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Fact Sheet

We take pride in our Mission:

We enable our customers to
make the world healthier, iy
cleaner and safer

Customers worldwide trust Thermo Fisher Scientific products
and services to help them accelerate innovation and enhance
productivity. Together, we are advancing science to make a
real difference. We do that by providing an unmatched
combination of innovative technologies, purchasing
convenience and comprehensive support through these and
other product and service brands:

thermo

ermc applied
scientific

@ fisher
biosystems scientific

‘ invitrogen

>125,000

colleagues

7,000
R&D scientists
and engineers

$1.5B/YR
invested in R&D

$44B

in revenue

>1,000,000

products

Iléggéwioa ‘ patheon ‘ PPD
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Complementary segments

Life Sciences Solutions

ThermoFisher

SCIENTIFIC
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Collection
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-

ImmunoCAP Allergy and

EliA Autoimmunity Tests

Mlcroblology

Antimicrobial Susceptibility
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Transplant
Diagnostics
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Healthcare
Market Channel
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UHPLC e

Orbitrap Exploris 480 MS

Instrument and -

Ent . KriosG4

n erprlse Cryo-TEM
Services

Chemical Analysis

Niton Apollo Handheld
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Electron Microscope
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Transmission Electron Microscopy (TEM)

Electron Gun
Electron Beam
Electron Gun [ Illumination
System
Illumination Condenser System
System
\\-. ..'"f
S [ ] u,:ﬂ' Compustage + Specimen —
L
Condenser System A
Imaging
Octagon Imaging System System
Imaging
System
Projection System —_
Projection
Chamber
or
Monitor

Projection Chamber
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ThermoFisher

Transmission Electron Microscopy

DSB-27-RDG-23/008 18-04-2023_v2



TEM system and vacuum

The main three vacuum volumes:
« The ‘Gun’ area, around the emitter and the accelerator:
<1E-8 Pa - UHV (new CFEG <1E-10 Pa - XHV)

« The Column area, with beam pipes, specimen manipulator and detectors:
1E-4.. 1E-6 Pa - HV

* The Projection Chamber, with cameras and detectors:
1E-4.. 1E-5 Pa > HV

Why is vacuum important for TEM?

* For electron microscopy the ‘mean free path’ for electrons
needs to be > 60 mm - HV

» To prevent oxidation of the electron source - UHV/XHV

* For the electron generation through High Voltage (20....300 keV) - HV/UHV

Trend: lower keV = more sensitive for contaminants

Important : We need a CLEAN and DRY Vacuum!
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TEM Clean and Dry Vacuum

Why is a Clean and Dry Vacuum important for TEM and what do we mean with it?

Chemical Clean
Prevent sample etching by beam interaction with
* Oxygen (O,)
« Water (H,0)
Prevent sample contamination (carbon growth) by beam interaction with
* Hydrocarbons (C,H,)

Particle Clean
Prevent particle contamination in or near the beamline to prevent
» Electron beam blocking
« High Voltage discharges
« Electron beam deflections due to electrostatic charging of particles

Surface Clean
* Prevent vacuum wall contamination (oxides) in or near the beamline to prevent electron beam deflections

due to electrostatic charging
* Prevent release of top layers of surfaces

Dry Vacuum
Reduce the water content in the vacuum to prevent ice growth on Cryogenic samples (Biological samples)
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Vacuum for Electron Microscopy

‘A Vacuum is as good as the weakest link’

Not only applicable on the ultimate pressure,

but also,

to the Quality of the Vacuum
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Materials used in, and specification for Electron Microscopes

Material used: Not used: Manufacturing:

« Stainless Steel (316, 304) « Cadmium « Processing, treatment, handling and

* Aluminum * Zinc cleaning is depending on the material
e Titanium * Brass (Copper-Zinc) and shape.

 Copper « Grease

* Aluminum-Copper . Specification:

* Phosphor bronze (Cu-Sn-P)  (low vapor pressure materials) ¢ The requirements are specified via

* Nickel-lIron Technical Product Documentation

« Cobalt-lron (TPD), sheet 110, 160 or 199.

* Graphite

« Ceramics « The required cleanliness is specified via
* Platinum the Quality of Electron Optics (QEOQO)

» Gold plated copper documents:

 Lead « QEO-11-070 describes the

« Engineering Plastics required cleanliness level

- PCB  QEO-11-074 describes packaging
« Elastomeric seals of cleaned parts

------------ It’s the responsibility of the supplier
to achieve the required specification
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ThermoFisher

Cleanliness grades Thermo Fisher Scientific According QEO-11-070 Rev.G SCIENTIFIC

« Specification of the cleanliness grade is related to the application in which the part is
used (e.g. outside vacuum, inside vacuum, HV, UHV/XHV, High Voltage area,...)

