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®|PCElI Customers flagship products are
e powered with 7nm+ EUV

Ve

HUAWEI

LI

Performance and efficiency
reimagined

Power efficiency and performance come first with the Exynos 9825, the industry’s first mobile processor built with

7nm EUV

HUAWEI Kirin 990 Series'

Rethink Evolution

World’s 1st Flagship 5G SoC powered with 7nm+ EUV"

7nm EUV processing technology. EUV, or extreme ultraviolet lithography, allows Samsung to leverage extreme

ultraviolet wavelengths to print finer circuits and develop a faster and more power efficient processor.

More than Renovation

Kirin 990
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® |PCE| Next logical step on lithography
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SPIE 2008
Winfried Kaiser

High NA solution roadmap Qf* ASNL

Solution overview:

NA 0.32 0.5 0.7
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There are design solutions for high NA systems enabling 11 nm and beyond

Enabling the Nano-Age World® rese s -

EUVL Symposium 2014
Sascha Migura

...which enables a High-NA EUVL optical system with 26mm slit.
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History of high-NA EUV Lithography

SPIE 2015
Bernhard Kneer

EUV Lithography Optics for sub 9 nm Resolution ASML ﬁ

MICROLITHOGRAPHY www.lithoguru.com

SPIE Advanced Lithography 2015 — day 4

(@ February 27, 2015 s Leave a comment

On Thursday | was EUV focused. My first complaint is that there were too many ASML papers. Of
course, this is not ASML's fault. They are doing most of the important work in this field. 5till, some
sessions started to feel like an ASML meeting rather than an SPIE meeting.

The first session was directed to high numerical aperture (NA) designs for EUV, and the ASML/Zeiss
anamorphic imaging approach looks like a good idea. Current lens designs can't scale to NA > 0.5
because they result in angles hitting the mask on the order of 9° rather than the current 6°. These
higher angles degrade imaging performance, removing most of the advantage of the higher NA. Higher
magnification {8X) would fix this, but would result in either much larger mask sizes {an unlikely
scenario) or much smaller field sizes (1/4 to be specific). The smaller field size would hit EUV where it
hurts most: throughput.

The Zeiss/ASML solution is to have an 8X magnification in the direction needed to lower the incident
angles on the mask (the scan direction}, keeping the magnification 4X in the slit direction. This results
in field sizes 1/2 of the current size, a more manageable problem. And by moving to a design with a
central obscuration, the angles on the mirrors are reduced as well, increasing mirror reflectivity and
overall optics transmission. To keep the projector at six mirrors, the higher NA will require extreme
aspheres, a daunting manufacturing challenge. But as Bernhard Kneer of Zeiss said, in perfect Teutonic
style, “Zeiss can do this.” | love it.

SPIE 2020
Lars Wischmeier

Session 2:
The Future is High NA

Monday 24 February 2020
1:20 PM - 3:20 PM

Session Chairs: Kenneth A Goldberg, Lawrence Berkeley National Lab. (United States) ; Ted Liang, Intel
Corp. (United States)

High-NA EUV lithography optics becomes reality ASML ﬁ
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L. Wischmeier, P. Gréupner, P. Kiirz, W. Kaiser (ZEISS) , J. v. Schoot, J. Mallmann, J. d. Pee, J. Stoeldraijer (ASML)

SPIE Advanced Lithography 2020 - Extreme Ultraviolet (EUV) Lithography XI
February 24th, 2020 - San Jose, CA, USA
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Outline

Design features of High-NA EUV optics
Manufacturing of mirrors and frames

Mirror metrology for High-NA EUV
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Outline ESSCIRCG

Design features of High-NA EUV optics

2 | Manufacturing of mirrors and frames

3| Mirror metrology for High-NA EUV
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technology with actuated facet mirrors ESSCIRC
High-NA Field Facet Mirror Standard lllumination Settings
illuminator
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Pupil Facet slim dipoles
Mirror " \ N/ ’ \\ l’

