBUCUT OT IIOTeHIMaA KBAaHTOBO SIMBIL.

Karouessie caoBa: aCI/IMMeTpI/I‘{HLIf/L KBaHTOBa: sIMa, HOAyHapa6OAMQECKMIZ, DAEKTPOIIPOBOAHOCTD.

ASIMMETRIK FORMALI KVANT CUXURUNDA CIRLASMAMIS ELEKTRON
QAZININ ELEKTRIKKECIRICILiYI

XULASO

Indiki igde asimmetrik formali kvant guxurunda cirlasmamis elektron qazina baxilmis, kimyavi potensial vo
elektrikkegiricilik {igiin analitik ifadeslor alinmigdir. Cirlasmamis elektron qaz {igiin kimyavi potensialin ¢uxurun
parametrlori: eni vo potensialindan asililigr tadqiq olunmusdur.Alnmusdir ki, elektrikkegiricilik polyar optik
fononlardan sapilmada akustik sapilms halina nisbaten iki dafs boyiikdiir. Gosterilmisdir ki, derin kvant ¢uxuru
halinda elektrikkegiricilik konsentrasiyadan xatti asilidir, lakin kvant cuxurun potensialindan asili deyil.

Acar sozlar: Asimmetrik, kvant ¢uxur, yariparabolik, elektrikkeciricilik.

1. Introduction.

Theoretical and experimental study of the physical properties of low-dimensional structures,
as well as their application in modern electronics are closely related to the level of technology
for their production. Technological methods developed in recent years: molecular-beam
epitaxy, gas-phase epitaxy and nanolithography allow obtaining low-dimensional structures
with quantum wells of different profiles [1].

The physical properties of a two-dimensional electron gas in symmetric quantum wells
have been studied in many papers, see for example [1-4]. Real low-dimensional structures are
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created on the basis of quantum wells of asymmetric form and in such structures new physical
phenomena are observed [5-8], and also using them it is possible to achive improvement of
physical characteristics of nanoelectronics devices [1]. Therefore, to study kinetic effects in such
structures is of interest. Asymmetric quantum wells can be obtained by external action (for
example, electric, magnetic fields) [5,8,9,10] and these quantum structures are successfully
used in the creation of infrared photodetectors, memory elements, single-electron transistors,
semiconductor lasers, as well as to increase the contrast of the VAC resonance-tunnel diodes.
In most works, the degenerate electron gas in a quantum well with a semi-parabolic potential
is considered, and the non-degenerate electron gas is weakly studied.

In this paper, the electrical conductivity of a nondegenerate electron gas in a semi-para-
bolic quantum well with electron-phonon scattering is studied. The influence of the parameters
of a semi-parabolic quantum well on the electrical conductivity is studied. It is shown that the
electrical conductivity in the case of scattering of conduction electrons on polar optical
phonons is twice greater than in the case of scattering on acoustic phonons. It is shown that the
electrical conductivity decreases due to the additional term, which increases in proportion to
the square of the small parameter of the well. In the case of deep quantum wells, o linearly
depends on the concentration and does not depend on the potential of the quantum well.

2. The chemical potential of a two-dimensional nondegenerate
electron gas in a semi-para—bolic quantum well.

In this paper, we consider a quantum well in a semi-parabolic form with potential energy
V(z) [12]:

2
VA
V(z) = "3(5) 0<z=dq)
©0,z<0

Here V; is the maximum potential energy, d is the width of the quantum well. The poten-
tial with this characteristic can be created when growing crystalline films on the substrate. In
these situations, both surfaces of the film are in different conditions and therefore the potential
becomes asymmetric.

In two-dimensional structures the movement of conduction electrons in the (x, y) plane is

free and the energy is of the form: e = ¢, = % (k2 + k%), but perpendicular to the layer plane

motion is limited and therefore the energy of conduction electrons is quantized & = ¢, =

hwg (Zn + %) So the energy of conduction electrons consists of two components:
- _h 2y g2 3
e=¢, +¢e, = ﬂ(kx + ky)+hws (Zn +E) ,(2)

where h is Planck's constant, m is the electron mass, ky, k, are components the wave

. . 1 ,zv .
vector of conduction electrons in the (x, y) plane, n=0, 1, 2, ... quantum number, ws; = ’ Fs is

the frequency of electrons in a semi-parabolic quantum well.

The behavior of the electron gas in a quantum well depends mainly on the position of the
chemical potential, which in turn depends on the concentration, temperature, and parameters
of the quantum well. Therefore,in the study of quantum phenomena occurring in the quantum
well, it is necessary to determine the chemical potential. To determine the chemical potential,
we proceed from the expression of the conductivity electron concentration [11].
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mkoT

ne = 2lsn o in (1458 ) )

where, {'is the chemical potential, k, is the Boltzmann constant, T is the absolute temperature.

<
The condition for the absence of degeneration of the electron gas is determined: ek «
S—En
1orek « 1. Then,
&—¢en
mkgT e koT — kOT
anz 2n=0 mdh?

¢ &n_
Nep = — ekt YT _je koT (4)

For the chemical potential of (4) we get:

el

_ mko _2hwg 1 _ _3hws
{=—koTln—=—|{1—e ®T) 4+ (1 +1)e 7| (5)

From (5) it can be seen that the chemical potential is negative and nonmonotonically
depends on the well parameters. Here it is necessary to consider the limiting cases on the
parameters of the well:

a) Deep well, low temperatures: hwg/koT > 1

¢= ~koTln 22 (6)

In the case of a deep potential well, the chemical potential is independent of the well
potential.

b) In the case hwg/koT « 1, of the chemical potential is:
+ (i +2)| @)

In this case, the chemical potential significantly depends on both of the potential and
width of the well.

mdh2n,g | 2hwg

3. Electrical conductivity of a nondegenerate electron gas in
an asymmetric quantum well.

To determine the electrical conductivity of a non-degenerate electron gas in a semi-
parabolic- quantum well for the geometry E(E,,0,0) , we use the formula of [11].

Oxx __ Zz:oFr+1(éj_£;l) Zn 0O —En)f ( 680)(8 —eR)ae 8
oo XR_,0(C-g) 2n=o@(s ) ®)

Here F,.1 (¢ — &) = [ : (— Z—f;) x"dx- is the Fermi integral, which for non-degenerate elec—

tron gas is expressed in terms of gamma functions [13]: F.(¢" )=e5 I'(r + 1), where r is the scat-
tering parameter, which is included in the formula for the relaxation time of a two-dimensional

*

_ ok € _&n ex_ G _ s .. .
electron gas [14], x = ¢ = kol &n = Kol = P 0 (& — &,) - is a Heavisite step function.

When scattering on acoustic phonons (r = 0) for electrical conductivity using formula (8),
we obtain:

afo

Oxx _ oo 0(e" —Sn)f (-3 f—ep)de” )
0o @(s —sn)
ez‘rono mh?d (2mkoT\" 1 mkoT
where, g, = Ty = ( ) —, Ny = .
7 <0 m 70 m h2 A7 07 manz
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From formula (9) for non-degenerate electron gas using the asymptotics of the Fermi
integral, we have

_hws\ ™ _3hws
eFoT [— 1—e koT) p kor](m)

0'0 ak

In the case of scattering of charge carriers on polar optical phonons (r =1) from the formula
(8) for electrical conductivity we obtain:

P _hwsy ™ _3hws
Txx — 9 Ixx — DekoT [— 1 —e koT) +e "OT] (11)

00.0p 00.ak

Comparison of expressions (10) and (11) shows that the electrical conductivity is twice
greater when scattering on polar optical phonons than when scattering on acoustic phonons.

Substituting the expressions for the chemical potential (5) in the formula (10) for o, we obtain:

( 2hws\"! 3hwg

1-e koT) +e koT

1

Oxx _ mhPdng ™ (12)
) mkoT Kol y ny2

2hwg

When hw,/kyT >1 from formula (12) we have:

Oxx _ Th%dng 1 (13)
oo mkeT (A+1)(fi+2)

From (13) it follows that in the case of a deep quantum well, the electrical conductivity
linearly depends on the concentration of conduction electrons and the width of the well, and
inversely depends on temperature.

In the case of hwg/koT «1, the electrical conductivity is determined by the following
formula:

Oxx _ wh2dng; [L hws ] (14)

Op kaT n+1

It follows from (14) that in the case of a deep quantum, o depends on both the width of the
well and the potential, and the electrical conductivity decreases by a value proportional to the
square of the frequency of the semi-parabolic potential of the quantum well.

4. Conclusion

In this paper, we consider a two-dimensional non-degenerate electron gas in an asym-
metric quantum well. Analytical expressions for chemical potential and electrical conductivity
are found. The dependence of the chemical potential of a nondegenerate electron gas on the
well parameters: width and potential is investigated. It is found that the electrical conductivity
in the scattering of charge carriers on polar optical phonons is two times greater than in
scattering on acoustic ones. It is shown that the electrical conductivity decreases due to the
additional term, which increases in proportion to the square of the small parameter of the well.
In the case of deep quantum wells, o linearly dependent on the concentration and independent
on the potential of the quantum well
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RADIATIVE HIGGS BOSON DECAYS H(h; A)= ffy IN THE MSSM

OMAROVAE. SH.
Baku State University
Baku / AZERBAIJAN

emiliya.abdullayeva@inbox.ru

ABSTRACT

In the framework of the Minimal Supersymmetric Standard Model, we studied the bremsstrahlung of a
polarized photon in the decay channels of Higgs bosons into a fermion-antifermion pair: H(h; A) = fy . Feynman
diagrams corresponding to the emission of a photon by a fermion and an antifermion are considered. Taking into
account the longitudinal polarizations of the fermion pair and the circular polarization of the photon, analytical
expressions for the decay width are obtained. The degree of circular polarization of the photon, the degree of
longitudinal polarization of the fermion, and also the angular asymmetry of the front and back are determined. The
dependence of these asymmetries on the polar angle § and the invariant mass x of the fermion pair is studied in
detail

Keywords: Minimal Supersymmetric Standard Model, Higgs-boson, fermion pair , photon, decay width.

MSSM-DO HiQQS BOZONLARIN RADIASIYA PARCALANMALARI H(h; A) = ffy

XULASO

Minimal Supersymmetrik Standart Model ¢argivesinde Hiqqs bozonlarin fermion-antifermion ciitiine
parcalanmast kanallarinda polyarlasmis fotonun tormozlanma siialanmasi proseslari tadqiq edilmisdir: H(h; A) = ffy .
Fotonun fermion ve antifermion terafinden siialanmasina uygun Feynman diaqramlarina baxilmisdir. Fermionlarin
uzunua, fotonun iss dairavi polyarlasmalarini nazers almagqla, parcalanma kanallarmin enlari tigiin timumi ifadslar
alinmisdir. Fotonun dairavi polyarlasma daracesi, fermionun uzununa polyarlasma daracasi, heamginin da ireli-geri
bucaq asimmetriyasi toyin edilmisdir. Homin asimmetriyalarin polyar # bucagmdan va fermion ciitiiniin invariant
x kiitlasindan asililiglar: atrafli Syrenilmisdir.

Acar sozlar: Minimal Supersimmetrik Standart Model, Hiqqs bozon, fermion ciitii, foton, parcalanmai eni.

PA AVIOLIVIOHHBIE PACITAABI XUITC BO30HOB H(h; A) = ff}/ B MCCM
PE3IOME

B pamxax Munumaarnorn Cynepcummerpuanoit CtaHaapTHot Mojean mccaegosaH TOPMO3HOe M3AydeHMe
I1oAspu30BaHHOIO (POTOHA B KaHaJlax pacraga Xurrc 6030H0B Ha pepMMoH-aHTH(EPMUOHHYIO I1apy: H(h; A) = ffy .

Paccmotpens! gnarpammbl PejfHMaHa, COOTBETCTBYIONE M3AydeHmO ¢poToHa ¢pepmuoHoM u aHTH(pepMmoHoM. C
y4eToM IIPOAOABHBIX IOAAPM3aLNii (PepMIMOHHOV Taphl ¥ ITUPKYASAPHON HOoAApu3anuy (POTOHA IT0AyJIEeHBI
aHaAMTIYeCKe BBIPaKeHNsT AAs IIMPUHBI paciiafos. OnpejeaeHsl CTelleHb UPKYASPHON roAspusanyy GpOToHa,
CTeIleHb IIPOJOABHO MoAApu3anyy pepMIOHa, a TakKe YIA0Bas acMMeTpus Bllepea-Haszad. IloagpoOHO usydeHa
3aBMICHIMOCTD DTVX aCMMMETPHII OT IOASAPHOIO yIAa 6 ¥ MHBapMAHTHOM Macchl X (PePMMOHHOI MapHl.

Katouaesnie caosa: MunumaarHas Cynepcnvmverpranas CrangaptHas Mogean, Xurrc-6030H, ¢pepMmoHHas
napa, GOTOH. IIMpPHHA pacraja.

1. Intorduction

The Standard model (SM), based on the local gauge symmetry SU (3)xSU (2)xUy (1),

describes well the physics of strong and electroweak interactions between quarks and leptons

Manuscript receved 19.07.2019 8
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[1-4]. A doublet of scalar fields = (‘”;], a neutral component, which has a nonzero vacuum
%4

value, is introduced into the model. As a result of spontaneous symmetry breaking due to
quantum excitations of the scalar field, the standard Higgs boson Hg), appears, and due to the

interaction with this field, the gauge bosons (W™, 2%, quarks and charged leptons acquire
mass. This mechanism of particle mass generation is known as the mechanism of spontaneous
breaking of Higgs symmetry

The Higgs scalar boson search program was one of the main tasks of the Large Hadron
Collider (LHC) at CERN. The discovery of the Higgs boson with characteristics consistent with
the predictions of SM was carried out by the ATLAS and CMS collaborations in 2012 [5, 6] (see
also reviews [7-9]).

In the very first experiments conducted at the LHC, the basic properties of this particle
were established. The Higgs boson is a scalar particle with spin zero, possessing positive

parity, a nonzero vacuum value, mass of about 125 GeV, interacting with W * and Z° bosons,
as well as leptons and quarks with a constant proportional to their masses. With the discovery
of the Higgs boson in SM, a new stage began to study the properties of the fundamental
interactions of elementary particles. In this regard, interest in various channels of the
production and decay of the Higgs boson has increased significantly. Various properties of the
Higgs boson were studied in a number of works [1, 2, 10, 11].

Along with the SM, the Minimal Supersymmetric Standard Model (MSSM) is widely
discussed in the literature [4,12-17]. It introduces two complex Higgs SU, (2) doublets with

hypercharges -1 and +1:

so—Hlo 0o =| 2
1 H1_12 Hg

To obtain the physical fields of the Higgs boson, the fields ¢, and ¢, are written as

0 1 v, +HP +iP? 0 1 Hy
L2 Hy 27 2 v, +HY+iP?