« Cleanliness Grades for suppliers:
No cleaning
General cleanliness (used in clean room, not a vacuum or High Voltage part)

- Pre-cleaning for final cleaning (final cleaning by Thermo Fisher Scientific)
No Particles >50 um - like dust, hair, fibers, burrs, metallic micro-fragments
No Thin Films on surfaces — organic and inorganic, like skin oil, greases, processing and cutting fluids,
surfactant/chemical residues, cleaning and rinsing agents' residues, water marks, oxides, fluxes, polishing paste,
chemical treatment against corrosion, silicones, other unwanted thin films on surface and in holes
- Low Vacuum Cleaning
Part used in vacuum environments with pressure range 1E-1 to 1Ee-4 Pa.
No particles >5 um , no thin film contamination
Process evaluation procedure: RGA test cube wet processed: C H,-v <1E-8 and C H,-nv <1E-9 mbar*l/s*cm?
- High Vacuum (HV) Cleaning
Part used in vacuum environment with pressure range 1E-4 to 1E-10 Pa, of with High Voltage up to 300 kV
No particles >3 um ,
No thin film contamination,

Process evaluation procedure: RGA test cube “wet” processed: C,H,-v <2E-9 and C,H,-nv <1.2E-10
mbar*l/s*cm?
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Audit: Evaluation procedure for EM parts manufacturing according QEO-11-070

Evaluation procedure:

« Part (Test Cube or part) manufacturing & cleaning process at the supplier
(material vacuum suitable Stainless Steel, Copper, Aluminum, Titanium,...)

« Supplier Cleaning Evaluation is based on so-called “WET Processing”, meaning
no bake-out step!

: ‘ Parts Inspection / -
l{ Cleaning ) Packing Transportation
Raw _ .

Material

Evaluation by Thermo Fisher Scientific (or authorized body) on
e particles >3 pm,

» visual appearance,

QUALITY
*  CH,-v, C,H,-nv values (RGA-spectrum)

(based on QEO-11-070)
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Particle contamination and visual appearance
Visual inspection tools

Bright light UVA-light

2

Loupe (M=9x)

Microscope (M=40x)

Microscope illumination

=)

Too little light Good illumination

Endoscope

Too much light
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: : : : : e ThermoFisher
Example Test Cube visual inspection @ Thermo Fisher Scientific

o ‘\ )

Stainless steel version  Stainless steel version Stainless steel version  Oxygen Free High

Conductivity Copper
Important: work clean, use gloves. version

Keep in mind: prevent cross contamination.
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Stainless steel version Oxygen Free High Stainless steel version
Stains Conductivity Copper

version
Stains

Stains and (organic)
particles and fibers
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Molecular (chemical) contamination:
D&M Cube- 150 Vacuum Quallflcatlon System @

[T "
D&M «<*FEI
vacuumsystemen B.V.
FEICUBE#3-2021-004-0Q-3.4
Serial nr: MPH:T0081821/T0081651
Graph -
History Report: 2021-01-21
Pressure and partial outgassing in tim
P gessing RESULT SUMMARY
Start Pump Time: D8 February 2 at 16:40 hr
|Verification Time: 9 Hours an dSSmlnlBS
- Gl Batch Q Batch/A
.\“"x.\_ i [mbar-1/'s] [mbar-If{s*cm2)]
| [T H20 B.50E-7 Inf
] CxHy v 5.45E-9 Inf
% HHHH CxHy nv 4 0TE-10 Inf
£ ~ NZ S7OE-B Inf
SN T s = [oF] 1.74E-8 Inf
i e Ar B8.71E-10 Inf
e e T e
llllll .
n
Tima|l
— P T — 0 H0 — iy Y — 0 Gy Y — N2 Q02 e QH? e QAr
Mass spectrum at verification time (not corrected)

H20 (water)
AMU 18

164+

—

1

| CxHy v CxHy nv

AMU 45-100 AMU 101->200

11111

I'Mnh

AMU 19200

‘Generated: 9 February 2021 at 12:02 hr CONFIDEMTIAL Page 3ofd

D&M Cube-150 Vacuum Qualification System verio 344

W Background
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Example Test Cube chemical contamination measurement @
Thermo Fisher Scientific
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Example Test Cube chemical contamination measurement @
Thermo Fisher Scientific

RESULT SUMMARY
Start Pump Time: 14 February 2023 at 11:55 hr Information: Background subtracted
Verification Time: 9 Hours and 58 minutes
Q Batch Q Batch/A Verdict
[mbarel/s] [mbar«l/(s*cm2)]
H20 < 1.26E-6 <5.18E-9 5| Within specification
CxHy v 1.66E-7 6.80E-10 s Factor 43.66 out of specification
CxHy nv 1.21E-8 4 98E-11 i} Factor 35.73 out of specification

1E7

40 times
out of specification

1E-8+
169+

1E-10+

1511
15
1E-
15
0

P [mbar]

1

|
1 | 1
| |
| | 1
| |
| |
] |

|
|
|
|
|
|
|
|

|

i3

il

|
I}

f.l

Mass spectrum at verification time (not corrected)

|

|

l'l

(i |

} i’: i I; i

! N RLET L

i (I

‘ l e 1
A

il i

4 { |
® Sample ® Background

=

I

s
i
|
l

=

|
1
|
|

b

l

l

1E15
0

® % ®© 0 80 % 100 16 1 1D
Mass [M/e]
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Mono
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Cleanliness in the supply chain of EM Vacuum MON0O Parts manufacturing

Raw
Material

Supplier

DSB-27-RDG-23/008 18-04-2023_v2

Parts
Manufacturing /
Shaping

Parts pre-

cleaning, IF;artslz Packaging
Handling & lna}
Treatment Cleaning

Transportation mono parts

il

QUALITY

Max 24 h

Note: UHV/UHV requires
different approach. Vacuum Firing

il

QUALITY

Spec. according TPD:
CiHyv <..E-. mbarl/s
CiH,-nv <..E-.. mbarl/s
H,0 <..E-.. mbarl/s
H, <..E-.. mbarl/s
Spectra with limits




