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CY2024 575
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Fv—bMMIH— b F—UB—F(CEDE, RRILU OHER

HFf : Gartner®, “Forecast: Semiconductor Capital Spending, Wafer Fab Equipment and Capacity, Worldwide, 2Q25 Update”, Bob Johnson et al., 8 July 2025

BT 25 = Electronic Equipment Production/3& & = Semiconductor Revenue/ #3844 R] TI2RIE{E = Total Wafer Fab Equipment. Revenue basis.

GARTNER(Z. Gartner Inc. F/Z(FBIERHORES SO TOMOE(CH T DEREES LUH—EXT—0THD. FAHOHFACEDNWTERLTWNET . Allrights
reserved.

AEB(CELH I BGartnerdI>F> ~ (MUTF [Gartnerd>F> M ) (& Gartner> >S5 —h - BIJRoUTS 3> - Y—EXD—EE L TGartner, Inc.((XF TGartner] )
MRITUREVY—F - ACZAS FERBERITEDTH D, BREBRNTNDIEDTIEHDEBA. Gartner1>F> RMORBEFEVINE, TOI>FT> MFTE
NIZHBONETTH D AENRITESNICHORBETRHDFERA. F/o. Gartnerd>FT > MCRBESNTVIRBEFERKEREINDZICENBDET,
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HiFR

Gartner®, Market Share: Semiconductor Wafer Fab Equipment, Worldwide, 2024, Bob Johnson and Menglin Cao, 21 April 2025, Revenue from Shipments basis.

Fr—MIH—hF—UB—FCEDE, RRILUMOHMERK. CCCRBEDHDEHEE. RRITLU MOYICEIDBEHRENZEDTY .

O—4/7~_Ow )/ Photoresist Processing (Track), RS- Tw F>J4i&: Dry Etch, FiIREEE: Tube CVD + Atomic Layer Deposition Tools + Oxidation/ Diffusion Furnaces + Nontube LPCVD, ALD: Atomic Layer Deposition Tools,
CVD: Tube CVD + Nontube LPCVD, E&{t/4E%: Oxidation/Diffusion Furnaces, 36545 Single Wafer Processors + Wet Stations + Batch Spray Processors + Scrubbers + Other Clean Equipment 1 —/\/R>4/—: Wafer Bonder
GARTNERI(Z. Gartner Inc.Z /2 (FRESHDOKRES KUV TOMOE (CH T DEREIES LUT—EXIY—0THD. BEROFRICEDVWTERALTULETS . All rights reserved. Gartner(d. Gartner )t —F DFAITY (CIHE SNIHF
EDONRA -, BRBFLEFT—EAZHEITIEDTEIHDFERA. Foo BEDOL —F 1 >R (EZOMOFHEZIS NS —DHZRIRT DLS LTV /OS—-1—F—(CHETDEDT([EHDFHA. GartnerJF—FDF
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Green Future Through Semiconductor Evolution

Digital & Green

Lower Power

Larger Superior

Consumption

Capacity Reliability

— = [Fr—

Heterogeneous
Integration

]

i
C

TEL

Investor Relations / August 4, 2025

22



Physical Scaling x Heterogeneous Integration

Frontend

Logic
GAA */ CFET

Logic
Backside PDN *

DRAM
4F2VCT * / 3D DRAM

Super Flat Wafer

Investor Relations / August 4, 2025

* GAA : Gate All Around
* Backside PDN : Backside Power Delivery Network
*VCT : Vertical Channel Transistor

AlFER

HBM +— — = HBM

HBM +— GPU/CPU —= HBM

HBM g —=HBM

Advanced
Packaging

Heat Spreader

3DIC

Chiplet Integration

Stack Memory

HBM, etc.