Where H{,P],HS and P are real fields describing the system excitations with respect to

the vacuum states (¢;) = 1 v, and (@,)= L v, . The CP-even Higgs bosons H and h are ob-

V2 V2

tained by mixing the fields # and Hj (mixing angle a ):
H) (cosa sina)H|
h) (-sina cosa | H?
Similarly mix the fields PP and P), Hf and H > (mixing angle f3):
G°) (cosp sinp\P’) (G*) (cosp sinBYH{
A) (=sing cosp|P) \H*) \~sinpg cosp)\H:)

Here, G° and G® are neutral and charged Goldstone bosons, A is a CP-odd Higgs boson,
and H™ is charged Higgs bosons.
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Thus, after spontaneous symmetry breaking, five Higgs particles appear in the MSSM: CP-
even H - and h-bosons, CP-odd A -boson, and charged H * -bosons. In the MSSM, the Higgs
sector is characterized by six parameters M, My, My, M ., @ and f. Of these, the

parameters M , and tgf are free. The parameter tgf is equal to the ratio 22 and varies

%1

m
within 1<tgf < m—t =35.5. Masses of CP-even H - and h-bosons are expressed by masses M ,
b
and M, :

1

M) =E[M,§+M§ + (M2 +M2)2 —4M2M? cos’ Zﬁ]

The mixing angles of fields o and f are related by

Mi+M7
tgza:tgzg.%,(_fgwoj.
MZ-M2'( 2

Higgs bosons H,h, A — can decay through various channels [see works [15,18-21]. One of
the main decay channels of the MSSM Higgs bosons is H(1; 4)=> f + f , where ff is a pair of

fundamental fermions (leptons, quarks). Along with these channels, much attention is paid to
the radiative decay of H(h; 4)= f + f +y. In [22-26], the decay width of the standard Higgs
boson Hg, = f +f +y was determined, the distribution of the fermion pair over the invariant

mass, and also the forward-backward angular asymmetry, the degrees longitudinal and
transverse polarizations of the fermions were studied.

The aim of this work is to study the degree of circular polarization of the y quanta and the

degree of longitudinal polarization of fermions in the decays of the Higgs bosons of the MSSM
Hh )= f+f+y, @

where ff is the fermion pair (lepton 7 z* or quark c¢, bb, tf pair). In the framework of the
MSSM, taking into account the longitudinal polarizations of the fermions and the circular pola-
rization of the photon, analytical expressions for the decay width are obtained. The degree of
circular polarization of the photon is studied in detail as a function of the polar angle 6 and
the invariant mass x of the fermion pair.

2. Photon emission by fermions

The radiative decay of the MSSM Higgs bosons (1) into a fermion pair is described by two
types of Feynman diagrams shown in Fig. 1. Diagrams a) and b) correspond to the emission of
a photon by fermions, and the rest are different loop diagrams (fermion, W - boson, Higgs
boson, scalar fermion and other loop diagrams).

The matrix element corresponding to the diagram a) Fig.1 can be written as:

Mi ¢ =ig9e€Q¢ [Us (P, 4)Rv¢ (P2, 42)]. 2)
Here ®=h; H;
e Py +K+m; Py +k-m,

(py +k)? _m$ (P2 +k)? —m?

10
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Ot — the Higgs-boson coupling constant with the fermion pair, (according to the MSSM,
the coupling constants of H, h and A bosons with a fermion pair are determined by the ex-
pressions given in Table 1), m; and Q; —mass and charge of fermion f, & — 4- polarization
vector of the photon, p, p;, p, and k —4-momenta of the Higgs boson, fermion, antifermion,
and photon, respectively, 4, and 4, —helicity of fermion and antifermion.

Using the Dirac equations

Us (P, A)(Pr—me) =0, (P +m¢)os(py,4,)=0,

matrix element (2) can be reduced to:

. g _
M = Ay - — [T (P, 4)R0; (P2, A2)],  (3)
Hey ff
where
:i/l”aKl?Dmf 4
w Sin By
26" p)+€k  2(e" - py)+ké” 6)
2(py -k) 2(py k)

My, —mass of W -boson, 6, — Weinberg angle, gy,  # — coupling constant of the stan-

dard Higgs boson with a fermion pair:
m
GHg, ff :T:mf [V2G:1¥2.

Here, 7 is the vacuum value of the standard Higgs boson field, G is the Fermi constant

of weak interactions.

Figure.1. Feynman loop diagrams for decay H (h;A) — ffy

f(p,) f(p,) f(pz)
H K H
_ _(E) — Y( ) _ _(B) _ (Q) f(p.)
h:A y(k) H(P) + _ He
y f, X h
f(p.)

f(p,) v Y (K)

a) b) d)
) A D ]
(0.) ﬁNl&§N<f:\ (p.)
- (q) f( a
P p.) Y
f(p.) _ Hp) o .~ H(D) N f(p.)
h R __h___{\ oL f
- Y(k) - 09
e) f) g)
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Table 1. Coupling constants of Higgs bosons in the MSSM

g@y g@.y %7

D OHg,tt 9 Hg,,bb OHgyrr
sin a cosa cosa

H sin 8 cos A cos B
Cosa _sina _sina

h sin g cos cos

A ctgs tgp t9p

From the table it follows that the coupling constants g4, the greater, the greater the mass
of the fermion m; . Therefore, during the decay of the Higgs bosons of the MSSM H (h; A), fer-
mion pairs 7 z*, ¢¢ and bb can be generated. In the decay of the heavier H - and A- bosons,

the production of a tf -quark pair can occur H(h; A) =t +t + » . Due to the low mass of fermions,

the decay channelsare H=¢ +e"+y; ¢ +u" +y;u+t+y;d +d+y;s+5+y suppressed.

The study of H(h; A)= 17~ +7" +y decays is of particular interest, since the decay channels
of the r-lepton, 7~ =7~ +v,, 7 =K +v,, and 7 = p~ +v, make it possible to measure
the polarization of the 7~ - lepton. In addition, in decays H(h;A)=7~ +7" +, a photon can
acquire circular polarization, the measurement of which is a source of additional information
about the Higgs bosons of the MSSM H , h and A.

In the case of the decay of the CP odd A boson, the matrix element is written as:

M (A— ffy) = 19 4 €Q ¢ [Us (P, A4)Rov (P2, 42)],

where

- f)1+kA+mf f)2+12—mf
V5 ~ V5"
(p1+k)2—m?

Ry = LA
(P2 +k)? —m%

This matrix element is reduced to the form:
M(A— ff_ﬂf) =—ig a €Q¢ [U (P1, 4)7sRU¢ (P2, 42)]. (6)

Based on the matrix elements (3) and (6), the expression for the decay width H(h4)= f+f+y
is obtained (in the system of the center of mass of the fermion pair = p, + p, =0 , the terms
2
proportional to the mass ratio —L are neglected):

2
D

2
ar AZM v [ Yot J N¢

= x L+ 44,1+ x2)(L-0222) +
dxdz 2°731-x) |Gy, x| (L-0°22)? {( 445)( ) )

5, (4 + ) A-0[2x0? L-22) + A= A-0’22)]),  (7)

where s, =+1 - characterizes the circular polarization of the photon (for s, =+1 - the photon
has the right, and for s, =-1- the left circular polarization), z=cos@, @ is the angle between

the Higgs momenta of the boson and fermion, x is the invariant mass fermion pair in units of
M2:

12



Radiative higgs boson decays H(h; A)= ffy in the mssm

q- s =(p1+p2)2
Ms Mg Mg

x
Il
|

)

is the fermion velocity, N¢ is the color factor (for the quark pair, Ne =3 for
the lepton pair N¢ =1).

The decay width (7) indicates that the fermion and antifermion should have the same
helicities: 4, =4, =+1 (fyfgz or f f , where f_ and fg are the right and left polarized

fermion). This is due to the conservation of the total moment in the transition ®= f + f . It

also follows from the decay width (7) that, when a longitudinally polarized fermion pair is
produced, the y - quanta acquires circular polarization.
The degree of circular polarization of a photon is determined by the formula
dr'(4;s, =+1)/dxdz—dI'(4;;s, =-1)/dxdz
7 dl(4y;s, =+1) /dxdz+d0(4y;s, =-1) /dxdz

(1-x)Rxv*-7%) + 1-x)@A-0°z%)]
1+ x?)(1-0v%2?) '

=h ©)

Figure 2 shows the angular dependence of the degree of circular polarization of the y

quanta in the decay A=7~ +7" +y at various lepton mass. It can be seen that for the values
of the cosinus of the angle 0<z<0.9 , the degree of circular polarization of the y -quanta is
almost constant, and for 0.9 <z <1, with increasing cosinus of the angle €, the degree of
circular polarization of the y -quanta decreases. An increase in the invariant mass of the 7 7" -

lepton mass x leads to a decrease in the degree of circular polarization of the y quanta.

Figure 2. Angular dependence of the degree of circular polarization

7 quantainthe A=> 7 7"y decayat 4, =+1

1

x=016
09

x=025
08

o7 | x=036
06

05

04

0 01 02 03 04 05 06 07 08 09 1

z

Figure 3 shows the dependence of P, on the invariant mass X in the decay of H=¢" +7* +»

at z=0 and z=1. It is seen that with an increase the invariant mass x, the degree of circular
polarization of the y quanta decreases monotonly.
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Figure 3. P, dependence on the invariant mass X
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X

The H(h;A)= f + f+ 7 decay width, summed over the polarization states of the particles,

is determined by the expression:

2 2 2
dr _AOM(DNCU_[ 9ot ] 1+x (10)

dxdz  1282%  (Guyn ) @Q-x)(A-0%2%)’

Figure 4 illustrates the dependence of the decay width H =7~ +7" +» on the invariant
mass X at M, =208.555 GeV, m, =1.778 GeV, M,, =80.385 GeV, sin® @4, =0.2315. As can

be seen, with an increase in the invariant mass x, the decay width increases monotonly, an
increase in the departure angle 0 leads to a decay in the decay width.

Figure 4. Dependence of the decay width H =7 " 7 on the invariant mass X
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0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9
X

Integrating the decay width (7) over he polar angle ¢ for the decay width H(h;4)= f+f+y

we obtain an expression that determines the distribution of the fermion pair over the invariant
mass X:

2
d_F_Aquﬂ’.{ Jort ] lNC {(1+2112)(1+X2)-L+Sy(/ll+ﬂz)(1—X)[—2X+(1+XUZ)L]}’ (11)

T 510 _3
dx 297 OHgy, ff -x

14
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where
v 1-v

The decay width (11) leads to the degree of circular polarization of the photon

_dr(A;s, =+D)/dx—dl'(4;s, =—-1)/dx (01— x)[-2x+ 1+ x0?)L]
7 d0(Ay;s, =+1) /dx+d0(4y;s, =—1)/dx 1+ x?)L '

(12)

Figure 5 shows the energy dependence of the degree of circular polarization of the y quanta
inthe h=7" + 7" +y decay at M, =70.025 GeV, m, =1.778 GeV. With increasing of invariant

mass X the degree of circular polarization of the y -quanta decreases.

The decay width H(h;4)= f + f + 7, which determines the distribution of the fermion

pair over the invariant mass X is given by:

2 2 2
d_F:AoMq;U. Jort 1+x In(l—H)]. (13)
dx 1287 OHg,, ff 1-x \l1l-v

Fig. 6 illustrates the dependence of the decay width h=7"+7" +y on the invariant
mass X at M, =70.025 GeV. With an increase in the fraction of the energy, the decay width

h=17" +7" +y increases.

Figure 5. The degree of circular polarization of the ¥ quanta in the decay h=7"7 " ¥ asafunction X
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Figure 6. Dependence of the decay width h = 777"y on the invariant mass X

0,12

@ . MeV
01 v

0,08
0,06
0,04

0,02 +

0

0,1 0,2 03 0.4 0.5 0.6 0.7 0.8 0,9

15



Omarova E. SH.

3. Fermion, W -boson and other loop diagrams

The matrix element corresponding to the bremsstrahlung of a photon by a fermion and
antifermion (diagrams a) and b) Fig. 1) is proportional to the mass of the fermion m; ; therefore,

the decay widths H(h;A)=e* +e  +y, HMA = u" +u +y, HhA=u+a+y, HMA=d+d +y,
and H(h; A)=s+5+y processes are strongly suppressed. However, the contribution of fer-
mion, W - boson, and other loop diagrams in these decays can be significant. Typical single-loop
Feynman diagrams are shown in Fig. 1. They are photon and Z - boson pole diagrams of the
HA)=y+7 =7+ f+f and HhA)=y+2 =y+f+f decays. In decays H(h)=f+f +y,
along with fermion and W - boson loop diagrams, there are charged Higgs boson diagrams,
scalar fermion and chargino diagrams. Fermion and chargino loop diagrams contribute to the
A= f+f+y decay (see Fig. 1).

The calculation of loop diagrams is outlined in another publication.

4. Conclusion

Within the framework of the MSSM, H(h; 4) = f + f + 7 radiation decays are considered.

The diagrams corresponding to the bremsstrahlung of a photon by a fermion and an antifer-
mion are studied in detail. Taking into account the helicities of the fermion pair and the circular

polarization of the photon, analytical expressions are obtained for the H(h;A)= f+f+y

decay width. Expressions are determined for the degrees of circular polarizations of the
photon P,(s,z), P,(s) and the degrees of longitudinal polarizations of the fermion P (s, 2),

P; (5). Numerical estimates of these quantities in the H(h; A)=7~ +7" +y decay are perfor-

med. The results are illustrated by graphs.
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ABSTRACT

In presented work physico-chemical properties of PEG-Cs0,HsNaz —H,0 two-phase systems were studied.
Building the binodal curve of this system and define the tendency angle of connecting line. Given the binodal curve
of M, = 1500,3000,6000 olan PEG with natrium citric acid aqueous solution the two-phase system in Decart
coordinates, and connecting line, at the same time also given the equation of connecting line which defined by the
method of least squares.With the influence of molecular weight of PEG to the system, obtained the binodal curve is
slipped to beginning of coordinate at the low concentrations, two-phase systems are occur with low concentration of
components which formed phases. The results show that, with increasing of molecular weight of polyethyelene
glycol the binodal curve is splinted to beginning of coordinate, in other words, the separation of phases process
occur at low concentration of polymers which formed phases .

Keywords:polyethylene glycol, natrium salt of citric acid, aqueous two phase systems, binodal curve, tendency
angel.

BAVISTHUE PA3AVIHBIX MOAEKY ASIPHOV MACCHI IIOAVDTUAEH I IVIKO/A (IT9T) HA
®OPMUPOBAHIE BOAHOV ABYX®A3HOV CUCTEMBI I19T-C40,HsNa; —H, 0

AHHOTALIUSI

B npeacraBaenHOl paboTeOBLAN U3yIeHBI PUMKO-XMMIIeCKNe CBoyicTBa AByXdasHbIX cucteM [19I-C40,HsNas
-H,0 . Yunrssas 6mHOA24pHYI0 KpuByio Mn = 1500,3000,6000 0aan-I13I" ¢ BOAHBIM pacTBOPOM HaTPUII-AMMOHHOM
KICAOTBI, A5 AByX(pa3HOI CUCTEMBI B AeKapTOBBIX KOOpAMHATaX U COEAVHUTEABHON AVHNIY, B TO JKe BpeMsI TakKe
AAHO ypaBHeHIe COeAMHMTeABHON AMHMIY, KOTOpoe ompejeleHo MetogoM Haumensime ksagpatol. C ydyeToM
BAMAHUSA MoAeKyAspHo Maccsl 19 Ha cucteMy, 1moAydeHHas OMHOAaAbHas KpMBasl CMeIjaeTcs K Hadaly KOOpAu-
HaT TPV HU3KUX KOHIIEHTPAIUX, BO3HMKAIOT AByX(a3Hble CUCTEMBI C HU3KOV KOHIIEHTpalliell KOMIIOHEHTOB, U3
KOTOpBIX 00pa3ytoTcs ¢asbl. Pe3yapTaThl IIOKa3BIBAIOT, YTO IIPY YBEANYEHUN MOAEKYASPHON MacChl IIOAUDTUAEH-
TAMKOAS Kp¥Bas OMHOAAAN pacIleIlAseTcs 40 Hadala KOOPAMHATEI, MHBIMU CAOBaMM, IIpollecc pasdedeHns a3
IIPOVICXOAUT IIPY HU3KOV KOHIIEHTPaLINI TIOAMMEPOB, KOTOPBIe 00pa3oBbIBaA (a3l

KaroueBrbie caoBa: IIOAUDTUAECHIAMKOAD, HanI/IeBa}I COAb AVIMOHHOI KICAOTHI, AByxCl)aSHI)Ie BOJHbBIE CUICTe-
MBI, OMHOAaAbHAs KpuBasi, aHrea TeHAEHIINIL.
PEQ-LIMON TURSUSUNUN NA DUZU-SU iKiFAZALI SISTEMININ OMOLOGOLMOSINO
POLIETILENQLIKOLUN MOLEKUL COKISININ TOSIRI
XULASO

Taqdim olunan isde PEQ-C40,HsNa; —H,0 ikifazali sisteminin fiziki-kimyavi xiisusiyyatlari tedqiq olunmus-
dur. PEQ (1500, 3000, 6000) — limon tursusunun Na duzu-su ikifazali sistemin binodal ayrisi ve birlesdirici xattin
meyl bucag1 Dekart koordinantlarinda verilmis, birlasdirici xattin meyl bucaginin tanliyi kicik kvadratlar metodu ils
toyin edilmisdir. Naticolorden goriiniir ki, PEQ-in molekul c¢okisinin artmasi ilo binodal ayrisi koordinant
baslangicina dogru siiriisiir, basqa s6zls, ikifazali sistem komponentlarin daha kigik konsentrasiyasinda bas verir.