ThermoFisher

Cleanliness in the supply chain of EM Vacuum Module/AsSy manufacturing S CIENTIFIC

% QUALITY
Vacuum
Parts pre- o Clean
@D SElE cleaning, Parts bakeffiring Storage
G@ Manufacturing. el & Final and GN2- (GN,
Raw Shaping FreaiTE Cleaning vented cabinet)
@ Material
(&
(I
% Module ':re];fl? : Metal case
Module Vacuum Functional packaging trans
Assembly Bake, GN, test, sy port
vented RGA check atmosphere

Spec. according TPD:
Supplier CXHy_V <...E-.. mbarl/s Part Of

C,H,-nv <..E-.. mbarl/s
Thermo Fisher Scientic 10 <..E. mbarls | Vacuum Budget
H, <..E-.mbarl/s of Microscope
22  DSB-27-RDG-23/008 18-04-2023_v2 Spectra with limits




Preview New Cleanliness Specification for EM

QEO-11-061
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ThermoFisher

Audit: Evaluation procedure for EM parts manufacturing according QEO-11-070 or 061 SCIENTIFIC

Evaluation procedure:

« Part (Test Cube or part) manufacturing & cleaning process at the supplier

« Supplier cleaning evaluation is based on so-called “WET Processing”, meaning no bake-out step!

« Evaluation by Thermo Fisher Scientific (or authorized body) on specification

« Application cleaning evaluation based on final cleaning and vacuum bake/N, vented

« Application clearing evaluation for UHV/XHV that requires Vacuum Firing (removing H, from bulk
matrix)

1

QUALITY QUALITY

Inspection
/ Transportation

Packing

Parts
Cleaning

Raw
Materi
al

| Qeo-ivoTousedarHv QEO-11-061 used at HV

Particles >3 um PCLS5, PCL4, PCL3, or PCL2

Visual appearance No stains, no decolorization No stains, no decolorization

RGA C,H,-v [mbar*l/s*cm?] Audit: <2E-9 Audit: CCL3; HV/UHV: CCL2

RGA C,H,-nv [mbar*/s*cm?] Audit: <1.2E-10 Audit: CCL3; HV/UHV: CCL2

RGA spectrum - > AMUA44 : peaks 3 decades lower than H,0 peak
RGA H,0 [mbar*l/s*cm?] - HV/UHV: CCL2, CCL1

RGA H, [mbar*l/s*cm?] - UHV: CCL1
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Example Cleanliness on sheet 110 (Qeo-11-070 applicable) ThermoFisher

SCIENTIFIC

1 2 3
1 1
REV] DAE [ ER | DESCRIPTION OF CHANGE | NAME

New QEO

Vacuum Mono parts mFlow

Supplier Thermo Fisher Scientific

TPD (Pre-) Vacuum

Machining, J\ Cleaning, Inspection, J\ Final —’\ Bake 180 °C Storage in —J\ Assembly
Shaping ~/ Packaging Storage —/ Cleaning —/ + GN, vent GN, cabinet —/
: (e ]
[ 1
C
70 Rev.G Received at: Used at:

7 B * No cleaning +Ne-cleaning

s&—Genaralclaaglinace +General-eleanliness

* Pre-cleaning for final cleaning +Pre-cleaning for final-cleaning
d ¢ Low vacuum cleaning (LV) * Low vacuum cleaning (LV)

¢ High Vacuum cleaning (HV) * High Vacuum cleaning (HV)

LEN| oz 150 7553 ana
acc. QEO-11-074 IS0 4063

WAL
See partslist |_
MAME:
sseshae: 160201
AN

occardrg 1o OED-T-0%:
fc‘: Used af: High Vac/ Received at: Pre-cleaning

v =

M uGeRT ™ ACHT  [BRyeral data  |STEET 10-01 oF 01
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New QOEO-11-061 on cleanliness of EM parts and mFlow: Levels!

New QEO

Vacuum Mono parts mFlow

26

Supplier Thermo Fisher Scientific
TPD $ (Pre-) Vacuum
Machining, J\ Cleaning, Inspection, —7\ Final Bake 180 °C J\ Storage in —\ Assembly
J\ Shaping —/ Packaging Storage —/ Cleaning + GN, vent ‘/ GN, cabinet —‘/
Material /
I | 1

New QEO Received at: Used at:

PCL n (x) PCL m (y)

CCLa (v) CCL b (0)

DSB-27-RDG-23/008 18-04-2023_v2

PCL= Particle Cleanliness Level
CCL= Chemical Cleanliness Level




ThermoFisher

Example QEO-11-070 to new QEO-11-061 on cleanlines of EM parts EEEEGEC

1 2 3 4
1 L L
1 N 2 ! 3 L 4 REV] OAE | ER | DESCRPTION OF CHANGE T NAME
REV] DONE | ER ] DESCRIPTION OF CHANGE T NAME

New

Used at: Received at:

: Received at:
Used at: PCL 4 (1)

QEO-11-061

PCL 8 (100)
CCL 6 (0)

Pre-cleaning

{ QEO-11-070 CCL 2 (0)

