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FARADAY EFFECT IN HOLLOW QUANTUM CYLINDR OF FINITE THICKNESS

T.G. ISMAILOV
Baku State University, AZ- 1073/1 Baku, Azerbaijan
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The interband Faraday rotation (FR) in hollow quantum cylindr of finite thickness is theoretically investigated. FR in the dependence on
incident light energy for different values of cylindr thickness. It is seen that the resonance peaks appear on FR curve. The rules of selection
are obtained.

Introduction. In quantum nano-structures the confinement of which can

be modeled by parabolic potential in the correspondence with

Nowadays Faraday effect in semiconductor low-  generalized Kon theorem the electron-electron interaction
dimensional systems is the subject of many theoretical and  ygually doesn’t influence on system optical properties. In [10]
experimental investigations [1-5]. The interest to this effectis it js shown that parabolic potential is equivalent to infinite
caused by its applications in physics, optics and nano- layer potential with equally distributed positive charge and in
electronics. The obtaining of charge carrier effective masses  this case the system optical properties don’t depend on both
or their densities, life time of nano-equilibrium charge  glectron-electron interaction and electron number in the layer.
carriers in semiconductors and low-dimensional structures on The parabolic potential model is useful for description of
their base, amplitude modulation of laser radiation for optical physical properties of quantum wires. Nowadays the
links, magneto-optical recording and information reproducing  production technology of almost ideal quantum wires with
in both special and domestic aims. confinement parabolic potential has been developed [11].

The nano-technology development makes possible the We will model the quantum cylinder with thin walls by
production of surfaces of different curvatures from (he following way. Let’s consider the thin film with two-
heterostructural layers [6] and in particular the cylindrical  dimensional electronic gas with confinement parabolic
surfaces the physical properties of which reveal the potential. If one carry out the periodic boundary condition in

interesting peculiarities [7,8]. These structures can be  the one of directions, let’s this direction will be x one and
described with the help of parabolic potential model. then we have [9]:

In the present paper the interband Faraday effect in
hollow semiconductor quantum cylinder with finite wall
thickness has been considered. This quantum system is nano-

structure the confinement of which can be modeled by ) )
parabolic  potential and moreover, electron-electron ~ Where L is film cross length. Thus we obtain the hollow

w(x,y)=w(x+L.y) , (1)

interaction doesn’t influence on optical properties, i.e. it isn’t
considered [9]. The analytical expression for rotation angle in

the dependence on incident light energy and magnetic field is . ..u1ar coordinates and can be expressed by gp=2mx/L, angle

obtainjcd. The rules of selection are established. The  y;iaple Meanwhile the cylindr effective length will coincide
numerical results of FR for hollow cylinder GaAs/AlGaAs . L, film thickness.

are presented.

. . . . . . L. L. .
cylindr with finite thickness in which xe/-—— —*] is
2 2

Shrédinger’s equation for electron in conduction band in
approximation of effective mass can be witten in the

Energy spectrum and wave functions. following form:

1 . e-, mo.Ly _ _
G (p=S ) + Pt g 1, B Yy (F) = E (7). @)
2my, c 2
I _
here @, is frequency corresponding to holding parabolic A=(-By,0.0). (3)

potential on y axis; m,, is electron effective mass; ]3 is  with taking under consideration the periodicity condition (1)

clectron impulse, g.usBmis member taking under the solution of equation (2) we find in the following form:

consideration the spin; g, is effective electron g-factor in im% ik, z
conduction band, my is spin quantum number ; i, = o is W(x’ Yz ) = 2 ¢ ¢(y ) @)
2my, N27R LZ

Bohr magneton.
The calibration of following vector potential Here L,=2zR is cylinder perimeter of circle, R is cylinder
average radius, m=0,%/,... is quantum number connecting
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with projection of angular momentum, £, is wave number in
the direction of z axis.

