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Korean team presents universal design
principles for solid-state batteries

August 8 2024

Electrode Anode Cathode Electrolyte TOP-VIEW SIDE-VIEW
"u NCM622 True density 0.00_glem’
S —— Tum 10.00" pm Excess ratio 0.00 vol%
100.00 wt% 94.00 wit% E/C ratio 0.00 g/Ah
W 100.00 vol% W 8588 wol% Volume 0.00 em’
] PVDF-HFP/LITFSI/SN Weight 0.00 g ﬂ I_I
Electrolyte 0.00 Wit 400 wish Separator PVDF-HFPILITFSISN |
A 0.00 vol% A 9.66 vol% True density 1.80 glem’
Pore volume 000 ¢m’
Binder 0.00 wi% 000 wi% Porosity 0.00 vol%
0.00 vol% 0.00 vol% Areal ionic bulk resistance 840 0 em’
Super P Super P Thickness 8400 pm
Conducting agent 0.00 wi% 200 wi% Edge margin 1.50 mm
0.00 vol% 4.46 vol% Width 330 cm
P e - mAh/g 20835 mAhig Height 445 cm
- mAh/em’ 605 mAhem’  Area 1469 em’
Initial discharge capacity 3860.00 mAh/g 18121 mAhig Volume 0.12 em’ Anode Cathode Package
4.12_ mAh/em® 524 mAhlem’  Weight 022 g
Initial coulombic efficiency - % 86.56 % Package Al pouch film
N/P 1.94 Tab type Single-side
Discharge nominal voltage 0.00 Vs, LilLi* 376 Vys. LULIC Tab spacing 12.00 mm
Areal ionic bulk resistance i Qem’ 250.38 Qem’ Areal weight 180.00 g/m’
Areal loading weight 1.07_mglem’ 30.74_mg/em’ Thickness 110.00 pm
Spatial loading density 0.53 glem’ 360 glem’ Tab sealing width 10.00 mm
True loading density 0.53 giem’ 4.35 g/em’ Side sealing width 3.00 mm
Pore volume 0.00 cm’ 0.02 em’ Cup edge margin 1.50 mm
Porosity "9 0.00 vol% -] 17.22 vol% Width 3.90 em
Thickness 2000 m_ 8536 ym Height 545 om
Edge margin 0.50_mm - mm Area 2126 cn
Width 3.00 cm 2.90 cm Volume 023 em’
Height 4.15 cm 4.05 cm Weight 038 g
Area 12.45 e’ 175 o’ Cell vl
Volume 0.02 ¢m’ 0.10 om’ Parallel stack 8 unit cell AM 2715¢g 45.5% 0.689 cm3 26.7%
Weight 001 g 036 g C-rate 005 C EL 0.116g 1.9% 0.078cm3 3.0%
Current collector Cu Al Nominal discharge voltage 378 V CAT B 0.000g 0.0% 0.000 cm3 0.0%
True density 8.96 gicm’ 270 giem’ Discharge capacity 491.99 mAh CA 0.058¢g 1.0% 0.036 cm3 1.4%
Thickness 0.00 pm 20.00 pm lonic bulk resistance 275 0 cc 0.262¢g 4.4% 0.097 cm3 3.8%
Width 3.00 cm 290 cm Width 380 cm AM 0120g 20% 0224cm3 8.7%
Height 415 ecm 405 cm Height 545 cm E 0000 g 0.0% 0.000 cm3 0.0%
Area (+ tab) 0.40 cm? 12.15 cm? Thickness 184 mm AN B 0.000g 0.0% 0.000 cm3 0.0%
Volume 0.00 ¢m’ 0.02 ¢m’ Volume 284 em’ CA 0000g 0.0% 0.000 cm3 0.0%
Weight 0.00 g 007 g Weight 596 g cc 0018g 0.3%  0.002cm3 0.1%
Lead tab Ni tab Al tab Power density 15.51 Wikg 0.000g 0.0% 0.000 cm3 0.0%
Width 4.00 mm 400 mm 32.58 WIL SE 1.776g 29.8% 0.887 cm3 38.2%
Height 10.00 mm 10.00 mm — - 310.13 Whikg PF 07659 12.8% 0468 cm3 18.1%
= Energy density PK
Weight 98.30 mg 36.80 mg 651.51 WhiL LT 0135g 2.3% -

The operating screen of "SolidXCell' developed by the research team. Credit:

Korea institute of energy research

A Korean research team has presented the first universal design

principles for solid-state batteries, signaling a paradigm shift in battery
design research that previously lacked standard benchmarks.
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Dr. Jinsoo Kim from the Ulsan Advanced Energy Technology R&D
Center of the Korea Institute of Energy Research (KIER) and Professor
Sung-Kyun Jung's research team from the Ulsan National Institute of
Science and Technology (UNIST) have jointly developed a design
principles and a versatile design toolkit for implementing
high-energy-density solid-state batteries and have completed
performance verification.