Checked e
Packaged P2 B
acc. QEO-11-074 4

A Checked and Welded acc
Packaged P2

IS0 2553 and
ace. QEO-11-074 IS0 &
e RO
Fisher B
SCIENTIFIC
o /
e partslist

'aig \2/1' = e \ ‘o sheet 160-01 o

4‘-‘ ! Received at: 75& (00l
. s i)

— :lm T A L& “Used m P e
C [‘m = mm — %
W C

See partslist

{See sheet 160-01 /

Used uf th Vac/ Recei vedkPre cleaning ’
AT MPBER

TUGRT | ACHT  |Paaeal data |SEET 110-01 o 01 RN
I Hfg! [Qiém [T umRT [ AT [Phyecet data |STEET 110-01 oF 01

27  DSB-27-RDG-23/008 18-04-2023_v2



28

Particle
Cleanliness
Levels
(PCL)

for EM

based on
1ISO 14644-9

DSB-27-RDG-23/008 18-04-2023_v2

Preview New Cleanliness Specification for EM

Description Verification Measurement 8 7 6 5 4 3 2
Method Targeted (IS0 SCP7) | (150 SCP6) | (1SOSCP5) | (15O SCP4) (150 SCP3) (150 5CP2)
Particle Size
Particles/ Otoscope or Z1 pm Remavable A A A A A A
fibers Endoscope =5 pm particles 1) L L
(in drilling holes) Z10 pm gllowed *¥)
50 pm
>100 pm
Bare Eye 2100 pm Removable A A A A A A
particles
allowed *¥)
Uw-A 50 pm Removable A A A A A A
particles
gllowed *¥)
Bright Light =50 pm Removable A A A A A A
particles
allowed *¥)
Optical Stereo 10 pm NJA NJA A A A A A
Microscope
(maga. 40x)
Surface Particle 25 pm NJA N/A N/A A A A A
Measur, Counter,
Surface Particle Z1,0 pm NJ/A N/A N/A N/A A A A
Measur, Counter,
or
Digital Microscopy
w. particle measur,
count software,
or
SEM
w. particle measur_
count software
SEM with particle >0,1pm N/ N/A N/A N/A N/A A A
Mgasurment count
software
General items related to the level
Approval According to ¥es, but only Yes, but only
manufacturi measurement on assembly on assembly
ng flow procedures level lewvel
by Thermo
Fisher
Scientific

A=Applicable, N/A=Not applica

Dle

ThermoFisher

SCIENTIFIC

< Levels!
In Sync with ISO,
except Level8
(Removable particles
allowed)
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Chemical
Cleanliness
Level
(CCL)

for EM

(Not according ISO @)

DSB-27-RDG-23/008 18-04-2023_v2

Preview New Cleanliness Specification for EM

ThermoFisher

SCIENTIFIC

{S:;;';{":ﬁ::;;'; prir s W i Verification:
I Visual inspection with
PG Pt |  bare eye, microscope, Bright light,
fiquids on surfaces e Wit UV-A, Otoscope light in holes.
R 0 means not visible
& refwresen 3 O
liquids on surfaces Endoscope I smzll as . ' . .
drilling and thread otoscope identifatle «  Exception Level 6 — UV-A light - stains and
holes) Light microscopy . . g
megn discolouration allowed if removable
Chemical contaminztion RGA [ (LT A 1,0-10° 2,0:10° 2,010 2,0-10
[outgassing) e (wolztile) _ .
e e | [ i e I Verification: Qutgassing measurement.
wvolatile)
NG| N - —— | 2010% | 20107 « Level 3 and 4: audit, wet processing
H.0 [Ukﬂﬁ‘ ;-I,'hj-: (mh a,lg,l-]hﬁs]-an [m:har:/ s
- -101 = d M=
Low Vac High Vac }:;E_- I::lI:h]_ ° CXHy [mbar*VS *Cm2 ]
No Mo Bakeout 2]
bakeout with with -
¢ i | un and I1ISO 14644-10 [ng/m
ref.5 ref.5
chemical contamination RGA Gy Nis | HAA TS NiA mﬂfﬁ mx do nOt matCh
[outgassing) e (wolztile)
For Assembly o na | nia ¥ Measurement methods for EM
i P . cleanliness in ISO 14644-10
H.0 |5
& time] not sensitive enough
with
Bakeout
Chemical contamination | KPS on samples (noton @ Elements, Mia | Avald Hwald Hweid elements Aucid Elements . .
(distrhing elements] | product)from process | - stomic gemsin, | semrsin | mswann | et | wd | Verification on unwanted elements,
?HTS:JT:LT: level surface surface wenfication not Cuon leweks ) .
e | s | | e | S| €-9- Z0,Si, via SEM-EDS, XPS,.. (future)
not
Chemical contaminztion Mezsured on samples H-Gas B /& NS A HiA Maximum . . .
(hydrogen content) stheprocess  l contem: . ‘ Verification outgassing UHV/XHV after
qualification by IE nTPD 150
| et et refera noe B

vacuum firing, H, outgassing mbar*l/s *cm?



