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ASML & Lithography



A few words on how electronic chips are produced

A picture from the past
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A few words on how electronic chips are produced
Gordon Moore’s law

@ . DATA GENERAL

L NOVA EUV made chips
'™ '

IBM 360
Moore’s law: doubling of components . 55 years Of
per chip, every two years. SN M oore !S I aw

* Not a law of nature, but a self-
fulfilling prediction

PDP-1

« 1950’s: first integrated function with
one component.

* 74 years later: 37 cycles of
doubling every 2 years

2% =137,5 billion transistors

D60 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
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A few words on how electronic chips are produced

Gordon Moore’s law
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COMPONENTS PER INTEGRATED FUNCTION
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ASML

Number of components per Iategrated
function for minimum cost per component
extrapolated va time,

September 30, 2024
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Moore’s Law — The number of transistors on integrated circuit chips (1971-2016) SUs{E
Moore's law describes the empirical regularity that the number of transistors on integrated cireuits doubles approximately every two vears.

s — such as processing speed or the price of electronic products — are

in Data

This advancement is important as other aspects of technological progr
strongly linked to Moore's law.
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Industry is moving towards 1
billion transistors per mm?
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A few words on how electronic chips are produced

Transistor's size
continuously shrinking

&4

&
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First integrated circuit on silicon, on a wafer size of a fingernail Today: Billions of transistors on the same are.
(Fairchild semiconductor, 1959)
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A few words about ASML
Introducing ASML

ASML

ASML is a Dutch multinational company specializing in

development and manufacturing of photolithography
systems.

Currently it is the largest supplier of photolithography
systems for primarily the semiconductor industry.

The company manufactures machines to produce
integrated circuits.

ASML’s EUV machine

May 12, 2022

ASML HeadQuarters in Veldhoven

A few words on how electronic chips are produced
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Complex loop of electronic chip creation
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A few words about ASML

ASML makes big
systems

Software and data science play an increasing role
to optimize the machines and processes

ASML July 28, 2022




A few words about ASML

How it started
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Philips
laboratory
NatLab (1984)

It took a
Started as a Just 31 decade of
joint venture employees perseveranc
by Philips with a can-do e to break
and ASMI attitude into the
market
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A few words about ASML

How it started
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All major chip Europe’s
makers use biggest tech
ASML’s company by
machines market cap

ASM L May 12, 2022

Annual R&D
budget
~2.2B€

ASML HQ and
main Campus
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A few words about ASML

A global presence with ~30k employees

Netherlands

»Hong Kong « )F'J |

Singapore
UsS: Europe: Asia:
~6Q00°F TE ~17000 FTE ~6500 FTE

Offices in over 60 cities in 16 countries worldwide

ASML May 12, 2022
Source: ASML FY 2021
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A few words about ASML

Our main locations

Wilton (CT)

=N

Silicon Valley (CA) San Diego(CA) Chandler (AZ)  Taiwan
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General Context

Physics Mathematics
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General Context

Physics Mathematics

frosax+bx+e

A=6£-* dac

e

En= Jmilfl
G = en|un+ up)
51
-

atb=(a+ 6) (a-abe 52)

ASML September 30, 2024 Page 16

Public



What are the problems
in Embedding Algorithms



What are the problems in Embedding Algorithms
Transforming Ideas into Models

A team of physicists/mathematicians wants to ...extract a complex mathematical
introduce/improve a behavior of/to the machine: expression

* Performs several experiments
* Collects data and try to fit it on a theory

ASML May 12, 2022
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What are the problems in Embedding Algorithms

Converting Models into Code

And then transfer it to the machine
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What are the problems in Embedding Algorithms

Interoperability with low level A
programming languages @

Deterministic execution
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Can Julia solve these
iIssues?



First comes the architecture
Break down the system

Data

N’

An application can be split to:
* Controller

e Data

e Algorithm

</>

- Algorithm
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Fast Deployment with Julia

- Software

ASML

|

o, TWINSGAN
- NXT20500

A 4

Low level coding
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Interoperability & Determ
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Developing an algorithm
An example from ASML

.!r:‘.-,_ r = »_._-___:‘;_;.| 5 :: s
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Highly skilled SW engineer What is the actual - Frustrated phygicist
problem here?
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Developing an algorithm
An example from ASML

Each one should:

ASML

Use the technology that is better for
their purpose.

Be able to deliver their work without
thinking about the deployment
difficulties.

Not think about interoperating with
other languages

May 12, 2022

Probability to
write bad code

high

low

c

low

Easiness to learn
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Memory

demanding

Deterministic Execution
Controlling GC

Is GC a good or bad choice?

high

3

low -~
low high
Performance

Control GC by disabling it by default
and enable under certain moments:
(a few examples)

« after every algo execution
« after certain amount of algo calls

ASML September 30, 2024

Time Critical app

high 1

low

low high
Determinism Impact
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Interoperability & Determinism

~ Software

C++ API:

* Retrieve Julia functions

* Add/Remove variables to GC
* Matrix manipulation
CCallable:

* Pure C interface

* Julia aligns properly to C
« Passing data by reference
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Julia & C++ (on time critical applications)
Not versus

When it comes to time
critical applications, it is
a matter of mindset.

Fully compiled code:
» Strongly typed interfaces
* no need for JiT

Defined memory usage.
* No unexpected memory allocations.
* Predefined memory de-allocations.

Consistent performance.

Standard interoperability.

AS M I- September 30, 2024 Page 29

Public



Using Julia to perform physics in time critical systems

Julia enables direct deployment towards
latforms, by: .
X 4 Join us on Thursday’s

[ |
« Fully compiled code. morning WOI‘kShOp.

+  C memory alignment / C API. * Tutorial on:
* Controllable Garbage Collector.

« Strongly typed interfaces.

e Test driven compilation.
* Multithread support.

* Issues with compile=all.

There is still room for improvement: . SCG early access.
* Small binaries.
SCGin 1.12 . T
- Statically typed compilation. } Bring in your use cases to be

fully compiled.

* Load multiple images.
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Using Julia to perform physics in time critical systems
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A few words on how electronic chips are produced
The semiconductor manufacturing loop

Lithog raphy: Computational lithography Scanner Metrology & inspection
« writing on a stone (ancient Greek) Ml! |O.| - PRI Y
L . : : : B e Tk
* Precise light manipulations to expose (print) desired 1 = . HA-AF
patterns on wafers.
Optical proximity  Source mask YieldStar E-beam
correction optimization
{

Several steps are taking place till the final stage:

* Exposure

» Develop & Baking / Q“~-==---“) ) S | ~_Y \

_ Photoresist Exposure Developing

i Etchlng A e e s s coating Using light in and baking
i i Covering the wafer ASML systems to Leaving the chip T
* lon implantation — with unexposed make a pattem in pattem as a photoresist
. photoresist the photoresist mask on the wafer
* Remove photoresist ) ~—Y
. Deposition Etching
Processed wafer Adding a new layer of T Remove materials

unprotected by the
wafer resist mask
using chemicals or

silicon or other materials

* Deposition over the wafer

» Photoresist Coating o - - ¢ aplasma
Processed Removing lon
. wafer photoresist implantation
Improve proceSS by Repeat process Determine impact Embed impurity atoms into areas
: : to add each and key focus areas, unprotected by resist, making
* CompUtatlonaI Ilthog raphy SyStemS additional layer using a plasma semiconducting parts in the silicon

* Metrology & Inspection
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