.o
-— Known Good Die
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Deposition Lithography Etch Cleaning  Testing I;Beobn(;irl]gigng

A - T el .
I! g i ﬁ; i T = %
C e “'fﬂ o )
Batch  Semi-batch  Single Coater/ Plasma Gas Cleaning Prober Wafer Wafer Edge
Deposition Deposition Deposition Developer Etch Chemical Bonder/ Trimming/
Etch Debonder XLO*

*XLO: Extreme Laser Lift Off

TEL 2
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2 - Fontnd

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)
150 .. = Conductor Etch " Sséc;r;ilg(i)%h-k Capacitor = Batch E/Io deposition
0 = PVD Metal Overburden = Batch Cleaning WL
c;':fzi_?(;g)/o : X 1 .7 = CFET/Inner Spac_er. | = PVD Me.tfal HardmaTsk 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 2'0 * Interposer, Polyimide & PR * Polyimide & PR Memory Test
(2024-2030) Coater/Developer Coater/Developer = Prober
0e® = TDV Etch = Metal Etch for HBM
W o = Batch High-k Capacitor depo = Aerosol Cleaning
0 = Wafer Bonder = Temporary Bonder/Debonder
2010 2020 2030 " Leseriool

Source : Techlnsights (April 2025)
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= FY2026 Q1 : 5TiEE DEH
-5k - FBdEDB, (FEFETEESD
- 55.bF 54958, EEFE 1,446/80. B 26.3%
— POR*DIEE. {FEAERE(CEIVTTZEER R mDRFEFHmEIEE
o FTAR IR A SYIURRIRERE. 2 < ONANDEER (CH U\ CEHmER
« L—Y—-UIJRMATZEVIDA>FTIL—>3 > RE. BHETTH
- BRI LU MO S FBIFRER IET
= FY2026 LRAZERERE L : BF/RL
— 55 E= 1J61,500f8M. =ZFE 2,880, S 25.0%

= CY2025 WFE : (Z(FAETED
- ABZOEmZERRU. 4BETED$110BHS$115B(CEIE

* POR (Process 0 f Record) : BEEDFEEREE T O ACH T DEERHADRE
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= CY2026 L53HR (1H~6H) OOENE :

BAZDSEBEDRECKDEEMM L. FlIdZzEHUEHEG/ T ADagE1k.
FTATIRE b\b%%my:’ff\mtﬂD**zfdt(uw FYRX—X (FY2026) ®d
WFE (X1 FA5%B & & FRIZE(E1E

- —ERFEImO> Y URBE DB EDRE U

— PEFTRFEARA—D—(C KDL —EEDE\

— NANDICHITD. FR/I\S A ZEEICRIEIRESTBIODEE

— HBM*EE (IIERIQEDD., FEFMPB LVEBEEDSHEFE DO L (ICKDIGETEDREL
— DRAM DDR4MNSDDRANDEE D BEZIRE ST A =2 DEIE

*HBM (High Bandwidth Memory) : S 1HIEDRAM
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FY2026 ZEta

I'._J\

FY2026

(f2F)
ZE%E 1 FY2026

FY2025 GGh¥i8) (4/30855548)
bl =] 24,315 11,500 12,000 23,500 -3.4% -2,500 14,500 26,000
o LisF 11,462 5,270 5,390 10,660 -7.0% -1,620 7,010 12,280
7o L AeFIZRER 471% 45.8% 44.9% 45.4% -1.7pts -1.8 pts 48.3% 47 2%
REH 4,489 2,390 2,570 4,960 +10.5% -50 2 620 5,010
HFRHAFRE 2,500 1,400 1,550 2,950 +18.0% -50 1,600 3,000
HFRAFRELINDIREE 1,989 990 1,020 2,010 +1.0% 0 1,020 2,010
= kS 6,973 2.880 2,820 5,700 -18.3% -1,570 4,390 7.270
EEMNRE 28.7% 25.0% 23.5% 24.3% -4 4pts -3.7pts 30.3% 28.0%
e E R 2 HAMEF 7,061 2.930 2,860 5,790 -18.0% -1,570 4.430 7,360
PattikE(CIRE T DU HAMEFIZE 5,441 2.240 2,200 4,440 -18.4% -1,220 3,420 5,660
1RSSO RIS (B)  1,182.40 488.93 - 969.12 -213.28 -266.39 - 1,235.51
* 2025F 48308 (CRERUCBHZEETENSDIEEREZ RLUTWET,
TULZR K 4= = —
ETDREEIGEIRRZTBER. THOHEEFEX(ZIE
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4,000 mIEXAEY 4,000
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GAA*!" / Nanosheet

| BSPDN*2

CFET

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

Logicifi— kw7 7 a
(Generic)

