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Abstract

Various types of medanicd pumps are presented together with their
pumping mechanisms and main charaderistics. The wmbination o these
elements to construct a rougling station is discussd in terms of reliability
and efficiency. Various stuations correspondng to red accéerators are
considered to gve guidelinesfor the design d roughing stations.

1 INTRODUCTION

The development of mecdhanica pumps was intimately linked with the progressof vaauum science up
to the middle of this century when the introduction d both the sputter ion pump and the sublimation
pump provided an aternate method for the production d low presaure. Nevertheless the medhanicd
pumps are, with the exception d the sorbtion pumps, the unavoidable initial stage before any attempt
can be made to adivate cature pumps and to read the ultra-high vacuum domain. Thisis due to their
ability to evaauate dficiently from the vacuum vessl the large number of moleaules present at
atmospheric presaure. However the limited compresson ratio of the pumps limits the adievable
ultimate presare. In this presentation an owerview of the operating pinciples and d the
charaderistics of these pumps will be given. The rules for combining several medhanica pumps to
build aroughing station will then be reviewed together with considerations on the @ntrol system and
the operation d these types of pumpsin accéerator vacuum systems.

2. MECHANICAL PUMPS

In medhanicd pumps, the gas present in a vaauum system is transferred from a low presaure to a
higher presaure region. In order to be dficient, the pump has to provide simultaneously a finite
pumping speed and compresson. To carry ou this doule task two main mechanisms have been used
upto now:

* Isolation and subsequent compresson d a gas volume defining a first caegory often named
“Positi ve-displacement pumps”.

» Transfer to the gas moleaules of a preferential velocity diredion introducing a mean drift of the
gas towards the high presaure region. This category is known as. “Momentum transfer pumps’.

2.1 Displacement pumps

2.1.1 Principle

The principle of these pumps is $iown in the Fig. 1. During a ¢/cle, a given vdume of gas at low
presaire is trapped mechanicdly and subsequently compressed to the exhaust presaure. During this
cyclic processtwo dfficulties arise:

e The swept volume hasto be seded in order to ensure agoodcompresson ratio hence an efficient
dynamic sed has to be provided.

e The compresson d the gas during the pumping cycle aeaes hea, which must be evaauated.

These two dfficulties can be dficiently mastered by the use of afluid, which produces a seding film
between the moving and fixed parts of the volume while dficiently evaauating the hed liberated
during the gas compresdgon. This role was played by water or mercury in the first mechanicd pumps
but oil now replacesit in avery efficient way.
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Fig. 1 Principle of the displacenent pump

In order to avoid the presence of oil and the related maintenance and badkstreaming roblems, dry
pumps have been developed. Here the ésence of an efficient dynamic sed reduces the mmpresson
per stage of the pumps and the necessty to evaauate the hea implies the use of an external water
coadling circuit. Several successve dementary stages are often combined in dry pumps to improve
their compressonratio andto all ow gas exhaust at atmospheric presaire.

2.1.2 Qil-sealed pumps

In al these pumps, the mmpresdonis produced between ore fixed cylinder and a second ore rotating
off- centred inside the fixed cylinder. The two main types are the piston pump and the rotary-vane
pump. Both are ale to exhaust gas at atmospheric presaure and their typicd main charaderistics are
presented in Table 1.

Tablel
Main charaderistics of oil-seded punps

TYPE ULTIMATE VACUUM PUMPING SPEED
(Total pressure) (Pa) (m°/h)
Rotary-piston pump 1 30--1500
Rotary-vane pump 1300
(single stage) 1
Rotary-vane pump 1300
(doube stage) 2 x10°

The rotary-vane pump is mainly used for small to medium pumping speed, and is the most
commonly used forevaauum pump in accéerators. The rotary-piston pump is often reserved for
appli caions where high throughpu is neaded, in which case water codingis necessary.

The compresson ratio of doulde-stage rotary-vane pumps can be very high (1G*for air) [1] and
their ultimate pressure rrespondngly low provided speda care is taken [2]. When these pumps
operate dose to their ultimate presaure, i.e. in the moleallar flow regime, the risk of oil-vapor back-
streaming is important. Various trapping methods have been investigated [3, 4 and have shown the
efficiency of zeolite traps, when they are properly recondtioned, to prevent the il badkstreaming.

