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THE KINETIC EFFECTS IN ANISOTROPIC SIZE-QUANTIZED n-Ge AND n-Si FILMS
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Balu State University named after M.E. Rasulzade,
Academician Z. Khalilov street 23, Baku-370148

The behavior of kinctic cocfficients depending on orientation of n-Ge and n-5i films surface is investigated at the presence of the
nonquantized magnetic field. The general solution of transport equation and expressions for the relaxation time including various
mechanisms of electrons scatiering are obtained. Also the expressions for galvanomagnetic and thermomagnetic tensors arc obtained
at the arbitrary degree of eleciron gas degeneration and arbitrary value ol transverse magnetic field. The Hall constant and thermo-
power in n-Cie and n-5i (iims plane in & strong magnetic field are caleulated at various approximations of electron gas degencration.

n=-Cre and n-Si

At the present time thin semiconducting films are in-  can be observed in kinetic characters of

tensively investigated in the size-quantized conditions that
is connected with the microelectronics development,
When the specimen sizes are of de Broglie wave length of
the current carriers the quantum sized effects are oc-
curred. In this case the quasi-discrete nature of energy
spectrum appears and the form of wave functions
changes. Some thermodynamic and kinstic properties lor
conducting films with standard band spectrum hsave been
considered in the works [1-4], In the works [5,6] the elec-
tron states In anisotropic size-quantized n-Ge and n-Si
films have been considered and dependence of physical
vilues on film surface orientation has been predicted, so-
called the size-quantized anisotropy of thermodynamic
propertics of system, Evidently that such dependence also
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where m, and m, are the longitudinal and transverse effee-
tive masses of electron respectively, d is the film thickness,
5 15 the ellipsoid number, n.=1,2,3.... is the sized quantum
number, & is the angle of rotation of a normal to the [001]
film surface, @. (&) are the functions that characterize the
orientation of ellipsoids as regard to the system of refer-
ence and depend on anisolropy paramcter of effective
masses (see [6]).

To consider some kinetic characters of system it is nec-
essary to solve the Boltzman transport equation. The so-
lution of such equation in n-Ge and n-Si bulk specimens
were obtained in the works [7.8]. As for size-quantized n-
Ge and n-Si films we must to solve the two-dimensional
iransport equation on plane.

If represent the nonequilibrium distribution function
of electrons in the form:
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and take into consideration that the external magnetic

field is directed along a normal to the film surface then the
next solution of equation is obtained:

P = ﬁ {EEI':: FI f[ﬁf&‘l{fﬁrﬁ]l}, (3)

films.

In the present work the behavior of kinetie cocificients
depending on orientation of n-Ge and n-Si films surface
is investigated at the presence of the nonquantized mag-
netic field. The general solution of transport equation and
expressions for the relaxation time including various
mechanisms of electrons scattering are obtained. Also the
expressions for galvanomagnetic and thermomagnetic
tensors are obtained at the arbitrary degree of electron gas
degeneration and arbitrary value of transverse magnetic
field, The Hall constant and thermopower in n-Ge and n-
5i films plane in a strong magnetic field are calculated at
various approximations of electron gas degeneration.

|.The energy spectrum of clectrons in the size-
quantized n-Ge and n-5i films have the form [6]:
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where r, is the function of Fermi-Dirac distribution
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tensor of relaxation time, M 1 is the inverse tensor of

electron effective masses, |f| and |ﬁ:i‘| are determinants of
the relaxation time and effective mass tensors respectively.

As we see from (2) and (3) P as the nonequilibrium
distribution function depends on components of the re-
laxation time tensor. Therefore, to calculate the kinetic
coefficients it is necessary obtain the expression for re-
laxation time at the different mechanisms of scattering,
In our case F has two components that for each mecha-
nism of scattering depend on only one relaxation time
parameler ;.

The r. expression for electrons scattering on acoustical
and non-polar optical phonons, point defects and impu-
rity ions in film plane has the form:
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where Hy., is the probability of electron transition from

state f=(n.k.k,) to state B = (n__;, ki k;) or back.



The exact calculations in cases of electron scattering
on phonons and point defects give us:
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multipliers that don’t depend on energy and proportional
to the analogous expressions for bulk specimen [7].

As 1t is seen from (3) 7., depends on energy only

through n_ . Moreover, r, essentially depends on n-Ge

and n-5i films surface orientation and in the n, »> 1

limit the result for bulk specimen is obtained.
In the case of electrons scattering on impurity ions the

r, expression for arbitrary n_ wvalues isn't obtained.
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However if take into consideration that the scattering is
occurred without the transitions between the film sub-
bands in this case for the relaxation time we obtain:
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where & 1s the discrete part of the energy spectrum (1).
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Evidently in this case r, depends on energy through

and proportional £ .

