TEL

TOKYO ELECTRON

Tokyo Electron IR Day

January 20, 2021




Forward Looking Statements

A Disclaimer regarding forward-looking statements
Forward-l ooki ng statements with respect to TELO6S business pl
information available at the time of publication. Actual performance and results may differ significantly from the
business plan described here due to changes in various external and internal factors, including the economic
situation, semiconductor/FPD market conditions, intensification of sales competition, safety and product quality
management, intellectual property-related risks, and impacts from COVID-19.

\ Processing of numbers
For the amount listed, because fractions are rounded down, there may be the cases where the total for certain
account titles does not correspond to the sum of the respective figures for account titles. Percentages are calculated
using full amounts, before rounding.

\ Exchange risk
|l n principle, export sales of Tokyo Electronds mainstay
denominated in yen. While some settlements are denominated in dollars, exchange risk is hedged as forward
exchange contracts are made individually at the time of booking. Accordingly, the effect of exchange rates on profits
Is negligible.

FPD: Flat panel display
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Agenda

1. Opening

2. Presentation

Aiming to Enhance the Corporate Value over the Medium to Long Term

Supercritical Drying Technology in the Cleaning Process for Leading-edge Devices
New Platform for the Etch Systems to Enhance Productivity

Latest Single Wafer Deposition Processes and Development Activities for the Future
TELOs Strategies toward Digital Transfor mat

3. Q&A 16:35
17:15
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Aiming to Enhance the Corporate Value over the Medium to

Long Term
January 20, 2021

Toshiki Kawali
Representative Director, President & CEO




First and Foremost

We want to express our deepest
sympathies to all those who have been

affected by COVID-19 or other natural
disasters over the past year




A Year of Steady Progress

TELOS busi ness made s
Reaffi rmed TELOS dr i1 vi
Honored the TEL Values and shared them

with employees
ap *DN
V[a]l

Pridek Challengek Ownershipk
alels Teamworkk Awareness
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Beginning of Big Data Era

Data transmissions

k. globally
T Ne CAGR 26%
@ g » (2017-2022)
’F‘E Source: CISCO VNI 2018
"=

E i Data centric

: Mobile centric -
Computer centric o TP |

A phase of higher growth with this data-centric era

NnBi g yearso ahead toward a fut
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Changes in Society Occurring Amid COVID Crisis

Remoiefwork
Online classes

Telemedicine Tr =
Video streaming services
Online games '
Drug development using Al

loT ARNRIMR.. Al
5G/6(G CLOUD

n to a data
ty will
elerate

ICT* being Implemented widely around the world to

build a strong and agile society

CORP IR / January 20, 2021 * |CT: Information and Communication Technology T E L 8



WFE* Market

$ Billion ,

80 2021

Increased demand for advanced
semiconductors for hyperscale data centers
and 5G smartphones will drive WFE market

Memory: Recovery in investment on
liguidation of inventories
Logic/Foundry: Continued stable and high

2015 2016 2017 2018 2019 2020 2021 2022 level Of Investment

TEL
forecast

Last year 0s record WFE wi l
and beyond, leading to Big Years

* WFE (Wafer fab equipment): Wafer fab equipment refers to the production equipment used in T E L

CORP IR / January 20, 2021 front-end production and in wafer-level packaging production.
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Initiatives to Create New Value Toward Coming Big Years

Tokyo Electron Technology Solutions (TTS)
New production buildings began operation
Tohoku (lwate): Jul. 2020- Yamanashi: Aug. 2020-

Enhance production structure to swiftly prepare for future
rise in demand TEL
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Initiatives to Create New Value Toward Coming Big Years

TEL Digital Design Square
(Sapporo):
Began operation Nov. 2020

Miyagi Technology Innovation Center:
Completion scheduled for Sep. 2021

Meet needs for increasingly diverse extreme scaling
technology
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Initiatives to Create New Value Toward Coming Big Years

