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Abstract

The performance of a UHV system depends to a large extent on the dfort
spent in optimising the vacuum chamber as well as the comporents of the
system. This chapter describes the design grinciples of a UHV system and
its building Hocks, joining methods, the combined adion o flanges, gaskets
and bdts, welding and weld preparation, valves, expansion bellows and
bakeable vaauum systems.

1. DESIGN PRINCIPLESOF A UHV SYSTEM AND ITSBUILDING BLOCKS

1.1 Design criteria

In order to oltain the optimum performance a the lowest possble priceit is useful to set up well-
defined design criteria. Let us dart with the design pressure. Obviously it does not pay to hurt for a
presaure much better than this. On the other hand, it can be ared problem if the needed presaireis
not at all achieved, o not achieved within reasonable time. Remember that it can be useful to have
some margin to acaurt for small problems. A 107 Pa vaauum system neels baking upto 150°C, or,
maybe, no teking at all i f the outgassngis nat too high and the pumps are large enough.On the other
hand, 108 to 10° Pa neadls baking to higher temperatures and requires that spedal precaitions be
taken to oltain sufficiently-low outgassng. The outgassng rate depends on the material properties,
the surfacetreament and cleaning procedures.

Let us define the needed pump-down time. A baked system will read UHV condtions much
faster than an unkaked system, although laking takes 24 to 36 h @pending onthe baking temperature.
Accderator vaauum systems with circulating ion beams as well as other UHV systems may have
restrictions on the rest-gas composition. It is usually required to minimise the average mean square Z
of therest gas. Therefore one shoud use materials with low outgassng and try to minimise the dfeds
of gas loads from processgas or gas-jet targets in the vaauum system.

The operating temperature of the UHV system is ancther important fador to be taken into
acourt. A room temperature system is quite different from a ayogenic one. Systems operated at
elevated temperature or with ha cahodes have much higher outgassng than room temperature
systems.

Last but not least comes the overall budget which can be split up into capital investment
(purchasing d the system) and qoerational costs. The latter depends on the nead for consumables and
maintenance. It can be useful to include operational costs for 5 to 10 yeas when comparing for
instance diff erent pump alternatives.

1.2 Engineering formulae for vacuum systems

It isimportant to be avare of the cmndwctance limitations for different shapes of vaauum chambers.
Some examples for standard type tubes are given in Egs. (1)—(3). For more complicaed structuresit is
recommended to make Monte Carlo cdculations (seeSedion 1.3.

The ondwtance, W [m3/s] throughan arificeis given by

T
W = 36.4A"M (1)
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where A [m?] isthe aeaof the orifice, T is the temperature [°K] and M is the moleaular weight. This
is usually cdculated for nitrogen. The condwtance for hydrogen is 2.8 times higher. Smilarly, for a
longcylindricd tube wherer [m] isthe diameter and L [m] isthe length
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Finally, for alongelli ptic-crosssedion tube where a [m] and b [m] are the dli ptic axes
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The dfedive pumping speed, Syt [I/s] for a pump with the nominal pumping speed S, [I/s] conreded
to avaauum chamber via atube with condwctane C [I/9] is given by
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For large vaauum systems one uses either linea pumps or distributed (lumped) pumps as
showninFig. 1.
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Fig. 1 Distributed punps. Bottom: beamline with pumping pats. Top: presaure distributionin arbitrary units

Following a cdculation by Grobrer [1] for the moleaular flow regime we define: the distance
between pumps L [m], the dfedive pumping speal S [I/g], the presuure P [mbar], the spedfic
moleaular condwtancew [m | s1], the spedfic surface aeaA [cm2 mrY], the spedfic outgassng rate
g [mbar | s1em 2], the gas flow Q [mbar | s1].

dP
Q(x) = _W& (5)
and
aQ _
ax P ©)
give
D,
Ve ~ 7
dpP
il =0
dx x=L/2 (8)

and



_ AqL
I:)lx—O - S (9)
give
o Ix-x® L
P(x) = Aq( + S) (10)
From this can be cdculated the maximum pressure
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andthe average presaure
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1.3 Computer smulations

Properly dore computer simulations prior to puchasing and manufaduring d a complicated vacuum
system can save money as well as a lot troude & a later stage. A few computer programs are
available for vaauum system simulations. Finite-element cdculations as well as Monte Carlo
cdculations have been developed by Pace ad Poncet [2]. Monte Carlo cdculations are recommended
for condwctance caculations of nonregular structures, where simple formulas like (1)—(3) can na be
used. Ziemann [3] has developed a program for vaauum system simulations using matrix
multiplications in analogy with magnetic field cdculations. There is a cwmmercial program,
VacSim™ [4], which also provides design and pumpdown data.

