X-ray Fluorescence Spectroscopy of GdB¥u30yx Thin Films.
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Oxygencontent is gorominent factor controlling superconducting behavior of Qide
superconductors; ifiact both the normal state electricalproperties and superconductivity of
MBa,Cu0Oy (6sx<7) compounds (M=Y orare earths escluding Ce and Tb) depend strongly on
oxygen content.

For bulk samplesthere is a consistetody of literature linking the O deficiency in 123
compounds to some difie basic properties dfigh Tc superconductors. fparticular thecritical
temperature Tc iknown todepend strongly othe hole carrier densitwhich can be varied by
charge compensation or oxygen non-stoichiometry.

In thin films, however, some ofhese parameters becomariable depending on the
samplepreparation technique argtowth conditions. Inparticular, due to the variable copper
valence, the equilibrium oxygen content can be varied continuousksT8 in the thinfilms as a
function of substrate temperature and oxypartial pressure. Thigact, together withthe peculiar
morphology of the filmsenables researchers to obtain important informatiotherstructure and
superconducting behavior of the material under examination.

However, effects of oxygen non-stoichiometry on electronic properties of thin films are not
well known and comparisons with the same properties on bulk samples have not been reported.
This field has benefited greatlyfrom spectroscopies such as photoemissiod x-ray

fluorescence spectroscop¥ES) [1,2,3,4].The latter techniqguéasthe advantage of beirnigss
surface sensitive and sm@an beused to study bulk properties, aathborate preparation is not

necessary.
The samplesavailablewere GdBaCu30x oxygendeficient films (6.3<x<6.8)deposited

on (110)orientedNdGa(3. These have been prepared ex situ by controlled annealing under

reduced oxygen pressure at 400Films had thicknesses from 40 to 200 Angstromssaacking

fault densities about 0.5%, i.e. perfectly crystalline as far as this spectroscopy is concerned.[5,6]
To clarify the role and contribution to the superconducting behavior of inequicelggen

sites we have donXES and XAS measurements deamline 8.0.1 andried to have an

identification of theabsorption andemissionlineshape interms ofdifferent oxygenatoms and

sites, the induced hole distributions and overall experimental and theoretical pDOS as a function of

oxygen content of the samples.



We selectively excited the variabtexygen contentfilms in the energy range needed to
obtain absorptiorgtotal fluorescence yieldhode) and emissionspectra above, below and at the
resonance for O K and Cu L edges and local partial density of staesWB was experimentally
obtained.

The valencéband of high-Tc superconductors of perovskyiee is known to be formed
mostly by Cu-3d an®-2p states. X-ray emission Cu-L (3d to téansition) andO-K (2p to 1s
transition) spectra aris'om dipole allowed transitiongrom the valenceband to inner shell
vacancies. The experimental study of the electronic partial density of states is tHeodf@ated in
this case by the fact that the fluorescence spectra are well separated in energy.

Multiplet effects in emission and absorption measurements atthedge of 3d transition
metalscan significantlymodify the edges fromtheir singleparticle interpretation. Therigins of
these modificationsare extremelyimportant in correlatedsystems since they are alirect
consequence of correlations between the 2p and 3d core holes and within the 3d band.

Absorption and emission measurements have therefore been done at thee@gelin the
hope to pinpoint significant differences and analogies witboretical one electron type
calculations.

A problem met in the investigation is that the obtained data are quite sensitive to the quality
of the samples. In particular, there is an overlapping of the Cu L edge spectspuwvitiussignal
coming from the substrate.

A high sensitivity to the quality of the samples was t@kgected in the case of tHilms
and is also reported in literature.

In the O lsabsorption spectra a peak is presenthim pre-edge regiowhich is striclty
related to theoxygencontent of thesample andcan be associatedith the unoccupied O 2p
states.The peakhifts in energy and changes imensity in differentsamplesaccording to O
content. In O rich samples holes are formed upon p-type doping and the pre-edghifteealose
to the Fermi edge with possible formation of states in the gap. [Fig.1]

In the O XES spectra, different O chemicanvironmentswill determine different
emission energy values for transitions to core 1s s(apeds transitions)The chemicakhift can
be exploited to selectively excitifferent site O contributions. Experimental resst®w ashift
both in the low energy shoulder and in the peak maximum ewaiggfor different O content of
the samples. [Fig2]
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Figure 1. O 1s X-ray absorption spectra taken in total fluorescence yield mode. 1LCG€ARa;
2) GdB3Cu;045,5 3) GABaCUO4 5
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Figure 2. O Ka X-ray emission spectra taken at the prepeak maximum values of the absorption spectra for the
respective samples. 1) GdBa,0, 5.5 2) GdBgCu,04 5.5 3) GAB3aCW,04 ¢
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