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Technical Notes

The Effective Coefficient of Secondary Electron Emission 180
in Plasma Display Panel —
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Abstract—The effective secondary electron emission coefficient (SEEC) 120 |
in a plasma display panel (PDP) is estimated by comparing the Paschen L ! L L
breakdown curves from simulations with the experiment. It is found that 300 400 500 600
the effective SEEC in PDP is dependent on the ratio of electric field to pres- Pressure (Torr)

sure. The estimated values are 0.59~0.79 for the pure Ne and 0.1~0.13 for

the Ne—Xe (96/4) mixture, respectively.
( ) P y Fig. 1. The experimental data for breakdown voltages (circle) and the Paschen

Index Terms—Back-scattering, discharge, Paschen breakdown curve, curves from the simulations with.;; = 0.59 (solid line) andy.; = 0.74
plasma display, secondary electron, simulation. (dashed line) for the pure Ne.

|. INTRODUCTION of emitted electrons [9], [10] in the high pressure dischargeis pos-

The secondary electron emission coefficient (SEEC) is a very imp&ibly modified significantly. Therefore, the discharge in a realistic PDP
tant parameter in determining the physics of discharge in a plasma dshot completely described by the experimental. Since there is not
play panel (PDP). The firing and sustaining voltages of PDP are larg@fy/ch theoretical and experimental information available regarding the
dependent on the SEEC of the MgO protective layer. These voltag@nbined effects by ions, excited atoms, photons, and back-scattering,
are closely related to the product cost and the light efficiency of PDIPis worth estimatingy. in plasma-modeling or other fields.

Therefore, developing materials with a high SEEC and measuring théAs an indirect method, we estimatedr by comparing the break-
SEEC of existing materials are important issues in the research of PBPwn curves (Paschen curves) obtained from simulations with the

There have been many experiments and theories that attempteg@erimental data of breakdown voltages. In the experiment, there
determine the value of the SEEC [1]-[7] of MgO. However, the resulgist all the additional effects other than the secondary electrons
are controversial because the measured or calculated values of SiBEghe ion-bombardment only. Therefore, the combined effects of
vary by a factor of as much as ten. For the mixture of more than ti@ns, excited atoms, photons, and back-scattering are reflected in
kinds of ion species, the following equation can be used: ~.# estimated in this method, though the secondary electrons only

by the ion-bombardment were implemented in the simulation code.

I — Yyl Erele | Eply _ T_b ST 1 The details of the simulation code and the code validations are given
T\ I T, T, OIS Jeff <2 1) elsewhere [11], [12]. The breakdown voltages of our simulations agree

well with the analytic Paschen theory for a parallel-plate geometry. For
where example, the theoretical breakdown voltages for pure neon and pure

i represent ion; xenon atPd [torrcm = 1 are 77.4 V and 163.2 V, respectively. We

e excited atom; obtained 84.5 V and 160.5 V from the simulation. We also compared

P photon; the breakdown voltages for two dimensional coplanar PDP obtained

b backscattering. from our code and other well-established PDP code [13], [14]. They

vetr is called the effective SEEC. Most experiments were conductagdree well with our results for the same coplanar geometry, though not
with ion beams XT}) injected to the MgO surface. They measuregublished. Although the local field approximation, which is employed
the current of secondary electrons to calculate from (1). There in our simulation code, is not appropriate to the cathode fall, the
are several reasons why it is difficult to accept the values measurgteement of the Paschen curves makes it believable to measure the
in the beam-experiments as the relevant SEEC of MgO in PDP. Ther using the proposed method. Because of the differences between
energies of the ion beams in most experiments are very high (lardée and Xe in mean free path, inertia and ionization or excitation
than 50 eV) [1], [3]-[6]. However, the Monte Carlo simulation [8]energy in the cathode fall, the SEEC is different even for the same flux
has shown that most of the secondary electrons are emitted by iofifNe and Xe. Instead of separate SEECs of Ne and Xe, we focused
with low energy (significantly lower than 50 eV). The beam experien v.¢ since the detailed effects of Ne and Xe in the cathode fall are
ments were conducted at a relatively low pressure, although PDP ihaught to be reflected in the value @fr via (1).

