© 1993 |EEE. Personal use of this material is permitted. However, permission to reprint/republish this material
for advertising or promotional purposes or for creating new collective works for resale or redistribution to servers
or lists, or to reuse any copyrighted component of this work in other works must be obtained from the |EEE.

DESIGN OF ECR ION SOURCE VACUUM SYSTEMS

Juraj Pivar¢”
Joint Institute for Nuclear Research, FLNR, Dubna
Head Post Office, P.O.Box 79, 101 000 Moscow, Russia

Abstract

The present work has been motivated primarily by
the discussions and results reported by M.CAVENAGO
{1] and K.HATANAKA et al., [2] who indicate the
requirements for vacuum systems of ECR ion sources. To
use such source as a possible source of high charge state
ions is very interesting on upgrading present heavy
particle accelerators. The relevance of ion induced pre-
ssure instability and neutral gases processes is given.

L. INTRODUCTION

The vacuum system of the ECR ion source is one of the
main component of the source. Whereas, operating
pressure ranges for vacuum systems of accelerators are

107 -107° Pa [3], the required operating pressure range
for the vacuum system of the ECR ion source is 107-

107% Pa, respectively. Basically, it consists of stainless
steel, cooper beam tubes pumped with turbomolecular,
cryosorption, getter - Ti - sublimation, NEG pumps
combined with sorption and rotary pumps. The
combination of turbomolecular and rotary pumps is being
used for the time in the DECRIS ion source [4}. The
other suitable combinations of vacuum pumps as well as
the pressure measuring gauges are shown in Figure 1.

The paper is mainly oriented to more detail description
of influence of gas desorption process (ion induced
pressure instability) and neutral gases on the vacuum
system design of the ECR ion sources.

II. DESORPTION OF GASES

The pressure of 10~ Pa must be maintained inside the
ECR ion source and its beam pipe despite of i) the
thermal outgassing of surfaces, ii) outgassing due to the
desorption of weakly bounded molecules on the walls of
the vacuum system, iii) the ions induced by extracted and
accelerated ions, iv) the diffusion of hydrogen from the
walls of the vacuum system, iiv) the neutral gases
produced inside the plasma of the ECR ion source, as
well as ivv) the desorption of molecules generated by a
roentgen radiation. There are also observed direct
thermal effects produced by the radiation. The radiation
is also penetrating to the region of the beam pipe of the
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Figure 1. Vacuum pumps and gauges used for pumping
and pressure measurement in ECR ion sources.

ECR ion source through the orifices in the anode and the
extraction system of the source. Therefore . even water-
cooling parts of the first and second stages and other
small areas of the source , as for example the input flange
of the high frequency generator, can be above ambient
temperature by 80 °C or more with a corresponding
increase in their thermal outgassing rate by an order of
magnitude or more [5-6]. To establish the given pressure
for the given pumping speed the average thermal
outgassing rate and the total average desorption rate
must be below certain definite values.

A. fon - induced pressure instability

The ions induced by extracted and accelerated beam
can produce desorption of strongly bound molecules. The

desorption flow rate n; , Q; can be expressed by [7]

(1)

where 1 is the molecular desorption yield [molecules

ny=mcLl{Il/e)n or Q;=nol(l/e)p

ion!], ¢ is the ionisation cross-section of extracted and
accelerated ions [mz] ( for example for high energy

protons o=1.2x10% m? and for CO [3] ) L is the length
of beam section [m], I is the beam intensity [A]. e is the
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electron charge [As]. n is the number of molecules in unit

volume [m'3] and p is the pressure [Pa]. Note, if ions are
taken from the restgas, hence m will represent a net
desorption yield. For n < 0 "beam pumping” can be
observed, i.e. the system acts like an ion pump. In the
presence of the ion induce - desorption is n > 0 and the
equilibrium pressure can be expressed as

_no(l/e)p+qA

p=Q/Sey = (2)
Scif
which gives
= Po

€ Scff

where pg = gA/ S g+ 4)

By introducing

- e

( nI)cnl = Sc[f (5)
o

we obtain

— Po
p= ] nI M (6)
( UI)crit

Hence, the "critical current” product for S -« cannot
exceed

e 6w v
(UI)cm. o L2 ‘ (7)
Therefore, the pressure p is a function of the beam
current I. The higher is the current I, the higher is the
equilibrium pressure p. The conductance of the beam
pipe and the pump distance are also crucial parameters
for vacuum stability. The remedy "defect" caused by the
pressure bumps in the vacuum system of the source can
be reduced by adding cryogenic, getter -Ti -sublimation ,
or NEG pumps, respectively [8-9]. By 300 °C bakeout
and argon glow discharge cleaning of the source stages
and beam pipes we can also reduce the molecular

desorption yield 1. By the way the required ion dose on
the beam pipe is typically 10 cm™ and result in that
n<0.

