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GaAsN bulk and GaAsN/GaAs single quantum wells grown by molecular beam epitaxy are studied
by selectively excited photoluminescen@) measurements. A significant difference is observed

in the PL spectra when the excitation energy is set below or above the band gap of GaAs for the
GaAsN/GaAs guantum well samples, while the spectral features of GaAsN bulk are not sensitive to
the excitation energy. The observed difference in PL of the GaAsN/GaAs quantum well samples is
attributed to the exciton localization effect at the GaAsN/GaAs interfaces, which is directly
correlated with the transfer and trap processes of the photogenerated carriers from GaAs into
GaAsN through the heterointerfaces. This interface-related exciton localization effect can be greatly
reduced by a rapid thermal annealing process, making the PL be dominated by the intrinsic
delocalized transition in GaAsN/GaAs. @003 American Institute of Physics.
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I. INTRODUCTION II. EXPERIMENT

The samples under investigation were grown by molecu-

¢ tGd;]n)NAst:,errzlcC:)nducLor ?tIIO)f grgwn tontSa'As SUb'%Tr beam epitaxy{MBE) on undoped GaA$100 substrates
strate have aflracted much attention due 1o their unusu sing dc active nitrogen plasma as the nitrogen source. A 500
physical properties and potential applications in long wave

| ] i nm GaAs buffer layer was grown at first, followed by a
length optoelectronic and photonic device8.Understand- g rained GaAsN quantum well layer of different thickness

ing the origin of photoluminescencBL) in GaAsN bulk and 5314 a 100 nm GaAs cap layer. The growth temperature was
quantum wellsS(QWSs) is very important, not only from the 5r0und 500°C. The detailed growth procedure was de-
viewpoint of physical interest but also for the device designgcribed elsewher®. In PL measurements, a tunable Ti:sap-
Generally, low-temperature PL spectra of GaAsN alloys inphire laser, either in continuous wat@v) mode or in mode-

the near band-gap spectral region are dominated by a rathfcked mode, was used as an excitation source. The detection
asymmetric PL band with a sharp high-energy cutoff and arsystem consists of an HR250 monochromator and an InGaAs
exponential low-energy tail. This asymmetric PL line shapephotomultiplier tube or cooled Ge detector. Rapid thermal
is usually correlated with strong exciton localization by po-annealing RTA) was carried out in a flowing Ngas ambient
tential fluctuations, i.e., localized exciton (LE) on the samples covered with a protective GaAs wafer in a
recombinatior’.”*? The sharp high-energy cutoff corresponds homemade RTP-300 rapid thermal processor.

to the mobility edge, separating the localized and delocalized

states. In our previous work,we used short laser pulse to !ll. RESULTS AND DISCUSSION

excite the sample and observed a PL peak from GaAsN/ Figure 1 shows the PL spectra at 12 K of the as-grown
GaAs single quantum wellSSQWSs at the high energy side sample No. 323 (GaAsgNoois/GaAs SQW with 3 nm
of the LE exciton emission. The observed PL peak was atge|l width) under different excitation energie&4,). When
tributed to the recombination of delocalized excitons ing_, (1.55 eV is higher than the band gap of GaAB s,
QWs. In this article, we further explore the PL properties 0f1.516 eV at 12 K, the PL spectrum exhibits a typical asym-
GaAsN SQWs by selectively excited PL measurement. A sigmetric line shape of the localized exciton emissiotf As
nificant difference is observed in the PL spectra when th&een in Fig. 1, this asymmetric PL contains approximately
excitation energy is set below or above the band gap ofwo parts: a low energy peak at 1.36 ésbeled ax) and a
GaAs. The observed difference was ascribed to the excitohigh energy peak at 1.385 elfabeled asM). When E,
localization effect at the GaAsN/GaAs interface. This(1.49 eV)<Egaas, hOwever, a strong PL peak at 1.405 eV
interface-related exciton localization effect can be greatly re{labeled asB in Fig. 1) dominates the spectrum and the PL
duced by a rapid thermal annealing process. peakM at 1.385 eV almost disappears. Pdaiks 20 meV
higher thanM. Compared to our previous resultsthe
dauthor to whom correspondence should be addressed; electronic maif:ibc.)ve obserygd/l a”d?( can be |dent|f|ed ?‘s N—relgted lo-
pinghengtan@hotmail.com calized transitions, while the baril is consistent with the
DElectronic mail: zyxu@red.semi.ac.cn delocalized transition in GaAsN/GaAs QWs. In Fig. 1, we
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FIG. 1. 12 K PL spectra of the as-grown GaAgNoois/GaAs SQW  FIG. 3. Comparison of the low-temperature PL spectra of the as-grown and
sample under different excitation energies. The excitation energy is indiannealed GaAsgdNgo15/GaAs SQW under different excitation energies.
cated near the respective PL spectrum. The dotted curve is the PL spectrufime inset shows the 12 K PL spectra of the annealed sample under different
of the sample under the short pulse excitation at 1.65 eV. The inset showsxcitation power.

the selectively excited PL of GadgdNy o1 bulk.

also disolay the PL spectrum of the sample under the Sho;['on of the delocalized exciton stateB)(and bound states
piay b P (X) in the GaAsN layer. In this case, the carrier excitation,

pulse excitation at 1.65 eV. As expected, baBdsndM are . S .
. ) . relaxation, and recombination occur in the GaAsN layer
simultaneously observed. For comparison, the selectively ex-

. only. However, when the excitation energy is higher than the
cited PL was also performed on a bulk Ggao o, sample, band gap of GaAgFig. 2b)], both the GaAs barrier and
and the results are shown in the inset of Fig. 1. It can be see .

