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Semiconductor Business

and EUV Lithograph
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Mobile Computing

One Person to Multiple Machines

Personal Computing
One Person to One Machins

Mainframe Computing
Multiple Persons to One Machine
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Source:Min Cao, TSMC, “Semiconductor Innovation and Scaling, a foundry perspective”, China Semiconductor Technology Conference, Shanghai, March 2019
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The world's most .

valuable resource

* Dataand the new rules
of competition
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connections/km?
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50 ms latency
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The digital universe

Zettabytes :
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Sources: IDC; Bloomberg

Cloud Computing & Edge Computing
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Transistor Density
Moore's Law (1975 Version)

Cost/transistor
slowing down
faster, due to

fab costs.
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Key Technology: Lithography
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HEeX| £ =ste| M4 : LS (Lithography)
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Close-up of Chip pattern
(with photoresist)

. \
/ nght" ;:Zi
2 ?\ Reticle (mask)

/b/r Lens

Pattern being
repeated onto wafer

micron 0.1 ¢ 1 100 nm

0.01

Wafer (with photoresist)

Enabler for 3-D structure formation

Exposure

7 Light ()
(source)

Master
Pattern
(reticle / mask)

"w ‘l_ Lenses

b = (optics)

(

Znd layer
features

Replicated
Pattern
{photoresist)

Wafer
Stage
(alignment)
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Fraction of wafer processing cost

$ per Wafer by Node

65nm 45nm 32nm 22nm

®=ALD =CMP = CVD PVD & ECD w Litho =* Process chemicals

Lithography cost is more than 50% and keeps increasing (multiple patterning)

Lithography Components

. Light source
Light
F i ~Hine, KrF, ArF, E-beam, EUV

Illumination
- Conventional
- OAI (annular/dipole/quadrupole)

Mask
) - Binary
: Reticle (mask) - PSM (attPSM , Alt.PSM , CLM)
/ - OPC mask
\“m.,. = “4
] Lens Projection lens
- High NA
Pattern on \X/afer \Wafer
- Novolac resist
Wafer (with - Chemically Amplified Resist
photoresist) - ARC

\ =

1 Y |
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\X/hat is Lithography ?
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Classification by the Exposure mode (Stepper vs. Scanner)

Mask

(reticle)

Projection
lens

Wafer
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Resolution and DOF

. A A
Resolution: R=k, — Depth of Focus: DOF=k, —
NA NA?

A: wavelength, NA: numerical aperture, k, & k,: process constants
NA = D/2f (D: diameter of the lens, f: focal length)

Enabled by shorter wavelengths,
pAszonn increasing NA and lower k1

‘ g-line
[0.28 NA JEECI iline
365nm

i 0050 NA } " A
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0.50 NA
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Device scaling vs. Lithography wavelength

10.00 5 — 10,000
1 436nmm Lithography - ,.5.
. 365 nm Wavelength 8
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g ] 193 nm = <
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3 0.10 P L1000 @
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1 Size ST ot

0.01 y B o e
1080 1990 2000 2010 2020
S. Borkar, Int. Symp. Microarchitecture, 2004.
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Next generation Lithograp

Slide 29

Lithography Technology Roadmap (2007, ITRS)

2007 2010 2013 2016 2019 2022
2002 2008 | 2011 20i3 | 2044 2045 | 2017 zote | 2020 zasa |
DRAM 1/2 Pitch 85nm 450m 22nm 3 18nm 1inm
193 nm
5 153 nm immersion with water \\\\_\\
Narrow
193 nm immersion double patteming optinns
133 nm immarsion double patterning
EuvV
193 nm immersion with other fluids 1
and lens materials. i
ML2, Imprint |
Euv : : : :
Innovative 133 nm immersion X Rt
ML2, imprint, innovative technology
Innovative tchnology u | |
Innovative EUV, ML2, imprint, Directed Self Assembly i i

BN Ressarch Required WSS Development Underway [ Qualification/Pre-Production ™\ Confinuus Improvement

This legend indicates the fime during which research, g=velopment, and qualification/pre-production should be taking place for the solution
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Pioneer Works

NTT

Himeji Institute of Technology

EUVA
ASET-EUVL
Hitachi Canon

Nikon

South Korea EUVL Program |

AT&T
Lawrence Livermore National Laboratory (LLNL)
Sandia National Laboratory (SNL)
Lawrence Berkeley National Laboratory (LBNL)

National Institute of Standards and Technology (NIST)

