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Introduction
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We know MBSE is the way to go, but to what extent? Related to that, what do we expect from the model?
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More specifically, what role does the system model play in the digital thread?
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%, 482-10087 11/A;1-Coolng Assembly (view)
%, 141-FS0001-AJA;1-Assembly 52 (view)

) 462-10037 S/A;2-Engine Assembly (view)
45 345-00070 3/A;1 (view)

4, 01 145275(A;2 (view)

Lo

331-47365 1/A; 1-Roof Assembly

%, 482-10090 S/A;1-Exhaust Stack (view)
%, 141-820001-AfA;1-Cab (view)

%, 141-b10001-a/A; 1-Main Frame (view)
%, 141-b10002-a/A; 1-Top Frame (view)
*, 331-61965 1/A;1-Roof Assembly (view)
% 128-14552 1/A;1-Cover (view)

142-J10010 afA; 1-Assembly 07
482-10088 4{A; 1-Front Body - Exterior (view)
331-17279 8]A;1-Black Box

%, 482-10244 5/A;1-Engine Mounk Assembly (view)
%, 482-10079 2/A; 1-Akr Intake (view)

*, 141-F10002/A; 1-Front Suspension (view)

*5 331-48737 2/A;1-Wheel Assembly (view)

%, 331-48738 2/A;1-Wheel Assembly (view)

%, 141-F20002 AfA;1-Rear Transmission (view)

%, 141-A10001/A;1-Coupling Apparatus (view)

%, 140-40001/A; 1-Transmission Housing (view)

%, 141-210046_1_nfA;1-Facia (view)
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Objective statement o®

JEIEIEIEIEL

The expected value must be balanced with the difficulty to

. . - 6. Expression of system
create and maintain the model.
°®

This presentation aims to provide guidance that can be

. |‘,
. R . |
used to determine your level of ambition. , 5 Link between
requirements and BOM

Each Al evel of ambitiono is discussr_-:r-------f--«-----n t er ms benef it

and cost.
4. Expression of
product configurations
R
=3 3. Input to detailed
— design
=] o= o2
= oz oz |
= 2. Input to WBS
L e® °® =
o 1. Product roadmapping
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Motivation
Why is this a question now?

Business pull

High NA EUV
Res: <8nm

1 os W: 300mm

Litho = Holistic litho
Immersion - EUV
Letho 0.33 - EUV 0.55

00s

200 mm - 300 mm wafers
Dry - immersion lithography
Single stage - dual stage

8os 248 nm > 193 nm light
436 nm > 365 nm light 150 mm - 200 mm wafers UNINSCAN T 19501

100 mm > 150 mm wafers ‘step & repeat’ > 'step & scan’ R?;‘ imm

Wph: 190

TWINSCAN XT:1400

e . W: 300mm
PAS 2500/10 ~ PAS 5500/60 Wph: 145 SyStem
Res: 900nm Res: 450nm i
W: 150mm W: 200mm CompIeXIty
Wph: 66

Wph: 48
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Information technology push

|

-— , YR System

== Capella — Modeling

P TEAMCENTER ™= B8 Workbench

The architecture community collaboratively builds the

system model using Team for Capella.

Then we publish the model to Teamcenter, making it

available for downstream use.
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The digital thread
My view of configuration management

.\ g:;ijgi?ements
The objectives of configuration management are to:
1. establish consistency among design requirements, m
physical configuration, and documentation (including '
analysis, drawings, and procedures), and

2. maintain this consistency throughout the life of the
product or activity, particularly as changes are being
made.

Product
Configuration
Information

=

Physical Configuration Audit

Wction
DOE-STD-1073-2003 Configuration Management i
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The digital thread
My (simple) understanding of the digital thread

{E] Computn catinat v

An SyRS Outline
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List of figures
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3. System capabilities, conditions, and constraints
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The world has been improving computer power for 120 years
18 orders of magnitude increase of calculation speed per dollar, and continuing
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INTEGRATED CIRCUIT

NVIDIA TITAN X
GTX 480 .

o® *°
IEM

BLLE GENE
POWER

MAC [ ]
L]
L]
® [ ]
. .
1,000 IBM ASCI

WHITE
]

