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Supplementary Figure 1. Arrhenius plots for (a) Li2Ino.111Sco.555Cls; (c) Lizlng222Sc0.444Cla; (€)
Li2Ino 333S¢0.333Cls; (g) Lizlno 444Sco.222Cls and (i) LizIno 555S¢0.111Cls in the temperature range from
30 to 60 °C. Corresponding Nyquist plots of (b) Li2Ing.111Sco.555Cl4; (d) Lizlno222Sco.444Cls; (f)
Li2Ino333S¢0.333Cls; (h) Lizlno.444Sco.222Cls and (j) LizIno.sssSco.111Cls at each temperature used in
the Arrhenius plots.



i Li2|n1/3SC1/3CI4
g 0.08 -
< |
E 0os- 0.0003 1
E - - _'W\WW‘WWVJV\WJ&WW/\/\W
5 0.04- 0.0001
O | |
0.0000 " MMMAAA A AN AN VAN A
0.02 - , . ,
L 9.0 95 10.0
0.00 -
I 5 1 ' 1 5 I 5 I !

Time (min)

Supplementary Figure 2. Comparison of electronic conductivity of LixIni3Sci3Cls and
Li2Sc23Cls measured by the DC polarization method. Chronoamperometry result for the stainless
steel | SE | stainless steel cells with constant voltage of 1 V; the corresponding electronic
conductivity of LizIni;3Sc13Cls (blue curve) is 4.7 x 1071° S-em™ and Li>Sc23Cls (red curve) is 4.2
x 10” S-cm™.
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Supplementary Figure 3. (a) Time-of-flight neutron diffraction pattern and the corresponding
Rietveld refinement of LizIng.444Sco222Cl4, Experimental data are shown in black circles; the red
line denotes the calculated pattern; the difference profile is shown in blue and calculated positions
of the Bragg reflections are shown as red (Li2Ino.444Sc0.222Cls, 58.78%), blue (LiCl, 1.82%) and
pink (LizIno.e66Sc0.334Cls, 39.40%) vertical ticks. Rwp and GoF are the weighted profile R-factor
and goodness of fit respectively. Due to the peak overlap between the cubic spinel and monoclinic
phases, the refinement was initially conducted with only the cubic spinel phase and LiCl, and then
all the structural parameters were fixed. Finally, the monoclinic phase was added to the refinement,
with the single crystal diffraction framework used as a starting point. The Sc and In occupancies
were fixed from single crystal results during the refinement. (b) powder X-ray diffraction patterns
collected in Debye-Scherrer geometry, of LizIno.444Sco.222Cls (red), and LizIne.333Sc0.333Cls (blue)
at high-resolution with long scan times to identify trace impurities. Samples were sealed in 0.3
mm (diameter) glass capillaries under argon. The enlarged area shows reflections corresponding
to the monoclinic phase, which is almost invisible for LizIno333S¢0333Cla.
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Supplementary Figure 4. Structural comparison between spinel LizIng333Sco333Cls and
monoclinic LizIng.e66Sco.334Cls. (a, b) a cubic close-packed (ccp)-like Cl anion arrangement in both
structures; (c) spinel structure with Sc/In occupying sites in the Li layer, and (d) monoclinic
structure with no Sc/In in Li layer; (e) spinel structure with Sc/In/Li shared site, and (f) monoclinic
structure with distinct In/Sc and Li sites (no shared occupancy).
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Supplementary Figure 5. Schematic illustration of the ASSB configuration, with In/Liln as
the negative electrode, Lis.7Si0.7Sbo.3SsI as the separator and LixIno333Sco333Cls as the solid
electrolyte for the cathode composite and separator.