R&D 1 nvest ment | N

1,350
1139 1i2 I I I

FY'1l7 FY'18 FY'19 FY'20 FY21 FY'22 FY'23

Continue proactive R&D investment to achieve
Medium-term Management Plan and maximize capture of growth
CORP IR / January 20, 2021 pOtentiaI for the future TEL. =




Initiatives for the Environment

Contribution from
business activities ‘ ,_
Reduce N Energy saving, high
semiconductor power wwle [P 7 operation rate and high
consumption yield equipment

Our product initiatives

Tokyo Electron supportgthe SDGs

-

With our technology both support the development of
ICT and reduce environmental burden
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Environmental Medium-term Targets for 2030
CO, emissions reduction targets

Products Facilities

i!, 30% reduction ﬁ 70% reduction

per wafer (vs 2018) of total emissions (vs. 2018)

Note: Of the total CO,e mi s si ons from TELOs g:g#?%ﬁﬁ;?gﬁ?gsgr"?Pyé;orn al i Toward 100%
approx. 87% are generated during product use ° :
PP ’ < 2l (per-unit basis, annual target, YoY); renewable energy use

As a leading corporation in environmental management, Tokyo Electron works actively to conserve the global
Long-term goal environment. We strive to contribute to the development of a dream-inspiring society by proactively promoting
(2050) the reduction of the environmental burden of both our products and facilities, and at t'he same tlme,.prowdlng
evolutionary manufacturing technologies that effectively reduce the power consumption of electronic products.

Support the development of a sustainable society through proactive
Initiatives for environmental iIssues
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As a SPE and FPD equipment maker

We strive to contribute to the development of a
SUEEE ] dream-inspiring society through our leading-edge
Philosophy : : :

technologies and reliable service and support.

TEL

" E,
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Supercritical Drying Technology in the Cleaning Process for

Leading-edge Devices
January 20, 2021

Keiichi Akiyama
VP & General Manager, CTSPS BU




Release of New Product with Supercritical Drying Technology

TEL Announces the Launch of CELLESTA™ SCD, a Single
Wafer Cleaning System

Tokyo Electron (TEL) announced today the launch of the CELLESTA™ SCD single wafer cleaning system, scheduled for
release in January 2021.

TEL's CELLESTA series of products are widely used for cleaning silicon wafers in the semiconductor manufacturing process.
The soon-to-be-released CELLESTA SCD integrates a dedicated supercritical drying chamber on the mass production-proven
CELLESTA platform.

In wafer cleaning, it has been customary to employ low surface tension alcohol solutions in the drying process. However,
due to continued semiconductor scaling and adoption of multi-layer structures in highly advanced devices, pattern collapse
in the drying process has become one major issue. In response, TEL has developed a pattern collapse-free drying method
that uses a supercritical fluid, bringing the technology to the market as equipment for mass production.

With the addition of CELLESTA SCD and its dramatically improved cleaning and drying technologies to the existing line of
single wafer cleaning systems, TEL is meeting advanced technological needs in semiconductor manufacturing to drive
further growth of the semiconductor industry.

“CELLESTA SCD offers an innovative technological solution to the wafer-drying challenges in the post cleaning process for
manufacturing advanced semiconductor devices,” said Keiichi Akiyama, Vice President & General Manager, CTSPS BU at TEL.
“We will continue to leverage our ability to develop innovative technologies and deliver high value-added products,
providing optimum solutions for technological issues associated with the most advanced semiconductor devices.”

TEL will be showcasing CELLESTA SCD at SEMICON Japan 2020 Virtual.
Please visit our virtual booth during the show.

Period: 2020/12/11 ~2021/1/15

CELLESTA is a registered trademark or trademark of Tokyo Electron Group in Japan and/or other countries.