Acar sozlar: polietilenglikol, limon tursusunun Na duzu, ikifazali sulu sistemler, binodal ayrisi, birlesdirici xatt
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The Influence of Different Molecular Weights of Polyethylene Glycol (Peg) to the Formation
of the Aqueous Two Phase System Peg-Natrium Salt of Citric Acid-Water

When two particular chemically different polymers (e.g., dextran (Dex) and polyethylene
glycol (PEG)) or one polymer and a specific salt (e .g., PEG and sodium phosphate) are mixed
at certain concentrations in an aqueous solution, the solution separates into two immiscible
phases. One phase is rich in one polymer, and the second phase is rich in the other polymer as
(or salt) with water as a solvent in both phases[1.2].

One of the main characteristics of polymer-water two-phase systems is its binodal curve.In
the below figure is the schematic phase diagram(binodal curve) of the aqueous mixture of PEG
and salt(or other polymer).

PEG
Yow/w

\4

Polymer/Salt
Yow/w

Figl. Schematic phase diagram of ATPS. A = two phases, B = one liquid phase, C = critical point, EF= tie line, E =
composition of the top phase, F = compositions of the bottom phase, and D = total composition.

Generally, binodal of two-phase aqueous polymer systems is understand that the
geometrical place of transition points from one-phase oblast to two-phase oblast in coordinate
system which consist of concentration of polymers.In the figure,bottom oblast from binodal
curve is called one-phase or homogen oblast and top oblast is called two-phase or heterogen
oblast.In other words,if we prepare the system which corresponding to any point that taken
from heterogen oblast (A)this system is seperated to two phase in thermodynamic
equilibrium. One of the phases of the system is enriched with any one(for example,first phase
PEG,second phase salt) of polymers.

The binodal curve and tendency angle of connecting (or tie) line are taken as a main
charactheristic of polymer-polymer-water two-phase systems. The connecting line (EF) in
phase diagram is passes point which shows the composition of polymers of initial system that
taken heterogen oblast and passes points which show that the composition of phases are
corresponding to this point, existed at the same time. At the same time,polymer composition of
phases which of two-phase system is the same with any point which taken on the connecting
line. These phases are differ from each other for only volumes. As the result of the researchs
works,for given pair of polymer and solvent if taken some initial system and forming
contacting lines, these lines are paralel to each other.

As note that, controversial ideas can be found in the literature about the separation
mechanism of phases in polymer-polymer-water and polymer-inorganic electrolyte two-phase
systems. Some writers were suggested that phase formation components play main role in
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formation of two-phase systems. So that, if two polymer pair or polymer-salt pair are made
two-phase system at any solvents,then this process must obseved in other solvents. In recent
years, E.A.Masimov, B.Zaslavsky and others were suggested hypothesis that the formation of
two-phase aqueous polymer systems, water has a key role in scientific investigation and they
were confirmed with experimental facts. They are suggest the hypothesis that phase formation
components which include water, each of them influence to the structure and states of the
water, and created two different structural or state water, and the same different structural
waters are formed two-phase system at thermodynamic equilibrium which larger value than
certain value of concentration are collected separated phases. Note that, the phases of system
exist at the same time, can be accepted phase from thermodynamic. For confirmation of this
hypothesis reviewed that the external influences to formation phase process (such as
temperature,molecular weight of polymers,some additions and etc.)

It is possible that ionic compounds in water other substances can be dissolved in water
which keep many polar groups. Dissolved in water of these matters are explained with polar
groups form hydrogen bonding with water molecules.

Increasing to the dimensions of the molecules ofcarbohydrogens,noble gases and other
non-polar compounds, they are difficulty dissolved in water and even it is impossible. The
dimensions of biological and synthetic macromolecules are greater several order than
dimensions of these molecules. From this, for these molecules dissolved in water they must
have not ion hydrophil or have ion groups. In this case,the influence of these groups with
water change to the free energy that, dissolved is possible. From this reason, the polymers
which are dissolved in water have either ion groups or hydrophil nature. In practice, we can
see that all polymers dissolves in water to retain 2 group:to participate group in hydrophob
hydratization and created the hydrogen bonding with water or dipole-dipole influence as
keeping molecules. For example, HO(—CH,—CH,—),H in PEG (—CH,—CH,—) hydrophob, part
and have oxygen atom (-O-) which can form the hydrogen bonding with water molecules in
each core of the polymer ring. So that,as usual local structure of water around in the given
macromolecule either from hydrophil part of macromolecule with water molecules that forms
hydrogen bonding, or created from water molecules which around non-polar part with each
other relatively strong hydrogen bonding. The result of interaction of this two effect account
hydrophob-hydrophil balance of macromolecule, around this certain structure is formed. Note
that, water structure around polymer molecule can’t explain with experimental physical-
chemical methods [5,7]. But this local structure is enough large because this hydrate lay we can
see as microphase has characteric structure which different from clean water structure.

So that, conclusion these above, we can come to a conclusion that, any high-molecular or
low-molecular matters include water, are change the available structure and corresponding
state. Beside inorganic salts, the organic salts also greate influence to water and be of great
interest. One of these organic salts—C¢0,HsNas—sodium tartrate is taken as an object of research
of this thesis.

According to the aqueous mixture of C40,HsNaj salt with PEG, to obtain two-phase sys-
tem at certain concentration of components. As in the investigated two-phase aqueous poly-
mer systems, at the same time existed phases of PEG-C40,HsNaz—H,0 systems they are keep
both two components, they have different concentration in phases (see binodal curve). At this
time, the interaction between water and components play main role.
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In this thesis physico-chemical properties of PEG-C¢0,HsNaz —H,0 two-phase systems
were studied. For this purpose, using PEG (6000, 3000,1500), natrium salt of citric acid
(chemical clean) and double-distillation water. Building the binodal curve of this system and
define the tendency angle of connecting line.

In Fig2 given the binodal curve of M, = 1500,3000,6000 olan PEG with natrium citric
acid aqueous solution the two-phase system inDecart coordinates, and connecting line, at the
same time also given the equation of connecting line which defined by the method of least
squares.
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Fig 2. Binodal curve of PEG-C40,HsNaz—H,0 two-phase system in Decart coordinates and tie lines
1.PEG(6000)-C40;HsNa3-H,0,2. PEG(3000) — C40,HsNa3-H,0, 3. PEG(1500)-C40;HsNa3~-H,0

With the influence of molecular weight of PEG to the system, obtained the binodal curve is
slipped to beginning of coordinate at the low concentrations, two-phase systems are occur with
low concentration of components which formed phases. The results show that, with increasing
of molecular weight of polyethyelene glycol the binodal curve is splinted to beginning of
coordinate, in other words, the separation of phases process occur at low concentration of
polymers which formed phases .

In tablel. is given the critical point compositions of aqueous two phase system PEG (1500,
3000, 6000)-C¢0,HsNa3z-H20.

As is known, investigation of two-phase aqueous polymer systems are actual that is why
the processes which these systems are can be accepted as the model of the processes which in
living organisms. Really, the explore of biological substances separation between the phases
which exist at the same time and differ from each other for hydrophobicity can help to explain
metabolism mechanism that carried out with blood.

Table 1. Critical point compositions of three ATPS made with PEG andC40;HsNaj3 of different molecular weights of PEG.

Ca PEG Ca salt tga
PEG(1500)-CeH507Nas-H0 74 12.7 1.47
PEG(3000)-CsH507Nas-H20 1.87 14.6 091
PEG(6000)-CeH507Nas-H0 0.5 15.35 0.975
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CONCLUSION

The formation of two-phase system is observed in aqueous mixture of polyetylenglycol
with sodium salt of citric acid at thermodynamic equilibrium. Phase diagram of acquired new
two-phase system (binodal curve and tendency angle of connecting or tie line) is investigated.

For clarify to the mechanism of phase separation in the PEG-sodium salt of citric acid -
water two-phase system, studied the effect of molecular weight of polyetylenglycol to phase
diagram. Know that, the influence of molecular weight of polyetylenglycol to water are
different since the influence of their to phase diagrams of studied system is also different. It is
confirm that in formation of two-phase system water has main role. The results show that,
with the increasing of molecular weight of PEG the binodal curve is splinted to beginning of
coordinate, in other words, the separation of phases process occur at low concentration of
polymers which formed phases.
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ABSTRACT

In this paper, films of CdixZnOwith different composition were prepared by the method of electrochemical
deposition from an aqueous solution onto the surface of Mo substrates. Effect of technological and heat treatment
regimes on the electrical and photoelectric properties of films are investigated. It was found that the electrical and
photoelectric parameters of Cdi-ZnxO films can be controlled by the optimal deposition potential regime and film
composition.

Keywords: thin films, electrochemical deposition, electrical properties, heat treatment.
DAEKTPUUYECKUE 1 ®OTODAEKTPUUYECKME CBOMCTBA TOHKMX [IAEHOK Cdi-+ZnO
PE3IOME

B pabore naenknCdixZn«O pa3AnMdHOIO COCTaBa, METOAOM 9AEKTPOXMMIIECKOTO OCaKAEHNS U3 BOAHOTO
pacTBopabBIAY TIOAYYEeHBI Ha ITOBEPXHOCTHU IO0AA0XKeK Mo. Vccae oBaHbl BAMSHUSAPEXKMOB TEXHOAOTUMYIECKOI I
TepMIJeckoy oOpabOTKM Ha DAeKTpudeckue u (PpOTODAEKTpUYeckue CBOVICTBAa IAEHOK. YCTaHOB/AEHO, OBLAO UTO
DAeKTpudecKre U PoTodAeKTpudeckue napameTpsl I1eHOK CdixZnxO MOIyT KOHTPOAMPOBATHCS ONTUMAaABHBIM
PEKVIMOM ITOTeHITMaAa OCa’KAEHIs Y COCTaBa IL1€HOK.

KarodeBble ca0Ba:TOHKIME IL1€HKM, D1€KTPOXUMITIECKOe OCaXkKAeHNe, DAeKTPpIIecKye CBOYICTBa, TepMUYecKas
obOpaboTka.

Cdi+ZnO NAZIK TOBOQOLORININ ELEKTRIK VO FOTOELEKTRIK XASSOLORI
XULASO

Isde miixtolif terkibli Cd1xZnO nazik tebagplori sulu mehluldan elektrokimyavi ¢kdiirme metodu ilo Mo
althqlar {izerinds almmuigsdir. Nazik tebagslerin elektrik ve fotoelektrik xassalarine texnoloji ve termik iglanma
rejimlarinin tosiri tadqiq edilmisdir. Milayyean olunmusdur ki, Cdi~Zn«O nazik tabagalarinin elektrik vo fotoelektrik
parametrlori ¢okdiiriilme potensial, tobagalorin terkibi ve Ti-nin optimal rejiminin secilmasi ilo idare oluna biler.

Acar sozlar: nazik tobaqp, elektrokimyovi ¢okdiirms, katod potensials, elektrik xassalori, termik islonma.

Giris

Otaq temperaturunda Eg=3.36 eV qadagan olunmus zolaga malik ZnO saffaf yarimkegirici
nazik tebagelori hazirda ultrabandvseyi (UB), mavi, yasil ve ag isiq diodlarinda, hamginin
glinas energetikasinda genis tatbigine gora 6z analoglarindan (GaN) heg do geri qalmur [1-3].
Belo ki, Ga tobiatda nadir tapilan element oldugu halda, Zn genis yayilmisdir. ZnO nazik tabe-
geleri kimyavi cohatden dayaniqli olmasi ile barabar, istehsal texnologiyas1 ucuzdur ve zsharli
deyil.

Diiz zolaghh CdO kegirici nazik tebagalari ise ZnO- dan forqli olaraq spektrin goriinen
oblastinda (Eg=2.5 eV) soffafdir. Onlarin elektrik vo optik xassalari genis temperatur intervalin-
da tadqiq edilmis, giinas energetikasinda, qaz sensorlarinda, habels, kicik miiqavimatli rezis-
torlar kimi tatbiq imkanlar1 aragdirilmigdir [4,5]. ZnO- 1s miiqayisade (90 %) CdO tebagplarinin
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goriinen oblastda optik buraxmasi azdir (60-70 %). Lakin algaq omlu olmasi nazik tebagolari-
nin totbiq imkanlarini artirir.

Zn0O va CdO nazik tebagalarinin ayriliqda har birinin {istiin cahatlerinin ve parametrlori-
nin stabilliyinin artirilmas1 ve ¢atismayan cohatlorinin azaldilmas: yollarinin miisyyen edil-
moasi magsadileisdaelektrokimyavi ¢okdiiriilme tisulu ilo Mo althqlar tizerinde almmigs Cd:-
+Zn:O nazik tabagplarinin elektrik va fotoelektrik xassalari texnoloji ve termik islonma rejimlari
va tobagalerin terkibinden aslili olaraq tadqiq edilmisdir.

Eksperiment

Elektrik xassalarinin tadqiqi zaman1 Mo althqlar (1 mm qalinhighh Mo folqalar) tizerindes
alinmis nazik tobagplar istifade edilmisdir. Mo ¢otin ariyon metallar qrupuna aid oldugundan
yiiksok temperaturlara qader quzdirilma zamani 6ziinii inert material kimi aparir ki, bu da
ham altliq maddasinin tebagaye diffuziyasinin ehtimalini azaltmaga, ham texnoloji cohatdan
istonilon forma va 6lgiide niimunalari alds etmays, hoam da onlardan omik elektrik kontakt:
kimi istifade etmoys imkan vermisdir. Elektrik xassalorinin todqiqi zamani ¢okdiiriilme
potensialinin -0.8 V; -0.9 V; -1.2 V; -1.28 V ve -1.35 V giymatlarinds alinmig 800 nm qalinhiqh
CdixZnO (0.2<x<0.9) nazik tebagelorinden istifade edilmisdir. Nazik tobaqe torafdon omik
elektrik kontakti kimi, vakuumda buxarlanma tisulu ils alinmis Ag kontaktlar1 tatbiq
edilmisdir. Qaranliq miiqavimatinin 6l¢iilmasi zaman ikikontaktl: tisuldan istifads edilmisdir.
Todgiqatlar 300-500 K temperatur intervalinda = 0.3 sm? (3x10 mm) sahoye malik nazik
tobaqgalerds hayata kecirilmisdir.

