Supplier Systems Engineering Course

by Gerrit Muller  USN-SE
e-mail: gaudisite@Rgmail.com

Www.gaudisite.nl

Abstract

This course focuses on systems engineering in companies that are supplying to
an OEM company.

Distribution
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Abstract

This course focuses on systems engineering in companies that are supplying to
an OEM company. This presentation shows the overview, format, and flow of the
course.

Distribution

This article or presentation is written as part of the Gaudi project. The Gaudi project

philosophy is to improve by obtaining frequent feedback. Frequent feedback is pursued by an February 1 ’ 2026
open creation process. This document is published as intermediate or nearly mature version status: draft

to get feedback. Further distribution is allowed as long as the document remains complete

and unchanged. version: 0.1




Architect training @ Supplier

version: 1.3, March 22, 2022

teachers: Paul Hilhorst, Gerrit Muller
program manager: Joris van den Aker
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Scope and context

Leadership Model® by

The LMS Group®

De Boer & Ritsema
van Eck (DBR) e

manage
self

focus

ownership o

connect influence

e —

Course outcomes

effective through leadership:
focusing, connecting,
influencing, managing self

a structured approach for
architecting, design, and
engineering

manufacturing
and installation

)

design,
engineering
and testin

2
operation and disposal
maintenance P

function, domain, and

; 5,

aspect architecting

resulting in fit-for-purpose solutions

OEM
subsystem || other domains
and solutions
Mother
sector
company

<’ architects ‘)

Jead designers,
D

Program objectives

e Develop architecting and multi-
disciplinary design competence
@sector

e Being proactive and taking
ownership for next generation
system

e By reflection and dialogue assist
in shaping Roles, Process and
Organization of sector

¢ that fits the Mother company

¢ that fits (fast moving and
demanding) market
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Course Flow

Step 1 Product Generation & Life Cycle Processes

Step 5 Share

Case Intro Stakeholder analysis Case
_ Presentation
Step 2 Life cycle
Manufacture| Transport
FAT Install SAT
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Abstract

A project overview shows the overview of a project on a single slide or sheet. The
overview helps the team to share the same understanding of scope, objectives,
and timeline.

Distribution

This article or presentation is written as part of the Gaudi project. The Gaudi project

philosophy is to improve by obtaining frequent feedback. Frequent feedback is pursued by an February 1 ’ 2026
open creation process. This document is published as intermediate or nearly mature version status: draft

to get feedback. Further distribution is allowed as long as the document remains complete

and unchanged. version: 0.2




Project Overview Canvas

Project Title meta information, e.g. version, date
author, owner

Project Goals system context system of interest

model, or photo) of the system context model, or photo) of the system

o neliesion @ Selges I e Ceie ¢ indication of changes in the system of interest

Key Performance
Parameters

e specific and quantified

project master plan with timeline optional information, e.g.
o _ _ _ _ e enabling systems
¢ timeline with 5 to 10 milestones, especially deliverables e stakeholders
e external or internal

¢ specific and quantified interfaces

e constraints, e.g.
applicable legislation

A
: ; rsion: 0.2
Project Overview How To B m E SI
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Example Project Overview

Project overview Metal Printer R2

version 2.0. January 22, 2023
author: Gerrit Muller

Project Goals

support production of node 1C
process development Q2 2022
volume production Q2 2023
30,000 W/m
95%

productivity
yield

Key Performance Parameters
min. line width 100 nm

overlay 30 nm
throughput 100 WPH
MTBF 2000 hr
wafer size 300 mm
power 5 kW
clean room class C

floor vibration class D

system context

process

new sputter

power +10%
new cooling

\

/

[

back-en;zf factory

logistics &
automation

advariced
progess

cgntrol

( computing & )

networking

 infrastructure |

mask —

AN

flnetaon]

PN

¢

L yetal

nter

wafer fab
(front end) wafer
with

ICs
power, chemicals
consumables, waste

climate
. infrastructure |

:

ICs

system of interest

new align faster more
power +10% | |[new clamp accurate
clean
master
f prefill clean prealign
metal wafer
%rinter
., O 2
© o robot
master wafer wafer fi
FOUP FOUP FOUP P

project master plan

Spec Design Design Design 1% R&D SAT start volume customer
freeze Review 1 Review 2 Review 3 shipment full spec shipments 24*7 use
Q1 Q2 Q3 QL | Q2 | Q3 | Q4 Q1
2022 2023

2024

changing enabling systems
conditioned transport
calibration wafers
calibration metrology
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Project Overview Canvas

Project Title meta information, e.g. version, date

author, owner

Work Breakdown Structure Project Master Plan

e visualization e PERT plan with major milestones
e Duilds upon the Product Breakdown
Structure

project organization
e allocation of roles

e specific additions or deviations

Project Overview How To version: 0.2 ~

- TNOESI
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Example Project Overview

Metal Printer

version 0.1, 2023-02-11
author: Gerrit Muller

metal printer project

system

Work Breakdown Structure

[ [ [ [ |
[SPS][SDS][TPS | [TPR ] [Int piar]

metal printer engine

stallge chlljck alilgn métro fralme

Project Master Plan

stage

test
stability

frame

print engine

test full
print

unaligned
print

aligned
print

test
stability

test automated align

Project Overview How To
10 Gerrit Muller
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| | | | test test test
| robot [ | [ | | | [ ] print test pe prealigned  prefiled  cleaned cyle
engine wafer load print print print wafers
H prefill I I I I
| | | | | | | | test pa test pf test wc test wafer
— wafer cleaning | I I I | I I I | robot wafer load [wafer load /wafer load / handling
| Prealign i | | i — prealign
L 1 I I I T fill
fip | i | — P
L wafer infout | , T , T , T , ‘ wafer cleaning
wafer in/out
project organization
Project Leader: P.L. Eader
Product Manager: P.M. Anager
Architect: Archie Tect
version: 0.2
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Supplier Systems Engineering Course; OEM View
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Abstract

This course focuses on systems engineering in companies that are supplying to
an OEM company. This presentation elaborates the development process and the
various roles in that process.

Distribution

February 1, 2026
This article or presentation is written as part of the Gaudi project. The Gaudi project . Fand
philosophy is to improve by obtaining frequent feedback. Frequent feedback is pursued by an status: pre“mmary
open creation process. This document is published as intermediate or nearly mature version draft

to get feedback. Further distribution is allowed as long as the document remains complete

and unchanged. version: 0



Architecture Top View

Systems Engineering: Fitness-For-Purpose

Achieving customer and business key drivers

via key performance parameters of system

customer value based on technical expertise
proposition [N
D
~5 customer S _
key drivers system e drivesp> design and
v reguirements technology
S
: 6{\“6 ~10 key ~10 key
business L~ performance design and
proposition parameters technology
~5 business & - enabling choices
life cycle
key drivers
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OEM and Supplier Architectures

X

customer value
proposition

~5 customer
key drivers

OEM business
proposition

”

~5 OEM business &
ife cycle key drivers

OEM architecture top view

O'/-/"/GS

A

OEM system
requirements

= (riveSs=-

OEM design and
technology

eS
e ~10 OEM KPPs ~10 OEM key design
] and technology choices
a subset drives I
4 _ )
a subset drives
)

OEM value
roposition .

prop Ol%@s

) supplier element L i supplier design
key drivers requirements drivess=g technology
: .eS

suppher (\(\\‘e ~10 supplier KPPs ~10 supplier key design
business and technology choices

proposition

~5 supplier business &
L life cycle key drivers Supplier architecture top view y
J
L Other Suppliers’ architecture top view )
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Value Network

customers Apple, Dell, Tesla, Samsung

T

OEM customer | TSMC, Samsung, Intel, Micron

!

OEM suppliers | ASML, AMAT, KLA
A

suppliers to OEM| Zeiss, Trumpf, VDL

!

subsuppliers

Supplier Systems Engineering Course; OEM View version: 0 -
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Changing Perspective

phone performance, energy consumption, reliability customers Smartphone

f

cost/die, chip performance, yield | OEM customer | CPU

f

productivity, imaging, overlay | OEM suppliers | wafer scanner

f

speed, temp control, defectivity |suppliers to OEM| wafer handler

!

subsuppliers | robot

Supplier Systems Engineering Course; OEM View version: 0
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Supplier Systems Engineering Course; Life Cycle

by Gerrit Muller  USN-SE
e-mail: gaudisite@Rgmail.com
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Abstract

The Development and Engineering effort has to result in a system that fits the
stakeholders. Many stakeholders are active in the later part of the life cyle. This
presentation elaborates the life cycle.

