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Semiconductor Business Outlook

Cloud/Edge
loT

Industry 4.0
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Source: SEMI 2024



Semiconductor Business Outlook
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Semiconductor Business Outlook

>$1 Trillion #

$627.6 billion °
@024)  ,°

2nd Wave

2010 2020 2030
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Semiconductor Business Outlook
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Semiconductor Business Outlook

S5 Trillion

in 2050
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Green Future Through Semiconductor Evolution

& Green

Higher Larger Superior Lower Power
Speed Capacity Reliability Consumption

@ ?io Heterogeneous

Physical Scaling Integration
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Physical Scaling x Heterogeneous Integration

Al Semiconductor Advanced Packaging

0 N M F—'-—* p— ”
Logic & o
' | B | H r r
oAl e — | eat Spreade
=
. HBM +— —= HBM
Logic - Lt = | 3DIC
Backside PDN HBM — GPU/CPU | S BN Chiplet Integration
SEIVE = HBM
DRAM 1 Stack Memory
VCT 4F2 / 3D DRAM HBM, etc.
Super Flat Wafer Known Good Die

* GAA : Gate All Around
* Backside PDN : Backside Power Delivery Network T E L
* VCT : Vertical Channel Transistor
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Frontend Advanced Packaging

Deposition Lithography Etch Cleaning Test 3D Integration

T

Batch Semi-batch Single Coater/ Plasma Etch ©as Chemical Cleaning Prober Wafer Wafer Edge
Deposition Deposition Deposition Developer Etch Bonder/ Trimming

Debonder
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Frontend

Logic : GAA, BSPDN DRAM: DDRS5, 3D DRAM

= Wafer Bonder
= Laser Tool
= Wafer Bonder

= Laser Tool

Advanced Packaging

Logic Packaging HBM Packaging

= Wafer Bonder

= Laser Tool

= Temporary Bonder/Debonder

NAND: beyond 4xx

=  Wafer Bonder

= |aser Tool

Advanced Logic /
Memory Test

= Prober sales expected to
double compared to
last year
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Semiconductors
Are The Future
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Options: Dielectric wall

"1Chih-Hao Chang (TSMC) et al., IEDM 2022
121Shien-Yang Wu (TSMC) et al., IEDM 2022
BlSandy Liao (TSMC) et al., IEDM 2024

LogictkittO— R~w T

. 4 Mertens and Horiguchi (imec), EDTM 2024
(Gen erl C) wall everywhere outer wall inner wall 14! Source: TEL estimates
Year of HVYM
2027~2 2037~
(20k/month) mmmmmm O8(ES8
Node 3nm 2nm/18A/16A 14A 10A
2~1 Fin GAA NS GAA NS scaling GAA NS extension CFET 2rd Gen. CFET 39 Gen. CFET 2D material stack
[ UHK
Transistor OOOOOOOOO0
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] 23 [ 20 18 17 16 14 12
Interconnect Cu Barrier/Seed CIP CuCIPor  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 SV, S 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
LogicdDifib(d. BTS2 XAYDIBE MR ZZERIEN ST
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DRAM #4li0— R~ (Generic)

Year of HVM
1b 1c 1d 0a 0b Oc od Oe

Node

2D |
BE2 AE2\CT* 12 _
Cell layout /
Structure _ _
= D * Vertical Channel Transistor
% gt 1 Seokhan Park (Samsung) et al., IEDM 2023
[21Daewon Ha (Samsung) et al., IEDM 2023
Flnm]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 A R,I
Cap. Mat. ZrAIHfO Alternative (HfZrO Anti Ferro. etc)
WL TiN Poly-Si Low R metal WL
Peri CMOS T EEERI SN O
Bonding
HBM3E HBM4 HBM4E HBM5
HBM (8/12Hi,24/36GB) (12/16Hi,36/48GB) (16Hi,64GB) (16,20Hi, 64/80GB) Al AEME
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NAND #x1ifi

Stack
(~1.3x/1.5years) 3xxL
Tier 20r3 3or4
Vertical pitch [nm] 39 -45 38 -43
Memory height 12-14 15-19
[um]
Charge trap (CT) Continuous CT
Channel Poly Si grain CIP
WL metal W or Mo Mo
#holes btw. Slits 14 - 20 19-25
Under array :
Layout/Structure or Bonding Bonding
Peri. CMOS Poly Si Gate

