INTERNATIONAL

ISO

STANDARD 27893

First edition
2011-08-15

Vacuum technology — Vacuum
gauges — Evaluation of the uncert
of results of calibrations by direct
comparison with a reference gaug

Technique du vide — Manamétres a vide — Evaluation de
des résultats des étalonnages par comparaison directe ave
manometre de référence

ainties

<

‘incertitude
c un

- Reference number
= — ISO 27893:2011(E)

© SO 2011


https://standardsiso.com/api/?name=edc09bf4f73a8491a154a6a9a24320cd

ISO 27893:2011(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2011

All rights reserved. Unless otherwise specified, no part of this publication may be reproduced or utilized in any form or by any means,
electronic or mechanical, including photocopying and microfilm, without permission in writing from either ISO at the address below or
ISO's member body in the country of the requester.

ISO copyright office

Case postale 56 ¢ CH-1211 Geneva 20

Tel. +4122749 01 11

Fax + 4122749 09 47

E-mail copyright@iso.org

Web www.iso.org
Published in Switzerland

ii © IS0 2011 — All rights reserved


https://standardsiso.com/api/?name=edc09bf4f73a8491a154a6a9a24320cd

ISO 27893:2011(E)

Contents Page
T =11V o] (o Y iv
1 £ o o -SSP 1
2 N Lo 4 E= LAY = (= (=L = 1= N 1
3 Terms and definitioNS ......cceviiieciiiii e rrssss s rens s s rsnssssrenssssrennssnsennsnnrslSas | urrennsssnennnnnns 2
4 Symbols and abbreviated terms...........ccccvciiiinn @ b 3
5 Basic concept and Model ..........ooo i gk e e e s ssese fenne s e e s s s e 3
5.1 €= 3 1= - | N A I 3
5.2 85T 1 3 T 10 L e = o O SRS I 4
5.3 L 0T 3 = 03 A 4 Lo X = o S A I 4
5.4 Combination of the tWo Models.........ccceeeeiiiiiiiiiieinrreeeeere s (odTr s sessss s e e sssnsssssssseressnsasssssseneseennnns 5
6 Calculation of uncertainty in the sum model ..........cccccmrce @ e e 5
6.1 Total uncertainty — Sum model ... e e 5
6.2 Uncertainty contributions due to reference standard ... oo s 6
6.3 Uncertainty contributions due to unit under calibration............cccooeccmmmriivicccsccrene e e 7
6.4 Uncertainty contributions due to calibration method or calibration conditions..........J.................. 8
6.5 L YVTT = T =18 - T o] N R 8
7 Calculation of uncertainty in the quotient model.............cccoormriiiiiiciiirccereeee e, 9
71 Total uncertainty — Quotient model ......... 00 e e 9
7.2 Uncertainty contributions due to reference standard ............cooooooieiniinnccccisicnee e 9
7.3 Uncertainty contributions due to the unit under calibration ... e 10
7.4 Uncertainty contributions due to calibration method or calibration conditions .........|................ 11
7.5 (020 YV1T = To =8 - T o) RSN (RS 12
8 Combination of the sum and quotient model for error of reading .........cccccerreeecerrrcccccferreinenncnees 13
9 Reporting uncertainties Sit .. s e 13
9.1 Uncertainty budget. ..t i rsssrrr s smsr s s mnnn e e r e s s s mnn e e e e e e e | ennmnnnn e nnenas 13
9.2 [0F=111 ] = 1o a TR e =Y g 107 1= S 14
=] T TT o 1= ¢ 0 7 € e SURRRTN PR 15
© ISO 2011 — Al rights reserved iii


https://standardsiso.com/api/?name=edc09bf4f73a8491a154a6a9a24320cd

ISO 27893:2011(E)

Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies
(ISO member bodies). The work of preparing International Standards is normally carried out through ISO
technical committees. Each member body interested in a subject for which a technical committee has been
established has the right to be represented on that committee. International organizations, governmental and
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Vacuum technology — Vacuum gauges — Evaluation of the
uncertainties of results of calibrations by direct comparison
with a reference gauge
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refergnces, only the-edition cited applies. For undated references, the latest edition of th
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1SO/]

ISO/IEC/Guide 98-3, Uncertainty of measurement— Part 3: Guide to the expression of U

mea

$cope
nternational Standard gives guidelines for the determination and reporting of measurement

dance with ISO/TS 3567.