high-pressure system. Because there are many additional effects such

as electron-emission by photons and excited atoms and back-scattering Il. RESULTS

Fig. 1 shows the experimental breakdown voltages for the pure neon
in a coplanar PDP. The simulation breakdown curves with= 0.59
Manuscript received September 6, 2000; revised June 12, 2001. This wafdy.r = 0.74 in the same geometry are also shown in Fig. 1. The
was supported by LG Electronics and the Ministry of Education of Koresimulation curve withy.; = 0.59 fits well with the experimental data
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011 Fig. 4. The neon and xenon fluxes on the cathode (a) early in the discharge
0.1 (b and (b) after the discharge yields a peak current for Ne—Xe (99/1) case with
o5 3'0 3'5 4'0 5 500 torr. The horizontal axis represents the location from the left edge of the
0.05 cathode. The anode is located on the left side of the cathode.
0.04
0.03 - added to the base gas of Ne. Since the collisional cross section of Xe is
{C) ; ; 1 much larger than that of Ne, a large number of xenon ions are produced
0-0230 35 40 45 50 even at a low concentration of Xe. As seen in Fig. 4, the xenon ion flux

reaching the cathode is much larger than that of Ne. Fig. 4(a) shows the
ion fluxes of neon and xenon at an initial stage before the discharge oc-
Fig. 2. ~err Versusk/p for p = 500, 400 and 300 torr. (a) is for the pure Ne, Curs and Fig. 4(b) indicates the fluxes after the discharge yields a peak
(b) is for the Ne—Xe (96/4) mixture and (c) is for the Ne—Xe (90/10) mixture. current. The simulation is carried out for the Ne—Xe (99/1) mixture.
Even in the initial stage, the xenon ion flux is over three times larger

E/p(Vicm/Torr)

d than the neon ion flux. The SEEC of Xe is known to be much smaller
06 than that of Ne. As a resul,¢+ which is affected by xenon ion flux is
e reduced in the mixed gases.
=04 |
I1l. CONCLUSION
0.2 |
~ott IS modified by various effects other than ion-bombardmentin the
5 é "‘ é é 12) high-pressure discharges as in PDP. We have estimateaf MgO for

PDP by comparing the Paschen curves from simulations with experi-
mental data for discharge breakdown in PDP. The resultant values are in
the range 00.59 ~ 0.79 for the pure Ne anl.1 ~ 0.13 for the Ne—Xe
(96/4) mixture, respectively. For a very high pressure system, itis more
appropriate to describe.s as a function of the reduced electric field
hEég‘ rather than treating it as a function of beam ion energy. We have
. " §8Seribed the dependence~fr on E/p and explained its behavior
terms depending on pressure, the dependencgyobn pressure is e . - . .
qualitatively, though more exact physical origin remains to be clarified

quite dl_fferent from pure Ne to Ne-Xe ml_xtures. ..in the future research. We have also observed a sudden decreage in
The ion flux () is dependent on the ion energy [1]-[7]. Consid- . . : e
. i L I ? when a small amount of Xe is addedg is very important especially in
ering the local field approximation [11], it is possible to assume th

ion energy is determined by the reduced electric fidlf#), where ?’tDP simulation, since the discharge properties of PDP, most of which

. L " . re very difficult to be diagnosed in the experiments, are mostly deter-
E'is the electric field ang) is the pressure. Other terms aSSOCIate?ﬂned by this value. Although our method is not predictive of SEEC

with the excitation collisions and back-scattering [9], [10] are also d‘f;"(ir different parameters, it should be used more widely for a database
pendent onE/p. Therefore, it is valuable to describer as a func- of ~ugr in PDP '

tion of E/p. Fig. 2 represents.i versusE/p for the pure Ne and the
Ne—Xe mixtures. Though the electric field is dependent on the position
in the coplanar PDP, thE /p in Fig. 2 could be uniquely determined ACKNOWLEDGMENT
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