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-‘rl% e S0y 0|20 EBITDA EPS 348 P/E P/B EV/EBITDA ROE HjgsolE

(M) (Hod) (HYd) (d4d) (&) (%) (HH) (HH) (HH) (%) (%)
2020 87 11 11 20 539 5.4 80.7 5.7 44.9 8.7 02
2021 99 13 11 22 536 -0.6 68.6 45 339 6.8 03
2022F 123 16 17 26 814 51.8 324 3.0 19.5 9.6 0.4
2023F 158 36 43 47 2,020 1482 15.1 28 12.0 206 03
2024F 250 90 106 99 4,934 1443 6.2 2.0 4.8 374 03
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3> 292t 2022 THRER| 2OFE HIZ

A4 M2t 2026 T2E2| ZOPE Bl

mHPC mMobile

4%

7%

240

loT mAuto

mHPC mMobile =#+0  IloT mAuto

5%

7%

1%

A5 =2 EUV H2[2 & DA A|IZA}L DAL

<6y EUV H2l2 & OtAT AR Y

ASML o
3 S
“umec SESTECH:... AGC
il })K\ Vit Chemicals
® st
Hoya 'SHC
@ EUV Blankmask EUV Pellide 224t
@ EUV Pellice HZA
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EUV 340 #Y &8 HaoRP] felides 90% oVdel Faket Sonmrhe] ek
Gf22 AREsfor 3t Eot EUV W22 SRieA Wshs dofl 314 oo stz w2

Hge 80,

279 pSi Fhle] WeFe Emwb FEsgAR 9e U 4yLon dush
T, 92 QP Zol HVM Jzo] 2ot Fohlck, 250W EUV B10E 5ok
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A AR A (capping)Ble] B2 EHE ol Zlo] 0] ARl Hek Ade]
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Snme] 9, EUV 1] Mol 2% 2 81§ 27 ~Sonma, w3 33] e
nekg 0 FES0] Yelgke A2 He Aol Fasich A YA ok 9 )
ohas B A9 0] e WAt mUelES melge A AEEs, 2) UV
Welae Aol A1) 5 b e ARgeka gl GBIl SRS glon) 1) A
eleast wig 71e) RS BIA, D) delelel B4, Wl Fakw, A Wy S
oRE gEste] eld 0FS Aold 4 YA wet £ P F okt Hdeln gk
uhid Rt ogEels Ul REROEE 383 A8Y 4 ot dEeld] 9ol
Seloh Wel2e AGY Wat gl osle] WeBS Ao gaste Y v
Wbgo] Hoe BAP Gt It 22 URe omgels AAE 22 s A2H
W] Hold Welgo] o Waske) el Brskn 4 PR AgEA Rele
ol Welzo] TG 1) o2 o] B A MIY 4 e WY AR o]

WAgele] wpAag Hele} s1] hRolck

=

A (Y O T Po] Wl Aol BE 2P FI3k glon], T Qo] st
Gzo] oikith Ho ASML] NI Ulge] w=el, WejZe] 49

o= AW Ao HUHT 9t ¥ High N/A LGPt SAsEE Al
Welgaie gl 3 Fiseio] bdom S00W ole Atk MEe ae a2
o] A1zl

O

7D EUV He2|2
Optics
EUV source . oy
¢ i3 ™ . S - _,\'_\‘ ..‘.
..\'.“ \‘.‘ .-"' L ".. .“- \‘\
N v e s S e
) ".\_ "." 5 o s "
‘-.\ u\\ Pamde‘,.-"' ..,."’ \““ \\
N, e .‘- ’__/ “\ A
EUV pellicle ™. ‘. - . ~.)__\‘! Focused
\.‘.a & I : "?.k“
= g Out of focus
LEUY TdSK

<EUV lithography process>

212 : SPIE, S&STECH, SiCHAZ3
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<9 EUV HelZe| AR =

Reticle defectivity - why pellicle for EUV

particles on pellicle are out of focus, allowing much larger particles

Defect on reficle
frontside.

