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Our business divisions

Machine tools for flexible sheet metal processing Laser technology

Extreme ultraviolet light Additive Manufacturing = Photonic Components Financial Services
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EUV lithography
how It works

= EUV laser shots at tin droplets which
are release by a droplet generator

v
releases 50,000 tin droplets
d.

50.000 times per second

The EUV laser shoots at tin droplets.
This creates plasma which can
be used to expose particularly

= This creates plasma delivers light at Sl el on 4 el
° making microchips even more
an extremely short wavelength which powertul than befre.
can be used to expose particularly
small transistors on a wafer making
microchips even more powerful than

before

= The EUV laser light is focused by
mirrors to the droplet.
Extreme high precision is needed to
hit the droplet and to enable high
efficiency of the process.
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What is the optimal design of a high-performance optics?

Input parameter:

= design/ shape of optics > parameterize the geometry

= thermal load (beam-size and -shape, power)

= mechanical load (force, pressure) given values
= bearing, mounting

mechanical
loads

Previous approach to find optical design D00
= experience of the designers bearing

= theoretical approaches
— optimal design = f(P, T, F, p, u, w, 1, ...)
— considering ideal constraints

= trial and error/ manual optimization

cold mirror hot mirror
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Goals to achieve

1. Creating automated workflow
handling different models and
solvers, automating the workflow

2. Design Improvement:
Finding the best design

3. Design Understanding:
find the relevant parameters

4. Design Quality:

EnSU re rObUStneSS Source: ANSYS Dynardo GmbH
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Workflow overview

= Integrated workflow to optimize the mirror design

= Definition of separate subsystems; each node for one task, enabling testing of
one subsystem

= Goal: find the best design and gain insight on the optical performance
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Workflow overview

SpaceClaim + Meshing
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Workflow overview

8l = Static Structural
2 ﬁ Setup s a 2 Q Engineering Data v o,
External Data . 3 [ seometry v 4
. 4@ Model &
a5 @ setp 7
6 Solution F Y
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Static Structural
|i‘p_.‘ Parameter Set
Mechanical A
= Importing temperature.csv and pressure.csv ‘j : F
» Exporting deformation.txt of mirror
Zemax ol oS bomndd " lomd_laund_lopd. )
= Importing mirror deformation.txt B e

» (Calculating focal-length and Zernike-terms
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SpaceClaim
creating a complex geometry based on parameters

Parameter-based geometry structure of the mirror surface
= Definition of points along the coordinate axes and their connection by splines

= Extruding the splines to surfaces

= Generation of solids based on the spline surface POl il
Definition of the valid parameter space (trial-and-error)
= Preventing body-intersections
= Avoiding invalid geometries ’
3 .
+X ' '}{ i 3 \
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Date transfer from Mechanical to Zemax

=  ACT-Extension - “ExportAnsysToZemax” used in Mechanical to

export the data to Zemax
= One file exported for each load step

— exported data is a text file containing the x, y, z
coordinates and x, y, and z displacements for
each load-step in mechanical

@ Scope Mirror Front
& Back surfaces

5 Tmestep_00001_1 Gsec_Surface _00_Defomatont £ |

FLODODODODOO 3.31874284598e-13 12.7113911188 0.0008700242€153 ~€.98€8715399%e-0€ -0.000312709€5701
$0.9575€57225 _ 0.499904794351 12.7113517978 _ 0.00087130507523 $.15780433515e-0€ _ -0.0003127540€3455

{ [ Timestep_00002_2 Osec_Suface_00_Deformationsxt £ |

§ 1 FL.DDDDODGOOO 3.31874284998e-13 12.7113%11188 $.€€€93€23923e-05 =7.7€315097895e-07 -3.47455170413e-05 select coordlnate
{ 2 50.9975€57225 0.499504794351 12.7113517978 9.€81211€€807e-05 5.73089437239%e-07 =3.47504537785e-05
i 3 0.9902579080  0.9997€2094299 12.7113078351  9.€851599241€e-05 1.872948018%-0€ -3.48598332494e-05 system
§| 4 50.9780717593  1.4995242548¢  12.7112590555  9.€948017017e-05 3.13253940476e-0€ -3.5026241€7¢e-05
f s 50.9€10024712 1.9951434€303 12.7112052€42 9.€9€71891€53e-05 4.33422474089%e-0¢€ ~3.52554452547e-05
J| € 50.9350452400  2.45857172388  12.71114€2803  5.€9€4220574€e-05  5.42€43174€25e-0€  -3.55151751137e-05
]| 7 50.5121952723  2.5977€084684  12.7110815204  5.€92277672e-05 €.605€4087725e-0€ -3.578€1790€9e-05
.| 8 50.88044779€3 3.49€€6243237 12.7110120007 9.€85108€709€e-05 7.€792775871€e-0€ ~3.€0811€0542€e-05
50.8437980724  3.9952278589%8  12.71093€3374  9.€753174148e-05 8.71711108€3e-0€ -3.€3€97727153e-05
10 50.8022414059  4.49340827052 12.71085474€9  9.€€3079254le-0S $.73078€58717e-0€ -3.€€51927075
11  50.7557731€01  4.99115456410 12.7107€7045€ S5.

