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Environmental Co-Creation by Material, Process and Subcomponent Solutions
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— Warm up

— Accelerating Data Creation through data launching platforms, communication & Analytical Intelligence
(Al, Quantum)

SRDT) A ZENLS KUREDDAEM]
— System Integration
— Device design, technology co-optimization and hybrid devices

O>wD - XEY - CISIZHE T DFAMIDIIR & A MmE4E
— Continuation of scaling but with higher technical hurdles
— Alternative innovative solutions needed but evolution of current tool lineup can cover the needs
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Semiconductors

« Logic: CPU, GPU, controller, Al

* Memory: NAND, DRAM

« Sensors: CIS, radar, vision, LIDAR

« Power: convertors, regulators, generators
« Communication: 5G

« Displays: projectors, panels

Material
« Body: lighter composite, recyclable

Communication and Decision Making
« Local vs. networked
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Customization
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Al System

Logic Server
DRAM Network
NAND

Hyper-Mass @

loT Devices
Sensors
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Customization
SDTCQO*?2

SUSTAINABLE
DEVELOPMENT

GL:ALS

Hyper-Mass @

Server
Network

*1 PPACXx: Power performance area cost, x .
L loT Devices
*2 SDTCO: System design technology co-optimization e g aC y sSensors
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Logic: More transistors Memory: More bytes of DRAM, NAND

-8 liy| @& 11)~1

2D shrink DTCO

New structure

2D shrink

New structure More stack

BEOL: More layers including memory

System Integration: More options

Source: TELAHIE
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—_— — — == o=y e - poee = e =
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BEOL memory* = T == ==
Low latency, Random access, . Stiiictes - il : | === &
(non-volatile) eDRAM, MRAM, = =_— ./
RRAM, FeRAM etc. et | S
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2D shrink New structure

DTCO Contact Plug
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Standard Gate Contact

Contact Over Active Gate
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2D shrink More stack
*

Il == 0

New structure

Wb, FEEXAETY . IRITEBEN

CORP IR / October 12, 2021 T E L 61



SATIAA>TOL—2 3> 0L : BEOL

Off-chip DRAM

Accelerator
Cores

BEOL memory*
Low latency, Random access,
(non-volatile)

*eDRAM, MRAM, RRAM, FeRAM etc.
S d

AEYURFHHIAHECIREDZEL
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BIRT )\ X : BEOLXTEYURRDOAMEE

17 3

|-

M10 I e
l Current
MO
V8 Soft Magnet Top Electrode Top Electrode
Phase Chanage Material ..%
M7 Metal KOxygen |0n Chal"lne|
Tunnel Barrier Oxide Swighing Oxide F"amem
Isolation Region Oxygen lFerroeIectrlc Layerl
Bottom Electrode Bottom Gate

Bottom Electrode

Pinned Magnet
eDRAM STT-MRAM PCM RRAM FeRAM
SEXSFRAEUNMEE =N, ARICKLO>DTEVND TSNS
TEL.
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7 )\ ADZHEEEE : Neural Processing Unit

*Neural Processing unit

A
£ NPU*
=
5
SQ |
S GPU
o 4G/5G Modem ISP 5.0
-
= CPU LPDDR 4X UFS 3.0
@
*i HiFi Audio 4K HDR Video
v . Security Engine
Tasks e.g., Leading edge mobile SoC

B b SNTTHERE D O D DHGRIC K D1%REM £, feE - IKEH1E
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Stacking

Bonder
Type

Wafer THK

SATLAAFTIL—23 >0l 18X 3 AT2 32
=/ _/ >3 B A /4 _/
Source: TELEE
CIS 3D NAND DRAM Logic
Sensor+ DRAM . HBM HBM . . ~ Logic + SRAM 3D Hybrid
+ Logic . Celi+Per (w/ Bump) (Bump-less) Cell + Peri Backside PDN Cell - Logic +1/0 + RF
W-W W-W D-W W-W W-W W-W/D-W D-W
Fusion Fusion Fusion Fusmn Temporary &
(Permanent) (Permanent) Igmpdqranll : (Permanent) (Permanent) Fusion
............................................................................................... onding
Cuto Cu Cuto Cu i . : Cuto Cu
De-bondin
Hybrid Hybrid 9) Cu to Cu Hybrid Ox to Ox Hybrid
3um 10um 3um 2um 1um 2um~1uym E 2um
SRAM i E ition
ey
+ E L2/L3
sumpiess |

