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Computer simulation for microplasma discharge inside coplanar dielectric cell was carried out via particles in cells
(PiC) method. Discharge current waveforms have a shape of short pulses with length decreasing and maximum earlier
appearance for larger voltages applied. Mostly ion current on the negative coplanar electrode has a smooth shape
contrary to the mostly electron current on the positive one which has a sharp maximum at the end of electron avalanche.
Address electrode current is significantly less than coplanar electrodes currents and has pulsations corresponding to the

striation structures appearance.
PACS: 52.65.-y, 52.77.-j, 52.80.-s

1. INTRODUCTION

Microscopic gas discharges are being applied widely
in various plasma technological processes as well as in
plasma displays (PDP, [1]). One of the most important
problems for such discharges' applications is increasing of
their energetic efficacy. Optimization of the applied
voltage (and, consequently, discharge current) waveform
is one of ways to make a microdischarge more
energetically efficient.

Among previous works, one can find both computer
simulation (see, e.g.[2]) and experimental measurements
(e.g.[3]) for the discharge current waveforms inside
dielectric cell. Important results already obtained there are
the appearance of lag between anode and cathode currents
for relatively small voltages (lag vanishes for larger
address voltages) and the fact that address electrode
current is small in comparison with the current to
coplanar electrodes [2]. If additional electrodes are used,
gas discharge can proceed in two phases and current
temporal dependence has two maximums [3]. But the ion
and electron components for discharge currents and
features of address electrode current are not yet
completely investigated.

2. SIMULATION PARAMETERS

In this work discharge current waveforms are
investigated for the case of the gas microdischarge inside
the cell with three dielectrically coated electrodes.
Computer simulation is carried out via the particles in
cells (PiC) method. For such an investigation, original 2D
electrostatic PiC code [4] with Monte Carlo collision
simulation was applied. About 100 types of clementary
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processes were taken into account [5]. Dielectric cell
dimensions were considered 0.7x0.2 mm (typical PDP
cell size). Gas mixture contained 95% neon and 5% xenon
with total pressure of 500 Torr. Negative discharge
driving voltage was applied to one of two coplanar bus
electrodes - coplanar cathode ¢1 (based on the front glass
plate of cell). Another bus electrode (coplanar anode ¢2)
and address electrode a (on the cell backplate) were
grounded. Driving voltage had a trapezoid shape with
100 ns forefront and 1s total length, and it's magnitude
was varied in 190...280 V voltage band (near the optimal
discharge ignition conditions).

3. TOTAL DISCHARGE CURRENT
AND CURRENTS TO THE COPLANAR
ELECTRODES

Waveforms for the total discharge current and the
current to coplanar cathode cl are shown at Fig. 1 for
different discharge driving voltages. Total discharge
current temporal dependences (Fig. 1, a) have a shape of
pulses with relatively short (about 100 ns) length. One can
see that for larger discharge voltages total current pulses
are shorter and have more smooth shape with earlier
maximum appearance. Coplanar cathode current
waveforms (Fig. 1, b) have a similar shape but they are
smoother than total current pulses. From comparison
Fig. 1, a and Fig. 1, b one can see that c1 electrode current
is a main part of the total discharge current. On the other
hand, total current waveforms at the initial stage of pulses
have several additional peaks relatively to corresponding
ones for current to ¢l electrode.
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Fig. 1. Waveforms for total discharge current (a) and current to cI electrode (b) at different applied voltages
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Fig. 2. Current waveforms on ¢I and c2 electrodes for driving voltages 190 V (a) and 250 V (b)
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Fig. 3. Electron and ion current waveforms on ¢2 electrode for driving voltages of 190 V (a) and 250 V (b)

So the general shape of waveforms for total discharge
current is defined mostly by ¢l current with the exception
of additional sharp peaks at initial discharge pulse stage.
Current to the coplanar cathode ¢1 forms the main smooth
part of the total current. Such smoothness of ¢l current
results from its almost completely ion consistence due to
the negative potential on that electrode. Additional sharp
peaks in the total current waveforms are deposited by the
mostly electron current on the coplanar anode ¢2. Fig. 2
shows ¢l and ¢2 currents for driving voltages 190 V (a)
and 250 V (b). For relatively small applied voltage of
190 V, ¢l ion current waveform has two maxima and the
first maximum is larger than the second one. For larger
driving voltages such as 200...220V, the second
maximum substantially increases and oversize the first
maximum. For even larger voltages, the first maximum
transforms into plateau and, for voltages of about 250 V it
almost disappears (Fig. 2, b) acting only as current growth
rate variation. From Fig.2, one can see that the first
maximum of ¢l current corresponds to the quick increase
of ¢2 current, but the second ¢l current maximum appears
when ¢2 current is already decreasing.

For small driving voltage such as 190 V, the external
electric field is quickly shielded by charged particles
formed during gas discharge initial phase so the resulting
voltage isn't capable for support of the next phase of
discharge evolution. Consequently the plateau is formed
instead of the second current maximum (Fig. 2, a, interval
AB). Then the discharge quickly decays and
inhomogeneities (like striation structures) are not formed.

Contrary, for the larger voltages like 250 V, such a
structures are effectively formed and the second phase of
discharge evolution takes place. On Fig. 2, b, interval AB
corresponds to the electron avalanche between ¢l and a
electrodes. Electrons appeared during that interval
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contribute to the formation of striation structure in
discharge (interval BC). The first maximum (plateau,
growth rate variation) on ¢l current waveform temporal
dependence, which is depicted by interval CD,
corresponds to the burning gas discharge in striation
structure when the ion ¢l current growth rate becomes
smaller.

