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1. Basics of 1. Basics of vacuumvacuum physicsphysics

•• WhatWhat isis vacuumvacuum??

•• Short Short historyhistory of of vacuumvacuum

•• EquationEquation of of statestate forfor an ideal gasan ideal gas

•• Gas Gas flowflow and and conductanceconductance

•• PumpingPumping speedspeed

•• VapourVapour pressurepressure

•• Outgassing, Outgassing, desorptiondesorption, , adsorptionadsorption, ... , ... 

•• LeakrateLeakrate

•• SomeSome unitsunits
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WhatWhat isis vacuumvacuum (DIN 28400)?(DIN 28400)?
VacuumVacuum denotesdenotes thethe condition of a gas condition of a gas wherewhere

–– thethe pressurepressure insideinside a a recipientrecipient ((vacuumvacuum chamberchamber) ) isis smallersmaller
thanthan outsideoutside. . 

–– thethe pressurepressure of of thethe gas gas isis smallersmaller thanthan 300 300 mbarmbar, , i.ei.e. . smallersmaller
thanthan thethe lowestlowest atmosphericatmospheric pressurepressure on on thethe surfacesurface of of thethe
earthearth..

Ranges of Ranges of vacuumvacuum
–– roughrough ((lowlow) ) vacuumvacuum:: 101033 –– 1 1 mbarmbar
–– mediummedium vacuumvacuum:: 11 ––1010--33 mbarmbar
–– high high vacuumvacuum (HV):(HV): 1010--33 ––1010--77 mbarmbar
–– ultraultra--highhigh vacuumvacuum (UHV):(UHV): < < 1010--7 7 mbarmbar
–– extreme high extreme high vacuumvacuum (XHV):(XHV): < < 1010--1212 mbarmbar

different different definitionsdefinitions in Europe and in Europe and thethe USUS
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Ranges of Ranges of vacuumvacuum and and applicationsapplications

G. Voss, Oerlikon G. Voss, Oerlikon LeyboldLeybold VacuumVacuum
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Short Short historyhistory of of vacuumvacuum
•• ~400 BC:~400 BC:

–– DemocritusDemocritus proposedproposed atomsatoms and and emptyempty spacespace in in betweenbetween..

–– AristotleAristotle denieddenied thethe existenceexistence of of emptyempty spacespace..

•• 1613 1613 –– 1650 AD: 1650 AD: 
–– Galileo GalileiGalileo Galilei measuresmeasures thethe densitydensity of of airair

–– TorricelliTorricelli performsperforms vacuumvacuum experimentsexperiments withwith a a mercurymercury filledfilled glassglass tubetube

–– Pascal Pascal discoversdiscovers thatthat thethe highthight of of thethe liquid liquid dependsdepends on on itsits densitydensity

–– Pascal and DescartesPascal and Descartes developedevelope thethe ideaidea of of airair pressurepressure measurementsmeasurements
at different at different altitudesaltitudes

•• ~1650 AD:~1650 AD:
–– Otto von GuerickeOtto von Guericke (Magdeburg) (Magdeburg) startsstarts vacuumvacuum experimentsexperiments

–– developementdevelopement of of airair pumpspumps fromfrom a a waterwater pump of pump of thethe firefire brigadebrigade

–– Magdeburg Magdeburg hemisphereshemispheres
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Guericke: Magdeburg Guericke: Magdeburg HemispheresHemispheres

•• diameterdiameter: 50 cm: 50 cm
•• 8 8 horseshorses on on eacheach sideside couldcould notnot

pull apart pull apart evacuatedevacuated spheresspheres

Deutsches MuseumDeutsches Museum
MünchenMünchen



77 Karlsruhe, 05.Aug.2009Karlsruhe, 05.Aug.2009
J. Wolf,  J. Wolf,  VacuumVacuum technologytechnology

KIT – die Kooperation von
Forschungszentrum Karlsruhe GmbH
und Universität Karlsruhe (TH)

Short Short historyhistory of of vacuumvacuum

K. K. JoustenJousten: : HandbookHandbook of of vacuumvacuum technologytechnology
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EquationEquation of of statestate forfor an ideal gasan ideal gas

•• p = p = pressurepressure of of thethe gas gas [[mbarmbar]]
•• V = V = volumevolume of of thethe gas gas [l][l]
•• N = N = numbernumber of gas of gas moleculesmolecules in in volumevolume VV
•• vv = = numbernumber of of molsmols [mol][mol]
•• T = absolute T = absolute temperaturetemperature [K][K]
•• kkBB = = BoltzmannBoltzmann constantconstant = 13.807 = 13.807 ·· 1010--2323 mbarmbar ·· l/Kl/K
•• R = R = molarmolar gas gas constantconstant = 83.145 = 83.145 mbarmbar ·· l/mol l/mol ·· KK

TRTkNVp B ⋅⋅=⋅⋅=⋅ ν

•• p p ·· V V isis oftenoften usedused insteadinstead of of thethe massmass of a gasof a gas
•• standardstandard conditionsconditions: p: p00 = 1013.25 = 1013.25 mbarmbar, T, T00 = 273.15 K= 273.15 K
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Gas Gas flowflow and and conductanceconductance

vacuumvacuum
chamberchamber

VV11, p, p11, T, T11,N,N11

vacuumvacuum
chamberchamber

VV22, p, p22, T, T22,N,N22

tubetube withwith conductanceconductance CC
lengthlength: L, cross : L, cross sectionsection: A : A 

SS
vacuumvacuum
chamberchamber

VV11, p, p11, T, T11,N,N11

pumppump

vacuumvacuum
chamberchamber

VV11, p, p11, T, T11,N,N11

ambient ambient airair

valvevalve
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Gas Gas flowflow ((throughputthroughput))

Marsbed H. Hablanian
High-Vacuum Technology

A Practical Guide

gas gas moleculesmolecules
followfollow thethe

pressurepressure gradientgradient

gas gas moleculesmolecules
interacteinteracte onlyonly
withwith thethe wallswalls
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Velocity and Velocity and meanmean freefree pathpath
•• meanmean thermal thermal velocityvelocity (Maxwell (Maxwell –– BoltzmannBoltzmann))

•• meanmean freefree pathpath

•• KnudsenKnudsen numbernumber ((DD = = caracteristiccaracteristic geometricalgeometrical dimensiondimension))
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ConductanceConductance

•• gas gas flowflow oror throughputthroughput (pump) (pump) isis describeddescribed byby

•• ConductanceConductance CC quantifiesquantifies thethe gas gas flowflow betweenbetween a a vacuumvacuum chamberchamber
and and anotheranother volumevolume oror pump pump forfor a a givengiven pressurepressure differencedifference ∆∆pp..
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ConductanceConductance
•• ViscousViscous flowflow

