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Interface potentials determine stability, performance
...but are generally unknown
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In situ cross section SSLIB to avoid contamination
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KPFM in glovebox; LCO/LiPON interface inhomogeneous
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Neutron Depth Profiling (NDP 6Li NDP Reaction

6Li + neutroncold 3 H triton 2727 keV 4He2+ alpha 205

• Provides a concentration profile in the first few
pm of solid materials

• Element and matrix sensitive

• Detects the energy spectra of prompt radiative
neutron capture reactions altered by the sample

• Sensitive to 6Li (can detect isotope at natural
abundance levels)

Inside of NIST
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NIST Disclaimer Trade names and commercial products are identified in this paper to specify the experimental procedures in adequate detail. This identification does not
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necessarily the best available for the purpose. Contributions of the National Institute of Standards and Technology are not subject to copyright.
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NDP [Li] consistent with KPFM µLi
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Band Alignment and Open Circuit Voltage

PI-D-1: DECIPHERING POTENTIALS ACROSS SOLID

STATE BATTERY CELLS AND INTERFACES

• Ab initio framework to calculate thermodynamic
driving forces and interface potential drops at
open circuit equilibrium
— Model system Li / LiPON / LixCo02

• Open circuit voltage V from chemical potential
energetics at equilibrium
— Electronic and ionic components

— Resulting V consistent with prior DFT and experiment

• Electronic EF changes and drives battery
operation
— Contrary to behavior in purely electronic systems

• Calculate defect formation energies, electronic
band alignments, interface energy barriers
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agreement between measured, calculated CPD
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Li induced Al) in Si: experiment vs. model
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Li alloying with Pt, Cu explains induced Ail)
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Sn 1.99 0.605 338.0 3.49 x 10-3 3.29 x 10-3 94
Pb 2.45 1.006 447.0 4.64 x 10-3 4.69 x 10-$ 101
Al 2.44 0.091 506.0 5.25 x 10-3 4.84 x 10-2 92
Au 2.77 0.413 249.0 2.58 x 10-3 1.90 x 10-8 74
Pt 2.36 0.432 228.0 2.36 x 10-3 1.90 x 10-3 80
Zn 2.44 0.732 119.0 1.23 x 10-3 0.90 x 10-8 70
Cid 2,47 1.356 94.0 9.70 x 10-4 9.01 x 10-4 93
Ag 3.03 0.410 73.0 7,60 x 10-4 6.92 x 10-4 91
Mg 1.25 0.026 43.0 4.40 x 10-i 4.45 x 10-4 101
TI 2.78 0.587 2.4 2.50 x 10-5 0.50 x 1O-6 20
ST-LFat 2.58 0.578 2.3 2.40 x 10-6 0.50 x 10-5 21
ST-AF12f 2.83 0.410 2.2 2.3D x 10-6 0.50 x 10-5 22
Cu 2.95 0.659 1.1 1.18 x 10-6 0.50 x 10-5 42
Ni 2,47 0.530 0.9 1.00 x 10-6 0.50 x 10-6 50
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Li alloys with all metals except Mo,

Nb and Ta
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Origin of inhomogeneous
potential at LCO/LiPON interface
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Summary

• KPFM CPD 4map µLi (fie-) across thin film solid state battery

• Ignore surface contributions to CPD

• NDP [Li] consistent with KPFM CPD

• KPFM, NDP qualitative agreement with model

• Large A µLi at LiPON/Si interface

• Inhomogeneous potential distribution at LiPON/LCO interface

• Li ordering in LCO possible origin of inhomogeneity
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What does KPFM measure?
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AV is given by the difference in
the electro-chemical potentials of

electrons in both objects:

AV = 
17e s t 

= 
(Ps FV5 — (Pt + FVt 

AV = Vt — — VCIDD

Vt and V5 are Galvani or electrostatic potentials
V cpc, is the effective CPD

Vt = VDct VAc sin(W)

, = ac z (vDct — VDCs VCPD)VAc sin(cot)

= az2 lVDCt VDCS VCPD) VAC
aF,s1 (a2c

=o

VDC tip = VCPD VDC sample

When VDC sample = Ol VDC tip = VCPD
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Connection to potential profile

• Neglecting surface terms, the CPD measures the electrons'
electrochemical potential difference with the cathode current
collector

• Corresponds to -Cie_ in potential profile model

• Approximations in band alignment calculations are similar to
neglecting surface terms in KPFM interpretation
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