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Abstract: A primary vacuum standard for UHV pressurecontinuously admitted and simultaneously pumped but
range is under development in Czech Metrology tusti order to disturb the thermodynamic equilibrium only
(CMI). In order to cover the UHV range down to tiveit  negligibly the admitting of gas and pumping speed a
1x10™ Pa a method of calibration in non-equilibrium gasstrongly limited. The pumping aperture area must no
(so called dynamic extension method) was employié:  exceed a small fraction of vessel inscribed spiseréace,
apparatus is divided into three parts: the dynaemiension thus, also even smaller fraction of the vessel ieaer
stage, the orifice flow standard and the flowmefEne surface. Because the rate of release the undesigas is
dynamic extension stage is designed as an XHV apgmar proportional to the inner surface, any enlarging tessel
manufactured from a low outgassing rate material keeping the ratio of inner surface to the pumpipgraure
beryllium copper alloy. A special 4 K bakeable igdrator area doesn’t improve the conditions. At a giveniecible
cryopump is used as the main pump. outgassing rate from available materials there i®veer

range limit for primary vacuum standards based s t

Keywords: Primary vacuum standard, vacuum gaugeprinciple. For example at most commonly used staml

calibration in UHV range. steel the still routinely achievable outgassinge raf the
order of 10° Pdm/s of magnitude allows to design
1. INTRODUCTION standards based on this principle with lower pnesdimit

of the order of 18 Pa of magnitude. There are two ways
In spite of long term performed attempts to devedop how to overcome this limit: a) to use a materiathwower
absolute gauge for ultra high vacuum (UHV) pressargge  outgassing rate and b) to employ a method enaliting
the primary standards for this range are concebletbst calibrate a gauge under slightly non-equilibriunmaitions
entirely as vacuum apparatuses. A defined gas ymess and to increase the amount of working gas flowingirdg
adjusted in by means of certain defined thermodymam the calibration through the chamber i.e. enlargeptimping
process [1]. Nonetheless, also this way of primaaguum  speed.
standard design is difficult for the range of highd very
high vacuum (i.e. very low pressure range) becanse 2. CONCEPTION OF THE CMI UHV PRIMARY
addition to the intentionally invoked processesfqrened STANDARD
with the gas admitted controlled way some undekdrab
processes run in vacuum apparatuses with a gas Both ways were applied at design of the UHV primary
spontaneously appearing in the chambers. Thesesinable standard CMI. The calibration under non-equilibrium
processes cause uncertainty of the adjusted vélpiessure. conditions is expected.
In order to keep this way originating uncertaintgeptably The possible transfer standards to be calibratethén
low the amount of the undesirable gas spontaneousbtandard were restricted to the hot cathode idoisaauges
emerging in the apparatus has to be negligible epatpto only. This restriction is not too constrictive besa just
the amount of gas used for calibration. these gauges are mainly used for calibration inUht/
Another requirement is that the gas pressure in theange. The output signals of hot cathode ionisaganges
calibration chamber has to be well defined, this,gas has are proportional to the amount of particles in ih@isation
to be in thermodynamic equilibrium with Maxwellian areas and practically independent of their velesitior
molecule velocity distribution. This equilibrium rcébe at  directions. Then the method of dynamic extensigrcgh be
small amount of gas in the vacuum chamber easityidied. applied: The transfer standard gauge is calibratedn
The possibility to increase the amount of gasorifice flow standard with equilibrium gas velocity
intentionally admitted into the apparatus (workigas) in  distribution down to the lowest possible pressuaris range.
order to make the amount of gas released in vesséhis is initial point for the dynamic extension pess. The
spontaneously (undesirable gas) negligible is usetifice ~ gauge is transferred to the dynamic extension (PExt
flow standards some decades already. The workisgigja apparatus vessel and such working gas throughput is



admitted that the gauge output signal is exactyshme as stabilised by reduction it with a tube or orificencluctance

at the initial point in equilibrium conditions. Alyais
performed in Ref. [2] shows that now, if the thrbpgt is

(denoted a<; in Fig. 1). Detailed analysis has shown that
the values of outgassing rate achieved with steinkteel

reducedn-times the gauge output signal corresponds thdon't allow to provide surely the desired ultimatessure.

equilibrium pressure-times lower than in the initial point.