Examples particle measurement methods
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File Settings

Sample Id: fm_HQ212809142_Alu_TFS_20211027_103104  Comment:

Processed Image Detail Image RAW Image

- FAST MICRO

Hide Overlay Reset 3D

Partide Analysis V1.996(27.07.2020)

Capture and Analyze

Sample Identification
HQ212809142_Alu TFS

Comment

Base directory: C:\fmdata\Test

frm_HQ212809140_20211019_112600
fm_HQ212809140_20211019_121233
frm_HQ212809141_20211011_114335
frm_HQ212809142_20211011_110654

frm_HQ212809143_20211011_090645

N :
A 975 (5098 .
2419 (412 Index X Y Size

- Analysing 5095/5098 smas1 1 12507 5820 Particle measurement on PMC 2.0
:mgiyzzg ggg%ssggg 1338323 2 12.675 5.800 IR
-Parbée gosm'on list saved gsé)(ssg) 3 12.763 6.094 REu TeSt ObjeCt CUbe Aluminium

- Image saved a e 12.866 5.803

0 (0) 13.071 5.992 [JERR
— FINISHED — . N
1094000 U 0@ 12.240 5.993 KVRE

Showing Analysis:
fm_HQ212809142_Alu_TFS_20211027_103104 12408 6.020 NG Note: Q uick

13.295 5.855 MERH

DSB-27-RDG-23/008 18-04-2023_v2




Interval 1 2 3 4 5 6 74 8 9 10 11
Max diameter(um) | 0-5 5-15 15 - 25 pEgE(ol 50 - 100 100 - 150 150 - 200 | 200 - 400 400 - 600 | 600 - 1000 1000 -
Count 622.0 142.0 7.0 1.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0

10/27/2021 12:09:26 PM Maximum size: 32.7um
Display object: All Extraction area: 141.69mm?
24.206907um 23,040893um 22-822491um

464823Um 13 163895um 11.714443um 11671611Um 11.411245um 11.189647um

20.825974um 20.141364pm 17.5074 Count: 7720 pcs Calibration: 1.001um/pixel

No. Filename  Category = Maxdi... Area Inter.. Mindi.. Maximu.. Average .. 2l
VHX_000007,j... Other - 2.8uym 8.01um? 1 2.0um 141 32
VHX_000007,..  Other -  1.0um 2.00um? 1 0.0pm 1.00 19
VHX_000007j... Metal - 9.0um 49.08um? 2 5.6um 1.60 52
VHX_000007j..  Other -  2.2um 5.01um? 1 1.0pm 224 21
VHX_000008,j... Other - 1.0um 2.00pm? 1 0.0pm 1.00 23
VHX_000008,..  Metal -~  5.1um 20.03um? 2 35um 1.44 38
VHX_000008,j... Other - 0.0um 1.00pm? 1 0.0pm 1.00 20
VHX_000008,j Metal - 5.4um 26.04pm’ 2 4.0pm 1.35 46
VHX_000008,..  Metal -  5.8um 32.05um? 2 5.0um 117 45
VHX_000008,j... Other - 1.4um 4.01um? 1 1.0um 141 21
VHX_000008,..  Other -  1.4um 4.01um? 1 1.0pm 141 27
VHX_000008,j... Other - 1.0um 2.00pm? 1 0.0pm 1.00 20
VHX_000008,j... Other - 2.8um 8.01um? 1 2.0um 141 25
VHX_000009, Other - 3.2um 9.01um? 1 2.0pm 1.58 22
VHX_000009,... Other - 3.6pm 13.02um? 1 2.8um 1.27 31
VHX_000009,j..  Other -  1.4um 3.00um? 1 07um 141 22

1

1

1

1

1

1

2

1

1

2

4

1

1

1

11.1896

o
I

£
N
®
)
3
r=}
=
3
N
IS

VHX_000014,j... Other - 2.0um 3.00pm? 0.0um 2.00 20
VHX_000014,..  Other =  0.0um 1.00um? 0.0pm 1.00 19
VHX_000015,j... Other - 2.2um 5.01um? 1.0pm 2.24 24
20 VHX_000015, Other - 1.0um 2.00um? 0.0um 1.00 20

21 VHX_000015,j... Other - 3.2um 9.01um? 2.0pm 1.58 20 Parthle measurement On PMC 2-0

~
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o
w
N
©
@©
~
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22 VHX_000015,... Metal - 4.1um 13.02um?

S 2.8um 1.46 37 . . -
| 25 VWXO00TS)  Other - tadum 132220’ Tem | 124] a2 Test object cube Aluminium
24 | VHX_000015,j... Other - 3.6um 10.02um? 2.0um 1.80 22
0 25 VHX_000015,j... Other - 0.0um 1.00um? 0.0um 1.00 19
26 = VHX_00001 Other || 7.6um 20.03pm? 3.1um 243 22
|27 vixcoooots. wetal fl s27um 4g0soum’ 4 109um 164 72 Note:
28 VHX_000015, Other - 0.0um 1.00pm? 0.0um 1.00 24
29 | VHX_000015,j... Metal - 4.5pm 18.03um? 3.5um 1.26 33 Y
30 VHX_000015,j... Other - 4.1um 17.03um? 3.5um 147 31 ContaCtleSS
» Particles, fibers & metal particles
individual visible
* Less quick than Fastmicro
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Example particle contamination measurement Phenom SEM

