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Sustainable and affordable design
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THE WORLD OF VDL GROEP

Science, Technology
& Health

Energy
& Sustainability

Mobility Infratech Foodtech
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Product examples

Design and manufacturing ofElecronBeamsystems







Light Source Vessel

EUV light source
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Introduction VDL ETG



How to machine the parts
How to setup parts

How to measure parts
How to weld parts

How to clean parts

Customer requirements
Module requirements

Part requirements
Quialification requirements
Assembly requirements
Test requirements

Manufacturing

Design

production

automation

Manufacturing & Design

40 YEARS

DfX Architect

USA Engineering

DfX Architect

Design for Manufacturing

Cost efficiency

OEM localization

Standard requirements
Special process qualification

Understand functional
requirements

Translate to manufacturing
technologies

DfXwith Customer
engineering

Design with Customer
designers

Factory automation
Feasibility studies




Process requirements

System architecture

e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e

/ 4 Stiffness
4 Dynamics

4 Materials

4 Diagnostics

4 Predictive
maintenance

/

System architect

Hardware DfXarchitect _
Mechanical Environment
Architect Specialists

4 Vacuum
4 Contamination

# Temperature

Process
Requirements

Physicist

Power

Electronics
Architect

Software
Architect

_____________________________________________________________________

4 Power supply
4 Drivers

4 Cabling
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Frames

Structural dynamics
Seismic

Stability

Changing loads
Thermal

Advanced machining
Kinematic interfaces
Tolerances

Cost
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Vacuum & beam

4 Ultra-precision machining
4 Brazing

4 Diffusion bonding

4 RF

4 Highvoltage

4 Electromagnetics

4 Shielding

4 Contamination control




-
Molecular contamination

# QOrganic cooling fluids, grease8Bnger prints, glues

A Problem: Vacuum quality issues
T A Measurement: RGA
’ A Cleaning strategy: Degrease, bakeit, assembly, RGA qualification

12



-
Particle contamination

4 Introduction by manufacturing should be removed mechanically, Brushing or Ultrasonic

4 Introduction by Handling generated by contact between two materials. Avoid as much as possiblg@asigal
generators are gate valves because of the big contact surface.

Particle Source Analysis

Patrticle Distribution analysis of wear particles on critical surface

Partic Analysis E
- Partile Distribution (amount & size) |-

Normal Force il A~ ©_ Compasion & kot
'
L Cleaning
(ool Paricio Romoral Ansyis
Scope)

Sliding
Direcfion-

0,55 mm

Pin Particles

Wafer

N4=ka-f’-s-(‘%)

Ky

Ng = number of particles =d [-] F = Normal Force [N]
- particle rate [1/IN-mm]] s = Sliding Distance [mm]
= particte exponent [-] d=p:

rr

mm, A r
article size [pym], do= 1 ym ' o e -

Contact Mechanics FEM based

2”-—-“‘

Relative motions and forces between
wafer and wafer contacts:
Displacements:  (x, Y, z)
Velocities: (Vx, Vy, Vz)
Accelerations: (ax, ay, az)

Base-frame

13

Particle Analysis.
Particle Generation Analysis.
ibution

Particle Source Testing

Tribology Testing (Pin-on-Disk, Nano-scratch/indentation)
a
¥l d JLLPin Frictions!

orce
Measured

Weight Force Applied

sample
Motion

1” wafer 2

Stage

Asperity —

In Vacuum released Particles Testing




Handling

Motion control
Machine logistics
Reliability
Contamination control
Tribology

Robots

Load locks
Diagnostics

Cost
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Positioning

Ultimate control

4 Motion control

4 Machine control

4 Reliability

4 Contamination Control
4 Tribology

4 Actuators

4 Cost

L=
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Product Generation Process

Milestone

Activities:
- Review
Deliverables

Decision:
-Go / NeGo
- Start project

Milestone Milestone Milestone
Activities: Activities: Activities:
- Review - Review - Review
Deliverables Deliverables Deliverables
Decision: Decision: Decision:
-Go /NoeGo -Go / NeGo -Go / NeGo

Milestone

Activities:
- Review
Deliverables

Decision:

-Go / NeGo

Milestone

Activities:

- Review
Deliverables

Decision:

-Go / NeGo
- End project

Milestone Milestone
Decision: Decision:
Product encbf Endof service
life life

Definition Volume Service
Key Question: Key Question: Key Question: Key Question: Key Question: Key Question: Key Question: Key Question:
- Do we want the business?| - Can weagree on the - Can we create the product? || - Can we create the TPD for | - Do we meetthe prodct - Can we build the required - Can we deliverthe - Can we extend the life of
- Canwe fulfill the requirements? - Isthe product feasible? start proto activities ? specs? volumesin a stable manner? products in continuity? installed base?

customer needs?