The paper is published in the journal Nature Communications.

With the global increase in demand for electrification, an era where
everything is powered by batteries is approaching. In response, the
Korean government has announced the "National Strategy for
Strengthening the Competitiveness of Battery Industry” to support the
focused development of national solid-state battery technology.

Solid-state batteries use non-flammable solid electrolytes instead of the
flammable liquid electrolytes found in lithium-ion batteries, making
them safer and less prone to fire. Additionally, they offer the advantage
of significantly increasing energy density through efficient cell and
system structural design.

Until recently, basic research on solid-state batteries has been conducted,
yielding numerous laboratory-level results. However, the lack of
scientific guidelines for designing practical electrodes and cells has led
to inefficient development, as it primarily relies on the experience of
researchers to combine materials and control design parameters.

To address this issue, the research team defined the quantitative design
parameters of the battery as the balance threshold, percolation threshold,
and loading threshold. This led to the presentation of the first universal
principles for designing solid-state batteries. The pouch cell produced
based on these principles demonstrated an energy density of 310Wh/kg,
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surpassing that of commercial lithium batteries, and obtained third-party
certification.

Solid-state batteries are composed of composite cathode, anode, and
solid electrolyte. The energy density increases with the density of the
active materials in the cathode. Based on the "cubic closed packing"
structure, where spherical particles are arranged at maximum density,
the research team defined the standard ratio of solid electrolyte filling
the spaces between particles as the "balance threshold."

At this balance threshold, the volume ratio of active material 1s 74%, and
the solid electrolyte is 26%. By adjusting the ratio based on this value,
design strategies can be determined between energy density and power
density.

The minimum condition for lithium ion conduction in the composite
cathode was also established. The research team defined the minimum
density at which composite particles of active materials and solid
electrolytes are in contact with each other as the "percolation threshold."

Under this condition, the space between composite particles must be
26% or less. If the space exceeds this percentage, the particles will not
be in contact, preventing ionic flow and causing the battery to fail to
operate.

Additionally, the research team devised a method to design the thickness
of the electrode by calculating the specific conditions under which
voltage drop occurs within the cathode. The thickness of the electrode is
determined by voltage drop due to resistance and current density.

The team defined the 1deal model as the combination of conditions
where the voltage drop is within 100mV (millivolts), calling this the

"loading threshold." This condition can be used as a guideline to
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optimize the thickness of the electrode plates when combining various
materials and designing electrodes.

The research team successfully applied the devised design principles to
build a pouch cell with a capacity of 0.5Ah and a high-energy-density of
310Wh/kg. The produced cell received official test certification from
the Korea Conformity Laboratories (KCL), demonstrating the
consistency of their design principles.

The research team also developed the solid-state battery design toolkit
"SolidXCell," applying the design principles which is open to the public.
"SolidXCell" is a multi-scale and multi-parameter design platform that
allows the intuitive and systematic design of complex solid-state
batteries. It is being provided free of charge to researchers for use in
solid-state battery design.

Dr. Jinsoo Kim from KIER and Professor Sung-Kyun Jung from
UNIST, who led the joint research, stated, "Presenting the first universal
design principles for solid-state batteries with developing and sharing a
design toolkit will greatly benefit the field of solid-state battery design.
We hope that many researchers can use these principles to design solid-
state batteries efficiently, promote significant performance
improvements, and overcome the current technological barriers."

The joint research team is currently establishing the "Advanced Battery
Engineering Foundry (ABEF)" the first of its kind in the Republic of
Korea, with support from the Korea Institute for Advancement of
Technology and Ulsan Metropolitan City. This center will provide
infrastructure for manufacturing, evaluating, and analyzing prototypes of
all-solid-state batteries, lithium metal batteries, and lithium-sulfur
batteries for related companies in the future.

More information: Wonmi Lee et al, Advanced parametrization for
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the production of high-energy solid-state lithium pouch cells containing
polymer electrolytes, Nature Communications (2024). DOL:
10.1038/s41467-024-50075-9
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