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We have studied MOCVD-grown In_Al, _As films, with x close to 0.52
(lattice matched to InP), by means of low temperature photo-
luminescence and Resonant Raman (RR) scattering. Besides the E,
emission at = 1.49eV, we observe a weak photoluminescence band, B,
~ 50 meV above the fundamental one. In the Raman spectra, we iden-
tify the InAs-like and AlAs-like LO phonons and their overtones and
combinations. An enhancement of the Raman efficiency for any of
these phonons is observed at photon energies close to the B lumin-
escence band. The resonance maximum red shifts with increasing In
composition, according to the In-composition dependence of the E,-
gap. We suggest that the B luminescence originates from electronic
transitions, due either to composition fluctuations through formation
of macroscopic clusters or to the presence of resonant impurity states

above the fundamental gap.

PRESENTLY, there is a strong interest in the ternary
III-V semiconductor-alloy In Al,_,As, due to its
applications in electronic and optoelectronic devices.
This is mainly because In Al,  As can be lattice
matched to InGaAs, InP or their alloys which have
either high electron mobilities, high electron peak vel-
ocities or high electron saturation velocities. When
these properties are combined with the high conduc-
tion band discontinuities of In,Al,_,As with respect
to these materials, In,Al; , As-based heterostructures
are amongst the best candidates for device appli-
cations in microwave, millimeter-wave and opto-
electronic systems [1-4]. The emission wavelength of
InGaAs/InAlAs quantum wells, lattice matched to
InP, can be shifted from 1.65um to near 1.0 um [5].
This spectral region spans the 1.3 ym minimum dis-
persion and 1.55 um minimum loss regions of optical
fibers.

Despite its importance, fundamental structural
and electronic properties of In,Al,_, As, such as dis-
order in atomic arrangement and stress in this
material, are still not fully clarified. In this paper, we
present Resonant Raman (RR) scattering and
photoluminescence (PL) results from In Al As
films, with x close to 0.52 (lattice matched to InP). The
films were grown by metalorganic chemical vapor
deposition (MOCVD) on [100] oriented InP sub-

strates [6]. Pure hydrogen is used as carrier gas: the
reaction occurs at 660°C in a horizontal reactor with
a growth rate of 1 umh~'. The n-type residual carrier
concentration is in the range of 1.2 x 10"cm~? with
mobilities of about 3200cm*V~'s™! at 300 K.

The total film thicknesses were ~ 1 um, hence
fully strain relaxed. Their fractional In content, x, was
determined by X-ray diffractometry and also checked
by photoluminescence and Raman scattering. Three
samples with x = 0.51, 0.52 and 0.53 were inves-
tigated. They were mounted on a cold finger in an
evacuated dewar and maintained in contact with
liquid nitrogen. A jet-stream dye laser operated with
LD700 (Spectra-Physics) was used to excite the
samples. The dye was pumped with all the lines of a
CW Kr* laser (4 W). We worked in the frequency
range 1.57-1.77eV, the power of the incident laser
beam was typically between 20-40 mW. The scattered
beam was analyzed by a Dilor XY triple-spectrometer
equipped with an intensified cooled photodiode array
detector, with a resolution of ~2cm~'. Pure silicon
was chosen as a reference to normalize the scattering
efficiency by the sample substitution method [7].

The Raman spectra were measured in back- .
scattering geometry, Z(X, X)Z, with X, Y and Z
corresponding to the [100], [010] and [001] crys-
tallographic directions, respectively. In this configura-

Q2%



836
In.Al,-As .
_‘i T=80K
-]
-]
S
2 | z=0.51
2
(]
R | z=0.52 4
z=0.68 1}
M\W
1.35 1.40 1.45 1.60 1.65 1.60
Energy (eV)

Fig. 1. Photoluminescence spectra of the In Al,_,As
samples near the E;-gap for three different In com-
positions. The energy of the E,-gap is marked with an
arrow. The inset depicts the recombination of the
Iny s, Aly s As sample in an extended spectral range,
showing the below-band-gap recombination.

tion scattering by zone center longitudinal-optical
(LO) phonons in a zinc-blend lattice is usually for-
bidden, according to the standard selection rules [7].
However, for laser energies near electronic transitions,
in this configuration, scattering by LO phonons
becomes allowed by the g-dependent, intraband
Frohlich and impurity induced electron-phonon,
interaction mechanisms [7, 8].

