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Abstract — The present paper represents the results of development and first experimental tests of a new
ionized cluster beam (ICB) source. The novelty of ICB source lies in the fact that the crucible and ion-
ization parts are spaced in one cylindrical shell but are not divided in an electric circuit. The ICB source
adapts permanent magnets to increase the ionization efficiency. The maximum obtained Cu’ ion current
density is 1.5 pA/en?’, therewith the ionization rate amounts 3% under deposition rate equal to 0.4 Ass,
and amounts 6% at the denposition rate, equal to 0.2 A/s. When the deposition rate is 0.2 AJs and the ac-
celeration voltage is 4 kV, the Cu’ion beam uniformity is better than 95%.
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1. Introduction

Many efforts have been undertaken during last
two decades to develop useful ionized -cluster
beam (ICB) technique for high quality thin films
[1-3]. In many cases, the films deposited by ICB
technique differed markedly from those of the
same materials deposited by means of con-
ventional evaporation or sputtering techniques. For
examples, they showed important characteristics
which can apply thermally stable semiconductor
metallization[4,5], high performance optical coa-
tiong [6], high reflective x-ray mirror with a-
tomically smooth surface [7], high quality sem-
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iconductor and insulator devices [8,9], and organic
electron devices[10].

In this paper, basic features of our newly de-
veloped ICB source and some experimental results
are described. The characteristics of the ICB
source lies in the fact that the ionization efficiency
can be enhanced by means of magneto-electrical
electrons confinement, which prolongs the lifetime
of electrons in the ionization region, hence in-
creases the possible number of ionization events.

The presented construction is significantly com-
pact in comparison with the previous models to a-
void some troble in ICB source [11] and for the
high deposition rate the sufficiently high crucible
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Fig. 1. The schematic diagram of ICB source. Q) cyl-
indrical chamber, (@) crucible, 3) crucible heating fi-
lament, (@ anode, (5) thermocathode, (6), (7) filament sup-

ports, ®), @ flanges, insulator, @D pole pieces, @9
magnets, @ cooling system, @ grounded flang, and @
external cylinder.

temperature (up to 2000 K) can be obtained.

The experimental investigations of the ICB
source are aimed at the revealing stable operation
regimes, which a fine adjustment of the deposition
rate in the given range is possible, at the in-
vestigation of effective metal atom ionization con-
ditions, at the revealing of conditions of extracting
mostly uniform metal ion beam.

In these purposes, following experiments were
conducted:

1. Volt-ampere characteristics in the crucible
and ionization parts of ICB source.

2. The changes of crucible temperature under
various heating procedures.

3. The dependence of deposition rate on the cru-
cible temperature.

4. Jon-beam current and ion-beam profile beha-
vior under the changes of deposition rates and ac-
celeration potentials.

szagetsx, 453, 4335, 199

2. Experimental

2.1. The construction of a new ICB source

The schematic diagram of a new ICB laboratory
model is shown on Fig. 1. The basic construction
of the bearing element represents the cylindrical
chamber (1), fabricated in stainless steel and di-
vided into two parts. In the lower part of the
chamber, the carbon crucible (2) and the crucible
heating filament (3), made of W-Re wire with di-
ameter of 0.7mm are placed. In the upper
(ionization) part of the cylinder, the anode @) and
the thermocathode (&) (W-Re filament) are ar-
ranged. To simplify the replacement of the fi-
laments, the filament supports 6) and (7) are fixed
on the separate flanges and (9, which are
mounted to the main chamber walls through alu-
mina insulators ({0. The operation of replacing the
crucible or refilling the depositing material in the
crucible is simplified and can be conducted
without removing ion source from the vacuum
chamber.

The magnetic system is arranged on the external
of the chamber. The magnetic system consists of
three pole pieces ), between them the cylindrical
permanent magnets (2, made in Alnico alloy, are
located.

The radiation from the filaments is shield by a
molybdenum foil which is installed inside ion-
ization and crucible chambers. The water cooling
line @9 is also attached at the outside wall of low-
er chamber.

The acceleration electrodes system is composed
of

a) the basic flange (8), at which the anode is fix-
ed and b) the grounded flange @), located on the
external side of the cylinder @3.