Distribution

February 1, 2026
This article or presentation is written as part of the Gaudi project. The Gaudi project . Fand
philosophy is to improve by obtaining frequent feedback. Frequent feedback is pursued by an status: pre“mmary
open creation process. This document is published as intermediate or nearly mature version draft

to get feedback. Further distribution is allowed as long as the document remains complete

and unchanged. version: 0




Project Life Cycles

concept
study
.‘ . . ))
: design, anufacturin )
OEM . project . system . : operation and :
‘definition /architecture /"9 ceMNY, ke maintenance elEesEl
and testing / installation N
BRI Y le )
Q Q t = O
proposal > t > |1° o 25
handshake 8| P'™° (8 |delivery |SE5
vy ° ° i
] 4 4 Y »
design, anufacturin )
: ‘definition engineering and UPEIELIIN e disposal
Supplier :
PP concept \ / and testing/ installation maintenance

))
C

study

A
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Life Cycle Inputs

— decommissioning
monitoring removal
procurement e health recycling
'technology base logistics e security
certification supply chain cleaning
standards transportation maintenance
laws&regulations | | storage diagnostics
tooling manufacturing accessibility
competence installation spare part man.
configuration obsolescence
commissioning consumables
qualification waste
training upgrading
evolution
> concept training )

study | | | |

definition> design and  EERIEEEIIEEN S operationiand > disposal >

engineering installation maintenance

24
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Concept of Operations (ConOps)

relation to the system.

what Aq

(workflow) | > [

Sz

Concept of Operations (ConOps)

An envisioning of how the stakeholders will run their operation in

n-2 An-l An

L
: S4,Ss

S3 \
L3

81182

where (map)

AZ)SSA

> Sn_]_ —> Sn —>

P1

P2

P3

S4185

who (swimming lanes)
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Manufacuring ConOps

instructions,
components, (assembly, reports,
functions, adjust, test) data,
assembly assembly assembly
step n-1 > step n > step n+1
configuration,_; configuration,
and its f and its
capabilities, capabilities,
resources, and
facilities,
(experts, tools,
test equipment
power, cooling)
ggppher ggﬁ’ﬁ?r&i IIIEer;gmeenng Course; Life Cycle orom ﬁgﬁzaggi% m ESI
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Supplier Systems Engineering Course; Process and Roles

by Gerrit Muller  USN-SE
e-mail: gaudisite@Rgmail.com
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Abstract

This course focuses on systems engineering in companies that are supplying to
an OEM company. This presentation elaborates the development process and the
various roles in that process.

Distribution ‘ = ||5°EC"::"S(| ‘ﬂ_w’| ::e, ] D
This article or presentation is written as part of the Gaudi project. The Gaudi project §‘§ e
philosophy is to improve by obtaining frequent feedback. Frequent feedback is pursued by an February 1 ’ 2026 iz o u S

open creation process. This document is published as intermediate or nearly mature version status: draft o5 Knu;}dw

to get feedback. Further distribution is allowed as long as the document remains complete

and unchanged. version: 0.4 =




OEM and Supplier Tendering

OEM EPS What | tender process |
. > —> project charter
demand specification s a
explore
problem and
| solution space
supplier needs — project plan
Josi . ‘ Make 5
esign an project charter
engineering | and plan ;
manufacturing & supplier EPS What
installation write answer specification
operation and | | > answer specification |
maintenance f f
disposal ~ make initial supplier EDS
P high level design How
economic | | U
... and iterate until OEM and supplier agree

A
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Required Overlap in Knowledge

- OEM > Supplier >
System Subsystem Design "System” "System”
design Specification Flow | Specification design

request <——> answer

—>

Shared
Knowhow
and
Understanding

level of know how
and understanding

—design depth—»