–– conductanceconductance dependsdepends on on thethe pressurepressure andand meanmean thermal thermal velocityvelocity
–– exampleexample: : longlong tubetube

–– chokedchoked gas gas flowflow at largeat large
pressurepressure differencedifference
(p(p11 < ½ p< ½ p22))

•• MolecularMolecular flowflow
–– conductanceconductance dependsdepends on on meanmean thermal thermal velocityvelocity
–– exampleexample: : circularcircular apertureaperture

–– exampleexample: : longlong tubetube

–– exampleexample: : nitrogennitrogen at RTat RT
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ConductanceConductance
•• conductanceconductance isis proportional to proportional to thethe meanmean thermal thermal velocityvelocity and and 

thereforetherefore dependsdepends on on thethe temperaturetemperature and and massmass of gas of gas moleculesmolecules

•• conductanceconductance forfor anotheranother gas gas typetype at at thethe samesame temperaturetemperature isis::

•• examplesexamples ((molecularmolecular flowflow, 20°C, , 20°C, longlong tubetube, D = 4 cm, L = 100 cm) , D = 4 cm, L = 100 cm) 
–– nitrogennitrogen (M = 28 g/mol):(M = 28 g/mol): C = 7.74 l/sC = 7.74 l/s
–– hydrogenhydrogen (M = 2 g/mol):(M = 2 g/mol): C = 29.0 l/sC = 29.0 l/s
–– argonargon (M = 40 g/mol):(M = 40 g/mol): C = 6.48 l/sC = 6.48 l/s

•• conductanceconductance of of tubestubes cancan bebe determineddetermined graphicallygraphically withwith a a 
nomogramnomogram forfor nitrogennitrogen at 20°Cat 20°C
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NomogramNomogram forfor molecularmolecular flowflow

Oerlikon Oerlikon LeyboldLeybold productproduct CD:CD:
Fundamentals of Fundamentals of vacuumvacuum technologytechnology
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PumpingPumping speedspeed

•• pumpingpumping speedspeed S in l/sS in l/s oror in in mm33/h/h ((roughingroughing pumpspumps))
•• throughputthroughput of of thethe pump pump isis qqpVpV = S = S ·· pp22

•• pressurepressure drop drop acrossacross tubetube maintainsmaintains gas gas flowflow:: pp1 1 > p> p22

•• equationequation of of continuitycontinuity: : qqpVpV = S = S ·· pp2 2 = = SSeffeff ·· pp1 1 = C = C ·· (p(p11 –– pp22))

•• effectiveeffective pumpingpumping speedspeed::

•• exampleexample::
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CompressionCompression factorfactor K = K = pphvhv / / ppfvfv

G. Voss, G. Voss, OerlikonOerlikon--LeyboldLeybold

•• maximummaximum compressioncompression forfor HH2 2 at at qqpVpV = 0  = 0  
•• back back diffusiondiffusion limits high limits high vacuumvacuum pressurepressure
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PumpPump--downdown timetime

roughingroughing pumppump
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•• minimumminimum pressurepressure ppminmin
–– back back diffusiondiffusion (pump)(pump)
–– outgassing, outgassing, leaksleaks,...,...

•• time time dependentdependent forfor UHVUHV
((e.ge.g. . HobsonHobson modelmodel, , surfacesurface layerslayers))
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Final Final pressurepressure ((equilibriumequilibrium))
•• thethe final final pressurepressure pp00 in a in a vacuumvacuum systemsystem dependsdepends onon

–– thethe incomingincoming gas gas flowflow qqpVpV

•• evaporationevaporation ((vapourvapour pressurepressure) of liquid and solid ) of liquid and solid materialsmaterials

•• outgassing outgassing fromfrom surfacessurfaces and and bulkbulk material of material of thethe wallswalls
((desorptiondesorption))

•• permeationpermeation throughthrough wallswalls and and sealingsealing materialsmaterials ((e.ge.g. . VitonViton gasketsgaskets))

•• airair leaksleaks and and virtualvirtual leaksleaks

•• backback--diffusiondiffusion throughthrough mechanicalmechanical pumpspumps

–– thethe effectiveeffective pumpingpumping speedspeed SSeffeff

•• vacuumvacuum pumpspumps (dominant)(dominant)

•• adsorptionadsorption on on thethe surfacessurfaces insideinside thethe recipientrecipient

•• condensationcondensation

•• absorptionabsorption eff

pV

S
q

p =0
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VapourVapour pressurepressure
•• at at thethe equilibriumequilibrium vapourvapour pressurepressure (EVP) (EVP) condensationcondensation

of gas and of gas and evaporationevaporation fromfrom thethe liquid liquid oror solid solid phasephase areare
equalequal

•• thethe EVP EVP stronglystrongly dependsdepends on on thethe temperaturetemperature

•• materialsmaterials insideinside a a vacuumvacuum systemsystem shouldshould havehave a a veryvery
lowlow vapourvapour pressurepressure

•• lowerlower pressurespressures cancan onlyonly bebe reachedreached afterafter all material all material 
has has evaporatedevaporated and and thethe gas has gas has beenbeen pumpedpumped outout

•• dangerdanger: high : high concentrationconcentration cancan condensatecondensate in pumpin pump

•• exampleexample: : freezefreeze--dryingdrying
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VapourVapour pressurepressure of metalsof metals
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Adsorption, Adsorption, desorptiondesorption & Co.& Co.
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Outgassing = Outgassing = diffusiondiffusion & & desorptiondesorption
•• outgassing outgassing isis

–– reducedreduced byby vakuumvakuum bakingbaking at high at high temperaturestemperatures
–– reducedreduced byby longlong pumpingpumping timestimes ((butbut notnot as as efficientlyefficiently as as bakingbaking))
–– thethe mainmain limitinglimiting factorfactor in UHV in UHV forfor thethe final final pressurepressure ((hydrogenhydrogen))
–– givengiven in in unitsunits of: of: mbarmbar··l/sl/s··cmcm22

•• waterwater
–– afterafter ventingventing a a thinthin layerlayer of of waterwater remainsremains on on surfacessurfaces ((humidityhumidity))
–– bakingbaking underunder vacuumvacuum aboveabove 185°C 185°C removesremoves waterwater

•• hydrogenhydrogen
–– hydrogenhydrogen atomsatoms areare embeddedembedded in metal in metal latticelattice
–– diffusiondiffusion to and on to and on surfacesurface, , recombinationrecombination to Hto H22, , desorptiondesorption

•• otherother materialsmaterials
–– e.ge.g. . hydrocarbonshydrocarbons ((oiloil, , greasegrease) ) fromfrom manufacturingmanufacturing on on surfacessurfaces
–– thoroughthorough cleaningcleaning of of thethe vacuumvacuum chamberchamber necessarynecessary
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LeakrateLeakrate
•• normal normal leaksleaks

–– leakleak in in gasketgasket of a of a flangeflange connectionconnection
–– leakleak in in weldingwelding
–– leakleak in in bulkbulk materialmaterial
–– permeationpermeation throughthrough solid solid materialsmaterials

•• e.ge.g. . heliumhelium gas gas throughthrough VitonViton gasketgasket

•• virtualvirtual leaksleaks
–– hiddenhidden, , gasgas--filledfilled cavitycavity in in bulkbulk material material withwith smallsmall channelchannel intointo

thethe vacuumvacuum chamberchamber
–– veryvery hardhard to findto find
–– causedcaused byby weldingwelding, , manufacturingmanufacturing of of steelsteel, , designdesign errorserrors, ..., ...

