INTERNATIONAL ISO
STANDARD 20146

First edition
2019-01

Vacuum technology — Vacuum
gauges — Specifications;’calibration
and measurement uneertainties for
capacitance diaphragm gauges

Technique du vide — Manegmetres a vide — Spécificationy, étalonnage
et incertitudes de mesuréexdes manometres capacitifs a mgmbrane

Reference number
1SO 20146:2019(E)

©1S0 2019


https://standardsiso.com/api/?name=8d1e7e1afb9bddedfb3166627ba30f7d

ISO 20146:2019(E)

COPYRIGHT PROTECTED DOCUMENT

© 1S0 2019

All rights reserved. Unless otherwise specified, or required in the context of its implementation, no part of this publication may
be reproduced or utilized otherwise in any form or by any means, electronic or mechanical, including photocopying, or posting
on the internet or an intranet, without prior written permission. Permission can be requested from either ISO at the address
below or [SO’s member body in the country of the requester.

ISO copyright office

CP 401 o Ch. de Blandonnet 8
CH-1214 Vernier, Geneva
Phone: +41 22 749 01 11
Fax: +41 22 749 09 47
Email: copyright@iso.org
Website: www.iso.org

Published in Switzerland

ii © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=8d1e7e1afb9bddedfb3166627ba30f7d

ISO 20146:2019(E)

Contents Page
FOT@WOT ... et eeeeeeeeeeeeeeeeeeereeseeeee v
0010 00 Y6 0 ot o (0) o VS0 vi
1 S0P ... 1
2 NOIFINATIVE TEECI@INCES .........ooooooooeeeeeeeeeoeeeeeeeeeeeeeee oottt ettt ettt e eeeeeese e 1
3 LS IR Yo 0 L2 00 ) o

3.1 Components......o.....

3.2 Ph_ybiLdl pdl dIlICLCLS ...

3.3 Other parameters............c..

Symbols and abbreviated terms

Capacitance diaphragm Sauge ... S e eeeeeeeee
5.1 000 08 ) ) OSSO s VOSSN

Specifications for capacitance diaphragm gauge ...

6.1 Type of capacitance diaphragm gauge................

6.2 Temperature control of gauge head...............c......

6.3 Display and measurement sighal output UNit ...z 5
6.4 Measurement range of capacitance diaphragm gamtge ...
6.5 Expected measurement uncertainty ................8.. 2

6.6 Temperature coefficients of zero readings and\span...
6.7 RESOIULION ..o

6.8 Response time of the gauge head.......... .

6.9 Warm-up period ...

6.10 Admissible pressure (maximum lQ@d PreSSure). ...
6.11 Disruption pressure (DUISt PreSSUIE). ...
6.12 Materials exposed to gas

6.13 Mounting orientation of theigauge head ...
6.14  Fitting t0 ChambDeT ... ... cm s

6.15 Internal volume..........5Z e
6.16 Interface and pin ¢ohnections
6.17 Compatibility bétween a gauge head and a control unit...
6.18 Dimension and.weight of the gauge head and control unit...

6.19 Nominal operating (environmental) conditions..............cccc.....
6.20 Storage.and transportation CONAitioN. ...
6.21 Inputpower and itS reQUITEIMEINTS. ...

Additional (optional) specifications for capacitance diaphragm gauge
7.1 Reproducibility (long-term instability) ...
7.2 _<~Tilting effect on zero readings
73 RePEAtADIIILY Of ZEIO ..o
14 Durability of zero after the pressure of full scale

7.5 Durability of span after the pressure of full scale

7.6 Durability of zero after the admissible PreSSUIe ...
7.7 Durability of span after the admissible PreSSUre ...,
7.8 Update interval ...

