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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 procedures used to develop this document and those intended for 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 accordance with the
editorial 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 will be in the Introduction 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 convenience of users and does not
constitute an endorsement.

For an explanation on the voluntary nature of standards, the meaning of ISO specific terms and
expressions related to conformity assessment, as well as information about ISO’s adherence to the
World Trade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the following
URL: www.iso.org/iso/foreword.html

This document was prepared by Technical Committee ISO/TC 112, Vacuum technology.
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Introduction

ISO 3567 and ISO 27893 are basic standards with no specific guidelines of a special type of vacuum
gauge and are generally applicable. Detailed guidance for a specific gauge is intended to be given in
separate technical specifications for the calibration of special types of gauges.

This document complements ISO 3567 and ISO 27893 when characterizing or calibrating Pirani gauges
or using them as reference gauges.

Pirani gauges are widely used to measure pressures in the medium vacuum up to atmospheric pressure.
The relevant parameters, calibration guidelines and uncertainties for the dissemination of the pressure
scale and measurement of low and medium vacuum pressures by a Pirani gauge are described in this
document.

© IS0 2017 - All rights reserved v
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Vacuum technology — Vacuum gauges — Specifications,
calibration and measurement uncertainties for Pirani
gauges

1 Scope

This document identifies parameters of Pirani gauges, their calibration procedure, and describes
measurement uncertainties to be considered when operating these gauges.

This document applies to Pirani vacuum gauges operating over a pressure range of 0,01 Pa to 150 kPa.

This document complements ISO 3567 and ISO 27893 when calibrating Pirani gauges and using them as
reference standards.

In addition, this document defines procedures to characterize Pirani gauges for response time and
hysteresis.

2 Normative references

The following documents are referred to in the text in such a way that some or all of their content
constitutes requirements of this document. For dated references, only the edition cited applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

[SO 3567:2011, Vacuum gauges — Calibration by direct comparison with a reference gauge

[SO 27893, Vacuum technology — Vacuum gauges — Evaluation of the uncertainties of results of
calibrations by direct comparison with a reference gauge

ISO/IEC 17025, General requirements for the competence of testing and calibration laboratories

3 Terms and definitions
For the purposes of this document, the following terms and definitions apply.
[SO and IEC maintain terminological databases for use in standardization at the following addresses:

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

— SO Online browsing platform: available at http://www.iso.org/obp

3.1 Definitions of components

3.1.1

thermal conductivity gauge

vacuum gauge in which the pressure is determined in relation to the transfer of thermal energy between
the surfaces of two fixed elements maintained at different temperatures

Note 1 to entry: This gauge is based on the thermal conductivity of a gas being pressure dependent.

[SOURCE: ISO 3529-3:2014, 2.4.2.2, modified — Example has been deleted.]

© IS0 2017 - All rights reserved 1


http://www.electropedia.org/
http://www.iso.org/obp

ISO/FDIS 19685:2017(E)

3.1.2

Pirani gauge

thermal conductivity gauge in which the heated element is part of a Wheatstone bridge that supplies
the energy to the element and by which the electrical resistance or the dissipated power of the element
is being measured

Note 1 to entry: Some types of Pirani gauges have an extended upper limit of measurement range by using the
heat convection inside the tube. This type is often called convection-enhanced Pirani gauge.

Note 2 to entry: See Annex A.

[SOURCE: ISO 3529-3:2014, 2.4.2.2.2, modified — Note 1 to entry has been replaced.]

3.2 Definitions of physical parameters

3.21

internal volume

volume of the gauge that is exposed to the vacuum system where it is attached to, counted from the
connecting flange plane

3.2.2

thermal accommodation coefficient

ratio of the absolute temperature of the molecule after a hit with the heated element in a Pirani gauge
and the absolute temperature of the heated element

3.2.3
long-term instability
. . : . A - .
quantity characterizing the typical change of relative measurement error e _ 2P _Puyuc P over time
p p

where the period needs to be specified

Note 1 to entry: Measurement errors to determine long-term instability of this gauge type are taken for nitrogen
at a pressure of p=(10%1) Pa (nitrogen) after a specified period. This quantity &; shall be a relative quantity

and may be determined in two ways:

a) as the relative standard deviation of measurement error e; obtained from at least three calibrations each
being separated by the specified period

n 2

0; = %Z(e,- —e_)

n=13

with n being the number of calibrations i, and

62—261-
)

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

n-1

Z|ei+1 _ei|

S, = i=1

t n-1

and n as described above

Note 2 to entry: The formula in a) is recommended when the measurement error does not show a significant drift
but random variations, and the formula in b) when the measurement error shows a systematic and monotonic drift.
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Note 3 to entry: If the output signal of the gauge is not pressure (e.g. voltage or current), this signal shall be
converted to pressure based on the manufacturer’s specification, before the measurement error is calculated.

Note 4 to entry: Long term instability can be determined by recalibrations with a more accurate gauge or a
primary standard. This often requires a transport which itself can lead to an instability of the calibrated value.
For this reason, it is not reasonable to assume a linear relationship of instability with time (e.g. 6; for a period of

2 years is not 2 times 6; for a period of 1 year).

Note 5 to entry: If not specified otherwise, it is recommended to determine §; over a period of 1 year. This is
usually a reasonable compromise between costs and influence of transport on the one hand and a possible drift
and lowest possible measurement uncertainty on the other hand.

EXAMPLE If 6; was determined to 6,5 % according to the formula in b), where the period of recalibration
was 1 year, the report will be “delta_t = 6,5 % for a period of one year”.

3.2.4

response time

T
time that elapses when the Pirani gauge is exposed to a sudden pressure change of nitrogen between

1 kPa to 100 Pa (up or down to be specified), until the Pirani shows 90 % of the pressure change
difference

Note 1 to entry: See Figure 1.
p A
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Figure 1 — Illustration to explain definition of response time t

3.25

hysteresis
relative difference of indication of a Pirani gauge when exposed to the same pressure in a rising and

decreasing sequence
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4 Symbols and abbreviated terms

Symbol Designation Unit
e Relative measurement error lorin%
p Pressure, traceable to SI Pa
Ap Mgasurement error (measured pressure pyyc Pa
minus reference pressure p)
Measured pressure by unit under calibra-
PUUC  tion (UUC) Pa
St Long-term instability as defined in 3.2.3 |1 orin %
T Response time ms

uuc Unit under calibration

5 Principle of Pirani gauge

The Pirani gauge is one type of a thermal conductivity vacuum gauge. In the Pirani gauge, gas molecules
conduct heat away from a heated element to a surrounding wall that is usually at room temperature
(see Figure A.1). In a certain pressure range, the heat taken away by the molecules is proportional to
molecular density and hence pressure. The corresponding temperature change of the heated element,
which is often a filament, causes a change in resistance. The resistance is part of a Wheatstone type
bridge circuit that supplies the energy to the element and by which the electrical resistance or the
dissipated power of the element is being measured. The bridge circuit may keep constant either the
temperature of the heated element, or the heating power, or voltage or current. The linear measurement
range is highest, when the temperature is kept constant. More detailed information is given in
Reference [1].

The heat conductivity is strongly dependent on the gas species. It depends on the degrees of freedom
of the molecule, its mass and the thermal accommodation coefficient of the molecule with the surface
of the material of the heated elementl2]. Therefore, also the signal measured by the Pirani gauge is
strongly gas dependent. The thermal accommodation coefficient is significantly affected by impurities
on the surface, which makes the Pirani gauges sensitive to contamination by vacuum processes.
Coverage of the heated element caused by such processes also changes the lower measurement limit
and, due to the change of filament diameter, the sensitivity.

Athigher pressures, in the viscous flow regime, the heat conductivity through the gas becomes pressure
independent. The lighter the gas molecule, the lower the pressure this occurs. This limits the useful
measuring range of the Pirani gauge. Convection is still causing some heat dissipation from the heated
element, but the sensitivity of the Pirani gauge is very small in this regime.

The lower measurement limit and resolution of the Pirani gauge is determined by the heat conductivity
to the mechanical support structure of the heated element and radiation. For this reason, ambient
temperature changes do affect the sensitivity of the gauge significantly below 10-1 Pa.

The wall temperature of the gauge head may also be influenced by the heated elements itself. At higher
pressures > 1 kPa, more heating power for the heated element is needed to keep the temperature
constant than at lower pressures and, as a consequence, the surrounding wall is heated up. This again
reduces the heating power and may cause hysteresis.

NOTE In recent years, another type of thermal conductivity gauge was commercialized. The heated element
(filament) is not operated at a constant temperature, butis cyclically heated up to a defined temperature threshold
by an increasing voltage rampl3l. The time to heat the element up to the threshold is pressure dependent. In
terms of measurement uncertainties, this type of thermal conductivity gauge is similar as the Pirani gauge and
this standard can be applied to these type of gauges as well.

4 © IS0 2017 - All rights reserved



ISO/FDIS 19685:2017(E)

6 Specifications for Pirani gauge

6.1 General

The following features and specifications are required, in order to enable users of the gauges to estimate
the measurement uncertainty and/or to disseminate the pressure scale.

6.2 Measuring principle

It shall be specified how the heat dissipation in the gauge head is measured (continuously, pulsed,
convection-enhanced).

6.3 Type of output

The type of output (analogue, digital) and the unit (or units) of indicated signal (e.g. voltage, current,
pressure) shall be specified. If the indicated signal output is not given in pressure units, the conversion
of the signal unit to pressure given in the manufacturer’s manual shall be used.