"1 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

“l Mertens and Horiguchi (imec), EDTM 2024

wall everywhere outer wall inner wall & Source: TEL estimates
Year of HVYM
2027~2 2035~ PAVKY for
(20k/month) mmmmm 035736 | 2037~38
Node 3nm 2nm/18A/16A 10A
2~1 Fin GAANS GAA NS scaling GAA NS extension CFET 2nd Gen. CFET 349 Gen. CFET 2D material stack
L LHK
Transistor OOOOOOKNO
2D material: TMDC
MoS,, WS,, MoSe,, WSe, etc.
Poly Pitch [nm] 48~45 11 45~42 48 [B1 ~42 45~39 36
Min. Metal Pitch [nm] 232 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 * " EUV MP, SE High-NA MP, SE
Technology SOVINIEE, €12 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

LogicDiif b, FS > X YDEE EMBIEEZ AN SHLTULL
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DRAM #4fi0— R~ ' (Generic)

Year of HYM

Node
AF2VCT* [12] _
Cell layout /
Structure ﬁ _ _
- * Vertical Channel Transistor
3 1'Seokhan Park (Samsung) et al., IEDM 2023
33 121 Daewon Ha (Samsung) et al., IEDM 2023
F[nm]in 6F2  13~125  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 AR{
Cap. Mat. ZrAIHfO Alternative (HfZrO Anti Ferro. etc)
WL TiN Poly-Si Low R metal WL
Peri. CMOS o = |
Bonding FinFET
HBM3E HBM4 HBM4E HBM5S
HBM (8/12Hi,24/36GB) (12/16Hi,36/48GB) (16Hi,64GB) (16,20Hi, 64/80GB) HBMSE HBEMG
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NAND #ili0— R~ 7 (Generic)

Year of HVYM

Stack . " .
(~1.3x1 5years) 3xxL 4xxL SxxL TxxL 1xxxL 1yyyL 1zzzL 2xxxL
Tier 2o0r3 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
pitch [nm]
Memory height 12-14 15-19 18 - 27 24 - 36 34 - 45 45 - 62 57 -74 70 - 84
[um] Poly Si MILC/MIC Ferroelectric Resistive
. . . Fe/Re wi.
Charge trap (CT) Continuous CT CT isolation » NAND?
Channel Poly Si grain CIP MILC'/MIC? -
WL metal W or Mo Mo
Continuous CT CT isolation FeNAND ReNAND
Under arra : Bondi
Layout/Structure or Bondin gy Bonding or Muﬁ?glgr? ding #of memory holtles biw slits
[
Peri. CMOS Poly Si Gate HKMG LUEEUIH
Tler{
"Trend Extrapolation

" Metal induced lateral crystallization, N. Ishihara (Kioxia) et al., VLSI 2023
2 Metal induced crystallization
3 Jeehoon Han (Samsung) et al., IEDM 2023

Bonding Multi Bonding
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Al TAZDIRIMMERRICH T DRSS

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

(CHE=
o WIVFINI—Z2ODICKOMIR. Ty F> 0, FfaEDTREEN
* GAA. CFEThS > ZRAICIDHARTZ NIV Y F >0 DT 2EEN
o RUIREFTMEL AirgapD K DIPIBEEEEIES LIRD

= DRAM : HBM, VCT?3, 3D DRAM
o YIVFING—ZJATHE., TwF> 0 TiEEsh
o )\ SAEMOEESMGEL. TWvIF >0, RREEICRU M — — XA
« 3DDRAMTHE., TwF> 0, HRTZHILITYF >0 TIEEEEN

= NAND : Beyond 4xx
- BEUB(CKDHIE. TvF> 0 TIROEIEN
« BIARIT T YFIONRKDEE(C
+ Mo/d EFitAsl, F v 3 LSHEIESUE

*1 GAA: Gate All Around
Investor Relations / AUgUSt 4. 2025 *2 Backside PDN: Backside Power Delivery Network T E L 63
’ *3 VCT: Vertical Channel Transistor
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VD ST+ %59 D) \F—Z2 Db : 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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1 Chih-Hao Chang (TSMC) et al., IEDM 2022

