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X-ray absorption spectroscopy

characterisation of irradiation damage in
REBCO coated conductors

S. Speller, J. Lewis, K. Adams, J. Tufnail, R. Nicholls, C.
Grovenor, S. Diaz-Moreno, F. Mosselmans, W. lliffe
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Scanning transmission electron microscopy
(STEM): ABF = bright field, HAADF = dark field)
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\f"‘XAN ES: effect of coordination

Effect of bonding environment on Cu' complexes
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e

HERFD = high energy resolution
fluorescence detected

Hard X-rays probe
entire thickness of
REBCO layer

K-edge absorption
spectrum energy
resolution usually
limited by core hole
lifetime broadening
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REBCO has
orthorhombic
unit cell with

a=x>b
cx 3a

@ OxfordMaters:

Two copper sites in REBCO structure

Chain site

 Cu(1)is 4-fold
coordinated by O

e 2 Cu-Obondsalongb

e 2 Cu-O bonds alongc

Plane site

* Cu(2)is 5-fold
coordinated by O

e 2 Cu-O bonds along a

e 2Cu-Obondsalongb

e 2 Cu-Obondsalongc
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Cu stabiliser
Ag capping layer  REBCO layer is highly textured in

REBgSﬁ':rTS coated conductor with c-axis
ft&ﬂbstrate perpendicular to tape surface

 REBCO has a slight orthorhombic
distortion with b slightly larger
than a

* material is naturally twinned
* a/b polarisations will be

W — averaged in the spectroscopy
V 2 Tape measurements
direction
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Comparlson with neutron
irradiation
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Oscillations in post-edge X-ray Absorption Fine-Structure

region caused by

photoelectrons being photo-electron
scattered by surrounding

atoms and returning to NW\AN\

the absorbing atom XAFS

The EXAFS signal is the W XANES

modulation of the
amplitude of the
photoelectron

Energy

0

wavefunction at the M. Newville,
absorbing atom due to X-ray Fundamentals of
the scattered XFAS

-\"‘\\ core-level | Absorption

photoelectron
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* Cryogenic transfer of ion irradiated samples to enable XAS of cold

irradiated samples before warming up and controlled annealing
experiments

* Full analysis of the EXAFS data
* Analysis of the pre-edge region of the XANES spectra

* Polarisation dependent Raman spectroscopy
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. X—ray absorption spectroscopy is a useful tool for probing the local
bonding and structure averaged over entire REBCO layer

* High energy resolution Cu K-edge XANES is complicated by presence of
two distinct copper sites.

» Modelling is required to interpret the spectra
» Can see that O in plane sites are affected by irradiation
e EXAFS tells us about changes in bond lengths and disorder on irradiation

» Orientation dependence helps distinguish between scattering paths
of similar lengths

» Full interpretation requires data from Cu, Ba and RE edges and
D oxtorau careful fitting
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