Intermediate S=====
Focus

* High-NA illuminator provides 20%
pupil fill ratio

» More focus on medium sigma dipoles
(= mask 3D effects)
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shows a good outcome of the design process SES=ERC
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,</Anamorphic” design allows 6 masks and full 26mm scan W|dth ESSCIRC

NXE 3400
NA 0.33

*
i mask

11\
RN
v

I 1\
TR
I g v
I v
1 \

I
U

fnask multi IayerE

O

High-NA
NA 0.55

absorber shadowing
at mask is angular
dependent

inacceptable
contrast loss

High-NA with

: NA 0.55 B, =B,/2
solution \
anamorphotic I
[ 1\
design ’ /: \
111\
|:> I 1\ \
I /| \
NA @ mask ! g \\
=B x NA @ wafer " : .
Bscan =1/8 \" 3 \'
BX scan_ 1/4 33 mm
132 mm X \ .
1+ wafer >
= 3
6” mask |[|= |:> “
= 5
3
3
16.5 mm

W 11 of 35



E- I PC E | H ERENCELE 20208 Y “ .
on Microelectronics ngh-NA EUV Es ERC ' '
The optical system for the ultimate printing machine with NA=0.55ESSCIRC
o mask (reticle)

—

IR Laser /, T \

illuminator projection
' optlcs

—

intermediate
focus

plasma

collector

design scheme

LECTRON
EVICES
SOCIETY'

W 12 of 35




2/ |PCEl  Angles inside the optics —— %‘N‘\“

on Microelectronics . . . Ess D R C ‘
Obscuration needed to limit the angular spread ESSCIRC
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o larger deflection angle
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over mirror
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obscuration significantly
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1IPCE]| POB central obscuration can be used for new illumination
- f@agture that can improve process window
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One possible example (1)

resist blur = 3.5 nm

===SMO full
—=SMO avoid obscuration pictéh:égnr:nm
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depth of focus [nm] - -
Contrast and Depth of Focus N

can be improved exploiting
partial dark-field illumination

T van Setten et al, Proc. SPIE 1095709
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1| Design features of High-NA EUV optics

Manufacturing of mirrors and frames

3| Mirror metrology for High-NA EUV
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Rough milling finished, detailed processing ongoing ESSCIRC
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1ot |P_CE_| Mirror position control in nanometer range
required

All mirrors are actuated
and controlled

| S EUV mirrors can control
to sub nrad accuracy | | _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
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NA 0.33 High-NA Mirrors become

NA 0.55
~ l N really large and heavy
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Thickness of arrow indicates quantity of interactions between tools
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Optics manufacturing process ESSc
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installed and running

Delivered with 13 trucks
weight: 64 tons, length: 13m
volume of vacuum chamber ~ 30m3;
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installed and running ESSCIRC
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Exit to c\eanroom:
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Handling robot, that takes
over cleaned mirror.
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1| Design features of High-NA EUV optics

2 | Manufacturing of mirrors and frames

Mirror metrology for High-NA EUV
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on large optical surfaces
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2! |PCEI High-NA requires high accuracy mirrors
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Atomic level figuring required ESSCI
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Germany Zugspitze
850km 2962m

High-NA mirror . .
_ heights of ~20um in Germany
Scale to size of germany by

~ 1 million or
1/5 of a human hair

RMS ~ 20 pm
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High-NA mirror metrology operational ESSCI

First sharp mirrors have been
measured!
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S High-NA facilities =ESSCIRC
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* We are producing mirrors
and frames for first High-NA
EUV optics at full speed.

* First measurements with
novel mirror metrology for
extreme aspheres have
been achieved.
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ZEISS European Autumn Schoo
Lithography Optics
29./30. September 2020

= Learn key aspects about the world of advanced optics for nanoelectronics - I PC E I
= Connect with students, scientists and experts from all over Europe L
= Take part in sessions with high-profile speakers

on Microelectronics

Seeing beyond
Further information: www.zeiss.com/ corporate/int/newsroom/events/european-autumn-
school.html
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