International Standard describes methods for uniform reporting  of “uncertainties in va
cates. Uncertainties reported in accordance with the guidelines given in this International
ferable in the sense that the uncertainty evaluated for one resUlt can be used as a comy
tainty evaluation of another measurement or calibration in whichthe first result is used.

nternational Standard defines two measurement models.that are sufficient to cover most pr
final uncertainty to be reported in a certificate is gvaluated from the uncertainties of the in
nfluence quantities. The principal quantities ¢hat can affect the result of a vacuum cza

ibed; however, a complete list of the possible‘quantities that can have an influence on the fi

ifle the scope of this International Standard:

H It is envisaged that future Technical’ Specifications will address the calibration of specific tyq
Normative references

following referenced”_documents are indispensable for the application of this documen|
ment (including any amendments) applies.

'S 3567,Vacuum gauges — Calibration by direct comparison with a reference gauge

ureément (GUM:1995)

uncertainties

g during vacuum gauge calibration by direct comparison with a reference gauge carried out in

cuum gauge
Standard are
onent in the

ctical cases.

bver, it is possible that the models given cannot be applied to newly developed vacuum gauges.

ut quantities
libration are
hal result lies

es of vacuum

t. For dated
e referenced

ncertainty in

ISO/IEC Guide 99:2007, International vocabulary of metrology — Basic and general concepts and associated
terms (VIM)
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3 Terms

and definitions

For the purposes of this document, the terms and definitions given in ISO/TS 3567, ISO/IEC Guide 98-3,
ISO/IEC Guide 99 and the following apply.

3.1

corrected reading
value resulting after the reading of the gauge has been corrected for systematic errors

EXAMPLE

For the results given in the calibration certificate of the reference standard.

3.2

possible cha
EXAMPLE
NOTE Lg

3.3
model
(uncertainty

34

offset
(measuring i
datum meas

NOTE Ag

EXAMPLE
limit applied tg

3.5
deviation of

long-term isztabiIity

nge of calibrated value after long periods of time
Change resulting from transportation of the device.

ng-term instability is different from reproducibility as defined in ISO/IEC Guide 99:2007,"3.7.

bf measurement) mathematical model set out in ISO/IEC Guide 98-3

hstruments) zero error
irement error where the specified measured quantity-value is zero

apted from ISO/IEC Guide 99:2007, 4.28.

The reading when there is no pressure (absolute or differential) or a pressure far below the resq
a vacuum gauge.

offset

Possible difference of an offset (3.4) valde-between the time of the measurement of the offset (3.4) an

time when a

3.6

reference st
reference ga
standard, gd
organization,

NOTE Aq

pressure reading is taken

andard

Lige

nerally having-the highest metrological quality available at a given location or in a
from whieh\measurements made there are derived

apted\from ISO/IEC Guide 99:2007, 6.6.

lution

d the

given

EXAMPLE

The gauge or standard that gives traceability to the S| unit in the calibration apparatus in accordand

with

ISO/TS 3567.

3.7

calibration pressure
(vacuum gauges) pressure evaluated from the corrected reading (3.1) of the reference standard (3.6) and
all necessary corrections at the gauge port of the unit under calibration

EXAMPLE

Necessary corrections might be for known differences between gauge ports.
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4 Symbols and abbreviated terms

Symbol or
abbreviated term

Designation

ISO 27893:2011(E)

