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Temperature-Dependent Photoluminescence Spectra of GaAsSb/AlGaAs and GaAsSbN/GaAs
Single Quantum Wells under Different Excitation Intensities
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The mechanism for low-temperature photoluminescence (PL) emissions in GaAsSb/AlGaAs and
GaAsSbN/GaAs strained-layer single quantum wells (SQWs), grown by molecular-beam epitaxy, is studied in
detail, using PL spectroscopy as a function of temperature and excitation intensity. In all samples, the PL peak
energy as well as the full width at half maximum (FWHM), as a function of temperature, present anomalous
behaviors, i.e., the PL peak energy shows a successive red/blue/redshift (S-shaped behavior) and the FWHM
shows a successive blue/red/blueshift (“inverted S-shaped curve”) with increasing temperature. At sufficiently
low excitation intensity and in a narrow temperature interval (50 – 80 K), the nitrogen-containing samples
present two clear competitive PL peaks. The low-energy PL mechanism (8 – 80 K) is dominated by localized
PL transitions, while the high-energy PL mechanism is dominated by the ground state (e1-hh1) PL transition.
Additionally, these PL peaks show different temperature dependence with the low-energy PL peak, showing
a stronger redshift than the high-energy PL peak. A competition process between localized and delocalized
excitons is used to discuss these PL properties.
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I. INTRODUCTION

Diluted III-N-V semiconductor alloys have recently at-
tracted a great deal of attention due to its unusual physical
properties, such as strong reduction of the band-gap energy
[1,2], and its possible use in GaAs-based optoeletronic and
photonic devices, operating in the long-wavelength range (1.3
– 1.55 µm), which are strategic for telecommunications [3-5].
Among these materials, the InxGa1−xNyAs1−y is an attractive
alloy used in active layers of lasers with pulsed and continu-
ous wave emission at 1.31 µm [6,7]. However, it is difficult
to obtain lasers of good quality using InGaNAs alloys at 1.55
µm wavelength emission [5,8]. Recently, an alternate material
based on Sb technology – GaAsSbN – grown on GaAs sub-
strate has been used to prepare optical devices that emit light
at room temperature in the 1.3 – 1.55 µm wavelength range
[9]. Particularly, 100-Å-thick GaAs0.825Sb0.15N0.025/GaAs
quantum wells have demonstrated emission at 1.57 µm [5].

Although N dramatically decreases the band-gap energy of
N-based alloys, it brings a host of associated defects that make
these materials to develop a strong PL property degradation
[10-14]. In a previous paper, we showed that two efficient
nonradiative channels are responsible for the strong thermal
quenching of PL intensity in GaAsSbN/GaAs QW [12]. Many
works have demonstrated that the disorder in the III-N-V al-
loy has a strong effect on the carrier motion, and that the ra-
diative recombinations are generally dominated by localized
excitons [10-15]. In addition, with the incorporation of nitro-
gen, the PL peak energy exhibits a successive red/blue/redshift
with increasing temperature [11,16]. Although the interac-
tion of carriers with sub-bands potential fluctuations has been
used to explain the origin of the strong carrier localization ob-
served in III-N-V QWs, this issue is still under discussion in
the literature [16-18], and very few works have analyzed the

GaAsSbN/GaAs system.
In this paper, we present an analysis of the excitonic local-

ization energy in QWs with moderate-GaAsSb/AlGaAs and
high-GaAsSbN/GaAs potential fluctuation magnitude, using
PL as a function of temperature and excitation intensity (under
continuous wave excitation). The different PL spectra behav-
ior, often observed in systems with different degrees of disor-
der, are observed in the GaAsSb/AlGaAs and GaAsSbN/GaAs
QWs at different excitation intensities. Additionally, we have
fitted the temperature dependence of the PL peak energy,
using a theoretical model for the luminescence of localized
states, with a Gaussian-type density of states, combined with
the temperature dependence of the band gap energy. This
model reproduces, quantitatively, the anomalous temperature
dependence of the PL peak energy observed in our samples.

