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I Agenda
B Introduction

B HVM Ready System Performance
» EUV Source System

l Key Component Technology Update
» Pre-pulse technology
» Droplet generator

» CO2 laser

» Collector Mirror Life Extension

B Summary
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Predicted Market Share for Cutting Edge ArFi through 2020

2006 2008 2011 2014

mmm GPl Cumulative Installed units
mm Total Periodical Installed units

—m~3-year Period Market Share

80%

R 68%

3-year Periodical

Share(2018~2020

50%
O &y ..
Cumulative Market <. = ™

Share in 20204l GT64A
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1H2018 Business Highlights

DUV Business

B In 1H2018, GPI recorded to ship 53 unit,
foresee 117 unit shipment as the
projection for 2018

B Obtains high market share in China as

c:ccumu|c1’rec| 70% or more.

B GPl starts to roll out Data Product :
FABSCAPE™ as open platform for big

data management and analysis.

TOTAL

SHIPMENTS KrF TOTAL

SHIPMENTS

98

2i
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EUV Business
EUV development has steadily progressed

Al Both performance and ovailability = Performance ready but availability not Deyelopment incomplete but with no
" oplimal for infegration festing © optimol for infegrotion testing unsolvable issue
A2 No technical roadblock exists, only Developmen! complete but nol stable
Ho be required enough for integrotion lesting

APHOTON CONFIDENTIAL | GCIL18:173
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Throughput [WPH]

NXE-

3400 :—"— Supporting 5 nm logic, <15nm DRAM requirements

Reticle Stage

Shipmeni‘ in 20] 7 Improved clamp flatness
for focus and overlay

Projection Optics
Continuously Improved
aberration performance

Overlay set up
Set-up and modeling
improvements

— New Flex-illuminator
SMASH-X prepared

Sigma 1.0 outer sigma,
Metro frame prepared reduced PFR (0.20)
for Smash-x . .

at 20 mJ/em2
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H Productivity roadmap towards >125 WPH in place ASML

2014

Public

&2172017T

Resulting in
8wph gain

~B

wafer overhead time
[s]

104wph today I

™~ NXE:3400B: 13 nm resolution at full productivity

Resolution

ASML

Sfide 10
EUVL 207

13 nm

Full wafer CDU

<1.1 nm

DCcoO

< 1.4 nm

MMO

=2.0nm

Focus control

<60 nm

Productivity

B Overlay
@ maging/Focus
B Productivity

2 125 WPH

improvement

Source power increase Source power increase

2017/6/12-15 Berkeley, USA

Fetor o Mecesons st | | 1907 FOMenkov [ASML); “EUV Lithography: Progress in LPP Source
I m—— PR s | | Power Scaling and Availability”, EUVL workshop 2017,

2015 2016 2017 2018
target target

— Still Source Power is large issue.

e pHRSWrabypresent ( Target 250W )




Availability® [ _E

NXE:3400 Availability excluding 1-time XLD events

SRR TR TR

"EUV industrialization high volume manufacturing with
NXE3400B" by Marcel Mastenbroek

or

"NXE:3400B EUY source performance in the field,
readiness for HYM and power scaling beyond 250W"
by Igor V. Fomenkov, Michael A. Purvis, Alexander
A.Schafgans, Yezheng Tao, Slava Rokitski, et al.

EUVL workshop 2018, 2018/6/12-15 Berkeley, USA

=sUT ==DT  7Day 3400 Ave 28Day 3400  91Day 3400
EEEAZEIWWT—24BBFEHMNT0~80%F TH ELT=,
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"EUV industrialization high volume manufacturing with |
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readiness for HYM and power scaling beyond 250W"
by Igor V. Fomenkov, Michael A. Purvis, Alexander
A.Schalfgans, Yezheng Tao, Slava Rokitski, et al.
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Field performance SLIE/DT for $S3 250W systems

