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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

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

EXPERIMENT ON CHEW'S SECOND THEOREM

WE SHALL RETURN TO THIS LATER
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SHORT BIOGRAPHY - ROTATING DISC GAUGE

Measures molecular torque developed between coaxial discs direct

16%1077-3.6x 107 mbar, the pressure measured using this device was within =20% of that
measured by a spinning rotor gauge: at lower pressures the agreement with an ionization gauge
degraded to =80%. Impeovements in pellet structure reduce intemal Josses in the hearing and in the
offset term, by a factor of 10, and should enable measurements in ulirshigh vacuum. © 1997
American Vacuum Society. [SOT34-2101(97)11003-X]

L iquid nitrogen 1.00E-02 T
U
HTS 1.00E-03 =328 1989_1995
I~ H
§a£0 magnj. 1.00E-04
- I = O — H
£
C D «© E 1.o00e0s
z
J ==
i 1.00E-06
Receiver
C — 3 Application of a high critical temperature superconductor bearing
for high vacuum measurement
r = A. D, Chow®
t Gp Q 1.00E-07 s High Vo ool oty RE0 1, ko Kngdo
S A. Chamt
- Depuroment of Physics. University of York York YOI SDD, United Kingdos
[ ] EE A P. Troup
1.00E-08 Edmards High Vaciam iserationa, Crawies RHIO 2LW, Unied Kigdom
Sender <« 1.00E-08 1.00E-07 1.00E-06 1.00E-05 1.00E-04 1.00E-03 1.00E-02 shecabel 12 Seppinbar 1996 scvepied A7 March'1097)
A novel and vltrahigh vacuum c ible, high critical UCIOr SUSPEnsion i
Psrg (mbar) descbed In s apliaion 1o 4 rating e vacwun, gape. The poacontacing. and. st
suspension comprises 8 peemaneat magnet (and attached disc) suspended freely in & vacoum and
below 4 liguid nitrogen cooled YBuyCuy O pellet which is held outside the vacoum chamber. This
configuration supersedes a fiber suspension. Molecular torque developed from a high speed disc
sccelerates the suspended disc and facilitates 3 measurement of 10tal pressure, The offset of the
. G SR ek superconductor suspension (analogous 1 that of the spinning rotor gauge) is about $ 10~* mbar,
Der e @ pergamon 0641079510005, 5 & 5 nitrogen oquivalent. After 50 b the offsct reduced by up to 21% of its initial value. In the range

NEW TECHNIQUE FOR THE MEASUREME]
NT OF
INTRINSIC DRAG TORQUES OF HIGH TEMPFRATL}:(FI‘*
SUPERCONDUCTOR BEARINGS

1. INTRODUCTION

A D. CHEW', A. CHAMBERS' and A, ! TROUP®
|| Deparment of Physcs, Usiversity of Yk, Yrk Y01 30D, UK.
Edwards High Vcuum imecnational. Manee Royal, Cremey, RH10 24, UK.

(Receivad 7 Jame 1995)

“The exploitation of the phenomenon of molecular drag as
a means for vacuum measurement is currently most uscfully
made by the spinning rotor gauge' (SRG), although recent
studies have been underken with an electostatic

ment of the eadian frequency w (=2f) of the suspension.
“The suspeasion is beld by the artractive force £, established
between a permanent magnet M and a liquid nitrogen cooled
HTS pellet which is located outside the vacuum system. The
(noncontacting) magnet-pellet distance i y.

L ractA e technigue oA o s mesne T e ion nd s ; i i i
ST et of e N Gy s OF Mg e s S A suspension.? An extensive fe-cxamination of the orginal o- 10 molesular flow he sceclerating molccular torgue Gy
N B i Wiy weaming e it ] {ating disc vacoum gange (RDG) configuration, the forerun- UeVelopes by the sender’ snd communicated by molecular
— — —_— vational journal, Solid-Stat a vt It el - ner of the SRG, has been conducted by the authors™ This  938: 15
w — N H,:‘_‘:,,%‘"“‘”"""‘”‘*‘”““‘"m*‘ LA s work illustrated both the potential of the RDG and its limi- 1R
{ations when using a fber suspension, chiefly: sensitvity 1o G=aelird] wT) P [0}

pressure

s drg tomge, Thoorecical e e i avonakle apsemce w8 mosred vises. The
o i e iy o PSS S S e e .
repocted

for usin the
device to messure vacusen gressures is Al discussed.

