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Foreword

ISO (the International Qrganization for Standardization) is 3 woridwide
faderation of national standards bodies (I5C member bodies). The work
of preparing International Standards is normally carried out through 150
technical commitiees. Each member body interested in a subject for
which a technical committee has been established has the right 1o be
represenied on that committee. international organizations. govern-
mental and non-governmental. in liaison with ISO. also take part in the
work. IS0 collaborates closely with the International Electrotechnical
Commission (IEC) on ait matters of electrotechnical standardization.

Draft International Standards adopted by the technical committees are
circulated o the member bodies for voting. Publication as an Inter-
national Standard requires approval by at least 757% of the member
bodies casting a vote.

International Standard ISO 3556-1 was prepared by Technical Commitiee
ISQ/TC 112, Vacuum technology. Sub-Committee SC 3. Measurement of
the performance characteristics 'of vacuum pumps.

IS0 3556 consists of the following parts. under the general titte Sputter-
jon pumps — Measurement of performance characterisfics:

— Part 1: Pumps with a volume rate of flow greater than 10 l/s
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Introduction

The purpose of this international Standard is to ensure that measure-
menis of the performance characteristics of spulter-ion pumps are, as
far as possible. carried out by uniform procedures and under uniform
conditions. It is hoped that, as a result, measurements conducted by
different manufacturers or in different laboratories, and statements of
perfermance quoted in manufacturers’ litterature, will be on 3 properly
comparable basis to the benefit of both user and manufacturer.

It is envisaged that 1SO 3556 will, in due course. deal comprehensively
with the measurement of the performance of the main types of sputter-
ion pumps. In order. however, that useful agreements of more restricted
scope may be implemented with the least possible delay. it is intended
to pubiich thie International Standard in parts.
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Sputter-idn pumps — Measurement of performance .

characteristics —

Part 1:

Pumps With a volume rate of flow greater than10 |/s

1 Scope

This part of ISO 3556 specifies methods of measur-
ing the performance characteristics of spuiter-ion
pumps of which the volume rate of flow {(pumping
speed) is greater-than 10 ifs. it concerns methoas
of measuring the following characleristics:

a) the ultimate total pressure obtained within a test
dome of specified form and dimensions:

‘b) the reiation between the volume rate of flow for
"7 nitrogen’ and the pressure. after stabilization of
the pump wuth mtmgen

¢) the relation between the volume rate of flow and

the pressure after subjecling the pump to a re-
generative bake~out procecure.

The range of pressures for the determination of the
volume rate of flow should be between at least
1,0 107 Pa% and 10% 107° Pa.

it is to b’é expected that new‘”pumps may deteriorate

in time ‘because during their life they may be sub-:

jected to unknown gas loads which will bring about
irreversible changes in performance. The tesis rec-
ommended are therefore for new pumps. in the case
of used pumps; the tests will enable performance
comparisons. to - be: made provided. that they are
conducted under the vacuum conditions -described
below.

2 Definitions

For the purposes of this part of SO 3556, the follow-
ing definitions apply.

24 volume rate of flow (pumping speed), S: Under
ideal conditions, the volume of gas which flows in
unit time through the pump inlet. For practical pur-
poses, however, the volume rate of flow of a given
pump for'a given gas is, by convention, taken to be
the quotient of the throughput (Q) of that gas and the
equilibrium pressure (p} at.a specified position in a
given test dome and under specified condattons of
operation. Thus S'= QJjp. :

The unit adopted for the volume rate of flow is litre

per second {I/s).

2.2 test dome (test header) A chamber of specxﬁed
form and dimensions attached to the iniet of the

pump through which a measured flow of gas may

be admilted to the pump, and which is equipped with
means of pressure measurement.

A test dome for the determination of ultimate total
pressure is described in 3.4 and 3 test dome for the
determination of volume rate of flow in 3.5.

2.3 ultimate pressure: The limiting pressure ap-
proached asymptotically in the dome, with the gas
inlet vaive closed and the pump in normal operation
following the regeneratwe bake-out as described
ind. 1.

