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THE SOLUTION OF KANE’S EQUATIONS IN MAGNETIC FIELD IN JANNUSSIS
FUNCTIONS REPRESENTATION

A.M. BABAYEYV, O.Z. ALEKPEROV.
Institute of Physics, Azerbaijan National Academy of Sciences.

370143, Baku, H. Javid ave. 33.

The solution of Kane’s equations in uniform magnetic field in the representation of Jannussis functions is found. The results can be used in
calculations in different models of nanostructures with participating of Kane’s semiconductors in magnetic field.

INTRODUCTION

The solution of the Kane's equations in uniform magnetic

field for the first time w6.1(a)s given by Bowers and Yafet [1]. In

[2] Jannussis obtained the solution of Schrodinger equation for
the lattice electrons in uniform magnetic fields using the special
form of functions, which he called "schrauben" (screw)
functions. Later Jannussis obtained the solution of the Dirac
equation in uniform magnetic field in the form represented
through the screw functions. The solution of Dirac-Pauli
equation which takes into account the anomalous magnetic
momentum of electron in uniform magnetic field was obtained
in [4] by generalization of the method of Jannussis. In this work
the solutions of Kane's equations in uniform magnetic field are
given by the use of Jannussis screw functions. As it is known
the Kane's equations describe the spectra of conduction band
electrons, light and spin-orbital splitting valence bands holes in
A’B? semiconductors such as InSb, InAs, GaAs and others.

THE SOLUTION OF THE KANE’S EQUATION IN
MAGNETIC FIELD BY THE USE OF JANNUSSIUS
FUNCTIONS

In eight-bands Kane’s Hamiltonian the interaction of
conduction band with the valence band is taken into account by
single Kane’s parameter P. The system of Kane’s equations
including the non dispersive heavy hole band have the form [5]:

(@-k-P+B-G-E)¥ =0 (1)
where
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01 0 0 0 0 0 v,
00 -1 0 0 0 0 0 ¥,

go|00 0 -0 0 0 0l Y,
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00 0 0 0 -1 0 0 ¥,
00 0 0 0 0 -1 0 ¥,
00 0 0 0 0 0 -1 ¥,

(6)

Here P is the Kane’s parameter, £, and A are values of
forbidden gap and spin-orbital interaction, respectively and

k=-v-24 7)
C

The vector potential is chosen in the symmetric gauge
L1
A= 5 [H x 7] 8)

and magnetic field intensity H= He, is directed along the
Z-axis.
As it is known the solution of equation (1) in thel

Here

1
Kx:kx—'_E}vH.y’Ky

cylindrical coordinates with the symmetric form of vector

potential A canbe expressed in terms of Laguerre’s functions.
We will show that the solution of equation (1) with the

symmetric gauge for A in rectangular coordinate system can
be obtained through the Jannussis screw functions. We search
for the solution of Kane's equation (1) in the form

Cu
C,,u,
C,,u,
C, u
=3, C4’”u4 )
salls
Cy g
C,,u,
Cy,ug

where u;- ug-s being the periodic part of wave functions are
defined as in [1] through the combinations of spinors (s=1/2)

and s,p-like band functions |S> s |X> s |Y> R |Z> . However in

contrast to [1] we take ¥y, in the form of Jannussis functions

(cf[1])

e
where ﬂ/ b= is the square of reciprocal magnetic length. The functions ¥, are normalized and obey the relations

C
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[g—i%—éz( zy]svk 22, 4D,

I
J(Ki LK)+ ikrj(— K -iK’) (10)
H
I
=k =S5 A ¥ (1
ﬂ‘H(x—i_ly ka Vzﬂal-[ Tkn 1’ (12)
(13)

Substituting the wave function (9) into equation (1) and taking into account the relations (12-13) we obtain the following

system of equations for the wave function coefficients Cj,:

-EC,, —iP anCln_, +sz\/§C4’n —iP

n+1

A, +PL. \EC”" _iP, /MT”) 2,Conir =0
S.n+l

(14)
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o |n+ 2 N P [2(n+1) 1
_EC2,n+1 —iP ?ﬂzHcﬁn +sz\/;c5,n+1 —iP (}’l +2)A«HC6,n+2 +P 3 ﬂ/HCZn _sz\/;C&n = 0

(15)
Pynp,.C,,—(E+E,)C,, =0 (16)

2 o n+1

sz \/;Cm +iP 3 AHC“ —(E—Eg)CM =0 (17)
2 o n+1

sz ECZ’"H +iP —3 ﬂ/HCLn —(E+Eg)Cin+1 =0 (18)

iP,/(n+ Z)ZHCZ,HJ —-(E-E )C;,.,=0 (19)

Pk. \EC"” —iP, /@ A,Conis —(E+E, +A)C,, =0 (20)
. /Z(n +1) 1
lP 3 AHCLn _\/;sz C2,n+1 _(E+Eg +A)C8,n+1 = 0 (21)

Relations for energy levels can be obtained in two ways. | C,,,—Cs,., from the equations (16-21) into the (14) and
The first one is to demand that the determinant of matrix of - o

coefficients of C;, —C in the set of equations (14-21)
to be zero. The second by substituting the coefﬁcientsl and C2n+1

