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Cell geometry designs for efficient plasma display panels
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We investigate the performance of several nonstandard plasma display panel cell geometry designs
involving two-dimensional variations of the standard coplanar-electrode design. A cell design with

a modified shape of sustain electrodes is found to ha28% larger visible light generation
efficiency without substantial increase of the operating voltages. Similar performance improvement
is achieved by designs with different shapes of the upper dielectric, or by those involving two
different dielectric layers. The dependence of cell performance on the design parameters of these
structures is investigated. @002 American Institute of Physic§DOI: 10.1063/1.1511272

I. INTRODUCTION of the PDP cell and are converted into visible photons. Each
cell contains a specific type of phosphor that emits one pri-
Plasma display pane(®DP3 are one of the leading can- mary color, red, green, or blue.
didates in the competition for large-size, high-brightness, The most common type of color plasma display is the
high-contrast-ratio flat panel displays, suitable for high defi-coplanar-electrode PDP. In this PDP type, each cell is formed
nition television (HDTV) wall-mounted monitor$* Their by the intersection of a pair of transparent sustain electrodes
advantages are high resolution, wide viewing angle, lowgn, the front plate, and an address electrode on the back plate.
weight, and simple manufacturing process for fabricationpyring operation, a periodic voltage with a frequency of 50—
Recent progress of PDP technology development and Manysg kHz is continuously applied between each pair of sustain
facturing has been remarkabté.However, there are still  gjgctrodes. The amplitude of the sustain voltage is below the
problems that need to be resolved to popularize the PDP asigaakdown voltage. A cell is turned ON by applying a write

E(I)Drge comm?]d_|ty.h0ne of the most (;rlﬂcall ISSUES In f(f)_ngo'n%oltage pulse between the address electrode and one of the
research Is the improvement of the luminous efficiencyy iain electrodes. The discharge which is initiated results in

W.h'Ch is still low cqmpared to convennpnal cathod_e ray tl.Jbethe deposition of surface charge on the dielectric layers cov-
displays. Another important problem is the relatively high

operating voltages ering these two electrodes. The superposition of the electric
PDP cells are smalicell height is~150 um) and pro- field induced by the deposited surface charge and of the elec-

vide limited access for diagnostic measurements. As a resul&r,IC field of th.e applled sustaining voltage rgsults n th‘.a \gnt-
on of sustain discharges between the pair of sustain elec-

experimental studies of the transient plasma discharges i
PDPs are extremely difficult, and computer-based modelin odes ) ) _
is currently essential for understanding PDP physics and op- Several aIternauye designs have' prewou;ly been pro-
timizing its operation. Computer simulations are effective inP0S€d as a way to increase the luminous efficiency of the
identifying the basic properties of the discharge dynamichP- These Qe5|gns modified th<=T arrar)gement of individual
and the dominant mechanisms of light emission. In addition,Ce”S of the display or the three-dimensional structure of the
simulation models are usually successful in predicting theélectrodes:> Other methods were based on rf dischigea
effects on the performance of the device of variations indifferent mixture compositioh.However, the effect of sim-
design parameters, such as cell geometry, applied voltagéer two-dimensional variations of the PDP cell geometry on
waveforms, and gas mixture. Although simulation results aréhe performance of the device has not been investigated in
usually in qualitative rather than quantitative agreement witrdetail, although some two-dimensional variations have been
experimental display measurements, they are used very gproposed:? In this article, we consider several nonstandard
fectively to provide directions for future PDP design. cell geometry designs and investigate in detail the effect of

Typical color plasma displays consist of two glass platesyariations of the cell geometry design on the operating volt-
each with parallel electrodes deposited on their surfaces. Theges and the efficiency of the device. The alternative cell
electrodes are covered with a dielectric film. The plates arglesigns are variations of the standard coplanar-electrode cell
sealed together with their electrodes at right angles, and thgesign used in most PDPs. In addition, we put forth new cell
gap between the plates is first evacuated and then filled withtructures that result in optimum device performance and
an inert gas mixture. A protective MgO layer is depositedevaluate the dependence of PDP performance on the design
above the dielectric film. The primary role of this layer is to parameters of these structures. We use a two-dimensional
decrease the breakdown voltage due to the high secondanpp) self-consistent model to simulate the microdischarges
electron emission coefficient of MgO. The UV photons emit-in ppp cells, which is briefly described in Sec. II. The results
ted by the discharge hit the phosphors deposited on the wallgstained using this model for the various cell geometry de-
signs are presented in Sec. lll, while our conclusions are
dElectronic mail: inan@nova.stanford.edu summarized in Sec. IV.
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Il. MODEL DESCRIPTION tons are computed by the plasma dynamics fluid model. We