•• detectiondetection of of leaksleaks
–– heliumhelium leakleak--detectordetector
–– massmass spectrometerspectrometer
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SomeSome unitsunits
•• PressurePressure ((pp):):

1 1 mbarmbar = 1 = 1 hPahPa = 100 Pa = 0.750 = 100 Pa = 0.750 torrtorr = 0.0145 = 0.0145 psipsi
•• ConductanceConductance ((CC):):

1 l/s = 3.6 m1 l/s = 3.6 m33/h/h
•• PumpingPumping speedspeed ((SS):):

1 l/s = 3.6 m1 l/s = 3.6 m33/h/h
•• Gas Gas flowflow, , throughputthroughput at 0°Cat 0°C ((qqpVpV):):

1 1 mbarmbar··ll/s = 0.1 Pa/s = 0.1 Pa··mm33/s = 1.333 /s = 1.333 TorrTorr··ll/s = /s = 0.0181 0.0181 sccmsccm ((at 20°Cat 20°C !)!)
•• LeakrateLeakrate at 20°Cat 20°C ((qqLL):):

1 1 mbarmbar··ll/s = 100 /s = 100 PaPa··ll/s =  0.1 W = 1.333 /s =  0.1 W = 1.333 TorrTorr··ll/s = /s = 0.0169 0.0169 sccmsccm
•• Outgassing, Outgassing, desorptiondesorption ((jj):):

1 mbar1 mbar··l/sl/s··cmcm22 = 100 Pa= 100 Pa··l/sl/s··cmcm22 = 1000 = 1000 PaPa··mm/s/s = 1000 W/m= 1000 W/m22

AlwaysAlways check check thethe temperaturetemperature whenwhen measuringmeasuring a a valuevalue



2626 Karlsruhe, 05.Aug.2009Karlsruhe, 05.Aug.2009
J. Wolf,  J. Wolf,  VacuumVacuum technologytechnology

KIT – die Kooperation von
Forschungszentrum Karlsruhe GmbH
und Universität Karlsruhe (TH)

2. 2. VacuumVacuum chamberschambers

•• ExamplesExamples of of vacuumvacuum chamberschambers

•• Material Material selectionselection

•• FlangesFlanges and and gasketsgaskets
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VacuumVacuum chamberschambers

•• NASA NASA SpaceSpace Power Power FacilityFacility
–– satellitesatellite teststests

–– marsmars landerlander teststests

–– teststests forfor ISS ...ISS ...

•• largestlargest vacuumvacuum chamberchamber
–– diameterdiameter:  30.5 m (100 :  30.5 m (100 ftft))

–– heightheight:      37.2 m (122 :      37.2 m (122 ftft))

•• vacuumvacuum systemsystem
–– ultimateultimate pressurepressure: ~10: ~10--66 mbarmbar

–– 48 48 oiloil diffusiondiffusion pumpspumps 700000 l/s700000 l/s

–– 10 10 cryopumpscryopumps 600000 l/s600000 l/s

–– pump down: 8 pump down: 8 –– 12 h12 h
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VacuumVacuum chamberschambers
•• LIGO LIGO gravitationalgravitational

wavewave detectordetector
–– L = 2 x 4 kmL = 2 x 4 km
–– D = 1.2 mD = 1.2 m
–– volumevolume: 8500 m: 8500 m33

–– 1010--99 mbarmbar
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VacuumVacuum chamberschambers
•• KATRIN KATRIN mainmain spectrometerspectrometer

–– L = 24 m, D = 10 m, L = 24 m, D = 10 m, volumevolume = 1240 m= 1240 m33

–– ultimateultimate pressurepressure: ~ 10: ~ 10--1111 mbarmbar
–– pumpingpumping speedspeed: ~ 1 000 000 l/s: ~ 1 000 000 l/s
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Materials Materials forfor vacuumvacuum systemssystems

•• mainmain reqiurementsreqiurements::
–– sufficientsufficient mechanicalmechanical strengthstrength (10 t per 1 m(10 t per 1 m22 forfor ∆∆pp = 1000 = 1000 mbarmbar))

–– high gas high gas tightnesstightness ((lowlow gas gas permeabilitypermeability, no , no leaksleaks))

–– lowlow intrinsicintrinsic vapourvapour pressurepressure

–– lowlow foreignforeign gas gas contentcontent (outgassing)(outgassing)

–– good good degassingdegassing propertiesproperties ((bakingbaking reducesreduces outgassing)outgassing)

–– high high meltingmelting and and boilingboiling pointspoints ((bakebake--outout of a of a vacuumvacuum systemsystem))

–– clean clean surfacesurface

–– adoptedadopted thermal thermal expansionexpansion behaviourbehaviour betweenbetween usedused materialsmaterials

–– high thermal high thermal fatiguefatigue resistanceresistance

–– corrosioncorrosion resistanceresistance
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SomeSome materialsmaterials forfor vacuumvacuum systemssystems
•• metalsmetals

–– stainlessstainless steelsteel ((e.ge.g. 304, 316 Ti, 316 L, 316 LN). 304, 316 Ti, 316 L, 316 LN)
–– aluminiumaluminium (no (no anodizedanodized coatingcoating !)!)
–– coppercopper (OFHC: (OFHC: oxigenoxigen freefree, high , high conductivityconductivity) ) 
–– tungstentungsten, , titaniumtitanium, ..., ...
–– gold and gold and silversilver forfor sealsseals and and coatingcoating
–– indiumindium forfor sealsseals ((meltingmelting point 156°C !)point 156°C !)

