Spectroscopic observations of homogeneous microcapillary plasma columns heated by ultrafast current pulses*
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Abstract
Homogeneous plasma columns with ionization levels typical of MA discharges are created by rapidly heating gasfilled 520-µm diameter channels with ns rise-time current pulses of unusually low amplitude, 40 kA. These
conditions allow the generation of high aspect ratio (eg. 300:1) plasma columns ionized to very high degrees of
ionization (e.g. Ni-like Xenon) of interest for soft x-ray lasers at λ= 10 nm. Spectra and simulations for plasmas
generated in 500 um alumina capillary discharges driven by 35-40 kA current pulses with 4 ns rise time were
obtained in Xenon, Neon and Sulfur hexafluoride (SF6) discharges. The first shows the presence of lines
corresponding to ionization stages up to Fe-like Xe. Neon shows that Al impurities from the walls and Si (from
injected SiH4) are ionized to the H-like and He-like stages. He-like spectra containing the resonance line significantly
lower in intensity than the intercombination line, and Li-like satellites are analyzed. For Xenon discharges, the
spectral lines from the Ni-like transitions the 3d94d(3/2, 3/2)J=0 to the 3d94p(5/2, 3/2)J=1 and to 3d94p(3/2, 1/2)J=1
are observed at gas pressures up to 2.0 Torr.
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Capillary Discharges
Capillary discharges can generate
• Hot, axially uniform pinch columns
• Near-perfect 1D symmetry
• Fast Compression
• Wall current stability effect

Experiment Results and Simulations
Plasma column dynamics
Images were taken with a 38m
in diameter pinhole, placed at
14.6 cm from the capillary exit.

Xenon, 4.0 Torr.
520 um capillary
39.2 kA peak current

Spectra taken with Xenon at 4.0 Torr show
that ionization levels up to Fe-like Xenon
are attained.

The white circular contour
represents the diameter of the
capillary channel.
The filters used (1m Parylene +
0.5m Aluminum) on the
images past -2.5 ns indicate that
a region of 70 m in diameter is
emitting photons with an
energy higher than 0.6keV.

High degree of ionization

Xenon at 0.5 Torr with currents of
37.6 +/- 0.6 kA

Xenon at 4.0 Torr with currents of
38.6 +/- 1.1 kA

Highly ionized impurities
Time evolution of the emitted
spectra

(Below) Spectra of the Aluminum impurities found in
a 0.5 Torr Neon discharge. Current pulses ranged at
35.5 +/- 0.5 kA. The aluminum impurities reach an
ionization in the He-like and H-like levels.

Ultrafast High Current Capillary Discharge

Times are measured with respect to
the peak of the current. The evolution
of the Co and Fe-like level emission
can be clearly identified.

Discharge Details
•
•
•
•
•

8 stage Marx Bank
Blumlein transmission line
30-40 kA current pulses
4ns rise time
520 m ID capillary

Interesting spectroscopic
observations

Blumlein and
Capillary
Marx Bank

Discharges in Ne and SF6 show the
increase in intensity of the
intercombination line over the
resonance line. Si spectra was
obtained by coating the inner wall of
the capillary by firing a 3-5 kA
current pulse several times in a SiH4
environment. Aluminum is obtained
from the capillary Al2O3 walls.

Xenon + Hydrogen mixture at a 39.6kA discharge. Radex
simulation shows temperatures of 450 eV and densities of
3.5x1019cm-3.

Coaxial Capacitor

Intercombination line emission

Diagnostics
Time Resolved Spectra
• Hettrick SXR Flat field
spectrometer
• 600 g/mm,10-30 Å
• Chevron MCP, 2.5 ns integration
Time Integrated Spectra
• Convex KAP crystal.
• Range: 9-23 Å

Pinhole Imaging
• 38 m diameter pinhole
• Magnification 8.3

Simulations indicate that the increase in intensity of the intercombination line (1s2 1S0 – 1s2p 3P1) over the
resonance line (1s2 1S0 – 1s2p 1P1) is related to a difference in optical thicknesses of both transitions over the
capillary axis.

Conclusions
• Ohmic heating of dense pre-heated micro-capillary discharges by nanosecond-risetime current pulses can efficiently create plasma columns with temperatures up to 400-450 eV for H-Xe
mixtures and extremely high ionization degrees.
• Increasing the current density makes possible to obtain temperatures that exceed in nearly an order of magnitude those in conventional capillary discharges with similar current peaks.
• The generation of these highly ionized discharge plasma columns will open the path to new applications of discharge created plasmas as well as interesting spectroscopic phenomena.
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