EMPC @ ® PENTIUM PC

' CRAY 1
10 SAMSUNG
J ® @ sunt APPLE Exynos 9
® ® @ MACINTOSH

0.1 ® o0 [ ] 9820

WHIRLWIND @ ® ® ® DATA GEMERAL

NOVA i
0.0001 EUV made chips

coLossus @ : b ° : ‘7 55 yearS Of 1

== K MW Moore’s law
IBM TABULATOR [ ‘E‘g
HOLLERITH T4
1E-07 TABULATOR ® .
\
7
T

-
I}
o
T
whd
c
@
et
7]
c
o
o
|
@
<
T
c
o
3]
@
7]
-
@
Q
)
c
o
=
©
3
o
]
o

®
ANALYTICAL L]
ENGINE

1E-09 o

I I 1 1 I 1 I I |

1900 1905 1910 1900 1920 1925 1930 1935 1940 1945 1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020
Year

Source: Ray Kurzweil, Steve Jurvetson

-~
A)ML 17 November 2021 The system model in the digital thread Page 10

Public



Making smaller transistors...

The first integrated circuit on silicon, on a wafer the size of Today: Billions of transistors on the same area
a fingernail
(Fairchild Semiconductor, 1959)
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é resulting iIn

IBM 1984
51 50 $1500-$3000

$3500-$7000 today

16-bit Intel 8088

4.77 MHz
16-265 kB
50 floppy di

1
640x200 pixels

0.33-0.75 million

12.7 kilogram
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mu eléctrone devicggsowe r f ul

year manufactured

price

processor

working memory

internal storage

monitor

instructions per sec

weight

2021

$999-$1299

Apple A15 bionic
chip (5 nm EUV)

6 GB

uptol1lTB

2532 x 1170 pixels

16 trillion

203 grams

Apple iIPhone
13 Pro
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The semiconductor manufacturing loop

Computational lithography Scanner Metrology & inspection
> —> Q
Optical proximity  Source mask YieldStar E-beam
correction optimization
4
.'/.. i i Y
Photoresist Exposure Developing
coating Using light in and baking
Covering the wafer ASML systems to Leaving the chip -
with unexposed make a pattern in pattern as a photoresist T
photoresist the photoresist mask on the wafer et
Deposition Etching
Adding a new layer of O Remove materials
silicon or other materials T unprotected by the
over the wafer et Iy wafer resist mask
FIiiiieis = > using chemicals or
st REANAE [ z333=:z ) a plasma
Ypr—— Hp— L™ ‘__"/ p
Processed Removing lon
wafer photoresist implantation
Repeat process Determine impact Embed impurity atoms into areas
to add each and key focus areas, unprotected by resist, making
additional layer using a plasma semiconducting parts in the silicon
~
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How a lithography system works
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A chip is made of dozens of layers
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ASML technology

This i1s why we are contemplating the central question.

ASML November 17, 2021 L Page 16



R&D is our life blood: this is how we push technology further

Our R&D i nvestments amount to >u2 billion per vy
‘ ASML
| ’ ASML | i | «” il |
L L
.. 2020s: T
ﬁ:’ b " High-NA EUV
< 2000s: EUV
1990s: TWINSCAN

1980s: PAS 5500
PAS 2000/5000

-~
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LithograpRly innovation keeps chip manufacturing affordable

80s

PAS 2500/10 436 nm A 365 nm light
Res: 900nm 100 mm A 150 mm wafers
W: 150mm

Whph: 66 F 9 OS

248 nm A 193 nm light
- 150 mm A 200 mm wafers
PAS 5500/60 Ostep & oepeptd s 0
Res: 450nm Gﬂg 108
oot — 200 mm A 300 mm wafers
Wph: 48 Voo . . . . s b (3
Dry A immersion lithography Litho A Holistic litho

Single stage A dual stage Immersion A EUV

TWINSCAN AT:850 Letho 0.33 A EUV 0.55

Res: 110nm

W: 300mm
Lkt TWINSCAN XT:1400 .
Res: 65nm [ TR
- W: 300mm TWINSCAN NXT:1950i SR TWINSCAN NXE:3400B :
Relative cost ! High NA EUV

Wph: 145 Res: 38nm Res: 13nm Res: <8nm
] W: 300mm W: 300mm '
W: 300mm
per plxel \ Wph: 190 Wph: 125 Wph: 185

-~
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Technology-wise, we had to move mountains e T

