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Three-dimensional fluid simulation of a plasma display panel cell

H. C. Kim, M. S. Hur, S. S. Yang, S. W. Shin, and J. K. Lee?
Department of Electronic and Electrical Engineering, Pohang University of Science and Technology,
Pohang 790-784, South Korea

(Received 19 September 2001; accepted for publication 28 March 2002

In order to understand the discharge characteristics in an alternating current plasma displégcpanel
PDP and optimize it further, a three-dimensional fluid cqf&3P) has been developed. Using this
simulator, various three-dimensional features of discharges are investigated in the sustain mode of
PDP. First, the striations of wall charge are observed at both the anode and cathode side. Second, the
local efficiency is obtained as a function of position. It is mainly divided into the anode region and
the cathode region and highest near the anode center. Finally, the effects of various
three-dimensional parameters are studied. As one of the examples showing the effect of electrode
shaping, the discharge characteristics of a T-shaped electrode cell are compared with those of a
conventional cell. The phosphor on barrier ribs contributes to over 44% of the total luminance, but
barrier ribs themselves do not play an important role in the overall discharge efficiency. Address
electrode width is not always proportional to the size of the discharge because of the wall loss of the
particles to barrier ribs. €2002 American Institute of Physic§DOI: 10.1063/1.1479758

I. INTRODUCTION higher luminous efficiency. Therefore, three-dimensional
simulations are considered important for further optimization

Plasma display pane(®DP3 are one of the most prom- and proposing new designs of PDP cells, but there are not

ising technologies for wall hanging high definition color many three-dimensional modéfs!*

television! However, there remain important issues to be In this article, we report on a three-dimensional fluid

solved, such as improvement of luminous efficiency, reduceode (FL3P) for PDP. Previously, we have successfully de-

ing power consumption, and increasing the lifetime. Opti-veloped a two-dimensional code for PDFL2P)*? and have

mizing the properties of PDP can be aided by understandingeported on certain aspects of optimizatidihe FL3P is a

the microdischarge physics inside a PDP cell. generalization of the FL2P that utilizes the local field ap-
The light emission of PDP is based on high-pressurgroximation and the drift-diffusion model. The semi-implicit

glow discharge whose typical dimensions are in a few huneoupling of Poisson’s equation and the continuity equation

dred um range and which forms the basic picture element oimakes it possible to increase the simulation time step above

the display. In the monochrome display, the visible lightthat of the dielectric relaxation time. Consequently, the simu-

from the discharge is directly used, while the color displaylation speed is greatly enhanced. Taking advantage of its fast

panel uses the ultraviolétJV) photons that are converted computation speed, we focus here on the simulation of the

into the visible photons by red, green, and blue phosphorssustain mode rather than that of the firing mode that is

The UV photons are generated from the discharge of neormainly simulated in other three-dimensional simulations.

helium, and xenon gas mixture. Sometimes argon or other We describe the physical model and numerical method

rare gases are also mixed. in Sec. Il. Section Il shows the discharge characteristics in
The PDP cells are confined to a volume of submillimeterthe sustain mode and the three-dimensional features, espe-

gap size. Direct experimental access and diagnostics of thgally, the effects of the three-dimensional parameters such as

discharge are limited because of the small system size. Niglectrode shape, barrier ribs, and width of address electrode.

merical simulation can therefore be a useful tool to provideWe also suggest the future direction of a cell design for the

detailed information on the microdischarge characteristics ifhigh efficiency. Section IV summarizes our work.

a PDP cell. There have been many one- and two-dimensional

numerical models of PDP discharges over the last a few

years?>~’ One-dimensional models are sufficient for simulat-); pESCRIPTION OF THE MODEL

ing matrix-type PDB* while the study of coplanar-type

PDP requires at least two-dimensional modefingBecause A Physical model

of its low speed, three-dimensional simulations are not com-  Our model consists of the following set of coupled equa-

mon, though three-dimensional variations of the cell structjgns:

ture are widely performed in experiments. Examples are

PDPs with T-shaped electrodesnd delta tri-color arrange- an;
ment cell structures with meander barrier rfoshich have 5 TV-Ii=S, Y
dElectronic mail: jkl@postech.ac.kr I';=—D;Vn;+sgnq;) xiniE, 2
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The symbokis defined in a way that it is nonzero only if the
V'(E'E):Ei ain;, (3 drift velocity is directed towards the wall

wherei stands for the electron, iorfse., Xe" and N€), or s= ;sgr(q),uIIEE n<>é) 9)
excited species(i.e., X&' (?P;), Xe*(®P,), Xei(O.), sgnq)uE-n<0.

