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TeCh n Ology Strategy AHolistic Lithography roadmap is driven by our unique Abﬂl:

— Key messages patterning control solutions that deliver customer value via
e improved on product performance.
comprehensi veéasaignmeodtdauct portf ol

wel IAASML 6 s
roadmaps, delivering cost

i s Industiy mnevatmm d
customer sbo

AMooreoés Law
continues, fueled by system scaling, delivering highly valued
semiconductor products. of all applications from leading edge to mature nodes
AOur next generation EUV technology, High-NA, is progressing

A Semiconductor system scaling enables exponential
performance improvement and energy reduction in support of well and will be the engine to drive the lithography roadmap into
the next decade

significant growth of data exchange.
AContinued execution of our strategic priorities is expected to

ACust omer s 6 reqoira cbmirauedsshrink and
reduction in edge placement error to drive affordable scaling provide cost effective solutions for our customers, enable the
extension of the industry roadmap into the next decade, and
support our long-term sustainability commitment

ASML g
2 ASML
!

into next decade.
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Significant device innovation in logic ahead of us ASML

scaling roadmap continues to 1 nm and beyond Side 4

29 Sept. 2021

3nm 2nm 1,5nm 1 nm and beyond
PP: 44-48, MP: 21-24 PP: 40-44, MP: 18-21 PP: 40-44, MP: 18-21 PP: 38-42, MP: 15-18
FinFET Nanosheets, BPR Forksheets, VHV std cell arch. CFET, BEOL w/airgaps 2D atomic channels
5T 5T <5T 4T <4T
: 1 ff}r».;} .
"& :i—- " {’ ’.1
w ;' : [ ; 8 " r -
BPR 178 ! ‘ 1
. — 4 B-E EYR
Buried power rail (BPR) Nanosheets Forksheets Metal etch w/ airgaps Metal etch w/ airgaps
- PP: Poly Pitch (nm)
l.'l'rl e c MP: dense metal pitch (nm)
VHV: Vertical-Horizontal-Vertical CFET: Complementary FET

Source: IMEC, Sri Samavedam, A Future | ogic scaling: Towards atomic channels and deconstructed cHudlicp



Innovation is not limited to device level ASML

TSM&E system r88&@8mapansi stors sices

. . ) . . 29 Sept. 2021
WoW: Wafer on Wafer CoWoS: Chip on Wafer on Substrate HBM: 3D High Speed Memory RDLRe Di stri buti on Ea yer

SOC: System on Chip  CoW: Chip on Wafer  FPGA: Field Programmable Grid Array InFo: Integrated Fan-Out SoltE€ystem on I ntegrated C
> 300 B rswmesoic
transistors ()

InFo 150B

® transistors

CoWos EEE
* [ ronsuce | sTEN\:‘—E\"EL ki P N
_— Em o

Era [z >50B

1B transistors
transistors EEEmEE
7B
transistors >3000 L
200 MOS transistors (H1]:{3 :

>2000

A few transistors CORES CHIP \_EVE\— .

Cr . Pl L @ aornrer Pl e 9
E E . HKMG . 6 . 2P2E . 6 . EUV h ] ||i lEI ]
. : . ELK H Metal oxide ESL = 7
H Immersion |
‘ . SiGe ‘ LosR Barrier . Self-aligned line w/ flexible space !!E!'!!H!!:.;!
Cu/LowK Co Capliner Low damage/hardening low-k & novel Cu fill

Source: Mar k Li u, TSMC, AUnl eash the future of innovationo | SSCC, Feb 15, Public



' Innovation is not limited to device level ASML

TSMCO0s system roadmap to >300 B tr apsy,

Wo WWa f er o nCoWasS: €hip on Wafer on Substrate HBM3D Hi gh Spe e kDWMBenistrilyution Layer
SOC: SystemonChip CoWChi p on WPGA:dield Programmable Grid Array | n Flont egr a®etd F 8alC: System on Integrated Chips

O Device scaling (Including foundry supply chain) TSMESo |l C
O Circuit scaling (Including foundry customers)
O Dimensional scaling (Including litho supply chain) InFo
O Architectural scaling by foundry customers
CoWos
oYSTEMLEVEL Ny

cHIp LEVEL

- HKMG OSDFinFET : ONew channel materials
O 2P2E O EUV
ELK Metal oxide ESL

.~ Immersion ) : : .
SiGe Low-R Barrier Self-aligned line w/ flexible space

Cu/LowK Co Capliner Low damage/ hak d& nriowell oGu f i ||

Source: Mar kiU li @@as T StMIiCe f uDluS8CO,fl1IRdAMEBAVvation Public



MooselLaw evoluti on: t he n eAGML

Traditional scaling metrics like clock frequency have been saturated since 2005 S| i7de

29 Sept. 2021

Public data Cust omer Speculation
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Source: *Karl Rupp as published by: Shekar Bokar, QUAL COMM, i ture odalcloepupgdsntg Moo rtehdes sloaw erao, I nternational

Fu
for high performance computing, networking storage and analysis, November 18, 2020. Public



'"Moorebdbs Law evolution: t h e ASMLe

— Scaling metric of transistor and litho density continues in this decade e

2% epa021

Public data Cust omer Speculation
1020 projection
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1010 Transistor density?
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10 M, Device and |l ayout
optimization Ljtho density?
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16 wal l 6
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Sources: Karl Rupp 2ASML data and projection using Rupp Publ



' Moorebs Law evoluti on: t h e ASMLe

— A system metric measuring energy and time efficiency combined S omite

29 Sept. 2021

A Energy-Efficient Performance for systems and devices defined as

# of operations per sec.

EEP = [1/ -9 ]

energy per operation

A If applied per single device:
EEP =f/e
f.= clock frequency [s}]
e = the transistor switch energy [J]

A Using the Dennard? scaling model, when the dimension scales with k1, frequency with K,
area with k2 and power density constant, it follows:

A EEP on-device level scales with k4
A If density (~k2) scales 2x every 2 year, then EEP (~k4) scales 4x every 2 year

Robert H. Dennard et al. fADesign of ion i mpl ésakddisMIBER Bdobes 1978ipp. B56-268.r y s mal | phy spudic |



Mooreods | aw evoluti on: t h e ASMLe

Device Energy Efficient Per f or2nbaOnSc e , g,
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Sources: Karl Rupp, 2 ASML data and projection using Rupp Public



Moo®BelLaw

System Energy Efficient Performance growth 3x/2yrs continues to 2040

t he n eAGML

Slide 11
29 Sept. 2021
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‘'Moor ebs

'— From cost per transistor through density, to cost of time and energy through systems
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