INTRODUCTION
There has been rapid progress made recently [1-4) in the development of passive, low friction,

vibrations. poncontinuous measurcmens. and a lower mea-
surement limit in the low 10”7 mbar range. In an attempt to
surmount these limitations, a RDG has been developed
which utilizes a high critical superconductor

(HTS) bearing suspension. The construction was osteasibly
designed as a technique for the measurement of the intrinsic
drag torques of HTS bearings® but its application for the
measurement of vacuum pressure was recognized and pur-

where Ry is the gas constant, T the thermodynamic tempera-
ture, M the molar mass, and p the pressure of the residual
s @ is the tangeatial momentum accommodation coeffi-
cient of gas molecules on the receiver surface, previously
measured as unity for a smooth surface.” e is the edge effect
Joss factor (0<e<:1) accounting for molccules which leave
the discs' interspace,” typically e=0.65. The

ductor (HTS) bearings for use, for example, in carrier and
G i mmetri e e e e T e bbby L Dy
SuS enSIon aS etrles n-lncdiumrquclo(ﬂseu bearings. The methods current employed include accelerating the govemed by
! itated permanent magnet part of the bearings by | Anﬂnmvc drive (] o nitrogen g jets [6); IL. THEORY )
measurements are then made 1o nsic drag torque. These methods G=la, @)

Gy molecular drag

Gg Eddy current drag

PERGA

&

¢ somewhat intrusive and limit the achicvable vacuum e vease I Which s Rppieates s

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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1. The

where G is the total torgue, 7 is the moment of inertia of the
suspension about the vertical axis, accurately determined by
mass and dimension measurcments, and @ is its resultant
angular acceleration, measured directly. There are several
sources of drag* in the HTS bearing giving rise to a deceler-
ating toeque. Frequency independent intrinsic drag G results
from asymmetries in the ductor arrange-
‘ment and acts radially. G is the molecular drag torgue due

©1997 American Vacuum Society 759
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INDUSTRIAL VACUUM APPLICATIONS — DICTIONARY DEFINITIONS

Industrial

ADJECTIVE

relating to or characterized by industry D | Ctl O n arl eS
Synonyms: manufacturing, factory, commercial, business, trade are nOt

vacuum always very
good

1. a region containing no matter; free space
2. aregion 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

Applications
NOUN

the special use or purpose to which something is put:

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

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



THE VACUUM MARKET SEGMENTATION - ISVT

Vacuum Market Segmentation

Intemational Statistics on Vacuum Technology
JWIA (Japan Vacuum Industry Association)
FAVEM (Associ aan o1 Vicuwn Equipmant Manuiacturons)
EVTA [Eumrapean Vacuum Techrology Association)
i comoparntion wih
SEMI iconductor Equipment and Materisls|

5 Semiconductor Thin Film Deposition Instrumentation
Rough Vacuum Process Vacuum Industrial Vacuum p GO R {non-Semiconductor) Solar e R&D
Markets Markeis Markets Markets Markets Markets Markets Markets
- Packaging - Chemical (Bulk, Wacuum Metallurgy - Silicon - Glass/Web/Optical Photovoltaic - Mass Spectrometers - Universities
{except food) Fine,...) {Metal Degassing, Semiconductor Coating Solar (¢-Si & - Electron Microscopes - Government
- Central Vacuum | - Pefrochemical Melting, Re-melting, - Compound - Optical Data Thin-Film - Metrolegy/ Inspection/ Labs
- Printing and - Pharmaceutical E-heam welding, Semiconductor Storage (CD, DVD, Deposition, Defect Review - Scientific
Paper Handling | - Plasfics casting,...) (LEDs,...) Hi Def Disk,..) Laminating,,..) systems for Research
- Pick and Place (Extrusion,.._) Vacuum Heat - TFT-LCD - Magnetic Data Thermal Solar Semiconductor Laboratories
- Conveying - Food Treatment (Brazing, Displays Storage (HDD) (Water including Focused lon | - Space
- Moulding - Beverage Carburising, - MEMS - Thin Film Heads Heaters,...) Beam systems and Simulation
- Air sampling - Textile Nitriding, - Crystal Pulling - Surface Coating Crystal Growth Electron Beam
- Medical - Paper Quenching,...) (wear protection, {Re-melt, ...) systems
- Ceramics Laser Technology decorative, ) - Surface Analysis
- Freeze drying Electron Tubes - Display Coatings - Gas Analysis
- Energy (Wind, TV Tubes (OLED, FED, PDP, - X-Ray Analysis
Nuclear, Stream Lamps and Bulbs SED,...) - MRIland NMR
Turbines, ...} Industrial leak - Sample preperation
- Central Vacuum detection (Driers, Cenfrifuges,
(Bafteries,...) Refrigeration and Air Concentrators,...)
Conditioning - Leak Detectors
Automotive
{Dehydration,
Charging and Test) Please note: Above
Electrical includes both
{Encapsulation,_.) Process Equipment
Manufacturers and
End Users for PVD,
CVD, Etching, lon
Implantation, MBE
Typical operating pressure {(mbar)
> 1 >10? 102 - 10°% 1-10° 107 - 10° 10°- 10" 10%- 107"
PYD: Physical Vapour Depaosition CD: Compact Disk
CvD: Chemical Vapour Deposition DVD: Digital Video Disk
MEE: Molecular Beam Epitaxy OLED: Organic Light Emitting Diode {or OELD: Organic Electro Luminescent Display)
MEMS: Micro Electro Mechanical Systems FED: Field Emission Display
TFT-LCD: Thin-Film Transistor Liquid Crystal Display PDP: Plasma Display Panel
SED: Surface Emission Display MRI: Magnetic Resonance Imaging
HDD: Hard Disk Drive NMR: Muclear Magnefic Resonance

