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tion in grazing in
iden
e and X ray absorption spe
tros
opy tothe study of en
apsulated semi
ondu
tors nanostru
tures. We study InAs Quantum Wires grownby Mole
ular Beam Epitaxy onto InP(001) substrates. The x-ray energy is tuned a
ross the ab-sorption As K-edge making di�ra
tion 
hemi
ally sele
tive, as absorption, to get dire
t informationon 
omposition. hkl -s
ans 
lose to the (442) Bragg re�e
tion of InP at several energies above andbelow the As k-edge, allow to extra
t the partial stru
ture fa
tor FA=As of the As atoms. Quantita-tive analysis of the os
illatory extended region above the edge give information on 
omposition andout-of-plane strain of the wires. The absorption and di�ra
tion results are 
ompared giving furtherinsight giving di�erent views of the As lo
al environment.I. GIDAFS MEASUREMENTSGrazing in
iden
e Anomalous di�ra
tion (experiment HS2641) at the As K-edge (11.867 keV) was performed atthe Fren
h Collaborating Resear
h Group beamline BM2. The grazing in
iden
e geometry allows to optimize theintera
tion of the X-ray beam with the sample minimizing the substrate 
ontribution. In a previous experiment westudied a sample labelled CP1276 [1℄, the results have been published in referen
e [2℄, for 
omparison we report onexperiment 
arried out with another sample labelled I3701, grown under di�erent experimental 
onditions.II. DATA ANALYSISA. hkl-s
ans and As partial stru
ture fa
torWe performed l -s
ans (h=k=3.98, l∈[1.6-2.3℄), at several energies (12) 
lose to the As K-edge, taking advantageof the As anomalous variation to identify As 
ontribution in re
ipro
al spa
e. In �gure 1a) the square root intensity√
Iobs 
urves are 
ompared for the two samples to FT , the 
omplex stru
ture fa
tor of phase ϕT that in
ludes theoverall 
ontribution of non anomalous atoms and the Thomson s
attering of all anomalous atoms, and to FA=As, the
omplex stru
ture fa
tor of phase ϕA that in
ludes the Thomson s
attering of all anomalous atoms. FT and FA areextra
ted a

ording to the Multi-wavelength Anomalous Di�ra
tion (MAD) prin
iples [2, 3℄.One 
an see that the FA pro�le is quite di�erent for the two samples. For sample CP1276 the FA 
ontribution isquite symmetri
 and shows a de�ned maximum at l=1.9. Assuming that the size e�e
t dominates on the FA shapewe dedu
ed from the Full Width at Half Maximum of FA=As, that the QWrs height average value is about 2.54nm,that is 
lose to the value measured by TEM.For this sample we performed FDM, in our previous study [2℄, 
al
ulations to obtain theoreti
al strain maps basedon a periodi
al 2D stru
ture 
oherently grown on the InP substrate a

ording to biaxial elasti
 strain. The FDMsimulations reprodu
e well the FA shape and maximum position with an εzz= 6.1% showing that the wires arepartially relaxed in the (001) dire
tion with respe
t to pseudomorphi
 
ase (εzz= 6.7% ). In 
ase of sample I3701 theextra
tion of FA gives more 
omplex results. The FA shape is no longer symmetri
 and we 
annot a
tually see a wellde�ned maximum. It also shows a kind of satellite feature and a minimum 
oin
iding with the FT minimum. Thissuggests a more 
omplex morphology and, likely, the 
oexisten
e of di�erent As environments, due, for example, to aless abrupt InAs/InP interfa
e even leading to some As di�usion inside the 
apping. This issue is treated below byquantitative analysis of GIDAFS (and EXAFS) os
illations.
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(b)Figure 1: a) Partial stru
ture fa
tors FT and FA=As for samples CP1276 (inset) and I3701 b) I3701 GIDAFS spe
trum at theAs K-edge B. DAFS os
illationsFurther information about 
omposition and strain 
an be a
hieved by quantitative analysis of the DAFS os
illations,showing up in the extended region after the absorption edge. We show in �gure 1b) the I3701 GIDAFS spe
trummeasured at h=k=3.98, l=1.85. The �ne stru
ture after the edge is related to the As lo
al environment. The DAFSmeasurements are quite 
hallenging in grazing in
iden
e and in addition, we measured the signal 
oming from anextremely thin epilayer (2ML equivalent thi
kness). Nevertheless, the signal-to-noise ratio 
ould have been higherand the energy (k) range extended, without di�
ulties experien
ed with the mono
hromator 2
d 
rystal. The dataanalysis was performed a

