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Development of EUV Source for Semiconductor Manufacturing and its Application
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CPU Board

EUY 5nm process
is employed

made by TSMC

Apple APL1WD1 Al14 Blonic SoC layered
under Micron DZXMR MTS53DS12083D4LIA
MEXTFAGBLPDDRASDRAM (6GB RAM on
the 12 Pro

o KICM224AYA40ZTWNAL2029, 64 GB ot

Kioxia NAND flash memory

':J‘_I alcomm SODRBAS 56 and LTE transcelver

¢ Qualcomm SDX55M 5G modem-RF system

and SMRS24 Iintermegiate fraquency IC
o USUApple U ultra-wideband chip

® Avago AFEM 8200 high/mid power amplifier

with imtegrated duplexer

Apple APL 1094 343500437 powe
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Manufacturing of Semiconductor

l _ﬁu Light Source (GAPHOTON

— Jhe Future is Today
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Slide

Optical Lithography and light source ]3

Finer patterning is realized by shorter wavelength

R=K /1/11 Resolution
1 NA el .pr0|echon R (K1=04) n medium Mn nm NA Power
optic system R Am
( Rayleigh Formula ) " ;
KrF dry 124 1 Air 248 0.8 40
TIT Photo mask ArF dry 103 1 Air 193 0.75 45
| DUV
ArF immersion 40 1.44 H,O 134 1.35 90
EUV (A=13.6nm) 18 1 Vacuum 13.6 0.3 >250
EUV (A=13.6nm) 9 1 Vacuum 13.6 0.6 >500
EUV (A= 6.7nm) 4.5 1 Vacuum 6.7 0.6 >1000
: Wavelength
NA : Numerical Aperture (NA=sin8)
k, :Process factor

n : Refractive index E U \0 PhOtOI'I
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Over 35 years 2 orders of magnitude resolution reduction ~ ASML
by working on Wavelength, NA and k1 |

SPIE Felw. 2020

1000 | .
.. CD - kl NA Wavelength, nm
& @ | 436 g-line
i-line (365nm) @ . 365 i-line

DUV

o d 248 KrF
.. 193 ArF and Immersior
< . :
E = .itn KrE (24 ghm) & XT.1400\
>~ | H
c o
S
S g o
28 nxe:3400 Qagg® EUV
o % High-NA
£x ) —————“7J vy l 4 13.5ELV

]
High-NA (13.5nm)
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SPIE Advanced Lithography-2020
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DUV Excimer Lasers for Lithography (Gigaphoton Inc., Japan)

DUV Lithography
KrF ArF

G60K GT45A GT66A

248nm wavelength 193nm wavelength 193nm wavelength
4kHz max repetition 6kHz max repetition 6kHz max repetition
40-60W output A5W-90W output 60-90W output
Extends 150% Maximum Power Utilizes cutting-edge ArFi technology Improves up to 30% speckle reduction

JAIGAPHOTON



Gigaphoton Install base Cpores

(Units)

Wlations

IS¢

— Japanese Exposure tool >20% Market share

o +200~300 unit / year
= il |||||!|
L . . Forecast
500 I I I +74 unit [ year ‘
@--lllll annnnnnnl IIIIIA

4,000
units
ss00 * TO support 2x chip market volume in 2030.
: ; Grow to Double
w000 ¢ Glgaphoton Install base will also 2x and reach .

4,000 units in 2030.