The water cooled external cylinder @3 serves as
a shield for preventing flashovers. The special
hole with a 10 mm diameter is made in the middle
of lower chamber for the in-situ control and ob-
servation of crucible temperature.



Investigation of New lonized Cluster Beam Source 253

[ E E 7 2
A E
I R
| E P = 2
7 0 B N
i it 5
t |
v, | f

® " 0O
\’f\ﬁ ;\ sz
?‘AZT{“/S\—‘"‘"—O e___.fj 7
Y ¢ © va

[
! z ]
|
‘Lm VZZZ3
| sz el

Fig. 2. Electrical scheme iof the new ICB source.

2.2. Electrical diagrams

Fig. 2 shows the electrical scheme of the new
ICB source adopted in the present investigation.
The cylindrical chamber was electrically connected
with a crucible heating filament. The insulated
shield installed in the ionization chamber was also
conducted and the shielding plate was electrically
connected with the cathode potential.

During the experiments the operational regimes
of the ICB source, utilizing Cu as a working metal,
were investigated. Two factors define the quality
of ICB source; the value of extracted Cu* ion cur-
rent density and the uniformity of the ion-beam
profile. Thus in the present work both Cu ion-cur-
rent density and ion beam profile were measured
at different operational regimes of ICB source.
The measurements were conducted by means of a
Faraday cup.

A quartz crystal of thickness monitor (Maxtec
Co. TM-103R) was used for monitoring the Cu de-
position rate.

The crucible temperature measurement was
also conducted from middle part to the top of
crucible by using the pyrometer "MINOLTA Tr-
630".
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Fig. 3. Dependence of current emitted by thermocathode
on the voltage between thermocathode and anode.
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Fig. 4. Dependence of currents I, I,, and I, measured by
milliampere meters A,, A,, and A, (see Fig. 2) on the
voltage between thermocathode and anode.

3. Results and Discussion

On the first stage of experimental tests of ICB
laboratory model the measurements of volt-amp
characteristics were carfully carried out. The most
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Fig. 5. Dependence of the crucible temperature on (a)
heating filament current, (b) current between heating fi-
lament and crucible, and (c) emitted current for the ther-
mocathode.

interesting situation was found while working cru-
cible and ionization parts of ICB source simul-
taneously. These results are shown on Fig. 3. A
reasonable increase of current in the ionization
power supply circuit takes place due to heating the
filament of crucible in case when the bom-
bardment current is zero. As the bombardment cur-
rent appears, the current in the ionization circuit
decreases because part of electrons now are closed
to crucible. In the second step of the experiment
the more detailed investigation of the ion source
volt-ampere (V-A) characteristics with the current
control by means of A, milliampere meter was con-
ducted. The value of current in this circuit in-
dicates the quota of electrons, accelerated by the
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Fig. 6. The required bombardment current for represent-
ed deposition rates at different voltages V,.

voltage between thermocathode and anode V. and
electrically closed through crucible. Fig. 4 shows
the experimental results measured the electron cur-
rent at A,, A, and A, in Fig. 2.

One can see that the current of electrons, ori-
ginated from thermocathode and closed to the cru-
cible (current L), increases with the increase of the
voltage V, and the initial current in the mil-
liampere meter circuit A, is obviously reduced as
the value I, increases. The reduction increases with
the increase of voltage V..

The Fig. S5a demonstrates the dependence of the
crucible temperature on the heating filament cur-
rent. In this case the crucible is heated only by the
radiation from the heating filament. One can see
that the temperature of the middle part of the cru-
cible is about 100°C higher than that of the top
part. If the heating of crucile by electrons from
heating filament is added (see Fig. 5b), the cru-
cible temperature increases as well as the tem-
perature difference between the middle and top
parts of the crucible. The dependence, represented
on Fig. 5b, is given for the two values of heating
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Fig. 7. Beam profiles measured at deposition rate 0.2 A/s with acceleration voltages 1 kV (a), 2kV (b), 3kV (c), and 4

kV (d).

