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Figure 1. Optical in situ cell reveals the failure modes of a lithium metal anode. (A) Self-made in situ cell. (B) Evolution of lithium metal
surface during electrodeposition under a current density of 1 mA/cm2. There is a gap between the lithium metal surface and the non-
transparent commercial separator to observe the dendrite growth morphology until it contacts the separator. (C) Penetration through the
commercial separator by lithium dendrite during electrodeposition under a current density of 1 mA/cm2. In this setup, the separator is
directly in contact with the lithium electrode. (D) EIS results showing significant impedance increase after 5 cycles. (E) SEM image of
deposited lithium surface showing sharp nano-scale needles and filaments.
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lithium deposition on any protruded spots, eventually resulting
in a flat lithium metal surface.

In mechanical blocking, the elastic energy spreads away from
the interface and is fundamentally limited by the low yield
strength of lithium metal. The elastic energy relaxes greatly
upon plastic deformation. Therefore, the achievable elastic

energy around a protrusion is inherently limited, which is
insufficient to effectively reduce lithium diffusion and
deposition onto a protrusion. The piezoelectric mechanism is
a very strong first order effect and is highly localized. It is very
effective to stabilize a lithium surface during deposition.
Analysis suggests that the effectiveness of piezoelectric

Figure 2. Concept of the piezoelectric mechanism and properties of the PVDF film. (A) Illustration of using a piezoelectric film to suppress
lithium dendrite growth. (B) SEM image showing the microporous structure of a fabricated PVDF film. (C) XRD results showing the
dominate β-phase PVDF and complete removal of ZnO. (D) Transparency of a PVDF film when wetted by the organic electrolyte. The block
M logo belongs to the University of Michigan. (E) Characteristic piezoelectric voltage across the thickness of the fabricated porous PVDF
film. The film is pre-loaded to 0.5% uniaxial in-plane strain as the reference, and cycling is centered about this reference with an amplitude of
0.5% strain, that is, cycling with 1% peak-to-peak strain.
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