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THE DEVELOPMENT OF PLASMA ACCELERATOR WITH INTENSE DIVERGENCE
AND HIGH UNIFORMITY OF ION FLOW FOR TECHNOLOGICAL APILICATIONS
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ABSTRACT

The actuality of this problem is obvious, because for a large par of plasma technologies it
is vecr, important to have the greater square of the processed surfaces and high uniformity of ion
flo on it

The basis of development is the accelerator with closed drift of electrons (ACDE) of non-
traditional design with the diameter of external wall of acceleration channel of 65mm which
allows to realise the crossing of ion flows, coming from the opposite regions of the channel, on
tie e\it section of accelerator practically at subsequent divergence of ion flow.

Present approach will allowed to create the sample of accelerator which provide the reduction
of non-uniformity in the ion flow down to 20...25% in the region of 0,4mx0,4m at the distance of
0.2...0.3m from processed surface. The accelerator is capable to work stable in the wide range of
the discharge parameters in the following region: voltage -100...300V ( the average ion energy
-60...260eV ) with power of up to 700W.

I PREVIOUS GRAPHIC AND ANALYTIC ANALYSIS OF POSSIBILITY FOR INCREASE
OF THE DIVERGENCE AND UNIFORMITY OF ION FLOW

For a long time there are many efforts to increase the divergence and uniformity of ion flow
of ACDE on the diameter of beam /1.2/. But there are no essential results in this investigations At
first. the authors had offered the new principle of forming of ion flow which allow to realise the
crossing of ion flows, coming from the opposite regions of the channel, on the exit section of
accelerator practically at subsequent divergence of ion flow. This principle is very simple in die
design realising and concluded with displacement forward of outer magnetic pole relatively of
inner magnetic pole up on the width of acceleration channel by corresponding length of its walls

Let's make the estimation of distribution ji by producing of graphic and analytic analysis at
the distance of 100mm from exit section of accelerator by following assumption:
- the ions have straight-forward trajectories after region of crossing;
- the initial experimental disribution of jio for ACDE and initial distribution for ACDE with
crossing ion flows ( with Displacement forward of Outer magnetic Pole-ACDE&DOP ) are the
same:

- the distance between the magnetic poles and line of measuring jio for ACDE and ACDE&DOP
is the same.

The practical building up of ion current density distribution ji is presented in Fig. 1(a). The
ion flo\\ density in any point of line L may be written as:
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where J -the ion current density vector on L; J,, J.-the ion current density vectors from

upper and lower opposite regious of the acceleration channel, accordingly. The values of the
vectors J, and ,L given by:

J, = J,o( i , = cosa,

where li.-the distance between imaginary focus F and the beginning of vector ji, in the exit
section of accelerator; li-the distance between imaginary focus F and the beginning of ion density
vector on the line L; ji, -value of ion density vector of the initial distribution on the exit section
of accelerator; IF -the distance between focus F and line L along the axis of the accelerator.

For ACDE&DOP ( Fig. l(b)) the building up will leads analogically with above-mentioned
assumptions. The results of building up will allow to represents about essential increase of
uniformity ACDE&DOP ion current density distributions. Obviously, that obtained results have
the preliminary nature and the real effect can be performed after experimental investigations.

2. PRELIMINARY EXPERIMENTAL INVESTIGATIONS AND RESULTS

The first series of experiments was carried out on the standard ACDE M-65 type ( 65mm-the
diameter of outer wall of acceleration channel ) with displacement forward of its outer magneticpole on -20mm for outer-inner poles space also -20mm ( Fig.3 ). The experiments have been
carned out with the measurements of following parameters: discharge voltage Ud, discharge
current L . gas flow rate Q. through the anode by correlation of working currents in the inner
and outer magnetic coils from 1:1 to 1:4. Simultaneously, the ion current density j,(r) on thediameter of -- ,8m was measured by plane electrostatic probes, which placed on the cross
support, for vertical and horizontal axis. Accelerator is capable to work stable on Kr in the
range of Ud =130...200V, Q, =18...30sccm and Id =2,5...4A. ji(r) measurements had shown(Fig.4) that even at the distance of 0,3m from exit section of accelerator the non-uniformity ofion current density is down to 20% on the diameter of 0,4m. In this case, the high uniformity of
ion current density was achieved for the following correlations between working currents in theouter and inner magnetic coils as 3:1 and 4:1. On the Fig.4 we are corrected the measured valuesofji(r) in connection with the non-perpendicularly of ion flow on the reception plane of the probe:

S= j,m / cosa,

where jim -measured ion current values on probe and cc -the angle between the axis ofaccelerator and line between the axis of probe and exit section of accelerator. From thispreliminary results it was deduced that ACDE&DOP have essentially high uniformity anddivergence of ion flow in comparison with standard ACDE.

3.DEVELOPMENT OF THE ACCELERATOR WITHOUT INNER WALL OF CHANNEL

On the basis of preliminary experimental results was developed the ACDE&DOP Without
the inner wall ( ACDE&DOPW ), which presented on the Fig5. Practically, this accelerator
have the full opened discharge region for the ion flow exhaust along the axis direction and the
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development of it offer the great science interest as it realise at first. ACDE&DOPW' anode

was covered of the circular peak insulator on I/5 pan in the radial direction near the axis of the

accelerator contrary to overheating.
Analogically of above-mentioned, the experiments have been performed with measurements

of accelerator parameters and ion current density distributions by probes For more reliability.

there are the same conditions in the experiments for developed and standard accelerators, both

Swith 65mm diameter of outer wall of channel. With accelerator has been used the hollow cathode

with emitter of LaB 6 . The experiments have been performed with two working gas: Ar and

Kr Current-voltage characteristics, which have horizontal form. are presented on Fig.6 for a

wide range of working parameters: gas flow rate of Kr is 9...36sccm by discharge voltage
130. .200V The lines of constant power on the Fig.6 are the dotted lines drowned. which aimed

to facilitate the working regime choice, when the power of power source or pumping speed of

vacuum facility are limited. The same current-voltage characteristics was obtained for Ar. but by
gas flow rate 24...48sccm.

The ion current density measurements have been performed at the distances of 0,2m and
0.3m from exit section of accelerator for Kr and Ar ( Fig.7 and Fig.8. accordingly ). On the
Fig.7.8 are presented the best results. Gas flow rate through the anode of the accelerator is

-27sccm for Kr and ~39sccm for Ar by discharge voltage Ud=160V. The best ion current
density distributions with high uniformity took place by correlation working currents in the inner
and outer magnetic coils of 1:3... 1:4.

4. EXPERIMENTAL RESULTS ANALYSES

This experiments have shown that it is possible to obtain the essential effect consisted in the
high divergence and uniformity of ion flow of ACDE&DOPW. At the distance of 0,2m from
exit section of accelerator the uniformity is increased more than few ten times ( the exact
calculation was impossible because of it is essentially depend from the diameter of measurements

ofji(r)). For the Ar this effect is small, but for the zone of measurements of 0,4m the uniformity
of ion current density for ACDE&DOPW more than ten times high than for standard ACDE.
The analogues results was obtained at the distance of 0,3m, but in this case the non-uniformity
of distributions achieved for Kr ±20% and for Ar islO% on the 0,4m of diameter.

The increase of ion flow divergence is obvious, because it was registered the high increase
of ion current density values on the periphery probes as compared with central region probes. The
effect of increase of divergence was estimated of the half width of distributions ji(r). This effect
can achieved 7...10 for Kr and 3...5 for Ar for developed ACDE&DOPW in comparison with
standard ACDE.

So was deduced that the main tasks of investigations was achieved and the developed
accelerator is excelled the standard types of modem ACDE which consisted with the more high
divergence and uniformity of ion flow.
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