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We present a new excitation source for pulsed supersonic beams. The excitation is based on
dielectric barrier discharge in the beam. It produces cold beams of metastable atoms, dissociated
neutral atoms from molecular precursors, and both positive and negative ions with high efficiency
and reliability. © 2009 American Institute of Physics. �doi:10.1063/1.3244085�

I. INTRODUCTION

Electrical discharge in supersonic beams has been used
extensively to generate ions, metastable atoms, and dissoci-
ated neutral radicals. The excitation source could be either
a hot filament electron source,1,2 high voltage dc or pulsed
two electrode discharge,3–7 rf �Ref. 8�, or microwave9 cavity
placed before or after the nozzle output of the beam. In most
cases, the electrode material is sputtered leading to a short
life time of the source and contamination of the emergent
beam. The hot gas created in the discharge produces beams
with low Mach numbers and high speeds. A different dis-
charge mechanism can be used to excite the gas by placing
an insulator between the electrodes. The discharge is then
named a dielectric barrier discharge �DBD�. Its properties are
radically different from simple two electrodes discharge in
gases �see Refs. 10 and 11�. This type of discharge is being
used to generate ozone on a large scale,12 generate excimer
UV light sources,13–16 dissociate molecular species, and
clean environmental emission and surfaces.17–21 Theoretical
modeling22 and experimental investigation23,24 of the dis-
charge mechanism established that the self-limiting dis-
charge current, due to the barrier charging, is responsible for
its spatial and temporal characteristics.25,26 Supersonic beams
were created from a DBD prior to the nozzle expansion.21

The beneficial properties as an excitation source for super-
sonic beams can be summarized briefly:

�1� The discharge is initiated in filaments that rapidly �nano-
seconds� charge the dielectric and cause the filaments to
spread over the barrier surface and cover it uniformly,
thus preventing hot spots from forming.

�2� The uniform coverage of the barrier electrode prevents
the avalanche process that produces arcing in the gas
and also the acceleration of the ions to sputtering energy.

�3� The discharge can be operated in higher pressures near
the nozzle exit �10–1000 mbar� without arcing, where
the mean free path is still short and many collisions can
occur. The excited species generated by the discharge
will move with similar velocity to the neutral gas and at
similar Mach numbers.

�4� The electron �and ion� energy distribution in such a dis-

charge is lower �1–10 eV� than in a regular arcing dis-
charge resulting in efficient formation of metastable at-
oms. These metastable atoms can transfer their energy
by multiple collisions to molecular species in the beam
and cause efficient molecular dissociation. In some cases
the DBD compares favorably with other sources that are
now used in excited beams experiments.7,27

We have constructed and tested a DBD excitation source
that was coaxially mounted on our pulsed valve machine and
the results for metastables, neutral fragments, and ions are
presented.

II. EXPERIMENTAL

A. Construction of the coaxial DBD source

The discharge occurs between two concentric cylindrical
electrodes. The inner grounded electrode �diameter of 5 mm
and length of 7 mm� is made from perforated stainless steel
foil �0.1-mm-thick and 90% transmission�. The dielectric
barrier between the electrodes is a thin alumina tubing �0.5
mm wall thickness�. The outer electrode is a cylinder �6 mm
inside diameter and 8 mm outside diameter� that is pulsed at
high voltage �4 kV�. Two flat Macor disks serve to complete
the isolation from ground. The exploded assembly drawing is
in Fig. 1. The assembled source is shown mounted on our
pulsed 0.1 mm nozzle of the “Even–Lavie”28 valve in Fig. 2,
together with its electrical driver scheme.29

B. Electrical excitation of the source

The discharge is achieved by applying ac high voltage
pulses to the external cylindrical electrode. A function gen-
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even@chemsg1.tau.ac.il. FIG. 1. �Color online� Exploded view of the DBD parts.
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