Average power, Lifetime

120%
—=—Apr-17
100% $e = = — o — — — Sp’ pd
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£"  [5%opSPE 2016 Batral 0% + ' ' ' ' '
"EUV industrialization high volume manufacturing with | ) T T [-0.4%/Gp (EUVL 2018) 0 10 20 30 40 50 60
NXE34008" by Marcel Mastenbroek Pulse number (billion)
or :
"NXEQAOOB EUV source performonce in !he Fleld, [ i@ M &8 W W m :- M0 18 8 18 0 180 M6 [ 1
readiness for HYM and power scaling beyond 250W" Wi
by Igor V. Fomenkov, Michael A. Purvis, Alexander
A.Schafgans, Yezheng Tao, Slava Rokitski, et al. &0 1000 170
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Logic: Demand of EUV is increasing

a EUV HVM introduction targeted at 7nm is supported ASML
by customer shipments and orders
Installed base of EUV systems expected to double in 2018

R&D > HVM ramp
NXE:33x0 and NXE:3400 42
InstalledBase 1
I Planned
I shipments
—

"EUV industrialization high volume manufacturing with

NXE3400B" by Marcel Mastenbroek

or

"NXE:3400B EUV source performance in the field,

readiness for HYM and power scaling beyond 250W"

19 20 by Igor V. Fomenkov, Michael A. Purvis, Alexander
A.Schafgans, Yezheng Tao, Slava Rokitski, et al.

EUVL workshop 2018, 2018/6/12-15 Berkeley, USA
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EUV data over 8 EUV LPP source architectures  Open loop, EUV pulse energy histograms

MP EUV at IF (mJ, S3)
O = M @ & 0 O = @ i
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] ! I ! ! ! I I I I ] -

e

= "EUV industrialization high volume manufacturing with
- NXE3400B" by Marcel Mastenbroek
=5 or
"1 "NXE:3400B EUV source performance in the field,
2 - readiness for HYM and power scaling beyond 250W"
— £ by | V. Fomenk Michael A. Purvis, Alexander
|..| y Igor omenkov, Michae s, Alexande
|.1 A.Schafgans, Yezheng Tao, Slava Rokitski, et al EI..I'I"t"I {md, 53}
+#
$3 slope = 0.4 mJIMW EUVL workshop 2018, 2018/6/12-15 Berkeley, USA

e e e Open loop, 15 ms Bursts, 3% duty cycle

0 2 4 & 8 10 12 14 16 18 20 22 24 On the development svstem
Main pulse peak power at plasma (MW) ? Y

B A5 B {F C450WH 1 (In burst, 3%duty, A=J2JL—J, FHH H13W) 532
Control ¥— % #J25%EE X 5T  330WIEED B AITHE H
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Gigaphoton LPP
Source Concept

. High ionization rate and CE
EUY tin {Sn) plasma generated
by dual-wavelength shooting via
CO, and pre-pulse solid-state
lasers

. Hybrid CO, laser system with
short pulse high repetition rate
oscillator and commercial cw-
amplifiers

. Tin debris mitigation with a super
conductive magnetic field

. Accurate shootin% control with
droplet and laser beam control

: Highly efficient out-of-band light
reduction with grating structured
C1 mirror

Droplet
Gensrator

Pra-pulse
Laser

CO, Pulse
Laser

EUY Source Workshop 2018 @ Hilase Plague

Collsctor
Mirror

Slide
16

Supserconductive
Magnsets

Droplet
Catcher

€ 31GAPHOTON
| Copyright ® Gigapheton Inc.



Target System Specification

Target
Performance

Technology

EUV Power

CE

Pulse Rate

Output Angle
Availability
Droplet Generator
CO, Laser

Pre-pulse Laser

Collector Mirror Lifetime

or s
25W
3%
100kHz
Horizontal
~1 week
20-25um
Skwy

picosecond

Used as development
platform

Proto#2
Key Technology

>100W
> 4%
100kHz
62°upper
~1 week
< 20um
20kwW

picosecond

10 days

Slide
17

Pilot#1
HVM Ready

250w
> 5%
100kHz
62°upper
>80%
< 20pm
27kW

picosecond

> 3 months

€ 31GAPHOTON
| Copyright ® Gigapheton Inc.



