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LONGITUDINAL MAGNETORESISTANCE OF SEMICONDUCTIVE FILM WITH THE
PARABOLIC POTENTIAL IN QUANTIZING MAGNETIC FIELD

Kh.A. GASANOV
Scientific-technical complex ““Informatika™

In this work longitudinal magnetoresistance in semiconductive films with parabolic potential in strong magnetic field are investigated. It
is shown that longitudinal magnetoresistance is nedative at certain value of the magnetic field. Its magnitude is determined by spin splitting.

The account of quantiation the electron motion in the
magnetic field unlike the classic theory leads to different
from zero the longitudinal magnetoresistance. The change of
the longitudinal magnetoresistance is caused by the fact that
in the quantum magnetic field the possibility of the charge
carriers scattering and Fermi level depend essentially on the
magnetic field [1-3]. The longitudinal magnetoresistance in
some region of the magnetic field may be negative, it has
been experimentally observed in the wide range of
semiconductors [4, 5]. The magnetoresistance sign, its value,
the nature of the temperature and field dependence have been
determined by m any factors, the band structure, the
relaxation mechanism and size of sample. In paper [6] the
existence of the negative magnetoresistance in the multilinear
semiconductors in the fixed region of the magnetic field both
for three and two-dimensional electron gas when has been
theoretically predicted, the sample thickness has been
compared with the diffusion length, which is connected with
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the account of the spin-orbit scattering of the current carriers
on the impurities. It has been also noted, that in the same
region of the magnetic fields in the non-degenerate case the
main contribution in to the anomaly magnetoresistance gives
the quantum correction to the magnetoresistance without the
account of the electron interaction, caused by the spin-orbit
interaction. Suggested in the present paper theoretically
research gives the alternative explanation to the negative
magnetoresistance of the semiconductive film with the
parabolic potential in the strong magnetic field, placed in the
film plane with the account of the spin-orbit interaction. It
has been established, that in some region of the magnetic
fields, the magnetoresistance of the non-degenerated electron
gas has the negative values. Besides the behavior of the
electron gas depends essentially on the spin splitting.

The electron energy spectrum of the conductivity in the
parabolic quantum well in the longitudinal quantizing
magnetic field has the form [7]:
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Here Landaus gauge is chosen for the vector-potential

A(O X-H,0); @ characterizes the parabolic potential of
the film:
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Ermitte polynomial.
The current density in the direction of the magnetic and
electric fields (H//j) is given by the following expression:
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lis the cyclotron frequency, ¢, is Bohr magneton, g is the

1
factor of the spin splitting, o = iz, N is the number of the

quantum level. The coordinate wave function, corresponding
to the energy eigenvalue (1) has the form:
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where

lwhere fi(¢) is the non-equilibrium addition to the Fermi
Derek spreading function, fi(&) is presented in the form:
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where 7y(g) is relaxation time in the quantizing magnetic

field. In the case of the scattering in the short-acting poten-
tial, the relaxation time m ay be present ed in the form [1]:
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where gy(e) is the density of states, which for the charge |

carriers in the parabolic well in the longitudinal quantizing

magnetic field has the form:
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. ) and then performing the summation over I from 0 to oo.
may be considered equal to 1.

Thus, after the integration on the energy and the summation
on the spin we obtain:
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Applying formulae (3-6) and passing to the polar: |
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where This formula is true for the arbitrary degree of the
ho gu £ elnr electron gas degeneracy.

a= T’ , b= k%l' , 77 kT Oy = - S C) It is possible to sum N and I for the non-degenerated

0 electron gas, and this formula (8) can be presented the form

here n is the two-dimensional concentration.
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From the formula (10) it is possible to show, that the
region of the magnetic field and temperature exist, where
p(H)<p(0), (p(0)) is the resistance in the absence of the
magnetic field, i.e it has been establish negative
magnetoresistivity, magnitude of which depend on the value
of the spin splitting, unlike the negative magnetoresistance,
revealed for the three-dimensional case in the paper [3],
where the spin splitting can not done into account. It is shown
that longitudinal magnetoresistance is negative at certain
value of the magnetic field.

Supposing a>1, a>b, b<l, for the magnetoresistance

4p _ p(H)-p(0)

, we receive from (10):
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Using the above-indicated formulae and numerous
calculations, it is possible to determine such physical
characteristics as the factor of the spin split, the parameter of
the quantum well ay.
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KVANTLAYIJI MAQNIT SAHOSIND® PARABOLIK POTENSIALLI YARIMKEGIRICi TOBOQANIN UZUNUNA
MAQNIT MUQAVIMaTI

Bu isda guicli magnit sahasinda parabolik potensialli yarimkegirici tabaganin uzununa magnit miqavimati tedqiq edilmisdir.
Tayin edilmigdir ki, magnit sahasinin musayyan oblastinda magnit migavimatinin deyismasi manfi olur ve bu spin pargalanmasi

ile baglidir.

X.A. T'acanoB

MPOJIOJIbHOE MATHUTOCOITPOTUBJEHUE MOJYITPOBOJHUKOBOM IIVIEHKH C
IHAPABOJIMYECKHUM INOTEHIIMAJIOM B KBAHTYIOIIEM MAT'HUTHOM I10JIE

B paGore HccineoBaHO MPOIOJIIBHOE MArHHUTOCONPOTHBICHHE MOMYMPOBOAHUKOBON IUICHKH € MapabojMYecKUM IMOTCHIHAIOM B
CHJIBHOM MarHUTHOM MOJIE. Y CTaHOBJICHO, YTO CYIIECTBYET 00JIaCTh MArHUTHOTO I10JIs1, 1€ MArHUTOCONIPOTUBIICHUE OTPULIATEIBHO, IPUYEM
BEJIMYMHA MAarHUTOCOTIPOTUBIICHHUSI OTIPEACIISAETCS] CIMHOBBIM PACIICIUICHUEM.
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