2.1.3 Gasballast

The role of the oil is very important in these pumps and determines gredly their performance The
pumping o aggressve gases (seldom in the case of accéerators) or the andensation d gases such as
water might perturb their performance This condensation takes place usualy in the high-presaure
stage of the rotary-vane pump when pumping humid gases. It occurs when the saturation vapor
presaure of water is readed in the mmpressed mixture. In this case, the formation d an al/water
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emulsion reduces the lubricating properties of the oil. Furthermore, the drculation d liquid water
transported with the oil from the outlet stage to the inlet stage fixes the ultimate presaure of the pump
at the arrespondng water vapor pressure. To remedy this detrimental effed gas ballasting was
propcsed in 1935 byGaeale [5].

The dm of the gas ballast is to introduce in the pump, at the end d the compresson cycle
where @ndensation might occur, a cetain vdume of unsaturated vapor to lower the partial presaure
of the condensable gas. Thisinjedion results also in a higher presaure in the mmpressed vdume and
hence causes the discharge valve to open at an ealier stage of the compresson. The anourt of gas to
beinjeded duingthe ball asting processcan be cdculated in the foll owing way:

If P.isthe exhaust presaure of the pump and P, the inlet pressure then the compresson C can be
written as:

C:E: Pe
" P +Ry
Ps >CxRy

where P, is the uncondensable and P, the mndensable gas presaure. In order to avoid condensation
the partial presaure of condensable gas at the exhaust must be lower than the saturation presaure P, of
the condensable gas. Hence

< Ps xPs

R
WP - Pg

gives the highest condensable presaure in the pumped gas to avoid condensation in the pump without
gas ball ast.

If agas ballast (presaure P, speed S)) isintroduced then P, becomes:

S
Ps — PG+PB><?B

andthe pressure P, isincreased to:

Rv

%@ +Pbxz°%<Ps
>
P

e ~Ps

From this equation it can be cncluded that raising the ballast flow (P,*S,) avoids condensation. It
also shows the grea importance of the pump temperature during the evaauation d condensable gases.
Raising the pump temperature very quickly increases the vapor presaure of the mndensable gas. Part
of the adion d the gas ballast results from an increase of the operating temperature of the pump
because of the enhanced gas flow.

In pradice it is important before starting to evaauate avessal in which a large quantity of
condensable gas is present, to start the pump with the gas ballast open before the beginning d the
roughing pocedure. This has two beneficial effeds. the oil is purged from possble traces of
condensation and the pump readies a higher temperature. This is not necessary if the pump is
expeded to run, duing the roughing o the vessl, at high presarre for a long period and hence is
expeded to read a sufficiently high temperature before ataining the presaure & which condensation
can ocaur.
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2.1.4 Dry pumps

Despite the very important role played bythe ail in the operation d displacanent pumps, its presence
has two major inconveniences:

e Interadion d the pumped gases, often aggressve in the cae of the semiconductor industry,
degrades the oil and recesstates frequent oil changes even in the cae of the expensive
fluorinated alls. This results in excessvely high maintenance wsts for oil pumps exposed to
aggressve dhemicadls.

» Oil vapor present in the foreline pipe when the pump operates close to its ultimate pressure can
contaminate sensitive eguipment to which the pump is conneded. Even worse, if the pump stops
under uncontrolled condtions this can lea, if the internal safety valves of the pump do na
operate, to an important oil migration towards the vaaium system.

For these two reasons the leading market for vaauum techndogy, the semiconductor industry, has
forced the vacuum manufadurersto develop al-freepumps.

The dimination d ail in the displacement pumps introduces major constraints on the design o
the pump: the seding and the lubricaion effeds of the oil are diminated and hea transfer from the
mobhil e parts is much reduced. This results in a reduced compresson-per-stage of the pumps and the
ned for external coding. In consequence, most of the dry pumps avail able on the market need water
coding and have more stages (abou doulde) than an equivalent oil -seded pump.

The various types of commercialy avail able dry pumps are summarised in Table 2.

Table2
Various types of dry pumps

Type of pump | Compression Speed Ultimate pressure
per stage (m3/h)

Piston 15-20 12 3-4 Stages, atm —> 4 Pa

Diaphragm 200 0.8>5 atm —>200Pa

Scroll 10° 15 =600 am—>1Pa

Roats 30 25 —-=1000 4 Stages, atm —> 0.1 Pa

Screw 30-100 25 =2500 am—>1Pa

Claw 20-50 25 =500 3 Stages, atm —> 10 Pa

Tongwe/groove 10-20 50 4 Stages, atm —> 5 Pa

Different types of pumps are often combined into a single system, e.g. a Roots pump is used to
provide high punping spedal at the entrance stage dter which claw stages are used to increase the
compresgon at the high-presaure stages where the volume throughpu is reduced. Two types of pump
have neither oil nor joints between vacuum and dl: these ae the scroll pumps and the diaphragm
pumps.