. o . GaAsN well are excited. A large part of the photogenerated
that the selective excitation does not change the PL ling .~ " . .
L . arriers in GaAs will transfer into the GaAsN layer through
shape when the excitation energy varies from 1.65 e o . ) . .
(>Egan) 10 148 €V (€ Eqaa. This is in strong contrast to their interfaces and contribute to the localized exciton emis-
Gak ' GaAs- g sion M, while a small part of the carriers recombine in the

that observed in GaAsN/GaAs QWs. The above differenc aAs layer. This suggestion has been evidenced by the rela-

;ehsolultss ;rzzznhgrl]eagsi;?wed ?j];athrea;acr)?%ﬁres);gi:il\?geigtue: t?o ive intensities between the GaAs-related PL and the PL of
g aAsN!? As the most important difference between the two

When the excitation energy is lower than the band gap of_ .~ . . : )
GaAs, only the GaAsN layer is excitéfig. 2a)]. The pho- excitations is the involvement of the carrier transfer process
y : . from GaAs into GaAsN through their heterointerfaces, it is

toexcited carriers relax fast and contribute to the recombmafeasonable to suggest that the GaAsN/GaAs heterointerface

plays a very important role in the optical properties of
GaAsN QWs, and the physical origin of the bakdis cor-

CB gz CB related with the localization effect at the interfaces. In other
""""" words, the bandV is the interface-related localized exciton
emission.

In order to understand more about the properties of the
transitions ofX, M, andB, RTA was carried out on sample
No. 323 at 850°C for 30 s. Figure 3 compares the low-
temperature PL spectra of the annealed and as-grown
samples. It is found that for the annealed sample, the spec-
MYV trum under 1.55 eV excitation is no longer dominated by the
localized exciton emissioN [Fig. 3(a)]. Instead, it is domi-

VB | T nated by the delocalized exciton emissiBnat 1.404 eV.

VB . L

() Eex < Ecass (b) Eex > Ecas This result presgnts a striking contrast tg the P'L of the as-
grown sample[Fig. 3(b)], where the PL is dominated by

FIG. 2. Sketch band diagram of the selective excitatienEq<Egaas and ~ PaNdM. Disappearance of the localized emissidnin the

(b) Ee,>Egans- annealed sample can be due to improvement of the interface
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4303 affected by the quantum confinement effect. Further analysis

- As-grown (N%~1.5%) shows that both N-related states in GaAsN and impurity
zggg; t; - g n states in GaAs could result in this nonshifted PL peak. If this
#308: Lz = 8 nm peak comes from the GaAs layer, it should appear in all

" #307:Lz=15nm GaAsN/GaAs samples with similar growth conditions. How-

ever, it is not the case in our GafAg{\y 037/ GaAs sample
(No. 404. We did not observe any PL signal around 1.36 eV
as shown in Fig. 4. Therefore, it is highly possible that the
633 nm exc. #308 observed nonshifted PL peakoriginates from the N-related
30 mW/om localized states in GaAsN. It is well known that the PL peaks
originated from NN pairs and/or N clusters in GaAsN have
their unchanged energy positiotfst*~1%as their PL energies
are not determined by the N concentrations but rather by the
distance between N atoms in a pair or clusters. Two dimen-
sional quantum confinement effect has little effect on this
kind of emission.

#404: Lz=5nm (N%~3.7%)  ¥309

12K

PL intensity (arb. units)

IV. CONCLUSIONS

In conclusion, we have investigated the photolumines-
0.9 1.0 1.1 1.2 1.3 1.4 15 cence of the GaAsN/GaAs SQWSs by selective excitation
measurements. Three kinds of optical emissions are observed
Photon Energy (eV) : Ny . _
_in our samples. They are the intrinsic delocalized exciton
F_IG. 4, 12K PL_ spectra of the as-grown GaAsN/GaAs qua_ntum wells W'themission B, N-related localized exciton emissiod, and
different well widths and N compositions under cw excitation at 633 nm. aAsN/GaAs interf lated | lized it is8ib
The PL peaks around 1.49 eV are related to the GaAs. The dashed Iing' S. ans interiace-re a edloca 'Z.e ?XC' on emission
shows the position of ban. The interface-related exciton localization effect can be

greatly reduced by a rapid thermal annealing, causing the PL

calization traps at the interfaces. It agrees with our previou§$@AsN/GaAs. Our results can be very useful in fully under-
hypothesis that the physical origin of bail is correlated standing the mechanism of light emission in GaAsN/GaAs.
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