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Customers flagship products are 
powered with 7nm+ EUV
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Source: https://www.samsung.com/semiconductor/minisite/exynos/products/mobileprocessor/exynos-9825/ , https://consumer.huawei.com/en/campaign/kirin-990-series/



Next logical step on lithography 
roadmap is a High-NA EUV system
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NXE:3400
High-NA

+67%



History of high-NA EUV Lithography
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EUVL Symposium 2014
Sascha Migura

SPIE 2015
Bernhard Kneer

www.lithoguru.com

SPIE 2008
Winfried Kaiser

For High-NA optics, the future is now! 

SPIE 2020
Lars Wischmeier
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Design features of High-NA EUV optics1

Manufacturing of mirrors and frames2

Mirror metrology for High-NA EUV3



Outline

6 of 35

Design features of High-NA EUV optics1

Manufacturing of mirrors and frames2

Mirror metrology for High-NA EUV3



High-NA EUV
The optical system for the ultimate printing machine with NA=0.55
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High-NA illuminator will utilize medium-NA 
technology with actuated facet mirrors
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• High-NA illuminator provides 20% 
pupil fill ratio

• More focus on medium sigma dipoles 
( mask 3D effects)

High-NA 
illuminator

Intermediate 
Focus

Field Facet Mirror

Pupil Facet 
Mirror

Tachyon SMO 
pupils

Standard Illumination Settings



Predicted imaging performance of the new illuminator 
shows a good outcome of the design process
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High-NA EUV
The optical system for the ultimate printing machine with NA=0.55
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Angle limits at mask
„Anamorphic“ design allows 6“ masks and full 26mm scan width
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NXE 3400
NA 0.33

mask

6°

High-NA
NA 0.55

mask

9°

6” mask

wafer

solution
anamorphotic

design

NA @ mask
= β x NA @ wafer

βscan   = 1/8
βx-scan= 1/4

High-NA
NA 0.55

mask

with
βy = βx/2

o absorber shadowing
at mask is angular
dependent

o inacceptable
contrast loss



High-NA EUV
The optical system for the ultimate printing machine with NA=0.55
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Angles inside the optics
Obscuration needed to limit the angular spread
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NXE 3400
NA 0.33

wafer

High-NA
NA 0.55

wafer

costs transmission
of multilayer coating

o larger deflection angle
o larger angle variation

over mirror

High-NA
NA 0.55

wafer

with
obscuration

solution

obscuration significantly
reduces deflection angle
& angle variation

high transmission

design example



POB central obscuration can be used for new illumination 
feature that can improve process window

14 of 35

One possible example (1)

Structured reticle

waver level Contrast and Depth of Focus 
can be improved exploiting 
partial dark-field illumination
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Design features of High-NA EUV optics1

Manufacturing of mirrors and frames2

Mirror metrology for High-NA EUV3



Status manufacturing of illuminator frame
Rough milling finished, detailed processing ongoing
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Production high-NA illuminator optics started
Facet production: milling started
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Status manufacturing of POB frame
Rough milling finished, detailed processing ongoing
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First block of raw 
material

First block of raw 
material

raw material casting raw material casting 



Mirror position control in nanometer range 
required
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All mirrors are actuated
and controlled

to sub nrad accuracy
EUV mirrors can control
the position of an image

on the moon with
20 mm accuracy

overlay fingerprints and
other perturbations

can be compensated
to very high accuracy

The image position
needs to be stable to <<1nm



Angles and the last mirror
Unprecedented size and weight need automatic handling
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a

NXE 3400
NA 0.33 High-NA

NA 0.55

wafer

Mirrors become
really large and heavy 

Automated fab
for mirror handling and

new production infrastructure
required

This is how it looks



Optics manufacturing process
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Optics manufacturing process
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New coating facility for large mirrors 
installed and running
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• Delivered with 13 trucks
• weight: 64 tons, length: 13m
• volume of vacuum chamber ~ 30m³; 



Fully automated mirror cleaning facility 
installed and running
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Handling robot, that takes 
over cleaned mirror.



First mirror ground
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High-NA requires high accuracy mirrors 
on large optical surfaces
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Challenges scale with accuracy and size
Atomic level figuring required
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heights of in Germany
or 

1/5 of a human hair

Scale to size of germany by
~ 1 million

High-NA mirror



Tight surface figure specifications in pm 
range require mirror metrology in vacuum

29 of 35



High-NA mirror metrology operational 
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First sharp mirrors have been 
measured!
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Summary



Optics 
production

Optics 
production

Mirror coatingMirror coating
System 

integration
System 

integration

Mirror metrologyMirror metrology

Status Carl Zeiss SMT campus: 
High-NA facilities
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Summary
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• First measurements with 
novel mirror metrology for 
extreme aspheres have 
been achieved.

• We are producing mirrors 
and frames for first High-NA 
EUV optics at full speed.
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