High NA EUV

Sometimes it seemed impossibleT until we did it

Res: <8nm
1OS W: 300mm
Wph: 185
Litho A Holistic litho

Immersion A EUV
Letho 0.33 A EUV 0.55

OOS TWINSCAN NXE:3400B
Res: 13nm
200 mm A 300 mm wafers W: 300mm

Wph: 125

Dry A immersion lithography

Single stage A dual stage
80s s 5
248 nm A 193 nm light

436 nm A 365 nm light 150 mm A 200 mm wafers TW'NSCR::_' ;):;:1950i

100 mm A 150 mm wafers O0step GA depept & a W: 300mm
x ‘ Wph: 190

TWINSCAN XT:1400

- 4 il Res: 65nm
i i, W: 300mm
PAS 2500/10 PAS 5500/60 Woph: 145 SySte m
Res: 900nm Res: 450nm .
W: 150mm W: 200mm CO m p I eXIty

Wph: 66 Wph: 48
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Key innovation: TWINSCAN
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Key innovation: Wavelength changes

© N 9 N &
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QS
Gamma

Wavelength 13.5nm 193 nm 248 nm 365 Nnm 436 nm
Year 2011 2003 1992 1986 1984
Platform EUV Immersion  PAS 5500 PAS 5000 PAS 2000
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Key innovation: Immersion lens

ASML

17 November 2021

The system model in the digital thread

Lens

Air

Lens

Wate
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Key changes from DUV to EUV lithography

Large vacuum
chamber

New light
source

Mirror optics

-~
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EUVOs crisper resolution means higher i

i THE TW THE
FELLOWS TOWER: RETURN OF
“  THEKING

J.R.R.TOLK =

EUVOOs 13 nanometer resolutio nt
the entire Lord of the Rings trilogy on the side of an A4
sheet of paperé

2.625 times!

-~
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In the world of EUV, everything is bigger
Transportation takes 40 containers, 20 trucks and 3 fully loaded 747s

NXE has over 100,000
individual parts, 3,000 20 years of
cables, 40,000 bolts and 2 sustained R&D
km of hosi

Transportation takes 40
containers, 20 trucks and
3 fully loaded 747s

Weighs in at
180,000 kilograms

ASML
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It has about
1,500 sensors to
capture imaging

data

It generates
about 4.5 TB of

data per day
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Firing a laser on atin droplet 50,000 times a second

-~
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So, how strong is this CO, laser ?

Laser pen Laser surgery Laser blue ray Laser industrial cutting Laser defense system

1 mW 50 - 250 mW 1.57 6 KW

-~
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Mirrors: Polished to sub-nanometer accuracy

EUV mirrors are polished to
an accuracy of ~50 picometers T less
than the diameter of a silicon atom.

Blown up to the size of Germany, the
biggest difference in height would be
less than a millimeter.

-~
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Maintaining a clean vacuum

We need to maintain a clean vacuum,
but every time we expose a wafer, the
photoresist releases trillions of particles

-~
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The role of the system
model in the digital
thread

ASML November 17, 2021
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The role of the system model in the digital thread o®
Roughly listed from easy to difficult.

1. Product roadmapping.

6. Expression of system
requirements

°
2. The system model as input to the work breakdown |
structure. !
‘-.
) ) ] requirements and BOM
3. The system model as input to the detailed design and °

engineering analyses. =

4. Expression of product
configurations

4. The system model as an expression of product

configurations (compatibility and commonality). , ¢
5. The system model as the link and/or translation \
between system requirements and BOM items. o= .'

i == (=]
6. The system model as a source of system =l °o®
requirements. =z 0 ® ¢

2. Input to WBS
i | 1. Product roadmapping
ASML Page 31
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D= AS light source data connection

' Wafer

. Machine control
system

Reflect the the

1. Product roadmapping 1 eErll

Light on

An architectural record of the product evolution i e T—

L]
Alignment sensor
controller

Alignment se
optical unit vA

lluminate

Senerate i i i Determine the
. - e measurement e alignment ) posr‘tlmn of the 1
D=l AS light source data connection | _slignment el r l
& marks marks =i

Wafer

Reflect the the D= EC CA AS supply
@ ali D=1 EC CW AS supply
alignment )
— sensor light suppl @ 4F] Internal environment control system
Light on . Electnu:'l:upply
D=l alignment Alignment e Water system vA 4P Air system vA
marks mark position D=5 MIC AS data connection

Alignrnent sensor

L
gnment sensor B Alignment sensor
controller

Alignment ser|
optical unit

Generate llluminate the o :hi Determine the
3 e alignment (®] pos't.m" of the @ wafer D=3 EL AS controller supply
light measurement alignment alignment
marks marks

D=H AS light source data connection

PR wafer g Machine contral
2l EC CA AS supply systen
EC CW AS supply
Internal environment control syste Reflect the the
T A @)  alignment
L] Electrical supply system —+—3  sensorlight [F—t—
Light on
pgg Alignmen
marks mark position D=5l MC AS data connection

. Alignment sensor vB

Alignment ser)
optical unit v8

L]
Alignment sensor Alignment sensor
& defector vB 3 & controller

llluminate the Detect the

Generate y ¢ Determine the
D=3 EL AS controller supply P ® alignment position of the wafer
7 measurement alignment alignment
ight e g
marks ma

D=1 EC CA AS supply

D=3 EC CW AS supply

§F] Internal environment control system

Electrical supply
L] system vB

Practically no constraints on the modelling, apart from syntax.

