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ELECTRON TRANSPORT PHENOMENA IN
SIZE-QUANTIZED n-Ge AND n-Si FILMS
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The behavior of some kinetic coefficients depending on n-Ge and n-Si films surface orientation is investigated in the nonquantized
magnetic field. The general solution of transport equation and expressions for the relaxation time at various electron scattering cases are
obtained. Also the expressions for halvanomagnetic and thermomagnetic tensors are obtained at the arbitrary degeneration of electron gas.
The Hall constant and thermopower of n-Ge and n-Si films in a strong and weak transverse magnetic field are calculated.

1. Introduction

At present thin semiconducting films are intensively
investigated in the size-quantized conditions connected with
microelectronics development. When the specimen sizes are
of de Broglie wavelength of the current carriers’ the
quantum-sized effects occur and the wave functions form
changes. Some thermodynamic and kinetic properties of
conducting films with standard zone (simple isotropic model)
have been considered in the works [1-4]. In the work [5] the
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where mj| and m; are the longitudinal and transverse
effective electron masses, respectively; d is the film
thickness, s is the ellipsoid number, n=1, 2, 3,... is the sized
quantum number, o is the angle of rotation of a normal to the
[001] film surface around one of the crystallographic axes,
¢s(0) are anisotropy functions characterizing ellipsoids
orientation as regard to the system of reference (see [5]).

To consider some kinetic properties of the system it is
necessary to solve the Boltzmann transport equation in the
external nonquantized magnetic field. The solution of the
same equation for n-Ge and »-Si bulk specimens was
obtained in the works [6,7]. In our case of size-quantized n-
Ge and #n-Si films we have to solve the two-dimensional
transport equation in film’s plane.

If one represents the nonequilibrium distribution
function of electrons in the form:
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and assumes that the external nonquantized magnetic field is
directed along a normal to the film surface (transverse field)
then the following solution of equation is obtained:

films have been considered and the so-called size-quantized
anisotropy (dependence of physical values on film surface
orientation) was predicted. Evidently, such dependence can
be observed in kinetic properties of n-Ge and n-Si films.

2. Transport equation

The energy spectrum of electrons in the size-quantized n-Ge
and n-Si films takes a form:
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where  f; is the Fermi-Dirac function, v = —— 54,
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time, M  is the inverse tensor of electron effective masses,
|f | and |M | are determinants of the relaxation time and

effective masses tensors, respectively.

As we see from (2) and (3) P like nonequilibrium
function depends on components of the relaxation time
tensor. Therefore, to calculate the kinetic coefficients it is
necessary to obtain the relaxation time expression for
different electron scattering cases. In n-Ge and n-Si films

plane Phas two components depending on only one
relaxation time parameter T;.
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The 1, expression for electrons scattering on acoustical As it is seen from (5) 1y depends on energy only through
and non-polar optical phonons, point defects and ionized

. e T n, . Moreover, T, essentially depends on n-Ge and »-Si films
impurities in films plane takes a form:

. . . . [
surface orientation and this dependence vanishes only at the

k)’: k, + (P: (a )ky ky Z >> ] limit when the result for bulk specimen is obtained.
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obtained. However, if we assume that the scattering on

. . .. ionized impurities occurs without the transition between film
where WB' is the probability of electron transition from a p

Bs subbands then the following result for relaxation time is
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3. Hall constant and thermopower
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Having knowledge of the transport equation solution and
expression for the relaxation time one can calculate the
current and the energy stream densities and then we can
average number of film subbands below energy &), €,=¢;  determine components of kinetic tensors. For the o; and By
(n,=1, k=k,=0), 7y is the multiplier that doesn’t depend on  (i,k=1, 2,; i<k) tensors connecting the current and the energy
energy but proportional to the film thickness. stream densities with the electric field and the temperature
gradient the following expressions are obtained:
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m, m, where n,is the concentration of electrons in film. Therefore,
in this case Ry doesn’t depend on the film surface orientation,
N=4(n-Ge) and N=6(n-Si). degree of electron gas degeneration and electron scattering

On a base of the general expressions (7) and (8) for mechanisms. But unlike the bulk specimen 7, depends on
kinetic tensors we can calculate all kinetic effects in various film thickness and this dependence characterizes the
conditions. Let us show some of them in a strong (v>>1) and ~ quantum-sized effect.

