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Calculation of the Raman spectra of zinc-blende InN/AIN superlattices were carried out assuming
the existence of an interface region with thickness § varying from zero to three monolayers. Fre-

quency shifts up to 80cm ™!

were observed for some of the optical frequencies when § = 3. Many

peaks appearing at the low frequency side, shift toward the center position of the spectrum. As a
consequence, pairs of the Raman modes become quasi-degenerate giving rise to highly prominent
structures in the spectrum, for 6 = 2 and 3. These effects are tracked to localization of atomic

displacements mainly at the interface regions.

Group IIl-nitride semiconductors quantum well
(QW) structures in the fabrication of optoelectronic
devices are currently known, being of great interest
light emitting diodes (LEDs) and laser diodes (LDs)
operating in the blue-green or violet region [1, 2].
The optical and electrical processes in GaN, AIN and
InN based QW and superlattice (SL) structures are
remarkably influenced by the existence graded inter-
faces. The indium concentration gradient across the
GaN/Ing 43Gag 57N/Aly.1Gag 9N interfaces was mea-
sured recently using high-resolution transmission elec-
tron microscopy (HRTEM) [3], pointing to a typical
GaN/InGaN interface width of 1 nm, while more than
twice this value is the thickness of the InGaN/AlGaN
interface. In the case of GaN/Al,Ga;_.N SL’s, Ra-
man scattering measurements provide evidence of the
graded alloy interface region to be of the order of 2 nm
[4].

Lattice dynamics calculations are available for bulk
GaN, AIN and InN crystalized in the wurtzite and zinc—
blende structures [5, 6], from which the calculated bulk
phonon frequencies can be used in the simulation of the
Raman scattering of their superlattices. Previous theo-
retical results show that interfacing effects are respon-
sible for considerable gain in intensity of Raman modes
in zinc-blende GaN/AlGaN SL’s [7]. Even though the
acoustic branch of bulk AIN overlap with the optical
branch of InN, their optical dispersion curves do not
overlap [6, 8]. Therefore, it is interesting to analyze
the interface dependence of optical phonons in graded
InN/AIN SLs.

The purpose of this work is to present a study on the

phonon dispersion, atomic displacements and the Ra-
man spectra of (InN)g_s/(InNg 5AINg5)s/(AIN)s_s5/
(InNg.5AINg 5)s SL’s, with § = 1,2,3. Most of the op-
tical phonons were found to be confined in the abrupt
SL probably due to non—overlapping optical branches
of bulk constituents. For this reason, there is strong
localization of modes in the InN/AIN interfaced SL’s
resulting in remarkable gain of the Raman intensity of
these modes.

The vibrational properties of the InN/AIN SL are
described through a modified linear chain model. Each
atom in the linear chain model represents a plane of
atoms in the actual SL, and their associated phonons
propagating along the [001] axis can be described
through a one—dimensional set of equations of motion.
The bulk selection rules forbid TO modes in a backscat-
tering geometry of a (001) face in a crystal with either
a zinc-blende or a diamond structure. Symmetry argu-
ments show that only the LO modes should play a role
in the Raman scattering of a perfect superlattice con-
structed with those components [9]. The equations of
motion can be solved in the harmonic approximation,
and their eigenvalues and eigenvectors are obtained by
diagonalization of the dynamical matrix. The force con-
stants were obtained considering interaction to nearest
and next—nearest—neighbors, only.

Alloyed interfaces in the virtual-crystal approxima-
tion were taken to describe the interface. This is appro-
priate for the one-mode-type behavior of longitudinal
vibrations in the alloy. This behavior was assumed in
the case of the LO modes of AlInN alloys based on
previous demonstrations of the one-mode—type behav-
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ior in other nitride based alloys studied either experi-
mentally [10, 11, 12, 13, 14] or theoretically [6, 15, 16].
The interface was simulated with both constituents in
equal proportion and its width was varied in steps of
one monolayer up to § = 3. The bond-polarizability
model [9], which provides a good description of optical
modes, was used to calculate the Raman spectra of the
SLs.

The polarizability constants were assumed to have
fixed values throughout the SL. The bulk InN and AIN
mode frequencies (as used in the linear chain model)
and the force constants are listed in TableI. The AIN
zone—centre LO frequency was taken as 902 cm ™! from
experimental data of Harima et al. [10]. The acous-
tic LA frequency was taken as the theoretical value of
Karch et al. [17]. The InN LO(T") frequency is taken
as the value measured by using Raman scattering [18],
while the zone edge phonon frequencies for this crystal
were obtained from calculations [19].

Table I. Bulk AIN and InN mode frequencies as used

in the model to derive the force constants k, ¢;, and

¢>. The frequency values are in units of cm™!.