W id v a brief d - fth i . assume that UV photons are emitted isotropically, and calcu-
e provide only a brief description of the seli-consistent) .o e fluxes on the phosphor surface using ray-tracing

fluid model used to simulate the microdischarges in the PDEechniques. A unity UV-to-visible conversion efficiency is

cell, since this model has been described in detai ssumed for the phosphor. The fluxes of visible photons on

0
elsewhere! . the output window are also calculated using ray-tracing tech-

Ihe fontmmty equations are s+olved f‘i“ glectrons, ato_m'%iques, assuming Lambertian emission from the phosphor
(Ne*,Xe™) and molecular (Ng,Xe, ,NeXe") ions, and ex surface

cited species[Nef,,Xe* (3P,),Xe* (3P,),Xe** ,Xe5 (OF),
Xes (32, Xeb (1=])] for a Ne—Xe mixture. We use the
drift—diffusion equation as an approximation to the momen-
tum equation. The electric field within the cell is self- The geometry of the standard coplanar-electrode PDP
consistently calculated by solving Poisson’s equation. Eleceell used in the simulations is shown in Figal The cell
tron impact reaction rates and transport coefficients areonsists of two sustain electrode§.andY, separated from
assumed to be functions of the electron mean energy whicthe gas by a dielectric layer. An MgO layer is deposited on
is determined by solving the electron energy equation. Wehe dielectric film. The bottom of the cell consists of the
use a finite difference method to solve the system of partiahddress electrode A separated from the gas by a dielectric
differential equations. The continuity equations and the eleclayer with a phosphor layer on top. The output window of the
tron energy equation are solved implicitly, while semi- device is supposed to be the top side of the upper dielectric
implicit methods are used for the integration of the coupledayer, noting that the sustain electrodes are transparent. In all
continuity and field equations, and for the source term in theases, the gas mixture filling the region between the dielec-
electron energy equation. The electron impact ionization antrics is a Xe—Ne mixture with 4% Xe at a pressure of 500
excitation frequencies as well as the electron mobility arelTorr. The height and width of the cell at¢=210 um and
calculated using the Boltzmann codeenpir.!* Electron—  L=1260 um, respectively. Our reference case is character-
atom collision cross sections for Ne and Xe are taken fromzed by the parameter valueg=100 um, w=300 um,
the siGLO series'? Rate coefficients for Penning ionization, d;=30 um, d,=30 um, ande, =10, whereg is the electrode
dimer ions formation, charge exchange, recombination, andap length,w is the sustain electrode widtk,,d, are the
neutral kinetics reactions, as well as excited species lifetimekengths of the upper and lower dielectric layers, respectively,
are taken from Ref. 13. ande, is the dielectric constant. This reference case was one
In order to calculate the visible light output of the PDP of the cases considered in Veronis and I6%n.
cell, we implement a radiation transport model, similar to the  The voltages applied to the three electrodes during the
one described in Ref. 14. The source functions for UV phosimulation are shown in Fig.(b). Initially, a data pulse/p

lll. RESULTS
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and a base-write pulse Vg, are applied simultaneously to other words, we lower the sustain voltage until the discharge
the A andY electrodes, respectively. These are followed by adistinguishes.

sequence of alternating sustaining voltage pulsgbetween The UV photons which excite the phosphors are emitted
the two sustain electrodésandY. During the sustain phase, by certain excited states of X&e* (3P,) (resonant stajeat

the address electrodé is biased to a voltage ofg/2 to 147 nm, X&§(O_) at 150 nm, X§(®=) and X& (=) at
prevent undesired discharges between the address electrabig3 nm (excimer stated.’® The excited phosphors in turn
and the sustain electrodes. The frequency of the sustainingmit visible photons. We define the visible light generation
waveform is 125 kHz and the rise and fall times of all pulsesefficiency of the cell as the ratio of total visible photon en-
are 100 ns. The duration of the address pulsegrgy which reaches the output window to the total energy
is 2 us. dissipated during a sustaining periot=8 us)

