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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.
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Introduction

This document specifies methods for measuring the performance data of non-evaporable getters (NEGs)
with the shape of pill, disk, ring, strip, module, cartridge, pump structures and coatings. This document
complements ISO 21360-1, which provides a general description of the measurement of performance
data of vacuum pumps.

The methods described here are well known from existing national and international standards. This
document aims to show a collection of suitable methods for the measurement of performance data of
NEGs. The method specified in this document takes precedence over the volume flow rate (pumping
spepd) measurement given in ISO 21360-1:2020, 5.1, 5.2 and 5.3.

© IS0 2023 - All rights reserved v


https://standardsiso.com/api/?name=e8ff7558d340f04e1a2d0ea776336a33



https://standardsiso.com/api/?name=e8ff7558d340f04e1a2d0ea776336a33

INTERNATIONAL STANDARD

ISO 21360-5:2023(E)

Vacuum technology — Standard methods for measuring
vacuum-pump performance —

Part 5:
Non-evaporable getter (NEG) vacuum pumps
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Scope

5 document specifies methods for the measurement of pumping characteristics-of non-
ers (NEGs). It is applicable to all sizes and all types of NEGs, including those:

with the shape of pill, disk, ring, strip, module, cartridge;
with pump structures;
and NEG coatings on inner surface of pipes and vacuum chamber.

gnificant difference of pumping characteristics of the NEG and other vacuum pumps
1ping speed of the NEG depends on the sorption quantity. Furthermore, especially in

i coating, the sticking probability rather than the pumping speed is often the index of th
formance. Therefore, this document specifies the@nethods for measuring the pumping
htion quantity, and the sticking probability of NEGs.

RNING — It is assumed that the user is familiar with the handling of combustible
sonous ones and with ultra-high vacuum technology.
Normative references

re are no normative references in this document.

Terms and definitions
the purposes of this document, the following terms and definitions apply.
and I[EC maintain terminology databases for use in standardization at the following addj

[SO Online browsing platform: available at https://www.iso.org/obp

[EC\Electropedia: available at https://www.electropedia.org/

bvaporable

is that the
the case of
e pumping
speed, the

gases and

esses:

3.1

non-evaporable getter
NEG
getter material to sorb gases in vacuum chambers without evaporation

Note 1 to entry: Sorbing gases mean the process of removing gases from vacuum chambers by adsorption or
absorption phenomena. The adsorption is a kind of sorption in which the gas is retained at the surface of the
getter material. Most of gas molecules are chemisorbed at the surface of the getter material. The absorption
is also a kind of sorption in which the gas molecules diffuse into the bulk of the getter material. The term of
“sorption”, “adsorption”, “chemisorption” and “absorption” are defined in ISO 3529 1:2019, 3.4.1, 3.4.2, 3.4.4 and
3.4.6, respectively.

Note 2 to entry: NEGs have a variety of forms, such as pellets (pills), bars, chips, powders, sheets, strips, washers,
wires, module and cartridge.

©IS
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3.2

non-evaporable getter vacuum pump

NEG vacuum pump

entrapment vacuum pump with a reactive porous alloy or powder mixtures getter material

Note 1 to entry: NEG vacuum pumps are typically mounted on a vacuum flange. The internal heaters and the
controller for the activation may be included.

[SOURCE: ISO 3529-2:2020, 3.1.36]

3.3
non-evapgrable getter coating
NEG coating

thin films made from non-evaporable getter, which is coated on inner surface of pipes and vacyum
chamber

3.4
surface getter
getter whefre only the surface shows pumping action

Note 1 to enftry: The pumping speed and sorption capacity are essentially proportiefdl to the surface area.
Note 2 to enftry: For example, Zr-Fe-V alloy acts as a surface getter for CO at roem-temperature.

3.5
volume geftter
getter whefre the pumping speed and/or sorption capacity depénds on the volume

Note 1 to egntry: The dependence of the pumping speed and sorption capacity of the volume getters on| the
temperaturg and operation pressure is more significant compared with the surface getter (3.4).

Note 2 to entry: For example, Zr-Fe-V alloy acts as a volumne getter for H, at room temperature. Zr-Fe-V alloy plso
acts as a volume getter for CO at high temperature.

3.6
activation
conditionit[g by thermal treatment of a getter to develop its gettering characteristics

Note 1 to enfry: Hydrogen reversibly acts-with non-evaporable getters (NEGs) and therefore allows to be relegsed
by activatiop.

Note 2 to eptry: Other active-gases such as CO, CO,, N,, and O, are chemisorbed irreversibly with NEGs.|The
activation promotes the diffusion of these gas atoms into the bulk.

3.7
getter pumping speed
S
volume of gas’sorbed per unit time

Note 1 to entry: The pumping speed has the same meaning of the volume flow rate.

Note 2 to entry: Getter pumping speed depends on gas species and the amount of gas being sorbed.

3.8

initial pumping speed of NEG

instantaneous pumping speed 3 min after the start of the test at the chosen pressure and temperature

Note 1 to entry: This time delay is necessary to allow initial transient effects, until the pressure equilibrium has
become negligible.