1.4 Materials

Having defined the aiteria mentioned above one shoud be @le to dedde which vaauum chamber
material to use. The options are usually only aluminium and stainless sed. Aluminium is preferred
for systems with synchrotron radiation load. It requires a speda welding technique. Most vaauum
comporents are nowadays also available in aluminium [5]. Stainless $ed products are however less
expensive and are available from a large number of companies. The most common qualities 304,
304, and 316.. 316N or 304LN are often required for their high mecdhanicd strength and low
magnetic permeability, typicdly 1.005.For use in magnetic field a magnetic permeability lessthan
1.0lisusualy required.

Vaaum firing is a very effedive way to reduce outgassing d stainless sed. The material is
heaed quickly to 950 °C and remains at this temperature for 1-2 h at a presaure lower than
103 Pa. It is customary to vaauum fire the completed chamber with al flanges welded on. It is
recommended to use 316LN or 304LN material in vaauum fired chambers.

Titanium is an alternative material which is not often used. It is more expensive than stainless
sted and more difficult to weld. When also taking into acount the working cost, a Ti chamber is
abou 20% more e&pensive than a stainless sed chamber. Beryllium is often required for thin
windows etc. (seeSedion 2.3.

1.5 Construction

When constructing nonstandard vacauum chambers it is important to make & least simple
mechanicd stability cdculations. For very difficult structures it is recommended to perform
cdculations with finite-element codes like the ANSYS™ code. An example of such cdculations
for a thin window is given in Ref. [6]. Standard tolerances in construction d-awings are often too
high for certain applicaions. It is therefore necessary to indicae the needed tolerances, e.g. d
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flanges which shoud be digned to the same &is etc. Some vaauum companies have simple
construction rograms avail able from their web site, of course only with part numbers for flanges etc
from their own company.

1.6 Purchasing vacuum systems and vacuum components

When puchasing vaauum produwcts it is useful to compare spedficaions from different
manufadurers. If certain quantities are very important, ask for copies of test results of, for example,
pumping capadties of H and He in a ayo pump, pumping speals of node gases in ion punps,
maximum magnetic field that a ayo pump o a turbo punp can accept etc. For large systemsi it is
recommended to prepare acall for tender document, where the required performance of all equipment
is gedfied. One can usualy save money by dadng the order split over different manufadurers,
rather than requiring that one manufadurer delivers al items.

If you do no have your own workshopfor the vaauum chamber manufaduring youcan ask for
qudations from the major vaauum companies as well as from many spedalist companies and
workshops. To make sure that you find competent firms ask, in you cdl for tender for vaauum
chambers, for references to ather customers who dacel similar orders. If references cannat be given,
be caeful andinsist onthe production d test samples. Stipulate in the spedficaion hov welds soud
be dore, if mechanicd tolerances beyondthe standard ores are necessary, what cleaning methods are
alowed, to what standard the le&k detedion shoud be dore & the company and/or after delivery. If
the dhamber will be subjed to vaauum firing and/or baking, stipulate that it must be le&k tight after
these treaments.

2.  TYPICAL BUILDING BLOCKSIN A UHV SYSTEM

2.1 Standard catalogueitems

In this sdion the typicd building Hocks of a vaauum system are treded. Standard multi purpose
vacuum chambers are available from most manufadurers. Such chambers can usualy be used for
auxili ary systems, whil e processchambers, bean line dhambers and chambers for diagnastic devices
etc of an acceerator usually have to be prepared spedally.