II. EXPERIMENTAL DETAILS

In this work, two GaAsSbN/GaAs quantum well struc-
tures with 150 Å of well width (GaAs0.843Sb0.15N0.007/GaAs
and GaAs0.85Sb0.13N0.02/GaAs), as well as one N-free sample
(GaAs0.8Sb0.2/Al0.3Ga0.7As) with 100 Å of well width, were
used. These samples were grown in a conventional molecular-
beam epitaxy system, equipped with a radio-frequency plasma
cell as the nitrogen radical source on the undoped GaAs sub-
strate. Details on the growth conditions and the methods used
to determine the alloy compositions are given in Ref. 5.

PL measures were performed using the 5145 Å line of an
Ar+ laser focused on a 300 µm-diam-spot, and the tempera-
ture variation was obtained using a closed-cycle He cryostat
equipped with a Lake shore temperature controller. The spec-
tral analysis of the luminescence measurements was carried
out by a grating monochromator (focal length of 0.5 m), and
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detected by a thermoelectrically cooled GaInAs pin photodi-
ode, using a standard lock-in technique.

The PL spectra shown in this paper were obtained after
post-growth thermal annealing of the samples. The anneal-
ing conditions were 10 min at 610 0C. More information on
the thermal annealing can be found in Ref. 19.

III. EXPERIMENTAL RESULTS AND DISCUSSIONS

A. Experimental results

Figure 1 shows the PL spectra of GaAsSbN/GaAs QW with
N = 0.7% for different temperatures under low excitation in-
tensity (16.7 W/cm2). At low temperatures (8 – 43 K), the PL
spectrum is dominated by only one peak, which shows a sig-
nificant reduction in the intensity as the temperature increases.
This thermal quenching effect was discussed in our previous
work [12]. A second peak, at the higher-energy side, is ob-
served at T > 43 K, and at T > 64 K it starts to dominate the
spectrum. The PL spectra of the low energy channel present
an asymmetric behavior with a long tail of ∼130 meV at the
lower-energy side. This PL behavior is consistent with the tail
of the DOS, characteristic of localized excitons (LE) [20-21].
However, the PL spectra of the second channel present a sym-
metric behavior that is a characteristic of delocalized excitons
(DE).

Figure 2 shows the PL spectra for the N-free sample
(Fig. A1, A2, and A3) and for the N = 0.7% sample (Fig. B1,
B2, and B3) at a narrow temperature interval (were the com-
petition process between the luminescence of LE and DE is
more intense) and for different excitation intensities. Under
low excitation intensity (0.4 W/cm2), the PL spectra of the N-
free sample (Fig. A1) present a moderate S-shaped behavior.

However, with higher excitation intensity, this PL spectra
present a similar behavior to that observed in regular III-V
semiconductor materials, free of potential fluctuation [22] (see
Fig. A3). On the other hand, under low excitation, the PL
spectra of N-containing sample present two clear competi-
tive peaks at temperatures between 51 and 80 K (Fig. B1).
These peaks are labeled as L (lower energy) and H (higher
energy). With increasing excitation intensity, the H peak is fa-
vored more and more so that it becomes impossible to visually
separate the peaks L and H (Fig. B3). Then, the resulting PL
peak energy (EPL) shows a successive red/blue/redshift dis-
playing the so-called S-shaped behavior.

