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HiFF : Gartner®, “Forecast: Semiconductor Capital Spending, Wafer Fab Equipment and Capacity, Worldwide, 4Q24 Update”, Bob Johnson et al., 26 December 2024
ETFH2% = Electronic Equipment Production/33{& = Semiconductor Revenue/ 384K f TIZRIERE = Total Wafer Fab Equipment. Revenue basis.

GARTNER(E. Gartner Inc. /2 (@BIERM DKES LU ZDMOECH I DBFEES LU —EXT—UTH D, EHOHFAICEDIVWTERLTVET . Allrights
reserved.

ARE(CEH I DGartnerdI>F> k(T lGartnerd>F> K] ) (& Gartner> >4 — b - YIJXOUT2 3> - —EXD—EFE U TGartner, Inc. (AT [Gartner] )
MRGURUY—F - ACZAS FRERBERIEOTH D, BEZBRNTNDIEDTEHDFERA. Gartnerd>F > RMORBEFVWING, 2O T MFITS
NEEBORNBTH D, AENFITSNEHORBTTESDERA. Fe. Gartnerd> 7> MIRHESN TV RBEFEREBNDICENHDFET,
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CY2024 %J: (Billions of US$)
== 1 ASML
B= 2 Applied Materials
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= 8 ASMI B 317
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Source : Techlinsights Inc., April 2025 (Preliminary)
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Gartner®, Market Share: Semiconductor Wafer Fab Equipment, Worldwide, 2024, Bob Johnson and Menglin Cao, 21 April 2025, Revenue from Shipments basis.
Fr—NMNIH—hF—UP—F(CEDE. HRILTMODHAER. CZICESHEDHDEMEF. BRIV MOYICKDEHEINZEDTTY,

J—4/7~_0Ow/\: Photoresist Processing (Track), RS- TwF > /J4%E&E: Dry Etch, BAREEE: Tube CVD + Atomic Layer Deposition Tools + Oxidation/ Diffusion Furnaces + Nontube LPCVD, ALD: Atomic Layer Deposition Tools,
CVD: Tube CVD + Nontube LPCVD, E&{bALEYL: Oxidation/Diffusion Furnaces, 3Ei#3%i&: Single Wafer Processors + Wet Stations + Batch Spray Processors + Scrubbers + Other Clean Equipment T —/\7R>%—: Wafer Bonder
GARTNERI(Z. Gartner Inc.ZF/z (FBESHDKES LUZDMOE(CHIFTDIEFEES LU —EIXY—0THD., BOHFCEDWNTERL TULETD, All rights reserved. Gartner(d. GartnerJ B —FDFITY)(CIBE NI4T
EDRIA —, BREFLEAY-EXZHEITZIEDTEBOERBA. Fleo BBOL—T+ 2 RETOMDFHBEENAS —DHEEIRTDELS(ICTU/OS—1—F—(CHETDEDT([EHDERA. GartnerJ S —FDF
T Gartner VB —FORMBERLUIZEDTHD. BEEZREUCEDTIEHDFEBA. Gartnerld. BIRELEFERZMNT . AU —FOERUEDIFEENAOEEGEZEH. —DOEETZESEDTIEHDERA.
AEB(CEHI BDGartnerdI>F> b (UTF IGartnerd>F> K] ) (& Gartner> >S40 — - B R0UT2 3> - H—EXD—EE U TGartner, Inc.(MUF [Gartner] )W'FITUIZUY —F - AEZA S FERMEERIEDTH
D, FREZHRNRTNBEDTEHDFRA. Gartnerd>FT> FMOABFENITNEG, ZOI> T MHFKITSNIZHREONET TH D . AENRITESNIEHORB TREHDFBA. Fz. Gartnerd>F> MIEH SN TLDRBEFT
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?S: @ driving..'
Cloud/Edge S .

ot ARVR o

Industry 4.0 $627.6 billion
| (2024)

1st Wave 2nd Wave

Source:1990-2024 (WSTS).~2025-2030 (IBS, January 2025)
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Cloud/Edge
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Source: SEMI 2024
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Green Future Through Semiconductor Evolution

Digital & Green

Lower Power

Larger Superior

Capacity Reliability

Consumption

Heterogeneous
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Physical Scaling x Heterogeneous Integration

Frontend AlEEAA

Logic
GAA * | CFET

) HBM +— —=HBM
Logic
Backside PDN * HBM GPU/CPU = LBM

HBM — = HBM

DRAM
VCT * 4F2 / 3D DRAM

Advanced
Packaging

Heat Spreader

3DIC

Chiplet Integration

Stack Memory

HBM, etc.

