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Discharge efficiency in high-Xe-content plasma display panels
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Technische Universiteit Eindhoven, P.O. Box 513, 5600 MB Eindhoven, The Netherlands

(Received 2 September 2003; accepted 26 November)2003

We study theoretically the overall output performance and the dominating reaction processes of the
vacuum ultraviole{UV) radiation production in high-Xe partial pressures in plasma display panels
(PDPs with Ne—Xe gas mixtures. A two-dimensional self-consistent fluid model is applied for the
simulations of discharges and UV radiation in sustaining phases of PDPs. The UV intensity
increases with the Xe partial pressuRy(). The discharge efficiency also increases #th . The
resonant radiation from X&p,) dominates for 3.5%, while that from X€'S.,) becomes dominant

over Xe@P,) for 10%—-30%. Remarkably for 30%, the intensity from,ie /) is even larger than

that from Xe€P,). It is found that for highePy,, the UV radiation mainly consists of the excimer
radiation from Xg(*2.) and Xe(32 ). Here, XefP;) does not play a role itself as the UV
radiator of the resonant radiati¢h47 nm, but as the precursor to X€= ), which results in the
excimer radiation173 nm. © 2004 American Institute of Physic§DOI: 10.1063/1.1641941

I. INTRODUCTION and 4, a drastic improvement in luminous efficiency has been
) ) achieved by increasing the effective luminous areas in PDP
The plasma display panéPDP) is regarded as the most (¢1s6.7 The discharge efficiencyys is, on the other hand,
promising candidate for the next generation of Consumer'extremely small compared with those of other discharges
oriented, large-size, flat displayé.The major trend of the (~65% in a Hg—rare-gas lanfpand ~60% in a Xe—DBD
discharge scheme in PDPs is alternating curt@of capaci-  |amp @ and is mainly responsible for the low luminous effi-
tive discharges between coplanar electrodes covered by dijency of PDPs. It has been clarified that the significant dis-
electric materials in Xe-noble gable, Ar, and N mixtures.  gjnation of the input power to ions and subsequently to neu-
Vacuum ultravioletUV) radiation from Xe and its excimers {.oi<'is the major cause for the oy, in conventional PDPs
from the discharge is converted to visible light by phosphors i, xe_Ne and Xe—He gas mixturdS. This is unfortu-
in order to display color images. In spite of elaborate efforts,yely an intrinsic feature of cathode-fall dominated dis-
in _rgsearch and (_jevelopment, co_nmderably lower I”m'”ouﬁharges, in general, which are the typical discharges gener-
efficiency, approximately by four times than that of cathode-yeq in conventional PDP cefid® A sufficiently large ion
ray-tube displays, is currently a bottleneck of PDP technoly,y 15 4 cathode for emitting secondary electrons is inevi-
ogy in competing against other display technologies in congap|e to sustain the discharges. Recently, it was reported that
sumer markets. Drastic improvement of the luminouspppg with high-Xe-content gas mixtures have the potential
efficiency is the major and urgent objective in PDP technol,, improving luminous efficiency under a conventionally
ogy. , N o used driving schem¥:'2 The luminous efficiency exhibits a
~ The luminous efficiency of PDPs is given by the follow- gte \vise increase by increasing the sustain voltages espe-
ing four factors:(1) The discharge efficiencghereafter, we cially for higher-Xe contents. The luminous efficiency in-

will refer to it as 7y, i.e., the yield of applied electric ¢roases Jinearly to total pressure. Almost all of the UV radia-
energy into UV photon energy via discharges5%), (2) the o consists of Xg excimer emission, not of Xe resonance
probability of the UV photons to be captured by phosphor,qiation.