The advantage of oil-free pumping is certainly more important for appli cations where the cost
of maintenance is high. In the cae of acceéerators, the pumping d radioadive zones, where the
disposal of contaminated ail and the maintenance of adivated punpsisa @wncern, dy pumps offer an
interesting alternative to the oil -seded type.

3. SORBTION PUMPS

Althoughthe sorbtion pump belongs to the family of cryopumps, it is also used for the roughing o
vaauum systems and is perhaps the only absolutely dry pump. In this pump zeolites are used because
of their porous crystal structure which is able to pump a large anourt of gas when adivated. This
unique property is due to the size of the pores, comparable to the size of moleaules, providing a high
binding energy (low equili brium presaure) and a large spedfic area (large pumping cgpadty). This
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geometricd effed is enhanced by lowering the surfacetemperature of the zelite to liquid-nitrogen
temperature in order to lower the equili brium pressure for a given gas quantity. The interadion d the
moleaules with the alsorbent depends on the nature of the pumped moleaule and is of course much
greder for nitrogen and water than for node gases. When adsorbed, these latter gases will be very
quickly displaced by dher air moleaules and will finally be desorbed when the pump is sturated. For
this reason several pumps (two o three catridges) are used to evacuate avolume from atmospheric
presaure down to 1 Pa. The first pump reduces the presaure from atmospheric to some 104 Pa. A
second pump hbrings the presaure down to some tens of Pa, the third pump providing a final presaure
in the 0.1 Pa region, mainly limited by nobe gases. The size of the pumps depends diredly on the
volume of the vaauum vessl: 1 kg d moleallar sieve is nealed to evaauate 8 x 103 Pam3 of
nitrogen.

Sorption punps are very simple and robust and consist of a metallic can containing the sieves
and poviding a good therma contad between the sieve and the liquid nitrogen surroundng the
pump. Between two pumping cycles, the pump hasto be regenerated by all owing the sieve to warm to
room temperature. During this regeneration, the pump hasto be properly vented to let the pumped gas
escgpe and avoid dangerous presaure build up.Water has a gred affinity for the sieve so, after several
pumping cycles, the pump has to be readivated by keking to 300 °C under vaauum. The main
limitation o these pumpsistheir limited cgpadty, which restricts their use to small unbaked systems.
They are neverthelessvery interesting for their simplicity, reli ability and absolute deanliness

4, MOMENTUM TRANSFER PUMPS

41 Principle

In dsplacanent pumps, a volume of gas is isolated in a moving vdume in order to transmit a
preferential diredion to the moleaules despite the viscous type of flow correspondng to the presaire
in this volume during most of the compresson cycle. In moleaular flow, it is passble to dter their
uniform velocity distribution by repeaedly giving to the moleaules a preferential velocity diredion.
This can be adieved when moleaules hit a fast-moving surface To be dficient the velocity
transmitted to the moleaules must be wmparable to their thermal velocity (460 m/s for nitrogen at
room temperature); hence the pumping effed requires fast-moving surfaces. Furthermore, this
pumping mecdhanism is only efficient in the moleaular flow regime and hence this type of pump
cannat pump gas against atmospheric presaure.

To illustrate the dfed, the following simplified cdculation shows the pumping performance
obtained in athin redanguar duct with ore moving surface[6]. The geometry of the system is sown
inFig. 2.

0 > X L

Fig. 2 Geometry of momentum-transfer pump

The moleaular condwctancec of aredangudar (W*h) duct, with the perimeter:
H =2(w+h)

andthe sedion Aisgiven by
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In moleaular flow the relation between presaure gradient and flow is:
dP _Q

dx ¢

Asaming that one surfaceis moving with the speal u, the gas flow, which traverses a given cross
sedion, corresponds to:

d_P = i AP
dx 2c
Thus
P u
J'— =— AJ'dx
P 2c

P 0

Integrating over the length of the duct one obtains:

u
K:i:e?cAL
1

These cdculations sow the exporential dependence of the mmpresson onthe velocity of the
moving surface and throughc, its inverse exporential dependence on the square root of the mass of
the gas. Accurate cdculations can be foundin Refs. [7—9 and again demonstrate the drastic influence
of the surface speed onthe performance of the pumps. This eal and the narrowness of the gap
between the surfaces neaeded to ensure an efficient pumping has restricted the use of this type of pump
until recently.