€4524838627e-05  1.07245€32535e-05 -3.€917€6€875 Select time points for wh‘lch
data needs to be exported

Select surface for which
data needs to be exported
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Details of "ExportAnsysToZemax"

Outline
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Zemax OpticStudio - optical Simulation

Objective
= flatten the wavefront after reflection with the mirror

typical wavefront

Wavefront
Function
15.45
4.68
3.92
3.16

= Wavefront should be as flat as possible and can be represented
by Zernike polynomial

O
~C

’ 0.1
=< b
| ——— iy

\ z 1 0.69787942 : 1
zZ 2 0.08166784 : (p) * COS (A)
2 3 0.08627344 (p) * SIN (A)
Z 4 0.68848275 (2p~2 - 1)
Z s 1.92202764 (p*2) * COS (2A)
Z 6 0.37718034 (p”"2) * SIN (2A)
: 7 0.03767268 (3p*2 - 2) p * COS (A)

: - Z 8 0.04179261 (3p”2 - 2) p * SIN (A)
Mirror to be pptlmlzed 5 ke (68 -~ B2 1)
represented In Zemax Z 10 2.10109044 (p”3) * cos (3A)

zZ 11 0.00258931 (p”3) * SIN (3A)
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Methods
Adaptive Algorithms

AMOP constraint refinement for abs(y) > 0.6

Used adaptive systems: T~ Source: ANSYS Dynardo GmbH

AMOP

= AMOP: Adaptive Metamodel of Optimal Prognosis > for Sensitivity Analysis * ,
= Automatic adaption of an initial sampling set .
= Global refinement with advanced and space-filling Latin Hypercube Sampling
» Local refinement considering sample density, local approximation errors and

optimization criteria

= ARSM: Adaptive Response Surface Method > for Optimization +*
= Approximation of responses by linear or quadratic polynomial
= Optimization is performed on response surface
» Local DoE scheme is moved and shrinked iteratively

..........................

Limitations:

........

* Low metamodel quality

= New samples are added based on the gradient approximation from previous
iteration designs; need of a number of successful simulations for gradient
approximation

5. Iteration

Source: ANSYS Dynardo GmbH

TRUMPF

13 | ANSYS Dynardo GmbH + Hilgermann | TLSM541 / Dev. BTS 6/16/2023 ® Confidential



Methods
Evolutionary Algorithm (EA)

Properties
= Picks best of imported start designs for the start population
= Stochastic generation of new designs = robust search approach

= No gradient information or regression is. necessary (More efficient than parent population
NLPQL or ARSM for large number of variables)

= Failed designs are considered in selection procedure

= Ordinal and nominal discrete carriable types can be considered selection
replacement \

l N
. recombination
evaluation y

* Global search can treat multiple local optima

Recommended area of application

= Optimization tasks with multiple local minima M

= Discovering of new design variants

offspring population

= For (nominal) discrete and binary design variables

= Many constraint conditions
= Elevated ratio of failed designs
= Strong solver noise

Source: ANSYS Dynardo GmbH
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Goals that has been achieved

0

Clearly define expectations and goals!

Source: dpa/Uncredited/rp-online.de/ Rheinische Post
SpaceX-Rakete explodiert nach Testflug bei Landung, 10.Dec. 2020, 12:41 o'clock

TRUMPF
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Goals that has been achieved

1. Creating an automated workflow \/
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Goals that has been achieved

1. Creating a workflow manager \/

2. Design Improvement: \/
A design that fulfills all constraints and objectives has
been found. Because of the parameterization without
manufacturing restrictions, the found design was not =
producible. 2

3. Design Under

An evaluation
longer pursued due
and time.

TRUMPF
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Goals that has been achieved

1. Creating a workflow manager \/

2. Design Improvement: v
A design that fulfills all constraints and objectives has v
been found. Because of the parameterization without
manufacturing restrictions, the found design was not 3
producible. o " (™

3. Design Under
Because g
too lar
para
inpu
para

4. Design
An evaluatio
longer pursued du
and time.
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Goals that has been achieved

1. Creating a workflow manager \/

2. Design Improvement: v
A design that fulfills all constraints and objectives has
been found. Because of the parameterization without
manufacturing restrictions, the found design was not
producible.

3. Design Understanding:
Because of the too general parameterization and the
too large number of parameters, as well as a too large
parameter range, no sufficient correlation between
input and output parameters could be found. Relevant
parameters were therefore not identified.

4. Design Quality:
An evaluation of design quality and robustness was no

longer pursued due to lack of parameter identification
and time.
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Optimize design performance

7Invest|gate parameter sensitivities,
reduce complexity and
generate best possible metamodels

Robust Design

Measurement
Data

Desian Quality

Ensﬁre design robustness
and reliability

Source: ANSYS Dynardo GmbH
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Lessons learned

= Clearly define expectations and goals first

= Parameters:
The parameters should be defined in such a way that an implementation
of the found geometry is possible. Also, the number of parameters
should be as small as possible to minimize the computation time of the

m Od e I . i . 27.0 %i 30.9 %I@ 84.8 %I

. better . a2 .

= Correlation/ MOP: . | oo | o B
/ correlation - kJ

For the example of high-performance optics presented here, a correlation L :

ApS

——%
between the geometry and the optical performance is only given for , 33“% r
small geometry changes. No correlation was found for a general search

.
for the optimal geometry. As a result, the optimization took an enormous X

amou nt Of t| me. Source: ANSYS Dynar:grgt;bH

A

For this example, it is recommended: Starting from a good initial design,
the optimal geometry is searched for by small geometry variations.

TRUMPF
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Thank you!

This project and presentation was made possible with the kind support of ANSYS GmbH.

Special thanks go to:

Sabrina Niemeyer
Bernd Biittner
Philippe Laguna
Benjamin Ducoeur
Rohith Patchigolla

Michael Schimmelpfennig
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Hilgermann, Jan Lukas
TLSM541 / Dev. BTS
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