Structure

Status

Source: H. Tsugawa,

Sony (IEDM2017)

¥

Peri. CMOS wafer

Source: Sakui, TIT
(CICC2019)

Source: Sakui, TIT
(CICC2019)

Chip Stacking

=

[ o—
| — |
E 140
GPU & 1/0 =
- GPU
&0

HVM

R&D~MP

HVM R&D R&D

R&D R&D

SRTLAFTIOL—23>F

CORP IR / October 12, 2021
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SEZI10FE0O0— RV T

Customization

SUSTAINABLE
DEVELOPMENT

GL:ALS

Hyper-Mass @

Legacy O Sensors
ZERIE T D77 T VT —> 3 2 (CBEDIAFEN BSDGCSH I IitaDFFE
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IRIGKPI &1/ — F&E(EDAEE

E 0.1 =

: - &

= TS

& ._ D\ﬂ

2 NN a

% 0

~— Delay [norm] S
~{}— Area [norm] ﬁ‘:,
~—— Manufacturing energy [norm] ?9

Total Process Cost [norm]

gy~ UPW [norm]
0.01

iN28 iN14 iN10 iN8 iN7 iN6 iN5 N3
TECHNOLOGY NODE

Graph courtesy of imec

Observations

m Performance is still improving node-over-node
but at a reduced rate (delay)

m Area scaling is being achieved but slowing beyond IN7
(~ Foundry 5nm)

m Technology node still drives reduction in manufacturing
energy per device

m  Cost of manufacturing is still declining

m Water usage is still declining

Conclusion

m Advancing technology nodes contributes towards SDGs

m But slowing pace of reduction implies that further innovation
Is needed

m Working on advanced node devices contributes to SDGs

Foimt iR (I SDGs(C B fE

CORP IR / October 12, 2021
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II'

sEES) N R BT

“logc

CIS

BEREZHSMMEICKD =REEICLD el KL D el KD
NSRRI EDOIRAMER - Ewv hEZDDIR MK - Ev hEEDDIX MER - ZEZRIL
RHEENL ARHEEN1L * ERAE
. SiEAL - AL

i FriEE. FHMRCES
ﬁ*ﬁm(gd:% - SEEL

- Ev bEED DX MER
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=

e

AN — I A A58 CPUD

Product Year 2014 2020
Tech. Node 20nm ol | 5nm L

L

Product Year

Tech.Node

Last Gen. Plana 4 Gen. FinFET
ArFi EUV

89mm? 88mm?2

2B m 11.8B

5MB m 28MB

Source: Wikipedia

NSO RAFEE - MR - UVDT S T4 —DiELE EEICEBER L&
NS RAEIENN. HEEELERIE E TG
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rF—FIRI
RN
Y

GPU (BEE )7 OtL L —5F—)D

Product Year 2016 2020

Tech. Node 16nm mnm

Transistor 1st Gen. FInFET+ 3'd Gen. FINFET
Adv. Litho ArFi ArFi

Die Size 610mm? 826mm?

Transistor# 15.3B w 54.2B
FP32 Corest#t  [EREY | 6912
YR 1792 Eﬂzyfht” 3456
INT32 Cores# \V/: 6912
L2/L3 Cache PPN m» 61.696MB

Source: Wikipedia

HPCIZHEWTHE S XAEIENM. HEEEILGRERN R 51
EREDE LERDHSND

CORP IR / October 12, 2021 T E L 72




LogicEEfa & E DIEAL
Pitch shrink

Key enablers

EUV patterning

Small area gap filling

High selective etch

Pattern collapse free drying

ey | polyd?