Vacuum pumps and traps are treded spedally in aher chapters of these procealings. Here we shall
only, for the sake of completeness give an owerview of available types and their spedfic use.
Forepumps are @ther one- or two-stage rotary vane pumps (with ail) or dry pumps (withou oil) such
as membranes, Roots or sorption pumps.

High vacuum pumps operate in the presaure range from 102 Pa and dawn. Diffusion pumps are often
used in the high vaauum (HV) range, bu shoud avoided in UHV. Turbo pumps can be used in high
vaauum as well as UHV, provided that there is a drag stage which improves the mwmpresgonratio for
hydrogen. Cryopumps and sputter-ion pumps are used in HV and UHV. Some typicd pump
combinations for the UHV range ae: sputter-ion pumps and titanium sublimation pumps as well as
sputter-ion pumps and non-evaporable getter pumps. Liquid He cryopumps have long keen used for
the lowest presaures.

The most common vacuum gauges are: Pirani gauges for the fore vaauum range, Penning a cold-
cahode gauges in the HV range. Spedal cold-cahode gauges with triax coaxial cables can measure
down to 109 Pa. lonisation gauges work down to 1011 Pa It is dill a dhallenge to make reliable
presaure measurements in the XHV range. The extrador gauge is one dternative. Rest-gas analysers
for UHV shoud be vaauum fired in order to have sufficiently low self-outgassng d hydrogen.

There is a wide range of standard electrical feedthroughs for current and vdtage avail able on
the market. For signals there ae 50 Q feedthrougts of many types sich as BNC, N, SMA etc. These
feedthrougls are expensive and require much spaceon the flange. For projeds requiring many signal
feedthrougls in a dose-padked array there ae 15 to 50 pn D-SUB contads. These have been
available from a coupe of companies for several yeas. The product range includes internal bakeeble
cable contads for Kapton-insulated cables. On the outside one can use cheg standard contads and
cables, provided that they can be demourted duing bekeodt.
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In-vacuum cables for UHV are dther ceramic-bead insulated with metal inner (and ouer)
conduwctor(s), Kaptorrinsulated metal condictor, or hermeticdly-seded cables with stainlesssted
outer and a central condwctor inside an insulator. The Kapton cables are available & sngle
conductors, coaxial cables with 20to 50Q charaderistic impedance, and thermocoupe cales. There
are dso Kapton-insulated band cables with 25 parallel condctors.

Liquid feedthroughs are available for water etc. and liquid nitrogen. Rotational as well as linear
feedthroughs for UHV are usually bellows sded. The radk-and-pinion linea feadthrough and
permanent-magnet-type manipulators are used for long strokes, e. g.for sample transfer etc. All types
can be motorised. Some of the commercially available motors are rather wedk and are dso quite
expensive, probably since very few are sold. It is therefore posgble to save money by hame-built
motorised versions.

Standard UHV fittings include flanges, screws, bdts, elbows and T-pieces. The standard flange sted
is usually 304,while 316LN is often required for accéerator vaauum systems. Optical windows are
avail able for diff erent wavelength regimes: standard gassfor 300-3000 nm, quertz for 230-4000 m,
sapphire for 1505500 mm, and magnesium fluoride for 100-8000 nm. There ae dso radiation
resistant windows. A shutter can be install ed inside the window to proted it from evaporation orto the
glass

Bakeout equipment will be treaed in Sedion 8. Since vaauum companies usually only provide
heaing jadkets for valves and ion punpsit is necessary to goto spedal companies for heaing tapes,
heding jadkets, metal heaing collars, thermo elements, bakeout controllers etc. For large systems
there is also a need for a cwmputer control for the bakeout heaers. IR lamps are available & an
aternative baking method, where the inside surfaceis heded. All aress may nat see the same
temperature however.

Computer controls for vaauum systems are not available from vacuum companies. See the
chapter by D. Schmied in these procealings.

2.2 Spedal partsfor UHV systems, standard or non-standard items

It is recommended to use silver- or gald-plated screws in bekeable vacuum systems, since uncoated
screws may seize dter baking. For screws in a tapped hde it is recommended to drill a ventilation
hole throughthe centre of the screw, seeFig. 1in the chapter "The best laid schemes...".