7.9 Inner diameter of connecting tube

7.10 Cablelength ...

7.11 Set point of pressure..

7.12  Photographs ...

7.13 Inspection record and calibration CertifiCate ...
CALIDIARION ...t
8.1 Calibration procedure....

8.2 Calibration uncertainty...

8.3 Calibration CETTIICATE. ...

© 1S0 2019 - All rights reserved iii


https://standardsiso.com/api/?name=8d1e7e1afb9bddedfb3166627ba30f7d

ISO 20146:2019(E)

9 Measurement uncertainty at use
Annex A (informative) Compensation of thermal transpiration effect................e. 13
BIDIHOGTAPIY ...t 16

iv © IS0 2019 - All rights reserved


https://standardsiso.com/api/?name=8d1e7e1afb9bddedfb3166627ba30f7d

ISO 20146:2019(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 non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The preecedures—tsed—to—developth ment-and-these—ntendedfor—its—further-maintenance are
described in the ISO/IEC Directives, Part 1. In particular, the different approval criteria‘needed for the
different types of ISO documents should be noted. This document was drafted in acéordapce with the
editdrial rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

Attention is drawn to the possibility that some of the elements of this document may be the subject of
patent rights. ISO shall not be held responsible for identifying any or all such-patent rights. Details of
any patent rights identified during the development of the document willbe in the Introdu¢tion and/or
on tHe ISO list of patent declarations received (see www.iso.org/patents);

Any trade name used in this document is information given for the'éonvenience of users gnd does not
consfitute an endorsement.

For an explanation of the voluntary nature of standards; the meaning of ISO specifi¢ terms and
exprgssions related to conformity assessment, as well ‘as’information about ISO's adhefence to the
World Trade Organization (WTO) principles in the Téthnical Barriers to Trade (TBT) see www.iso
.org fliso/foreword.html.

This|document was prepared by Technical Commniittee ISO/TC 112, Vacuum technology.

Any feedback or questions on this documentshould be directed to the user’s national standpards body. A
complete listing of these bodies can be feund at www.iso.org/members.html.
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Introduction

ISO 3567, Calibration by direct comparison with a reference gauge, and 1SO 27893, Evaluation of the
uncertainties of results of calibrations by direct comparison with a reference gauge, were published in
2011 and in 2009, respectively. Detailed guidance for a specific gauge is intended to be given in separate
international standards or technical specifications for the calibration of special types of gauges.

This document complements ISO 3567 and ISO 27893 when characterizing, calibrating or using

capacitance

CDGs are w
the dissemi
this gauge,
document.

Vi

diaphragm gauges (CDGs) as reference gauges.

idely used to measure pressures in the medinm vacuum up to atmospheric pressure. For

hation of the pressure scale and measurement of low and medium vacuum pressix
the relevant parameters, calibration guidelines and uncertainties are described“in

s by
this
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Vacuum technology — Vacuum gauges — Specifications,
calibration and measurement uncertainties for
capacitance diaphragm gauges
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heir content
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-3, IS0 3567,

ddresses:

1 Scope

This| document defines terms related to capacitance diaphragm gauges (CDGs), spe
parameters have to be given for CDGs, details their calibration procedure andcdesc
meagurement uncertainties have to be considered when operating these gauges.
This|document complements ISO 3567 and ISO 27893 when calibrating CRGS and usi
referfence standards.

2 Normative references

The following documents are referred to in the text in such aSway that some or all of t
constitutes requirements of this document. For dated refergences, only the edition cited
unddted references, the latest edition of the referenced document (including any amendme
ISO 3529-1, Vacuum technology — Vocabulary — Part 1: General terms

ISO 3529-3, Vacuum technology — Vocabulary — Part 3: Total and partial pressure vacuum g
[SO 3567, Vacuum technology — Vacuum gauges-== Calibration by direct comparison with a ref¢
ISO R7893, Vacuum technology — Vacuum” gauges — Evaluation of the uncertainties
calibfations by direct comparison with a¥eference gauge

ISO/IEC Guide 98-3, Uncertainty ,of measurement — Part 3: Guide to the expression of uf
meagurement (GUM:1995)

ISO/IEC Guide 99, International vocabulary of metrology — Basic and general concepts an
termg (VIM)

3 Terms anddefinitions

For the purposes of this document the terms and definitions given in ISO 3529-1, ISO 3529
ISO 47893,.ISO/IEC Guide 98-3, ISO/IEC Guide 99 and the following apply.

