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Oxygen incorporation in columnar LSM thin films 
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��Bias effectBias effect

Deposition T: 600°C

Deposition T: 900°C
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ConclusionsConclusions

The unco mmon uphill-like diffusion with an oxygen tracer

maxi maxi mum in the center of the LSM fil m is caused by
the interplay of fast oxide ion diffusion along grain

boundaries and stoi chiometry polarization of LSM upon

application of a voltage, which led to a vacancy

concentration gradient in the LSM grains.
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Oxygen incorporation in columnar LSM thin films 
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a) strain

b) defects like edge 

dislocations

11

δ = -2.4%

δ = 0.6%

Epitaxial thin films prepared by PLD on LAO and STO substratesEpitaxial thin films prepared by PLD on LAO and STO substrates

Experimental

LSM thin films were prepared LSM thin films were prepared 

with varied thicknesses:with varied thicknesses:

10 nm10 nm

20 nm20 nm

40 nm40 nm

70 nm and70 nm and
100 nm100 nm
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�STRAIN

�TWIN BOUNDARIES (on LAO)

�DISLOCATIONS (on LAO)

4.2∙1010 1/cm2
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��Strain effectStrain effect

Thickness variationThickness variation
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��Twin boundariesTwin boundaries

25 µm

Din-plane too low
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ρ - 8∙1010 1/cm2D

D`

D≈D`

Ddislo

Ddislo >> D
kdislo >> k
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Oxygen exchange via water dissociation

requires no electron transfer, therefore in

humid atmosphere k* >> kq

Motivation k* = kq in dry atmosphere

There is no direct proof of water 
dissociation mechanism

Experimental

•humid-oxidizing: 
200 mbar 16O2 + 15-25 mbar H2

18O in Ar

•dry-oxidizing: 
•200 mbar of dry 18O2, dried with a zeolite filter 

•usual:
• 200 mbar of 18O2 without zeolite filter.

��Ambient humidityAmbient humidity
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MaterialMaterial
1818OO22 + + zeolitezeolite
418418°°CC

1818OO22 no no zeolitezeolite
420420°°CC

1616OO22 + H+ H221818OO
418418°°CC

STFSTF
kk** = 3.0·10= 3.0·10--8 8 cmscms--11

kkqq = 9·10= 9·10--9 9 cmscms--11

kk**//kkqq =3.3=3.3

kk** = 3.5·10= 3.5·10--8 8 cmscms--11

kkqq = 5.9·10= 5.9·10--99 cmscms--11

kk**//kkqq =5.9=5.9

kk** = 5·10= 5·10--6 6 cmscms--11

kkqq = 5·10= 5·10--9 9 cmscms--11

kk**//kkqq = 1000= 1000

LSFLSF
kk** = 1.4·10= 1.4·10--8 8 cmscms--11

kkqq = 7.5·10= 7.5·10--9 9 cmscms--11

kk**//kkqq =1.9=1.9

kk** = 1.5·10= 1.5·10--8 8 cmscms--11

kkqq=3.1·10=3.1·10--99 cmscms--11

kk**//kkqq =4.8=4.8

kk** = 1.5·10= 1.5·10--6 6 cmscms--11

kkqq = 9·10= 9·10--9 9 cmscms--11

kk**//kkqq = 167= 167

•k* and kq are in a good agreement in dry 18O2

•k* is ~1000 times faster in humid atmosphere
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The uncommon uphill-like diffusion with a oxygen

tracer maximaximum in the center of the LSM film
is caused by the interplay of fast oxide ion diffusion

along grain boundaries and stoi chiometry

polarization of LSM

•Thin films on LAO sho w a highly

pronounced second diffusion process.
Variation o f the measurement location

highly influences seco nd diffusion part

which suggests variation of the defect

density.

•Variation of twin boundary density

•k* and kq are in a good agreement in dry 18O2

•k* is ~1000 times faster in humid atmosphere
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