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LiCoO2  from batteries to electrochemical random access memory2

channel electrode:  LixCoO2 
gate electrode:  LixSi 
solid electrolyte:  LiPON

Fuller et. al., Adv. Materials, 29, 1604310 
(2017)
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LiCoO2 – electron correlation effects3

X-ray diffraction
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STXM of LixFePO4 single crystal platelets

J. Lim, Y. Li et. al. Science 2016

Marianeti et. al. Nature Materials 2004



Pulsed laser deposition to create model systems4

Z. Li et al. Thin Solid Films, 612, 472–482 (2016)

Can we create ideal material systems for 
fundamental studies?

1) fewer defects, no grain boundaries
2) well-defined interfaces
3) highly-scaled geometries <100 nm
4) Large, isolated single crystals >1 micron



Two orientations of LiCoO2 epitaxial islands5



HRTEM epitaxial islands6
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Electrochemical cycling7

SrTiO3(100)

SrRuO3 (100)
LiCoO2

Teflon Cell

Li/Li
+

O-ring

Single crystal substrate

Li foil
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Cyclic voltammetry GV to 3.88V at 40nA, held until C=120nAh

Targeted x=0.85,  or two-phase regime
based upon LiCoO2 volume 
measurements.



Anisotropic diffusion – c-axis oriented islands8

Before cycling

After cycling



Anisotropic diffusion – planes oriented normal to surface9

Before cycling

After cycling



Conclusion – diffusion constrains islands to kinetically arrested 
state10

Nadkarni et. al. Adv. Func. Mat. 2019
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AFM current map

light : lithium poor

dark : lithium rich

• fringes appear with about ~35 nm spacing

• We can relate to coherency strain

white: conductive SrRuO3

Below a critical thickness films exhibit striping effect
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20 nN

Force induced metallization

180 nN



Conclusions13

LiCoO2 particles/islands sit in a kinetically 
arrested state due to diffusional anisotropy

Scaled particles can exhibit other segregation 
effects when surface energy dominates

Strain from cycling, solid overlayers can play a critical role.

• All effects will play a critical role in ECRAM synaptic/neuronal properties
• Results may inform single-particle level battery charging models

Where facets meet, the low surface area to volume ratio 
may ratio may lead to phases that different than bulk.
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