Supplier Systems Engineering Course; Process and Roles pyersion: 0.4
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Process Decomposition and Time Dimension

customer

supplying business
FRISINE ﬂ short-term

. |
customer oriented cashtlow!
strategy |
Managing mid-term
time horizons cashflow
product creation next year!
|
S
>
S long-term
component or platform creation ~ @SS€ts
|
long-term
competence
people, process and technology (soft) assets
Supplier Systems Engineering Course; Process and Roles version: 0.4 -
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Process Decomposition and Roles

customer

supplying business Y l ﬂ Commercial
Manufacturing
customer oriented Service
strategy Procurement
Commercial u
Line Commercial
Operational product creation System Operational

Technical o Technical
~
o
VZ :

atf . component Operational
component or platform creation or platform | Technical

people, process and technology Line
Supplier Systems Engineering Course; Process and Roles version: 0.4
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Roles in System Development

Product Creation Process

People Process

Technology management

Line
people
processes
technology

department manager
group leader

Operational

specification
budget
time

program manager
project leader

Technical

specification
design
engineering

systems engineer
domain architect
technical lead
engineer
integrator, tester

Commercial
specification
profitability
sellability

marketing manager
product manager

Supplier Systems Engineering Course; Process and Roles
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Evolution from Specialist to Architect

breadth of knowledge—

roduct family architect
systems architect ‘1" 2 H
% aspect
® © architect
< o
8 D
S| 2
|28
|G = 5
8|8 |°
|0 | = |
) ©
C
h'4
S |
e
o ‘N
S ‘ ‘ root
l knowledge

A
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Supplier Systems Engineering Course; Development Flow

by Gerrit Muller  USN-SE
e-mail: gaudisite@Rgmail.com

www.gaudisite.nl

Abstract

The development flow follows the V-model. This presentation shows how the
development documents and the technical product documentation evolve recur-
sively from system to monodisciplinary level.

SSSSS m — er—-
o Jceson
Distribution ement | —engineer—»
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This article or presentation is written as part of the Gaudi project. The Gaudi project . (I sub-Element  —engineer—».
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open creation process. This document is published as intermediate or nearly mature version draft | cesion
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System Breakdown Hierarchy

System ——engineer—» System TPD
¢ design T build
Element ——engineer—» Element TPD
i design T build
sub-Element ——engineer—» sub-Element TPD
° T build
® mono Technical Product
l design Documentation
_ How to procure, build,
mono —€ngineer—" adjust, install, maintain, ...
ggppliergé/frti?r&illlie?gineering Course; Development Flow F%%{égigg;ﬁ% TNO_ES|
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Specifications per Element

Acceptance Test
Procedure

Element Performance
Specification
What

How to Test?

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

design

Y

Test Performance
Specification
How to Test?

Test Acceptance
Report
Test Result

test

Test Performance
Report

Element Design
Specification
How

Test Result

- engineer—»  Element Technical Product
Documentation

How to procure, build,
adjust, install, maintain, ...

sub-Element
Performance
Specification What

sub-Element Technical Product
Documentation

How to procure, build,
adjust, install, maintain, ...

Supplier Systems Engineering Course; Development Flow
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Performance Specification: What

an Element Performance Specification (EPS) specifies an element as a black
box: What the element should be able to do, not How it should work.

An EPS specifies the requirements of the element “from the outside”

interfaces

!

Element

e functionality (what does the

inputs —p  €lement do?) —p outputs
e quality attributes (how well does
the element do it) Interfaces, inputs and
outputs can be:
? e Materials,
standards, constraints, e Energy,
boundary conditions e Information
Supplier Systems Engineering Course; Development Flow version: 0.2
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Design Specification: How

an Element Design Specification (EDS) specifies the design of an element, e.g. the inside of the
box: How the element will realize the specified functionality and quality attributes.