DUV Region Gigaphoton keep >50% Market share

lllll



» Hot Topics of EUV lithography

0.3 NA EUV Exposure tool

- Leading Edge Semiconductor factory install more than 300 unit in the world.
And RAPIDAS in Japan installed EUV Exposure tool (2024/12)

EU\/Photon
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EUV product roadmap

Wavelength  NA, Half pitch 2022 | 2023 | 2024 | 2025 | 2026

\ EXE:5200B <08 nm | 220 wph
!
!

| EXE 5000 OFPAFEP <08 om | 190

Customer R&D \ High Volume Manufacturing

2 2027

Please see; 2023 EUVL Workshop Keynote presentation by Jan van Schoot

NXE:3600D 1.1 nen | 160 wit \  NXE:3800E NXE:4000F <0.81nm | 250 wph
£ 12 /  0.8nm )220 wph

PEP 180 wph

NEXT

ASML

Page 19
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0.3 NA EUV Exposure System: ASML NXE3300B:First shipment in 2013

EUV

ASML

EUV enables single exposure 14nm node

EUV ArFi
Single exposure without OPC Can only be done with double
already shows good rasaemblance pattermning (LELE)
between raticle and wafer layout
Beat HV focus difference <10nm Best HY focus difetrence up to B8ONnm
R. Peeters, 2011 SPIE NXE:3300B Single exposure 14nm node features

NXE-3300B—3800D St NG i
——§ | | |
Optics NA 0.32 s IS
— | | |
Source Power S0W SRR
— CIEEEEE
EOENEEN | noco retal iayor foatures (4dn ,l"n'ifl?

___ Atpresent 500W | ""°“"h'°“g'"aE'aﬁfi7sﬁaﬁ°8ton

The information contained here is subject to change without notice.
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Number of 0.3 NA Exposure Tool shipment, Availability, Throughput has been improved

I Number of Exposure Tool shipment > Availability >85% by improvement

2021Q3 117 Units (2021/10/21) > Max Throughput is 2300-2900WpD
2025Q2 >300 Units

™ EUV adoption enabled by our NXE platform ASML
” Wafers exposed on EUV systems grows rapidly ASML Providing system maturity needed for high volume manufacturing P
- Availabilit © -
Instafied base system availabilty y 85 /0 8mm0v1m2300 2900WpD
g 4 weehs moving average (end of petiod) (Max WpD of inatalled based)
: +
° 3
z _g §
:
¥y
2]
o a1 a3 ol o Q2 foh} o4 o a2
) ’ 2020 2021

EU\/Photon



» Hot Topics of EUV lithography

0.3 NA EUV Exposure tool
- Leading Edge Semiconductor factory install more than 300 unit in the world.
And RAPIDAS in Japan installed EUV Exposure tool (2024/12)

High-NA EUV Exposure Tool

- First Machine of High-NA has been installed to INTEL Oregon factory. And
started Operation (2023/12)

EU\/Photon







High NA (=0.55 NA) system architecture
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High-NA system architecture finalized
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Lens & luminator

High transmission

Ref. from SPIE AL2021 ASML

-

WIAUTCIITGA R WY VUC”J) ‘10.-14'5

4 . NA 0.55 for high contrast

Mask Stage

Ax Increase In acceleration

Wafer Stage

2X Increase In acceleration

Improved Source position
Allows Tor larges ransmission
compatitie with 0.33 NA

New Frames
improved themal and dynamic

control with larger oplics

ASML

Bide N
SME FEBM

800w




» Hot Topics of EUV lithography

0.3 NA EUV Exposure tool

- Leading Edge Semiconductor factory install more than 300 unit in the world.

And RAPIDAS in Japan installed EUV Exposure tool (2024/12)

High-NA EUV Exposure Tool

- First Machine of High-NA has been installed to INTEL Oregon factory. And

started Operation (2023/12)

EUV Lithography Road Map
- Next Generation High NA 0.55 Exposure tool for Mass production
- Shipping target 2028
- High Throughput
- High NA Lab. Start

- After Next Generation Hyper NA 0 .75 machine (2032) is on the road map. Demand of

higher power EUV source is still very strong.