4.2 Molecular and turbomolecular pumps

The first moleaular pump was proposed by Gaede [10] and later types by Holwedk [11] and Siegbahn
[12]. Up to the late 1970s this type of pump was not used because of its poa reliability and low
pumping speed. Recantly with the advent of dry pumping, these pumps were revised and integrated as
the first stage of turbomoleaular pumps in order to improve their compresson and hence make them
compatible with the high badking presaure of dry roughing pumps.

In 1957,Bedker [13] proposed the first turbomoleaular pump. A development using rapidly
rotating Hades was initialy made to reduce the badkstreaning from diffusion pumps. This type of
pump with its high compresson for hydrocarbors replacad the diffusion pump as the workhorse in
laboratories. The successof the turbomoleaular pump is based onits high compresson (between 300
and 3x 10*for hydrogen, 1 to 102 for nitrogen) and its high pumping speed (50 to 5000I/s). In
modern turbomoleaular pumps, the rotation speed o the blades (up to 1500Hz) is such that the linear
spedl is close to 500m/s.

The geometry of the blades influences the pumping and the compresson performance of the
pump. Usually the blades are more open onthe low presaure side providing a higher pumping spedl.
On the high presaure side, the volume flow being smaller, the blades can be more dosely spaced
(lower pumping spedl) to provide more compresson. The tips of the blades are submitted to very
high medchanicd stresses which limit the rotational speal of the turbine and hence the performance of
the pumps. Because the pumping effed requires a moleaular flow between rotor and stator, these
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pumps read their full performancefor compresson and punping speed below 1 Pa exhaust presaire.
In the 1980 s the demand for oil-free pumps able to evaauate vaauum systems in the presaure range
used for coating processs led to the introduction d combined moleaular-drag pumps providing a
higher compressgon and a posshle badking resaure between 1% and 13 Pa. To suppresscompletely
the presence of hydrocarbors in the pumping systems, magneticdly suspended pumps have been
developed.

Turbomoleaular pumps operating in a metalic and beked environment can read a very low
presaure (10° Pa) [14]. They are espedally interesting for vaauum measurements as they have no
memory effed nor seledivity compared to ion punps or sublimation punps, and a stable pumping
spead aadossa large presaure range (101-107 Pa). Because of these feaures these pumps are widely
used in accéerators for the initial pumping and duing bakeout.

5. PUMP CHARACTERISTICS

It is often useful to ched the performance of commercially available pumps in order to deted
possble deviations from the expeded values. Apart from the pumping spedal, the main charaderistics
of medchanicd pumps are the ultimate presaure and the compresson. The methods and procedures
used to measure these quantiti es are defined by, for example, the International Standards Organisation
(1S0O), the American Vaauum Society and the Pneurop Association.

5.1 Displacement pumps

The usual reception tests consist of measuring the ultimate presaure, the pumping speed and the
water-vapor pumping cgpadty. In the cae of pumps using al, a distinction is made between
condensable and noncondensable gases, depending on the type of gauge used to measure the
presaure. For the measurement of the pumping speed S a fixed and knowvn flow Q isinjeded in a
dome where the resulting pressure P is measured. The pumping speed is given by the smple equation:

Q=PxS.

Procedures also exist for the measurement of water-vapor pumping and are described in
Refs. [15-17.

5.2 Turbomolecular pumps

The control of turbomoleaular pump performance @uld be important espedally for the compresson
ratio, which could be subjed to variation. The other charaderistics, which are usually measured, are:
the ultimate presaure and the pumping speed. For turbomoleaular pumps, these measurements are
often made on a baked measuring kench. Procedures and methods are described in Ref. [18].

6. LAYOUT OF A ROUGHING STATION

The roughing stations are used in acceerators to lower the presaure from atmospheric to the presaure
required either to switch on the sputter ion pumps, the most widely used hdding pumps in such
machines, or to start a bakeout. The design d these stations $oud provide safe and efficient
pumping to read these targets. It must be safe in arder to avoid the wntamination d the beam pipe,
often expaosed to the enhanced desorption induced by the bombardment of energetic particles or to
proted the vacuum system against acddents (e.g. paver cut or human errors) leading to urcontroll ed
venting. It must be dficient in fulfilling its role: the adievement of a given presaure and gas
compasitionin a given time with aminimum investment.