a b
4.2 ]
< 1 < 44
s s ]
F'; 3.8+ F_' 4.0+
> 36 4 -
> ] > 36- ==
o 344 \ 0] om2
= I sop"  NCM85 (6.93 mg-om?) - ASSB > EggnBszz (6:52 mg -cm
£ 7 ' C/5(0.249 mAcm?) = 324 " 2
L 30 400 28-43Vvs LifiLi L 300" C/5 (0.235 mA -cm?)
] 600" 320" 2.8-4.6VvsLi/Li
2.8 — T T T T T T T T T T 1 T 28 T T T T T T T T
0 30 60 90 120 150 180 210 0 50 100 150 200
Capacity (mAh-g™) Capacity (mAh-g™)
100 & d 42 ]
_- 80 ? ?: 4.0
< 2 =38
E M NCMs (3.60mgem?| %0 £ a6
= 100 4 Liquid cell Jag © > 34 ]
e o Charge G5 (0.130 mA-cm2) | el o 4ot
% 504 o Discharge =t A 20 E % 3.2 ] 50
S > Coulombic efficiency : 3 > 307 100"
0 — T T T T T g 0 O 28 T T T T T T T T
0 20 40 60 80 100 0 50 100 150 200
Cycle number Capacity (mAh-g™")
e 250 100 § fﬁ
o200 NCM622 (3.55 mg-cm2) 1 > 2
Z Liquid cell 180 & 5
- C/5 (0.128 mA-cm™?) L =
E oy, 28-46VusLii 180 & =
£ 100- 02 o
8 1 o Charge 'E g
® 50 o Discharge 420 6 B
O o Coulombic efficiency 1 3 = 3
0 T T T T T T T T T 0 O 2.8 T T T T T T T T T
0 30 60 90 120 150 0 50 100 150 200 250
Cycle number Capacity (mAh.g™")

Supplementary Figure 6. Charge-discharge voltage profile of an NCMS85 (a) ASSB cycled at a
C/5 rate between 2.8 - 4.3 V vs Li"/Li; and an NCM622 (b) ASSB cycled at C/5 rate between 2.8
- 4.6 V vs Li"/Li. Charge-discharge capacity and the coulombic efficiency (CE) as a function of
cycle number and corresponding charge-discharge voltage profile for a NCMSS5 (c, d) liquid cell
cycled at C/5 rate between 2.8 - 4.3 V vs Li*/Li; and a NCM622 (e, f) liquid cell cycled at C/5
rate between 2.8 - 4.6 V vs Li"/Li. This demonstrates the superior stable cycling of the ASSB
compared to the conventional liquid cell.

Supplementary Note 1. The liquid cells use a standard organic liquid electrolyte (LP57; 1 M
LiPF¢ in EC/EMC) and Li metal. Thus, the capacity fade partially originates from the Li anode
due to SEI formation, in addition to electrolyte decomposition on the surface of NCM which occurs
above 3.8 V vs Li*/Li.! Other liquid electrolytes with different solvent and Li salt have been
developed which exhibit much better electrochemical performance,”** but are not commercially
available.
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Supplementary Figure 7. Charge-discharge capacity and the coulombic efficiency as a function

of cycle number for (a) NCM85 ASSB with a cathode composite weight ratio of NCM85 and

LizIni3Sc13Cly solid electrolyte of 90:10, (b) corresponding charge-discharge voltage profiles.
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Supplementary Figure 8. Charge-discharge voltage profiles of long-term cycling of the NCM85
ASSB (after rate cycling) at 3C, demonstrating excellent cycling stability over more than 3000
cycles.



250
a H — . ; = 100

200 4

(=p

NCM85 (6.27 mg-cm2) — ASSB

C/5 (0.23 mA-¢m2) 1
I 3C (3.38 mA-cm2)
2.8-4.3V vs LiLi 190

iy

(&)

o
|

i
|

o i
° -85

Capacity (mAh-g”'
Coulombic efficiency (%)
Voltage vs Li"/Li (V)

504 o Charge
o Discharge
o Coulombic efficiency 1
0 y T : T E 80 2.8 E T g T u T E T
0 1000 2000 3000 0 50 100 150 200

Cycle Number Capacity (mAh-g™")

Supplementary Figure 9. (a) Charge-discharge capacity and coulombic efficiency as a function
of cycle number and (b) Charge-discharge voltage profiles for NCM85 ASSB cycled at 3C rate
between 2.8 - 4.3 V vs Li"/Li, with initial 10 cycles cycled at C/5.
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Supplementary Figure 10. (a) Charge-discharge capacity and the coulombic efficiency as a
function of cycle number and (b) Charge-discharge voltage profiles for NCM85 ASSB cycled at a
2C rate between 2.8 - 4.3 V vs Li'/Li, with the initial 10 cycles cycled at C/5. Small fluctuations
in capacity and CE in (a) are due to temperature variation during cycling.

