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ELECTRODE 8 PLASMA DI SPLAY PANEL DEVI CE AND METHOD FEH/YRBIFBATI NG
THE SAME BACKGROUND COF THE | NVENTION Field of the Invention The present
invention relates to a plasna display panel device and nmethod of 5
fabricating the sane, and nore particularly, to a plasnma display @ganeEC 2002
devi ce having m cro-channels or capillaries connecting an el ectrode.

Al t hough the present invention is suitable for a wi de scope of

appl i cations, iCAPSLRARY ELEQTRODE DESCHARGE PEESMAI DISFL AV IUWNENSi t Y
ultraviolet (W) enmsvarg ANISMEYHONOF FABRICA TIAG! $H0sAMii Ny Vol tage
and turn-on tine. Discussion of the Related Art 10 Plasna di spl ay panel
("PDP") devices use gas discharges to convert electric energy into |ight.
Each pixel in a PDP device corresponds to a single gas-discharge site and
the light enmitted by each ;ﬁé@Kﬁ%E’MPﬁW@E@ﬁ&ﬁmwauy by the video
signal that represents the inmage. Many structures for color plasnma displays
have been suggesfréald of thedntdn&o] 980' s, 15 but only three are still in
contention: the alternating c,urreint matri X systain structure; the

al ternating curr eHe PESEItARvANtion selafes o plasnydisplay papel devieq andanethod pEnt wi th
pul se- menor 'l I I Sl | g fl at panel
di spl ay tec?:arll)o C%t\éll?geéltefg %&ﬁg’ll%raéne&g?%ﬁg%ﬂﬁ’l lggl%e%;% e‘i}/ﬁ)(l: §§‘|1éé}g 9 ﬂi&n ger
than 48" di ageeadhanfié enGbilRrieesamecting avaédrodbe ARl sreel asvehtimisdone
to increase brightness, |ower driving voltage, and reduce response tinme of
t he devi cessuitablefos apyyide scopg peapmlicpiymshid és prsecnlarbsuitahle dor genexatingeigh can
be achi eved ;by.maxi m.zi he .ef.fi ¢i ency .of.-t UV, em ssion fromthe gl ow
i schar ge. B R Yigle R MK oot PR BUALTL fe SRR W AP of Ly pe
di scharge. f-oaxigxanpl e of the conventional high pressure AC barrier type
discharge is disclosed in U S Patent No. 5,701,056 as shown in FIG 1. A

)

conventional pl aPiscudsiembiithe Retat¢d Advi ce has a transparent front substrate
141 and a rear substrate 110 facing each other. A plurality of tragnsparent
el ect rlgdes 102 a qt“rﬂ’é“yd?‘?n@‘aéhﬂ%f) Fycep pﬁq]gasé\sgngrgeas[t@ comyert glgeric o

001 02225 -2 : ] PinET PDBURAicA ch SSRGS e;l%%_ j: h of
t he transpa?‘g%&gﬁggg%é?éagh%%‘f The transcpgrenf’ e‘ﬁec?rg%gle Zdl%rl}%%te%ggbus

el ect rodes add therlgght emétteddywdatthpixel iwicoktrolled ieleatromigallyelyyethe YiRoaighabthat

protection layer 104 in this order. The transparent insulating |ayer 103
and the prof@Eesents thalmage104 conprises | ead gl ass having a | ow fusing point

< UM G oxi _ . : A d
on the 1 ear  subsrESEe s o tield Sofle AE En B AN IR Sy 8"
first,155eCcoBg o threhre@tiRad Eodtéidnyibelafterafitg culRabmafixt sustiivehuchideidhd 06,

and the first and third partition walls have w dths WH and
alternating current coplanar sustain structure; and the direct current with pulse-memory

drive structure.
Generally, PDP is the choice in flat panel display technologies for large size
display devices typically larger than 40” diagonal. Extensive research toward the PDP
20 devices has been done to increase brightness, lower driving voltage, and reduce response
time of the devices since a proto-type of PDP has been developed. These goals can be
achieved by maximizing the efficiency of the UV emission from the glow discharge.
Most of the PDP devices utilizes a high pressure AC barrier type discharge. One
example of the conventional high pressure AC barrier type discharge is disclosed in U.S.
25 Patent No. 5,701,056 as shown in FIG. 1. A conventional plasma display panel device
has a transparent front substrate 101 and a rear substrate 110 facing each other. A

plurality of transparent electrodes 102 are formed on each of the front substrate 101, and