WHME(C(EESBIRDBUVITS T4 —. TVF2J. R FEiiioE LA
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LogicS=taZEE DiEL

Design Technology Co-optimization: DTCO

@ Cell heighg scaling: Fin depopulation, Metal track# reduction Key enablers
" g = Narrow, straight etch
o ., m Loading free recess etch
) i - m Fin capping to prevent oxidation
e “”“%h g m Low resistance silicide, metal
18t gen FinFET 2nd gen FinFET 3 gen FinFET
@ Cell width scaling: Single Dlif?s:on Break, Contact Over Active Gate etc. Key enablers
2 e o holve Gt Contact Plug
m Small hole, trench etch
m Low stress gap filling
m  Multi-color films for etch
N oy e Contact Over Active Gate = High selective etch
: Double Diffusion Break : Single Diffusion Break Standard Gate Contact

DTCOICEH U THEEISRBDTORIEMODE L kD SND
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*Assume new knob will be created in each node

LogicHeitiO0— R<w
**Single Diffusion Break, ***Self Align Gate Contact

Year of HVYM
(20k/month) 2018 2020 2022 2024 2026 2028 2030

Node N1.4 NO.7
3~2 Fin 2 Fin 2~1 Fin GAA NS Forksheet CFET 2"d Gen. CFET
Device
Poly pitch (PP) 56 33
Min. MP [nm] 40 12
Cell height (CH) 240 (2Fin) 210 (2Fin) 176 (2Fin) 120 (NS) 90 (NS) 64 (CFET) 48 (CFET)
Density (a.u.) 1 1.73 1.53 1.81 1.65 1.75 1.67
PP x CH x DTCO* (vs. N7) (vs. N5) (vs. N3) (vs. N2) (vs. N1.4) (vs. N1.0)
. EUV SAGCH** : Heterogeneous 2D material
Sl lesesCl SDB** High u channel Dipole eWF Backside PDN channel

Source: iedm 20201, IRDS2020 with TEL’s update [1imec, S. B. Samavedam et al.

“Pitch scaling”. “DTCO”. “Scaling Booster’& &EHI(C, 1.6~1.8x DlLogicEEm EZHIET
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GAAT /< — 5 ) (A X (Gate All Around Nanosheet)

I-g,min 2 B(TchToxsch/ on)wz

B : Constant > 2.5

Ten: Channel thickness
T.x: Gate oxide thickness

€., . Dielectric constant of channel
€., . Dielectric constant of gate oxide

Lay down
FINFET Nanosheet
Patterning defined Fin width: 3c 1.1nm* Si EPI thickness defined sheet thickness: 3¢ 0.4nm*

*Source: SC Song (Qualcomm) et al. VLSI 2019

Nanosheet{t TF v RJUIaDHEINER L. #EE(LICKDFvIUIEE > KU -0, A ER
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GAAT /\A/ XA TJOtXTJO—

FINFET GAAFET

Source: TEL

EBHINGAABEZ DL D EIFADICTELEE(FATXR
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!

2nm GAA =27 O>—

3 nﬁ&ﬁ{f,‘

Cross section TEM of 2nm GAA device courtesy of IBM Research

EMIRGAAEIEZT DL D EITADICTELEE (FAR R
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GAAEIET -

Mold stack & Etch

CAtE>a1-I)b

Inner spacer

Nanosheet release

Replacement gate

Si/SiGe

|

STI liner

Gate spacer
Inner spacer

Sac film

- SiGe/Si: Defect free, Uniform EPI
- Trench etch: Vertical profile

- STl liner: Prevent oxidation

« STI OX: Low temp.