Supplementary Note 2. The In/InLi anode was made by pressing together an In foil (thickness of
100 um, diameter of 10 mm) and a Li foil (~ 1 mg). The initial 10 cycles at low current density
are essential to form the In/Liln two-phase anode and create a stable interface between the anode
and the argyrodite solid electrolyte. Thus, the cells (Supplementary Figure 9, 10) exhibit higher
discharge capacity than in Figure 3c,d at same rate (i.e., current density). As the cells used for rate
cycling were only cycled at low current density for 5 cycles, the cell performance at high rate is
limited by the limited reversibility of the In/Liln two-phase anode.’
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Supplementary Figure 11. Charge-discharge voltage profiles of high-loading long-term
cycling of LCO ASSBs at (a) room temperature (RT), cycled at C/3 between 2.8 V -4.3 V vs
Li"/Li and (b) 50 °C, cycled at C/2 between 3.0 V - 4.3 V vs Li"/Li and of (c) ultra-high-
loading LCO ASSB cycled at a C/6 rate and room temperature between 2.6 V - 4.4 V vs Li"/Li
and 50 °C between 2.6 V - 4.3 V vs Li"/Li. At high cathode active material loadings, the
kinetics of Li ion/electron diffusion within the thick cathode composite are more limited than
at low loadings. At high current densities, that results in a high overpotential. The ionic
conductivity of the solid electrolyte and both ionic/electronic conductivity of cathode active
materials increases with increasing temperature, thus giving better Li ion/electron diffusion
kinetics and lower overpotentials. In short, a wider cut-off potential window was used for high-
loading ASSB cycled at RT.
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Supplementary Figure 12. High loading NCMS85 ASSBs with 22.31 and 22.00 mg-cm™
CAM-loading cycled at room temperature between 2.8 - 4.3 V vs Li"/Li at a C/8 rate and the
corresponding charge-discharge curves. The data, which are essentially the same as shown in
Figure 5d,e, demonstrate reproducibility of the electrochemical performance.
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Supplementary Figure 13. (a) XRD pattern of a Li-Si alloy synthesized by mixing Li and Si
powder; the main reflections are assigned to Li12Si7 and residual Si and Li,Si are indicated. (b-d)
SEM images of the as-synthesized Li-Si alloy showing micron-sized particles. (e) Charge-
discharge capacity and the coulombic efficiency as a function of cycle number and (f) Charge-
discharge voltage profiles for NCM85 ASSB with the Li-Si alloy anode cycled at a C/5 rate
between 2.0 - 4.3 V.

Supplementary Note 3. Silicon powder (99%, Sigma-Aldrich, 325 mesh) was ball milled at 400
rpm for 10 hours to reduce the particle size. Stoichiometric amounts of the ball-milled Si powder
and Li powder (FMC) (corresponding to the target phase Lii2Si7) were gently mixed, and then
ground in an agate mortar until a homogeneous black colored powder was obtained. The NCM85
ASSB was fabricated using the same procedure as for the cell with In/InLi (see Supplementary
Figure 12), using 21.6 mg cathode composite loading and 3.5 mg Li12Si7 powder as the anode.

12
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Supplementary Figure 14. Initial Nyquist plot of the NCM622 ASSB corresponding to the
first point on the charge curve (point 1) in Figure 6a.
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Supplementary Figure 15. Impedance evolution during the first cycle of an NCM85 ASSB
cycled between 2.8 - 4.3 V vs Li"/Li. The corresponding voltage profile (left) and impedance
spectra (right) collected on the first cycle (top); during charging (middle) and discharging
(bottom) are shown. The numbers on the voltage profile correspond to the points where the EIS
spectra were collected at every hour after a 30 min rest (before and after). All studies were
conducted at a C/5 rate.

EIS spectra were measured in two-electrode configuration as we only sought to monitor the
overall impedance changes in these studies; three electrode cells will be described in
forthcoming work. The spectra could not be fit reliably with equivalent circuits owing to the
complexity of the impedance response and overlapping contributions. The value of Ro (~ 30
ohm) corresponds well to the resistance drop from the solid electrolyte separator as estimated
from the conductivity and thickness.
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Supplementary Figure 16. Impedance evolution during the first cycle of a LCO ASSB cycled
between 3.0 - 4.3 V vs Li"/Li. The corresponding voltage profile (left) and impedance spectra
(right) collected on the first cycle (top); during charging (middle) and discharging (bottom) are
shown. The numbers on the voltage profile correspond to the points where the EIS spectra were
collected at every hour after a 30 min rest (before and after). All studies were conducted at a