LT IRy
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W, respectively. A white-color insulating layer 107 is forned on the rear
substrate beooi%zzisncl udi ng the data el ectrode 108. Furt her, P@ISHHe&ent
‘material is formed on the third ' partition wall 106 and the white-col or
insulating layer 107. U. S. Patent No. 5,414, 324 has suggested anot her
structure for generating a high pressuresggl ow di scharge pl asma as) 56b6M00) n
FIG 2. An electrode 10 is nade of copper plate having a representative
square plan dinension of 25 cmx 25 cm The integral 15 netallic units
conprising plates 10 and tubing 11 are covered with a high dielectric
insul ating | ayef elddrodb 11 N éh &bk YE ikl iRnsgalGi BleBirdiieh 1DS. 'rﬂé‘t&‘a\{;\l%da?&xt' ayer 14
is to prevent a high current arc node fromthe discharge. However, the

di el ectric i elscttcaieil0d ahd yterbui élecwodesrtips am doserge watimathickdhsulbnglagert 103
field. Moreover, a significant fractjon of the electric field is applied

across the di aprotection laygy i ghis gisder. Thefransparentipsulatinglayer ¥Q3gng t
t b i i ] t i ce. THE
PRVERTI O AcBiSiflorayF 10 ombrstl BuORAN bk TN i Blime A MASYeitn

di spl ayspanepxidegg®).and nethod of fabricating the same that substantially
obvi ates one or nore of the 25 problens due to limtations and
di sadvant ages of Alpdurebitynfdataglactrodgs 108 aecioroed emthegearswhstratalédt Bon is to

Aot her  oby e ot napeEtsare 74 emed bR SFE e Gu s adicntalls Bty
vol tage and po§ (hof &:oRAN%Bd1D6RNd tthQspaQ{dQQi?@Eagﬁao§w3nP§§v@@@dtﬁﬁw,} afanal

features and advantages of the invention will be set forth in the
descri pti on Wyj mispdctivelywsh white-colopinsulatimg lnydrd 07 ppformad of thewdahsubstrate 110

S bt By i dobhaple® SRR D8, Pl § RSl thmbBEaT s e o WO | e
structure paf:#rﬁﬁbﬂ@%ﬂlﬁoa%@ﬁggvhglgcold?iﬂgﬂﬁ_?ggwefef f@n description and cl ains

her eof as we as the appen aw ngs. achi eve these and ot her

advant ages and i nU#&: PatedelNG 5,404,324t Hae spgpepod andthertshacturefe penématirghihigh  as
enbodi ed and broadly described, a plasne display panel device includes
first and sepugpresglawtdissharge plasmaes showrelailga2. 4m olecirode A84s mads of eemper o

d el ect th Jd i ronQf i ' ti
The T ot - arbiaedeghe e EEGEYe SR biah BimdeltR oo o805 Kl ThORUGRATCC: 1o
first apd segmepdlicinisicomipasingplatdiad da tite PRiricBlertd Math AMmghdisleatiectric

| ayer on the first substrate including the first electrode, the dielectric
| ayer havi nginauletighlager 4o Ip thiy stoesture she digleckicansulatingdayersidos t¢ praviant a

| ectri hay . hanber. | h f t t. i t
ol anm i spi B aal AbioterpRIn SauRte” Hovkvet i SLESTR ioplfreug 14
first el ectrodRnBs i Beed Adint SPRSeldiR fickd. SHARYeS h @i At BAchidiEos@eond

substrate, a pair of barrier ribs connecting the first and second

substrat es, elactet @eldis applicdragmss thenleectiieinsmeting lagerf so that thecelednofeld
substrates, and a-lJV-visible photon conversion_|ayer between the first and
second28ubst fannat be applipd gifegtinely thioughapt rg‘?"d?F-l ayer having at |east one
channel to provide a steady state UV enmission in 20 the electric charge
chanber .