) (4 .0
Super Flat Wafer -— Known Good Die

* GAA : Gate All Around
* Backside PDN : Backside Power Delivery Network

Investor Relations / May 9’ 2025 *VCT : Vertical Channel Transistor
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Bonding /
Debonding

Deposition Lithography Etch Cleaning Testing

5F ?é’fﬁ% i |

Batch  Semi-batch  Single Coater/ Plasma Gas Cleaning Prober Wafer Wafer Edge
Deposition Deposition Deposition Developer Etch Chemical Bonder/ Trimming
Etch Debonder
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Logic : GAA, BSPDN DRAM: 2D & 3D DRAM NAND: Beyond 4xx
° = EUV Coater/Developer = EUV Coater/Developer = Slit Etch
WFE : = Gas Chemical Etch = Capacitor Mold Etch = Channel Hole Etch (Plug)
Y = Conductor Etch = Batch High-k Capacitor = Batch Mo deposition
150 cAGR 9.5 : 1.7 = PVD Metal Overburden deposition = Batch Cleaning WL
(2024-2030) @ X = CFET/Inner Spacer = PVD Me_t_al Hardmgsk Separation
Plasma CVD for filling film = Supercritical Cleaning = Wafer Bonder
’° = Double-sided scrubber = Backside/bevel Cleaning = Laser Tool
: = Backside/bevel cleaning = Wafer Bonder
100 = Pattern Shaping = Laser Tool
= Wafer Bonder
= Laser Tool
Test / Advanced Packaging
50 Assembly Logic Packaging HBM Packaging Advanced Logic /
cAGR 11.8% X 20 * Interposer, Polyimide & PR = Polyimide & PR Memory Test
(2024-2030) Coater/Developer Coater/Developer = Prober
0e® = TDV Etch = Metal Etch for HBM
W ® = Batch High-k Capacitor depo = Aerosol Cleaning
0 = Wafer Bonder = Temporary Bonder/Debonder
2010 2020 2030 | baser ool

Source : Techlnsights (April 2025)
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FY2025 =
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So @ MRED. BEESRZTIEN. oLt a(EPHTLIEMZ LBl15

— e LERESR(F+33%., FICDRAMIE., HBM@F(CIRL UV EBEEEN A SN,

+59%n RS HE
s Y= T IR, BERRMODOEEPORZENNTFS
- TwF>JKE : DRAM Capacitor T2 CTAFEEZEIM LS. NAND Channel T2 (HHMER
Etch) THFHIERS. StTIECTILR. O>wv o - HBMEIF5Ein/ \ o — D EeiR T2 CERA
— J1—/)UR>A —  HBMETFT RS U — RS — 15 RA —DFEBE KIS
- J0O—/\: @375 %m0y JrIHREILROMRZIRX. St HBEX
 FHEADBAIC L DIBRDF L BRI SN 3HRRE Y U—X
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= ¥91,500/2
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*1 HBM (High Bandwidth Memory) : S IHIEDRAM
*2 POR (Process of Record)
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FY2026 &8

(8F)

i
FY2025 FY2026 (%#18) ‘
YoY

= 24,315 11,500 14,500 26,000 +6.9%
55 Li8F ok 11,462 5,270 7,010 12,280 +7.1%
7o _E AR 47 .1% 45.8% 48.3% 47.2% +0.1pts
RET 4,489 2,390 2,620 5,010 +11.6%

ARHERE 2,500 1,400 1,600 3,000 +20.0%

RFRHEREBUNDIREE 1,989 990 1,020 2,010 +1.1%
=E SR 6,973 2,880 4,390 7,270 +4.3%
IR 28.7% 25.0% 30.3% 28.0% -0.7pts
HEFRE 2 HAMEF 7,061 2,930 4,430 7,360 +4.2%
PR ECRET S 24HAFEFI 5,441 2,240 3,420 5,660 +4.0%
1Bk =D SRR () 1,182.40 488.97 - 1,235.51 +53.11

FY2026 b1 EE =Dt LB KOEZEH Mz RIAD,
G ROEMESZ R AEEDIAD 8. 3,0008HDOREHFRIGEZTETH

Investor Relations / May 9, 2025 T E L 37




FY2026 SPEFTiR=E5c 18

(f2FM)
12,000

10,000

8,466

8,000

6,000

4,000

2,000

FY2025 H1 FY2025 H2 FY2026 H1

T8

11,000

FY2026 H2
T8

= DRAM
m NMEFREAEY
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t Z Scope 1&2: CO2 Emissions from energy use such as electricity in business activities

Scope 3 : CO2 Emissions from the use and disposal of sold equipment, material purchases and logistics, etc.

o) 4

nvironmental -Creation by Material, Process and Subcomponent Solutions
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GAA*1 | Nanosheet

| BSPDN*?

CFET

*1 GAA: Gate All Around
*2 BSPDN: Backside Power Delivery Network
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Options: Dielectric wall

Logickiiin— k2w a e I |
(Generic)

11 Chih-Hao Chang (TSMC) et al., IEDM 2022
121 Shien-Yang Wu (TSMC) et al., IEDM 2022

Bl Sandy Liao (TSMC) et al., IEDM 2024

[ Mertens and Horiguchi (imec), EDTM 2024

wall everywhere outer wall inner wall 4 Source: TEL estimates
Year of HVM
2022~24 2025~2026 2027~28 2031~32 2033~34 2035~36 2037~38
(20k/month)
Node nm 2nm/18A/16A
2~1 Fin GAANS GAA NS scaling GAA NS extension CFET 2"d Gen. CFET 39 Gen. CFET 2D material stack
LK
Transistor SOOOOOOAK
2D material: TMDC
MoS,, WS,, MoSe,, WSe, etc.
Poly Pitch [nm] 48~45 1 45~42 48 B1 ~42 45~39 36
Min. Metal Pitch [nm] 23 [2 20 18 17 16 14 12
Interconnect Cu Barrier/Seed CIP Cu CIP or Ru subtractive New alloy
booster Backside PDN (HPC) Ru subtractive AR>3, Airgap AR>5, Airgap, BEOL Transistor
EUV Patterning 1 o EUV MP, SE High-NA MP, SE
Technology SO, S12 High-NA SE EUV MP, SE
Resist CAR™ CAR (+MOR™) CAR+MOR

