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• Introduction

• Electron Microscope

• Parts, Material Aspects, Contamination 

and Cleanliness for Electron Microscopy

• New QEO-11-070/QEO-11-061

• Examples

• Q&A



Fact Sheet 
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Complementary segments
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Electron Microscope
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Transmission Electron Microscopy (TEM)

Illumination 
System

Imaging 
System

Projection Chamber

Electron Gun

Condenser System

Octagon

Projection System
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Transmission Electron Microscopy
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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!

e-beam



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

Chemical Clean

Prevent sample etching by beam interaction with

• Oxygen (O2)

• Water (H2O)

Prevent sample contamination (carbon growth) by beam interaction with

• Hydrocarbons (CxHy)

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)



‘A Vacuum is as good as the weakest link’
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Vacuum for Electron Microscopy

Not only applicable on the ultimate pressure,

but also,

to the Quality of the Vacuum



Parts, 
Material Aspects, 
Manufacturing,  
Contamination 

and 
Cleanliness 

for Electron Microscopy
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Materials used in, and specification for Electron Microscopes 

Material used:

• Stainless Steel (316, 304)

• Aluminum

• Titanium

• Copper

• Aluminum-Copper

• Phosphor bronze (Cu-Sn-P)

• Nickel-Iron

• Cobalt-Iron

• Graphite

• Ceramics

• Platinum

• Gold plated copper

• Lead

• Engineering Plastics

• PCB

• Elastomeric seals

• …………

Not used:

• Cadmium 

• Zinc

• Brass (Copper-Zinc) 

• Grease

• ..

(low vapor pressure materials)

Manufacturing:

• Processing, treatment, handling and 

cleaning is depending on the material 

and shape. 

Specification:

• The requirements are specified via 

Technical Product Documentation 

(TPD), sheet 110, 160 or 199.

• The required cleanliness is specified via 

the Quality of Electron Optics (QEO) 

documents:

• QEO-11-070 describes the 

required cleanliness level

• QEO-11-074 describes packaging 

of cleaned parts

It’s the responsibility of the supplier 

to achieve the required specification



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

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

• 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 µm - 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 µm , no thin film contamination

Process evaluation procedure: RGA test cube wet processed: CxHy-v <1E-8 and CxHy-nv <1E-9 mbar*l/s*cm2

• 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 µm , 

• No thin film contamination,

• Process evaluation procedure: RGA test cube “wet” processed: CxHy-v <2E-9 and CxHy-nv <1.2E-10 

mbar*l/s*cm2
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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 

Cleaning
Inspection /

Packing

Raw 

Material

Transportation
Manufacturing 

Performance 

Check @TFS

TPD

Evaluation by Thermo Fisher Scientific (or authorized body) on

• particles >3 µm,

• visual appearance, 

• CxHy-v, CxHy-nv values (RGA-spectrum)

(based on QEO-11-070)



Particle contamination and visual appearance
Visual inspection tools
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Endoscope

Microscope (M=40x)

Loupe (M=9x)

Bright light UVA-light 

Microscope illumination 



Example Test Cube visual inspection @ Thermo Fisher Scientific  
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Important: work clean, use gloves.

Keep in mind: prevent cross contamination.

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

Conductivity Copper 

version



Example Test Cube visual inspection @ Thermo Fisher Scientific  
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Stains 

Stainless steel version Oxygen Free High 

Conductivity Copper 

version

Stains 

Stains and (organic) 

particles and fibers 

Stainless steel version
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Molecular (chemical) contamination:
D&M Cube-150 Vacuum Qualification System      @

D&M Cube-150 Vacuum Qualification System

CxHy v 

AMU 45→100

CxHy nv

AMU 101→200

H2O (water)

AMU 18

AMU 1→200



Example Test Cube chemical contamination measurement @ 
Thermo Fisher Scientific  
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Example Test Cube chemical contamination measurement @ 
Thermo Fisher Scientific  
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40 times 

out of specification
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Cleanliness in the supply chain of EM Vacuum Mono Parts manufacturing

Microscope 

Assembly

Clean 

Storage 

(GN2

cabinet)

‘FAT’

Contamination

Performance Check

( C- / Ice-growth )