Unit

uucC unit under calibration (vacuum gauge) —
e error of reading in relative units
k coverage factor to expand standard uncertainty, u 1
PUUC pressure indication of @ UUT corrected for Known deviations Pal)
Pind,UUC pressure indication of a UUC not corrected for any deviation Pa
Pstd pressure indication of reference gauge (reference standard) Pa
corrected for known deviations
Pind.std pressure indication of reference gauge (reference standard) not Pa
corrected for any deviation
ruuc quantity determined by a calibration in the quotiefit model ny unit
Tstd the quantity that was determined for the reference standard ny unit
S sensitivity of the output of a vacuum gauge ny unit
u standard uncertainty ny unit
U expanded uncertainty ny unit
Xyuc indication of a UUC ny unit
Xstg indication of a referénce gauge ny unit
X; (often unknown) input quantities and corrections of gauge ny unit
X (often unknown) input quantities and corrections of calibration ny unit
method_or condition
Ap efror of reading in absolute units Pa
op; deviations in the pressure unit (often unknown) Pa
Sx; (often unknown) deviations in the x any unit
Ogit effective accommodation coefficient of a spinning rotor gauge 1

5 Basic concept and model

5.1 General

In a vacuum gauge calibration carried out in accordance with ISO/TS 3567, the corrected reading of a
reference gauge gives the value of the quantity that is traceable to the Sl. All vacuum gauges shall be
calibrated in terms of pressure. This means that the user of the vacuum gauge calibrated in accordance with
ISO/TS 3567 and this International Standard obtains a clear assignment of the output quantity of the gauge to
the Sl unit of pressure, the pascal.

1) 1Pa=0,01 mbar.

© 1SO 2011 — All rights reserved
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The value of pressure obtained from the corrected reading of the reference standard output can be used to
determine the pressure at the entrance port of the unit under calibration (UUC). This is referred to as
calibration pressure value. Often the corrected reading of the reference standard is identical to the calibration
pressure value and valid for all gauge ports.

The calibration pressure value can be used to determine an error of the reading, Ap, of the unit under
calibration. In this case, a sum model gives an adequate description of the measurement.

The calibration pressure value can also be used to determine a correction factor, a sensitivity coefficient, an
effective accommodation coefficient or a gauge constant, in which case a quotient model gives an adequate
description of the measurement.

In both mode

5.2 Sum model

In the sum 1
traceable to
standard prd
considering
general sum

Ap =py

The first tern
The sum of
unit of press

Each of theg
due to offse
calibration cd

5.3 Quoti

In the quotie
taken as the

"yuc =1

The numera
calibration m
emission cur
that of press

Is it can be assumed that all the input quantities are uncorrelated.

hodel, the difference between the reading of the UUC, p;,4, and the “true” calibration pre
the Sl units is taken as the measurand, Ap. The calibration pressure is_given by the refe
pssure value, pgy, and possibly by a correction term, 6p,,, due to\the calibration m
known effects like height correction, thermal transpiration, and préssure non-uniformity
model thus becomes

e —(Pstd +8Pm)
refers to the UUC, the second to the reference standard;-and the third to the calibration me

e, the pascal.

e terms is again expressed by another modelequation, which makes all necessary correc

ts, temperature corrections, deviation of dndication from the Sl value in accordance wit
rtificate, etc.

bnt model

nt model, the ratio of the reading of the UUC, x ¢, and the standard pressure value, p
measurand, . The general quotient model thus becomes

fuUC
Pstd

X.

1

i

for refers~t@ the UUC, the denominator to the reference standard, and the product t
ethod and-conditions. The latter can also be defined by the vacuum gauges under study, e.
rent.in-a hot cathode ionization gauge. It is possible to express x;,q in any reasonable unit
ire, voltage or current. The X; can be expressed in any meaningful physical unit or can be w

dimension.

ssure
ence
bthod

The

(1)

thod.

e last two terms gives the calibration pressure valugZAll quantities shall be expressed in the S

I

tions
h the

btd> IS

(2)

b the
y. the

, e.g.
thout

Each of these factors is expressed by another model equation, which makes all necessary corrections due to

offsets, temp
Examples of

f!

a)

b) §
c) S
4

erature corrections, deviation of indication in accordance with calibration certificate, etc.

rUUC are

the reciprocal of a dimensionless correction factor, where x ¢ = pyyc and X; = 1;

a sensitivity of the analogue output, /y,c, of a capacitance diaphragm gauge, where x,c = Vyucs

a sensitivity of the analogue output, 7\y,c, of a thermal conductivity gauge, where x,,c = Vyucs

© 1S0O 2011 — All rights reserved
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d) o the effective accommodation coefficient of a spinning rotor gauge, where xyyc =pyyc. when

e) S

5.4

oxt = 1 was entered into the controller;

current of the collector and X; = 1/I,, where I is the emission current.

