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He—Xe microdischarges: Comparison of simulation results
with experimental data
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A comparison of predictions of a one-dimensional simulation model with the results of a recent
experimental studj/Appl. Phys. Lett.76, 544 (2000] 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. @001 American Institute of Physic§DOI: 10.1063/1.1338494

Plasma display pane{®DP3 are one of the leading can- steady-state values are exact. The electrical model is coupled
didates in the competition for large-size, high-brightness flatto a model of excited species kinetics and UV emission. The
panel displays, suitable for high-definition television electron-impact ionization and excitation frequencies as well
(HDTV) monitors*? as the electron drift velocity are calculated as a function of

Gas mixtures of He/Xe or Ne/Xe are typically used inthe reduced electric fiel&/N using the Boltzmann code
PDPs. One of the major challenges in research related teLenpir.2 Electron—atom collision cross sections for He and
PDPs is the optimization of the gas mixture composition andke are taken from theiGLO Series’ lon mobilities and rate
pressure. The present level of understanding of the complieoefficients for Penning ionization, dimer ions formation,
cated kinetic processes which determine the efficiency angharge exchange, recombination, and neutral kinetics reac-
the emission output of the discharge is still not satisfactory intions, as well as excited species lifetimes, are taken from the
the case of inert gas mixturdsComputer simulations are |iterature®>°-15As in Meunier, Belenguer, and Boetfa
effective in identifying the basic properties of the dischargeHolstein escape factor is used to describe the lengthening of
and the dominant mechanism of VUV emission. Experimenthe apparent lifetime of the resonant state* E@ePl) due to
tal studies of plasma discharges in PDPs are extremely difadiation trapping, and the resonance radiation is assumed to
ficult due to the very small cell dimensions and complicateche optically thin'® In Fig. 1, we show the ionization effi-
panel structure. However, measurements in simpler geontiency 5 (= «/E, wherea is the first Townsend coefficient
etries with similar dimensions and gas mixture compositiongs a function ofE/p for pure He, 10% Xe in He, and pure
as in actual PDPs, can contribute to the understanding of thge  calculated usingLENDIF. Our calculations are in good
kinetics of inert gas mixtures. Such measurements can a'%’greement with Uchidat al.*” and the experimental values
be used for the validation of simulation models. In this letter,of Takahashi and Tachibaré.
we present a comparison of predictions of a one-dimensional  The measured current-voltage characteristics for various
simulation model with the results of a recent experimentalje_xe mixtures at 250 Torr and an electrode spacing of 250
study of a He—Xe microdischarde. wm are reported by Postel and Cappéli order to compare

The model utilized here is one-dimensional and is base@yr simulation results with these measurements, we chose
on self-consistent simulation of a dc microdischarge, similakne electrode surface used in the determination of the current,

to those previously developed by Meunier, Belenguer, anging the value of the external resistor to be the same as in the
Boeuf and Punset, Boeuf, and Pitchfdtdyith the differ-

ence that the external circuit consists of a resistor rather than
capacitive dielectric layers, as in their cases. The space and 10™
time variation of the electric field within the gap is self-
consistently determined by solving the fluid equations for

ions (He",Xe*,He, ,Xe; ,HeXe") and electrons together 10%X6-90%He
with Poisson’s equation, subject to the boundary conditions
imposed by the electrode boundaries. The steady-state solu- <
. . . . . . . . > -2
tion is determined iteratively using a technique similar to that < 107}
described by Boeuf.For numerical stability purposes, the
current in the circuit is set to be equal to the conduction
current at a plane between the electroti&he transient evo-
lution of the calculated current and voltage across the gap is,
therefore, not correct during iterations, but the calculated

10 ' :
10° 10' 10°
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PPresent address: Communications and Space Sciences Laboratory, The
Pennsylvania State University, University Park, PA 16802. FIG. 1. lonization efficiencyy for different mixture compositions.
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FIG. 2. Calculated/—| characteristics for various He—Xe mixtures at 250 FIG. 3. Calculated emission efficiency from the *X&P,) resonant state
Torr and electrode spacing of 220n. Some experimental—| character- (147 nm).
istics are shown with a dashed line for comparison.

