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We have studied the temperature dependence of photoluminescence (PL) spectra of GaAsN al-
loys. The PL peak energy shift due to the temperature change decreases with increasing N concen-
tration of GaAsN alloys. The localized state emission partly contributes to the decrease in the PL
peak energy shift. In addition, the small PL peak energy shift at high temperatures is due to the
reduction in the temperature dependence of the band gap energy. From the analysis using the
Bose-Einstein statistical expression, the average phonon energy is much larger than that expected
from the linear interpolation between GaAs and GaN, indicating that the interaction between elec-
trons and phonons localized at N atoms plays an important role in the reduction of the tempera-
ture dependence of the band gap energy of GaAsN alloys.

1. Introduction

Recently, III–V–N alloys have been receiving much attention because of their unique
electronic and optical properties, and thus they are expected to be novel materials for
optoelectronic device applications. Particularly, (In)GaAsN alloy is a promising material
for long-wavelength semiconductor lasers with superior characteristic. As for optical-
fiber communications, the stability against temperature during operation of the semi-
conductor lasers is desirable, i.e. the output power stability and the wavelength stability.
Large conduction band offsets between (In)GaAsN and (Al)GaAs leads to an output
power stability against temperature, and indeed a high characteristic temperature for
the InGaAsN semiconductor laser is obtained [1]. On the other hand, the temperature
dependence of the band gap energy determines the wavelength stability. It is reported
that the temperature dependence of the band gap energy of GaAsN alloy is smaller
than GaAs from absorption measurements [2] and is explained in terms of band anti-
crossing model [3]. In addition, photoluminescence measurements revealed that the
emission related to localized states results in the reduction of the PL peak energy shift
due to the temperature change [4]. In this study we have measured photoluminescence
(PL) spectra of GaAsN alloys to examine in detail the temperature dependence of the
band gap energy and the influence of localized states.
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2. Experimental

The samples used in this study were GaAsN alloys the N concentration of which ran-
ged from 0 to 3.1% on GaAs (001) substrates grown by metalorganic vapor phase
epitaxy (MOVPE). The sources for Ga, As, and N were trimethylgallium, arsine, and
1,1-dimethylhydrazine, respectively. Owing to the optimization of the MOVPE growth,
highly luminescent samples have been successfully obtained even without post anneal-
ing [4]. The PL measurements were carried out at 10 to 300 K using an Ar ion laser
(488 nm, 10 mW) as the excitation source.

3. Results and Discussion

Figure 1 shows the temperature dependence of the PL spectra of GaAsN alloy with the
N concentration of 0.97%. Emission related to localized states is observed at low tem-
peratures and vanishes with increasing temperature. On the other hand, a new PL peak
appears at the higher energy side and becomes dominant with increasing temperature.
The PL peak which is dominant at high temperatures shifts to lower energies with
increasing temperature. This indicates that the PL observed at high temperatures is the
band edge emission and that the peak shift is related to the temperature dependence of
the band gap energy.
The temperature dependence of the PL peak energy of GaAsN alloys is shown in

Fig. 2. At low temperatures, except GaAs, the PL peak energy rapidly decreases with
increasing temperature and the peak intensity also rapidly decreases, and at the end
the lower energy emission vanishes. As can be seen from this figure, the PL peak
energy shift is reduced as the N concentration increases, which partly results from the
influence of the localized states in GaAsN alloys. However, the PL peak shift at high
temperatures also decreases with increasing N concentration. This indicates that the

temperature dependence of the
band gap energy of GaAsN alloys
decreases with increasing N concen-
tration. Thus, the PL peak energies
at high temperatures were analyzed
by the Bose-Einstein statistical ex-
pression [5],

EPL ¼EB � aB
2

exp ðQB=TÞ � 1
þ 1

� �

þ akBT ; ð1Þ

where aB represents the electron–
phonon interaction strength, QB is

274 H. Yaguchi et al.: PL Study of Band Gap Energy of GaAsN Alloys

Fig. 1. Temperature dependence of
photoluminescence spectra of GaAs1�xNx

(x ¼ 0:97%)



the average phonon energy, and a is the parameter reflecting the shape of the
joint density of states, which is assumed to be 1/2 here. T is the temperature
and kB is Boltzmann constant. Equation (1) was fitted to the PL peak energies
at high temperatures where the localized states and exciton is less influenced. The
solid curves shown in Fig. 2 are obtained from this analysis. The band gap energy
shift due to temperature change can be also estimated.

Figure 3 shows the band gap en-
ergy differences between 0 and
300 K as a function of N concentra-
tion. The N concentration depen-
dence of the band gap shift of
GaAsN alloys with temperature
changed between 25 and 297 K esti-
mated from absorption measure-
ments by Uesugi et al. [2] is also
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Fig. 2. Temperature dependence of
photoluminescence peak energy of
GaAsN alloys

Fig. 3. Band gap energy differences be-
tween 0 and 300 K as a function of N
concentration



shown in this figure. For N concentration of
1%, our results are in good agreement with
the results by Uesugi et al. However, the
band gap energy shift still decreases with
increasing N concentration for x > 1% in
our results.
Figure 4 shows the electron–phonon in-

teraction strength and the average phonon
energy obtained from the analysis using
the Bose-Einstein expression. Both the
electron–phonon interaction strength and
the average phonon energy are found to
increase with increasing N concentration.
However, the average phonon energy ob-
tained from the analysis is much larger
than that estimated from the linear inter-
polation between the longitudinal optical
(LO) phonon energies of GaAs
(293 cm�1) and cubic GaN (741 cm�1) [6].

For example, the average phonon energy of GaAs1�xNx (x ¼ 2:3%) is estimated as
410 cm�1 in this study. This suggests that the interaction between electrons localized
at N atoms interact preferentially with the localized Ga–N vibration mode with
higher frequency. In fact, it is reported that GaN-type LO2 phonon energy is
473 cm�1 [7] for GaAs1�xNx alloys (x ¼ 2–3%). Thus, the interaction between elec-
trons localized at N atoms and the Ga–N localized vibration is considered to play
an important role in the reduction of the temperature dependence of the band gap
energy of GaAsN alloys.

4. Conclusions

We studied the temperature dependence of the photoluminescence of GaAsN alloys.
The PL peak energy shift due to the temperature change decreases with increasing N
concentration of GaAsN alloys. The decrease in the PL peak energy shift is partly
due to the influence of the localized state emission which is dominant at low tem-
peratures. In addition, the reduction in the temperature dependence of the band gap
energy is responsible for the small PL peak energy shift. The Bose-Einstein statistical
expression is used to analyze the temperature dependence of the band gap energy,
and both the electron–phonon interaction strength and the average phonon energy
are found to increase with increasing N concentration. The average phonon energy is
much larger than that expected from the linear interpolation between the phonon
energies of GaAs and GaN. This indicates that the preferential interaction of elec-
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Fig. 4. Electron–phonon interaction strength and
average phonon energy obtained from the analy-
sis using the Bose-Einstein statistical expression



trons localized at N atoms interact with the localized Ga–N vibration mode with
higher energy leads to the reduction of the temperature dependence of the band gap
energy of GaAsN alloys.
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