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Material Issues

1. Electrode (YSZ/LSTMO) alloying

2. Modifying TM valence with ion flow

3. A-site/B-site occupancy

4. Quantifying O vacancy concentration
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Area Normalized XAS Intensity

Soft x-rays are ideal for buried interfaces!
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* strong resonant interaction
- elemental selectivity
- valence sensitivity

» probe different 3d states



X-ray Absorption hv
Spectroscopy (XAS) T,

>
]

N Ef SRR e
Co L edge XAS
adYy
> CoL, _
hv e % Copﬁglt in CoO
S f} Cobalt metal
I 3p § CO L2
1 3s 5
2p O é I
4 s | ¢
<

Photon Energy (eV)



MOTIVATION - Oxygen ion flow

Oxygen ion flow Ion flow modified Cr valence
modifies Cr valence! L LA e

oxygen outflow
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Oxygen ion flow (and bias)

Bias modified Cr valence

cr (oxygen outflow)

Cro (oxygen inflow)

after reverse bias

Cr L, ; XAS Intensity (arb. units)

570 575 580 585 590
Photon Energy (eV)

reverse bias

O% flow
; G
7& \ﬁ
Oxygen 1on flow
reverses Cr valence!

4W [
4

111" SECA Workshop - July 28, 2010



Area Normalized XAS

Fe and Co electronic structure
(in-flow, no change for out-flow)
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Octahedral vs. tetrahedral
O-Fe coordination
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Oxygen ion flow

0.5V at80o0C

o O
&) (o))
el
Ll e

o

LN

SRS
I

o

w

SRS
|

LSCF/GDC -

Sample Current (A/cm2)
o
)
-

©
—_—

:I 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 1_-
O 20 40 60 80 100
Time (Hours)

o
o

Oxygen 1on flow
modifies Fe valence!

Peak Normalized XAS Intensity

Peak Normalized XAS Intensity
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- A-site vs. B-site occupancy
Y-doped SrTiO; (stable to 12%)

(Sr?*, Ti** and Y3+ - substitution site for Y?)

Image from webelements.com

Charge neutrality?
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A-site vs. B-site occupancy
Y-doped SrTi0;

yttrium(III) oxide

08 — — Y,0; powder
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Image from webelements.com
SR AR . Y is Y3* in A-site
I A-Ssite 1or 0%
23 (St substitution)
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XAS Intensity (arb. units)
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Y in A-site as Y3+
Sr’* spectra unchanged

Ti** spectra evolves
suggesting changing
oxygen coordination

Oxygen
vacancy
formation
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Y-doped STO (with bias)
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Mo-doped STO (with bias)
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V-doped STO (with bias)
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Onset of Degradation
(425 mV @ 800 °C)
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Electromigration

Before electromigration Ramping up the voltage

Gap opens Gap grows wider
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From: D. Ralph, Cornell Univ. MONTANA

STATE UNIVERSITY
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Soft x-rays scattering

-single interface \~ detector

hv

sensitivity!

- At grazing incidence -> 15 A penetration depth
- specular scans -> structure along z, "bulk” properties

* rocking scans (diffuse scattering) -> lateral structure
structural (chemical) roughness M
perpendicular roughness S ORI
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Diffuse X-ray
Resonant XX detector
Scattering

Sample Angle (deg.)

Specular vs. Diffuse Int. == Perp. Roughness (0)
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Oxygen ion flow - cation diffusion
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lon flow modified interface width
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Summary

Oxygen 1on flow and/or surface potential modifies
- 0Xygen vacancy concentration.
- interfacial width.

Doping SrTiO; with V, Mo, and Y changes
OXygen vacancy concentration.

Doping SrTiO; with V, Mo, and Y affects material
response to oxidation and reduction.
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