Layout of 250W EUV Light Source Pilot #1

First HVM EUV Source

L 1817mm

e 250W EUV source W 2972mm

H(up) 1 539n_\__m

DOperational specification HVM S H(IQW} 450
(Target) ource Weight 5ton
EUV Power > 250W
0,
Perform — >4.0%
ance Pulse rate 100kHz
Availability > 80 % L 9860mm
W 6600mm
Droplet Droplet size <20mm H 2300mm
generator 2
Weight 25ton
CO2 laser Power > 20kW
Techno ond. Pre.A o
logy Pre-pulse Pulse 2nd. Pre-Amp Laser Hea
laser duration psec
Debris Magnet,

mitigation Etching >15days (>1500Mpls)

Slide
18

EUY Exposure Tool

€ 31GAPHOTON
| Copyright ® Gigapheton Inc.
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Pilot System EUV Chamber

Magnets Vessel

Driver Laser Beam

“AIGAPHOTON

EUY Source Workshop 2018 @ Hilase Plague | Copyright ® Gigapheton Inc.



Slide

20
—Power Dose error
150 3
Performance _ Q
= 1
Average power at IF 125W 5 100 2 '0%
>
Dose error (3 sigma) * 1 0.09% g ©
T S
Die yield {<0.16%)*2 96.9% § 50 1 E
= »
Operahon h me 28h - O yrprrarragw 11 | NPT |I Wb Ao iiiittdrdm A M st A W 178 SETORPUPN | TP PT IRy 01y SOn | | 0 8
Pulse Number 10Bpls 0 2 4 6 8 10
Duty cycle 100% ——CO2 power ——Electrical input
140
In-band power 125W i
.12 120 Q
Dose margin 30% % 10 WMWWMWM 100 5
— Q
. . * g 8 80 =
Collector lifetime *3 2 6 60 3
Repetition rate 100kHz o 4 490 3
. © 2 20 W
afe
0 0
*1: Dose error is defined by 800 pulse (8 ms) moving window 0 2 4 6 8 10
*2 Dose performance failure is mainly due to droplet combination failure Pulse number (billion)
*3: Dummy mirror was used for investigation.
€ 31GAPHOTON
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4-8. System Performance: Pulse to Pulse Operation Data

EUV Energy

N
(3]

-
- o N

EUV energy (mJ)

o
(=T

Dose error 800 pulse [8ms) moving window

o
[S]

0.15

o
-

0.05

gl A P st v et st

-0.05

[l
©
-

-0.15

Jose error,3 sigma (%)
o

o
X

CO2 Energy

CO2 energy (mJ)
3

0 10000 o T memme o e meeee Tomen 80000 90000 100000 rj.le APHOTON
EUY Source Workshop 2018 @ Hilase Plague | Copyright ® Gigaphoton Inc.
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Gigaphoton EUV Technology for Lower CoO

4. Debris
Mitigation
by Magnet

2. Pre-pulse

1 .Dr0p|e’r 100kHz (2x] rep rate 3. CO2 laser
Generator ?0m/sec DL speed
200um droplet distance
20um small droplet
=>less contamination

=>longer DLG life

CO2 laser I /I
& 31GAPHOTON

EUY Source Workshop 2018 @ Hilase Plague | Copyright ® Gigapheton Inc.
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1-1. Gigaphoton EUV Technology : Droplet Generator

B Benefit: Small sized high speed droplets

» Less debris and 3x tin reservoir lifetime
due to 1/3 volume against conventional droplets

» High speed droplets to support up to 100kHz operation,
doubling the today’s source

I N =
sl s e
50 micren A LI Less contc:mi]néﬁoi: i: \t/}?(l,ucr:nci-rector mirror

&€ 31GAPHOTON

EUY Source Workshop 2018 @ Hilase Plague | Copyright ® Gigapheton Inc.