This Yacuum Market Segmentation Chart was developed by the Working Group of the Intemnational Statistics on Vacuum Technology Program (I1SVT), and is
published with their permission. Organisations that participate in the program are the Association of Vacuum Equipment Manufacturers International

(AVEM), the Japan Vacuum Industry Association (JVIA), the European Vacuum Technology Association (EVTA), and the Semiconductor Equipment and
Materials International (SEMI).

Wersion 2010.0, Hangzhou, China, September 24th 2009

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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ISVT PARTICI

PATING COMPANIES

International Statistics on Vacuum Technology
SIWEE CA@aRaT WERCAE T I U STy A SO o)

ANVEM [Association of Vacuum E Bl =]
EVTA (Eurcpesan Wacuum T A 1]
I St O e r it
OG-MI LR E ol |avls

ISVT 2016 Participating companies

AVEM TR EVTA
1 ASM 1  Anest hwata 1 Asrezener Maschinenfabrik
2 Brooks Automation 2 Anlet 2  Agilent Technologies
3 Digivac ZF  Canon Anelva 3 Edwards
4 Drwvac 4 Choshu Imdustny 4 D Deutschlamd
5 GD Welch Technology 5 Cosmotec 5 GGD Mash
g GHNB G Diavac 8 Gebr. Becker
7 Lesker T Ebara T Kortimg
8 Inficom 2  Fuji Technology 28 Oerdikon Leybold Wacuwum
g Mass-Vac a9 Green Teco 9 Pfeiffer Wacwum
10 Rocky Brook Associates 10 Hakuto 10 FlaB
11 Shi-APD Cryo 11 Hitachimosemn 11 Robusci
12 Teledyne Hastings Inmstruments 12  Irne Kokem 12 Sitering Fluid Systerns
13 Tebevac 12 Jdeol 13 WACOM
14  Tuthill Wacuum Systems 14 KFashiyama
15 U-C Components 15 Matumura Oil Research
18 VWacuum Research Corporation 16 BMlitsubichi Cable Industries
17 Verity Instrumments 17  Blusashino Enginesrimg
12 MNe=is
18 Okamo Works
20 Optorum
21 Osaka Rasenkan Kogyo
22 Osaka Wacuurm
22 Rigaku
24 Sato Wac
25 Shibaura Elstec
25 Shimad=u
27  Shimad=u Emit
28 Shinko Seiki
29 Shinmaywsa Industries
30 SMC
31 Sumitemao Heawy Industries
32 Taiko Kikai Industries
33 Taisei Kinzoku Kogyosho
234 Tokyo Electronics
35 Toyama
35 Ulvac Cryogenics
37 Ulvac Hiko
352 Ulvac Tecmno
39 Ulwac
40 W Tex
41 Wakaida Science

Ulrike MEtje 2018-10-132

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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THE VACUUM WORLD

Process
S0.9bn

Industrial
S1.1bn

Fine chemicals
Metal degassing

Vacuum
metallurgy

Petrochemicals

Pharmaceuticals

Plastics

Sub-Sector (%)

Food
Beverage
Textile

Automotive
Paper
Ceramics
Freeze drying

Others
Power

R

Dynamic range = 15 orders!!

Semiconductor
$2.0bn

Silicon semiconductors

Compound semiconductors

TFT-LCD display

MEMS
Crystal growth

Thin Film
S0.8bn

Glass / web /
optical coating

Data storage
Surtace coatings
Display coatings

Solar

103- 10°

Instr’

310 I Total

1103-101°/103-101°

Typical operating pressure (mbar)

Source: ISVT and Atlas Copco

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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HOW DOES THIS MARKET COMPARE? o

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)

Chart 1: European football market size — 2013/14 and 2014/15 (£ billion)

201314

201415

g"z;ig 625_1 Global GDP = ~$75,000,000M

Agriculture Industrial

6% 31% 64%

201213
201415

European football market size to exceed

€25 Bilon n 201617 Wit 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

2%

4%

Financials

Energy

Consumer staples

Consumer discretionary
Materials
Telecommunication senvices
Industrials

Ltilities

Healthcare

o —

Source iShares.