From comparison Fig. 1, a and Fig. 2 one can see that
additional sharp maximum of the total discharge current
correspond to sharp peak of ¢2 current (see Fig.2,b).
This peak appears with some delay after the first
maximum of ¢l current. This effect corresponds to the
result obtained in [2]. Practically, ¢2 current begins to
increase later than ¢l current (respectively points E and A
on Fig.2,b) but increases much faster. For smaller
voltages delay is significant and €2 current maximum
appears between first and second maxima of ¢l current
(Fig. 2, a). For larger voltages (250 V) ¢2 current grows
very fast and its peak practically coincides with the first
maximum of ¢l current (Fig. 2, b, point C). Later phases
of discharge main maximum and decay for ¢l and c2
currents for that voltage are almost synchronous.

4. ELECTRON AND ION CURRENTS'
COMPONENTS

Waveforms for electron and ion components of ¢2
electrode current (for ¢l electrode current electron
component is negligible) are shown on Fig. 3. One can
see that electron component forms most of that current
but ion component is also noticeable. Fast growth of ¢2
current corresponds to its mostly electron consistence.
Small ion component of ¢2 current have its maximum
with some delay relatively to the electron component.

Waveforms for ion and electron components of
current on the address electrode a are shown on Fig. 4.
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Fig. 4. Electron and ion current waveforms on address electrode for driving voltages of 190 V(a) and 250 V(b)

Such a current is much less than c1 and ¢2 currents so
the discharge burns mainly between coplanar electrodes.
One can see the oscillations with varying period for both
electron and ion current components. These oscillations
are related with the oscillations of electric potential near
address electrode and, for the larger driving voltages like
250V, correspond to the striation structures' formation.
Decrease of that current at the late discharge phase
corresponds to the potential profile smoothing due to the
discharge decay.

5. CONCLUSIONS

For the most effective voltage band, total current of
microplasma discharge mostly consists of currents to ¢l
and ¢2 coplanar electrodes. Current to ¢l electrode
practically has only the ion component, ¢2 current is
formed mostly by electrons with the small ion component.
General waveform of the total current is determined by ¢l
current while ¢2 current adds a sharp peak before the
main maximum of discharge current pulse. Small current
to the address electrode have a pulsations corresponding
to the oscillations of electric potential in this region.

This work was partially supported by LG Electronics
Inc.
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®OPMA UMITYJIbCOB TOKA JIJII MUKPOPA3PSIJIA B JINDJIEKTPUUECKOM STUEMKE
A.U. Kenvnuk, O.B. Camuyk

IIpoBeneHO KOMIIBIOTEPHOE MOAEIMPOBAHUE MUKPOILIA3MEHHOIO paspsia B TUDIEKTPUYECKOH sSYeiike METOAOM
kpynHbix 4actunl (PiC). BpemeHHbIE 3aBHCHMOCTH U1l Pa3psiIHBIX TOKOB MMEIOT BUJA KOPOTKHMX HMITYJbCOB, VIS
KOTOPBIX IIPH YBEIUYEHUH IPUIOKEHHOTO HANPSKEHHS UIMTEIBbHOCTh YMEHBINACTCSA, a MAKCUMyM IIOSBISETCS
paHbie. B OCHOBHOM, MOHHBI TOK Ha KOIUIAHAPHBIM KaToOJ HMMEET CIIAKCHHYI0 (OpMy B OTIMYME OT TOKa Ha
KOTUTaHAPHBIN aHOJ (B OCHOBHOM, 3JICKTPOHHOT0), KOTOPBIH MMEET PEe3KH MaKCUMyM B KOHIIE 3JIEKTPOHHOW JIABUHBI.
Toxk Ha agpPEeCHOM IEKTPOJIE UMEET ropa3l0 MEHbIIYIO BEJIUYHUHY, YEM TOK Ha KOIUIAHAPHBIX JIEKTPOJAX, U COACPHKUT
MyJIbCAllMH, CBSI3aHHBIE C (POPMUPOBAHUEM HEOJHOPOIHBIX CTPYKTYP.

®OPMA IMITYJILCIB CTPYMY JIJISI MIKPOPO3PSIIY B JIEJTEKTPUUYHIA KOMIPLII
O.1. Kenvnuk, O.B. Camuyk

[IpoBeneHO KOMITHOTEpPHE MOJIENIOBAHHS MIKPOIDIA3MOBOTO PO3PSANY B AiCIEKTPUUHIN KOMIPIII METOIOM BEIHKHX
gactrHOK (PiC). YacoBi 3aieXHOCTI I PO3PSAAHUX CTPYMIB MAIOTh BHIIIAL KOPOTKHX IMITYyJBCIB, M SKHX TpPU
30UTBIIICHHI TPUKITAICHOT HAIIPYTH TPUBAIICTh 3MECHIIYETHCSA, @ MAKCUMYM 3'SIBIISIETHCS paHimie. B ocHOBHOMY, 10HHHI
CTPYM Ha KOIUIaHAPHMUH KaToJl Mae 3ria/pkeHy (GopMy Ha BiJMiHY BiJi CTpyMy Ha KOIUIAaHAPHUI aHO[ (B OCHOBHOMY,
€IIEKTPOHHOT0), KW Ma€ PI3KMA MaKCHMyM HANpHKiHII eJIeKTpoHHOi jJaBMHH. CTpyM Ha agpecHOMY eJIEeKTPOIl
ICTOTHO MEHIIMH 3a CTPyM Ha KOIUIAHApHHUX €JEeKTPoAax 1 MICTUTh IyJbcalii, MoB's3aHi i3 QopMyBaHHIM
HEOJHOPIIHUX CTPYKTYP.
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