Xes (*=h), Xes (32[), and Xé* ). Xe** stands for the sum We use the Neumann boundary condition for the open
of 6s’, 6p, 5d, 7s states. The terms;, I';, S;, D;, ui, E, boundary, i.e., the gradients of densities and fluxes on the
€, andg; are the number density, flux, source function, dif- open boundary are zero.

fusion coefficient, mobility, electric field, dielectric permit- The densities of the excited species decay as they radiate
tivity, and charge for specids respectively;g; and sgng)  the UV or IR photons. The nonresonant IR or UV photons
for excited species are zero. are assumed to reach the wall very rapidly without being

Equation(1) is the continuity equation for the density  trapped by the ground state neutral species. However, the
of specied. Equation(2) is the momentum transfer equation resonant UV photons emitted from XEP;) suffer many
for the particle fluxl'; in the drift-diffusion approximation. It absorptions and reemissions before they reach the wall. The
includes the mobility-driven drift term and the diffusion strict kinetics of the resonant photons is described by solving
term. Equation(3) is Poisson’s equation for the electric field the Holstein equatidi or using a multiple-scattering
E. representation®’ which is very time consuming. Therefore,
The local field approximatioh” is used for computing the concept of an escape factor is often used for an approxi-
source function and transport coefficient: the source functiomnate formulation of incorporating trapping effects, espe-
S in Eqg. (1) and the mobility coefficienj; in Eq. (2) are  cially in PDP simulation. In our simulation the formula in
assumed to be functions of the reduced electric figle (E ~ Ref. 3 is used for calculating the escape factor.
is electric field strength an® is the neutral gas pressure Under the assumption of the isotropic emission of UV
This is sufficient approximation for our purpod&@he rela-  photons, their fluxes to the phosphor are computed using
tions betweerS;, u;, andE/P are obtained using the Bolt- ray-tracing technique¥. Some UV photons reaching the
zmann solver, BOLSIG* The diffusion coefficienD; is phosphor are converted into the visible photons according to

obtained from the Einstein relation a quantum efficiency of the phosphor for UV-visible photon
conversion. Then we assume that the visible photons are iso-
D. :“ikBTi 4) tropically reemitted and transparent to the gas. The fluxes of

! e '’ the visible photons arriving on the output window are again

. . calculated using ray-tracing techniques. The obtained results
where kg is the Boltzm_ann constant is the elementar)_/ are used for calculating the luminance and luminous effi-
charge, and; is the particle temperature. For the estlmatlonciency_
of D;, it is assumed that electron and ion temperatures are 1
eV and the gas temperature 350 K, respectively.

At the interface between the gas and the dielectric SUTS  Safinitions of physical quantities
face, the charge density is calculated by integrating the™
charged particle fluxes to the surfaces during the discharge The formulas used for calculating the discharge and lu-

evolution. The particle fluxes to a dielectric surface are calminous efficiencies are as follows. The discharge efficiency

culated, as in Ref. 3 (or UV radiation efficiencyis defined by
. W,
v _ Wuyv
T, n=5sgr(0p)SpipnpE- N+ npfp, (5) sy (10
— where Wy, and W,, are the UV radiation energy and the
Io N=—SeueNE- N+ ne% +T N, (6) :]oule loss, respectively. The total energy of UV photdnsg,
is
Ise= _2 Vse,pr! (7) Wyy= halfdt discharggvz NV €k, hy » (12)
p cycle volume K

wheree denotes electron angldenotes ions or excited spe- Wherek, v, and e are excited species emitting UV photons,
cies. Equations5) and (6) have the mobility-driven drift €mission frequency, and energy of emitted photons, respec-
term and the isotropic thermal flux term. In addition, Eg).  tively. The Joule lossVi, is

for electron has an additional flux terfiy, due to secondary

electron emission by ion or metastable impact. The tegm Win= | pasdt dischargsz ql-E, (12

in Eq. (7) is the secondary electron emission coefficienis cycle - volume '

the unit normal vector towards the wall, ands mean speed wherei is charged species. The averaged photon power or
of species consumed power is defined by

