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HEH—hF—US—FCEDE, ERILU SOHMERK

P @ Gartner®, “Forecast: Semiconductor Capital Spending, Wafer Fab Equipment and Capacity, Worldwide,
4Q23 Update”, Bob Johnson, Gaurav Gupta, 22 December 2023

T #4288 = Electronic Equipment Production/#3&4& = Semiconductor

Revenue/ 38R T2RIEEEE = Total Wafer Fab Equipment. Revenue basis.

GARTNERI(Z. Gartner Inc. T/ (FBHERHOKES LUZDMDE (CH I DEFEES LV - EIAX—-UT
B0, EHOFFR(CEDVWTERLTULET . Al rights reserved.
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HPR
HFBARRERE (DT —/\TJ0O—/&B&R<) : Gartner®, Market Share: Semiconductor Wafer Fab Equipment, Worldwide, 2022, Bob Johnson, Gaurav Gupta, Menglin Cao, 17 April 2023 =
REH— hF—US—F(CEDE. BERILU SOHER. CC(CR#EDHDIEMEIE. BRIL I MIVICKDERESNZEDTT, gpEkEgEEE (1 — )\ TFO—/\) -
J—4/7~Ow/\: Photoresist Processing (Track), RS- TwF>/J%i&: Dry Etch, BfESEE: Tube CVD + Atomic Layer Deposition Tools + Oxidation/ Diffusion Furnaces + Nontube Techlnsights Manufacturing Analysis Inc., April 2023
LPCVD, ALD: Atomic Layer Deposition Tools, CVD: Tube CVD + Nontube LPCVD, E&{t/4L5%: Oxidation/Diffusion Furnaces, #E/83%i&: Single Wafer Processors + Wet Stations + Batch (3 Techinsights Manufacturing Analysis Inc.(CE D=,
Spray Processors + Scrubbers + Other Clean Equipment GARTNERIZ. Gartner Inc. ZE/Z(EBHERHDKES LUZDMDE(CH 1T DEREES LU —EXX—0TH O, EHDHFH] BERTL MO HMER.
[CEDWTHERUTULET, Allrights reserved. Gartner(d. GartnerJ B —FORITY BB SNIEFEDNR S —. BRFL(EFH-—EIREHMEITIEDTEHDFELA. £, BaD
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HBXFFEUT ¢ OERD A

FEN DB ICEDHADRET4DDOYTI 77U 0 (BEEDF )=
BTEL, BEZBEUEYRATTFEVUSTEEzRRUT
FEEEDPHEOREFRREEEICEMMUZE T

SUSTAINABLE
DEVELOPMENT

§‘ "&A L S
T

ESGMH5 R B D#EH
Environment Social Governance
= FEAOFMEREL AAREEE DML = NI = Jd—RL—brHNFX
REDO IO MEE S IRIBMEEDOME L = ANEXRRERE = OA>TS5A47>RX
EXEEHPRAR(CHITBCOEH=HIRK - BREEZE = DURIOIRTDAS
- EERWEE = BERTFIUT+

HISAFIT—2TRIAS S
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pevetopment O tALS

.|Z|Z. YRAIIARIA> b . A1 JI)NR—>3>
TASK FORCE on
CLIMATE-RELATED

FINANCIAL
DISCLOSURES

TCFD

INRTCDRAT IR =58 EN. EBEINDIEETHDREITDIIEZ

BURORTFEUST A ERHOREZEHEL.
FEARORKMERET T SAF I — 2 (CHITIRBEEEHRRZIHE T D
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IRIBADOF7 TJO—F

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
FE4{E HERE BREH

TINA ADEMHEEEE KEDI O tEEE EREDEEHICHITD
KHEEN{E BRIBIEREDMILL CO2HFtH = HIR

HIS A F T — 22k CHEROBINEH C BB aRIERE T
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TCIR

0.33

(2023438 HA)

T2 (CEIT R
(~FY’27)

TCIR = 0.1

St BHEID
ER=E SET ) EESUIVE S EE ST =
VU1 -3 UKITET.

