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Why EUV? - Resolution in Optical Lithography
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Critical Dimension:
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Depth of focus:
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k: process parameter
NA: numerical aperture
l: wavelength of light

KrF-Laser: 248nm

ArF-Laser: 193 nm
ArF-Laser (immersion): 193 nm

EUV sources:     13.5 nm

EUV sourceWafer stage

Reticle stage

theoretical limit (air): NA=1

practical limit: NA=0.9

theoretical limit (immersion):NA å n  (~1.7)

k1 is process parameter

traditionally: >0.75

typically: 0.3 ï0.4 

theoretical limit: 0.25
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EUV development has progressed over 30 years
from NGL to HVM insertion

ô84

1st lithography

(LLNL, Bell Labs, 

Japan)

USA

40 nm hp

70 nm

L&S

Japan

80 nm

160 nm

NL

28 nm 
Lines and spaces

USA

5mm

ASML starts 

EUVL research 

program

ASML ships 1st

pre-production NA 

0.25 system

NXE:3100

ASML ships 1st

NA 0.33 system

NXE:3300B

NL

13 nm L/S

ASML ships 1st

HVM NA0.33 system

NXE:3400B

NL

7 nm and 5 nm

node structures
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Lines and spaces

ASML ships

2 alpha demo tools: 

IMEC (Belgium) and 

CNSE (USA)
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EUV resist: 4x resolution improvement in ten years 
12nm half pitch resolved with non-CAR resist on 0.33 NA EUV

ADT, NXE:3100, NXE:33x0, NXE:3400B as measured by ASML/ IMEC, 

Exposure Latitude > 10% and  / or Line Width Roughness  < 20%, Dose Ò  35mJ/cm2

ADT NXE:3100 NXE:33x0 NXE:3400B

Non-CAR resist

Half Pitch: 12nm 
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High-NA EUV targets <8nm resolution
Relative improvement:5X over ArFi, 40% over 0.33 NA EUV 

2005 20151995 20101990
0.01

0.10

1.00

20202000

Year of introduction

Major technology step 

(e.g. source, mirror)

EUV 0.33
EUV >0.5

EUV 0.25

Engineering optimization of numerical 

aperture resulting in a resolution step 

comparable to historical wavelength 

transitions
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i-Line 365 nm

PAS 2500/40

0.4 NA 700nm 

PAS 5500/300

0.57 NA 250nm 

KrF 248 nm

ArF 193 nm

AT:1100 

0.75 NA 90nm 

ArFi 193 nm

XT:1700i

1.2  NA 45nm 

EUV 13.5 nm

NXE:3400

0.33  NA 13nm 
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EUV roadmap
Supporting customer roadmaps well into the next decade

Overlay [nm]55 WPH 125 WPH 185 WPH145 WPH

NXE:3300B

NXE:3350B

NXE:next

High NA

NXE:3400B2017

2015

2013

Introduction

products under study

7

3.5

3

<3

<2At customer upgradable

New platform



High-NA Field and Mask Size productivity
Throughput >185wph with anamorphic Half Fields

Fast stages enable 

high throughput 

despite half fields
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Throughput for various source powers and doses
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250 Watt

20 mJ/cm2



EUV Imaging ïNXE:3400B
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Overlay

Imaging/Focus

Productivity

NXE:3400B: 13 nm resolution at full productivity
Supporting  5 nm logic, <15nm DRAM requirements 

Resolution 13 nm

Full wafer CDU < 1.1 nm

DCO < 1.4 nm

MMO < 2.0 nm

Focus control < 60 nm

Productivity Ó 125 WPH

Overlay set up

Set-up and modeling 

improvements

Reticle Stage

Improved clamp flatness 

for focus and overlay Projection Optics

Continuously Improved 

aberration performance

New Flex-illuminator

Sigma 1.0 outer sigma, 

reduced PFR (0.20)

Leveling (Optional)

Next generation UV LS 

reduced process dependency Wafer Stage

Flatter clamps, improved 

dynamics and stability

SMASH-X prepared

Metro frame prepared 

for Smash-x 
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>1.4M wafers exposed on NXE:3xx0B at customer sites
Currently 15 systems running in the field. First system was shipped Q1 2013

>1.4 Million EUV Wafers at Customers

AL 2015

AL 2016

AL 2017
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Significant progress in system availability is recognized 

by our customers 

Source: Intel and TSMC presentations

at EUVL Symposium 2016, and SPIE 2017.


