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Abstract: In this paper, effective g -factors of the electronsin Kane type GaAs semiconductor in the infinite
potential wellin the presence electric field and magnetic field have been calculated. The magnetic field was
applied parallel to interfaces in the z direction and electric field F was applied perpendicularly to the interfaces
along the y direction. g-factor as a function of the oscillation center was constant for ground state andparabolic
for first excited in uniform magnetic field was without electric field. When the electric field was present, Lande-
factor according to oscillation center decreased linearly for ground state and was non parabolic for first exited
level in uniform magnetic field. We have found out that g-factor increase as the electric field increase.
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Capraz Elektrik ve Magnetik Alan Altinda Kane Tipi Kuantum
Kuyusunun Elektronlarinin g-Carpani

Ozet: Bu galismada, Kane tipi GaAs yariiletken sonsuz kuyu potansiyelinde elektrik ve magnetik alanin oldugu
durumda elektronlarin etkin g carpani hesaplandi. Magnetik alan kuyunun sinir yiizeyleri arasina z-ekseni
boyunca, elektrik alan F, y-ekseni boyunca yiizeylere dik uygulandi. Sabit elektrik alan yokken elektronun etkin
g-carpaninin degeri, osilasyon merkezinin bir fonksiyonu olarak, taban durumu igin sabit, uyarilmig durum igin
ise parabolikti. Sabit magnetik alanda, elektrik alan uygulandiginda Lande ¢arpaninin osilasyon merkezine gore
degisimi, taban durumu i¢in diizgiin azalirken ilk uyarilmis durum igin parabolik degildi. Ayrica g-¢arpanin
elektrik alanin artmasiyla arttigini bulduk.

Anahtar kelimeler: Kuyu tipi potansiyel, Kane tipi yariiletkenler, g-¢arpan

1. Introduction

There has been considerable interest in studying the spin-dependent effect in semiconductor
nanostructures, in recent years [1]. The Zeeman splitting of electron spin states of quantum
well structures has been calculated by using Kane Model in Refs.[2,3]. Malinowski and
Harley did an experimental measurement of the effective Lande factor in GaAs-Aly35Gag g5AS
and strained GaAs-Ing11Gag geAs quantum wells under applied magnetic fields(2000) [4]. The
response of the spin to an external magnetic field is determined by the g- factor (the Lande
factor),which is a very important parameter for semiconductors [5].Spin-splitting and the spin
resonance of spin-splitting factor to control and to interpret experimental observations is of
great importance in condensed matter physics. Spin-splitting Lande factor (g)of the free
electron shows interaction with the magnetic field of electron conditions. The value of the
effective g-factor of electrons radically changes with the interaction of electron conditions by
the crystal potential in condensed matter physics [2,6,7]. Spin-splitting factor can take very
large positive values and too small negative values in various structures [8]. For instance; g =
2 in the free electron, in large the forbidden band gap semiconductor g =0.44 in GaAs, small
forbidden band gap g = -50 in InSb [5,9]. Ivchenko and his friends (1997) calculated
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theoretically electronic g-factor in electric field. They found that g-factor was inclining as the
electric fields went up [2]. Our subject was previously studied by Ivchenko and his friends but
by using a different method, by using perturbation theory to calculate g-factor. Besides, they
investigated g-factor according to well width, another differing point from our study [6].
Babayevby using three-band Kane’s Model, energy spectrum of carriers with magnetic field,
electron light hole effective g-factors in InSb quantum well calculated without the
perturbation theory [10]. In this study, we used different material and conditions from
Babayev’s study. We calculated that g factor with electric field in GaAs.

2. Materials and Methods
Figure 1 shows the structure that was used in this study. Magnetic field B is applied parallel to

the interfaces along the z-direction. Electric field F is applied perpendicularly to the interface
along the y-direction [11].
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Figure 1. An infinite quantum well of depth V,=coand width a in external, mutually perpendicular electric
fieldand magnetic field, F=Fy=U/a andB=Bz [11]

A single effective-mass approximation Schrodinger equation is as follow for the considered
quantum well;

{Zml(E) [p+eAl? +V(y) + %g,uBBgZ —EW(x,y,2) =0 )

Where m (E) is effective mass in Kane’s model, e is absolute value of electron charge, ug-
Bohr magnetone, A vector potential; A=(-By, 0,0), V (y) is potential of the well.

Relationship between effective g-factor and effective mass is as follow in Kane type
semiconductors [12].

