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Introduction The Three Pillars of Smart Formation

Battery formation, the last step in battery manufacturing, is painful…
1. Formation features (FFs) enable scalable, non-destructive extraction of 
electrochemically-meaningful performance metrics at the end-of-line, via formation:1

2. Physics-based formation models set a foundation for interpreting FFs, developing
new FFs, and enabling model-based control of formation protocols.2

3: Lifetime understanding enables setting of FF specs, e.g., the resistance at low-SOC
(R10s,5%SOC), informed by end-of-life performance.3
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...but provides an untapped source of electrochemical data that can
improve cell performance diagnostics, upstream process control, and
formation speed. Yet, data interpretation remains challenging without a
model-based understanding of the formation process.
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Modeling Formation
A minimum set of elements for building a formation process model:2

Model Validation Outlook
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Physics-informed battery formation
models can help improve end-of-
line diagnostics by improving the
interpretability of formation
features and identifying design
rules for formation protocol
optimization. We showed how a
simple formation model can enable
a rich set of state predictions. The
model can potentially be used to
develop adaptive formation
protocols and, perhaps, enable
online, closed-loop manufacturing
process control for future factories.
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