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Focus: Solid-state Li batteries (Gen4) 3 Advanced Manutacting
(impact on Gen3, too)

Gen. 5 Lithium-air -

Gen. 4  All-solid-state with lithium anode > 500 Wh/Kg ‘
Cathode: HE-NMC, HVS 1

: Gen. 3b Anode: Silicon/carbon - :
I Cathode: NMC622 to NMC 811 |
L Gen:3a. R el carbon i silicon (5-10%) 250 - 350 Wh/Kg - |
-----------------------------------------------------‘

Cathode: NMC523 to NCM622

S 2 Anode: Carbon
Cathode: NCM111, LMO
e Anode: Carbon -
’ Anode: Carbon
—
LFP: Lithium iron phosphate; NCA: Nickel cobalt aluminium oxides; 2015 2020 2025 2030

LMO: Lithium manganese oxide; NMC: Lithium nickel manganese

cobalt oxide; HVS: High-voltage spinel Roadmap integrierte Zell-und Batterieproduktion Deutschland, 2016



Challenge: solid-solid interface
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Challenges of solid-solid interfaces:

1. How to fabricate solid-solid
interfaces with intimate contact?

2. How to maintain stable interface
during operation (cycling)?




Approach

/Strategy |: «soft» polymer interlayer
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/Strategy Il: «<hard» oxide interlayer \
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«soft» polymer interlayers (ETH) % Advanced Manufacturing

m Electrochemical = X-ray tomography m Transport simulation
characterization
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1. Coating @
cathode/electrolyte
interface

2. Deposition 3. Co-sintering 4. Evaporation 5. Testing the

of LiCoO, of the stack of Li metall as battery in
custom setup
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XPS, XAS, and XPEEM operando spectroscopy A SR

In house Synchrotron Swiss Light Source (SLS)
XPS XAS - TEY XAS - TFY XPEEM
#[C1s” T, ‘ " "Mn'L-edge
g 4 A
N AV AN
296 292 288 284 634 644 654 664

Binding Energy (eV)

Photon e- XPS = 10 nm

XPEEM = 5 nm

X-ray

TFY = 100s nm

TEY = 10 nm

Operando XPEEM

Operando XPS & XAS
cell

cell




Operando characterization — Bulk & thin ASSB Y i

Bulk type ASSB Thin films ASSB

Si/Sn (2-3 nm)
LiPON
LCO/NCM
CC Substrate

Negative localized charges [F4

Operando XPS
all-solid-state batteries

Li metal (1000 nm

) 2
LisPO,4 (500 nm) potentiostat/
LASGTP (180 pm) galvanostat
LiCoQ, (35 nm)

Al (10 nm)
X—ray7 4

SiC heater

‘ electrode ]
analyzer “

R4000 L1-10keV electrode

Formation of negative J Co diffusion into the LPS
localized charge CoS, formation

|

Electrochemistry Communications 118 (2020) 106790
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m  “Soft” interlayers: LLZO:PEO composite electrolyte
3D structural analysis and ion charge transfer
simulations

m  “Hard” interlayer: identify the most promising Li-
Me-oxide interlayers as artificial SEl to LLZO
electrolyte using Electrochemical Impedance
Spectroscopy

Li metal (1000 nm)
LizPO, (500 nm)
LASGTP (180 pm)
LiCoO, {35 nm) -

potentiostat/
galvanostat

SiC heater
electrode

m Advanced characterization: identify decomposition
products at the interface using XAS at synchrotron
(beamtime)

analyzer
R4000 L1-10keV electrode
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