C/5 rate.
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Supplementary Figure 17. Nyquist plots of the fully discharged LCO ASSB cycled at a C/2
rate between 2.8 - 4.3 V vs Li"/Li, shown over the first 10 cycles.
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Supplementary Figure 18. Impedance evolution during the first cycle of a NCM85 ASSB cycled
between 2.8 - 4.8 V vs Li"/Li. The corresponding voltage profile (left) and impedance spectra
(right) collected in the first cycle; during charging (middle top), discharging (middle bottom) and
initial (right) are shown. The numbers on the voltage profile correspond to the points where the EIS
spectra were collected at every hour after a 30 min rest (before and after). All studies were
conducted at a C/S rate.
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Supplementary Figure 19. (a) Impedance evolution at high-voltage, where the EIS spectra were
collected every 20 min of “aging” at a constant applied potential of 4.8 V vs Li'/Li. (b) Equivalent
circuit fit of the final Nyquist plot of NCM85 ASSB after 30 h aging at 4.8 V vs Li"/Li, which
shows increased charge transfer resistance between NCMS85 and LixIni3ScisCls due to
significantly decreased Li-ion mobility and electronic conductivity in highly de-lithiated
NCMSS.

Supplementary Note 4. The increased impedance (Supplementary Figure 19) on charging at a
constant potential of 4.8 V vs Li"/Li is caused by the very large drop in electronic conductivity and
Li-ion mobility in highly de-lithiated NCM85 (Lio.07Nio.85C00.1Mno.0502).

In contrast, upon “aging” the cell at a lower potential of 4.3 V, less Li is extracted from NCMS8S5 -
i.e., to form Lio.19Nio.85C00.1Mno0s02 - which exhibits higher Li-ion mobility and electronic
conductivity. Thus, a stabilized and much lower impedance is observed (see below, Supplementary

Figure 20).
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Supplementary Figure 20. (a) Charge voltage profile of NCM85 ASSB. After chargingto 4.3 V
vs Li'/Li, the cell was held at that constant potential for 30 h; (b) the corresponding leakage current
during the 4.3 V vs Li'/Li constant voltage hold (“aging”). (¢) Impedance evolution during the
voltage hold at constant applied potential of 4.3 V vs Li"/Li, where EIS spectra were collected
every 20 min. The lack of significant change in the spectra indicates formation of a stable interface
between NCMS8S5 and the chloride SE at this potential. (d) Equivalent circuit fit of the final Nyquist
plot of NCM85 ASSB after 30 h “aging” at 4.3 V vs Li"/Li, which shows very low charge transfer

resistance.
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Supplementary Figure 21. (a) Charge-discharge voltage profile of NCM85 ASSB, initial and
after two subsequent cycles. After the initial charge to 4.6 V vs Li'/Li, the cell was held at that
potential for 30 h. (b) the corresponding leakage current during the 4.6 V constant hold (“aging”)
period. (¢) Impedance evolution during the voltage hold at 4.6 V vs Li*/Li, where the EIS spectra
were collected every 20 min. (d) Nyquist plots of NCM85 ASSB at initial state, and at 3"
discharge. Upon re-lithiation on discharge, the cell impedance returns to its low value suggesting
the formation of a stable interface between NCMS85 and the chloride SE. (e) Equivalent circuit fit
of the final Nyquist plot of NCM85 ASSB at 4.6 V vs Li*/Li after the 30 h hold at that potential,
showing low charge transfer resistance.
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Supplementary Figure 22. TOF-SIMS surface analysis results of (a) LiCl", (b) InCls", (¢) ScCly
and (d) ScCls™ fragments of bare SE, uncycled cathode composite and cycled composite with cut-
of potential of 4.3 V (160 cycles), 4.6 V (20 cycles) and 4.8 V (10 cycles) vs Li"/Li. These
fragment’s signal originate from the chloride SE and show no clear change after cycling, which
demonstrate the stable interface at high voltage up to 4.8 V vs Li"/Li. The box plots were obtained
based on the corresponding normalized signal tensities of 12 spectra on each sample. The minima,

maxima, median, bounds of box and whiskers, and percentile were provided in Supplementary
Table 8.

