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INTERBAND ELECTRON RAMAN SCATTERING IN SIZE-QUANTIZED FILMS
OF INVERSE SEMICONDUCTORS

T.G. ISMAILOV, R.A. NAZANLY, M.A. BAGIROV
Institute of Physics of Academy of Sciences of Azerbaijan
H. Javid, av. 33, Baku, 370143

The interband electronic Raman scattering in size-quantized films of semiconductor with inverted band structure within the scope of the
two band Kane model is studied theoretically. Both the resonance and nonresonance cases are considered in detail. Calculations show, that
the spectra of the scattered light exhibit sharp peaks due to the size-quantization. The polarization rules are established. The magnitude of the
cross sections suggests that it is possible to observe this effect in an experiment.

The investigation of the low-dimensional systems is of
widening interest because of their large possibilities of appli-
cation in micro- and optoelectronics [1-3]. Typical represen-
tatives of such systems are the quantum-confined low-
dimensional semiconductor systems. The size decreasing lead
to the reconstruction of the electron spectrum what mares
possible to fabricate new systems with different electronic
and optical properties [2].

It is established that the inelastic light scattering is the
sensible method of the investigation of elementary excitations
of low-dimensional electron system [4]. It turned out that also
as in the three-dimensional case one could separate the one
particle excitation from the collective one. This peculiarity
gives a possibility of study of energy level structure and col-
lective electron-electron interactions.

The resonance Raman scattering of light involving the
electron transitions between the discrete size-quantized
levels was observed in GaAs-Ga,,Al As heterostructure [4-
6]. In [7] the interband electron Raman scattering (JERS) in
inverse layer of MDS structure is considered. In [8] IERS
involving the valence size subbands as intermediate states in
size-quantized thin semiconductor films with the simple band
structure is investigated. It should be noted that the scattered
light energy changes in the narrow interval that is equal to the
difference of two nearest subbands. However the account of
the realistic band structure and wave functions of the semi-
conductor can lead toc many quantitatively new processes with
the different frequency intervals for the scattered light [9,10].

Lately the great success are achieved in technology of the
thin layers and structures with two-dimensional electron gas
based on narrow gap semiconductors as well as semiconduc-
tors with inverted band structure [11]. The unique properties
have an spin superlattices [12]. In these structures one can
manage the energy intervals by different ways. The investiga-
tions of Raman scattering on two-dimensional electron gas in
above mentioned structures are great interest both the theo-
retical and practical.

In the present paper the IERS on size-quantized levels in
the semiconductors with inverse band structure is investigated
(for simplicity the thin films case is considered). It is shown,
that owing to the size-quantization the peaks appear in the
spectrum of IERS and the scattered light frequency changes
in large interval.

In fig.1 the band structure of a-Sn type inverse semicon-
ductors near the I"point of the Brillouin zone in the case of
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Fig.1. The band structure of zero gap semiconductor near the

I” point in the case of size quantization and possible
IERS process.

size-quantization and possible IERS process are shown. The
incident photon of frequency of @, excites the electron from
the light hole subband (1) to the conduction subband (c).
Simultaneously the electron from the heavy hole subband (h)
drops back to the hole created by the first transition in the
subband (1) and emits the photon of frequency of @;. The
frequency shift w=ew,-; is equal to the excitation energy of
the particle-hole pair created in the scattering process.

This process first has been considered by Burstein, Mills
and Wallis in bulk inverted semiconductors [10].
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The general expression for the differential cross section d?s 2 O, 2 1
(DCS) per unit frequency, per unit solid angle can be written d0de =5 —a_)—. izf |Afi| hé(hw - E, + E;), (1)
in the form: o~

J
1 <f elpr><r eopi> <f eapr><r|e1pi>
A — + 2
m, r| E;, - E, + ho, E, - E, - ho,
I -
Here r, = e? / m0c2 is the classical radius of elec- For rather thick films, when the number of crystalline

tron; o is its momentum in crystals; i, r, £ refer to the
initial, intermediate and final states of electron;
E;,, E ., E, are the corresponding electronic energies;
&,, &, and w,, w, are, respectively, the polarization vec-
tor and frequency of the incident and scattered radiation’s.