HOLLYW0OD, -

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

The content of this presentation is confidential and should not be distributed to a third party without prior authorization from Edwards. © Edwards Limited 2017 ( /EDVVARDS
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APPLICATIONS....OVER THE YEARS

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

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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VACUUM PUMPS: FROM VERY SMALL TO VERY BIG

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 APPLICATIONS EXAMPLES !

- Microelectronics

- Steel

- Liquid Chromatography Mass Spectroscopy
- CPI

- Food

- Microscopy

- 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 ( /EDVVARDS



MICROELECTRONICS/SEMICONDUCTOR

FREFARED
SILICON WAFER

PHOTORESIST

Wafer pulling

SILKCO
DICKIDE LAYER

He, Ar

Large primary
pumps

SIMILAR CYCLE 1S REPEATED
TO LAY DOWMN METAL LINKS
BETWEEN TRAMSIZETORS

PATTERMNS ARE PACUECT
REPEATEDLY QONTO WA

METAL NEW PHOTORESIST IS 5PN
COMMNECTOR OM WAFER, AND STEFS 2 TO 4
: AHE REPEATED

IDNS SHOWER THE
s ETCHED AREAS, DORING THEM

? Journal of JVST A
Vacuum Science i,
& Technology A et
DCFED
AESICN oy Jton of th degresof dry

AHEAS UNPRCTECTED
BY PHOTORESIST ARE
ETCHED BY GASES

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

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 ( /EDVVARDS
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SEMICONDUCTOR

Semiconductor industry is driving
towards logic dimensions of 7nm = 70 A

@DWAF?DS ( 450

THE WAFER 3
SITUATION INCREASE % Rethinking the approach to
s v - L egrrans higher 450mm proce:
flows: a case stuc

Red fﬂg/ut\(FOD an

TRADITIONAL

' W W T RESULTS
Bl e O [

TRADITIONAL

APPROACH
1pm -
""""" OUR
....... SOLUTION
35011 (1995) &g, Pertuim | Kamath T
350 m (1998) &9, AMD K62
100 nm
,’ (200¢ e.g. Core Duo
T 08)e.g. Core 2 (v
) nm (2010) e.g. Core i
THE
.
,,,,,,,, fe0loe0. o TR BENEFITS
14nm (2014) e.g. : “ i)
o P— | KRAR
10 rm , L No20mm o [ _ ¥ $88K )
1970 198 1990 2000 2010 ~ e ‘ i TIGRATING MOMITORID COMNECTIONS INTO AN
e . - INTEGRATED SUBFAS PACKAGE
Staphviococcus Spematozoon Red blood cell Hun b - " CAN PROVISS SATE COST REDUCTION
aureus bacterium head cross-section deficen e cOpSTRNON

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 (/-E\DVVARDS



1980'S SEMICONDUCTOR - ‘GAME CHANGING' DRY PUMP

http://www.edwardsvacuum.com/newsletters/vacuum particles/0109/pArticles files/fun fact henry wycliff.pdf

-
Corrosive handling

Twentyfive )

n 1555 & young Pl man, urssds nadogy ~ Tt chy puree - T 'weud
lwmmmnemwm( G30sd  benme Te foundinan fiv 3 Waacy o
b wrritvek 00 a0 engineming degwe FHRUCT Fir oo of the wodkdy West
i Loedon Folkdng he radistog b rgiseng Sim
Joned 3 smal fomiy business cales Hesry Wy wis bom B 1935 in
Echwsa i st narcon <ok pontisty Fanowice in Uppdr S3esa. He mas 14
forzoe was that this enginesy woukd when the Garmans iradsd Poling in
GO 0N 10 Irraeck 3 eahcd e seche 1933, Micr the wae, b setthed 1 the

2009

vacuum puinip i

Dr Andrew Chew, market and applications development manager
at Edwards, looks at the important develcpment of the dny, oil-free
yacuum pump, which solved the back streaming problems that had
previoushy plagued major industry sectors for years — metallurgy,
vacuum drying and semiconductor manufacture among them.

Ukwhere he became an englrasing
skt iy 1993 guined 2 B5C Engi
with sacond-chass Peoours.

Nead for vacuum

10 Aiaist 19855 My Wtk now
haning cranges M sumame to Wydite,

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

Oil-free pumps

oil-free pumps in the
where quantities of dust are ca
the vacuum furnaces, and for vapour
extraction and recovery in the chemical
industry, where the pumped gas needs
to be extracted uncontaminated and
compressed for reuse.