*1 MP: Multi-Patterning, *2 SE: Single-Exposure, *3 CAR: Chemically Amplified Resist, *4 MOR: Metal Oxide Resist

LogicdDitb (. bS > RXADIEE EMRIZZZ RN SHEL TS
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DRAM i — R W = (Generic)

vear of VM | 505304 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035
(20k/month)
b 1c 1d Oa Ob Oc Od Oe

Node 1

2D
6F2 4F2\VCT* 12 _
Cell layout /
Structure % _ ,
* Vertical Channel Transistor
* 11 Seokhan Park (Samsung) et al., IEDM 2023
[2 Daewon Ha (Samsung) et al., IEDM 2023
F[nm]in 6F2 13~12.5 12~11 10 9 8 7 (3D ~1xxL) (3D >1yyL)
Cap. pitch [nm] 39~37.5 36~33 30 27 24 21
Capacitor
Cap.AR. >50 >55 >65 >70 >75 >80 A_RI
Cap. Mat. ZrAIHfO Alternative (HfZrO Anti Ferro. etc)
WL TiN Poly-Si Low R metal WL
NP HKMG =~ & -
Bonding
HBM3E HBM4 HBM4E HBM5
HBM (8/12Hi,24/36GB) (12/16Hi,36/48GB) (16Hi,64GB) (16,20Hi, 64/80GB) AL Al
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NAND #fi0— R<wW = (Generic)

Year of HVM 2024 | 2025 | 2026 | 2027 | 2028 | 2029 | 2030 | 2031 | 2032 | 2033 | 2034 | 2035

(20k/month)
Stack 3xxL 4xxL oxXXL 7xXXL IxxxL *1lyyyL *1zzzL *2XXXL
(~1.3x/1.5years)
Tier 20r3 3or4 3or4 3-5 4-6 5-7 6-8 7-10
Vertical pitch [nm] 39 - 45 38 -43 38-42 37-41 36 - 40 35 -39 34 - 38 33-37
Memory height 12-14 15-19 18 - 27 24 - 36 34 - 45 45 - 62 57-74 70 -84
[“m] Poly Si MILC/MIC Eerr0elecic /— Resistive
: : . Fe/Re ,.-
Charge trap (CT) Continuous CT CT isolation y NAND? ?3
Channel Poly Si grain CIP MILC/MIC? o !
ﬁ
WL metal W or Mo Mo - |
Continuous CT CT isolation ' ‘
Under array Bonding FeNAND ReNAND
Layout/Structure . Bonding _ _ sof holes biw slit
or Bonding or Multi Bonding of mempry °'“TS siitq
Peri. CMOS Poly Si Gate HKMG verteal Feh £

“Trend Extrapolation
1 Metal induced lateral crystallization, N. Ishihara

2 Metal induced crystallization
3 Jeehoon Han (Samsung) et al., IEDM 2023
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Test /
Assembly
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2010 2020 2030

Source : Techlnsights
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Bl LIEORMME =R (CH T DA EES

= Logic : GAA™, Backside PDN™, CFET
o UVYIDS T4 FHitTTHigh-NAIL, <ILFING—Z=>T DA, MORIEHEH. FrikifiAcrevia™

(CHES
o JIVFINGD—ZTICKDIE, TwvF>2 0, FRREDOTIZEIEN
. GAA. CFET RS> SR CEDARTSAILT Y F > DTIZEEN
o RUIREFTMEL AirgapD K DIMBIEZEEIHS E18D

= DRAM : HBM, VCT"™, 3D DRAM
o YILFING——>JRRBATRHRIE. TwF> 0 TiEEEn
o )\ SHEMOBBESMEGEL. TwIF >0, BRIEICEEU T — — Xk
« 3D DRAMTHE. TwF> 0, HRTZHILITYF >0 TIEEEEN

= NAND : Beyond 4xx
- BEUBICLDMIRE. TvF>JTIE0OREEN
« BV AR MMETYFUIONRKDEE(C
o Mo/ EFMRL. Fv RILSHRIETLE

*1 GAA: Gate All Around
Investor Relations / May 9. 2025 *2 Backside PDN: Backside Power Delivery Network T E L 62
’ *3 VCT: Vertical Channel Transistor
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» ‘J/j‘i J+ s 9 D/ \F—=>T0t : SADP/SAQP

4 2o

Etch Sidewall deposition Sidewall etch back Mandrel etch back

SADP*

Etch Sidewall deposition Sidewall etch back Mandrel etch back

SADP: Self-aligned double patterning
SAQP: Self-aligned quadruple patterning
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:/“ \\J g}i’?’-ﬁj‘ d) T I< 7 \\J j t W Chih-Hao Chang (TSMC) et al., IEDM 2022

121 Shien-Yang Wu (TSMC) et al., IEDM 2022

EUVU NS T A 3SODMETS e i e torn

Source: TEL estimates

VEED @17 YD 2022~24 2025~2026 2027~28 2029~30 2031~32 2033~34 2035~36 2037~38
(20k/month)

