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The temperature dependence of the photoluminesd@igeefficiency of(InGa)(AsN)/GaAs single
guantum wellfQWSs) has been studied from 10 to 500 K. The PL intensity of N-containing samples

is almost constant from room temperature to 500 K, in contrast to what is obseryedGiaAs

QWs grown under the same conditions. This thermal stability increases for an increase in nitrogen
content. We discuss these effects in terms of strain compensation at high nitrogen concentrations.
© 2001 American Institute of Physic§DOI: 10.1063/1.1409333

In recent years, N-containing arsenides such agorresponding N-free QWSs in the low temperature range
(InGa)(AsN) have attracted considerable attention both for(10 K<T<270K), and is stronger in the high temperature
their fundamental properties and for their promising opto-range (270 KKT<500 K). (iii) High thermal stability is ob-
electronic application$:® The incorporation of small served for the PL efficiency afnGa)(AsN) QWs above 270
amounts of nitrogen leads to dramatic changes in the eled<, while no such behavior is seen iinGaAs reference
tronic properties of théinGa)As host lattice. The most strik- samples. These findings are discussed in terms of improved
ing effects are a strong band gap reductiabout 100 meV quality of the lattice due to a strain compensation effect in-
per N percent?and a large increase in the electron effectiveduced by N.
mass® The large band gap redshift has been successfully —Several(InGa)(AsN)/GaAs heterostructures were grown
exploited in the realization of highly efficient multijunction by solid source molecular beam epitaxy, bracking was
solar cellé and lasers emitting in the wavelength range ofobtained by using a radio frequency plasma source. The
interest for optical fiber communicatiofise., at 1.3 and 1.55 structure of the samples consists of a 500 nm thick GaAs
um).*58-1°Eyrthermore, because of strong carrier confinebuffer layer, an(InGa(AsN) QW, and a 100 nm thick cap
ment, a characteristic temperature higher than that found ilfyer. A reference sample without nitrogen was grown for
conventional (INGa)(AsP/InP lasers is expected for the each subset of samples having the same indium content and
(InGa)(AsN)/GaAs systent:® well width but with differing nitrogen concentrationg, The

Although a great deal of effort has been made to obtairProperties _of the samples are listed in Tablt_a I. The nitrqgen
high quality materials, data reported in the literature showeoncentration was determined by a combined analysis of
that the photoluminescend®L) efficiency in (InGa)(AsN) x-ray diffraction and optical data_l. No postgrowth ar_mealmg
alloys is lower than that found in N-free materfdf~15 waf, performed. Thg PL was excited by the 515 nm line qf an
Moreover, the crystal quality deteriorates for increasing N°\f 1aser and the signal was spectrally analyzed by a single
concentration. This can be attributed to the large miscibility} M monochromator and collected by a Ge detector cooled at
gap between GaAs and GaN, to the presence of defeatd,
to composition nonuniformity? At the same time, nitrogen
addition to(InGaAs alloys is predicted to decrease the tota
amount of strairt,as also inferred by x-ray absorption fine-
structure technique$.In some cases, postgrowth annealing TABLE I. List of the InGa ,As, N, /GaAs single quantum wells inves-
leads to improvement of the optical propert’réé? tigated. x is the_indium contenty is th_e nitrogen content, and is the

. antum well thickness. The photoluminescence peak enewgy, at room

In this letter, we compare the temperature dependence (ﬂf’mperature is also given.

the PL efficiency of severallnGaAs and (InGa)(AsN)

The PL spectra of afinGa)(AsN) QW and of the cor-
Iresponding N-free reference QW are plotted in Fig. 1 for

single quantum well§QWs) measured in the temperature L hvp
range of 10~500 K. The following effects were observgd. S2mPle X y (nm) (eV) at RT
All samples investigated exhibit intense PL emission wellmm340 0.34 0 7.0 1.06
above room temperatuf®T). (ii) In contrast with previous mMm369 0.34 0.007 7.0 1.01
reports, the PL peak intensity as well as the integrated Pﬂ’mggg 8'31 0822 77'% 10'%17
intensity of N-containing samples is comparable to those oﬂlm%l 041 0031 70 083
mm378 0.38 0 8.0 1.07
mm383 0.38 0.052 8.2 0.79
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Temperature (K) Temperature (K) the N-containing sample, in agreement with previous

