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Abstract High charge state metal ion beam is quite effective and essential for new investigations on
atomic physics and surface physics. Recently, The high intensity high charge state lead ion beams have been
produced with IMP 14.5GHz LECR3, we investigated experimentally influences of some key parameters,
such as magnetic field, electrical power on oven, gas mixing etc., on lead ion beam production. Through

optimization of the ion source conditions, stable 227Pb3°* beam of 18epA and 2°"Pb®*'T beam of 6.7epA

have been obtained with oven method at 20kV extraction voltage.
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1 Introduction

In recent years, the increasing demand for high
intensity high charge state metal ion beams supplied
for atomic physics, surface physics and application
at accelerators has driven the development of vari-
ous methods to feed solid materials into electron cy-
clotron resonance (ECR) ion source plasmas. The
most important techniques are (1) use of volatile
chemical compounds, (2) online chemical synthesis,
(3) evaporation from an external or internal furnace,
(4) cathode sputtering of the solid, and (5) evapora-
tion by vacuum arc or laser beam!". Among all these
methods mentioned above, the oven technique is the
least intrusive to produce metal ion beams, especially
if pure metals can be used. In addition, the evapo-
ration rate of solid sample in the oven is controlled
by feed-in power of the oven, assuming that the oven
is sufficiently far from the plasma so as to avoid an
additional heating by the plasma.

The production methods at the Institute of Mod-
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ern Physics (IMP) include the use of gaseous com-
pounds, the oven technique, the direct insertion
and the metal ions from volatile compounds method
(MIVOC). More than ten different metal ion beams
have been produced with IMP ECR ion source so far.
Typical metallic ion beams such as 53Cu, %¢Zn, *°Fe,
58Ni, 26Mg, 2°"Pb, “°Ca, '8'Ta and so on have been
successfully produced and delivered to the cyclotron.
The production of these ion beams is stable and some
of them have been used in atomic physics and surface
physics research. A great number of knowledge from
tuning highly charged metal ion beams with ECR ion
source have also been gained.

To improve the production of high charge state
lead ion beam, experiments have been performed with
IMP LECR3 (Lanzhou ECR No.3 ion source) to op-
timize the key parameters, such as magnetic field,
electrical power of the oven, gas mixing. After op-
timizing the parameters, we obtained 2°"Pb3°+ and
207Pb37* jon beam up to 18epuA and 6.7euA respec-
tively.
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extraction electrode, beam line with high transmis-

2 Experimental device sion efficiency and high resolution'”. The key param-

eters of LECR3 are given in Table 1.
2.1 Experimental setup

Some experiments have been carried out on IMP extractimode iron yoke /ﬂ coils hexapole
LECR3 (Fig. 1), an upgrade version of the IMP \ | 7] D
LECRZ2, which is devoted to produce highly charged —_—
ion beam development and was built in 2001. All pos- Y
sible methods and tricks for improving beam inten- g plasma chamber '_15_“ j
sity and stability have been used and tested at the ion h

source, including optimized configuration of the axial I — - .

mirror magnetic field, efficient rf feeding system, bi-

ased electrode, gas mixing effect, aluminum chamber

. . . 482
and aluminum plasma electrode, improved cooling of
some key components of the ion source, accel-decel Fig. 1. Mechanic plot of LECR3.
Table 1. The key parameters of LECR3™.
peak of mirror magnetic field at central axis 1.7T (at injection), 1.05T (at extraction)
central field for mirror configuration 0.42T
field component at the wall of plasma chamber 1.0T
material of hexapole permanent magnet 36 pieces of NdFeB (N45M)
frequent of the microwave 14.5GHz
mode of microwave feeding waveguide directly-insert
effective length of the plasma chamber 300mm
inner diameter of the plasma chamber 76mm
material of the plasma chamber aluminum
2.2 Internal oven .
current  tantalum pottery fire tanralum insulator  tanralum

feedthrough  pod pot fire tube tube
An internal oven was developed at IMP for metal- /

lic ion beam production. The main part of the oven

(Fig. 2) consists of an alumina ceramic wound with

a 0.bmm diameter tantalum wire, and its working
temperature is from 200°C to 1300°C. A 10A/20V

electrical power supply is used to heat the tantalum

wire. The relation between oven electric power and

its temperature is shown in Fig. 3. The solid sam- Fie. 2.  Schematic of oven in IMP.
ple to be evaporated is placed inside the cavity of the 14 -

hot alumina ceramic called the “heater”. The cavity Tt

volume is about 0.1cm?®. An electrical insulator tube g 10 F

is placed between the tantalum wire and the external % 8 F

tantalum tube to avoid electrical short circuit. All § 6

these elements are placed inside a tantalum casing % 4r

which is connected to one end of the heating wire. Toat L

The casing, which is also a thermal radiation shield, 0 20 40 6;)w 80 100 120
power

is clamped to a tantalum pod. The other end of the

heating wire is connected to a long insulated pushing Fig. 3. 'The relation between oven power and

its temperature.
rod which carries back the heating current! . P
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3 Experimental results and discussion

3.1 The influence of some key parameters of
the ion source on the highly charged lead

ion beam production

We have studied the behavior of the source with
sets of variable magnetic fields. Only one parame-
ter was changed each time and the others were kept
constant. First, keeping the other magnetic settings
constant, the injection magnetic field is varied from
1.5 up to 1.8 T which is not the optimal value, but a
safety limit for the coils. Fig. 4 (a) shows the beam
intensity obtained at 14.5GHz (in dc mode) as a func-
tion of the injection mirror ratio (R) =B,/ Brcr) de-
fined as the ratio between the field value B;,; and the
resonance value B, (0.52T at 14.5GHz).
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Another important ECRIS parameter is the min-
imum B value, which is directly related to the length
of the hot plasma enclosed in the resonance surface.
When varying the value of B;,from 0.4 to 0.6 T,
the length of the resonance surface that maps the hot
plasma goes from 92mm down to 28mm. The varia-
tion of the beam intensity with the ratio B,/ Braa is
presented in Fig. 4 (b). Experiment performed in
dc mode at 14.5GHz shows that B;,is strongly cor-
related to the radial magnetic field (B,.q) with an
optimum value 0.33<Bin/ Braa<0.36.