2. Having known the solution of transport equation
and expression for the relaxation time one can calculate
the current and the energy flux densities and then we can
determine the components of kinetic tensors. For the o,
Gooand . (i, k= 12: 37 < k) tensors that connect the
current and the energy Mux densities with the electric ficld

and the temperature gradient the next expressions are ob-
tained:
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N=4 (n-(Ge) and N=6 (n-5i).

On the base of general expressions (7)-(9) for kinetic
tensors we can calculate all kinetic effects in various con-
ditions. Let us demonstrate some of them for a strong
magnetic field (v>>1).

80, for the Hall constant in this case we obtain:
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where n. is the concentration of electrons in film. There-
fore in a strong magnetic field R, doesn’t depend on the
film surface orientation, degree of degeneration of elec-
tron gas and mechanisms of scattering,

For the thermopower we have:

(11)
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parametric  Fermi imtegrals of »r index (x=1,2),
g, £, & — &,
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Evidently in this case e, doesn’t depend on the mecha-
nisms of scattering, but it depends on the film surface orien-
tation, otherwise, the thermopower has so-called the size-
quantized anisotropy.

In the case of degenerated electron gas for the &, we ob-
tain:
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clectron states in film [6].
Therefore the @, behavior in this case ¢oincides with the

density of states one near the Fermi enerpy. Otherwise, the
thermopower depends on the film thickness as 1 /d until the

film subband doesn't coincide with the Fermi energy. In this

case @, changes by the jump and is equal the same value in
bulk specimen. Therefore the thermopower in dependence on
the film thickness has a saw-toothed character,

In the case of nondegenerated clectron pas for @, we
have:
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The &, behaviour in this case in dependence on the film
thickness is differed from the one in the degenerated statis-
tics. The analysis of expression (13) show us that here

(]

¢ ~ Ind + —5 . Therefore the thermopower in this
|
case also 15 a nonmonotonous function of film thickness, At

the n, >> 1 limit the result for bulk specimen independed
on a film thickness is obtained.
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B.1. Quliyev, V.M. Haciyey

OLCUY® GOR® KVANTLANMIS ANIZOTROP n-Ge VO n-Si NAZIK TOBOQOLORINDD
KINETIK EFFEKTLOR

Kvantlanmamig magnit sahesinda n-Ge va n-5i nazik tebagalerinde sethlerin semtinden asili olarag kinetik emsallar tadgig ol-
unur, Kinetik tanliyin dmumi helli ve mixtalif sepilme mexanizmleri ehate edan relaksasiva zamam iiciin ifadalar almmisdir. Eyni
zamanda clekiron gazimn ixtiyari cirlasma va enina magnit sahesinin ixtivari givmatinda qalvano- va termomagnil tenzorlar Geln
ifadalar alinmigdir. n-Ge va n-Si nazik tabeqgelarin sathinde giicli magnit sahesinda elektron qazinin miixtalif cirlasma vaxinlasma-

larda Holl amsali vb termo-EHQ hesablanmasdir.

b.H. Kyauen, B.M. amxunen

KHHETHYHECKHE 3®®EKTbI B AHW30OTPOIIHBIX PASMEPHOKBAHTOBAHHBIX TIJIEHKAX n-Ge H n-Si

B pafiote mcencayercs NoRefeHHe KMHETHYCCKHX KOMMLIMEHTOR B 3ABHCHMOCTH OT OpPHEHTALMH NOBCPXHOCTH MAEHOK n-Gc # n-Si
TPH HHHHH HEKBANTYIOWETD MArHHTHON nond. [omyyens ofinee peiieHne KHHETHYECKOTD YDABHCHHA M BLIPAMEHHA I8 BPEMeHH pe-
NAKCALH, OXBATRIBAIOMINE PAINHYHEIE MEXAHHIME! paccedHis, [Tonyyensl Takse BLIPRXKEHHE A MAIbBAHO- H TCPMOMATHHTHLIX TCHIOPOR
NpH NPOHIEOILHON CTCNCHH BEIPOMIEHHS 3NCKTPOHHOTO TA3A M IIPOMIBONEHOM 3HAYCHHH TIONEPEYHOND MATHHTHOrO o8, Bryucnenn
koadiiiment Xoana v TEpMOAAC B NANOCKOCTH IUEHOK N-0e M N-Si B CHILHOM MATHETHOM TIONE NPH PAINHEHLIX NPACAHAEHHAR BLIpOH-

JZHHA 3MEKTPOHHOND rasa
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