:/“ \\J Oj:i%’-l_‘j-d) o I< 7 \\J j & I Shien-Yang Wu (TSMC) et al., IEDM 2022
EUVU NS T FEGTOOHEFS e o e

Source: TEL estimates

Node 3nm 2nm/18A/16A 10A
2~1 Fin GAANS GAA NS scaling GAA NS extension CFET 2nd Gen. CFET 349 Gen. CFET 2D material stack
L LHK
Transistor OO
‘ 2D material: TMDC
MoS,, WS,, MoSe,, WSe, etc.
Poly Pitch [nm] 48~45 11 45~42 48 81 ~42 45~39 36
Min. Metal Pitch [nm] 232 20 18 17 16 14 12
EUV Patterning EUV MP, SE High NA MP, SE
Technology SRNLR 12 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

FEMIRFRET. MORYPENA EUVIRESEREUVY VD S D+ £iti\@E T CLAMEL AR
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FMIRBREE CLEAN TRACK™ LITHIUS Pro™ Z EUV

20124F LITHIUS Pro™ ZzUU —X (Z51> 300045 1) EUV CAR/MORMIIGF#taE = IRIR Y 1) — X

=iSFRTE

EUVRIZETTDES T 7

=REEE

EUVERSHDERE 2 mAIRFEIE. FEFEEERIRN

=L AT
{EFIERBL S X MCAR)ICHIA.
AW AFHAL RL S MMOR)P® FIEIR(CH T IE

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

S FESERNEOEAMEIFICEFEOSEERBDHBDLITHIUS Pro™Z TS5w I A —AT.
EUVEXHDIF(ICEEERE. 84EEHZIBR. REREUVEITE AT EEIR
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\ L\ W * N
US4 LA V7 —8DOREL
Logic DRAM
m EUV MOR TEL Estimates - EUV MOR TEL Estimates
mEUV CAR X mEUV CAR
f& ® Non EUV Lithography 'KID‘ ®m Non EUV Lithography
| L B EE
. T
3 .
A} N
N N
N iR
N N
A -
= —
A14 A10 AO7 D1b D1C\ D1d DOa VCT 3D DRAM
) A A (CFET) ) A A

MORI(Z Logic 10A. DRAM D1bftH < (i
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MORYV U1 —>32 : WO T v MNREFIM

EwWF 24 nm TD:E

10
9 mEROD T v ME&
. AFTREDD T v NRE&
7
P 6
Z 5
SO
3 i (C KD EIEINH
2
1
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MORYV U 1—=32 : MBDOD 1 v MEATTFHFE

FABD

DI v RSB

M HHERHS JURRY—T 'y MCED O
*2 EvF 24 nm S+ FEREOERHICED 4O

/
TERD .
BT

D1 v MRS

AN — 25l J—A/=~ROwv )/
RIS AS
ity R
Z2)L—Tw R X 4
RfERHZE 50% (#e3kLt)
I\ — > ARIRMARE < 8 nm™
BANRAR— A >S54 2 HAAFHEIEE

sEE (RL—Tv bk DTy bhIJUZ S - XA>FF XM - BifFssia(E)
FMDT T v MRER Tz T BRI &M

Investor Relations / August 4, 2025

O—4/7ROw /S TYFIIRE
A= IRk
BT BEMI X
X 4 X1
1007 gﬁ@éﬁﬁ?ﬁxﬁggﬁﬁ
>10 nm™ <8 nm’
+ >S54 2 AHIHIAF O] EE WHER

]) ZZBRE U

TEL



Too Narrow

Acrevia™ J 0.

TELIME@DGas Cluster Beam (GCB) System . .

E—AABIAZB/H(CTHAEET]§E
LSP (Location Specific Processing) J T —/\XAF17 > 13t =AY
> it B0y F IR BIEE

i) 5 — > (TH 1T DEUVEEILOIZRERK
EUVEREDLEEMZ KIE(CH L

i) \ 5 — > BID R FEbRZ . LER/LWR* tiZE
H:\E-’aji D E=3XIR

.
= le Jll o

* LER/LWR: Line Edge Roughness / Line Width Roughness
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(HERB™: High Efficiency Rectangular Bias™)
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~ 2: PHastIE™

(PHastIE™: Phosphorus + Hydrogen based “Fast” lon Etch™)
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Novel Cryogenic HARC Etch