Combination of the two models

a sensitivity of a Bayard-Alpert gauge with a hot cathode, where x,c = Iyyc is the positive ion

It is possible to evaluate some of the input quantities in each model by either of the two models. First, for
example, pgy as well as its uncertainty can be evaluated by the quotient model, thus

The

Equation (2) (e.g. the sensitivity of an analogue output), where r ¢ is replaced by 15

Itis,
left tq

Standlard for reasons of clarity. The relative error of reading, ¢, however, is 2 common case, whe

hand

The ¢

or, if

See

6

6.1

The t

result can then be used in Equation (1). This is unavoidable if rgy is given in-the certifig
nowever, not recommended to combine the sum and quotient model in oneyequation. This tg
experts, since complicated sensitivity coefficients might appear that ateynot covered in this
e combination of the two methods is possible.

brror of reading, e, can be expressed mathematically as

_ Puuc —(Pstd +3pm) __Puc 4
(Pstd +8Pm) Pstd + 8P

bpm =0

b

_ PUuC ~Pstd _ PUUC _4
Pstd Pstd

Clause 4 for the designationsef\p ¢, psig: @nd Spp,. The uncertainty of e is described in Clay

Calculation of uncertainty in the sum model

Total uncertainty — Sum model

ptal uncertainty in the sum model, u(Ap), is given by

(3)

ate applying

sk should be
International
e an easy to

(4a)

(4b)

se 8.

(@Bp) = Julpuuc)? + u(psa)? +u(Epm )

where

u(pyyc) is the standard uncertainty of the corrected indication of vacuum gauge UUC;

u(pgyg)  is the standard uncertainty of the value of standard pressure;

u(dpy,) is the standard uncertainty of the deviations due to the calibration method.

© IS0

2011 — All rights reserved
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6.2 Uncertainty contributions due to reference standard

The measurement of the standard pressure, pgq, is given by

Pstd = Pind,std — Poffs,std T OPdrft,std + OPcal,std + OP4,std +OP7 std + OPels std

where

Pind,std

is the indication of the reference standard;

is the offset (zero deviation) of the reference standard:

Poffs,std
SParft,std
Peal std
5P, std
op T,std

6pels,std

is the deviation of offset due to drift (in most cases, dpy stq = 0);
is the correction in accordance with the calibration certificate;
is the deviation due to long-term instability (in most cases, dp, g = 0);

is the deviation due to temperature at the calibration laboratory;

is the deviation due to other influences, e.g. inclination of device:(in-most cases, 5pgs 5td = 0)-

All quantities|in Equation (6) refer to the reference standard gauge.

NOTE If fhe offset is deducted or adjusted to zero in the device itself, poggstg = 0.

The standard uncertainty of the standard pressure, u(pg), is then given by

”(pstd) = \/”(pind,std)2 + ”(poffs,std)z + “(Spdrft,std)z + “<8pcal,std)2 + “<6pt,std)2 + "‘(SpT,std)2 + ”(Spels,s

where

U(Pind std

”(6pcal,std)

”(6pz,std)

is the uncertainty originating) from the dispersion of measurement values, incl
dispersion due to digitizing, resolution scatter, etc.;

is the uncertainty of the-offset values at measurement of the offset [without reproducibi
the offset covered-by u(Sp g stq)ls

is the uncertainty of the offset values at time of calibration due to offset drift or
systematic{dependencies, e.g. due to the frequency dependence of spinning rotor gaug

is the-urcertainty of the standard in accordance with the calibration certificate;

i§:the uncertainty component allowing for the long-term instability;

Liding

ity of

other
PS;

f the

u(dp T,std

”(Spels,std)

is the ||nr~nrfninfy r*nmpnnnnf due to the fnmpnrahlrn influence under the conditions ¢
calibration laboratory;

is the uncertainty due to the specific conditions at the calibration laboratory, e.g. different

mounting position of built-in devices.