SVGL I Tinsley

GCA Tropel EUVLLC / VNL INVENT
SEMATECH EUV program

der Materie (FOM)
PREUVE

voorF o]
EUROLASER EXULT
EUCLIDES —

More Moore
MEDEA+
CEAILETI
ASML | Zeiss
IMEC

Legend: [ ] Japan | [ | SouthKorea| [[] US.A. [ ] Europe

2007 8. Wum, EUVL Development History

AR

EUV (13.5NM) vs. ArF (193nm)

Extreme Uiaviok

Wavelength
1um 100 nm 10 nm 1 nm 0.1 nm=14
T T T H T T T
: | : cl, |
| vuv | 5 [ Soft X—rays PN
e
! iSi. 0, 1S Uy
\ L 17, | [ 1
1eV 10 eV 100 eV 1 keV 10 keV
Photon energy
ATE-iIVIPT, 1 =YL=
R=k =Wl x| I 4
Iyag =delmg

o B Ipgo| of K2 IE S HArE 4 Ut
Tzt IxtelM e BE S| E41 Elof 2TEIC,

ArF-immersion (193nm) EUV (13.5nm)

EBUV-IuCC

AR
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Higher integration density with reduced cost

™ EUV simplifies process and reduces cost versus ASML

Multiple Patterning ﬁ s
e e i W

_ Procass Steps x2 X5

= f Process Cost +10% +30~50% +>50%

_ Cycle Tima X2 x4 x5
== Stripiciean

. Etch

w= Metrology

== Develop
Single Double Expose
Spacer Spacer J =m Coat

= cVD

SADP SAQF‘

Pubiic

LE = Litho-Etch, = mumber of iterations
SADP= Seff Aligned Doubie Patarning
SAGP= Saf Alizned Cusdrupie Patisming

\ e —

Y |

\Why EUV Lithography is difficult ?

1 1000
micron 0.1 4 100 nm
DUV !:%,Ig 001 1: AL W Collector
(HXE 0|23t 2EBSIH| EUV =2VI&
= - (0|21E 0| 8% HEAZSHA))

H8=l= I

- M=e e (Z2AE0)
HEARS OFA 3 I HEALRESHA|
17 A

- Lpic Boaol majg
MZ2 HRIAE
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The Most Complicated Machine on Earth

Optics metrology vessel installed
in High NA cleanroom

0.33NA HVM EUV Scanner (NXE 3400)

EX: ASML

\ e —

Y |

Reflective Mask and Optics

18
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EUV Scan Printing

EUV Source : Laser Produced Plasma
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HE 20| Aojigt EuV Y|

NXE has over 100,000
individual parts, 3,000

It has about

20 years of Transportation takes 40
1500 sensors

sustained containers, 20 trucks and
cables, 40,000 bolts and to capture
. 3 fully loaded 747s . 5
2 km of hosing... imaging data ASMLL| Y48 EUV L H| (NXE3400B)=

Weighs in at : - 2044 9] JH{et 2|2t
180.000 g ' It generates
kilograms | about 4.5 TB - 10917lQ] HE 40bl{o] BE, 15007[2] MA{
(That's 140 : ' N e of data per day
Mini Coopers!) ' - il ] - 0| 50f| 40%l2| 0L, 20CHe| E3, B 747
L otE7| 3t 2R

- 27 180E (D|LI M X} SX}140CH)

- i StLfel FH|o} 4582t E2| H|O[E] 44t

Reflective EUV Mask

EUV source

Multilayer reflector

anti-reflective
g 080 Mo/Si on Zerodur.
4 coating (ARC) 070 | Reflectance = 67.4%

____— absorber

Ru capping

Retlectance
°
Y
3

~ MolSi multilayer

mirror 020

0.10
low thermal 0.00 ool N S FONSET YOS YRR T
< 124 126 128 130 132 134 136 138 140 142
material (LTEM) Wavelength (nm)
T conductive backside .
coating Absorber (pattern) material

—a—Cr
o —0—Ta _

.-\. N T —A—TaN

Residual Reflectivity (%)
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®. BNO
o Fe\ / n =
006 \ / od

003
002 ﬂ
001

Absorber layer for EUV Mask

Min Absorber Thickness

f i
R i b
.

TaBN 2.10 54.2
Ni 0.94 25.4

Pd 1 00 360

Extinction Coefficient, k

50 &

Atdmic Nﬂmber,:‘Z

- EUV Phase shift mask

Basic material for EUV absorber:

Pt 1.10 27.6

Co 1.26 260

Ta and Ta-compounds (TaN, TaBN)

Advanced mask for better resolution and reduced mask 3D effect
- Thinner absorber with high extinction coefficient (k)

\ e —

Y |

Mask blank
| ARC(R) |

Absorber layer TaON, Ta0O,

ARC (LR) TaBO, etc.