SUMMARY OF THE INVENTION
Accordingly, the present invention is directed to a plasma display panel device
and method of fabricating the same that substantially obviates one or more of the
25 problems due to limitations and disadvantages of the related art.
An object of the present invention is to provide a high density UV emission in a
PDP operated in an AC or DC mode.
Another object of the present invention is to provide reduced driving voltage

and short response time.



I n anot her f the present invention, a plasnma display panel device
i ncl udes fivfésw@%%fosecond substrates, a first electrode on i;ﬁ‘g/uis??/’s“@“
substrate, a first dielectric layer on the first electrode, a second

el ectrode on the first dielectric |ayer, a second dielectric |ayer PPBEPZ‘W
second el ectrode, a third electrode on the second substrate, a UV-vVisi

25 photon conversion | ayer on the second substrate including the third

el ectrode, a pair of barrier ribs connecting the first and second
substrates, and first and second el ectric charge chanbers between the first
and second subst r aigggiolflbdifids g ddinBALldrthe hvBiion PiIPEOLABaPRARE! Of the
present invention, a plasnma display panel device 1ncludes Tirst and second
substrates, {edcsiptionethivh delfodvseind dh pardesll beapipacent ifrost theulesérifion, oPmby bot

PCT/ US99/ 14784 30 dielectric |layer on_the first substrate including the
first and sedesmeddyasactiseiekthe inventiory Thegbjestivepangpthermdyenwgavafghe 3 1 D E C
2002 el ectrode on th ir i .1 ] fourt | ectrqde, on.t he
second subst F‘é"t"&g‘l’“a‘ﬁ‘glrtFG rggliz‘? &/m\?‘# gi&a%ﬁég%ﬁJhtggg%u%% 5 %ﬁéﬁ@ﬁﬁf %%{688Ht% ®second
subst ratse i NglriidhAgsckiptord wamlhe%fmenasmabpp@fdebwwiﬁﬁs.ri bs connecting
the first and second substrates, a first electric charge chanber between
the first and secdodckicissthesstand other hdvagtages anddn pegardancerwitls thegpmgpaae 8f econd

el ectric charge chanber betwee he, first .and, second el ectyodes .in the
first diel ecP?ﬁSE“tll’_é‘SFBP‘?n» Pﬁe‘\ﬁﬁ%‘{}%‘?““a‘%’%‘ﬁ?{ dSﬁ““PFFg_aﬂ’ﬂ@%_ SP{W_@F}??I viog

met hod of T alydyedak G afk faRi RSt @&Q%&%&o&?&d&%ﬁ}ﬁé’dﬁgﬂé}bfﬂw second
substrates, conprising the steps of formng a first electrode on e first

substrate, f eleoirody an te sdcond substrateyaepainosf Hatreer fribs sonsaching thd firs nd seebndli ng
the first electrode, and form ng, at ast one ﬁgannel in the dielectric

I
| ayer tl exp&alstrals anjelegincoharge chyraberbstween the st angdssreend substmtes gebuedrhy -
i nvention, a r4: I: i . J kg
firer and solbuiitise uf SaTERE & 2 Rk ShnaRipBRdf, Q8 el EIaRe
el ectrode on thddelkétfic layettisingas chaniied tatprogide alsleddy isgitdUn @hikion if Giwidchion
| ayer on 15 the first substrate including the first electrode, and form ng
at | east onecbirgeghambien t he LTV-visibl e photon conversion | ayer to expose

et ! L e k36 MRS PO BRI DR ATl SRR

expl angtsory g afdl Secoid QibdRAled, @ RSt RYcHBAd off thB Frst@uBLtANALd R0 clbbtfodeon
invention as clained. 20 BRI EF DESCRI PTI ON OF THE DRAW'NGS The acconpanyi ng

drawi ngs, Wwhitlhseaorsl substats] @ ghair of paroier wles @nhientingdhe first end senodd sgbatdates han
invention and, are incorporated in and. constitute art o LS. .

appl i cati on, electrigshprge éﬁ)”é%gftﬁ’éﬁ? g“’g}‘?tﬁ’{ SFWéﬁ’t‘gﬂg’t%ﬁaan Bg&Wbﬁ‘le th the
descri ption éﬁo ﬁrczsfﬁvae}sgo@wér%&véeﬁ%@ﬁﬂs{&mk@mﬁfsugp@atgms @}v-%fﬁ%ué gh&aﬁ

drawi ngs: FlI i chematic view of a plasnma di splay pane I ce
accor di ng t oconversion layer having at least one channel to provide a steady state UV emission in

20 the electric charge chamber.