To fulfil these mnstraints one shoud take into acount some general rules for the mnstruction
and the operation d a safe and clean pumping station and adapt the size of the station's elements to
the particular case envisaged. The following paragraphs will ded first with the construction and the
operating procedure of arougling station and then consider some particular aspeds depending onthe
charaderistics of the accéerator.
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6.1 Layout of aroughing station

Apart from bre&kdowns, which, with modern pumps, are very rarely due to misuse of the station, the
main acddents which can take placewith a roughing station are undesired venting d the accéerator
vaauum system throughthe roughng station, a contamination with al vapors. Both these events can
be aroided by wsing an appropriate layout of the station and proper operational procedures controll ed
by an automatic controll er system.

Some of the ammmon reasons for acddental venting d an accéerator vacauum system are: the
conredion d a le&k detedor withou isolating the pumping station a, duing a power cut, an
uncontrolled opening d aventing valve. To avoid these incidents, namally-closed valves interlocked
by an appropriate control system are used. The sequence used in this controll er must take into acount
various charaderistics ensuring a dean operation d turbomoleaular pumps.

The question d oil contamination throughroughing stationsis only relevant during the periods
when the turbomoleaular pump is not running at full speal. At its nomina speed, the compresgon
ratio is auch that contamination by dl vapor is not visible and certainly irrelevant in a normal
accéerator vaauum system. On the oontrary, if a turbomoleaular pump is left idle in contad with a
vaaium system, an important contamination can occur. This is illustrated in Fig. 3 showing the
evolution d the residual gas composition in a system in contad with an unpavered turbomoleaular
pump. Even after a pump restart the system remains permanently pdluted with traces of heavy
hydrocarbors. To avoid this, a valve must be positioned to isolate the pump from the system (system
isolation valve, bakeable if the accéerator will be baked) when the rotational speed of the pump falls
below 70% of its nominal value. The reason for this can be seen in Fig. 4, which shows the variation
of the partial presaure of various gases as afunction d the speed of aturbomoleaular pump. Traces of
light hydrocarbors become visible for a rotational speed lower than 60% of the nominal value. To
avoid contamination d the pump itself, it is a well-established and sound padice to vent the pump
before it is dopped. For this a venting valve must be conreded to the orifice generally provided by
the manufadurer in the high-presaure stages of the pump. A pump must never be vented throughits
foreline.
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Fig. 3 Evolution d theresidua gas compasition after the stoppage of aturbomoleaular pump
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PARTIAL PRESSURE EVOLUTION
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Fig. 4 Variation d the gas composition duing the sowing davn of aturbomoleaular pump.

The contamination d a station a, worse, of the accéerator vaauum system througha massve
flow of the rotary-pump al is certainly the asolute nightmare ajainst which the station must be
perfedly immune. Althoughmost of the modern rougting pumps are equipped with automatic valves
closing in case of arotary-pump stoppage, it is good padice and also useful during legk detedion, to
have avalveisolating the two pumps (roughing punp isolation valve) when the groupis gopped or in
the case of some other anomaly. Lastly, to avoid contamination d the foreline with rotary-pump all,
this pump must also be aitomaticdly vented if the pump is gopped.

Most commonly, the roughing stations are dso used duing les detedion and a le& detedion
valve has to be installed onthe high-presaure side of the turbomoleaular pump. In order to vary the
gas flow to the le&k detedor, this valve shoud be installed upstrean from the roughing pump
isolation valve.

Hence five valves as described above when properly adivated can proted an accéerator
vaauum system against contamination by dl badkstreaming and ensure aflexible and reliable use of
the station. A possble scheme of the roughing station correspondng to this description is given in
Fig. 5.For these valves, eledropreumatic types of DN16 a DN25 size ae generally well suited with
the exception d the system isolation valve which must be sized in relation to the turbomoleaular
pump. The use of normally-closed valves is a good potedion against acddental venting in case of
failure. Furthermore, a hard-wired safety system forbidding the aduation o venting valves when the
system isolation valve is open has been found wseful on some occasions. In the same way, protedion
can beinstalled onthe le&k-detedion valve to forbid its opening when the system isolation valve is
open and so avoid the rougling d the leak detedor conreding line by the accéerator.