[SO drid’JEC maintain terminological databases for use in standardization at the following g
— ISO Online browsing platform: available at https://www.iso.org/obp

— IEC Electropedia: available at http://www.electropedia.org/

3.1 Components

3.1.1

diaphragm

membrane

elastic element which deforms under differential pressure applied to it

© IS0 2019 - All rights reserved
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3.1.2

measurement side

side of diaphragm on a CDG to which the pressure to be measured is applied

Note 1 to entry: Sometimes the measurement side is called the test side.

3.1.3

reference side
side of diaphragm on a CDG opposite the measurement side

3.14

absolute-type CDG

CDG where {

3.1.5
differentia
CDG where {

3.1.6
measuremg
port connec

3.1.7
reference p
port connec

Note 1 to ent

3.1.8
integrated
gauge in wh

3.2 Physi
3.2.1

he reference side is permanently evacuated

-type CDG
he reference side is accessible from outside

ent port
ting to the measurement side of a CDG

ort
ting to the reference side of a CDG

Fy: In absolute-type CDG, this port does not exist.

type CDG
ich the head and controller form one piece-of equipment

cal parameters

reproducibility

long-term iy
Ot

relative qua
of full scale)

Note 1 to ent

a) asthere
being separa

stability

of the CDG (nitregen) after a specified period

Fy: Reproducibility can be determined in two ways:

ed by.the'specified period

nf
T JAY R WAV
Sr= |— S| 2L _| 2P
‘ n—l,-;tpi LPJJ

ntity characterizing the typical change of measurement error near full scale (90% to 100%

ative stahdard deviation of measurement error Ap; obtained from at least three calibrationg each

n isthe number of calibrations, i;

BES

Mis Pi

M
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b) as the mean of absolute (non-negative) changes of measurement error Ap; between recalibrations separated
by the specified period

s Apiy1 _ Ap;
i=1 ,
Pi+v1  Pi
O = n-1 (2)

and n as described above. Formula (1) is recommended when the measurement error does not show a significant
drift but random variations, Formula (2) when the measurement error shows a systematic and monotonic drift.
In both cases, §; shall be accompanied with the specified time period, for example 6; per year or 6; per two years.

Note |2 to entry: If the output signal of the gauge is not pressure (but e.g. voltage or current), thisysfgnal shall be
convgrted to pressure according to specification, before the measurement error is calculated,

Note |3 to entry: Reproducibility can be determined by recalibrations with a more accunate 'gauge|or a primary
standard. This often requires a transport which itself can lead to an instability of the calibrated vjalue. For this
reasdn, it is not reasonable to assume a linear relationship of instability with time (e.g~d; for a period of two years
is nof two times &; for a period of one year).

Note |4 to entry: If not specified otherwise, it is recommended that 6; is determined over a period of one year.
This {s usually a reasonable compromise between costs and influence of transport on the one hand gnd a possible
drift pnd lowest possible measurement uncertainty on the other hand.

Note 5 to entry: Measurement error is defined in 3.3.3.

3.2.2
warm-up period
durafion between the instant after which the power 'supply is energized and the instapt when the
meaguring instrument is used to the expected medasurement uncertainty as specified

Note|l to entry: For a CDG with controlled temperature type gauge head, the time to achieve and stabilize the
tempgrature of the gauge head shall be considéred. For a gauge head without temperature contrdl, the time to
stabilize the temperature due to the heat generated from the electrical circuit equipped in the gauge head shall
be copsidered.

Note P to entry: Warm-up period depends on, for example, the environment of the measurement or the equipment.

3.2.3
response time
time|from a sudden change of an applied pressure until the corresponding change of an indication of
the dDG has reached @specified fraction of its final value

Note [l to entry: The’amount of the change is specified. There are three variations of the correspondling change of
the injdication: 0.9 to 90 %; 0 % to 63,2 %; 10 % to 90 %.