In another aspect of the present invention, a plasma display panel device includes
first and second substrates, a first electrode on the first substrate, a first dielectric layer
on the first electrode, a second electrode on the first dielectric layer, a second dielectric
layer on the second electrode, a third electrode on the second substrate, a UV-visible

25 photon conversion layer on the second substrate including the third electrode, a pair of
barrier ribs connecting the first and second substrates, and first and second electric
charge chambers between the first and second substrates defined by the barrier ribs.

In another aspect of the present invention, a plasma display panel device includes
first and second substrates, first and second electrodes on the first substrate, a first

30 dielectric layer on the first substrate including the first and second electrodes, a third



background art; FIG 2 is a schematic view of a plasma display panel device
accordi ng YO W2her 30 background art; WD 001 02225 -5 3 PCDUB3423D2
FIGS. 3A to 3C are photographs illustrating a plasnma discharge in an AC
operated PDP according to a conventional PDP device and the present
invention. FIGS. 4A to 4C are schematic v ews show ng an evolution of a

pl asma di scharge of the present invention. 5 FIGS. 5A and 5B ar¥] Bét iggpnt al
and vertical cross-sectional views of a plasma display panel device
according to a first enbodi nent of the present invention. FIGS. 6A and 6B

are hori zont td . -Sect} R a_pl as di spl ay panel
devi ce accorez%crﬁrgaegxg{es%%%ﬁﬁéﬁ%g%fegbﬁbﬁgﬁ ele#ég%gr%lgéhﬁtsc%ﬁ@esﬁﬁzft@ﬁ? laﬁ’é 7 s
a cross- sectirpnadibl¢iphvtodiconvdrbion Myet bf BhentcaRN@bsEaY ircfidsc@edog, to a 10
third enbodi nent of the present invention. FIGs. 8A and 8B are

cross- sect i @lestrodé, avpiraif barrper mbsgornesting thedusteinddecindssubstoatessa figst elzctic
fourth enmbodinent, of, the present. invention. FIG LS cross-sectional
view of a pl© Ch?lgbfffg’«?“gﬁﬁéﬁe iﬁ’é\?ﬁ%‘g%@e@?l&hﬁ@@ 3@%‘%13% esﬁ%‘@ﬂﬂ%ﬁ{‘d Bf
the present | |

Ret e ence wiToH oo oo chhekc Shabd Uetie the ¥t sRstCAlAMBR RS . e

present i nveli¢learic lagganpl es of which are illustrated in the acconpanying
drawi ngs. Capillary Plasma El ectrode D scharge ("CPED') PDP device of the
present 20 i nvent@notheraspect of thepugsent penttonep mathadof fabricstingpglasma a gas

in which the:gl o] i i I ) I S.generated
in capillar 31 1§allja§§§sa§1p ace‘% h:%n ?iorgttﬂgg% 3%@%5{%“%@&’%%%}%@}%%%ngﬂr@rmg o]
netal el ect raofiteseleofrode afidticcfirspéublstiste plormir dietettiiedSyer on U BrsiiubsFatby t he
nunber of capillaries that are conbined in parallel, as well as by their

separ akl on. imledide thei firgt elentrodiecandtferming at teestompichinnel gsthe dielénsgriolayérad for -
optim zing 25 thghdhsghlgfrt?e characteristics. FIG. 3Ato 3Cillustrate
conpari son &FPR¥&NT HELASFHSACf the plasma di scharge between t he

convent i onal AC hagler bRt e bRAcRARVR Vs Bloiol o Yrlhtt f the
present invention. Bot herAéR:Snd uﬁitppolear pullse>s/a are us?gggotr%hpo %Htﬁﬁg

el ectrodes. désplatyanal davideh@@ngIBsteand s8Ehndssupsdtensesncompridngtivtstapg of formirighe
capillaries igs clearly visible PCI/US99/ 14784 30 and much nore_ brighter
than that i érﬁf(slwﬁrﬁzde 28 &*&%ﬁhwbﬁ?atﬁh@mmw r‘g}s‘g@ Rheten coppersiondayep gn

