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CONFIDENTIALITY STATEMENT

This presentation has been prepared exclusively for the benefit and use of Edwards and is confidential in all respects. 

This presentation does not right of publication or disclosure, in whole or in part, to any other party. This presentation is the 

property of Edwards. Neither this presentation nor any of its contents may be used for any purpose without the prior 

written consent of Edwards. This presentation includes certain statements, estimates, targets and projections as to 

anticipated future business performance. Such statements may reflect significant assumptions and subjective judgements 

by Edwards which may or may not prove to be correct. Edwards makes no representations as to the accuracy, 

completeness or fairness of this presentation and so far as is permitted by law, no responsibility or liability whatsoever is 

accepted by Edwards for the accuracy or sufficiency thereof or for any errors, omissions, or misstatements relating 

thereto. The contents of this presentation is confidential and should not be distributed. 
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DISCLAIMER

Edwards, disclaim any and all liability and any warranty whatsoever relating to the accuracy, 

practice, safety and results of the information, procedures or their applications described herein. 

Edwards does not accept any liability for any loss or damage arising as a result of any reliance 

placed on the information contained in this presentation or the information provided being 

incorrect or incomplete in any respect. Note that the information contained herein is only advisory 

and, while Edwards can provide guidance with respect to the potential hazards of using 

hazardous gases/materials, it is the end-user’s responsibility to conduct a risk 

assessment/hazard analysis specific to their operations and environment and to comply with 

government regulations
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CAS - VACUUM FOR PARTICLE ACCELERATORS
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ABSTRACT

 The market segmentation of the vacuum industry includes a wide range of applications; from 

microelectronics processing to food packaging, to the ‘Analytical’ sector 

 As well as giving an overview of the vacuum industry, we will focus on some specific examples 

including semiconductor manufacturing, metallurgy and the historical evolution of vacuum pump 

requirements in Liquid Chromatography Mass Spectrometry.

 This will be discussed in relation a wide range of factors including; applicable pump type, crucial 

characteristics and communications protocols. Future trends will be discussed
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FIRSTLY……

EXPERIMENT ON CHEW’S SECOND THEOREM
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WE SHALL RETURN TO THIS LATER
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SHORT BIOGRAPHY - ROTATING DISC GAUGE

Measures molecular torque developed between coaxial discs direct

GD ~ pressure

GI  suspension asymmetries

GM molecular drag

GE Eddy current drag

1989-1995 



INDUSTRIAL VACUUM APPLICATIONS – DICTIONARY DEFINITIONS
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Industrial

ADJECTIVE

relating to or characterized by industry

Synonyms: manufacturing, factory, commercial, business, trade

The content of this presentation is confidential and should not be distributed to a third party without prior authorization from Edwards. © Edwards Limited 2017

Applications

NOUN 

the special use or purpose to which something is put: 

Synonyms: utilization, aptitude, suitability, pertinence, solicitation, petition, assiduity, industry, persistence, perseverance

Vacuum

NOUN

1. a region containing no matter; free space 

2. a region in which gas is present at a low pressure 

3. the degree of exhaustion of gas within an enclosed space: a high vacuum, a perfect vacuum

any region below atmospheric pressure

Synonyms: empty space, emptiness, void, nothingness, vacuity, vacancy, voidness, nihility

Dictionaries 
are not 
always very 
good



THE VACUUM MARKET SEGMENTATION - ISVT
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ISVT PARTICIPATING COMPANIES
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Not all 
suppliers 
participate



THE VACUUM WORLD 
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Source: ISVT and Atlas Copco

Dynamic range = 15 orders!! 



HOW DOES THIS MARKET COMPARE?
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Vacuum @ $9B 

European football ~$30B

Oil ~ $2,000B

Scotch Whiskey ~ $3B

Automotive ~ $620B

Film Box Office ~ $38B

https://en.wikipedia.org/wiki/List_of_countries_by_GDP_(nominal)

Global GDP = ~$75,000,000M

Agriculture Industrial Services

6% 31% 64%

https://en.wikipedia.org/wiki/List_of_countries_by_GDP_sector_composition

https://www2.deloitte.com/content/dam/Deloitte/uk/Documents/sports-business-group/deloitte-uk-annual-review-of-football-finance-2016.pdf

https://www.statista.com/topics/964/film/

https://en.wikipedia.org/wiki/List_of_countries_by_GDP_(nominal)


APPLICATIONS….OVER THE YEARS 15
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https://en.wikipedia.org/wiki/Electron_microscope



VACUUM PUMPS: FROM VERY SMALL TO VERY BIG
16
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SOME APPLICATIONS EXAMPLES
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- Microelectronics 