•• glassglass
–– borosilicateborosilicate glassglass ((PyrexPyrex, Duran, ...), Duran, ...)
–– quartzquartz glassglass

•• ceramicsceramics
–– AlAl22OO33 ceramicsceramics ((insulatersinsulaters, el. , el. feedthroughsfeedthroughs))

•• plasticsplastics ((mainlymainly forfor sealingsealing purposespurposes))
–– VitonViton
–– PTFE (Teflon)PTFE (Teflon)
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K. K. JoustenJousten: : HandbookHandbook of of vacuumvacuum technologytechnology
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WeldingWelding of of vacuumvacuum componentscomponents

K. K. JoustenJousten: : HandbookHandbook of of vacuumvacuum technologytechnology

avoidavoid cavitiescavities
withwith trappedtrapped airair

sealingsealing weldweld
isis on on thethe insideinside
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Standard Standard flangeflange connectionsconnections
•• KF KF flangeflange

–– high high vacuumvacuum (p > 10(p > 10--77 mbarmbar))
–– temperaturetemperature rangerange: 0°C ... 120/180°C: 0°C ... 120/180°C
–– gasketsgaskets: : elastomericelastomeric oo--ringsrings ((VitonViton, ...), , ...), aluminumaluminum
–– inner inner diameterdiameter: 10mm ... 50 mm: 10mm ... 50 mm

•• ISO ISO flangeflange (ISO(ISO--K and ISOK and ISO--F)F)
–– high high vacuumvacuum (p > 10(p > 10--77 mbarmbar))
–– temperaturetemperature rangerange: 0°C ... 120/180°C: 0°C ... 120/180°C
–– gasketsgaskets: : elastomericelastomeric oo--ringsrings ((VitonViton, ...), , ...), aluminumaluminum
–– inner inner diameterdiameter: 63 mm ... 630 mm: 63 mm ... 630 mm

•• CFCF--(ConFlat(ConFlatTMTM))--FlanschFlansch
–– UHV (p < 10UHV (p < 10--77 mbarmbar))
–– Temperatur: Temperatur: --196°C ... 450°C196°C ... 450°C
–– gasketsgaskets: OHFC : OHFC coppercopper ringsrings
–– inner inner diameterdiameter: 16 mm ... 320 mm: 16 mm ... 320 mm
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KFKF--flangeflange
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ISOISO--flangeflange

ISOISO--FF

ISOISO--KK
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CFCF--(ConFlat(ConFlatTMTM) ) flangeflange
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3. 3. VacuumVacuum pumpspumps

•• Pump Pump typestypes
•• RoughingRoughing pumpspumps
•• High and High and ultraultra--highhigh vacuumvacuum pumpspumps

–– turboturbo--molecularmolecular pumpspumps
–– gettergetter pumpspumps
–– oiloil diffusiondiffusion pumpspumps
–– cryocryo pumpspumps
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K. K. JoustenJousten: : HandbookHandbook of of vacuumvacuum technologytechnology

roughingroughing pumpspumps
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highhigh

vacuumvacuum

pumpspumps
roughingroughing pumpspumps

Pfeiffer Pfeiffer VacuumVacuum
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PressurePressure rangerange forfor different different pumpspumps

K. K. JoustenJousten: : HandbookHandbook of of vacuumvacuum technologytechnology
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RoughingRoughing pumpspumps
•• roughingroughing pumpspumps removeremove mostmost of of thethe gas gas 

–– pminpmin >10>10--33 mbarmbar ((dependsdepends on pump on pump typetype))
–– neededneeded as as forefore--lineline pump pump forfor HV and UHV HV and UHV pumpspumps

•• compressedcompressed vapoursvapours ((e.ge.g. . waterwater) ) cancan condensatecondensate in in thethe pumppump
–– cancan damagedamage thethe pumppump
–– condensationcondensation avoidedavoided byby gas gas ballastballast valvevalve

whichwhich addsadds airair to last to last pumpingpumping stagestage
•• mostmost commoncommon pumpspumps: : rotaryrotary vanevane pump (pump (oiloil sealedsealed))
•• drydry pumpspumps areare usedused forfor UHV to UHV to avoidavoid back back streamingstreaming oiloil vapoursvapours

–– srollsroll pumppump
–– screwscrew pumppump
–– diaphragmdiaphragm pumppump
–– pistonpiston pumppump
–– multimulti--rootsroots pumppump

•• rootsroots blowerblower: : additianaladditianal stagestage on on toptop of of roughingroughing pump pump 
–– increasincreas pumpingpumping speedspeed and and compressioncompression ratioratio

Wikipedia.orgWikipedia.orgWikipedia.org
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TurboTurbo--molecularmolecular pumpspumps
•• TurboTurbo--molecularmolecular pumpspumps (TMP) (TMP) areare designeddesigned forfor HV and UHVHV and UHV

–– researchresearch ((acceleratorsaccelerators, , electronelectron--microscopesmicroscopes, , fusionfusion reactorsreactors,...) ,...) 
–– manufacturingmanufacturing ((semisemi--conductorsconductors, , coatingcoating, ...), ...)

•• minimumminimum pressurepressure: ~10: ~10--1010 mbarmbar
–– dependsdepends on on forefore pressurepressure ((backback--diffusiondiffusion ↔↔ compressioncompression ratioratio))
–– compressioncompression ratioratio dependsdepends on gas on gas typetype and and throughputthroughput
–– cascadedcascaded TMPs TMPs cancan reachreach lowerlower pressurepressure (larger H(larger H22 compressioncompression))
–– cleanlinesscleanliness: outgassing : outgassing fromfrom rotorrotor cancan limitlimit pressurepressure

•• maximummaximum forefore pressurepressure
–– standardstandard TMP:   < 10TMP:   < 10--1 1 mbarmbar
–– widerangewiderange TMP: < TMP: < fewfew mbarmbar (Holweck (Holweck stagestage oror similarsimilar stagestage) ) 

•• operationoperation of TMPsof TMPs
–– rotorrotor blade blade tipstips movemove withwith speedspeed of of soundsound
–– large large torquetorque on on housinghousing in in casecase of of rotorrotor crashcrash
–– TMP has to TMP has to bebe connectedconnected to to heavyheavy recipientrecipient oror fixedfixed to to thethe groundground
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TurboTurbo--molecularmolecular pumpspumps
high high vacuumvacuum flangeflange

rotorrotor: : turboturbo--molecularmolecular stagestage

statorstator

ceramicceramic ball ball bearingbearing

rotorrotor: Holweck : Holweck stagestage

motormotor

waterwater coolingcooling

ceramicceramic ball ball bearingbearing

purgepurge gas gas chanelchanel

spacespace forfor frequencyfrequency
converterconverter (pump (pump controllercontroller))

Wikipedia.orgWikipedia.orgWikipedia.org

G. Voss, G. Voss, OerlikonOerlikon--LeyboldLeybold
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„„DryDry“ TMP “ TMP withwith magneticmagnetic bearingsbearings

G. Voss, G. Voss, OerlikonOerlikon--LeyboldLeybold
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MagneticMagnetic fieldsfields and and turboturbo--pumpspumps
•• strongstrong magneticmagnetic fieldsfields in in sourcesource and and transporttransport sectionsection

–– supersuper--conductingconducting solenoidssolenoids: : BBmaxmax = 5.6 T= 5.6 T
•• mainmain pumpspumps: 16 : 16 turboturbo--molecularmolecular pumpspumps (MAG W 2800)(MAG W 2800)

