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Production of Mo+ Beams Using an Arc Discharge Ion Source
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A new method of Mo+ ion beam production is presented in the paper. The method bases on the chemical
sputtering/etching of the molybdenum parts (e.g. anode) of the arc discharge ion source by the chloride containing
plasma. A mixture of CCl4 (or CHCl3) vapor and air was used as the feeding substance. The separated Mo+

beam current of approximately 18 µA was achieved. The measurements of the ion current dependences on the
discharge and �lament currents as well as on the magnetic �eld �ux density from the electromagnet surrounding
the discharge chamber were performed in order to �nd the optimal working parameters of the ion source.
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1. Introduction

Ion implantation is one of the most popular and re-
liable methods of modi�cation of physical properties of
semiconductors, metals, polymers etc. A variety of ion
sources were designed and tested in order to cope with
the demands of producing stable and intense beams nec-
essary e.g. for high-dose irradiations [1, 2].
In the case of refractory metals (including rare earths,

which are important dopants in optoelectronics [3, 4]
and spintronics [5]) several attempts was applied. Al-
loys characterized by the melting point lower than their
components may be used as feeding substances for liquid
metal ion sources [6]. Plasma sputtering [7] or laser abla-
tion combined with electron cyclotron resonance [8] could
also be successfully applied. Electron beam ion sources
[9] especially with the high power evaporator/target heat-
ing systems seem also suitable for production of ions of
non-volatile elements [10]. Very popular tools are di�er-
ent versions of high power MEVVA-type arc discharge ion
source [11]. Recently, compact arc discharge ion sources
equipped with an internal evaporator have been proposed
[12�15]. Using chlorides (which usually have lower melt-
ing points than corresponding) appeared to be a success-
ful strategy allowing production of e.g. 25 µA of Eu+

using a ion source consuming power of 300 W [16].
Molybdenum implantations are often performed in or-

der to improve corrosion resistance of metals and alloys
like aluminum and steel [17, 18]. Passive layers on the
surface of stainless steel were also formed in order to
improve its resistance to chemically aggressive environ-
ment [19]. The increase in hardness as well as elastic
modulus of Mo implanted aluminum alloy was also ob-
served [20]. High-�uence (up to 5× 1017 cm−2) implan-
tations of zirconium and zircaloy-4 were applied in order
to study changes of aqueous corrosion resistance with the
implantation �uence [21, 22]. It should be noticed that
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Mo and S co-implantations lead to the production of well-
-known solid lubricant MoS2 layers in Al2O3, ZrO2, and
SiO2 layers [23].
In most of the cases Mo+ beams were obtained using

MEVVA sources. A very interesting method of Mo and
other refractory metal ions based on their volatile com-
pounds (e.g. carbonyls) and electron cyclotron resonance
ion source [24].
In our paper we present the method of Mo+ production

that makes use of chemical sputtering of ion source parts
(e.g. anode) made of molybdenum by chlorine contained
in plasma inside the chamber of the arc discharge ion
source [12]. The presence of Mo+ ions in the extracted
beam (treated as contaminants) were reported during the
production of rare earths ions from their chlorides (e.g.
EuCl3) [16]. We decided to use this e�ect to our advan-
tage, using CCl4 and CHCl3 as feeding substances.
The paper contains brief description of the ion source

and the experimental setup. The basic characteristic of
the ion source, namely dependences of the ion current
and discharge voltage on discharge and �lament current
are presented and discussed in order to determine opti-
mal working parameters. The in�uence of the magnetic
�ux density from the external electromagnet coil the dis-
charge chamber is placed in on the ion source perfor-
mance is also under investigation.

2. Experimental

The ion source used for Mo+ beam production was
the cylindrical anode arc discharge model described in
detail in [12�15]. Its schematic view is shown in Fig. 1.
Both the anode and cathode �lament mounts are made of
molybdenum. For Mo+ production purposes no internal
evaporator was required, a short molybdenum gas feed-
ing tube, connected with the long stainless steel capillary,
was used instead. The discharge chamber, formed by an-
ode and �lament mounts separated by insulators made
of boron nitride, has the internal diameter of 11 mm and
the length of ≈ 20 mm. A spiral �lament made of tung-
sten wire is placed inside the chamber. It is the source
of electrons that maintain the arc discharge burning in
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the region between the anode and the cathode. The �l-
ament (diameter of 0.75 mm) is heated by the �lament
current Ic (up to ≈ 38 A). The stabilized discharge cur-
rent Ia may be set up to 4.5 A. The discharge is initialized
by setting the anode voltage Ua to approximately 100 V
and increasing the Ic. Soon after the ignition the dis-
charge voltage stabilizes at lower values (30�40 V). The
discharge chamber is surrounded by the electromagnet
coil, whose aim is to compensate the magnetic �eld from
the spiral cathode and to place the discharge region as
close as possible to the extraction opening.