GaN InN
LO (T) 902.0 (@ 588.0 (©)
LO (X) 723.0 () 567.0 (4
LA (X) 594.0 (®) 231.0 ()
k 222.8 128.2
a 30.0 26.9
P 2.7 2.8

(@) From ref. [10]; ) From ref. [17]; ) From ref. [18]; ()
From ref. [19]

Calculated Raman spectra for zinc—blende
(II’IN)8,5/ (InN0,5A1N0,5)5/(A1N)8,5/ (IHNO.5A1N0.5)5
SL’s are presented in Fig.1 for several values of inter-
face width 6. The lowest curve, for § = 0, shows two
dominant peaks at w = 568 cm~! (probably due to
almost degenerated modes 17-19) and w = 899 cm™!
(mode 32). Last frequency is quasi—coincident with
the LO bulk values of AIN. In between, several weak
structures appear at w = 669 cm ! and w = 721 cm ™!,
w="754cm ! w=823cm ! and w = 873 cm~! corre-
sponding to modes 24, 25, 26, 28 and 30, respectively.
This identification was made by comparison of the Ra-
man frequencies with the values found in the calculated
dispersion relations.

The introduction of an interface with §=1, results in
a modified spectrum with an additional peak showing
at w = 610 cm ™!, and a down shift in frequency for the
remaining features in the middle range of the spectrum
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[600,870] cm™'. This is shown in Fig.1 (§=1), where
the arrows indicate modes 24, 25, 26, 28 and 30. A
larger interface, of two monolayers, causes further in-
crease of the number of peaks in the middle frequency
range, with the appearance of mode 22 at w = 607
cm~!. The same set of peaks as before, is indicated by
arrows in the spectrum labeled =2 in Fig. 1. It can be
noticed that the lower frequency peaks shifted upward
(related to 6=1) while those of higher frequency shift
downward, resulting in a more crowded middle range
than in the case of §=1. Figure 1 also shows a remark-
able increase of the Raman intensity, particularly in the
spectra for 6=2 at w ~ 685 cm~! and §=3 at w ~ 698
cm~!. Notice that the new peak for =3 is of the same
magnitude as those at the extremities of the spectrum.
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Figure 1. Calculated Raman spectra for zinc-blende

(InN)8_5/(InN0_5A1N0_5)5/(AlN)8_5/ (InN0_5AlN0_5)5 SL’S.

An examination of the dependence of the number
of modes with the frequency w indicates that the un-
changed frequencies correspond to vibrations basically
unaffected by interfacing. Those with important fre-
quency shifts should correspond to the most interface—
affected modes, as far as localization of the vibration
is concerned. To test this idea, we have calculated the
atomic displacements in the superlattice, which are not
presented here. We found most of the modes to be con-
fined either in the InN layer or in the AIN layer for § =
0. Modes 17 and 18 are exceptions being extended for
0 = 0. It was also observed that the mode 24 is well
localized at the InN/AIN interface for 6 = 0. Modes 19
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to 23 are confined to the InN layer and the remaining
modes to the AIN layer. Confinement of modes 25 to
32 are observed for § = 1. Interfacing was observed
to produce localization of the modes, in general. For
0 = 1, the mode 23 is found to localize at the direct
InN/AIN interface; for § = 2 it localizes at the inverse
AIN/InN interface; and for § = 3 it localizes back at
the direct interface. The mode 24 behaves in an in-
verted way, localizing at the opposed interfaces. Both
modes lose, to a certain degree, the localized character
for 6 = 3. This behavior is consistent with their Ra-
man intensity being strong, particularly for 6 = 1 and
0 = 2. Mode 25 is well localized at the inverse inter-
face at 4 = 2 and at the direct for § = 3. Mode 26
shows atomic displacements close to both interfaces for
0 = 3. Their corresponding increase in intensity can be
checked in Fig. 1. It is worth mentioning that a pre-
vious calculation of the projected density of states for
acoustic vibrations using the linear chain model shows
a remarkable increase for the strongest localized modes
leading to enhanced intensities [20].

Summarizing, interface effects on the Raman spec-
tra of zinc—blende (IDN)3_5/(IHNO_5A1N0_5)5/(A1N)8_5/
(InNp 5 ANy 5)s SL’s were studied using a linear chain
description and the bond—polarizability model. It was
shown that the optical modes region of the spectrum
is severely affected by the existence of the interface
regions. The main effect is the increase of intensity of
peaks positioned in between those related to the end
spectra modes. These peaks were seen to shift with in-
creasing § towards the center position in the spectrum.
The § = 3 interface effects in the Raman intensities are
drastic, giving rise to a most prominent structure in the
middle frequency range of the spectrum. This structure
results from the overlap of two quasi—degenerate modes.
Examination of atomic displacements allowed for the
effects to be tracked to localization of the vibrations.
These effects are much stronger than those observed
previously for other systems like GaAs/AlAs, Si/Ge,
and AIN/GaN SL’s. The optical modes are, therefore,
well suited as probe for interfacing with both, frequency
and intensity, highly affected.
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