The glow discharge cleaning could be done as shown in
Figure 2. The discharge gas argon gives efficient
sputtering and desorption of strongly adsorbed gas
molecules. On the other hand the addition of oxygen
produces from carbon contaminants on the surface CO

and CO, which can easily be pumped out.

The other very important sources of gases in the ECR
ion sources are neutral gases.
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Figure 2. Layout of the glow discharge cleaning [3].

III. NEUTRAL GASES

The neutral gases can arise for example by
recombinations of ions with electrons. The efficiency of
the process is very high at the low energy of electrons and
sufficiently long time of interactions of produced ions
with electrons. At the low electron temperature the
neutral gases strongly influence on the balance of the
plasma which is created from charge particles.

The ion - loss rate due to the recombination process
can be described by the following equation {10]

A___z-an" (8)

where n” is the concentration of the ions [cm'3 ]. t is the
time [s] and ais the coefficient of recombination [em’s™].
The coefficient & may be approximated by

108 .
- = (9)
A Tc

7

o8

i

where T, is the temperature of electrons into the plasma
[eV]. For the typical values reached in the ECR ion

source isn* = 5x10' ecm [11], T, =5000 eV [12}, a0 =

e =
1.4x10% ¢m>s?, and at the volume of the second stage of
the ECR ion source of 1500 cm’ (DECRIS), the

og
desorption rate

will be given by

dQ®
dt

=2x10% Pals™. (10)

The neutral gas is also generated as a residual gas from
the usage gas flow rate. The usage rate for the solid and
gas materials is varied depending on a variety of
parameters. It has generally been confirmed by most of
tests that the usage rates for many solid materials are
approximately 1 mg h? [13].
consumption of

It corresponds to

dQue

=2.5x10" Pals™’. (11)

The lowest usage rate has been obtained 0.1 mg h! for
a calcium run. The usage rate for gaseous materials are
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approximately 0.06 cm® (STP) min! [14]. Tt corres-
ponds to a maximum consumption of

doOne
——93—=0.1Pals‘1. (12)
dt
ng
So, the total neutral gas L for the gaseous materials
operation is given by
dQf¥ dQf dQre
Q" _dQ L 9% =0.1Pals™, (13)
dt dt d

In order to obtain suitable operation vacuum inside the
beam pipe of the ion source of 10 Pa the effective

pumping speeds for the solid material (Si;) and the
gaseous (82, ) operations have to be related by S3; = 25

1s! and S8, =10001s", respectively.

IV OUTGASSING OF THE BEAM PIPE

For every vacuum system the size of the required
pumps is directly related to the outgassing. The first
imported source is the static and thermal outgassing of

weakly adsorbed molecules and diffusion of H, from the
bulk of the material. The standard procedure to reduce
the thermal outgassing is the well known bakeout of the
beam pipe. The pressure inside an unbaked system is
mainly determined by water vapour. In a clean and well

baked system H, will be the dominant residual gas
constituent. Typically total specific outgassing rate q for
unbaked 100 h pump down beam pipe constructed by
stainless steel is 10”7 Pals?cm?at 203 K (q for baked 30,
- 150 h pump down beam pipe constructed by the same
material at 573 Kis 10°Pals? em?) [3].

The second important source of gas in ion source is the
so called "dynamic" outgassing in presence of the beam.
Here, strongly bound molecules can also be desorbed.

The quantity of the outgassing rate very strongly also
depends on the finished treatment with used materials.
However, in order to obtain the outgassing rate less as

10® Pal s cm™ the vacuum system is not allowed to be
constructed by rubbers, polyamids, epoxy, viton and
PFTE materials, respectively.

V. CONCLUSION

In practice, it is very difficult to construct very effective,
reliable and cheap vacuum system for the ECR ion
source. The vacuum system of the source have to be

designed with respect of obtaining the vacuum of 10> Pa,
for about 10 h with a leak rate lower than 107 Pals !

and the outgassing rate of the vacuum exposed surfaces

lower than 10”7 Pals!cm? The plasma tubes and beam
tubes must be made of stainless steel, steel with stable
structure and with a low relative magnetic permeability.
The aluminium and cooper can also be successfully used
because of good mechanical properties, availability and
very low desorption rates.

As, it is practically impossible to separate the effects of
diffusion, outgassing, and permeation which are manifold
higher in polymers as in metals [15], it is not
recommended to use polymers for clean interior surfaces
of the ECR ion source vacuum system.
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