EU\/Photon




A common NEXT EUV holistic platform: the vision for the coming decade
Supporting single expose patterning pitch down to < 10 nm using hyper NA EUV

83m ) 10.3m 9.5m 10m _109-11.7m

....... — - -

EXE 0.55NA 5000 5200 5400 5600 SX00 High NA NEXT

8 5 8
3 g
é E B Commonmodules
g 3 [l PEOSNA oo ;
’ B EE T HXE 0.75NA Hyper NA  NEXT
E B HECOTsNA
3 EXE |
ASML 2022 2024 2026 2028 2030 2032 —_



Trend of EUV Light Source EUV peliicle productivity road
. pellicle productivity roadmap
for Lithography Pellicle roadmap ensures compatibility with new scanners

- Peincdie EUV vanumason :
(wngle pass) mm

. Tota EUV darermasion
(duad pass)

- Reflectance of Collector Mirror improved +14%
- 500W stability improved with higher speed of droplet
- Improvement of Pellicle reduce limit of Source power

- Source Power road map extended:
600W—>800W—>1000W

NXE JBO0E - 62 MMz / larger droglet spacing

- - -

201 2022 2024 20258 2027
e AOGUCES Under sty Products deliversd by XU paty. ............
Tens of thousands of stable run howrs alresdy T AN TS M AL o S " ~
camomatrated across multgle scurces m J _m_ , m‘ Advances materals | m1
. ....................................................................................... wartrenl)
DGL i "oy ..- e tae ! N .:- 'v o —
IR membrane poadni ..ﬁ b mionie Pp—
Improved source optics transmission +14%
Leads to higher throughput and energy reducon walor .
~ Py 1000 W EUV Power scaling on track with 1* EUV results at 100 kHz
. Research path o the fest 1000 W EUV Source
HMQ'ASMEWPM(SG’\O
P e - - '1
o : :-‘ e ! = LI
| Ww A
- > | | N _ \\ //
. B
[-— .y Ooe Y oy k"'é
- b AP * 8 " . °
s i e | NLZE
E =1 . —
~agee | . 0 2w ~T40 W eiabile cpmn oy N ol
e " § oo EUV with 1pm Pre-Puss
FY) :'. | 2 o 100 Wz rep. rale
- e KYUSHU
laawion | 1 | | | |
W ,-a':.u"m.l NN 0F M e m:v v . . | “N'V'RSITY



ASML EUV Source

H Introduction to the NXE EUV source ASML
-— Scanner L.
Beam — Ei’é"a??

Final
Focus
Assembly

Drive Laser
Ancillaries

Drive Laser

Laser Produced Plasma EUV source

« Droplets (fuel)
« Laser pulses (energy source)

. . . Collector I
« Collector optics (direct light to scanner) optics :
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Actinic EUV Patterned Mask Inspection System = EUV light source (13.5nm) delivering significantly higher defect

ACTIS A1 50 sensitivity compared with conventional DUV light source

* Actinic inspection with the same wavelength of EUV lithography

enabling the detection of printable defects on wafer
World's first EUV patterned mask inspection system

* Through-pellicle EUV mask inspection

Background to the development

2024
Ready for High-NA

[ Actinic Patterned Mask |
Inspection (APMI) APMI

0
i

= -s"'

ACTIS A1XX Superior light-
MAGCS M1IS0  MAGICS M9650 ARICS E120 v EUV Light Source source required
gaabebi [ ¥ Production use in HVM

Progress Report on Acticic Patterned Mask

~ = Inspaction for EUVL
O Satak Sayan (Inted)
T} No2-2 Apr 2527, 2021, Prosomask lapan
o Actimic pattern mask impaction for hgh
- NA EUV Bthagraphy
Lasertec L-v-s.onnen = watncs xouurma | ot LR
-~

127587, Oct 2.5 201 SPE PHOTOMASK
¢ DUV Light Source -
¢ Production wse In HVM TECHNOLOGY « TUV UTHOGRAMY -
ey v

IRl 4



LASER TEC :
ISTECH'5 51 2> X% (FTZEUVHIRURASHIMAZ FR

Lasertec’s In-house EUV Iight source: URASHIMA

Urashima is dessgned for actinec patterned mask inspection

URASHIMA EUV light source: Automatic Sn supply mechanism

Optical displacement sensor

« The amount of Sn is monitored by a
displacement sensor and the S5n wire
feeder keeps the amount constant,

