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Summary

0 Why is Roll to Roll (R2R) Deposition Technology necessary?
With the rapid expansion of EVs and EV batteries, vacuum deposition technology is newly
adopted and gaining importance, which enables battery components to be thinner and purer.

» Growing demand for R2R Thin Film Formation Technology as an alternative manufacturing method
for Lithium-ion battery components

» Potential for further demand growth in anticipation of all-solid-state batteries

0 Why is ULVAC?
ULVAC is a manufacturer that can solve technical problems through thermal damage
suppression technology for thin films and double-sided batch deposition technology.

» Electrode formation on ultra-thin film (suppression of thermal damage)

» High production efficiency and low cost (double-sided deposition technology)

Today, we will introduce the development status of "R2R deposition technology for Metalized
polymer current collector" and the Initiative in the project of the METI Green Innovation Fund for
"lithium vacuum deposition technology”.
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Acceleration of EV shift worldwide

- Prohibit the sale of new internal
combustion engine vehicles
(gasoline/diesel), including hybrids, by
2030

vehicles by 2035

}- Ban on sales of new gasoline-powered
(except for hybrid vehicles)
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Big automobile manufacturing countries
declared “Out of the gasoline car".
Gasoline-powered vehicles will be banned

Countries declared carbon neutrality targets f‘f

from 2030-2035

- Zero-emission vehicles to account for 50% of - Ban on sales of new gasoline-powered
new car sales by 2030 vehicles in 2035
- California bans Sales of New Gasoline-Powered (except for hybrid cars)

Vehicles by 2035
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Rapid expansion of EV market = Rapid
increase in EV battery demand

million cars per year

L Annual Passenger EV Sales Forecast

(Global) 60 million cars

Increase to 60 million worldwide by 2040 (55% of all passenger cars)



next-generation EV batteries (LiB)
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High capacity

Compact and high capacity
Energy density 400wh/kg

Technology competition for

High power

Charging speed of 2C or higher
(within 30 minutes)

(20% = 80% charge time
within 15 minutes)

O

Long life

Cold resistant (-10°C)
and High cycle life

©

High safety

No ignition
(Nail penetration test,
etc.)

"

Low cost

Half the cost
(100USD/1kWh)

Key technologies to satisfy the requirements above simultaneously



Trends in EV Battery Technology and Vacuum Technology Adoption

To realize Higher Performance EV Batteries— energy density  ~300Whkg ~400Wh/kg ~500Wh/kg
Increasingly high-energy and thinner various 1 —
components |
z g1y
= (RER{D®
Cathode current collector Q EEREEBR)
wn
cathode o] D V¢
o [ »
Separator / Electrolyte = C DIOC LIB E
Anode current = Yo ad Y 3 ;
ollector . - - H :
= i} ]
\_____// : : : i
10 2016 2020 2025 2020 2035 2040
Positive electrode Al foil 18um thickness 6um thickness ICiRiIE S
current collector
Cathode LFP/NCM
C - JI10OU -0
Separator PP PP + ¢ - neneratio =
Electrolyte liquid system / ALl
Anode graphit raphite + Silicon ola )
anode Anode current Cu Foil 10um thickness m thickness ~ 6um thickness 2 2
collector
Ref. ) Focus NEDO 2018 No. 69, p. 9 ULVAC
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NEDO Rechargeable Battery Technology Development Roadmap 2013, p.10



ULVAC's Thin Film Deposition Technology for EV Batteries /
Summary

® Developed Roll to Roll evaporation equipment to realize smaller, larger capacity, and safer EV batteries
@ Current collector: Started investment to replace metal foil with double-sided vapor-deposited film to achieve safety and
weight reduction (FY2022)
@ Anode: To replace conventional "graphite + silicon" to achieve high capacity = "lithium vapor deposition film" :
=Adopted by NEDO Green Innovation Fund Project “Development of Next-Generation Storage Batteries and Next-
Generation Motors” to enhance development

[ Aluminum foil, copper foil —» double-sided vapor deposited fiIm\
Present In the future
(1) Current Collector .