21,2

layers is large, one can calculate the spectrum and wave func-
tions of band electrons in kp approach [8,13]. In the model

of an infinitely deep potential well at the two-band approxi-
mation we have [14]:

bnd h kJ. 0._2
Emv(kJ_) = E, + ) + E n,, n, = 12,3,... << N, 3)
nV
h27z,2 -
E, = Pl V= (ch,1), ki =(k,k,0, @
14
where ! Here d is the thickness of the film, E,, is the difference of
1 1 38%2 (- 1) = chlpnp¥? energies between the extreme of conduction and valence sub-
- = — 1+ B ( ) g 1/2ﬂ ) bands, m is the algebraic effective mass that is (+) for the
m, m, 7n Sh(ﬂ'nﬂ ) conduction band and (-) for the valence band.
1 1 38 2 (_ l)n _c h(ﬂ'n 8 1/2) Usix_l’g the spectrum ('3) and foun.d wave functions for arbi-
= 1+ h( 1/2) trary Kk for the complicated matrix element (2) in the zz
m, m, zn shiznf polarization case (when the incident and scattered radiations
1 1 . are polarized parallel to the z axis) we have the following
- T B == expression:
m; m, m, |
la.|? _ AP |a,, + B,| kL s st o |a,, + B[
fi - 3h2 hh hh k;; n.ny k}f jdz hh + hh (5)
where
hZ 2 -1
A, =&, + ho, + — + ao(nj - —C—nj) ,
24 m,
-1
= ho, + b it 2_-Tcpy2 ©
- h
- 2n_n m z°n?
T = [1 - (_l)”c nh] ¢ h k2 = c k2 + c
ngny j _ n,f 4 c m,(::) 1 d2 4
2 2
2 _ My, ., TN
kh - mff” kJ. + d? ’
h

Substituting (5) and (6) in to (1) for the DCS we get finally:
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Agc=Azh'5 ’Bgc=B:h'6

nenp, nenp / L n;np
l 1 1 0 0 0 0 0 o

= (c) thy * Hhc = Ahc + th’ Hhh = Ahh + Bh}z
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A like the bulk case, when two different geometries take ICarrying out the similar calculations for the other geometries
place (the cubic symmetry is supposed) [9], in the thin film we have (as for as the quantitative behavior of DCS in xy
case there are four geometries: xx, xy, xz, zz. | geometry is similar to xx case, we give below the expressions
only for xz and xx geometries):

2
d’s 1 9 ? Al D
=2 p oll(Enf e 2y )or ez (B v, ) s,
dQdw 4 n_.n, 2 2 ch (7a)
+2- [( Al +BLY +2- th)z]o + 8 - |D,[5 en, }9(0)
d’s 1 13 (0 H°.D j
o= = ) Dt()nc) _ (ch) D + —he—L 2D, | 16, +
df2dw 8 n .y, 4 2 c"n (7b)
2 2 2
t+2- [5 ) (ch) + (th) -2 thch] "D, + 4 ID3 + D4I“c*"h }Q(Dl) ’
D. = _6_'-0-2 ‘ B:lTn annlnh D 80 Z A:lTn .03 nlnh
3 4
ho o, 71'2[1 + 30(nh - )/hw]l/ " ho 0o [1 + &,{n? - n? )/hco]l/z
It is seen from (7) that in the case of zz polarization there |
are both the process with An=n.-n,=0 and the processes In the nonresonance case DCS beginning from the thresh-
with An=n.-n,=1, 3, 5.. old initially increases. Then having reached maximum DCS

