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Fig. S1 Cross-sectional SEM image of the lc-substrate.
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Fig. S2 (a) Schematic illustration and (b) photograph of the DIW device. 
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Fig. S3 Top-view SEM image of the control sample (microgrid-patterned Si electrode active 

layer on a slurry-cast Si electrode active layer) with a Li plating capacity of 1 mAh cm-2 at a 

current density of 0.5 mA cm-2.
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Fig. S4 Top-view SEM image of the control sample (microgrid-patterned Si electrode active 

layer on a pristine Cu foil) with Li plating capacity of 1 mAh cm-2 at a current density of 0.5 

mA cm-2.



6

Fig. S5 Photographs of the planar Cu, lc-substrate and MPS hosts having different pore sizes.
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Fig. S6 Low magnification SEM images of the MPS hosts with different pore sizes after the Li 

deposition at a current density of 0.5 mA cm-2 and Li plating capacity of 1 mAh cm-2: MPS-

150 (left), MPS-300 (center), and MPS-450 (right).  
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Fig. S7 (a) EIS profiles of the asymmetric cell (MPS host||Li metal) before the cycling test. (b) 

Coulombic efficiencies (CE) of the MPS hosts with different pore sizes (MPS-150, MPS-300 

and MPS-450) during the Li plating/stripping cycling (at a current density of 3 mA cm-2 and 

an areal capacity of 3 mAh cm-2).
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Fig. S8 Galvanostatic charge/discharge profile of the MPS host at a current density of 0.5 mA 

cm-2 and a voltage range of 0.001–1.5 V. 
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Fig. S9 Ex-situ XRD patterns of the MPS host as a function of the areal capacity shown in the 

voltage-capacity profile of Fig. 3a: pristine MPS host at a point “b”, Si lithiation at a point “c”, 

Li plating at a point “e”, and Li stripping followed by Si delithiation at a point “f”.
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Fig. S10 Voltage profiles of the Li deposition on the planar Cu, lc-substrate, and MPS host at 

various current densities of (a) 0.1, (b) 0.5, (c) 1, and (d) 2 mA cm-2.
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Fig. S11 Cross-sectional (a-c) and top-view (d-i) SEM images. (a, d, g) Planar Cu foil, (b, e, 

h) lc-substrate, and (c, f, i) MPS host after the Li deposition at a current density of 0.5 mA cm-2 

and an areal capacity of 3 mAh cm-2. 



13

Fig. S12 Charge/discharge profiles of the planar Cu, lc-substrate, and MPS host during the CE 

test at a current density of 1 mA cm-2 with areal capacities of (a) 3 mAh cm-2 and (b) 5 mAh 

cm-2.
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Fig. S13 Cross-sectional SEM images of the MPS host (a) before cycle and (b) after 200 cycles 

of CE test (current density = 1 mA cm-2 and areal capacity = 3 mAh cm-2).
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Fig. S14 The 1st charge/discharge profile of the Li-metal full cells (planar Cu foil vs. MPS host) 

at charge/discharge current densities of 0.1 C/0.1 C and a voltage range of 2.8–4.2 V.
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Fig. S15 EIS profiles of the Li-metal full cells with planar Cu and MPS host, in which the cells 

were cycled at charge/discharge current densities of 0.5 C/0.5 C and a voltage range of 2.8–4.2 

V after the (a) 1st and (b) 50th cycles.
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Fig. S16 Cycling performance of the Li-free full cells at charge/discharge current densities of 

0.5 C/0.5 C (= 1.9 mA cm-2), in which the NCM811 cathodes (areal capacity = 3.8 mAh cm-2) 

were coupled with the pristine MPS host (vs. planar Cu foil).
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Table S1. Comparison of the CE (MPS host vs. previously reported hybrid Li-ion/Li-metal 

anodes) with particular attention to current density and areal capacity.

a) CEavg. = Average coulombic efficiency = ∑(CE)/(cycle #) 
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Table S2. Calculation details for the gravimetric and volumetric energy densities of the Li-

metal full cell (NCM811||MPS host). 