TaN, TaBN,

Absorber a8, et

Capping Ru, Ru alloy
Patterning
ML mirror Mo/

mb

LTEM 6025
Substrate (ULE®, AZ2...)

Backside CrN, etc.

Ref. H. Seo, EUVL Symposium (2012)

Current EUV Mask

Inspection sensitivity @193nm  Thickness optimization
for litho performances

Litho performances @EUV & mask .ETI(.)CQSS
(contrast, NILS, LWR, CDU...) ~ compatibility

Protecting ML (etch, CLN, repair, Damage (from Ftch,
handling, exposure) CLN, Repair)

. : Defect, Stability,
Reflection mirror @EUV EUVR (CW, R,,, BW)
Supporting mask structure, Low Defect (polish, CLN),
thermal expansion Non-flatness

Electrostatic chucking @EUV E-chucking damage,
scanner Bowing control

21



2020-10-19

EUV Pellicle Concept

Without pellicie With pellicle

I'hbminer
EUV Pellicle
Dilemma

optical
high EUV

chemical

Prablems af nanc-scale membrane EUV Pellicie
~ mechanical stability thandling. mask stage movement, evacuatior)
= thermal stability (heating/cooling by EUV scanning)

AR

Requirements for EUV Pellicle

EUV M2| 20| i3t 27 54

JIE S4: &4 nme| e WEol 3E (EUV TETE|0|X|g 2Bt
U E4: EUV BO| Z40) Of3t 2RSS BUFOE WA TUNE 5
Sfets] E4: 4 BCiZ 2TI0IA (B EK|| 2) 2L 2 9

=]

Pellicle

Ref. ASML, SPIE Advanced Lithography (2014)
EUV Tech, SPIE Advanced Lithography (2017)

AR
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EUV Photoresist

i 1 7= lnge incensity
. . D’,‘Ek =( (* } —_— & = Absorpiivi ty
- % 20-nm: 2018 \ O )i\ Prag@QVE R 0=Quuum Eiceny
i@solution ‘ i ¢ / S f

R =-/Dr = PEB Diffusion Range
10-nm: 2022

. .
Intrinsic Resist “Biur’

LER  Constant Dose B\ proton - Ac interactio n
2.0nm Vol
Y Pz =H PAGsholim ¢
1.0 nm 15 mJ/iem? RLS Tradeoff
30 mJ/iem? - - - cee
i Resolution, Line edge (width) roughness, Sensitivity
EAMS Sk AL
‘& [’ 37tX| £42 SAl0 e == ULt
)
LER Sensitivity |
NCA- | NCA-
Target 2013 2015 2017 2020 caacabicac VA [V
Resolution Zam T6m Tnm Som Rosowlion | 16 | 16 | 15 | 15 | 13
9 o
£ 2[IWR |<20% <4.4nm <320m <2.6nm <1.6nm @'-WR("",“ 3.1/48|38|15| 29
A = Bose |<20mJ/cm <20 mJ/em® | <20 mJ/em <20 mJ/em’ <20 mJ/em” sensitvity | 30 | o0 | 22 | 70 | 52
J/cm?)
< Resolution 24nm 24nm 20nm 18nm (:an‘z:z)
«E% LCDU |<15% <3.6nm <3.6nm <3.0nm <2.7nm Factor | 82131/ 74 /3.7 77
S E Dose [ 2o | 20mlem’ | 20miien’ | <20mifen’ | <mbiem

Photon Shot Noise — Native Problem

Smaller number of EUV photon defining the pattern edge
results in line edge (width) roughness

Euv 193
Line-width roughness (LWR) £ 13
15 nm 15 nm

Thickness = 22nm, absorption = 4.2um!, dose = 20mJ/cm?

Yw-u? LWR=3c
y

Courtesy: Patrick Naulleau

0 20 40 60 80
Sensitivity (mJ/cm?2)

EUV photon2 ArF photon Ci{t] Of|L{X|7} 14bH &S
= Y% doseR HX|AEE - ¥5l= O] RS ZEQ| JlisE= EUVIL ArF CHH| 1481 XS

- \

23



2020-10-19

M=Z2 AJE 7|3] (DUV vs. EUV)

