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= The Production of Vacuum Casrec
Aims
A To demonstrate the main types of vacuum
pump used Iin accelerators

A To understand the pumping mechanisms
Involved

A To understand the advantages and
limitations of each type of pump
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= The Production of Vacuum

Pumping for accelerators

Mechanical Pumps

A Turbomolecular Pumps
lon Pumps
Getter Pumps

A Evaporable

A Non evaporable
Cryopumps
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The Production of Vacuum -
Mechanical pumps

Mechanical pumps (displacement pumps) remove gas
atoms from the vacuum system and expel them to
atmosphere, either directly or indirectly

In effect, they are compressors and one can define a
compression ratio, K, given by

P

out

P

In

K =

K is a fixed value for any given pump for a particular gas
species when measured under conditions of zero gas
flow.
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The Production of Vacuum Casrec
Mechanical pumps

Here, we will only look at the turbomolecular
pump.

Turbo pumps cannot pump from atmosphere
and cannot eject to atmosphere, so they require
roughing (forevacuum) pumps to reduce the
pressure in the vacuum system before they can
be started and backing pumps to handle the
exhaust.

There are many types of roughing and backing
pumps. Most accelerators now use clean (dry)
pumps to avoid oil contamination in the system.
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T The Production of Vacuum

Turbomolecular pump principle

R v -
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Stator
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T The Production of Vacuum

Turbomolecular pump principle

Stator

Lecture 4

R J Reid Vacuum Science and Technology in Accelerators 6 of 36
(0}

Cockcroft Institute Lectures - 2010



O The Production of Vacuum

Turbomolecular pump principle

To maximise the compression ratio, blade tip velocities
need to be comparable to molecular thermal velocities.

For a single blade, at zero flow

K - Pout - 0‘12
B. «,

where U,, is the forward transmission probability
and U,, is the reverse transmission probability
It can be shown that

K oc exp Vo M
J2KN, \ T

where V, Is the blade velocity
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The Production of Vacuum -
Turbomolecular pumps

ATP standard version cross section

Rriter blexlzs

Stator blackes
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The Production of Vacuum -

Turbomolecular pumps

Tu rbo pumps Come Puamgiin Pumping speed versus inlet pressure
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O The Production of Vacuum

Turbomolecular pumps

Operation can be extended to higher pressure by adding
a drag stage

A \ Stator
(‘/ | )
\\ // (/ / \\ \\5
Y \ — v
v Sci d Technology in Accelerat Lecture 4
: acuum Science and Technology in Accelerators
R J Reid 9y 12 of 38

Cockcroft Institute Lectures - 2010



T The Production of Vacuum

Turbomolecular Pumps
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The Production of Vacuum
Turbomolecular Pumps

The choice of bearing type is important

R J Reid

A Oil sealed

A Greased

A Greased ceramic ball
A Magnetic
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+- The Production of Vacuum

lon Pumps

Based on Penning Cell
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> The Production of Vacuum Casrec
lon Pumps

Based on Penning Cell
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The Production of Vacuum

Pumps

Pumping in the basic ¢

lode Penning cell

E / \ __~IONIZED H2

CATHODE §

ANODE &
SURFACE
DISSOCIATION \®

#—~=— BURIED HICH
ENERGY NEUTRAL

" REFLECTED"
NEUTRAL

DIFFUSION IN

R J Reid

CATHODES ON
DISSOCIATION

Lecture 4
17 of 38

Vacuum Science and Technology in Accelerators
Cockcroft Institute Lectures - 2010



> The Production of Vacuum Casrec

lon Pumps
The Diode pump has poor pumping speed for
noble gases
Remedies

A Differential lon: Noble Diode
AiHeavyo cathode

A Triode
A Special Anode shape e.g. Starcell
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The Production of Vacuum (astec

lon Pumps
Using a heavier cathode e.g. Tantalum increases
reflected neutrals

’ IONIZED H2

¥ ~=— BURIED HICH
ENERGY NEUTRAL

" REFLECTED"
NEUTRAL
DIFFUSION IN

CATHODES ON
DISSOCIATION

SURFACE
DISSOCIATION \}

0 0 le
QAN
Lecture 4
Vacuum Science and Technology in Accelerators
190f 38

R J Reid _
Cockcroft Institute Lectures - 2010



= The Production of Vacuum

lon Pumps
Triode Pumps use a different design
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e The Production of Vacuum

lon Pumps
Starcell configuration
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The Production of Vacuum
lon Pumps
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> The Production of Vacuum Casrec

lon Pumps

Current (per cell) T and hence pumping speed 1
depends on voltage, magnetic field, pressure and
history.

| =kP" 1.05<n<1.2
Pump life depends on quantity of gas pumped
> 20 years at 10 mbar
Prone to generate particulates

Leakage current unpredictable, so pressure
iIndication below 10-% mbar unreliable
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The Production of Vacuum
lon Pumps
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