Figure 3 shows the temperature dependence of EPL for all
samples. In the 8 – 33 K (Fig. 3A), 8 – 80 K (Fig. 3B), and 8-
110 K (Fig. 3C) intervals, the PL peak reveals a strong depen-
dence on the excitation intensity. With increasing excitation
intensity, there is a gradual reduction in the first redshift and
in the blueshift magnitudes for all samples. At sufficiently
high excitation intensity, the first redshift and the blueshift
disappear and the PL spectra as a function of temperature
behave like in the regular III-V materials. The energy dif-
ference between the minimum position of the first redshift
and the maximum position of the blueshift (∆ET ) is some-
times cited in the literature as an excitation localization en-

FIG. 1: PL spectra of GaAsSbN/GaAs QW with N = 0.7% for dif-
ferent temperatures. The excitation intensity was 16.7 W/cm2.

ergy [23,24]. As Fig. 3 shows, this energy difference depends
strongly on the excitation intensity. At low excitation inten-
sity (lower than ∼30W/cm2 for N = 0.7% and ∼38W/cm2 for
N = 2.0 %) it is not possible to obtain ∆ET , showing that this
is not a good method to estimate the localization energy in
dilute nitrides (III-N-V) semiconductors. With increasing N,
there is a gradual reduction of the radiative recombination ef-
ficiency. PL efficiency degradation at low N concentration in
III–V semiconductor materials has been reported by several
research groups [10,25]. Thus, it was not possible to obtain
the PL sign for temperatures above 60 K with excitation inten-
sity below 38W/cm2 in the sample with N = 2.0%. Fig. 3 also
shows that the minimum position of the first redshift moves
towards higher temperatures as the excitation increases.

Figure 4 shows the temperature dependence of the full
width at half maximum (FWHM) for different excitation in-
tensities. At T = 8 K, the FWHM is about 9 meV (N-free)
and ∼20 meV for N = 0.7% and N = 2.0%. In the low tem-
perature range, the FWHM increases rapidly with increasing
temperature up to a maximum position, and then starts to de-
crease with the additional increase in temperature. A competi-
tion process between the L and H peaks in a definite tempera-
ture interval can explain this unusual behavior of the FWHM.
At higher temperatures, the FWHM presents the regular be-
havior of III-V semiconductor materials, i.e., a monotonic
increase with increasing temperature. The magnitude of the
FWHM peak decreases with increasing excitation intensity,
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FIG. 2: PL spectra of GaAsSb/AlGaAs (A – left) and
GaAsSbN/GaAs wit N = 0.7% (B – right) to a narrow temperature
interval, where the emission process associated to LE and DE is more
competitive, and for different excitation intensities. The dotted lines
and empty symbols are only guides to the eyes.

and it shows, at sufficiently high excitation intensity, the reg-
ular behavior presented by semiconductor materials, free of
confinement potential fluctuations.

B. Discussion

The asymmetry observed in the PL spectra of both samples,
at low temperatures and low excitation intensities, with an ap-
parent exponential tail at the low-energy side, reflects the dis-
tribution of the carriers into band-tail state of the DOS, typical
of recombinations involving localized excitons [11,20,21,26].
According to this description, the exciton dynamic is deter-
mined by the lattice temperature, by the excitation intensity,
and by the potential fluctuation magnitude (see Fig. 5). At
very low temperatures, the carriers thermalize to local min-
ima (incomplete thermalization). For increasing temperature,
at low excitation intensity, the excitons have sufficient ther-
mal energy to overcome the small potential barriers in the lo-
cal potential (ζ1), and they begin to thermalize and relax to
the absolute potential minimum (ζ2). Thus, the EPL shifts to-
wards a lower energy (first redshift). With an additional in-

(A)

(B)

(C)

FIG. 3: PL peak energy as a function of temperature for different
excitation densities. Fig. 3A), 3B) and 3C) represent the data of the
samples with N-free, N = 0.7% and N = 2.0%, respectively. The
dotted lines in 3A are only eye-guiding lines and the line-symbols
curves, in the inset; represent the fittings on basis of expression (6).
At low excitation intensity, the samples containing nitrogen present
two peaks well separated with different temperature dependence.
The solid curves in 3B and 3C represent the fittings on basis of ex-
pression (5), and the thicker solid curves represent the expression (5)
without including the potential fluctuation effects, i.e., the expres-
sion (4) after having obtained the parameters with the expression (5).
The dashed curves in 3B and 3C represent the fittings on basis of
expression (1), only thermal redistribution effects.
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FIG. 4: FWHM as a function of temperature for the GaAsSb/AlGaAs
(Fig. 4A) and GaAsSbN/GaAs (Figs. 4B and 4C) QWs.