<

High brightness light source
Stable EUV emission by laser-produced plasma
Optimized illumination area to minimize heat load to pellicles

e, L

Inspection system verihication

Guide tube
Sn wire

<

" Operating on site with multiple ACTIS

Qualified by all customers Liquid Sn

<

A tune rspatian Sor Smebagy enbitre smret bue 1l et srul be g
e Mg Oveng (TWAD) et n wir ’ ¢

O -5 2000 O HOODAATE TROMMORDGY » TV LmuDaaamm S v .dﬂ
g Sty Winess Light Sanatie Baed ant & Mot Caneogt of LIV Vo Actant
1oV Wit on opry arvd Matrstogy Apple sunme
Mahat (ot pton ot o

L6 Maw 3 2 200N Sounte seavhep ACTES system with URASHA Lighe sounce

Y9})0507
)9))2507

Strengths of URASHIMA light source

URASHIMA is an EUV light source best suited for APMI

URASHIMA EUV light source: Debris mitigation techniques

Debris mitigation by a combination of fast rotating Sn, gas injection and debris filter

N tati Fast rotating Sn, gas injection,
Al debris filter

Configuration Laser Produced Plasma
ey e High throughput - S
8 Stable inspection Brightness 400 W/mmy'fsr @ Plasma venified
Power Fluctuation  00.2 % & 4dmsec average
Gas injection | !
Lower ot load on Etendue 0.001 mm?asr
3}.’. B Pulse energy 01w
£ ' '
- o"- Sn consumption -4 g/day
o} _ 7
o o Eco-friendly Power consumption | =18 kW
- Gas injection —~
P (4] )
1] ~ Footprint ~4 m
~ Plasma i

* Principle Scensed by ISTEQ




Gigaphoton:
SIEEDLPPT S XVYEUVIEIR (IREHR) ZFHK

I System overview and specification

EUV Light sowrce overview

SO0 e N AU N -

-
.~
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Sourea assombly SoColo (colecior mieror inciuded)
Method Sn Dvoplet LPP
Conter wirveleng (2% Band) 1315 nm
Ropention e 20 ve
Duty cycle 100 %
Plasma szo ?”':’:‘A -
Rated boghiness #t plasma point  ~ 120 WimmEsr
HSoghiness stabilty {10) < 3 % (puise to pulse)
Avadabity »55%
Maintenance cycle 1 yoar
Systarn dimeegions 22.0 m(W)x2.6 m(D)x2.6 m{H)
Used Gas@fad Mo AL XCOA (Extrome Clean Dry Ar)
Used Gas@sub fad N;. CH,. O, COA (Clemn tiry Ar)
* Sagniness and Exendeo @t IF - Dopends On Cusiome! specfiCason

_I System configuration

EUV energy stability (short term)

Vi ey o s )
s & &8 B

Tatpet wrergy 11004

. e xm_:* Lo o
8 Pulo 10 puiso enongy stabaty 30 -
8 Pube numbes Collector mirror lifetime

20ui41)

