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Supplementary Figure 1. The reaction energy between P-S species and LisPOs4. Red, the reaction

between P»>Ss and LisPOg; bule, the reaction between P4S16 and LizPOa.

Supplementary Figure 2. Morphology of uncoated NMCS811 powder. (a-c) SEM images at

different magnifications and (d) EDX mapping for Ni, Mn, Co, and O elements.



Supplementary Figure 3. Morphology of LPO-NMC811 powder. (a-c) SEM images at different

magnifications and (d) EDX mapping for Ni, Mn, Co, O, and P elements.

Supplementary Figure 4. Morphology of PS-LPO-NMC811 powder with 1wt% P4Sis content. (a-
¢) SEM images at different magnifications and (d) EDX mapping for Ni, Mn, Co, O, P, and S

elements.



Supplementary Figure 5. Morphology of PS-LPO-NMC811 powder with 5wt% P4Si¢ content.

Supplementary Figure 6. Morphology of PS-LPO-NMC811 powder (5 wt.% P4S1¢) after anneal at

(a,b) 350 °C and (c,d) 450 °C.



Supplementary Figure 7. The (a,b) cross-sectional HRSTEM and (c-f) HRTEM images of the
LPO-NMC811 powder, the clear cross-section was cut by focused ion beam after the ALD coating

process.

Supplementary Figure 8. (a) The HAADF-STEM image of the LPO-NMCS811 powder, (b-g) the
corresponding EDX elemental mapping of Ni, Co, Mn, O, P, C, and (h) the overlay map of these

elements.



Supplementary Figure 9. (a) The STEM-HAADF image of the PS-LPO-NMC811 powder section
cut by focused ion beam, (b-h) the corresponding EDX elemental maps of Ni, Mn, Co, O, P, S, C,

and (i) their overlay map.
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Supplementary Figure 10. (a) STEM-HAADF image of the inner primary particles (Zone 2 in
figure 2a) of PS-LPO-NMCS811 powder, and (b-h) the corresponding EDX elemental maps of Ni, P,
S, and their overlay map. (i-j) An EDS spectrum and EDS line scan (from figure h) of the inner

primary particles marked in figure h.
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Supplementary Figure 11. HRTEM images showing the morphology of the LizP1+x04S4x coating

on the NMC811 particles for the PS-LPO-NMC811 powder sample.
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Supplementary Figure 12. (a) Atomic force microscopy (AFM) image and (b) corresponding DMT

modulus mapping of the PS-LPO-NMCS811 powder sample.
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Supplementary Figure 13. XANES spectra of NMC, LPO-NMC, and PS-LPO-NMC powder
samples. (a) S K-edge XANES spectra of P4Sis (cyan), commercial LisPS4 (blue), and PS-LPO-
NMC (red), (b) P K-edge XANES spectra of P4Si6 (cyan), commercial LizPS4 (blue), LPO-NMC
(brown), and PS-LPO-NMC (red). (c¢) Ni K-edge, (d) Mn K-edge, and (e) Co K-edge XANES

spectra of bare NMC (dark), LPO-NMC (brown), and PS-LPO-NMC (red).
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Supplementary Figure 14. P 2p XPS spectra of (a) LPO-NMCS811 and (b) PS-LPO-NMC811

powder samples.
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Supplementary Figure 15. S 2p XPS spectra of PS-LPO-NMC811 powder sample.
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Supplementary Figure 16. The comparison of (a) Ni 2p, (b) Mn 2p, and (c) Co 2p XPS spectra for

Binding Energy (eV)
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bare NMC811, LPO-NMCS811, and PS-LPO-NMC811 powder samples.

Supplementary Figure 17. (a) A disassembled and (b) assembled homemade KP-Solid cells.
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Supplementary Figure 18. The beginning of the charging process of the three In|LGPSNMC811
(orange), In|LGPS|LPO-NMC811 (green), and In|LGPS|PS-LPO-NMCS8I11 (red) cells in the first

cycle at the current density of 0.089 mA cm at 25°C.
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Supplementary Figure 19. Electrochemical impedance spectroscopy measurements of
In|LGPS[PS-LPO-NMCS8I11 cell cycled at 0.178 mA c¢cm™ at different charge/discharged states. (a)
Charged to 3.7 V, (b) charged to 3.8 V, (c) charged to 3.9 V, (d) charged to 4.0 V, (e) charged to 4.1
V, (f) fully charged, (g) discharged to 4.1 V, (h) discharged to 4.0 V, (i) discharged to 3.8 V, and (j)
fully discharged. (k) The equivalent circuit.

The electrochemical impedance spectra were analyzed by EC-lab V11.02 software ['1. The raw and
fitted curves are shown in Supplementary Figure 19a-j with an equivalent circuit of
L1+R1+CPE2//R2+CPE3//R3+W1 (Supplementary Figure 19k) [>31. The L1 is electrical inductance
related to the external circuit. The R1 corresponds to the resistance of the electrolyte. CPE2//R2 is
assigned to the capacitance and resistance of the interface between the cathode and electrolyte in
the high-frequency region. The capacitance and resistance of the interface between the anode and

electrolyte in the middle-frequency region can be modeled using CPE3//R3. The Warburg