“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

Investor Relations / February 26, 2025

— RYwT (Generic)

Source: TEL estimates
Year of HVM
(20k/month) mmm 202¢ mmmmmmmm

5xxL 1xxxL *1yyyL *1zzzL *2xxxL
3or4 3-5 4-6 5-7 6-8 7-10
38 -42 37 - 41 36 - 40 35-39 34 - 38 33 -37
18 - 27 24 - 36 34 - 45 45 - 62 57 -74 70 - 84
Poly Si MiILC/MIC Ferroelectric — Resistive
. . Fe/Re
CT isolation § " NAND?
MILC'/MIC? i
Continuous CT CT isolation FeNAND ReAND
24 - 32 30 - 36 > 36 #of memory holes b/w slits
i
Bonding

Vertical Pitch {

or Multi Bonding

HKMG .

Bonding Multi Bonding

TEL. =
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= Logic : GAA™, BSPDN™2, CFET
« UVIS T4 FHitiTHigh-NATL. <ILFING—=>70 EOHE. MOR{EH A, FrikifiAcrevia™

(CHES
o JIVFING—Z2JICKDKRIR. TwF>2 0, 5RaEDTIEEEN
« GAA. CFEThS > ZRHAICKDARTZAHILIY F> I DT IEEIEN
o RUiZEFARL AirgapD K DRIBEEEEIHHS E1RD

= DRAM : HBM, VCT?3, 3D DRAM
« NIVFING—Z2O|RATHIE. Ty F>0 TIZE80EN
o Fv /) SYEROERMMGEL. Ty F >0, BARCHERL T — — Xkt
« 3DDRAMTHE. TvF>J. HRTZHILITYF> I TIREEN

= NAND : Beyond 4xx
- BEUEICKDRIE. TvF > I TEROKEENM
-mTZAOFqu?/0#£DE£L
« Mo/ EFidAl, F+ RILSHEIRHUE,

*1 GAA: Gate All Around
Investor Relations / February 26. 2025 *2 Backside PDN: Backside Power Delivery Network T E L 3 39
' *3 VCT: Vertical Channel Transistor
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ZMIRERERE CLEAN TRACK™ LITHIUS Pro™ Z EUV

20124F LITHIUS Pro™ ZU U —X (£5T> 30005 Hfa1) EUV CAR/MORXILF&REZIIR/R ') Y — X

=ISFE

EUVIEIE TS T 7

=EEE

EUVEXHDIEREZ = ARFEE. R HESER
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AGWAFHA KL SZ MMOR)® FEMEICE G
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TEL Estimates TEL Estimates

®mEUV MOR ®mEUV MOR
mEUV CAR f& mEUV CAR
f& m Non EUV Lithography ’ | m Non EUV Lithography
| >
. N
3 A
\r
2 N
N 2\
i\ Q
N A
Z 2
-
N2 A14 A10 AO7 D1b D1c D1d DOa VCT 3D DRAM
5 ) A A (CFET) ) A A

MORI( Logic 10A. DRAM D1btEX(SEAHRIAACDE. MORM LIl FEH
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1 HBEELUMR S~y MOED <BHO
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100 % P i
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SEET™Wet Bench
(EXPEDIUS™-R)

FHY)Large BatchdLiE (—E(CIET
DR EILKR) &RIFITIRE

EEN filizk &N
(WPH/system)  (HEE/MHY) (HEEM)

-30% -46%
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SPM™ Vapor#iiili
(CELLESTA™ Pro VP)

H,S0, I.[‘ Steam

120degC @@ vaporizer

2

- H,0, Circulation

CELLESTA™ Pro VP A X—%

FRIKEERIMU. SHREREF
RIS(C K DALEBRE DEiR(b7ZRIR

*1 SPM : Sulfuric Acid and Hydrogen Peroxide Mixture

LN SRRHEEM

-30% -50%

BEEF A
it

[L3]1:1 P28 JAN
(CELLESTA™ MS2)

o L[] = SO

/ |

WaferZREIDASALIB, WaferEED
BrushfL¥E% — D@D Chamber C Rl RFAULIE

\NO[RE
b E.[ﬁb *2 AS : Atomized Spray

E£EN Cost of

(WPH/system)  Ownership
(per wafer)