The emission of our samples close to the fun-
damental band gap is depicted in Fig. 1. The 2.41eV
line of an Ar*-laser was used to excite the samples.
The inset shows the photoluminescence of the
In, 5, Al 45 As sample in the 1.1-1.65eV spectral range.
The PL at 80K is clearly dominated by impurities-
and defects-associated recombination processes,
below the band-to-band recombination (1.495eV,
marked with an arrow). A pronounced red shift with
increasing In composition is observed in the spectra,
which agrees with previously published data of the
E,-gap dependence on In concentration [9].

The Raman spectra of In, Al,_, As display a two-
mode type behavior, i.e. two LO modes associated
with the respective end compounds are present for the
whole composition range [10]. Figure 2 shows several
Raman spectra from the Iny, Al ,,As sample taken
with different laser energies. All spectra have been
normalized to those of pure silicon, which were
measured simultaneously. The two peaks at hw, =
240cm™' and hw, ~ 374cm™' correspond to the
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Fig. 2. Raman spectra of the Ings Aly 4 As sample at
different laser energies how, . The peaks at ~ 240 and
~ 374 cm™ ! correspond to the InAs-like and AlAs-like
LO phonons, respectively. The resonant behavior of
the AlAs-like LO phonon is clearly observed at energies
closed to 1.61¢eV. The measurements were performed
at 80K.

InAs- and AlAs-like LO phonon modes, respectively
[10]. The asymmetry of the peaks originates in the
scattering by phonons with wavevectors g # 0 acti-
vated by the alloy disorder [11]. A resonant behavior
of the AlAs-like LO phonon is clearly observed at
energies close to 1.61 eV. The fact that the InAs-like
LO phonon has still not reached resonance at this
energy indicates that we are dealing with outgoing
resonances [8], as it will be discussed later.

Photoluminescence measurements, when the
samples are excited with laser radiation of frequency
~ 1.6eV, reveal the existence of a new electronic tran-
sition, associated with a weak and broad (~ 75meV)
emission band (B). This near-resonance PL is shown
in Fig. 3 for the three different samples. Note the
presence of different phonon modes rising on the weak
PL background. This emission, which does not shift
with the laser energy, decreases rapidly in intensity as
the exciting frequency is tuned away from the B-band;
therefore, it was not observed in Fig. 1. This new
electronic transition lies ~ 50 meV above the E;-gap.
These experiments also show a red shift of the B-band
with increasing In composition, which roughly follows
the In-composition dependence of the E, gap [9]. All
samples show resonance enhancement of the AlAs-
like and InAs-like LO phonon modes as the incident
photon energy approaches the B-edge.

The electronic transition associated to the B-lumi-
nescence is responsible for the observed enhancement
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Fig. 3. Near resonance photoluminescence spectra for
the three different samples. Note the red shift of the B
luminescence band with increasing In composition.
The sharp peaks correspond to InAs-like and AlAs-
like LO phonons and their combinations.

in the Raman signal. Figure 4 compares the PL
B-band with the AlAs-like LO phonon RR profile for
the In,,, Aly 0 As sample. The Raman intensities are
plotted as a function of the scattered photon energy,
i.e. the resonant profile has been shifted to lower
energies by the phonon frequency hw, = 46.6 meV.
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Fig. 4. Comparison of the B photoluminescence
band with the AlAs-like LO phonon RR profile
for the Iny 5; Al 40 As sample. The resonance profile has
been shifted to lower energies by the phonon energy
(hw, = 46.4meV). The fact that both curves coin-
cide in energy position is consistent with an outgoing
resonance.
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Fig. 5. Resonance Raman profiles of the AlAs-like LO
phonon for the three samples of Fig. 1. The lines are
drawn as a guide to the eye. A red shift of the reson-
ance with increasing In composition is evident. Note
that the energy range in the figure is above the E;-gap
of the alloys.