CORP IR / January 20, 2021 https://www.tel.com/news/topics/2020/20201208 001.html

CELLESTA™ SCD
SCD: Supercritical dry

TEL.
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https://www.tel.com/news/topics/2020/20201208_001.html

Cleaning Process in Semiconductor Manufacturing

Post-etch cleaning

Contact etch Slit etch

Cleaning cha=m=wber 6s state

CORP IR / January 20, 2021 TELN 18

General cleaning process

Cleaning by chemicals
Rinse

Drying




Technology Challenges in Cleaning for State-of-the-Art Devices

Chemicals Rinse Drying Pattern collapse
ADRAM
I Post-STI etch cleaning Capacitor
T MOId Wet etCh after Buried gate

capacitor electrode formation

ALogic
I Post-fin etch cleaning

I Post-nanowire/nanosheet
formation cleaning

* [_..

Nanoset

FinFET
Drying technology more difficult due to further scaling and higher aspect ratios
CORP IR / January 20, 2021 In device manufacturing TEL.




Pattern Collapse Mechanism and Solution

Surface tension* A L sSre

Large Small

Before drying J'II Jill

| g |
weom JJll_ I

| |

*Surface tension: The tendency of a liquid or solid to reduce its surface area

As aspect ratios have become higher, the collapse prevention approach of chemical
replacement for lowering surface tension, surface modification, etc., is reaching its limit

CORP IR / January 20, 2021 TELW 20




Next Generation Drying Technology

AThe next generation drying technologies are supercritical dry and sublimation dry

A As supercritical dry is the most effective solution for the issues in drying technology,
TEL has released the CELLESTA™ SCD for mass production

A Supercritical dry is expected to be used in a wide range of applications, including for
complex structures like capacitor electrodes and fragile films like PCRAM memory

cells

- Application Oxidation/material loss

Usable for complex
Supercritical dry  and/or high aspect ratio Very little No
structures

Not suitable for stacked

or fragile structures Significant

Sublimation dry

CORP IR / January 20, 2021



Supercritical Drying Technology

AWhat is supercritical? Super

I The state where temperature and pressure are above fluid
their critical point

I Holds properties between those of liquid and gas

I Surface tension is zero

0

Critical
point

Pressure

AChallenges for introducing in semiconductor
production process
I Stable operation at pressure regions hitherto unused Y
) : Temperature
i Particle control at the nano-level

Effective against pattern collapse because surface tension is theoretically zero
Particle control is required at the nano-level for leading-edge processes

CORP IR / January 20, 2021 TE L 22



Supercritical Drying Technology

Superecritical drying

co, supercritical state  Drying

TITIT[

alcohol

Traditionaldrying TELOsS supercr

Supercritical drying technology prevents pattern collapse
CORP IR / January 20, 2021




Drying Technology Roadmap

2D NAND
STI*Y/AA*?

STI/Capacitor

Logic
FIN/GAA

*1 STI: Shallow trench isolation 3D NAND
*2 AA: Active area
*4
*3 IPA: Isopropyl alcohol RG
*4 RG: Replacement gate

CORP IR / January 20, 2021
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Supercritical

Supercritical




Summary

ATEL is proposing supercritical drying
technology for pattern collapse,
a technological issue in wafer cleaning

AWe will continue to offer new
technologies and solutions to various
technological issues in wafer cleaning
for leading-edge devices as a partner
of semiconductor manufacturers

EXPEDIUS™ - NS300Z

CORP IR / January 20, 2021
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New Platform for the Etch Systems to Enhance Productivity

January 20, 2021

Isamu Wakui
VP & General Manager, ES BU




Business Opportunities and Basic Strategy

AContinued high level of investment expected in the etch systems market
driven by 3D NAND and patterning

AFocus on HARC, patterning and I nterco
Aiming to raise share and profitability

AContinuing proactive investment toward further market growth in future

CORP IR / January 20, 2021



Challenges in Etch for Memory

DRAM Interconnects 3D NAND
,.l]l | N
2nd f
tier l
Contact
, 2 stacked ti' 1st
Capacitor

tier |

i

Bitline
Buried gate ’
== Staircase
{
i
§

Word line isolation

(Slit) - Channel

Gate

Aspect ratio = 50-70:1

LLATE

»>| |«
100nm
diameter

As the number of layers and aspect ratio increase, it iIs necessary to balance

processing performance and productivity
CORP IR / January 20, 2021
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Challenges of Etch for Logic