- Steel

- Liquid Chromatography Mass Spectroscopy

- CPI

- Food

- Microscopy

- Sterilization
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MICROELECTRONICS/SEMICONDUCTOR

https://en.wikipedia.org/wiki/Semiconductor_device_fabrication#/media/File:Comparison_semiconductor_process_nodes.svg

https://www.edwardsvacuum.com/Semiconductor_Processing/
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Wafer pulling

He, Ar

Large primary 
pumps



SEMICONDUCTOR

https://en.wikipedia.org/wiki/Semiconductor_device_fabrication#/media/File:Comparison_semiconductor_process_nodes.svg

The content of this presentation is confidential and should not be distributed to a third party without prior authorization from Edwards. © Edwards Limited 2017

19

Semiconductor industry is driving 

towards logic dimensions of 7nm = 70 Å



1980’S SEMICONDUCTOR – ‘GAME CHANGING’ DRY PUMP

http://www.edwardsvacuum.com/newsletters/vacuum_particles/0109/pArticles_files/fun_fact_henry_wycliff.pdf
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2009 Henryk Wycliffe 2017

Patent 1980

http://www.edwardsvacuum.com/newsletters/vacuum_particles/0109/pArticles_files/fun_fact_henry_wycliff.pdf
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PROCESS SEGMENTATION AND POWER REQUIREMENTS

– “No Wafer Scrap” policy 

is king

– Some processes require 

high temperature = 

higher power

– The application 

requirements dictate the 

required pump

P
o

w
e

r

• 1 kW power reduction per pump equates to ~$1,000 annual savings at $0.12 / kW-h.  

• However, a single pump failure can more than obliterate any savings in energy 
through lost wafers and tool downtime.

iGX recommended

iXH recommendediXH can be used

iXL120(N)

iGX can be used

M
O

C
V

D
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Part of the energy balance offered across all semiconductor applications
Maximises energy efficiency across the fab without compromising reliability on process



Clean

Light Processes

Corrosion
Process gases  chemically 

attack the pump’s material

of construction.

Powder
Process chemistry creates 

significant amount of solids

before reaching the pump.

Condensation
Process gases & by 

products react and 

deposit within the pump.

Plating
Process gases & by

products react and deposit 

within the pump.

CLASSIFICATION OF SEMICON APPLICATIONS

Harsh Process

• Low energy solutions can be optimized for light to medium duty applications with little to no risk of 
process induced failures.

• Harsh duty applications require more robust pumps with application specific solutions.
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EDWARDS’ DRY PUMP POWER REDUCTION TREND
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1.4 kW

1.0 kW

0.55 kW

2.2 kW

3.1 kW

iXL120 

achieves over 

80% reduction 

in power 

compared to 

iQDP80

iQ80
(1994)

IPX180
(1998)

EPX180
(2002)

iGX100
(2004)

iXL120

(2009)

Clean / Light

Application

(2014)

1.4 kW

iXM1200 achieves 

70% reduction in 

power compared to 

iQDP80/1200

0.5 kW

IPUP2
(2012)

iXM1200
(2014)

4.0
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STEEL DEGASSING – HYDROGEN PUMPING
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1,000,000 m3h-1 at 0.5 mbar for Chong Qing 

Steel Group Co. (Chongqing, China)



LCMS - QUADRUPOLE
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1 to 3 mbar

Chamber 2Chamber 1Air

1013 mbar

@ 200C

Chamber 3

Backing Port
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Slit flow

Higher Vacuum (Lower pressure)
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The function of a primary pump is to operate as a backing 

pump for the turbo-molecular pumps(s) and to remove 

carrier gas and/or solvent carry over

High vacuum conditions prevent collisions of ions with 

residual molecules in the analyser during the flight from 

the ion source to the detector: they increase the 

efficiency of ion transfer and detection

What types of LCMS are there?

Single quadrupole 1,500 - 3,000 amu Simple

Ion trap 1,500 - 3,000 amu

Triple quadrupole 1,500 - 3,000 amu

Time of Flight 15,000 -20,000 amu

Quadrupole Time of Flight 16,000 – 30,000 amu

FT Ion Cyclotron Resonance 40,000 - 50,0000 amu Sophisticated

Inlet

Ionization

Analyser

Mass Sorting

Ion

Detection

Detection Data Analysis

Source

+

Sample Introduction

Waters Synapt G2



LCMS VACUUM HISTORY: 1990S – 2000S – 2016/FUTURE
Secondary pumps: TMPs

Replaced Oil diffusion pumps: no ‘accidents’ 

and lower CoO (power)

Move to fewer discrete TMPs: lower system 

and service costs = higher ‘up-time’

 Communications protocols

 Modelling – fewer iterations on NPI

Primary pumps

‘Wet’ to ‘dry’ pumps – smaller (then larger)

Lower power = low heat generation 

and lower CoO

No oil to dispose of

Local service possible
The content of this presentation is confidential and should not be distributed to a third party without prior authorization from Edwards. © Edwards Limited 2017
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LCMS TMP CONFIGURATIONS
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PUMPING SPEED COMPARISONS: SCROLL - OSRV

Design points for LCMS

28

now > 100 m3/h

nXL110i/nXL200i

- 25 slm

- higher throughput = 
higher sensitivity

- Air-cooled!