6.4 Range of output and output display resolution

The range of output and the corresponding resolution for digital output shall be specified.

6.5 Measurement range and full scale

The measurement pressure range and full scale for nitrogen shall be specified. The measurement range
generally depends on the measurement uncertainty. The measurement range for a given measurement
uncertainty for nitrogen of a newly produced gauge shall be specified by the manufacturer. The
measurement range is the range between minimum and maximum pressure where the reading of the
gauge is within the defined measurement uncertainty limits. If the pressure range is not given in pascal,
the value in pascal shall be given in addition.

6.6 Expected measurement uncertainty

The expected measurement uncertainty in the measurement range as given in 6.5 for the type of device
as can be achieved by any individual device of this type shall be specified. It should be given as relative
quantity of reading in %. It shall be specified how the gauge has to be adjusted to meet the measurement
uncertainties. If an adjustment at a certain pressure has to be made, the gas species has to be specified.

NOTE The expected measurement uncertainty of type of device includes the measurement error. In the case
of the Pirani gauge, this is mainly caused by the nonlinearity of the gauge.

The measurement uncertainty of an individual gauge is given by a calibration certificate (see
8.6). The measurement uncertainty of an individual gauge may be significantly smaller than the
expected measurement uncertainty for the same type of device, since it does not need to include the
measurement error.

6.7 Material exposed to gas

The material of the gauge head exposed to operating gas shall be specified.

6.8 Connecting flange

The type and size of the flange of the gauge head shall be specified.

© IS0 2017 - All rights reserved 5
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6.9 Interface and pin-connections

The protocol of communication with a computer shall be specified; The connector type and the function
of the pin connections (pin-out) shall be specified.

6.10 Warm-up period

The warm-up period for optimum performance in the measurement range (the indication is within the
measurement uncertainty limits within the measurement range) shall be specified.

6.11 Compatibility between gauge tube and controller

At least one type of controller compatible with the gauge head shall be specified. If no controller is
recommended, the technical data of the controller for proper operation of the gauge need to be given.

6.12 Normal operating (environment) conditions

Temperature of the gauge head and/or of the operating gas and humidity range for reliable measurement
of pressure shall be specified at which the gauge can be operated.

6.13 Electrical power supply

Necessary voltage (AC or DC), frequency and power and, if applicable, their stabilities (e.g. maximum
ripple noise) shall be specified.

6.14 Cable length
The cable length between the gauge head and controller shall be specified.

NOTE Alonger cable can be sensitive to electro-magnetic interference.

6.15 Maximum bake-out temperature

The maximum temperatures shall be specified respectively for the gauge head and cables. If the control
unit or indicating unit is directly attached to the gauge head (“integrated” or “active” gauge), but can be
removed, this shall be stated and the maximum bake-out temperature for both the gauge head only and
gauge head with control unit attached shall be given.

6.16 Dimensions of gauge head and controller

The dimensions of the gauge head, controller and, if applicable, the dimensions of cut-out for panel
mounted controllers should be specified in outline drawings in SI units. It may be expressed as width,
depth and height (w - d - h). Other units can be used in addition.

6.17 Mounting orientation
Mounting orientation of the gauge (vertical, horizontal, arbitrary) should be specified.

NOTE The sensitivity (calibration results) may depend on the orientation.

7 Additional (optional) specifications for Pirani gauge

7.1 Long-term instability

Long-term instability shall be expressed in relative units for a specified period (e.g. 1 month, 1 year).
For such measurements, pure gases at stable or repeatable pressures shall be used and the gauge be
operated under its normal conditions. Typical values may be given.

6 © IS0 2017 - All rights reserved
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7.2 Relative sensitivity factor

The relative sensitivity factors may be given in a table or graph (if dependent on pressure) for various
gas species.

7.3 Hysteresis

The hysteresis as defined in 8.7 may be specified.

7.4 Response time

The response time as defined in 8.8 may be specified.

7.5 Inspection record and calibration certificate
A document of an inspection record that shows proper function of the instrument (readings and true
pressures at the limits of the measurement range for nitrogen) may be supplied with the gauge. If

a calibration certificate is available, it shall contain information on how it is traceable to a national
standard concerning vacuum.

7.6 Configuration

The configuration (active, passive) may be specified.

7.7 Weight

Weight of the gauge (e.g. sensor, controller, cable) should be specified.

7.8 Storage and transport condition

Conditions of storage and transportation should be specified to avoid damage and harm to the gauge,
e.g. gas environment, cleanliness, temperature, relative humidity, vibration, shock, etc.

7.9 Photographs

For a clear outlook and details, a photograph or drawing of the upright gauge tube and the front and
back panels (connector side) of the gauge controller is recommended.

7.10 Maximum power consumption

Maximum power consumption of the gauge head with one of the recommended controllers near
atmospheric pressure should be specified. If the gauge head is stand alone (“active gauge”), the
maximum power consumption for this should be given.

7.11 Set point of pressure
It should be specified, whether external control set points are available.
8 Calibration and other measurement procedures

8.1 General

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

© IS0 2017 - All rights reserved 7
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If in rare cases the calibration is performed by a primary standard, the user shall apply the following
procedures correspondingly.

8.2 Conditions for calibrations

It is recommended that the complete measurement chain—gauge head, cable and indicating unit—is
calibrated. If this is not the case, the calibrating laboratory shall ensure that all necessary equipment
used for recording the output (e.g. a digital voltmeter) is calibrated according to ISO/IEC 17025.

For example, if an active gauge requires a voltmeter to read the output, and the client does not provide
the voltmeter, the calibration laboratory shall provide a calibrated voltmeter. In this case, the client
needs to be aware that the calibration values are only valid if the client uses calibrated equipment at
their site.

The calibration item shall be suitable for calibration, i.e. the state of the calibration item at the time of
calibration should comply with the generally accepted rules of technology as well as with the particular
specifications of the manufacturer’s documentation. This is to be ascertained by external inspections
and functional tests.

The inspection shall include:
— visual inspection for contamination (surface coverage) and cleanliness inside of the head;
— visual inspection for damage (pointer, inscriptions, readability of indications, sealing surface);

— check whether documents necessary for calibration (technical data, operating instructions) are
available.

It is recommended to require a declaration by the user that the gauge is not contaminated by toxic,
corrosive, explosive, radioactive, microbiological or other harmful substances.

If the calibrating laboratory decides that a cleaning procedure needs to be performed before a
calibration, the client needs to be informed or the device is returned. In many cases, however, the best
option may be to replace the gauge head with a new unit, which is then calibrated.

Functional tests shall include:

— leak tightness of calibration item;

— operational function (e.g. off/on, adjustability of zero point);
— adjusting elements of controller in the defined positions.

The stability of the indication and the reproducibility in particular are important criteria for the status
of the vacuum gauge. Residues of air humidity and other residues, e.g. of process substances shall be
removed from the gauge head of the calibration item. This is achieved by evacuation, possibly assisted
by a bake out.

8.3 Assembly and adjustments of calibration item

The gauge should be mounted in the orientation as recommended by the manufacturer or as agreed
with the customer. It is recommended to mark the upwards direction during calibration on the gauge
by a sticker.

For convection-enhanced Pirani gauges, often a horizontal orientation of the heated wire is required to
work properly at higher pressures.

Before any adjustment and calibration, the gauge shall be in a stable temperature condition. After
evacuation and switching on, a warm-up time according to the manufacturer’s specifications should
be considered. Unless otherwise specified by the manufacturer, a stabilization time of 30 min is
recommended.

8 © IS0 2017 - All rights reserved
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It is customary to make adjustments at full scale and zero of the gauge before a calibration.

Some clients may need the calibration data before any adjustment, e.g. because they are unable to make
the same adjustments on site. According to ISO/IEC 17025, this is to be reviewed with the client before
the adjustment is made.

The calibration gas species shall be recorded. All Pirani settings should be confirmed with the customer
including the measuring channel, heating, output signal configuration.

8.4 Calibration

It is recommended to use as reference gauge one or several capacitance diaphragm gauges or vacuum
gauges with similar or better accuracy covering the whole measurement range for calibration (see
IS0 3567:2011, 6.6 and B.10).

Due to the poor linearity of the Pirani gauge, calibration by a primary standard is normally not worth
the effort.

The reading of the Pirani gauges is strongly dependent on gas species. Therefore, it is recommended
that the client requires a calibration with that gas species which is prevailing in the vacuum system
when the gauge is in use, provided that this gas species can be handled by the calibration laboratory. If
nothing else is specified, the calibration test gas is nitrogen (see ISO 3567:2011, 6.4 and B.2).

8.5 Measurement uncertainties during calibration

ISO 27893 applies. The individual uncertainty components depend on the specific design of the
Pirani gauge.

The following list gives an overview of contributions related to the Pirani gauge to the uncertainty
during calibration:

— resolution of signal output;

— short term instability (repeatability);
— zero drift;

— full-scale drift;

— change of ambient temperature.

8.6 Calibration certificate
ISO/IEC 17025 and ISO 3567 apply (see ISO 3567:2011, Clause 8).

In addition to the points given in ISO 3567 to be mentioned in the certificate, the adjustment procedure
before the calibration needs to be described, in particular which gas species was used for the adjustment
near 100 kPa.