Node nm 2nm/18A/16A
2~1 Fin GAANS GAA NS scaling GAA NS extension CFET 2"d Gen. CFET 39 Gen. CFET 2D material stack
L LHR
Transistor OGO
|
2D material: TMDC
MoS,, WS,, MoSe,, WSe, etc.
Poly Pitch [nm] 48~45 1 45~42 48 B1 ~42 45~39 36
Min. Metal Pitch [nm] 23 [2 20 18 17 16 14 12
EUV Patterning EUV MP, SE High NA MP, SE
Technology SN S High NA SE EUV MP, SE
Resist CAR CAR (+MOR) CAR+MOR

MP: Multi-Patterning, SE: Single-Exposure, CAR: Chemically Amplified Resist, MOR: Metal Oxide Resist

ZMIRBEET. MORYIENA EUVIRERIREUVY VD S T « £itiA\m T CRAML K
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FMIRBREE CLEAN TRACK™ LITHIUS Pro™ Z EUV

20124E LITHIUS Pro™ zU U —X (25t> 30005 Hifa) EUV CAR/MORXTL¥tkgEZ IBR 1 L — X

=iSFRTE

EUVRIZETTODES> 1T 7

=EEE

EUVERLIHDIEEEE BAMRRIE, RRHESIER
=R TE

{EFIBRBL S X MCAR)ICHIA.
A AFHAL RS MMOR)P FIEIRICHE XTI

*1 CAR: Chemically Amplified Resist
*2 MOR: Metal Oxide Resist

S FEIERNEREOEALE T CEREDSEERBEDHDLITHIUS Pro™zZ TS5w I A —AT.
EUVEL#EDI T ICESEREE. S4EEHZ18F. MREUVEIITENEEEEIR
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TS T4 LA V7 —3DOREL

Logic
®EUV MOR TEL Estimates
EmEUV CAR
fb\( @ Non EUV Lithography
|
o
\v
A
\r
N
N
{
Al
)
Al4 Al10 AO7
) A A (CFET)

VTS T4 LA —%&

DRAM

mEUV MOR
mEUV CAR
= Non EUV Lithography

D1b Dilc D1d
) (A XK

TEL Estimates

DOa VCT 3D DRAM

MOR(Z: Logic 10A. DRAM D1b
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FABD
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*1 IS KURRY -5y MCEDEFHOT
*2 EwF 24 nm S FERRIEOERMAICED <O

/
TERD ke
REBEFI
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ER(ERZE" 50% (fi¢3kLt)
)5 — AR ERE? <8 nm™
BANANR— X1 + >S54 2 A FBIEE

sE% (RIL—Tvb-JybhITU> - X2FTF 2R - BifFesisafE)
FHRDD T v MREE Tz T 2RI &Ml

Investor Relations / May 9, 2025

d—A/7~ROw )\ TvFIRE
A IRk
R BEMEH X
X 4 x1
Ho e 4?%@&232@%?91@
> 10 nm™ <8 nm’
+ >S5 2 AHIIAFF O] EE WNE

]) ZERB LT

TEL &



MOR T w hL-SZ R THRE BRI IR NS

L2 MTOERIR MEs:
HMEDTR e

CVDRLAR - AAEIR Gl
JOtEXdDCo0ld.

AP =
BEITOEX

IR Gl
BHER—D
CVD?#

BTy MR D
BLTIHIHL
A A>HF=

BETOER TELYAI

REBIRE:

MORD T Y hLZX I7E:

DJxTv hEM+DOTY MRE& CVDRIR + AEIR Griscdiy

MORD T v cLX bTiE(E. RNEBEIIE (CVDAAR + AEBIREREIM) (CLEE U T,
X . TAT, BISEERHEEIE. KEDIJY hTU> b EINHEDORTEAL
CNSDOOXNEREDODAY Y MIIFT TR, MEETEI TICDTY MIIETEBALRT —4

Investor Relations / May 9, 2025 T E L 70



Too Narrow

Acrevia™ J L

TELJBdDGas Cluster Beam (GCB) System . .

E—-AAFAZER(CTHZERIEE
LSP (Location Specific Processing) DT —)\AF+v> 1st EUV
> it - ¥ - mSOIYF >IN ] EE

) S — > (CHB VT DEUVEEFELIENHEIR
EUVEEDEE !z A& (C[ Lk

i) N5 — > DR BiabRZ. LER/LWR* ti
iﬁ%’a’ioﬁifﬁ_%iﬁ

L :
Before ' | After
Ay,

* LER/LWR: Line Edge Roughness / Line Width Roughness
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ZRRIRT W F >0 E3KeD BN Bl

Logic

ZIEhHR 0 & En
el ZE
- ZIERCAR a REEDn l < a5~
X2
GAA*! | Nanosheet A>3 s
FvRIL

(AEUR—IL)

)
- BSPDN™ J— RSASHEE
(RUw )

CFET RT OB
*1 GAA: Gate All Around AT — Ev bhZ1>

*2 BSPDN: Backside Power Delivery Network
*3 CD: Critical Dimension
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Mask
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(HERB™: High Efficiency Rectangular Bias™)

ey (IEsKIR) ¥hikili (HERB™)
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0
1A >%BIZFADHHIESDL 1 A2 &5EFAL DS —FE
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TELRBERIMICKIDY U 1—23> 2: PHastiE™
Eyb)bﬁlﬁi ﬁ**ﬁi’ﬁ (CFL + ﬁinan (PHastIE™: Phosphorus + Hydrogen based “Fast” lon Etch™)

