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Radiative recombination at low temperatures in GaAsN is often associated with localized excitons.
In this short note, we report results from high-resolution time-resolved photoluminescence
spectroscopy that indicate that excitons, localized or otherwise, cannot be involved in the
recombination process of this alloy system. The risetime of the photoluminescence signal is more
than two orders of magnitude shorter than that expected, and found from excitonic recombination in
other IlI-V materials, such as GaAs. We suggest that the radiative recombination in GaAsN takes
place between localized electrons and delocalized holes20@2 American Institute of Physics.
[DOI: 10.1063/1.1526913

Low-nitrogen-content G#)NAs alloys have recently nitrogen composition was estimated from double-crystal x-
attracted much attention due to their unusual physical propray rocking curves usin¢g004) reflection. Rapid thermal an-
erties and their possible use in GaAs-based optoelectronigzealing was performed on all the GaAsN samples at 750 °C
devices'™* The remarkable physical properties include afor 30 s using GaAs proximity capping in an, dmbient.
very large bowing of the band gap energy as a function of  The continuous wavécw) PL was excited by the 514
nitrogen content, and the relatively efficient radiative effi-nm line of an Ar-ion laser, dispersed with a 0.33m mono-
ciency in spite of the imperfect crystal structure. The lumi-chromator and detected by cooled Ge detector. The PL up-
nescence properties of GaAsN, which are also atypical, haveonversion experimentsvere performed using an Ar-ion la-
been the topic of several publicatiotid. The spectral distri-  ser pumped femtosecond self-mode locked Ti:Sapphire laser.
bution of the photoluminescend®L), its temperature, and Upconversion spectroscopy is based on measuring the up-
excitation intensity dependence are quite unlike that otonverted PL emitted from the sample using a nonlinear
GaAs, which is a close “relative” of this alloy system. Most crystal and the pump beam that first passes through a vari-
authors describe the low-temperature radiative emission iable delay line. This system acts as an optical gate that en-
this system in terms of recombination by localized excitonsables the luminescence to be resolved temporally with high
while at high temperatures, luminescence emission igesolution, which in our case was approximately 100 fs. The
thought to be the result of recombination between delocalTi:Sapphire laser was tunable between 750 and 900 nm, the
ized electrons and holés$. pulse width was 80 fs, the repetition rate 85 MHz and the

In this letter, we shall revisit the question of the mecha-output power was 180 mW at=780 nm. The optically ex-
nism of radiative recombination in GapsN,. We shall  cited carrier concentration was approximately 3
show that in this alloy system at low temperatures, the timex 10'° carriers/crd. The samples were mounted in a vari-
evolution of the PL is not compatible with the excitonic re- gble temperature, closed-cycle, He cryostat, the temperature

combination mOdenoca”ZEd or OtherWiSb but can be ex- of which could be varied between 10 K and room tempera-
plained in terms of recombination between localized electyre.

trons and delocalized holes. We have drawn our conclusions The characteristic features of PL in GaAsN-related emis-

from high-resolution time-resolved PLTRPL) measure- sjon reported by most authofsee for example, Ref. 4 and
mentS, Wh|Ch indicate that the I‘isetime of the PL iS Close tQ'eferences therejn and confirmed by our experimentS, in-
two orders of magnitude shorter than the risetime require@|yde an asymmetric PL lineshape with a sharp high-energy
for recombination involving excitons. Our time-resolved toff and an exponential low-energy tail. The PL peak en-
me.asurem(.ents are based on the EL upconversion techniqt@gy exhibits a strong shift to lower energigsdshify with
which provides a temporal resolution of 100 fs. [increasing nitrogen content, which has been shown to corre-
The samples used in this study were grown on semizpong to the decrease in the band gap energy of this alloy
insulating GaAs(100) substrate by low-pressure metalor- que to the bowing effect. The temperature and excitation
gani_c chemical vapor deposition. Trimethylgallium and tri_m'intensity dependence of the PL spectrum of this alloy are
ethyindium were ~used as group-lll sources, arsineqiso ynusual. The energy of the PL peak intensity exhibits an
phosphine, and 1.1-dimethylhydrazine were used as group-\hexpectedly large redshift with increasing temperature be-
sources. GaAsN epilayers between 300—800 nm thick wergyeen approximately 10 and 70 K, followed by a shift to
grown at 76 Torr on a 200 nm undoped GaAs buffer. Thenigher energiegblueshify for temperatures between 80 and
140 K. Above 140 K, the energy of the PL peak follows the
3Electronic mail: m.gal@unsw.edu.au anticipated temperature dependence of the band gap to lower
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FIG. 1. Time evolution of the PL of a Gafgs»dNo o1775ample in the first 60