§ Hgr-occuracy 1patal postion sig
oo o statie EUY amesion,

8 Sn-deoplet Generalor (DG)
v Mnimumemass ond high-speed dropie!

Actval tUY colechor mirror refleciivity trend

e

=i
Timwr el

§ No refisctvity degrodation & chserved after SO0 nours of

operation

* A much longer cparaion fast 8 ongong

Crmoron

I Availability

DG torge! 10 minimize debis. Source Avalla Estimation
Droplot Genarator . O O O Y GG, | Cunent Esfimotion
with In-line Sn feedor , Availability >95% [<438hours) > 99.0% (consider only Scheduled down)
: DL position 8 Dvuol Loser Pulse Irodiation .
Shooting and timing AR e Wseiaiion ooliiled Sa Scheduled down fime [SO) < 3% [< 263 hours) < 1% {< 87 hours}
Controller EUV yenaon 1arge! conciition and achieves high EUV Unscheduled down fime (USD) < 2% (<175 hours) 0.7% during 700hours continuous operation
gy comgywon efficiency (CE] at iow 3n lon Evaluation is ongoing.
L o7 “ '
AR - S Torget lifetime and maintenance fime (main modules)
Focusing = - £ P 4 :01 ng Conent o ond § o Module Torge! LRefimae Torget Molntenance ime
- i CCWOCY & U o " .
Unit = =1 F Poin ¢ High-ox pem;%ﬁ&m ond croplots 0 DG with $0 refi ! yeor 30 hours # The design concept of
— TR e bRl v Droples cotches ) year 2.5 houn long litetime and
N gt " Cobwctor miroe 2 yoars 2.0 hours efficient maintenance
| H: Ges Flow g pebrls Mitigotion - . inimal d fi
. ¢ Oplimized W, §os flow ang chomber &mwow 2 yeors 4.0 hours ensures minimal downiime.
. Droplat pressuro 1o exlond collecior mirror lifetime
o Colcher v Combination of Hy mo,m target. Loser focus oplics 2 yaon 1.5 houns
. and"h' : .occuut;cy e nodoa'ﬁon Ory pump 3 years 8.0 hours
con O &Nl [+ cobacion mirce 2
HOfime wihout IRIors. inesbincimeings € aarrvoron
TIAP SN o § yoors &0 hourt




CE

Concept of Sn-LDP (Ushio, Japan)

Laser-assisted Discharge-produced Plasma source

v High brightne

Non-interrupted operation for >600 hours

Continuous operation for >4 weeks on 24/7 basis

Availabity of all fiedd sources >90 %

Extension of MTBM contributed to longer non-stop operation

System and component reliabdity improvement reduced unscheduled downtime.

25

LDP source for beamline and mask inspection USHID

Low-e0uctance capacior . .

; " BaTemey o o peswiel o Te 40 et
i (rartprpee e | a e I pmm wd X s wy Py
VUK 20000 Ay BT Canpeuie 3 ham

L tn cvamon devie vt Beam pont 2
L6 2

Soutcn head (Hecodes)

205 Smere Wovnens bates Carmen, “rene (4 FUY

Feedback control for intensity stabilization USHIO

Eapertmant o0 KDL2 # TROD

WA feadbom b Lartrd ¢ Pulse0puise onergy leedDack comny
[Sone coriecl) wis apphed 10 ety
controf

e The cose conbrufier 20U e
ChNGING vollage every pulse

*  The wofiape mangm wis sarowed

o irfeeaity done SLaDEy Wi mvOves
fom4eZ%N0I2N

WIS o fendtach conaror

& Samurbo, ook eoed o e S v A
(LrPpw i@ oo N iosm (W aeatet 900 U riy ™yt -

VUV 20031 Aoy 3 I Cavginste 39 et 4 e o
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Emission energy and spectra of laser produced plasmas IS'I'EQ
Laser parameters: pulse energy 3.3mJ), duration 1.5ns, spot size 60pm (1/e” level)

Emission spectra, resolution 4/44 = 100

100 .
sne e
4 .
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Todayg TEUS-S100 is a »orial product that can be found in

shOr Mo ies and Iaciones around 1he workd
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EUV light source TEUS - S100: today ISTEC

Increasing spectral brightness: motivation

Our goal is 1o belp customers in need of monochromatic light by improving

D *¢
the efficiency of optical systems »
|
Sk oin]
e
A S T Pt ien™ CF of 11 00 aCriaty W0 wan oty & vl gt ol 1 il rarge ’
M how 190 spectrd intevwsd 4 4 O s IS thenber /0 100, afhectren [ A ']
* Ary tectmasgen baw (Rinting & nattow base Brem & Sesth-cmtvvsoun 1pecliud (\or amrphe ey ¥
o et apt ) iwaedi 10 8 s ot Sertrend W e serutial beigttnes of e ra a4
Pactar of & 4w U0, Thun, we chten svttates of M resftong OF for 2 marmrw e o B cooe o
e b pactrome afiettee CF ™S 0013071 % Muge o ! |
2
15 1t possible 10 concentrate the emission energy around 13.5am? uz

