Supplementary Information

Materials and methods

Electrode preparation: All chemicals were dried under vacuum and stored in an Ar-filled glovebox (O2 and H2O levels < 1 ppm). All there SEs including Li3InCl6, Li3YCl6 and LiAlCl4 were prepared by a ball milling method, described in previous studies1-4. Stoichiometric ratios of indium chloride (InCl3, Merck, 99.99%), aluminium chloride (AlCl3, Merck, 99.999%) or yttrium chloride (YCl3, Merck, 99.99%) were mechanically mixed with lithium chloride (LiCl, Sigma, 99.9 %) in a ZrO2 ball milling. For the composite cathode, single crystal LiNi0.83Mn0.06Co0.11O2 (MSE Supplies), Li3InCl6 and carbon nanofiber (CNF) (Merck) with different ratios were mixed in a planetary ball mill (Fritsch Pulverisette 7). 
Conductivity measurements: Electrochemical impedance spectroscopy (EIS) was carried out using a Gamry Instruments Interface-1000 potentialstat with a voltage amplitude of 10 mV in the frequency range from 1 MHz to 1 Hz. The solid electrolyte powder was pressed at 500 MPa in the polyether ether ketone (PEEK) mould to make the pellet and two carbon paper or In foils (5 mm diameter, Merck, 99.995%) were pressed on the pellet under 300 MPa5,6. EIS measurements were carried out under different external pressures at -20, 30 or 80 oC in an Ar-filled glovebox. 
Cell assembly: Solid-state cells were assembled in a custom-designed module with a PEEK mould and two stainless steel plungers. The inner diameter is 5 mm. A series of layers comprising  4.5-7 mg of the composite cathode mixture (corresponding to a capacity of 3-5 mAh cm-2), 20 mg of Li3InCl6, 20 mg of Li6PS5Cl (MSE Supplies), an In foil (5 mm diameter, Merck, 99.995%) and Li foil (5 mm diameter, Merck, 99.9 %) were pressed at 500 MPa for 5 mins. The Li: In mass ratio is 3: 97 and the Li atom ratio in the LiIn alloy is 33%, in accord with previous studies7. All work was carried out in an Ar-filled glovebox with O2 and H2O level below 1 ppm. Galvanostatic cycling was performed at a VMP3 potentiostat (Biologic). We take an average performance of three cells and one standard deviation was used.
Characterization: Power X-ray diffraction (PXRD) measurements were carried out in a Rigaku MiniFlex inside an Ar-filled glovebox. Scanning electron microscopy (SEM) images were taken using a Zeiss-Merlin microscope equipped with energy-dispersive X-ray (EDX) spectroscopy function using an airtight transfer holder without exposure to air. Plasma focused ion beam scanning electron microscopy (PFIB-SEM) section was used to characterize the cross-section morphology of the electrode. PFIB sectioning was performed on a ThermoFisher Helios G4 Plasma-FIB instrument with the Auto Slice function. A stack of SEM images were taken from the cross-sectional surface by serial sectioning at 30 kV and 500 pA and a step size (slice thickness) of 100 nm. The stack images were then processed with an in-house Image J script based on fast Fourier transform (FFT) to remove the curtaining artefact, which originates from the variation of local sputtering rate. The small drift was corrected using the 3D drift correction function by Parslow et al8. The resulting new image stack was then cropped and processed by Avizo Fire (2020.3) for 3D visualisation and segmentation.
Mechanical property measurements: The synthesised Li3InCl6 powder was pressed at 500 MPa to make the pellet. The elastic modulus and hardness were measured on the pellet by the Hysitron PI 88 in-situ nanoindenter equipped with a Berkovich tip under the low loads testing regime using continuous stiffness measurement. Four distinct regions of the pellet were chosen, and 3-5 indents were conducted in each region. During indentation shallow (3 nm in amplitude), high-frequency (160 Hz) oscillations were applied to the nanoindenter tip. The modulus and hardness were calculated based on the unloading curve, using the method developed by Oliver and Pharr9. For the indents in each region, the mean modulus/hardness data is taken to produce a plot of modulus/hardness vs depth. The mode is taken as the value for the elastic modulus and harness of the Li3InCl6 sample with the standard error calculated from the variance and the number of tests conducted in each region. 
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Figure S1. PXRD of the synthesised Li3InCl6 (red) and Li3InCl6 standard (black).
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Figure S2. Schematic of the solid-state cell comprising a composite cathode, a layer of Li3InCl6, a layer of Li6PS5Cl and a Li-In alloy.
Table S1. Comparisons of the mechanical properties of different families of solid electrolytes