–– eddyeddy currentscurrents heatheat rotorrotor ((TTmaxmax < 80°C < 80°C forfor longlong termterm operationoperation))
–– pumpspumps closeclose to to beambeam--lineline to to reducereduce lossloss of of conductanceconductance

•• test test programmeprogramme
–– measuremeasure rotorrotor temperaturetemperature of of runningrunning pump pump withwith IR IR cameracamera
–– different different orientationsorientations of of BB--fieldfield relative to relative to rotorrotor axisaxis (B(B║║ , B, B┴┴ ) ) 
–– temperaturetemperature vs. vs. BB--fieldfield (0 < B(0 < B║║ < 25 mT  ;  0 < B< 25 mT  ;  0 < B┴┴ < 11 mT)  < 11 mT)  
–– influenceinfluence of different gas of different gas loadsloads

BB--fieldfield: Helmholtz : Helmholtz coilscoils
TemperatureTemperature: : pyrometerpyrometer
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TMP in a TMP in a magneticmagnetic fieldfield
((rotorrotor axisaxis perpendicularperpendicular to to fieldfield))

•• Eddy Eddy currentscurrents heatheat up up rotorrotor ! ! 
•• Rotor Rotor crashcrash at ~ 120°Cat ~ 120°C
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GetterGetter pumpspumps (NEG)(NEG)
•• NEG = Non NEG = Non EvaporableEvaporable GetterGetter

–– sinteredsintered fine metal fine metal powderpowder
–– propertiesproperties dependdepend on on compositioncomposition of of alloyalloy
–– metals: metals: titaniumtitanium, , vanadiumvanadium, , zirconiumzirconium, iron,..., iron,...
–– St707: 70% Zr, 25% V, 5% FeSt707: 70% Zr, 25% V, 5% Fe
–– activationactivation byby heatingheating to to appropriateappropriate temperaturetemperature (St707: 400°C)(St707: 400°C)

•• gettergetter pumpspumps bind gas bind gas moleculesmolecules on on surfacesurface
–– physisorptionphysisorption: reversible : reversible byby heatingheating of of thethe gettergetter
–– chemsorptionchemsorption: irreversible: irreversible
–– gas gas cancan diffuse diffuse intointo thethe gettergetter material (material (bulkbulk gettergetter pump)pump)
–– pumpingpumping speedspeed dependsdepends stronglystrongly on gas on gas typetype (no noble gas)(no noble gas)

•• NEG NEG productsproducts
–– gettergetter stripsstrips: NEG : NEG powderpowder on 30mm on 30mm widewide constantanconstantan carriercarrier stripsstrips
–– gettergetter palletspallets, , gettergetter rings, rings, sinteredsintered bulkbulk gettersgetters, ..., ...
–– NEG NEG pumpspumps withwith heatingheating, , housinghousing and CF and CF flangeflange (SAES)(SAES)

SAESSAES
St707 St707 stripsstrips
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CryoCryo--pumpspumps

1.1. high high vacuumvacuum flangeflange
2.2. pump pump housinghousing
3.3. forefore--vacuumvacuum flangeflange
4.4. safetysafety valvevalve
5.5. radiationradiation shieldshield
6.6. bafflebaffle
7.7. second second stagestage of of coldcold headhead
8.8. pumpingpumping surfacesurface
9.9. firstfirst stagestage of of thethe coldcold headhead
10.10. heliumhelium gas gas connectionconnection
11.11. coldcold headhead motormotor

•• pumpingpumping processprocess: : condensationcondensation, , cryosorptioncryosorption
•• ultimateultimate pressurepressure dependsdepends on gas and on gas and temperaturetemperature (UHV)(UHV)
•• regularregular rere--generationgeneration of pump (of pump (heatingheating))

G. Voss, G. Voss, OerlikonOerlikon--LeyboldLeybold
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CryoCryo--pumpspumps

G. Voss, G. Voss, OerlikonOerlikon--LeyboldLeybold
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4. 4. VacuumVacuum measurementmeasurement

•• PressurePressure gaugesgauges

–– forefore vacuumvacuum

–– high and high and ultraultra--highhigh vacuumvacuum

–– widewide rangerange gaugesgauges

•• RGA (residual gas RGA (residual gas analyzeranalyzer))

•• LeakLeak detectiondetection
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PressurePressure gaugesgauges
•• directdirect measurementmeasurement

–– mechanicalmechanical gaugesgauges
–– lowlow and and mediummedium vacuumvacuum
–– gas independent gas independent signalsignal

•• indirectindirect measurementmeasurement
–– thermal thermal conductivityconductivity
–– ionizationionization (<10(<10--22 mbarmbar))
–– gas gas dependentdependent signalsignal

•• widewide--rangerange gaugegauge
–– 1000 1000 mbarmbar ... UHV... UHV
–– 2 2 gaugesgauges in in oneone housinghousing
–– automaticautomatic switchingswitching

•• RGA (residual gas RGA (residual gas analyzeranalyzer))
–– partial partial pressurepressure
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IonizationIonization gaugesgauges
•• measuredmeasured signalsignal (10(10--22 ... 10... 10--1212 mbarmbar))

–– ionizationionization of gas of gas moleculesmolecules byby electronselectrons (~ 100 (~ 100 eVeV))
–– signalsignal ((ionion currentcurrent) proportional to ) proportional to numbernumber densitydensity, , notnot pressurepressure !!!!!!
–– standardstandard gaugegauge calibrationcalibration forfor NN22 at 20°Cat 20°C
–– pressurepressure readingreading dependsdepends on on temperaturetemperature and gas and gas speciesspecies (different (different 

ionizationionization cross cross sectionssections))

•• crossedcrossed electricelectric and and magneticmagnetic fieldsfields
–– magneticmagnetic fieldfield extendsextends pathpath of of electronselectrons, , moremore ionizationionization
–– permanent gas permanent gas dischargedischarge
–– penningpenning gaugegauge
–– invertedinverted magnetronmagnetron gaugegauge

•• electronelectron emittingemitting cathodecathode (hot (hot cathodecathode gaugegauge))
–– hot hot filamentfilament emitsemits electronselectrons
–– BayertBayert--AlpertAlpert gaugegauge
–– ExtractorExtractor gaugegauge (10(10--55 -- 1010--1212 mbarmbar))

anodeanode
ionion collectorcollector
hot hot cathodecathode
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5. 5. ExampleExample: KATRIN : KATRIN spectrometerspectrometer

•• Prototype Prototype measurementsmeasurements

•• Design of Design of thethe vacuumvacuum chamberchamber

•• VacuumVacuum systemsystem

•• ManufacturingManufacturing and and surfacesurface preparationpreparation

•• BakeBake--outout

•• Outgassing Outgassing ratesrates
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KATRIN KATRIN mainmain componentscomponents
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1010--1111 mbarmbar1010--1111 mbarmbarvacuumvacuum (TMP + NEG (TMP + NEG pumpspumps):):

