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What is Kelvin Probe Force Microscopy?

Kelvin Probe Force Microscopy (KPFM) is an
atomic force microscopy based analysis
technique, which allows for imaging of the
local surface potential distribution. A Pt
coated AFM tip is used as probe. The
surface potential @sp is sensitive to local
changes of the defect chemistry and KPFM
has a resolution in the nm and mV range.

Effect of polarization
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Determining diffusion coefficients
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Effect of dopant concentration and redox-active

dopants
cd 03 ZGd o+ VO 4 30% D.opant concentration in ceria is
directly related to oxygen vacancy
2[vg] + [n°] ~ [AL] +[e]

concentration [Vg .

Sample with 20 mol% trivalent dopant
. showed SP gradient after polarization with
s +3 V for 300 s, sample with 10 mol%
trivalent dopant only showed evaluable
results after polarization with 5V for 300 s
(shown: SP change 60 s after end of
polarization in single crystals).
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Effect of redox active dopant concetration
(Pr+*/Pr3*) has less effect than existence of
grain boundaries: Figure shows polished
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Gd+Pr=20 mol% and 20 mol% Y-doped
single crystal.
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Conclusion

A combined method of polarization and measuring the relaxation process
using Kelvin Probe Force microscopy has been shown to yield resonable
results at room temperature, where doped ceria materials normally cannot
be assessed due to their low charge carrier mobility below 400 °C.

The experimental approach can be adapted to different materials, e.g. it
can also be used for battery materials. In addition, the method can be used
to reliably determine diffusion coefficients of a single phase in a multi-
component system.
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The time constant Tg
can be determined from
exponential fit of the
data.

) Chemical diffusion co-
efficients can then be
caIcuIated according to

3) Mapping of the time-dependent /
decay of the introduced surface Lol _— .
‘ potential gradient.
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Effect of grain boundaries
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chemical diffusion coefficient. Kinetics for
oxygen release is faster then for oxygen
uptake to regain equilibrium with air.
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CeoGdy10; 65 -5V for300s 3.07-1013
nanocrystalline thin film

CegoGdy10; 65 +5Vfor300s 186 200 2.18-1013
nanocrystalline thin film

CeoGdy10; 65 -3 Vfor300s 310 200 12710
epitactic thin film

CegoGdy10; 65 +3 Vfor300s 479 200 8.74-1014

epitactic thin film
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