DUV EUV

w @ SK ynix
erz fin,.. dMicron %3

recvoon o e INSTRUMENTS

TOSHIBA
UIVIC RENESAS

ASML Nikon
Canon

DNP TOPPAN
HOYA

MLE TOPPAN
Omes SeSTECH  Hova
% Mitsui .J°._ o )“ I)iifs;li tt;eﬁlicals ScSTECH

FST

et Mg Lol Bt &
© FHOE| ADIEE S QA AHE Lio|IA]
gt=A| Zol xtxlshz HIZE YA

S| E Azl Bamel 2 T

-9 o=d| & HEo Bamel uzHe
2 A J...Oﬂ 2l0f F4xiol 239
HEldE Y8t ZE0tAT

& =2 ZHUAM Eﬂij—il 4’5 =
HiE H2E | ¢ 2450 24y

AMFXL “M|A| XX EUV M 7L L BHEX| Y

ST 2018, 10,18
(2R Zetst JIT AETATE EVERSY) B TIEE M8t Iesa Tur 23
(7LPP) e BRI W40 TR

YW= 17LE A1) 01F Ha|2Ealo] XS HLTR 0|F-ADsA) A=0M S7
‘44 H|3 H|0|(Samsung Tech Day) 2018' €11 0|Z2 W88 ZEZCE

BUTIE G Ul 98 7 MS SUE 84 DARO AU Sk v8D 12
£ E0Icts YHo|ct D dsa M¥E =430 HEt gieh HES H7|0f JHuE = AEE
s3Hes xas

HdTR2| BV 7LPP B2 10LPE CHY| XS oF 40% SO|TA A
S 20% M SUHCE YT DSEE 0|FEL g AE|0f A|L|O] C|AEf= “EUV 7LPP B
g %“‘1! o 3Lt 37 OlM2tE Mg 4 Q= 7|ute Stedickn Axjct

QFAL” HF

- =

Samsung Completes Development of 5nm
EUV Process Technology

Samsung Foundry this week announced that it has completed
development of its first-generation 5 nm fabrication process
(previously dubbed 5LPE). The manufacturing technology
uses extreme ultraviolet lithography (EUVL) and is set to
provide significant performance, power, and area advantages
when compared (o Samsung's 7 nm process (known as
7LPP)...

Samsung Starts Mass Production of Chips
Using Its 7nm EUV Process Tech

‘Samsung Foundry on Wednesday said that it had started
production of chips using its 7LPP manufacturing technology
that uses extreme ultraviclet lithography (EUVL) for select
layers. The new fabrication process will enable Samsung to
significantly increase transistor density of chips while
optimizing their power consumption. Furthermore, usage of
EUVL

TSMC: First ITnm EUV Chips Taped Out,
5nm Risk Production in Q2 2019

Last week, TSMC made two important announcements
concerning its progress with extreme ultraviolet lithography
(EUVL). First up, the company has successfully taped out its
first customer chip using its second-generation 7 nm process
technology, which incorporates limited EUVL usage. Secondly,
TSMC disclosed plans to start risk production of 5.
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EUV-IUCC EUV-lUcC

iversty Colaboration Center

EUV Industry-University Collaboration Center (EUV IUCC) is a technology network hub

dedicated to aiding industries by
- fundamental/applied research and sharing the results
- partnering with the world-leading research brains and infrastructures
- keeping members updated on the latest EUV technologies and trends
- licensing our IP for new product design, prototyping and manufacturing
- promoting collaborations between member companies

Director

Jinho Ahn

Hanyang Univ.

Mask, Pellicle, EUV Microscope

= | 1 Ji l 1 1

Hyegeun Oh Jingoo Park & Sejin Yook Haksung Kim ! Taegon Kim e Jin-Seong Park
| MechanicalEng. | Materials SciEng| " M Materials sci Eng,

Physics ) Materials Sci,Eng. | Mechanical Eng.
Hanyang Univ. Hanyang Univ. Hanyang Univ. Hanyang Univ. Hanyang Univ. Hanyang Univ.

Optical Simulation Particle Contamination AFM Analysis ALD/MLD Resist

1

Sangsul Lee

1

Jinkyun Lee
Polymer Sci.Eng.
Inha Univ.