A. Calculation of voltage margin and visible light n= [7dY soud Sl;_pheph ,
generation efficiency Jrdtfydv(Jet+ 20 ini) - E

()

As in Veronis and Inan? we focus our attention on the where I',n is the number of visible photons reaching the
operating voltages and the visible light generation efficiencyoutput window per unit area and per unit timgy, is the
of the PDP cell. PDP cells can operate only if the appliedvisible photon energyJ. and J,,; are the electronic and
sustaining voltage is held within certain limits. The initial ionic current(of ion i) respectively, ancE is the electric
address pulse triggers a discharge betweer\thrdY elec-  field. We assume that the visible photon wavelength is 550
trodes. This discharge is quenched by surface charges acaum.
mulated on the dielectrics. Subsequent sustain discharges oc- For the calculation of efficiency, the voltage waveform
cur only in the addressed cells, since the sustaining voltagehown in Fig. 1b) is applied in all cases to the cell elec-
Vs is below the breakdown voltage, as discussed above. Thegodes. As in Veronis and Inaf,the sustaining voltage is
minimum sustaining voltag®/sy,, is defined as the mini- chosen to be the midmargin voltage, defined \ds,,
mum value ofVg which leads to a steady sequence of sus—=(Vgy,in+V;)/2. The midmargin voltage is usually chosen as
taining discharges in an addressed &elThe firing voltage the point of operation of the PDP to ensure reliability. We
V; is defined as the breakdown voltage in an unaddressechlculate the efficiency of the PDP cell in the periodic steady
cell. The sustaining voltagés must at all times be less than state, typically involving the application of at least five sus-
V; in order to avoid discharges in cells which are not ad-taining pulses.
dressedVgny, andV; define the voltage margin of the cell.
In real PDPs, these voltages exhibit some statistical vari
tion, since cells have slightly different dimensidisThe
voltage margin of the cell should therefore be as large as In the standard coplanar-electrode geometry, there is a
possible to ensure reliable operation of the display. trade off between high light generation efficiency and low

In our studies, we investigate the effect of cell geometryoperating voltage¥’ In Fig. 2, we show the effect of the
design on the numerical values @&, andV;. The calcu- variation of the sustain electrode gap lengtfFig. 1(a)] on
lation of Vi, andVs is done as in Veronis and Indhand is  the visible light generation efficiency and the midmargin
repeated here for completeness. For the calculatiosofa  voltageVg,, of the PDP cell. We observe that larger values of
sustain pulsé/s is applied to one of the sustain electrodesg result in larger values of botl andVg,,. Similarly, larger
andA is biased toV¢/2, as described above. We use the fullvalues of the length of the upper dielectdg [Fig. 1(a)]
2D model to iteratively calculatéo within an accuracy of 1 results in larger values of both andVg,.

aé. Electrode-shaping geometry

V) the minimum voltagé/; which leads to breakdown. In all Figure 2 also shows the visible light generation effi-
cases, the breakdown occurs between the two sustain elegency » and midmargin voltag®'s,,, for alternative cell ge-
trodes. ometry designs. In Fig.(t) we show a PDP cell geometry

