
The operation of numerous electrochemical devices, such as batteries, fuel cells, gas 
sensors, memristors, etc., relies on the electronic and ionic transport, which is often 
controlled by the nanoscale features of the device’s material. For this reason, in order 
to understand the underlying physical mechanisms, it is crucial to probe the electronic 
and ionic transport through the grain boundaries, interfaces, memristor conductive 
filaments and other microstructural elements of the corresponding devices. The 
currently available scanning probe microscopy techniques (e.g. KPFM and ESM) allow 
measuring only the total electronic and ionic potential distribution in devices, without 
distinguishing between the different mechanisms driving the changes in the potential 
distribution. However, the characteristic times of various transport mechanisms are 
different due to differences in the effective masses and mobilities of the corresponding 
charge species (electrons, electronic holes, surface or bulk ions, etc.). Thus, separation 
of the contributions of different transport mechanisms should be possible in the time 
domain. Our time-resolved Kelvin Probe Force Microscopy Technique endeavors to 
solve this problem by tracking the temporal evolution of the interelectrode potential 
profile on the nanoscale. With its help we were able to demonstrate separation of the 
surface ionic dynamics from the bulk oxygen vacancy motion in CaBFO, which would 
be impossible without entering the time domain.
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