ps after excitation. The inset shows the PL spectrum of the sample. In the
time-resolved spectrum, the square dots represent the measurement; the lit
is a guide for the eyes.
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energies. With increased temperature, the high-energy slop : : ' ' L. ‘
of the PL indicates a Boltzmann-factorlike temperature de- 0 10 20 30 40 50 60 70
pendence, indicating that free particles are involved in the Time (ps)
radiative transitions. The excitation intensity dependence of
the PL peak energy indicates a blueshift with excitationF!G. 2. TRPL of two GaAsN samples _with differing amount in nitr_ogen,
power. According to some reports, at very high eXCitationgmueig:L;ﬁdtr?et t;/\)//c;;(.amperatures. The points represent the data; the lines are a
levels, the PL exhibits an additional high-energy emission
band® TRPL data have also been reporfédaccording to
these reports, at low temperatures, a single exponential cdhe measurement of the luminescence risetime. Excitonic re-
be used to describe the radiative decay, with the PL decagombination in lll-V compounds at low temperatures is
times ranging between 120 ps at the high-energy side of thknown to involve PL with a very slowrisetime while
emission, and up to 8 ns at the low-energy side of the emisglectron—hole recombination is much faster. The risetime of
sion. The risetime of the PL emissions has not been disfree exciton luminescence in epitaxidulk) GaAs was re-
cussed in detail, as most experiments did not have the reently measured to be of the order of 1'fisyhile that in
quired temporal resolution to correctly measure the risetimeGaAs quantum wells was found to be somewhat shorter but
These uncommon luminescence features have been estill of the order of 300-400 ps. It was shown’ that these
plained in terms of excitons localized by potential fluctua-very slow risetimes are the result of several gradual pro-
tions at the band edges or %€ The localized nature of the cesses that include exciton formati¢iiom free electrons
carriers assumed in this model is compatible with the oband holeg relaxation of the hot excitons via acoustic phonon
served blueshift in the excitation intensity dependence anémission, and the scattering of the luminescing excitons into
the unusual temperature dependence of the PL. The assunipe k~0 exciton states, the only ones observable by optical
tion that the recombination is due to excitons, as opposed ttechniques? Any exciton-related luminescence in GaAsN
localized electron and holes, was based on the observatidgherefore, should exhibit a PL signal with a similar slow
that the temporal decay of the PL emission can be fitted withiisetime. In contrast, electron—hole recombination is ex-
a single exponential functiotf Radiative recombination be- pected to have short luminescence risetime as none of the
tween spatially separatetlocalized electrons and holes aforementioned time-consuming processes are involved. In
would result in strongly nonexponential decay. Since the PLGaAs, for example, the PL risetime at room temperature is of
decay was found to exhibit an exponential function, it wasthe order of 1020 p¥.
assumed that the recombination is excitonic in natufew- Therefore, to be able to correctly describe the nature of
ever, recombination between localized electtbonleg and the recombination process in GaAsN, it is essential to deter-
delocalizedholes (electron$ would also lead to lumines- mine the risetime of the PL signal. For this analysis, we
cence decay with a singl@ffective) time constant. The PL define the risetime as the time required for the luminescence
decay measurements alone therefore, cannot distinguish b reach the maximum intensityAs mentioned previously,
tween these two models. we used the PL upconversion technique to accurately mea-
One method capable of differentiating between excitonicsure the PL risetime in our samples. Figure 1 shows the time
and eleciron—hole recombination is TRPL, and, in particuiarevolution of the PL of a GaAsN sampie witt=1.77% ni-
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duced, and aff=300 K it is approximately 15 ps. This,
again, is similar to that observed for GaAs. We can, there-
fore, conclude that the alloying process by itself does not
lead to the type of PL risetime observed for the GaAsN
samples. The short PL risetime and its temperature indepen-
dent nature are characteristic of this specific alloy structure.
We believe that the short PL risetimes is an indication
that the radiative recombination process in the GaAsN sys-
tem does not involve excitons. Since the temperature and
excitation intensity dependence of the cw PL data suggest
localized particles, we have to assume that luminescence oc-
curs via electron—hole recombination in which one, or both,
of the particles are localized. However, since recombination
between localized electron and localized holes would result
in nonexponential luminescence decay, which would be con-
trary to the experimental observations, we, therefore, have to
300 400 conclude that the recombination process in this alloy system
must involve one localized and one delocalized patrticle.
Since the nitrogen is known to mainly affect the conduction
FIG. 3. Time evolution of the PL of an InGaAsP sample at two tempera-pand, we can assume that the electrons are localized to the
tures. The PL emission spectrum of the same sample-40 K is displayed  hang-edge fluctuations created by the nitrogen, and the holes
in the inset. remain “free”. The photoexcited electrons are known to rap-
idly relax into band-tail staté3which, in the InGaN system,
trogen content in the first 60 ps after excitation, measured 8§ of the order of 0.5 ps. If we assume a similar fast capture
T=10 K. The inset in Fig. 1 shows the PL spectrum of theprgcess in the GaAsN system, the observed PL risetime is a
same sample, also measuredrat10 K. measure of the radiative recombination rate between the lo-
As can be seen in Fig. 1, the risetime of the lumines—gjized electron and delocalized holes.
cence is of the order of 25 ps. Similar risetimes were mea- | summary, the high temporal resolution of our TRPL
sured for all the GaAsN samples investigated, irrespective gheasurements has provided evidence that the PL risetime in
their nitrogen contentbetween 0.6% and 1.77%he mea-  GaAsN is not consistent with the formation and recombina-
surement wavelengtiwithin the emission band and the  {jon of excitons. All optical evidence points to recombination
measurement temperature. In Fig. 2, we show the time evQsenveen LE and delocalized holes.
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