3.2.4
update’interval
timelintérval at which an output of a CDG is updated

3.2.5

admissible pressure

maximum load pressure

maximum differential pressure that can be applied to the CDG while operating within its stated
specifications

Note 1 to entry: When pressure above the admissible pressure is applied to a gauge head, the gauge head is
required for recalibration.

3.2.6

disruption pressure

burst pressure

pressure applied to the gauge head above which a gauge head can fail

© IS0 2019 - All rights reserved 3
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internal volume
volume of measurement (and reference side, if applicable) side in the gauge head up to the sealing plane
of the measurement (and reference) port

3.3 Other parameters

3.3.1

measurement uncertainty
non-negative parameter characterizing the dispersion of the quantity values being attributed to a

measurand,

based on the information used

Note 1 to e
components
as the definit]
associated m

Note 2 to enptry: The parameter can be, for example, a standard deviation called stahdard measure

uncertainty

Note 3 to ern
evaluated by]
values from 4
which can be
deviations, ey

Note 4 to ent
associated w
modification

[SOURCE: IS

3.3.2
measuremg
closeness off

Note 1 to en
value. A meas

Note 2 to ent

“measurement precision” should'net be used for 'measurement accuracy', which, however, is related to both

concepts.

Note 3 to ent
quantity valy

Note 4 to en
manufacture

itry: Measurement uncertainty includes components arising from systematic effects\su
hssociated with corrections and the assigned quantity values of measurement standards, af
ional uncertainty. Sometimes small estimated systematic effects are not corrected foi but, ins
pasurement uncertainty components are incorporated.

or a specified multiple of it), or the half-width of an interval, with a stated overage probabilit}

try: Measurement uncertainty comprises, in general, many components. Some of these c
Type A evaluation of measurement uncertainty from the statistical distribution of the qus
series of measurements and can be characterized by standard-déviations. The other compo
evaluated by Type B evaluation of measurement uncertainty,£an-also be characterized by sta

aluated from probability density functions based on experience or other information.

ry: In general, for a given set of information, it is understood that the measurement uncertai

ith a stated quantity value attributed to the measurand. A modification of this value result
of the associated uncertainty.

0/1EC Guide 99:2007, 2.26]

ent accuracy
agreement between a measured.quantity value and a true quantity value of a measurs

ry: The concept 'measurement accuracy’ is not a quantity and is not given a numerical qug
urement is said to be more accurate when it offers a smaller measurement error.

ry: The term “measurément accuracy” should not be used for measurement trueness and the

Fy: 'Measurement accuracy' is sometimes understood as closeness of agreement between mea
es that are being attributed to the measurand.

ry;dn¢the past and up to now, “accuracy of a CDG” is one of the important parameters giv
'sand has been published on the data sheets of many manufactures. Their definition of accur

th as
well
tead,

ment
.
in be
ntity

ents,
dard

hty is
5 in a

ind

ntity

term
these

cured

en by
HCY 1S

a numerical

1 d3 l.dod 1 14 faolailis L rs 3 d 41 Yy H s
aroC—armru i roacU TIUTm e ar ey, TCpTatauTTty, Iy STCT TS TS~ amu e UuTreT T T T a S U T CTITCTTT

error

between a CDG and the reference standard used for calibration. It did not include the measurement uncertainty
of the reference standard. For these reasons, this term is in contradiction to the above definition given in the VIM
and should not be used.

[SOURCE: IS

0O/IEC Guide 99:2007, 2.13, modified — Note 4 to entry added.]
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3.3.3
measurement error
measured quantity value minus a reference quantity value

Note 1 to entry: The concept of 'measurement error' can be used both a) when there is a single reference quantity
value to refer to, which occurs if a calibration is made by means of a measurement standard with a measured
quantity value of a negligible measurement uncertainty or if a conventional quantity value is given, in which case
the measurement error is known, and b) if a measurand is supposed to be represented by a unique true quantity
value or a set of true quantity values of negligible range, in which case the measurement error is not known.