2 © IS0 2023 - All rights reserved
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intrinsic sticking probability

sticking coefficient

IS0 21360-5:2023(E)

ratio of the number of sorbed gas molecules to that of impinging ones at a unit area per unit time, where
the surface is assumed to be flat.

e roughness

the initial

3.10

sticking probability

a

ratio of the number of sorbed gas molecules to that of impinging ones at a unit apparent area per unit
time

Note 1 to entry: Sticking probability depends on gas species, surface chemical composition, surfac
and|coverage.

Notg 2 to entry: Sticking probability is typically measured as pumping characteristics of NEGs.

3.11

sorption quantity

Cq

qualntity of gas sorbed by the getter

31

sorption capacity

Ce

qualntity of gas sorbed by the getter until the getter pumping speed decrease to 10 % of
pumping speed

4 (Symbols and abbreviated terms

© IS0 2023 - All rights reserved

Symbol Designation Unit
A apparentsurface area of getter material m?
Cy conductance of orifice m3/s
Cq sorption quantity Pam3
Cc sorption capacity Pam3
Fi correction factor of vacuum gauge 1, where F;
=1/K;
F, correction factor of vacuum gauge 2, where F,
=1/K,
K sensitivity of vacuum gauge 1
K sensitivity of vacuum gauge 2
Pr1 pressure reading of vacuum gauge 1, whichis |Pa
located at the upstream side of orifice
PRz pressure reading of vacuum gauge 2, whichis [ Pa
located at the downstream side of orifice
Pp1 base pressure of vacuum gauge 1 Pa
Pg2 base pressure of vacuum gauge 2 Pa
Quy gas flow rate Pam3/s
Qmol molar flow rate mol/s
R ideal gas constant 8,134 ]J/(mol K)
S getter pumping speed m3/s
T temperature K
a sticking probability
ag initial sticking probability
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5 Test methods
5.1 General

5.1.1 Testgases

H, and CO shall be used to test for NEG. CO can be replaced by N, or CO, from a safety perspective when
an agreement is made between customer and testing laboratory. In addition, other gases such as O, can
be required depending on the application. The purity of the test gas in the gas cylinder shall be higher
than 99,99 % for H, and 99,95 % for CO, respectively. It is also recommended to measure the purity of
the test gag by using quadrupole mass spectrometer (QMS) in the vacuum chamber because the test|gas
can be polluted during the transportation from the gas cylinder to the vacuum chamber.

5.1.2 Vapuum chamber

The vacuu
with elast
condition.

ultrahigh v
be capable
uncoated t}

chamber shall consist of all-metal vacuum components with a baking system. When va
mer sealing parts are used, they shall be bakeable and fabricated for the usage of [
[he cleanliness shall be appropriate to obtain sufficiently low base pressure in the rang
acuum or extreme-high vacuum (XHV), depending on the application. The apparatus s
of reaching a base pressure of less than 1x10-¢ Pa without NEG:sample installation or {
ube. In addition, it is recommended to measure the residual,gas by QMS to make sure

ves
JHV
e of
hall
vith
that

both the aif leak and the outgassing of H,0, CO, CO,, and hydrocarbossyre sufficiently small.

Note that , should be the dominating gas species at the base préssure.

5.1.3 Orjfice

s used to determine the gas flow rate for.the'throughput method as shown in 5.2 and 5.3
hlar conductance of the orifice shall be calculated from the molecular mass, temperatur
d the diameter and the thickness of the brifice. The calculation method is shown in Annex A
rtance of the orifice C; is carefully selected from four points of view:

An orifice
The molec
the gas, an
The condu

the digmeter of the orifice is smaller than the mean free path of the test gas;

fficiently smaller than thesystem conductance which is obtained by combining conductances
pipe and vacuum chamber:-The ratio of system conductance to C, shall be larger than 100;

)

Copissy
of the

the
jum
ger

Cy sha
downs
gauges
than 2

|1 be selected so that-the pressure ratio of the upstream pressure p; of the orifice to
tream pressure p,»p;/p,, during the test is larger than their error measured by the vacy
specified in 51057 In this document, the p, /p, value during test is recommended to be lay

jum
the
the

C, shall be seléeted so that the pressure during the testis in the linear response range of the vacy

gauge ppegified in 5.1.5. When Cj is too small, the upstream pressure p; may be higher than

he Bayert-Alpert gauge (BAG) (key reference 3 in Figure 1) because
. . . -

linear fresponse range of t

5.1.4 Vacuum pumping system for rough pumping

A turbomolecular vacuum pump (TMP) shall be used to obtain the sufficiently low base pressure
and to evacuate outgases during degassing and/or activation of test chamber and NEGs under test. In
addition, an ion pump may be useful to obtain lower base pressure before measurements. A dry pump
is recommended to be used as a roughing vacuum pump to avoid oil pollution, but it should be carefully
chosen because gases released from fluorine elements such as F and CI can also pollute the surface of
the NEG.

Installing the valve between TMP and the vacuum chamber (for example, key reference 8 in Figure 1) is
strongly recommended so as to keep the inside of vacuum chamber clean in order not to be contaminated

© IS0 2023 - All rights reserved
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by oil vapor and dust. In addition, it is useful to adjust the pressure p; or to keep the inside of vacuum
chamber under vacuum while the system is not in operation.

