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The experiments have been recently carried out in the MPC facility. Three gases were used at
different initial concentrations. Spatial distributions of the Ampere force have been plotted by
using the data retrieved from the magnetic probe measurements. The results have clearly
shown that the peculiarities of the compressive structures where the force is directed mainly
to the near-axis region or/and opposite to the plasma flow are intrinsically related to specific
operating modes. Plasma velocity and density measurements conducted earlier, which
illustrate dynamics of the plasma stream deceleration and formation of the compression zone

3

with the average electron density above 10'® cm™, are in agreement with obtained

distributions of the local Ampere force.

Introduction

A compression zone is one of the most interesting phenomena inherent in compressive plasma
flows. It is formed near the axis of the plasma stream that flows beyond the accelerating
channel and compresses in the radial direction. Density and temperature are considerably

3 and

higher there than in the other parts of the plasma volume [1-7], reaching above 10'® cm-
60 eV [2-6], respectively. A magnetoplasma compressor (MPC) is a plasmadynamic device
generating quasi-steady-state compressive plasma flows [1-11]. Streams of plasma are
accelerated towards the axis of the system by the pressure of the azimuthal magnetic field H,
produced by the current that flows in the discharge plasma. The typical discharge duration is
approximately tens of microseconds, which corresponds to the first half-period of the

discharge current [2-9].

At present, one of the most crucial research problems is to determine the conditions for the
practical use of the MPC for various applications such as lithography or surface modification

[4-7]. In this domain, the MPC can serve as an artificial source of extreme ultraviolet
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radiation (EUV) [6]. During the experiments with xenon, it has been repeatedly registered
with a wavelength of 13.5 nm [2-3, 6]. Among the factors determining the utility of the
compressive plasma flows for these purposes, the most essential are the linear size of the
compression zone, its spatial location, and the initial concentration of gases used for plasma
generation. By taking those into account, it is possible to mitigate the surface erosion of the
electrodes caused by the impact of dense and high-temperature plasmas in the compression

zone.

It has been shown [2-5, 7-9] that when the initial gas concentration is lowered, not only the
linear size of the compression zone rises but also the plasma density in the compression zone

goes up. Under those conditions, the compression zone shifts from the electrodes of the

plasmodynamic device;
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coincides with the quadratic Stark broadening of spectral lines is compared to the theoretical
experimental data, which ¢

proves the experimental outcomes to be accurate. Therefore, having selected proper initial

conditions, one can ensure that the erosion of the electrodes diminishes.

The research has been carried out using the MPC experimental device [2-9]. We measured a

self-generated magnetic field in the plasma streams under different initial experimental

conditions, namely varying initial concentrations of gases: helium (33x10'® cm™), nitrogen

(2x10'* cm™ and 10'® cm?®), and argon (3.3x10'® cm™). Assuming a cylindrical symmetry of

the system, the spatial distributions of the Ampere force for the indicated operating modes
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were calculated and analyzed. With the aid of this approach, it is possible to elucidate the

behavior of the plasma flows further [2-3].

Spatial distributions of Ampere force in plasma flows

The spatial distribution of the Ampere force for varying initial concentrations were plotted.
The diagrams presented below (Fig. 2 - Fig. 7) depict the direction of the Ampere force at
each point of the measurements (vectors), including the region in the proximity of the
compression zone. These vectors do not represent the magnitude of the force; however, they
indicate how the force is exerted on different parts of the plasma stream. The electrodes
(the outer one is an anode) comprising the MPC accelerating channel are shown
schematically.

For the smallest initial concentration (up to 2x10' cm™ of nitrogen gas), there is a clearly
defined zone where the Ampere force is directed to the axis of the plasma flow. This may

correspond to the process of plasma squeezing; thereby, the compression zone forms.
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Figure 2: spatial distribution of the Ampere force for Figure 3: spatial distribution of the Ampere force for

the mode of operation with nitrogen (ng= 10'° cm?).  the mode of operation with nitrogen (no=2x10'% cm™).
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Figure 4: spatial distribution of Ampere force for Figure 5: spatial distribution of Ampere force for
the mode of operation with argon (ng= 3.3x10'% cm™).  the mode of operation with argon (ng= 3.3x10% cm™).
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The distribution differs for a slightly higher initial concentration (Fig. 4 and Fig. 5), showing
a greater plasma volume involved in the compression process surrounding the axis. According
to the detailed analyses of the Bernoulli's equation [1-5], the kinetic energy of a plasma flow

transforms into the thermal energy of the compression zone, whereas its velocity decreases.
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Since the Ampere force has a longitudinal component in the direction opposite to the plasma

stream velocity, a deceleration process occurs.
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Figure 6: spatial distribution of Ampere force for Figure 7: spatial distribution of Ampere force for

the mode of operation with helium (ng= 33x10'° cm?).  the mode of operation with helium (ny= 33x10'° cm™).
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When the initial concentration increases tenfold, the distribution changes extensively. The
direction of the longitudinal component is the same as of the plasma flow in the entire plasma
volume (Fig. 6), as opposed to the previous cases. Then, during the discharge, the specific
distribution appears indicating the deceleration process (Fig. 7), excluding a small part of the

flow where the Ampere force is directed towards the wall of the vacuum chamber.
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