For a pingsiq that has not been obtained from repeated observations, estimate u(p,qs1q) from scientific
judgement based on all of the available information on the possible variability (including uncertainty
component due to digitizing, repeatability, etc.).

For a temperature at calibration different from that shown in the calibration certificate, u(3prgq) should be
included, if significant.

© 1S0O 2011 — All rights reserved
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Uncertainty contributions due to unit under calibration

The measurement of the pressure of the UUC, p ¢, is given by

PUUC = Pind,UUC ~ Poffs,UUC T P drft,uuC *+ OPels,uUC

where
Pind,UUC is the indication of the UUC;
Refis-e is the offset (zero point deviation) of the UUC;

The gtandard uncertainty of the measurement of the pressure with UUC, u(pggg), is then given by

wherge

For 4
judggment based ontall of the available information on the possible variability (including
component due to digitizing, repeatability, etc.).

If thg above-mentioned dependencies or values are not known, or cannot be estimated by tk
laborptory, 6r-manufacturer's specifications are not available, carry out at least two repeat meag
different.days. The uncertainty component of the values of the calibration item, u(pnq yyc). is the

from

#(ping,uuc) i the uncertainty originating from the dispersion of measurement values of U
#(pofts,uuc) IS the uncertainty of the offset-values of the UUC at measurement of the o
#(Spgriuuc) is the uncertainty of the offset values of the UUC due to offset drift or othe

dependencies, e.g. due'to speed dependence in the case of spinning rotor gauges;

#(Speis,uuc) represents the‘other uncertainty components, which can also stem from the cal

Paruuc IS the deviation of offset drift (in most cases, dpy yuc = 0);

Pels,UUC represents the deviations due to other influences, e.g. inclination (in
8Pres,uuc = 0)-

(Puuc) = \/”(pind,UUC )2 + u(poffs,uuc )2 + ”(5Pdrft,uuc)2 + u(5pels,uuc )2

dispersion due to digitizing, resolution scatter, etc.;

reproducibility of the offset cevered by the following quantity);

e.g. temperature influences.

(8)
most cases,
9)
JC, including

ffset (without

r systematic

bration item,

Ping,uuc that has pot been obtained from repeated observations, estimate u(pjng yuc) flom scientific

uncertainty

e calibration
urements on
h determined

u(Ping,uuc) = 4Prep,uuc)

(10)

where u(prg, yuc) is the repeatability (standard deviation) of the (at least) three measurement values
determined for one pressure point or over a larger range.

© 1SO 2011 — All rights reserved
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6.4 Uncertainty contributions due to calibration method or calibration conditions

The sum of the deviations of the pressures caused by the calibration method, &p,,,, is given by

OPm =OP7.m +0Pcf,m + 0P m

where

op ,m

(11)

represents the deviations of the pressures due to different temperatures at the connecting

flanges;

6pcf,m

8pt,m

The standarg

u (Spm )
where

u(SpT,m)
u(6pcf,m)

u(dp; m)
6.5 Covel
The expande
U(Ap) 5
where

k

represents the deviations of the pressures at the connecting flanges due to height differe
desorption, leaks, conditions of flow, pumping speed, e.g. in the case of cold-cathod
gauges;

represents the deviations due to the measuring method, e.g. variations, of the calib
pressure with time when standard and calibration item are not read simultaneously.

uncertainty of the calibration method, u(5p,,), is then given by

o ranT T

is the uncertainty component of the deviations of the pressures at the connecting flanges g
different temperatures;

is the uncertainty component of the deviations of the pressures at the connecting flanges d
desorption, leaks, conditions of flow, pumping speed;

is the uncertainty component of the,deviations due to the measuring procedure.

age factor

d uncertainty, U(Ap), isTgiven by

k u(Ap)

is the,coverage factor;

nces,
B jon

ation

(12)

ue to

ue to

(13)

u(Ap)

isthe standard uncertainty.

The coverage factor is chosen based on the level of confidence needed for the application. In general, % is in
the range 2 (confidence level of ~ 95 %) to 3 (confidence level of ~ 99 %).

