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Abstract . In this work we study  influence of the periodical nanostructures � superlattices, produced by
coherent light beams on the optical phenomena in ferromagnetic semiconductors (FMSC). It is shown
that as a result of the incident electromagnetic wave diffraction on the periodical nanostructure-superlattice
of electron density two waves appear in which periodic energy transfer from one wave to another takes
place. We have determined the light reflection coefficient  for the surface of FMSC with  periodical
nanostructures-superlattices. It is also shown that varying a magnitude of the external electric field one
can decrease this coefficient, i.e. make FMSC «antirefractive», as well as increase it up to the case of the
total reflection.
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 1. Introduction

Recently, semiconductors with  the spatial periodic nano-
structures – superlattices have been  a subject of intensive
studies. Firstly, in connection with appearance of high-power
nano-  and picosecond lasers as well as corresponding re-
cording  facilities the experimental studies of such struc-
tures have considerably grown. Secondly, there has been a
significant increase of interest in different spatial periodcal
nanostructures in view of intensive development of elec-
tronics, holography, and semiconductor technology. The
FMSC with  periodic spatial nanosructures – superlattices
on the nonequilibrium electrons and magnons may become
the objects, which completely meet the case. Superlattices
in FMSC can be formed using coherent light beams (CLBs).
For the first time such FMSC with the superlattice of  non-
equilibrium  electrons and magnons were described in [1,2].

 In this work we considere  influence  of CLB’s on the
optical properties of FMSC. It is shown that two waves ap-
pear as a result of the incident electromagnetic wave dif-
fraction on the superlattice on electron density and the peri-
odic energy transfer from one wave to another takes place.
We have determined the light reflection coefficient for the
outer surface of FMSC with the periodic nanostruc-ture –
superlattice  of electron density.

2. FMSC with superlattices

Let us consider a wide-gap FMSC of the EuO-type with an
average carrier density n0  in the external constant electric
field 

r
F OZ0  at the spin-wave temperature . Let several CLB

be incident on the outer surface x = 0 of the FMSC . The
vector-potential of the CLB in the material is given by:

( ) ( )r r r r r
A r t A t k rj j j

j
, cos= − −∑ ω ϕ ,                                 (1)

and their frequency ω  satisfies the inequality ε ω ε<< <<h g
( ε  is the average carrier energy, ε g  is the energy-gap
width). Therefore, the CLB does not change a total number
of carriers  and only causes their spatial redistribution. A
nonequilibrium state in the FMSC is produced by heating-
up electrons in the field 

r
F OZ0  and as a result of light ab-

sorption by free carriers, the consequent energy transfer from
electrons to magnons takes peace. The phonons play a role
of thermostat. Spatial  modulation of the collision integrals
and high-frequency CLB wave pressure on electrons leads
to the formation of the periodical nanostructures – superlat-
tices of carrier density n, electron Θeand magnon Θm  tem-
peratures, electric field strength 

r
F , and nonequilibrium

magnetization M of FMSC  [1,2]. In the case of incidentce
on the FMSC surface of only two symmetrically oriented
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beams with AA 21

rr
,   k1x = k2x, k1z = - k2z, these periodic

structures can be described by the following expression:
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The temperatures me TT ,  in the field F0  are determined by
the familiar technique and will be further regarded as known
quantities. The amplitudes iiii µηςξ ,,,  depend on A1, A2,
F0 and FMSC parameters; the method of their calculation
is given in general form in our previous papers [1,2].  We
present here only the expression for amplitudes 1ξ  and 2ξ
since, as it will be seen from the subsequent calculations,
these define the processes of wave diffraction and scatter-
ing in FMSC with the periodical nanostructure – superlat-
tice:
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relative permitivity of FMSC, m is the electron effective
mass.

3. Light diffraction in FMSC by periodical
nanostructures

Let a weak electromagnetic wave with polarization, which
differs from that of CLB, propagates in FMSC along Ox-
axis. We suppose for simplicity that the wave amplitude
depends on the coordinate z, and given by usual formula

( ) ( )[ ]tzkxkixEE zx Ω−+= 1exp ,                                   (5)

and  frequency Ω is considerably higher than that of elec-
tron collisions.

The current density j induced by the wave (5) in linear
approximation is given by expression
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Substituting  (6) into the Maxwell equations for the wave
(5), we obtain
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where .,2/,/4 21
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We consider a solution of (7) in the following  form

( ) ( ){ }∑ +=
l

zxl zkxkixEE 1exp  with the boundary condi-

tions ( ) ( ) ( ) 0,0 0
0

0 == =lEEE . Since in our case 1<<ξ , the

most important terms in the general expression for E corre-
sponding l = 0 and l = -1. Moreover,  smallness of the pa-
rameter ξ  value enables us to obtain the following set of
equations

,2,2 01
1

1
*

1
0 E

dx

dE
ikE

dx

dE
ik xx ξαξα == −

−                       (8)

They have a simple solution satisfying the boundary condi-
tions:
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The solution (9) defines two waves, which arise as a result
of diffraction of incident wave on the periodical nanostruc-
ture – superlattice of electron density, which turns out to be
a periodic function of x-coordinate .
      Thus, two waves arise and the periodic energy transfer
from one wave to another takes place as a result of diffract-
ing incident electromagnetic waves on a periodical nano-
structure – superlattice of electron density.

4. Electromagnetic wave scattering by
periodical nanostructures

Now, let us consider the electromagnetic wave reflection
from the surface z = 0 FMSC by periodical nanostructures–
superlattices. We determine the electric field of the inci-
dent wave in vacuum as:

( ) ( ){ } ( ){ }[ ] ( ),expexpexp 0
0 tizuxkiRzuxkiEE zxzx Ω−−++=

(10)

where, ( ),2222
zx ukc +=Ω , ( )+= 222 cu pz ω [ −− 21

0 xkε

( ) ]2
0 1 zS−ε , kzz kS ∆+= 1

The calculation gives the following expression for the
reflection coefficient in the Bragg resonance region:
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where ( ) 2
1

2
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2
1

2
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2 4/ zk kξξαδ −−∆±= .

Figure 1 shows the dependence of the reflection coefficient

on the parameter ∆ k   for the outer surface of EuO. When

calculating the curve we used the following parameters

V/sm102 ,J105.0 ,s105 ,sm10 3
0

21115119 ⋅=⋅=⋅== −−− FTn ω .

The reflection coefficient decreases and reaches a minimum

which is equal to 410547.2 −⋅  at  21.0−=∆k .

Conclusions

We have carried out a study of the optical phenomena in
FMSC with a periodical nanostructures – superlattices of
nonequilibrium electrons and magnons. The results of in-
vestigations enable us to conclude the following:
1.  As a result of diffraction of electromagnetic waves on

the periodical nanostructure of electron density in FMSC,
we obtain  two waves  propagate along Ox-axis appear.
The periodic energy transfer from one wave to another
as for they penetrate from a surface into the bulk of
FMSC takes place.

2.  The reflection coefficient of electromagnetic wave for
the outer surface z = 0 of FMSC under conditions of the
Bragg resonance depends indirectly on the values of the
heating field, angle of incidence and the parameters of
FMSC. Varying those and the value of F0 , one can de-
crease the reflection coefficient, i.e. make FMSC the
«antirefractive», as well as increase it, reaching the
case of  almost total reflection of  the electromagnetic
wave from the surface of FMSC.
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