filament current: 28 A and 30 A. In the first case,
the voltage V, between heating filament and cru-
cible, necessary for the identical electron emission
current, was exactly two times higher in the case
I,=30 A. Thus, the crucible temperature seems
more effectively depend on the filament current
than the V,. The experimental justification of-this
idea is presented in Fig. 6, showing the bom-
bardment current, needed for achieving the neces-
sary deposition rate with various values of electron
energy. Fig. 5c shows the temperature of the cru-
cible heated by the radiation from heating filament
and the ther-
mocathode. One can see that in this case the most

electron current emitted from
homogeneous distribution of crucible temperature
was obtained but achieved crucible temperatures
were not so high as in the case shown in Fig. 5b.
On the next stage the beam profile investigations

were carried out using a Faraday cup. The meas-
urements were conducted at a distance of 15cm
from the exit of the acceleration electrode. In order
to cut the electron component the potential equal to-
30V in respect to the ground was applied to the
Faraday cup. The investigations were carried out for
the deposition rates ranging from 0.1 to 0.4 A,
which were determined by bombardment current em-
itted from the crucible filament, and also for the
various acceleration potentials of 1~4 kV, and for
the ionization current values of =100 mA~400 mA.
The experimental data are presented on Figs. 7 and
8. The dependence of extracted ion current density
on the acceleration potential is attracting attention.
First it is worth considering ionization current, equal
to 100 mA. In case of accelerating voitage V.
changing from 1 to 4 kV the extracted ion current
density changes non-monotonically, at 1kV the to-
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Fig. 8. Beam profiles measured at deposition rate 0.4 A/s with acceleration voltages 1 kV (a), 2kV (b), 3kV (c), and 4

kV (d).

tal current density is maximum, at 2 kV it falls, and
then slowly increases with the V, increase. Such
type of dependence is typical for all considered de-
position rates, becoming more obvious for the de-
position rate equal 0.2 A/s (see Fig. 7). Tt must be
indicated that in the realm of the high electron cur-
rents (=400 mA) in the ionization part of ICB
source, the ion current density monotonously in-
creases with the V,. increase.

At the deposition rate equal 0.2 Ass and ac-
celeration potential less than 4 kV the ion beam
profiles are non-monotonic ones. Most probably at
I=100 mA and V,=1XkV there are the optimal con-
ditions for ionization in the ionization and ac-
celeration area, so the absolute values of extracted
ion current are hight. However, the spatial dis-
tribution of electric fields in inoization part cause
the defocusing of the ion beam. The best beam

s=get8A), 454, A 3%, 199

profile from the viewpoint of its uniformity has
been observed with the high values of V.=4 kV.
With the increase of deposition rate from 0.2 Ass
up to 04 A/s, the uniformity of Cu’ ion beam es-
sentially worsens.

The maximum obtained Cu’ ion current density
on the probe amounts for 1.5 pA/cm’, therewith the
ionization rate amounts 3% under the deposition
rate equal to 0.4 A/s, and amounts 6% at the de-
position rate, equal to 0.2 As.

4, Conclusions

Characteristics of the newly ICB source are as
follows.

1. Tests of ICB source showed that at the de-
position rate equal to 0.2 A/s and acceleration vol-
tage less than 4 kV the ion-beam profiles are non-
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monotonic ones. The best beam profile from the
viewpoint of its uniformity has been observed at the
deposition rate 0.2 A/s with the high values of ac-
celeration voltage V.=4 kV. With the increase of de-
position rate from 0.2 Als up to 04 A/s, the un-
iformity of ion current density essentially worsens.

2. Tests of ICB source showed that in the realm
of the small clectron currents (~100 mA) in the
ionization part of ICB source the ion current den-
sity changes non-monotonically with increasing ac-
celeration voltage V,, at 1 kV the total current den-
sity is maximum, at 2 kV it falls, and then slowly
increases with the increase of V...

3. Tests of ICB source showed that in the realm
of the high electron currents (~400 mA) in the ion-
ization part of ICB source the ion current density
monotonously increases with the increase of the ac-
celeration voltage V..

4. The maximum obtained ion current density on
the probe amounts for 1.5 pA/cy’, therewith the ion-
ization rate amounts 3% under the deposition rate
equal to 0.4 A/s, and amounts 6% at the deposition

rate, equal to 0.2 Ass.
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