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Abstract

The DECRIS (Dubna Electron Cyclotron Resonance Ion
Source) and ECR-4M (GANIL ECRIS) high vacuum sys-
tems are described and compared. The test results of the
vacuum systems are presented with respect to desorption
and leakage characteristics. Also illustrated are the con-
struction of two stands.

1 INTRODUCTION

The vacuum system (VS) of the ECR ion source is one of
the main components of every source. Whereas the oper-
ating pressure ranges for the vacuum systems of accelera-
tors are 10−4 - 10−9 Pa [1] the required operating pressure
range for the vacuum system of the ECR ion source is 10−2

- 10−5 Pa, respectively. Basically, it consists of stainless
steel or cooper beam tubes pumped with turbomolecular,
cryopumps combined with rotary pumps and adsorption
traps. A combination of turbomolecular and rotary pumps
was used in the first DECRIS - 14 ion source. Another
combination is being used for the ECR-4M ion source. It
is mainly based on a combination of turbomolecular, cry-
opumps and rotary pumps.

In this paper there are presented two ECR ion source
vacuum stands. Given are the constructions of the stands
as well as measured residual gas analyser spectra and des-
orption rates and leakages.

2 DESCRIPTION OF THE STANDS

About 40 ECR ion sources stands have been built in dif-
ferent countries. Their performances are steadily improved
over the last decade.

2.1 DECRIS-14 ion source vacuum stand

One main and two auxiliary pumping units are used pro-
viding clean, safe pumping with the pressure monitoring of
the DECRIS-14 ion source vacuum stand. It is designed
in order to produce an average dynamic pressure of 10−4

Pa. Basically, it consists of 7 cm dia stainless steel, 4 cm
dia copper, 10 cm dia steel and 4 cm dia duralumin beam
tubes pumped by a combination of 500 l s−1 turbomolec-
ular pumps (VMN - 500) [2] and a rotary pump (BL-90)
[3]. The pumping units are spaced at about 1.5 m inter-
vals and contain besides the pumps, high vacuum gauges,
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electrodes and various beam diagnostic elements. The total
length of the high vacuum beam tubes is about 3 m. The
high vacuum volume of the stand is about 38 l.

After 20 h of pumping the leak rate of the DECRIS-14
vacuum system is bellow 5 x 10−3 Pa l s−1. The results of
the desorption rate and leakage measurements are shown in
Figure 1. The best vacuum conditions are obtained after a
200 h pumping.

Figure 1: Measured desorption rates and leakages q of the
DECRIS-14 and the ECR-4M vacuum stands as a function
of pumping time ’t’.

Figure 2 shows the mass spectrum of the residual gases
which are evolved from the DECRIS-14 VS. A mass spec-
trometer MX 7304 gauge [4] was placed in the region of
cube C2. The spectrum is taken at a pressure of 1.75 x
10−5 Pa. By spectrum analysis one can see the subsequent
contamination by hydrocarbons and other organics. The
peak sets of 27,29; 39,41,43; 55,57; 69; 79; 89; 109; 119;
149 from the Rubber 7889 are shown. However, some of
these hydrocarbons are also observed in the spectrum of
the rotary pump oil and other elastomer seals such as ’O’
ring seal VITON Roumania (peak sets: 27,29; 39,41,43;
55; 149). The spectrum illustrates the expressive water
vapour contamination. All these effects could be, however,
reduced by using two or more adsorption traps in sequential
operation above the rotary pumps.
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Figure 2: Measured mass spectrum of the residual gases
from the DECRIS-14 vacuum stand.

2.2 ECR-4M ion source vacuum stand

The ECR-4M stand is designed to pump not only the vac-
uum chamber of the ECR-4M ion source but also to pump
the U-400 cyclotron axial injection system with a beam an-
alyzing magnet, diagnostic elements and vacuum gauges. It
is based on double stage rotary and turbomolecular pumps
but also cryopumps and an ion getter pump are used. The
total pumping speed of the VS is about 7000 l s−1, which
allows one to produce a working pressure of about 10−4 Pa
and 10−5 Pa in the region of the first stage of the ECR-4M
ion source and in the region of the beam transport lines,
respectively.

The VS consists of three sections:
1. The injection line section of the gases and vapours of the
solid state samples (≈ 5 l).
2. The ECR-4M ion source and extraction beam line sec-
tion (≈ 30 l).
3. The transport lines, beam analyzing and bending section
(≈ 45 l).

All three sections are designed similarly from the point
of view of vacuum technology. The first one is evacuated
by Balzers TMH-064 (30 l s−1) turbomolecular and double
stage DUO-1.5 (0.5 l s−1) forvacuum pumps.

The second one is pumped by Balzers TPH-520M (500
l s−1), TMH-064 turbomolecular pumps, double stage
DUO-008 (2.5 l s−1) and DUO-1.5 rotary pumps, a CTI-
Cryogenics CRYO-Torr 8 cryopump (1500 l s−1), an Omsk
NVK-3.2 (2400 l s−1) cryopump and a Vacuum Prague
IPT-200 (200 l s−1) ion getter pump, respectively. The
TPH-064 turbomolecular pump is connected to the ECR-
4M high frequency input. The TPH-520M turbomolecular
and CRYO-Torr 8 pumps are pumping the extraction re-
gion of the ECR-4M ion source. The NVK-3.2 cryopump

and IPT-200 ion getter pump are connected to the first beam
diagnostic block.