Note 2 to entry: Measurement error should not be confused with production error or mistake.

[SOURCE: ISO/TEC Guide 99:2007, 2.16]

3.34
measurement precision
closgness of agreement between indications or measured quantity values obtained by replicate
meagurements on the same or similar objects under specified conditions

Note|l to entry: Measurement precision is usually expressed numerically by measures of imprec]sion, such as
standard deviation, variance, or coefficient of variation under the specified coriditions of measurenjent.

Note|2 to entry: The 'specified conditions' can be, for example, repeatability conditions of measurement,
intermediate precision conditions of measurement, or reproducibility conditions of measyrement (see
ISO 5[ 25-1:1994).

Note B to entry: Measurement precision is used to define measurement repeatability, intermediate neasurement
precifion, and measurement reproducibility.

Note { to entry: Sometimes “measurement precision” isierroneously used to mean measurement acguracy.
[SOURCE: ISO/IEC Guide 99:2007, 2.15]

3.3.5
measurement repeatability
meagurement precision under a set of.r¥epeatability conditions of measurement

[SOURCE: ISO/IEC Guide 99:200%:2.21]

3.3.6
measurement reproducibility
meagurement precisionrnder reproducibility conditions of measurement

Note|l to entry: Relgvant statistical terms are given in ISO 5725-1:1994 and ISO 5725-2:1994.
[SOURCE: ISO/LEC Guide 99:2007, 2.25]

3.3.7
measurement trueness
closeness of agreement between the average of an infinite number of replicate measured quantity
values and a reference quantity value

Note 1 to entry: Measurement trueness is not a quantity and thus cannot be expressed numerically.

Note 2 to entry: Measurement trueness is inversely related to systematic measurement error, but is not related to
random measurement error.

Note 3 to entry: “Measurement accuracy” should not be used for 'measurement trueness'.

[SOURCE: ISO/IEC Guide 99:2007, 2.14, modified — Note 1 to entry revised.]
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4 Symbols and abbreviated terms

Abbreviation Definition
CDG capacitance diaphragm gauge
uucC unit under calibration

5 Capacitance diaphragm gauge

5.1 Principle

A CDG is a
(Figure 1).
the measury
the change
reference si
of measural
ceramics an|
affect press
from outsid
constant ter
the diaphra
inlet causes

device in which an elastic diaphragm deflects under the differential pressure acr
Che size of the elastic deformation is proportional to the differential pressuse_ bet}
ement side and the reference side. The displacement of the elastic diaphragm-is’sens
in the capacitance between the diaphragm and a fixed sensing counter electrode o
le. This set-up is preferable to avoid contamination and to ensure the use'of a wide
ple gas species. Materials from which the elastic diaphragm is composed include
d silicon. In an absolute-type CDG, the reference side is evacuated te/a level that doe
lire measurements. In a differential-type CDG, both sides of the diaphragm are acceg
. Some types of CDGs are equipped with a self-heating system to maintain the gauge he
hperature to stabilize the offset value and make more accurate measurements or to pr
bm from condensing gas species. The temperature differénee between gauge head an
the sensitivity to become gas dependent in a certain pressure range. The underlying g

ss it
veen
ed by
n the

VSLriety

etal,
S not
sible
ad at
ptect
1 gas
ffect

is the so-called thermal transpiration effect. Outside of this pressire range, the pressure indicatjon is

independen

Clause 6 an|

 of the gas species.

reliable preg
the pressurs

sure measurements and how to estimate the‘measurement uncertainty and/or dissem
p scale.

6

d Clause 7 provide information for the userf this type of instrument on how to fake

inate

measure

measure

N O U W

diaphragm (pressurized)
diaphragm (unpressurized)

ment side

reference side

ment port

reference port
electrodes

Figure 1 — Typical CDG
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6 Specifications for capacitance diaphragm gauge

6.1

Type of capacitance diaphragm gauge

The type of CDG, absolute-type or differential-type, shall be specified.