With diffusion and rotary pumps, a

problem arose from migration (back diffu-

TUraly puIIp U e WagEEeG
displacement for the Siza a“;nough
this design Welght of

Claw mechanism

Wycliffe instead looked at the i
Northey claw principle; deyeiass. | /€

Mr. Northey in the UK A0UNg 1

Figure 2. One of the onginal Echvards:
the Drystar.

Henryk Wycliffe 2017

(EDWARDS
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PROCESS SEGMENTATION AND POWER REQUIREMENTS

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

T

Powe

— “No Wafer Scrap” policy

Clean Applications Harsh Applications is king

Non-reactive gases used Cori or reac — Some processes require

' high temperature =
higher power
§“§'§§’§§<gg§§§_gmggggo ~ The application
3‘,? S| 2> >b 5 %= 8 g ok« uWa 4 requirements dictate the

required pump

iXL120(N)
iGX recommended
iXH recommended I

« 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.

21
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CLASSIFICATION OF SEMICON APPLICATIONS

Corrosion Powder

Process gases chemically Process chemistry creates
attack the pump’s material significant amount of solids
of construction. before reaching the pump.

Harsh Process

Condensation
Process gases & by
products react and

deposit within the pump.

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

Hazgsh duty applications require more robust pumps with application specific solutions.
2| (EDWARDS
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EDWARDS’ DRY PUMP POWER REDUCTION TREND

4.8 kW
o

IQ80/1200 ~ _
Harsh (1995) ~ @4.2 kW _
Application‘< 4.0 o~ iXH1210H
iHI000  — — 3.8 kW (2008)
(1998) —_——— ( )3.8kw
iH1000 ~——__
(2002) -~
o = Qaakw
= ‘?).1 kW iXH1210'\
< |3.0 \ (2008){
2 ('ggg) N iXM1200 achieves
@) N 70% reduction in
o N 22kW power compared to
\‘ iQDP80/1200
2.0 >~ -
Clean / Light_| "(?égg)o S IXL120 \
Application S 14kwW achieves over \ 1.4 kw
80% reduction C
~ in power
EPX180 ™~ \r\q__o kKW compared to iXM1200
1.0 (2002) [ = iQDP80 (2014)
iGX100  ~ — 55 KW
(2004) ~ oW 0.5 kW
o iXL120 IPUP2
0 (2009) (2012)
T T T T T T
(1994) (1998) (2002) (2006) (2010) (2014)

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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STEEL DEGASSING — HYDROGEN PUMPING |
1,000,000 m3h-1 at 0.5 mbar for Chong Qing

~Steel Group Co. (Chongging, China)

r_;,-. AT

WA LT T A
¥ =

Mechanical vacuum pump system for steel degassing Dry mechanical vacuum pumps vs. steam ejectors

Melt mass [tonnes) = 60 Boiler size (kg/h) = 10000
Vacuum Degassing (VD) and Vacuum Oxygen Decarburisation (VOD) are often used in the production
of speciality steel alloys. They are used to reduce the levels of hydrogen, carbon and other impurities Production tonnage = 300.000 Process =VD
during the secondary steel making process.

Cycle time in vacuum mins) = 25

Historiczally large multi-stage steam ejector systems, backed with
liguid ring pumps, have been used. However, these are energy
inefficient, rely on high steam quality for consistent performance,
and cause foreline dust deposits that develop into “cakes™ making