Description of Activities:
- Studythe business fit

- Study of competence fit
- Make risk analysis

- Define owner (MD)

- Define initial project

Key Deliverables:

- Statement of Work
- Busines€ase

- Project Charter

- Can we agree on the
project?

Description of Activities:

- Agree on specifications

- Define architecture
-Agree on CoG & NRE
target

- Make project mgt plan

- Make quotation

Key Deliverables:

- Contract with Customer
- Product Requirement
Specification defined

- Updated business case

- Define impact of new
manufacturing techniques
- Project Management Plan
approved

Description of Activities:

- Design the product concept
- Prove the feasibility

- Design & process FMEA
initiated

- Initiate TPD & BOM

- Estimate product cost

- Identify CtQ's for process
design

Key Deliverables:

- Concept Design defined and
verified

- Product Validation
Specfication

- Supply chain and suppliers
identified

- Can we order the parts?
Description of Activities:
- CreateTPD & BoM

- Verifythe design

- ESI and manufacturability
check

- Calculate product cost

- Create process design
documents

Key Deliverables:

- product design defined
and verified

- Supply chain for proto
released

- Reliabilityassessment

- Can we build the product?

Description of Activities:

- Build prototypes

- Validate the product

- Optimize TPD & BoM

- Prepare for production
(P-FMEA, control plan, etc.)

- Define cost roadmap

- FAI parts & supplied parts

Key Deliverables:
- TPD and BoM released

- Productvalidation report
- Supply chain for pilot
released.

- Proto's

Description of Activities:
--Build pilot series

- Secure supply chain

- Secure production procesess
- Finalise process FMEA risks

Key Deliverables:

- Issudist closed

- Proven processes that meet
targets (QLTC)

- Process design documents
released

- Project evaluation and
Lessons Learned

- Can we further improve
the product?

Description of Activities:
- Lean Manufacturing

- Improvements (CTR/CPR)

- Change management

- Sustaining engineering

- Product improvement
(MTBF, MTTR)

- Can we renew the product?

Description of Activities:
- Services& spare parts
- Repairs

- Refurbishment

JEE=
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V model

System System System
Requirements Validation Validation
Specification specification Report

Engagement level VDL ETG Product
B Product o Product (proto)
. Validation L
e Requirements < —UEEEEA — — = — = = = = — —_——— = = - =3 Validation
Definition o Specification
Specification Report (TAR)
(TPS)
. m

Module Madule (proto)

Module L L

o Validation Validation

Specification = = =V — — — = = = -

Report

Work Instruction
critical feasibility proven Product DHF Control plan & QPS
Concept design defined and approved D-FMEA P-FMEA
Critical components identified

Process flow

DMR: TPD, CtQ/HIP
D-FMEA final
Product Design Verification Report (EDS)

. | WEE=
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Early Supplier Involvement (ESI)
Standard approach

-mm Design & TPD creation

Design knowledge

Integration knowledge
(ME&EE)

Knowledge

ESIlEarIy Supplier Involvement

Design

- manufacturabilityd Know capabilities Machines

Build

Fastlane to go to High Volume Manufacturing MR1.3

- faster work preparation ® e
: €

- concurrent build tool development

- Usecustomerservicetooling

Design & TPD creation

Knowledge

=
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Shared manufacturability

—Chamber (preymilling

Manufacturability issue MVC

Red surfaces not machinable

input

—Supplier interfaces

— —Production boundaries

Extra features tbv productie
Features voor uitrichting en extra controle op freesbank.

Camera datum surfaces

+ Change camera datum surfaces > two options

Option 1; Pads above surface

Space between pad and wall to small for milling @ backside for this pad.
Also red suface added for pre-machining to prevent touching the wall during
final machining

—Set Up deformations
———

S3+ Defromation with machine set up

—Input for tolerances
—

L

—Production temp control

Conceptkeuze

Weeghuter| 3

o

—Test program input
Accuracy Test program

—Chamber tolerances
—

—Assembly feedback

Slob holes instead of contact surfaces

In current design some criticalinterfaces
and focus of the mechanics is needed.