The third section is pumped by Balzers TMH-520 (500
l s−1) turbomolecular and DUO-008 rotary pumps, Omsk
NVK-1.5 (1200 l s−1) and NVK-3.2 cryopumps, respec-
tively. The beam transport line consists of two beam tubes
of 6 cm inner diameter, three diagnostic blocks, a 102o an-
alyzing magnet and a 90o bending magnet deflecting the
beam from the horizontal to vertical direction, i.e. to the
center part of the U-400 cyclotron.

In order to evacuate the beam lines and the cryopumps to
forvacuum as well as to pump the cryopumps during regen-
eration a Balzers DUO-016 (5 l s−1) rotary pump is used.
Three stages are used in order to produce suitable opera-
tion vacuum in the beam lines and the other parts of the
VS. At the beginning the system is pumped to a pressure
of 1 Pa and then the turbomolecular pumps are switched
on. During pumping (3 h) by the turbomolecular pumps,
the cryopumps are parallelly regenerated and then the cry-
opumps are also switched on. At the end the VS is pumped
only by the cryopumps and the TMH-064 turbopumps. In
this case it is possible to attain pressures of about 10−5 Pa
and 10−6 Pa after a 5 h pumping and after a 30 h pumping,
respectively. At the same time a pressure of about 10−5 Pa
was produced in the first section.

This VS mainly consists of nonmagnetic stainless steel
vacuum chambers, ion beam tubes and vacuum volume
channel connections. VITON ’O’-rings are used as a seal-
ing material for the main parts of the VS but OFHC cooper
gasket rings are also used in the first section. The total vol-
ume of the VS is approximately 80 l. The mass spectra of
the residual gases which were evolved from the surfaces of
the VS are shown in Figures 3 - 4. A mass spectrometer
MX 7304 was again used [4]. The spectra were taken at
pressures of (2.8 - 4.5) x 10−5 Pa. By spectrum analysis
one can see no contamination by hydrocarbons and other
organics from the rotary pump oil. However, the spectrum
illustrates the expressive water vapour contamination.

The results of the desorption rate and leakage measure-
ments for the ECR-4M stand are shown in Figure 1. The
best vacuum conditions are obtained after a 200 h pumping.

The vacuum monitoring is provided from 0.1 MPa to
10−6 Pa by using a combination of Pirani and Penning
gauges. A Balzers Total Pressure Controller TPG-300 (3
pc) and TPR 010 Pirani (8 pc), IKR 020 coaxial Penning
cold cathode gauge heads (4 pc) are used.

Because of the permanent working of the VS imergency
interlockings have been installed. It causes to close imme-
diately all the electropneumaticall gate valves at a pressure
of 5 x 10−2 Pa. At the same pressure the gate valve which
separates section three from section two will also be closed.
The VS is safequard yet from the side of the U-400 high
VS by means of another interlock. The gate valve separat-
ing the U-400 beam line tube is interlocked by the U-400
high VS.

The service regime of the VS is secured by the IPT 200
ion getter pump. In this case pressures are about 10−4 Pa
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Figure 3: Measured mass spectrum of the residual gases
from the ECR-4M vacuum stand.

and 10−3 Pa in the extraction region of the ECR-4M ion
source and in the first section, respectively.

The VS is also controled remotely from the control desk
of the U-400 cyclotron. The system permits total and par-
tial pressure readings and full operation of all the electrop-
neumaticall valves. The valves and pumps are operated and
controled from the own autonomous control desk placed at
about 15 m from the 90o bending magnet.

3 COMPARISON OF THE STANDS

The minimum desorption rates and least pressures produca-
ble in testing experiments of the DECRIS-14 and ECR-4M
vacuum stands are shown in Table 1. It is seen that the
ECR-4M vacuum stand is better than the DECRIS-14 one
by a factor of 10. It follows not only from the quality of
the materials used in the construction of the VS but also
from the cleanliness of the pumping units. It is known that
a VITON ’O’ ring is better than a RUBBER 7889 ring by
a factor of 15 and RAMSAY fet is worse than APIEZON
’L’ grease by a factor of 100. The worst materials are PER-
BUNAN - N, TEXTIT, TEFLON and RUBBER 7889 (TU
MCHP 7889) and the worst grease is RAMSAY fet.

In addition to the spectra expressive water vapor contam-
ination is observed in both VS.

4 CONCLUSIONS

The present work provides new data on the desorption rates
and the mass spectra of the residual gases for the ECR-4M
ion source stand which is now used as the axial injection
vacuum system of the U-400 cyclotron. Taken together, all
these data show that it may be impossible to obtain the suit-
able operation vacuum (10−5 Pa) and the necessary cleanli-

Figure 4: Other measured mass spectrum of the residual
gases from the ECR-4M vacuum stand.

Table 1: Minimum desorption rates and least pressures pro-
ducable in testing experiments of the DECRIS-14 and the
ECR-4M vacuum stands.

DECRIS-14 ECR-4M

Desorption Pressure Desorption Pressure

rate rate

(Pa l s−1) (Pa) (Pa l s−1) (Pa)

2.35 x 10−3 1.5 x 10−5 3 x 10−4 3.4 x 10−6

ness of the VS if the vacuum exposed surfaces have higher
desorption rates than 10−3 Pa l s−1.
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