316LN 316LN 316LN 316LN material (material (stainlessstainless steelsteel):):

18.4 18.4 –– 18.6 kV18.6 kV18.3 kV18.3 kVhigh high voltagevoltage ((vesselvessel on on insulatorsinsulators):):

bothboth endsends
12.6 m 12.6 m alualu. . coilscoils

bothboth endsends
nono

magneticmagnetic fieldfield ((s.cs.c. . solenoidssolenoids):):
earthearth fieldfield correctioncorrection::

10°C ... 350°C10°C ... 350°C--20°C ... 350°C20°C ... 350°Ctemperaturetemperature

1240 m1240 m338.5 m8.5 m33volumevolume::

690 m690 m2225 m25 m22surfacesurface::

200 to200 to4 to.4 to.weightweight::

9.8 m9.8 m1.7 m1.7 mdiameterdiameter ((definesdefines energyenergy resolutionresolution):):

23.4 m23.4 m3.4 m3.4 mlengthlength::
mainmain specspec..prepre--specspec..generalgeneral propertiesproperties

TheThe electroelectro--staticstatic tandemtandem--spectrometerspectrometer
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VacuumVacuum prototypeprototype programmeprogramme

•• surfacesurface preparationpreparation of 316LN of 316LN recipientsrecipients
–– grindinggrinding, , cleaningcleaning, , electroelectro--polishingpolishing
–– vakuumvakuum bakingbaking at up to 350°Cat up to 350°C
–– outgassing as outgassing as functionfunction of of temperaturetemperature

•• flangeflange designdesign (DN 500 and DN1700)(DN 500 and DN1700)
–– differentiallydifferentially pumpedpumped double double sealingsealing
–– spring spring loadedloaded metal metal gasketsgaskets
–– handlinghandling of of thethe gasketsgaskets
–– temperaturetemperature cyclescycles ((--20°C...+350°C)20°C...+350°C)

•• pumpingpumping schemescheme
–– NEG pump (SEAS ST707 NEG NEG pump (SEAS ST707 NEG stripsstrips))
–– cascadedcascaded TMPsTMPs
–– drydry forefore--pumppump
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PrototypesPrototypes forfor thethe vacuumvacuum systemsystem
of of thethe mainmain spectrometerspectrometer

•• Test Test RecipientRecipient (2002/3)(2002/3)
–– VolumeVolume: 0.3 m³, : 0.3 m³, surfacesurface: 2.5 m²: 2.5 m²
–– Material 316LNMaterial 316LN
–– CascadedCascaded TMPs: 800l/s + 70l/sTMPs: 800l/s + 70l/s
–– 10m NEG (SAES ST707 10m NEG (SAES ST707 stripsstrips))
–– final final pressurepressure ≈ 10≈ 10--1111 mbarmbar

•• PrePre--SpectrometerSpectrometer (2003/4)(2003/4)
–– VolumeVolume: 8.5 m³, : 8.5 m³, surfacesurface: 25 m²: 25 m²
–– Material: 316LNMaterial: 316LN
–– CascadedCascaded TMPs: 2x 800l/s + 500l/sTMPs: 2x 800l/s + 500l/s
–– 90m NEG (SAES ST707 90m NEG (SAES ST707 stripsstrips))
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PrePre--spectrometerspectrometer

2 TMPs + 2 TMPs + valvesvalves

DN1700 DN1700 flangeflange

PrePre--SpectrometerSpectrometer UHV UHV MeasurementsMeasurements

s.cs.c. . magnetmagnet
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Installation of Installation of thethe NEG pump NEG pump 
in in thethe prepre--spectrometerspectrometer

(90 m of ST707 (90 m of ST707 stripsstrips))

final final pressurepressure at 20°C: at 20°C: ≈≈ 1010--1111 mbarmbar
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ConclusionsConclusions fromfrom thethe prepre--spectrometerspectrometer

•• TMPs + NEG TMPs + NEG cancan reachreach 1010--1111 mbarmbar

•• 25000 l/s 25000 l/s pumpingpumping speedspeed forfor 90 m of 90 m of gettergetter:              :              

–– pumpingpumping speedspeed ≈≈ 280 l/s 280 l/s m(NEGm(NEG))

–– comparisoncomparison withwith simulationsimulation:: stickingsticking coeffcoeff. . ≈≈ 2%2%

•• AcceptableAcceptable outgassing at outgassing at 20°C: 20°C: ≈≈ 1010--1212 mbarmbar l/s cm²l/s cm²

•• CoolingCooling to to --20°C20°C reducedreduced outgassing outgassing byby a a factorfactor of of 8      8      
((butbut final final pressurepressure limitedlimited byby TMPs and TMPs and gaugesgauges))

((sincesince 2005: 2005: electroelectro--magneticmagnetic teststests withwith thethe prepre--spectrometerspectrometer))

•• Bornschein, Day, Habermehl, Luo, Wolf, Bornschein, Day, Habermehl, Luo, Wolf, HydrogenHydrogen in matter 2005in matter 2005, AIP , AIP confconf. . procproc. 837 (2006) 200. 837 (2006) 200--209 209 

•• Luo, Bornschein, Day, Wolf, Luo, Bornschein, Day, Wolf, VacuumVacuum 81 (2007) 77781 (2007) 777--781781

•• Day, Luo, Day, Luo, ConteConte, , BonucciBonucci, , ManiniManini , J. , J. VacVac. . SciSci. . TechnolTechnol. A25(4), (2007) 824. A25(4), (2007) 824--830830
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Ports for HV feed-throughs
for inner electrodes

3 pump ports
Ø = 1700 mm

6 TMPs + NEG strips
access for work

Design of Design of thethe mainmain spectrometerspectrometer

beam line-
flanges

Ø = 500 mm

HeatingHeating--cooling pipescooling pipes
--20 °C ... +350° C20 °C ... +350° C

Support stands
with el. insulators

fixed point
during heating
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RequirementsRequirements forfor thethe vacuumvacuum systemsystem

•• final final pressurepressure:: < 10< 10--1111 mbarmbar
•• outgassing:outgassing: < 10< 10--1212 mbarmbar l/s cm²    (l/s cm²    (innere innere surfacesurface: : 690 m²690 m²))

•• effectiveeffective pumpingpumping speedspeed
–– 3000m3000m gettergetter stripsstrips:    :    1 000 000 l/s1 000 000 l/s (H(H22 and and otherother activeactive gasesgases))
–– 6 6 turboturbo--molecularmolecular pumpspumps: : 8 400 l/s8 400 l/s (all (all gasesgases))