Thereisawide variety of insulator material which can be used in UHV systems. Ceramics, e.g.
adumina ae difficult to cut, bu can be ordered spedaly from ceramics companies. Macdinable
ceramics, e.qg. Maaor (by Corning) or Shapal M-Soft (by Narasaki Sangyo Co) can be machined in a
workshop. Other often used insulators are Vespel, PEEK and Kapton. It is recommended to make
outgassng tests of such products snce there ae different grades. We have had problems with
excesgve outgassng in some deliveries.

2.3 Experimental equipment

There is a wide variety of evaporation sources, piezo-eledric microbalances, surface aaysis
instruments etc. avail able from vacuum companies as well as from spedali st companies.

In order to perform nuclea and perticle physics experiments inside the UHV system of a
storage ring, it is necessary to find detedor materials, cables, conredors etc. which fulfil the UHV
requirements. At the CELSIUS storage ring in Uppsala, Sweden a few groups are using germanium
and sili con solid-state detedors as well as GSO scintill ators with phdo-diode readou. A report on
scintill ator materials for storage ring work is foundin Ref. [7]. Progressreports onthe CHICS 10 pm
+300 pm sili con barrel particle detedor, which aso includes GSO crystals are given in Refs. [8] and
[9]. Microchannel plates are used for eledron amplification in time-of-flight detedors for slow reaoil
fragments, Ref. [10]. For the latter projed a ceamic thin-film circuit-board vdtage divider was
developed by Monditsytem AB, Sweden. The resistors could be laser trimmed to high predsion. We
have vaauum tested such circuit boards with upto 19layers.
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We have tested ougassng d single- and doulbe-sided Kapton circuit boards prepared by Xicon
AB, Sweden. They were gproved for use in the storage ring. Other types of Kapton multil ayer circuit
boards have nat fulfill ed our requirements.

Thin windows are nealed for detedion d particles (pions, protons, heavy ions) in air outside
the vaauum chamber. The window shoud have high transparency

t
Xo =2 (14)
Lr

where tgf is the dfedive thickness of the window, taking into acourt if the particle enters the
windowv normal to the surfaceor at an angle. Lg [mm] is the radiation length. The most common
materials are beryllium, carbonfibre composites, aluminium and stainless $ed. Their Young
moduus E are 29000, 22000, 6006nd 19000[daN/mmn¥?] and radiation length Lg 353, 188, 8%nd
17.5[mm], respedively.

Beryllium is the best material. It is however expensive and dangerous to manufadure and to
hande. Composite cabon fibre is aso guite expensive since it has to be made to speda order.
Aluminium and stainless $ed are the more-easy-to manufadure dternatives. For seaurity reasonsit is
important to set a high safety margin. For a 0.8 mm thick and 500mm diameter aluminium window
in the form of a sphere with the presaure from the outside of the sphere, a buckling presaure of 3 bar
was cdculated. An experiment showed that buckling accurred at 3.1 Ler [6].

3. JOINING METHODS

A thorough ascription d joining methods is found in Refs. [11] and [12]. Seds can either be
demourtable (such as elastomer and metal seds), or permanent seds (such as glass dlues, brazng,
soldering and welding). A combination d these methods is pradised at Dubra Laboratory in Russa,
where two thin radial li ps are seded bywelding and opened again by a aitting tod looking like a ca
opener. This processcan be repeaed several times until the welding li ps have disappeaed.

Historicdly, permanent vacuum seds and entire vaauum systems were prepared by glass
makers. Very little of this remains today, bu glassto-med joints can ill be found in vacuum
caalogues. Glues can be used in UHV systems provided that the outgassng is not too high. It is
recoommended to perform outgassng tests. In this way one can be sure that the whole process
including owven hed treament works. There is a list of glues and their outgassng properties on the
NASA home page. We have used the noncondctive, conductive and hed-condctive Epaotek two-
comporent glues with the hea treament prescribed by the manufacurer.