Supplementary Note 5. The signal intensities of halide fragments (i.e., LiCl™, InClz~, ScCl,™ and
ScCl;37) were compared to evaluate any possible decomposition of the solid electrolyte. There is
no pronounced trend in the LiCl™ and InCls™ signals. The signal intensity of the ScCl,~ fragment
shows a slight increase for the 4.3 VV sample. The ScCls™ signal shows a reverse trend with ScCly™
signal. This phenomenon may relate to a really minor decomposition process taking place after
long term cycling. However, the cell can sustain stable long-term cycling with 90% capacity
retention over 600 cycles (Figure 4a), which suggests such minor decomposition does not
significantly affect the ASSB performance.
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Supplementary Figure 23. TOF-SIMS secondary images of negatively charged fragments: CI°,
ClO7, ScO™ and NiO2” measured on the top surface of the SE, uncycled cathode composite (OCV)
and cycled cathode composite (cycled between 2.8 - 4.8 V vs Li"/Li) pellets. Color scale unit: a.u..
As the ToF-SIMS images display a large sample area of 150*150 um? which contains numerous
NCMSS particles (D50 = 5 pm), numerous SE-NCM8S5 interfaces can thus be measured to track
even minor changes. But the resolution of these images is not enough to identify individual
NCMSS5 particles, which is also not necessary to obtain the analytical information of the
degradation products.
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Supplementary Figure 24. TOF-SIMS secondary images of negatively charged fragments: LiCl
, InCl37, ScCly” and ScClz” measured on the top surface of the SE, uncycled cathode composite
(OCV) and cycled cathode composite (cycled between 2.8 — 4.8 V vs Li'/Li) pellets. Color scale

unit: a.u..
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Supplementary Figure 25. SEM images of (a) bare NCM622 and (b) enlarged image of a bare
NCM622 particle. (¢) Enlarged SEM image of one LizIni3Sci3Cls coated NCM622 particle. The
EDX map (Cl, for simplicity) shows the slightly patchy coating of the chloride solid electrolyte
on the surface of the NCM622 particles.

Supplementary Figure 26. SEM images of (a) bare LCO and (b) enlarged image of a bare LCO
particle. (c) Enlarged SEM image of one LixIni;3Sc1/3Cls coated LCO particle. The EDX map (Cl,
for simplicity) shows the patchy coating of the chloride solid electrolyte on the surface of the LCO

particles.
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ctional SEM image of the cathode composite of NCM85
ASSBs cycled between 2.8 - 4.3 V vs Li*/Li at the (a) 3™ charged state and (b) enlarged cross-
sectional SEM image, showing no clear void formation between NCMS85 particles and SE; and
(c) 80" discharged state and (d) enlarged cross-sectional SEM image, showing some crack

formation within the cathode composite, but nonetheless good contact between NCM85 and the
SE.

Supplementary Figure s-se
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Supplementary Figure 28. (a) Charge-discharge capacity and the coulombic efficiency as a
function of cycle number and (b) Charge-discharge voltage profiles for NCM85 ASSB cycled at
a C/5 rate between 2.8 - 4.3 V vs Li"/Li with a much lower applied pressure of 30 MPa during
cycling, compared to other cells (cycled at 250 MPa). (c) EIS of the cell before cycling with 250
MPa, 0 MPa and 30 MPa applied pressure, showing the significantly increased cell resistance
with lower applied pressure due to poor contact, which explains the lower discharge capacity.
The faster capacity fading of cell cycled at 30 MPa compared to the stable cycling of cells cycled
at 250 MPa (Figure 4a) demonstrates the importance of high applied pressure to maintain the
contact between the CAM and SE to withstand the CAM volume change.

Supplementary Note 6. Applied pressure during cycling is essential to maintain good contact
between the CAM and the SE to withstand the CAM volume change. Since various CAMs exhibit
different degrees of volume expansion/contraction, an in-depth study of critical pressure for
different CAMs is required (beyond the scope of this study) because high applied pressure (even
30 MPa) is not practical. Exploration of new cathode materials with negligible volume change
during Li extraction/insertion is needed to reduce the required external cell pressure, along with
advances in cell design and architecture.
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LIST OF SUPPLEMENTAL TABLES

Supplementary Table 1. Ionic conductivity at room temperature and corresponding activation
energy for the materials described in the main text.