(~40%), (3) the quantum efficiency of phosphots25%), In this article, we study theoretically a Xe—Ne ac-PDP
and(4) the yield of the visible photons reaching the display ¢, yarious Xe contents and describe the decisive physical
area(~40%), where the percentages in brackets indicate theyrqcess of the discharge efficiency improvement in high-Xe-
estimated efficiencies of each facfor. Factors 2 and'4 content PDPs. We apply a two-dimensional, self-consistent
mostly depend on the geometry of PDP cells. A relativelyqiq modef to analyze the discharge efficiengy;. in a PDP
large Stokes shiftfrom ~143-173 nm to visible wavelength o) A focus is on the analysis of the reaction chemistry
range~400-700 nm of the photon conversion scheme Us- o|ated to the UV generation. The physical description of gas
ing UV radiation limits the quantum efficiency of factor 3 to discharges, and numerical techniques implemented in the
as low as 25%. Nonetheless, the values are comparable {,,_jimensional fluid model, has been described in detail
that in other gas-discharge light sources using similaisewherd: 13 We apply a boundary condition that correctly
schemes of visible photon generation. Regarding factors ges into account of the contribution from the secondary
electron flux}* The reaction processes considered in the
¥Electronic mail: daiyu.hayashi@philips.com simulation are listed in Refs. 4 and 13. The imprisonment
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FIG. 1. A schematic geometry of the PDP cell. i~
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effect of the Xe resonant line47 nm is taken into account Voltage V, (V)

in the SImu':.tlo.n by Il?.trﬁqucmgl.th? eglca(;j)e fa&dogtge h FIG. 2. The electric input energy\;,) per a half cycle of the sustaining

resonant radiation, which is preliminarily determined by the,ase as a function of, for Py.=3.5%—30%.

photon Monte Carlo simulatiotf A standard cell structure

widely used for ac-color PDPs is considered here. Simula-

tions are performed in a two-dimensional area of the interwith a Ne—Xe mixture consists of an atomic resonant radia-

section of the sustain electrodes. A schematic geometry afon, Xe(®P;)— Xe(*S,), and molecular radiation from three

the cell is depicted in Fig. 1. It consists of two glass platesexcimers, xg(fﬂzj , 12: ,Oj)—>Xe2(129+)~Xe(1SO)
separated by a gap of 150m, filled with a Ne—Xe gas +Xe(!S,).
mixture. A pair of electrodes to sustain dischar@esreafter, The total UV radiation intensities from X&p,) and

sustaining electrodgss placed on the front pandht the  Xxe,(33},13 ! ,0/) are shown in Fig. 4. HereRy is the
bottom in Fig. 3. The sustaining electrodes are covered by &ate of the radiative transition processes generating the UV
dielectric layer consisting of a glass pldtBelectric constant  radiation, which corresponds to the number of UV photons
~11.0 and MgO layer at the toftlielectric constant-11.0.  generated per unit time. It is therefore equivalent to the pho-
The total pressure of the gas fillings is kept constant at 45¢on flux intensity from the PDP. Th&, increases with
Torr. The partial concentration of XeP{) is varied from  p, . WhereadR,,, increases roughly linearly td, for 3.5%,
3.5%—-30%. We first apply a high voltage of 400-500 VR, saturates approximately &t;~350V for 10%—30%.
between the sustaining electrodes to generate a preliminarghis characteristic of the saturation is more remarkable for
discharge. Surface charges that initiate following dischargegigher Py, . Choi et al!® experimentally observed the same
between the sustaining electrodes are built up on the dielegrend in the UV intensity of the resonant lii®47 nm emis-

tric layers. Then, discharges are sustained by applying a 5§ons, while the excimer emission intensity increased linearly
kHz square ac voltagevk) to the sustaining electrodes. We py p,, .

will refer to these discharge periods as sustaining phases. We define 4 as the ratio of the total UV radiation
The rise and decay times &fs are typically set at 50 ns. energy V) per half cycle toW,, (74s=Wyy/W,,). The
Hereafter, we will restrict our discussions to the phenomengependence of the discharge efficiengys on Vs is shown

in the sustaining phases. The simulations are done all over dR Fig. 5. The 74, increases witPy,, as is consistent with
the two-dimensional cross section of Fig. 1. Toward the aimhe experimental resulté:*® The 74 exhibits a slight in-

of investigating the output performance of the PDP cell, allcrease withV, for 10% and 13.5%, and it peaks 3t

the results presented here are integrated and averaged in-a340 V for 20% and 30%, while no significant change is
half cycle and over the cross section, unless it is otherwiseeen for 3.5%.

mentioned. The 74 is parametrically given by the product of the
electron heating efficiencyz(,) and UV efficiency ty).>*
Il. OVERALL PERFORMANCE The former represents the percentag®\fto be transferred