ASML e i
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2. The system model as input to the work breakdown structure

Clear description of the engineering work that must be done.

Cost: Must be able to establish and maintain alignment
between the WBS and system model. One model object
per WBS element?

ASML

17 November 2021

The system model in the digital thread
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2. The system model as input to the work breakdown structure
Assignment of responsibility and accountability.

—— Responsibility =

Jol — Responsibility =
= Organization unit 5

= Organization unit 6

R
@a //Ze

Cost: Organizational information must be captured and
maintained in (relation to) the system model objects.

ASML inthe digi
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3. The system model as input to detailed design and engineering analyses
Centralized definition of functions and system elements that can be used in analyses.

Dell AS light source data connection ACTION RESULTS
D
c o
Wafer 7 Machine control Function POTENTIAL FAILURE POTENTIAL s | L| PoTENTIAL cAUSE(SY | C© CURRENT 5 R |recommenpen slo|o
system [[+] o FUNCTION MODE EFFECT(S) OF E |A| MECHANISM(S)OF c DESIGN E P ACTION(S: E|C|E| P F RPN/F
Description FAILURE v |s FAILURE u | conTROLS c|m =) vic|T| N
s R
Reflect the the T
D alignment 1. Add
— sensor light i : rECDmmendaE\ons in 5|3 10l150] 1 350
hton Analog Pops" heard Developer guide
b=l _‘L‘:*nmm_ Il BB-2 Audio signals RX Path Aux. Audio "Pop" when pressing 5 Wrong Integration | 10 N/A 10 |500
alig Alignment
. [15]] g On/Off switch . "
marks mark position D=8l MC AS data connection s;ﬂ'::g’amﬂ withhost| o1 5 116l 100] 5 80
§F] Alignment sensor vB
1. Improve the 8210|160 9 a4
LI vendor's process
) Alignment sensor laser AS optic 7 Alignment ser|sor 47 Alignment sensor oeh EIAhgnmem sensar i
vB P2 connection aptical unit v defector vB s controller Unit 'ZEUGS “’-;e' 2. Add test at the
t and t it il
o Tome | b comecionsa Logic | man [oendtmestat) e _ vandor faciity befare
Generate ‘ j)|  luminate he 3] Determine the BB-3| circuits & [functionalty P 8 7 N/A 10 [s60[shipping to Motorola | 8| 3 [10)240f 4 |{ 80
© measurement [ e alignment @ Position of the |, ‘@ i, Memories |of the phone| . . completing functioning at all Discontinuity in PCB| for every batch
St D= s light heasurement alignment _ e alignment initialization ) - logo (sampling)
9 o e marks Alignment presented
measurement 3. Add Acceptance
= data A Inspection (100% at a|1|10/80| 8 60
Motorola door)
ELAS D= EC CA AS supply A : inadequate zener 1. Protection diode 501|050 3 150
D=l source Radio doesn't turn diode, burs ut 2. Resistor derating
supply $P] Internal environment control system ¥8 No Ignition on/off due to Protection diode easily, drawiny 3 Addtestnginthe | g5 4 |o09] 2 150
- ¥ IGNITION | g | 1anition, but tums | and resistor bum- | o V. ‘ 9 |10 N/A 10 |500|Final Test
Electrical supply unctionality | = oo from out additional current Improve Design (1.2)
E system vB 2] di 1 it ' through the resistor N IP an 1. s|1]al20] 3 160
Water system vB 4F] Air system vB audio_oul_ona as well nerease
Detectability (3)
TX parametric 1. Factory assembly Tested any
errors: timing error /| Dropped calls. 7 defects. 5 profo in 9 |315|Test 100% infactory. [ 7| 5| 1|35 3 93
Frequency error 2. Defective parts. extremes
timing error PA's specified to
! RF-2| RF TX Path |/ Frequency High VSWR on the ruggedness of x:1
error Damage to power Loss of radio antenna ports Due , which is sufficient
amplifiers fuctionality 8 to Damage to output s NA 10 {400 because of the loss 8| 1|80} 2 160
cable / antenna from the PA output pin
D= £L AS controller supply to the antenna ports.