_ [8KgT, ~ Wyyin
v = %. (8) PUV,in_m- (13

I cycle
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The luminous efficiency(or light generation efficiengyis
defined by®

Win ,
where W, is the visible light energy. The total energy of
visible photonsw,s is

WVIS f f dSI)Eph,
window

where® ande, are visible photon flux and energy of visible
photons, respectively. The luminance is given by

_ ins
ng;ged tfwindomﬁi S

Mvis— (14

hatf A1 (15

cycle

(16)

While the photon power and discharge efficiency are not
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FIG. 1. Schematic diagram of a typical PDP cell.

We obtain the electric fielE**! from Poisson’s equa-
tion

V. (eEXth =3 gkt (22)

related to the position or area of the phosphor, the luminance

and luminous efficiency are much dependent on it.

C. Numerical method

The coupled equation€l)—(7) are integrated between
time t“ and timet**'=tk+ At whereAt is a time step.

The continuity Eq.(2) is integrated by a Douglass and
Gunn alternative direction implicit meth&t

Ll V(o (2T, iy
N2 Tox N2 Tox ay

ar’; ,
Jz

k
+Si)At) , a7
Ly, | (LT, | 8
=35y A SIMT A (18)
1(9Fi'zA ke 1(7ri'ZA o 19
=375, A S\MiTy Al (19

Note that instead of the actual density at tithé', the esti-
k+1

mated densityr;"~ is used in Eq(21), wherenk+l is cal-
culated from
A=k AtV Iy(nK EXH D). (22)

With the substitution of Eq(2) into Eq.(22), Egs.(21) and
(22) becomé®

6+2 Atnl M Sgr(q|)

Ek+ 1]

=2 [qinf+AtV-(DfVnf]. (23
I
The modified Poisson’s Ed23) is discretized spatially ac-
cording to the seven-point formula, and is solved by the suc-
cessive over-relaxation algorithm with Chebyshev accelera-
tion.
The flux in Eq.(2) is spatially discretized using the
Sharfetter—Gummel scheffewhich supports large density
gradients. Spatially discretized forms of E¢$7)—(19) are

The superscripk and the subscrifitrepresent the time index converted to tridiagonal systems of equations which can be
and the species index, respectively. The superscript asterisR@sily solved.

and double asterisks denote intermediate values. Because As we mentioned it in Sec. I, implicit or semi-implicit
this method is not explicit but implicit, it is stable and accu- @lgorithm makes it possible to make use of simulation time

rate for time steps much larger than the Courant—FriedrichsSteps as large as 50 times of the CFL condition and 20 times
Lewy (CFL) condition?* of the dielectric relaxation time. It takes about one day on a
1"**

For the calculation of the valud¥', r*y r** r Pentium PC to simulate five voltage pulses for &@8x12
and Fl‘il, we need the values &*, E**, and Ekrl which  grid system, which is suitable to obtain steady state results at
are unknown in time*. When for these electric fields the a relatively small computational time.
value EX is used in Eqs(17)—(19), the simulation time step In this section, we described the physical and numerical
should not be |arger than the dielectric relaxation ﬁ?‘ne model for our PDP simulation and the definitions of some

important terms in this field. We also validated the reliability

of our code through various comparisons though the details
are not published: comparisons with the analytic Paschen
theory for a parallel-plate geometry and diagnostics from
,other simulation codés*?for a coplanar PDP geometry.

t 0

Sl winy
wherety is inversely proportional to the plasma density
When the discharge is ignited, the plasma density grows e
ponentially and the simulation time step should be reduced
accordingly. This is the most crucial factor to slow down the!ll- SIMULATION RESULTS IN THE SUSTAIN MODE
calculation speed of the simulation code. To relax this kind  Figure 1 shows the schematic diagram of a coplanar ac
of restriction on reducing the time step, we use the estimateBDP. Two sustain electroddscan electrode and common
electric fieldEX*? for the valuesE*, E** | andEX"1, electrod¢ and one address electrode make a discharge cell.