For the calculation oV gy,, we first apply the address with modified shape of sustain electrodes which for brevity
pulsesVp and — Vg, described above. In all cases, we usewill heretofore be referred to as the electrode-shaping geom-
Vsw=150 V, and for the reference ca% =80 V. In all  etry. This design is characterized by the design paramaters
other casesy, is chosen so that the breakdown paraméter anda,. Fig. 2 showsz and Vs, for this electrode-shaping
1= (aneYnet UxeYxe)[€lNeT 9XeP — 1]/ (apet axe) IS cON-  geometry witha; =100 um anda,=22.5 um, all other pa-
stant, wherewy, and ay, are the partial first Townsend ion- rameters being the same as in the reference case. We observe
ization coefficients for Ne and Xe, respectivejy, andyye  that the midmargin voltag¥s,, is essentially the same as in
are the secondary-electron emission coefficients for Ne anthe reference case, while the visible light generation effi-
Xe ions, respectively, on MgO, ard is the discharge gap ciency n increases by-16%. If a; anda, are kept constant,
length [Fig. 1(@)]. In cases of nonconstant discharge gapand the sustain electrode widthis increased from 300 to
length[e.g., Fig. 1d)], we use the minimum value of the gap 400 um, the increase in the visible light generation effi-
length. A sequence of sustaining puldés is then applied ciency » with respect to the reference case is found to be
between the sustain electrod&sg. 1(b)]. We once again use ~20%, while the operating voltage increases by only a few
the full 2D model(in an iterative fashionto calculate(to  volts. It should be noted that the substantial increase fior
within an accuracy of 1 Y the minimum voltageVg,, the electrode-shaping geometry, whens increased, is not
which leads to a steady sequence of sustain discharges. ¢bserved in the standard coplanar-electrode geometry, as
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FIG. 2. Visible light generation efficiency and midmargin voltag¥ s, of T
various cell geometry designs. Results are shown for the standard coplanar- 30 ™ s s . .
electrode, the electrode-shaping, and the dielectric-shaping geometries. The 200 400 ) 600 800 1000 1200
effect of the variation of the sustain electrode gap lemgénd of the upper Width (zm)
dielectric layer lengthd; is shown for the standard geometry. All other cell (b)

parameters are the same as in the reference case. Note that the reference case
corresponds to the intersection point of the two curves.

shown in Fig. 2. It should also be noted that for a given cell
width L the sustain electrode widtk has to be small enough

to ensure that no undesired discharges occur with sustain
electrodes of adjacent cells. Thus, there is a limit to the in-
crease in efficiency that can be achieved in the electrode-

shaping geometry by increasing 200 400 600 800 1000 1200
It is obvious from the results presented in Fig. 2 that the Width (um)
electrode-shaping geometry has a better performance than ©)

the standard coplanar-electrode geometry of Fig). 1t re- _ - ,
FIG. 3. (a)—(c) Equipotential lines for the standard, the electrode-shaping,

Sljllts In-an mcrea_se_ in visible |Ight gener_atlon efﬂc'encyand the dielectric-shaping geometries, respectively, at the end of a sustaining
without a substantial increase of the operating voltages. Thgeriod (t=18 us). The increment between the contours is 20 V.

operating voltages remain the same because the structure in
the middle of the cell is the same in both the standard
coplanar-electrode and electrode-shaping geometries. Figtheree ande,, are the total energies dissipated per period
ures 3a) and 3b) show equipotential lines for the standard Py electrons and ions, respectively,. is the total energy
and the electrode-shaping geometries, respectively. We otst by electrons per period in collisions that lead to the
serve that in both cases the electric field in the gap is maxiProduction of UV emitting excited states of xeneg, is the
mum in the region between the two sustain electrodes in thtotal UV emitted energy per period, ards is the total vis-
cell center. As the applied voltage is increased, the breakble light energy reaching the output window. Physicatjy,
down condition first occurs in discharge paths in this high-is the efficiency of the discharge in heating the electrops,
field region. We observe that the electric field structure is thds the efficiency of electrons in producing UV emitting states
same for both designs in the high-field region and that théf Xenon, andy; is the efficiency of emission of UV photons
breakdown voltage is therefore not significantly different. Inby xenon excited atoms and molecules. Finally, is an
other words, the different Shape of Sustaining electrodes @ddltlonal factor in the overall visible |Ight generation effi-
the new structure does not significantly perturb the electri€iency », related to the efficiency of transport of UV photons
field distribution in the region where breakdown first occurs.to the phosphor layer and of the visible photons to the output
In order to better understand the reasons for the increagéindow, and to the UV-to-visible conversion efficiency of
in the visible light generation efficiency, we focus our atten-the phosphor. Our analyses indicate that the effect of cell
tion on the excitation efficiency. The visible light generation geometry variations oms is small, because the rates of the

efficiency defined in Eq(1) can also be written as reactions that lead to emission of UV photons from xenon
excited states are solely determined by the gas mixture com-
7= 17271374, position. Similarly, the effect of cell geometry variations on
1= €atl (€at €ior),s 74 1s small. Although we might expect that geometry varia-
tions could result in UV emission closer to the phosphor
72= €exd €el, (2)  layer, and therefore highey,, the increase imy, is relatively

small for the 2D cell geometry variations considered herein.
We therefore focus our attention on the excitation efficiency
N4= €yis! €y defined asne= 117, representing the components of the