The fact that both curves coincide in energy position
is consistent with an outgoing resonance. An outgoing
resonance indicates that the impurity induced dipole-
forbidden scattering mechanism is predominant, as
expected for a material where structural defects and
alloy disorder are important [8, 12].

Figure 5 depicts the AlAs-like LO phonon RR
profiles, as a function of the incident laser energy in
the available frequency range, for the three samples.
The lines are drawn as a guide to the eye. A red shift
of the resonance with increasing In content is evident,
and agrees with the shifts observed in the near-
resonance PL measurements. At the same time, a
decrease of the Raman enhancement is observed with
increasing In concentration. The systematic weaken-
ing of the LO resonance with increasing x is a result of
increasing compositional disorder, which broadens
the resonant structure, indicating shortening of the
lifetime of the resonant state involved. This behavior
is consistent with the broadening of the B-band
photoluminescence as x increases (see Fig. 3).

Finally, we show in Fig. 6 a Raman spectrum of
the Ing s, Aly . As sample for an incident laser energy
hw, = 1.696¢eV in an extended energy range. Several
overtones and up to five combinations of the InAs-like
and AlAs-like LO phonon modes are clearly observed.
A strong enhancement of the high-order Raman
modes takes place only under extreme resonance
conditions with direct interband transitions [7].
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Fig. 6. Raman spectrum of the Ing, Al s As sample.
The arrows indicate the observed frequencies of
the overtones on combinations of the InAs-like
(hw, = 241cm™') and AlAs-like (hw, = 372cm™")
LO phonon modes. The rise at high energies is due to
photoluminescence.

Therefore, these results also indicate that an electronic
transition above the fundamental E;-gap (~ 1.495¢V)
must be involved in the observed resonance effects.
From the luminescence and resonant Raman
studies, we deduce the existence of a direct electronic
transition slightly above (~ 50 meV) the fundamental
E,-gap. Following, we will like to focus our attention
on the possible origin of this observed transition. The
In, Al,_,As system is expected to have a miscibility
gap, due to the large difference between indium-
and aluminium-related bond energies (114 and
140 Kcal mol ', respectively [13, 14]), and hence to
show clustering. In fact, experiments based on
photoluminescence and carrier transport indicate that
MBE grown films are not of very high quality, and
present alloy clustering [15-18). In order to explain the
observed electronic transition, we tentatively attribute
it to local composition fluctuations. They can be
induced by the random distribution of the In and Al
cations in the sublattice of the In Al,_, As alloy. A
supercell calculation in a tight binding framework
[19], including up to 64 atoms, suggests that the B
luminescence originates either from excited electronic
transitions of a stochiometric configuration or from
main transitions arising from clusters with small com-
position fluctuations. The experimental fact that the B
luminescence is observed only in resonance conditions
favors the latter theoretical interpretation.
However, an origin related to the presence of
impurity states cannot be ruled out. Emission due to
resonant impurity states above the conduction band
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minimum has been previously reported for GaAs, P
alloys with isolelectronic traps [20].

In summary, we have observed electronic tran-
sitions slightly above the Ey-gap in MOCVD grown
In Al,_,As alloys with x ~ 0.52 through resonant
Raman scattering and near-resonance excitation
photoluminescence. The peak position of these tran-
sitions red shifts with increasing In concentration,
rigidly with the E;-gap. These transitions have been
tentatively assigned to composition fluctuations
through formation of macroscopic clusters or to
the presence of resonant impurity states above the
fundamental gap.
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