Figure 2 shows the electric input energy/() per half to the energy of the electron$\{,), and the latter represents

cycle of the sustaining phase as a function\Qf for Py,
=3.5%—-30%. Th&V,, is linear toV4 and independent from Xe" e Xe, (10,9
Pye. Our preliminary simulation has also found a well- Yo, ¥
known relation thaiV, is approximately proportional to the kY XeCPy) Xe,3T,
capacitance €, ,9 of the sustaining electrode. For the dis- ; -1
charge conditions in this articl®Y,, is then given as a simple
relation: W;,=A-Cgs (Vs-Vmin), Where A and Vi, are a
constant value and a certain minimum voltagel40—-170
V), respectively. It is noted that a variation with regardto
therefore corresponds linearly to that with regarditg .
Figure 3 schematically depicts the atomic and molecular Xe('So)
electronic states involved in the UV radiation. Except negli-gig. 3. The schematic diagram for the atomic and molecular electronic
gibly weak emission from Ne, the UV radiation from PDPS states involved in the UV radiation.

. xe2(1 Zu“’)

A A\ A A
Xey('Z,") —> Xe + Xe
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FIG. 4. The total UV radiation intensities from X&;) and Voltage V, (V)
Xe,(32 4, 135 ,08). The Ryy is the rate of the radiative transition pro-
cesses generating the UV radiation, which corresponds to the number of UV FIG. 6. The dependence of the electron heating efficiencyn V.
photons generated per a unit time. It is equivalent the photon flux intensity
from the PDP.
while that from Xg(®2 ") becomes dominant over X&)

. for 10%-30%. Remarkably for 30%, the intensity from
the percentage dee to be converted to the total UV radia- Xez(lzar) is even larger than that from X&®,). The ratio
tion energyWy,y . Figure 6 shows the dependencefon o e3P, ) decreases witlPy,. The ratios from two ex-
Vs. The 7, shows a step-wise increase for 10%-30%, in-gjmers Xe (33,0 increase withPy, and saturate at 20%
stead qf the constant value for 3.5%.. Thgis as small a5 and 30%, while the ratio from %€'S 1) increases linear by
approximately 27% foPy.= 3.5%. This means that the ion P,.. When we take simply the sum of the ratios of @)
heating loss, not the electron heating, of which the efficiency, 4 Xe (13 ¥), the sum is a constant value of approximately

ul/:

is equivalent to + 7., predominates here. The, increases 5o ang notably independent frofry, , except for the value
with Py., 40%-50% ofW,, is converted to the electron of 3.5%

energy forPy.=30%. Increasind’y, results in the enhance-
ment inzy, by 1.5-1.9. It is noted that high, is attained for
higherPy, andVs. The UV efficiencynyy is shown in Fig.
7. In the same manner ag,, the nyy increases withPye. In Sec. Ill., we observed the increase gf with Py .
nyy for 3.5% does not show any dependencevgp, while  The parametric studies clarify that botia and 7, increase
nuv for 10%-30% shows a peak around 300 V. Thus, im-with Py,, and 7, shows a step-wise increase wify while
provement is achieved both in, and »nyy, by increasing 5, has a peak arounid,=300 V. Next, we will get insight
Pxe- into the reactions contributing to these behaviorsygfand
For all Py, the ratios of the UV intensities from g, . Here, we restrict our discussion on the reactions for
Xe(®Py) and Xe(®%, , 'S ,0y) relative to the total UV  P,.=3.5% and 30%, in which two extreme conditions can
photon intensity show a minute change within 10% in accorpe seen.
dance withVg. Figure 8 shows the relative ratio of the in- a0
tensity from XefP,) and Xe(®X , >, ,0.) as a function A. Pxe=3.5%
of Pyxe. Here, we take values averaged oVegifor eachPy,. As can be seen in Fig. 8, the radiation from X@() and
The resonant radiation from X&) dominates for 3.5%, Xe,(®3}) dominates for 3.5%. Figure 9 shows the reaction
rates of the dominating productionX(-r3) and loss{4-r7)