Compositions Tonic conductivity (mS-ecm™) £ 0.02 | Activation energy (eV)
LizIno.111Sco.555Cls 1.92 0.34
Li2Ino.222S¢0.444Cls 1.83 0.32
LizIno 333S¢0.333Cl4 1.99 0.33
Li2Ino 444S¢0.222Cls 2.03 0.34
LizIno.s55Sco.111Cls 1.90 0.35

LizIng 666Cls 1.11

Supplementary Table 2. Atomic coordinates, occupation factor, and isotropic displacement
parameters of LizIng333Sco333Cl4 obtained from time-of-flight powder neutron diffraction data
collected at 300 K.

a=10.42138(8) A, space group: Fd-3m

Atom | Wyckoff site x % z Occupancy | Ui (A?)
Lil 8a 0.125 0.125 0.125 0.28(5) | 0.025(12)
Li2 16¢ 0 0 0 0.192) | 0.034(8)
Li3 48f 0.125 0.125 0.89(2) 0.008(7) 0.025
Lid 16d 0.5 0.5 0.5 0.675(2) | 0.0038(7)
Scl 16d 0.5 0.5 0.5 0.164(1) | 0.0038(7)
Inl 16d 0.5 0.5 0.5 0.161(2) 0.0038(7)
Cll 32e 0.25424(6) | 0.25424(6) | 0.25424(6) 1 0.0203(2)
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Supplementary Table 3. Crystallographic data for Li3Ino.es6Sc0.334Cls obtained from the single

crystal X-ray diffraction study at 270 K.

Crystal data

Formula Li2.17In0.66S¢0.34Cle
Formula weight 319.13

Crystal system Monoclinic

Space group C2/m

a, b, c (A), beta (°) 6.404(1), 11.066(2), 6.383(1) A, 109.790(5) °
V(A% 425.64(13)

Z 2

Calc. density (g/cm?®) 2.490

Abs. coef. 1 (Mo Kat) (mm™) 3.917

F(000) 296

Color of crystal Colorless

Crystal size (mm) 0.020 x 0.020 x 0.020
Data collection

Temperature (K) 270(2)

Radiation (A)

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to 6 = 25.242°
Absorption correction

Max. and min. transmission

Mo Ka, 0.71073

3.392 —29.958°
-8<h<6,-15<k<15,-8<1<8
2174

645 (Rint = 0.0234)

99.5%

Multi-scan

0.6330, 0.7460

Refinement

Refinement method

Data/ restraints/ parameters
Goodness of fit on F?

Final R indicates [/ > 2sigma(/)]
R indicates (all data)

Extraction coefficient

Largest diff. peak and hole

Full-matrix least-squares on F2
645/0/29

1.110

R1=0.0327, wR2 =0.0736
R1=0.0365, wR2 =0.0762
n/a

2.351 and -0.986 e. A3
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Supplementary Table 4. Atomic coordinates, occupation factor and equivalent isotropic
displacement parameters of LizIno.cs6Sco.334Cl Obtained from single crystal X-ray diffraction at 270 K.

Atom Wyckoff site X y z Occupancy | Ueq (A?)
Lil 4g 0.5 -0.1660(7) 0 1 0.030(2)
Li2 4h 0 0.170(12) 0.5 0.09(7) 0.05(6)

(Uiso)
Inl 2a 0 0 0 0.664(7) 0.0143(2)
Scl 2a 0 0 0 0.336(7) 0.0143(2)
cl 4i 0.7561(2) 0 0.2336(2) 1 0.0202(3)
CI2 &j 0.2410(2) | 0.83788(6) | 0.2383(2) 1 0.0202(3)

Supplementary Table 5. Anisotropic displacement parameters of LiszInges6Sco334Cls Obtained
from single crystal X-ray diffraction at 270 K.

Atom | U1l u22 U33 u23 U13 U12

Lil | 0.023(4) | 0.015(4) | 0.056(6) | 0.000 0.020(4) 0.000

Inl | 0.0117(2) | 0.0112(3) | 0.0213(3) | 0.000 0.00711(18) | 0.000
scl | 00117(2) | 0.0112(3) | 0.0213(3) | 0.000 0.00711(18) | 0.000
Cll | 0.0180(5) | 0.0230(5) | 0.0225(5) | 0.000 0.0108(4) | 0.000
Cl2 | 0.0200(4) | 0.0172(4) | 0.0219(4) | 0.0032(2) | 0.0051(3) | 0.0040(2)
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Supplementary Table 6. Atomic coordinates, occupation factor, and isotropic displacement
parameters of LizIno.444Sco222Cls and LizIno.e665c0.334Cle obtained from time-of-flight powder
neutron diffraction data collected at 300 K. Ui, values for the Lil and Li2 sites in
LisIno.e665¢0.334Cls were refined to be equal and the Sc1 and In1 site occupancies were fixed based
on the single crystal results.