&5 &t

[Safety First] OXO—H>DEE. FFE - RE - #nX - BT - A2
hﬁ%ﬁ%ﬁ%%iﬁ\éf@kﬁﬁét@@%%@%tb ZEMM LS KOERMEE(CHIT T, BRI DIRGTRYIREE (CEBHTUE

T RIREDEEEBEITICENT, by IIRIAS

’( TCIR: Total Case Incident Rate (35&BF205 R %= D DA BBHEFLER)

FHB5LEADE D ¥ 7>

- AREE VR (Virtual Reality)
o= Y=V

- BRFERADT 4 —RI\wv o

- BEBIERICT T DEEEE

mE

HRBIUT—EIANBVWRETHDCEZBEHEULFT . THUIHECHBFEORIE - 57 - RTFINTOIREZSU.

EHIELFET . DELIEER. BBESFTOHRINEXZDEMEDORMET - EXBIUEHIR

2 JO> bO—F+ >0 ERTIEREE 3
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I2T—SA2 b
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T

V—D3514ITINS>RX

®

HAIN—>5+
IOA5F1&A>OI—S3>

3G

Global - Generation + Gender
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Commitment Assessment Remediation Report
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il

L DFERRIEREDOTIMEIE

AEA0RWEIZDWFEIREXE (Greenfield. Ht1FHI)

DRAM

1Y 1Z 1a

[ I I I I

3D NAND Logic ~$22B

9X 12X 17X 2XX 3XX 4XX 7nm  5nm  3nm  2nm  14A

FIC 7@77') T—>3 208G RN ZEDR T DO,
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Customization

SUSTAINABLE
DEVELOPMENT
&

Hyper-

*2 STCO: System Technology Co-Optimization Leg a

*1 PPACx: Power Performance Area Cost, x

Mass
Cy
LB SDGsX it FFE

loT Devices
Sensors

ZHMET DT T IT—23 2 ([CBEDIAZ
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|||
\

SATLAA>TIL— 3>l X3 AT

Source: TELAETE

CIS 3D NAND DRAM Logic

: Sensor+ DRAM . HBM HBM . .  Logic + SRAM 3D Hybrid
Stacking +Logic | Cell+Per (w/Bump)  (Bumpless)  Cell*Peri | BacksidePDN Cell Logic + 1/0 + RF
W-W | W-W D-W : W-W W-W - W-WD-W D-W
Bonder Fusion Fusion Fusion Fusion - Temporary &
(Permanent) = (Permanent) Temporary (Permanent) (Permanent) Fusion
Type ............ C ..... t ..... C ............... C ...... t ...... C .............. ( Bonding/ .................................... C ..... tC .......................................
uto Cu uto Cu De-bondin . E uto Cu
Hybrid Hybrid g) Cu to Cu Hybrid Ox to Ox | Hybrid
Wafer THK 3um  4um foom  dm  2um pm 2umetym 2um
SRAM 1] artition
- — C"(‘é,‘,’,,,?e;
+ g [ — : L2/L3
; rrrr ; I 213
. N [T .
= ==
Structure — . S
_ ' el Peri. CMOS wafer ' Chip Stacking
Source: H. Tsugawa, Source: Sakui, TIT Source: Sakui, TIT _ g
Sony (IEDM2017) (CICC2019) i (CICC2019) : : :
Status HYM  R&D~MP HM R&  R&D R&D ~ R&D  R&D

SRTLA2TIL—2 3 > FEEPPACX CRIEILEND
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IRIGKPI & 4327/ — RE(CD1EES

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

S
E 01 energy per device
§ = Cost of manufacturing is still declining
o« . . . s
S 2 =  Water usage is still declining
—— Delay [norm] ‘??‘a% CO"CIUSion
,_G_._ . .
- "‘h;."h‘};m‘jmmm tnom] %, O Advancmg technology nod_es gontr_lbutes towards _SDGs |
Total Process Cost [norm] m  But slowing pace of reduction implies that further innovation
=~ UPW [norm] \ .
o Is needed
iN28 iN14 iN10 iN8 iN7 iN6 iIN5 iN3 . . .
R = Working on advanced node devices contributes to SDGs

