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Foralongtime until about1990:
Magneticsectorsareusedfor leakdetection
andquadrupolanassspectrometer@QMS)

for bothleakdetectionandanalysisof
backgroundesidual gasevel causinghename
Residual gasinalyzers

Nowadaydn additionQMS for:

AGaspurity, in-situ analysisfor reagengases
andlow-level componentsn semiconductor
Industry

ASputterprocessontrol

ACVD monitoring gasabatemenanalysis
AMBE sourcecontrol

: : : MOCVD reactor for
AEnd pointdetection(etching e

AGaschromatography
AQutgassing ratmeasurements
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EUV-Lithography

VACOM Outgassing rateneasurement
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oblemsof QMSfor cali

What we know

A Settings of QMS play an important
role: emission current, electron
energy, ion energy, field axis potential,
m/e resolution, scan speed, multiplier
gain

A Settings of each type of QMS have
different consequences in their
metrological characteristics

A Often settings of individual QMS of
the same type have different
consequences

A Relative sensitivity for single gas
species (to nitrogen) cannot be
predicted
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oblemsof QMSfor cali

Sensitivityon gas
speciedor
different QMS.
Hugedifferences
andhardlyrelated
to ionization
probability

Relative sensitivity factors for different QMS A-E

spcéiises A B & D E

Ar 1,96 1,33 1,56 2,08 1,23
CH, 1,18 0,96 1,23 0,77 0,86
CO, 1,47 0,77 1,39 1,52 0,94
N,O 1,27 0,47 0,91 0,90 0,63
CO 1,04 0,99 1,05 1,00 0,99
N, 1,00 1,00 1,00 1,00 1,00
H, 0,61 1,09 1,42 0,31 1,54
He 0,10 0,35 0,31 0,48 0,40
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oblemsof QMSfor cali

What we know

Sensitivity depends on total pressure
Sensitivity depends on gas mixture
lon source fragmentates molecules

lon source generates multiple
charged atoms and molecules

QMS produces and measures own
mass peaks (CO, CO,, H,0, m/e=19)

210 T T I
PPA-E

1: He i Ar 1
2t AF
3: Arin Ha
4: He

Relative Sansitivity

Log Pressure (Pa)
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Calibkationfor gascombinations

\
\
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About 20 relevant gas speC|esQ,(H-He Ne Ar, KrXe, N,, 02, CH, + higher
,hydrocarbons CO, CpHZO N .. SiH4, SF6, ...)for total pressure gauges.

More relevant gases for QMS,feven proteins etc) 1007 ‘
For 100: 1.200% p053|b|I|t|es of combination-of gas speC|es|
For 30: 1. 0P pOSS|b|I|t|es of comblnatlon of gas species! «

For 10: 1023 pOSS|b|I|t|es of combln' ',f gas species!

RGA user meeting, Coventry, UK, October 2013, Karl Jousten




EMRP IND12 /

calibration

Calibrationfor gascombinationsandratios

In addition of the possible combination of the gases the user wants to scale the
different gases, e.g. ratio of gas 1 to gas 2 of 1:1, 2:1, 10:1, 30:1, 100:1, 1000:1, 1:2,
1:10, 1:30, 1:100, 1:1000 etc.

The number of possible test gas mixtures for calibration is quasi infinite!

The consequence: TR
Standardizationput I\@/

a standardized calibration can only give an exemplary test of an instrument and some
hints for theuser.
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VDMA, Frankfurt

USA plus 17 observers

|ISO Technical committee 112
Vacuum technology
Secretary TC 112: DIN | chair: GER, F. Justen

China, France, Germany, ltaly, Japan,
Korea, Russia, Spain, Switzerland, UK,

WG 1
Vacuum pumps

Chair: UK, St. Omrod
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WG 2
Vacuum instrumentation

Chair: GER, K. Jousten

WG 3
Vacuum hardware

Chair: J, M. Hirata
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Whatwe do notintendwith standard$or QMS: I”?o

Pretendhata QMScanbecalibratedn all its features
Make anattemptto qualify a QMSassecondargtandard
Try to guidelininga userfor interpretingcomplexspectra

Whatwe do intendwith standard$or QMS:

Make different QMSfor a usercomparabléwhenbuying)

Establisha calibrationprocedurevaluablefor thoseuseranterested
In accuracyandreproducibility