3 VAppyaratus and test gas

3.1 General

_Alf total pressures shall be quoted as equivalent ni-

trogen pressures. An adequate hot-cathode
ionization gauge shalt be used for the measuzrement
of total pressure in the range 40x10°Pa lo

1) 133 Pa=1 Torr = 1.33 mbar; 1 Pa=7,5x 107 Torr = 1 x 107" mbar
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1.0 x 107° Pa. The ionization gauges used shall be
calibrated with nitrogen. The calibration of the
jonization gauges is liable to change and so the
calibration shall be checked periodically.

3.2 Hot-cathode lonization gauges

Two hot-cathode jonization gauges are required. In
the region of pressure concerned, these gauges
shall have a known calibration curve and shall not
have an error in pressure reading exceeding
+ 10 %. The magnetic flux density in the vicinity of
these gauges due to stray flux from the magnet of
the sputter-ion pump shail be at a sufficiently low
level to ensure that the sensitivity of the gauges is
not affected by more than + 3 %.

3.3 Residual gas analyser

A mass spectrometer used as 8 residual gas ana-
lyser (RGA) may be fitted to the'test dome used for
the measurement of the volume rate of flow of the
pump. Whilst this RGA, is not used in arriving at the
specification of performance. it is a valuable facility
for leak ‘detection of the test system and for the
study of inert. gas partial - pressures, hydrogen
desorption and possible hydrocarban contamination.
The use of an RGA is not recommended in the uiti-
mate pressure measurementis, however, because il
may give a sufficient outgassing load to limit the
achievable lowest ullimate pressure.

3.4 Test dome for determination of ultimate
total pressure (see figure 1)

The test dome shall be of circular cross-section and
of inside diameter D. For iarge sputter-ion pumps
of iniet digmeter ‘of 100 mm or greater, the inside
diameter D) shall be equal to that of the inlet mouth
of the pump to within + 1.5 mm for pumps of up to
300 mm intet diameter and to within £ 3.0 mm for
pumps of inlet diameter greater than 300 mm. For
sputter-ion pumps of inlet diameter less than
100 mm, the inside diameter of the test dome shall
be 100 mm, irrespective of the pump size. The
height of this cylindrical test dome shali be 3 D/2.

The top of the test dome shall be flat. Gaskets be-
iween the dome and the flange at the inlet of the
sputter-ion pump shall be as recommended by the
manufacturer. The dome shall be able to withstand
baking under vacuum to 400 °C, and is to be sup-
plied with piping to a bakeable ciosure valve for
connection to a roughing pump.

The axis of the piping to the ionization gauge at-
_tached to the test dome shall project perpendicutarly
outwards from the wall of the dome and be at height
Dj2 above the base of the dome flange. This piping
shall contain a right-angle bend upwards to the ver-

tically mounted gauge and shall have a conductance
for nitrogen of more than 10 I/s.

3.5 Test dome for determination of volume
rate of flow (see figure 2)

The test dome shall be of circular cross-section and
of inside diameter D. For large sputter-ion pumps
of intet diameter of 100 mm or greater, the inside
diameter D shail bé equal to that of the infet mouth
of the pump to within + 1.5 mm for pumps of up to
300 mm inlet diameter and to within + 3,0 mm for
pumps of iniet diameter greater than 300 mm. For
sputter-ion pumps of inlel diameter less than
100 mm. the inside diameter of the lest dome shall
be 100 mm, irrespective of the pump size.

The total height of this cylindrical test dome shali be
3 D, and it shall have at a height of 3 D{2 above the
bottom flange of the dome, a thin flat metal plate
furniched with a central circular orifice O of diam-
eter d and thickness a. The reiation a/d shail be less
than 0,1 D for sputter-ion pumps of inlet diameter
equal to or greater than 100 mm. =

For pumps with an internal diameter of less than
100 mm, the diameter of the orifice is seiected ir
relation to the expected nominal pump volume rate
of flow of such that the indicated pressure ratio in
the two sections X and Y of the test dome lies in the

‘range between 5 and 100.