crease in the temperature, the excitons are thermally trans-
ferred to the higher-energy states of the band-tail until reach-
ing the conduction-band edge, shifting the EPL toward higher
energies (blueshift). With a larger increase in temperature,
the thermal energy prevents the exciton localization, and the
line shape of the PL spectrum becomes a characteristic line
shape of the DE recombination (second redshift). Thus, the S-
shaped behavior and the blue-redshift of the EPL(T), as well as
the inverted S-shaped temperature dependence of the FWHM,
can be qualitatively interpreted by a competition process be-
tween the recombination of localized and delocalized exci-
tons. In this work, we show that the temperature for which this
process of competition is maximum can be obtained from the
positions of the FWHM peaks (Fig. 4) which are 16 K to N-
free, 68 K to N = 0.7%, and∼80 K to N = 2.0%. Samples with
stronger potential fluctuation magnitude, such as III-V1−x-Nx,
need higher thermal energy to detrap the excitons. Thus, the
temperature for which the competition between the LE and

DE recombinations is maximum increases with the degree of
potential disorder, as observed in our samples. In addition, as
the energy of localization is greater for the N-samples the LE
and DE recombination peaks in the PL spectrum are enough
separated so that they can be observed in a narrow temperature
interval at low excitation intensities.

A difference among the shifts of the EPL vs. T of Al-
GaAs/GaAs [27,28], AlGaAs/GaAsSb and GaAs/GaAsSbN
QWs with potential fluctuations, at low excitation intensity,
is that the first redshift for AlGaAs/GaAs samples is missing.
In this system, the potential fluctuation is small, which means
that, even at low temperature (8 K), the carriers get sufficient
thermal energy to detrap from weakly localized states (ζ1) and
the thermalization is practically complete.

Figures 3B and 3C show that the L peak presents a stronger
temperature-induced redshift than the H peak. This effect can
be explained by the different origin of the temperature depen-
dence of L and H peaks. The first redshift (L peak) arises from
a carrier-redistribution process, i.e., the transfer of thermally
activated excitons from a higher- to a lower-energy band-tail
state. The second redshift (H peak) is due to the band-gap
temperature dependence, i.e., a cumulative effect of thermal
lattice expansion and electron-phonon interaction [22]. Re-
cently, T. Khee Ng et al.[16] detected a similar anomalous
temperature-dependent photoluminescence characteristic of
as-grown GaInNAs/GaAs QW, with two-segmented trend in
the PL peak energy vs. temperature. They fitted the two-
segmented temperature dependence of the PL peak energy us-
ing the Varshni expression [29]. In this study, we show that the
anomalous temperature-dependent photoluminescence char-
acteristic is also observed in post-growth thermal annealing
GaAsSbN/GaAs QWs, at low excitation intensity, and that the
lower energy PL peak can be fitted using a thermal carrier re-
distribution model.

FIG. 5: Schematic representation of confinement potential, Vcon f ,
for two samples with different confinement potential fluctuations,
sample A and sample B. Empty circles represent the delocalized ex-
citons. The arrows indicate the relaxation process to the local or
absolute potential minima. Filled circles represent the localized ex-
citons at these minima. Dotted line represents the profile of con-
finement potential to the sample with bigger magnitude of the poten-
tial fluctuation (sample B). ζ1 and ζ2 represent the potential barrier
heights for wells of the local minima and of the absolute minima,
respectively.