Emission properties

Comparison between different focusing conditions & target materials

Drive laser: 100W, 1.5ns

Mightness | A/SA
135200,
Wt

N I T

" 1000

|
o
.I: I . u.‘]m |
|

ISTEC,

Emission spectra

ote
RN L B
39500088 9 ~ 00

s (S 1) ua

Qvnul trghtmeis

P13.5 ',
W/ ety
mi }

_ [hedere Sheting)

()

1000

SLE00 0w 1N PRAeAA LA Bt halhng Naiee Sohs s mtgp
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Using Li as a target material results in an incredible

Increase in spectral brightness!




DPP source Energetic EQS-10

Current EQS-10 performance

Parameters EQ-10 EQS-10
Power, W/ 211 20 41
Brightness, W/mm?/sr 8 1*
Plasma FWHM (pym) 450 450**
Pulse Frequency (kHz) 25 upto S
Continuous Operation (days) 7 6" ~7

*‘Depending on application space

New for the EQS-10

Direct Fueling Technology

Our Direct Fueling system injects Xenon (Xe) directly into the Z-
Pinch area, enhancing Xe density, ionization, and distribution for R 2 -Pinch
improved performance. This efficient method reduces Xe

EQS-10

consumption while minimizing absorption, resuiting in a more
effective and sustainable use of resources.

-~ -
A 1l
LA

VVVVV

» 60% reduction in gas usage by direct fueling Passive Magnelic Switching Active Solid-State Switching
» 25% reduction in cost per watt
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Over 35 years 2 orders of magnitude resolution reduction ~ ASML
by working on Wavelength, NA and k1 |

SPIE Felw. 2020

1000

R = k1 m Wavelength, nm

436 g-line

365 i-line
Al ersiof

i-line (365nm)

DUV

(8] NA+45%

ES 100 Rt LT | NXT:1950i

= _

0 ArfF (193nm) @

S 0 == ’. NA+67% EUV
53 il @ NXE:3400 :

&z | == i High-NA

2 : 7 | l <« 135ELV

qrm) -
| High-NA (13.5nm)

tuiiaisnll
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SPIE Advanced Lithography-2020
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Options extending the roadmap are empowered by 0.55NA EUV

2018 2020 2023 2025 2027 2029 2031 2033 2035 2037 2039
N7 NS N) N2 Ald > AlD > Al > AS > Al > A2 sub-A2

DEVICE AND MATERIAL INNOVATIONS
FInFET

Introduc tion Scved Fxendod

Metal
. . 3

e Low NAZSHIgh NAE A
>
[ 25 21 18-16 | 18-14 [

CHP INTERCONNECT ARCHITECTURE

A7SHARIV!
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History of Resist Minimization JSR

A

I-line resist KrF resist ArF resist ArFi resist EUV CAR MOR
(1992) (1995) (2003) (2008) (2020) (2021)

May 24, 2025 2025 EUVL and Source Workshop 4



Concept of EUV Photon Activate Supply Chain of Resist

Photo Mask Front Process Paint Photo Pgtterning W W W |End Process Semiconduqtor
Manufacture Chip on xposure 4", |CutChip on Manufacturing
Process Wafer - Develop Y | Wafer Process
ay N A

7 7 N\

. 4

Toppan, DNP Shinetsu, Resonac, Ibiden,
SUMCO

90%o0f Market is Owned by Tanaka Noble metal
Japanese company

Speed of development is

6%

' Material Development ¢ .