Permanent seds are brazing and welding [TIG (Tungsten Inert Gas), plasma welding and laser
welding]. Demountable seds are O-ring seds (used onthe fore vaauum side only) and various types
of metal seds (Al, In, Pb, Ag, Au and Cu, with dfferent temperature ranges). Indium and Au are used
in cryogenic systems. The most common metal gaskets are Cu (OFHC). OFHC (sil ver plated) is used
in baked systems and OFS (0.1% Ag) is a harder gasket which keeps its hardness after multiple
bakeouts. Other types are Helicoflex™ and apha C-sed™. These ae spring-loaded seds with an
outer sed of Al or Cu, depending onthe temperature range. The VAT-sed™ is used for redanguar
shapes. Ferrofluidic seds are used for rotational axes, howvever not in the UHV range.

3.1 Flangetypes

Small flanges (ISO-KF) are used onthe fore vaauum side with elastomer seds. With a spring-loaded
sed like Helicoflex™ and spedal clamps it is possble to use this flange type dso in UHV. The
available nominal widths (inside diameters) are 10, 16, 20, 25, 4@nd 50mm. ISO-K (ISO-F) are
used in high vaauum systems, but nat in UHV with metal seds due to ladk of seding force Available
nominal widths are 63, 100, 160, 200, 250, 320, 400, 500, 630, B@D1000mm.

The Conflat™ flange is the most widely used type for UHV systems. It is available in the
following namina widths: 16, 40, 63, 100, 160, 208hd 250 mm. A few companies deliver
aternative dimensions like 75 and 125mm etc. The standard sted is 304. For vaauum firing a
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mourting in magnetic fields 316_N shoud be used. Old 250mm flanges may nd fit eat other since
there were diff erent numbers of screw holes and screw diameters etc.

The Wheder Flange™ by Varian is an alternative for very large diameters. Speda flanges of
the small -flange type with alarge damp chain and Helicoflex™ sed were developed for the SPSring
at CERN, Ref. [13]. Enamel-coated versions offer a diegp aternative to ceramic dedricd isolation d
abean tube, at low isolation vdtage though.The Pyraflat flange™ by Thermionicsis a posshility for
square, redanguar or other odd-shapes. It has a Conflat type Cu gasket.

4.  COMBINED ACTION OF FLANGES, GASKETSAND BOLT S

The dastic-plastic deformation d a flange sed is illustrated in Fig. 2. At low seding force the
defledionis elastic, while & high seding forcethereisaplastic flow. At higher temperature the airve
is difted dovnwards and the plastic defledionisincreased. It isimportant for a flange-sed system to
have alequate spring-badk resultingin alarge enoughseding force This depends on the slope of the
elastic aurve, and the unloading die to plastic flow of the system.

For Conflat seds it is recommended to use atorque wrench and increase the torque stepwise
after completing afull turn, e. g.for NW16CF 1st turn 4 Nm and 2ndturn 6.5Nm; for NW35CF 1st
turn 5Nm, 2ndturn 210Nm, 3rd and 4h turn 15Nm; for NW63-200CF 1st turn 10Nm, 2ndturn 20
Nm, 3rd and 4h turn 30Nm.

For best performance in very large accéerator systems like the CERN ISR madine it was
foundthat the bolts must have alequate tensil e strength and yield stress Standard bdts have dass80
(800 N/mm?) tensile strength and yield stress It was foundthat class100 (1000 N/mm?) screws had
many lessfailures. The balts are Molykote treaed for better performance when beking. The nuts are
glassbead basted and Molykote treaed. Washers have spedal high hardness In this way the ISR
ringle&k rate was only 0.06%, i.e. 1in 1700flanges le&ked per yea.
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Fig. 2 Elastic and dastic deformation charaderistic Fig. 3 Corred andincorred brazng preparations

The outside diameter of a Conflat Cu gasket has a deaanceof 0.1 mm © the flange. When the
sed is partly tightened there is a radial force in the copper towards the flange. When the badlts are
tightened more the sed hits the flange. When fully tightened there is a very high force badc onto the
sloping surfacebefore the knife edge.

5.  BRAZING AND BRAZING PREPARATIONS
Brazng involves a molten filler metal being dawn by capill ary attradion into the space between

closely adjacent surfaces. It is usually dore in a hydrogen atmosphere in a dome open from below to
prevent oxidation d the joints. In Fig. 3. are shown examples of corred and incorred brazng



preparations. Brazng can be dore in several steps with fillers that melt at successvely lower
temperature.

