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He–Xe microdischarges: Comparison of simulation results
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A comparison of predictions of a one-dimensional simulation model with the results of a recent
experimental study 关Appl. Phys. Lett. 76, 544 共2000兲兴 of a dc He–Xe microdischarge is presented.
The experimental results are remarkably reproduced by the model but only when unusually high
values are used for the unknown rate coefficients of formation and recombination reactions of
HeXe⫹ heteronuclear ions. © 2001 American Institute of Physics. 关DOI: 10.1063/1.1338494兴

Plasma display panels 共PDPs兲 are one of the leading candidates in the competition for large-size, high-brightness flatpanel displays, suitable for high-definition television
共HDTV兲 monitors.1,2
Gas mixtures of He/Xe or Ne/Xe are typically used in
PDPs. One of the major challenges in research related to
PDPs is the optimization of the gas mixture composition and
pressure. The present level of understanding of the complicated kinetic processes which determine the efficiency and
the emission output of the discharge is still not satisfactory in
the case of inert gas mixtures.3 Computer simulations are
effective in identifying the basic properties of the discharge
and the dominant mechanism of VUV emission. Experimental studies of plasma discharges in PDPs are extremely difficult due to the very small cell dimensions and complicated
panel structure. However, measurements in simpler geometries with similar dimensions and gas mixture compositions
as in actual PDPs, can contribute to the understanding of the
kinetics of inert gas mixtures. Such measurements can also
be used for the validation of simulation models. In this letter,
we present a comparison of predictions of a one-dimensional
simulation model with the results of a recent experimental
study of a He–Xe microdischarge.4
The model utilized here is one-dimensional and is based
on self-consistent simulation of a dc microdischarge, similar
to those previously developed by Meunier, Belenguer, and
Boeuf5 and Punset, Boeuf, and Pitchford,6 with the difference that the external circuit consists of a resistor rather than
capacitive dielectric layers, as in their cases. The space and
time variation of the electric field within the gap is selfconsistently determined by solving the fluid equations for
⫹
⫹
ions (He⫹,Xe⫹,He⫹
2 ,Xe2 ,HeXe ) and electrons together
with Poisson’s equation, subject to the boundary conditions
imposed by the electrode boundaries. The steady-state solution is determined iteratively using a technique similar to that
described by Boeuf.7 For numerical stability purposes, the
current in the circuit is set to be equal to the conduction
current at a plane between the electrodes.7 The transient evolution of the calculated current and voltage across the gap is,
therefore, not correct during iterations, but the calculated

steady-state values are exact. The electrical model is coupled
to a model of excited species kinetics and UV emission. The
electron-impact ionization and excitation frequencies as well
as the electron drift velocity are calculated as a function of
the reduced electric field E/N using the Boltzmann code
8
ELENDIF. Electron–atom collision cross sections for He and
Xe are taken from the SIGLO Series.9 Ion mobilities and rate
coefficients for Penning ionization, dimer ions formation,
charge exchange, recombination, and neutral kinetics reactions, as well as excited species lifetimes, are taken from the
literature.3,5,10–15 As in Meunier, Belenguer, and Boeuf,5 a
Holstein escape factor is used to describe the lengthening of
the apparent lifetime of the resonant state Xe* ( 3 P 1 ) due to
radiation trapping, and the resonance radiation is assumed to
be optically thin.16 In Fig. 1, we show the ionization efficiency  (⫽ ␣ /E, where ␣ is the first Townsend coefficient兲
as a function of E/p for pure He, 10% Xe in He, and pure
Xe, calculated using ELENDIF. Our calculations are in good
agreement with Uchida et al.,17 and the experimental values
of Takahashi and Tachibana.18
The measured current–voltage characteristics for various
He–Xe mixtures at 250 Torr and an electrode spacing of 250
m are reported by Postel and Cappelli.4 In order to compare
our simulation results with these measurements, we chose
the electrode surface used in the determination of the current,
and the value of the external resistor to be the same as in the

a兲

Electronic mail: inan@nova.stanford.edu
Present address: Communications and Space Sciences Laboratory, The
Pennsylvania State University, University Park, PA 16802.

b兲

FIG. 1. Ionization efficiency  for different mixture compositions.
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FIG. 2. Calculated V – I characteristics for various He–Xe mixtures at 250
Torr and electrode spacing of 250 m. Some experimental V – I characteristics are shown with a dashed line for comparison.