Screening of '\ Lithography very important to survive
New Material Patterning I d. d t h IO
EUV Photon ASML =EleHER=e o= .e.c nology
IrradiationTool Exposure Tool competition
Testing Fee is vely Expensive

Usually $200/Job

EUV irradiation is possible R LR R U
Only in Holland, Begium UsuaIIy 6 monthes

Worst case: Additional 10 monthes

Start EUV Irradiation Center in Kyushu University EU\a Photon

Optical property is Different
between DPP and LPP

monthes

Why Kyushu University?
Shorten Waiting Time Cheaper Fee Yy Ry \

Max 1/10 from present Max 1/4 from present
Around 1-2 monthes Around $50/Job

First LPP Source Innovation was started from Kyushu University

Top level " Center of Plasma Nano - Interface Engineering

Top level Analysis technology and instruments UNIVERSITY




CARCMOR

Design M2 Pitch P32 P30 P28
k1 at 0.33NA' Performance are imaging driven 0.39 0.37 0.34 0.32
k1 at 0. 50NA (BMETS5): Performance are materials driven 0.59 058 052 048

CAR ultimate resolution LS @ O 5NA
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FT 20nm

|
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Danilo De Simone, The EUV materials at the angstrom era of Moore’s low, ICPST-40, A5-3-4 (2023)
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New Company EUV Photon was Established July 2024

as second generation subsidiary of Kyushu University
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Our Organization New Company EUV
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EUV Source Technology
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EU\/Photon

Planed'fSpace Lab.#21




New Material Investigation with Visualization of EU\” Photon
Structural Fluctuation and Defect Mechanism

B New Material Prospect m Structure Analysis

Numerical Simulation m Vertical Distribution
HardX-ray Photo-electron Spectroscopy

m Material Informatics (NIMS) > 5Spring-8

. . m Horizontal 2D Distribution
® Quantum Chemical Calculation > AFM-IR (Kyushu Leading

(AIST Quantum AI Center) Edge Technology institute)

m Material Synthesis m EUV Exposure

B Synthesis m EUV Exposure tool

W Light Source
= CVD Test W Synchrotron mDPP mLPP

20/25
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EUV irradiation road map of EUV Photon

1st Stage of EUV Exposure

MiddlePower
5 Sssorormmess= LPP Source & Patterning

i - Leading Edge ( <2nm)
Semiconductor Material . _
Evaluation . Semiconductor Material Development

: Br:tzsan;:za;nce of EUV e Imlﬂ" - Eg;lisliahslt:trenriig? Evaluation

Pellicle Material Evaluation
e Measurement and Analysis © = Anti-reflection Coating Evaluation

10W 100W xw EU\/Photon

EUV Power




EUV Exposure Tool (1)

Synchrotron: SAGA SOR
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EUV Exposure Tool (2)

DPP EUV Source

EUV Source by Energetic EUV Exposure system by Litho Tech Japan

EQ-10HP
High-Brightness
20Watt EUV Source
for Metrology and
Testing

42 | of-Deveiopment EU\” Photon
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Observation tools of EUV Photon (planed)

Elipsometry
(Thickness,Optical Property)

B Enhance In-situ Analysis

| | / EUV  Radiation Photo-Electron
Polarized nght Thermomet Analysis
(Visible) er Th ometer

X-ray:

GaKa @ 9.25 keV
AlKa : 1253.6 eV
FT-IR/ATR

IR (Chemical bond)

Outgas Analysis

Ex-situ Analysis

" 3 "‘”‘ Sensitivity, Optical Property
NS ) AFM-IR - XPS -
SEM, etc.




nanolR (AFM-IR)

Photodiode = Fourier Transform Infrared
Spectroscopy (FT-IR)

Deflection laser

0 Reflected

i
: Sample
Cantilever Incident : p .
. (v '9
light :
' .
Pulsed, tunable Prism
IR source
Sample
Local thermal expansion:
: : : Absorption ,
gg: B Vibration Amplltude Pw'_" ' chl‘y::arbonate' (Quantu'm Design)
0 . : : s . Convention
oc Absorption rate . : A ETIR

‘8?; 1 1] 1 1 . |
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Time (us) ' ' i

Absorption Spectrum : : \ : :C-O-C . : nanolR
Cantil o L
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Molecular structure in photoresist latent image

