
A. Augieri, V. Galluzzi, F.Rizzo, F. Fabbri, A. 

Mancini, A. Rufoloni, A. Vannozzi, A. Angrisani

Armenio, V. Pinto, L. Piperno, G. Celentano

Transport properties and granular properties relation in 

YBCO and composite YBCO films determined by means of 

synchrotron X-ray diffraction

G. Campi

L .Barba G. Arrighetti

A. Ricci

C.N.R. Crystallography Institute

Deutsches Elektronen-Synchrotron DESY

European XFELM. Reiser

Genève 20 Sept 2017



Andrea Augieri - PhD 2/15

Motivation (1)

Crystallography deals with ordered systems, but…

… disorder can play an important role in 

determining macroscopic properties

(and it is way too attractive)

There are few techniques and 

models able to study correlated 

disorder

XRD is one of these

D. A. Keen et al., Nature 521 (2015)

Diffuse scattering contain 

many information on the 

order/disorder owned by 

a system 

Ex. colossal magnetoresistance, relaxor ferroelectrics, etc. 

strongly correlated electron materials (superconductivity?)

Nice example: water ice

correlated disorder determines some ice 

properties (e.g. melting temperature)

high brilliance X-ray sources 

needed: synchrotron radiation
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Motivation (2)

• intrinsic crystalline defects

• second phases and dopant distribution

• strain induced stoichiometry inhomogeneity
(~ 1 to 100 nm) 

Granularity due to epitaxial growth on metallic templates
(~ 10 mm for RABiTS, ~ 1 mm for IBAD)

Granularity due to YBCO growth mechanisms
(~ 100 nm)

• oxygen ordering in CuO chains

• CDW – SDW
(~ 0.1 to 10 nm) 

YBCO has many source of disorder on different length scale

XRD can shed light on disorder 

and it’s influence on superconductive properties

GIWAXS
(first time on HTS films)

m and n-XRD XPCS
(first time on HTS)

M. Liu et al., Rep. Prog. Phys. 80 (2017)
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YBCO and YBCO-APCs films

Ba

Y

O

Zr

Ta

Nb

Ba2YNbO6Ba2YTaO6BaZrO3 (+)

4 ÷ 7 cmtarget-substrate distance 

2 ÷ 10 HzPulse frequency

~ 18 nsPulse duration

308 nmwavelength

2 ÷ 3 J/cm2Laser Energy Density

100 ÷ 160 mJLaser Energy

Pulsed Laser Deposition (PLD) Metal Organic Decomposition (MOD)

Low-fluorine route

CuAc2 + YAc3 +BaTFA2 in Propanoic Acid

Pyrolisys Recrystallization

F. Rizzo et al., Appl. Phys. Lett. Mater. 4 (2016)

A. Augieri et al., J. Appl. Phys. 108 (2010)
A. A. Angrisani et al., IEEE Trans. Appl. Supercond. 25 (2015)

150-250 nm thick films 

grown on SrTiO3 single crystal

w or w/o (APCs)
J.L. MacManus-Driscol et al., Nature Mater. 3 (2004)
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12.4 keV (~1 Å) probing inter-atomic distances

Grazing incidence

• maximizes the scattered signal (more sample illumination)

• ai ≥ ac : 100-200 nm penetration, no multiple scattering effects

2d-detector + sample rotation: all the XRD peaks recorded
(in less than 1 minute)

XRD1 beamline of Elettra synchrotron 
(Trieste, Italy)

GIWAXS measurements

Measurements at different temperatures (77-300 K)
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2d detector image Detector specs, 
distance and 
orientation

Radiation wavelength

Sample position and 
orientation

3-d spectra with all the diffraction spots arising 

from the textured  YBCO film
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The integration over 

the azimuth gives 

the 2q spectrum.
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GIWAXS measurements on YBCO
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1 0 l 1 1 l 2 0 l 2 1 l

h k 0

h k 1

…

Ag

More convenient: Qxy-Qz view (tranferred wave-vector components)

GIWAXS measurements on YBCO

Crystalline plane families

(c-axis oriented film) 

103

Circular features due to poly-crystalline phases
(Ag due to silver paste remaining after d.c. measurements)

Bragg reflection spots from oriented lattice

Streaks = correlated disorder along the c-axis
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presence of second phases

(Y2O3)

presence of alternative orientations

(a-axis)

Evaluate (qualitatively) 

the texture quality

The analysis of the peak 

shape reveals many 

information, e.g.:

correlated disorder or 

mesoscopic range order
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Presence of diffuse scattering 

(streaks or satellite peaks): 

GIWAXS measurements on YBCO

R.I. Barabash et al., J. Phys.: Condens. Matter 11 (1999)

• lattice parameters 

modulation: strain

• Information on the 

introduced  defect

(Huang scattering)

7 mol.% BZO

10 mol.% BZO

MANY INFORMATION!!