Anode current collector (Al 7
Anode j

SR / ...................................................................................................................................................................................................................
$e6ce \ L } Graphite + silicon coating film — Lithium deposition film
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ULVAC's Thin Film Deposition Technology
for EV Batteries

Cathode current Metalized polymer current
collector (AL foil) collector for Cathode (aLPET/AL)

Advantages of Metalized polymer current collector
(double-sided vapor deposited film)

(1) Safety
The structure of “insulating substrate + thin-film
conductive layer enable short-circuit current to be
interrupted immediately when the battery is short-
circuited and effectively prevents melting of the film
and thermal runaway of the EV battery.

@) [£Telh ey darsiy Anode current Metalized polymer current

The weight of the Metalized polymer current collector (cu foin collector for Anode (cureTicu)

collector can be significantly reduced to increase the
battery’s weight energy density due to the low

density of the PET film used as the base material.

AL10~12um

(3) Reduction of Environmental Impact
Reduction in the use of metal materials that have a
high environmental impact during refining.
Also can reduce material costs.

© 2022 ULVAC, Inc.



ULVAC's Thin Film Deposition Technology
for EV Batteries

Production technology for Metalized polymer current collector
(Metal/PET/Metal laminated film)

Suppression of thermal damage to film

While PET film has a thermal resistance of about 100°C,
the deposition of evaporated particles usually heated to about 1000°C

= Technology is needed to control thermal damage to the film

Productivity Improvement of vacuum equipment

While raw material costs have been reduced due to lower use of
metal materials, the processing costs increased due to the use of
expensive vacuum equipment.

This is a challenge, and there is a need to improve the productivity ]
of the vacuum equipment. Wrinkles and tears.

Thermal damage occurs
= Wide film support, increase production speed, and batch

processing on both sides of the film are the key to the
“Productivity Improvement”.
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ULVAC's Thin Film Deposition Technology
for EV Batteries

Suppression of thermal damage to film

Heat-
removal
deposition

!‘T‘ N ‘

Heat removal with Deposition
\ " / cooling rollers without heat-

removal

—=o Cooling roller temperature

COOling roller —a@ Contact area with cooling roller

Adhesion between film and roller
(Electrostatic adhesion technology)

v Heat load on film

Vapor ’ # 4 f‘

Deposited \

film

‘ \
smalldrops @) @) . | | .
—— Heat input from Thermal damage Mo fiim
depositi such as wrinkles damage
position source occurred
—e Deposition source temperature and tears
occurred

—=e Distance from deposition source

Evaporation .
—e Film feed speed
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ULVAC's Thin Film Deposition Technology

for EV Batteries
Productivity Improvement of vacuum equipment

(1) Current Collector

Conventional evaporation equipment \ -/

(single-sided deposition) Film Cooling ULVAC's Core technologies
Double-sided Two depositions roler m Ultrathin film winding and conveying
deposition on each side technology
Film width 1000mm el drops ‘.f: . .fO W High-speed deposition technology
Film length 2000m - \i —— B Double-sided batch deposition transfer

technology
Winding speed 10m/min
4 Film )

Front side deposition

New ULVAC Technology Evaporation Equipment
for Double-sided Deposition

Double-sided | Simultaneous deposition on Cooling
deposition both sides Film roller
Film width 1650mm
. ;%E%rsdnrzc;s ®: : @ crl drops.
Film length 3000m . .)o).)
Deposition | 17m/min \
speed

Backside deposition

Cooling

roller
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ULVAC's Thin Film Deposition Technology
for EV Batteries

cY. A /o) A A
2020 021 2022 2023 2024
| A4 R areny -4
EW-020
Element development for production equipment /
Jraaome ore-production: EWE-110

W: 1100mm
L: HUNDREDS ~ 1000m

Productivity: 0.5~1 millions m?/ Year
vAIready
released

Production equipment development: EWG-165

W: 1650mm
L: Thousands ~ 10000m
Productivity: 5~8 millions m? / Year

Large-scale production equipment

development: EWG-250

[ Metalized polymer current collector for Cathode (aLretiaL) technology ] Application to Anode current
development collector (cu/PETICU)
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(1) Current Collector
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Roll to Roll deposition system for Metalized polymer current collector
EWG-165
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ULVAC's Thin Film Deposition Technology for EV Batteries /
Summary

® Developed Roll to Roll evaporation equipment to realize smaller, larger capacity, and safer EV batteries
@ Current collector: Started investment to replace metal foil with double-sided vapor-deposited film to achieve safety and
weight reduction (FY2022)
@ Anode: To replace conventional "graphite + silicon" to achieve high capacity = "lithium vapor deposition film" :
=Adopted by NEDO Green Innovation Fund Project “Development of Next-Generation Storage Batteries and Next-
Generation Motors” to enhance development