An EDS specifies the functional design, the breakdown into sub-elements, the internal

interfaces, the allocation of functions to sub-elements, and the allocation of contributions to the
guality attributes to functions and sub-elements.

functional design

breakdown in
sub-elements

allocations of quality attributes
to functions and sub-elements

wafer in wafer out
v ) load port controller move move
load unload + > >
v A gripper handlers TI\ [\
IS robot flow control o <« it
v - —— load  condition
condition conditioner | | conditioning
¥ aligner align
move move
\ unload port calibrate
pre-align
7 cables infra
tranlsfer RIS cabinets OS
v A
wafer stage frame tools
Supplier Systems Engineering Course; Development Flow version: 0.2
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Mastering Systems Integration; Early Validation

by Gerrit Muller ~ TNO-ESI, USN-SE
e-mail: gaudisite@Rgmail.com

Www.gaudisite.nl

Abstract

The core principle of systems integration is early validation; are the assumptions
of the needs, specifications and design decisions valid? it is better to fail early,
then to hit faulty assumptions, unknowns, or uncertainties late in development.

Distribution

This article or presentation is written as part of the Gaudi project. The Gaudi project

philosophy is to improve by obtaining frequent feedback. Frequent feedback is pursued by an February 1 ’ 2026
open creation process. This document is published as intermediate or nearly mature version status: p|anned

to get feedback. Further distribution is allowed as long as the document remains complete

and unchanged. version: 0.5




Most Problems are Found Late

can be traced back to unknowns,
unforeseens, and wrong assumptions

failures found during integration and test

Cm

nt realiza 40n

\4

Mastering Systems Integration; Early Validation
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Waterfall model

identify works well:
| e in mature product-market combinations
needs .
e with long development cycles

works poorly:

A
specify _l e in new product-market combinations

e short development cycles

- design
i |

.. realize |
o |

Integrate |
o |

| verify &
validate

S
Mastering Systems Integration; Early Validation version: 0.5 “Io
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Concurrent Engineering

A

identify e total development time is shorter
needs _l e technology constraints & opportunities
: take time to get in the picture

specify e Vvalidation is still late (=feedback on

uncertain requirements)
A
... design
—

realize |
e |

Integrate |
]

qualify

[ |
Mastering Systems Integration; Early Validation version: 0.5
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lterative Approach

learn fast by iterating over needs and
technology

e feels more chaotic
e requires agile mindset

Integrate |
o]
L[ qualify

|
Mastering Systems Integration; Early Validation Fvbersioq1:200;‘,56
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Continuous Integration

number of
hidden issues

ﬁ\tinuous integration for@

. : perceived
e continuous confrontation

development

e no build-up of issues disturbance

e ensures working system

less complex diagnosy

However,
ongoing changes may be
perceived as disturbing

frequency of
integration —»

steps
Mastering Systems Integration; Early Validation version: 0.5 ~—
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Development Processes From Waterfall to Agile

waterfall

triple-V
M1
functional M2 M3
model prototype product

VVV

many Vs

VWAV

spiral

(7
NS

agile/incremental/
continuous

and all kinds of

)/ o/ele/ele hybrids
Mastering Systems Integration; Early Validation ggﬂgjon: 0.5
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Supplier Systems Engineering Course; Assignments

by Gerrit Muller  USN-SE
e-mail: gaudisite@Rgmail.com
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Abstract

This course focuses on systems engineering in companies that are supplying
to an OEM company. The assignments use a case and guide the participants
through the V-Model for that case.

Distribution

This article or presentation is written as part of the Gaudi project. The Gaudi project

philosophy is to improve by obtaining frequent feedback. Frequent feedback is pursued by an February 1 ’ 2026
open creation process. This document is published as intermediate or nearly mature version status: draft

to get feedback. Further distribution is allowed as long as the document remains complete

and unchanged. version: 0.3



Create a Project Overview of the Case

Create a Project Overview for your case

Project Title meta information, e.g. version, date, author, owner

Project Goals system context

e 3to 5 specific and
guantified objectives

system of interest
e sketch the next generation system e sketch your next generation subsystem,

o module, or function
¢ indicate changes compared to the current

generation system ¢ indicate changes compared to the current

generation subsystem

Key Performance
Parameters

e 5to 10 specific and
guantified requirements

project master plan with timeline other relevant project infomation

o first light, prototype shipment, 1% SAT @OEM, 1% SAT @OEM'’s customer, start
volume production

A
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Homework; Discuss and Update Case Overview

Contact the project and team leaders.
Have a dialogue on the case overview.
Adjust the case overview.