s - . . Histogram Chart Generated Based on DMAX
| Individual Particle Parameters | Table with hardness groups and histogram
Stage Map
\ B Sample Information Sample Prep Information Run Information
Company: Component Surface By: Volume Magnification: 220
200
Operator Name: Volume of Extraction {em) 100 Mumber of Stage Fields: 61
Part / Sample 1D: Projectad Volume (cm®) 100 Area Scanned (mmd): 36.42
Analysis Date: 3292021 1:30-40 PM Run ID's Present Run_1
- 150
e [0 |5 [0 [ | x| v e | e [ o ] o | o Particle Results £
1 2 25432 | 21773 Misc BAT1 | 41684 1177 | 333983 | 0657 05% 0330 20621 | 64600 - o
Size Class Based On: DMAX B C D E F G H | J K b
e 3
:‘:: \l 1 T Size Range (um) Total | ssx<1s | wssxezs | 2sx<s0 | maexs100 [00sx<150 | 150sx-200 | 2005400 | 40052600 |e00wx< 00| 1000sx s
pyi AT = 100
A T T T T T S SR T T
wo | B [ o [0 o | x| v [ ae | o ] =0 | o 98 96 3
2 3 72569 | 49169 | Glass 8222 | 42006 1476 |2184584| 0528 0478 0.849 52740 | 67.000 111 34 EB g
G T 9 T 1 1
.?fﬁ \‘ fL 119 64 43 4 1 1
o : -
o il R L 50
0 1 2 3 4 5 & 1 8§ 0 Steel 2 1 1
o | o [0 [ [ [ x| v e | e o] o [ e | o (bR o= = 4 ! 2 ! Note: 25<x<50 - <50 pm
- (Ca-Aluminosilicates 5 3 1 1
5 | 4 |eson | e | amos | 777 | avess | azes |missen aam | osw | aewz | 5300 | 7aec0
(Oxidized Al 1 1
Misc Salts 7 7 0 - s o b " S - Py >
< X3 s k)
ISR TR TR T TR ) Mon-Ferrous Metal 1 1 G‘-{; T ¥ F - F %“.+ 0\‘..+ 00\“4— 0‘.,4’ 2 v, %b\r
v [ | e [Pt] o B oo [ o — 3 3 s o s %, v, o, % %, v,
. = . - 1 v % %
Particle size classifications in pm
Total Counts 380 0 0 230 Il 13 2 2 0 o o Si Rich - Al203 - Si02 - Glass = Steel * Aluminosilicates - Ca-Aluminosilicates = Oxidized Al *Misc Salts “ Non-Ferrous Metal - Mineral ~Misc
Motes: This chart lists panicles based on hardness value. To create it, the range of hardness (in HV) was added as a property to the dlasses.
S R ST A S S W iy e e o Sy ey ey
¥ | mspect | ares |Founde) Farm E;g‘;‘:‘ Eo | o .
Y O O ) ) o o p Particle measurement on PMC 2.0
Test object: Test on table surface
Class Name Calor Sub Total
M T A A T AT Hard % Measurement: Phenom ParticleX TC Desktop SEM
¥ | mspect | ares |Founde) Farm E;g‘;‘:‘ Eo | o
Medium 1
ares | 5o |ssass| ars | oass | 2ws | rmoss | eaxo
Saft 3
Note:
3 4 5 & 7 L] 9 10
T e T B | - * Vacuum
7 s | sswe | 670 | azos ;Run 41559 | 143 |arasess| asss | o71s | ez | e | esa00 ° Partldes, flbers & metal part|C|eS |nd|V|dual VISIble
oo | | i . . - .
.m mU l * Particle size & chemical composition discovered
1 e
T S S N SR S SR AN N . q
* Less quick than Fastmicro
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Example particle contamination measurement Phenom SEM

Histogram Chart Generated Based on DMAX

Particle Size Distribution

Size Distribution - Count
16001

Based on Dmax 0% 50% 0%
Misc Saltz 1.8 pm 28um 4.6 um
Steel 3.0pm 49pum 85um
Mineral 0.5pm 29pm 9.0 pm
1200! Mon-Femous Metal 35pm 62um 13.3 pm
e Oxidized Al 2.2 um 41pm 7.6 pm
5 Misc 22um 38pm 78um
;ﬂ Ca-Aluminosilicates 1.6 pm 1.6 um 7.8 pum
E 41203 05um TAum 34pm
& 800! Aluminosilicates 0.8 pm 31pm 6.9 pm
Zn Coating 1.7 pm 1.7pm 35pm
Si02 0.5um 14pm 6.9 pm
Mineral Fiber 0.8 pm 0.8pm 8.7 pm
Glass 0.5pm 29pm 11.2 pm

400
° s K % o 4 % - k7 % (2
\r+r F A F 0“} o\",';, 0\‘_+ O“'+ g‘",f, Cb\r-
75 ‘-\—‘J- rJ‘O rzo v, TS T \-% v, +
v o %» % ] %

Particle size classifications in pm
Steel * Misc “ Ca-Aluminosilicates - Non-Ferrous Metal “ Misc Salts “Oxidized Al - AI203 = Aluminosilicates ®Mineral  Mineral Fiber - Glass
Si02 “ Zn Coating

Particle measurement on PMC 2.0

Test object: Test cube (PMC_1sample_Rev2.rafa
3/6/2023)

Measurement: Phenom ParticleX TC Desktop SEM

Note:

*  Vacuum

+ Particles, fibers &metal particles individual visible
+  Particle size & chemical composition discovered