Aluminum foil, copper foil — double-sided vapor
deposited film

(1) Current Collector present In theuture

(Current Collector)

Graphite + silicon coating film — Lithium \

deposition film
present In the future

Graphite ) ‘
silicon

- or’
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ULVAC's Thin Film Deposition Technology
for EV Batteries

Roadmap for commercialization in 2030

energy 350 mAh/g energy 1000mAh/g energy 3500 mAh/g
density density density

Metal lithium contributes to improved
Anode performance

lithium (Li)

) =) lithium (Li)

de
aph'\te'based an‘I ph‘\te-based a‘“oI“a
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ULVAC's Thin Film Deposition Technology
for EV Batteries

Lithium metal anode production technology

\_

fProduction of lithium metal foil with low impurities

~

If impurities or surface irregularities are existing on the surface of the lithium metal
anode, the Needle-like protrusions called “Dendrites” are formed, and Dendrites

will be ignitioned when reaching the cathode.

= Necessary to form metallic lithium with high purity and less surface irregularities.

J

Copper foil conveying technology in vacuum

Conventional Roll to Roll equipment handles highly elastic plastic film.
On the other hand, usually the Anode of a lithium battery has low elasticity.

= Necessary to handle wrinkle-prone metallic foil.

16
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(2) Anode

Anode Technology Issues

When the dendrites (needle-like
protrusions) reached the
cathode...

Discharge

Impurities

Ref. ) K. Kanamura et al., BLI X, Symposium on Energy Storage
(2017),p. 4,6
O. Mashtalir et al, ACS Omega (2018) 3, 181-187

ULVAC



ULVAC's Thin Film Deposition Technology
for EV Batteries

Vacuum Conventional
deposition technology (rolling)
400 400
350 |-- . 00 OO -~ mmmm—m———-- 350 ko N . AN N0/ mmmmmmmm-- —
I Purity: 99.99 ~TTTTTT > Purity: 99.9%. T I
2D e L e O S O e DY, o5 om0 et e oo
High Purity Lithium w0 poeeoeeooooooo e
150 i e Low amount of impurities . 150 few-wea High amount Of impurities s
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Source) 60th Battery Discussion Group 2019, 1B29

Smooth surface Protruding shape

Surface
smoothness

200 pm

A production technology for lithium metal foil with high purity and smoothness has been established.
Transition to the development of applications for the anode of next-generation batteries, represented

by all-solid-state batteries
1 7 © 2022 ULVAC, Inc. ULVAC



ULVAC's Thin Film Deposition Technology

for EV Batteries

Lithium metal anode production technology

Lithium metal anode (Liccu)

Production of lithium metal foil with low impurities

= If impurities or surface irregularities are existing on the surface of the lithium
metal anode, the Needle-like protrusions called “Dendrites” are formed, and
Dendrites will be ignitioned when reaching the cathode.

Necessary to form metallic lithium with high purity and less surface irregularities.

Li 1~10um

4 ) Cu 6~10pm
Copper foil conveying technology in vacuum
Conventional Roll to Roll equipment handles high Elastic plastic film. Substrate e e T (T
On the other hand, usually the Anode of a lithium battery has low Elasticity. Properties copper plating)
= Necessary to handle wrinkle-prone metallic foil.
Elasticity
\ ) (Growth rate) 188%. %

ULVAC
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NEDO / Green Innovation Fund
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Source: New Energy and Industrial Technology Development Organization (NEDO) Web site
1 https://www.nedo.go.jp/content/100945458.pdf
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(2) Anode

Adopted by NEDO Green Innovation Fund
Project “Development of Next-Generation
Storage Batteries and Next-Generation
Motors”

Battery Materials (R&D Items 1-1)

¢ Development of material technology
for next-generation storage batteries
Supporting the development of material
technologies for high-performance
lithium-ion batteries, including All-Solid-
State batteries, such as Cathodes,
Anodes, and Electrolytes.

- ULVAC, Inc.
Lithium Metal Anode
ProductionTechnology
Development of thin-film lithium
metal anode production technology
utilizing proprietary vacuum technology
with a view to realize All-Solid-State
batteries

ULVAC



ULVAC Vacuum Technology Contrib :T
to Many Industries and Applications
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