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

In the special case of Pirani gauges, the measurement uncertainties in the calibration certificate can
be rather small and can appear to a non-experienced user that it is a very accurate instrument. At later
use, however, significant additional uncertainties much greater than those given in the certificate may
apply. For this reason, it is strongly recommended to add the following sentence in the certificate:

“In the special case of Pirani gauges, the measurement uncertainties in the calibration certificate can
be rather small and it may seem to a non-experienced user to be a very accurate instrument. On further
use, however, significant, additional uncertainties may arise. Particularly large sources of uncertainty

© IS0 2017 - All rights reserved 9
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include: use of a different gas (even when corrected for known gas species), exposure to corrosive or
non-inert gas species, use of interpolated values (not given in this certificate, i.e. non-linearity), use at
different ambient temperature, long-term instability, contamination, and thermal relaxation at higher
pressures.”

NOTE Often, the Pirani inhibits a significant measuring error which depends on pressure. The uncertainty
given in the certificate applies after prior correction for this error.

8.7 Measurement procedure for hysteresis

If hysteresis is to be determined, a reference gauge or standard with insignificant hysteresis effect
needs to be used. Hysteresis measurement shall be done in the following manner:

a) pump to high vacuum of at least 1 mPa, take readings in increasing sequence at 1 Pa, 10 Pa, 100 Pa
and 1 000 Pa for nitrogen;

b) expose gauge to 80 kPa, wait 5 min;
c) takereadingsin downwards direction at 1 000 Pa, 100 Pa, 10 Pa, 1 Pa;
d) pump to high vacuum of at least 1 mPa.

Both directions should be passed through as fast as possible, but a stable reading within the resolution
limit shall be achieved for each target pressure. The mean of three cycles should be determined.

8.8 Measurement procedure of response time

If response time needs to be characterized, it shall be measured with nitrogen as test gas in the
following manner.

Downward step change: After installation on a suitable vacuum system and warm-up time, expose
the gauge to a pressure of 1 kPa. Reduce the pressure to 100 Pa by expansion into a suitable vacuum
chamber within 10 ms or less by opening a fast valve.

Upwards step change: After installation on a suitable vacuum system and warm-up time, expose the
gauge to a pressure of 100 Pa. Increase the pressure to 1 kPa by expansion from a suitable reservoir
within 10 ms or less by opening a fast valve.

All the mentioned pressures are nominal and should be met within #20 % of their nominal values.
NOTE1 The pressure steps can be realized by means of accordingly sized and prefilled volumes with a fast
opening valve in between. For a downwards step, an expansion from a small volume into a 9-times-larger,
evacuated volume is possible. The same pressure step can also be realized by expansion into a 99-times-larger
volume, but prefilled with 91 Pa. For an upwards step, the small volume is filled with 100 Pa and a 9-times-larger
reservoir volume is filled with 1 100 Pa.

Suitable valves with sufficiently high conductance and fast opening times are needed for the expansion.

NOTE 2  If the electronics of the controller recording the gauge output are slow compared to the pressure step
of 10 ms, the electronics will dominate the response time, and not the physical measurement principle.
9 Measurement uncertainties at use

Some measurement uncertainties may not be important during a calibration, but play a role at later use,
e.g. when used as reference gauge.

The following list gives an overview of contributions to the uncertainty in addition to those listed in 8.5:
— long-term instability;

— nonlinearity;

10 © IS0 2017 - All rights reserved
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— different ambient temperature than during calibration;

— drift of ambient temperature;

— cleanliness of gas where gauge is exposed to and generally gas composition;
— contamination and wear of heated element;

— hysteresis.

© IS0 2017 - All rights reserved 11
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Annex A
(informative)

Typical Pirani gauge

Key

1 insulator

2 thermal conductivity through gases
3 vacuum

4  filament

5 heatloss by radiation

6  thermal conductivity through wires

Figure A.1 — Typical Pirani gauge

12 © IS0 2017 - All rights reserved



ISO/FDIS 19685:2017(E)

Bibliography

[1] Handbook of Vacuum technology. K. JOUSTEN. Chapter 13.5. Wiley-VCH, Weinheim, 2008

[2] JOUSTEN. K. On the gas species dependence of Pirani vacuum gauges. J. Vac. Sci. Technol. A. 2008,
26 (3) pp. 352-359

[3] W. JITSCHIN AND S. LUDWIG. Pulsed hot filament vacuum gauge with Pirani sensor (Article in
German). Vakuum in Forschung und Praxis (VIP) 2004, 16 pp. 23-29

[4] ELLEFSON R.E. et al. Recommended practice for calibrating vacuum gauges of the thermal
conductivity type. JVST A. 2000, 18 (5) pp. 2568-2577

[5] JOUSTEN. K. Temperature corrections for the calibration of vacuum gauges. Vacuum. 1998, 49
pp. 81-87

[6] Total Pressure Measurements in Vacuum Technology”, A. Berman. Chapter 4.3. Academic Press, 1985

[7] Total and Partial Pressure Measurements in Vacuum Systems”, JH Leck. Chapter 2. Springer, 1989

© IS0 2017 - All rights reserved 13



ISO/FDIS 19685:2017(E)

ICS 23.160
Price based on 13 pages

© ISO 2017 - All rights reserved



UDC 531.788.7

Z 8752

MIRE RO AIREER TR & 3
EHBERFE |

JIS Z 8752

(1994 TR

FRIGE3 A1 H BGE
c AATREERES o

(BAEHEBHS BT



Z 8752-1989

EBHOCE BEEEAE Sl HEA36.12.1  RE: FRT.3.1
BH AR ERT.3.5-
FRERGHE | BARZEHS
FRE S IRTEERALES £5HL HBLE BE B)
ORI OWTOBR Lt iz, TERRFEEESHHAER (810 ERSTRARE» N1 TH
3=1) NEIL T3\, . )
B, BETERMI, THERLEE S EORBICL->T, SUC LLSE2RBT 2R CIRBATE
BRAFEEQOFRICH SN, Foic, B, ¥WE X BEEIATT.



BAISRSEK Jis

B R U HIREEHETECLS 7 8752w
E 7l EF &

Measuring Methods of Low Pressures by Hot Cathode
and Cold Cathode lonization Gauges

1. BRARE :mﬁ%u,%@ﬁ&wmﬁﬁﬁﬁﬁéﬁqu,E@ﬁawaa%ﬁmrgﬁ%MﬁTa%ém
—REIFEIC D THET 5, .

2. ABOB% ZOBEBTHC2EXEBEOEk, JIS Z 8126 [HZM5E (XR)], JIS Z 8127 [AE A
(E"“t/?"}&u E@@m BE)] RUrJIS Z 8128 [HZeMEE (L RUPEIERE) ok 313, ®izk 3,

(1) % B8 #EEFo—8T, BEZNETIEE

(2) HELRFL EHRAETINRE L HZER,

(3) HEEHNE RETF2HEIVIBREL, BRULCPHELUENLERTLMEE L 2000 1 - 2 AR,
3. MEEE SASFLIEELCELZAACER X BAEERIENCKET 2L 2FELT, EH2ES
BIcRET 5,

i WFEHOESE RV BR

4.1 REHOEE RV *OMNEEHHE HZB5H2, REEEEERH LU REBEEREZN 25, 21

%nﬁMm%k%ﬁﬁM%kﬂéﬁmén& RICELEEHOEE B 20X 2 MEE8E 27T,

£ HATHOEE RV tORAEENHE

Hff Pa

HZEE OB ' B M
ZBEw 10-1~10-%
RIEBEERREZ | B-A , 10-1~10-%
22 10 ~10-®
=7 1 ~10¢

weHEERE 22 - :

A B = 10-1~10"8

4.2 BERBERATE AEEEHEREHONEFORR RU BEEEIR, kickd,
(1) MEFOBME HEFi, REFIENTI8EE, COBTF2MEL (R 2 EETEH R &KL
PeAF R DEA A EBEP LB,
B, BEFICE, ﬂﬁ%&%ﬁif:ﬁ%‘@iﬁﬂi?&%ﬁ%ﬁ& CEBE7 7 PICEERR) -8R
ZEFE BB,
(2) MEFEE MESNLEBTFR, ‘ﬁﬁiﬁ‘?kﬁxtf INZEMT 2. B> BT TIE, BN
KERENS A4 0, EFRENKE S LREOBELICHHIT 0T, THERA A 2EDHT:

SIFMME JIS Z 8126 HZoRIEE (EE)
JIS Z 8127 HZeRIEE (M7 U HHEAEEE
JIS Z 8128 ZFZeREE (FZeRt RUr BEEAERE) -
JIS Z 8750 HEZEHKIEFBE



2
Z 8752-1989
' AXVBRPSENEHETZ, ZOBEER (1) 2R,

S
p=g- % (1)

ZZi, pIE B (Pa)
L AFEBH (A)
L EFER A
S BEEEZA{RE (Pa)
£ BEAZHREL, SHOEE BEOEE RU SEEAEICL->TRY 3,
4.3 AEEEBRTE IR R ORETFOBE RO WEREE, ki k5.
(1) HEFOMRE HETFII, BERNEBEBELRRSCIME L P LR, .
(2) MEFRE BANCEr N EBM CREL BRI S¢S, B2 - E&BOT TR, 2OREERIISHKD
BELIIZEABRRICH 20T, ZORBER» CEN2HET 2, coBELR (2) 05T,

j)::—‘[g- ................................................................................. (2)

i, L BEER (A)
s | BREMRE (A-Pa™)
% RERIUL, SAOEE EEORE BRORS RU BEAEICE - CEL D,
5. EEFHE |
5.1 RMEFOEH —iic,
BN ELESH D, BRFRICL > TENERENBRL D2 L 55 3 DT, ROBEITHEBLTHET 2,

(1) WEFOFEOMOED, UEOMICEAIT S,
(2) WEFOBE iz WEFORMEE, B1~310R7T L5 cHBMEOMEICN L TEACR) 15,

BIRTLARIEBIC L > TENDRLZ0T, BEFRIEL 2B ¢ e

FROmEE, B E L TERLATFLADBR b3,
T, RELATLARIEENY'D 254121, BEOBOER, RNOFHICHL TESICT 2= &2

gE L,
B1 OUYYJaAVCEERYEDOH

WYV ] AELE nfisz

T - C§§§§g? ‘ \\%DEC

NN\




3
Z 8752-1989

E2 an-rgEREAVEESREFEOH

’ 7] ARG EomEs
e 4
AN= N ‘

_,‘ .