BIERTOER  HEEH -43%

K DIEHREY. Less Power
FDIRL,
K DEL
75 Al CO.HEHE -83%
REFEBZ AU CEE b '
2. 5X F aster AR Bx1E Less Carbon Footprint

| R, #Cryogenicd Ot X% 2023F (CHFHEK (@VLSI 2023)
B\ Ot 4R CIRE S Re A ML
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BEZEL

FinFET GAA*'" Nanosheet Self-aligned Contact

ad>590 b

%
SRTOEE

*1 GAA: Gate all around

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

SAMP*2 Backside PDN*3
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GAA Nano Sheet FETH&1EA\DOEL D #HH

) Si/SiGe cavity etch SiGe Release
GAA Nano SheetDJ OTCADRA :

= )\ —=2 02K (REFZ) DE—14%
= J\I—=KREDS IR - T&AE

SiGe

TELOBMDEHMS : HRAT=HIILTYVF> D

= ST W FOEIRY Vapor Phase HCI Dry Etch
- LI

= BRARE - T IR KR

Source: N. Loubet, et al., IBM, TEL Technology Center, America (IEDM2019)
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* SAM: Served Available Market
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Triaset™ Episode™ 1 Episode™ 2 DMR* Episode™ 2 QMR**

Single Reactor Single Reactor *Duo Matched Reactor **Quad Matched Reactor
BETSY hJA—LA BASENTOCIES 1 —ILIEH METE\EENZ R FRREEET S ARER,
2024F7TAVUU—X 2026FFU U —RXFTE
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COR™ Ti CVD
|PHT™2
SiO f= FI VB A KRR

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

SEREOR—TSv kI — LA F CEALIERETIZE X5 LRSS SR
=524 NOIRIEFUE IR CE S

Investor Relations / August 4, 2025 T E L



Episode™ 1 : Inner Spacer LiZ— &/ @ DIEHIA A4
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Source: TEL
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BIEE R ZCH T DEEE 2 : PVDEE(CHITDSAMILK

LEXIA™ -EX 2024&12HUU—X

= D1 — ) \BlE#E T X RO ASTPVDRE dPVD?  mPVD™
(Oblique Angle Sputtering)
- RIFISREE—1E (10 0.5%) ' . |
- BMEDOTILFHY — R | _f“fﬁjlw
- BULEEL — hEEIR : ST T [T
— BEM R K DR EEHIEHIN BT 5E | I— ”‘ “; *[‘

= BVWEEMEZEEE (~100WPH)
= (RN S Kgida ANR— Az X1R

*1 Y — R BBRAMARIZ BR D 431 2 EBAR
*2 dPVD: Dual cathode PVD
*3 mPVD: Multiple cathode PVD
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— Plasma/Thermal ALD-SiN/SiO,
— Batch molybdenum (word line)
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= Target Application
- BERDOITY hIvF>2 U EBEREZEE M RD
bﬂ%ITrz

3D NAND

SiNFRZE

3D NANDICHNZ.. 51&. DRAMDIERE(L(ICEMFL .
EERMERESDTY by FIRMNMNKRDSND

- PBEEMEREEFEOMIIN RO SNDTIE

Wet Bench Sing e Wafer
Logict°DRAMICH T, BERREAERENKDHSND

ElhE(CChallenge L. EERIIAFECEEALE T
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FFEE D #HA

T

SPM"™ Vapor§iii
(CELLESTA™ Pro VP)

| A N
N T ’['j
e — H,SO, Steam
A

T 120degC vaporizer

- é/ H,0, Circulation
B CELLESTA™ Pro VP A/ X—S

FRTKEZRMU. HRBMEZF
RISIC K DB RE DRt e RIR

*1 SPM : Sulfuric Acid and Hydrogen Peroxide Mixture

RRNERSE 0 RRHEEMN

-30% -50%

MEAISN
(CELLESTA™ MS2)

WaferZREIDAS24LIE, WaferEE@ED
Brush#WiE % — D0 Chamber €[] IFULIE
Gl

*2 AS : Atomized Spray

EEY Cost of

(WPH/system)  Ownership
(per wafer)

