
P-2-30 CZ9726775

CHARACTERISTICS OF A SMALL PLASMA FOCUS DEVICE

M Favre, P. Silva, H Chuaqui, and E. Wyndham

Ponlificia Universidad Catolica de Chile, Facultad de Fisica
Casilla 306, Santiago 22, Chile

P. Choi and C. Dumitrescu-Zoita

Laboratoire de Physique des Milieux Ionises, Ecole Poly/echnique
Palaiseau 91128, France

ABSTRACT
We report on experimental observations in PFP-I. a small 3.8 kJ plasma focus, which is
operated in Hydrogen-Argon mixtures to investigate the effect of parameter modifications on
the overall performance of the device. An extensive array of diagnostics is been used, which
includes voltage and current probes in the external circuit, a novel small magnetic probes
array located along the cathode rods, filtered PIN diodes located side and end on, and multi-
pinhole X-ray camera. Extended operated range from below 0.2 Torr upwards has been
achieved with the implementation of the auxiliary discharge circuit. Despite the low voltage
and low energy operation, energetic beam formation has been observed at the time of the
final compression, prior to disruption. Current sheath formation and evolution has been
characterised using the magnetic probes array, in correlation with beam formation and
plasma emission. Time integrated visible plasma spectroscopy is performed to investigate
impurity effects on focus performance and plasma dynamics at the collapse phase.

INTRODUCTION
Plasmas of ultra-high energy density can be easily produced in a small plasma focus device, at
very modest costs [1,2]. This type of small device allows easy modification, combined with
wide parameter range at high repetition rate operation. Much of the scaling parameters on the
plasma focus has been evaluated, though many questions still remain. Extensive studies on the
neutron production efficiency with device parameters have been reported in different
experiments, although the underlyning plasma properties have not been characterised to the
same extent [3,4,5] Further experimental studies are required in order to fully characterise
small plasma focus device performance, mainly in view of potential applications as bright soft
x-ray sources or charged particle beams generators. It is known that the basic parameters that
affect the efficient operational regime in Plasma Foci are initial sheath formation, snowplough
efficiency, and the presence of impurities. In this work we report on the operational
capabilities of PFP-I, a small 3.8 kJ Plasma Focus device. The device has been designed to
address the above parameters. A comprehensive set of diagnostics has been implemented,
which include voltage and current measurements, multi pinhole x-ray photography, filtered
PIN diode array, a novel Bdot probe array and space resolved optical spectroscopy.
Preliminary results are presented, which highlight the operational capabilities of the device.
Operation at constant mass density in Hydrogen-Argon mixtures allows effects due to Argon
admission on the current sheath evolution and pinch performance, to be clearly identified. The
presence of Copper impurities during the collapse phase, which arise from evaporated
electrode material has been identified with the visible spectroscopy diagnostics. In general, the

-574-



P-2-30

results show that most of the phenomena observed on plasma focus devices covering a wide
range of machine parameters, can be successfully investigated in a small device.

EXPERIMENTAL APPARATUS
The experiments have been performed
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Figure 1: schematics of the plasma focus device.

in PFP-I, a Mather type plasma focus,
which is powered by a 9 uf capacitor
bank, operating up to 30 kV. A low
inductance, 9 channel triggered spark-
gap is used to transfer the charge from
the capacitor bank to the focus. 10 ns
transmission lines, with an effective
impedance of 4.2 Q, connect the
spark-gap to the bank and focus. The
electric circuit design has been
optimized to enhance high frequency
oscillation of the voltage at initial
breakdown, in order to improve
breakdown efficiency and uniform
current sheath initiation. The
discharge is formed between a
hollowed anode, 1.2 cm radius and 14
cm length, and six cathode rods, symmetrically arranged in a 3.2 cm radius circle. The
insulator is a Pyrex sleeve, 5 cm long. The focus is operated in Hydrogen-Argon mixtures, at
pressures from below 0.2 Torr upwards. An array of small magnetic probes located along the
cathode rods is used to study the current sheath structure during the run down phase of the
discharge. The probes are electrostatically shielded and placed behind the cathode rods,
allowing non-perturbing measurements to be made. Further details of the magnetic probes are
presented elsewhere [6], An array of filtered PIN diodes located side and end on, is used to
study the electron beam formation and the plasma emission. These time resolved observations
are correlated with space resolved measurements, using a multi-pinhole X-ray camera. A
schematic of the experimental set-up is shown in figure 1. Time integrated space resolved
spectroscopy is also applied. Light emission from the focus region is imaged onto a linear
array of optical fibres. Individual fibres are 0.3 mm diameter. The other end of the fibber
array is fed into a monochomator (68 cm focal length, 1800 In/mm grating). Spectra are
recorded on TMAX 3200 film.