- STl recess: Loading less

- Fin recess: Vertical profile

+ Indent etch: Loading less

* Inner spacer dep.: Low-k (k<5)

* Inner spacer etch: High selective

+ Full channel etch: High selective

- Reliability Si etch: High selective
- Advanced drying: Collapse free
- Sac film: Conformal

+ WFM/Dipole film: Conformal

- WFM/Dipole etch: High selective

Source: TEL

NanosheetDZ U5« )LV ES 1 —)LICH I DRV Y 10— 3> ZigH
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GAARE AT 11—

Mold stack & Etch

)L

Inner spacer

Nanosheet release

Replacement gate

(b) Old STI module

®9nm @ @
:
sre @), 18

New ST| module

15 nm

I nm

R. Ritzenthaler (imec) et al., iedm 2018

D‘ Dry etch indentation

£:3k=d

k)| Wet etch |ndentat|on

S'Gk‘ rJ

| =
b) "

Inner Spacer Thickness

Cov (a.u.)
1 A{lF
Ron {a.u.)

1]
5
Y
-

™ "
Inner Spacer Thickness

N. Loubet (IBM) et al., iedm 2019

Dry Etch

Vapor Phase HCI

74
~&-HCl

72
S -0O-Dry Etch
fa™~a,

66
E.‘ :; o\o_ A\E
3’ 60

58

56

20 30 40 50 60 70 80 90 100
W"s [nm]

N. Loubet (IBM) et al., iedm 2019

Top View

Side View

Source: TEL

- SiGe/Si: Defect free, Uniform EPI
+ Trench etch: Vertical profile

+ STI liner: Prevent oxidation

« STI OX: Low temp.

+ STl recess: Loading less

+ Fin recess: Vertical profile

* Indent etch: Loading less

* Inner spacer dep.: Low-k (k<5)

* Inner spacer etch: High selective

+ Full channel etch: High selective

* Reliability Si etch: High selective
- Advanced drying: Collapse free
- Sac film: Conformal

- WFM/Dipole film: Conformal

- WEM/Dipole etch: High selective

Y5 (CSiISiIGe ML > FDEE{LINH

CORP IR / October 12, 2021
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G EUVERSERN v L 2=

Performance
Stochastic noise Line : LER, Pinching, Bridge

ArF EUV L .
<
* 11 W
S

» The number of EUV photons is only 1/14 compared to ArF at the same dose.
* Photon absorption of EUV resist is lower than that of ArF resist.

» These cause large edge roughness, resulting in one of the sources of
pattern defects.

Hole : L-CDU, Kissing, Missing
issing | Mising

Source: S. Morikita, et al., Tokyo Electron Miyagi
(DPS2018)

=SEEE. SHlE. ERIFOERC(E
L X RRAIY O ETYTF0DOHFZEELNINE
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20—/ VULRFERL=

TEL Magnetic Solutions (ZfILS > R)
\.
imec (NJLF—)

CEA-Leti (IS >R)  m
\.

B RRITLT ORISR
[ AN

CORP IR / October 12, 2021

(20215FF6 A1HIRTE)
N _ TEL Technology
oy TEL Manufacturing and Center. America
' Engineering of America ]
TEL Technology \ /
Center Korea
L] |
HH W< — CNSE (KH)
ul
u m <« BRIDG (KH)
=F: S
RRILIbO> Fo/05—-VYV1—>3>X
RRILZbO>HM
RRILY bhO>EHE

BERRTE SR

TEL Technology
Center, Taiwan

TEL.
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Litho Pitch: 30nm
CDSEM CG6300
512*512/250k

N o S
N ggzﬁgst RSB AR MITGLEAN, P e 5
A N T SN2 MR AT AN RS S 3
h i%iéi{s{ili»i? g s

NI A ?:8:2\ RO S RSO
-.‘a—ugg.%!c %ﬁgfg o
IC O 300N 5505 M NI S N 9, e BTSRRI A A
L gt. R S ta!a!!lkll.i\iﬁ,(..g! > ;s
he

CD: 7.7n/m |

o ii%b{%}%i

83

TEL.