are ot designed ‘poke yoke'. A possiie shiftis not defined/biocked in design. Therefor

craftsmanship

—M-flow input

Proces Flow MVC
_—
- ‘ = =)
= ; . | mm
= . m
e e ; =]
— == e - omm
= = _—— =13 ‘ i
B e 3 - e
=

| _all
—HLQB Process flow input —
Build-up sequence
Inputfor S3+ HLQB EPS => NXE3400 + EXES000
Cell 1 Cell 2 cell 3 Cell 4
| NxE3400 |
Tie: 28°
i~ 42 ;
»
w
! =
I | e o
i}
lE=
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Accuracy Test program

Design inputfor statistically proven tolerances for part production
[1] Results: Goal:

A Provideinput to the Architectswhat
tolerancesare achieveablevith Cpk1,3.
A What are the accuracyinfluencesoutsidethe

machineaccuracy

Accuracy of features Head and Tale: Tolerance @7@pk1(3)

Process

Machine deviation Temperature Set up variables

40% 40% 10-15% 504

Accuracy of XY features Atround Tolerance @300um (Cpk1,3)

. . . Process
Machine deviation Temperature N~

60% 20% 504
20 Bi=




Camera interface solution

4 Requirement is camera view angle in two directions

4 Split accuracy between door and Camera brackets

Camera view
angles

Trunnion

\

\\ Saddle

21

A SPC analysis, gap analysis
processcapability provideddata
that wasneededto definethe
metrologyinterfaceaccuracy

Thereforesecondanglewasmoved
to the camerabrackets

At the start ofthe designthis
becameclear

-
e

view angle
| Camera
. Interface

Cameras |
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Simplify the design during design

Close cooperation with cooler manufacturer andanalysewhat is available in the market

4 Complexgundrilling and bended design transferred into a straight tubular cassette design

Simplified design

L=
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Structural frames with dynamic requirements

Transfer Tubular frame to Sheet metal frame

4 Proposed to change into sheet metal frame to:
» Separate the functions of SISO, Vibration Isolation and Seismic restraints
» Increase the stiffness of the frame to meet system dynamics requirements

» " EHIGN= &8 MAD< 9FK< < B MK

» Create more volume utilities

» Improve manufacturability

L=
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Total assyaccellerator

Length accuracy of

7 Mdeﬂ l mpi gk«ummumau-
) MNachine o pmunutm
7 High RPM spindle Implemented

Origlnal design vs new design

nnnnnnnnnnnnn

) wm smafier referonce surfaces far Original design New design

Machining setups

L=
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Original design vs new design

Changes made

4 Made smaller reference surfaces far Original design

apart

4 Added clamping features that are
staying in the product

4 Machine optimalisation

4 High RPM spindle implemented

New design

L=
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Machining setups

Vertical setup enabling to machine front and backside in one setuphree point clamping

L=



Mechanical positioning and alignment

Accelerator technology

4 Ultra high precision machining
y' Shape accuracy typically <.Im
y' Surface roughness typically < 25 nm
y" Optical mirror finish without polishing
y" Milling and grinding ceramics, EDM, Brazing

4 Reduction of highvoltage breakdown rate due to low
surface roughness

4 UHV (< 1® mbar) compatibility

PAUL SCHERRER INSTITUT

B o

L=



Design of a Part

Material

\

Heat
treatment

Cleaning

N

Coatings \

Finishing

visual

O

Machining

s

\

Joining

E ier
in

L=



Milling

CNC Milling and Turning Working Process. Perfe : .

Machines Technolo outube.com) /Corroglon prot.ectlon )
Non-stick coating

Production technology Turning S————

Drillin
Grindig:]g Slide coatings
Wear resistance

Lapping SIStz
EDM / ECM \Dry lubrication

Etching S : R et Wet paint

Laser abrasion Powder coating
CVD, PVD, ALD
Electroless plating
Thermal spray
Laser deposition

How to create a part, integration or separation

)

Daslgn for Manufacturing Architect
Design

ﬁ& Powder removal

A Annealing

A Support structure Fasteners, nuts & bolts, screws, clamps,

A Wire cutting shackles.

A Cleaning/Etching Riveting, Bolting, Shrink fitting, folding

A Tumbli T : : :

A Bllje?s]tir:ng TR e - _ : Fusion, Soliestate, Pressure Welding
NG 9 Mechanical == TIG, MIG, MAGEbeam Laser, friction

Fusion & Welding == stir, friction, explosion.