Graph courtesy of imec

Foimi i FE (L SDGs(CIERSE
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BEZEEZ#ESHHMIEICKS =EEElcLSD it of Pl WHEIC LD
- NS RAHEODDIR MER Ew hEzD DR MER - Evw MDD MER - Z#ZRL
- EHBEE L - (HEE 1L - EnR(b
. EEAL - EnRAb _
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LogicFeitiO— R<w

Year of HVM
Node 10A
2~1 Fin GAANS GAA NS scaling CFET 2" Gen. CFET 349 Gen. CFET

[ JL/HK
Transistor OO
2D material: TMDC

MoS,, WS,, MoSe,, WSe, etc.

Poly Pitch [nm] 45 1] 36
Min. Metal Pitch [nm] 23 [ 20 18 16 14 12

Cu Barrier/Seed CIP Subtractive Ru + Ru via fill New alloy
Backside PDN AR>2, k<3 fill / AR>3, Airgap AR>5, Airgap AR>7, Airgap

EUV Patterning EUV MP, SE High NA MP, SE
Technology SOVLIR S12 High NA SE EUV MP, SE

Resist CAR CAR (+MOR) CAR+MOR

" Chih-Hao Chang (TSMC) et al., IEDM 2022

121 Shien-Yang Wu (TSMC) et al., IEDM 2022 MP: Multi-Patterning, SE: Single-Exposure, CAR: Chemically Amplified Resist, MOR: Metal Oxide Resist

Interconnect booster

Logic scaling will go with transistor structure and material evolution.
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DRAM$E O — R~ w

Source: TEL estimates
1c 1d Oa Ob Oc od

Node 1b

2D
Celllayout Ap—— —
Structure 6F? 4F=VCT* 1
:lll . * Vertical Channel Transistor
. 'Seokhan Park (Samsung) et al., IEDM 2023
121 Daewon Ha (Samsung) et al., IEDM 2023
F [nm] in 6F2 13 12~11 11~10 10~9 8 7
Cap. pitch [nm] 39 o .”°'.ejfﬁ“g 36~33 33~30 30~27 24 21
Cap.AR. >50 " = — —| 38 >55 >65 >70 >75 >80

Word Line

Cap. Mat. ZrAIHfO Alternative (HfZrO Anti Ferro, STO etc.)

Word Line

Elg Low R metal
LK spacer  f 3},
Peri. CMOS
AR e —
L vos W o3~
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NAN D317

— R T

Source: TEL estimates

Year of HVYM

Stack 2xxL
(~1.3x/1.5years) (238)
Tier 2
Vertical pitch [nm] 42
Memory height' [um]  10.79
Charge trap (CT)
Channel
WL metal W
Width btw. Slits?2 [nm] 1270~2700
(#holes?®) (9~20)
Peri. CMOS ~ onderarray

or Bonding

1 Vertical pitch x (active layer# + 19)
2130 nm x #holes + 100 nm

3 #of memory holes b/w slits

4 Metal induced lateral crystallization
5 Metal induced crystallization

3xxL 4xxL
(328) (424)
20r3 3or4
40 38
13.88 16.83
Poly Si grain CIP
W or Mo Mo
1920~3220 2570~3220
(14~24) (19~24)
Under array Bonding

or Bonding

- Vertical [
Pitch

Vertical pitch

Investor Relations / February 15, 2024

5xxL
(552)

3or4
37
21.13
CT isolation
incl. MILC4/MIC? Si
Mo

2570~4260
(19~32)

Bonding

TNL TNL

Current CT isolation

7xxL
(728)

3or4
36
26.89

Mo

> 4260
(>32)