Reticle —\

Reticle defectivity - pellicle for EUV

Membrane border

Membrane

Frame
...1s repeating printed
defect on wafers..
- Fisation
/% _/ Particle oo Designed for use in NXE scanner:
4 | eticle interface (stu
\\"/\ Tl \-[nm Eke) * pump down/vent cycles compatible
Particle * Hyand H-p1asllna compatible
(um size) * meels outgassing requirements
ev;y:ndle lézleﬁt;{t Outorioeis « distortion-free mounting (no overlay impact)
on every lot + exchangeable
A= :SPE, SThatSA 242 : SPIE, BChat2

<J2110> EUVHVME ¢

—

SF EUV 2|2 7|2+=: HE[R||0|0fo|M =6H2|2=2 HE

Cap layer

Functional layer
rl

Crystals
= amissivity

Matrix

= Mechanical
integrity

Spontaneous
passivation

New generation

Improvarment
Ihituigh prociss
opliffleaon

Pellicle EUV transmission

Imprerearmant
thrcugh matarial
eplimEaton

Tramsion o stveneed
Tl el for el
compatbaty

Produets under study

Zt2 : SPIE, ASML, SiCHatZ3

Ligio| &fo) | HCHXIZH’

>
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<2ZN2> ASML ZIMCH H2|29| s

Matrix
= mechanical
integrity

EUNT of 88% leasible

S50 e wampde

- increase
emissivity

Reduce EUV-
loss in
passivation

Stabde EUVT over lifatime _ WWorking on emissivity...

e

1010 m samgle
[
1010 mem sarmple

*

Zt2 : SPIE, ASML, SiCHatZ3

<AZN13>90% Ertgo| We|Z Y oHst

<214y "e|2 HVMe| (D 234

94.0
92.0
90.0
BB.O
86.0
B4.0
82.0
80.0

EUV T [%]

o 2500 5000 7500 10000 12500 15000
Wafers [#]

Pellicle full-wafer CDU (FWCDU) and Corner CD-shift
no measurable CD and CD uniformity impact by HVM pellicle

Orientation  Pllicle [ Metric Orientation.  Pellicle  NoPellicle  Pellicle

[om]  Pellicle fam] [om]  mpact
[um] fam]

FWCDU 30, H 0.57 0.59 Corner CD-shift, H 006 0.04 00z

16 0m IS v 052 056 160m IS v 004 0.06 001

LR
I II

hl l B

Harizontal
Horizontal

A5MI

" painto.point dena-CO (it resosct i no-peticte baseine) Pointto-paint doft-CO malwmm Buttod s anc spaced des)

2t& 1 SPIE, ASML, STt

OIN
"

12> Of|AQHO|| AE EUV H2 |2 A A THEHA

2tz :SPIE, ASML, SCHtEA

"

<IZ3) of|AQHo||AEl EUV H2| 2 WY 2EH

Ofoed EpZ 90%, 400w | 92%, 600w

) MK4 : 90%, 400W 0 0
Transmittance MKS : 92%, 600W 91.2% 92.1%

Transmittance uniformity <04% 0.09% 0.29%
Reflectivity <0.04% 0.04% 0.014%
Deflection@ A2Pa <700 um 300 um -

Pellicle components change

1TFU 0.83TFU
before/after EUV exposure ¢
EUV AT before/after <1% 0On going On going
EUV exposure
Pellicle life time > 10K wafers ~25K On going

Requirement

Pellicle KPls Roadmap : General demand of pelicle development
Transmission 90% 92% 94%
Life Time 10k wafers 15k wafers 15k wafers
Power 00w 600w > 600W
Defectivity > 15um free > 10um free > 5um free
&S Tech's pelicle development roadmap.
Transmission 91.2% 92% 94%
Life Time 25k wafers On going On going
Power 400W 600W > 600W
Defectivity > 15um free

Atg 1 SSTECH, HCHAtZA

"
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EUV H2I29| J2}7t HX| QAT > O AMOJAEIO| SHM 4% T F OfLt

H)2LS Az ASMLe] Mitsuiol] 7]% 2t IAASML + Teledyne Dalsa + Mitsui)F.om,
Mitsui Chemical& 2023W7H] 18-S N%7H] &Y 4 QTS J Fol1, 20225
ufEo] U EAsial Qirt. o Aol AEle @Al 400We] HE AkE 90% FIH&C] Metal
719 WajZo] gt e oFito] ZFset AFsdolct