CdixZnxO (x=0.1; 0.2; 0.3; 0.4) nazik tebagplari sulu mahluldan katod ¢okdiirma metodu ils
Mo althiglar tizerinde alinmisdir. Anod materiali kimi reaksiyada qrafit elektrodlardan istifade
edilmisdir. Reaksiya mahlulunun tursulugu azot tursusunun olave edilmasi ilo idars
edilsmisdir (pH=3-5). CokdiriilmadeZn(NOs)2+ +Cd(NOs)2+KNOs+H20 sulumahlulundan
istifadeedilmisdir. Cokdiiriilmaotagtemperaturundave 70-80°C temperaturdaaparilmisdir.

Eksperimental naticalar vo onlarin izahi

Miisyyan olunmusdur ki, terkibde Zn-in miqdarmin x=0.6-ya qoder artmas: ilo nazik
tobagplarin miigavimati keskin olaraq artir, lakin Zn-in sonraki artimlarinda (0.6<x<0.9) xiisusi
miiqavimat gox zaif dayisir (sokil 1). Nazik tebagalarde miiqavimatin tarkibden asili olaraq bu
ciir deyismoasini donor/akseptor (Nda/Na) konsentrasiyalarmin nisbatinin geyri-monoton
doayismosi ilo izah etmak olar. Bels ki, bilavasite ¢okdiiriilmaden sonra tebagalerin sathinda vo
hacminda reaksiyaya girmamis nitrat duzlar1 artiglarinin ve saths absorbsiya edan oksigenin
miqdar1 tebagalarin miiqavimatine bilavasite tesir edir. Olbatts, tobagelarin terkibinde Zn-in
miqdarmnin artmasi ilemiiqavimetin artmasi aydin prosesdir. Zn-in miqdarinmn x=0.6-ya qadar
giymatlarinds ¢okdiiriilme potensialinin optimal giymatinin se¢ilmasine baxmayaraq CdO-
Zn0 sisteminds dominant rolu mehz CdO oynayir. CdO-in ZnO-s nisbatan o qadar da tokmil
kristal qurulusa malik olmamasi, sathdo qeyri-stabil reaksiya mohsullarinin artighgmin
qalmasmna ve oksigenin asanligla absorbsiyasimna ssbab olur.

Katod ¢okdiiriilms potensialinin optimal -1.28 V giymetindas ¢okdiiriilmiis miixtali terkibli
CdixZnxO tabagalarinin xiisusi elektrik miigavimatinin yarimloqarifmik miqyasda temperatur
asililiglar1 tadqiq edilmisdir. $Sakil 2-den goriindiiyli kimi biitiin torkib tebagalords garanlhq
miiqavimetinin temperaturdan asililiglar1 iki hisseden ibarat olub ve eksponensial ganuna
tabedir:

pa(T) = poexp(E/KT) (1)
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Sakil 1. 2x2 mm 6l¢iilii vo 0.8 mkm qalinlight Cdi+«Zn«O tebagalarinin miiqavimatinin
Zn-in konsentrasiyasindan asililig1.

Toboagalorde temperaturla alagodar olan fiziki ve kimyevi proseslorin bas vermoamasi, digar
sozle bu proseslarsa uygun aktivlosma enerjilorini hesablamaq tiglin tedqiqatlar maye azot
temperaturundan baglayaraq otaq temperaturuna qadar aparilmigdir. $akilden goriindiiyii ki-
mi Inp=f(1/T) asithiliqlarinda kicik temperaturlara (< 170 K) uygun hissalarin meyli biitiin terkib
tobagplar tiglin (tebagenin vahid handaesi Ol¢lisii {igiin) demak olar ki, eynidir. Bu hissaye
uygun aktivlosma enerjisinin qiymati E1 = 0.28-0.31 eV taskil edir ki, bu da metal hidroksidlori-
na va oksigenin desorbsiyasima uygun olan enerjidir. ElImi adabiyyatda oksigen tiglin aktivlas-
ma enerjisinin gimati 0.11-0.19 eV miisyyen edilir. Bizim tadqiqgatlarda alman giymatin nisbe-
ton boyiik olmasi hem metal hidroksidlsrinin, hem da oksigenin eyni anda desorbsiyast ils sla-
gadar ola bilar. Yeni, metal hidroksidleri tiglin aktivlesma enerjisi 0.12-0.14 eV tagkil edir.
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Sakil 2. Bilavasits ¢okdiiriilmaden sonra CdixZn«O tebaqgplarinin xiisusi elektrik miiqavimatinin temperatur asililiqlar:.
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Sekildan goriindiiyii kimi nisbaten yuxar1 temperaturlarda qrafiklerin meyllari tabagalarin
tarkibinin dayismaosi ile forglenir (cadval 1). Tarkibde Zn-in konsentrasiyasinin x=0.6-ya qadar
artmasi ile aktivlagsma enerjisinin giymati azalir ve daha boyiik konsentrasiyalarda demak olar
ki, sabit qalir. Bu fakt bir daha Zn-in yiiksak

konsentrasiyalarinda nazik tebagelorin sathinde metal hidroksidlarinin ve reaksiyaya
girmamis metal artigliglarinin konsentrasiyasmin az olmasma dslalot edir. Umumi halda,
qaranliq miiqavimetinin aktivlesma xiisusiyystine malik olmas: elektrokimyavi ¢okdiiriilme
tisulu ilo alinmis Cd1-ZnxO tebagelarinin yarimkegirici xiisusiyyatine malik olmasmni bir daha
tosdiq edir.

Cadval 1.
Niimunolor Ei1 (eV) E2 (eV)
CdosZno20 0.28 0.092
Cdo.sZnosO 0.286 0.084
CdosZnosO 0.292 0.064
CdoaZnosO 0.298 0.059
CdosZnoO 0.301 0.054
Cdo01ZnosO 0.311 0.055

Termik islonmo zamani nazik tobagalorin elektrik parametrlori kaskin olaraq dayisir.Bels
ki, tobagalarin xiisusi elektrik miigqavimatinin temperatur asililiq qrafiklorindoki metal-hidrok-
sidlari ve metal artighqlar ile alagedar olan meyllor (Ei) idare oluna bilir. Onu da geyd edak
ki, bu meyllor termik islonmanin miihitinden asili olmadig halda, ikinci tip meyllars uygun
aktivloesma enerjisi (E2) miihitin noviindan kaskin asilidir. $akil 3a-da CdosZnosO nazik tebaqe-
larinin havada termik islonmaden sonra ve 3b-ds ise hava, oksigen ve arqon miihitlerinds
optimal rejimds termik iglanmadan sonra xiisusi miiqavimetinin temperaturdan asililiglari
tosvir edilmisdir. Sokil 3a-dan goriindiiyli kimi agiq havada termik islonme temperaturunun
artmasi ilo sathdoki metal-hirdoksid artigliglarinin ve oksigenin desorbsiyasi naticasinda E2-yo
uygun hissalor demoak olar ki, itir vo tebagelarin qaranliq miigqavimatine uygun aktivlosme
enerjisi nazaragarpacaq deraceds artir. Agiq havada 600°C temperaturda 15 daqige arzinds
termik iglonmadan sonra Inp=f(1/T) asililiq qrafiklerinde yalniz bir meylli hissalor miisahide
edilir. Bu fakt termik islanmaden sonra ham defektlarin konsentrasiyasmin azalmasi, hom de
tobagplarin rekristallizasiyas: naticosinde kristal quruluslarinin tokmillogsmesini vo elektrik
parametrlarinin yaxsilasmasini tosdiglayir. Sekilden goriindiiyii kimi, daha yuxar1 temperatur-
larda termik islonma zamani birinci hissenin meyli azalir vo yeniden ikinci bir hissa amale golir.
Fikrimizca bu hissa ssthden tamamils desorbsiya etmamis oksigenin sathin qiriq rabitsli hisse-

lorindo daha miirokkeb (Ves ~Cd)"y5 ya (Vzn = 2Zn)" kompleks vakansiyalarmin yaranmasma
sobab olur. Bu vakansiyalar 6zlerini akseptor markazlari kimi apararaq hacmdan elektronlar
Ozlorina birlasdirir vo naticods tebagalarin elektrik parametrlarinin yeniden pislagsmalarine
sobab olur. Qeyd edak ki, sathdaki bu ciir qiriq rabitelerin barpa olunmasi termik islonma
miihitinin segilmasindan kaskin asilidir. Sakil 3b-den goriindiiyti kimi, eyni bir rejimdas (600°C,
15 daq) agiq havada, oksigends ve arqonda termik islonmadan sonra nazik tebagelarin elektrik
miiqavimetinin temperaturdan asililigina uygun aktivlasma enerjisinin qiymsati forqli olur.
Miiayyan olunmusdur ki, oksigen miihitinds termik islonmaden sonra nazik tebagalor daha
stabil va yaxst elektrik parametrlori niimayis etdirir.
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Soakil 3. Agiq havada (a) ve eyni bir optimal rejimds hava, oksigen ve arqon miihitlarinds (b) termik
islonmadan sonra Cdo4ZnosO nazik tebagslarinin xiisusi miiqavimatinin temperatur asililiglar:.

Miisyyan olunmusdur ki, bilavasite ¢okdiirliimadsn sonra nazik tebagplarin volt-amper
xarakteristikas1 (VAX) bir ne¢o I~U™ soklindo iistlii qanuna vo eksponensial qanuna tabe olan
hissaden ibarat olmagqla miirekkab xarakters malikdir ve tarkibden asili olaraq iistlii funksiya-
nin daracasi (m) dayisir (sokil 4a). Belos ki, x<0.6 torkibli nazik tobagalords garginliyin nisbaton
kicik ( U < 4 V) qgiymatlerinds asasan eksponensial hisss, daha yuxari gerginliklorda isa
subxatti (m<1) hissalor miisahide olunur. Qrafiklords subxatti hissalorin miisahide olunmasi
hamin terkib nazik tabagslerds sathdaki defektlarls slagedar olan rekombinasiya aktlarmin
boylik olmasia dalalat edir. Torkibde Zn-in konsentrasiyasinin artmasi ilo eksponensial hissa
demsak olar ki, yox olaraq xatti qanunla avez olunur (m=1). Bu da terkibin dayismosi ilo
sathdaki defektlarin konsentrasiyasmnin azalmasini bir daha tesdiglayir.

Miisyyon olunmusdur ki, nazik tebagelorin VAX-nin xarakteri tobagelorin torkibinden
asili olmagla beraber, termik islonme rejimindsn qgeyri-monoton asihdir (sokil 4b). Belo ki,
oksigen miihitinda 300-400°C temperaturda 15 daqige arzindes Ti-den sonra VAX-in geyri-xatti
hisselori sirf xatti hissalorle avez olunur. 600°C temperaturda 15 daqige arzinde Ti-den sonra
VAX-da yalmiz xatti hisselor miisahide olunur. Bu rejimds termik islonmaden sonra nazik
tobaqaler nazaragarpacaq daracads fotohassasliq niimayis etdirir. Bels ki, toebagalerin W=100
mVt/sm? isiglanmada VAX-1 xatti qanuna tabe olur ki, bu da onlardan yaxin UB-oblastda stabil
parametrlara malik fotorezistorlar kimi tatbiq etmays imkan verir (sokil 5a).
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Sakil 4. Bilavasita ¢okdiiriilmadansonramiixtalif terkibli Cdi+Zn.O (a) va oksigen miihitinds miixtalif
rejimlardas termik islanmadan sonra sonra CdosZnosO nazik tebagslarinin garanliq VAX-1.
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Sethda 6zlarini akseptor moarkazlori kimi aparan metal-hidroksid defektlori 6zlarini tabe-
golarin litks-amper xarakteristikalarinda da gostarir (sokil 5b). Bels ki, termik islonmadan avval
tobagaler yalniz kicik isiqlanmalarda xatti (W<20 mVt/sm?), nisbaton yiiksek intensivliklarde
isa subxatti hissaler niimayis etdirir ki, bu da sath rekombinasiyalarinmn tistiinliik tagkil etma-
sini bir daha tesdiglayir. Lakin optimal rejimds termik islonmaden sonra tebagaler genis isiq
intensivliklerinds yalniz xatti qanun niimayis etdirir. Oksigen miihitinde600°C tempera-turda
15 doqige arzinds Ti-don sonra W=100 mVt/sm? isiglanmada tebagalerds isiq ve garanliq
carayanlarinin nisbati tarkibden asili olaraq It /I=20-90 taskil etmisdir.
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Sakil 5a. Oksigen miihitinds 600°C temperaturda 15 dagiqge arzinds Ti-den sonra Cdo.+ZnoeO nazik
tabagalarinin qaranliq ve W=100 mVt/sm? isiglanmada VAX-1 (a) vo Cdo4ZnosO nazik tebagplarinin bilavasita
cokdiiriilmaden sonra ve miixtalif rejimlards oksigen miihitinde Ti-den sonra LAX-1 (b)

Natico

Oksigen miihitinds 600°C temperaturda 15 dagige arzinds Ti-den sonra W=100 mVt/sm?
isiglanmada is1q ve qaranliq corayanlarinin nisbati tarkibden asili olaraq 20+90 tagkil etmasi vo
onlarm VAX-nin xatti ganuna tabe olmasi onlarin yaxin UB-oblastda stabil parametrlors malik
fotorezistorlar kimi totbiq etmayo imkan verir.

Sulu mehluldan elektrokimyevi tisulla alinmig Cdi+Zn.O nazik tebagslerinin elektrik ve
fotoelektrik xassalori texnoloji ve termik iglonma rejimlsrindan asili olaraq idars edils bilar.
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ABSTRACT

Nanostructure porous silicon layers with systematically varied pore size of 8-70 nm were fabricated onto the p-
type c-Si wafers with (100) orientation using electrochemical anodizing method from HF+ethanol and HF+ etha-
nol+CdCl2 solutions (respectively, PS and PSCD hereafter). The morphological properties of the PS and PSCD layers
were studied by scan electron microscopy (SEM).

Keywords: porous silicon, electrochemistry, nanostructure, thin film, photo-sensors, gas-sensors.
COM " 5AC UICCAEAOBAHME CAOEB C-SI/PS (MU PSCD)
PE3IOME

HaHocTpyKTypHBIe €101 ITOPUCTOTO KPEMHILI C CHCTeMaTIIeCK BapbIpyeMBIM pasMepoM 1op 8-70 HM ObLan
IIOAy4eHbl Ha TIOBEPXHOCTN I1AacTiHaX ¢-Si p-tuma c opuenranueit (100) ¢ MeToa0M 91€KTPOXMMIIECKOTO aHOA-
posanu us pactsopos HF + atanoa u HF + sranoa + CdClz (coorsercrsenno, PS u PSCD). Mopdoaorideckue cBoit-
ctBa caoes PS n PSCD 6b1au n3ydeHB! METOAOM CKaHMPYIOIIel 9AeKTpOHHOI MuKpockonuu (COM).

Karoudesble ca0Ba: IOPUCTHIN KPEMHMIA, DAEKTPOXUMIA, HAHOCTPYKTYpa, TOHKas IL1eHKa, poTo-ceHcop, Taso-
BBIN CEHCOP.

C-SI/PS (VO YA PSCD) LAYLARININ SEM VO EDS TODQIQi
XULASO

Sistematik sokildo dayisdirilmis 8-70 nm 0lgiilii masamolars malik nanoquruluslu mesamali silisium laylar:
HF+etanol ve HF+etanol+CdCl2 mahlullarindan (uygun olaraq PS ve PSCD) elektrokimlayi anodlasma metodu ilo
(100) oriyentasiyali p-tip c-Si lovhsleri iizerinds alinmisdir. PS ve PSCD laylarmin morfoloji xassalari SEM
mikroskopiyasi ilo tadqiq edilmisdir.