(20
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FIG. 2. Total number traces of xenon ion, neon ion, electron, and resonant

excited xenon in the sustain mode. (d)
1260(]]

Cathode [
In our simulation, the cell is turned on through two steps. (-190V) \‘“ Address
The first step is the discharge ignition between scan and ad- Anode i (/4 Electrode
dress electrodes, which is called addressing. The second step ov)
is the ac pulsed discharges between two sustain electrodes, ’L :

190

which is called sustaining. The addressing is just a transient

discharge to provide the selectivity of the cell. Most of the

visible photons are generated during the sustain pulse. There- _ S

fore, the luminance or the efficiency of PDP is determined by['S: 3 (@(c) Top view and(d)—(f) side view of the contour plots of the
. . . resonant excited xenon density and potential at times denoted by arrows in

the sustaining discharges. From the addressing to the Steaffbj. 2.

pulsed dischargeustaining, usually ten or more transient

pulsed discharges exist. Therefore, we should simulate sev-

eral pulses for meaningful analysis of the efficiency by simuthe outer side of the electrodggigs. 4a)—4(c)]. Since the
lation. This simulation is very time consuming, especially for polarity of wall charges is opposite to the applied voltage,
three-dimensional systems. There are not many reports afie electric field inside the cell is decreased, which leads to
the simulation of sustaining discharges of PDP in three diself-extinction of the discharge. Interestingly, the top view of
mensions. In this article, we present the discharge characteghe resonant excited xenon density shows the two bumps in
istics of the three-dimensional simulation in the sustainthezdirection[pigs_ 3a)-3(c)] as in experimental result of
mode. Ref. 25. They are formed because of the cathode sheath near
The simulation parameters are as follows. The cell sizegarrier ribs. The number of bumps depends on the geometry
are shown in each figure. The distance between two sustaigf the PDP cell. Figures(8)—6(c) show only one bump.
electrodes is 6Qum. The neutral gas is a neon—xen@®b/
4%) mixture with the pressure 500 Torr. The secondary elec-

Max: 6.1x10"%cm-? Max: 1.8x10" Max: 5.6x10"

tron emission coeﬁ|C|eqts on the protectlon layer are 05 (a) Anode (OV) Cathode (-190V)
0.05, and 0.5 for neon ions, xenon ions, and xenon-excited 360 = Address
species, respectively. A sustain voltage with a frequency of ( ) Electrode

100 kHz and a duty ratio of 30% is applied.

Figure 2 shows the total number traces of electron, ions,
and resonant excited xenon during the sustain pulse. At the (b) ]
times indicated by arrows in Fig. 2, various spatial profiles 0
are calculated: top view and side view of the resonant excited

0" Min: —6.7x10-'C/cm? 1260
Max: 4.1x107"°C/cm3

u
Min: —=6.5%10™"" Max: 3.4x107"°

xenon density[Figs. 3a)—3(c) and 3d)-3(f)], and wall © Bartler
charge distributions on the upper dielectric surface and bar- ‘ ‘ Ribs
rier rib [Figs. 4a)—4(c) and 4d)-4(f)]. In Fig. 3, the con- Min: —7.4x10™"" Max:3.3x107"°
tours are equipotential lines and the shadings represent the (d Lsor=a  © 0 oz
density of resonant excited xenon. Top views and side views o
are taken from the plane where the density is the maximum Cathads ”-‘-rg
in the y direction at the number peak time and the plane (-190V) ‘z
where thez position is the middle of the direction, respec-
tively. Anode &
As time advances, the discharge occurs near the gap with oVv)
the help of applied potential and wall charge generated from ifr
the previous discharge. The number of plasma particles in- 0 190

creases rapidly and wall charges are accumulated on the di-
electric surface. Then the plasma particles spread over the
upper dielectric surface due to the accumulation of wall

charge On'the upper dielectric surfgéegs. 33)_3(0)] The  FiG. 4. wal charge distributions of@)—(c) the upper dielectric surface and
accumulation also starts at the center region and moves td)—(f) the barrier rib at times denoted by arrows in Fig. 2.