I

~_FHO#E

E 3 BREZFOZEHH

BUTEFEATER RELEOREE
St
A /—‘

o ‘ J | N\ Fxﬁm@
N - .

O\

(3) EEF RV RAEFRIMEOZELIESR, BHELTIEFICHAWEZLNDERALET S,
(4) BEFEBRIMAIBHDICAVDITIZAY o bR, SHEEEIA%L, BETFORT AN L EDEE
FRIZIWZ 2 D0EACLZTIUI T L v, BRIRTLAE RUNEOBN-EELZETI L2\,
7)) — R EDFHRBE S HRIZE V2,
Fiz, BEEZEBECENZAEET S & &iI0iE, T/9— 8 Ut BEZH2HV2IT ) 258w,
5.2 BIERME |
5.2.1 MEETHMATEH 10PallEoENZREIEL L) ET5 &0, —RICHREBOEKES S LS
R 12 OmS F BIEEE T 5, '

10 Pa RBAOFEANZREL LI L T2 L &I, EFEFBRCERBRICI - TEB RUABEBOBTY A2 LT,
BRPEETLIND2H/H-> CTHET S, TOROBER, Z0F FEBAADRETIT) Z E0EE L, BEFHE
RENTOLWBESICHIER 2 ERAAEET, BRIURELZLENELZREHEL TS,

5.22 ABREEBETRE EZioeiElion, BRIEELEEDOELREES TS,

5.3 BMERHE EZFHI, EOLNLEMERBTEREL TS < EiERGE RURRIC L » TERPELT 20
T, RORIEREL THET 2.

(1) BETER BEERE, BRAORS, HMELEE:OHEMELZ LR, ERHOBREICEL EEY T
@ DT, MEDE EZ@DLNT2REEF5,




4.

Z 8752-1989

(2)
(3)

(4)

(5)
(6)

BEFOFHANEEIX, BRERLFELETS,

BET A ERPLET, I BeBEEOBRE 25820052581, nb @%@%9& €
T 5720, BEFICE~NAZEOMNERTI. :
HBLATLRRETF XRB AFDBARERF DD E 213, NbnBEL2LLTo20, BHET
BN EOEERITI

BEFONESRIHCE RV BB ESEZT 2 ES5 kT2,

REL 2 WE»EL (&R N EROBAIR, DECELCRABEBICHT 2BENTE22 LR
Eriskl s,

& F ENEMEFECEEICIE, TOFKORE - BEOLHERICENZEL, FELWENEZRA Wz 5

hHb

6. BRERURKE
6.1 RERUKREORH HZEHI, EERICREZ ATV, LEICE U TRERT I, 2L, HEFHHR

SN BENY D BHE, %m%i‘ﬁﬁ&c‘: $o TEB X RBICERL PEL R BN EEE, KioBEY
SVWHEERITI BAL LI, BRERUKERZT).

62 BRERE RUBREFZ BREEB RUREFER, Kick> THETF RU SRS R ERDEE S
BWEL T3 2 L3I,

(1)

(2)
(3)
(4)
(5)

MEFOBH AU BE - WEOLR  WEFOHN XY WEFORE - MEOLY RV £ 0b ORI
BOBAbR, BRTHELSAIERCE~L, | .

WEFORSNBE BV 88 71 74> |} OWE KU BIFRELR 5195 BEMOBEE T~ 5,
WEOBR HWAOME RO BMEOHH LR FENMLER 51 3 MAORS 2H<5,
MEFORERA WETLBHERBICL, RBY22A CRERRRERS.
HEHNBORANES WETEREREIIL, HEHNBORRNEEIRER AL THE L 2
W3,

6.3 & I EZHOKIERR, JIS Z 8750 (HEHETEHE) ok 3 FEICE->THI.
7. MREOTRT HZEFHOBER, KEOEEICL-TREZIDT, SEOEE LU ERIEL»THS & X2
RENBERIT) o FARDIEE RO MRS TR & Xi2id, SEELETERT 5.

 F SEOBEERUFHERVHELLTHE X EOBEFEER (3) loRT,

S=8 (3 12 75 sy 7)) oeererersressienneeninany ereresenenns eerererreeeens (3)
ZIi, SEMENZERHER (Pa) (Wi BEMRS (A-Pa)]

S | BROBEHERLEES (Pa~) [t RERES (A-Pa))]

x| SO A

7 RERDERIHT B MR

& F —RICEZEFNL, BRTREIATW,




JIS Z 8752-199

HISHE R U AREEM RT3

e R ﬁ

guxll

1. XEDEN RUER Zo3M8EIL, JIS Z 8750 (HZeiEFRE), JIS Z 8751 (MA:ES4ES BZeftic k3
HZERERE), RIS Z 8753 (REEHEZENC L 2 EHREFE) & RICHRHRICET 2 8RB0 —BER
TLOT, BB 36 12 AR L2 - T, TELALHEFEIC L B HEHEOBEL RS 20, H—HWLBES
EOMMICEREZEE, BREFOMARREZIIANS LI RNZENE, 204, BEELEFOZEBIZIERES L
¢, THNIXMIGT BZUESEMALE3 Aic, £, EREMCRRHICEIBTEREL L TEREMRIC L éé&fﬁ%
{ }BETHET 2 2HDOWEHEF 51 4 3 AicfThiLz,

CEEFN A1 3 ALK, EEMLZREARTCOVWTOREFEN TV WD, WELEICBWT, ZOEEINE

. ?‘6ﬁ”%ii&i§%§&5§‘t BN, ~BECHRETELVELID DU EHAZ LI EVICH T2 2BLWES0H 2

ZEFBBENTEY, WROBREL STV,

=7, BECESZ ZOMNERNICBIT 2 38R TENEEL FIcBEL - EEESEEENE L WREL AT 0T
HEFHBAR L £ - BREREET, it L CHEEBBBEEOMEN SR, SEMEES N, e
B oW TOBRTORENEFERICE ChRVETIEM» S RSO NB L5107 - 72,

%8, ISOEBRREOBEIC OV, ZORBCEENHL L DL LT, B DP 3568 lonization vacuum
gauge - Calibration by direct comparison with a reference gauge. DP 5299 Vacuum technology - Calibration of
ionization gauges, O 2{F4%H 5%, WL EEEEEE (DIS) DRDEE (DP) nEEEICH 5.

ISO HRBICHIEENBRATINEDBERR) DD, »D 37, BENRMESICHELZ X VHLV-ERD
FOZEHBIC & b 2 BMARRATEL S N BB CHRAMARE LTS LT 5525 b b2, 1SO EESMIC -
W3, ZNERYHES ISO/TC 112 (HEEM), SC2 (REHHE R ABHOKE) nBREEIBELETH

N, %, ISOBMBIEOLERBLIBONL VT L, T2, BELBWTR, FOERK BICETORA #0
RETBI L COBET, S$EBBATHEBOBRATOYIEIZ L - 72,

Fiz, ZOBBERICIIS Z 8753 DWELThND, RER R 2> TRESZIBICL, SREEOBLIC
LHaEELL, :

WEDIEREICOWTIE, B 62 FEIC TERMEV B ASBHS L BHL C2ORBORERRNER S AR

ZHEICEFEL, HRSRNCHEREREREZRESYERL T3ENAEES: SEHOSREL ¥ 2 B CEBRRERSE
R, TORKER, BHNSHE1 AIBCHEN AT R IBERE LR AR S CERBE SN TERTEIF L
HREDEN E %572,
2. B B ZoOHRBOREROLHKL HE RV %ﬁé%ﬁ IRZEFHC L 2 EEENERE Thooh, 4EIIS Z
8753 IKICHIEL 72, '
3. HRARE oK, REEEBEEEH RCSRBERESHENRELTWS, 742783, Shny
ERDA > T4 r—FTho>TEEFLRALEINLVENEL » L, ZOPBOBEBEENE Lz,

7, IEEBICE N T LB RERE Y, BEFRIN TV R W2HT DREONED» LN 12, B,

REBEZE L LT B-A HZH LM LA OBED L DPFIRE N TV 35, FN5 I T H—RETIE A BT,

FETERMN LN LIC Lz, REVZASHEHCOWT Y, 20RERERECBLZOLOHH 20, ZOEks»

12801 o O p
@1



6
Z 8752-1989 M5

4. EFEHOESCHE

41 REERERARH ZBEEFURERZHE, POCEBEINCBREL, CAERVECEOEESY S R
ROBETER RV 2 OSMUC BRI & Nz FLOHERROEA + > B> 5K 5. B-ABMZEEHE, HLCEESA
PEHRROEEA 4B, ZNER)BECEROEESY) v FROSETESE RO 20/ BT & 1 ek
6&69ﬁ%%&*ﬁ%ﬁ%ﬁﬁ%ﬁ?&é91wVE§ﬁu,ﬁ@?%ﬁﬁmﬁﬁ?ﬁﬁk%41>§ﬁ&w%
NLOMICEE S N8B E» LR, ;