73= €uv/ €excs
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overall efficiency most significantly affected by geometry discharge is shorter for the electrode-shaping geometry and
variations. The excitation efficiency is therefore given by that the peak power dissipation is higher by almost a factor

N of 3.
- J7dt/ vduZ 2 ey €exg 3 We may note that the excitation efficiency can also be
7 Jrdtfydo (3ot 2 Endon) - E written as®
where n, is the electron densityy]" is the excitation fre- " :f do fdtpixc (4)
quency of excited state of Xiewhich leads through a series e )y T €t
of reactions to UV photon production, arg,, is the corre- N
sponding electron loss energy. Where pey= 2, NV €eyg, and €= [1dtfydvp, where

In Figs. 4a) and 4b), we show the dissipated ion power, p=(Je+ Ei’\'ﬂ‘Jiom) -E. Equation(4) suggests that the excita-

dissipated electron power, and power spent on Xe excitatiotion efficiency 7, IS obtained by integratingover space

in the PDP cell per unit length of the stand@Fig. 1(a)] and  and time the power spent for xenon excitatiop) nor-
electrode-shapingFig. 1(c)] geometries, respectively. Re- malized by the total energy dissipated in the dischaegg) (
sults are shown as a function of time, during the dischargé&or purposes of brevity, this quantity, which is directly re-
caused by the fifth sustain pulse applied to ¥helectrode lated to the excitation efficiency, will heretofore be referred
starting att=18 us. We observe that the duration of the to as the normalized power spent for xenon excitation. In
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sheath for the electrode-shaping geometry includes a “tail”
region[snapshots 4 and 5 of Fig(d}] so that the cathode
region is overall more efficient for this new structure. We
found that the tail excitation region is due to longer discharge
duration in individual discharge paths in the electrode-
shaping geometry, because it takes more time to proQiae
ionization the charge required to quench the discharge. For
example, in the case presented in Fig. 4, the distance of the
outer part of the sustain electrodes from the gap for the
electrode-shaping design is 7:8n, while that for the stan-
dard design is 3um. The equivalent capacitance and there-
fore the charge required to quench the discharge is thus four
. . times larger in the electrode-shaping geometry. Although the
10 20 30 electric field in the ion sheath is also much larger in the
Electron mean energy (eV) electrode-shaping geometry, the time required to quench the
FIG. 5. The electron excitation efficiency, as a function of the electron discharge is 'Ion.ger. due to the highly .nonlmear. Sa.lturatlon
mean energy. effect of the ionization coefficient at high electric fiefds.
The partial covering of the dielectric layer with charge re-
sults in a prolonged discharge in a low electric field regime

Figs. 4c) and 4d), we show the normalized power spent for which favors high efficiel_"ncy, as men_tioned a_bove. In sum-
xenon excitation, integrated over 5 ns time intervals, for thdn@ry, the electrode-shaping geomejtFyg. 1(c)] is more ef-
standard Fig. 1(a)] and electrode-shapir@ig. 1(c)] geom- ficient than the standa}rd_coplalja.\r-elec.trod.e geqn’{étrg.
etries, respectively. We observe that high excitation occurd(®], because the excitation efficiency is higher in both the
both in the cathode sheath—plasma interface and in the bufi@thode ion sheath and the bulk plasma region, and because
plasma region&’ The bulk plasma excitation region is wider the more efficient bulk plasma region is wider. ,

in the electrode-shaping geomefisnapshots 2, 3, and 4 of As we noted, the overal! duration of_ the discharge is
Figs. 4c) and 4d)], for which the outer ends of the sustain Shorter in the electrode-shaping geomgffigs. 4a)—-4(d)].
electrodes are closer to the géiig. 1(c)] so that the electric Once the sustain voltage pulse is applied, the time required
field is enhanced in the corresponding gap region. Due to thi® réach breakdown is shorter in discharge paths below the
enhancement of the electric field in the outer parts of the gapP”ter parts of the sustain electrodes in this structure, due to

wider discharge paths become increasingly favorable in thithe larger overvoltag€’ Thus, the discharges in individual

structure. We note that wider plasma region results in highefliScharge paths in the electrode-shaping geometry initiate