-30%
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1970 1980 1990 00 2010 2020 2030
e Technology ﬁode A Wire Bon?il%g Memroy = CSP
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M ® Solder Bump

T
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® TSV Micro Bump

® A Cu Hybrid Bonding
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s . .. Az @ Synapse™ Si (high accurac
‘ %ﬁtfd:jj Tj U :I?_%IE . /k'lﬁ'f_bﬁlﬁﬁlgfﬁgﬁt Cu alybric?/ Fusion wa(fer gonder y)

®Synapse™ S @ Synapse™ V @®Synapse™ Si @®Prexa™  @Ulucus™L ® Ulucus™ LX

Fusion bonder Temporary bonder Cu hybrid / Fusion wafer bonder Wafer Prober Laser Edge Trimmer Extreme Laser Lift Off

@ Die Test Prober
Upcoming system

for release
- : : ) ¢ ® ¢ é
! ' e °
’ @ 3DI
v Upcoming
=~ 8 system for
® Synapse™ Z plus ® Synapse™ ZF Ill "i ‘ release
De-bond Post bond re-worker —cd ™
e ® Ulucus™ G

Wafer Thinning

D1 >F L —2aEAmElT, iEE/RIEREERFEZ IR

T2 ) Oy — S ORI T O—) USSR T E L
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DI —I\TDFT)\A ARi& L2 2D%DF7EITU—

l BSPDN' N
t CFET? s SR chyp—— B Stack Memory .%
Die Test </
for KGD™

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

*4 KGD: Known Good Die
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IN>T 1 2Dkl

Plasma Clean Alignment Thermal

i Treggment and bonding annealing
Upper WAV | Y
Wafer/Die

Lower % , | B D
Wafer Die

—

Wafer-to-Wafer Bonding

AR : EYFRT—U>D, Si&(t, EHEENE

Wafer-to-Wafer Bonding

Die-to-Wafer Bonding

Advanced

Packaging

Investor Relations / August 4, 2025 T E L 100



1 —)Uh>A —DFLfi

CY

— Ry T LR

2024 2025

=]

TH

2026 2027 2028

2029

1

bonding

0

2030
A

Beyond

A 7

5A
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2-wafer-bondin 3-wafer
NAND i d
W Wafer warpage < 500um
e 2D DRAM
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DD I —)\N\DME

) 1 —)\ZEJH(Distortion) \NDFM s

' 14.0

120 ¢
10.0 ¢
8.0 |
6.0 |
40 -
20 |
0.0

Residual

\_

100 200 300 400 500

Warpage/Skew [um]

Jr—)\RD=E&
EHREDER

= x40 18
RODT—/\IHFD
BN e

W asiiiEiEEi. N Center
-7 Distortion map
Viais image

Middle

Edge

\<— Distortion vector J\— Hﬁ%éjﬂﬁxU)ﬁﬁ{y

Investor Relations / August 4, 2025

RIEART) A IS & U TRBIRER A 188t 5517 U CRFEH

* FF/FB : Feedforward/Feedback T E L

101



T+ D TIRCH I IREREMIGIRE (S RIAFTAM)

>

300 5 [ Frontend Process_ CY202573\5CY2030T0)CAGR(1
B Advanced Packaging 24%&:—%—&%1&%5_@
= CY2030(C (33,0002 FARIR(C
200 -
g - BITARMAS &5/ Sy o —2
3 JmElFOmBETI A N THE
100

