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Introduction

Dilute nitrides have attracted increasing interesthe recent years, due to the capability of otitay
emission in the 1.3-1.5m range [1] on GaAs substrate. These limit wawgtles correspond to the two
attenuation minima in silica-optical fibers, large&mployed for Internet networks at the metro gidAN)
and local area (LAN). This makes these materialy wompetitive in the engineering of Vertical Ggvi
Surface Emitting Lasers (VCSEL) coupled to therf#j@], and dilute nitrides-based VCSELs emittind. 3
um are already commercialized. If InGaAsN/GaAs dquan wells (QWSs) present very competitive
characteristics for emission at 1u8n, it remains difficult to transpose this good pemiance at longer
emission wavelengths, towards the second minimuth=&um. In fact the latter wavelength requires the
incorporation of a large percent of indium, whielsults in a partial relaxation of the structure thuthe high
strain and in a degradation of the laser perforreanc

In order to overcome these difficulties new nitedeave been proposed for emissions at irB5GaAsNSb
[3] and InGaAsNSb alloys [4]. In particular thed#&tn of a few percent of Sb during the growth of
InGaAsN results in improved optical and structymalperties of the material [5]. This has beenlaited to

a surfactant effect of Sb, which permits to incogte a higher In content avoiding relaxation thitougjsfit
dislocations. Very recently some of us have matidagebuild an InGaAsNSb QWs-based laser emitting at
1.48um with a peak line width of 35 meV [6]. This catstes the state of art for RT emission nearind
and it is not so far from the record value for it emission (27 meV). In order to reduce the pemkthato
such values, samples have to be treated with tapiinal annealing (RTA). RTA, like in case of I,
brings about an undesired blue shift of the barg géich hinders access to the longest wavelendthghe
case of InGaAsN different groups attributed thiseb$hift to a preferential In-N over In-As bondingluced

by annealing [7,8]; some of us have addressedighige by EXAFS at the In K-edge (report 08-01-634)
coming to the conclusion that a preferential In-dhding occurs in annealed alloys [9], even if SHiRahge
Ordering (SRO) is weaker than that predicted at ¢leilibrium via Monte Carlo calculations [10].



Annealing is supposed to bring the alloys closegh®equilibrium state, hence the drift toward pinedicted
ordering.

In the case of GaAsNSb and InGaAsNSb alloys, treeted blue shift upon annealing is greater than in
InGaAsN (about 0.um for an annealing of 30 s at 800); since the phenomenon happens also in In-free
alloys, we think it can be linked to an annealingticed local atomic rearrangement in the mixedranio
sub-lattice. In fact clustering (i.e. presenceiké-tatoms over the random values in the seconddamation
shell of a particular element) and anti-clusterjagcess of unlike atoms over the random valuesg thaen
predicted to have an influence on the band gapl-&f hitrides [11]. In particular clustering is pposed to
bring about a red shift of the band gap with respedhe random case. Annealing, bringing the esyst
towards the equilibrium condition, could induceeanoval of clustering (at the thermodynamic equilibr
anti-clustering is predicted) which would explalretblue shift of the emission observed in the aedea
samples with respect to the as-deposited onessteCing in as-grown GaAsNSb would also explain why
these alloys the optical bowing is greater thaim@aAsN.

Aim of the experiment was to study the local enwim@nt of As by DAFS at the As K-edge in a serieassf
deposited and annealed GaAsNSb samples, and taureghg relative number of Sb and As atoms in the
second atomic shell of As in order to determingustering is present or not and if a differentréegof SRO

is at the origin of the blue shift observed uponeaiing. Recently, EXAFS measurements performebeat
Sb K-edge (report 08-01-668) indicated a percentddgb atoms well over the expected “random” vafue
the second shell of the Sb absorber, de-clusté¢sikes place upon annealing; a verification of threselts at
the As K-edge by DAFS would be very useful befat@ang conclusions.

Experimental aspects

The experiment took place in the dedicated DAF8ostaof the D2AM beam line (BM02) in April 2005,
recording the X-ray intensity at the (006) wealkewtion, where the anomalous effect is quite large.

DAFS, thanks to its spatial selectivity, was a pribe ideal tool to study the As local environmentll-V
semiconductors deposited on GaAs [13]. Since Amatare present in the substrate it was imposwihlise
standard EXAFS, which would have unavoidably prothedsubstrate both in fluorescence and total relect
yield detection. Grazing incidence EXAFS (to befpened below the critical angle) was not an option
because it would have not guaranteed bulk sergitvi the total epilayer thickness and becausbetmall
length of the samples:©& mm).

Unlucky, due to a software interface problem, iswmt possible to use the crystal analyzer (reduimghe
proposal) that would have been useful in orderefmagate the diffraction peak from the Ga- and Asdtd

KB fluorescence background on the weak 006 reflectiad also to limit multiple diffraction effects dene

in a similar previous experiment (report HS 2020).

GaAsNSb/GaAsSb epilayers were grown at the CNRS/l@dratories in Marcoussis, Paris (F) by the
group of Dr. J. C. Harmand and preliminary chanaotel by PL, XRD and SIMS; TEM observations assured
the homogeneity of the samples and the absenceludse separation on a non-local scale. We héu &0y
nm-thick GaAsSbN epilayers (series A) grown on G&G&l) by molecular beam epitaxy and annealed for
different times, N content was = 1.7%, Sb contebt 2% and two 140-nm thick epilayers with N content
2.0%, Sb content = 7.0% (series B); two GaAsSkagpiks and a GaSb reference sample were also deailab
The thickness of the epilayers has been chosencasnaromise to obtain the maximum total number of
counts/s by avoiding relaxation of the epilayem®tigh dislocations; growth temperature was diffefen
the two samples series: 480 for sample B and 41TC for sample A.

Results

Unlucky, the experiment was unsuccessful becausewsdre distortions always present in the speeteted
to the occurrence of multiple diffraction in thargaes; these effects are present when the crystadluality
of the epilayers is very high, but in this casedistortions were more frequent and bigger tharexgected
based on previous experience on InGaAsN/GaAs narobstes.

We tried to reduce the distortion by changingdekected reflection: we used first the (006), ttien(004),
the (118), and finally the (224) one, but withoutsess. Mounting the samples on a rotating hdicelr
some benefic effect, but it was not sufficient tatain data of sufficient quality; we also testedlaggers
grown under different conditions and with differemitain levels (but always pseudomorphic to thessake)



with similar results. Due to the rather diffic@kperimental set up and samples alignement, we hate
means and time to try different approaches whicghinbe useful in the future: 1) the use of the taiys
analyzer which helped in reducing distortions ia tase of InGaAsN (report HS 2020) and was notaai

at this round; 2) the use of grazing angle DAFShgetoy to limit the substrate contribution to thgrel and
multiple diffraction effects; 3) looking for somenicular reflection for which multiple diffractiorvents
might be less probably, based on calculations tpdréormed; 4) measuring analogous samples but with
bigger thickness and partially plastic relaxedafe worse crystalline quality than the presentsone

The very recent publication of the results of DAESeriment HS 2020, performed by some of us on
InGaAsN alloys [14] encourages the continuationtttd DAFS project on GaAsNSb and InGaAsNSDb;
moreover recent results of Sb K- and N K-edge XABeriments (see report 08-01-668) obtained on the
same GaAsNSbD alloys under study here are boostiagest in the subject.
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Publications
Due to the technical difficulties encountered, praly we have not publishable results yet.