CFx
1 "o P9
H
-
O

CRIIRUI—{ELTIRE LT 08 r +HF e
BIOICHIET B Xz HE
Increased
adsorption

efficiency

it (PHastlE™)

HF
PF [ contained

‘ 04 gas . I:&:‘,,
FRHAERAIT S ETLEREERR
KR & DA EHETHEEEIChingZEIR
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Novel Cryogenic HARC Etch

J Ot X1%kE

BRI OEX SHEEND -43%
KD IEHRDY. Less Power
KDEL,
K NDEL

7S 2 H Cco,HEHER -83%

REBFEZHWCEREIL  Less Carbon Footprint

2.5x Faster

54, $iCryogenicd Ot X %= 2023FE(CHFHEK (@VLSI 2023)
ST OT X MR SRR MEEZ Mz
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— ZIERCHR

FiNFET GAA*! Nanosheet Self-aligned Contact

J>90 6

“©>
RTF OB

*1 GAA: Gate all around

*2 SAMP: Self-aligned multiple patterning
*3 PDN: Power delivery network

SAMP*2 Backside PDN*3

MHMEDED C & (C KRBT/ A RIBEDZEEUV I VTS T o — (S

Investor Relations / May 9, 2025 T E L

80



GAA Nano Sheet FET#1EA\MOEL D #HH

Si/SiGe cavity etch SiGe Release

GAA Nano Sheet 2’ O XAMDERE :
« )\ —"FK (3ERZ) OE—1%
= J\A—FKEADST IR - ¥RA

SiGe

TELOEDIEH : HRATZHILVITYF D
= U\ wF &R Vapor Phase HCI Dry Etch
= mULE—E

= BRABRRE - 5 IR AR

S T.=7.3nMg -0

Source: N. Loubet, et al., IBM, TEL Technology Center, America (IEDM2019)
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PAR(CH 1T DSBS © = 1T 7DILK « SAM'ODILAK

}ﬁHEFii%(:B(/TéTEL@:/I 7 TEL Estimates
mTEL (CY2023 R IR TAM : #J$20B)

}\‘\y?cvn‘ ALD Wi ol

BRE - HEEX #CVD

* SAM: Served Available Market
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Episode™ 1 Episode™ 2 DMR* Episode™ 2 QMR

Single Reactor Single Reactor *Duo Matched Reactor Quad Matched Reactor

BEISY NIA—A RASEOTTOTRES1—)UIBE 2METEVEESEZEIR MAREEE TS IAVIRIESE
2024E7H U —X 2026EJ U —RXFIE
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Episode™ 1 : JO>4570 MMERALIE
« JOtEX7J70O-—0—4

Tipk A&

BRI St R

COR' Ti CVD
IPHT*2
SiO,f% FHUHA RE

*1 COR: Chemical Oxide Removal
*2 PHT: Post Heat Treatment

SEEEOR— TS NJ A — L TRACERETIZE X5 LRIEE SRR
=25 ROEIRFULERCS S
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Episode™ 1 : Inner Spacer LIZ—1& A mIDIESDIAHE

/JH

= FRAMTERRE : - 73
BIERDIY FIICKBDIV—IRERZ Eébi?_\é'}'li EDENE

cJ)

PR _E DERRE 1 BRAERA > b 1
2T A—=XILEFI—1) RIEEER(F38 < AR AR

PRAR T IEROEBNEAZE

SN s BUBAA > b 2
S — AL B1EsHiA

Source: TEL
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IR E SR AUCH T DEES 2 : PVDEE(CHITDSAMILK

LEXIA™ -EX 202412AUU—2

= D1 —/\CEstéiEz X IcRIO AGIPVDEREE dPVD? mPVD?
(Oblique Angle Sputtering)
- B RES—1% (10 0.5%) | i @ =
= WMBDOYILFHY — R YLK ’f r’“g‘ﬂ .
- BULEEL — hERIR T 1 ¥ é/” N
— BEMRHC L DB EEFIfEIN R EE lm ﬂ; “_ *[ 11 lJ

- BWVWEEHEZZEIR (~100WPH)
= JERPETE D B RIBIRE ANR— XL ZE1

<~ §

*1 Y — R BRI B D AT 1F D EB AR
*2 dPVD: Dual cathode PVD
*3 mPVD: Multiple cathode PVD
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AR E SR ACH T DEES 3 : Hit B EAIE/ BRI E T DAK:

FEFZ YU -3 TELINDY™ PE-II
- SiJOEXEM A=—45— k. FvRILS] etc.)
— Batch ALD high-k (F+ /(S F{EiRI=)

— Plasma/Thermal ALD-SIN/SIO,
— Batch molybdenum (word line)

= SEORFEETIH
- O—RR=bBrX77v>T (80w b, 10wy F2004240L1E)
— REBEND DI - (CEEH—RKIET D20, Rt iiE
- BITROER (E—5—4EEDE 525 MmE L)
— Bt (One-TouchxZ ElF, WILITA>FF> X, DXD;ER)
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* DRAM < @R Jrv hIvF>T

_RTAMTYFIIROESE
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5
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— Fin TwF > U054

— Nanowire/Nanosheet FZR{ & D

FinFET NanoW}re Nanosheet
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Investor Relations / May 9, 2025 - L



R SR EZ IR

~ Air

J7)Ld—Ib

Top View

o - -

EERFFEEELAT (C K D)\ — ARz D]

