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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.
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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
quantified 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
qguantified requirements

project master plan with timeline other relevant project infomation

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

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

system context system of interest Project Goals

o sketch the next generation system o sketch your next generation subsystem, * 3to 5 specific and
module, or function quantified objectives

e 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
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system context system of interest Project Goals
S - support production of node 1C
new sputter | |power +%O % new ahg;oo/ fasterI more t DlacasS isveiopment 0212022
process new cooling power 0| [new clamp accurate S o N Q2 2023
\ / productivity 30,000 W/m
factory = yield 95%
computing &
\r:‘rfalwst%l::ltrn:gre | prefill clean prealign
’ metal wafer
mask | %rinte(r) ) Key Performance Parameters
- )\ min. line width 100 nm
wafer fab \ - C} ~
(front end) vafer _I =|| 75, o "o R overlay 30 nm
‘?’Cn W v v v master wafer wafer fi throughput 100 V\;PH
S ) I |
power, chemicals che \;Is el el e ° MTBF f 2000 hr
consumables, waste ] lm’;‘;’("‘:ﬁwe J wafer size 300 mm
power 5 kw
project master plan clean room class ©
floor vibration class D
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 - -
changing enabling systems
v V V V conditioned transport
Q1 T @ @ | o4 QL [ Q2 [ Q3 | Q4 [ Qi | Q2 | |calbratonwafers
[ 2022 [ 2023 [ 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 |_> assembly J assembly
step n-1 > step n > step n+1
configurationy, configurationy,
and its f and its
capabilities,; capabilities,
resources, and
facilities,
(experts, tools,
test equipment
power, cooling)
version: 0.3
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Transportation, Installation, and SAT

Sketch the installation workflow of the current system at the customer
|dentify critical operations and crane _ assemble parts
mal A B, C
prerequisites like tools and fixtures y
cleaning equipment —» clean
v
interferometer —3» calibrate A
v
dose meter —p» measure Py
v
customer system —» connect to customer system
v
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 ConQOps. |concept of Operaions (on0ps)
An envisioning of how the stakeholders will run their operation in
relation to the system.
what A A, (An-Z A1 A,
S: = S, » S,1 —» S —>
] ] 11 . 1] ] (WOFkﬂOW) ')) "
Ask them for their main “pain” points.
L, P1|S: Ss
S3 $4,Ss
1
vl\ Ls P2 S
L1 o N
S— 81,82 P3 S4,SS
where (map) who (swimming lanes)
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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 Flash
DL2128V 8 12 bit DA
HW block diagram

clean
master
prefill clean prealign
metal wafer
grinter
&) o
© 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 T 1
prepa- | | conver- run time algo-
ratiot i acq rithms

T T
‘XDASHXFECH )

ion
| viewing |
[ [ ] [
1

—1 database T T T T 1
database B bulk import 8
‘ o ‘ ‘ clinical | ‘ ‘ G ‘ ‘ export ‘ ‘archlve‘
| computing | T T 1
os foundation start up exception
classes shutdown handling
system
integra- beta | | conf
2] [l ][]

econstructi
hardw:

subsystem atomic sub subsystem

1 system k n

|

| | | |
subsub subsub subsub subsub subsub | | :&?Jrsnl:%
system A system B system N system P system Q system Z

|
atomic| Jatomicflatomic|_|Jatomicfatomic|_fatomic|latomic| Jatomic/fatomic|_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
sequence diagram feedback control light path

- required
I Wafler n l I Wafe‘r oL l position—»{ position
v T (time) control \ \
’ load ‘ ’ unload ‘ sensorl
A actual j
position o
move laser illuminator e
feedback frequency: pulse-freq, bw, uniformity -
wavelength, ..
condition 4 kHz (0.25 msec) —

o ] [ ] frequency response
%’:‘ A~ Cf:i:i'('ﬁf e A transmission

1
lens

transfer transfer 014 erial image
I A

L i 0.01 wafer
| wafer stage |

3 state diagram

LI swimming lanes a
function of time R T

ﬂ

|

ating

L

move move vt ] 1 lﬂf

prealign event reset

+ <« «—>
clean L
>I\ [\ master ' re-alarm mode alarm handle
| prefill
i
T

i

—t— e acknowledge

—>
| a|armW

load condition

T T T T T
0 100b 200b
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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
e lens adsjz:?nrgnt interferometer
15 nm matching accuracy stability
25 nm P 1nm
process matched single stage position frame
overlay machine machine overlay accuracy stability
80 nm 60 nm 30 nm 12 nm 7 nm 2.5nm tracking
error WS
dezf:gzscy matching stage grid alignment tracking 2 nm
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
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Testing and Verification

!

test definitions

Propose a test procedure for a new critical component

test results

1

—stimuli—>»

part, function
or system m=responsesy
under test

test environment
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Systems Integration

Propose an integration sequence that shows the KPP early

imaging
simulate simulate physical : : 1 satelite
. imaging : full system
sensor measuring sensor in space
simulate
) processor
pollution
Spectral
analysis
SW
2 satelites
on earth
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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

Make a presentation for the Project Team to explain

o project ove rvieW Step 1 Product Generation & Life Cycle Processes Step 5 Share
Case Intro Stakeholder analysis Case
Presentation

Step 2 Life cycle

e master plan

Manufacture| Transport
FAT Install SAT

e design
e Verification & integration

o life cycle
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