Acar sdzlar: masamali silisium, elektrokimya, nanostruktur, nazik tabaqp, fotosensor, qaz sensoru

Introduction

Anodic polarization of c-Si in hydrofluoric acid solutions, a controlled network of pores of
various morphology, size and orientation is formed. It is generally known that the surface
modification of the silicon wafer plays a major role in the sensitivity enhancement of gas- and
photo- sensors [1, 2, 7]. So, the porous surface of silicon layers participates in the processes of
light absorption, gases adsorption and desorption. The surface roughness and low effective
refractive index which can reduce reflection losses of sunlight radiation are the primary
benefits offered by PS over c¢-Si [3-5]. A highly porous PS layer can enhance the efficiency of
solar cells by increasing light trapping in the active region [6], solves the lattice mismatches
problem, and surface reflection is also corrected due to the refractive index of silicon as
reported by several other authors [7-10]. So, PS has disadvantages, also. The surface of
the PS was covered with Si-Hx bond groups immediately after the deposition. In the process of
storage in air, the Si-Hxbond groups are replaced by Si-Ox bond groups and ultimately,
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silicon nanocrystallites are covered by an amorphous layer which is the main reason for the
instability and degradation of all electrical, photovoltaic, photoluminescent and sensor devices
based onPS. There are various technological methods wused for the passivating of
the PS surface. For example, in [11], the passivating of PSwas performed at the excretory
hydrogen plasma. Passivating of PS can also be done by inserting different elements into the
matrix. For example, in [12], the author's employed carbohydrate solutions in
the PS matrix and then tried to carbide the matrix by thermal annealing. The authors have
chosen sucrose as a conventional carbohydrate product. In some cases, the process of passage
of hydrogen and oxygen in the PS was carried out directly with the deposition process. For this
purpose, various salts (AuCl3, FeCl3, NaNO2, KIO3, CrO3, etc.) were added to the solution in
the deposition process [13-15]. In [13, 14], gold and iron chloride salts were added at different
concentrations during the dissolution of PS. The main purpose of the study was to replace the
non-stable Si-Hx complexes by Si-Au or Si-Fe stable bonds. It has been established that
anodizing in a metallic atmosphere not only stabilizes, but also improves the electrical and
optical parameters of PS.

Therefore, for the purpose of comparison, the results of investigations of the morpholo-
gical, electrical and photoelectrical parameters of heterojunctions p-5i/CdS based on PS [16]
and PSCD are considered in this paper.

Experiment

P-type single-crystal Si wafer with orientation of (100), resistivity of 0.01-2.5 Ohmxcm and
thickness of 0.2-0.6 um was etched through an electrochemical process to produce the porous
structure. Before anodizing, the c-Si surface was cleaned from the SiO: oxide layer as well as
contaminants, in an aqueous solution of hydrofluoric acid (HF), washed with de-ionized water
at a temperature of 80°C and ethyl alcohol, and then, dried in air. Anodizing of the c-Si
substrate surface was carried out in a Teflon chamber with a platinum cathode. HF:ethanol (1:1)
solutions with and without CdCl: (aqueous solution of CdClz in 10:1 concentration was added
to solution) were used for the formation of porous silicon. The anodizing current was 40-70
mA/cm? Depending on the anodizing time (30-1800 seconds) and potential in solutions, PS
layers (prepared from solution without CdCI2) and PSCD layers (prepared from solution with
CdClI2) with the pore sizes of 8-70 nm was prepared on the c-Si surface.

Results and discussion

Figure 1(a) illustrates the SEM images for PS surface formed at anodizing potential of 20V,
current of 10-40 mA/cm? and time of 1800 sec. As can be seen from the figure, only non-homo-
geneously distributed cavities are formed on the surface of the p-Si surface, after the anodizing
in solution without CdCl.. Only in some parts of the surface appear the pore cores.

EDS spectrum show a very small amount of hydrogen in surface of this samples (Figure
1(b)). This fact proves only electro-polishing of the c-Si surface in HF+H2O+ethanol solution at
low anode potentials.

Unlike that, SEM images for PSCD layers, formed at anodizing potential of 20V and cur-
rent of 40 mA/cm? in HF+CdCl+H20O+ethanol solution, show pores with very small dimension
on the surface (Figure 2(a)). EDS spectrums confirm that Cd and hydrogen are on the surface
of the layers (Figure 2(b)). The results show that Cd? ions together with Si** participate in
charge exchange and accelerate the formation of initial growing piths on c-Si surface.
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As a result, along with Si, cadmium atoms also deposits at bottom and inside walls of the
pores, causing the reduction of non-stable Si-Hx bonds concentration and their replacement by
Si-Cd bonds. Subsequently, the neutralizing Cd atoms in the pores as a result of the charge
exchange determine the structure of the pores. EDS spectrum of PSCD layers indicates the
presence of Cd atoms on the pores.

Increasing the anode potential up to 25-30 V (at current of 10-40 mA/cm?) changes the
nature of the anodizing— formation of pores is accelerating. SEM images show oval or spherical
pores, which distributed non-homogeneously on the surface for PS samples (Figure 3(a)). The
average dimensions of spherical shaped pores were about 7-30 nm, and dimensions of oval
shaped pores were about 10-110 nm. Distribution of such pores on PS surface may due to an
irregular distribution of the anode current at Si-electrolyte boundary, or, relative weakening of
the Si** ions neutralization process because of "charge deficiency" in certain parts of the surface.

Figure 1. SEM image (a) and EDS spectrum (b) of the PS samples prepared at anodizing voltage
of 20 V and current of 40 mA/cm?.

EDS spectrums show the oxygen in PS layers after the keeping in open air (Figure 3(b)).
True, the PS samples also have Si-Hx bonds, but the unstable bonds leads to degradation of
parameters of the devices (gas sensors and solar cells). Si-Ox bonds leads also to increase the PS
resistivity.

Figure 2. SEM image (a) and EDS spectrum (b) of the PSCD samples prepared at anodizing
voltage of 20 V and current of 40 mA/cm?.

SEM investigations show that, unlike PS layers, pores in PSCD layers, prepared at anodi-
zing voltage of 30 V, are distributed homogeneously and almost show spherical form cavities
(Figure 4(a)). The subsequent increase of anode voltage (up to 40V) almost does not change the
size (Table 1) and shape of the pores. This fact show, that the Cd* ions promotes to uniform
distribution of charges and anode voltage across the entire surface at the silicon-electrolyte
interface. Uniformly distribution of voltage on the silicon surface results to formation of pores
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with spherical shape. It is established that the size of the pores can be regulated only by
anodizing current (Table 1). EDS spectrums testify an increase of Cd and decrease of oxygen
concentrations in pores (Figure 4(b)).

Figure 3. SEM image (a) and EDS spectrum (b) of the PS samples prepared at anodizing
voltage of 30 V and current of 40 mA/cm?.

100nm EHT=1000KV. Signel A= SE2

zE1ss|
— W= 39mm Mag = 15000 KX Porous Mamedov tf

Figure 4. SEM image (a) and EDS spectrum (b) of the PSCD samples prepared at anodizing
voltage of 30 V and current of 40 mA/cm?.

Table 1. Anodizing parameters of PSCD layers

Samples | Anodizing Anaodizing Anodizing Pore sizes
voltage current time (nm)
(4% density (s)
(mA/cm?2)

PSCD1 30 40 1800 811
PSCD2 30 55 1800 10+16
PSCD3 30 70 1800 3070
PSCD2z 34 55 1800 10+15
PSCD2 36 55 1800 11:17
PSCD2 40 55 1800 10+1G
PSCD2z 30 55 1200 g+16
PSCD2 30 55 400 10+17

Conclusions

SEM images confirmed that the morphological and stability properties of PS and
PSCDlayers are governed by the anodizing regime
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ABSTRACT

In the presented work, the effect of the illumination intensity on the ac-conductivity(o,.) of the Pd2Si/n-Si
Schottky diode has been investigated. At the fabrication of a contact structure with a diffusion barrier, technological
methods of thermal deposition and photolithography were used. The ac-conductivity values were calculated on the
basis of measurements of the dependences of the capacitance and reduced conductivity (C - V and G/w -V,
respectively) on voltage. The characteristics were obtained at room temperature and white light illumination with
different intensities (W = 5 mWt/ ecm2 + 20 mWt /cm2). Changes in conductivity observed with increasing
illumination intensity are similar to the processes accompanying a decrease in the frequency of the test signal.

PD:SI/N-SI SOTTKI DIODUNUN AC -KECIRICILIYIN® ( 6,.) ISIQINTENSIVLIYININ TOSIRI
XULASO

Taqdim olunmus magqalada Pd2Si/n-Si Sottki diodunun ac—kegiriciliyine (0 4,) isiq intensivliyinin tesiri tadgiq
edilmisdir. Diffuziya baryerli kontakt strukturunun hazirlanmasinda termik tozlandirma ve fotolitoqrafiya
metodlarindan istifad1 edilmisdir. ¢,.-1n hesablanmasi tutum ve gotirilmis kegiriciliyin (miivafiq olaraq C-V va
G/w-V) garginlikden asililiginin dlciilmasi asasinda hesablanmusdir. Xarakteristikalar otaq temperaturunda miixtalif
intensivlikli (W=5 mVt/sm? +20 mVt/sm?) isiglandirma seraitinde alinmusdar. Is1q intensivliyinin artmasi naticesinds
miisahids olunan kegiriciliyin deyismasi test siqnali tezliyinin azalmasi ile miisayast olunan proseslare banzayir.

BAVSTHUE VTHTEHCMBHOCTY OCBEIIEHIST HA AC-TIPOBOAVIMOCTD
(64c) AVIOAA IIOTTTKUPD:SI/N-SI
PE3IOME

B mpeacrasaenHoi paboTe OBLIO MCCAeAOBAHO BAVISIHME VHTEHCMBHOCTY OCBEIIEHNsS Ha ac-IIPOBOAVMOCTb
(0qc)amosa IMorrku PdoSi/n-Si. Tlpu mM3roroBaeHmyM KOHTAKTHOM CTPYKTYphl ¢ AuGQY3MOHHBIM OapbepoM
JICII0b30BaAVCh TEXHOAOTUYECKUE METOABI TEPMUYECKOTO HambIAeHUs U ¢poToanTorpadpuu. 3HadeHus (0, )0bLan
BBIUJIC/AEHBI Ha OCHOBE VMI3MEPEHMII 3aBUCUMOCTEll eMKOCTM M IPVBeAEHHON IIPOBOAUMOCTH (COOTBeTCTBeHHO C-V
uG/w-V) ot HanpspkeHns. XapaKTepUCTUKM OBLAM ITOAy4YeHbl IIpM KOMHATHOM TeMIlepaType U OCBeIlleH!!U OeabIM
CBETOM C Pa3AN4IHON MHTeHCUBHOCTBIO (W=5MBT/cM*20MBT/cM?). VI3MeHeHs1 TpOBOAMMOCTY, HaOAI04aeMble IIpU
yBeAN9eHNY WMHTEHCUBHOCTV OCBEIeHNs, aHaJAOTMYHBI ITPOIleccaM, COIPOBOKAAIONIVM YMeHBIIeHNe YacTOTHI
TECTOBOTO CUTHAaAA.

Key words: Schottky diodes, Pd2Si/n-Si, ac —conductivity, influence of illumination, dielectric properties

1. Introduction

The development of the technology requires the expansion of the operating range of Schottky
diodes under various influences. In this regard, attention is drawn to the effect of illumination
intensity on the characteristics of Schottky diodes, which have many advantages over p-n
junctions [1,2].

Theanalysis of electronic processes shows that real physical models are more complex than
idealized theoretical models. The real model takes into account the presence of a dielectric gap,
the role of surface states in electronic processes and various mechanisms of charge transfer.
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The effect of intensity of illumination on the conductivity of Schottky diodes is of interest
for the development of new devices. The aim of this study is to study the effect of light of
different intensities on the ac-conductivity (oac) of a Pd2Si/n-Si Schottky diode.

The use of metal silicide (Pd:Si) as a metal layer on Schottky diodes provides a displace-
ment of the interface into the semiconductor. This ensures adhesion of the metal and semicon-
ductor, better crystal lattice matching and minimizes the density of surface states.

Preservation of the electrophysical parameters of metal silicide-silicium structures under
various external influences creates wide opportunities for their use in semiconductor
electronics.

The small size of the contact area increases the likelihood of an inhomogeneous distri-
bution of electrical charge. Based on the above, the effect of white light illumination with diffe-
rent intensities (5 + 20 mW/cm?) on the ac-conductivity of Pd:Si/n-Si Schottky diodes with small
dimensions (8x10-°cm?).

2. Experimental procedure

For the fabrications of Pd2Si/n-Si Schottky diodes with a geometric size of 8x10° cm?, ther-
mal spraying and photolithography technologies were used. n-type silicon (111) with a resis-
tance of 0.7 {2 cm was used as a semiconductor wafer.A thin layer of amorphous TiW alloy was
placed between the Al and Pd:Si layers, which acts as a diffusion barrier. It should be noted
that aluminum (Al) has a high diffusion capacity. The formation of a diffusion barrier prevents
the penetration of aluminum to the interface, which has a negative effect on the quality of the
contact [3-5].

C-V and G/ @-Vcharacteristics were obtained using high-frequency LCR-meter HP4275A
(Hewlett Packard) at constant (0 + 5V) and sinusoidal signals (20mV, 500kHz)

3. Results and discussion

In the present article the ac-conductivity of the Pd2Si /n-Si Schottky diode in the dark and
under illumination with different light intensities (5,10, 15, 20 mW/cm?) using a constant
voltage (0+5V) and a test signal (20mV, 500kHz) has been investigated.BasedontheC-Vand G/w-
Vcharacteristicsmeasuredatroomtemperatureundertheindicatedconditions, thereale'andimagi-
nary ¢'"parts of the complex dielectric constant, as well as the ac-conductivity, were calculated
[6,7]:

o, = wC, tan 5(%)2 g'we, (1)

where C,-is the capacitance of the empty capacitor, S -is the geometric area of the contact

structure, d- is the width of dielectric gap, &, - is the electrical constant (&,=8.85 x 104 Fsm™),

&" - is the imaginary part of the complex dielectric constant, w = 27f is the angular frequency, o-
is the loss angle. During the researchat voltage from 0 to 0,7V it was revealed that the
dependence 0.~V changes in the dark as (Fig.1):

Ogc qr1 = 1x1077V 1392 (2)

In the range of displacements (0.7 + 5) V, the conductivity varies very slightly, practically
reaches saturation.
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Fig. 1. Voltage dependence of ac-conductivity (0ac) of Pd2Si/n-Si Schottky diode at different
values of illumination intensity (5+20 mW/cm?)

When the sample is illuminated with white light, the oac value increases by a factor of 10
when compared with its value in the dark. In the range of voltage variation (0 + 0.7) V, a
change of ac-conductivity is observed as:

Oqcisqg = 8x1076V 1047 (3)
at voltages over 0.7 V, oagradually decreases.

The dependence of oafor Pd2Si/n-Si Schottky diode on the illumination intensity at different
voltage values is shown in Fig. 2.
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Fig. 2. The dependence of oac for Pd:2Si/n-Si Schottky diode on illumination intensity
at different values (0.3V+3V) voltage

Despite the stepwise nature of the dependence in the stress range (0+ 05) V, the
dependence g, — Wis defined as:

0ac(W) = 00 +Bws(4)

The resulting dependence is similar to the dependence of variable conductivity on frequency
[8]. Thecurves of the dependences can be conditionally divided into several sections.At a bias of
0.3V, the ac-conductivity is practically independent of the illumination intensity. Such regions
are similar to dc-conductivity. In the frequency dependence, the ac-conductance value varies
for different materials from 0.6 to 1. The dependences of the ac-conductivity at different
voltages (0,3V, 0,5V, 1V, 3V) on the illumination intensity are expressed as:
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Oaco3 = 1x1076W 017
Oaco,s = 4x1078W 018
Ogc1,0 = 3x1077WH13
Oac3o = 3x1076W 043 (5)

On the basis of the obtained results, it was revealed that an increase in intensity leads to
processes occurring with a decrease in the frequency of the test signal. A change in intensity
leads to a change ac-conductivity and its increasing with increasing ofillumination intensity.
The effect of illumination is associated with absorption, photoconductivity, uneven charge
distribution in the space charge region and polarization [7-11].