cleaning difficult.
Steel degassing in tanks or in the ladle involves two basic processes: = 12 ter, 154°C_20,00 :":t . E—E"u::t L322EEE2 Lft
‘Vacuum Degassing (VD] and Vacuum Oxygen Decarburising (VOD). - coniact water Sbar, 32 004 "'I'“ 43 mit 01203936 £/
For these processes two types of vacuum pump system have been - mon-contact water 4dbar, 37°C 0,03 £fm" 00875000 m' 0000528 £
operated over the past 25 years. - compressed Bir 5 bar ooz £fm' 00002300 't 00000050 £t
1. The steam ejector system uses multi-stage high pressure steam _-mitrogen _ 3 kar 0,10 :":'“l 00050000 it 00033000 &t
gjectors usually supported by water sealed Liquid Ring pumps. L - gear box ol 3,00 £/ iter 00004400 Ntert 00043200 £
2. The alternative mechanical system uses multi-stage mechanical boosters supported by completely dry primary w 0.0 gfwam |03 Ewht 00347222 &t |03THO00 EWhft O01ETI00 &
vacuum pumps. Subtotal corsumption 15041567 Lt O0FEIOO0 £t
Msintenance £ perhour  man hours
The completely dry pump system has proven to be the most effective. The cost saving is significant, as shown . - f - i
over the page. There are also metallurgical benefits from the elimination of back-streaming of water vapour. purrg ser.mz: .00 s 140,00 :"_:'Imp e tlpp!lr'g 0.0014000 £/t | 2000
Combined with the better ultimate vacuum, this leads to reduced residual hydrogen in the metal. Faster _Bump cheRning 35,00 40 1a00,00 £pob 00w 01165567 &) 00
evacuation and more flexible operational characteristics allow for doser chemistry control. This leads to more - hest exchanger cheaning 33,00 13 420,00  £fob
consistent formulation and opportunities for new steel qualities. - i [har baE d‘lll'l;h; 35,00 ] 280,00 <£fjob
All maintenance costs are reduced, including cost for deaning the pumps and pipework. The waste disposal costs M&Fﬂl o.oo it 000 !E."t 00000000 £t
for the dry dust are alse reduced, or the dust can be recycled reducing costs further and limiting the impact on - contact water disposal 100 £im" 04s mit 04513588 £
the environment. Suntotal maintEnance 03634336 £t
Spares Ceach numiber
- fitter bazs 13,00 216 322000 fCehange
- sesils and bearings | 2000,00  perinstalied pump 3 pumps 00100000 £t
Subioial spares 0,0100000 £k
= Cost saving = Consistent processing TOTAL 1isssi &
- Energy costs reduced by over 90% - Reliable and dependable vacuum level Difference 00000000 £t
* Reduced maintenance = Better steel quality P———
- Elimination of fore line depasits - Lower hydrogen levels achieved in WD
= Reduced effluent costs = Improved stainless quality
- Easier disposal or recycling of dry waste - Better VOO control i OTy TUREIE P _L|'__I_T.
* Reduced cycle times = MNew steel qualities . &fton &fton
- Wacuum on demand - Easier control of chemistry m‘l’ and fluids LB4LEET 0,0232000
MainteEnsnoe 0,3e54336 0,0042014
Spares 0,0400000 0,0300000
TOTAL 2,1836222 0,0e24014
Saving 0% 87%

application note Vacuum scince.. productsolsion.

N
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LCMS - QUADRUPOLE

Waters Synapt G2

Higher Vacuum (Lower pressure)

25

What types of LCMS are there?

Single quadrupole 1,500 - 3,000 amu Simple

-‘ lon trap 1,500 - 3,000 amu
| Triple quadrupole 1,500 - 3,000 amu
Time of Flight 15,000 -20,000 amu

16,000 — 30,000 amu
40,000 - 50,0000 amu Sophisticated

Quadrupole Time of Flight
FT lon Cyclotron Resonance

Ar ﬁ L Chamber 1 L Chamber 2 L Chamber 3
"y 1013 mbar 10 x 102 B O« 106 High vacuum conditions prevent collisions of ions with
g @ 200C R 0 3 mbal . . e residual molecules in the analyser during the flight from
3 < £ SE mbar £E mbar . y iuring g
1000 sccm & 5 so A the ion source to the detector: they increase the
= - | ¥ v = efficiency of ion transfer and detection
\ ———
—— 1 |slitflow
— ] T Backing Port
. N . . = ClaH35N6019
The function of a primary pump is to operate as a backing TOBRAMIGINC T+ 21 (0.759) C1n (1:29) C“ﬁ—oﬁj
pump for the turbo-molecular pumps(s) and to remove e LN
carrier gas and/or solvent carry over - gt
HO o
* b05.13 465,19 HO O
Sample Introduction lonization Mass Sorting Detection Data Analysis OH
I8 Ry
MHz

Analyser

45920
47921

264158
| | 39

T
10

79 &7
T

mo 57y 109760 1056.74 1202 751445
800 900  10D0 1100 1700 1300 0 1400

1

Jards Limited 2017

200 300 500 600
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LCMS VACUUM HISTORY: 1990S — 2000S — 2016/FUTURE

Secondary pumps: TMPs

Replaced Oil diffusion pumps: no ‘accidents’
and lower CoQO (power)
Move to fewer discrete TMPs: lower system

and service costs = higher ‘up-time’

Primary pumps
- C - t t | sHigher throughput equates to greater instrumeant sensitivity.
ommunications pro 0COIS sEarly 139 ally required 20 or 30 m3h for inlet
pumping. 25 years later, some applications require more than
. . . 200 m*h,
- MOdeIllng - fewer Iteratlons on N PI *Rec rn’rl.. smaller pumps for smaller and simpler entry level
ins ts.