5.1.5 Vacuum gauges

Bayert-Alpert vacuum gauges (BAGs), extractor gauges or ion analysing gauges shall be used to
measure the getter pumping speed and sorption capacity of NEG. BAGs shall be calibrated in a traceable
way to an applicable SI unit. In addition, using a quadrupole mass spectrometer (QMS) is strongly
recommended to not only to measure the performance of NEGs but also for other purposes such as leak
testlng, checkmg a purity of test gas evaluation of outgassmg during activation. A splnmng rotor gauge

1S /LT C 727 doEfDAC L Jd L N
Or 11 lUlllbaLlUll sausc dllVUl ulus LU an\J/ 1o U7J7 lllDLCClM Ul DIrius Ldil vt uotyuy, UuL a 1v xasuctl n gauge ls

notjrecommended because the high pumping effect can cause overestimation of pumping pgrformance
of NEG.

There are two methods to calibrate the BAGs. One is that the BAGs are calibrated in alaboratgry meeting
the|requirements of ISO/IEC 17025 or a national metrology institute. The other’is that thg BAGs are
caliprated from the direct comparison with a reference gauge in situ.

A spinning rotor gauge (SRG) or a high accuracy capacitance diaphragmgauge (CDG) with ja full scale
of 133 Pa or lower shall be used as the reference gauge for in situ calibration. The positionf where the
refdgrence gauge is attached shall be the upstream side of gas inlet against to TMP. The calibration gas
shall be the same as the one to be tested because BAG has gas’species dependence. The npnlinearity
of the sensitivity of BAGs is recommended to be evaluated)in advance although BAG$ has liner
chafacteristics in principle. The QMS is similarly calibrated from the direct comparison with SRG, CDG,
and|/or BAG. For information on the calibration method of\QMS, refer to ISO/TS 20175.

5.1/6 Temperature

Thg measurements shall be taken at an ambienftemperature of (23 + 7) °C and the temperfature shall
not|change by more than 2K (peak-to-peak) during the measurement. The temperature of the vacuum
chamber shall be recorded.

5.1]7 Activation method of NEG

NEGs shall be activated according to the method specified by manufacturer if available. Various
methods are used to heat NEGs for activation such as induction heating, joule (resistande) heating,
radjant heating, conductance heating and electron bombardment. The non-uniformity of tgmperature
of NEG during heating,shall be minimized. The temperature during the activation and actiyation time
shal|l be measured and.récorded.

5.1)8 Procedure of sample installation and activation

The procedures of sample installation and activation shall be followed to the operation manugl provided
by fhe manufacture if available. The general procedure is given in below.

a) ANEG camp]n tobetestedisinstalled }'\y ncing clean toolstathe test P]‘\amhorl/r]nmn

b) The whole vacuum system is evacuated by the vacuum pumping system (see 5.1.4).

c) Bake-out the whole vacuum system including the test chamber/dome (e.g. 150 °C - 300 °C). The
bake-out time is from several hours to several days depending on the condition of the vacuum
system.

d) After cooling down the vacuum system, the NEG sample is heated up to the specified temperature
and time to activate. This activation should be initiated under high vacuum conditions of
approximately 1x10-* Pa or lower.

e) After activation, cooling the sample down to the operating temperature.

f) Reactivation of NEG shall be performed before each test.

© IS0 2023 - All rights reserved 5
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It should be avoided that the pressure during activation becomes too high to avoid the pollution of NEGs.
NEG coatings should be especially taken care of the pollution during activation because their maximum
sorbed amount is smaller than other getters. Also, a safety guide provided by the manufacturer should
be kept for the handling of NEGs. In general, heating NEGs at low vacuum condition should be avoided.

BA gauges and QMS should be degassed between bake-out (procedure step c) and NEG activation

(procedure step d) if necessary.

NOTE In the case of a CO test after a H, test, the influence of H, gas exposure on the pumping performance of

CO is small. However, the opposite is not the case.

5.2 Throughput method for small NEG samples

5.2.1 Experimental setup

Figure 1 shows a schematic diagram of the measurement system of the throughput method for sinall

NEG samples. This method is based on ASTM F798-971).[14] The system consists of’two chamber
gas manifgld and a test chamber. The gas manifold includes a variable leak vdlye to introduce
gases, a BfA gauge (BAG-1), and a turbomolecular vacuum pump. An isolation walve may be locd
between the manifold and the turbomolecular vacuum pump. An ion pump €an also be added betw
the turborholecular vacuum pump and the isolation valve to obtain lower base pressure. The
chamber shall include a test sample (NEGs or NEG pumps) including @-heater to activate the sam
a thermonjeter to measure the sample temperature, and another BA\gauge (BAG-2). The test chan
and the gals manifold are connected by the orifice with known gonductance and a bypass valve.

S, a
test
ted
een
test
ple,
ber
The

conductange of the orifice C is carefully selected to satisfy the ¥equirement of the 5.1.3. Equippipg a

sample chgmber with the test chamber can be useful as shown in Figure 1 b) to increase the efficig
of testing, but special care shall be taken so that the condtictance between the test chamber and
sample chgmber is sufficiently large.