As the density of the band-tail states is finite, with the in-
crease of the excitation intensity there is a gradual filling of
the states with lower energy in the band-tail. This effect is re-
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sponsible for the decrease of the blueshift observed in Fig. 3.
For sufficiently high-excitation intensities, the transitions re-
lated to the band-tail states saturate, and the recombination of
the DE becomes more efficient. Thus, the relative intensity of
the DE recombination continues to increase with increasing
excitation density, and the blueshift of the PL peak saturates.
These trends (behavior of PL peak with excitation intensity)
are confirmed by our samples as well as in GaAsN/GaAs [30]
and InGaAsN/GaAs [24] QWs. The blueshift of the PL peak
energy, caused by an increase in the excitation intensity, as
well as saturation behavior at higher levels of excitation inten-
sity, has been observed in alloys containing dot-like localized
states [31].

The nature of the disorders in III-V1−x-Nx semiconductors
materials that lead to a band-tail states in the DOS can be in-
terpreted as an inhomogeneous distribution of nitrogen atoms
in alloy. In highly diluted III-V-N alloys (N < 0.2%), the N in-
sertion gives rise to discrete eletronic levels related to isolated
single N atoms and to N-N pairs or clusters [32-37]. Within
such limit, the low temperature PL spectra are characterized
by a number of sharp lines (line width ∼ 0.5 meV) due to
the recombination of excitons localized in N complexes [37].
The strongly localized character of the N isoeletronic traps
leads to a strong local potential fluctuation for electrons and
holes, resulting therefore in a semiconductor quantum dot be-
havior [33,36]. Indeed, fluctuations of N compositions at 1%
only leads to an ∼180 meV change in the band-gap energy of
GaAs1−xNx [38-40]. The localization of excitons on quantum-
dot-like composition fluctuations has been directly observed
in temperature-dependent near-field photoluminescence spec-
tra of InGaAsN [41] and GaNAs [42]. For increasing N con-
centration, the PL from pairs states becomes an asymmetric
line shape with a sharp high-energy cut-off and a long low-
energy tail [25,36,37,43]. In a quaternary material such as
GaInNAs and GaAsSbN, the situation is even more complex.
The presence of a fourth element- In or Sb- at the proxim-
ity of N atoms can significantly alter the energy of N-related
localized states. Therefore, the QW structures based on III-
V1−x-Nx present a very high potential fluctuation resulting in
a complex band tailing.

C. Theoretical approach

As shown in previous discussions, the emission spectra, in
our materials, are composed of a radiative recombination of
localized and delocalized states. Considering the radiative re-
combination, the thermal escape, and the re-capture of the ex-
citons in a localized state ensemble Li et al. [45,46] derive a
distribution function of localized carries from a rate equation
under quasi-steady state. Assuming that the localized state
has a Gaussian-type energetic distribution of density of states,
the luminescence spectrum of the localized excitons can be
found. According to this model, the temperature dependence
of the PL peak position is given by:

E(T ) = E0− x(T )KBT (1)

The second term represents the effect of thermal redistrib-
ution of localized carriers, and kB is the Boltzmann constant.
The dimensionless coefficient x(T) can be obtained by solving
numerically the following equation:

xex =

[(
σ

KBT

)2

− x

](
τr

τtr

)
e(E0−Ea)/KBT (2)

where E0 and σ are the central energy and broadening parame-
ter for the distribution of the localized states, respectively. τtr
is the carrier transfer time and τr is the carrier recombination
time. Like the Fermi level in the Fermi-Dirac distribution, Ea
gives a special energy level below which the localized states
are occupied by the excitons at 0 K. It shows that the mag-
nitude and sign of (Ea−E0) affects strongly the temperature
dependence of the PL peak [45,46].