1990s
(Early)

Primary pumps
Secundan_; pumps
P-'ul:rpump rrpl ced diffusion purr||:5|

‘Wet' to ‘dry’ pumps — smaller (then larger)

mps in lat2 19905 resulted in reduction of number

Lower power = low heat generation

and lower CoO

demand far turbc-rnc-le-:ular pump performance: higher flows.

N 0 O| I tO d |S pose Of s\Vacuum from 10* to 10 mbar in the same instrument.,

L ocal 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 ( /EDVVARDS




LCMS TMP CONFIGURATIONS

I Solutions for un ria

Considerations for I
Vacuum Pumping in
Mass Spectrometry Systems

msmmmmm—mﬂummw
oil-free, or dry, p y m!mlyudl!dlsamed
in this article with respect to capacity,

process gases.

A.D. Chew, A. Cameron, D. Goodwin, J. Hamilton, T. Hawley-J
P. Meares. 1. Purnirey, . Ramsden; and . Stee o G

l mmmmum_mom Bepnp.

Binthe punpig of
permebi e of o e M el e

27
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PUMPING SPEED COMPARISONS: SCROLL - OSRV

now > 100 m3/h

| I — I |
20-50Hz 28-B60Hz 40- 50Hz 40-B0Hz Scroll 35
45
- C mll
Sa _'_, —
Tl g e ]
e O T -
C o~ " I -
%25 C l'\,.«-":// f'k:: - - L
Q- vt TH— o
C ‘/ ey . .
Do /4 P nXL1101/nXL200i
c 15 F o’ ol ol
Y <l - 25 sim
r Py .
32 - higher throughput =
LF . 2
ot higher sensitivity
10 10 10 10 10 10

Air-cooled!

Pressure / mbar

@ Design points for LCMS

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



CAT 1 LRP: STYRENE DEVOLATIZER SYSTEM

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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LEGISLATIVE REQUIREMENTS - ATEX ETC.

= ATEX is a European directive 2014/34/EU ‘Equipment and protective
systems intended for use in potentially explosive atmospheres

. L. . . 29.3.2014 Official Journal of the European Union L 96/309
« IECEX is a global certification scheme, countries can
Ch ose to JOI N DIRECTIVE 2014/34EU OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL

*Based on European EN standards, but with deviation 6

TIIS

of 26 February 2014

on the harmonisation of the laws of the Member States relating to equipment and protective
systems intended for use in potentially explosive atmospheres (recast)

(Text with EEA relevance)

« Japan : Technology Institution of Industrial Safety .. . s w e o o

EUROPEAN UNION,
¢ KO re a : KO re a G aS S afety C O rp O ratl n - Having regard to the Treaty on the Functioning of the European
7 AT A Union, and in particular Article 114 thereof,
Gy

* Brazil - INMETRO remte iyt ’
az I - Having regard to the proposal from the European Commission,

All based on EN standards but with national deviatiofi&. ™« ===

Havina reaard tn tha aninion of the Furanean Feanamic and (5)

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

framework for the marketing of products (¥) lays down
common principles and reference provisions intended to
apply across sectoral legislation in order to provide a
coherent basis for revision or recasts of that legislation.
Directive 94/9/EC should be adapted to that Decision.

This Directive covers products which are new to the
Union market when they are placed on the market;
that is to say they are either new products made by a
manufacturer established in the Union or products,
whether new or second-hand, imported from a third
country.

This Directive should apolv to all forms of subolv.

(EDWARDS



ATEX ETC.
&

= Explosion: material reacts vioienuy 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

P

Area

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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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.

End user

/

Directive 1999/92/EC

Zone O

Manufacturer

/

Directive 2014/34/EU

v

Category 1 w

Risk Analysis Zone 1

Category 2

Zone 2

Category 3 4

Assessment

Ignition Hazard

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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ATEX ETC.

1 2 G Exd [ia] IIB

Equipment Group;

Group I: mining
@ Group Il: non mining

Important for Vacuum pumps:
Internal and external marking
required!

Equipment Category

G = Gas, D= Dust

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

control of ignition sources

lIB = Gas Group

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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FOOD - FATTY ACID DEODERISATON

-

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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TOTAL RECIRCULATION LRP PACKAGES

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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OTHER (COATING) SYSTEMS ETC...

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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FOOD PACKAGING I .