E, =hQ, (n+—)+/1m +h i

[ 2
- a)c+a)ac’a)

27[ o,
¢ 2 2
m Oc Lch
n=0,1,2,... is principal quantum number.
The wave function corresponding to this spectrum can be
written in the form:

_ B is cyclotron frequency
m,

where Q)

¢

is energy of geometric confinement,

LX
. im—
ik,z

e’ e R

1
V. —ﬁﬁ% {Z(Jﬁym)} ; (6)

2

h Voo =—<¢ m is oscillator center,

mOcQz‘ , QCR

@.(v)are oscillator functions defined as follows

b,(y)=—— f H, (y 7 ‘”J(?)

H,, are Hermitian polynomials, 4, is normalization coefficient:

Here | =

(y+y00 )2
27

A, 2exp

(E.-E,) -

Taking under consideration (3) and (4) we obtain the
energy spectrum in the following form:

2712
+ g ugBm, (5)
Oc
| 2
g _n?y
A, =] e PH,mldn,
1
where 7, =@, 7, :@, yi=-L,/2, yy=L,/2.

The energy spectrum and wave function for electrons in
valency band can be written in the form:

2712

—+g, 1y Bm ., 9)

Ov

' ] 12
E =E, —hQ, (n +3)—ﬂm -

—(+y.). a0

Here E, is forbidden band width in volume material.

3. FARADEY ROTATION ANGLE.
The general expression for FR has the form [21]:

1

®= CEZZ &

where £ =N g light energy, E. and E, are electron energy
in conduction and valency bands correspondingly, I is
spectral  widening half-width of v — ¢ transitions.

z zi(gx iiéy) corresponds to right and left light

+
V2
h k] / 262 L
polarizations, —
cneggmyV
normalization volume of hollow quantum cylinder and rest
designations have the usual values. The interband matrix

o  V=m(R:, —-R2)L, is

out

elements (c

e iﬁ‘v} can be written in the form [2]:

—E) -E] +4EF2(E -E)’L

(de.An=IP,

Here P

to s and p atomic functions.

2 ("47rm147!’m' ) nn@n’m’é;c k, ’5 m,m+l

E+f"v> =

< <C‘E_I3‘v> 2} , (11)

(e By = w ) - ule Plug) . (2)

Taking under consideration (7), (10 ) and electron spin in
(12) we obtain following rules of selection:

=0,.2,.. ,Am=+=1.
13)

(+) and (-) correspond to right- and left-polarized light.
The matrix element can be led to form:

(14)

= <S |Pz |Z > is impulse matrix element between Blohov functions at k=0. S ,Z are functions transforming similar
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m 1 1
Ly ot = IeXp[—Enz —5 1+ V) @’ H, (i H, (7 + V)., (15)
m
Y: yOv _yOC
L
ZC
o =—
i

Taking under consideration (14) after integration in (11) over k, we obtain the following expression for rotation angle:

2
1
0 - CaE Z Z ( nm n'm' E; n'm’ ) (Azm'Az'm' D'Lzm;n'm' é;( ky, é‘m ,m'tl
nm n,m ; (16)
kl/Z 2 2 L
C'= . (7)
47[ cngOmO (Rouz‘ - Rin)
’>= my.m,, ,
+m,
o0
e e e
nm n'm' + 2 +
O[( nmnm'+Ez) - ] +4FE (E ;r,+E)
Enmnm Eg +Enm +En'm'_§(gc+gv)ﬂBB’ (19)
(%) are related to right- and left-polarized light. |where A, are barrier heights in conduction and valency
bands.
— hO 1 y) 2 Faraday effect follows from difference between
- (n + _) +A.mMm (20)  polarizabilities of quantum system in the fields of right and

left circularly polarized waves. This follows from the fact
that transition energies and matrix elements of right- and left-
h iti gi d ix el f right- and lefi

, ] . polarized circularly waves are different ones. In calculations

E.. =hQ ( n +— ) + A m Q1) we have neglected the field dependence of matrix elements as
m \4 v ) . . . .