discharge efficiency. The cathode ion sheath region is chaf@'lier but last longer.
acterized by high electric fields and high electron tempera-

tures, while the bulk plasma region is characterized by much

lower electric fields and consequently lower electron tem-C Dielectric-shai ;
peratures. In Fig. 5, we show, as a function of electron ™ ielectric-shaping geometry

mean energy, in constant uniform electric fields, obtained In Fig. 1(d), we show a PDP cell with modified shape of
usingELENDIF.! We observe thai), is maximized at~4 eV.  the upper dielectric which for brevity will heretofore be re-
Our analyses indicate that, during the discharge, the electri@rred as the dielectric-shaping geometry. This design was
field is high enough to sustain electron temperatures abovirst proposed(without the performance analysis presented
this threshold in all regions of significant excitation. Excita- here in Ref. 9 as a way to improve the efficiency of the PDP
tion efficiency is therefore a decreasing function of electrorcell. The dielectric-shaping geometry is characterized by the
temperature for PDP discharge conditions. It is for this readesign parametems; anda,. In Fig. 2, we showp andVg,

son that the bulk plasma region of the discharge is mordor the dielectric-shaping geometry witli;=260 um and
efficient than the sheath region, and that wider plasma regioa,=22.5 um. All other parameters are the same as in the
results in higher efficiency. In addition, we observe that thereference case. We observe that the midmargin voltage

bulk plasma region in the electrode-shaping geometry iss essentially the same as in the reference case, while the
more efficient than the bulk plasma region of the standardisible light generation efficiency; increases by-14%. As
structure[snapshots 2 and 3 of Figs(ch and 4d)], due to  in the electrode-shaping geometryaif anda, are kept con-
lower electric fields and consequently lower electron tem-stant, and the sustain electrode widtlis increased from 300
peratures in the bulk plasma region. Finally, we observe thatib 400 um, the increase in the visible light generation effi-
the cathode sheath region is also more efficient in theiency » with respect to the reference case is found to be
electrode-shaping desigsnapshots 4 and 5 of Figsicdand  ~17%, while once again the operating voltage increases by
4(d)]. Excitation is more confined in the cathode region ofonly a few volts.

the standard structure. As mentioned above, the electric field The dielectric-shaping geometfig. 1(d)] has an obvi-

is higher in the outer part of the gap in the electrode-shapingusly better performance than the standard coplanar-
geometry. Electron temperatures are therefore highermgnd electrode geometryFig. 1(a)] and results in larger visible

is lower. However, the excitation region in the cathode ionlight generation efficiency without substantial increases of

5 8 8

Electron exc. efficiency # ) (%)
[\
(=]
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FIG. 7. (a) Visible light generation efficiency; as a function of parameter
(a) a; of the electrode-shaping geometry fay=20 um [Fig. 1(c)]. All other
cell parameters are the same as in the reference @asg.as a function of
0 : g parameten, of the electrode-shaping geometry for= 100 um [Fig. 1(c)].

Height (um)

| All other cell parameters are the same as in the reference (ca3ée firing
20 @ voltageV; and the minimum sustaining voltagési, as a function ofa;.
40 @ The dashed line shows the midmargin sustaining voltge used for the
calculation of the efficiency(d) Vs, Vgmin,» andVsy, as a function of,.
60
80 . . S
e electrode-shaping geometry. The very large increase in ionic

2 ) 0 800 1000 1200 current in the dielectric-shaping geometry is observed when
Width (um) the discharge in the cathode region reaches the point at
(b) which the upper dielectric layer length becomes shgFay.
FIG. 6. (a) Dissipated ion powePj,,, dissipated electron powd, and  1(d)]. We note that both of the alternative structures are char-

pOwWer spent on Xe excitatioR, per unit length for the dielectric-shaping acterized by points of sharp variation of either the electrode
geometry.(b) Normalized power spent for xenon excitation, integrated over

a 5 ns time interval, for the dielectric-shaping geometry. The starting timeshape[':ig-_ 1(C)] or the upper d_iEIeCtriC_ S_h?‘dﬂg- 1(d)].
for integration is 80 ns after the beginning of a sustaining period. TheThe electric field is very large in the vicinity of the sharp

@ncrgment between the contours and maximum in gray sc_ale are the same points as is shown in the equipotential contours in Figl) 3