Bonding

Slit Slit

0000
Cell ooooo o

Dummy

Cell ooooo0

9IxxL
(966)

4o0r5
35
34.48

Mo

> 4260

(>32)

Bonding

20 (w/o0 dummy)

1xXxX
(1294)

4o0r5
34

44 64
Re/Fe
NAND

Mo

> 4260
(>32)

Bonding

| Resistive: HfOx |

\

ReNAND

FeNAND
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Space

Step2: Cut

O>w ODEEX
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2w/ EUVICLD

Step1: Line/Space

Cut

EERFEIERE (MLE9 1) DEFR

Line

SERIFN-207 (SAMP)
TvF>U ERIEELZEER)

EUVEA
%

= (Litho-Etch),
>0 ERFRDER (ZEER)

TERDITEN

L

3[O]FEJE : (Litho + Etch) x 3

EUVEEX

=

1[BIFESE : (Litho + Etch) x 1

BENTOERT EIC
fIBEI NFEE

Too close

] e
]

< |

[
H>J$§§
Closer m [ |

- 2

3 masks
SEEDIKT

-

fIE I KRR

[

o>
>

>

> n>
=>

H>u->

=>

> d

=

SEFXOMELE
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w2 >42 MNaElT (Litho-etch) /5 ——>7J (Cut)

s (Litho-etch), J\H——>72 ~N / EUV lithography \
Lithography1 Lithography2 Lithgraphy3
PMD dep
Hard mask1 dep (Litho-etch), /(5 —=>2
Hard mask2 dep
Lithography1 )
Contact HM2 etch1 < short etch time
Lithography?2 or
Contact HM2 etch2 < short etch time Contact HM2 Contact HM2 Contact HM2 Contact HM2
Lithography3 etch1 etch2 etch3 etch
Contact HM2 etch3 < short etch time | J J \’
Contact HM1 etch € short etch time A A A
Contact PMD etch < long etch time
Post etch clean N
Barrier metal Ti/TiN dep g Thicker layer o
Contact plug W dep Higher etch selectivity \ ) \_
Contact plug W CMP

Contact HM1 etch Contact PMD etch Contact plug W CMP

¥
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] ;EQ/\;:FI_]

~ )3

)1 [ 4=

Had mask1 dep
Hard mask2 dep
Mandrel1 dep

Hard mask3 dep

Hard mask4 dep Mandrel2

Mandrel2 dep I\H/I%Fr?jd?elg?g
Hard mask5 dep Hard mask2 —>
Lithography Hard mask1 —>
Hard mask5 etch

Mandrel2 etch

Sidewall1 dep

Sidewall1 etch back

Mandrel2 pull

Hard mask4 etch
Hard mask3 etch
Mandrel1 etch
Sidewall2 dep
Sidewall2 etch back

VTS T+«
PR
Ty
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Hard mask5 —2
=

F/\/ﬂ— ~/J (Line/space)

25

Mandrel2 etch Sidewall1 dep

= ==

Hard mask3 etch Mandrel1 etch Sidewall2 dep

Sidewall etch back1

Sidewall etch back?2

SADP: Self-aligned double patterning
SAQP: Self-aligned quadruple patterning

TEL. &4




EUVUN TS D 4B ADRER

- EUVOIRAG. BEOBERY ZSERRIGEE ([IBTh) ZMRL.
K - B REBRE R SERIC & o CHBEICRS T« TR ESEST
— W b DEE

_ ERE DL (D K B IRERADIZE IR

= EUVIC KB EDIEEN . BHEROERDIZEIE EIBEHESZRIT T D
- =45 ROv)\OE5R5HhiaS 1T 7E -
- TwYF - BR - TR BEDEEILAK
- BEESR/)\Y - T D LI K DERNIE
- BB SA DY IEENLIETOCRA>FTIL—2a > (CKBEBEILK
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DALY \OD)