So, for the Hall constant in the strong magnetic field we
obtain: ky B ((x )
o, =———= , (10)
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The analysis of expression (10) for Oy shows us that in

this case thermopower doesn’t depend on scattering
mechanisms and for degenerated electron gas we obtain:
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electron states in n-Ge and »-Si films [5].

Therefore, the o, behavior in this case is the same like for
the density of electron states near the Fermi energy at the
fixed n.. Otherwise, the thermopower depends on the film
thickness as I/d until the film subband coincides with the

an

S} is the density of

where g a

Fermi energy. In this case o, has a leap and is equal to the
thermopower value in bulk specimen. Therefore, the
thermopower dependence on film thickness has a saw-
toothed character.

In another case of nondegenerated electron gas for o, we
have:
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The o, behavior on film thickness in this case differs from
the one for degenerated electrons. The analysis of expression
(12) shows us that for fixed n,. Otherwise, thermopower in
this case also is a nonmonotonous function of film thickness.

When n_ >> 1 limit the result for bulk specimen is obtained

that doesn’t depend on a film thickness.
The same kinetic coefficients in the weak magnetic field

take forms:
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[
=0 for phonons and point defects and =2 for ionized In conclusion, we note that kinetic coefficients in size-

impurities. quantized n-Ge and »-Si films essentially depend on film surface
Therefore, in this case unlike the strong field R, depends  orientation. Therefore, they possess the so-called size-quantized
on film surface orientation. Thermopower o, depends on  anisotropy. It is the most particular feature of kinetic quantum-

magnetic field like small correction proportional v j . sized effects in the anisotropic #-Ge and »-Si films.
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H.B. ibrahimov, V.M. Haciyev
n-Ge VO n-Si UCUN KVANTLANMIS NAZIK TOBOQOLORDO ELEKTRON KEGIRM3 HADISOLORI

n-Ge vo n-Si nazik tebagslerin sathinden asili olarag kvantlanmamis magnit sahasinds kinetik emsallarin xassaleri tahlil
olunur. Kinetik tanliyin tGmumi halli ainmisdir ve mixtslif elektron sepilmalari Ug¢lin relaksasiya zamani hesablanmisdir. Homginin
ixtiyari cirlasmis elektron gazinin qalvanomagqnit ve termomagqnit tenzorlar Ggin ifadsler alinmisdir. Ve nazik tabagslerde gucli
vo zoif enina magnit sahasinda Holl emsall ve termol-EHQ hesablanmigdir.

I'. b. U6parumoB, B.M. I'ax:xueB
9JIEKTPOHHBIE SABJIEHUS IEPEHOCA B PABMEPHO-KBAHTOBAHHBIX IIVIEHKAX n-Ge U n-Si

HccnenoBano TOBeEHHE HEKOTOPHIX KHHETHYECKHUX KOI(PQHUIMEHTOB I pa3MEpHO-KBAaHTOBAHHBIX IUICHOK n-Ge u n-Si B
HEKBAaHTOBAHHOM MArHHTHOM IIOJIC¢ B 3aBUCHMOCTH OT OPHMCHTALMM HX IOBEPXHOCTH OTHOCHTEIBHO KpUCTAIOrpahUyuecKux OcCeil.
IMosy4eHo obuiee perieHUe IS KUHETHYECKOTO YPABHEHMS M BBIPAKCHUS UL BPEMEHH PEJAaKCAllMH IIPU Pa3IMYHBIX MEXaHH3Max
paccesiaus. Taroke MOJTydYeHbI BBIPAKEHHUS ULl KOMIOHCHT TaJlbBAHOMArHUTHBIX M TEPMOMATrHUTHBIX TEH30POB TIPU IPOM3BOIBLHOM BBIPOXK-
JICHUH 3JEKTPOHHOTO ras3a. Beramcnensr koaddunuent Xomra u tepmo-OC mis mieHok #n-Ge u #-Si B CHIIBHBIX U CIa0BIX MOMEPEYHBIX
MAarHUTHBIX HOJISX.
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