LER: 1.57/nm

15nmE W FDL/SEIE

EUV SADPZ{ED /=

Demonstrated on TEL tools

Tone Inversion Mandrel SEMP

Trilayer + Plasma
Lithography Treatment

CD: 10.6nm
LER: 1.71nm

CD:15.6nm
LER: 1.89nm

MCD:V6.1nm" |

D; 14.7nm
LER: 2.25nm

LER: 2.0nm

—=11%

Source: Eric Liu et al., TEL Technology Center,

America SPIE 2021 Advance Lithography

=24%

-30%

¥ERE)— RIB15nmEYFDL/IS)\F—> %EIR
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BT : JDx—)UR> 5« > EThinning$dis for CFET

CFET

Upside down
(Top tier wafer)

i

L

=
=
o
]
=
=
o
]

Wafer bonding Wafer thinning Top transistor
process

IKED 1 —/) BRDEDOE I EBMROFE LAt
RT—=YU>DT =R —FiflCEETRD

CORP IR / October 12, 2021
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#BTiE : Dx—)UR> 5« 277 EThinning$iift for BSPDN

Backside PDN BEOL

(Back side)

BEOL Wafer bonding Upside down Wafer thinning
(Front side)

(BZE T —) R DA D BRI & EARDBI RN
2T =T — 29— BRI B E S
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BTIEOENL : RoTa >

Wafer Level Fusion Bonder Synapse™ Si Alignment Accuracy (Total Overlay)

Key Features _ _ Two wafers are bonded together After bonding, allgnment.accuracy is measured
= Designed for high volume manufacturing by IR camera at each point

= High availability for production
=  Excellent alignment accuracy
= Realized high volume manufacturing e
with Cu Hybrid Bonding technology pmE———— -
— P

Applications
=  Fusion Bonding for C-MOS Image Sensor
= Any application requires Cu Hybrid Bonding Experimental Data (TEL TEG Wafer)

A 0 00 0720 05 023 M o s
[Dx] Max(nm) 59 59 58 70 67 66 74 74 70 62 63 63
DylMaxm) | 56 57

50 56 69
o @ B 8 ® ® © @ € @
i @ B 8 @ © © © © ©

TEL. TEL.

\l/

DA 2T L —>3a>iF /A RAD/\A T Uw RMbZz (et
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DRAMIEEE O XRTJO—

Source: TEL

=7 AR NBE BB S - IR = ET S
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AN—bhIAZ

DRSS T—HFDEKICHV, EHES=
ER/EDmM E. PKGODIEAL

CORP IR / October 12, 2021

1

Product Year
Tech. Node

DRAM®MELL

Data Rate
Capacity

2014 2020

25nm lynm

LPDDR3 LPDDR4X
1.333Gbpps 4.266Gbpps

1GB m AGB or 6GB
(4Gb x2) (8Gb or 12Gbx4)

Source: Wikipedia

DRAM
pon G, .

Package substrate Integrated Fan-Out

Flip Chip Package on Package

MEXRL. BRIEMEAT

TEL. &



HPC(Cd50)

CORP IR / October 12, 2021

roelb L —

~—) £HBM DRAM

Capacity 16GB HBM2 m 80GB HBM2e
(HBM2x4) (HBM2e x6)

Source: Wikipedia

Si Interposer

« RDL
+ Passive devices

Package substrate

CERDIKRDT
ZZTCHEE

Cu micro-bump C4 bump

—ASADEKXICHEV, B=IEK., SR{EHMEATS
EFEE DM L. PKGOELITw \;E

TEL



DRAM$E IO — R~ w

UEEL @i A1hi 2020 2021 2022 2023 2024 2025 2026 2027~28 | 2029~30
(20k/month)
F* [nm] 15~14 13~12 12~11 =10
6F2

Cap

Cell / Peri.
layout

BL

*Feature size: STI hp along WL = STI hp / COS(21°)

Patterning 193i SAQP, DP (+ EUV)