2 a result of which their values for right- and left-polarized

waves are equal ones. As a result the rotation of polarization
plane is defined by only Zeeman splitting of energy levels.

n’k’
E = 2 The resonance peaks appear on FR curve when
z 2 7 > E= E;m . -FR angle oscillates achieving in £ = E;'m i

points of maximal values and in points of
2 > E=E,,., minimum ones and its places shift to photon big
Q.= APy T Doy (22) . .
energy region. The maximums are on 7(Q_ +€Q) )distance
from each other. (g, +g, 6 JuzB is distance between

Wp. (1 frequencies are defined as follows: . . ) i
maximums and minimums. The amplitude peaks and distance

1 [2A between them increase with decrease of wall thickness of
Wiy =7 <) s (23) quantum cylinder. This takes place because of distance
Ly m. increase between discrete energy levels. Note that on FR
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curve the maximum with least amplitude shifts to of small
energy region with decrease of wall thickness. This takes
place because of matrix element dependence on wall
thickness (fig.2). In the comparison with solid cylinder, the
dependences of energy transitions on magnetic field are
similar for circularly right- and left- polarized light in the
case of hollow cylinder (fig.3,4).
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Fig.1. Plot of the FR angle as a function of photon energy
calculated from Eq.16 for Ly=100A. B=05T.
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Fig. 2. Same that is on Fig.1 for L,=50 A
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Fig.3. Plot of the overlap integral as a function of quantum
number n calculated from Eq.14 for LyZIOOA (red) and
L=50 A (blue).
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Fig.4. Plot of the transition energy as a function of magnetic
field in the case of the hollow quantum cylinder.
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Fig.5. Same that is on Fig.4 for the case of solid quantum
cylinder [17].

For calculation we use the following physical parameters
in the case of GaAs/AlGaAs hollow quantum cylinder:
E~1.5eV, m~0.067m,, and m,=0.45m, (for heavy holes),
widening parameter is =40 meV. The barrier heights for
electrons and holes are A, = 255meV and A4,=170meV [22-
23]. The average radius of hollow cylinder is R=1500A.

FR dependence on incident light energy for two different
wall thickness values of quantum cylinder is shown on fig.1
and 2; L~100A and L~50A at magnetic field value
B=0.5 tesla. The dependences of overlap integral on n
quantum number for two different values of quantum
cylinder wall thickness are shown on fig.3. The transition
energy dependences on magnetic field corresponding to
circularly right- and left- polarized light in the cases of
hollow and solid quantum cylinders are shown on fig.4,5.
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SONLU QALINLIQLI BOS KVANT SIiLINDRINDO FARADEY EFFEKTI

Sonlu galinligli bos kvant silindrinds zonalararasi Faradey firlanmasi (FF) nozari olaraq tadqiq edilmisdir.Silindrin galinliginin miixtalif

qiymatlarinde FF diisen isigin enerjisinin funksiyast kimi hesablanmisdir.Gostorilmisdir ki, FF ayrisinds rezonans piklori gériiniir.Se¢mo
qaydalar1 tapilmigdir.

T.I'. Ucmaiinos, I'.I'. I:xkadpanioBa

3PPEKT ®APAJES B MOJIOM KBAHTOBOM IWJIMHJPE KOHEUHOM TOJIIUHbI

Teopetnuecku ucciaenoBaHo Mex30HHOe Papaneesckoe BpaiieHune (PB) B MoJ0M KBaHTOBOM IIJIMHIAPE KOHEYHOI TOMIIUHEL. V3ydeHo
®B B 3aBUCHMMOCTH OT 3HEPIUM NAJaOLIEr0 CBETA JUlsl Pa3iMuYHbIX 3HAYEHUN TONIMMHBI LWiMHApa. IlokaszaHo yro Ha kpuBoii OB
TMOSIBIIAIIOTCS pe30HaHCHBIe UK. [Tomyuens! npaBuia oT6opa.
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