In a high-temperature region, where (τr/τtr)exp[(E0 −
Ea)/kBT ] >> 1, the approximated solution of Eq. (2) is
(σ/KBT )2, and the Eq.(1) becomes:

E(T )≈ E0− σ2

kBT
(3)

which is the band-tail model proposed by Eliseev et al. [47].
On the other hand, the temperature dependence of the

band gap energy in semiconductor materials can be described
through the following relation proposed by Pässler [48]:

Eg(T ) = Eg(T = 0)− αΘ
2

[
p

√
1+

(
2T
Θ

)p

−1

]
(4)

where Eg(T = 0) is the energy gap at zero Kelvin tempera-
ture, α ≡ S(∞) ≡ −(dE(T )/dT )T→∞is the high-temperature
limit value for the forbidden gap entropy, Θ is a character-
istic temperature parameter of the material representing the
effective phonon energy ~w = kBΘ in units of absolute tem-
perature, and p is an empirical parameter related to the shape
of the electron-phonon spectral functions [48]. This expres-
sion shows better fitting for the temperature dependence of
the band-gap energy for several semiconductor materials, par-
ticularly at the low temperature region, where the Varshni [29]
model did not show good results.

Introducing the expressions (1) or (3) in equation (4), it
is possible to obtain functions that fit the temperature depen-
dence of the PL peak energy, in situations where the potential
fluctuations are relevant. These relations are given by:

EPL(T ) =

{
E0− αΘ

2

[
p

√
1+

(
2T
Θ

)p

−1

]}
− x(T )kBT

(5)

EPL(T ) =

{
E0− αΘ

2

[
p

√
1+

(
2T
Θ

)p

−1

]}
− σ2

E
KBT

(6)
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TABLE I: The parameters after fitting the experimental data on basis of Equations (5) and (6).

Excit. (W/cm2) E0
(eV)

α
(meV/K)

Θ
(K)

p σ
(meV)

τr/τtr E0-Ea
(meV)

N = 0

108.9 1.2282 0.43 216.2 2.54 0.5 — —
20.8 1.2287 0.43 216.2 2.54 1.43 — —
3.8 1.2294 0.43 216.2 2.54 1.94 — —
0.4 1.2311 0.43 189.8 2.54 2.83 — —

N = 0.7

216 1.1622 0.431 216.2 2.54 11.47 13 20.5
108 1.1620 0.431 216.2 2.54 11.47 47 20.5
30 1.1344 0.431 216.2 2.54 22.44 47 -13.9
16 1.1334 0.431 216.2 2.54 29.74 47 -12.9

N = 2.0

325 1.025 0.441 240.89 2.99 15.81 3 21.2
216 1.025 0.441 240.89 2.99 15.11 7 24.2
108 1.025 0.441 240.89 2.99 14.71 25 24.2
38 1.025 0.441 240.89 2.99 20.71 247 -15.5

Based on expression (6), the best numerical fit for our ex-
perimental data (GaAsSb/AlGaAs) is represented by the line-
symbol curves in the inset of Fig. (3A), and the best numerical
fit, based on expression (5), is represented by the solid curves
in the Figs. (3B) and (3C) for GaAsSbN/GaAs samples with N
= 0.7% and N = 2.0%, respectively. The parameters obtained
after fitting the experimental data are shown in Table 1.

When E0−Ea takes a positive value, the S-shaped temper-
ature behavior of the PL peak energy can be well reproduced,
as shown in figures 3B and 3C. Similar result was obtained for
the InGaAsN material [46]. In low excitation regions, where
it is possible to follow separately the energy variation of the L
peak with the temperature (EL

PL(T ) and the energy variation of
the H peak (EH

PL(T )), the dependence of EL
PL(T ) was obtained

taking into consideration the negative values for E0−Ea. The
negative value for E0 − Ea is in agreement with the results
obtained by Li et al.[45] for InGaN alloy with In-rich clus-
ters and by Xu et al. [49] for self-organized InAs quantum
dots. When E0−Ea is negative, the PL peak energy decreases
rapidly as the temperature increases. This effect is produced
by the thermal redistribution of the carriers in localized states.