Givetraceabilityto Sl for selectedbut relevantapplication

Guidelinefor properuseof QMS andits limitations

RGA user meeting, Coventry, UK, October 2013, Karl Jousten
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standardization

Content:

TermsandDefinitions

Principleof QMS

Specificationgor QMSto be providedby
manufacturers

Optionalspecificationdor QMS to be provided
by manufacturers

Scope m/z< 300,electronimpactionization

INTERNATIONAL ISO
STANDARD 14291

Vacuum gauges — Definitions and
specifications for quadrupole mass
spectrometers

Manomefres & vide — Défnitions ef speciications des speciromeéies
da masse quadipalaies

RGA user meeting, Coventry, UK, October 2013, Karl Jousten
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Massresolution: Differenceon m/zscalefor x% valley betweemeighbored
peaksof equalheight(0.5x%heightisolatedpealk.

100%

Aim: theminimum mass difference

between two peaks that can still be

resolved. !

A10%valley, 5% peakheight 10% 4 - Amiz\
IUPAC gold book 1SO 14291 1) e
Alternatives: 100%

A20%valley, 10%peakheight easier

to measureagainsinoise(AVS I

recommendation

AFWHM (50%peakheigh), IUPAC 20% 4 . Am/z |
recommendation SO 14291 Q) L — A — i
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1ISO TC 112 WG &andEMRP IND 12

P EMRP IND12

NS

work togethertowardstandardizatioffor
QMS
20112014
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EMRP IND12 EMRP

European Metrology Research Programme
P Programme of EURAMET

The EMRP is jointly funded by the EMRP participating countries
within EURAMET and the European Union

EMRP IND12: Vacuum metrology for production environments

Budget: 2,8 Mio U
Duration: 2011-09-01 bis 2014-08-31
Coordination: Karl Jousten, PTB

NIMs (funded): CEM (Spain), CMI (CZ), IMT (Slovenia), INRIM (Italy)
LNE (F), UME (TK)

Industry (unfunded): Danfoss (DK), INFICON GmbH (Kdln), INFICON AG
(Liechtenstein), Lazzero (IT), VACOM (Jena)

REG: University of Genova, Karlsruhe Institute of Technology, University
Thessaly (Greece)

plus 10 collaborators: Visteon, Cinquepascal, miCos, Philips,
Reuter, Vaklab, NMIJ, KRISS, Russian Academy, KIT

RGA user meeting, Coventry, UK, October 2013, Karl Jousten
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ISO TC 112 WG 2and EMRP IND 12 (WP 3)
Road map towards standardization for QMS and
outgassing ratemeasurements

Jeo Stepl (2012), ISODefinitionsandspecificationgor quadrupole
massspectrometerdSO 14291

NP Step2, IND12 (201114): Developa primary standardor calibration
andinvestigationof QMS.

E“A“;}EZ Step3, IND12 (201214): InvestigateQMS long-termstabillity,
iInfluenceof operationaparameteror asinglegas, gasnixtures
metrologicalcharcteristics

RGA user meeting, Coventry, UK, October 2013, Karl Jousten
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ISO TC 112 WG 2and EMRP IND 12
Road map towards standardization for QMS and
outgassing ratemeasurements

awrevorz OtE€P4, IND12 (2013)Are theretypical referenceconditionsfor
QMS atuse? (Workshopndquestionairég

“”S;ﬂz Step5, IND 12 (201314): Definereferenceconditionsandexplore
calibrationprocedures

EMRP IND12

Step6, IND12: Exploremethodsof outgassing ratemeasurements
by comparinghemwith outgassingeferencesamples

RGA user meeting, Coventry, UK, October 2013, Karl Jousten
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ISO TC 112 WG 2and EMRP IND 12
Road map towards standardization for QMS and
outgassing ratemeasurements

EMRP IND12

—Y_  Step7, IND12andISO (2014)Draft technicalspecificationgor
calibrationof QMS andfor outgassing rateneasurements

=== otep8, ISO (20142016):Developandpublishtechnical
189 specifications

RGA user meeting, Coventry, UK, October 2013, Karl Jousten
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calibration system

(Step 2 Of I‘Oad map) PTB: QMS and outgassing rate facility

New PTB systemfor
QMS calibration and
outgassing rate
measurement
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IMT systemfor
QMS calibration and
outgassing rate
measurement

pressure rise and
gas accumulation
in known volume

QMS calibration by

known throughput
or
known gas quantity




