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Due to the rapid development of small devices there is a strong interest in designing
miniaturized plasmas. There are already reports about miniaturized d.c. discharges, inductively
or capacitively coupled-p plasmas. The plasmas have to be powerful and robust, operated at
pressures close to atmosphere and their parameters should be of the same order of magnitude
like classical plasma sources. Together with the development of small-size discharges, also
separation methods were downscaled in order to fulfil the lab on the chip concept. The
advantages of miniaturized plasmas in lab-on-the-chip systems would be a further improvement
of compactness of the analytical system which allow the application outside of laboratories.
Furthermore, parallel and high-throughput measurements can be performed if many systems
are used simultaneously.

This paper presents an atmospheric pressure microhollow cathode discharge as an ion source
for mass spectrometry. We already reported the use of the microplasma as an emission
selective detector with detection limits of halogens in the low ppb range (1).

The microhollow cathode discharge operating at high pressures consists of hollow electrodes
with a hole diameter in the range of 50 — 200 um separated by a submillimeter ceramic isolator.
For our investigations 20 um thick Pt electrodes were separated by a 200 um Al,O3 insulator
and the diameter of the hole in the electrodes was 100 um. A weekly ionized plasma is ignited
in the hole of the structure. The microhollow cathode discharge is considered as a normal glow
discharge with an increased excitation and ionization efficiency due to the hollow cathode
geometry. The plasma parameters at atmospheric pressure were determined through diode
laser atomic absorption spectroscopy. The gas temperature is 2000 K in Ar and 1000 K in He
and the electron density reaches values of about 6x10™°/cm® for the discharge operating in Ar
and 2x10™/cm?® for operation in He (2). In these conditions the ionization degree of the plasma
is in the order of 3x10™ in He and 10 in Ar.

The discharge can be operated in a static regime, when the same pressure is at both sides of
the structure or in a jet regime, when a pressure difference is established in the system. By
operating with atmospheric pressure at the anode side and pressures lower than 1 mbar at the
cathode side, an adiabatic expansion appears. The plasma formed in the hole contains neutral,
excited and ionized particles and it expands as a jet in the low pressure region where is cooled
down. Such a geometry is suitable for mass spectrometry: the microstructure is acting as
ionization source and sampler in the same time. The analyte is mixed with helium and passes
through the hole. Elemental ions as well as ionized fragments are detected. Results will be
presented concerning the analysis of gas mixtures and volatile compounds by the direct
coupling of the gas chromatograph. The detection limits for halogenated hydrocarbons are in
the low ppb range.

The microhollow cathode discharge proved to be a promising plasma source to be integrated in
an analytical system. The easy way of operation, the low voltage necessary to sustain the
plasma and the operation at atmospheric pressure are only some of the advantages. Also, its
characteristics like the relatively high gas temperature and electron density as well as a very
high power density allow the detection of analytes with relatively good detection limits.

Acknowledgements

The authors like to thank Prof. H. Schmidt Bdcking, Dipl. Phys. Sven Schdsser and Till Janke
from Institute of Nuclear Physics, Frankfurt, Germany for the common preliminary
measurements with the plasma jet and for delivering some microstructures.

(1) M. Miclea, K. Kunze, J. Franzke, F. Leis, K. Niemax, C. Penache, O. Hohn, S. Schdssler,
T. Jahnke, A. Brauning-Demian , H. Schmidt-Bdcking, Proc. HAKONE VIII Conf., July 21- 25
Plhajarve - Estonia, (2002)

(2) M. Miclea, K. Kunze, C. Penache, J. Franzke, H. Schmidt-Bdcking, K. Niemax, Proc. XVI-th
ESCAMPIG Conf., 14-18 July, Grenoble - France (2002)