The inset of Fig. 3A shows that the EPL, obtained from a
sample with N = 0, behaves differently with the excitation
intensity, depending on the temperature of the sample. For
T<33 K, the EPL increases with increasing the excitation in-
tensity, whereas for T=33 K the EPL remains practically con-
stant. For T>33 K, the EPL decreases with increasing the ex-
citation intensity. This EPL versus excitation intensity behav-
ior can be understood as a competition process between the
band-gap energy renormalization (at sufficiently high carrier
densities the band-gap energy decreases with increasing exci-
tation intensity [50]) and the blueshift of EPL due to potential
fluctuations. The fittings of the EPL(T), for different excitation
intensities, were obtained by varying only the E0 and σ para-
meters in expression (6). α, Θ and p values were considered
constant. Such fittings are represented in the inset of Fig. 3A
by line-symbols curves, and the parameters obtained are listed
in Table 1. The decrease in excitation intensity is followed by
the consistent increase in σ and E0 values. σ can be analyzed

as the degree of screening of the localized states by the carri-
ers density. If σ is null (high excitation intensity), the number
of carriers are so high that the fluctuations are screened. In
this case, EPL(T) must follow the temperature dependence of
the band-gap energy. If σ increases (lower excitation inten-
sity) the carrier-redistribution process, in the localized states,
dominates the variation of the EPL(T) at low temperature in-
terval. As excitation intensity was reduced, the E0 increases
due to lower band-gap renormalization and the increase of the
blueshift range of the EPL curve due to lowering of the band
tail filling. These different process (carriers thermal redis-
tribution and the band-gap renormalization effect) generate a
crossing of the EPL(T) curves obtained in different excitation
intensities. In the case of N-free samples, this crossing oc-
curred at T ≈ 33 K. We have observed a similar temperature
dependence of the EPL(T ) for different excitation intensities
in AlGaAs/GaAs single QWs [52]. In this case, the crossing
temperature occurred at ≈ 30 K. More details about this dis-
cussion can be seen in a future publication [53].

IV. CONCLUSIONS

In conclusion, the recombination process associated
with the PL emission in post-growth thermal annealing
GaAsSbN/GaAs and GaAsSb/AlGaAs quantum wells was
discussed. Through the analysis of the PL spectra as a func-
tion of temperature combined with the variation of excita-
tion intensity, the S-shaped emission behavior, the blueshift
and the FWHM peak, often observed in the temperature-
dependent PL spectra from disordered systems [16-18], were
observed in our systems and explained by a competition
process between the localized excitons to band-tail states
in the DOS and the delocalized excitons related to the re-
combination of the n = 1 electrons in QW with holes.
We showed that the temperature for which this competition
process is maximum can be obtained from the positions of
the FWHM peaks. The band-tail states in our N-free and N-
containing samples may originate principally from the com-
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position nonuniformity of the Sb/Al and the N, respectively.
Since similar results were found for GaNAs/GaAs [18] and
GaInNAs/GaAs [17] we suggest that the strong local fluctu-
ations in the N concentration have the greatest effect on the
recombination dynamics in GaAsSbN quaternary alloys.

The S-shaped emission behavior observed in our systems
containing N was also observed in thin QWs systems of In-
GaP/GaAs (Lw= 15 and 30 Å) [44], showing that the anom-
alous PL-temperature dependence reported in this paper is not
exclusive of samples containing N, but of systems with high
potential fluctuation magnitude.

In addition, this study used a combination between a ther-
mal distribution model for carriers in localized states of DOS
[45,46] with the model proposed by Pässler [48] for the tem-
perature dependence of the band-gap energy to fitting the tem-
perature dependence of the PL peak energy. This compound-

model provided an adequate description of the S-shaped emis-
sion behavior observed in our samples containing N for suf-
ficiently high excitation intensities and the intense redshift of
the PL peak energy with T for low excitation intensities.
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