ASMLE 20169 g p-Si 7lie] EUV delge Apsigon, oA Eukee 78%
Sezololch, 2018¥IoN Fhe 80% ool Wel MK 20, 2020¥1c Fhe 83% 420
Welzs sk ont 20224 £k 0% ole] Wel MK 402 Ak wskgig),
o] MK 4,00] o Aol e} 41 5-220] 702 Wiy Maj2e 2jaet 7] Fohy2,
27] ASML efolglo] el 202 4 of 19 83el(} 22mde] Fawglo), MK

o}
4.0 28] o]l Eahs Aoz IR glom £ 1T AR e o HuE g,

TSMCe 2019878 EUV 37l 2 Akt d2ige ARSIl glom wid ARghe
SR Qlou Snm F7ge]l EUOPHA AR AR WEe] Alfor Fsl=T Slo]

ofetEe AL Atk TSMCO| A A} W22 Fake 85%, p-Si 7|4e] HelZolH.

A= TERt EUV 3780l Helg glo] WHeAlE Aikeligko), Fakg 0% o)d]
"2 2Axos H4sh Zloa difHct TSMCe AMdate] "ald =4 xjols EUV
A B o] A el Zog mofdrh ey niN FAHoR A4E o B2
HEuAT7L deohs, WelS 3t v g2 47 @] gize] EUV HIE B9t S
SHoE A8 Jlede] i mekith x| delER AEl CNTO| 749 Canaty,
Lintec, ofAchofl A8 Fo] 7 Folok, ot WelE-S 227 913t a9 Open typet Closed

type®] 27FA17} 91oH, Closed Type MitsuiZ} 3kl Itk

ubE o Tnm A= EUV layer:s 7702, EUVE ZEOpAIL 774 HejZe 14717}
gastH, Snmels Helg ARgeko] 24-26717F QT 3nmPER= 307] o] HelZol
BAAog A8 Ao A AR 90% Fkgol| 400WE AY 4 ol "2 et
HVMe| FH1E Aoz mtsln, g% 94% FEikgol| 800WES AY 4 9= Haj2o] st
R&D7} ZIeg5o]ck:

Zr] ZAslA| B, WalZ-2 Core layer@t Capping layerz2 Fd5]0] =, FAH] Core

layerls Wk 7]dko g =& A2 £48 a3t 4 glom, Capping layers F4 2)d w80

Y % Qs MO,

Lfete] &fo) | SryxtEE" 31
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<aE 15> o AQHO|AEIO] H2|S C2fQl

Pellicle design Target
Type 1 90% transmittance @ 400W EUV power
Type 2 92% transmittance @ 600W EUV power
Ceppg layer . H!Qh durabaht?r to hydrogen radical
+ High mechanical strength

+ High thermal emissivity
+ High mechanical strength

Thickness < 20 nm

Capping layer

<Pellicle structure>

A2 1 SPE, HTiASH A £ 212

<16y O|AQMO|AEIC| Type 1 HEIE Q217> Type 12| ZotA, 7|A12 EM &8

m— Il OUptical & Mechanical property
Optical property Mechanical property

* Evaluated mechanical properties by bulge test

| “Type 1’ pellicle

* Used coupon size sample

90% Transmittance, 400W EUV powe
« Evaluated optical propertes by a EUV source i i ;
Coupon size pellicle Full size pellicle i i —"f t B
Coupon szn pekcio : Gas biowing

<Deflection pressure datax <strain-stress data>

cameti |-

EUV T mapping image: EUV R mapping image al

Transmitance (10) 002% i o

Transmitance uniormity oos Rositual stess 08GPa

Reflociviy (30} 000015 Utimate tensée srangth (UTS) 236P

» Reflectivity requirement : <0.04% » More than 2 GPa at a thickness of 20 nm to allow for
$£S TFchH g scaling the area to full size samples. e
A 1P, HOIASH A £ A= A= 1 SPE, SCpAEE A 4% A2