Min: —1.5x10™" Min: —1.4x10™"'Min:~1.7x10™"
Max:2.0x10™" Max: 2.0x10™"" Max:2.9x10™"
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In the following subsections, first we describe the three-wall charge, because tlzdirection is assumed to be infinite
dimensional features of the wall charge distributions. Secin that simulation.
ond, the local discharge efficiency is obtained and analyzed.
Finally, we investigate the effects of the three-dimensional
parameters, such &8 electrode shapdii) barrier ribs, and B. Local discharge efficiency
(iii ) width of address electrode, which cannot be included in In general, the discharge efficiency is increased by de-

usual two-dimensional simulations. As will be seen later,.reasing the electron temperature or the electric fials the
these simulations are helpful for suggesting new designs gk of the discharge in the small electric field region to the
PDP cell for its optimization. discharge in the large electric field region increases, the ef-
ficiency increases. We can adapt this result to a PDP cell. In
a coplanar PDP cell, there is the short gap between two sus-
A. Wall charge distribution tain coplanar electrodes where the large electric field exists
The wall charge affects the discharge so much and alsand, consequently, the discharge initiates. Thus, in order to
plays a very important role on the operation of ac PDP. Durincrease the efficiency of a cell, we should design a new cell
ing the discharge, because the charges accumulated on timewhich the discharge is activated at the outer region of
dielectric surfaces reduce the effect of the applied voltageglectrodes where the electric field is low. When the discharge
the discharge is self-extinguished. Since the sustain voltagat the outer region is more activated, the discharge will form
itself is smaller than the firing voltage, the discharge cannotvider plasma distribution along the dielectric surface, which
be ignited by itself without the help of the wall charge accu-is called the long path discharge. This can be one of the
mulated by the previous discharge. reasons why a longer path discharge leads to higher effi-
Itis hard to directly observe the wall charge distribution ciency.
in experiment, but it can be easily obtained in simulation. = However, in an ac PDP cell, since the surface charge
The wall charge can be accumulated on the upper and lowaffects the discharge so much, as mentioned in Sec. lll A, the
dielectric surfaces and barrier ribs. However, since the walhbove statements cannot be true. The charge accumulation on
charge on the lower dielectric surface does not usually playhe dielectric surface reduces the effect of the applied poten-
an important role on the discharge in the sustain mode, wéal and the electric field structure is greatly changed. We
diagnose the wall charges only on the upper dielectric surinvestigate it through the local efficiency plot and suggest
face and barrier ribs. Here we present the three-dimensionalow to design a cell with the high efficiency.
features of the wall charge distributions: thdirectional dis- The efficiency in PDP terminology is the averaged quan-
tribution of the wall charge on the upper dielectric layer andtity in time and space as defined in Et0). Here, in order to
the distribution on barrier ribs that cannot be included in theanalyze the details of efficiency, we define a new local dis-
two-dimensional simulation. charge efficiency as the ratio of photon power to consumed
In side views of the resonant excited xenon profilespower at each position. That is, the local efficiency is the
[Figs. 3d)—3(f)], the striations are observed. The experimentime-averaged but space-resolved quantity. But a detailed
tal and simulational observations of striations in PDP havaliscussion about this definition is needed. The meaningful
been reported elsewhe?®:2° Noticeably, wall charge distri- definition of the local efficiency is how much ratio of total
bution on the barrier rib shows the striations near the cathodeonsumed power is deposited to the photon production at
as well as the anodd-igs. 4d)—4(f)], though the striations each position. However, we may have difficulty in calculat-
of plasma particles are formed only in the anode $kigs. ing it. The positions of the deposited power and the photon
3(d)-3(f)].25-2° The striations of wall charge near the cath- production could be different since the excited species cre-
ode come from the previous discharge when the present cathted from the consumed power in some positions is trans-
ode was actually an anode. ported to another position before the photon is emitted from
In wall charge distributions on the upper dielectric sur-it. But because the transport of the excited species is driven
face [Figs. 4a)—4(c)], there is nonuniformity along the by the diffusion motion due to the density gradients rather
direction and the positive wall charge on the cathode side ithan the drift motion due to the electric field, it is assumed
accumulated more nonuniformly than the negative wallthat there is no big difference at least in the spatial distribu-
charge on the anode sidéhough it is hard to resolve the tion of the local efficiency.
uniformity well in figures. We can also ensure it through the Figures %a)—5(c) are the averaged photon power, power
comparison of wall charge density on the barrier fiB&s.  consumption, and local discharge efficiency. They are aver-
4(d)—4(f)] and on the upper dielectric surfafeigs. 4a)— aged over a half cycle in time anddirection in space. The
4(c)]. On the anode side, wall charge on the barrier rib is fiveregion where the efficiency is high or low is distinguished
times smaller than that of the upper dielectric surface and omainly by the cathode or the anode side rather than by the
the cathode side, over ten times. Thus there is the significaimner edge or the outer edge of the electrodes. This comes
nonuniformity along the direction and the nonuniformity is from the charge accumulation on the surface as stated.
higher near the cathode than near the anode. This is one bfearly the same number of photons is generated near the two
the three-dimensional results from the widely known proper-electrodes, while power consumption is larger near the cath-
ties that the mobility of electrons is higher than that of ions.ode than near the anode. Hence, the local discharge effi-
This result means that the two-dimensional simulation overciency is higher near the anode than near the cathode. That is
estimates the uniformity of wall charge, especially positivebecause in the cathode side there is the cathode sheath region
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FIG. 5. Time-averageda) photon power(b) power consumption, antt) Max: 3.5x10%cm3
local discharge efficiency. They are spatially averaged inyttection.