If nothing els

e has been specified (between customer and calibration laboratory), take &k = 2.

© 1S0O 2011 — All rights reserved
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7 Calculation of uncertainty in the quotient model

7.1 Total uncertainty — Quotient model

The total uncertainty in the quotient model is best expressed as a relative uncertainty, u(ryyc)/ryyc, and is
given by

2 2 2
u(ryyc) _ | u(xyuc) u(Pstd) u(X;)
(P e 52

"uuc *yuc Pstd ; i

wher

w

-

uuc s the value of the output of the vacuum gauge UUC;
Dstd is the value of standard pressure;

X; are the values of the correction factors due to the calibration method and conditions

7.2 | Uncertainty contributions due to reference standard

The measurement of the standard pressure, pgy, in the sum modeland its associated uncertainty is described
in 6.7

When Equation (3) is applied it is

(Pstd) _ \/[u(xstd)Jz +(u(rstd)]2 (15)
Pstd Xstd Tstd

wherg
Xstd is the corrected indication. of the reference standard (pressure, voltage, current, etc.);
Tlstd is the quantity forthe'reference standard as defined by Equation (2).

The measurement of the indication, x4, of the reference standard is given by

Kstd = Yind,std ) Voffs,std T OXdrft,std + %7 std + OXels std (16)
wherge

find'sta = IS the indication of the reference standard (pressure, voltage, current, etc.);

Xoftsstd IS the offset of the reference standard;
Sxgritstg IS the deviation of the offset (in most cases, dxy 5tg = 0);
Oxrstq IS the deviation due to temperature at the calibration laboratory;

dxgsstg represents the deviations due to other influences, e.g. corrections for inclination (in most cases,
Sxgls,std = 0)-

All quantities in Equations (15) and (16) relate to the reference standard gauge.

©1S0O 2011 — All rights reserved 9
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The standard uncertainty of the measurement of the indication of reference standard, u(x;,q), is then given by

2 2 2 2 2
”(xstd):\/“(xind,std) +“(xoffs,std) +“(Sxdrft,std) +u(8xT,std) +”(8xels,std) (17)
where
ulxing stg) i the uncertainty originating from the dispersion of measurement values of reference
standard, including dispersion due to digitizing, resolution scatter, etc.;
u(xofts stq) 1S the uncertainty of the offset values of the reference standard at measurement of the offset
(without repeatability of the offset);
u(Sxgrit slg) is the uncertainty of the offset values of the reference standard due to offset drift or fother
systematic dependencies, e.g. due to speed dependence in the case ofcspihning |rotor
gauges;
u(dxygg) is the uncertainty component due to the temperature influence under the conditions gf the
calibration laboratory;
u(Sxgis sfy) represents other uncertainty components, which can also stem from the calibration [item,
e.g. temperature influences.
The value of| the reference standard, ryy, is calculated from the valuex g stq given in the certificate plys an
allowance fof long-term drift, 87; ¢4 7cert std
Tstd = Toprt,std (14 871 std ) (18)
Usually &7, g = 0, but u(6r, 5q) # 0.
The respectiye uncertainty, u(rgy)/rgg, is given by
2 2
u(rsg) i (“(”cert,std)] +(“(6rz,std)] (19)
T'std Tcert,std Tcert,std
7.3 Uncertainty contributions due to the unit under calibration
The measurgment of the indication, x ¢, of the UUC is given by
XYuC = [ind,UUC S Foffs,UUC * 8Xarft,UUC + O¥els,uuC (20)
where
Xinquuc IS the indication of the UUC (pressure, voltage, current, etc.);
Yofisuuc IS the offset;
dxgsuuc IS the deviation of offset (in most cases, dxy yuc = 0);
Sxgsuuc represents the deviations due to other influences, e.g. corrections for inclination (in most

All quantities

10

cases, dxgs yuc = 0)-

in Equation (20) relate to the UUC.