The contrdller of BA gauges shall be set to be the constant emission current against the changing in|
pressure. The lower emission current such as from-0,01 mA to 0,1 mA is recommended to decrease
influence df outgassing and pumping effect of the'BA gauge.

S

10
XA =
NSt

8

ncy
the

the
the

14

5O

a) Method without sample chamber

1) Withdrawn.

6 © IS0 2023 - All rights reserved
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b) Method with sample chamber

manifold

test chamber

BA gauge (BAG-1)

BA gauge (BAG-2)
orifice, C,

bypass valve

variable leak valve
valve

gas cylinder

sample (NEG)
thermometer

sample chamber

gate valve
turbomolecular vacuum purhp
roughing vacuum pump

Figure 1 — Throughput method for small NEG sample

2 Sample

Rel

htively small size of NEGs with the type of pill, disk, ring, strip, module, cartridge, N

EG coating

disk shall be tested by using either system shown in Figure 1a) or Figure 1b). NEG pumps with a small
diameter of connection flange can also be tested by this system.

5.2.

3 Determination of getter pumping speed, S, and sorption quantity, C,

The flow rate, Q, passing through the orifice equals to that pumped by NEGs or NEG pumps with the
pumping speed of S at the quasi-equilibrium condition. Then, the following relation is established as

shown in Formula (1).

Q=Cy(p1—-D2)=S"p;

(D

where C, is the conductance of orifice and should be noted that C, depends on gas species and
temperature. This document strongly recommends selecting parameters such as the measurement

©IS
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pressure and the inner diameter of orifice so that the molecular flow condition is realized for gases
passing through the orifice. The data analysis becomes much simple because the conductance C,
becomes constant and is obtained analytically.

The pressure p; and p,, which are the pressures in the gas manifold and test chamber, respectively, are

obtained by Formulae (2) and (3):

p1=

Py

Pr1 —PB1

=F - )
K, 1(Pr1—PpB1)

2—Dpo
Uz

(2)

P =—]

where

F, is
The sensiti

Following
by Formulz

where

Qpy is

Z

K,

=Iy(Pr1—PB2),

the pressure reading of BAG-1;
the base pressure of BAG-1;
the sensitivity of BAG-1;

the correction factor of BAG-1;
the pressure reading of BAG-2;
the base pressure of BAG-2;
the sensitivity of BAG-2;

he correction factor of BAG-2;

vity K is equal to the inverse of the corfection factor F.

le (4) and (5):

_P1_P2)

)

b2

t
Qpydt=Cy _[0 (P42 )dt,

the gas-flow rate

the n]npcnr] time

(3)

he above relations, the getter pumping speed, S, and the sorption quantity, C;, are obtained

(4)

(5)

© IS0 2023 - All rights reserved
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When the sample chamber is employed (see Figure 1b), the pressure in the test chamber may be
different with that in the sample chamber. Then, the Formula (4) shall be corrected as followsl13].

C _
= 0(P1—P2) ' 6)
Co
Pz—C—(P1 -p2)
p

where (), is the conductance of the pipe and the valve (key reference 13 in Figure 1 b)) between the
test chamber and the sample chamber. Monte Carlo simulation is also useful to correct the pressure
distribution in the test chamber and sample chamber[16-18],

NOTE1 Commercially available BA gauges are calibrated for N, in general. Relative sensitivitied of H,, K,/
Kyo4and CO, K;o/Ky,, for N, are about 0,40 and 1,03, respectively, although those depend on_the-type and the
operational parameter of BA gaugel12l,

NOTE2  When NEG pumps are tested by this method, the measurement result depends on thel connection
method to the test chamber. For example, the pumping speed when the NEG pump/is’inserted ipto the test
chamber [see Figure 2a)] becomes larger than that when NEG pump is connected jtothe test chamber by using
a nipple [see Figure 2b)]. Since the latter case is close to the method shown inf5.3] refer to the rgquirements

spegified in 5.3.

a) NEG pump is inserted into the test chamber

® D
T 1 [ 2 L/
o [

\
3

b) NEG pump is connected by using a nipple

©1S0 2023 - All rights reserved 9
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Key

1  manifold

2 test chamber
3 NEG pump

4 nipple

Figure 2 — The connection method of NEG pump to the test chamber.

xIermmatlon ol sticKing probability, a

ressure distribution in the test chamber is homogeneous, in other words, the gastholec

probability, @, on the NEG surface is obtained by Formula (7). The sticking-probabilit

n
corresponfs to the intrinsic sticking probability or sticking coefficient, a,, when the NEG Surface is

524 D
When the
in the test
the sticki
45
O =—
Av
where
S s
A is
vV is
R is
T is
M is
NOTE 1 ]
the size of N
NEG samplg
value.
NOTE 2 ]

Monte Carld

NOTE 3
of Annex C.