'frr‘orFr:gtT]'e‘(&)g%”?ajg?'Sﬁ;’f;ecg‘e different vertical scale. Height is measured o 3¢ for the electrode-shaping and the dielectric-shaping
geometries, respectively. However, in the case of the
electrode-shaping geometry, the sharp point is inside the di-

the operating voltages, similar to the electrode-shaping ge(glectric layer so that the increase in the ionic current in the

ometry[Fig. 1(c)]. The similar behavior of the two structures cathode sheath region is not as dramatic as that observed in

could be expected since, in both cases, the modification iwhe d'ﬁ:eCt”C'Shﬁp'gg geometry.tl:lnally, n F'g.(tb?. we ¢
cell design basically results in a larger equivalent capacitanc% ow the normalized power Spent for xenon excitation, inte-
rated ove a 5 nstime interval, for the dielectric-shaping

of the outer part of the sustain electrodes. We found that thd . .

increase in the efficiency without any substantial increase ogeometry for comparison with th_e standdfelg. 4(c)] and
the operating voltages for the dielectric-shaping geomet&he electrode-shaping geometr(ésg. 4(d)].

can be interpreted in the same way as the improved perfor- ,

mance of the electrode-shaping geometry, which was de2: Dependence of cell performance on design

scribed above in detail. We should nevertheless note twB2rameters

important differences in the performance of these two struc- We now investigate the effect of the design parameters
tures. First, we observe in Fig. 2 that the electrode-shapingf the PDP cell structures on the visible light generation
geometry has a higher visible light generation efficiency tharefficiency and the operating voltages of the PDP cell. Figures
the dielectric-shaping geometry. Our analyses indicate that(a) and 7c) show the dependence @f and ofV;, Vgnin,

714 is higher for the electrode-shaping design. The region o&nd Vg, respectively, on parametex; of the electrode-
high excitation and consequently high UV emission directlyshaping geometryFig. 1(c)]. We note thata;=0 corre-
below the upper dielectric layer is closer to the phosphosponds to a cell design with the sustain electrodes fully in-
layer in the case of the electrode-shaping design, so thaerted in the upper dielectric layer. As expected, analyses
more emitted UV photons reach the phosphor. Second, imdicate that this design has essentially no difference in per-
Fig. 6(a), we show the dissipated ion power, dissipated elecformance from a standard coplanar-electrode de$kjg.

tron power, and power spent on Xe excitation in the PDP celll(a)] having the same distance of sustain electrodes from the
per unit length for the dielectric-shaping geometry. We ob-gap. We also note tha;=w corresponds to the standard
serve that the peak ionic current is much higher in thecoplanar-electrode design. We observe thataasis in-
dielectric-shaping geometry in comparison with thecreased, both the efficiency and the operating voltages in-
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238 dielectric-shaping geometfyig. 1(d)], while Figs. &b) and
g 8(d) show the dependence gf and ofV;, Vgnin, andVgm,
:;“ 26 rgspectively, on the dielectric constan of the geometry of
.§ Fig. L(e). In both cases, we observe dependences that are
& similar to those noted for the electrode-shaping geometry. In
24 @, () all three cases, the larger equivalent capacitance of the outer
05 10 15 20 25 2040 60 80 100 part of the sustain electrodes results in larger visible light
300 300 generation efficiency of the PDP cell without significant
280 % T 280 change in the operating voltages. The increase in the effi-
s .- R | ciency of the device is maximized for a specific value of the
S7260f T T T~ - W~ <o corresponding design parameter in each case for reasons de-
240 M 240 scribed above.
©f 55 O We note that combination of the three different ways of
o3 a2 20 40 60 80 100 increasing the equivalent capacitance of the outer part of the

13

- . - . sustain electrodes does not result in further increase in effi-
FIG. 8. (a) Visible light generation efficiency; as a function of parameter

a, of the dielectric-shaping geometry fag= 260 um [Fig. 1(d)]. All other ciency. For exgmple, Fig. 7 S‘thWS Fha_lt the efficiency of the
cell parameters are the same as in the reference @sg.as a function of ~ €lectrode-shaping geometry is maximized &gr=22.5 um.

the dielectric constart,, of the geometry of Fig. (&) for ag=200 um. All If the equivalent capacitance is further increased by increas-
Oﬂl‘“ cell Pafé"“:]ete@ are the same as "‘Ithe ’efefenci(c?"g?‘e ﬁg‘g ing a,, the efficiency decreases. We verified that, as ex-
voltageV; and the minimum sustaining voltag&y;, as a function oBy. o teq if the equivalent capacitance is increased, by either
The dashed line shows the midmargin sustaining voltge used for the : . : . .
calculation of the efficiency(d) V; ,Vann, andVs,, as a function ofe, . th(nT Q|electr|g—shap|ng or the dielectric constant methods, the

efficiency still decreases.