Fig. 1. Schematic drawing of the ion source: 1 � cath-
ode �lament, 2 � anode (Mo), 3 � gas inlet, 4 � in-
sulators (BN), 5 � extraction opening, 6, 7 � cathode
�lament mounts, 8 � dosing valve, 9 � container with
the liquid CCl4/CHCl3 and air.

The mixture of CCl4 or CHCl3 vapors and air is trans-
ported via the dosing valve into the discharge cham-
ber. The �ow is approximately 10 mbar cm3/s. It is
known that plasma containing Cl2 and Cl etches metallic
molybdenum fast (≈ 20 nm/min), especially in elevated
temperatures [25]. A small addition of oxygen (by us-
ing CCl4/O2 mixtures) makes this process several times
faster [26]. CCl4 and CHCl3 were also chosen due to
the fact that they are not as chemically aggressive to
metal parts of the dosing valve as gaseous Cl2. Atoms of
molybdenum in the discharge plasma are ionized by elec-
tron impact. Ions are extracted via the extraction hole
(diameter of 0.8 mm) using the voltage Vext = 25 kV. The
beam is formed using a standard triple lens system and
then it passes a 90◦ sector separating magnet. The sep-
arated beam is �nally accelerated using Vacc = 75 keV.
Finally, ion currents are measured using a Faraday cup
placed behind the acceleration stage.

3. Results

Measurements were done approximately 30 min after
the ignition, when the ion source worked stable. Fig-
ures 2a and 3a show the dependence of the separated
Mo+ current vs. the discharge current Ia. The other
working parameters (like �lament current, magnetic �eld
�ux density, and the feeding gas �ow) were kept constant.

One can observe increase of Iion with Ia followed by the
saturation of the Iion(Ia) curve. This e�ect is better vis-
ible for CHCl3, one can even see a decrease of the ion
current for larger Ia. This could be due to several factors
� one of them is increasing ion recombination proba-
bility, rising with the plasma density. Also the screen-
ing properties of plasma may degrade the e�ciency of
extraction. Let us note also that the discharge voltage
rises with the Ia, which was also observed for relatively
volatile solids as Mn and In [12]. The discharge voltage
in the range 40�50 V seems to be optimal for Mo+ pro-
duction. For both feeding substances the maximal Mo+

currents were ≈ 18 µA.

Fig. 2. Dependences of the ion current (squares) and
the discharge voltage (full circles) on the discharge cur-
rent (a), �lament current (b), and magnetic �ux den-
sity (c). The case of CCl4 as the feeding substance.
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Fig. 3. The same as in Fig. 2 but for CHCl3 as the
feeding substance.

Figures 2a and 3a present the in�uence of �lament cur-
rent on the separated Mo+ beam current. On the one
hand, the larger is Ic, the more electrons are emitted
from the �lament, and the larger is the ionization prob-
ability. On the other hand, increasing electron density
reduces the discharge voltage Ua (see the Ua(Ic) depen-
dences shown in the same �gures), and consequently, re-
duces also the electron energy. As a result ionization e�-
ciency degrades when Ua is too low. One deals here with
the two above-mentioned concurrent tendencies, which
result in a broad peak of Iion(Ic) curve with a maximum
for Ic = 31 A (CCl4) and Ic = 32.5 A (CHCl3). The op-
timal value of Ua is in the range 40�50 V, as previously.
The dependences of Mo+ beam current and discharge

voltage on a magnetic �ux density in the chamber were
also measured in order to estimate the optimal value of

magnetic �ux density (or the electromagnet current). Re-
sults are shown in Figs. 2c and 3c. The magnetic �ux
density was measured inside the electromagnet coil using
the LakeShore model 450 gaussmeter. In both cases one
can see maxima of Iion(B) curves near 7 mT. External
magnetic �eld compensates partially the �eld from the �l-
ament. The total magnetic �eld makes electron to move
along spiral trajectories. This e�ect improves source ef-
�ciency, but up to some level, as one can observe the
decrease of discharge voltage with B.

4. Conclusions

In the paper a new method of Mo+ beam production
was presented. It is based on chemical sputtering/etching
of mechanical parts of the ion source, mostly the anode
by chloride containing arc discharge plasma. The feed-
ing substance was vapors of CCl4 (or CHCl3) with small
addition of air. It was found that the ion current in-
creases with the discharge current reaching its maximum
when discharge voltage is in the range 40�50 V. The de-
pendence of the ion current was also under investigation.
The optimal value of the �lament current was found near
31 A for both feeding substances. The in�uence of the
magnetic �ux density from the surrounding electromag-
net was also studied. The maximal values of the beam
currents are obtained for B near 7 mT.
The maximum Mo+ beam current was approximately

18 µA. Having in mind losses due to the horizontal
and vertical beam sweeping during the implantation, the
achieved ion source e�ciency allows performing Mo+ im-
plantations with the �uence below 1016 ions/cm2 during
a single operating cycle.
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