’

5.2.5 Mae

the getter pumping speed S obtained by Formulae (4) or f6)}m3/s);

the apparent surface area of NEG (m?);

the arithmetic mean velocity of gas molecule for<the test gas (= \/m) (m/s);
deal gas constant (=8,134 ]/(mol K)) ;

the temperature (K) ;

'he mass of gas molecule (kg) ;

'he assumption that the pressute distribution in the test chamber is negligible is satisfied only w
EG sample is sufficiently small\compared with that of the test chamber. If not, for example, wher
is located in the nipple as shown in Figure 2b), the a estimated by Formula (7) gives an incor

'he accuracy of aycanbe improved by calculating the pressure distribution in the test chambe
simulation[16-18};

asurement procedure

chamber hit on the NEG surface with the same probability independent on the posit]i

hen
the
rect

r by

'he typical valies of initial sticking probability measured by the method of 5.2 are listed in Tabl¢ C.1

a)
b)

<)

Base pressures of both the test chamber and gas manifold shall be less than 1x10-¢ Pa.

The bypass valve is closed. No significant increase of the pressure p, shall be observed.

p, becomes constant. The pressure ratio of p;/p, shall be kept higher than 2.

d)

The test gas is introduced into the gas manifold and adjusted by leak valve so that the pressure of

Record the pressure p4, p,, and temperature of NEG at least with a suitable time interval. The several

ten seconds of time interval should be suitable at the beginning of the measurement because of
rapid change in getter pumping speed. It can be extended as the sorption quantity of NEG increases
because the change becomes slow.

In the absence of specified request, p, should be set between 1x10-4 Pa and 1x10-3 Pa, preferably 4x10-
4 Pa for applications in medium and high vacuum conditions. This test pressure is more than 100 times

10
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higher than the base pressure before the gas admitting at procedure step b) and is sufficiently low to
realize the molecular flow condition in typical. In addition, it is within the linear response range of BA
gauges and close to the calibration pressure range in typical.

For UHV applications the lower base and test pressures at p, may be required. For example, setting the
test pressure from 10-8 Pa to 10710 Pa is required for high performance surface analysis devices and

electron microscopy systems.

The dependence of S, C;, and C. on NEG temperature may be measured. The S, C;, and C_ of CO, for
example, depend on the NEG temperature in generallZ81213],
WhET the volume getter 15 dominant, for example H, pumping, note that the pumping ppeed may

dep
and

5.2

The
BA

dist
A,a
of s

Wh
sen
(ke

EXA
5.3

5.3

Thn
suit

end on the test pressure because it is competing reaction between gas injection onto
diffusion into the bulk.

6 Measurement uncertainty

measurement uncertainties of S and C, are estimated from the uncertaintyto measure g
gauges, the uncertainty of the orifice conductance, and the uncertainty due to th
ribution in the test chamber. In the case of a, the uncertainties of the-apparent surface a
hd the arithmetic mean velocity of gas molecule for the test gas, W, are also added. A total y
bveral tens of percentage is sufficient for general purposes.

bn the testing devise has a sample chamber as shown n\Figure 1b), it is recommend
Kitivity of two BA gauges are cross-checked by admitting the test gas after opening the by
I reference 6 in Figure 1) and closing the gate valve (key reference 13 in Figure 1).

MPLE
Throughput method with test dome

1 Experimental setup

ee types of test domes are shown.in Figure 3. The test dome shown in Figure 3a) is alloy
able gas flow measuring instrument is available. Leak elements such as small orifice, ca

sintlered filter are used[20-25],

The

test domes of Figure 3b) and Figure 3c) are used for the orifice flow method. The

Figlire 3c) is the so-calledFischer- Mommsen dome.[26-30] The diameter and the thickness of

sha

I be measured for the calculation of the conductance in advance. The calculation met

he surface

1and p, by
P pressure
Fea of NEG,
ncertainty

bd that the
rpass valve

References [15] and [18] include examples.of the evaluation of measurement uncertainty.

Ved when a
billary, and

test dome
the orifice
hod of the

molecular conductance is shown in Annex A. The conductance of the orifice Cj is carefully selected so as

tos

atisfy the requirements of the 5.1.3.
A-A

2

150

-
Wl

050 >~

050

A

>
|
! .
D

a) Test dome

© IS0 2023 - All rights reserved
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150

1,50

c) Fischer - Mommsen dome
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Key
1 gasinlet
2 connections for BA gauge, mass spectrometer, and high vacuum pumping system
3 connections for BA gauge, mass spectrometer
4 gas inlet for vacuum gauge calibration and temperature measuring point, T},
5  orifice
D  inner diameter of test dome
a) SOURCE: Reproduced with permission from 1SO 21360-1:2020, Figures 1.
b) _SQURCE: Reproduced with permission from IS0 21360-1:2020, Figures 3
c) | SOURCE: Based on references [20-24].
Figure 3 — Three types of test domes for throughput method
NEG pumps or NEG coated chambers under test shall be located at the bottomofeach test dompe. Another
high pumping system for rough pumping (5.1.4) shall be located at the conneetion flange labg¢lled as key

refdrence 2 in Figure 3 via an isolation valve.