6.2

Temperature control of gauge head

The control ability of the temperature of a gauge head, such as temperature-controlled or no control,
(room temperature) shall be specified.

For 4
contj

NOTH
thern

6.3

In thi
(Pa).

Ifag

voltdge, a clear assignment of this value to pressure shall bexmade by an equation, table or §

6.4

The
satis
allo

6.5

An ¢
read
temp
orier

The measurement uncertainty of type of device shall include the measurement error.

The
The

type

temperature-controlled gauge head, the temperature(s) shall be specified. The type ofi
rol, i.e. temperature-controlled, temperature-compensated or no control, shall bespec

The temperature of the gauge head is one of the important parameters fot the eval
hal transpiration effect and influences the uncertainty of measurements.

Display and measurement signal output unit

Other additional units of pressure are also allowed.

auge head or a control unit has a different measurement sighal output than pressure,

Measurement range of capacitance diaphragm gauge

measurement range of a gauge head in which a specified expected measurement uy

Fed.

Expected measurement uncertainty

ng”, “% full-scale” or théir) combinations. This includes the effect of fluctuation of
erature on the pressure/readings. The measurement conditions (e.g. temperature,
tation) needed to obtain the expected measurement uncertainty should be specified.

ralibrationwhcertainty of an individual gauge shall be given by a calibration certificat
falibratién)uncertainty of an individual gauge can be significantly lower than the one
of deyice, because the measurement error is corrected and excluded in the certificate.

6.6

emperature
fied.

nation of the

e case of a control unit and an integrated type CDG, the display shall show the SI unjit of pascals

for example
rraph.

certainty is

fied shall be specified. The pressure range'shall be given in Pa. Other additional units are also

xpected measurement uncertainty of CDG shall be specified. This shall be given in Pa, “% of

the ambient
elevation or

e (see 7.13).
for the same

Temperature coefficients of zero rpadingq and span

The temperature coefficients of zero readings and span shall be specified.

6.7

Resolution

The resolution of a pressure readings and type of the resolution such as the resolution of a gauge head
or the resolution of a displaying device shall be specified. The pressure shall be given in Pa. Other
additional units are also allowed.

6.8

Response time of the gauge head

The response time of the gauge head shall be specified.

© ISO

2019 - All rights reserved
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6.9 Warm-up period

The warm-up period shall be specified.

6.10 Admissible pressure (maximum load pressure)

The admissible pressure (maximum load pressure) (absolute pressure) shall be specified. The pressure
shall be given in Pa. Other additional units are also allowed.

6.11 Disruption pressure (burst pressure)

CAUTION — This information is important for users’ safety.

The disruptjon pressure (burst pressure) (absolute pressure) shall be specified. The pressure shqll be
given in Pa. Dther additional units are also allowed.

6.12 Materials exposed to gas

Any materigls of the gauge head exposed to an operating gas shall be specified-

6.13 Mournting orientation of the gauge head

The recommended mounting orientation of the gauge head shall he'specified. For the calibration), it is
recommended that the mounting orientation of the gauge head.is-the same as when operated. If the
gauge head has no angle (orientation) dependence, it should be specified as “any”.

6.14 Fitting to chamber

The fitting tlype and size shall be specified.

6.15 Internal volume

The interndl volume of a gauge head accessible from outside shall be specified. For a differeptial-
pressure-type gauge head, volumes of-both side of the diaphragm should be mentioned.

6.16 Interface and pin connéctions

The protocal of communicatien'with a computer shall be specified. The connector type and the funfgtion
of the pin cdnnections (pit=gut) shall be specified.

6.17 Compatibility.between a gauge head and a control unit

The type orjmodel number of the control unit for the gauge head shall be specified. It shall be spe¢ified
whether thq gauge head and the control unit support one-to-one correspondence or not. The us¢ of a
gauge head and control unit as a fixed pair is recommended for precise measurement.