PCT/ U39/ 14 484 irst substrate including the first electrode, and forming at least one channel in the

UV-visible photon conversion layer to expose the first electrode.
It is to be understood that both the foregoing general description and the
following detailed description are exemplary and explanatory and are intended to

provide further explanation of the invention as claimed.

20
BRIEF DESCRIPTION OF THE DRAWINGS
The accompanying drawings, which are included to provide a further
understanding of the invention and are incorporated in and constitute a part of this
application, illustrate embodiments of the inventing and together with the description
25 serve to explain the principle of the invention.

In the drawings:

FIG. 1 is a schematic view of a plasma display panel device according to
background art;

FIG. 2 is a schematic view of a plasma display panel device according to another

30 background art;



-6 -"3 ~ a2 discharge is significantly larger than that of the
conventi on\gPlﬁg@zégrri er discharge for the sane conditions. PRI S8 ur es
of the capillary discharge of the present invention are schematically
illustrated in FIGs. 4Ato 4C. FIG ais a field inside the capillary S
generating a high field discharge starti-g fromthe netal el ectrode. A high
density plasma in the capillary energes fromthe end of the capi ngr% izﬁfho
the gap serving as an electrode for a main discharge. The field insi fg e
capillary does not collapse after formng a streaner discharge. This is due
to a high el ectr oFIGsOBA 6 3CHE PrdtbSaplal illukienting lalpldsgaliisdhgedn h Wae
production rate on the axis (and therefore a high field) in order to 10
sust ai n t he angratehPDP Acetsdinigdo kgpuventignal PORdevidgand thepresaneinyentidne

il I [ [ : | ect i t] f.. t
Gramotord or {nc kAP G BB ANE Kt shyv PR a5 cpp AP} & laps fishivws caay

state pl asn%ﬂhég}}%[ggl‘@ﬁ%lge sust ai ned, as shown in FIG 4C A dielectric
| ayer is not necessary to cover an anode if unipolar operation is desired.
A pl asn& di spl ay FlfilsebA@RDSB atehonzoniad and demigalicooss-seitionhl vawodf aplasmaf t he

15 present invention wl |l be described with reference to FIG ,SA. As shown
in FIG 5A d&smoppyeldedcs srcpitimgton firstembodiment of thepresent inveafiona rear gl ass

| 507 di ' ; s . h
Pront ol ass paner A A RER. Rbeifnal aa CuBEM RS sdionb il BFFpfinh 0F
panel 501 i ndikplaly phel evied aebiddiieto0Rcord enftei@sEiitiof thelpréRANRTEMBROXi de

(MJ0) layer may be formed on the dielectric layer S03. On the rear 20 glass
panel 507, a counflér 7ds aerasedect®oal view pbp plagme displaypangligvisoaecordingiteet r ode

506 may,be disposed.at the.center .of the rear glass panel S07. A pair of
barri ealori b;“lggz?"&?ﬂ%e@%ofﬂlgpﬁsﬁﬂttm&?n;l?g’ panel SO01 and the rear glass panel
507. A UV-vi si bl epeRog Rang SRVAE sioRelsdcabRil &&Esoffagﬂmmley pahePBQIRNOT
layer, is formed covering the counter electrode 506 between the front glass
panel 501 armtcotiingtearfogtthhsmbpdiment 6{Xie preseritanvention.25 Char ge chanber 508 is

defined by the b [er. ri bs 504, between_.the fraqont. glas anel 501 and the
rear glass panel %@75%&%&8%{“&1 e ks p E’agﬁg ap E’Fag?%&’ing 98 ed