RESULTS AND DISCUSSION
Figure 2 shows characteristic signals for operation in 92% Hydrogen plus 8% Argon, at 1.4
Torr. The signals correspond to the voltage at the base of the focus, the time derivative of the
current, and five PIN diodes: D-A, positioned axially, at 40 cm from the focus region, with 5 \i
mCu + 2 u.m Mylar filtering, D-Ll to D-L4, located side on, at 18 cm from the focus region,
with 3 u,m Ag + 1 um Mylar, 4 u.m Mylar, 5 u.m Cu, and 7.5 u.m Ni + 2 jam Mylar filtering
respectively. The trace superimposed on the graphs corresponds to the discharge current.
Focus action is seen to occur at peak current. The sharp increase in the associated voltage
spike indicates efficient compression. When comparing the axial and lateral PIN diode signals,
several features of the x-ray emission can be identified. The first x-ray pulse is due to a high
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energy electron beam hitting the anode, as it coincides with the voltage spike. A second x-ray
pulse is also associated with electron beams, as it coincides with a second voltage spike. How
ever, at this time the x-ray emission has a contribution from the focus plasma, as it can be
inferred when the relative heights of the first and second pulse in the axial and lateral PIN
diodes are compared. A third period of x-ray emission is strongly dominated by plasma
emission. Further discrimination of electron beam induced and plasma emission can not be
established, as the side-on PIN diodes are not collimated as to exclude anode radiation.
Companion time integrated pinhole x-ray photographs show emission from the anode surface
and localized hot spots. These observations are in general agreement with previous
investigations of x-ray emission in plasma focus operating with Hydrogen-Argon mixtures [7].
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Figure 2: electric and PIN diode signals at 1.4 Ton-

Figure 3 shows time correlated, single
shot data from the electric signals, PIN
diodes and Bdot probes, for a shot in
90% Hydrogen plus 10% Argon, at
0.24 Torr. PIN diode identification and
filtering is the same as that in figure 2.
Despite the low operating pressure,
significant focus action is seen to occur.
Two periods of x-ray emission are

Figure 3: electric, PIN diode and Bdor signals at
0.24 Torr

Figure 4: neutral copper lines at 510 nm (left) and Hp at
486 nm (right).
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observed. The first one is clearly dominated by anode radiation due to electron beam hitting,
whereas the second one has an important contribution from plasma radiation. The Bdot probe
array signals show that as the sheath propagates axially the thickness decreases and the leading
edge becomes more steep. Further discussion on the properties of the current sheath are
presented in a companion paper in these proceedings [6].

Preliminary spectra of visible light emission have been recorded. Figure 4 shows characteristic
time integrated Hp and Copper neutral lines. Emission along the lines corresponds to a 0.3
mm slice across the axis of the discharge, at 2 mm from the anode edge. Each spectrum in fig.
4 is 8 nm wide As the recorded spectra are time integrated, a suitable selection of particular
lines which only appear at collapse time should be identified in order to apply this diagnostic.
Nevertheless, the identification of Copper lines is important in order to evaluate the effect of
impurities in focus performance.

CONCLUSION
The operational capabilities of the small Plasma Focus are demonstrated. Improved initial
breakdown efficiency is achieved due to an electric circuit which enhances initial dl/dt. This
allows the focus to be operated at pressures below 0.2 Torr, with sharp focus collapse as a
result of current sheath quality. The Bdot probes array allows quantitative investigations of
current sheath properties, in correlation with focus performance. Preliminary results highlight
the effect of impurities on sheath structure. The combined space and time resolved and x-ray
diagnostics allows plasma and electron beam induced x-ray emission to be clearly identified.
The time integrated visual spectroscopy provides an efficient diagnostic tool to investigate the
effect of impurities on focus performance and dynamic effects associated with radial collapse.
A comprehensive research programme is currently under development, in order to exploit the
capability of this small device to address basic and yet not fully understood features of plasma
focus physics.
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