1-2. Droplet Generator

Ar pressurized up to 400
atmosphgle pressure

High-pressure
Particle Sn tank
management

20um droplet

generation 100kHz ejection
technology technology

) Piezo Actuator
U] Droplot

Slide

25
Diameter 20um  position stability <+/- Sum
20MPa-DLG 40MPa-DLG
60m/s 90m/s 90m/s
¢ 5 ¢—“ —%
i £
o
S =
3 —
o
o
©o
pi.
_V SR
Freq. =100kHz Freq. =100kHz Freq. =50kHz
(]—IGAPHOTON

EUY Source Workshop 2018 @ Hilase Plague Drop|et Status | Copyright ® Gigapheton Inc.
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Gigaphoton EUV Technology for Lower CoO

4. Debris
Mitigation
by Magnet

2. Pre-pulse

laser v" Pico sec Tum pre-pulse

v |deal dome mist
v 5% EUY CE

3. CO2 laser

! system

1.Droplet

(Generator

CO2 laser I I

@ 31GAPHOTON
EUY Source Workshop 2018 @ Hilase Plague | Copyright ® Gigapheton Inc.



B Benefit .
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2-1. Gigaphoton EUV Technology : Pre-pulse technology

» Highest CE (Conversion Efficiency) at 5% demonstrated
» Supports growing demand for high power >500W

» Run with less resources such as electricity/water/gas

CE at 37 deg (%)

]
PPL - CO, delay

I = N ™ S
Pulse duration ( Nano sec ) Pico sec High EUV CE >5%

WL of pre-pulse 10.6um Tom Sepc:rc:te.pre-p.ulse unit provide HeX|b|||.ty for the
optimization for long term operation
. : . Pre-pulse beam with the same optical path as main CO2
Optical path 2 optical path Coaxial beam. Shorter beam axis alignment time.

€ 31GAPHOTON
EUY Source Workshop 2018 @ Hilase Plague | Copyright ® Gigapheton Inc.
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2-2. Pre-pulse technology

. Very short pulse
B Advantage of pico-second pre-pulse over nano-second duration with Tum
wavelength laser

Shadow graph [l S9me optical path
"’ between pre-pulse
and main

Pre-pulse Shadow graph : Pre-pulse
(nano-secong (pico-second)
-

o

‘Disk’ like ta Ideal

‘Dome’ like targe

“AIGAPHOTON
EUY Source Workshop 2018 @ Hilase Plague | Copyright ® Gigapheton Inc.
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2-3. Pre-Pulse Technology Collaborated with S¥2amxz '

= Kyusho University :’:ﬁ,ﬁ,‘k$

DA UNIVIRSITY

e Comparison between Thomson cUv
scattering Measurements and plasma  Thin Target Mist o

Emission

simulation results for a EUV
lithography source plasma
(Gigaphoton)

-> Poster P-ET-05 by Dr. George Soumagne

Target Simulation Simulation of EUV Emission

<:11~ Vormxz

= Koyushu University »p,

/

Initial 9
distribution

& 31GAPHOTON
EUY Source Workshop 2018 @ Hilase Plague



Tomson Scattering Measurement (1)

droplet '
generator
- Shadowgraph Image

$26 um
Sn droplet

lasers:
pre-pulse, T
main, and probe _ \ ™

‘ : Shadowgraph,
» i EUV EUV image

] Thomson
calorimeter :
scattering
LASER

100

X (wm)

N e,

== Kpushy University

&€ iGAPHOTON
EUY Source Workshop 2018 @ Hilase Plague

September 11, 2017



ro(wm

Tomson Scattering Measurement (2)

@
=}

Electron Density Electron Temperature

200

100

o S © N 3} o i ®© [N} >

-200 -100 : 0 00 2
300 -200 -100 0 100 200

X (m) X (wm)

Tomson Scattering measurement characterize pre-pulse plasma in detail |

%\ Grs:

= Koyushu University
Next step: Optimization of Ce enhancement by plasma measurement.  &—

EUY Source Workshop 2018 @ Hilase Plague September 11,2017
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Gigaphoton EUV Technology for Lower CoO

4. Debris
Mitigation
by Magnet

2. Pre-pulse

|c13er

3. CO2 laser

! system v" Uniform beam profile
—>High CO2 CE

=>less electricity usage

v Auto beam adjustment /

=>High availability

1.Droplet

(Generator

CO2 laser I I

@ 31GAPHOTON
EUY Source Workshop 2018 @ Hilase Plague | Copyright ® Gigapheton Inc.
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3-1. Gigaphoton EUV Technology : CO, Lasers

B Benefit

» Excellent beam uniformity enables efficient EUV creation

» Short maintenance down time

» Separated optical binding module design
» Auto beam adjustment

» Efficient CO2 Laser and eco-friendly

B Convenional T gp T e
Beam profile ; . : : :
Not uniform Uniform Uniform beam profile leads higher CE.