(d)
where the electric field is large and consequently the produc- Max: 2.9x10"cm-3
tion of xenon excited states is Ictwyhile in the anode side © E =
there is the plasma column region where the electric field is & Z
small and, consequently, the xenon excited states are pro- Max:2.5x10"cm
duced efficiently. Therefore, for the high efficiency we ® ‘_ Wi
should design a new PDP cell where the discharge is acti-
vated more in the plasma column region than in the cathode Max: 9.5x10"*em

sheath region. From this point of view, the long path dis-Fig. 6. Top view of the contour plots of the resonant excited xenon density
charge with the long plasma column region can be includednd potential ina) a conventional electrode cell ario) T-shaped electrode

in the category. In addition, we also notice that the dischargéell

efficiency is higher near the center of the anode than near the

edge of the anode and barrier ribs.

proportional to power consumption. The area of the T-shaped
C. Effect of electrode shaping electrode is just 77% of that of the conventional electrode,

] o but its power consumption is comparable with that of the
The discharge characteristics of the PDP cell are mucRgnventional one as shown in Fig(bJ. The explanation

dependent on the shape of sustain electrode. Though thgoyt it is as follows. Since the discharge in this simulation
electrode shaping needs more efforts to make it, it can b confined to the center region in taelirection[Figs. 6a)—
used for the further optimization of PDP cell. One of thoseG(C) and Gd)—6(f)], the electrode near the barrier ribs does
examples is a T-shaped electrode cell with about 15% highggot contribute so much to the discharge. The T-shaped elec-
efficiency than that of a conventional electrode Eell. yrode is thinner along the direction and longer along the
Through our three-dimensional simulations, we investigatgjirection than the conventional electrode. Thus, a larger part
why a T-shaped electrode cell shows the higher efficiencpf T-shaped electrode than that of conventional one contrib-

and why power consumptions are nearly the same, althouglyes to the discharge and power consumption. It means that,
the area of T-shaped electrode is smaller than that of conven-

tional one.
Figures a)—6(c) and &d)—6(f) are top views of the

resonant excited xenon density of a conventional electrode @ |

cell and T-shaped electrode cell, respectively. In both cases, ]

the distance between scan and common electrodes is set to ‘

65 um. At the number peak the maximum density is smaller

in the T-shaped one than in the conventional one, but the 8 - Conventional
;
|
|

—

9|  T-shaped Céﬁ’\‘\\\

Discharge Eff [%]

total number is the larger in the T-shaped one. Since a i Call -
T-shaped electrode is longer along tkedirection than a e —
conventional electrode, the plasma distribution in a T-shaped 180 20\? ' 230 240
electrode cell is wider along thedirection than that in the ® otiage [V]
conventional one[Figs. Ga)—-6(c) and Gd)—6(f)]. The 0.0016
T-shaped electrode cell has a longer plasma column region
than a conventional one. This is why the discharge efficiency
of T-shaped electrode is about 20% higher than that of a
conventional one as shown in Fig(ay. Therefore, the effi-
ciency improvement of the T-shaped electrode is one of the . ;
. . . 0.0004 . ‘

examples included in the statement in Sec. IlI B. 180 200 220 240

In the case of a conventional electrode cell, it is widely Voltage [V]
known that as its electrode is wider along theirection the FIG. 7. Comparison between the conventional cell and T-shaped electrode

plasma diStri_bUtion_ is wider and power consu_mption iN-cell. (a) Discharge efficiency vs sustain voltadb) Power consumption vs
creases. We investigate that the electrode area is not alwaysstain voltage.