For the 2D cell geometry variations considered in this

crease. The efficiency is maximized fag=100 um, with  &rticle, the electrode shape of the structure of Fig) Is
any further increases af, leading only to increase in the found to be optimal. For this purpose, we considered alter-

operating voltages. We conclude that the electrode-shapin@?tive shapes of s_ustain electrodes, for exa_mple, a cell_design
geometry has better performance than both the standaith slanted sustain electrod® such a design, the equiva-
coplanar-electrode desigffig. 1(a)] and the equivalent de- lent capacitance increases linearly with distance rather than

sign with the standard sustain electrodes fully inserted in th&"@rPly @s in Fig. @), and results in lower efficiency. The
upper dielectric layer. In addition, for a specific valueagf structure of Fig. rlc)_ is optm_lal because it is identical to the
there appears to be an optimum valuggf In Figs. 7b) and standard ;tructure in the middle of the ({@H_g. 1(a)], so that
7(d), we show the dependence gf and ofV;, Vg, and the operatm_g voltages_ do_not change, while in thg outer part
Vs, respectively, on the parametes, of the electrode- of the cgl!, it r_esults in hlgher e.qylvalent capacnance.and
shaping geometry, noting thag=0 corresponds to the stan- higher visible Ilght 'generauon eff|C|engy. We'also examined
dard coplanar-electrode design. We observe that the visibil'€ effect of variations of the lower dielectric layer on the
light generation efficiency of the PDP cell increases substarRerformance of the cell, for example as shown in Fid).1
tially asa, is increased, while the operating voltages remain>Uch @ design results in a wider discharge area and conse-
essentially the same. The interpretation of the improved pe/@Uently higher excitation efficiencye, for the reasons de-
formance of this structurgFig. 1(c)] was discussed in detail SCribed above. However, the overall efficiengis not larger

in Sec. Ill B. Figure 7 further shows that the increase inthan the efficiency of the standard structliig. 1(@)].
efficiency is maximized fom,=22.5 um. Analyses indicate Apalyses indicate that the modification of the lower dielec-
that for large values ofi,, the efficiency of the discharge in UiC layer shape and, consequently, of the phosphor layer
heating the electrons, is a decreasing function @. Asa, ~ Shape in the structure of Fig(fl results in lowerz,. This

is increased, the electric field in the ion sheath region inf€Sult could be expected, since most of the visible photons

creases and the sheath length decreases. As a result, the gpitted from the vertical sides of the phosphor layer are lost.

ficiency of the discharge in heating the electrons in the
sheath region is a decreasing functlona%f. This effect V. SUMMARY
dominates for large values af and results in a decrease of
7, and subsequently of. We used a 2D self-consistent simulation model to inves-
Figures 8a)—8(d) show similar results for the dielectric- tigate the performance of several nonstandard plasma display
shaping design and the equivalent design of Fig) fiespec- panel cell geometry designs, by focusing our attention on the
tively. The structure of Fig. () was first proposedwithout  operating voltages and the visible light generation efficiency
the performance analysis presented hareRef. 9 as a way of PDP cell designs. The model was used to calculate the
to improve the efficiency of the PDP cell. The increase of thevoltage margin and the steady-state visible light generation
equivalent capacitance of the outer part of the sustain ele@fficiency of PDP cells at their midmargin sustaining voltage.
trodes in this case is achieved by using a material with & cell design with a modified shape of sustain electrodes was
larger dielectric constan, in parts of the upper dielectric found to have~20% larger visible light generation effi-
layer. Figures &) and 8c) show the dependence aef and  ciency, without a substantial increase of the operating volt-
of V¢, Vgmin, andVgy,, respectively, on parametay of the  ages, when compared to the standard coplanar-electrode de-
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