Spinel LizIno444Sc0.222Cla, @ = 10.42562(8) A, space group: Fd-3m

Atom | Wyckoff site x y z Occupancy | Uiso (A?)
Lil 84 0.125 0.125 0.125 028(5) | 0.025(13)
Li2 16¢ 0 0 0 0202) | 0.04009)
Li3 48f 0.125 0.125 0.89(4) 0.008(7) 0.025
Li4 16d 0.5 0.5 0.5 0.673(3) | 0.0025(10)
Scl 16d 0.5 0.5 0.5 0.109(1) | 0.0025(10)
Inl 16d 0.5 0.5 0.5 0.218(3) | 0.0025(10)
Cll 32e 0.25414(6) | 0.25414(6) | 0.25414(6) 1 0.0203(2)

Monoclinic LizIno.s66Sco.334Cle, space group: C2/m

a=6.4017(3) A, b= 11.0596(3) A, ¢ = 6.3756(2) A, B=109.781(4) °

Atom | Wyckoff site X y z Occupancy | Uiso (A?)
Lil 4g 0.5 20.170(3) 0 0.89(4) | 0.040(3)
L 4h 0 0.19(2) 0.5 0.61(3) | 0.04003)
Inl 2a 0 0 0 0.664 0.0104(8)
Scl 2a 0 0 0 0.336 0.0104(8)
Cll 4i 0.7541(3) 0 0.2321(7) 1 0.0139(3)
ci2 8 0.2390(6) | 0.8382(4) | 0.2352(4) 1 0.0197(5)
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Supplementary Table 7. Comparison of our work with recent reported representative ceramic
ASSBs with high voltage CAMs. Results from our work are shown in bold.

Cathode Catholyte SE CAM loading | Cut-off Current density Specific Cyclability

(mg-cm?) voltage vs | (mA-cm) capacity

Li*/Li (V) (mAh-g?)
NCM85 LizlnwusScusCla 6.21-6.93 2.8-43 0.25(0.2C) ~ 200 (0.2C) | 90% (> 600 cycles, 0.2C)
3.36 (3C) ~90 (3C) 80% (>3000 cycles, 3C)

NCM622 LizlnusScusCla 6.52 2.8-4.6 0.24 (0.2C) 194 92.8 % (320 cycles)
NCM85 LizlnusScusCla 6.26 2.8-48 0.23(0.2C) 219 95% (114 cycles)
NCM85 LizlnwusScusCla 215 2.8-4.3 0.5(0.125C) 192 100% (80 cycles)
LiCoO2 LizlnwusScusCla 52.5 2.8-4.3 1.2 (C/6, 50°C) 85 100% (500 cycles)
LiCoO,® LisYClg 9.9 2.52-4.22 | 0.135(0.1C) 117 98.0% (100 cycles)
LiCoO,’ Li25Y05ZrosClg 8.9 3.0-4.3 0.550 (0.5C) 92 90% (200 cycles)
LiCoO,® LizInClsg 9.5 2.52-4.22 | 0.130(0.1C) 124 77 % (100 cycles)
NCM811° LizInClsg 8.92 2.52-4.42 | 0.130(0.08C) 150 ~100 % (70 cycles)
LiCoO,™° LisScCls 8.92 2.52-4.22 |0.13(0.1C) 126 83% (160 cycles)
s-NCA88! | LizsYhoeHf0.4Cls 6.4 (only 3.0-43 0.62 (0.5C) 188 83.6% (1000 cycles)