Conventional ;// !
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Address Electrode Width (um]

FIG. 9. Top views of the contour plots of the electron density for the various
values of address electrode width; i.@), 60 um, (b) 120 um, and(c) 300
D. Effect of barrier ribs um. (Contours are plotted at each number peak time with the same contour
level values. (d) Power consumption and wall charge density vs address
Barrier ribs are used to prevent the electrical and opticaélectrode width.(Wall charge density is taken as the difference between

interaction between cells. Since barrier ribs are coated witfjaximum and minimum valugs.
phosphors, they also contribute to the UV-visible photon
conversion. We investigate the effects of barrier ribs on the
efficiency. E. Effect of address electrode width

In Sec. Il B, we found out that the discharge efficiency  Address electrode is used to select the cell that should be
near the edge of barrier ribs is rather low through Fi@).5 turned on or off. It also defines the position of the discharge
In this subsection, in order to find out how much barrier ribsin the direction perpendicular to the sustain electrodes. Here
influence on the overall efficiency, the following four cells we investigate how much the width of address electrode af-
are simulated—Reference, Case A, Case B, and Case facts the size of the discharge in the sustain mode when the
“Reference” is the usual cell with barrier ribs that the phos address electrode is grounded.
phor is deposited on. Its cell size is 124D80X380 um®. Figures 9a)—9(c) are electron densities at each number
“Case A’ has barrier ribs without the phosphor deposition. peak time for various values of address electrode width, i.e.,
“Case B" and “Case C” do not have even barrier ribs. The 60, 120, and 30@m, respectively. The size of the discharge
cell size of Case B is the same as Reference, but in Case i@ the z direction is nearly independent of the address elec-
the discharge volume instead of its cell size is the same asode width. As address electrode width increases, power
Reference. That is, the cell sizes of Reference, Case A, ansbnsumption is slightly reduced but wall charge density on
Case B are the same, while that of Case C is KIB80X300  barrier ribs increases as shown in Figd)d Here wall charge
ume, density is taken as the difference between maximum and

Figure 8 is the luminous efficiencies of four cells. Caseminimum values. It means that, though the large electric field
B has around 44% lower efficiency than Reference. In ouregion is expanded, the number of the plasma particles does
simulation, the contribution of barrier ribs is underestimatednot increase because of the wall loss. The particle loss to
because the barrier rib is described as a rectangular paralldiarrier ribs and its charging prevent the expansion of the
epiped in simulation unlike a real PDP cell. We can, theredischarge. This is why the address electrode width does not
fore, notice that the phosphor on barrier ribs contributes taffect the size of the discharge in théirection in our simu-
over 44% of total luminance. The remaining 56% comesation even though too small width of the address electrode
from the bottom phosphor on the lower dielectric. The phosmakes the addressing impossible. It may not be general and
phor area on barrier ribs is about 45% of the overall phostimited only to our condition. Nonetheless, it is found that
phor area, which is nearly the same as the percentage of ithe address electrode width is not always proportional to the

contribution to efficiency. This relation makes it easy to es-size of the discharge because of the wall loss of the particles
timate the contribution of some phosphor region in arbitraryto barrier ribs.

geometry.

In comparisons between Case A and Case B or Case
and Case C, there is no significant difference. This resul
gives the conclusion that barrier ribs themselves do not play Three-dimensional simulation is useful for understand-
an important role in the overall discharge efficiency. Thising of the three-dimensional features and further optimiza-
agrees well with the result that there are not many particleion of ac PDP. For this purpose, we have developed a three-
near barrier ribgFigs. §a)—6(c) and 6d)—6(f)]. dimensional fluid code (FL3P) with the remarkable

6/. CONCLUSIONS
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