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» Why scanning probe microscopy?

» Principles of Electrochemical Strain Microscopy (ESM)

Science

» New information available through ESM
e Description of ionic transport
e Coupling of ionic transport and microstructure
* lonic transport through a battery
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Secondary (rechargeable) batteries for portable electronic devices

Li-ion batteries are considered to be the most promising technology
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Li-lon Batteries - From Ideal to Real

Li-ion batteries
Battery functionality is determined by ionic
transport across several length scales

Device Interface Grain Atom

To understand the fundamental processes

which define a battery, we need to look at ‘ SPM
small length scales < 100nm



The Concept of ESM

Concept of Electrochemical Strain Microscopy Characteristic: volume change
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The Concept of ESM

What is new with ESM (SPM + strain detection + local bias)?
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Operational Regimes of ESM

IH

“Electrical” environment: Probing ionic transport
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Goal: Develop strain analogs to traditional characterization techniques



Time spectroscopy on LiCoO,

lonic transport of Li described by diffusivity D [m?/s] with D = exp(-E,/RT)

Relaxation after -10V/30ms voltage pulse measured with ESM
ESM as f(t) can be fitted by simple exponential decay y = A *exp(-A,/T)+A,

Topo . Pre-factor A,

D L°> — tip radius 50 nm

T — from measurement 50 ms

Diffusivity of 5:10%4 vs. 1014 — 10-1°2m?/s in literature.



ESM as function of T on LiCoO,
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Activation energy for ionic transport 0.28 eV vs. 0.3 eV in literature.



Electrochemical activity of step edges on LiCoO,

Coupling of ionic Deflection Li-ion activity
transport and grain . | £’
morphology
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High resolution images
allow to investigate
processes at single step
edges!




lonic transport through a-Si/LiPON/LiCoO,

Radio frequency sputtered thin film battery
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Dudney, J. Mater. Sci. Eng. B 116, 245 (2005)
e a-Si/LiPON/LiCo0O,
* LIiPON: glassy lithium
phosphorus oxynitride
* Thin film layers 500nm - 1um
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a-Si shows a substrate induced

surface struture. 0

Balke et al., Nano Lett. 10, 3420 (2010)

Y



Evolution of Li activity with increasing state of charge:
Spatially resolved maps of Li activity:
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* Increased ionic transport along the
boundary like features
e Good/bad for battery performance?

Balke et al., Nano Lett. 10, 3420 (2010)



The Big Picture: ESM and ECA

Summary ECA work flow
e ESM can beusedto  -us : : .

) . 120! lonic transport in batteries
describe the ionic Y25 ¥
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* The ionic transport Variables: X,y

Decoupling of bulk and
interface processes
Variables: air, liquid
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Development with
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Understanding the battery on
the nanoscale

can be correlated with
the electrode
microstructure

* The ionic flow
through a battery can
be observed




The Big Picture: Experimental Milestones

Material/battery engineering through knowledge:

Nanoscale characterization can provide critically needed answers:

Electrode
microstructure
Role of:
Texture, doping,
grain size,
crystallinity

Battery degradation
 lower D(Li)
* less ec-active material
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