Op“tical Image

v IR spectra were obtained
locally near the boundary 4
region between exposed
and unexposed areas, and
structural changes were

analyzed. Carboxyl
n group

DO DO
@ ”‘O’E‘d‘” " Phenol

0 _ | group
CH, n D: or H R .
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g

< 08
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Plasma Applied Surface Conditioning

Ion Angular Control by Sinusoidal AM371;
Ion Angular Distribution Funtm(lADD o0

Previous Research: : a - o @ o
CWdiSChal'ge AMdiStlIﬂl’gt l 's -::: a : r i 07!'
(Continuous Waveform) (Amplitude Modulation) 1 e e |
o 1% s} AM §=*
T = R { ]
3- 5. I lru;unu n-:‘;’.:nn
T AM £~ 1
. ; . { AM discharge can realise temporal variations in plasma
S gt i R Ty | parameters, such as electron density, electron temperature.
g arface) step coverage: S/T |
( =
1| Next Step:
m ?j“.. 7. 1| Investigation of the effects of other AM waveforms on
S Thickness 2 I | capacitively coupled plasma(CCP)
(sidewall) 2 ! -
g “t | !
“wf bE LE LE 1| This research:
i1 R B |1 || Investigation of Rectangular AM in CCP by PIC-
T YTy N P R DR LR : MCC Simulation
!M'Mt of step-coverage of trench sidewall b I [7] K. Kamataki, et o/, Proc. of 42nd International Symposium on Dry Process (DPS) G1 (2021).
Sinusoidal Amplitude Modulation discharee in TEOS-PECVD! - (15200 eral. Jyn T Sppl Phys. 60, 100000 Gt
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Investigation of EUV Lithography technology related Security Export Control
in Kyushu Univ. (2023-2024)

EUV Project Team Collaboration N
Dr. Suzuki DrSUzuki Tokyo Univ NS
EUV-Litho Group F Exposure System Optical System Dr. Mimura (TBD) KYUSHU
(Formerly N) (Formerly C) : s
— — | . UNIVERSITY
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irecror | | S TiAs 0004 2~ mmmmm T
Dr. Shiratani | | Metrology
Dr. Usami (G) AIST (TBD)
| EUV Chdmber E EUV chamber Team (TBD) E Compqny A
Dr. MiZOgUChi Dr. YGmGgQI'G (Q) L----__----__----_----J _________________
— Light Source 1 PLlerlfE . Company B |
( Formerly G) Hokkaido Univ. J !
Driver CO2 Laser " EUV Driver Laser Team
| river Laser Team |
‘ EUV Source Group Dr.Nakamura (Q) ! (TBD) : Company C
—— Solid State Laser | . Company D
\\\w/// Prof. Kobayashi ISSP Tokyo Univ.
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KYUSHU
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ano-interface Engineering

B >360Wwith >5% CE af 100kHzoperation
is demonstrated at Pilot# 1 (short term)

......

Kyushu-Univ. CPNE

KNvushu Univ. Center of Plasma

- Driver Laser system is donated by
Gigaphoton Inc. in July 2022.

- We already fix design for higher
power operation

L OSC

# Higher Droplet speed(>100m/s)
realized 1mm spacing and demonstrated
more stable EUV generation

Average 10Tm/s
3 vgma 3%

LO9mxXiy e

25

Kyushu Univ. 25kW CO2 Driver Laser System
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Image of EUV Source Research in Kyushu-Univ. I( K Program
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EUV Plasma diagnostic technology K KFrearsm

Key for higher efficiency EUV Source

Target conversion efficiency >10% (at present 4 ~ 6 %)
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(1) Plasma Dynamics of EUV Plasma by Thomson Scattering |( K Program
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'( K Program
(2) Plasma Dynamics of EUV Plasma by Simulation

Simultaneously with experiment, Numerical simulation expect >10% conversion efficiency (Purdue Univ.)
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SMET: Smart laser and Mirror Evaluation Tool
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