= K>S — (GKAMRBES)
SRS — (RIEE) . UIHI.
F L E i (325 J‘E'Zﬁr\]b\?l]‘%%

0
2025 2026 2027 2030

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

Plasma Clean Alignment
Activation Treatment & Bonding

B TI2RTE3RDBonding Preparation Bonding3 B #%ii

Top wafero

Plasmé hamber Cleaning

» SO I DLERBA EARLIEEEN. DENLCRBAFE LHESRECKRELFTS
s RT A 2 TDEFEBANGT T, EBRATY/ODY UDEEEREDFHEA R (CER
= RERT/INARAEEN, DT —/\TOT1—=32/Cu/\ATUy RIR> T« 2O bz )— B
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Application
BSI™ 3D NAND - VCT® DRAM 3D DRAM BSPDN BSPDN & CFET
Pixel + ( Si Substrate ) ( Si Substrate ) Logic
Stacking + Cell + b s i ,
) Cell + Logic +
Device ( PeriTeral ) + Cell C-le-ll C:II . su:strate [> Lo-Eic
Logic ( Si Sub-';trate ) ( Si Substrate ) Si Substrate
el Wafer to Wafer Wafer to Wafer Wafer to Wafer Wafer to Wafer Wafer to Wafer
onding (CHB"3/Fusion) (CHB) (CHB/Fusion) (CHB/Fusion) (CHB/Fusion)
Structure
Status HVM™ R&D~HVM R&D R&D R&D R&D~HVM

FERDT)\A ZBE (BB SEER> T 1 >IN
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*1 CIS: CMOS Image Sensor
*2 BSI: Backside lllumination
*3 CHB: Cu Hybrid Bonding

*4 HVM: High Volume Manufacturing
*5 VCT: Vertical Channel Transistor



D ENEESEAA : 3D NAND

Eskigs EARIE
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D EHOBEEEE AN : Logic Backside PDN

PERIBE Backside PDN*
1. Slgnal BEOL 2. Sl Waferj:ﬁé *Power Delivery Network
— (Front side) ' —
i
= — Power
Signal -
- &
Power
5. Power BEOL
: 3. LR (Backside) Signal
% /
X PowerBic#RD #9723 <
R L 2Bk B BE
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Advanced Packaging

Application
Stack Memory / HBM
DRAM  Wafer DRAM () Die SoC Disaggregation Heat Spreader
S k DRAM ( ) i::::: I :E'“'D/“s&
tackin Wafer DRAM /) Die Device A = Wafer e
. g + OR + + OR 5 \I Heat Spreader
Device - DRAMT () o 7 HH +
+ Wafer T ) Die Device AorB = Wafer S Device
(g
Logic Wafer Logic Wafer h " Die Water
Sl Wafer to Wafer / Die to Wafer Wafer to Wafer / Die to Wafer Wafer to Wafer
9 (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 Cu » Lower power (shorter wiring, no bump)
# * High density connection + Lower cost (higher yields, easy to mix processes)| . Better thermal conductance
 Better thermal conductance » Shorter time to market (matured IP block reuse)
Status R&D R&D ~ HVM HVM

J1—>3>/Cu/\A Vv RiR>F o ISR W o —> 0 TIEANILK
TEL
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A TIEN T« 20T OCR ESHORGEET
Pre-bond Example of Wafer Bonding Process

Prep & Bonding Silicon Removal

\ Ulua::us“"I L /

0.5um pitch / e ﬂﬂaaai
0.25um bond pad Synapse Si
.

Post-bond

Coater Depo Etch Cleaning

Laser Trimming Grinding Cleaning

v —
< <

Coater Depo Etch Cleaning

Coater Depo Etch Cleaning

N

46 Laser Lift-off CMP Wafer Process
-~
®
______ - e ——- -, - - - - - |-
— 3%,
A %% < 4
'lzﬁi © 7
- Extreme Laser Lift Off

Ulucus™ LX (XLO)

SR CKD,. EMRTEMBRIN T« 200X ZER
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L - NJZ2ORE

DI—/\&RETODIT—/\WEDEDEIEZL —UEiC K DFEH
Ty IO TRRTOHETDNE EHMUKERAEOKIRIREIRKZER

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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Ulucus™ LX =9 B1fiE

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

> = b =2 y ==, I, ==

Wafer Process Cu CMP Bonding XLO Ox CMP
y—n > > - 2 —
T Reuse Process — LA‘;
> U2 Bxhmia FE T 154 fK{EFRE _FR{LiRRBEE = > U2 AR
o (D x—)\BF AR > IS5A A= (3T BF=A
>1% <70%
<50%

R — .
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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Smart Glass Power RF Filter CIS Si Photonics

BHix- #4510 AREBEIR, SR, SiC, GaN, LT/LN, 150/200/300mm
TELO®D

SR
_«fBonder. [[[Test ' [Cleaning| ["Etch ™™ [TLitho ™ [Dep | FGCB M4 1w =

Support > 97,000 units BAEDEEEE TR KL
JA4—=ILRYUI1—>3>
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