Th maln problem in using the test dome is its pressure distributioniIn the case of the test d
in Higure 3 a), the gauge position (key reference 2 in Figure 3) ha$ been determined so that t}
at the gauge position is comparable with that at the inlet of the'NEG pumps or NEG coatec
under test. In the case of the test dome shown in Figures 3b)'dnd 3 c), the gauge position of d
sidg of the orifice (key reference 3 in Figure 3) has been similarly determined. On the othe
gauge position of upstream side of the orifice (key reference 2 in Figure 3) has been selected
pre
domie can be used when the pressure measured by vacuum gauges is compensated by cons
prepsure distribution in the test dome.

5.32 Sample

Rel
cha

htively large size of NEGs such as,strip, module, cartridge, NEG pumps, and NEG coatg
bers shall be tested by using this method.

5.3]3 Determination of getter pumping speed S and sorption quantity, C,

Thg method to determine-the pumping speed S is specified in ISO 21360-1:2020, 5.1 and 5.2
donpe shown in Figure\3a) is used, the getter pumping speed S is obtained by the flow rate
detérmined by the flow meter, divided by the pressure p in the test dome (S = Q/p). This p i
aftgr subtracting the base pressure. When the dome shown in Figure 3b) or the Fischer
donpe shownin‘Figure 3c) is used, the pumping speed S is obtained by Formula (4) by using #
the jupstreampressure for the orifice and the downstream one, respectively. The sorption qu
alsq obtained by the Formula (5).

bme shown
e pressure
chambers
pwnstream
I hand, the
so that the

Esure at the gauge position is comparable with thatat the inlet of the orifice. A different shape of test

fdering the

d tubes or

. When the
0, which is
s the value
Mommsen
1 and p, to
antity C, is

5.3.4 Determination of sticking probability,

It is impossible to determine the a by using Formula (7) except for strip, module, and NEG coating
chambers with the small length to diameter ratio, because the pressure distribution in the NEG pump
or NEG coating chamber under test is significant. However, the @ can be obtained by comparing the
calculation result by a Monte Carlo simulation.

NOTE 1
Annex C.

The typical values of initial sticking probability measured by the method of 5.3 is listed in Table C.1 of

5.3.5 Measurement procedure

a)

It is confirmed that the base pressure of the test dome is less than 1x10-¢ Pa.

©1S0 2023 - All rights reserved 13
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b) Inthe case of test dome Figure 3a), the isolation valve, which is located at key reference 2 in Figure 3
between the test dome and the high vacuum pumping system, is closed. No significant increase of
the pressure p, is confirmed. In the case of test dome Figure 3b) or ¢), itis not necessary to close the
valve located at the connection to TMP (key reference 2) but it can be throttled.

c) Testgasisintroduced into the test dome through the gas inlet (key reference 1 in Figure 3). The test
pressure p in the test dome Figure 3a) should be set more than twice as large as the base pressure
before the gas admitting. The pressures p; and p, in the dome Figure 3b) and Figure 3¢) is similar.

d) Record the flow rate Q and the pressure p for the test dome Figure 3a) or the pressures p; and p,
for the test dome Figure 3b) or Figure 3¢), and temperature of NEG at least with a suitable time
interval.

NOTE1  The test pressure p, is similarly chosen in 5.2.5.

NOTE 2  The dependence of S and the sorption capacity C, on NEG temperature can be measured: The S apd C
of CO, for exfample, depend on the NEG temperature in general.

NOTE3  The pumping speed can depend on the gas flow rate when volume getter acts, foy example H, pumping,
because it i a competing reaction between gas injection onto the surface and diffusioninto the bulk.

5.3.6 Mgasurement uncertainty

When the dlome shown in Figure 3a) is used, the measurement uncertainties of S and Cq are estimated
from the uhcertainty to measure the flow rate Q and p, and that due(to the pressure distribution in{the
test chamber. When the dome shown in Figure 3b) or Figure 3 ¢)ds‘used, the measurement uncertajnty
is estimatgd from the uncertainty to measure p; and p, by BA gauges, the orifice conductance, and|the
pressure distribution in the test chamber. In the case of g the uncertainties of the apparent surface
area of NEG, 4, and the arithmetic mean velocity of gas malecule for the test gas, v, are also added. [The
total uncerftainty of several tens of percentage is sufficiént for general purposes.

When the flomes shown in Figure 3b) 3c) are used,it is recommended that the sensitivities of twd BA
gauges are| cross-checked by admitting the testigas from the gas inlet (labelled as key reference 4) in

Figure 3.

5.4 Tranpsmission method for NEG-coatings

5.4.1 Experimental setup

Schematic |[diagrams of thermiéasurement system of transmission method for NEG coating are shgwn
in Figure 4.[31.32] In the €as€ of the closed design illustrated in Figure 4a), the test gas is admitte[ at
right-hand|end of the e0ated pipe by the variable leak valve. Although leak elements such as sinall

necessary {
through th
end of the ¢
Using the € i
the ratio of length to dlameter of the coated pipe is large because the increase of p, becomes small
at that time. Also, the accumulation of CH, in the apparatus during H, measurement may disturb the
accurate measurement of p, because the pumping performance of NEG coating for CHy is poor at room
temperature. Then, using QMS is recommended to measure the p,. A cold trap by liquid nitrogen around
p, is also useful to decrease the partial pressure of CH,.