-30%
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Wet Bench & HEE 53D
A ER—S g ABZIEE

Wet Bench &=im © REEEUIE, Dxwvw hTwvF> o
WEEF SEREZIERM. ) \—F« )L

= Target Application

- BERDIITY NIYF> U LEEERRIEMN KD
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ickdVYI1—=3> 1: HERB™
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(HERB™: High Efficiency Rectangular Bias™)
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(PHastIE™: Phosphorus + Hydrogen based “Fast” lon Etch™)
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PHastIE™ Y

Less Deposition
by New Chemistry

. Sidewall Protection
” l by Cryogenic Temp Control

,f Higher Etch Rate
by New Chemical Reaction




TELAVES™ for Novel Cryogenic HARC Etch

WmEROR  HEEH -43%

- D_'ET%?E’J% Less Power
Beyond SO
10 MM >Ssx<sm coktz -83%

2 5x Faster REFEZHWZERE(L  Less Carbon Footprint

5. $1Cryogenicd Ot A %Z2023F(CHFHE (@VLSI 2023)
2L OtX k8 SIRIEREZ ML
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FIFE &&%5 Smart Manufacturing
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SRR - = T 7DILK - SAM DILK

PR35 (CHITDTELDS T 7
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J\wFCVD ALD WE foft
B2E - HLEN #CVD

TEL Estimates

D oy

* SAM: Served Available Market

TEL.
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Triase*™ Episode™ 1 Episode™ 2 DMR* Episode™ 2 QMR
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Single Reactor Single Reactor *Duo Matched Reactor Quad Matched Reactor
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Triase*™ Episode™ 1 Episode™ 2 DMR* Episode™ 2 QMR

l“ OO0

1 T B | I
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Ll Y = - = —

Single Reactor Single Reactor *Duo Matched Reactor Quad Matched Reactor
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Episode™ 1 :
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BB LIRPRE

COR™
IPHT?
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>0 MBI AE

Tipk AR
S USA FRZE

Ti CVD

FIIUGA RE

*1 COR: Chemical Oxide Removal
*2 PHT: Post Heat Treatment
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Episode™ 2 : {ESRH4HE & ODIERELLE:
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FRIEE SR AUCH T DEES 2 : PVDEE(CHITDSAMILK

|EXIA™ -EX 20245F12AUU—X

= D1 —)\BlIsEz e X ITRIOAGTPVDEE dPVD2 mPVD*3
(Oblique Angle Sputtering) ,,

- RIFIGEEE—1% (10 0.5%)

= WEOVILFHY — R ik
— BUVAEL — M EIR
— EEIARHC K DHERELHIEN PTHE
* BVWEETZEE (~100WPH)
= (RN S KIEREANR—XEZ2ER

1 BV — R pREMRIEE DA S D EAR
*2 dPVD: Dual cathode PVD
*3 mPVD: Multiple cathode PVD
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Confidential

Video
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Too Narrow

Acrevia™ J 0.
TEL Original Gas Cluster Beam (GCB) System . .
E—AASAZEHI(CTHEED]EE
LSP (Location Specific Processing) 'jI —) \Z:F'V = 1st EUV Etch Etch

> it -1 BSOIYVF O IHIEN Ol EE _ H H o
"I . L1

R T — > (T BT BEUVESLEEHIR Wid
EUVEEB DA% AR (L =

i) 5 — > DR BEFRZ  LER/LWR* tiZ
SEBFRDME LE=RIR

/f

Before After

* LER/LWR: Line Edge Roughness / Line Width Roughness
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TEL Manufacturing and Engineering of America, Inc.