%@&%ﬁﬁ%ﬁu,%E%tﬁwfmmﬁgﬁn%&w%@ﬁﬁﬁ%weL#L,ﬁ@@ﬁﬁt;ofﬁﬁig
FAHRBS VP RLDOTHEREET 2. TORZHOMELR, ENOBVERLESERTEN LA 42 B0
wﬂ%%#%bnéztfééo%EM?@&W%%%&%Lt%mﬁ*iﬁmﬁ%ﬁﬁﬁﬁéDf@EM?mmw
BRz28EL 2300 B-ABZEHTH 2,

42 BXBBHE HEBERALHOBEEMORERRI, T L CRXEMRICL - Tk 3, KX QM0
L) DR, REEYLHLEFIMES N CEETERICHRT S & 2 cRET 2R XBoEA 4> BEI- %7
LRI OHBTHRET B0, ZOREFRECH > TENICEBEIEICIIZ—E0 BRI HEICHNLEE S \»
Jo COREFREIEA A ERERATE AV ed, BETORBHITRTRICK 2, RETFERE, EEHOEE
mﬁ&%ﬁﬁ%&wioTQMTéﬁ,ﬁ#mzﬁﬁﬁﬁﬁﬁgﬁm%%ﬁi%bﬂmﬂmm&ﬁtﬁ%#éo

©B, REFERL, RREEEFEEOMICHMIN A BENB L2 LS RT3 LML N T2,

43 B-ARFEERHCEDWAY B-AHZHI, SHEEVEBEZHICHNTES T BROEEIEL ¢ o
wocmtb,%%%%&#5%4ty%ﬁ%%vﬁﬁﬁuz;%éﬁum&L,&X@%%ﬁ&&<&a°&A
HEZFHc BT 2 ETFREERB L £ 5X10°PadESIcAHL T 5., )

E@vxiAmEﬁEmmﬁT6m§%ﬁ<Tétb,%ﬁ%ﬁ&7§yvmm0ﬁﬁtﬁ§%ﬁﬁ%éc%Eﬁ
BIEBITBRETE, BEBEICL 254KS TORE, BB LOSBEE, BESCIMESEC BT 2B RERL & 570
BEICKELHELRIZTOCT, —BICEER L e WBEHOF»EL T 5, :

WHOB-ARZE L) QECENVRETE 2L, V2V —FHEEHEIX 2} 57 S HBH2H 5,
V2 V—FRZEFL, BAREHOLETEBONMICES A EB L BN BB EEL B0, BHEEOEL
RSN L ENDA AV BRNENMBZHEIZ LIC Lo TR XBIC L 2BREPELI LS ed 22405 2
FIRLRREHTH2, ZORBHOMEHEAO TR, B-ARZEHOZNEN L 1R UEES, BEDE 2
55X10 Y Pa DBEETH B, TX R 57 FHE L, 44 BECENRL R, EBEFEBTREL 2K
XBVRATBBICANIC WHEEIRL7230T, BEGEHOTRIZ 1XI08Pa nEBETH S,

B, INLOREFOUMEMBENTRIZ, LIZLIFHEFHEEY L OSBRI ND 2 L 555,

44 AREBHAZE SREEMEZHI, BRZAAL TEECIRE, BRT L5 LA REE s fE
LTwb, TORZEFTIE, 102PallTOENT, BN ¢HEER L oMz

Liccp™ (1.1<n<1.4)

D& LRI B Z 2 HMLNT D, Lichi>T, REFRKs RENICKET 3.

NEYZREFTR, 107 Pa L) BCEH CHEERFENBERIC L 2, 555 LOREZF>THFIX 1P
EITHETE B2, TN VEVENTREERRIBCEAT 50T, HEzBL TIZietoR NN
RICBRT B LERLDDLEF DD, =¥ JTELHOMBEAL, EECBW THBIREEICLL2ETH
%0 102 PaLITOENTRERESBBL LW &2, BERICHREIEBT L 255 5,

TR PR CRERTR, BEEETCORBICL > TEETOREBNLEER Y HEL, NEEHOTEREL
w3,

REEERR R, hEEAE AHAERE LDy, BERSLETA 0% ), —RICHEEEIRRE

BEERZH O 2 NIT TR, ,
® 2




7
Z 8752-1989 BB

4.5 HEENEE BBEETHE, BEINFRLOEZFIZOWIOBE L 20REENGEITEIATVS
%, FUERICBT 2EZH T, BEMECHESAAC L > THERE BL 20T, BECEET2 - LitTs
Zhroiz,
5. BEMRY, BREREIHEAY, HBEGRKICOVT JIS Z 8128 [HZEHE (HEH R EEREE) ] k8w,
REFOBEREI, ZOEZHNEREINLRELOELEHLT 2EHEMTE -2 LD L ERL T2, WEE
BHEZFOBAICE, BT CREERRENICIZIZTHAT 2 DT, BREFRE s 12 AP BT TE
AT b,

BEBEREZH TR, /A BRI ETFERCHIT 20T, A 4> BRIBTFERLENOBRTRLEZ LOS
EREBZOE %% S L BB T P 0BT (JIS Z 8128 2[),
ERREHOREFRRESROBEIC L > TR L 20T, HEHO 535K T 2 RERK 20RO
—BEEETIC BT A—ENOERICNT 2 BERE & Ok HEEHRK L JIS Z 8128 /), HEHE
B OAEAKICHT 5 WREREOFI: BBBICTRY, LEREFRRL, EZH0EBIct-TLRL 2135,
B UEZEEH T BRBE L & OBMERAEIC L > TELT 20T, BEICIIEL KRRz OV THET 2 BfEEiT
TOEERDTE { LEH D B, |
Mm% SRETBATHOSEAKCHT 3 LBRERKOO

) . HORRHEAR I
HIoEtoiE BeEG X B
g X | B | K £ | ~Nva| T
=ZHEER Ve=150V 1.00 0.77 0.43 0.14 1 3i n
= V= 257 . . ) . .
V=195V “
B-A 1.00 0.85 0.44 0.20 1.21 2
V,= 45V
‘ V,=12
FREM $=120V 1.00 0.67* 0.53 0.15 — 9
(rzny) V,= 60V

H E VRV, EAAVERLOVELALEOEETER LU BBENER

6. HEFOEBMICOVT [EHRBTIE, ¥Y—OR—MIEOHE L 2 — LERFEROBEICOWTIHIRINA TS
D, MELELI ETEENES L ZCEWTALEEOMOE S EEL A7 ANICESHT LS RO AT 22 &
EHEL T3, BEQEZEMICBV L, EEEAMMIHEIN, FYAHLOBHILELERLTWEZ Lo
L, TDZLRLTLLEETE Y, —F, BRI AT 2AHCEEDOTENH 2EAICIE, EEOBOE2 NEIICZ
EHTZ LIk > TRERDENZETEEI NI D 2, ULEDZ e 2FEBL T, 20T, EE0BEOELELY
AT LAIEREHET, RRE L TEEL AT LAONER & —HE¥52 L2 L2,
BEEZEROBEICRERT 25 2 L BETR—RNTH 2, 20k, HiicBEARHOBRMEELE
BAREICINZ 72, BEZFHTH - TH, WETFIRITHBI BRI L > TMEAS N TEERHEOREL MY, BEL
BUHES & DALERIfRIC & - TIZ RN EM T ) Bl (HRMELPEL LI e dh b, ZNDE I L 2BITE7
HIC, BlETFIRAHOBRL E2REREALIRTIZ EHFEETH S,

7. BHRABROWROERE —RIC, BELLS ET2ERLATANEN% b, BRHOFZAL b, BEFHL
BUBHS WA TENEL Q, HEFLHEALL AT 22 OUCEENAYF 722 2% C LT3, TITEERE
Ko7z s i, ROBERYED I,

£=Q/C+p

pQ/C Tk &i3, HEFTEED LORMEHICE > THEBEZE2EL 3, 0k, HETIENEC L X
%ﬁﬁmiwm%%ﬁit%m@%ﬁ%@%ﬁ%;(ﬁﬁxL,Q%+ﬁm¢é<¢&ﬁ§ﬁéée~f,mﬁx

BEBEIAT) &, WEF»HEMERALZL L) 0k 5. BB, OB AYEELSE, OF+o484 &

% 3



8
Z 8752-1989 #RE:

U QBELBE DB A ROELEFH OBBNELERT, :
MRE RENE RUHBRMERIC L 3 EXEOEROTE

TIT, REECOES IR, BELS BT AERME, BRI AL, BE0aY S S 2
iCkoCHE B, BAZFEMGL L, CHHHREENBNT, EBDLS kMBI D% % B,

HET PENSHBEGE L i, B PIQ/C %30T, MEFOMYREZIUIEBEICTb% CHE
ZEHIEL WERRT LA TV, ‘
8. RTHIAZLRAFALOMIBERESHIHOMEHOHE KBS 2T L L HEH L BB CEIES LT
588, HEVATALRAZHONROSTFEE RS TFOPEREL TN TN us, ne . 0s, Te EF5 &, Tl
R TIRRRDBIRIR ) > T 5,

#s Us=n¢ U

—H, ENEpLLRLE, 0o/ T, nchoBiffnbons, Hes 27 2L REHORE RUEN 20
ENTs, Toips, pe T3, KOR (1), (2), (2) »¥bns.