impedance (W1) represents the diffusion of the ions within the cathode. Fitted values of each
element in different voltage states during the charge/discharge process regarding the spectra in
Supplementary Figure 19 are collected as in Supplementary Table 3. The impedance of electrolyte
(R1) reveals similar data with 55+3.8 Q during the charging process and ~74+4.5 Q during
discharging process. A stable capacitance and resistance of the interface between the cathode and
electrolyte (C2 and R2) can be revealed. Moreover, the capacity of the interface is low as 107 F.
The resistance of the interface between the anode and electrolyte shows a small change from 7 Q in
the initial state to 49.83 Q in the full charge state and then returns back to 31.58 Q in the full

discharge state.
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Supplementary Figure 20. The polarization voltages of the three In|LGPS|NMCS811 (orange),
In|]LGPS|LPO-NMCS8I11 (green), and In|LGPS|PS-LPO-NMCSI1 (red) cells at different discharge
states during the GITT test in Figure 5 (b,c). The error bar is around 2%, which is original from the

mechanism error bar in this testing (£0.5 pA) and the data analysis (£0.1 mV).
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Supplementary Figure 21. The Coulombic efficiencies of the three In[LGPS|NMCS811 (orange),
In|LGPS|LPO-NMCS811 (green), and In|[LGPS|PS-LPO-NMC811 (red) cells for the long cycling test
at 25 °C in Figure 5h. The current is 0.089 mA cm for the initial three cycles and 0.178 mA c¢m?

for the following cycles.
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Supplementary Figure 22. The (a) cycling performance and (b) corresponding Coulombic

efficiencies of different PS-LPO-NMCS811 cathodes prepared by different weight fractions of P4Si6



in the sulfurization process at 25 °C. The three cells are In|LGPS|1%PS-LPO-NMC811,
In|LGPS|2.5%PS-LPO-NMCS811, and In|LGPS|5%PS-LPO-NMCS811. The current is 0.089 mA cm

2 for the initial three cycles and 0.178 mA c¢cm™ for the following cycles.

Supplementary Figure 23. A STEM-HAADF image of the surface of LPO-NMCS811 particles after
100 cycles at the fully discharged state, the corresponding EDX elemental map, and the overlay map
of these elements in the sample. Note that the TEM measurements are ex situ postmortem positive
electrode measurements. The In|[LGPS|LPO-NMCS811 cell was cycled at 0.089 mA cm? for the

initial three cycles and 0.178 mA cm for the following cycles at 25 °C.
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Supplementary Figure 24. Schematic representation of the possible mechanism of layered to rock-

salt transformation.



Supplementary Table 1. S 1s HEXPS spectra of the PS-LPO-NMC811 at different photon energies.

Photon S1s
Energy thiophosphate species oxy-thiophosphate Intensity ratio of
(eV) (P-S-...Li") species (P-Ox- thiophosphate to oxy-
Sy...Li") thiophosphate species
Position (eV) Position (eV) (%)
3000 2468.44) 2470.2(2) 91.9(3)
6000 2468.5(9) 2470.2(9) 113.3(9)
8000 2468.7(0) 2470.5(2) 167.9(1)

Supplementary Table 2. O 1s HEXPS spectra of the PS-LPO-NMCS811 at different photon energies.

Photon O1s
Energy LPO oxy-thiophosphate species | Intensity ratio of LPO to
(eV) (P-O4-Sy...Li" oxy-thiophosphate
species
Position (eV) Position (eV) -
3000 531.5(0) 533.1(8) 2.14)
6000 531.5(0) 533.2(1) 2.5(7)
8000 531.5(0) 533.2(2) 3.3(7)

Supplementary Table 3. The simulated parameters for the EIS of the In|LGPS|PS-LPO-
NMC811 cell cycled at 0.178 mA cm™ at 25 °C at different charge/discharged states..

States (vs. | L1/H R1/Q | C2/F R2/Q2 | C3/F R3/Q | s1/ v/Z|
Li*/Li) QS-12

Charged to | 2.389¢-6 | 57.35 | 1.1216e-6 | 25.27 | 0.03531 7.037 | 1.518 | 4.654e-3
3.7V

Charged to | 5.52e-6 | 57.39 | 1.17e-6 14.07 | 0.01171 11.99 | 1.404 | 1.552e-3
38V

Charged to | 6.429¢-6 | 55.82 | 1.032¢-6 | 15.3 | 0.03038 16.98 | 1.346 | 0.04244
39V

Charged to | 8.007e-6 | 53.74 | 0.6792e-6 | 18.56 | 0.02495 12.73 | 1.589 | 1.461e-3
4.0V

Charged to | 6.492e-6 | 53.11 | 0.8963e-6 | 20.62 | 0.052 93 18.72 | 1.511 | 1.624e-3
41V

Fully 7.649¢-6 | 51.27 | 0.2817 25.54 1 0.5622 49.83 | 2.02 | 2.052e-3
charged

Discharged | 5.026e-6 | 72.39 | 0.7157e-6 | 33.31 | 0.3857 48.67 | 0.8972 | 2.402¢-3
t04.1V

Discharged | 4.17¢-6 | 76.78 | 0.7839¢-6 | 35.11 | 0.073 6 23.97 | 1.864 | 2.443¢-3
to4.0V

Discharged | 4.186e-6 | 78.52 | 0.8174e-6 | 34.46 | 0.067 54 | 23.9 | 1.773 | 1.745¢-3
to3.8V

Fully 5.552e-6 | 70.13 | 0.7537e-6 | 30.85 | 0.097 19 | 31.58 | 1.396 | 1.947¢-3
discharged
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