CAT 1 LRP: STYRENE DEVOLATIZER SYSTEM
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LEGISLATIVE REQUIREMENTS - ATEX ETC.
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 ATEX is a European directive 2014/34/EU ‘Equipment and protective 

systems intended for use in potentially explosive atmospheres

• IECEx is a global certification scheme, countries can 

chose to join

•Based on European EN standards, but with deviation

• Japan : Technology Institution of Industrial Safety

• Korea: Korea Gas Safety Corporation 

• Brazil – INMETRO

All based on EN standards but with national deviations. 



ATEX ETC.
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 Explosion: material reacts  violently with Oxygen as the temperature 

rises

 Deflagration: Flame travels below or up to the speed of sound, the 

resulting explosion pressure is about 10 times the starting pressure

 Detonation: Flame travels faster than the speed of sound, resulting 

explosion pressure is far more than 10 times the initial pressure

 Zone 2: an explosive atmosphere is not likely to occur during normal operation 

and if it does it is only there for a short period of time

 Zone 1: an explosive atmosphere is likely to occur in normal operation 

occasionally

 Zone 0: an explosive atmosphere is present continuously or for a long period

http://www.google.co.uk/url?url=http://wall.alphacoders.com/by_sub_category.php?id%3D57231&rct=j&frm=1&q=&esrc=s&sa=U&ei=ykitU_6TPMmoO8aDgXA&ved=0CCYQ9QEwCA&sig2=Q_Txg4Z36V3RAdAggbPJVA&usg=AFQjCNESd8_haWifSjaWT7MeRdIdiVF8EA
http://www.google.co.uk/url?url=http://wall.alphacoders.com/by_sub_category.php?id%3D57231&rct=j&frm=1&q=&esrc=s&sa=U&ei=ykitU_6TPMmoO8aDgXA&ved=0CCYQ9QEwCA&sig2=Q_Txg4Z36V3RAdAggbPJVA&usg=AFQjCNESd8_haWifSjaWT7MeRdIdiVF8EA


ATEX ETC.
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End user

Directive 1999/92/EC

Risk Analysis

Zone 0

Zone 1

Zone 2

Manufacturer

Directive 2014/34/EU

Ignition Hazard 

Assessment

Category 1

Category 2

Category 3



ATEX ETC.
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II 2 G Exd [ia] IIB T4
Equipment Group;

Group I: mining

Group II: non mining

Equipment Category

G = Gas, D= Dust

Ex d [ia] = protection concept, c = constructional safety, b = 

control of ignition sources 

IIB = Gas Group

Temperature Class T4

Important for Vacuum pumps: 

Internal and external marking 

required!



FOOD – FATTY ACID DEODERISATON
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TOTAL RECIRCULATION LRP PACKAGES
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OTHER (COATING) SYSTEMS ETC…
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FOOD PACKAGING
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ModaVac New Zealand

40–45 packs per minute @1.0mbar (0.75 torr) 

Stainless steel construction – T304

6 chamber rotary indexing
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ELECTRON MICROSCOPY - SYSTEMS

http://www.cvgs.k12.va.us/curric/SRSEM/emlab/svt.htm

http://www.tescan.com/gallery-gallery.php?menu=2

38

Some use ‘vacuum reservoir chamber’ 
with TMP off during experiments

http://www.cvgs.k12.va.us/curric/SRSEM/emlab/svt.htm
http://www.tescan.com/gallery-gallery.php?menu=2


The content of this presentation is confidential and should not be distributed to a third party without prior authorization from Edwards. © Edwards Limited 2017

ELECTRON MICROSCOPY VACUUM CONSIDERATIONS
 Typical EM electron m.f.p. ~1m @ 1e-4 mbar

Need lower pressures to prevent collisions with residual gas molecules

 At pressures <10-4 mbar – molecular flow regime: here conductance C of the pipe ~ r3/l

- Conductance is pressure independent

1/Seff = 1/C + 1/Spump

To maximise effective speed – minimise pump connections (use transmission probabilities for lower 
pressures)

 Vacuum pumps should not disturb images!

39

Vacuum pumping system

• Vacuum requirements vary: ~10 mbar to <1e-10 mbar 

• Move from Diffusion pumps to TMPs (and Ion pumps)

• Move from OSRV to dry primary pumps (scroll)
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ELECTRON MICROSCOPY - DISTURBANCE IN THE IMAGE

 Turbomolecular pump (and fan) are only 

mechanical part on a microscope

 Potential of

– Mechanical vibrations

– Electromagnetic field

– Audible noise!