© 1S0O 2011 — All rights reserved
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The standard uncertainty of the measurement of the pressure with UUC, u(x,¢), is then given by

u

(xuuc) = \/”(xind,UUC)z + ”(xoffs,UUC)z +u(8xgrit uuc )2 + “(5xe|s,uuc)2

where

(21)

ulxing.uuc) s the uncertainty originating from the dispersion of measurement values of UUC, including

dispersion due to digitizing, resolution scatter etc.;

ulxss yuc) IS the uncertainty of the offset values of the UUC at measurement of the offset (without

[/

[/

For g
from
unce
valus
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repeatability of the offset);

(6xgrtuuc) is the uncertainty of the offset values of the UUC due to offset driftor-othg
dependencies, e.g. due to speed dependence in the case of spinning rotor gaug

(6xg5,uuc) represents other uncertainty components, which can also stem\from the cal
e.g. temperature influences.

measurement value that has not been obtained from repeated observations, estimate th
scientific judgement based on all of the available information on* the possible variabil
tainty component due to digitizing, offset variations, etc.). If<the above-mentioned dep
s are not known, or cannot be estimated by the calibration-aboratory, or manufacturer's §

ot available, carry out at least two repeat measurements.on different days. Determine th
onent of the values of the calibration item, u(x;ng yyc). as.follows:

(¥ing,uuc) = u(xrep,uuc)

B u(xepuuc) is the repeatability (standard deviation) of the measurement values determ
ure point.

Uncertainty contributions due-to’calibration method or calibration conditions

The X; are either due to thé calibration method (e.g. a pressure ratio between the flang
alibration condition (e.g. thé“emission current of an ion gauge). The latter values may be
facturer (often nominal values) or measured at the time of calibration.

Kes sense to distingtiish the uncertainties of the X; for the different cases.

ifferent temperatures at the connecting flanges;

ifferent pressures at the connecting flanges due to height differences, desorption, leaks,

r systematic
es;

bration item,
e uncertainty
ty (including
endencies or
pecifications
e uncertainty

(22)

ined for one

bs) or due to
given by the

Correctionfastors, X;, for r, caused by the calibration method, can result from factors such as:

conditions of

f

OW4 pumping speed, e.g. in the case of cold-cathode ion gauges;

c)

simultaneously, etc.

© IS0
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variations of the calibration pressure with time when standard and calibration items are not read
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743 |If the X; for a measuring condition are taken from the manufacturer (e.g. a nominal value of the
emission current) the uncertainty «(X;) should be given as well or, if not available, shall be estimated from
scientific judgement based on all of the available information on the possible variability.

The uncertainty of the X; due to the calibration condition, u(X;), when measured is typically given by

“(Xi) = \/”(Xi,ind)2 +”(Xi,cal)2 +“<Xi,offs )2 +”(Xi,drft)2 +”<Xi,els)2 (23)

where

u(X; ing) is the uncertainty originating from the dispersion of measurement values of X, including
dispersion due to digitizing, resolution scatter etc., e.g. in the case of emission current the
standard deviation of the current;

u(X.

ica) | 1S the uncertainty of X; due to the calibration certificate and other factors such as longrterm

instability of the instrument measuring X;, e.g. in the case of the emission current the
uncertainty of the current meter;

u(X; ors)|  is the uncertainty of the offset values of X; at measurement of the offset without repeatability
of the offset, e.g. a bias of the current meter measuring the emission current;

u(X; g) | is the uncertainty of the offset values of .X; due to offset driff-or other systematic dependencies,
e.g. drifting emission current control;

u(X;

z,els)

NOTE If ;= 07" (e.g. O = I, the emission current of an ionizatioh gauge), the relative uncertainty is given by

M(Xi)f

is other uncertainty components, e.g. temperature influences.

(0™ u(0)

X.

1

The last term ||

7.5 Cover

The expands¢

o 0
S easier to evaluate.

age factor

d uncertainty, U(r), is_given by

U(r) = u(r) (24)
where

k ig the{coverage factor;

u(r)  isthe standard uncertainty.

The coverage factor is chosen based on the level of confidence needed for the application. In general, % is in
the range 2 (confidence level of ~ 95 %) to 3 (confidence level of ~ 99 %).

If nothing else has been specified (between customer and calibration laboratory), take & = 2.
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