6. WELDING AND WELD PREPARATION

Tungsten Inert Gas (TIG) welding is the most commonly used technique for welding vaauum
comporents. Plasma welding is commonly used for welding thin material, e. g. kellows and thin
windows. Laser welding is a new quite expensive tedhnique which may be more used in the future.
Explosionwelding is used as an alternative for material which canna be welded in any ather way.

Genera guidelines for weld preparations:

e Clealinessisamust.

* Useprotedive Ar gas, also from the outside.

e Usenofiller. If necessary, use arred fill er recommended and provided by the sted manufadurer.

e A vaaium chamber shoud always be welded from the inside. In preparing for welding it is often
useful to spot weld (tadk weld) from the outside to fix the structuresto ead ather.

Examples of corred and incorred welding preparations are shown in Fig. 4. Welding onbah
the inside and ouside of a chamber means that the welds can na be lesk deteded properly. If the
inside weld le&ks there is a virtual le&k. Some examples of welding lips for bellows are shown in
Fig. 5.
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Fig. 4 Weld preparations Fig. 5 Two examples of welding lips for bell ows

Welding a thin window is quite delicate. The left part of Fig. 6 shows the welding preparation
for a large-area thin, stainlesssted windov 450 mm ID. Welding is dore from the outside. The
structure to the right in Fig. 6 was used for windows from 100to 250mm diameter. The pieces are
pressed together and are welded from the outside.

ailkr vacuum air vacuum

Fig. 6 Examples of thin-window welding
7. VALVES

Fore-vaauum and Hghvaaum vaves are usually O-ring seded. These valves are made from
auminium or stainless $ed. For UHV it is necessary to have dl-metal valves. These ae usualy
made from stainless $ed. Aluminium all-metal valves are however also avail able. Angle valves and
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straight through valves are usually bellows sded. When seding a gate valve there isfirst a sideways
movement of the seding dsc foll owed by a movement towards the sed.

Le&k valves with sapphire aystal as a seding surface ae used for controlled inlet of gasesinto
aUHV system e.g. a cdibration d arest-gas analyser. Calibration data on the size of the le&k as a
function d the number of turns sroud be supgied bythe manufadurer.

Fast-closing valves are used for safety interlocks to proted vaauum systems from sudden
presaure fail ures. There ae le&k-tight fast-closing valves and nonled&-tight fast-closing shutters. The
latter type proteds the system urtil an ardinary slow valve can be dosed. The dosingtime isin the
range 10to 20ms. A simple and very effedive dl-metal shutter is srownin Fig. 7.1t has been used in
the HV range, bu can if made from stainless $ed also be used for UHV.

Fig. 7 A simple and ery effedive dl-metal shutter constructed by O. Bystrom, TSL, Uppsala, Sweden

8. EXPANSION BELL OWS

The usua material for bellowsis dainless $ed of grades 304, 304 or 316.. Aluminium bellows are
also available. Hydraulicaly-formed bellows have dongations of abou 10%, while membrane (or
diaphragm) bell ows have much higher elongations, 50to afew hunded %, depending onthe type and
inside and ouside diameters of the membranes. For bellows which are used very frequently it is
important to naice the maximum of strokes guaranteed by the manufadurer. The manufadurer can
also tell how skew operation d the bellows reduces this number. Examples of welding lips for
bell ows are shown in Fig. 6.1n many acceerators it is required that bell ows assemblies have internal
rf bridge shields.

9. BAKEABLE VACUUM SYSTEMS

All materials of a bakedable system must be compatible with the temperature ¢ycling. There ae &
least 3 orders of magnitude difference in ougassng between baked and untaked chamber material.
Therefore, unkeked or low temperature baked parts will, even if their total areais only a few %,
dominate the total outgassng. The most common kekeout cycles are 150 °C (to get rid of water
vapour), 300°C or 450°C. The latter bakeout cycle can be gplied to a system which is nat vaauum
fired in order to reduce the ougassng further. Air bakes at 400 °C have succesSully been used for
gravitational wave interferometer vaauum systems like LIGO. Here the stainless $ed has been air
baked prior to welding. A comparison ougassng and hydogen content in air-baked and vaaium-
fired stainless $ed isfoundin Ref. [14]. Further studies, including large scae bakeout tests are going
on[15].

