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Within the framework of zero-range potential model in the ap-
proach of effective mass, the impurity absorption by the complex 
Quantum Dot – Impurity Center in an external constant uniform 
magnetic field is considered. Under condition that the influence of 
a magnetic field on the ground state of quantum dot is negligible, 
we have derived the light absorption coefficient of impurity for the 
case of longitudinal polarization. It is shown that with an increase 
of the intensity of magnetic field the threshold of an impurity ab-
sorption band is shifted to the short-wave spectrum region. Also, 
the absorption coefficient increases by several times that can be 
explained as a result of the “magnetic freezing” effect for the 
ground state of quantum dot. 
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1. Introduction 
 
Magneto-optics for semiconductive quantum dots (QD), which are syn-

thesized in a transparent dielectric matrix, is of great interest for the research of 
fundamental properties of quasi-zero-dimensional structures and the influence of 
magnetic fields on optical transitions. An energy dependence of optical transi-
tions both on the quantum dot size (QD size) and magnetic field intensity opens 
up possibilities for various applications in opto-electronics. Moreover, experi-
ments on the photoluminescence spectrum dynamics in semiconductive het-
erostructures with quantum dots in an external magnetic field show [1, 2] that 
transition energies can be effectively changed by comparatively weak magnetic 
fields ranging from 4 to 12 Tesla. 

 The δ -doping technology [3] allows us to consider an additional pa-
rameter – the impurity level depth – which influences on optical transitions in 
quantum dot.  

In this paper, we consider magneto-optics for the Quantum Dot – Impu-
rity Center (QD-IC) complexes, which are synthesized in a transparent dielec-
tric matrix. The spherically symmetric oscillatory potential model is used to de-
scribe QD, and the impurity potential is simulated by the zero-range potential 
[4-7]. Within the approach of effective mass, we calculate the light impurity ab-
sorption coefficient in the presence of an external constant uniform magnetic 
field with an account of the dispersion of quantum dot sizes. 

 It is shown that an external magnetic field allows one to change not only 
the position of the band edge but also the light impurity absorption value. Also it 
is shown that under these conditions the light impurity absorption edge position 
essentially depends on QD parameters and the impurity level depth. 

 

2. The absorption coefficient 
 

We consider the light absorption by QD-IC complex in an external magnetic 
field В

r
. The field is assumed to be relatively weak so that its influence on the 
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ground impurity state in QD is negligibly small. Evidently, this holds1) if 
Ελ>>ћΩ, where Ω = */ mBe  is cyclotron frequency; m* is effective mass of 

electron, e  is charge of electron, and Eλ = - ћ2λ2/2m* is the impurity ground 
state energy.  

Within the framework of zero-range potential model, the following wave 
function describes the ground state for impurity center, which has been localized 
in point with aR

r
=(0,0,0) [10]: 
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where Wκ,µ (x) is Whittaker function, Γ(x) is Euler gamma-function; Ψ(x) is de-
rivative of natural logarithm of the gamma-function; ( )0

*/ ωma h= ; 

E0=3/2⋅ћω0 is ground state energy of QD; β=η2+3/2; dEE /λη = ; 

Ed=m*e4/(32ћ2π2ε0
2 ε2) is effective Bohr energy, with the effective mass m* and 

the dielectric permeability ε; and ε0 is dielectric constant. The parameter η satis-
fies the following equation [10]: 
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where dii EE /=η  and Ei is impurity ground state energy in massive semi-
conductor. 

                                                 
1)   Photo-ionization of deep impurity centers in an external magnetic field for the 
case of massive semiconductor was investigated theoretically in Refs.[8, 9]. 
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 For the case of strong localization of the impurity electron, λа>>1, the 
wave function of the final state, Ψn1,m,n2(ρ, ϕ, z), in the presence of an external  
magnetic field (nonsymmetric gauge fixing of the  vector-potential, 

[ ] 2/,rBA rrr
= ), and corresponding energies  En1,m,n2  have the following form: 
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where  ρ, ϕ, z  are cylindrical coordinates,  Hn(x)  is Hermite polynomial;  
F(α,β,x) is confluent hypergeometric function; a12=a2/(2 Baa 44 4/1+ ); 
aB= )*/( Ωmh ;  n1, n2 = 0, 1, 2,… are quantum numbers corresponding to 
Landau levels and to energy levels for spherically-symmetric oscillator poten-
tial; and m = 0, ± 1, ± 2,… is the magnetic quantum number. 

In the case of longitudinal polarization, the effective Hamiltonian for in-
teraction with the light has the form 

 

Hint = λ0 02

*2

 *
  2 I

m ω
απ h e

r q 
rri
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rr
λe ),    (5) 

 

where λ0 is local field coefficient; α* is the fine structure constant with account 
of dielectric permeability ε; I0  is intensity, ω is frequency of the light; q is wave 
vector; λer  is unit vector of the longitudinal polarization. 