%

1. Sand Casting

: Brazing & Soldering Torch or manual brazing, induction
2. Permanent Mold Casting A [eehvEl (e Rl brazing, resistance brazing, and vacuum
A Gravity die casting y brazing. )
A Low pressure die casting [ ' Anaerobic adhesives: Acryitased Curing: absence affr.
A Die Casting o, BT o ] 8l y2F ONBfFGSa I RKSaA@Say aaayadlyd 3IfdzSaé

A Vacuum die casting S i Epoxy adhesives Curing heated
- " Hot glue, curing cooling

29 L=



https://www.youtube.com/watch?v=JbFHaj2vp0k
https://www.youtube.com/watch?v=JbFHaj2vp0k

Morphologic chart is used to define fabrication process

30

Functions 1 2 3 4
Heater rods Heating wires Induction heater Band heater
: ®
Heating /
Tubing Pillow plate channels machingd Cooling channels welded
Cooling @
TIG Welding Laser weldin Orbital welding Ebeam Welding
o .\
Calrez O-rin‘gN etal seals Viton O-rings
Vacuum (
Titanium Nitride Coatin% Tunsten carbide coatirig Ceramics Molybdenum
Materials

Company Confidential

=cenario A

~>cenario B

=cenario C
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Solid production

Vacuum chamber production

Machining Finishing

Measurement Assembly Bakeout, RGA Blacklight Inspection

a1 L=



Guide for CNGproduction tolerances

Table 1 — Permissible deviations fo
(external radii and cha

linear dnmenslons except for broken edges

E ights; See table 2)
Values in millimetres

Table 1 — General on@
and flatness

Values in millimetres

Straightness and flatness tolerances for ranges
of nominal lengths
Toler-

ance over over over over over
class | up to 10 30 100 300 1 000
10 up to up to up to up to up to
30 100 1 000 3 000

H 0,02 0,05 0,1 0,2 0.3 0.4

K 0,05 0,1 0,2 0,4 0,6 0,8

L 0,1 0,2 04 0,8 1,2 1,6

5-6-2024

Table 2 — General tolerances on{ perpendicularity

Values in millimetres

Combpanv Confidential

Tolerance class Permissible deviations for basic size range
051 over over over over over over over
Designation Description up to 3 § » 120 400 1000 2 000
3 up to up to up to up to up to up to up to
6 30 120 400 1 000 2 000 4 000 Table 4 — General tolerances on
f fine +0,05 +0,05 +0,1 +0,15 +0,2 +0,3 +0,56 - Values in millimetres
m medium +0,1 +0,1 +0,2 +0,3 +0,6 +0,8 +1,2 +2 Tolerance class Circular run-out tolerances
c coarse +0,2 +0,3 +0,5 +0,8 +1,2 +2 +3 +4 H 0.1
v very coarse — 10,5 +1 +1,5 +2,5 +4 +6 + K 0.2
1) For nominal sizes below 0,5 mm, the deviations shall be indicated adjacent to the relevant nominal size(s). - 0.5

*

Table 3 — General toleran
Values in millimetres

Perpendicularity tolerances for ranges of Symmetry tolerances for ranges of
Toler- nominal lengths of the shorter side Toler- nominal lengths
ance ance
class over 100 over 300 | over 1000 » class | 40100 | ©ver100 over 300 | over 1000
up to 100 up to 300 up to 1000 | up to 3 000 up to 300 | up to 1000 | up to 3 000
0,2 0.3 0.4 0.5 H 0.5
0,4 0,6 0.8 1 K 0.8 08 !
0.6 1 15 2 06 | 1 15 2




ISO 2862 (DIN 7154); 1SO system of limits and fits (IT grades)