r GAA \

—Interconnects |

FINFET Nanowire FET Nanosheet FET

\. J

Contact

Wrap around
contact

Gate Y

STI SAC*3

Multi-color

SAQP*? patterning

Flexible equipment layout sought for diversified etch processes

*1 PDN: Power delivery network *3 SAC: Self-aligned contact TEL

*2 SAQP: Self-aligned quadruple patterning 29

CORP IR / January 20, 2021




History of TEL Etch Systems

¢ 4,5,6inch

TEL Etch 480 UNITYE TeliusE TactrasE

TELGO6s first siThBRbgbdbse wafsetr Worril gliopaalleélH r st Wo r | d éadditibniofr Xsaxis
dry etch tool vacuum multi-chamber chamber tool movement to robot arm

tool Realized 6 chambers in one system

o TR e
. > |
x :
9 o
- N ! L

TactrasE BX
TELG6s first origihbds first platform wi tRealized8chambers

TE5000 TES8500 UNI TYIE

dry etch tool multi-chambers in one system

CORP IR / January 20, 2021 TEL“ 30




Epi s od erFBatutes

Episode™ UL

Super Productivity

e L] €

FLEXIBLE LAYOUT SPACE SAVING SMART TOOL

Flexible layout available to accommodate needs
Improved productivity through space saving and smart tools

CORP IR / January 20, 2021
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Epi sodelAyoltlL :

4

a3

4 CHAMBER 6 CHAMBER 12 CHAMBER
Select from 4 options Flexible layout available to accommodate
4, 6, 10, and 12 chamber designs fab space and target processes

CORP IR / January 20, 2021 TEL. 32




N\

Epi sode3pactlL

Significantly reduced footprint per chamber

33

TEL.
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Epi s ode%martyToals

AUTOMATED 10X FASTER BIG DATA

PARTS EXCHANGE SENSING ANALYSIS

TOOL HEALTH: USER FR

MONITOR INTERFACE

Includes automated parts exchange functions, multiple sensors and a high-speed control system
Aut onomous process control possi ble throug

CORP IR / January 20, 2021 TE L 34
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Summary

AFlexible layout:
I Capable of selecting any number of chambers, from 4 to 12

ASpace:
I Significantly reduced footprint per chamber

ASmart Tools:

I Includes automated parts exchange functions, multiple sensors and a high-speed control
system

Aut onomous process control possible through
tools

CORP IR / January 20, 2021
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Latest Single Wafer Deposition Processes and Development

Activities for the Future
January 20, 2021

Hiroshi Ishida
VP & General Manager, TFF BU




Thin Film Formation Product Lineup

Furnace ) Semi-batch ALD Single Wafer Deposition MRAM MTJ Formation
TELI NDY PLUSE NT333E Triase'E

Oxidation / CVD / ALD / PVD

Batch Process* Semi-batch Process Single Wafer Process

Process: Oxidation/CVD/ALD Process: ALD Process: CVD Process: PVD

Reaction: Thermal/Plasma Reaction: Thermal/Plasma Reaction: Thermal/Plasma Reaction: Thermal/Plasma
Material: SiO,/Si;N,/High-k/Metal Material: SiO,/Si;N,/High-k Material: Metal/High-k/Ferroelectric Material: Magnetic material/Metal
Feature: 100 to 150 wafers/batch Feature: 5 to 6 wafers/batch Feature: Superior step coverage Feature: Multi-film stacking

* Installed base >10,000 @ 300mm

CORP IR / January 20, 2021 T E Lu 38




Triase'E  E-X |1 E A d VIi&l focSeiper High Aspect Ratio

A Features DRAM Bottom electrode
I State-of-the-art advanced sequential flow deposition (TiN)

I High precursor and gas supply provides superior step
coverage ratio for the most advanced memory devices

i Thin film continuity (Continuous film at <10M)