= JROSRAF—E—A (Feim/\ T ——>7J)
ARSI A—OWpIEFESE (HBM. Advanced Packaging)
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Metaverse

Power Device
(Si / SiC / GaN)

Autonomous
Mobility

Waveguide

WLED

Si
Photonics

loT &
Information

fio

Communications

Displays RF
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HOLED Smart Glass Power RF Filter | CIS Si Photonics

HiR- #A5l0 ABELR 55X, Sic, GaN, LT/LN, 150/200/300mm
£ TEL®D
ZhiL ~ Bonder  Test Cleaning Etch  Litho ~ Dep  GCB 4 ¢ . =

Support > 96,000 units BEOEEMZRAIE
14—V VU1—>3>

Investor Relations / February 26, 2025 T E Ln 91




TOKYO ELECTRON



TOKYO ELECTRON

7wtz JU—TERCHITDEMEE EEEZES

2025%F2H26H

BISPITIRE
BIESEAZSFTEa>ATaH—
L BE—

THTTR [TV VTTTIE |TT 1)L M AN Hen BT 1 ) i 1

N"‘MN v '

WLLL&W I||i|. | Rl




w5 )I\A R~

52X J——H1D

‘O(\

— 1E+12
)
© Single Logic Chip
a 1ET | @ cruforpc
§ 1e+10 | I CPU/GPU for Server
o A AP*' for Smartphone
© : :
S 1E+09 1 2 513D Integrated Logic Chip
& 1. E+08 B CPU/GPU for Server
2
® 1.E+07
5
o 1.E+06 2
e S
£ 1E+05 ‘0
o 1.E+04
e o

1.E+03

1970 1980

HCP/AIRITZ) N OVl b & 5w/ \w o —OMliEw T bS5 > 2 X P8 ES
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Source : Wikipedia
*1 AP : Application Processor
*2 HPC : High Performance Computing
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INT o ORMICHITDEHDEEMES

7\ 7ol 204 -7

Plasma Clean Alignment Thermal

activation Treagtment and bonding annealing

Upper % NG .

Wafer/Die 2 b .

Lower % 3 Wafer-to-Wafer Bonding
Wafer Die B

Die-to-Wafer Bonding

Flm: EvFRI—USD, BEit. EHEENE

Wafer-to-Wafer Bonding

Advanced

Packaging
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HPC/AIT) w AUCBTB3DIIFTRA PDOEEES

DI—)\TDOF)\A RARIE L2 20%DF7ETU—

High End! XPU/SoC HB’M

—— Stack Memory .b
BN Die Test
o4 \/
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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B T 4% : Wafer-to-Wafer Bonding
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Application
BSI? 3D NAND . VCT™ DRAM 3D DRAM BSPDN BSPDN & CFET
Pixel + ( Si Substrate ) ( Si Substrate ) Loqic
Stacking + 0 Cell + + _ ]
: - ¥ Logic +
Device ( Peripheral ) + ool C:II C-gll | + l> Logic
+ e — + + + Si Substrate +
Logic S ( sisubstrate )  ( SiSubstrate ) Si Substrate
Bl 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 R&D
RDT )\ ABE(SEEN SEENR T >IN\

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

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

TEL.
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Advanced Packaging : Wafer-to-Wafer / Die-to-Wafer Bonding
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N>T+ D ORMERAINIERL IR T o —

Advanced Packaging

Application
Stack Memory / HBM

>3

DRAM  Wafer DRAM () Die SoC Disaggregation Heat Spreader
: ) ( ) é::::: TIE:::::‘ﬂ:"“ /'\&
Stackin DRAM ' wafer DRAM ~) Die Device A Wafer H Die A
) g + OR + + OR { \] Heat Spreader
Device —— BREKI (= ) o (SeL ey, +
L Wafer 4 ) Die Device AorB  Wafer i I g Device
Logic Wafer Logic Wafer ; Die Water
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) « Better thermal conductance
« Better thermal conductance » Shorter time to market (matured IP block reuse)
Status R&D R&D ~ HVM HVM

Ja1—=32/Cu/\1AJUw RR>
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MN>T 4 0 TIRICHE T DEERENIGIAE (MUTEEAFHTAM)

300 - | Frontend Process CY202573\5CY2030-C“0)CAGR(1
m Advanced Packaging 24%&%5&%&%&.@