33

IT (Tolerance class) General tolerance
Dimension 3| 4| 5| 6| 7| 8| 9| 1o| 11| 12| 13| 14| 15| 16| 17| 18
Tolerance 0.1 mm 0.2 mm
[mm
From To [um] (]
dl 2 3 4 10 14 25 40 60 100 140 250 400 600 200 400
3 6 2.5 4 5 12 18 30 48 75 120 180 300 480 750 200 400
6 10 2.5 4 6 15 22 36 58 90 150 220 360 580 900 1500 200 400
10 18 3 5 8 11 18 27 43 70 110 180 270 430 700 1100 1800 2700 200 400
18 30 4 6 9 13 21 33 52 84 130 210 330 520 840 1300 2100 3300 200 400
30 50 4 7 11 16 25 39 62 100 160 250 390 620 1000 1600 2500 3900 200 400
50 80 5 8 13 19 30 46 74 120 190 300 460 740 1200 1900 3000 4600 200 400
80 120 6 10 15 22 35 54 87 140 220 350 540 871 1400 2200 3500 5400 200 400
120 180 8 12 18 25 40 63 100 160 250 400 630 1000 1600 2500 4000 6300 200 400
180 250 10 14 20 29 46 72 115 185 290 460 720 1150 1850 2900 4600 7200 200 400
250 315 12 16 23 32 52 81 130 210 320 520 810 1300 2100 3200 5200 8100 200 400
315 400 13 18 25 36 57 89 140 230 360 570 890 1400 2300 3600 5700 8900 200 400
400 500 15 20 27 40 63 97 155 250 400 630 970 1550 2500 4000 6300 9700 200 400
500 800 34 50 79 122 195 314 500 790 1200 1950 3140 5000 7900 12200 200 400
800 1280 41 60 95 147 235 378 600 950 1430 2350 3780 6000 9500 14700 200 400
1280 2048 48 70 111 172 275 442 700 1110 1660 2750 4420 7000 11100 17200 200 400
2048 3277 55 80 127 197 315 506 800 1270 1890 3150 5060 8000 12700 19700 254 400
\/Bi=



Machine type required

Production methodes
Min. Max.
Min. Max.| Ru Ru
™ IT ] @) @)
Honen
Holes 3 6 2 32
Flat 4 6 4 32
Grinding
Round 3 5 4 32
Centerfalse 4 6 16
Flat (horizontal) 4 6 4 32
Flat (vertical) 7 8 32
Turning
<200 6 8 32
>200 7 9 63
Automatic 6 8 32
Ultra precision 3 3 0
Milling
<500 9 11 32
>500 10 12 63
Ultra precision 3 3 0
Bore
Bore 6 8 32
Bore + Reaming 6 8 32
Drilling
Small 9 11 63
Small + Reaming 6 11 32
Big 10 13 63
Big + Reaming 10 13 63
Remark for the production methode
Without preparation (normal production methode) Max. IT Normal production tolerance
With preparation Min. IT With preparation and a lot of attention to realize
With preparation and a lot of attention to realize Max. Ru. Normal production roughness ‘:’BI._
Not to realize with this production methode Min. Ru. With preparation and a lot of attention to realize




Machining, tolerances, material and temperature

Tolerance field Temp |AL 2.40E-05

[mm] expansion [ST 1.20E-05

1.000/ 0.400f 0.200{ 0.100| 0.040| 0.020( 0.0050| 0.0020| 0.0010| dimension |StSt 1.70E-05

Machining (production) costfraction @)

1.00 1.15 1.24 1.37 1.60 2.01 2.82 4.69 9.99 ATemp | 1.00E+00

1.00 1.34 1.62 2.01 2.73 3.85 6.83 13.22  31.60| 0.000001|Mat 2.40E-05
1.20 1.61 1.94 2.41 3.28 4.63 8.20 15.88 37.96| 0.000003
1.35 1.81 2.18 2.71 3.68 5.20 9.21 17.83 42.63| 0.000006
1.47 1.97 2.37 2.95 4.01 566 10.03 19.42  46.45| 0.000009
1.62 2.17 2.62 3.25 4.42 6.24 11.06 21.43 51.29| 0.000017
1.76 2.37 2.85 3.54 4.82 6.80 12.05 23.36 55.96/ 0.000028
1.92 2.58 3.10 3.86 5.24 7.40 13.13 25.47 0.000047
2.08 2.79 3.35 4.17 5.67 8.01 1421 27.62 0.000076
2.22 2.98 3.59 4.47 6.07 8.57 15.23 0.000113
2.38 3.19 3.84 4.78 6.50 9.17 16.32 0.000170
2.51 3.37 4.06 5.05 6.86 9.69 0.000236
2.61 3.50 4.21 5.25 7.13 10.08 0.000298
2.71 3.65 4.39 5.46 7.43 10.50 0.000378
2.82 3.78 4.55 5.67 7.71 10.90 0.000472
3.05 4.09 4.92 6.13 8.35 11.82 0.000756
3.30 4.43 5.33 6.64 9.05 0.001209
3.56 4.79 5.77 7.19 0.001935
3.86 5.18 6.24 7.79 0.003096
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Costfraction , size, tolerance, temperature relation

4 Size of the part has a big influence on the tolerances that can be achieved.
4 Definition of Reference 8-C is extremely important

# When size of parts increase make local references to create local accurate patterns



