In the case of the open design Figure 4b), the test gas is admitted at left-hand end of the coated pipe
and measured the inlet pressure p; by BAG-1. The outlet pressure p, at the right-hand end of the coated
pipe is measured by BAG-2. The orifice located between the outlet of the pipe and TMP is necessary
to estimate the pumping efficiency of the test gas. The conductance of orifice (key reference 7 in
Figure 4 b)) is recommended to be around 100 smaller than the effective pumping speed of TMP (key
reference 8 in Figure 4 b). This is because gas molecules flowing back through the orifice are negligible,
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making Monte Carlo simulations easy to perform. Using the extractor gauge, QMS, or similar is also
recommended to measure p,. When QMSs are used to measure the p; and p,, they should be calibrated
carefully before and/or after test with the test gas (see 5.1.5).

The transmission method requires obtaining the relation between the pressure ratio of p; to p, and
the sticking probability a by Monte Carlo simulation, which depends on the pipe shape. An example in
the case of the length to the radius ratio (L/R) equals to 40 is shown in Figure 5. Here, the a is assumed
to be uniform along the NEG coated pipe in general. The sticking probability « is obtained from the
measurement result of p;/p, ratio and this relation. Since the gas is injected from the one end of NEG
coated pipe, the sorption amount of gas molecules depends on the position of pipe. Therefore, the

cha

ge in the a cannot evaluate as a function of the sorption quantity, C_, as well as the

hroughput

met

hod although the overall sorption amount in the coated pipe is available. Instead, the'p|

b, ratio is

plofted as a function of the sorption quantity C, the elapsed time, or similar.
There are no strict requirements for the chamber shape and the gauge position in this'metha¢d. Instead,
they shall be accurately modelled on the Monte Carlo simulation as possible.
5.4]2 Sample
NEG coated pipes shall be tested by using this system.
5.4]3 Determination of average getter pumping speed perdmit area, S,, and sorption guantity
Cq
Thd average getter pumping speed per unit area of NEG coating, S, is obtained by Formula (jB),
1
S\ =—Vva, 8
AT (8)
where «a is the sticking probability determined by the procedure shown in 5.4.4. The sorptign quantity
Cq gannot be measured by this method.
3
1
5
2 @ / 8
9
L
6
a) closed design
3
1 2
7
%% = ()8
9
L
6
b) open design
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A
)
<

BA gauge (BAG-1)

BA gauge (BAG-2) and/or QMS
sample (NEG coated pipe)
variable leak valve

isolation valve

gas cylinder

orifice

turbomolecular vacuum pump

O© 00 NN O U1 -~ W N -

roughing vacuum pump

Figure 4 — Experimental setup for transmission method

Y

1000 ———rrrrmr T T T T

L/R=40

100

10

1
0,001 0,01 0,1 1 X

Key

X sticking probability

Y pi/p;

NOTE The I¢gngth to the radius ratid, I/R, of the NEG coated pipe is 40.

Figure 5 — Examplé€of the relation between the p, /p, ratio and the sticking probability
calculated by Monte Carlo simulation

5.4.4 Determination of sticking probability, «

The StiCkiI a pwnqualifn S datarminad fram tha mmaoaciramant racnle ~f+bha 0 /3 oo r]!!vihg est

......... y-e-is-determined-from-the-measurementresult-of-the pr/prratio-durin
gas admission and the result of Monte Carlo simulation as shown in Figure 5. The pressure p; and p, are
similarly determined by Formulae (2) and (3).

NOTE1 The typical values of initial sticking probability measured by the method of 5.4 are listed in Table C.1
of Annex C.

5.4.5 Measurement procedure
a) Itis confirmed that the base pressure of the test chamber is less than 1x10- Pa.

b) In the case of Figure 4a closed design, it is not necessary to close the isolation valve [key reference
5 in Figure 4a)] but it may be throttled. In the case of Figure 4b) open design, the isolation valve

16 © IS0 2023 - All rights reserved
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between the sample [key reference 3 in Figure 4 b)] and the roughing vacuum pump [not shown in

Figure 4b)] is closed.

Test gas is introduced into the test chamber through the variable leak valve (key reference 4 in

Figure 4). The downstream pressure of p, during the test is recommended to set twice
the base pressure before the gas admitting.

as large as

Record the pressure p;, p,, and temperature of NEG at least with a suitable time interval.

The conductance of orifice [key reference 7 in Figure 4b)] is recommended to be around 100 smaller
than the effective pumping speed of TMP in Figure 4b). This is because gas molecules flowing back
thr¢ugh the orifice are negligible, making Monte Carlo simulations easy to rui.

NOT

5.4

Thd
gau
cald

5.5

The
(sed
det
NE(

E The test pressure p, is similarly chosen in 5.2.5.

6 Measurement uncertainty

measurement uncertainty of a is estimated from the uncertainty to measure p; an
pes or QMS, and that due to the Monte Carlo calculation including the interpolation err
ulation points.