Separate Optical
Binding module N/A Yes

Minimize chamber replace time

Auto Beam Keep uniform beam profile without interruption for
adjustment N/A Yes adjustment
Power recuirement > | ,QOOkVA 880kVA 30% less electricity

&€ 31GAPHOTON

EUY Source Workshop 2018 @ Hilase Plague | Copyright ® Gigapheton Inc.



Proto#2 @ plasma point

Greatly improved
evenness in beam profile
allows for more uniform
and efficient ionization
of droplets — thus
resulting in higher CE

Previous CO, beam
profile was very uneven
and hence less efficient
by comparison

EUY Source Workshop 2018 @ Hilase Plague

Conversion efficiency (%)
F-9
3]

Slide
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3-2. CO, Lasers : Higher EUV CE with Uniform Beam Profile
B >5% CE was achieved due to the greatly improved CO2 beam profile

CE performance

Due to EQ isolator
damagefrom back
reflection

o

50 100 150 200 250
CO2 pulse energy (mJ)

—&—Proto#2
e Pilot#1

€ 31GAPHOTON
| Copyright ® Gigapheton Inc.
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3-4. CO, Lasers : Auto Beam Adjustment
B Monitor modules and beam steering modules Easy & Stable beam
support easy maintenance. axis adjustment
I‘ Main 2 ' Pre 2) 'W hamb
Amplitier] | 7 7 Amplifier | 72 7 To source chamber
- Beam transfer system
BRM | > | T e
. Pre-Pulse laser{PPL)
> Main & Main :
k Amplifier2 " M| Amplifier3 o2 laser i
CO?2 laser rePulse laser
Monitor module & Beam steering module Profile camera Emzé cqlmem
v Beam profile camera v XY steering mirror
v Beam divergence camera v Z beam expander
v" Pulse energy sensor
¥" Pulse timing sensor {Oscillator only)
s | Back reflection monitor
v Power meter T
& 31GAPHOTON

EUY Source Workshop 2018 @ Hilase Plague | Copyright ® Gigapheton Inc.
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Gigaphoton EUV Technology for Lower CoO

4. Debris
Mitigation
by Magnet

2. Pre-pulse
v" Magpnetic field,20um small droplet, P

Q8% Sn ionization lead less
contamination

| v 0.4%/G pulse @30W was achieved
v 125W mitigation fest is ongoing

3. COQ laser

! system

1.Droplet

(Generator

CO2 laser I I

@ 31GAPHOTON
EUY Source Workshop 2018 @ Hilase Plague | Copyright ® Gigapheton Inc.
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4-1. Gigaphoton EUV Technology : Debris Mitigation
B Benefit:

» High uptime and low CoO by long collector mirror lifetime
» Magnetic mitigation fo protect the collector mirror surface from tin
» Long lifetime to minimized downtime for collector swap

e [ Comemiondl | P | Remak

Mc!gnettic feld N/A 1/100 Reduces # of Sn ion which reaches collector mirror.
mitigation technology # of Tin atom

: : 20 micron dia. Less unusable Sn for EUV emission fo reduce

Smaller Sn droplet 30 micron dia. . N
1/3 in volume contamination.

Hi ionization ratio of Sn . o Less contamination on collector mirror and also less

60% 98% L
20um droplet contamination inside chamber.

_ A Practical performance  GPI internal 0.4% / G pulse at 30w average power was confirmed.
>125W Mitigation : . . e : ) :
at customer site test is on going Mitigation test with more than 125W is ongoing.
& 31GAPHOTON

EUY Source Workshop 2018 @ Hilase Plague | Copyright ® Gigapheton Inc.
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4-2. Shortterm: Etching and Dissociation Sn balance on the Mirror Surface

Chemical Equibrium on the Mirror Surface

Plasma S
,.\ A n ion "

\ 4
| / \7\ i

— |

main-pulse

pre-pulse

B Tinionization & magnetic guiding

>

Tin is ionized effectively by
double pulse irradiation

Tin ions are confined with
magnetic field

Confined tin ions are guided and
discharged from exhaust ports

B Protection & cleaning of collector with H, gas

; — » High energy tin neutrals are decelerated by H, gas in order to prevent the
confinement sputtering of the coating of collector.