4. Conclusions

In the presented work, the effect of the illumination intensity on the ac-conductivity of
Pd:Si/n-Si Schottky diodes with small geometric dimensions (8x10°sm?) and a diffusion barrier
(amorphous TiW alloy) has been investigated.Based on the measurements of C -V and
G/w — V characteristics at room temperature, the dependences o, —V and o, — W were cal-
culated and analyzed.The effect of increasing illumination intensity on conductivity is similar
to the processes occurring with decreasing frequency ( o4 — f).

ODOBIYYAT:

Crpmuxa B.M. TeopeTnueckue oCHOBBI KOHTaKTa MeTaAA-11oAynposoaunk. Knes: Haykosa gymka, 1974, 264 c.
bysanesa E.B. MuxpocrpykTypsl MHTeTrpaabHOI 91eKTpoHuKu. M.: Paguo u cssass, 1990, 305 c.
IL.M.Afandiyeva, SH.G.Askerov, L.K.Abdullayeva, SH.S.Aslanov,Solid-State Electronics, 51, 1096 (2007).
KwakJoonSeop, Kang, Ki Man, Park Min Joo, Pyo. Myoungho,Science of Advanced Materials, 6,10, 2249 (2014).

SUE S

LM.Afandiyeva, I.Dokme, $.Altindal, et.al. The frequency and voltage dependent electrical characteristics of
Al-TiW-Pd2Si/n-Si structure using I-V, C-V and G/w-V measurements// Microelectronic Engineering 85
(2008) 365-370.

6. LM.Afandiyeva, $.Altindal, L.K.Abdullayeva// llummation dependent electrical characteristics of PtSi/n-
SI(111) Schottky barrier diodes (SBDS) at room temperature// J. Modern Technology & Engineering Vol.2, No.1,
2017, pp.43-56.

7. 1M.Ofendiyeva, M.N.Agayev, A.R.Rosulova/ Pd:Si/n- Si Sottki diodlarimin dielektrik parametrlorina isigm
tasiri/SDU /“Tatbiqi fizika va energetikanin aktual masalalari” II Beynalxalq elmi konfrans, 12-13 noyabr 2020.

8. C.B.Imeaenkos, C./A.CunebGpioxos/lIMIlejaHcHasi CHEKTPOCKOIMS B MCCA€AOBaHMM IIPOLIECCOB II€peHOca
3aps4a, Bectauk 4BO PAH. 2006. Ne 5,c.6-16.

9. U.AMaapuxnsa, E.B.Cesesnesa, V.I1.Maxaposa u Ap.Jdusaekrpudeckye CBOJCTBa 1 IIPOBOAMIMOCTb MOHO-
kpucraaaos (K,NH4)3H(SO4)2 mpu maabx XoHIeHTparuax Kaaws //BMY. Cepus 3. ®dusuxa. Actponomust//
2019. No 4. C. 52-58.

10. T.B. baank, IO.A. Toabadepr/IToaynpoBoaHuKoBbie (POTODAEKTPOIIpeOOpa3oBaTeAN AAs YABTPadI0A€TOBOM
obaactu cnektpa. O630p//PusnKka 1 TeXHUKa ITOAYTTPpOBOAHMKOB, 2003, Tom 37, BBImL. 9, ¢.1024-1055.

11. Electrode polarization and charge transport at solid interfaces / A. Serghei, M. Tress, ].R. Sangoro et al. // Phys.
Rev. B. -2001. - Vol. 63. — P. 214203.

38



JOURNAL OF BAKU ENGINEERING UNIVERSITY - PHYSICS

2020. Volume 4, Number 1 Pages 39-47
UDC 631.315.592
Tlin,_,Yb,Te, (0 < x < 0.10)SOLID SOLUTIONS THERMOELECTRIC
PROPERTIES

AGAEVA Ulkar Mahammadali

ZARBALIYEV Mahammadali Mazahir
Sumgait State University
Sumgait. Azerbaijan 43 sq., AZ-5008.

ulker.567@mail.ru

ABSTRACT
The temperature dependences of thermoelectric figure of merit (Z) and its dimensionless parameter (ZT) in a
wide range of temperatures and charge carrier-hole concentrations in T||n1_XYbXT62 solid solutions are discussed.

It was found that in the composition x = 0.10 at T>700K Z and ZT reach a highest values, by the reason the scattering
of phonons and holes by defects. It revealed, that with increasing x, the mobility of holes increases due to the
substitution of ytterbium by indium.

Keywords:thermoelectric power, electrical conductivity, thermal conductivity, effective mass of charge
carriers, defect scattering.
Tln,_, Yb,Te, (0 <Xx< 0.10) BORK MOHLULLARININ TERMOELEKTRIK XASSOLORI
XULASO

Isdo -|-||I'117XY11)X-|-82 bark mohlularinda genis temperatur vadesiklorin konsentrasiyasi intervalinda

termoelektrik keyfiyyest emsali (Z) ve onun 6lgiisiiz parametrin (ZT) temperatur asiliiglar1 miizakirs olunmusdur,
miilayyan olunmusdur ki, x=0,10 terkibinds Z va ZT T>700K olduqda an bdyiik qiymate ¢atir. Bunun da sababi fonon
va desiklorin defektlorden sapilmasidir. Agkar olunmusdur ki, x artdigca indium atomlarini itterbium atomlar: ila
avaz etdikcs desiklarin yiiriikliiyli boyiiytir.

Acar sozlar: termo-e.h.q., elektrik keciriciliyi, istilik kegiriciliyi, ylikdagiyicilarin effektiv kiitlalari, defektlords
sapilma.

TEPMOB/EKTPYYECKVE CBOMICTBATBEPABIX PACTBOPOB TlIn,_, Yb, Te, (0 <x< 0.10)
PE3IOME

B aanHOII pabore 0OCyXJaAuCh TeMIlepaTypHble 3aBUCHMOCTM TepMOB®AeKTpUJecKkoil AobpoTHocTH (Z )
TBEpABIX PacTBOPOB -|-||I'117)(be-|-e2 1 ee GespazMmepHoro napamerpa ( ZT) B IIMpOKOM UHTepBaJe TeMIlepaTyp 1

KOHIIeHTpaLuii HOCUTeAel 3apsja - ABIPOK, ycTaHoBAeHO, 4To B cocrase x=0,10 Z n ZT npu T>700K aocturaror
HaOOABIIIETO 3HAYEHIs], IIPVYIHON KOTOPOTO SIBASIETCS paccesiHyie OHOHOB I ABIPOK Ha AedeKTaX. BosiBAeHO, UTO
C POCTOM X BO3pacTaeT ITOABIKHOCTD ABIPOK 3a CUET 3aMeIlleHIsI aTOMOB MHAVIT aTOMaMU UTTepOIL.

Karogesnie caoBa: TepMo-9.4.C., DAEKTPOIIPOBOAHOCTD, TETLAOIIPOBOAHOCTE, D deKTBHAs Macca HOCHTeAel
3apsa, paccesHue Ha dedeKTax.

According to the A.F. Ioffe criterion [1,73], an increase in p/ypn(p is the mobility
of charge carriers, ypnis the phonon part of thermal conductivity) is caused by a change in
kinetic properties of the materials, on the basis that during the distortion of the crystal lattice,
an additional number of defects are formed. Such objects are characterized by interesting
physical processes: high mobility of charge carriers, low phonon thermal conductivity,
and prospects for functioning over a wide temperature range [2, 18 ]. This means that a
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decrease in the intensity of phonon scattering by phonons is completely compensated by an
increase in scattering by impurities (or defects) [2,18 ]. Since the wavelength of the electrons is
longer than the wavelength of the phonons, this leads to a general increase in i/ yph.

The listed features can be expected in solid solutions TlIn, ,Yb, Te, which are provided as

thermoelectric material playing the role of thermopile. It is known [1,73] that the efficiency of a
thermoelectric converter is determined.

The listed features can provide a very high thermoelectric figure of merit Zin solid
solutions at high temperatures.

Z= azo_/th D

Where, y:otis the total thermal conductivity. When calculating the error by the temperature
dependence yot-, the heat flux of integral radiation was taken into account.

The experimental data on ywt(T) is given in the table. Even more often use the form of a
dimensionless parameter

_a’oT
Aot

ZT (2)

It can be seen from (1) and (2) that a high-quality thermoelectric material must simulta-
neously have high electrical conductivity, high thermoelectric power, and low thermal conduc-
tivity. Thermoelectric power and electrical conductivity are determined only by the electronic
properties of the material, and therefore they are often combined into a value P = a’c which
is called "Power factor". In this aspect, one of the fundamental electronic spectrum parameters
in a semiconductor isa band gap Egwidth. Another important parameter in the thermoelectric
figure of merit (Z) formula is the effective mass of charge carriers (m*). The relationship
between E gand m * is very weak. Growth Z is associated with a ahigh value, and obtained
due to the large effective mass of charge carriers, and a large m* leads to decreasing o (high
mobility of charge carriers cannot be obtained with a large effective mass). Therefore, the
implementation all of these conditions in a single material difficult. In general, the dependence
of Zon the temperature and charge carrier concentration is more difficult. However, at a
certain approximation, the relationship between Z maxand charge carrier parameters are des-
cribed as [1, 74]

3/2
N2 T
(7 )
z' =12-107 —22 " (3)

4 ph
Where To = 300K r is the parameter of scattering mechanism.

Tlin,_,Yb,Te, solid solutions is a p-type material[3, 1297 ]. The temperature dependences

of the electrical conductivity (o), the Hall coefficients (R ), and the thermopower (o) are
shown in [ 3, 1298]. As can be seen from Fig.1, at x=0+0, 02 o( T ) increase with increasing x,
and at x =0.05 + 0.10, first o(T) decreases to T ~ 700 K, and after T ~ 700K it is increasing. This
means that a decrease in 6(T) to T ~ 700K occurs due to a decrease in the mobility of charge
carriers, and after T ~ 700K, an increase in o(T) is associated with an increase in the concen-
tration of charge carriers with the appearance of intrinsic conductivity. In [3,1209] it was
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established that the valence band is parabolic. As is known in this model of the spectrum, there
is no relation between the effective mass of charge carriers and the band gap. In this case, the
temperature and concentration dependence of the effective mass of holes almost remains
constant. The values ofband gap Eg [3, 1209]to T~700K in TlIn,_ Yb, Te, do not exceed koT.

This leads to the fact that with such width of a band gap the Fermi level lying near the top of
the valence band, the concentration of the minority carriers and their contribution to transport
become negligible. And this leads to increasing thermo-power to T ~ 700K.
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Fig. 1. Temperature dependences of electrical conductivity in
Tln,_ Yb Te, 1 -(x-0),0-(x0.02=)A-(x=0.05)*-(x0,10=)[3]

The total thermal conductivity is determined by the sum of the phonon ypand hole
thermal conductivity yn,where yn=LocT (where L o=(n/3) (ko/e)2=2.44-10® W -Ohm /K) as

ltot = th + LOO_T (4)

According to the theoretical calculations of Leibfried and Haazen [4,137 | at a temperature
T> 0, phonon thermal conductivity
12 (kf Ms6&®  _ _ Ms6®

=57 5
Fm =g 7eT 7eT ©

h

where, yo is the Griineisen constant, which, as usual for most solids, is of the order of

1-x)M. XM
1-x) T”“Te; M the average mass of the atoms of the compound (where

=143.60, mTIYbTez =158.15)5- is the cubic root of the average atomic volume, and 6-

2 M =
MTIInTeg

[Q
Debye temperature. For a solid solutionTlIn_,Yb Te, & =200K [4],6 =3 WO where N is

determined by X-ray diffraction, as N = d, / M = azQ), [6, 560],z - number of formula units,

and the number of atoms in it - the volume of the tetragonal cells [5, 1325]. Substituting these
values in (5), we obtained yp1 (T) for the samplesTlIn,_,Yb,Te, (0 <x< 0,10) (see table).

ou- Thermal coefficient, band gap, E o- band gap at T=0K, E=Eo-ouT, m: and m;- effective

mass of electrons and holes, ywtand ypr-total and phonon heat-conducting,Wiis additional, I'-
parameter of disordering.
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Table

Sample | ¢-10eV/K[3] | Ew[3] | T | EgT[8] | M [3] | My[3] | xen | yot | AWi | T

1 2 3 4 5 6 7 8 9 10 11
100 0.70 0.040 0,55 098 | 0.98
300 0.66 0.040 0,53 053 | 0.9
x=0 -1.20 0.70 500 0.64 0.040 0.53 0.53 | 0.80
600 0.63 0039 0.52 052 | 0.78
700 0.62 0.038 0.51 051 | 0.75
800 0.60 0.037 0.51 051 | 0.76
900 0.59 0.036 0.50 0.50 | 0.78
x=0,02 -1.23 0.66 100 0.65 0.036 0.52 086 | 087 | 14
300 0.62 0.036 0.52 082 | 083 | 16
500 0.60 0.035 0.51 064 | 0.67 | 29
600 0.59 0.035 0.51 0.60 | 0.66 | 50 2,9
700 0.57 0.034 0.50 058 | 0.68 | 58
800 0.56 0.033 0.49 054 | 070 | 69
900 0.55 0.032 0.48 047 | 074 |78

x=0 -1.20 0.70

x=0,05 -1,28 0,62 100 | 0,61 0,034 0,48 076 |083 |29
300 | 0,58 0,034 0,47 063 | 0,78 | 35
500 | 0,56 0,033 0,47 058 | 0,72 | 49
600 | 0,54 0,032 0,46 056 | 0,70 | 58 71
700 | 0,53 0,031 0,45 055 | 0,72 | 69
800 | 0,52 0,030 0,45 051 | 074 |76
900 | 0,50 0,029 0,44 046 | 0,78 | 84
x=0,10 1.30 0.54 100 | 0,53 0,031 0,47 066 |078 |49
300 | 0,52 0,031 0,47 042 |0,75 | 133
500 | 0,50 0,030 0,46 037 |076 | 143
600 | 048 0,029 0,46 032 |078 | 183 | 123
700 | 046 0,028 0,46 030 | 085 | 200
800 | 0,44 0,027 0,45 029 |088 | 237
900 | 042 0,026 0,45 024 1094 | 255

To determine the effect of point defects on yph, the Clemens theory was used [6, 560],
which takes into account the three-phonon processes of phonon transfer and scattering by
point defects, according to which

Xoh = Ztot(a’o yor )arCtg ((00 /a)d) )
0y | 0y = Ko 1(27% 200y A) u A= (1/4V2N)-T

Here, ywtis the stoichiometric thermal conductivity equal to the composition in the
absence of the influence of defects. wi= K o/l Debye phonon frequency, co-frequency at which
the relaxation times for U are the processes of transfer and scattering by defects, V is the
average speed of sound in a crystal, and I is the disorder parameter equal to [7, 119]

r=x-@-x)|aM /M +e(ay /77| ©®)

and taking into account the combined effect of local changes in density and elastic proper-
ties. In (8), e-characterizes the elastic properties of the medium, is the relative change in mass
during the replacement of base atoms with impurity atoms.
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In evaluatingI’, the number of atoms in a unit volume of the corresponding composition N
is determined by formulas (6). Since in the solid solutions we studied

Tlin,_Yb,Te, > TI[ZInTe, |, -[YbTe, ], -[TIYbTe, ],
—M.