Investor Relations / May 9, 2025 T E L

92



J\wWF « XOS)\—FRICHITDEES

SINLYFITIEAA—
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ZEXSTA™

= ZEXSTA™BIE | = Target Application
. - BEADTY NIy F S EEERIIRENR
S5SNI =

-----

3D NAND

SiNBRZE

3D NANDICHNZ.. 51, DRAM®DIEREIL(CHBLEL).
BEMEREAD T Y NIy F oI kdEND

Wet Bench EAREESTFRD - BAENEETEFEOTIARD SN S T
m P L eEE )

WEFE I
Wet Bench e «© =EMQIE, Dxvw NITwvF> o - —

ES e =EE Rz, /) \—F« ) LHE ~Wet Bench N Sing :\Wafe[ R
LogicY°DRAMICH T, SERREBFFENKDSND

CNETOEEXD(CTMOND C EELS .. Fiic/iiegh&E(CChallenge U, BERFTFAFEICERALE T
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R eI

SEETEWet Bench
(EXPEDIUS™-R)

R ¥)Large BatchfLIB (—E(CQUIET
DR ZILK) Z=HKIRTDIRE

SR K BN
(WPH/system) (HEE/) (HEZE/H)

X2.0 -30% -46%
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FFEER D #HA

K
| — H,S0, Steam
& 120degC vaporizer
w, ] S J
. £ ¥
- |

SPM! Vapor#kiii
(CELLESTA™ Pro VP)

H202 Circula l

CELLESTA™ Pro VP A A—%

FRICKESZRIMU. RRBEZF
RIE(IC K DAIBRE DER(bZRIR

*1 SPM : Sulfuric Acid and Hydrogen Peroxide Mixture

FRLEESE  RRHEEM

-30% -50%

MEAI S\
(CELLESTA™ MS2)

WaferZREIDAS2QLIE, WaferEEED
Brush@L¥E % — D0 Chamber €[ BFLIE

\
b E.I-ﬁb *2 AS : Atomized Spray

SEEH Cost of

(WPH/system)  Ownership
(per wafer)

-30%
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1.0E+03 A:W.B.
1.0E+02
1.0E+01 | @
()
( .
() X Cu Pillar Bump
1.0E+00
1.0E-01 I.IITI
® TSV Micro Bump
1.0E-02
1.0E-03
1970 1980 1990 . %OOO 2010 2020 2030
e Technology Node A Wire Bonding Memroy = CSP
* FBGA % Flip Chip SoC Organic ® micro Bump TSV

® A Cu Hybrid Bonding

A D EDREERIMOEAN, EERBIBE W FOE S5/3DHE/]\Va ihE
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® HrERhTIVEE

R E/EREM b

®Synapse™ S @Synapse™V

Fusion bonder Temporary bonder

:- "|'

EENE |

¢

@------

@®Synapse™ Si

Cu hybrid / Fusion wafer bonder

ADFEE

@ Synapse™ Si (high accuracy)

Cu hybrid / Fusion wafer bonder

@Prexa™  @Ulucus™ L ® Ulucus™ LX

Wafer Prober Laser Edge Trimmer Extreme Laser Lift Off

@® Die Test Prober
Upcoming system
for release

@®------
@®------

¢ o

vear ) 2011 2012 ) 2013 2014 ) 2015 > 2016 ) 2017 >2018 ) 2018 2020, 2021 2022 ) 2023 NG

® Synapse™ Z plus

De-bonder

D1 > L—2 3 RRAmEIT, FERENX

2N ¢ Sl Oy — SO REREIF T O—) U T E L
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® Synapse™ ZF Ill l'i ! release

Post bond re-worker
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® Ulucus™ G
Wafer Thinning
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HPC/AIT/ W AICHITB3IDIIFTRA DR

Advanced Packaglng

5 I —)\TDF )\ AW | AL DBDTESTU—
|
|

------------- Stack Memory .
AN Die Test
for KGD* N

*1 BSPDN: Backside Power Delivery Network
*2 CFET: Complementary Field Effect Transistor
*3 HBM: High Bandwidth Memory

*4 KGD: Known Good Die T E
- L 99
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T o ORANICHITDEHDOEEKS

>

IN>T 1 2D $iiil

Plasma Clean Alignment Thermal

activatlon Treatment and bonding annealing
Upper .‘wz‘sh. N
Wafer/Die i : “ ’
Lower % % — Wafer-to-Wafer Bonding

Wafer Die -

Die-to-Wafer Bonding

—

AR : EyFRI—-U>D, B&E(L, EHEENL

Wafer-to-Wafer Bonding

Advanced

Packaging
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2024

A — DRl

2025 2026

— RYwW T &3R8

2027

Logic

NAND

DRAM

Node ' 2nm

o
-

2nm 2nm+

Distortion < 4nm (BSPDN)

2-wafer-bonding

Wafer warpage < 500um

2D DRAM

Distortion < 5nm / DxDy < 70nm

14A

2028
14A

Distortion < 3nm (BSPDN)

2029

i 3-wafer-bonding _ Z4-waferbonging

10A

2030

Beyond

TA

S5A

DD —)I\N\DME

’ 14.0

12.0 ¢
10.0
80 F
60
40
20
0.0

Residual

\_

100 200 300 400 500
Warpage/Skew [um]