Annotate where uncertainties are.

Create a Project Overview for your case

’PTOJ'ect Title meta information, e.g. version, date, author, owner

system context system of interest Project Goals

o sketch the next generation system e sketch your next generation subsystem, e 3to 5_s_pecifi<_: an_d
module, or function quantified objectives

« indicate changes compared to the current
generation system « indicate changes compared to the current
generation subsystem

Key Performance
Parameters

* 5to 10 specific and
quantified requirements

project master plan with timeline

« first light, prototype shipment, 1% SAT @OEM, 1% SAT @OEM'’s customer, start volume
production

|
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Case Introduction

Discuss the Project Overview

What are the most relevant project goals?

What are the main milestones and their timing?

Project overview Metal Printer R2

version 1.0. February 5, 2022
author: Gerrit Muller

system context

power +10%
new cooling

new sputter
process

factory

computing &
networking

mask

wafer fab
(front end) vafer
with

ICs

. pofve
power, chemicals - o
consumables, waste climate
infrastructure |

ICs

system of interest

new align
power +10%

faster
new clamp

more
accurate

prefill

metal

clean
master

clean
wafer

prealign

%rinte(r)

@

o

20

robot

master

FOUP

wafer
FOUP

wafer

FOUP i

Project Goals

support production of node 1C
Q2 2022
volume production Q2 2023
productivity 30,000 W/m
yield 95%

process development

project master plan

Spec Design  Design

freeze

\/

Design
Review 1 Review 2 Review 3

1 R&D
shipment

\/

SAT start volume customer
full spec shipments 24*7 use

\/

[ Q4

[ 1 | Q2 [ @3

o1

Q@2 [ Q3

QL | Q2

[ 2022

2023

Q4|

Key Performance Parameters
min. line width 100 nm

30 nm

100 WPH
2000 hr

300 mm
power 5 kw

clean room class {4
floor vibration class D

overlay
throughput
MTBF
wafer size

changing enabling systems
conditioned transport
calibration wafers

2024

calibration metrology
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Stakeholder Analysis

ldentify ~10 stakeholders of the project

Determine per stakeholder their ~3 main concerns

stakeholders concerns

sales manager |price, margin, value proposition
purchaser purchasing price, delivery date
project leader |delivery date, resources, budget
developer
integrator
operator
maintainer
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Manufacturing and FAT

Sketch a manufacturing ConOps of the current system
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instructions,
components, (assembly, reports,
functions, adjust, test) data,
assembly L assembly J assembly
step n-1 > step n > step n+1
configuration,_; configurationy,
and its f and its
capabilities, capabilities,
resources, and
facilities,
(experts, tools,
test equipment
power, cooling)
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Transportation, Installation, and SAT

Sketch the installation workflow of the current system at the customer
|dentify critical operations and crane _, assir?gf garts
prerequisites like tools and fixtures ¥
cleaning equipment —p clean
\ 4
interferometer — calibrate A
\ 4
dose meter —p» measure Poy
\ 4
customer system —J{ connect to customer system
\ 4
measurement equipment —p perform SAT
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Homework: Elicit Needs from Stakeholders

Contact the major life cycle stakeholders in your company.

Have a dialogue on how they perform their role.

Capture their way of working in a ConOps. |eneeptof operations (on0ps)

An envisioning of how the stakeholders will run their operation in
relation to the system.

What Al A2 An-Z An-l An
(workflow) S1 P S ')() » S,1 —» S, —

L, P1| S: S3
831 S4,Ss
Ls P2 S>

Ask them for their main “pain” points.