<18 Type 1 He|2 24 B3} ad19 G4 54 WS 9Ie 4Bl AY

W FUY+ 12
+ Experimental method Poostiponin: 44 + Fostexposure

- Evaluated the change in peliicle companents
before and after an EUV exposure on the same

+ Used NIR laser (808nm) to emulate EUV power
Equivalent absorbed power intensity in pellicle

Pyosnm

sample trough Rutherford backseattering [y [y 25 !
spectrometry (RBS) measurement menstoment Exposi dose AL I — Hgognm
- Canfed out hrough outsourcing !
o (una TR P — i insatice
s = & Component & Change )
— pust e
s % u = X 054 TFU » W
o] source power
i -1 ¥ D08 TR A beam area o)
3 w0 §
i % W z TR 41 absorbance coeffientofpeficle membrare:
£ o = i5 Total 83 TFU
L. é " 2 Change = Fre g - Post opose A
€
E B - Paggnm = Pegy x =280 ¢ FEUY

Agyy Hgognm

I EEEEEX]
Enogy (kov)
<Measured RBS dala>

X v H 1<TRU

<Comporents i pelicle> NIR (8080m)
Power

e

SeSTECH

242 : SPIE, BICHRZ A Ay A2 242 212 1 SPIE, HCixIZH

32



Q20> ¥4 Ed Fot 21> SA0|2 H2| 2 ds Eot
I Thermal pl’Opel’ty Optical property Mechanical property
+ Investigated the thermal property of pellicle during 400W EUV exposure (20Wicm? in offline EUV tes) 1

+ Exposure dose : 140 Kdem®
.

Off-ine development exposure tools

Offnw EUY bearinn

0 ~ 740 °C @ 20Wiom?

Surtace temperature (°C)

"SI dvanced bogachy < Paterng, 2322 San Jovn
Expasute lime (hrs)

* High thermal stabilty
*  Nopeliicle nupture / No change in surface temperature

Defiecsanium)

Pressureia)

‘Transmittance (30} a%
Trarsmiance undormiy P Membrane deflecton ~300 pm @ & 2Pa
Reflecthly (30) 0005%

» Deflection requirement: < 700 ym @ 4 2Pa

A= :SPE, oii2SH 24| 23 22

22> Type 2 He|Z

il

A2 1 SPIE, HTIRIZH 2k

W
o
>
alll

T

<AE23)>Type 2 He29| FotH, 7|A4 £ &=

ol

B Type 2’ pellicle

92% Transmittance, 600W EUV power

Coupon size pellicle Full size pellicle

Thickness< 15nm

Il Optical & Mechanical property

Optical property Mechanical property

. <Sirain -Siress daia>

. 12 PR T
il Hoel
EUV T mapping image. EUV R mapping image
st
Transmiktance (30} 92.1%
Resicual siress. 073Gpa
Transmitance urdormily 020%
Ulimate tensle sirngth (UTS) 21680
Reftectvty (30) 00M%

Atz 1 SPIE, SCH2}

ofN
4

)

r
>
b
o
>
b

<AZ24> Type 2 Hi2|29| ¥H EM IHE L)

242 : SPE, HciE

[nl
=l
b
o
=l
alll

<25 Type 2 H2l22| B4 £ Fot

B Thermal property improvement

« Treatments to improve the thermal emissivity of pellicle

1. Core layer opimization 025

2. Surface treatment on pellicle £(0.18)

3. Insertion of the functional layer

=(0.08)

Increase in thermal
emissivity(s)

005 4 £(0.025)

Core layer Suface: Functional
oplinization freatment layer adding

I Thermal property

+ Investigated the thermal property of pellicle during 600W EUV exposure (30W/cm in offline EUV test)

+ Exposure dose : 500 KJ/em?

" ~735°C @ 30Wem?