AN/t = Mo =Moo
(1_ X)M TlinTey +xM TIYbTep

According to [7,119], the value Ay/y-can be calculated from the difference in the

parameters of the unit cell of the base ay,7,, and ayypre,

% - [(aTIInTez ~Anypre, )/ AniinTe (n/(1+ 77))1 ©)

where, 77 =(1+V)/[2(1—2V)], v - Poisson's coefficient. The parameters necessary for the calcu-
lation for the components were taken from (v, € v ) [5,1325 Jand (8y47e, * @iypre, ) [6, 560 Jand
were linearly extrapolated forTlIn_ Yb, Te, . The data obtained for yp(T) according to
formulas (5) and (7) differ slightly. The calculated values of the parameter I for Tlin,_, Yb,Te,

x=0.02, 0.05, and 0.10 are given in the table. From a comparison of the stoichiometric TlInTe,

composition and the TlIn, ,Yb,Te, compositions, it turns out that at room temperature, due to
the value of the disorder parameter I, the y pnvalue on the dependence of x decreases by

almost a factor of 1.3 to 4.3. This indicates that, with other equal parameters, the thermal
resistance arising due to disorder in TlInTe, should be much less than in TlIn,_,Yb,Te, . This

suggests that the found value of I' correctly reflects the actual ratio of the main factors
responsible for additional phonon scattering (scattering by defects) [2,18]. This leads
toadditionalthermalresistance definedas[7, 119]

aw L1

Xoh A

The obtained data on AWiare given in the Table. As seen from the table, an increasing of
concentration of defects leads to theAWiand Z increase. As noted above, in this case, an
increase in the concentration of defects occurs only due to the replacement of indium atoms by
ytterbium atomsin TlIn,_ Yb, Te, . This gives base to say that thermal conductivity along with

other kinetic properties is determined by the nature of intrinsic defects and the nature of their
behavior [2, 18 ].

Figure 4 shows the calculated on the basis of experimental ¢ (T), o (T) and y wt(T)
value Z of solid solutions TlIn, ,Yb,Te, etc. when temperatures of 300, 500 and 800K. As seen
from the table, as x increases in solid solution TlIn,_,Yb,Te, leads to increase Z. It can be seen

from Fig. 4 that Z (T) for all samples increases with increasing temperature, and an increase
in Z (T) is also observed with a decrease in the hole concentration. It was found that the
minimum value of Z has a sample with x =0 at T = 300K.

It is known that an increase in o, ¢ and a decrease in y wtlead to an increase in the power
factor P and Z, however, self-propelling Y b strongly affects the value of Z, undoubtedly this
is due to a change in the number of intrinsic defects [2, 18 ]. Moreover, ypn(T) is characteristic
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of sufficiently defective materials [2, 18 ]. Comparison of thermal conductivity change and its
hole inTlIn_,Yb,Te, the component has a common pattern, asin TlIn_,Yb, Te, the solid state

is always yph> yn. However, hole thermal conductivity increases with increasing temperature,
and y ph (T) decreases.

As can be seen from the table, the total thermal conductivity is sensitive to the substitution
of indium atoms by ytterbium atoms. This may be dueto the fact that the substitution
of In atoms with Yb atoms increases the hole thermal conductivity more intensively than the
phonon part of thermal conductivity decreases.Such a strong dependence of ypron the
concentration of defects indicates the possibility of their participation in heat transfer as
scattering centers.

As seen from Fig.1, 3 in interval 300-700K temperature with increasing temperature
odecreases and aincreases. And hole concentrations for all samples in the indicated
temperature range change insignificantly (Fig. 2) [3,1297 ]. Hence, in this interval temperatures
decrease with increasing temperature o occurs mainly by reducing the mobility of holes pn(T). A
decrease in p 1 (T) occurs due to scattering of holes on the thermal vibrations of the lattice and on
defects according to the law pnoc (T) 97[3,1297 |. In these crystals, the vacancies of Yb atoms
are greater than the vacancies of Inatoms.The reason for this is thelarge screening
of Yb atoms (ionic radius Ry»=1.93A, Rn=1.57A) in TlIn_Yb,Te, .Therefore, due to phonon-

phonon and phonon-defect scattering, yx pn decreases, since yphoc(T)?2. With increasing x

decrements y phand the index of degree n’ Xoh ooT ™). As a result, when x> 0.05 wn/y phwith

increasing temperature changes by the law pn/y phoc (T) is 0% Therefore, up to Tec700K, an
increase in Zwith temperature occurs only due to a linear increase in (T) (Fig. 3). After
T 700K, increasing of Z is associated with the onset of its own region, since rising of
conductivity with temperature is stronger than the total thermal conductivity y; .

The particular interest is the dimensionless parameter ZT in these solid solutions (Fig. 5). As
is known, at room temperature greatnessin ZT for most thermoelectric materials not exceed
unity [10,44 ]. There are materials in which ZT reaches up to 2-3 [11, 1315.In these solid
solutions of the sample for x=0.10 ZT at temperatures T oc 800 K reaches up to ~ 3.4 (Fig. 3). This
is consistent with the data of [11, 1315]. Except for a high temperature, the reason ZT>2 can be
due two reasons: 1) at a temperature range of 700-1000K, the effective holes mass decreases with

temperature according to the law m;wT 020 which indicates the nonparabolicity of the valence

band, since parabolicity in highly degenerate samples does not to a significant increase in the
effective mass with temperature. In the same temperature range due to the onset of the region of
intrinsic conductivity, the total thermal conductivity increases according to the law y totoc T015,
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From these arguments it can be seen that the temperature behavior of the effective mass in
solid solution TlIn,_,Yb,Te, in the indicated temperature range m’; (T) does not weaken and

leads to an increase in ZT in the form ZT oc T 2. Therefore, the version, due to the dependence
m*p (T) of ZT passing to growth at high temperatures, is not justified. 2) The second version

consists in the fact that at T> 700 K due to the onset of conductivity of the intrinsic region due
to interband transitions conductivity increases with increasing temperature as a ¢ o« T''5, and
thermoelectric power decreases by law o oc T 07,

At the same time, due to the phonon — phonon and phonon —defect scattering, ypn (T)
decreases in the form yphoc T 2. As a result, at x> 0.5 and T > 700K, ZT changes with increasing
temperature according to the law ZT o T'3. So, it follows from the above two versions that,
due to band transitions of charge carriers, an increase in o(T) and a decrease in ypn (T) lead to
an increase in ZT at T>700K.

It can be seen from Fig. 4-5 that, for the studied temperature range, the calculations by
formulas (1-3) differ in the values of Z and ZT. The reason for this may be related to that in
these materials: 1-there is a large error in determining the value of the effective mass of holes,
2- the parameter of the scattering mechanism is not uniquely determined.

It can be seen from the table that, at T> 700 K, an increase in x leads to an increase
in y wt(T), the reason for which is the predominant role of the bipolar component of thermal
conductivity (). At temperatures T> 700 K, depending on the composition, it increases from
18% to 60% of y wt, then, according to formulas (4), the total thermal conductivity has the
form Y, = ¥+ %', where y'= (o, +0, )L,T.
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Fig. 5. Depending dimensionless parameter of thermoelectric figure of merit of the composition at

various temperatures Tl n_, beTez . The designation is the same as in Fig. 4.

So, in solid solutions TlIn,_,Yb,Te, found:

1.In Tlin,_,Yb,Te, holes wavelength longer than the wavelength of phonons which leads

to an overall increase Z.

2. To achieve the highest Z, conditions arise for the propagation of charge carriers and

phonons to satisfy the term pn/ ypn>>1.

3. The growth of substitution of indium atoms by ytterbium atoms leads to rather high

values of Z and ZT.
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XULASO

Magqalada Al-TiW-Pd2Si/n-Si Sottki diodunun otaq temperaturunda tadgiqatinin naticalariteqdim edilmisdir.
Kontaktda nazik dielektrik araligin movcudlugunu gebul etmoklo iimumi nezeriyye asasinda tetbiq olunan
gorginliyin paylanmast hesablanmisdir.Otaq temperaturunda olciilmiis volt-tutum (C-V) ve volt-amper (I-V)
xarakteristikalarindan alinmis naticelors asaslanaraq foza yiikii oblastinda garginlik diigkiisii (V2) vo sath hallarmin
yeniden yiiklonmasi potensiali (V{ ) hesablanmigdir.

Acar sozlor: Sottki diodu, silisid/silisium kontakti, Pd2Si/nSi(111), sath hallari, diffuzion baryer.
PACIIPEAEAEHUE HAITPSIDKEHWSI B AMOAE IIOTTKU Al-TiW-Pd2Si/n-Si
PE3IOME

B cratee mpeAcTaBAeHBI pe3yAbTaThl MCCA€AOBAHMS paclipejeleHNs] HampsDKeHus B guode IlorTku mpu
KOMHaTHOJI TeMIitepartype. Ha ocHose namepeHHbIX BoAbT-dapadubix(C-V) u Boasr—amiepHsix (I-V) xapakrepucrmik
¥ TeopuH, YIUTHIBAIOIIell HaAln4dye TOHKOTO AMDAEKTPIYECKOrO 3a3opa MeXAy MeTaAlo0M U II0AYyIPOBOAHMIKOM,
BBIUMCAEHO 3HaueHMe IaJeHNs HallpsKeHrs B 004acTy IPOCTpaHCTBeHHOTO 3apsa (V2) 1 oTeHIIaA, CBA3aHHBI C
repe3apsAKOI IOBePXHOCTHBIX COCTOSHMIA (V).

Karouessie caoBa: Anoasr HloTTky, KoHTaKTH crantua/cuanmym, Pd2Si/nSi(111), moBepXHOCTHBIE COCTOSHAS,
2udPy3MOHHBII Dapbep.

THE VOLTAGE DISTRIBUTION IN AL-TIW-PD:SI/N-SI(111) SCHOTTKY DIODE
ABSTRACT

This article presents the results of a study of the voltage distribution in a Schottky diode at room temperature.
Based on the measured volt-capacitance(C-V), volt-current (I-V) characteristics and theory, which take into the
presence of a thin dielectric gap between the metal and the semiconductor, the value of the voltage dropin the space
charge region (V2) and the potential associated with the recharging of surface states ( V{) have been investigated.

Keywords: Schottky diode, silicon / silicon contact, Pd2Si /nSi (111), surface conditions, diffusion barrier.

Giris

Nazik kristallik tobagelorin alinmasinda istifade olunan miiasir texnologiyalarin inkisafi,
todqiqi vo totbigi Sottki baryeri asasinda yeni metal-yarimkegirici strukturlarin mikro- vo
nanoelektronika tigiin yaradilmasi ve inkisafi ilo bilavasite baghdir [1-4].Bu strukturlarin

xassalori bir sira amillorden (ayrilma sarhadi, defektlar, fiziki proseslarin kinetikasi vo s. )
asilidir.

Sottki baryerli metal-yarimkegirici nazariyyasine gore iimumi halda ayrilma serhadinda
nazik dielektrik laymin olmasi gebul olunur. Leqovek-Slobodskiy modelino gora [5]
yarimkecirici/dielektrik serhaddinda lokallagsmis sath hallar1 kontinuumu mévcuddur, sath
yiikii ve potensial bu serhaddin biitiin ndqtelarinds eynidir. Real halda texnologiyanin
mitkommal olmamasi naticesinde yarimkegiricinin sathinds potensialin fluktuasiyalari, sath
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hallarinin  yiikiin paylanmasinda ve carsyan dasmmasinda rolu, kontaktda gotirilmis
yarimkegirici vo metalin kristallik gofeslorinin uzlasmasinin tasiri agkar edilmisdir [6,7]. Qeyd
olunan amiller teqdim olunmus maqalade Al-TiW-Pd:Si/n-Si Sottki diodunda potensialin
paylanmasinin todqiqini asaslandirmisdir.

Eksperiment

Al-TiW-Pd:Si/n-Si(111) Sottki diodunun hazirlanmasinda adastan kigik handasi olgtlii
diodlarin hazirlanmasinda istifads olunan planar texnologiya ve standart fotolitoqrafiya
metodu tetbiq edilmisdir. Pd2Si silisidi termik buxarlanma metodu ils 0,7 Q3-cm miigavimatli
3,5 um qalinhigh n-tip (fosfor asqarl) Si(111) althq tizerinde alinmigdur.

flk 6nca n-tip silisium (Si(111)) 16vhanin sathi termik iisulla oksid tebaqe sonra da isiga
hassas fotorezistlo Ortiiliir. Metallasmadan 6nce 16vhe ammonium peroksidi qarisiginda 10
daqige arzinds 2 meoarhalsli kimyavi temizlomeye meruz qalir. Sonra althq uzun miiddet
arzinda deionlagmis suda, suyun miiqavimati 18 MOmsm olana goadar, yuyulur. Dielektrik
maska (S5i02) Ox+Hx+HCI buxarinda 1320K temperaturunda termik oksidlesdirme tisulu ils
almir. SiO: tebagesinin qalinligr 0,34-0,36mk civarindadir. Tebagode agilan pancaralerin
keyfiyyati nomliyin ¢okdiirtilmosi metodu vasitasile yoxlanilir.

Metal tobagenin almmasindan 6ncs silisium 16vhaler sistemin kamerasinda 6x10° Torr
vakuumda 573K temperaturunda 300 saniye miiddstinda tavlanmusdir. PdaSi tebagelarinin
homogen alinmasi maqsadile lovhaler kameranin xaricinds xiisusi sobali ampulda 783K
temperaturunda 30 deqiqe N2 ve Haqazlar miihitinde tavlanmusdir. Qaliq palladiumun
tomizlonmosi {ligiin Pd2Si/Si strukturu ¢ar araginda yuyulmusdur.

Omik kontakt kimi istifade edilon alyuminiumun yiiksek diffuziya amsalina malik
olmasini nazars alaragq, silisid ve aliiminium arasinda yerlasdirilon TiioWa amorf xslite nazik
tobaqesi diffuzion baryer rolunu oynayir. Al-TiW-Pd:Si/n-Si(111) Sottki diodlarmnin tutum-
gorginlik (C-V') oOlgmaleri otaq temperaturunda (300K)HP 4192A LF impedans analizator
komayi ilo hayata kecirilmisdir[8].

Natico vo miizakiro

Todqiq olunan Sottki diodlarini saciyyelendiran volt-amper (I-V) ve volt-tutum (C-V)
xarakteristikalar1 bir sira parametrlsrinin giymetlarins, temperaturdan va tezlikden asihilgma
gora carayan dasinmasinda sath hallarmin rolunu danilmaz edir.

Seth hallar1 sixliginin (Nss) hesablanmasi {igiin bir sira metodlar malumdur ki, bunlarin
birisi I-V vo C-V xarakterisikalarindan alinan parametrlarin istifade edilmasils hayata kegirilir.
Kard ve Roderik torafinden alinmuis ifadaya gore

| @)

Burada &1 vo &2 yarimkegirici vo dielektrik araligin dielektrik niifuzluqglari, d-dielektrik
layin qalmligi, n(V)-idealliq emsalidir[1,9].

Ngs = %[81;2 n(V)-1) - 5];‘;2

Adston I-V ve C-V xarakteristikalarin analizi edilsrkeon soth hallarinin tesiri vo kontaktin
s1x olmamasi nazars almuir(6, 7].
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Lakin xarakteristikalarin doaqiq tahlili bu amillarin nazers alinmasirnu teleb edir. Toqdim
olunan moaqalads kontaktda dielektrik araligm, ssth hallarinin moévcudlugu ve bu
parametrlarin diod strukturunun xassalarina tesiri tadqiq edilmisdir.