Combination of transmission method and throughput method with test do

transmission method (see 5.4) is often combined witlh the throughput method with
5.3) to measure the sorption quantity C, of NEG coated pipes. Thus, the sticking prob
ermined by the transmission method. On the other hahd, the C, and the overall pumping s
[ coated pipe are determined by the throughput méthod. The typical experimental setup

Figlire 6. Detail experimental setups and procedur€es-are referred by those of each method.

NO']
thra
and

Wh
of B
sim|
sot

©IS

E The a determined by the transmissign~“method is often larger than the value obta

then it acts as a connection pipe when the thtroughput method is applied.

bn the o is also determined by thetransmission method only, the chamber shape and t
AG-2 in Figure 6 is flexibly designed. Instead, they shall be accurately modelled on the M
plation as possible. On the othier hand, the gauge position of BAG-3 in Figure 6b) is carefu
hat the pressure at the galuige position is comparable with that at the inlet of the orifice.

p, by BA
r between

me

test dome
ability « is
peed of the
s shown in

ned by the

ughput method by Formula (7). This is because the NEG coating around the inlet saturates by tlest gas first

he position
[onte Carlo
ly selected

L 1
N 2
2(H1 % — 12
5 X
1(Ds .
10

13

a) Method using leak element
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Key

BA gau
BA gau
BA gau
sample

gas res
capaciti
variabl

O 0 N O U1 B W N -

[EEY
_ o

orifice

[EEG
w N

Figure 6 +— Two examples of combination of transmission method and throughput method w

6 Repo

6.1 Gen
The follow

types of expressions: mass percentage (mass %), weight percentage (wt %), and atomic percent

leak elgment with known conductance

isolatiojn valve

gas cylinder

turbomfolecular vacuum pump
roughinjg vacuum pump

12

13
8 8
U 10
b) Method using orifice

be (BAG-1) and/or QMS
be (BAG-2) and/or QMS
be (BAG-3)

(NEG coated chamber)

PIrVoir

hnce diaphragm gauge
 leak valve

test dome

r'ting

bral

ngéléments shall be included in the report. Regarding chemical composition, there are th

ith

ree
age

(at %). The mass percentage and the weight percentage are comparable In practice. But the atomic
percentage is different from the others because the atomic mass is taken it into account.

6.2 Small size of NEGs with the structure of pill, disk, ring, strip, module and cartridge

— type, manufacture’s serial number and/or lot number of manufacturer

— chemical composition of NEG (mass % or wt %)

— geometric shape such as diameter or height

— geometric surface area

— mass of NEG

18
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test method of pumping performance

activation temperature and duration

temperature of sample and vacuum chamber during gas injection
test gas

test pressure and base pressure before gas admission

diagram: pumping speed vs sorption quantity (see Figure B.1)

initial pumping speed of NEG

sorption capacity (optional)

NEG pumps
type, manufacture’s serial number and/or lot number of manufacturer
chemical composition of NEG (mass % or wt%)
flange type and size
geometric surface area of NEG
mass of NEG
test method of pumping performance
installing method of NEG pump to the test chamber (e.g. with or without nipple)
activation temperature and duration
temperature of sample and vacuum-¢chamber
test gas
test pressure and base pressure before gas admission
diagram: pumping speed vs sorption quantity (see Figure B.1)
initial pumping speed of NEG
sorption capacity

reproducibility of pumping speed after repeating activation [optional]

NEG coatings

type, manufacture’s serial number and/or lot number of manufacturer
chemical composition of NEG [mass %, wt % or atomic %]

material of coated chamber or pipe

geometric dimensions of the coated chamber or pipe such as diameter or height
geometric surface area of NEG coating

thickness of NEG coating

test method of pumping performance

© IS0 2023 - All rights reserved
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— base pressure at the test

— activation temperature and duration

— temperature of sample and vacuum chamber

— testgas

— test pressure and base pressure before gas admission

— initial sticking probability

— initial pverage pumping speed per unit area
— coating method (sputtering, evaporation, etc )
— diagram: pumping speed vs sorption quantity when throughput method is used (see-Annhex B)

— diagram: sticking probability vs p;/p, ratio vs time calculated by Monte CarloSimulation when
transnpission method is used (see Figure 5)

— diagram: sticking probability vs CO sorption quantity (see Figure B.2) (optional)
— SEM image of NEG coating (optional)

— temperature dependence of surface chemical composition measured by XPS (optional)
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whére

where [ is the thickness of the orifice.

ISO 21360-5:

Annex A
(informative)

2023(E)

Calculation method of the molecular conductance of the orifice

The molecular conductance of the orifice is calculated by Formula (A.1):

1

Co=—VAW,
0 4 0
VvV is the arithmetic mean velocity of gas molecule for the test gas (=+/8RT /M (m/s));
R isideal gas constant (=8,134 ]/(mol K)) ;
T isthe temperature (K);
M is the mass of gas molecule (kg) ;

Ay is the cross-sectional area of the orifice (=7 (d/2)2 (m2));
d isthe diameter of the orifice (m);

W is the transmission probability of the orifice;

Thg W is obtained by the following appreximation Formula (A.2) with the relative error g
0,6 P4l33]

Wy l4+4(/d)
14+18(1/d)+3(1 ] d)%

(A1)

f less than

(A.2)
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