» Deposited tin on the collector is efched by H radical gas™.
» Gas flow and cooling systems for preventing decomposition of etched tin

(SnH,|
*H, molecules are dissociated to H radical by EUV-UV radiation from plasma.
SnH, —Sn+4H
) - — —
Xos | Dissociation Speed
for| 1 L T E1 | 17 |
sl EEA-Xp+F—=2) | ~|
- g | _XP( R Ti) _ |

Radical Etching
Sn + 4H* — SnH,

Photo Chemical Etching

Sn + 2H, +hv— SnH,

i 'c % % % » w W
temperature [TC]

issociation

SnH,~ Sn + 2H e Capping layer
T

Multilayer of Mo/Si  TON
EUY Source Workshop 2018 @ Hilase Plague
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4-3. Collector Mirror: Lifetime Status

B Power level of EUY: 95W in Burst, (= 1.9mJ x 50kHz), 33% duty cycle, 3TW in average.

B Collector lifetime was improved to -0.4%/Bpls by magnetic debris mitigation technology
optimization.

Proto#2

. ' ' ; ' 31W Low heat load
Proto#2 | _ -0.4%/ BPIS with condition €
31W low heat load w._ i ' - 1

with condition A s ! ——

Pilot#1
85W high heat load

with condition B

N -10%/Bpls
10 15 20
Pulse number (billion)

-0.4%/Bpls

30

@
\

Tin Back flow to
: collector
t
: : sponiening with Tin
Far field pattern in test
condition B and C &€ 31GAPHOTON
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4-4. longterm: Capping Layer and Multi-Layer Durability

B Cross-section of Cap layer after long-term testing

» Thickness changes at capping layer due to sputtering.
» First Si layer become thicker and reflectance down around 30% due to oxidization.

Capping Layer &8

Capping Layer

3rd Si Layer

EUY Source Workshop 2018 @ Hilase Plague
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Preliminary Result

4-7 Collector Lifetime Extension at High Power Operation

B Collector lifetime at high power operation was drastically improved.

120% .
Average power, Lifetime o AprAT
100% e E =
 iswrwiBpls | TS S=ell T
.. 80% o/EpIS Sep18 argeto
= 125W 0.2%/Bpls
8 60%
£
40% 91W, 2.5%/Bpls
o
20%
~ 85W, 10%/Bpls
0% |
0 10 20 30 40 50 60
Pulse number (billion)
“AIGAPHOTON
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Key Performance Status and its target of Gigaphoton

2015 2018 2018 End 2019

Current

In-band power
(Average Power)

Collector lifetime* 1

Availability*2

Proto #2 Pilot #1

*1, Collector lifetime estimation has been started from 2017
*2, Max availability in 4 week operation.
*3, Main issue was capping layer performance.

&€ 31GAPHOTON
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Summary
B Pilot#1 is up running and its demonstrates HVM capability;

» High conversion efficiency 5% is realized with Pre-pulse technology.

» High speed (>90m/s) & small (20micron) droplet is realized.

» High power CO2 laser technology is one of the important technology for HVYM.

» Output power 250W in-burst power @50% duty (125W ave.] several min.

» Output power 113W in-burst power @75% duty (85W ave.) 143hrs.

> Piloi#1 system achieved potential of 89% Availability (2weeks average).

B Recent achievement for most critical challenges mirror life
» -0.2%/Gpls with 125W ave. was demonstrated at short term dummy mirror test
» -1.0%/Gpls with 125W ave. was demonstrated during 30Mpls with mirror test (preliminary)

B Next Step
» -0.2%/Gpls with 125W ave. more than 50Bpls with full size mirror.
» Ce enhancement based on Tomson scattering measurement.

» >90% availability challenge with operation software enhancement.
» >300W ave. with -0.2%/Gpls, >90% availability proof test in 2020 target

“AIGAPHOTON
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