M. POpOVICI (imec) et al. IEDM 2018

Pillar cap. A.R.
Capacitor ZAZ CIP
Alternative: STO etc.
Poly SION
Peri. CMOS High-k Metal Gate
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3D DRAMD 1TSS Key Modules

Stack formation CMOS wafer bonding to enable CbA

A CbA

Cell Transistor formation

Capacitor formation

ZEDOA TS 3> %5
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3D NAND Bit DensityDiE1L;

Source: TEL

FINA R Ty FTUS NRROS Y & A EUOT [CHE#HT 52 & THR
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NANDFZ4it

Stack 128L

(~1.6x/3years)

lor2
Tier or

Vertical pitch 50~55nm

Memory 7~8um
height
Channel
WL metal W
#of memory 9

holes b/w slits

Peri. CMOS Under array

16x~19xL
(176)

2

45~55nm
8.5~10.5um

Poly Si grain CIP
W

9

Under array

— R T

22x~25xL
(240)

2

40~50nm
10~12.5um

W
9~24

Under array

28x~32xL
(304)

2

35~45nm
11~14um

incl. MILC Si
Mo

14~24

Under array

35x~4xxL
(368)

2o0r3

35~45nm
13.5~17um

Mo
19 or 24

Under array

41x~45xL
(440)

3

35~45nm
16~20.5um

Mo
19 or 24

Under array

Source: TELAETE

Year of HVYM
(20k/month) 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

5xxL
(512)

3o0r4

35~40nm
18.5~21um

Mo
19 or 24

Under array

(In general) or Next array or Bonding or Bonding or Bonding or Bonding or Bonding
Slit Slit
0000 0000
00000 oocooo Cell
OOOOOOOOO 00000 D
00000 ooooo —ummy Vertical
0000 0000 N
ooooooooo ooooooooo Cell Pitch
Slit %00
0000
9 000000000
#of memory holes b/w slits Slit Tier Vertical pitch

CORP IR / October 12, 2021
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3D NAND#lTF v L > = EBFRER

Replacement gate: WL Channel Si CMCO bonding
5 ' 24
'; New metal %°§§§§§§§g:g°°§g:§8§3§:§§%
WL height [a.u.] EPI L Ce”
9
020268080 E ; .
%ggéggzg §% o +— Bondlng
Poly L~ CMOS
§=§ a>b
Current Potential . ta Vg[V]
SiNwetetch™ ¢~ 5. d
+ HARC etch: Pluralization of each + SiN wet etch: High selective + CVD Si CIP: Large grain size * Cu hybrid bonding
process (multi-level contact/slit/channel, | -+ Advanced drying: Collapse free - EPI like
etc.) * Mo CVD: Low R WL metal
Source: TEL

NANDZ/\A XD & 573D STHMIE(L (C (3T O A EAnEL AR B R
TEL.
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Al’zigs, LT > Pigez iR UTZCIS

Image sensor Al Applications

L
- 9

5)\A ZD)\A T U w RAEHIER S S 72 BATIMTEER £

CORP IR / October 12, 2021 T E L 98




CIS it v L > = LEFRER

Wafer bonding: Deep Trench Isolation: Capacitor:
3D stacked BSI Pixel scaling Global Shutter
Color Filter | Color Filter
Color Filter
(‘? 12: L ~8-DTl etching AR Inner El5ctrode pielectric
-g o 80 ~C=Poly Si gap-fill AR.
- & ‘
""""""" 5 g “ \"‘“—-
3 fw \\_, Photodiode | Photodiode I ‘I I
= 20
73
Cu Hybrid Bonding Photodiode J§ Photodiode {?_J 00.5 07 08 089 1 1. h h
— Pixel size [um]
g- Quter Electrode
Back-illuminated
CMOS image sensor H. Kim (Samsung) et al. ISSCC 2020 Data edit by TEL Jae-kyu Lee (Samsung) et al. ISSCC 2020 Schematic by TEL
- Wafer level Cu to Cu hybrid bonding + Si deep trench etch: High A.R. etch + Capacitor etch
+ Poly Si gap-fill: Depo-Etch-Depo for void free fill - Dielectric deposition
+ Metal deposition