6.18 Dimension and weight of the gauge head and control unit

The dimensions of the gauge head and/or control unit with an outline drawing and their weight in SI
units shall be specified. It may be expressed as width, depth and height (W*D*H). Other units (e.g.
inches) can also be used.

6.19 Nominal operating (environmental) conditions

Temperature and relative humidity ranges in which the gauge head and/or control unit can be operated
shall be specified.

8 © IS0 2019 - All rights reserved
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6.20 Storage and transportation condition

Conditions of storage and transportation intended to avoid damage and harm to the gauge - for example
temperature and relative humidity - shall be specified. The environment, cleanliness, vibration and
shock conditions are optional.

NOTE The storage temperature is useful for determining the temperature for the system baking.

6.21 Input power and its requirements

The voltage (AC or DC), current, frequency and their requirements shall be specified.

7 Additional (optional) specifications for capacitance diaphragm gauge

7.1 | Reproducibility (long-term instability)

Reprpducibility (long-term instability) should be expressed in per cent of reading and/or per cent of
full-g4cale for a specified period (e.g. one month, one year). For such meastirements, stable o[ repeatable
presgures shall be used and the gauge operated under its normal conditions. Typical values fan be given
by the manufacturer. Manufacturers decide to what extent this measurement is economidally feasible
consjdering the type of gauge and its intended field of applicatien. If possible, such information should
be gathered from customers. The measurement conditions of/the’reproducibility shall be specified.

NOTH Reproducibility (long-term stability) in particularuis)greatly influenced by the user and the field of
appligation.

7.2 | Tilting effect on zero readings

The gffect of a gauge head tilting on both zero readings and its span shall be specified. |For a gauge
head| whose span has the tilting effect, the tilting effect on the span shall be specified. The reference
orientation of the tilting angle shall be.specified as in 6.13.

7.3 | Repeatability of zero

Repdatability of zero of gauge head shall be specified.

7.4 | Durability of zere after the pressure of full scale

Durdbility of zergshould be expressed in per cent of full scale for a specified cycle (e.g. 10 000 cycles,
1 million cycles);

The pressufeapplied to the test device shall be cycled lower than 1 % FS to about 100 % FS.

7.5 [ Duarability of span after the pressure of full scale

Durability of span should be expressed in per cent of reading and/or per cent of full scale for a specified
cycle (e.g. 10 000 cycles, 1 million cycles).

The pressure applied to the test device shall be cycled lower than 1 % FS to about 100 % FS.

7.6 Durability of zero after the admissible pressure

Durability of zero should be expressed in per cent of full scale for a specified cycle (e.g. 100 cycles,
10 000 cycles).

The pressure applied to the test device shall be cycled below its full scale to about the admissible
pressure.
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7.7 Durability of span after the admissible pressure

Durability of span should be expressed in per cent of reading and/or per cent of full scale for a specified
cycle (e.g. 100 cycles, 10,000 cycles).

The pressure applied to the test device shall be cycled below its full scale to about the admissible

pressure.

7.8 Upda

te interval

The update interval of a gauge head and/or a controller unit shall be specified.

7.9 Inner

An inner dia
in mm. Othd

NOTE

7.10 Cablqg
The cable l¢

demand should also be specified.

NOTE A

7.11 Setp
It shall be sy

diameter of connecting tube

meter of a connecting tube to the diaphragm shall be specified. The diameter(shall be §
r additional units are also allowed.

Tlhe inner diameter of the connecting tube is used to calculate the effect of thermal transpiration.

length
ngth which is usually supplied shall be specified. The maxiium cable length providg
onger cable is sensitive to electromagnetic interference.

pint of pressure

ecified whether set point(s) of pressures to control another unit are available or not.