Q200 400 0 200 400 results*® In fact, the incorporation of N intéinGa)As QWs

N ’ loo leads to a reduced thermal redshift, whose slope above RT
< 10t (~0.36 meV/K for they=0.022 sample shown in Fig) 1s
= ‘*elos below the 0.40 meV/K limit required for laser devices.

ool 3 . The temperature dependence of the PL integrated inten-
y=0 y = 0022 sity, I p(T), is shown in Fig. 2 for three sets of QWSs having
T=10K _,)Lx T=10K S\ the same indium concentrations and well widths but differing

z A (\ in their nitrogen content. A similar temperature dependence

g |120K x6| 120K x6 was found for the PL peak intensityiot shown herge In

i jL (InGa)As samplegopen circley |, does not clearly depend

5 [20K X143 210K 2% on the indium concentration. Moreover, decreases by

2 |0k <300 300KM more than three orders of magnitude upon going frdm

g =10 to 500 K. In(InGa(AsN) QWSs, | (T) shows quite

“ laox knm 410KM different behavior, which strongly depends on the N content.

J\&_~ The thermal quenching df, for the sample with the lowest
S00K ) M0 [P0K 2 amount of nitrogen \{=0.007) is very similar to that of its

0.8 09 1.0 1.1 07 08 09 10

N-free reference over the whole temperature range, while the
Photon energy (eV)  Photon energy (eV)

absolute value ofp| is stronger by a factor of about 10. In
FIG. 1. Normalized PL spectra recorded at different temperatretomy QWS with high nitrogen contenty=0.022, 0.031, and
and PL peak energy dependence on the temperaftop of an  (.052, |, is approximately equal to or slightly lower than
o Gapsos/Gans QW (left) and of an 194G scASsdNo02/GaAS QW ypat of the corresponding N-free sample Tox 270 K, while
(right). Normalization factors are given for each spectrum. Laser power, . .

density P=60 W/cn?. it is much higher at higT.

In order to give a quantitative estimate of the PL thermal

temperatures ranging from 10 to 500 K, where a strong PiStability, we introduce the ratioy(T), of I (T) measured in
signal is still observed. FGF<100K, the PL line shape is (ING&(AsN) QWs to that measured in the corresponding
slightly asymmetric on the low energy side, this feature be{INGaAs sample, both normalized at their value for

ing more evident for low laser excitation intensiti@sThe ~ =10K. Therefore,»(T=500K) suitably measures the ther-
low-energy tail is due to emission from localized states in-mal stability of our samples at high. We find that this
duced by alloy fluctuations, discussed extensively in previthermal stability improves nearly exponentially with the ni-
ous work!® A signature of the dominant role of localized trogen content, as shown in Fig. 3 on a semilogarithmic
states in near band-gap emission processes is provided by a@ale.

S-shaped temperature dependence of the PL peak energy, Itis worth noting that all samples show a rapid decrease
hvp .21 Since this feature is absent here, as can be seen in PL efficiency, which starts at very loW. This cannot be
the upper part of Fig. 1, we assume that localized states a@ccounted for by a thermal escape mechanism of one or both
saturated at the high excitation intensities used in this workcarriers from the QW to the GaAs barrier states, because of
Above 200 K, the PL spectra show an exponential highthe high confinement energy of carriers in our QWSs. Re-
energy tail due to emission from thermally populated delo-cently, the thermal quenching of the PL intensity at [dwn
calized states of the well, arith p decreases almost linearly a (InGa(AsN) QW has been related to emission from
with T. The rate of this decrease is considerably smaller irstrongly localized states, in analogy with amorphous
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show high thermal stability of the PL intensity from RT up to
100 ¢ 500 K. We attribute this effect to a strain compensation effect
due to nitrogen incorporation into highly strainddGaAs

, QWs. We believe that the thermal propertiegloiGa)(AsN)

’ discussed here are very promising for the development of

10 .® optoelectronic devices operating at and above RT.

(T =500 K)
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