— RV T EEUVU VDT S T o 5D

Source: TEL estimates

Year of HVYM

Node
2~1 Fin GAANS GAA NS scaling CFET 2" Gen. CFET 3 Gen. CFET
.
Device OO
2D material: TMDC
MoS,, WS,, MoSe,, WSe, etc.
Poly pitch (PP) 45!1] 42 36
Min. MP [nm] 232l 20 18 16 14 12
EUV/\S—=>7 EUV MP EUV MP EUV MP
T =NA EUV =NA EUV MP
L>X CAR CAR (+MOR) CAR+MOR CAR+MOR CAR+MOR CAR+MOR CAR+MOR

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

FREUV D VD S T« £t m T CORATLARH
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CAR : {EFIBIRBIL X M. MOR : X AFHAL RLSXA M, MP : RILVFINT—Z2

o
RAIGEEBE T, MORYOENA EUVAR E
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100% —
50% “I ||| |||
1.4 nm

O>w 05 ) W1 A

w75 )4 AMDEUV CAR/MORIER L 1 V77— Lt R DR A

" - MOR
n = NAO.55 MOR
= NAO.33 MOR

_ CAR NAO0.55 CAR
= NAO0.33 CAR
— MOR : XZI)ILAFHA RLZA K

0.7 nm CAR : {EZEEIREIL X b

TELYAI

0w OF5)\A AT, HSHEDICDODNTEHRA ICMORDEEERN PRI DN, 5| =H=CARLEXK
HE5L). HHHOEMIBGEEIIMORECARBIE CTHIL TE=3ENAEZZEIR,

=NA (NA0.55) UVTS T« —DEALES ER LTV RIAH T, itz pgT
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EUVUYVOS D4 —JJOXDO— RYY T EE8E
51> £ 95 (m)

A—JLE Y F(nm)

EUVENLES EUV (;BNA EUV : SfREAL)
LS B (EREER LT X~ (CAR)

DHEFS AFIAFHA RLZX b (MOR)
RLShL—RAT EUVIESDE RRDRE L X M ERERERDRE

RE (S)

4

- . 11 i i
111 111
i FPSaalih i RRERRRaRint

7’(0D7UJ/ . RRRUERRRRRNES s & ;
e s nene ¥ "9 ‘J?‘/’j{%@ LZXARSA> LTRRES—  R—JUED
> ' .. LR B A— ‘ IR e LA NRE '
TEESDE —
(L:51>1vss57%2) o0 o | L2 X NERRAE
RIS (R) LR Ty BEEDRE DRE

P. De Bisschop, Proc. SPIE, 10957-10 (2019)
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BmETOEX
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cvose HRTHEFLY
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RSAL>XMIEE:
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WFEMIBDRE. 777U —2 3 2 Bl DRdiTEK

WFEMiZDAE ($B)
CY2021~CY2026 D5ERIDIBE

92.3

CY2021 CY2026
mDRAM ®mNVM = Logic/foundry =WLP/FA
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> Ewv hEEDOIR MER
= DRAM
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FFEDE D tHAr

AR EIRF RIS
Demortia (TEL) ; - R CRMOBMO— Ry T - PSAA

N+ . IR %m - ARIEE T ORI FIR ICRISE. ST
S S  EEEECHNT. BEOFMEYT—/\ LT
Dencitil T TOEIT A =< > R EREICEST
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SPEFfZ=E T L=

c]+

SPEFAi=E5c LEOBEE (EM)
FY2022~FY20270)5¢F§JG)*E;£

n 1—4/7R0Owv/N

n TYFIRE
n RS 223,000
RS
e OT—)\JO-/\
m A
14,990

FY2022 FY2027
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SR

SRR

= A>wv D17 I RU
— )\G——2OWEMEL. 1=y hTOTEARD
M EERE LD E BN
— High-NAEUVU YT S D 1 DEEER
— GAAIEE - Backside PDNDIEHA

= NAND
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IRIRFReDm)