= CY2030(C(&3,000/EFRE(C

200 -

= I CAEMT & Eim/ \w o —=>
JmFOmATEI A FTHE

(B yen)

100
« IR — CRAMREES)

SRS — (FEk) « tIH
T ek ST B E A O

0
2025 2026 2027 2030

(TEL estimates) * TAM : Total Available Market
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7wtz J s T A MRITRERERADRESE

g — 1 13 . . N ® Synapse™ Si (high accurac
0 FrnhFIU%EE @ RitIEE/ MRS L e orinigh accuracy)

®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
B N, i' @ Die Test Prober
| aE Upcoming system
< ; for release
é ¢ é ¢ ¢ ¢
’ ’ H
‘ I el Upcoming
' ! system for
release
® Synapse™ Z plus ® Synapse™ ZF
De-bonder Post bond re-worker i
. ® Ulucus™ G

Wafer Thinning

3D >FIL—2aERNET, FERE/XRIEEERFEZILE

. TR SRR Ny =2 2 OERmT T O —) USSR
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AL AN T o 20O ESHORMEF
Pre-bond Example of Wafer Bonding Process

Prep & Bonding Silicon Removal

\ UIucusTM L 4 7

Synapse™ Si Iﬂaﬂai s

/

Coater Depo Etch Cleaning E n{ ‘ Laser Trimming Grinding Cleaning
DO Y —

Post-bond

Coater Depo Etch Cleaning

0.5um pitch /
0.25um bond pad

Wafer Process CMP Bonding ’ ’
I_> ‘ Coater Depo Etch Cleaning
! e G
' p
: 46 Laser Lift-off CMP Wafer Process
-~
oguppmp (5 45wy pr—— ——— S %%¢ _______
\ 0. % B
it %o"p“}/_ }
aaflt 2 %
Il:ﬁi %,
/ Extreme Laser Lift Off
Ulucus™ LX Q)

SHEMEICKD, EMRTEmBIINI T 2JTOtREER
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A

1 —)GKAEES/N>S — Synapse™ Si

Plasma Clean Alignment
Activation Treatment & Bonding

Platform

Al LR TARMDBonding Preparation Bondingi® B $%if

Top waferI’

-

e ,_. ﬁ:; .‘ Bottom wafer |
- g

Plasma Chamber Cleaning

Bottom chuck

« OB T DLEIAFEAM CARA RBEN DERNLEREAFE SHEEECAREEFS
s ROT A O DEESANGEITT, EERATD/OZY IDOEERREDFHmMNEE (CER
« KT /INARABEN, DT —/\TDOIT1—=32/Cu/\ATVUwy RIR>F 1 IR dE ) — B
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2025 2026
; Node 2nm 2nm 2nm+
Logic -
! Distortion < 4nm (BSPDN)
2-wafer-bondin
NAND a 9
® Wafer warpage < 500um
E 2D DRAM
DRAM
Distortion < 5nm / DxDy < 70nm

2027 2028 2029 2030

14A 14A
Distortion < 3nm (BSPDN)

KD T —)\N\DFFix

— R T EERE

Beyond

10A 7A 5A

ii 3-wafer-bonding _ Zd4waferbonging

) T —)\FEJ(Distortion) \DIFfitx ﬂ

™

=
. TS Center
~ Distortion map
image XE;

0 100 200 300 400 500
Warpage/Skew [um]

HI—/\RDEE
\_  E»EEOR

RO T —/)\CHT 3 ﬂa;u

BRHIEF R L

X Middle

.
f?ft"

\4— Distortion vector

Edge

Bonding
Force

Wafer Chucking Force ‘

)\~ KMFEETOEROBEL /

REART) A Z3FIE & U TREIIER R 128tz 5517 U CRFEH

* FF/FB : Feedforward/Feedback T E L 108
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https://www.tel.co.jp/news/product/2024/20241209_001.html
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Ulucus™ LX Z$X 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

Wafer Process Cu CMP Bonding XLO Ox CMP

> U B3hmEiE TS TIEEX fKERZ _FMLIRRPFNE > U255k
0 (Dx—)\BF AR > 0S54 — (3 BF=
>1 %o \70 %
.~ <50%
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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Video
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