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Introduction
Intense sources in the spectral range of VUV- to SXR-radiation (A = 200 . . . 0.05 nm) are
used for e.g. micro lithography or X-ray microscopy. These applications require intense
short radiation pulses emitted in small spectral channels from a spot-like source.
For technical applications a compact and transportable design in combination with easy
maintenance is also desired.
Pinch plasmas emitting intense line radiation in the XUV- and SXR-range are under
consideration and investigated as possible sources. In recent years in Diisseldorf such
plasmas were created with the high performance driver SPEED 2 operated in a Mather-
type plasma focus configuration [1].

Set-up of SPEED 3
As a step towards practical application of pinch plasmas the compact plasma focus
SPEED 3 was designed. It consists of a bifocal configuration with plane insulators, a
very short accelerator and a hollow inner electrode (see fig. 1).
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Figure 1: Plasma focus SPEED 3 and discharge phases

-659-



Eight parallel two-stage-marx-modules are used as drivers. They are arranged in a regular
octagon around the discharge chamber and determine the size of the system (height
65 cm, diameter 130 cm). These modules are switched by fast triggerd (50 kV pulse)
spark gaps with a jitter of less than 2 ns and connected by parallel plate transmission
lines to the outer electrodes in the discharge chamber. Due to the compact design and
therefore short transmission lines simultaneous switching is crucial for symmetric current
drive and discharge efficiency.
Typical and maximum data of the driver are shown in table 1.

bank energy:
bank voltage:
short circuit curent:
capacitance:
inductance:
current rise time:
current rise rate:
jitter of spark gaps:

typ. max.
5.4 12.5
66 100

0.83 1.25
2.5
16
0.3

4.2 6.3
< 2

kJ
kV
MA
/iF
nH
/IS

kA/ns
ns

Table 1: Typical and maximum data of SPEED 3

Both sides of the discharge chamber contain a plasma focus with an outer ring electrode,
plane insulator and inner electrode. This set-up results in two foci near both ends of the
hollow inner electrode. The hole reduces the plasma wall contact during the pinch phase
and therefore the erosion of electrode material and the production of undesired hard X-
rays. The use of plane insulators keeps the system inductance low and favours high current
efficiency. Since high power discharges cause problems of sheath formation, a metal foil
was initially used in order to predetermine the electric potential on the insulator surface.
The description of the discharge history is generally divided into three phases (see fig. 1).
During the first 70 — 100 ns after the triggering the plasma sheaths are formed by sliding
discharges on the insulator surfaces. Then the sheaths take off and are accelerated along
and towards the axis by j x B-forces (second phase). In the compression and pinch phase
hot plasma columns are formed at both ends of the inner electrode.

Diagnostics

The electrical signals U and dl/dt are used to characterize the development of the dis-
charge and the pinch quality . The current derivative is detected with tiny coils, placed
close to the parallel plate transmission lines. Four different positions for these probes have
been used to control the symmetry of the current drive. The voltage is capacitively di-
vided and registered by digital storage oscilloscope together with various other signals: a
scintillator-multiplier combination detects hard X-rays and neutrons (in discharges with
deuterium), the pulses of which are separated due to their different time of flight. In
the visible spectral range three framing cameras with 10 ns exposure time are used at
radial and axial positions to image the sheath shape and pinch formation. With a fast
photodiode the temporal development of the visible emission is registered.
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For the XUV- and SXR-range a pinhole camera (time integrating), a 4-frame MCP-camera
(exposure time 5 ns) and a streak camera can be used, if line radiation in this spectral
range (A < 20 nm) is emitted from pinch plasmas of heavy gases (e.g. Ne, Ar). Up to now
efficient pinch formation only takes place in pure deuterium or hydrogen. Signals of an
efficient discharge in deuterium and a series of framing camera pictures of discharges in a
deuterium-argon mixture are shown in figure 2 and 3.
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Figure 2: Electrical signals of an efficient discharge

Figure 3: Framing camera pictures (10 ns exposure)
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Experimental results

The experiments performed up to now almost exclusively deal with discharge initiation,
sheath and pinch formation. The influence of the insulator on sheath and pinch formation
and the discharge reproducibility is known to be of great importance. Efficient sheath and
pinch formation is achieved using pure deuterium or hydrogen as filling gases. As observed
in SPEED 2 small admixtures of heavy gases cause sheath break-up and filamentation.
In contrast to systems with cylindrical insulators the polarity effect [2] is considerably
reduced in SPEED 3. The potential control within the plane insulators has almost no
effect on the sheath formation and was therefore replaced by a grounded copper plate
(thickness 10 mm) separating both sides of the set-up. While the sheath velocities in
deuterium in axial and radial directions exceed 1.5 • 105 m/s, the axial velocity in a
deuterium-argon mixture is reduced by a factor of 3.
A pinch of about 1.5 cm in length is formed on both ends of the inner electrode. The time
difference of about 40 ns between the maximum compression of the two pinches is caused
by a slower sheath formation in that part, where the outer electrode is positive (polarity
effect). Up to now the complete sheath detachment inside of the hollow inner electrode
during the pinch phase was not observed.
Special attention was put on the influence of the insulator surface. Efficient pinch forma-
tion with new and unconditioned glass insulators was achieved after a few cleaning dis-
charges. But after about 15 efficient discharges the insulator surfaces show severe damages
(microscopic cracks) preventing further proper sheath formation. The deposition of cop-
per cristallites onto the surface known as a sign of a well conditioned surface does almost
not take place. First tests with A^C^-coated (thin layer: 300 nm, sputtered) insulators
reveal an improved behaviour, though the coating is damaged within a few discharges.

Outlook

The grounded mid-plate enables two new measures: Heavy gases can be injected through
a small channel directly into the pinch region. This could avoid the problems already
observed with static admixtures. In two additional thin tubes micro-pickup coils can be
inserted in the inner electrode to detect the current and a sheath detachment.
The conditioning problem of glass unsulators is presumably overcome by alumina coating
or by using pure alumina discs. This material is superior to glass insulators especially
in high power experiments with respect to sheath formation and reproducibility of the
discharges.
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