Ns Ts:nc TG D S (1)
_Ds___Pe bt eh et et aeaeaaea e tbbeteennreeernetataaantn s sontnntsonnnnn 2
R (2)
pS:: %.ps ................................................................7 ................ (2’)

R(2) D&, BEZIRRE %> TREZENDTI—BL X OBK L HBB L5, JIUIEBONED I
BB FOFHAETEITHREC L ERALNEBRT, B3 % m EN2PaTELRZLE, pD<I0? 0
BECHREB T L ABESLEICE S, pD>107 D & Ei2id, BEFSESFOPHEBEFRCERTHFFEVE
BICbZz > TEILL T2 7e®, ps=pe &%), MEZLELLZ v, 10°<pD<I0 D r X iziz 2 b0 H o
EER2, o

ECAHT, REBERAZ A TREB MBI L 2B40RERT) L&, FOLIUBEEZLLL LN
PEEZTCAHD, ZNLE, REBREHRZH CRSTFEECHAT A EREZHA T2 LICEET L
BYbb. REFNDEN po, FFEE ne, BE Te DHITIE po o neTe DEFH 200 b, AEBFHOETE I
EFBE, L ne icHBIT 30T,

D= TK T +ererrereemreneentinntini i e (3)
NBRLEL NS, 22T, K BHBIERTH 2,
w3k, RERORELRT AL HEHOBE RV EAE ZNEN Too, Tao & Do Do BEFOBWRE LET 2

& R(2) RURK (3) 26, KAPKDLNEG,
B 4

0




)
Z 8752-1989 #RE

b=

FRIc, RIERICE, ERIVATLALEBHORERVENZENEN T, T, ; 05, b, BEFOERE L &
LT, RAPRHLND,

?:z « D=V Ts0Ts0 » K'Ig ................................................... {4)

P’ = %.p{: [TsTe - K[g’ ................................................... (5)

D T [ Te I’ e (6)
ps TSO Tgo Ig

C\:&r)a %%’ ﬁmﬁfﬁ‘gﬁ{%ﬁt LT’ -j;t (6) @7‘/7*“74’ ‘/@%ﬁ%bﬁ%éﬁ%o

R (5) 2R (4) THB L,

ZE, BRERODERHOBRE T, LHEROEZHORBRE T, 29313 L v» & 223, /—gi?l L BNT,
T
Tso
BEOBVWHZERZIT) L 2%, MABRTCHHEINLEECERICMBINEENENERET S L &L, 2
D& URBBIC L BRELIT) BEXD b, “
9. BEOBEVICLIBREOEL EHEZI, EENEERSEMICL > TRECEIELLZZ XD ENTHE
BE2ET S, fl213, SEFUEBREHOSE, REEr EETFER L OMNIESI 2om BB L 72 & %42 10%
BEOBEEAIELD Y
Fi, B-AEZE TR, BEBELEETERLOERIE 22 LREMETT5 9,
SER
1) AEH#, i, EZe3 (1960) 77
2) #:mE, EZ23 (1960) 240
3) G.J.Schulz and A.V.Phelps, Rev. Sci. Instr. 28 (1957) 1051
% F17217S . Dushman and J.M . Lafferty, ed .., Scientific Foundations of Vacuum Technique (1962, John Wiley
& Sons), p.314
4) P, /B, FH, 9L, Eze 25 (1982) 372
5) P.A.Redhead, J. Vac. Sci. Technol. 6 (1969) 848

DRIEZ T 2T RIT & v



10,
. Z B752-1989 &%

10. EXEBERROBRE FERERBRELOMRIL, KOLB)Tha,

(Z B R)

(&% B

F oW o >

&
g

oW DR R Moo KW R omow NS

BEh&® & 35EFY o

BF
b
=

BE B HE®RER®W
e

OB MW OROE BN B W

%
i
iR
]

*x

b=

WO
E

oM o

# % @
HoE O oW g o

B OH S KW

l

OB
EBRLTFARE
MEEA BASRGS
HARZETES HRRSHMEELIET
PRASH B BT
BB T R
TR E T R ATIER

TRBARBE R

BORR B BT 2
HABRHRALH

B AT
BARZEEMHRR 2

T OB RAH
HET 2 L SHRat
THEMEE TR ATFR
WAL BRI
LA — RS
RERZHPRALH
SRR R A
HRRSHELRETRT
KRIRHT ST 2

B AR T RA B A
TERMEHBHET
HAEZH S

6.




AT PEERUSEETRILH  mEsls g

RIRENWERE  HKSOH)

FRAEES A E #IHRGO

EEAr mxR ER
% 5
MEBA B A £ B B 2
B107 HEFERAE 4 TH 1—24

R AR (03) 583-8001 (k%
BB D E B O 6-195146

Laxs
L F% 4!
REBIH
MEXH
K& %8
-

X8

060 HMRTHRRRLI 4TI TR WEIRES
BE AR (01 2610045 8 MY 6-4351
B980 fliEHHEE B 1 TH1-30 Tx L&
W ke (02 227-83%, BM3  EB: Mk 0816
B460 EEBHPRE2TH6—12 Ellvrp
BE AEE (052) 21-8316 (REX) IKH: AHE 0-23283
B541 KR REAR 3 TH4—10 FETEHE LA
M K (06) 261-8086 (RF)  IEE: A 1-2636
8730 KRHREKKE 5 —44 REBTLEF AR
IES KB (082) 221-7023, 7035~-7036 ‘ﬁﬁ: K 4-9479 )
B0 IR 2 TH 210 EREABLET O R
WE W (0878) 21-7851 B @A 8-3359
®810 WEHHREE DAY 2TH 182 EE
RE EE (092 7614226  EE: BF 9-21632

BASH T4 7 R ME Printed in Japan



UDC 531.788.7

Jis
Z 8752

JAPANESE INDUSTRIAL STANDARD

Measuring Methods of
Low Pressures by

® Hot Cathode and Cold Cathode

lonization Gauges .

JIS Z 8752w

Revised 1989-03-01
Investigated by

Japanese Industrial Standards Committee

Published by
Japanese Standards Association

1-24, Akasaka 4-chome, Minato-ku
Tokye, 107 JAPAN
" Printed in Japan




UDC 531.788.6

Z 8753

® BRIZEREZRIICL BEHHELE

FEXLY

JIS Z 8753

FETE 3 A1 H WE

HETHRBERES FR

(REBBH2 BT



B A& I % # g JIS

BCEETPEHCLB3ENDBEFE zZ 875319

Measuring Methods of Low Pressures

by Thermal Conductivity Gauge

1. BREE Zodki, SEsFIick Mg s ) BEZst (BT, B L)) 2HCTEN2RET 5%
BO—BEFEIZOWTHEET b,

% £ MKiclaaEERHETIERICL AR, ZoHBICIEEDT,

2. HEOEYR “oHBTHEVAXLESEOERIE, JIS Z 8126 [HZofAE ()], JIS Z 8127 (K22 M
(EZe® 7 R BEFEE) ] R JIS Z 8128 [HZefsE (RZeet RUPEEMEE ] ok 2130, Kk 5,

(1) BEREF HETOPKILIRTT, BRTMRINE 74T A&, '

(2) 4 B 8B RETOHT, BERTLZNET 5%,

(3) HEIRFTL ENRBETIHNRE L HEEBRE,

(4) HIEEHEE MNETPEMEICLIERE, ERLC2HEL TUENE2FETRT BB L 2000 - 2 HESR,
3. BIEERE BROMBSNCZBERT» S, HEORKSTFICL2BEEICL > TRONIBEDPIEICETT
T EEMBLT, EHE2ERMICHET 5,

& # RBERTHLLOBBRER, TORAHOSKWENICKET S LHEEC, SE0OEE, REZRTFLNERE
B RERTERRLOEES BRERTEE AU AEBNE L NS CERT ST EOMOE
AR BT 5 R (BEERE), BRERTREOBHECHKET 5.