E e

INT o OEMDH RS T TYF T, RRIRFIMTEE

CORP IR / October 12, 2021
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=X DFERRIEREDINNMIHE

AE10FWEIZDWFEIREZXE (Greenfield. HFHl)

3D NAND Logic
~$21B

5nm 3nm 2nm

IR TV —2 3> OB KM BEDSFE DL
FERREREAXA —N—DSBEEE=ZILA
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» TiZEK(FEHM(CIEOTETTLD
s INBZ—X(CIHA DIz ZHEALZZHT ) A XDEEHMIIERL TULD

- ZHEEEDZ < FBMFTOEX -
= FTZIRIR(SDGS)Z &

= SoimT ) (A1 AHFE(IEZESDGSN\ EDRIN D
= TELC(EZT OtAHFEEZWorldwide TER L. =A% TdDGlobal Collaboration

718 U CReimT /) \1 ARFEZE NI (CHUED TND

" CDEiE< 3
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SRAPDFER T (IEMARR

|I|n

BZZET D

BN CTH/I\—TEDINEINELHBEATIR
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TOKYO ELECTRON

BEIREUVL X NS

2021F10H12H
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EUVEITZEMAGFEEE CLEAN TRACK™ LITHIUS Pro™ Z EUV

2012 LITHIUS Pro™ ZzU L —X (251> 16005 1) EUV CAR/MORXILFiikee = IBR ') — X

AIEmE

100%MDEUVA > 51 >higS 17

=EETE

EUVERYSHDTEREZ IR AIRFEIE

= SR
N LITHIUS Pro™ Z EUV {EFIBRBL S X MCAR)ICHI R,
5T > 1005 ey RAIAFTA RL X MMOR) P TFEBIRICHE XTIt

S FXFRWREOEMD T I CREDOSEEBEDHBLITHIUS Pro™ Z T5w NI A —AT,
EUVELH#OITICESEREE. S4EEZI8EF. REREUVEITENEEEEIR
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>wOoORioO— RYw T EEUVU VD S T 1 — AT

EER 2020 2022 2024 2026 2028 2030
5nm 3 nm 2 nm 1.4 nm 1nm 0.7 nm
2 Fin 2~1 Fin GAA NS Forksheet CFET 2d Gen. CFET

RIAGIVINEG—>

E9F [nm] 28 22 20 18 16 12
EUVI\D—=> EUV MP EUV MP EUV MP
i EUVMP EUVMP EUV MP ENA EUV ENAEUVMP | ENAEUV MP
LSX b CAR CAR (+MOR) CAR (+MOR) CAR+ MOR CAR+ MOR CAR+MOR

CAR : {EFEREL X b, MOR : XFIAFYA RLSX B MP : JIVFING—Z20

RMIRGEET. MORYENA EUVIRE
IFREUVU VT S T« — 3\ EI T CREMEL AT S
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w75 )\A ADEUV CAR/MORE

LA V7 —LEZR DR T4

100% III :F-BAC”Q

) “I ||| ||| |II
0%

1.4 nm 0.7 nm

= NA0.55 MOR
= NA0.33 MOR
| cAR | NAO.55CAR
= NA0.33 CAR

MOR : XA)LAFHA RLZ X b
CAR : {EZFERERIL X ~

O>w 075 ) A 4K TELTFA

O>wO5F)\A X T, HRMEDICDONTHRL ICMORDLIERN FR I BN, 5|lEH = CARLEER
HEE5L, BHOEMIFREEIEIMORECARBIAE THILN CEAEMNANREIR,

@NA (NA0.55) UV TS T« —DEALERE ER U TV RIAHFT, Stitddiiz fFEF

CORP IR / October 12, 2021
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EUVUVY O S D —JOCADOO— RYw T &LE8E

R—)LE v F(m)
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