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Measurements of the optical and x-ray emission from a small 40-kA, 30-ns !10%–90%" rise-time
X-pinch plasma discharge are reported. This device is truly ‘‘table-top,’’ having a laboratory
footprint of less than 1 m2. With tungsten wires, the total energy (h#!800 eV) is 60 mJ in a pulse
of less than 10 ns. The size of the emitting region is less than 10 $m. The emission is reproducible
with a jitter relative to the current pulse less than 5 ns. Initial experiments demonstrating the use of
this X-pinch for applications in x-ray radiography are presented. © 2003 American Institute of
Physics. %DOI: 10.1063/1.1584782&

Recently, there has been much interest in the develop-
ment of small, efficient, and versatile x-ray sources for a
number of applications, which include x-ray backlighting of
dense matter,1 x-ray microscopy for biology, and medicine.2
The main requirements for these applications are: !i" short
pulse duration !to resolve transient events in high density
plasmas and ‘‘live’’ biological specimens", !ii" reproducibil-
ity !position, output energy", !iii" brightness, and !iv" small
source size !for high-resolution radiography". Radiation in
the energy range 1 to 10 keV is desirable for most
applications.3,4 Jitter free output is required for applications
where the x-ray pulse has to be timed relative to an external
event. At present the X-pinch plasma x-ray source has the
greatest potential to fulfill all these criteria.

In the X-pinch, a large current is pulsed through two
wires that are arranged in the form of an ‘‘X.’’ At the point
where the two wires touch—the cross point, that is, at a
predetermined position—the currents combine to produce a
hot dense plasma that emits energetic x-rays. In this letter,
we report measurements of the emission from a unique
‘‘table-top’’ X-pinch device. The X-pinch experiment re-
ported here is driven by three times less pulsed current and
with much less energy than in previous experiments !0.28 kJ
compared with 4 kJ,5 22 kJ1" and yet is able to generate x-ray
pulses with sufficient energy and good reproducibility. Ex-
periments to demonstrate that this source is suitable for ra-
diography are presented.

A conventional pulsed power generator was used to
drive the X-pinch. It consists of a small four-capacitor Marx
bank, pulse-charging a coaxial water dielectric line, which is
switched by a self-breaking gas spark gap into the X-pinch
located in an evacuated chamber. The total footprint of the
generator and X-pinch chamber is about 1.2"0.4 m2. The
X-pinch was formed with 5-$m tungsten or 15-$m-diameter
aluminum wires between electrodes separated by 30 mm.
The current pulse peaked at 40 kA with a 10%–90% rise
time of 30 ns. The current in the pinch crowbarred at about
100 ns as a result of a breakdown across the insulator at the
high voltage feed-through in the discharge chamber. The cur-

rent waveform until crowbar for both tungsten and aluminum
wire X-pinches was identical to that when the pinch was
replaced with a short.

Optical images of the pinch were obtained using a four-
frame gated image intensifier.6 Other diagnostics consisted of
a flat-field grating spectrometer fitted with a gold-coated
concave aperiodic diffraction grating and a CCD detector7 to
determine the extreme ultraviolet !XUV" spectrum; cali-
brated photoconducting diamond detectors8 to measure the
x-ray pulse temporal profile; a six-channel x-ray pinhole
camera to obtain time-integrated x-ray images of the pinch.
A combination of different filters was used to obtain a rough
estimate of the energy distribution of the x rays.

Figure 1 shows a sequence of gated optical framing im-
ages. The emission from the wires is from hot coronal
plasma produced by the current, which is initially on the
surface, heating, ionizing, and ablating the material. From
the gated images, an average radial expansion velocity of
'9"103 ms#1 can be deduced for the tungsten wire pinch.
With aluminum wires, the expansion is about a factor of 2
faster. This ratio has also been measured in single-wire dis-
charges at currents of 80 and 160 kA.9

Also evident in the photographs in Fig. 1 are plumes of
plasma propagating from the x-point towards the electrodes
along the line of symmetry of the wire cross. These plumes
have been reported previously,5,10,11 and were presumed to be
due to plasma jets ejected along the line of null magnetic
field from the hot plasma at the cross point. Our observations
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FIG. 1. A sequence of optical frames !1-ns exposure" in !a" 5-$m tungsten
and !b" 15-$m aluminum wire X-pinches.
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