Parts 

Final  

Cleaning

Parts 

Manufacturing / 

Shaping

Mono 

parts

Transportation mono parts

Inspection 

/ Storage 

Raw 

Material

TPD

Primary Parts 

Cleaning

Vacuum 

bake 

180˚C, 

GN2

vented

Parts pre-

cleaning,  

Handling & 

Treatment

Thermo Fisher Scientific

Supplier

Packaging 

Note: UHV/UHV requires 

different approach. Vacuum Firing

Max 24 h

Alkaline 

solution

or wet+vapour

Spec. according TPD:

CxHy-v   <...E-.. mbarl/s 

CxHy-nv <...E-.. mbarl/s 

H20       < ...E-.. mbarl/s 

H2 < ...E-.. mbarl/s 

Spectra with limits
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Cleanliness in the supply chain of EM Vacuum Module/Assy manufacturing

Microscope 

Assembly

‘FAT’

Contamination

Performance Check

( C- / Ice-growth )

Parts 

Final  

Cleaning

Parts 

Manufacturing / 

Shaping
Raw 

Material

TPD
Parts pre-

cleaning,  

Handling & 

Treatment

Thermo Fisher Scientific

Supplier

Vacuum 

bake/firing 

and GN2-

vented

Clean

Storage 

(GN2

cabinet) 

Module 

Assembly

Module 

Vacuum 

Bake, GN2

vented

He-leak 

check,

Functional 

test,

RGA check 

Metal case 

packaging  

& N2

atmosphere 

trans

port

Spec. according TPD:

CxHy-v   <...E-.. mbarl/s 

CxHy-nv <...E-.. mbarl/s 

H20       < ...E-.. mbarl/s 

H2 < ...E-.. mbarl/s 

Spectra with limits

Part of 

Vacuum Budget 

of Microscope



Preview New Cleanliness Specification for EM

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

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/N2 vented

• Application clearing evaluation for UHV/XHV that requires Vacuum Firing (removing H2 from bulk 

matrix)

Parts 

Cleaning

Inspection 

/

Packing

Raw 

Materi

al

Transportation
Manufacturing 

Performance 

Check @TFS

TPD
Vacuum 

bake 

180˚C, 

GN2

vented

Thermo Fisher Scientific 

Contamination

Check

(particles/stains/oxidation/

CxHy-v/nv, H20)

Primary Test 

Parts Cleaning

Alkaline 

solution

or wet+vapour

QEO-11-070 used at HV QEO-11-061 used at HV  

Particles > 3 µm PCL5, PCL4, PCL3, or PCL2 

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

RGA CxHy-v [mbar*l/s*cm2] Audit: <2E-9 Audit: CCL3; HV/UHV: CCL2 

RGA CxHy-nv  [mbar*l/s*cm2] Audit: <1.2E-10 Audit: CCL3; HV/UHV: CCL2

RGA spectrum - > AMU44 : peaks 3 decades lower than H20 peak

RGA H20 [mbar*l/s*cm2] - HV/UHV: CCL2, CCL1

RGA H2 [mbar*l/s*cm2] - UHV: CCL1
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Example Cleanliness on sheet 110  (QEO-11-070 applicable)
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New QEO-11-061 on cleanliness of EM parts and mFlow: Levels!

PCL= Particle Cleanliness Level

CCL= Chemical Cleanliness Level



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

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

QEO-11-061

New 

QEO-11-061



Preview New Cleanliness Specification for EM
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Particle 
Cleanliness
Levels 
(PCL)
for EM

based on 
ISO 14644-9

 Levels!

In Sync with ISO, 

except Level8 

(Removable particles

allowed)



Preview New Cleanliness Specification for EM
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Verification: 

Visual inspection with 

bare eye, microscope, Bright light,

UV-A, Otoscope light  in holes.

• 0 means not visible,

• Exception Level 6 – UV-A light - stains and 

discolouration  allowed if removable

Verification outgassing UHV/XHV after 

vacuum firing, H2 outgassing mbar*l/s *cm2

Verification on unwanted elements, 

e.g. Zn,Si, via SEM-EDS, XPS,.. (future)

Chemical

Cleanliness

Level

(CCL) 

for EM

(Not according ISO )

 Level 6 ..... 1

Verification: Outgassing measurement.