In dependence on pump energy there are two cases: reso- begins to fall till the value corresponding to the transition
nance (% w,>g;) and nonresonance (% @w,<g,). For the energy between second subbands of conduction and heavy
both cases the scattering begins from the threshold n.=n;=1, hole bands. Next with tendency of further decrease the fol-

that corresponds to the transition energy between first sub-  lowing peaks appear and for @=@, DCS is zero.
bands of conduction and heavy hole bands In the resonance case the different resonance frequencies

correspond to the processes with 4An=o and with An=o:

_ 522 2
o, = h°m /2'u+d @) ha)R(An = 0) = (ha)o - {;‘g)/Z ®)
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ho,(4n # 0) = [ha)o - & - so(nf, - ni)]/z (10)

The energy distance between this resonances is

Aho, = ,|ao(n§ - nf)/ZI (11)

The condition (10) completely coincides with the reso-
nance condition in the bulk case [10], that is the conse-
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Fig.2. The dependence of DCS vs. # @ in the resonance case
(h wo>eg) .
quince of the use of two-band Kane model where m.=m, and
(m./m,) —0. But condition (10) strongly depends on thick-
ness, effective mass and subband numbers.
In fig.2 DCS vs. h @ in the resonance case (% w,>&,)
for the process with An=0 is shown. For parameters the

following values a chosen: 7 @,=0.37 eV, £=03 eV,
m~0.03m, , m,=0.4m,, &=200 A. The dependence of DCS on
h o for different thickness for the same process and for the
same parameters is given in fig.3.
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Fig.3. The DCS vs. h @ for the different thickness in the reso-
nance case.

As distinct from zz geometry the additional processes
with An=n,-n,=2,4, 6... arise in xz and xx geometries.

It should be noted that the obtained results can be applied
to two dimensional in double heterostructure [15] is a case in
a point. The obtained expressions may be useful also for
analyses of IERS spectra in superlattices.
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INVERS ZONA QURULUSLU YARIMKECIRICI NAZIK LOVHOLORD®O ISIGIN ZONALARARASI
KOMBINASIYALI ELEKTRON SOP{LMOSI

Megqaleda ikizonali Keyn modeli gorgivesinde invers zona qurulusuna malik yarimkegirici nazik 16vhelerde isi§in zonalalarasi
kombinasion elektron sepilmesi nezeri olaraq tedqiq edilmisdir. Gostarilmigdir ki, igifin sepilme spektrinde 6l¢ii kvantlanmasi ile
elagodar koskin maksimumlar (pikler) emele gelir. Polyarizasiya asililiglar mileyyenlesdirilmigdir. Diferensial effektiv kesiyin
tortibi bu effektin eksperimentde miigahide olunmasinin miimkiinlilyiint gosterir.
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MEXK30HHOE JIEKTPOHHOE KOMBUHAIITMOHHOE PACCESIHUE CBETA B TOHKHX IVIEHKAX
HMHBEPCHBIX HOJYIIPOBOAHHUKOB

B pamkax aByx3oHHo# Mozend Keitna TeoperHieckn KCCeJ0BaHO MEX30HHOE JlIeKTpoHHOe PaMman-paccesHue B pasMepHO-KBaHTOBaH-
HBIX TUIEHKAX IONYNPOBOJHUKOB C MHBEPCHOH 30HHOW CTPYKTYpOil. PaccMOTpeHB! kak pe30HaHCHBIM, Tak M HEPE30HAHCHBIA CIydau.
Moka3ano, 4TO CNEKTP pPacCesHHOIO CBETA COJACPKMT pPe3KHE IMKH, OOYCIOBIEHHBIE pasMEPHBIM KBAaHTOBAaHUEM. Y CTAHOBJEHBI
NOAAPH3ALMOHHEIE 3aBucuMOCTH. Ilopsnok auddeperimansHex 3¢ HeKTHBHBIX ceueHHH YKa3BIBAET Ha BO3MOKHOCTS IKCIIEPUMEHTANBEHOTO
HaOmoneHus sroro sddexra.
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