The gravimetric energy density of the full cell was calculated based on the weight of the 

cathode and anode materials. The equation was provided below:

 

𝐺𝑟𝑎𝑣𝑖𝑚𝑒𝑡𝑟𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 (𝑊ℎ 𝑘𝑔 ‒ 1
𝑐𝑒𝑙𝑙) =

Energy
Mass of cell

=

Energy
Area

Mass of cell
Area

=  
Nominal Volatge ×  C/A
Mcathode/A +  Manode/A

, where Mcathode and Manode are the mass of cathode and anode (consisting of MPS host (2 mAh 

cm-2) and pre-deposited Li metal (2 mAh cm-2) corresponding to an areal capacity of 4 mAh 

cm-2). C and A represent discharge capacity and area, respectively. The nominal voltage of the 

cell was estimated based on the integral of discharge profile divided by the discharge capacity, 

leading to 3.51 V. For more details, the information used to calculate the gravimetric energy 

density is shown below: 

The volumetric energy density of the full cell was calculated based on the thickness of the 

cathode and anode materials. The equation was provided below:

𝑉𝑜𝑙𝑢𝑚𝑒𝑡𝑟𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 (𝑊ℎ 𝐿 ‒ 1
𝑐𝑒𝑙𝑙) =

Energy
Thickness of cell

=
Nominal Volatge ×  C/A

Tcathode + Tanode

, where Tcathode and Tanode are the thickness of cathode and anode (consisting of MPS host (21 

μm) and pre-deposited Li metal (1mAh cm-2 of Li metal is deposited inside the pore and 1mAh 

cm-2 of Li metal is densely deposited on over the whole region of the MPS host, corresponding 

to 5 μm of thickness). C and A represent discharge capacity and area, respectively. For more 

details, the information used to calculate the volumetric energy density is shown below: 
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Table S3. Calculation details for the gravimetric and volumetric energy densities of the Li-ion 

full cell (NCM811||graphite). 

To make a fair comparison, we assumed that the same areal capacity of NCM811 cathode 

and the N/P ratio used in the Li-metal full cell (NCM811||MPS host) were applied to the Li-

ion full cell.

The gravimetric energy density of the full cell was calculated based on the weight of the 

cathode and anode materials. The equation was provided below:

 

𝐺𝑟𝑎𝑣𝑖𝑚𝑒𝑡𝑟𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 (𝑊ℎ 𝑘𝑔 ‒ 1
𝑐𝑒𝑙𝑙) =

Energy
Mass of cell

=

Energy
Area

Mass of cell
Area

=  
Nominal Volatge ×  C/A
Mcathode/A +  Manode/A

, where Mcathode and Manode are the mass of cathode and anode, respectively. The graphite anode 

was assumed to entirely deliver its theoretical capacity (= 372 mAh g-1). Using this assumption, 

the mass loading of the graphite anode was estimated to be 10.75 mg cm-2. C and A represent 

discharge capacity and area, respectively. The nominal voltage of the cell was 3.7 V.S1 For 

more details, the information used to calculate the gravimetric energy density of the 

NCM811||graphite full cell is shown below:

The volumetric energy density of the full cell was calculated based on the thickness of the 

cathode and anode materials. The equation was provided below:

𝑉𝑜𝑙𝑢𝑚𝑒𝑡𝑟𝑖𝑐 𝑒𝑛𝑒𝑟𝑔𝑦 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 (𝑊ℎ 𝐿 ‒ 1
𝑐𝑒𝑙𝑙) =

Energy
Thickness of cell

=
Nominal Volatge ×  C/A

Tcathode + Tanode

, where Tcathode and Tanode are the thickness of cathode and anode sheets, respectively. The 

thickness of the graphite anode sheet was calculated based on the previous work, in which the 

density of graphite anode sheet was assumed to be 1.35 g cm-3.S2 C and A represent discharge 

capacity and area, respectively. For more details, the information used to calculate the 

volumetric energy density of the NCM811||graphite full cell is shown below:
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Table S4. Comparison of the major specification and gravimetric/volumetric energy densities 

between the Li-metal full cell of this study and those of previously reported Li-metal full cells 

with hybrid Li-ion/Li metal anodes. 

a) The weight of active materials, conducting materials, binders are exclusively utilized for calculating energy 
density.

b) The thickness of cathode and anode materials are exclusively utilized for calculating energy density.

c) For this paper, all of the cell components (ex. electrolytes, current collectors, etc.) are utilized for calculating 
energy density.

100 μm
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Movie S1. Fabrication of the microgrid-patterned Si electrode active layers on top of the lc-

substrate using the DIW-based printing.
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