103

Y2O3

a-axis
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5mol.% BZO7mol.% BZO10mol.% BZO

GIWAXS measurements on YBCO+APCs

Increasing BZO content:

Overall “phase” disorder increases 

500

1 10
3

1.5 10
3

2 10
3

2.5 10
3

1.4 1.45 1.5 1.55 1.6

In
te

n
s
it
y
 (

co
u

n
ts

)

q
r
 (A

-1
)

Peak shape change: increased strain

Diffuse scattering turns in satellite peaks

What happens with BZO introduction

(101) BZO Intensity

WHY?
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GIWAXS measurements on YBCO+APCs
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…any influence on pinning?

Further and deeper 

analyses on going
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XPCS measurements

Coherent light on inhomogeneous surface produce speckles

This is the result of interference between light scattered  

by different “ordered” regions

Speckle is the F.T. of the of the illuminated sample and is 

very sensitive to the position of every single scatterer

M. Sutton et al., Nature 352 (1991)

• the dynamics of processes involving 

atomic length scales can be probed

If coherent light is X-ray radiation

XPCS

http://sinhagroup.ucsd.edu

DLS technique for liquids, 

colloidal solutions or fluid

The dynamic of the scattering objects 

can be studied recording the speckles

Ex. Brownian motion of particles

• samples opaque to visible light can 

be studied
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SDW
peak

XPCS measurements

P10 (coherence 

applications Beamline)

Speckles recorded in time 

and on varying the 

temperature (30 K -300 K)
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XPCS measurements

Stability of speckle in time 

at fixed temperature

(003) Bragg reflection recorded in time and temperature

Speckle recorded in 

temperature

YBCO with different Tc (different O doping)

YBCO with different BZO content

PLD films on STO substrates

l

probing lattice dynamics 

in temperature
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Speckle is divided in N regions

where the intensity is integrated

Autocorrelation function of the integrated intensity

XPCS measurements

Statistical correlation between the intensity recorded at T1 and 

the intensity recorded at different temperatures, T2

Speckle is continuously changing (lattice dynamic), but..

at one temperature the 

correlation is lost T = Tc

g2 (t) =
I(Q, t0 )I(Q, t0 + t)

t0

I(Q, t0 )
t0

2
=1+ A F(Q, t)

2
F(t) = exp - t

t0( )
b

Kohlrausch-Williams-Watts

(KWW)

first time observed, and in different samples: 

• YBCO films (different Tc)

• YBCO-BZO films (different BZO content)

• YBCO single crystals

Abrupt transition in the lattice dynamics at Tc

Model development 

on going

O.G. Shpyrko et al., Nature 447 (2007)
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Thank you for your kind

Final remarks

GIWAXS: powerful technique able 

to fully characterize the film 

microstructure AND to reveal the 

correlated disorder

Extensive X-ray characterization campaign of YBCO thin films with 

different source of disorder 

Synchrotron radiation techniques: GIWAXS  - m-XRD  - XPCS

Disorder       Superconductive properties

XPCS: innovative technique able to 

probe the lattice (and disorder) dynamics

m-XRD : local XRD 

characterization
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GIWAXS measurements on YBCO
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More convenient: Qxy-Qz view (scattered wave-vector components)
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Preferential orientations – c-axis YBCO film (highly textured sample)

Alternative orientations  (a-axis)

lattice parameters modulation – strain evaluation

Texture quality 

spurious peaks – phase identification

Y2O3

Y124-Y247 phases: stacking faults

GIWAXS measurements on YBCO

CuO
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BZO peak 110 (most intensive)
BZO is oriented 00l as YBCO 
Lattice parameter slightly distorted (mismatch with YBCO)

YBCO: no a-axis and better film quality (less strain and stacking faults)

5% BaZrO3 - YBCO

5% BZO

7% BaZrO3 - YBCO

7% BZO
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10% BZO

10% BaZrO3 - YBCO

BZO peaks more visible

Many “spurious” peaks arise: Y124, Y247, Y2BaO4, Y2O3

Film disorder increases

Overall disorder further increased

Andrea Augieri - PhD

GIWAXS measurements on YBCO-BZO
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BZO
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GIWAXS measurements on YBCO-BYTO

Sembra che I picchi si dividano in due: maggiore differenza tra a e b?

Per esempio 206-026. in YBCO sono quasi sovrapposti. Qui si staccano

Anche qui stacking fault, anche se + “policristallini”. Che vuol dire?
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GIWAXS measurements on YBCO(MOD)
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Presence of BZO crystallites

Better film quality (strain and texture)
5% BaZrO3 - YBCO

7% BaZrO3 - YBCO

10% BaZrO3 - YBCO

Many “spurious” peaks arise

Completely disordered film
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High temperatures (77 K) Low temperatures (30K) 

Increased disorder

Consistent with measured 
transport properties 

Tc and Jc0 decreasing with BZO content

Optimized pinning in the range 5-7 mol.%

5mol.% film shows the 
best performances

GIWAXS measurements on YBCO-BZO
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1 0 l 1 1 l 2 0 l 2 1 l

h k 0

h k 1

…

Ag

103
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line 1

line 2
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