7.12 PhotL]lgraphs

For clear o
shall be givj
recommend

7.13 Inspe

An inspecti
head and /o
traceable to
a calibratior

look and details, computer graphics, a photograph or a drawing of an upright gauge

ed.

ction record and-calibration certificate

bn record of agauge head will increase the user’s confidence in the readings of the g
control unit/If\a calibration certificate is available, it shall contain information on hov
a national standard of vacuum. It should be specified whether an inspection record ar
| certificate will be issued or not.

riven

d on

head

en. Front and back panels_(connector side) of both a gauge head and a control unit are

auge
v it is
1d /or

8 Calibr

htion

8.1 Calibration procedure

If the calibration is performed by direct comparison with a reference gauge, ISO 3567 applies. In the
following subclauses, details for CDGs are given with reference to ISO 3567, if applicable.

If the calibration is performed by a primary standard, the user shall apply the following procedures
correspondingly.

a) A mounting orientation of a gauge head is set as stated in 6.13 or otherwise agreed between the

calibrat

ion laboratory and a user (see ISO 3567:2011, 6.2).

b) No strong airflow around a UUC and the reference gauge is required (see ISO 3567:2011, 6.2.3).

10
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c) For calibrations with required low uncertainties, the warm-up period specified (see 6.9) cannot be
sufficient. Suitable longer times (e.g. overnight) have to be chosen (see ISO 3567:2011, 6.6).

d) Relevanteffects of the temperature are effects on zero reading, span and the thermal transpiration.
The temperature effect is calculated when the temperature effect is significant compared with the
expected calibration uncertainty or when it is significant for its later use. Details of how to correct
this are given in Reference [1]. For the temperature-controlled type gauge head (e.g. 45 °C), there
is a temperature difference between the gas in the reference gauge and the gas in the calibration
chamber, and also between the gas in the UUC and the gas in the calibration chamber. In order to
obtain reliable calibration results, these temperatures are considered.

"""" ranspiratiom—several—compensation—methods—have—been published
pecies (see

7:2011, B.6).

6.10) is not
¢xceeded either during or after a calibration. In this case a valve imfront of the inl¢t port shall
be installed, which is closed, before the admissible pressure is réached. This reduces hysteresis
effects and can improve long-term stability (see ISO 3567:2011, B.9).

8.2 | Calibration uncertainty

CaliHration uncertainty of a CDG is evaluated as stated in [SO*27893.

The following list gives an overview of contributionsteithe CDG uncertainty:
— Uncertainty of the standard;

— T1esolution of signal output;

— ghort-term stability (repeatability);

— teproducibility of zero;

— ¢hange of ambient temperatiire;

— Uncertainty of voltmeter. (if used).

8.3 | Calibration cettificate

A caljibration certificate of a CDG is prepared as specified in ISO 3567.

of the gauge

If the output signal of the CDG is not pressure, the mathematical model given by which the output signal
(e.g. voltage, current) is converted to pressure should be repeated in the certificate.

9 Measurement uncertainty at use

Some measurement uncertainties are not important during a calibration but play a role later on, for
example when used as a reference gauge.

The following list gives an overview of contributions to the measurement uncertainty in addition to
those listed in 8.2:

— long-term instability;
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— nonlinearity;

— different ambient temperature than during calibration;

— drift of ambient temperature;

— cleanliness of gas which the gauge is exposed to and general gas composition;
— hysteresis;

— thermal transpiration (temperature and gas species).
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Annex A
(informative)

Compensation of thermal transpiration effect

A.1 General

Several methods have been reported for the compensation of thermal transpiration effect:“Ih this annex,
thre¢ methods are introduced. A simple model is illustrated in Figure A.1 and the results arg illustrated
in Figure A.2. The parameters for A.2 are summarized in Table A.1.

P11T1 PZJTZ

Key
1  vacuum chamber
2 DG

Figure A.1 & Expression of thermal transpiration

A.2 | Takaishi-Sensui method[2] (including AVS recommendation[3]) and $etina's
method[4]

b1 YT /T

P> Y +1

wherte

127>

Y=A-X2+B-X+C-JX;

A=a-T%;
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