•• max. max. allowedallowed gasloadgasload
–– HH2 2 < 10< 10--55 mbarmbar l/sl/s

•• outgassing outgassing vesselvessel: : <6 x 10<6 x 10--66 mbarmbar l/sl/s
•• outgassing outgassing electrodeselectrodes: : <3 x 10<3 x 10--66 mbarmbar l/sl/s
•• 6 TMPs, 6 TMPs, beamlinebeamline, , gaugesgauges: : < 10< 10--66 mbarmbar l/sl/s

–– nonnon--getterablegetterable gasesgases < 10< 10--77 mbarmbar l/sl/s ((hydrocarbonshydrocarbons, noble , noble gasesgases,...),...)
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CascadedCascaded TMPs and TMPs and gettergetter pumpspumps

•• 6 MAG W 2800 on 2 pump 6 MAG W 2800 on 2 pump portsports
–– effektive effektive pumpingpumping speedspeed::

•• NN22: 1400 l/s * 6 =   8400 l/s: 1400 l/s * 6 =   8400 l/s
•• HH22: 1700 l/s * 6 = 10200 l/s: 1700 l/s * 6 = 10200 l/s

•• 2 TW300H in 2 TW300H in intermediateintermediate vacuumvacuum
•• NN22: 240 l/s: 240 l/s
•• HH22: 150 l/s: 150 l/s

•• 2 ACP28 2 ACP28 drydry forefore--pumpspumps
•• 28 m³/h28 m³/h

•• GetterGetter: : 
•• 3000 m St707 NEG 3000 m St707 NEG stripsstrips (10(1066 l/s)l/s)

•• RoughingRoughing pump: SP630pump: SP630
•• 630 m³/h630 m³/h

TMPTMP
(WMAG 2800)(WMAG 2800)

gategate valvevalve
(VAT 250mm)(VAT 250mm)

22ndnd TMPTMP
(TW300H)(TW300H)

electricalelectrical
insulatorinsulator

(18.6 kV)(18.6 kV)

leftleft pump pump portport

flangeflange
(DN1700)(DN1700)

gaugesgauges
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VacuumVacuum gaugesgauges

•• UHV:UHV:
–– MKS MKS PiraniPirani ((pumppump--downdown and and ventingventing))
–– MKS MKS BaratronBaratron
–– MKS inv. MKS inv. MagnetronMagnetron (1 x 10(1 x 10--1111 mbarmbar))
–– Leybold Extraktor (1 x 10Leybold Extraktor (1 x 10--1212 mbarmbar))
–– MKS MKS massmass spectrometerspectrometer

•• intermediateintermediate vacuumvacuum::
–– MKS 999 (atm. MKS 999 (atm. –– 5 x 105 x 10--1010 mbarmbar))
–– AtmionAtmion (atm. (atm. –– 1 x 101 x 10--1010 mbarmbar))

•• forefore--vacuumvacuum::
–– MKS 901 (atm. MKS 901 (atm. –– 1 x 101 x 10--55 mbarmbar))

18.6 kV18.6 kV

0 V0 V
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FlangesFlanges and and GasketsGaskets

•• UHV:UHV:
–– CF CF gasketsgaskets up to 250 mmup to 250 mm
–– HTMS double HTMS double gasketsgaskets::

•• 500 mm 500 mm groundground--electrodeselectrodes
•• 1700 mm pump 1700 mm pump portsports

–– all all gasketsgaskets bakablebakable at 350°Cat 350°C
•• intermediateintermediate vacuumvacuum::

–– CF CF gasketsgaskets
•• forefore--vacuumvacuum::

–– KF KF OO--ringsrings ((VitonViton))
–– ISO K ISO K forfor pumppump--downdown and and 

ventingventing
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•• 07/2004 start of 07/2004 start of tendertender actionaction
•• 12/2004 order 12/2004 order placedplaced (MAN(MAN--DWE)DWE)
•• 02/2005 material 02/2005 material orderedordered (316LN)(316LN)
•• 07/2005 material 07/2005 material delivereddelivered, start of , start of manufacturingmanufacturing
•• 08/2006 08/2006 firstfirst vacuumvacuum teststests
•• 25.11.2006 25.11.2006 arrivalarrival at FZKat FZK

ManufacturingManufacturing of of thethe mainmain spectrometerspectrometer

thethe beginningbeginning: 316LN : 316LN ingotsingots
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Rolling of Rolling of thethe cylindricalcylindrical sectionsection

•• beforebefore rollingrolling everythingeverything
was was cleanedcleaned

•• edgesedges hadhad to to bebe protectedprotected
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LeaktestsLeaktests of of 
thethe firstfirst weldswelds

completecomplete productionproduction hall hall 
cleanedcleaned and and reservedreserved forfor KATRINKATRIN

ManufacturingManufacturing of of thethe mainmain spectrometerspectrometer
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CleaningCleaning and and electroelectro--polishingpolishing
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Final Final assemblyassembly of of thethe mainmain spectrometerspectrometer
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LeakLeak--teststests of of flangesflanges
duringduring manufacturingmanufacturing ...... ... and just ... and just beforebefore

closingclosing thethe tanktank
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PumpPump--downdown of of thethe mainmain spectrometerspectrometer

•• SP630 (630 m³/h)SP630 (630 m³/h)
–– 2 2 daysdays pumppump--downdown timetime
–– final final pressurepressure: 10: 10--33 mbarmbar

•• 1 WMAG 2800 TMP1 WMAG 2800 TMP
–– afterafter 1h in 101h in 10--66 mbarmbar regionregion
–– afterafter 1 1 dayday in 10in 10--77 mbarmbar regionregion

•• forefore--pumppump ACP15:ACP15:
–– final final pressurepressure: 2 x 10: 2 x 10--77 mbarmbar
–– min. min. pressurepressure limitedlimited byby hydrogenhydrogen

backback--diffusiondiffusion
•• cascadedcascaded TMP (TW50):TMP (TW50):

–– pressurepressure afterafter 1h:1h:8 x108 x10--88mbarmbar
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Integral He Integral He leakleak--testtest beforebefore shippingshipping

•• locallocal leakleak--teststests of of flangesflanges beforebefore pump downpump down
•• pumppump--downdown time: 2 time: 2 –– 3 3 daysdays
•• integral integral leakleak--testtest < 5 x 10< 5 x 10--99 mbarmbar l/sl/s
•• oneone TMP MAG W 2800 TMP MAG W 2800 conectedconected to to leakleak--detectordetector
•• best best pressurepressure duringduring leakleak test: test: 6 x 106 x 10--8 8 mbarmbar
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Voyage of the main spectrometer

340 km

8800 km
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25.11.200625.11.2006

Arrival of the main spectrometer after 8800 km
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Helium test Helium test leakleak on on vesselvessel: 10: 10--1010 mbarmbar l/s l/s sensitivitysensitivity