ording to the standard 
riteria and available 
odes for Extented X-ray Absorption FineStru
ture [4, 5℄. The DAFS os
illations has been analysed by �tting the theoreti
al signal to the experiment bymeans of the IFEFFIT 
ode [6℄. The DAFS measurement, for the (442) Bragg re�e
tion, is 
arried out with the beampolarization ve
tor forming angle of 23◦ with the normal to the sample surfa
e, that is 
lose to the perpendi
ulargeometry used for EXAFS. We used the same phase and amplitudes as for the ε⊥EXAFS spe
tra, estimating thaterrors on amplitudes due to the cos2(−→ε ·−→r ) fa
tor are negligible 
ompared to the experimental errors, and we referein the following to the DAFS spe
tra as ε⊥spe
tra. Theoreti
al phase and amplitudes have been 
al
ulated for abulk InAs 
luster by the FEFF8 
ode [7℄, with the in
ident photon polarization parallel to the [001℄ dire
tion (i.e.perpendi
ular to the surfa
e). We also 
al
ulated theoreti
al phases and amplitudes for an InP 
luster in whi
h oneof the P atoms was substituted by an As absorber. This was done to investigate the presen
e of P atoms, as NextNearest Neighbours (NNN), in the lo
al As absorbers environment. This is a 
ru
ial point in the �t pro
edure sin
eit gives the QWrs 
omposition at the atomi
 s
ale.The parameters that were allowed to vary and the �t results are reported in Table I I. The s
attering paths that wefound to be relevant were : the Nearest Neighbour (NN) As− InI path, the NNN paths As−AsII and As−PII andthe three legs multiple s
attering (MS) paths Asabs − InI −AsII and Asabs − InI − PII . We re�ned the interatomi
distan
es of the single s
attring paths, the Debye-Waller fa
tors, the photoele
tron energy origin (e0) and the P
on
entration (x). The path lengths for the MS paths were expressed as a fun
tion of the NN and NNN distan
es.Figure ?? shows the 
omparison of the DAFS spe
trum with the best �t theoreti
al 
urve.III. RESULTSThe DAFS results are summarized in Table I and 
ompared with EXAFS. An interesting 
omparison is shown in�gure 2 where the EDAFS signal for the two samples together with the best �t 
urves are plotted. We see that the twospe
tra show di�eren
es beyond the noise level. This makes a di�eren
e with respe
t to the EXAFS measurementsexhibit very similar features. We also observe a di�eren
e in the �t parameters. The As-As and As-P distan
es forsample CP1276, 4.30 and 4.20Å respe
tively, are mu
h more apart from ea
h other than for sample I3701 (4.22 and4.19Å). We also see a shift in the As-In distan
e that shows to be longer than for EXAFS. We have to noti
e that
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Figure 2: Extended DAFS spe
tra and best �t 
urves for samples CP1276 and I3701.

Table I: EDAFS and EXAFS best �t values for interatomi
 distan
es, Debye-Waller fa
tors and P 
on
entration (x) obtainedby IFEFFIT mimimization using theoreti
al �tting standards provided by FEFF8 
ode. The amplitude and phase 
orre
tionfa
tors have been obtained by 
ristallographi
 analysis of the DAFS lineshape.the S/N ratio is not as good as that of EXAFS spe
tra, it does not allow III shell analysis and gives larger errors onII shell distan
es. In the 
ase of sample CP1276, we �nd a higher As-As distan
e and a lower P 
on
entration withrespe
t to the 
orrespondent EXAFS values. We observe in fa
t an As−As⊥ distan
e, 4.30Å that is 
lose to the bulk(4.28Å) or tetragonally strained (4.29Å) values. This dis
repan
y 
an be attributed due to the di�erent sele
tivitiesof the two te
hniques. EXAFS is 
hemi
ally sele
tive, DAFS instead, is 
hemi
ally and spatially sele
tive. We 
anstate that in this 
ase we are probing, by the two te
hniques, di�erent regions in the sample : the As atoms belongingto the wires in 
ase of DAFS and all the As atoms, wires, interfa
e, 
apping..., in 
ase of EXAFS. The values foundsupport our previous �ndings of pure InAs wires with a small As/P intermixing at the interfa
e.The di�eren
e between the EXAFS and DAFS data for sample CP1276 is well illustrated in �g. 2 where the EDAFSbest �t (solid line) is 
ompared with the EDAFS 
al
ulated (dashed line) from the EXAFS best �t [5℄. The two 
urvesare 
learly di�erent, out of the DAFS measurement noise.In 
ase of sample I3701 the (As−As)⊥ and (As−P )⊥ distan
es found are 
loser to ea
h other and more similar tothe values typi
al of strained InAsP alloys. Nevertheless, the short (As−As)// and (As−P )// distan
es measured byEXAFS (4.1Å) shows the existen
e of a strained region of InAs mat
hed to InP. The shorter (As−As)⊥ distan
e seenboth by EXAFS and DAFS 
ould be an average between the tetragonal value of 4.29Åand the strained alloy distan
eof about 4.20Å. Therefore this result suggests a stronger As/P intermixing me
hanism at interfa
e for sample I3701
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ompared with CP1276. We must note that that in any 
ase for both samples a phenomenon of interdi�usion As/Pis dete
ted. The 
omparison between EXAFS and DAFS suggests a di�erent me
hanism: a slight P di�usion throughthe 
apping volume for sample CP1276 and a more intense P di�usion at interfa
e for sample I3701.IV. CONCLUSIONSIn this work we pursue the study of InAs QWrs by means of GIDAFS spe
tro
opie. We 
ompare two di�erentsample grown by MBE in di�erent growth 
onditions with the aim to elu
idate, on one side the material propertiesin terms of strain and 
omposition, and on the other side to exploit ultimate appli
ation of di�ra
tion for the studyof a 
hallenging system as small size embedded nanostru
tures. We make use of grazing in
iden
e to optimize theintera
tion of the x-ray beam with the nanostru
ture, we perform anomalous re
ipro
al spa
e mapping to identifythe di�erent 
ontribution to di�use s
attering, hkl s
ans to re
over, in a model-free way, the stru
ture fa
tor of theanomalous As atoms, we re
ord 
ontinuous energy s
ans, at a 
hosen Q value, to analyse quantitatively both the edgeregion and the extended region above the edge. In this way we fully pro�t of the spatial and 
hemi
al sele
tivity ofdi�ra
tion.In addition we performed EXAFS measurements whi
h give an overall average view of the As lo
al environment.The 
omparison between EXAFS and DAFS is quite interesting, showing that di�erent atomi
 environments 
an bedete
ted. We observe the 
oexisten
e of di�erent As lo
al environments : a strained pure InAs phase inside the wiresand an interfa
e region the weight and shape of whi
h 
hange depending on growth 
onditions: for sample CP1276 itlooks to be sharper whereas for sample I3701 a wider interfa
e region with an As gradient spreading out in the InP
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