Stage Map |
Sample Information Sample Prep Information Run Information
) * Company: Component Surface By: Volume Magnification: 1000x
Operator Name: Volume of Extraction{cm?®) 100 Number of Stage Fields: g7g89
. Part # | Sample ID: Projected Volume(cm?®) 100 Area Scanned(mm®) 196.18
; Analysis Date: 3/6/2023 4:26:31 PM Filter Size (mm): 300 RunlD's Present: Run_1
Particle Results
Size Class B C D E F G H | J K
SizeFIange (um) Total | ssx<s Wexe | HeXeb) | S0eX<100 | 10X <160 | 160X <200 [ 002X <400 [ 400X <600 |G00<X <1000 000X
Steel 807 787 18 1 1
Sge | widh Foundne | Fomn | EdgeRou
Rank [} o | fm | G x Y | Aspect | Area | Factor | ahvess | ECD T Wi 268 e 3 3 3
Nor-
1 3485 | 173726 | 52472 F;ﬁgls 6478 | 2124 | 3382 |S19e788| 0213 | 017 | 1614 | 81343 | 33100 Ca-Aluminosilicates 1 1
etal
Non-Ferrous Metal 435 390 31‘ 1 2 1
F* I Mise Salts 8 8
100 A i
) fooA A ! (Oxidized Al 203 192 ] 2
1 2 3 1 5 5 7 59w 203 o8 ™ 1 7
Se | Widh Foundne | Fomn | EdgeRou
Rank 2] wm | o | CE= B Ve s | Factor | gness | B n Aluminosilicates 12 1 1
Nor- -
2 3497 | 77666 | 64012 Farfgls 2437 | 2142 | 1438 |2680755| 0566 | 0132 | 1438 | 53423 | 89100 Mineral 26 25 1
etal
= Mineral Fiber 1 1
o I" Glass 2 2
. b -
m: S N I;\ NI Ni Si02 4 4
1 2 3 1 5 5 7 59w Zn Coating 0
Rak | D | pEe | WO o | x ¥ | ampem | meea |Foupne| Fom (BeRl e | o Total Counts 1985 | 1901 70 17 6 0 1 0 0 0 0
3 1330 | 60686 | 23894 | AI203 | 3981 | 3436 | 1389 [238721| o083 | 0003 | 1188 | 1743 | 52100 Notes:
" - Al
00 ’ ”
o0 I“_l: Zn IT Ti T Nz
°5 2 3 4 5 8 1 8 0
E Width Foundne | Fomn | EdgeRou
Rank D :M;';‘E} wm) | s x ¥ Aepect | Asea = == g"hgem ECD Fe
4 2343 | 60263 | 24338 | Sweel | 0137 | -8008 | 2727 [stamiz| 0321 | 0153 | 1488 | 34127 | 52300
T
fz00 1
100 [y i \; -
qiviE w ®
1 z 3 4 5 5 7 5 3w
S Width Foundne | Fomn | EdgeRou
Rank D :M;';‘E} ) | s x ¥ Aepect | Asea = == g"hgem ECD Ti
Nor-
5 aa07 | 57833 | 34107 | Ferows | 4561 | 12080 | 2022 |s79se7| o37s | otos | s | asae | sssoo
Meta
T
oo
|\
100 Al || T
= __n JLa o crre Fe
1 2 3 4 5 5 7 1w
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* Less quick than Fastmicro
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Example Module measurement at D&M RGA-tool

Mass spectrum at verification time (not corrected)

|
0
Generated: 20 July 2016 at 08:38 hr Page 30f4

Example RGA- spectrum measurement result: not clean.

H UL

00
Mass (M/e]

Thermo Fisher Clean Lab with 2 D&M RGA-tools

I

ple ® Background

Ll aIMJ‘n.thy.JJanM.l{.

Ii
& 130 10 1 180 2005

17
1E-8
189
A0
3
B
=
1E-11
1E12
1E13
1E-14
1E15-
0
® Sampl,

35 DSB-27-RDG-23/008 18-04-2023_v2



Themo Fisher Scientific Clean Lab Operations Engineering with RGA tools, Phenom, Flow cabinet for Optical microscope ThermoFisher

SCIENTIFIC

Outgassing:
D&M Cubel50 RGA-tools

Particle size/analysis:
Phenom XL G2 Desktop
SEM

FIOWFAST H.

| Y“‘
1
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ThermoFisher

Scratches on vacuum surfaces
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Other problems with vacuum surfaces

Roughness, flatness Vibration of tooling
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ThermoFisher
SCIENTIFIC

Example contamination

Incomming inspection of
Stainless Steel part.

Problem: not HV clean,
not ready for final cleaning

Particles and dirt from holes,
removed with cleaning stick

Visual inspection by: bare eye
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Example contamination

Incomming inspection of
Stainless Steel part.

Problem: not HV clean,

not ready for final cleaning

Particles from thread holes,
removed with cleaning stick

Visual inspection by: bare eye
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Example contamination

Incomming inspection of
part.

Problem: not HV clean,
not ready for final cleaning

Wipe and cleaning stick
cleaning

Visual inspection by: bare eye
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Example contamination

42  DSB-27-RDG-23/008 18-04-2023_v2

Incomming inspection of

Stainless Steel part.