The wntrol of the station must ensure the gpropriate sequencing for the start up and the
shutdown of the station and is a key element for obtaining clean pumping d the accéerator. The
development of programmable cntrollers (PLC) gives cheg and wersatile ntrol systems fulfilli ng
the most compli cated requirementsto be made.



34

SYSTEM ISOLATION
VALVE

T.M.P. T.M.P. VENTING
VALVE

LEAK-DETECTION VALVE

ROUGHING-PUMP
ISOLATION VALVE

ROUGHING-PUMP
VENTING VALVE

ROUGHING PUMP @

Fig. 5 Layout of arougling station

6.2 Operational aspects

After these mnsiderations on the layout of the roughing station, severa other questions must be
studied concerning their size, number and pdasition. To addressthese paints, the charaderistics of the
vaauum system must be onsidered i.e. the length and bekeability of the accéerator, the presence of
radioadive or contaminated zones, of large tanks or of espedaly sensitive ejuipment (e.g.
supercondicting cavities). The vaauum system of accderators is usually split in sedors. In large
acceerators, the use of mohile stations reduces the investment, which could be quickly prohibitive
since the spadng ketween stations shoud nd exceal 100 m for condwtance and le&k detedion
reasons. Mohil e stations are dso useful in radioadive zones, as they are not exposed cortinuouwsly to
radiation that quickly damages their power supgy. In fad, the trend in new turbomoleaular pumpsis
to integrate the pump power suppy with the pump. The use of fixed pumps in radioadive aeas will
hencerequire the purchase of spedally built medhanicd frequency converters at very high cost.

The timing d an intervention is completely different in baked and unkaked systems. In baked
systems, interventions are usually long die to the time needed to hea and cod the chambers. On the
contrary, in unkeked systems the time needed for the roughing d a sedor is an important part of the
down time of a machine in case of failure. So the wnstrains on the rougling station are quite
different.

6.2.1 Baked vacuum systems

In this case the install ation d a mobile roughing station daes nat change the intervention time. The
function o the pumping goups is to evaaate the water vapor during the bakeout. The ultimate
presaure dter bakeout is not strongy dependent on the pumping speed during this operation.
Furthermore accéerators have typicdly a spedfic condwctance of abou 1001/s.m. For these reasons,
small pumping stations equipped with pumps not excealing 2001/s, badked by gimary pumps of
abou 15 m3/h, are agood chaice The spadng between these stations is dictated by lesk detedtion



35

considerations and shoud na exceal 100m for reasons of ease of locdisation d leks and d the
time before le&k detedion can commence.

6.2.2 Unbaked vacuum systems

In such madines, the relevant target during an intervention is to reopen the sedor valves as quickly
as posshble. The various geps required are the roughing d the sedor and the le& detedion followed
by the ignition d the ion pumps. In a smal nonradioadive macdine, fixed groups are better suited
for this application. If mobile groups are preferred, they shoud be mnreded as closely as posshle to
an ion pump in oder to ease the start up o the pump. Large primary pumps or auxiliary pumps
conreded duing the pre-evaauation phase throughthe le&k detedion valve will help to reduce the
nortnegligible time of thisroughing prese. Larger turbomoleaular pumps (not exceading 4001/s) can
be of help for aquick start of theion pumpsif their pumping speed is nat throttled by the mnredions
to the vaauum system. Note that the price of the station increases drasticdly with the size of the
turbomoleaular pump espedaly since the price of the @nreding vave and d the necessry
conredion scaes acordingly. Lastly in the cae of aradioadive aea the use of mobile stations is
highly recommended for the reasons explained abowe. In that case spedal care must be taken to
chocse for the cnredion d the group a paosition d reduced radioadivity, easily accessble and
equipped with aquick and reliable mnredion system. Thiswill reduce the radiation dcse receved by
the operators during the install ation and the dismourting d the roughng stations.

6.2.3 Special devices

Some devices require speda cae for their evacuation. This is, for example, the cae for
superconducting cavities that are very sensitive to pdlution and, in particular, to dust particles which
might be transported duing the venting a roughing d these cavities. For this reason spedal care has
to be taken in arder to avoid their transportation duing pumping and it is often considered that
laminar flow condtions must be maintained throughou the evaauation. The upper limit of the flow
can be cdculated from the diameter of the sensitive aeas. The cdculated flux can be maintained by
keeping the crrespondng presaure & the entrance of the primary pump by means of an automated
valve. Of course the deanliness of the roughing station is in that case of utmost importance A
preliminary baking d the station kefore an intervention onthe cavity vacuum allows to remove &l
residual contamination and to test the deanliness of the station which is otherwise masked by the
predominance of the water vapor in the residual-gas composition.