Jr—)\RDE&

EHREDER

ROOT—\CHTE

BRISEIEF Rz L

/_

) 1 —J\FEH(Distortion) \NDFM &

RS ) A A5 & U TREIRERA 12 8d0li7& 7517 U CRFEH
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~ Distortion map

image

k<— Distortion vector

Center

Middle

Edge

_\

U

[ IIZIEIRREREREEC |

Wafer Chucking Force ‘

)\~ KB T OEROBEL

* FF/FB : Feedforward/Feedback
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T+ O TIEICE T DRIEEENISIRIRE (M RIAHTAM)

>

300 1 [ Frontend Process CY202573\5 CY2030 CODCAG R(j:
B Advanced Packaging 24% t% ﬁﬁ E’i’ E‘Lt}
= CY2030(C(&3,000{EFHARIR (C
200 -
5 - I TAZMAENT &5Eim) (W or—= >
@ DR TOmMA LTI A NTHRE
100

= IR>AH — (GKAMRELE)
SRS — (RIEE) . HIHE.
SEHAL E AT (IR Ti‘iﬂ\]b\i]‘%%

0
2025 2026 2027 2030

(TEL estimates) * TAM : Total Available Market
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1 —) KAIEESNR>S — Synapse™ S

Plasma Clean Alignment
Activation Treatment & Bonding

Bl LRI DBonding Preparation Bonding3f B %4t

Top waferQ

-3 Wafer flip

n TOP Chuck

===

Bottom chuck

Cleaning

= OB Y DL EARAIRBEN. XN HEARE LEEEE(CKRELFS
s IRT o DO DEEEANEITC. FERATY/ODY IOEERREDOFHImMNER (CHERE
= RERT /A REEN, DT —/\TOT1—23>2/Cu/\ATUy RIR>F 1 2O FdbhiE ) — B
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), ~ 3 P L3S \ \773 J I P N
INT o DA ERSNDIRL IR )7 T ) o—>3 >
Application
BSI™ 3D NAND . VCT™ DRAM 3D DRAM BSPDN BSPDN & CFET
. Pixel + ( Si Substrate ) ( Si Su_t:_strate ) Logic
Stacking + Cel o Logic ¥
Device ( Peripheral ) + call Ctll Ctll . + [> Logic
+ Si Substrate
e + _+ ( sis l—)l-t ) -+
ogic ( Si Substrate ) I Substrate Si Substrate
Bondin Wafer to Wafer Wafer to Wafer Wafer to Wafer Wafer to Wafer Wafer to Wafer
nleline (CHB'®/Fusion) (CHB) (CHB/Fusion) (CHB/Fusion) (CHB/Fusion)
Structure
Status HVM™ R&D~HVM R&D R&D R&D R&D~HVM

ERDT)\A ZBE(FEEN DB T 1 2O\

1 CIS: CMOS Image Sensor
*2 BSI: Backside lllumination
*3 CHB: Cu Hybrid Bonding

*4 HVM: High Volume Manufacturing
*5 VCT: Vertical Channel Transistor
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LD EDHOEIESE AN : 3D NAND

KBS ESEE
L CEUIL L XEUTIL
} BN EHEIRE
v BRENCIA ESRCI NS v EREIORZERID T —/\TRE. XEVUTILEBDEDE
v RUEHRE - [OligiEREM_E

« WTAT* Ot X
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BEDEHOEIESE AN : Logic Backside PDN

4 SH= .
RIS Backside PDN*
1. Signal BEOL 2. Si Waferig& *Power Delivery Network
= (Front side) _
i
— Power
Signal _
- &
Power /
= BT 5. Power BEOL

% PowerBigfRD 7% <
il R DG
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Advanced Packaging

Application
Stack Memory / HBM
DRAM  Wafer DRAM () Die SoC Disaggregation Heat Spreader
: : AR E
Stackin DRAM  wafer DRAM () Die Device A Waf iy De
_ g + OR T + arer OR Bty fanza \I Heat Spreader
Device DRAM DRAM  ( /)opi - i aEEs ’
4 Wafer T le Device AorB = Wafer \ p NEEP4 Device
Logic Wafer Logic Wafer X e Waer
B Wafer to Wafer / Die to Wafer Wafer to Wafer / Die to Wafer Wafer to Wafer
g (CHB/Fusion) (CHB) (Fusion)
Micro Bump Cu hybrid Monolithic SoC 3D Stack IC
More stacks
Structure w w
» Small formfactor (3D stack vs. 2D)
» Higher speed (shorter wiring, no bump)

* Thinner die / more stacks + Lower power (shorter wiring, no bump)

* High density connection « Lower cost (higher yields, easy to mix processes) . getter thermal conductance

* Better thermal conductance * Shorter time to market (matured IP block reuse)

Status R&D R&D ~ HVM HVM

Ja—>3a>ICu/\1 Vv RiR>F o 2O sim) o — > O TIEANILK
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Example of Wafer Bonding Process Post-bond

Prep & Bonding Silicon Removal

\ Ulucus""L/ V |

0.5um pitch / yrapse™ & ﬂm@ai S ;
- /
nﬂﬂa ‘ "d Laser Trimming Grinding Cleaning
: m |