PAL
POSTECH

3147|974 EUVL Blafel (2002-2011)  SalUCC

. BA SPEM/HR-PES
8C1 POSCO 0 EC

782 X-ray Microscapy

781 Saft X-ra

Soactioscopy(KIST)

6 MX Il

88 MX |

5C2 KUIST |
5C1 KJIST Il
5A HFMS
4c2 8AXS I
4C1 SAXS |

8C2 Powder Diffraction

10A HFMS (1

10G1 XRD i
114 | Rovolver 4B1 Siitless
Undulator e

114 Il Undulator

3C2 XRD |
3C1 EXAFS
381 NIM

11B Beamline: Originally designed for XRL (1995)
Modified for EUVL (2003 ~) : HYU-PAL Joint Operation

3A1 Micro-boam(SNU)
3A2 ARUPS
281 Photosmission
2A EPU
182 Microprobe

* Support bldg. © (5-FIR

EUVL Beamline

2 ERERE

BYTED  E87}4)|H70 FOIA RO =271 344 2 3ic
(s Mne Hil %‘g.% o MR 2 Eahge- o Sael 4 kel A4 Yok

%

- -

S6nm 0131 201M BT NT &8 74

> beam size at mask : <p 2mm
> energy range : 92.5 eV(13.4nm)
1> energy resolution : > 1%
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T&PI}A7[917A EUVL a0l (2002-2011)  EUM-IUCC

REMC A7 ST EAR
Lk BEAR EUVRIATRI SAIE MY

AARIPMICHA7 AR

@ueHdE JP®  ©) e

‘Ecraoncs

355 DONGJIN SEMICHEM €O, LTD.

@ -ypizazay

EUV-IUCC 3|lA} EUV-lucc

Extreme Uiavioket - Industry University Collaboration Center

S&S Tech: EUV Blank Mask, EUV Pellicle, DUV Blank Mask, FPD Blank Mask (https://snstech.co.kr/)
FST: EUV Pellicle, EUV Pellicle Mounter, Chiller (http://www.fstc.co.kr/)
Esol: EUV Light Source, EUV Microscope (http://www.euvsol.com/)

Nextin Solutions: Wafer Inspection System (http://nextinsol.com/)

Taihan Fiberoptics: Mask Substrate, Optical glass, Fiber Optics (http://www.tfo.co.kr/)

SK Siltron: Polished wafer, Epitaxial wafer (https://www.sksiltron.com/)

Dongwoo Finechem: Photoresist, Polarizer, Color filter (https://www.dwchem.co.kr/)

PSK: Dry Strip System, Dry Cleaning System (https.//www.pskinc.com/)

Soulbrain: Etchant, Stripper, CVD/ALD Precursors, CMP Slurry (http://www.soulbrain.co.kr/)

PeDiSem: Technology Consulting, Education Service (https://pedisem.com/)

ESOL Gusanz  soubrain  PSK  THeelec o

Lpepisem  FST NEXTIN  gueass mem 4 SaSTECH

|
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JOl'

A4zt - Euv 910| (Coherent Scattering Microscope)

NA 0.125 (@reticle)
Wavelength 13.5nm (HHG)
Resolution ~54 nm
Imaging method Ptychography
Mask defect detection Available
Pellicle inspection Available
Through-pellicle imaging Available

SN 2 Il 13.5 nm & ALE8h:=
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==
Probe function Object Diffraction pattern

»

Capture

<Convolution of probe and object function>

Pna(r) = P(r)On(r — Ry)

I 1 Ot (v = Ry) = Op(r = Ry) + BU(r) (W g0 (1) — V(1))
FFT
Flp = Tewn | ¥ 7 S L N )

T max([P(r)]) [P(r)2 +

PY(r):Ext wave

P(r): Probe fundin

0(r):Obpt  fundin

R:Ree  ditne  beween dffradn patems
a: Feedbade  param eter

«

Iterations

<Math of ptychographical Iterative Engine (PIE)>
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Optical Simulation Thermo-Mechanical
Simulation

Time to crack (a.u.)

0 4 6
Thickness (nm)

Mask Design & Fab.

Multilayer

MolSi EUV
multilayer
6.9 nm

Phase Shift Mask Absorber

EUV-IUCC

iversty Colaboration Center

Pellicle Design & Fab.

First principle simulation

sy

Optical Evaluation Thermo-Mechanical
(Refl./Trans./Imaging) Evaluation

Heat Load Test
(EUV Exposure Emulation)

Bulge Test
(Fracture Behavior)

lll! m 6!

Ditraction Efficlency  Amplitude Map Phase Map.

g
Contamination Analysis
& Cleaning

Particle behavior in chamber

Particle mampulatlon by AFM
ion with high reliability

High efcbilty

Lase Shock Wave Cleaning

Point Selective Laser Shock wave Cleaning

EUV-IUCC

EUV Resist Evaluation

PAlﬂ?

3 3
ELV test system commissioning / 20190510

Interference Lithography

pinhole

EUV radiation,

from synchmm}\
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EUV-IUCC is wide open to Everyone ! UI

styro
HANYANG UNIVERSITY

EUV
Lithography

EUV Lithography (2" Edition, 2017)
SPIE Press
ISBN 9781510616783
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