Ill. REACTION SCHEME

0.10 ~ ; . 5-35%
-0~ 10.0% o,
/- 3.
~ A-OA, -&-135% 0.2~ - T . O ?()50/‘:,/
2 NN --&e- 20.0 % N -0 %
= N A, |-A-300% B, @135 %
b Ve A 3 AA‘Aﬂ --&--20.0 %
2 % s & ‘Al--5--30.0%
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@ ’B:i"gn—.: © e & ®000
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FIG. 5. The dependence of the discharge efficiengy on V. We define Voltage V_ (V)
74is @S the ratio of the total UV radiation energwy(,,) per a half cycle to
Win (74is= Woy /Wip). FIG. 7. The dependence of the UV efficiengy, on V.
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*- Xe(P,) (m8) Xe+Xe+Xa('P,)-»Ne+Xe, (s )]
60 -0 Xe,(’z,") (m) Ne+e+Xe('P,)->Ne+xe,'s, | ]
T 1o + i
. % Xex,) J
9 o ¥-- Xe,(0)
S— e A RS LT .O. ______________ O fus =
%‘ 0 . (md)Ne+Xe” > Ne+Xe(P) [
[=4 e) - - -
% . (m3) Xe” —» Xe('P,) + hv jE=i|
5 e X (m2)e+Xe" - e+ Xe(P,) )
£ 20} T g (mesxesesxelr) [
g
4 o 0 2 4 6
B e A v Reaction rate (x 10" cm®s™)
\os
0% y y y FIG. 10. The reaction rates of the productipml)-(m5)] and loss
0 10 20 30 - A p

m6)-(m9)] processes of Xé& for Py.=3.5%.
Xe partial concentration (%) [(m)-(m9)] p P2) xe ’

FIG. 8. The relative ratio of the intensity from ;) and L . L. .
Xe,(335, 134 ,07) as a function ofPy.. We take here averaged values though the de-excitation of X& via collision with Xe

over V, for eachPy,. The radiation from Xe{P,) dominates for 3.5%, (m4,m5) dominates approximately half of the total produc-
while that from XQ(BEJ) becomes dominant over X&?,) for 10%—30%. tion rate, the electron impact excitatiorm_‘(_) and de-
excitation (M2) processes and radiative process3] also
contribute. The main loss process is the electron impact ex-
processes of XéP,) (for Vs=240 V). Hereafter, all of the citation to Xé* . The three-body processes resulting in the
data presented are averaged spatially over the cross sectigfymation of Xe(33) via collisions with Ne and Xe
and a half-discharge-cycle period. Most of Xeq) are pro- - (mg, m9) are minorities and inefficient in producing
duced from X&* via collision with Xe. The electron impact Xe,(33F) in this condition. Despite of the X&P.) produc-
excitation directly from Xe contributes less. The electron im-tig, byuthe de-excitation of X& via electron impact and

pact de-excitation of Xé@,) dominates in the loss reac- cojjisions with Ne and Xe, they are not efficiently converted
tions. Approximately one-third of the produced XB() is (5 the radiative state %€°S ") generating UV radiation, but
converted into the UV radiation. The molecular statémostly they are excited back to Xe via electron impact
Xe,(0,) is produced by the three-body recombination with excitation. This backward process limits thg. The reso-

Xe and XefP,), (r7), and converted via collisions with Ne ant radiation from Xe{P,), therefore, dominates, as shown
or Xe into Xe(*X}), of which the state mainly decays via i Fig. 8.

the UV radiation. Nevertheless, the process is minority in the Figure 11 schematically summarizes the reactions related
loss processes. to the UV generation for 3.5%. The solid lines in Fig. 11

It is well known that XQ(?EJ) are produced by the yepresent the electron impact processes and the broken lines
three-body recombination with Xe and the metastablgepresent the reaction with the neutral species, Ne and Xe.
state  XefP,),  [Xe+Xe(*P,)+Ne/Xe—~Xe,(*3;)  The UV radiation mainly consists of the spontaneous emis-
+Ne/Xe].**1%2% Our simulation also has shown that sjons from XefP,) and Xe(®3}). The direct excitations to
Xey(°2)) is predominantly produced by the three-body re-poth xe@P,) and XefP,) are not dominating production
combination with XetP,) and lost by emitting VUV radia- processes. Due to the relatively larger cross section in com-
tion. Hence, in order to study the production processes of thBarison with those for the direct excitation of X&) and
radiating excimer state %€’X), we study the production xe(3p,) 212 the energetic electrons collide with Xe to ex-
and loss processes of its precursor, 3). cite them mainly to X& . The main loss processes of e