Coater Depo Etch Cleaning

0.25um bond pad

Coater Depo Etch Cleaning

DU y =
Wafer Process CMP Bonding ’ '
I...) ‘ Coater Depo Etch Cleaning
: IO, i AT &
: '16 Laser Lift-off CMP Wafer Process
I )
———————————————— Qﬂ% zg B = == an o o |
N\ 9.%
— % 6, 4 P
<ofi | % %
Ilzﬂi_ © %
» Extreme Laser Lift Off
Ulucus™ LX (L)

LHRBECKD., SETERERN T >0 70X %R
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L —H NU=>%E: Ulucus™ L

= I
- JI—/\EESTOIVSRNIZIRE
— B LIRLANILDRA—/)\ =TV — > FfifiZz
BAUCET DY N IA—-—LEL—T
Hl itz RS

L —H#Eic kD, SRE - amEhU=>T8
fEKEAREIRICKDITOATIL > RU—0Om=EIEIT B
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L—Y NI ORE

Dr—/)\RETOIT—/\EDEDEIREZL —IKMICKDEH
Ty IO TIECTOHEFTDNE LH/KERZEDOKIEREIRZEHR

Higher Accuracy Smooth Sidewall Higher Throughput Save Water
Enabling narrower trimming width Less damage, Better yield High productivity, Reliability Reducing DIW to 70% or more
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= TOAMNU—=AL—Y— UJ AT (XLO) BiliDIEE;
— R MRIF 4 > TTIE
(Dx—/\EERICHSEETE
ANDREAH LT | Si wafer B
- SUDSEMRET N EBEEE 0
L —H(CToEt " * 253
- IO MEEEEIEEECSIT B IMIE
- S U B3EmEOILK
- EhHE TIEZOHIR
- HKIERS/CO B EDHITE
- 1 —)\BFAOTREM

= EmUU—X : 20245E12H

) Device layer B

¥ Device layer A

' Si wafer A
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Ulucus™ LX Z# 9 B1fe

Permanent Bonding Process with Grinding & Blade Edge Trimming (Conventional)

Wafer Process Cu CMP 1st Edge Trim Touch-up CMP Bonding Grinding 2nd Edge Trim Si Wet etching Si CMP

> =) b =2 y ==, 0, ==

Permanent Bonding Process with XLO (Extreme Laser Lift Off)

Wafer Process Cu CMP Bonding XLO Ox CMP
x—= > — : — T
T Reuse Process — LA‘;
> U BRmEiE s T 152 fLKEAHZ _ bR RBEHE > a2 iEEL R
(D —/)\BFAHR) > ISA A= (T BFR
e N
<50%

B — .
Conventional New Conventional New Conventional New Conventional New Source: TEL

Grinder Ulucus LX Grinder Ulucus LX Grinder Ulucus LX Grinder Ulucus LX
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MAGIC itz

= MAGICTii% 2f8DkEZHAS o migil
= MAGICH IR ER T REAFZ <iE;>
F¥E. P

60 N

* MAGICEIF200mmDFTES A > EAE ———
— 1IE - BBA - = 0 gt
-NBFai—twYy .- =xV5 - TJOUS 40

~$30

~$60B
Imu | Hl"

30

2

o

1

o

2020 2025 2030 2035

o
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— FEROBESMIEEREDOM 59, FEREREIT(CHIRTEILK

o JND—FEROTEE
— SiICOT—)\MGERE. 300mm WL F>IJ%E
— EBFREITRERIE T D) D—FEAEREE (CHTIE

SICTEAF v )LkEEE
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S%ims )\ ADHEE(L

TINAAD

pOLED Smart Glass Power RF Filter ‘» . CIS Si Photonics

Eﬂi-ﬁ ABEIR, S X, Sic, GaN, LT/LN, 150/200/300mm
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FY2024 FY2025

FY2025F 48

= 18,305 24,315 +32.8% 24,000
2= HiaFIZS 8,302 11,462 +38.1% 11,290
7o _LARFI TR 3R 45.4% 47.1% +1.7pts 47.0%
REE 3,740 4,489 +20.0% 4,490
=R 4,562 6,973 +52.8% 6,800
EXFER 24.9% 28.7% +3.8pts 28.3%
SRR AP 4,734 7,061 +49.1% 6,910
P EICRET SRR 3,639 5,441 +49.5% 5,260
1RETZ D HERfEFE () 783.75 1,182.40 +50.9% 1,142.47
HFREFEE 2,028 2,500 +23.2% 2,540
lmie EEE 1,218 1,621 +33.1% 1,700
B il =PI 523 621 +18.7% 630
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FY2021 FY2022 FY2023 FY2024 FY2025

B ELESE 13,991 20,038 22,090

B G LiEFIE 5,649 9,118 9,844 8,302

| =R 3,206 5,992 6,177 4,562

| Lﬂgﬁ%ﬁi(:ﬁﬁ?% 2,429 4,370 4,715 3,639

O 55 LIRFIER IR 40.4% 45.5% 44.6% 45.4%

O BERFIER 22.9% 29.9% 28.0% 24.9%
ROE 26.5% 37.2% 32.3% 21.8%
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2,001
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502

160

6,554

3,105
47.4%

1,267

1,837
28.0%

1,851

1,429

127
346

183

RIS L — ROZEBAIRVRD (CHNTI(E, FIBADHZEFEM T,

VS.

FY2025 Q3

+0.1%

-0.4%
-0.2pts

+13.1%

-71.9%
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+17.7%

-31.1%
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== 639 463 552 800 753 1,193
EErT) - 20Ath 92 127 175 170 212 223
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