Cost: The SyStem mo_del must be an acceptably Blivband, Z., Grabov, P., Nakar, O., 2004. Expanded FMEA (EFMEA). Annual
accurate representation of the product. Symposium Reliability and Maintainability, 2004 - RAMS 31i 36.
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3. The system model as input to detailed design and engineering analyses
Delegation to engineering disciplines and specializations.

E' Computing cabinet vA

El Machine control system

D=H A5 light source data connection

Control
production

*El Main body vB
§F] Laser cabinet 4F] stable frame vB MC AS data
connection
L U]
EI Alignment sensor laser 47 Alignmen! sensor optical EI Alignment sensor E Alignment sensor [
VA D51 AS opttic unit vB detector vB D=EIA5 detector data controller i [ Seatioster
onnectipn v; onnectiop
Generate J: llluminate the Detect the Determine the
' " alignment. position of the " i
® "‘e"sﬁ'eh"t‘e"‘ B AS light I o™ measurement ® alignment 1® i
¢ marks marks Alignment 4
D=3l measuremen Am-
Al data
€
ﬁ] Wafer stage vB | |
€ o "
B Temperature Sensor
Beas
Wafer S
raghweys
ELAS Reflect the the
D= source @ alignment
supply sensor light
Light on Alignment
D=3 alignment mark
marks position
D=1 EC CW AS supply D= EC CA AS supply G
W | 5 Seastenter:1 1A8] System Overview
Select MO P [T Dskasd  bs1238 | ®e
E Power| supply cabinet vB {a Water cabinet vB E Air supply cabinet v|
A
7] Electrical supply system Water system vB £F] Air system vB
vB
DeH EL AS contraller supply
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4. The system model as an expression
An expression of compatibility and commonality.

E Computing cabinet vA

! Machine control system
D=H A5 light source data connection

® Caentrol
§7] Main body v8 FRELEIET
*El Laser cabinet viA E Stable frame vB MC AS data
connection
. . ” - L . U
- Alignment sensor laser Alignment sensor optical - Alignment sensor . Alignment sensor
vA q| A4S ortic unit vB detector vB IAS detector data controller
konnection v, lami h th fonnectioh
Generate l ';?g':::t © pusDit?::tuf tie Determine the
[y
® measrremem DF8 As light ® measurement ® alignment .waier
ight » 1t
marks marks Alignment
measuremen
data
E] Wafer stage vB
A wafer
ELAS Reflect the the
D source @ alignment
supply sensor light
Light on Alignment
D=3 alignment mark
marks position
D=1 EC CW AS supply D=1 EC CA AS supply
—
§P] Power supply cabinet vB Water cabinet vB 4P Air supply cabinet v
. Electrical supply system Water system vB -A.:r system vB
vB
v
D= EL AS controller supply

ASML inthe digi
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of product configurations

E Computing cabinet vA
’ Machine control system
D= AS light source data connection
Control
{F] Main body vB ® procucton
E Laser cabinet yB E Stable frame vB a1 MC AS data
. .
1 Alignment sensor optical . Alignment sensor
s AS optic unit v8B [AS detector data ey
connettior) gonnection
lluminate the Detect the .
Generate I t i f th Determine the
#) measurement s | @ 2lgnmen pesition of the L@ wafer
light measurement alignment o =
51 A5 light marks marks Allgnment
data
iElWafer stage vB
A wofer
EL AS Reflect the the
source alignment
supply sensor light
Light on |Alignment
alignment mark
marks position
D8l EC CW AS supply DA EC CA AS supply
EI Powet supply cabinet vB {ﬂ Water cabinet vB E Air supply cabinet vB
A
47) Electrical supply system .Al.rsyﬂem vB
vB
D= EL AS controller supply
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4. The system model as an expression of product configurations
Derive Production Configuration definitions and rules from the model.

£ Powel supply cabinet 8 ] iater caonet 8 ) A supply cabinet

) lctrical supply ystem J E] Water system v8. ’
"

The model does not contain an interface between the laser vB and optical unit
VA. Therefore, this combination is not allowed.

This relationship is not (yet) represented in the data, but the model contains

= (some of) the knowledge necessary to derive the product configuration
b S definition and rules.
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