40
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ELECTRON MICROSCOPY – ELECTROMAGNETIC DISTURBANCE 

 More pronounced at low accelerating energies

(Lorentz force)

 Use low field TMP versions ~ 0.1 to 1 mG

c.f. Earth’s field = 250 to 650 mG

41

BR

200mm



DRIVERS IN EM AND SURFACE SPECTROSCOPY –
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42

The future of electron microscopy
Yimei Zhu and Hermann Dürr

Physics Today 68(4), 32 (2015)

STEM allows analysis via other techniques

Secondary electrons, EDX, WDX, EELS



“The use of a physical or chemical procedure to destroy all microbial life, 

including highly resistant bacterial endospores”

 It is a process commonly used in medical and food industries to ‘clean’ items of biological 

contamination and reduce the chances of infection and illness.

 Successful sterilization means no more than a one in a million chance that a microorganism 

will survive the process.

STERILIZATION

The content of this presentation is confidential and should not be distributed to a third party without prior authorization from Edwards. © Edwards Limited 2017
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METHODS

Vacuum is 
used

Vacuum is 
not used

The content of this presentation is confidential and should not be distributed to a third party without prior authorization from Edwards. © Edwards Limited 2017
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RADIATION

 Ionising radiation is short wavelength and high-intensity and 

causes damage to genetic material of microorganisms

 Sterilization by ionising radiation can use one of three 

techniques:

• Electron beam

• X-ray

• Gamma ray

 Sterilization can also be done with non-ionising UV radiation 

but due to the longer wavelength this cannot penetrate and 

is only used on surfaces

 Ionising radiation sterilisation is a low temperature process 

which is used for heat sensitive items

 Compared with other low temperature processes it is 

relatively high cost so is generally used for large scale 

sterilization

 The use of ionising radiation is increasing due to the 

increasing power of electron accelerators

Cost of sterilizing 1m3 with ionising radiation

E-beam X-ray Gamma

60Co radioactive 
source 

Accelerator Accelerator

E-beam to 
X-ray 

converter

The content of this presentation is confidential and should not be distributed to a third party without prior authorization from Edwards. © Edwards Limited 2017
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GASEOUS

 Gaseous sterilization methods all use the same basic techniques with different gases 

injected:

• Ethylene oxide

• Ozone

• Formaldehyde

• Peracetic acid

• Nitrogen dioxide

 The basic process for gas sterilization is pre-conditioning (air removal), sterilization

(injection of gas) and degassing (removing gas and by-products)

 Generally gas treatments are ‘low temperature’ and are often used for items sensitive 

to temperature

 Gas injection can be combined with steam sterilization to increase efficiency

 During treatment, temperature and pressure are controlled

 The active gases used for sterilization are often toxic, flammable or volatile and are 

therefore generally mixed with inert gases

The content of this presentation is confidential and should not be distributed to a third party without prior authorization from Edwards. © Edwards Limited 2017
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HYDROGEN PEROXIDE (AND OZONE) PLASMAS

 Plasma sterilization usually uses hydrogen peroxide (H2O2) as the gas

 The H2O2 is activated and produces a plasma of charged particles which glow visibly

 The plasma phase of H2O2 is very effective, even at low concentration and low temperature

 The gas is vapourised and injected to the chamber under vacuum then an electric field is used to create 

the plasma

 Free radicals, IR/UV radiation and photon induced desorption lead to damage to the cells

 Many facilities are looking to replace EtO sterilizers with gas plasma however there are very few products 

available commercially, only small chamber volumes and worries over safety

The content of this presentation is confidential and should not be distributed to a third party without prior authorization from Edwards. © Edwards Limited 2017
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SOME THEMES AND DRIVERS
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Dry mechanisms – no oil to be disposed of (risk of accidents, leaks (seal deterioration), spills and suck-back

Lower Power

Smaller Footprint – backwardly compatible

Serviceability (by end-user)

Lower Cost-of ownership

Universal operation - inverter driven hence constant performance independent of supply voltage

Environmental

Life-time

Reliability

Safety/Legislation/ Compliance

Communications protocols

Modelling

Lots of ‘cross-selling’ = cross-use

The content of this presentation is confidential and should not be distributed to a third party without prior authorization from Edwards. © Edwards Limited 2017

DPDS400/EH2600 

@ CNRS, Grenoble since 2003 

with 0.76 g/s of helium at 10 mbar



CONCLUSION
49

Vacuum enables many, many applications and technologies

There is no such thing as ‘Just’ a Vacuum Pump

Systems are complicated and varied

Think where your vacuum skills could take you….
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THANK YOU
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