The gas throughput admitted into the DEXxt vesselm
controlled by the working gas pressure in frontha input
duct aperture. There could be used an auxiliarymdiea
equipped with a gauge calibrated in an orifice fitandard.
The orifice flow standard is used
throughput admitted into the DExt vessel is coifebl
directly by the pressure adjusted in this orifiloev standard.
The additional uncertainty arising at a gauge ontrol
calibration) is eliminated this way. Moreover, tbefice
flow standard is used for the transfer standardbelon in
the initial point.

The orifice flow standard has to be supplementeti wi
primary gas flowmeter. The constant pressure gaenfleter
principle was chosen. The orifice flow standardhwihe
flowmeter together constitute a high quality highcuum
primary standard and the flowmeter is also gas peakary
standard.

3. DESIGN OF THE STANDARD

The arrangement of the apparatus is schematically

sketched in Fig. 1. As it is obvious the apparatassists
from three principal parts: the dynamic extensitags, the
orifice flow standard and the flowmeter. The mosical
part is the dynamic extension stage. To achievelative
uncertainty of the order of some per cent of mamgistat

calibration near the limit410"° Pa, the ultimate pressure in
this part should be of the order of f@Pa of magnitude i.e.

in XHV range.
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Fig. 1. Schematic arrangement of the CMI UHV
primary standard.

The ultimate pressure is given by outgassing raten f
the surfaces, effective pumping speed in the charabd
ultimate pressure of the pump. The effective pumipeed
has to be sufficiently stable for metrological apgtion,

thus intrinsic pumping speed of the pump has to be

Aluminium chambers and vacuum components are
commercially available as well but main disadvaatax
this solution is poor compatibility with any stask steel
component. That is why the dynamic extension stage
manufactured from beryllium copper alloy (BeCu)gRby

instead. The gathe firm VaclLab Inc. This material has some prdpsrt

similar like pure copper but thanks to the smalhteot
(0.2 %) of beryllium a protective beryllium oxidaylers can
be created on surfaces after manufacturing singlgsp
These layers reduce the outgassing rate down &l of
10"® Pdm/s. Unfortunately, the copper with beryllium
addition must not be welded or brazed. Becauséisf all
parts are manufactured from one piece of matena a
mutually connected with flanges. The design ohalparatus
had to be adapted to this rule. Resulting arrangewfethis
XHV stage is in the Fig. 2.
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Fig. 2. Arrangement of the XHV stage.



The working gas from the orifice flow standard is 5. CONCLUSIONS
admitted into the calibration chamber where is tila@sfer

standard to be calibrated. The gas flows out toptimaping A primary vacuum standard for UHV pressure range is
chamber. The main pump is connected there. Aniauxil in development in Czech Metrology Institute.
turbomolecular pump (used for baking-out the appa)as In order to achieve the lower range limk1D° Pa with
connected via an all-metal angle valve on the oppside acceptably low uncertainty two principles weredaled:
of the pumping chamber. a) A material of extremely low outgassing rate waed
for design of XHV stage of the apparatus.
4. THE MAIN PUMP b) A method enabling calibration in gas with non-

negligibly disturbed thermodynamic equilibrium was
Main pump has to have sufficiently high pumpingespe employed at the cost of restriction the transfandards to
which should be also stable enough in order to e w hot cathode ionisation gauges only.
stabilised with a serial conductanCe Extremely exacting A special 4 K bakeable refrigerator cryopump wasdus
requirement is the ultimate pressure of the punih@brder as main pump in the XHV stage.
of 10*? Pa of magnitude.
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Fig. 3. The special 4K refrigerator bakeable cryopu
used as main pump in the XHV stage.