"Excell ent thickn&¥%s uniformit 10
I Wide temperature capability (400 to 6000 )
I High speed pressure control enables higher productivity

3D NAND  Word liner barrier

AApplications
I DRAM capacitor electrode
i 3D NAND word line barrier
i Other high surface area structures

CORP IR / January 20, 2021



Triase'E E-XI E HK: Hi gh-kDeleeatrici ty Hi

A Features High-k dielectric

" Designed for HfO process @ ~400© and
ultra low carbon (~1E19 atoms/cm?3)

" Liquid Hf precursor with DLI*! vaporizer unit enables
ideal ASFD*? process with high Hf flow

' Unique gas insertion enables non-uniformity of
< 1% within wafer

' Enhanced exhaust line with high-speed APC*3 and 3D NAND  Block high-k ~ core oxide dep
100A piping for longer wet PM*4 cycle

AApplications
I DRAM peripheral high-k metal gates
i 3D NAND block high-k dielectric

*1 DLI: Direct liquid injection *3 APC: Auto pressure control valve
*2 ASFD: Advanced sequential flow deposition *4 PM: Preventative maintenance
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Triase'E E-X| E HK:

Uniformity Coverage

| HisO HIO -
Hf conc. (%) 73 100 10F .
. 102
Map CTR 103
cB 100

Ave. thick (M) 46.9 33.0 -

Range (%) 0.78 0.85 TEL

. Coyerage 98%

16 (%) 016 0.19 Min /B
Ave. - IL 32.0 19.9 Hole aspect ratio = 55:1

Hi g h-k Maleatrici t vy

1.0x10°

1.0x10?

1.0x10*4

1.0x10°6

Jg(A/cm2)@15MV/cm

1.0x108

Leak current

Hi

® Hf:88%

® Hf:91%

® Hf:94%
Hf:92%

OAIO

¢ @® LPRO Only

AlIO
3nm

6.0 7.0 8.0 9.0 10.0

EOT(nm)

Leak current of HfSIO 2nm-thick is smaller than
that of AIO 3nm-thick on TEL MOS capacitor

Enables high-k thin film formation on high aspect ratio structures

CORP IR / January 20, 2021
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Triase'E E-X|1 E MS :souidel Supply for Controllable Film Composition

Under development
FERAM

AFeatures T

I New Chamber design for multi-source supply "l_l% FeFET
I Capable of composition ratio control l

AApplications
i Ferroelectric FET for non-volatile memory Neuromorphic
i Extension to storage class memory e’ |

I Extension to neuromorphic devices
(memorizing synaptic weight)

Artificial synapse

CORP IR / January 20, 2021



Triase'E E-X|1 E MS :souidel Supply for Controllable Film Composition
Under development

Ferroelectric properties

HfO, (linear) HfZrO (ferroelectric) ZrO, (antiferroelectric)

~ ~

: :

A

~ ~
QO

= 3

Q Q

5nm 5 nm

In-situ TEM measurement with simultaneous

Multi-source supply enables controllable film composition,  vottage cycling of antiferroelectric zr0. Crystal

grains grow and shrink by field driven domain wall

making possible the formation of various functional films migration as the voltage cycles from OVA 4VA OV.

Demonstrated at TEL Technology Center, America.

Reference: Lombardo et al., VLSI 2020

TEL. &
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New Opportunity: Area Selective Deposition for Sustainable Scaling

A Features Area selective deposition (ASD)

y . : i : Selective growth film
I Selective growth of film on metal/dielectric surface g
E m am

I Excellent surface pre-treatment technology for high Metal

selectivity between growth and non growth surfaces -
Dielectric

Cross-sectional image by TEM

AApplications
I Logic BEOL, Fully Self-Aligned Via (FSAV)
I To every scaled patterning for enhancing
lithography misalignment margin

Conventional interconnects Fully self-aligned via
(without ASD) (with ASD)

Metal line

Via hole l * .:-'bielectric::
Metal line @TEL internal structure

Reference: S. Azumo, 32" symposium, SCEJ
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