Figure 10 shows the reaction rates of the productioryre the collisional de-excitation to X&#®,) and Xe€P,)
(m1-m5) and loss f16-m9) processes of X€P,). Al yith Ne and Xe(reaction rate~1x 10'° cm?s™1), the de-
excitation to XefP;) and XefP,) via spontaneous emis-
sion (~1x10* cm®s 1) and the ionization processes- {

i el | x 10 cm®s™1). Xe** is then converted to Xép,) and

— Xe,(0,") + NelXe -
(r8) Xe(*P,) - Xe + hv EITE|
(7) e +Xe(P) > e+e+Xe
(6)e+Xe(P) re+Xe |
(15) Xe + Xe" -» Xe + Xe(P) [

(r4) Ne + X" - Ne + Xe(*P,) [TIT ~#Xe(’P,)

(r3) Xe” — hv + Xe('P)
(r2) e+ Xe —e+Xe(P)

(r1) e + Xe - e + Xe(’P) 1= “Xe(3P2) ~
0 2 4 6 Xey(°%,*)
Reaction rate (x 10" cm™s™)

FIG. 11. The reactions related to the UV generation for 3.5%. The solid
FIG. 9. The reaction rates of the dominating productiénl)-(r5)] and lines represent the electron impact processes and broken lines represent the
loss[(r6)-(r9)] processes of Xép,) for Py,=3.5%. reaction with the neutral species like Ne and Xe.
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(mS) Xe + X~ - Xe + Xe('P)

(15) Xe +Xe-Xe+Xe('P,)
(md) Ne + Xe™ —» Ne + Xe(P,) h] (r4) Ne+Xe >Ne+Xe('P,)
(m3) Xe™ -» Xe(P) + hv ]

(r3) Xe™* — hv + Xe('P,)

(m2) e+ Xe" — e+ Xe('P) (2)e+Xe —e+Xe(P)

(m1) e+ Xe - e + Xe('P,)

(r) e+ Xe —» & + Xe('P)

010 2I0,8 33I? 0 10 20 30
Reaction Rate (x10" cm’s ') Reaction rate (x1 0" em® s")

FIG. 12. The reaction rates of the productip(ml)-(m5)] and loss FIG. 13. The reaction rates of the productipfr1)-(r5)] and loss pro-
[(m6),(m8),(m9)] processes of X&P,) for Pxe=30%. cesse$(r6), (r8), and ¢9)] of Xe(®P,) for Py.=30%.

3 . _ . .
iree( sFt)i?I) dbgs:rr]oe)/gglIt?;lglealeldeectfgr??rir:;);c.:tI\ggiittaotiitoxﬁgck tobody collisions with Ne and Xe exhibits a larger contribution
) ) in the loss process than the radiative decay proae®s (The
Xe** | as for Py,=3.5%. X&* is dominantly converted P yp 5 0

: 3 ; - . .~ reaction rate coefficient of the process involving Xe as the
|nt_<: Xef( tﬁl)fanft;(efpf) ;”a C.OII'S'O?SdW'th l\_ltetgnd )Te' N third collider is larger than that involving Ne. Hence, in the
spite ot the fact that electron Impact de-exciiation aiso Cong,qq \yhen the Xe partial pressure is larger, the reaction rate
tributes. Unfortunately, these states, being dingesonant

o - . ) of the reaction (9) becomes larger.
radiation and indirect(excimer radiatioh precursors of the (9) 9

UV radiati { ted back to *e by the el Figure 14 schematically summarizes the reactions re-
radiation, are mostly excited back to y the €leC" |ated to the UV generation for 30%. The solid lines in Fig. 14
tron impact excitations. The spontaneous UV emission fro

: rT?‘epresent the electron impact processes and the broken lines

Xe(3f 1)+ and_ the_ CONVersion - processes _Of %@9_ tp represent the reaction with the buffer gas species, Ne and Xe.
Xey( 2“ ). whm_h finally results in the UV excimer radiation, The UV radiation mainly consists of the excimer radiation
are minor reactions. from Xe,(*3 ) and Xg(33 ). Exactly in the same way as
for Py.=3.5%, the energetic electrons excite Xe to*Xe
B. Pxe=30% The direct excitations to Xép,) and XefP,) are not the