4. AFEOEE RU B

4.1 HEPHOBE RU tOREEHEE H o, ©7oHLREH, BENEZHL ML), TR
BlETF L HIBETERR & o LB I N T2, RICEZFOBE XU 202 WEENEE LT,

£ HEZXHOBE RU tOHEENEE

Efr Pa
R OTERE e 7 EiBE
EBEEE 10 ~10-1
[l 4
EEER 108 ~10-1
BT ZE 107 ~10-*

4.2 ES-HTH ©I-HEHOBR KU BEERE, Kok,
(1) BMEFOBR HETIR, F>727>, HE, =y 7k EOERBERBIAEEBD 7 4 F 2>
FE, FIA UL RBOSNEEE » LRB, '
(2) WEEE BERER, 747542 2ERICE - Cms L CHESEE LY #50~300K v i
B, GRICL-TELD 74T A2 2 LOBRABLBREOEMICE > TRETZ2VDTHE, %
Dz, WEFEELIRY L5127y EBO—LL L TRRT 300 %BTH 2,

SlMMM JIS Z 8126 HEZoHEE (FE)
JIS 7 8127 HEZeHRE (AZKr 7 Ry BEME
JIS Z 8128 HZefisE (EZest Rur BEEAREER)
JIS Z 8750 HEZEFMIERB:



2
Z 8753-1989

1 ESoETEHOBERY

PlE oE F
T4 H %%
F.7474A»F
D RIS UL MEE

i

VIE E A
M R

(a) FEER EBEFRR, 7Vo EHRCMZBEEL —EIXRoBEOENENRICLIE T4 T A2}
D LNEBIEERL, 7Y v PHBOANFEHELE THRHETAZ LKL TENZHETLLDTH S,
(b) FRE® SEEER, Ehofdbicisd, 7V vy PEBRPECFELROLOICLELEN»L
FRICLB 74 TAV M LOBIEERBRZHEL T, ENEMETILNTHE, ZOHE, 7474
> O —FBICBR I NDBEDT, T4 T A FOREVEDbLTWY,
& #F FEHESEEOBEZWHETLI O, ERER TCREET LB T—EENICHE L 2HEE
(73 —%) %, FEREBCIRHEBEBHEENL, B10ODNEICHAALI 0565,
4.3 BEMEFE HAEHEZEHOBE LU BRI, KICL 5,
(1) BEFOEBR BETFIE, FP7AT>y, HE, v AT EDOEB7 4742 b, ZHUCHRBERS N
BERPPEWRAEBY R A TR U EBONER 55,
(2) B=EEE WEFRER, CI7=HEHERBRICT7 4 7242 F2BRTHEAL, fRICL- TELZREE
b3 BEMTRET LI EICE-T, EHEREET 2,
BV B ZEET OB B A TR T,
B2 BAEMETEOBRAH

T FT1C

CPIWE F
F:74922}
T 4 B 8
TC  # &
VR [ AZSEL
ALE W B
M EREEER

s

5. HEFHE
5.1 HEFOER —Bic, BERUATLEMNEIRL > TENPFRELLNT, BEFIZ, BELLZWIIENES
DA 2 BB D B, BB L > TENENMENRL 2 2 E0H 50T, ROBIHICERL THIET 5,
(1) BEFOEENFHNOMEI, TEOMICEAICT S,
(2) WEFOEEZ, B3 RTL ) IcBEME MEICH L CEAICIIMTT S, HOmEE, RAELT




3

Z 8753-1989
2B 2T LADOBEEmEAbE b,
$7e, BZEL 2T ANICHAIAH BEAICIE, BEOBOERBAOFRICH L TEBAICT S 2 &Y
F L,

(3) BENEIESEF, BEHLL RECHYZLOERELET S,
(4) BEFEZWOMTEDICBCLF Ry y P Kicid, S$EEHIELH WL DE2AWE, RFICTLE
B WHEOENEERAV TR L v, 7 — A FOSERETE RHIE Vv,
B3 OUrseRBuiERFZON

)

0ux7 CHEMEORE

[

5.2 PEBRSE HEEEMERAO®%, METOREIFEIGEL, »0, BRPLELLEEDELREEE
35,
5.3 MMEHRGE EZEHNI, FOLNLEMERBOREL TB<{, &M LU BRI L > THERIELMT D
T, ROBICEEL THET %,
(1) RER:FEUBEROEFETRET S,
(2) FHEIE LU CHREREFEUEETHET %,
(3) b B8, BLHROBMEROBELZT VL JICHETIE~NZ EDORERITI
Z F ENEMGECEHEICE, BEZRTOREZ(VENEMICERTE Wiz, BRICENREELD, IE
LWENEREZWZEFD S,
6. #E RURE
6.1 BERUKEQCKE RN, EEMICREZTY, LECEL TRELT). 220, BEFLHLRE
ENTZBENDOHL5E, BENEE LS L > UBRERTFREREZ EE L2 EBbNEEE, BIOBEFL VW
FERATHIBET OIS, BE RPREZIT,
6.2 BREBEE RUBREFZ BEEE RUBREHFERR, KiCk-> TREETF RO SR RIEROEHEE
WMELTWBZ E2HErDL,
(1) BEFOFL RU ARBEOER BEToHER R NEBE0ERE, BRTRLSESIIERTHAN

3. ;
(2) BEFOBRNBE RV BE 747 4> b RO RENOME, LU 215 LIMES L OMike A
~B,

(3) HMEFOHATRHh HETHERBCL, BBRVAZACTERRENERET ).
(4) HIHENSOBRANESE RET2BEREBICL, HEFIROERBREIRERLFELTHIEI L%
;u ~ é o

(5) ZhRI =L BU BEANEE HEIZTLOENR2 PHECED RUBWECLEE &K, 207



4
Z 8753-1989
IR FEO R R C L A MR B. FEOEERS LB, TOREFEELTHIIET
AU 5.
63 # T HEFORER, JIS Z 8750 (MBEHRESE) 12k 5 HHEIE > THT ).
7. MEEORR EEHOBEL, SEOWNIC Lo TBROT, XORKIZOW TS IURERRE T
EnsErt b, ZROLEE, BRLATLLZENTRALCLELILE
5 7o, SUKOMIR & MRATH L & 213, ERMILETERTRT 2,
3 % MR, BERCKELTH D,




e R

.
.
|
.
.
e
.
.
:
&
|
.
=

JIS Z 875319
BZEETENC L BEHBIESE B B

1. MEOBN RU EE - oEkiz, JIS Z 8750 (HRRHRES), JIS Z 8751 (ikZ2 ) AEMIC L5
o), RO JIS Z 8752 (BB &S WRMEBEIC L 2R NRES ) LR ERR BT 5
HEBBEO—BE LT LT, HBM3BE2 AICHlES L,

¥ 72, EBREBATRIEAICHES BTRE L L TERRTRIC L2 5EE { ) FE THET 2 2O OBUESIER 51 &£
3 Bizfrbhiz.

WEEOHMIC L, BB EN TV WRDHIENBEIIEL L TRV, ZoRE ol > TRESRE
o k2 EEF EOH—{LIcEB L 72,

Lo L7, SIEgBEcEs - oloBRCET o8 TEORE L & ICE L - HEREEENEL R
BrH\E o> CELHIEMLES - REEEDT, TG L TEEFIBEEO R B Sk, AR
RN, FOREE, IER38 £ ICHIEIE, EENLRENEORELPZINTWE W ZORBORENEIE
BICZ ChRWEPFE RZITLNE L) i2h -7

—F, ISO EEESEOEHIZ OV Tk, ZORBICEENH L L0 L LT, HE DP 5300 Vacuum technology
- Calibration of thermal conductivity vacuum gauges by direct comparison with a reference gauge 7° [ B E
(DIS) mRinEHE (DP) DEEICH 5.

ISO BBl I N BATINEDESER) OO, D £z, BoEOEMESICHELZ L NHLVERD
BZOEHENC D b B R EAKR RS & N BB TIRANZRIELR1T) & T5E2H b Ho7ed, ISORERRMKICD
W, SHRERY &S ISO/TC 112 (HZHMT), SC2 (REHME kU BZEFOKE) OREEFREERTH
D, L, ISOBREEOELREBLIELNLNIE, £, BELBVTL, TORACEICETORA 2L
Byl rOBBT, SERBTREORNTORER % - 72, '

it,:@ﬁ%&%KHSZSH2m&E%ﬁbﬂﬁﬁ,&EK%EvTME@%%ﬁEL,ﬂ%@E@%@K
L+ EELL,

&Emﬁﬁmowf&f%m@iﬁmi%&%%ﬁﬁﬁﬁ%%%%ﬁmLT:@%%@&E%%@W&%BKE
o ez, BRI REREERERSYHERL T3 HOARRES, 5HOoaRE L & 2R THABIUERS
B, ZORER, BH63E11H 0 HCEEDBATEEERES BARS CERBRIN PR TFIAL

B &IE@EU& 7;‘?’) 7‘20
2. & & Z DEBOMERD LI BRI 5 BN L 2 EBERNER B Thoihs, AHIIS Z 8752
LacBGE L 72,

3. EREE :mﬁ%ﬁ,%ﬁ&%ﬁﬁﬁ,%%E%E?zi%ﬁ&ﬁ%%ﬁﬁ%ﬁ%ﬁ%&Ltomﬁ%uk
WTHE A E T EER L T R RO P — 3 2 EZEEc oL TR, BB EACERASAT NG
v Eh s, ZoBRBoBHERENE L.
%ﬁ,H?zﬁ%ﬁmxwfm%ﬁﬁ%kﬁﬁi?ﬁ@btﬁ%ﬂﬁﬁﬁén?wéoL#L,:@Eﬁﬁu,%
Eﬁﬁ?@ﬁmm;éﬁﬁ%%ﬂﬁtfwa%m@%of,%mﬁﬁmmﬁ%fﬂ%éﬂtﬁ%ﬁmﬁ@(%&%%
L ABRENFE) E RN, o, ZOHEMBICHELR 7ostic K TR FOEERLERORNORE L T
BF e EOEEY b, 4HIE T OFEOBAREEMS L7, .
4. FBECS_HZHICB I3 7Y v CERDERLT oo prestd, BEFE7Y v VERCHALCEES
tofwao:mfuv9@%mmﬁmﬁwa%E%~%mﬁa%ﬁ%%%&%t@&@wéo:w%ﬁm,74%
®m 1 ‘ ‘