 Mechanicalthermal stabity to 600W EUY power
= Nojpelicie rupture / No surface femperature change
« Thermal emissiuity :>0.45

Surface temperature (C)

« Evaluation of policie by using EUV source in progress

Exposuse e (hrs)

A2 1 SPIE, OIS A

ofN
[nl
=l
b
ox
=l
alll

A= 1 SPE, oii2SH AH4| 23 22

>

Ligio| &fo) | HLyxtZA’ 33
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<E26) Of|AQMOARIO| ZHUFOl A2

B Summary

= Evaluated performance of Type 1 and Type 2 pellicle
80.2% 92.1%
0.29%

Transmittance
Transmittance uniformity
Reflectivity
Ultimate tensile strength (UTS)
Surface temperature

Components change

0.09%
0.0001% 0.014%
2.3Gpa 2.1GPa
780 °C 735°C

0.83TFU

Evaluating the thermal and chemical properties of type 1 and type 2 pellicle by using EUV source

32 P, AR A A A A1z
<A™27> Mitsui Chemicale| He|2 At MY 21285 AT T2 TSR

. Carbon based pellicle

L] e

==

il

Diamond  Graphite

AT i

Capitalizing on growth in the EUV market
Improving EUV transmittance through
pment

v
continued tect
Improving EUV transmlttance

to help customers increase their productivity Ei)
(EUV transmittance)
Process Materials
optimization MR optimization
FY22

Fullerene ~ Carbon Nanotube ~ Graphene

Next generaf"

pellicle

<110x144 mm? pellicle>

Customer requirement

* High EUV Power{>600W)
+ High EUV Transmittance (>92%)

v Excellent mechanical strength
v High thermal stability
v High transmittance

(Sales Volume) g 5o
= EUV pellicles “ﬂ\o“&\“‘
compe .  Life-time: > 10K wafers
(| - Thermal-Mechanical endurance ¥ H* reaction
Fy21 Fy22 FY25 FY30 o * '
Outlook Around Target No H* reaction \ /
& T ASML, SitiatS 3

2t2 : Mitsui Chemical, SICHAIS A

<29 Mitsui| Closed type H2|Z Zaf|Y

<ZI30> Mitsui@| Closed type Z2{|Q] 22 =

Ventilation aréa -
Filter

34

b ..
2.5mm ’ Margin part
— SN membrane | "
membrane 1 51 border
} Membrane
- i i adheshve
I:l / Frame
7
‘ Glass | W
I adhesive
'-m.};h haoke
HChaIZH A A% 2}E AR S A 2 AR
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ro

2 (12132 OfAQUO|AEID| 2|2 et T2y

BT e Ty T
| - 450°0@250W ‘ ‘

m A @‘ ! . Deflection:
80 x80mmt 110 x W+ Decton: ~100um@AZPa i
>90% ¥ EUVT: 90%, Power: 400W, Particle —free(>1 2021,
MmK3 - +T: 87%@13.5n1 !
2 @1350m >400W. = EUV T tunning (>02%), H test (~22 Q4)
‘ | / - 400°CE250W |
g +»0.1% reflectivity
MiKs * 10mm
= = 3 ‘ $ ¢ EUVT: 91%, Power. 500W (2021 ‘
T 0%@135 i
= Phalssm >600W « EUV T tunning (>92%), H* test
t -LLh time: 10K wafers @ 400W Power improvement: >600W (~23 Q4)
—— 20x20mme 110 x 14dmm ‘
<Specification> 4% v_EUV T: 90%, Full size pellicle fabrication feasibility test (2021)
Nk +T:304%@1350m |
! B0 | I ‘
28000 i
+H No damage 10x 14dmm?  Next pellcls candidates fest I * EUVT:Po4%, Rowr 80 (3 6
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Extreme ultraviolet lithography (EUVL) has been receiving considerable attention in the semiconductor industry for mass-produce high-
resalution patterns of 10 nm or lawer, In high valume rmanufacturing (HYM), the pellicle is an essential companent to protect an expensive
phatomask from contamination of particles so that cost and vield of FUVL can be impraved. As the FUVL has been dramatically developed,
the pellicle has ta be a very thin enough to transmit EUV light and has to withstand above 400W power. In addition, it must have the
hydrogen radical durability for long pellicle lifetime. In this work, a full size (110144 mm?2} pellicle is manufactured as shown in Fig.]. The
pellicle composited of the several layers has above 90% transmittance and processes 10K wafers at more than 400W power. The change of
pellicle components before and after EUV exposure is evaluated by Rutherford backscattering spectroscopy (RBS). Furthermore, advanced

pellicle with 92% transmittance and above 600W of power is under developing.
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