6.2.4 Dry pumping

With the avail ability of more-and-more sophisticaed dry pumping systems, the vaauum spedalist is
increasingly confronted with users asking for dry-pumping stations. The red need of these usersis
clean pumping, and dy pumpingis certainly one way to achieve this. There is noindicaion that dry
pumping is the only way to produce a ¢ean roughing bt it is certainly the most expensive way. This
expense is certainly justified by the reduced maintenance in the cae of the semi-conductor industry
where the stations are exposed routinely to aggressve gases degrading the most stable and expensive
oils. This is perhaps nat the cae in regular acceerators where the most aggressve gas pumped is
water vapor. On the other hand, in some very sensitive places, e.g. phdocathodes for the production
of eledrons, or windows and mirrors submitted to a high flux of synchrotron light, the doult could
subsist and justify the dhoice of adry system with the implied extra cost.

Neverthelessone shoud na forget that oil i s nat the only source of hydrocarbon degassng and
that many componrents of dry pumps (e.g. seds, eledricd isolation for cails, ...) in contad with the
vaaium are dso a posshble source of hydrocarbors. Lastly, in most of the dry primary pumps, the
“dry” property relies ontheintegrity of sliding gaskets which can also fail .

7. CONCLUSION

The vaauum expert has nowadays awide variety of mechanicd pumps covering the complete presaure
scde from atmosphere to UHV. These pumps can satisfy the most stringent regquirements in terms of
ultimate presaure, cleanliness and resistance to aggressve media but, with the new trend towards
adive mmporents, have the tendency to loose some of their resistance to radiation. This larger
variety of pumps and their increasing price requires a caeful analysis by the vaauum expert before



36

choasing the type and the size of a pumping element. The design d a rougling station must take into
acoun a gred variety of parameters sich as the volume of the vessdl and its length bu aso the
radiation level, the presence of radioadive contaminants, the acceshility and, d course, the budggt
available. The large number of comporents developed by the European vacuum industry allows
adequate answers to the most difficult problemsto be foundin most cases.

REFERENCES

[1]
[2]
[3]
[4]
(3]

(6]
[7]
(8]

[9]

[10]
[11]
[12]
[13]
[14]
[15]

[16]
[17]

[18]

M.H. Hablanaian, J. Vac Sci. Technd. A 12, 897(1994).
M.H. Hablanaian, J. Vac Sci. Technd. A 19, 250(1987).
N.S. Harris, Vaauum 28, 261(1978.

M.H. Hablanaian, J. Vac Sci. Technd. 18, 115881981).

M. Pirani and J. Yarwood, Principles of Vaaium Engineeing, Chapman and Hall, London
(1961).

O. Grobrer, private ommunicaion (1999.
C.H. Kruger and AH. Shapiro, Trans. 7" Nat. Vac. Symp, 6—12 Pergamon, New York (1967).

C.H. Kruger, The Axia Flow Compresor in the FreeMoleallar Range, Ph. D. Thesis,
Department of Medhanicd Engineging, M.1.T., Cambridge, MA (1960.

K.H. Bernhardt, J. Vac Sci. Technd., A12, 136(1983.

W. Gaeade, Ann. Phys. (Leipzig) 4, 43, 3371913.

M. Holwed, C. R. Acad. Sci., 177, 431923.

M. Siegbahn, Arch. Math. Astrom. Fys. 30B, 17(1994.

W. Bedker, Vak. Tech. 16, 6251958.

B. Cho,S. Lee aad S. Chung,J. Vac Sci. Technd., A 13, 4, 222§1995.

International Standards Organisation, Geneva, Switzerland, http://www.iso.ch 1SO 1607
2:1989,1SO 16071:1993.

M.H. Hablanaian, J. Vac Sci. Technd., A 5, 2552, 1987.

Pneurop British compressed air society, London, UK, Vawum Pumps Acceptance
Spedfications, Part 1 Positive Displacenent Pumps.

International Standards Organisation, Geneva, Switzerland, http://www.iso.ch 1SO/CD 5302
1998.