. N nant state(147 nm, and the X&(O,) excimer (150 nm,
experimental setup.In addition, the secondary electron respectively, as a function of Xe concentration and total pres-
emission coefficients for He He; and Xe', Xe, ionswere  syre. Comparison with Figs. 4 and 5, respectively, of Postel
determined by the measured breakdown voltages for pure Hgnq Cappelfi indicates that these results are also in good
and pure Xe fopd=6.25 cm Torr, corresponding to the-1 agreement with the measured results with the exception of
characteristics measurements, yieldinge=2yne,=0.279,  the resonant emission fdiy.=0.IN, which is found to be
¥xe=2¥xe,=0.007. The secondary electron coefficients forsignificantly higher in comparison with the experimental re-
the dimer ions were assumed to Pgaye= Yxe,=0-5¥xe and sult. In a_dd?tion, featurgs Iik_e _the local maxima of the reso-
Yrie,=0.5%ke. nant emission and their shifting to lower pressures as Xe

- concentration increases are well reproduced.
The dependence of the calculatéd! characteristics on I
. . : : The measured/—I characteristics and Paschen curves
Xe concentrationNy., without inclusion of heteronuclear

ion recombination discussed below, is very different fromreported by Postel and Cappelli suggest that the breakdown

: voltage for He—Xe mixtures with Xe concentration as low as
the corresponding dependence of the measured ctiRes: 10% is closer to the pure Xe breakdown voltage than the
tel and Cappelli have proposed the formation of H&Xet- b g

) . i o ure He breakdown voltage. This dependence is not repro-
eronuclear ions combined with a fast recombination as %) 9 P P

: . . ) ; uced by our model unless unusually higle., 1¢ and 16
mechamsm to explain their exper_|me_nta_l results. He S fimes higher, respectively, than the measured values for the
can indeed be formed by Penning ionizatfrhut mainly

) 4 corresponding reactions of NeXéons in Ne—Xe mixtured
through+ reactions of +the type H&XE+HE‘T_>HEXE +He reaction coefficients are used for the formation reaction and
and Xe"+2He—HeXe" +He, the latter being more favor-

ble. R bination i ted by th tion Hex the recombination reaction of HeXdons. These values are
able. recombination 1S represented by Ihe reaction HeAE ., 1§ and 5 10* times higher, respectively, than the cor-

* - - .
+e—Xe*+He. It should bg .noted that there are no mea responding values guessed by Alfatial}* on the basis of
surements for the rate coefficients of these reactions and Prependence of specific parameters of He—Xe mixture gas

viously reported values are merely best guess&we used lasers on the constituent gases’ concentrations. Use of lower

our m+odel to .study th? role of the rate coeff|C|eqt§ of they ajyes forc, or ¢, results in complete disagreement between
HeXe" formation reaction through three-body collisions of

Xe* with He atoms ¢;), and of the recombination reaction
of HeXe" (c,). In Fig. 2, we show the calculatéd-I char- 4

acteristics forc;=10"2° cmf/s, ¢c,=8x107 3T, %° cmis. a5l o 20%%8
Comparison with Fig. 3 of Postel and Capphitidicates that ey L 0axe
the dependence of thé—I curves onNy, is in good agree- R 100% Xe
ment with the measurements. The difference in the slope of & 25

theV—I curves forNy.=0.2N, whereN is the gas density, is )

due to the fact that our model is one-dimensional. One- 3 2r
dimensional models of glow discharges cannot reproduce the E’ 1.5
constant voltage part of thé—1 characteristic corresponding 2

to a normal glow discharge because they cannot take into £ Hi
account the area through which the current fléfs. Y osl

In addition, we used our excited species kinetics model
to compare with the measured VUV emission of Xe excited %3
atoms at 147 nm and of Xe excited dimers at 150 nm by
Postel and Cappelli. In Figs. 3 and 4, we show the Ca-l(:l'”at(:"ﬁIG. 4. Calculated emission efficiency from the 3X@;) excimer state

emission efficiency of the discharge for the*X&P,) reso- (150 nm.
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