• Level 3 and 4: audit, wet processing

• CxHy [mbar*l/s *cm2 ]

and ISO 14644-10 [ng/m2]

do not match

Measurement methods for EM 

cleanliness in ISO 14644-10 

not sensitive enough



Examples particle measurement methods
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Example particle contamination measurement Fastmicro 
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Particle measurement on PMC 2.0

Test object cube Aluminium 

Note: Quick



Example particle contamination measurement Keyence VHX-7000  
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Particle measurement on PMC 2.0

Test object cube Aluminium 

Note:

• Contactless

• Particles, fibers & metal particles 

individual visible

• Less quick than Fastmicro



Example particle contamination measurement Phenom SEM 
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Particle measurement on PMC 2.0

Test object: Test on table surface 

Measurement: Phenom ParticleX TC Desktop SEM 

Note:

• Vacuum

• Particles, fibers & metal particles individual visible

• Particle size & chemical composition discovered

• Less quick than Fastmicro

Note: 25<x<50 → <50 µm



Example particle contamination measurement Phenom SEM 
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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

• Less quick than Fastmicro



Example RGA measurement @ Thermo Fisher Scientific  
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Thermo Fisher Clean Lab with 2 D&M RGA-tools

Example Module measurement at D&M RGA-tool

Example RGA- spectrum measurement result: not clean.



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

D&M Cube150 RGA-tools

Particle size/analysis: 

Phenom XL G2 Desktop 

SEM



Scratches on vacuum surfaces
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Other problems with vacuum surfaces
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Roughness, flatness Vibration of tooling Material imperfections



Example contamination 
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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



Example contamination 

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

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



Example contamination 
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Incomming inspection of

part.

Problem: not HV clean, 

not ready for final cleaning

Wipe and cleaning stick

cleaning

Visual inspection by: bare eye



Example contamination 
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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
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White stains

Bare eye observation

Made visible with Bright light

Remainings from foam blocker

added to cutting fluid, 

e.g. by drying in between 

processing steps.



Example Discolourization, oxidation and stains 
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Made visible with bare eye, Optical Microscope, UV-A and Bright light



Example Assy (laser welded):
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Metal burr, laser welding droplet, organic dirt particle, discolerisation: 

Made visible via Stereo Microscope 9x-40x

Assy cleaned too long

Galvanic corrosion Ni-Cu wire



Example organic contamination 
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Titanium Turned Surface 

Ra<0.6 µm

Ploughing tracks, plastic deformed top surface 

and contamination

Problem: electrical charging in application

Analysis with: Phenom SEM

→Tool for manufacturing dependency



Example organic contamination 
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Titanium Turned Surface 

Ra<0.6 µm

Analysis with: Phenom SEM

→ New process 

→ Tool for manufacturing changed



Example molecular contamination 

Remainings from polishing with abrasive cloth containing SiO2 and an organic based glue

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

→Mechanical polishing not wanted for UHV/XHV

Electrolitic polishing, mirror turning, plasma polishing: yes!

Problem: Carbon growth in application.

Shielding bush UHV/XHV application

Surface roughnes <0.2 µm Ra

Carbon molecular contamination 

(blue)

Analysis with Phenom SEM

with EDS



Example particle contamination 
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Molybdenum surface

Al2O3 particles, size 10 µm

Half embedded in surface

Analysis with: Phenom SEM

Powder blasting not wanted!



Example particle contamination 
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Screw thread in Molybdenum part 

burrs can come loose

Visible with Optical Microscope

Analysis with: Phenom SEM



Example (organic) particle contamination 
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Particles in a vacuum transport container

Bare eye observation

Made visible with: UV-A light



Example particle contamination 
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Particles inside 

aperture 

Problem electrical 

charging in application

Made visible with: 

optical microscope



Example particle contamination  
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Beam blocking issue

Aperture hole with metal droplet

from a spark welding process

Visible with: Optical Stereo Microscope

Analysis with: Phenom SEM



Contamination on lead parts.

Cloth with Ipa wiped over the leadlead



Contamination on lead parts.

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



Contamination on Lead parts

amu 45-100 amu 101-200

QCxHy v QCxHy nv

amu 18 QH2O (water).
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