The upper section Y of this dome shall have two
cylindrical tubes each projecting perpendicularly
cutwards from the dome wall. One of these tubes
has its axis at a height DJ2 above the plane of the
plate containing the -gentral orifice and contains a
right-angte bend upwards to the vertically mounted

‘gauge at Py and shall have a -conductance; for nitro-

gen of more than 10 /s.

The other tube has a gas inlet containing a right-
angle bend and which terminates along the central
axis of the.dome with its exit at a distance D/2 beiow
the flat top of the dome. This gas inlet tube is fur-
nished at its entrance with a bakeable control vaive.

The lower section X of the test dome has three cyl-
indrical tubes, each projecting perpendicularly out-
wards from the dome wall and each with its axis at
a height Df2 above the bottom flange of the dome.
One of these tubes is connected to the residual gas
analyser (RGA) and the-secondto a bakeabie valve;
the third contains a right-angle bend upwards to the
vertically mounted gauge at P, and shall have a
conductance of more than 10 {i/s.

. 3.6 Testgas

The test gas shall be nitrogen of purity 99.6 % or
higher.



4 Procedure

4.1 Measurement of uitimate total pressure
First undertake a regenerative bake-out procedure.

With the test dome {3.4) mounted on its inlet flange,
evacuate the sputter-ion pump by means of 3 suit-

able roughing pump o below the recommended.

starting pressure and check for leaks. Where
necessary, precautions shall be taken by suitable
trapping to prevent the ingress into the sputter-ion
pump of fluid vapours from the roughing pump.

“With the roughing pump in operation, bake the
sputter-ion pump and the test dome for at least 4 h
at a temperature of 300 °C.

Operate the sputter-ion pump with its normal power
supply unit. isolate the roughing pump by ciosure of
the bakeable valve, and bake the sputter-ion pump
and test dome for an additional period of 10h at a
temperature of 300 °C. If the pressure during this
bake-out rises above 5x.107° Pa due to a large
degassing load, switch off the oven heater until the
pressure falls again to abcut 1 x 1077 Pa and then
switch on again.

Degas‘the ‘electrodes of the ionization gauge by*

electron hombardment or another heating process
following the procedure recommended by the
manufacturer of the gauge. Undertake this
degassing during :re bake-out. again at the end of

the bake-out period.-and additionally at least after -

every 24 h period.

Stop the bake-out but leave the pump in Operation:
Allow the lest dome to cool until it is at a tempera-
ture between 15 °C and 25 °C. This temperature
shall be maintained within + 3 °C for a subsequent
period of 48 h. The pressure measured at this time

is the uitimate pressure provided that there are no

significant variations in its value

Note the values of the vonage applied 20 the pump
and the current through the pump at the specific
pressure. The maximum .and minimum. ambient
temperature prevailing should also be recorded.

4.2 Measurement of rate of flow of gas during
determination of volume rate of flow

Install the test dome for the volume rate of flow de-
termination {3.5) above the sputter-ion pump.

The gas iniet to the upper section Y of the test dome

-(see figure 2) is via a bakeable control valve to es-
tablish within Y a pressure p, as measured by the
ionization gauge in position P4, whilst the pressure
. obtained within the lower section X is measured
by an identical gauge in position Py,

ISO/DIS 3556-1.2

The throughout, O, of the pump intg the section Y of
the test dome is determined (laking into account the
appropriate Clausing factor correction for the
thickness-to-diameter ratio of the orifice used) by
the following equatiom

2=Clp—p)) , N

where C is the calculated conductance for nitrogen
at the orifice O.

The maximum value of the pressure p,, in pascals,
is : '
o _fsx17t )
Py max = 4
where d is the diameter, in millimetres, of the orifice

O. to ensute that C is a true molecular conduciance.

From the definition of the volume rate of ﬂow of the
pump, S. it follows that

Y '
S “P-z- B ) D)

Substituﬁon‘from equation (1} into eduation (2) gives

cocf PPN £
S“C( 2] )_C(Pz g 13 -3
~ The crifice conductance may be relcu!ated using the
formula ‘
RTx. L
d’ .4
C=\/"5H x1+_a_, : @
d
where

R is the ideal gas consiant n ;i)ules per mole
keivin;