E!é S |
- P3 S4.Ss
where (map) who (swimming lanes)

A
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Breakdown

Make a breakdown of your system. Choose 1 representation from below

How

CAN 256MB
GPS CAN master DDR Il

I I

| |
256MB

gyros ARM CPU NAND Elash
DL2128V 8 12 bit DA
HW block diagram

clean
master
prefill clean prealign
metal wafer
%rinter
&) \—s
© o robot
master wafer wafer fi
FOUP FOUP FOUP P

2D layout of system internals

3D sketch of system
internals

and select 1 representation from below

TIP:NBE
R1

—1 scanning

T T
‘ XDAS H XFEC H

viewing

—1 database |

T T T
database " bulk
‘ engine ‘ ‘ e ! ‘ ‘ data ‘ ‘

mport

—{_computing |

T
foundati
classe:

T 1
on start up exception
S shutdown handling

—1 system

SD integra-

- | | alfa | | beta | | conf
test | | test | [ man

Work Breakdown Structure

subsystem atomic sub subsystem
1 system k n
|
subsub subsub subsub subsub subsub e
. o| subsub
system A system B system N system P system Q system Z
atomic Jatomic|jatomic| fatomic|jatomic|_fatomicflatomic| fatomicflatomic| fatomic|
part part || part part || part part || part part || part part

System Breakdown

basic
product

excluding options
optional option

option dependency

Product Configuration Tree
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Functional Analysis

Make ~3 functional diagrams showing the behavior of part of the system

seguence diagram

‘ wafer in | ‘ wafer out |
| A

’ load H unl‘lc.)ad ‘

condition

’ move ‘ ’

transfer

transfer
| A

v T
| wafer stage |

move ‘
A

feedback control

required
position—»| position

(time) control
[ actual

position

feedback frequency:
4 kHz (0.25 msec)

light path

)
J

laser

sensor I

illuminator

pulse-freq, bw,
wavelength, ..

parameter as
function of time

move move

= >
P T

condition

load

frequency response

controller
A | -
Ain " + motor Aou

dl

0.1+

0.01-

fsel-poinl

H\T

uniformity

eticle
n

—

lens

NA
abberations

erial image

wafer

transmission

swimming lanes

clean wafer pooco=cy goocoooog
) | E—
robot  — 0
Wi
prealign Ll
cle:
ma —
prefill
T S
T T T T T
0 100b 200b

operating

L

! event

pre-alarm
acknowledge

| alarmm_

L

mode

J

reset

state diagram

! start

alarm handle
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Technical Budget

Make a technical budget, a breakdown of contributions, for one KPP

off axis pos. off axis
Example Overlay Budget mess. Sensor
accuracy repro
4nm 3 nm
global stage Al. blue align
alignment pos. meas. sensor
accuracy accuracy repro
6 nm 4 nm = 3nm
reticule lens ad?ﬁ:?nrgnt interferometer
15 nm matching accuracy stability
25 nm % o 1nm
process matched single stage position frame
overlay machine machine overlay accuracy stability
80 nm 60 nm 30 nm 12 nm 7 nm 2.5 nm tracking
error WS
de%f:c?:jcy matching stage grid alignment tracking 2nm
sensor accuracy accuracy repro error X, Y
= o 5 nm S nm S nm 2.5 nm tracking
error RS
metrology tracking 1 nm
stability error phi
5 nm 75 nrad
i ' i - ASS rsion: 0.3 ~—
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Testing and Verification

Propose a test procedure for a new critical component

test definitions test results

! I

part, function
——stimuli=¥»  or system m=responsesy»
under test

test environment
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. ’ Feb 1, 2026
51 Gerrit Muller SSECAveriication m ESI

Powered by industry



Systems Integration

Propose an integration sequence that shows the KPP early
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imaging
simulate simulate physical : : 1 satelite
. imaging : full system
sensor measuring sensor in space
simulate
) processor
pollution
Spectral
analysis
SW
2 satelites
on earth
version: 0.3
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Homework; Consult Colleagues

Consult your colleagues to determine and construct:

e the top 3 Key Performance Parameters of your (sub)system

e 3 views on dynamic behavior; how does your (sub)system achieve
the KPPs?

|
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Case Presentation
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Make a presentation for the Project Team to explain
S prOjeCt ove rVieW Step 1 Product Generation & Life Cycle Processes Step 5 Share
Case Intro Stakeholder analysis Case
Presentation
°® master plan Step 2 Life cycle
Manufacture| Transport
. FAT Install SAT
e design
e Vverification & integration
e life cycle
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