Umumi modelds totbiq edilen gorginlik (V) dielektrik araliq ve foza yiikii oblastinda
paylanur [1,9].

V:V1+V2(2)

Burada Vi ve V2 miivafiq olaraq dielektrik araliqda ve faza yiikii oblastinda gerginlik
disqiistidiir.

Bels halda Sottki diodu volt-amper xarakteristikasi
vz v

Izlo(ekT —ekT)(B)

Umumi tutum isa

(4)

ifadalorile tesvir edilir. Burada Ci ve C: miivafiq olaraq dielektrik araliq ve fozaytikii
oblastinin tutumudur.

C1C;
C1+C,

C =

Kontakta V gorginliyi tetbiq edildikde elektronun potensial enerjisi yarimkegiricide ve
dielektrik araliqda metalin Fermi saviyyasine nazaran dayisir [1, 9].

Qeyd etmok lazimdir ki, dielektrik araligdaki gerginliktotbiq edildikde seth hallarmin
yeniden yiiklonmasi bas verir ve bu Vi-la alagoli V{ potensiali kimi isars olunur[1,9].

Todgiqat naticesinde otaq temperaturunda Al-TiW-Pd:Si/n-Si(111)Sottki diodlarinin C-V
xarakteristikasi Ol¢tilmiisdiir(sok.1).

1,2E-10 1 C{F)

8,0E-11 T
6,0E-11 T

4,0E-11 +

viv)

Sak.1. Al-TiW-Pd2Si/n-Si(111)Sottkidiodununvolt-faradxarakteristikasi

Faza yiikii oblastinda garginlik diiskiisii hesablanmisdir (sok.2):

G (L_1)P(L_1y(L,1 2
Vo= e (co cl) (co c) (co te cl)(5)

Burada®, - potensial baryerin hiindiirliiyii, C; - maksimal tutum, Co- gorginliyinV=0 qiy-
motindaki tutum, C- 6l¢tilmiis tam tutum.
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Sok.2. Al-TiW-Pd2Si/n-Si(111)Sottki diodunda faza yiikii oblastinda garginlik (V2)
paylanmasinin totbiq olunmus gorginlikden asililig1

Soth hallarinin yeniden yiiklonmasi potensiali (V{ ) hesablanmisdir (sok.3).

i _y o Po(L_ L)1) 12]
Potensialbaryerinhiindiirliiyii (©,=0,635 eV) otagtemperaturunda (T=300K) I-V vo C-V
xarakteristikalarindanhesablanmisdir.

v1'

Vi .

Sak.3. Al-TiW-Pd:Si/n-Si(111) Sottki diodu sath hallarmin yeniden yiiklonmasi potensiali (V; )
paylanmasinin tatbiq olunmus goarginlikden asililig1

Seth hallarinin yeniden yiiklonmasi potensialinin (V}) miisbat vo menfi giymatlari kon-
taktda seth hallarinin mévcudlugunu, yeniden yeklanmasini, metal ve ya yarimkegirici ils

elektron muibadils etmasini bildirir.

Noatica

Al-TiW-Pd2Si/n-Si(111)Sottki diodlarinda garginliyin paylanmas: tadqiq edilmisdir. Volt-
amper va volt-farad xarakteristikalarindan alinmis naticalor asasinda gorginliyin foza yiikii
oblastindaki giymatlarinin (V2) ve sath hallarmin yeniden yiiklonmasi potensialinin (V{ ) gorgin-
likden asihilig1 hesablanmisdir.V{-in miisbatvemanfigiymstlarissth hallarmin méveudlugunu,

yenidan yiiklonmasini, metal vo ya yarimkegirici ilo elektron miibadile etmasini bildirir.
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Science and education. II International Conference. ”Higher Twist Effects In Photon- Proton Collisions”,
Baki, 01-03 Noyabr, 2007, ss 384-391

Monbalar 9 punto yaz1 tipi bdyiiklitytinds olmalidir.

10.

11.
12.

Sohifo ol¢iilori: listdon 2.8 sm, altdan 2.8 sm, soldan 2.5 sm va sagdan 2.5 sm olmalidir. Matn 11 punto yazi tipi
boyiiklityiinds, Palatino Linotype yazi tipi ilo ve tok simvol araliginda yazilmalidir. Paraqraflar arasinda 6
punto yazi tipi araliginda mosafo olmalidir.

Orijinal todqiqat asarlorinin tam motni bir qayda olaraq 15 sshifoden artiq olmamalidir.

Mogqalonin nosra toqdimi asagidaki qaydada aparilir:
Hor mogqalls an az1 iki eksperto gondarilir.
Ekspertlorin tovsiyalorini nazors almaq ti¢iin moaqalo miiollifo géndorilir.

Moqalas, ekspertlorin tonqgidi geydlori miiallif torafindon nazors alindiqdan sonra Jurnalin Redaksiya Heyati
torafindon ¢apa togdim oluna bilar.


mailto:journal@beu.edu.az

8.

YAZIM KURALLARI

“Journal of Baku Engineering University-Physics" Onceler yayimlanmamis orijinal ¢aligmalar1 ve yazarin
kendi aragtirma alanin-da yazilmis derleme makaleleri kabul etmektedir.

Makaleler Ingilizce kabul edilir.

Makaleler Microsoft Word yazi programinda, (journal@beu.edu.az) adresine gonderilmelidir. Génderilen
makalelerde sunlar dikkate alinmalidir:

Makalenin bagligi, yazarin ad1, soyadi,

Is yeri,

E-posta adresi,

Ozet ve anahtar kelimeler.

Ozet 100-150 kelime arasinda olup 9 font biiyiikliigiinde, makalenin yazildig: dilde ve yukarida belirtilen iki
dilde olmalidir. Makalenin her ii¢ dilde yazilmis 6zeti birbirinin ayni olmalidir. Anahtar kelimeler uygun 6zetin
sonunda onun yazildig: dilde verilmekle en az ii¢ sozciikten olugmalidir.

Makalede UOT ve PACS tipli kodlar gosterilmelidir.

Makale sunlardan olugmalidir:

Giris,

Arastirma yontemi

Aragtirma

Tartisma ve sonuglar,

Istinat Edebiyati Rusca oldugu halde orjinal dili parantez icerisinde gdstermekle yalniz Latin alfabesi ile ve-
rilmelidir.

Sekil, Resim, Grafik ve Tablolar baskida diizgiin ¢ikacak nitelikte ve metin igerisinde olmalidir. Sekil, Re-
sim ve grafiklerin yazilar1 onlarin alt kisimda yer almalidir. Tablolarda ise baslik, tablonun iist kisminda
bulunmalidir.

Kullanilan kaynaklar, metin dahilinde késeli parantez igerisinde numaralandirilmali, ayn1 sirayla metin so-
nunda gdsterilmelidir. Aym kaynaklara tekrar basvuruldugunda sira muhafaza edilmelidir. Ornegin: [7,seh.15].

Referans verilen her bir kaynagin kiinyesi tam ve kesin olmalidir. Referans gosterilen kaynagin tiirii de eserin tii-
riine (monografi, derslik, ilmi makale vs.) uygun olarak verilmelidir. [Imi makalelere, sempozyum, ve konferanslara
miiracaat ederken makalenin, bildirinin veya bildiri 6zetlerinin ad1 da gésterilmelidir.

a)
b)

c)

Ornekler:

Makale: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M.. Spatial and Electronic Structure of Monomerik
and Dimeric Conapeetes of Carnosine Uith Zinc, Journal of Structural Chemistry, Vol.51, No.5, p.824-832, 2010

Kitap: Christie ohn Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition, Prentice
Hall, p.386-398, 2002

Kongre: Sadychov F.S., Aydin C., Ahmedov A.1. Appligation of Information-Communication Technologies
in Science and education. Il International Conference. “Higher Twist Effects In Photon- Proton Collisions”,
Baki, 01-03 Noyabr, 2007, ss 384-391

Kaynaklarin biiyiikliigii 9 punto olmalidir.

9.

10.
11.

12.

13.

Sayfa olculeri; tist: 2.8 cm, alt: 2.8 ¢cm, sol: 2.5 cm, sag: 2.5 cm seklinde olmalidir. Metin 11 punto biiyiik-
likte Palatino Linotype fontu ile ve tek aralikta yazilmalidir. Paragraflar arasinda 6 puntoluk yazi mesa-
fesinde olmalidir.

Orijinal aragtirma eserlerinin tam metni 15 sayfadan fazla olmamalidir.

Makaleler dergi editoér kurulunun karari ile yayimlanir. Editorler makaleyi diizeltme i¢in yazara geri gonde-
rilebilir.

Makalenin yayina sunusu asagidaki sekilde yapilir:

Her makale en az iki uzmana gonderilir.

Uzmanlarin tavsiyelerini dikkate almak i¢in makale yazara gonderilir.

Makale, uzmanlarm elestirel notlar1 yazar tarafindan dikkate alindiktan sonra Derginin Yayin Kurulu tarafindan
yayina sunulabilir.

Azerbaycan disindan gonderilen ve yayimlanacak olan makaleler i¢in,(derginin kendilerine gonderilmesi za-
mani posta karsiligr) 30 ABD Dolar1 veya karsiligi TL, T.C. Ziraat Bankasi/Uskiidar-Istanbul 0403 0050 5917
No’lu hesaba yatirilmali ve makbuzu {iniversitemize fakslanmalidir.
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ITPABUJIA JIA ABTOPOB

«Journal of Baku Engineering University» - ®u3uka my0IuKyeT OpUTHHAbHBIC, HAYYHBIC CTATHU U3 00NACTH
HCCIICZIOBaHIUSI ABTOPA U PaHEe HE OMyOINKOBAHHBIC.

Cratbu TIPUHUMAIOTCS Ha AHTJINCKOM SI3BIKE.

PykomucHu TOIKHBI OBITH HaGpaHsl coracHo mporpammbel Microsoft Word u oTripaBiieHb! Ha 3JIeKTPOHHBIH
anpec (Journal@beu.edu.az). OtmpasisemMble CTaThH AOJIKHBI YIUTHIBATH CIICAYIOIIHE TPABHIIA:

HazBanue ctatbu, uMs U paMUIIHs aBTOPOB
Mecto paboThI

DICKTPOHHBIN aJipec

AHHOTAIMS 1 KJIFOYEBBIC CIIOBA

3arjiaBue CTaTbhHU MHIICTCS I KOKIOW aHHOTAIMK 3arjlaBHBIMU OyKBaMHU, )KUPHBIMU OyYKBaMU M pacrioJiara-
eTcsl TI0 LEHTPY. 3arilaBue W aHHOTALINH OJDKHBI OBITh IIPEICTABICHBI HAa TPEX S3BIKaX.

AHHOTAIM, HAIICAaHHAS HA S3bIKE TPEACTABICHHON CTaThH, MOJDKHA comepkaTth 100-150 crmoB, HaOpaHHBIX
uipudToM 9 punto. Kpome Toro, mpefcTaBisSiOTCs aHHOTAIMK HA BYX JAPYTHX BBINIC YKa3aHHBIX S3bIKAX,
MepPeBOJT KOTOPBIX COOTBETCTBYET COJIEPKaHUIO0 OopUruHaia. KitoueBble ciioBa JOJKHBL ObITh MPEACTABIEHBI
mocyie KayKI0i aHHOTAIMH Ha ero S3bIKE U COAEPIKaTh HE MEHEe 3-X CIIOB.

B crarbe momxub! ObTh yKa3anbl kol UOT u PACS.

IIpencraBneHHble CTaThbU AOJKHBI COAEPKATh:

Beenenue

MeTton ucciaemoBaHus

OO6cyxneHne pe3yIbTaToOB HCCICOBAHUS H BEIBOJOB.

Ecmu ccrmmarorcs Ha paboTy Ha pycCcKOM sI3BIKE, TOTJIa OPUTHHANBHBIA S3BIK YKa3hIBacTCsA B CKOOKax, a
CCBUIKA JJACTCS TOJIBKO Ha JTATHHCKOM ai(haBUTE.

PuCyHKH, KapTHUHKH, TpaGUKH 1 TAOHIBI JODKHBI OBITH YETKO BBIMOJIHEHBI M Pa3MEIEHbI BHYTPH CTATHH.
Toamucu K pUCyHKaM pa3MEIIaloTCsl MO PUCYHKOM, KapTHHKON mid rpadukom. Haseanue TaOauIbl MHIIETCS
HaJ TaOJIHLEH.

CChUIKH Ha HCTOYHHKH JAI0TCA B TEKCTE IU(POH B KBaIPaTHBIX CKOOKAX U PACIIONaraloTcs B KOHIIE CTaThH
B TIOPSIZIKE IUTHPOBAHMUS B TeKCTe. ECITM Ha OJIMH M TOT K€ HCTOYHMK CCBUIAIOTCS JIBa U GoJiee pas, Heo0X0-
JIMMO YKa3aTh COOTBETCTBYIOIIYIO CTPAHMUILY, COXPaHss MOPSIKOBBIM HOMep nutupoBanus. Hanpumep: [7,
crp.15]. bubmuorpaduueckoe OMMUCaHKUE CCHIITAEMOM JTUTEPATYPHI TOJKHO OBITH POBEIEHO C YUETOM THIIA
UCTOYHMKA (MOHOTpadust, yIeOHHK, HAydHAs CTaThs U JIp.). [IpH CCBUIKE Ha HAYYHYIO CTAThIO, MATEPHAIBI CHM-
No3uyMa, KOH(PEPEHIINH WK IPYTHX 3HAYNMBIX HAYYHBIX MEPOIPHATHH TOJKHBI OBITH YKa3aHbl Ha3BaHUE
CTaThH, JOKJIAJA WK TE3HUCA.

Hanpumep:

Cmamuws: Demukhamedova S.D., Aliyeva I.N., Godjayev N.M. Spatial and electronic structure of monomeric
and dimeric complexes of carnosine with zinc, Journal of Structural Chemistry, VVol.51, No.5, p.824-832,
2010

Knuza: Christie on Geankoplis. Transport Processes and Separation Process Principles. Fourth Edition,
Prentice Hall, 2002

Kongpepenyusa: Sadychov F.S, Fydin C,Ahmedov A.l. Appligation of Information-Communication Nechnologies

in Science and education. Il International Conference. “Higher Twist Effects In Photon-Proton Collision”,
Bak1,01-03 Noyabr, 2007, s5.384-391

Crcok IMTHPOBaHHOM JIUTEpaTyphl Habupaetcs mpudTom 9 punto.

10.

11.
12.

Pa3mepsb! crpanunbl: cBepxy 2.8 cM, cHu3y 2.8 oM, cieBa 2.5 u cripaga 2.5. Tekct neyaraercs mwpudtom Pala-
tino Linotype, pasmep mwpudra 11 punto, uaTepBan-oauHapHbliid. [laparpadsl T0KHBI OBITH pa3lieicHbI
paccTosiHuEM, COOTBETCTBYIOIUM MHTEpBaIy 6 punto.

[TonHb1i 00beM OPUTHHAILHOM CTaThH, KaK IPaBHUIIO, HE JOJDKEH MPEeBHIIIaTh 15 cTpaHuil.

IIpencraBneHue cTaThbu K MEYaTH NPOU3BOJUTCS B HIKE YKA3aHHOM IMOPAIKE:

Kaxxmas cTaTes mockIIaeTcss HE MEHEe ABYM JKCIIEpTaM.

CraTbs MoCkUTaeTCA aBTOPY AT ydeTa 3aMEeYaHnui SKCIIePTOB.

CraTps, TIOCIIE TOTO, KaK aBTOP yd4elsl 3aMEYaHHs KCIIEPTOB, PEOAKIIMOHHON KOJUIETHEH XypHama MOXKET
OBITh PCKOMCH/IOBAHA K MICYATH.
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