6
7 8753-1089 MR
xvmebé%Eﬁ~%?&w:km&§%§?éoT&b%,74?XVFKMbé%Eu,74?xyb@%
ﬁ@tﬁdﬁ%$wm@1>&mmW%%tﬁém?,Eﬁﬁ%%Lf747%7}@%ﬁﬁﬁ%bét74?xV
PKMbé%Eﬁ%%TéoLtﬁof,747XVFKMbé%Eﬁ*%@&?Kﬁ%%m?%?ﬂé@ﬁ%%&
EEOREMR L IIRT - T %o
&B,:@%ﬁ@74?Xy}mﬁﬁﬁgﬁmhﬁ&tﬁmﬁTféﬁw,@Eu%EMTﬁT¢é°Ltﬁo
f,:m%ﬁ@ﬁ%ﬁﬁ@%&%fmﬁﬁﬁ,%ﬁﬁ%ﬁm&fﬁwo
5. MEFOEHRHZE mﬁﬁ?m,M%¥m§%w%u@miﬁyx%Amm%#6%%M§&w;5KWUHH
é:&%%&LTW6ﬁ,:mﬁﬁfu,EM&L(E%&X?A@W%@&~&§%6;5E&ELEO
Z ORI BT, MR & 2 BAEE & R 5 HFH iR b B L7, UL, 2x10¢Pa kD&
Eﬁ?ﬁﬁﬁm%%ﬁ%ﬁ?%t(tétb,E?zﬁﬁﬁtkWfﬂ%&ﬁ@%ﬁ&t%wﬁﬁ@ﬁﬁifﬁﬁﬁ
ééémmowf@,&ﬁﬁﬁ%(ﬁﬁmﬂﬁéQ%)%%mﬁﬁﬁm%ﬁéﬂttﬁbKL&Hnﬁ&gﬁwo
it,E%ﬁmiofm,kﬁﬁf7wxv~wm%% ﬁi%mé%%ﬁ,%mt%%ﬁm@%%%%ﬁtf%
FENLBAFTESE LT LESFDH S,
6. BIERE EﬁM%ﬁ&&(t%ﬁ%&wﬁuiﬁﬁtf,Mﬁ%mﬁﬁﬁﬁﬁ+%K&0§ot%tﬁw
~@@Mﬁm%um%¥mﬁ%%ﬁ¢?wgﬁw:tﬁ%iLwo
M%?ﬁ%i%ﬁﬁ%&ﬁ%luW%?ﬂ@TwﬁWKé%ﬁnt%ﬁ%ﬁﬁ%bé:kﬁ%éo:@$5&£
%ﬂm%é%@@,%ﬁ%?%%@%@n@ﬁé%&tmm,M%%m@%ttﬁ%@%%l@%ﬁ%ﬁ%ﬁtt
f%ﬁ?éﬁ%(%&t&%)%ﬁot&,ﬁE%%OET:tﬁ%iLwo
7. BEEDORTR ﬁ%%%m;é74?Xy%#em%ﬁ§§u,ﬁ@m@ﬁm;ofk%<%ﬁémf,m%t
twﬁWKowfgﬁt&E%%%%éﬁEﬁ%éoE%ﬁu,~%m§ﬁnﬁLfﬁEéﬂfw5m@,$ﬁ@
K%ﬁ%%ﬁmtt@amﬁWm&E%%%%ﬁTo:m@#%%#&;ﬁw,%Eﬁﬁmﬁwfﬁﬁmﬁmmﬁ#

éﬁwﬁiofﬂﬁ%<%ﬂéitﬁﬁémf,E%%%ﬁ%o
73R A REC L B DRGEORIERRE

104 ] ] T !

&
(Pa) 107

I

700__

70; -1 [ l 1 lZ l3 : 4
10 10 10 10 10 10
F 5 (Pa)

|

8. BMEBETHCET IREER %ﬁgﬁ%ﬁﬁﬁwfibéﬁﬁﬁ,ﬁ@ﬁﬂ%@%ﬁWQ@,M%?@%ﬁ
@%%,M%¥@E§ﬁﬂtfwiof%$?éuﬂm,%@ﬁﬁ@%%%@&ﬁ%mﬁﬁmﬁ%ﬁié%@ﬁ%

5o
w2




7.
Z 8753-1989 #EEH

T4 TAY M LDBRERL, MMRBEOREICKET S, L -0, BEEEOE(LIIBEMREENLE TS
nC, EAEEE, FiE L TREBOEEIGEWRETIT) L & i, AESOEREMEPICERL L L)
BEETLHLEFD L, MEELZHETFLRICAVIERD LD, BEEENOELZPS2BREREL TV T
2, ML LOTE LW ECEERET S,

ERDTFICLB 74T A M L0BRERIT, RLAKTH->TL 74 722 PEEDBBEGHREICKET 5,
ZOBBIRRIIEERBICHEBRTH L7020, HRPICT 4 TA Y FOREIFERINZY, (CEEEEL2EE
FEEEE LB, ERHOERICEIEL D, S5, BEMCBWTRBERLEICL->TT74 A OE
HORHEHEIELL, BHSBVEHTLOTEROTEILEE L5, L, ZOWEBEIKRE &b L REH
WOKEMS, LN BRI, BEXAELIFERE LS, L2201, BETOFRFITHEINEGERIRT
LOETTMERAT ) BHE, FERWEIGEBEAF LWL, BELREFEERS AT L L DBICHBERE &
bR ENDTRETH) ZEKD B, ‘

9. ERGEREESOBRER FEERIFHRERSOBIIZ, ROLBNTHS,

K4 BB
EEB A R A % EBRTA¥
oW E —  BEEARRREGE
B ® OB EAEZTES HRASHEEEAERT
bOE OBRKRER HRE E AT
B W B WLEEAYETY
NOE R B TEBIRRETHRG AT
moOBE OB B TR
it F o RGORSEE RIS
g E OB W AAERBRASH
B ok B OB KRR
WON B ERRZHNRAS
BOM & 7 oMEHRRH
W% oE HET AL KRASH
¥ OB OE f TESIRRETHRR AT
WO FE BRSHBERET
WOH B — BT ALY
| BOE k% KENZEERHRR A
; BOR W AEEEERA
| =W OB B RRARHEERATIRN
| £ B £ A KRELAETER
% #Ob % ok EARTOFRPHEENT
| % OB W CREBERERET
| (B AN R BAAZBS
|




e

BRIEBEBEREHICL S 24l 464 1
B AT AM e G 450 1)

R L E S AN B HIHMRTO

BE® W OR FE R
£ O O
HEBEA B A 2 & B 4
B107 HEERERRIN 4 TH 124

BEE T (03) 583-8001(RF
IR o E H B 6-195146

AMEH B060 URThREi s gms TR WEARES
WE AH (011 2610045 RE: B 6-4351

Wik X8 B0 UATHHREX B 1 TH1-30 ﬁiéiﬁ

B e (022) 227-8336, 8343  iBE: ik 0-8166
£EBIM 8460 LHEHPEFE2THG6—12 AlIerR

RE HHE (052) 21-816 (RX) #WH: £4E 0-23283
REXH 8541 KRHPREAN3THI-10 FEHHFRCAA

®E AW (06) 261-8086 (R¥) IEH: AW 1-26%
K8 X 8 @730 KETHHEKRT S —44 EKBHTLBH LA

BE KB (082) 221-7023, 7035~7036 #E: K& 4-9479
EEEHE B760 BRHFT2TH 210 ERESBLFT AN

RE W (0B78) 21-7851  EE: HA 8-3959

WAL SO0 WEGERKALEY 2TH1—82 Fl
BE BE (092) 614226 HE: BN 921632

BAS¥ Fq HB - HFE Printed in Japan



UDC 531.788.6

JIs
Z 8753

JAPANESE INDUSTRIAL STANDARD

Measuring Methods of
Low Pressures by

Thermal Conductivity Gauge

JIS Z 8753w

Revised 1989-03-01

Investigated by

Japanese Industrial Standards Committee

Published by
Japanese Standards Association

1-24, Akasaka 4-chome, Minato-ku Q ‘
Tokyo, 107 JAPAN

Printed in Japan
£l 464 A (RMk 450 M)



	Foreword
	Introduction
	1 Scope
	2 Normative references
	3 Terms and definitions
	4 Symbols and abbreviated terms
	5 Principle of Pirani gauge
	6 Specifications for Pirani gauge
	6.1 General
	6.2 Measuring principle
	6.3 Type of output
	6.4 Range of output and output display resolution
	6.5 Measurement range and full scale
	6.6 Expected measurement uncertainty
	6.7 Material exposed to gas
	6.8 Connecting flange
	6.9 Interface and pin-connections
	6.10 Warm-up period
	6.11 Compatibility between gauge tube and controller
	6.12 Normal operating (environment) conditions
	6.13 Electrical power supply
	6.14 Cable length
	6.15 Maximum bake-out temperature
	6.16 Dimensions of gauge head and controller
	6.17 Mounting orientation
	7 Additional (optional) specifications for Pirani gauge
	7.1 Long-term instability
	7.2 Relative sensitivity factor
	7.3 Hysteresis
	7.4 Response time
	7.5 Inspection record and calibration certificate
	7.6 Configuration
	7.7 Weight
	7.8 Storage and transport condition
	7.9 Photographs
	7.10 Maximum power consumption
	7.11 Set point of pressure
	8 Calibration and other measurement procedures
	8.1 General
	8.2 Conditions for calibrations
	8.3 Assembly and adjustments of calibration item
	8.4 Calibration
	8.5 Measurement uncertainties during calibration
	8.6 Calibration certificate
	8.7 Measurement procedure for hysteresis
	8.8 Measurement procedure of response time
	9 Measurement uncertainties at use
	Annex A (informative)  Typical Pirani gauge
	Bibliography