	Solid electrolytes
	Elastic Modulus (GPa)
	Hardness (GPa)
	Ref

	Garnet-type (LLZO)
	140-155
	8-10
	10–13

	LLTO
	150-220
	8-10
	11, 14

	Li6PS5Cl calculated
	22
	/
	15

	Li3InCl6
	34.2 ± 0.8
	2.07 ± 0.10
	This work

	Li3MCl6 (M=Sc, Y, Nd, etc.) calculated
	38-47
	/
	16
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Figure S3. SEM images of (a) LiNi0.83Mn0.06Co0.11O2, (b) synthesised Li3InCl6 particles, and (c) CNF. The scale bar is 1 µm.
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Figure S4. Cross-sectional SEM image of the composite cathode. The scale bar is 1 µm.
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Figure S5. Load curves for the 1st cycle of the composite cathode tested at 80 °C with: (black) 2 MPa, 0.5 mA cm-2; (blue) 10 MPa, 1 mA cm-2 and (red) 10 MPa, 0.5 mA cm-2. The CAM, SE, and CNF mass ratios are 65 wt%, 30 wt% and 5 wt%, respectively.  
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Figure S6. Load curves for the 1st cycle of the composite cathode with different CNF mass ratios: 1 wt% (black), 5 wt% (red) and 10 wt% (blue) under 2 MPa at 80 °C. The current density is 1 mA cm-2. Mass ratio of CAM to SE is constant at 13: 6. The volumetric capacity is calculated based on the volume of the total composite cathode.
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Figure S7. Load curves for the 1st cycle of the composite cathode with different CAM mass ratios: 65 wt% (red), 70 wt% (black) and 75 wt% (blue) under 2 MPa at 80 °C. The carbon ratio is fixed at 5 wt%. The current density is 1 mA cm-2. The volumetric capacity is calculated based on the volume of the total composite cathode.
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Figure S8. PXRD of the synthesized (a) LiAlCl4 and (b) Li3YCl6 (red) and their standard references.
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Figure S9. SEM images of (a) LiAlCl4 and (b) Li3YCl6. The scale bar is 1 µm.
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Figure S10. The Nyquist plot of the symmetric C|Li3InCl6|C cell measured under 2 MPa stack pressure at -20 °C.
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Figure S11. Load curves of the 1st cycle of the composite cathode with various SEs: Li3InCl6 (red), Li3YCl6 (blue) and LiAlCl4 (black) under 2 MPa at 80 °C. The current density is 1 mA cm-2. The volumetric capacity is calculated based on the volume of the total composite cathode. IR compensations are applied. The CAM, SE, and CNF volume ratios are 49 %, 41 % and 10 %, respectively. The loading thickness is (a) 70 μm and (b) 115 μm. 
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Figure S12. The conductivity of the Li3InCl6 (black) and (Li6PS5Cl) pellet under different stack pressures at 30 °C.
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Figure S13. Replicate of the cycling performance of the composite cathode between 2.6 and 4.4 V under 10 MPa at 80 °C. The current density is 1 mA cm-2. The average capacity is 141 ± 0.6 mA h g-1total.
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Figure S14. Replicate of the cycling performance of the composite cathode between 2.6 and 4.2 V under 2 MPa at 80 °C. The current density is 1 mA cm-2. The average capacity is 141 ± 0.6 mA h g-1total.
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Figure S15. Cycling performance of the composite cathode between 2.6 and 4.4 V (15 mins voltage hold at 4.4 V) under 2 MPa at 80 °C. The current density is 1 mA cm-2. The CAM, SE, and CNF mass ratios are 65 wt%, 30 wt% and 5 wt%, respectively.
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