ModaVac New Zealand

40-45 packs per minute @1.0mbar (0.75 torr)
Stainless steel construction — T304
6 chamber rotary indexing

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



ELECTRON I\/IICROSCOPY SYSTEMS

vacuum oveniew.

i
==

IGP2Bake® u‘ IGP2 BEC BakeOut

38

B SAFCable
H SAFNYDrive

H20

@ —

_N
Chl\px

AUX

1]

™Y TMP1 I
HYBH
EHP ‘PVP1 \
EYacAirOk
BYacEsemOk
EYacColumnOk
BacChamherOk

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

Some use ‘vacuum reservoir chamber’

http://www.tescan.com/gallery-gallery.php?menu=2 with TMP off during experiments

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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ELECTRON MICROSCOPY VACUUM CONSIDERATIONS

= Typical EM electron m.f.p. ~1m @ l1le-4 mbar
Need lower pressures to prevent collisions with residual gas molecules
= At pressures <10 mbar — molecular flow regime: here conductance C of the pipe ~ r3/l

- Conductance is pressure independent

1Seq = 1/C + 1S o

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

Vacuum pumping system
Vacuum requirements vary: ~10 mbar to <le-10 mbar
Move from Diffusion pumps to TMPs (and lon pumps)
Move from OSRYV to dry primary pumps (scroll)

= Vacuum pumps should not disturb images!

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

dwell | WD | det |——— 300 nm ——|
200 ps| 5.

50mm |ETD HiRes Gold on Carbon

12812 HV
30.00 kV

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



ELECTRON MICROSCOPY — ELECTROMAGNETIC DISTURBANCE

SEM HYV: 3.00 kv WD: 4.917
View field: 0.466 pm  Det SE 100 nm 7
Date{m/diy): 03/03/09 service Performance in nanospace n

= More pronounced at low accelerating energies
(Lorentz force)

= Use low field TMP versions ~0.1to 1 mG

c.f. Earth’s field = 250 to 650 mG

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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DRIVERS IN EM AND SURFACE SPECTROSCOPY —

The future of electron microscopy
Yimei Zhu and Hermann Durr
Physics Today 68(4), 32 (2015)

STEM allows analysis via other techniques
Secondary electrons, EDX, WDX, EELS

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

including highly resistant bacterial endospores”

* |tis 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.

(EDWARDS
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METHODS

\

Screen fijtg,
Particulate
mlcrobial)

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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Vacuum is
used

Vacuum is
not used
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Accelerator Accelerator 45

RADIATION ,;ﬂ),;@)

. L L : 60Co radioactive
= Jonising radiation is short wavelength and high-intensity and

causes damage to genetic material of microorganisms

source

E-beam to
L L L X-ray
= Sterilization by ionising radiation can use one of three converter

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

E-beam X-ray Gamma
€12

is only used on surfaces
€10
= |onising radiation sterilisation is a low temperature process
which is used for heat sensitive items % SiE
Q
. o . o & s .
= Compared with other low temperature processes it is 5 <° " ediion cos Et"gh)’
. . . b rradiation costs (Low
relatively high cost so is generally used for large scale £ e
sterilization
€2
= The use of ionising radiation is increasing due to the -

increasing power of electron accelerators

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

Cost of sterilizing 1m3 with ionising radiation

E-beam X-ray Gamma



GASEOUS

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

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

Ethylene oxide
Ozone
Formaldehyde

Peracetic acid Hydrogen Peroxide

Steam_

Nitrogen dioxide Ethylene Oxide

Gamma Irradiation

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

PAA Vapor

°Cs
120
110
100
90
80
70
60
50
40
30
20
10
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HYDROGEN PEROXIDE (AND OZONE) PLASMAS :

= Plasma sterilization usually uses hydrogen peroxide (H,0,) as the gas

= The H,0, is activated and produces a plasma of charged particles which glow visibly

= The plasma phase of H,0, 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

[

100000 |

| Vacuum
|
|
|
|
\
\
'v

=
o
o
8

in mToer

1000

Absolute Pressure

The Sterilization Cycle

injection
12 Tor

20 minutes T
[ madimum 0 migg.

50 minutes total in Difusion

* 2 mihuwes
** 3 mihutes

42 minuteg

14.0 loer maximum e DE. |

ALY

-1

Vi

300 mTorr Threshold
100 +

pe—

—

6.0 Torr minimum in DT,

————

-

.

max
b1 15 min Plasma

|| | s.0min
max

\
\ ™\ 525 mTol

Plazsma On

Time (Minutes)
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SOME THEMES AND DRIVERS

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 DPDS400/EH2600

Communications protocols @ CNRS, Grenoble since 2003
Modelling with 0.76 g/s of helium at 10 mbar

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 ( /EDVVARDS



CONCLUSION

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....

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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THANK YOU
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The CERN Accelerator School

MAXTV

LABORATORY

INDUSTRIAL VACUUM APPLICATIONS
- AVERY PERSONAL PERSEPECTIVE

CERN Accelerator School

in collaboration with

MAX IV Laboratory

DR ANDREW CHEW

are organising a course on

SATURDAY 10™ JUNE

Vacuum for Particle Accelerators
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