The spontaneous emission from XB(¢) is no longer dominant production processes. The main loss processes of
dominant in the UV radiation processes. The emission proXe** are the collisional de-excitation to X&;) and
cesses from the two molecular states &) and Xe(®P,) with Ne and Xe (reaction rate, ~5.5
Xe (1) are the major UV radiation processes here. As forx 10" cm®s™), the electron impact de-excitation to
Pye=3.5%, we have confirmed that, also fBx.=30%, Xe(*P;) and XefP,) (~6x 10" cm’s '), and the ioniza-
most of Xe(33) is produced by the three-body recombi- tion processes-2.9x 10" cm®s™*). The majority of X&*
nation of Xe@P,) with Xe via collisions with the third-body is then converted to XéP;) and XefP,) by the collisional
buffer gasegNe and Xe. Thus, here, we study the produc- de-excitation. Most of Xe(P;) are still destroyed by the
tion and loss processes of the precursor, 3Re}, for  electron impact excitation back to Xe, as for Pye
Xe,(33 ). The reaction rates of the production and loss pro-=3.5%. But some part is converted to the molecular state
cesses of Xé(P,) are shown in Fig. 12. The collisional de- Xex(*O,) via three-body collisions. X¢'O ;) is de-excited
excitation of X&* with Xe dominates in the production pro- t0 Xe}(*;) via collisions with Ne and Xe, and then
cess. Although the electron impact excitation back td*Xe Xe,('S) eventually radiates the UV excimer emissions.
is still the major loss process, but the conversion processes ¥e(°P,) is generated from X& by the collisional de-
Xe, (331 via collision with Ne and Xdthe reactions(i8) excitation with Ne and Xe, and also by the electron impact
and m9)] also contribute more in comparison with those for de-excitation. The backward process from @) to Xe**
3.5%. The produced X&P,) is mainly converted to does not dominate here, but X&) is converted to
Xe,(33) that eventually generates the excimer radiation. Xe;(* ) via three-body collisions with Xe and the buffer

As is seen in Fig. 9, foPy,=30%, the resonant radia- gasesNe and Xg. Thus, the UV radiation in this condition
tion directly from Xe@P,) has a smaller contribution, but is dominated by the molecular excimer radiation. It is noted
the excimer radiation from X£'> 1) rather dominates in the
radiation processes involving X&,). Here, XefP,) does
not play a role as a UV radiator, but as the precursor to - Xeg(‘Ou*)
Xe,(12F) becomes more dominant. Figure 13 shows the re-
action rates of the production and loss processes otXg(
Unlike for Py,=3.5%, most of Xe{P,) is produced via
collisional de-excitation of X& and the electron impact and
radiative processes have relatively minute contributions. The
electron impact de-excitation is the major loss process. The
conversion process of X&p;) to Xe,(O,) via the three- FIG. 14. The reactions related to the UV generation for 30%.

Xe(P,)  Xe('Zy)

g

" Xe(®Py) —— Xe,(3L,Y)
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that, for Pye=30%, due to the high reaction rate of mainly cesses. Then, X& is converted into Xe{P,) and Xe€P,)
three-body collisions involving Xe, the forward processesvia collisions with Ne and Xe. Most of XépP,) is still de-
toward the radiative states dominates against the backwatroyed by the electron impact excitation back ta*Xe as
processes, like the electron impact excitation to*’Xe for Py,=3.5%. Xe€P,) is generated from X& by the
Therefore,nyy , the UV conversion efficiency, is higher than collisional de-excitation with Ne and Xe, and also by the

that for low Pye. electron impact de-excitation. The backward process from
Xe(®P,) to Xe** does not dominate here, but they are con-
IV. SUMMARY verted to Xe(®X ) via three-body collisions with Xe and

We studied the reaction processes related to the UV prot—he buffer gasegNe and X@. Thus, the UV radiation in this

duction in a standard Xe—Ne ac-PDP for various Xe conten condition is dominated by the molecular excimer radiation. It
- . - - 1 = 0 i i
The two-dimensional, self-consistent, fluid model under the> remarked that, foPx.=30%, due to the high reaction rate

proposed boundary condition is employed to investigate thé’f mainly three-body collisions involving Xe, the forward

discharge mechanisms in PDPs with Xe—Ne gas mixtures processes toward the radiative states dominates against the
First, the overall output performance of the PDP cell iébackward processes, like the electron impact excitation to

studied. The UV intensity, equivalent Ry, , increases with X_e**. Therefore, »,y, the UV conversion efficiency, is
Pye- The Ryy saturates approximately at,~350V for higher than that for lowPye.

10%-30% and the saturation character is more remarkable

for higher Py,. The discharge efficiencyypgys, increases ACKNOWLEDGMENTS
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