. (15). So we would have the following set of equations for C, ,
-+l s

Pk’ P°A, (2n+1
c, J-E+ k; 2 N 1 N Ay(2n+1) 2 N 1 B
' 3 E+Eg E+Eg+A 3 E+Eg E+Eg+A

P, 1 1

- - =0 (22)
3 E+Eg E+Eg+A

Pk’ P’A,(2n+1
C, A_E+ k: 2 N 1 N Ay(2n+1) 2 N 1 B

' 3 E+Eg E+Eg+A 3 E+Eg E+Eg+A
P’A

- a L ! =0 (23)

3 E+Eg E+Eg+A

If to demand that C;, #0 or C, ., # 0 we will have two expressions for the light carriers spectra correspondingly:

szj[ 2 ] ]JFPZZ,H(Z””)( 2. ] ]_

3 E+Eg E+Eg+A 3 E+Eg E+Eg+A

P 1 0
3 E+Eg E+Eg+A
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PE( 2 L

P’ 2n+1
. e ) 2 s 1

-E+
3 E+Eg E+Eg+A
P2
+ A r__ ! =0
3 E+Eg E+Eg+A

One pair of solutions of cubic equations (22) and (23) gives
the dispersion relation for conduction band spin-up and spin-
down states correspondingly, but the other two pairs correspond
to light and spin-orbital splitting hole bands with total
momentum projection M along (M=1/2) and opposite (M=-1/2)
to the magnetic field direction.

To obtain the light carriers wave functions Yg—12u=+1/2

k,n

iP./nA,

E+Eg

k,n—1

1 iP
EJ=1/2,M=+1/2 — . >
\ N] lPk,n+l
E+FE

b3

In (26) E is the root of equation (24) or (25) for M=1/2 or
M=-1/2, correspondingly and three roots of each of these
equations correspond to conduction, light and spin-orbital

+
3 E+Eg E+Eg+A

(25)

and Vg —1om=-102 we must put C],n ¢0,C2‘n+1 = (0 and

Cy,i #0,C;, =0 in (9) correspondingly, expressing all
C3,n -

functions for the light carriers have been obtained in the
following forms

other coefficients Cg, through them. So the wave

v I E+E,
EJ=1/2,M=-1/2 = 77

(26)

k,n

splitting holes bands. The factors N; and N, are obtained from
the normalization conditions of the wave functions and have the
form

(E E )
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E+E, =0, 27)

i.e. the heavy hole mass is infinite in this model. To obtain the

heavy hole wave functions TE:—Eg, J=3/2M ;=3/2 and

'[/E:_Eg‘Jz_g/Z,Mj:__g/z is necessary to put C; =0 and

C, .4 =0 in (14) and (15). Then if one takes into account

(27) the only nonzero coefficients in the set of equations (14-
15) are C;,,.;, Cyp, Cs,+p and Cg,45. Taken by turns Cy, =0 and
Cs,+;=0 we can obtain for the heavy hole wave functions the
following expressions:

¥

¥

where the normalization factors N; and N, have the form

N, _(4n+1)(n+2) 2

Conclusion

The solutions for the three band Kane’s model in magnetic
field in the representation of Jannussis function are obtained.
These solutions can be useful for calculations of some physical
quantities of A’B’ semiconductors and their different structures

E=-E,J=3/2M,=3/2" |N_

1
E=-E,J=3/2M;=-3/2" |y~ 0 '

+§nkzz, N4

0
0

/(n+1)(n+2)¥/
3 k,n—1

] 0
- Vn(n+2)yjk,n+1 '

- l \ % nkzy/k,n+2

0
0

2 2
—ik (n—+)y/k‘nil

Jn(n+2)¥,

(28)

n(n+1)

3 k.n+2

:MJr%(nJrg)kj,

[such as quantum wells, quantum dots and wires in magnetic

field. As seen from the properties (12) and (13) these functions
also facilitate the construction of coherent states for Kane‘s
model in magnetic field.
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A.M. Babaiies, O.3. Anik6sipoB

KENH TAHMKNAPIHIH MATHIT CAWACIHAA MAHHYCCIC ¢YHKCINANTAPH TACBIPIHAA WA/

Bircins maqnit sahasinde Keyn tenliklerinin halli Yannussis funksiyalarn vasitesi ile tapilmisdir. Alinan naticaler Keyn tipli
yarimkegirici nanostrukturlarin muixtslif parametrlarinin magnit sahasinde hesablanmasinda istifads oluna biler.

A.M. Ba6aes, O.3. AjieknepoB
PEIIEHUE YPABHEHUI KEMHA B MATHUTHOM MOJIE B IPEJJCTABJEHUU ®YHKIUU SHHYCCHUCA

[Nomyyeno pemenne ypapHeHui KeitHa B 0ZHOPOJHOM MarHUTHOM Toiie depes GyHkumu SlHHyccuca. [lomydeHHble pe3yabTaTel MOTYT OBITh
HCIIONB30BaHbI NPH pacyeTax Pa3MYHbIX MapaMeTpOB HAHOCTPYKTYp Ha OcHOBe KeWHOBCKHX IMOIYNPOBOAHHKOB B OJHOPOIHOM MAarHHTHOM
ToJe.
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