           The matrix element which determines oscillator force value for the elec-
tron’s dipole optical transition from the ground state of impurity center to states 
of discrete QD spectrum (these states are described by the wave function (3)), 
can be obtained as 
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where F(α,β;γ,z) is hypergeometric Gauss function. The formula (6) takes into 
account selection rules, which can be derived due to the integral, 

 

( )[ ] ( ) ( ) ( )∫
∞

∞−

−−







+=−++

=+≠
=+ .12n  if  ,1

!
!121

0,1,2,...,n ,12n  if  ,0
)(1exp 

2
2/3

2
2

2 nt
n

nt

n
duuHut-u nnnn π  

 (7) 

 

Eq. (7) shows that in the case of longitudinal polarization (with respect to the 
direction of an external magnetic field) optical transitions from impurity level 
are possible only to the states with odd values of the quantum number n2. 
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Consideration of the quantum-dot-size dispersion2) leads to the following 
impurity absorption coefficient K(ω): 
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2) It is supposed that the dispersion arises during phase decay process in 

resaturated solid solution [11, 12] and has been satisfactorily described by Lif-
shits-Slezov formula [13], 
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where е is the natural logarithm base; R0  и 0R  are QD radius and mean value of 
QD radius, respectively.  
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where К0=3⋅21/3π3α*λ0e аd
2N0; N0  is QD concentration in dielectric matrix; X = 

ћω/Ed  is photon energy in units of effective Bohr energy; аd is the effective 
Bohr radius,  and *

 , 1nnu  is defined as 
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where а*= аB /аd; ( )*
0

*
0

* 4/ UR=β ; U0
*=U0/Ed; and U0 is the amplitude 

of QD potential.  

In Fig. 1, spectral dependences of the normalized light impurity absorp-
tion coefficient К/К0 on the magnetic field intensity, for optical transition with 
maximal oscillator force (n1=n=0), are plotted. It is evident that the considera-
tion of the QD size dispersion gives a broadening of discrete lines in the absorp-
tion coefficient. With an increase of the intensity of magnetic field (i.e., with a 
decrease of the parameter a*= ( )eBa d

2/h ), the threshold of an impurity 
absorption band is shifted to the short-wave spectrum region that is related to the 
corresponding dynamics of the Landau level. This shift is in accord to 

Xt ≈ η2+8 )3/())64/(912/3( *
0

4**
0

2*
0

*
0 RaURU ++ , where daRR /2 00

* = . 
For higher intensities of the magnetic field, the light impurity absorption coeffi-
cient increases (compare curves 1 and 2 of Fig. 1). This effect can be qualita-
tively explained by an effective dimensional reduction of the  spherically-
symmetric oscillator potential. Indeed, since the inequality aB<a holds and is 
stronger for higher intensity magnetic fields, the confinement of the motion of 
charge carriers to the x-y plain which occurs due to “weakening” of QD poten-
tial, can be viewed as a perturbation (compare curves 2 and 3 of Fig. 1). With 
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such a reduction of the QD potential dimension the overlap between wave func-
tions of initial and final states is deeper that, consequently, implies an essential 
increase of the optical transition probability. 

The dependence of the impurity absorption threshold, Xt = 
dthreshold E/)( ωh , on the parameter a* for different QD potential amplitude values, 

U0
* = U0/Ed, and zero-range potential intensities (ηi) is plotted in Fig. 2. In the 

weak-field region (a*>0.3), Xt does not depend essentially on the field intensity 
(horizontal parts of the curves 1 – 4 of Fig. 2) and mainly is determined by the 
impurity level depth and the QD potential amplitude. In the strong-field region  
(a*<0.3), a considerable increase of Xt takes place. This increase is related to the 
Landau level motion.  

As an example, we take QD based on InSb which is characterized by ad 
≈750 Å, and Ed ≈ 6×10—4 eV. In this case, the shift of the impurity absorption 
band threshold is estimated to be about 0.05 eV, for the magnetic field intensity 
increase from 1.3 T to 12 Т  (or, from а*=0.3 to а*=0.1, respectively; see Fig. 
2). 

 

 

3. Summary 
 

We have considered theoretical aspects of the impurity absorption by QD-IC 
complexes, which are synthesized in transparent dielectric matrix. The zero-
range potential model has been used for the impurity potential, and QD has been 
described within the framework of a parabolic holding potential (QD amplitude 
U0

* is an empirical parameter here). The behavior of the impurity absorption 
spectrum with the variation of external magnetic field intensity has been investi-
gated. As a result of the field intensity increase, the threshold of the impurity 
absorption band is shifted to the short-wave spectrum region, and the absorption 
coefficient value increases by several times. Since we consider |Еλ| >> ћΩ the 
increase of the impurity absorption coefficient (in the case of longitudinal po-
larization) in an external magnetic field can be viewed a result of the “magnetic 
freezing” effect for the QD ground state. The example of QD based on InSb 
shows that a quite effective control of the impurity absorption band can be done 
with the help of comparatively weak magnetic fields.  
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Fig. 1.  The spectral dependence of normalized light impurity absorption coeffi-
cient K/K0 in magnetic field for the optical transition with maximal oscillator 
force  (n1=0; n2=1) at different values of the parameters a*= )/( 2 eBadh  and 

U0
*=U0/Ed  ( 324,1 2*

0 == iR η );  (1) a*=10, U0
*=400; (2) a*=0.1, U0

*=400; (3) 
a*=0.1, U0

*=250. 
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Fig. 2. The dependence of the impurity absorption threshold Xt= dthreshold E/)( ωh  

on a* for different values of QD parameters ( 1*
0 =R ): (1) ηi

2=324, U0
*=200;  

(2) ηi
2=324, U0

*=250; (3) ηi
2=324, U0

*=400; (4) ηi
2=400, U0

*=200. 
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