9.1 Baking hardware

The standard types of heaingtape ae 150and 300W/m. Thereisaseledion d standard lengths. The
following simple formula can be useful to determine the length, L, of a heding tape for a vaauum
chamber.

Al

=5 (14)

L
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where A is the total areaof a tube, B is the width of the tape, J is a goodress fador, which is an
estimate of the fradion d the dhamber which can be woundwith heaing tape (rougHy the length of
the dhamber which is nat covered by flange @llars or other obstructions. The distance between two
turns droud be the same & the tape width. Never crosstapes sncethis can cause ashort circuit. Use
doube tapes in magnet chambers and aher hard-to-accesschambers for fast replacement in case a
tape bregks down.

For good lea contad with the vaauum chamber, braze the thermocoude end orio a
10mmx 25mm stainless $ed piece The non magnetic type E thermocoupe is recommended for
chambers placeal in magnetic fields. In Fig. 8 is siown hov to mourt the thermocoude onto a
chamber. Use Kapton tape or glassfibre tape to attach the beginning and the end d the heaing tape
on to the chamber. Mount two thermocoudes on hard-to-access chambers, e.g. in magnets. In this
way a spare is easly available if the thermocougde bregks down. Continue by winding the heaing
tape onto the vacuum chamber as sownin Fig. 8.

Fitht

Fig. 8 Thermocoupe and heding tape wound ona chamber  Fig. 9 Mounting d baking equipment for bellows. The
outer insulationis not shown.
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Metal sheet
Heating tape

It is recommended to use & thick insulation as possble to reduce the power consumption.
Insulation sheds can be bough from heaing tape supgiers and from other companies. Use the
foll owing thicknessguidelines. with 25mm insulation the power needed for 300°C and a bit beyond
is 16 W/dm?2, for 15 mm 20 W/dm2, for 10 mm 30 W/dm2 and for 5 mm 45 W/dmZ2. Sed the
insulation onthe outside by 5cm-wide duminium tape. For chambers where avery thin insulationis
required it may be necessary to water cool a wpper shed outside the insulation to proted for example
amagnet from being owrheaed.

Do na wind the heaing tapes diredly on bellows due to bad hed transfer and the risk of short
circuiting. Instead, wind athin (0.1 mm) stainlesssted shed aroundthe bell ows and wind the heaing
tape onthe outside & hownin Fig. 9.

Flanges can be baked by metal heaing coll ars with the same width as the two flanges together.
Use non magnetic heaers in magnetic fields. Soft heding jadkets are dso available for standard
flanges. Bakeout jackets are ommercially available for valves, ion pumps etc. For other chambers
custom made bakeout jadkets are an dternative to heaing tape and insulation. This is aso
recommended where the bakeout equipment for spacereasons must be demourted after bakeodut.

Power controll ers can be bougtt from many eledricd companies. Make sure they are made for
your thermocoupe type. The controllers have usualy the functions: ramp up, dvell time and ramp
down. It isrecommended na to ramp faster than 60°C/h.

Large vaauum systems require more sophisticated bakeout cortroll ers, which can hande 50 to
100 control circuits per baked sedor of the vaauum system. A typicd 300°C bakeout cycle is given
inTable 1.
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Table1
Bakeout cycle

Time | Temp Action

(h) (C)

0 Amb. | Start baking.Max. 60°C/h.

5 300 Stay at full temperature for 24 h.
28 300 Degas aublimation pump filaments at 20A for 1 h.
Flash ion punps 30s every 20 min (3—4times).
29 300 Deaease temperature. Same time derivative.
Residual gas analysers shoud stay at 300°C for 2 h.
31 200 Degasionisation gauge filaments.
Degas siblimation pumnp filaments at 35A for 5 min.
32 150 Degas aublimation punp filaments at 40A for 2 min.

Degas RGA 30 min (at 200°C).
Start ion pumps.
Close turbo pump valve.

33 100 Run sublimation pump filament at 48A for 1 min to punp down.
35 Amb. | Bakeout finished.
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