4

experimental setup. In addition, the secondary electron
⫹
⫹
emission coefficients for He⫹ , He⫹
2 and Xe , Xe2 ions were
determined by the measured breakdown voltages for pure He
and pure Xe for pd⫽6.25 cm Torr, corresponding to the V – I
characteristics measurements, yielding ␥ He⫽2␥He2 ⫽0.279,
␥ Xe⫽2␥Xe2 ⫽0.007. The secondary electron coefficients for
the dimer ions were assumed to be ␥ HeXe⫽␥Xe2⫽0.5␥Xe and
␥ He2⫽0.5␥He .
The dependence of the calculated V – I characteristics on
Xe concentration N Xe , without inclusion of heteronuclear
ion recombination discussed below, is very different from
the corresponding dependence of the measured curves.4 Postel and Cappelli have proposed the formation of HeXe⫹ heteronuclear ions combined with a fast recombination as a
mechanism to explain their experimental results. HeXe⫹ ions
can indeed be formed by Penning ionization,19 but mainly
through reactions of the type He⫹⫹Xe⫹He→HeXe⫹⫹He
and Xe⫹⫹2He→HeXe⫹⫹He, the latter being more favorable. Recombination is represented by the reaction HeXe⫹
⫹e→Xe*⫹He. It should be noted that there are no measurements for the rate coefficients of these reactions and previously reported values are merely best guesses.14,15 We used
our model to study the role of the rate coefficients of the
HeXe⫹ formation reaction through three-body collisions of
Xe⫹ with He atoms (c 1 ), and of the recombination reaction
of HeXe⫹ (c 2 ). In Fig. 2, we show the calculated V – I charcm3/s.
acteristics for c 1 ⫽10⫺29 cm6/s, c 2 ⫽8⫻10⫺3 T ⫺0.5
e
4
Comparison with Fig. 3 of Postel and Cappelli indicates that
the dependence of the V – I curves on N Xe is in good agreement with the measurements. The difference in the slope of
the V – I curves for N Xe⭓0.2N, where N is the gas density, is
due to the fact that our model is one-dimensional. Onedimensional models of glow discharges cannot reproduce the
constant voltage part of the V – I characteristic corresponding
to a normal glow discharge because they cannot take into
account the area through which the current flows.20
In addition, we used our excited species kinetics model
to compare with the measured VUV emission of Xe excited
atoms at 147 nm and of Xe excited dimers at 150 nm by
Postel and Cappelli. In Figs. 3 and 4, we show the calculated
emission efficiency of the discharge for the Xe* ( 3 P 1 ) reso-
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FIG. 3. Calculated emission efficiency from the Xe* ( 3 P 1 ) resonant state
共147 nm兲.

nant state 共147 nm兲, and the Xe2*共O⫹
u ) excimer 共150 nm兲,
respectively, as a function of Xe concentration and total pressure. Comparison with Figs. 4 and 5, respectively, of Postel
and Cappelli4 indicates that these results are also in good
agreement with the measured results with the exception of
the resonant emission for N Xe⫽0.1N, which is found to be
significantly higher in comparison with the experimental result. In addition, features like the local maxima of the resonant emission and their shifting to lower pressures as Xe
concentration increases are well reproduced.
The measured V – I characteristics and Paschen curves
reported by Postel and Cappelli suggest that the breakdown
voltage for He–Xe mixtures with Xe concentration as low as
10% is closer to the pure Xe breakdown voltage than the
pure He breakdown voltage. This dependence is not reproduced by our model unless unusually high 共i.e., 102 and 105
times higher, respectively, than the measured values for the
corresponding reactions of NeXe⫹ ions in Ne–Xe mixtures5兲
reaction coefficients are used for the formation reaction and
the recombination reaction of HeXe⫹ ions. These values are
also 103 and 5⫻104 times higher, respectively, than the corresponding values guessed by Alford et al.14 on the basis of
dependence of specific parameters of He–Xe mixture gas
lasers on the constituent gases’ concentrations. Use of lower
values for c 1 or c 2 results in complete disagreement between

⫹
FIG. 4. Calculated emission efficiency from the Xe*
2 共Ou ) excimer state
共150 nm兲.
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experimental and simulation results. For example, for N Xe
⫽0.1N reduction of either c 1 or c 2 by an order of magnitude
shifts the V – I characteristic by ⬃55 V. We further note that
the dependence of breakdown voltage on Xe concentration
measured by Postel and Cappelli does not agree with the
calculated theoretical results of Uchida et al.17 for Xe concentrations ⬍10%. In this connection, it is important to note
that the ionization efficiency calculated by the model of
Uchida et al. for He–Xe mixtures is in good agreement both
with the measured effective ionization efficiency reported by
Takahashi and Tachibana18 and with results obtained using
ELENDIF, as we already mentioned above.
The model study reported in this letter was motivated by
recent experimental work of Postel and Cappelli.4 The inclusion of heteronuclear ion formation and recombination processes, as originally suggested by Postel and Cappelli,4 allowed us to achieve a remarkable agreement between our
model results and the experiment for the entire range of parameters studied. We note, however, that the required rate
coefficients appear to be several orders of magnitude higher
than similar rates measured experimentally.5 These high reaction rates are also in apparent disagreement with previous
experimental and theoretical results.17,18
This research was supported by the Office of Technology Licensing of Stanford University under Grant No.
127P316. The authors greatly appreciate discussions with Dr.
Postel and Dr. Cappelli of the Stanford Mechanical Engineering Department.
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