The magnetic field at the extraction region is more
complicated to handle, since a compromise has to be
found between plasma confinement and ion extrac-
tion. The extraction magnetic field is dependent to
the radial field (B,.q) as shown in Fig. 4 (c¢) The op-
timum value is 0.81 < Beyt/Braa< 0.93.
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Fig. 4. (a) Evolution of Pb3°" intensity with the injection mirror ratio at 14.5GHz in dc mode; (b)

Pb3%" at 14.5GHz variation of the beam intensity with the ratio Bmin/Braa (at 20kV extraction); (c) Re-
lation of Pb** with the extraction magnetic field normalized to the radial magnetic field; (d) Influence

of the electrical power on oven on ion current and charge state; (e) Influence of gas mixing on ion current
and charge state. For all above experiments, the extraction voltage is 20kV.

For high charge state production, it is important
to minimize all ion recombination processes, in par-
ticular charge exchange. Therefore neutral pressure
control has become an crucial issue. Fig. 4 (d) illus-
trates the changes of the beam intensity obtained at

14.5GHz (in dc mode) as a function of the electri-

cal power on the oven. With decreasing the electri-
cal power, the spectrum peaks of high charge state
lead ion beam will be elevated, meanwhile, those of
the medium or low charge state lead ion beam be-
come diminished. The lower the electrical power on

oven, the higher intensity of high charge state lead ion
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beams. The reason is probably that the production of
lead vapor reduces with decreasing the electric power
of the oven. And decreasing in density of neutral
gas would help to minimize the charge exchange and
enhances the production of high charge state ions.
Unfortunately, excessive gas reduction decreases the
first step ionization (which introduces electrons)™.
This leads to a lack of free electrons in the plasma,
which limits the improvement and finally results in a
plasma relaxation due to electron starvation. Under
these conditions, better electron confinement and ar-
tificial electron donors (gas mixing, external electron
injection, wall coating, etc.) are generally expected
as supplementary improvements.

The gas mixing effect apparently consists in mix-
ing a lighter gas to the main element of the ECR
discharge in order to increase the output currents
of highly charged ions of that element!™. Normally
about 80% mixing gas is used and it can be up to
95% or higher for very heavy elements. A high ra-
tio of mixing gas increases the neutral pressure in-
side the ECR plasma and may also limit the pro-
duction of higher charge states or the maximum in-
tensity of the heavier ions'® Experiment performed
in dc mode at 14.5GHz shows that the beam inten-
sity is strongly correlated to the flux of mixing gas as
show in Fig. 4(e), when the flux of mixing gas exceeds
the fixed value, ion current of medium charge state
will be elevated evidently. With the flux of mixing
gas increasing, the pressure at injection will exceed
2.0x10~5mb, it is observed that the spectrum peaks of
O, 02*, 03T beams clearly rise while those of highly
charged lead ion beams fall off. A possible explana-
tion for the gas mixing effect is ion cooling induced

from enhanced ion energy losses after dilution'.
3.2 Highly charged lead ion beam production

According to experience from above experi-
ments, we optimized 2°"Pb%’*t and 2°"Pb®*"* spec-
trum with the LECR3 working at the following pa-
Binj=1.639T, Bo=1.071T, p,, = 7.8 x
10-"mb, Phen = 5.7W(for 27Pb%0+): B,,=1.645T,
Bo=1.076T, p; = 6.2 x 10-"mb, P,..., = 5W (for
207Ph37F), rf power 900W, 20kV extraction voltage

rameters:

and the plasma electrode aperture diameter ¢ = 8mm,
10 mg/h consumption rate for the axial oven. The
lead ion beam was stable, the intensity of the ex-
tracted ion beams is 18epA and 6.7epA respectively.
However, due to ion beam output slowly decreasing
with time, we had to increase the electrical power of
the oven to compensate this decay. Fig. 5 shows op-

timized 2°"Pb?*** and 2°"Pb*"* spectrum.
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Fig. 5. (a) Ion beam spectrum, optimized for

207pK30+. (b) Ion beam spectrum, optimized
for 2°7Pb3™" . For both methods the rf power
was 900W, the extraction voltage was 20kV.
The electrical power of the oven was 5.1W.

4 Conclusion

Experiments performed with LECR3 give us some
guidelines for tuning high charge state lead ion
beams:

(1) The injection magnetic field has to correspond
to the mirror ratio Ry =B,;/Brcr = 3.2;

(2) The value of minimum B is correlated to the
radial field with an optimum value 0.33 <Bpin/ Braa <
0.36:
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(3) The extraction magnetic field is also corre-
lated to the radial field with an optimum value 0.81 <
Bt/ Braa< 0.93;

(4) The lower the electrical power on oven, the
higher intensity of high charge state lead ion beams.
But the electrical power can not be less than 2W;

(5) The gas mixing has an obvious effect on im-
proving the production of high charge state lead ion
beams. The pressure at injection can not exceed
2.0 x 10~5mb, otherwise the intensity of high charge
state lead ion beams will decrease.

In addition, good vacuum condition is very im-
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