Local corrosion, particles and stains
Visual inspection by:

bare eye, UVA-light




Example stains on part for UHV application

Remainings from foam blocker
added to cutting fluid,

e.g. by drying in between
processing steps.

White stains
Bare eye observation
e Made visible with Bright light
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Example Discolourization, oxidation and stains

Made visible with bare eye, Optical Microscope, UV-A and Bright light
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Example Assy (laser welded):

Assy cleaned too long

Galvanic corrosion Ni-Cu wire Metal burr, laser welding droplet, organic dirt particle, discolerisation:
45  DSB-27-RDG-23/008 18-04-2023 v2 Made visible via Stereo MinOSCOG Ox-40x




Example organic contamination

Titanium Turned Surface

Ra<0.6 um

Ploughing tracks, plastic deformed top surface
and contamination

Problem: electrical charging in application

Analysis with: Phenom SEM

->Tool for manufacturing dependency

Imaged/analyzed in backscattered electron mode at 15kV

Current process
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Example organic contamination

Titanium Turned Surface
Ra<0.6 um

- New process
-> Tool for manufacturing changed

Analysis with: Phenom SEM

Imsaged/analyzed in backscattered electron mode at 15kV

New process
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Example molecular contamination

Problem: Carbon growth in application.

Shielding bush UHV/XHV application
Surface roughnes <0.2 um Ra

Carbon molecular contamination
(blue)

Analysis with Phenom SEM
with EDS

Q‘ thermo MV spot et mode W mag ¥
2 OONNC. 15.00kV | 5.0 CBS Al T um 160 x 11.0 mm

—>Mechanical polishing not wanted for UHV/XHV
48 DSB-27-RDG-23008 18.04-2023 v2 Electrolitic polishing, mirror turning, plasma polishing: yes!

Remainings from polishing with abrasive cloth containing SiO, and an organic based glue
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Example particle contamination

DSB-27-RDG-23/008 18-04-2023_v2

ThermoFisher

SCIENTIFIC

Molybdenum surface
Al,O, particles, size 10 pm
Half embedded in surface

Analysis with: Phenom SEM

Powder blasting not wanted!



Example particle contamination

Screw thread in Molybdenum part
burrs can come loose
Visible with Optical Microscope

Analysis with: Phenom SEM
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Example (organic) particle contamination

Particles in a vacuum transport container
Bare eye observation
Made visible with: UV-A light
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Example particle contamination

INITIALIZE SYSTEM

EMERGENCY EEEPM

System Status

—Start up
System Config XML
TESA Gauge
Rotary Stage
DEVA Board
(Top) Camera il
(Side) Camera
Light Source #1 Ll
Light Source #2
Light Source #3 “d
NI Device «d
Joystick “d

Rotary Stage Homed
Light Sources Set «
System Initialized

Light Source Control On Keypad
Top Y

2 | Current Intensity LS1

0 Current_Intensity LS2

80 Current_Intensity LS Bottom

360.0 Position (deg)

Quit

2 L @

S

Aperture

SWITCH ON LIGHT

EXPERT LOGIN

Serial # Extra:

Serial # GunL

= lelolpla@blomh [+ ey

3| eloglsl@OON|: G

07:19

~ dx NG 1910002 B

DSB-27-RDG-23/008 18-04-2023_v2

ThermoFisher

SCIENTIFIC

Particles inside
aperture

Problem electrical
charging in application

Made visible with:
optical microscope




Example particle contamination

53 DSB-27-RDG-23/008 18-04-2023_v2

Beam blocking issue

Aperture hole with metal droplet
from a spark welding process

Visible with: Optical Stereo Microscope
Analysis with: Phenom SEM




ThermoFisher

Contamination on lead parts.

lead Cloth with Ipa wiped over the lead



Contamination on lead parts.

Samples cleaned and bake-out. (Surface without stains).

BSD Full

0.10Pa

FW: 450 pm. Mode: 15 kV - Point, Detector: BSD Full, Time: 11/16/22 5:16 PM

Element Element Element Atomic Weight
Number Symbol Name Conc. Conc.

8 8] Oxygen 53.386 14.400
11 Na Sodium 11.864 4.600
17 Cl Chlorine 7.862 4.700
19 K Potassinm 6.220 4.100
82 Pb Lead 20.669 72.200




Contamination on Lead parts

«—— amu 18 QH20 (water).

1E59- L
ol amu 45-100 amu 101-200
H’_ QCxHy v QCxHy nv
1611 il .
i
1E-18 H;; il
e il i _ _
| | | H\h A0 Ll
seas 1111 | 11 LI LAY II,III‘ I ‘I|,||‘, | .I‘IllliII‘,HILH\!J\HIJ I‘ﬂ

Outgas Values

Qmeasured Qbackground Qbatch Qspec |

[mbar=lis] [mbar=lis] [mbar:l/s] [mbarl/s]

H20 5.33E-7 2 51E-7 282E-7 500E-6
CxHy v 1.59E-9 1.22E-9 <1.22E-9 5.00E-9
CxHy nv  2.55E-10 3.34E-10 <= 334E-10 5.00E-10
N2 1.48E-7 1.34E-7 < 1.34E-7 5.00E-7
02 7.90E-8 7.T9E-8 < 7.7T9E-8 5.00E-8
Ar 1.72E-9 2 56E-9 = 2.56E-9 1.00E+0

® Sample ® Background
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