SRR BE DS

Productivity Tool footprint DIW Consumption DIW supply & waste Power
(WPH/system) (m?) (K ton) Management Cost Consumption per
(¥M) wafer (kwh/wafer)

xX2.7

1
d A

it
50
A
i
a0

ivRea

\30% ﬁﬂ% \46%

\52%

BHEHE S BHFHE S U,
IRIBTHEE = =iEFRE. RIFMFEEZ=5(CMLE
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=BV S LITORNER

BBV S PR « ERIIHESE -
(hour) . RBEEEOSEL. REEENML

- A2 SA Y- bOHLFE

-50%
\ - DX network tool
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Nanosheet image:
Courtesy of IBM

* HARC: High aspect ratio contact
H B8 N. Loubet, et al., Stacked Nanosheet Gate-All-Around Transistor to Enable Scaling Beyond FinFET T E L 78
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Copyright 2023 The Japan Society of Applied Physics
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FinFET GAA*'" Nanosheet Self-aligned Contact
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*1 GAA: Gate all around
*2 SAMP: Self-aligned multiple patterning
*3 PDN: Power delivery network
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SAMP*2 Backside PDN*3
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SiGe
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Source: N. Loubet, et al., IBM, TEL Technology Center, America (IEDM2019)
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*1 DLI : Direct Liquid Injection
*2 PM : Preventative Maintenance
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2D NAND
STI*/AA*?

Logic
Fin/GAA
*1 STI: Shallow trench isolation 3D NAND
*2 AA: Active area %
*3 IPA: Isopropyl alcohol RG .

*4 RG: Replacement gate
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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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5,992
29.9%
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4,370

935.95
1,582
572
367

1. BHOEINERTHDIFERRIERES JUFPDRGEEDMHST LT (G REIFETCTEIRONE T,

—ECHERFT LB IUBRS LEHDF I, BEL — bEHCK DB N\DRZE (JWD TEM T .
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44.6%

3,666
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1,911
744
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+10.2%
+10.9%

-10.3%
+8.0%
-0.9pts
+17.3%
+3.1%
-1.9pts
+4.7%

+7.9%

+7.7%
+20.8%
+29.9%
+16.9%
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C=1=))
FY2023 FY2024 YoY
FY2024 FY2023

wtm 4 678 5,582 3,917 4 278 4,636 +8.4% -0.9%
So L¥aFIE 2,039 2,516 1,623 1,897 2,221 +17.1% +8.9%
7o LB 43.6% 45.1% 41.4% 44.3% 47.9% +3.6pts +4.3pts
IREHE 891 989 798 935 896 -4.2% +0.6%
=S 1,147 1,527 824 961 1,324 +37.8% +15.4%
SE SRS 24.5% 27.4% 21.0% 22.5% 28.6% +6.1pts +4. 1pts
HEEFEE ey AR = 1,163 1,556 830 981 1,344 +37.0% +15.6%
Ptk ECIFE T2 HAMEFI2E 855 1,186 643 731 1,015 +38.7% +18.6%
HRHFEE 461 537 436 510 497 -2.4% +8.0%
eimi%&ELE 125 263 393 176 318 +80.5% +153.2%
RAERNE 112 120 106 125 138 +9.7% +22.6%

1. SHEROBMBTE LG RRIFZTTEIRONEY. —BCHERFT LS LB LEHDFITN BEBL — MEBCLDHEN\DHE (IR TEM T .
2. FIBMEHS IEREE, 1AEUOERZEECHELTVEY.
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B EXFvrvSa-7J0-— 1,146 -371 699 1,934 532
W #&EFvryvS>a - J0- -135 -207 -166 -231 -138
B EFvryvSa - J0— -1,007 -2 -1,191 -21 -1,346
O JVU—FvvS1a-J0-"7 1,010 -579 533 1,702 393

FrARKE" 4,239 3,712 3,146 4,846 3,874
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64.1% 71.1% 70.5% 68.7%
21.8% 26.5% 37.2% 32.3%
253,117 145,888 283,387 10,965
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390.19 520.73 935.95 1,007.82
196 260 468 570
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