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Bound-bound interband trans itions in semiconductor inverse 
superatom are analysed . The difference of dielectric permittivities 
is shown to induce partial breakdown of conventional selection rule 
for interband transitions , i . e .  bes ides the transitions with azi­
muthal quantum number conserved , that are only allowed with con­
stant dielectric permittivity , transitions with azimuthal number 
changed by any even number also occur . 

Most semiconductor microstructures consist of s�veral ( at 
least two� different materials that , naturally , have different pro­
pertie s ,  such as ef fective mass ,  band gap , refractive index , etc . , 
caus ing their position dependence . Th� position dependence of 
band gap ( i . e .  of conduction/valence band extrema) determines the 
fundamental quantum properties of the structure - wel l  and barrier 
regions . Position dependence of the effective mass does not _ influ­
ence that much on the band structure , but does induce some important 
effects , as wel l-barrier inversion with increasing transversal wave­
vector / 1 / , or qualitative change in wavefunctions behaviour in 
quantum wel l  in electric field , etc . Posit�on dependence of the 
refractive index ( i . e .  high . frequency die lectric permittivity) in­
fluences the band structure (when calculated sel f-consistently) , 
and consequently other properties ( e . g .  absorption) ,  but only 
through slight quantitative corrections in GaAs-A Z:r:Gal-xAs based
quantum wells  and superlattices ,  due to a comparatively small dif­
ference of refractive indices of these materials . 

The recent development of sophisticated technologies , e . g . , 
the atomic layer epitaxy , has enabled realization of a wide variety 
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of quantum microstructures ,  the most important of these being the 
superatom /2/ depicted in  Fig. 1 .  Superatom is  a semiconductor B 
sphere with radius R

0 
embedded in

semiconductor A bulk . If  the band 
extrema of B are bellow those of 
A, the structure is called the 
inverse superato� . Analysis of 
intraband transitions i n  this  
structure indicates that dif­
ference of refractive i ndices 
induces only s light quantitative 
corrections . In this paper we 
shall analyse the influence 
of refractive index po�ition 
dependence on i nterband 
transitions in inverse super­
atom . 

Due to the difference 
of h igh  frequency dielectric 
permittivities £

1 
and £

2
, 

the magnetic vector potential 
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Fig . l .  The inverse superatom in 
radiation field wi th  magne­
tic vector potential A0 

ant�
frequency w • 

wil l  not be homogeneous / 3 / . Inside the sphere A is constant and 
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Specializing to the case o f  interband transitions between 
bound levels with energies Ei 

and Ef' 
corresponding to the values

of radial ,  az imuthal and magnetic quantum numbers n .  
1
., Z .  f and 

1-, 1,, 
m .  f respectively (a  hole state is initial -i, and an electron one -z.., 
is final -! ) ,  the transition rate w

if 
is given by the Fermi

"golden rule " 

( 1 )  

where P
if 

is the transition matrix element . Using the conventional
procedure of separate integration of rapidly varying (Bloch) and 
slowly varying (envelope) functions � .  f we arrive to :

'L, 

where tf,
cv 

is the Kane matrix element , having different values in
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the two materials . Us ing the well-known properties of  the angular 

part of wavefunction the first term J
1 

may be expres sed as
. R 3£1 � o 

J1 = A -- P • e • o  • o  • J x .x m, ( 3 ) o e
2
+2e1 av2 i

i, i
f 

mi
,m

f O � J 

and equals zero unless  i
i 

= i
1 

and mi 
= "'r Evaluation of the

second term is more cumbersome . Integration over 4> leads to 

J2 = P 1 -!A J x .x,•J 7 (rJdr; av o
R � "' 

where we may write approximately a � 6a in all cases of practical 
interest , because a«l . The integral J 3 is different from zero i f
i

i - i
1 

= 2p (p = O, ±1, ±2, . . .  ) . Expanding Vl+a sin2e '  in Taylor series

'/i.+a sin2e' = � y
k
aksin2ke, and using the properties of associated

k=o 
Legendre polinomials / 4 / , we find 

( 5 )  

where signs 11 + 11 and 1
1

-
11 correspond to Z

f-Z
i 

= b.Z>O and i
c

z
r

t::.t>O

(Z = Z 
i
' 1:,.i = O, 2, 4, . . •  ) ,  and Q depend on Z, t::.i and m. In further 

considerations we shall keep only the first term of ( 5 ) , because 
a«l and Q

j 
decreases with j .

The absorption coe fficient af1 of the structure due to the

presence of a single superatom is defined as �
if 

times hw devided

by light intensity and structure volume V ( in case 1:,.i >o Pif = J 2) 15 1 :

a • •  
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monw nl o ( 6 )  

( 7 ) 

where e� l / 1 3 7  is the fine structure constant . Obviously , with in­
creasing V, af f tends to zero . However , if ·N noninteracting atoms

are present (with finite concentration n=N/V) the total absorption 
coefficient is  finite and may be written as a

if'a
if

• Vn = a if•n,where

o
if 

is the absorption cross-section . 
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The expression ( 6 )  · holds for AZ>O; for AZ=O it represents 
only a slight correction to transitions which now are allowed .As 
one can see from ( 6 ) - ( 7 )  a

if 
rapidly decreases with AZ . Fur­

thermore , contrary to the AZ=O case , it is only the value of  
reduced matrix element in the barrier , multiplied by {R/ri�AZ/2<1,
that enters here , so the apsorption ( 6 ) will be considerably 
bellow that for l- conserving transitions ( especially with radial 
quantum number conserved) . However ,  one can expect these tran­
siti ons to be experimentally observable if the involved levels 
are close to the barrier band edge . We are currently doing nume­
rical evaluation of this effect . 

In conclusion , the difference of  refractive indices of  the 
superatom and matrix materials leads to a partial breakdown o f  
selection rules : along .with AZ=O, interband transitions with 
AZ=2p become allowed , as well . 
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