T is the thermodynamic temperature. in
kelvins; i

A is the molar mass of the: gas in k:lograms
per moie;

a is the thickness of orifice plate. in. metres;
-.d  is the orifice diameter, in metres:

is the conductance, in litres per second
(C=10"1js).

in equation (4), ‘R= 8 314 Jd/(mol K).
T = 299 K(20 °C) and My, = 28 x 10" kg/mol.
Therefore, for nitrogen at-20 °C

d2

1+7{

Cy, = 92 368 s
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It is recommended to accept that

=S
C= 0 ... (5}
The orifice conduclance may be calculated using
equations {4) and (5) and the values given for R, T
and M.

4.3 Determination of rate of flow of the pump
after stabilization

Instail the test dome for determination of the pump-
ing volume rate of flow (3.5) above the sputter-ion
pump. First undertake the regenerative bake-out
procedure as required for the measurement of ulti-
mate pressure {see J.1).

Estabnsh the ethbnum total pressure in the test
dome and measure it at position P,.

Then pump a total quantity of nitrogen which is in

excess of 45 |/s, where S is the nominal volume rate -

of flow in litres per second. This quantity of nitrogen
is needed to stabilize the pump.

- After pumping this quantity of nitrogen. allow the
pump to reach its equilibrium pressure without
bake-oui. This pressure shail not exceed 0.2 of the
lowest pressure at which the volume rate of flow
shall be measured.

Then increase the pressure in steps (three per dec-
ade} by admitting nitrogen to the test dome to es-
tablish the measured pressure p, over the range
from the lowest value up to 1x 10 Pa. The press-
ure p, in the section Y of the test dome above the
orifice (see figure 2) shall not exceed p, n,,. other-
wise molecular flow through the orifice cannot be
~assumed. :

The pressure should then be decreased in steps to
check for any variation in speed measurements for
at least a third of the number of previously meas-
ured points, It is necessary (o wait for a consider-
able period of time (somelimes 3 few hours)
between pressure seltings to ensure that equilib-
rium conditions prevail. For this purpose, equilib-
rium conditions are said to have been established
when any increasing or decreasing trend of the

measured volume rate of flow or of the indicated

pressure does not exceed * 5 % in a period of time
of the order of 1 h.

4.4 Test for reversibility of the regenerative
procedure following stabilization

Repeal the regenerative bake-out after measure-

ment of the volume rate of flow and measure the
equilibrium pressure. This value shall not be more
than 2 to 3 times that found just prior to the regen-
erated volume rate of flow measurements. This pro-
cedure is to establish that the performance of the
pump has not been significantly modified by the
stabilization process.

4.5 Determination of the regenerated volume
rate of flow for nitrogen

Carry out the regenerative bake.out procedure as
required for the measurement of ultimate pressure
with:the test dome for the volume rate -of flow de-
termination installed above the sputter-ion pump.

Then repeat the procedure described in 4.3. The
volume. rate of flow measurements should be car-
ried out for at least a third of the number of the

,premously measured points.

5 Test results
The ultimate pressure shail be recorded in pascals.

The saturated volume rate of flow as a function
pressure shall be recorded as a graph of volume
rate of flow (linear or logarithmic scale) in iitres per
second against pressure {logarithmic scale).

The nominal volume rate of ﬂow is quoted as the
maximum volume rate of flow obtained on the
stabilized volume rate of flow characteristics: it is
used as a brief specification of the pump. The
pressure at which the nominal volume rate of flow
is quoted shall be stated.

‘The regenerated volume rate of flow sgainst press-

ure shalii be recorded as a graph of volume rate of

“flow {linear or logarithmic scale) in litres per second

against pressure (logarithmic scale).

6 Test report

The reported results of vitimate total pressure and
of volume rate of flow against pressure character-
istics shall include a statement of:the maximum and
minimum ambient lemperature in the immediate
vicinity of the test dome. !

If a residuai gas analyser is used, the mass spec-

" trum of the residual gases during the test shall t

given.
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Figure 1 — Test dome for measurement of ultimate pressure
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Figure 2 — Test dome for measurement of volume rate of flow
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