LeakLeak detectordetector ASM 192ASM 192

15 min15 min

Helium Helium LeakLeak TestTest
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BakeBake--out of the KATRIN spectrometerout of the KATRIN spectrometer

temperature

pressure

16.07.2007
15:00

25.07.2007
13:38

start pressure 
2*10-8 mbar

346,4°C set temperature 350°C
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Expansion Expansion duringduring heatingheating of of thethe spectrometerspectrometer

20°C20°C20°C
temperaturetemperature

0 cm0 cm0 cm
expansionexpansion
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174°C174°C174°C
temperaturetemperature

5 cm5 cm5 cm
expansionexpansion

Expansion Expansion duringduring heatingheating of of thethe spectrometerspectrometer
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337°C337°C337°C
temperaturetemperature

10 cm10 cm10 cm
expansionexpansion

Expansion Expansion duringduring heatingheating of of thethe spectrometerspectrometer

homogeneous
temperature distribution

homogeneoushomogeneous
temperaturetemperature distributiondistribution
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Outgassing Rates and Final Outgassing Rates and Final PressurePressure

•• outgassing outgassing ratesrates measuredmeasured withwith thethe riserise of of pressurepressure
methodemethode

•• pressurepressure measuredmeasured withwith extraktorextraktor gaugegauge ((±± 40%)40%)
–– gas gas correctioncorrection forfor hydrogenhydrogen: 2.4: 2.4

•• beforebefore bakebake--outout: : waterwater dominateddominated RGA RGA spectrumspectrum
•• afterafter bakebake--outout: : hydrogenhydrogen dominateddominated RGA RGA spectrumspectrum
•• afterafter bakebake--outout: 7 : 7 pressurepressure riserise measurementsmeasurements

–– longlong--termterm effecteffect of of pumpingpumping (50 (50 daysdays))
–– temperaturetemperature oft oft thethe vesselvessel: 20: 20°°C, 15C, 15°°C, 11C, 11°°CC

•• propertiesproperties of TMPsof TMPs
–– effectiveeffective pumpingpumping speedspeed forfor hydrogenhydrogen
–– gas gas loadload duedue to to backback--diffusiondiffusion and/and/oror outgassing of outgassing of rotorsrotors
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Outgassing rate Outgassing rate afterafter bakebake--outout

stainless steel

316LN
stainlessstainless steelsteel

316LN316LN
A
V

dt
dpj ⋅=
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RGARGA--spectrumspectrum afterafter bakebake--outout

water (mass 18)

hydrogen (mass 2)
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RGARGA--spectrumspectrum duringduring pressurepressure riserise

water (mass 18)

hydrogen (mass 2)
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Partial Partial pressurepressure overover time time 
duringduring pressurepressure riserise measurementmeasurement

hydrogen

water
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Outgassing Outgassing ratesrates of of thethe
mainmain spectrometerspectrometer (316LN)(316LN)

HH220.90 x 100.90 x 10--991.18 x 101.18 x 10--121220°C20°C18.9.200718.9.2007

HH221.02 x 101.02 x 10--991.26 x 101.26 x 10--121220°C20°C13.9.200713.9.2007

HH220.57 x 100.57 x 10--990.67 x 100.67 x 10--121211°C11°C31.8.200731.8.2007

HH220.72 x 100.72 x 10--990.89 x 100.89 x 10--121215°C15°C29.8.200729.8.2007

HH221.13 x 101.13 x 10--991.40 x 101.40 x 10--121220°C20°C17.08.200717.08.2007

HH221.21 x 101.21 x 10--991.54 x 101.54 x 10--121220°C20°C02.08.200702.08.2007

HH221.24 x 101.24 x 10--991.60 x 101.60 x 10--121220°C20°C30.07.200730.07.2007

HH22OO6.60 x 106.60 x 10--8 8 (2 TMP)(2 TMP)1.05 x 101.05 x 10--121220°C20°C09.05.200709.05.2007

dominantdominant
gasgas

final final pressurepressure
mbarmbar

outgassingoutgassing
mbarmbar l/s cm²l/s cm²

temptemp..datedate

gas gas correctioncorrection hydrogenhydrogen: 2.4     : 2.4     (D. Li, K. (D. Li, K. JoustenJousten: J. : J. VacVac. . SciSci. . TechnolTechnol. A21(4) 2003). A21(4) 2003)
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DecreasingDecreasing outgassing rate outgassing rate overover timetime

0.5 % 0.5 % reductionreduction per per dayday stainless steel

316LN
stainlessstainless steelsteel

316LN316LN
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TMP TMP propertiesproperties fromfrom outgassing outgassing measmeas..

6 WMAG 28006 WMAG 2800

stainless steel

316LN
stainlessstainless steelsteel

316LN316LN

(( v
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ConclusionsConclusions mainmain spectrometerspectrometer teststests

•• LeakLeak teststests::
–– thethe sensitivitysensitivity of of thethe leakleak detectordetector cancan reachreach 1010--1010 mbarmbar l/sl/s

•• Outgassing Outgassing measurementsmeasurements::
–– 316LN:  10316LN:  10--1212 mbarmbar l/s cml/s cm2 2 achievableachievable at at roomroom temperaturetemperature
–– longlong termterm pumpingpumping reducesreduces thethe outgassing rate outgassing rate byby 0.5%/day0.5%/day
–– loweringlowering thethe temperaturetemperature fromfrom 20°C to 11°C 20°C to 11°C reducesreduces thethe

outgassing rate outgassing rate byby a a factorfactor of 2.of 2.

•• TMP TMP performanceperformance
–– thethe measuredmeasured effectiveeffective pumpingpumping speedspeed isis in good in good agreementagreement withwith

calculationscalculations (10200 l/s (10200 l/s forfor HH22) ) 
–– back back diffusiondiffusion contributescontributes overover 10% of 10% of thethe gas gas loadload at 20°Cat 20°C

•• Final Final pressurepressure withwith 3000m of 3000m of gettergetter stripsstrips: 10: 10--1111 mbarmbar
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Present status of the main spectrometer
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6. 6. LiteratureLiterature and and downloadsdownloads

•• K. K. JoustenJousten: : HandbookHandbook of of VacuumVacuum Technology (Technology (WileyWiley--VCHVCH))

•• http://http://www.oerlikon.comwww.oerlikon.com//leyboldvacuumleyboldvacuum//

–– „Fundamentals of „Fundamentals of VacuumVacuum Technology“ (order Technology“ (order LeyboldLeybold CD)CD)

•• http://http://www.pfeifferwww.pfeiffer--vacuum.netvacuum.net//

–– „„KnowKnow HowHow“: HTML “: HTML chapterschapters on on variousvarious vacuumvacuum topicstopics

–– „„ProductsProducts/Downloads“: PDF /Downloads“: PDF downloadsdownloads

•• http://http://www.adixen.comwww.adixen.com//

–– „„PublicationsPublications“: HTML and PDF “: HTML and PDF articlesarticles