1 _ 1 Eg(Eg+4) 3E+3Eg+24

m(E)  my, 3Eg+24 (E+Eg)(E+Eg+4) (2)
_ _2mg A Eg(Eg+4)
9(E) = go my (E+Eg)(E+Eg+A) 3Eg+24 (3)
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Here E; -forbidden band gap, A-spin-orbital splitting, m,-free electron mass, m,,- effective
mass at the conduction band bottom.V (y) is the potential of the infinite well. For the value of
infinite well electric potential energy given by

0 , lyl>a/2
} 4)

o= {—%(y—g) . l<as

Here U; electric field, a; width of quantum well. The electron wave function may be written
as

Y(x,y,z) = elkaxtka2) y (y) (5)

B 2By (y) - 28 gupBo, + 2 EYx(y) = 0(6)

d? moznz
dy?

= v —¥0)? — 2%

hiky

wherey, = —
0

frequency, g is effective g factor. When applying the change of variables;

B .
, QO = =is cyclotron
mo

2myQd
§= |7~ Yo —Va) )
Where
_eUm(E)
B = maa)?

Inserting expression (7) in to equation (6) and some algebra, after some algebra, following
equation is expression (8).

{d—fz—;—c}x(y)—o (8)

Here c;

m(E) 1

1
c=—m—OE(E——+—(23’o+)/B) %_Eg.uBBO-Z) 9)

Solving of (8) equation is as follow [7].

x) =W(c,$) =AU(c,§) + BiV(c, ) (10)
Where; U(c, é)and V (c, §)are parabolic cylinder function.
According to boundary condition in y=-a/2 and y=a/2,wave function is zero in these points.
The matching conditions give rise to a set of linear homogeneous algebraic equations and the

requirement of vanishing the determinant of this linear system for important solution
eventuate following equation.
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U(e,—V(ey) = UV, —3) (11)

We found the resulting equation determines the discrete energy eigenvalues E (yo) in the
plane perpendicular to B as functions of B, F and a. Also Equation (11)is needed for
calculation of energy of electrons.

The effective electron g-factor can be obtained by the following expression, whichis
calculated by using Zeeman splitting

g(E) =12 (12)

upB

Here E;andE energy of electrons shows respectively for spin up and spin down. It was used
in this calculation that Eq. (12), for GaAs type quantum wells for the fixed magnetic field
value B=200T, U=0 and 0.8 (in Fig.2 and 3) and 200T, a=10nm, m=0.067 x m*. The
following band parameters have been used for GaAsEg= 1.52 eV, A=0.34 eV [13].

3.Findings

In Fig.2the electron g-factor is shown as a function of oscillation center y, of infinite quantum
well for GaAs.
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Figure 2. Effective g-factor of electron as a function of oscillation center y, (Where U=0, B=200T, a=10nm)

Effective g-factor of electron as a function of oscillation center y, is shown to be constant for
n=0 quantum level, parabolic for n=1 quantum level without electric field in Fig. 2.

Then, Fig. 3 shows that constant electric field is applied constantly in this model.
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Figure 3. Effective g-factor of electron as a function of oscillation center y, (Where U=0.8, B=200T, a=10nm)

Effective g-factor values of electron is observed to reduce linearly for quantum level n=0, and
to deteriorate in a parabolic for quantum level n=1 in electric field in Fig.3. It has also been
observed that a serious approach between the quantum levels (n=0 and n=1) exists when both
the electric field and without electric field in the y;=0 position (in Fig.2 and Fig. 3).

Fig.4 shows g-factor of electron as a function of electric field.
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Figure 4. g-factor of electron as a function of electric field (Where B=200T)

Where magnetic field is fixed at 200T. Furthermore, g factor of electron as a function electric
field has increased (In Fig.4).
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4. Discussion and Results

In this study, we theoretically investigated g-factor of electron on Kane type semiconductor
GaAs in with and without electric field. Uniform magnetic field, which directed along z-axis
was applied. Under this condition, g-factor according to yy oscillation center was constant for
n=0 quantum level and g-factor changed parabolic for n=1 quantum level. Then, uniform
electric field that was directed along y-axis was applied on system. g-factor has linear
decrease for n=0 quantum number and nonparabolic for n=1 quantum number in electric
fields. Also anticrossing have been observed for two situations, both with and without electric
field was in n=0 and n=1 quantum numbers in the oscillation center y,=0. Change of g-factor
investigated for various electric fields under the uniform magnetic field. We have found out
that g-factor as a function of the electric field increases.
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