48.6Wt%

CAM in

cathode

composite)
s-NCA?? LisYClg 7.7 3.0-43 0.77 (0.5C) 180 67.2% (200 cycles)
c-NCM90" | LigPSsCl 38 2.5-4.25 3.2(0.5C, 60 °C) | 146 89% (1000 cycles)
c-LiCoO2* | Ligs4Si174P144S117Clos | 4.9 2.5-4.1 12 (18C, 100°C) | 115 ~75% (500 cycles)
c-NCM622%° | LisPS, 7-8.4 29-44 0.16-0.19 (0.1C) | 136 91% (100 cycles)
LiCo0,1® LisLa3Zr01, No Mention | 3.0 - 4.05 (0.05C) 94 88% (100 cycles)
c-NCAY LicPSsCl 6 2.5-4.25 0.110 (0.1C) 140 82% (40 cycles)

s-NCAS88 — single-crystalline LiNig.33C00.10A10.0202

s-NCA - single-crystalline LiNis3C00.11Alo.0102

¢c-NCM90 — coated-LiNio.00C00.0sMng.0502
¢-LiCoO; — coated LiCoO»
¢-NCM622 — coated-LiNip.sC0o.2Mng 05
c-NCA — coated LiNio 80Coo.15Al0.0502
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Supplementary Table 8. The Maxima, 75th percentile, 50th percentile, 25th percentile and
minima in the box plot (Figures 7d-f and Supplementary Figure 22).

SE | OCV | 43V | 46V | 48V
Maxima (Upper bound of whisker) 2760 | 3640 | 3180 | 3330 | 3080
) 75th percentile (Upper bound of box) 2755 | 3385 | 3100 | 3235 | 2990
"E;’ L“j;a' 50th percentile (Median) 2705 | 3315 | 2995 | 3110 | 2910
25th percentile (Lower bound of box) 2655 | 3215 | 2935 | 2995 | 2900
Minima (Lower bound of whisker) 2570 | 3110 | 2880 | 2890 | 2860
Maxima (Upper bound of whisker) 22.3 | 343 | 322 32 37.8
75th percentile (Upper bound of box) 211 | 29.75 | 3145 | 304 32
'Cg/u'tgta' 50th percentile (Median) 184 | 271 | 3025 | 288 | 29
25th percentile (Lower bound of box) 151 | 26.35 | 29.65 | 28.35 | 27
Minima (Lower bound of whisker) 11 254 | 288 | 26.8 | 26.8
Maxima (Upper bound of whisker) 134 | 139 | 108 | 1.35 | 1.13
] 75th percentile (Upper bound of box) 125 | 1.31 | 099 | 129 | 1.08
'SE‘; ﬁ‘;ta' 50th percentile (Median) 1.18 | 126 | 0.96 | 1.28 | 1.05
25th percentile (Lower bound of box) 107 | 1.16 | 091 | 1.23 1
Minima (Lower bound of whisker) 104 | 1.11 | 084 | 118 | 0.96
Maxima (Upper bound of whisker) 58.3 | 445 | 518 | 452 | 38.8
) 75th percentile (Upper bound of box) 55,5 | 43.8 | 50.65 | 43.3 | 37.9
'“(2 ﬂ‘;‘a' 50th percentile (Median) 53.55 | 41.8 | 48.9 | 41.75 | 37.35
25th percentile (Lower bound of box) 50.95 | 40.7 | 46.45 | 40.75 | 36.7
Minima (Lower bound of whisker) 50.2 | 36.2 | 455 | 40.1 | 353
Maxima (Upper bound of whisker) 1300 | 1240 | 1260 | 1280 | 1160
75th percentile (Upper bound of box) 1280 | 1205 | 1220 | 1255 | 1140
'('”833/)"“' 50th percentile (Median) 1265 | 1200 | 1205 | 1230 | 1105
- 25th percentile (Lower bound of box) 1220 | 1145 | 1180 | 1220 | 1045
Minima (Lower bound of whisker) 1180 | 1060 | 1150 | 1180 | 967
Maxima (Upper bound of whisker) 6.08 6.4 7.75 | 5.98 | 6.09
75th percentile (Upper bound of box) 584 | 592 | 766 | 5.78 5.6
I(chﬁl)l“"a' 50th percentile (Median) 536 | 552 | 7.42 | 568 | 5.15
- 25th percentile (Lower bound of box) 507 | 545 | 7.22 | 555 | 4.97
Minima (Lower bound of whisker) 437 | 538 | 6.81 | 5.27 | 4.69
Maxima (Upper bound of whisker) 194 175 115 163 183
75th percentile (Upper bound of box) 180 154 109 151 | 159.5
'(S°(Ca'33’)'t°ta' 50th percentile (Median) 1715 | 1355 | 101 | 1465 | 1425
- 25th percentile (Lower bound of box) 1545 | 130.5 | 101 138 | 1355
Minima (Lower bound of whisker) 124 122 99.7 132 132
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