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Table S1. Key parameters used for the calculation of specific energy and energy density values for Li metal
batteries using NCA-based positive electrodes, Celgard 2320 polypropylene monolayer separators, an organic
carbonate-based electrolyte, and negative electrodes composed of a Cu foil current collector beneath either Li
metal or a Cu micro-foam, or with no additional layer on top. Electrolyte amount calculated to wet separator and
fill Cu micro-foam pores (if present). Calculation adapted from Schmuch et al..[

Parameter Value Unit
Positive electrode thickness 50 pm
Positive electrode areal mass (incl. electrolyte) 16.640 mg cm
Positive electrode areal capacity 2.820 mAh cm?
Positive electrode Al current collector thickness 6 pm
Positive electrode Al current collector mass 1.620 mg cm
Separator + electrolyte thickness 20 pum
Separator + electrolyte mass 2.095 mg cm?
Electrolyte amount (Cu foil) 0.78 uL cm2
Electrolyte amount (52.2 um thick Cu micro-foam) 4.50 uL cm2
Electrolyte amount (15 um thin Cu micro-foam) 1.85 uL cm2
Negative electrode Cu current collector thickness 5 pm
Negative electrode Cu current collector mass 4.480 mg cm2
Cu micro-foam density (incl. pore space) 2.424 gcm®
Nominal cell voltage 3.7

Table S2. Comparison of the capacity retention values achieved in ZELMB systems with optimized Cu-based
negative electrode substrates as reported in several recent studies. 3D structured negative electrode substrates are
marked as (3D). Voltage = upper cutoff voltage used for charge/discharge cycling. PE = positive electrode.
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Figure S1. (a) Pristine Cu micro-foam reference and (b-d) Li nuclei covering the surfaces of the Cu micro-foam
material after deposition of metallic Li corresponding to (b) 0.05 mAhcm?, (c) 0.20 mAhcm?, and
(d) 1.00 mAh cm (current density 0.1 mA cm). Red arrows indicate (b) area with individual Li nuclei, (c) an
expanding Li cluster formed from the merging of several Li deposition nuclei, and (d) mossy Li protrusions grown
on the original spherical deposition nuclei.
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Figure S2. Enlarged top-view images of metallic bulk Li deposited on (a,b) Cu micro-foams and (c,d) plain Cu
foil. Using a current density of 0.1 mA c¢cm, Li amounts equal to (a,c) 0.20 mAh cm and (b,d) 1.00 mAh cm
were deposited.

In Figure 3a, a layer of a flaky material can be seen on the walls of some sub-surface pores as
well as on parts of the Li structures that protrude into these pores. Figure S3 illustrates that this
coating is made up of Cu from the Cu micro-foam skeleton that is redeposited during the FIB
milling process. Therefore, this phenomenon can be classified as a processing artifact. Apart
from this, both the top surfaces of the Li deposits and the pore walls show small Li nuclei partly
covered with SEI and redeposited Cu (see Figure S1b).



Figure S3. (a) Cross-section view of a Cu micro-foam with a protective C coating applied prior to FIB milling.
The image shows a schematic representation of how Cu can be abraded and redeposited onto the pore walls (red)
by the incident Ga beam used for FIB milling. (b) EDX mapping image of the same cross-section proving that the
material redeposited on the pore walls is actually Cu. Color code: Cu = orange, Ga = green, C = blue, O = purple.
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Figure S4. Current density distribution in (a) flat Cu foil and (b) a simplified model of the used dendritic Cu foil
simulated with COMSOL Multiphysics. An equal current of 0.1 mA cm relative to the geometric area in the
x-y-plane was applied to both models. The same color scale was used for both current density visualizations.
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Figure S5. Accumulated Coulombic inefficiency resulting from charge/discharge cycling of NCA || Cu micro-
foam (blue), NCA || Cu foil dendritic (red), and NCA || Cu foil flat (black) cells with a current density of
0.2 mA cm (0.2 C) for 100 cycles at 40 °C. The Accumulated Coulombic inefficiency is calculated by adding up
all the individual Coulombic Inefficiency values of each cycle.
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