with an inerg bOditdeHt &F R &éﬁﬁﬁ:ﬁﬁ@n.(xe) to generate a UV em ssion.
Further, in t%l?gée%%%yrrent,ﬁt ﬁe Ielectric layer 503 has a channel 509 to
exposelshe el ectrode 502 to the electric charge chanber 508, so that a
steady state UV emission is obtained in the 30 electric charge chanber. A

hori zontal cross-secEYCBIPTHANOQE T PREFERBEREMBODIMBNNS 02225

PCT/ US99/ 14784 3 & Lre -+ PO, [ ertical
Cross-section myR%fgreﬁg‘gﬁgﬂé\F%gi% it %gg&élrl gooﬁ‘égpéslﬁjé%d(:%mgosdug omﬁ?}h\é FI G 5B.
A di mensi on @ésdnbfvetidh) ekarfiplys bewhieh arecitiusivatddia thoidcomphtyiegaawings. 111 00

< DL <1 Swhherein Dis a largest cross-section width of the channel and L

is a length of thGapillayddasmacElkeiyede Disgharga(ACPEP")PDR dgvige aEthgpresent he

h i d f | ect . th A t -
cranrr 8 redAvAEE e i St e G ERR T A i TR e iied®s, pop
devi ce accorglfttd Ohigh 86EHYPlakehac MR T8 Bencphted HFcapIRBERbe PSR ihFont She

second enbodi nent of "the présent invention _ includes a front glass panel
601, a rear agidagsh fhemsis EHEndentirté mstal elecirades. oAdlizhetet ofitie plaéina ebattodD3 on

the front glass panel _601. A transpapent dielectric Jayer is fornmed on
the front gllsdet by dhe pHRPS ﬁé"{lﬂéesftg b

: : Fefe compin m&raéhg_ggfweaéé 02 and
or osent | nwener sreaa St e o PR e b e ol

di el ec2$fi c |thydischirde carpaeristiol. barri er

FIGs. 3A to 3C illustrate comparison of the intensity of the plasma discharge
between the conventional AC barrier type and the capillary electrode discharge of the
present invention. Both AC and unipolar pulses are used to power the electrodes. As
shown in FIGs. 3B and 3C, a plasma jet emanating from the capillaries is clearly visible

30 and much more brighter than that in FIG. 3A. Accordingly, the intensity of the



ri bs 606 cw@% 2 he first and second gl ass panels 601 and 609 and defi ne
.an el ectri € charge chamber 610. An address el ectrode 608 is"%??f‘dﬁéd on
the center of the rear glass panel 609. Further, a UV-visible photon
conversion Layer, such as a phosphor layer, is formed on the second gl ass
panel 609 including the address el ectrodé-608. In 20 this enbodj rent, first
and second channels 611 and 612 through the transparent diel ecth i BEE zﬂﬂbr
604 are fornmed to expose the first and second el ectrodes 602 and 603 to
provi de a steady state LJV emi ssion as described in FIGS. 4A to 4C
Di mensi ons ofis¢Hagzedh sighificantBOldrgenthafi @it ofthe benvehtonA PEC Barrich @isehdred §dron
di sclosed in the first enbodiment. A horizontal cross-section of the
channel s 611thgagmeeenditionsi r cul ar shape 25 or pol ygonal shape, and a
vertical cross-segtion nm e a.straight or..crooked.shape, as shown in
FG 6B The ol ectist lapied el Botibractff 8550 iV EHo a8 . "gas such
as Xenon (Xeychefhtfeally ifdskrafeli iR FRSs, 2aAGH 965 FIGCH s dld HisfW ML capillky device
according to a third enbodi nent of the present invention. The présent
enbodi ngnt i generatieg afhiginfield didclragkst@ting framshe metdl sleg@ddand higlPdémityng each
other, a transpareni el ectrode 703 such 00/ 02225 PCT/ US99/ 14784
8 3 1 D E C Digeme indhe 6on! Weﬁ’ﬁf&%g@w&jc@%@ﬁewl ¥ 1qtp 4pg B3 HEYNgARaEn 70
The transp a . : J
operati on. Aa%%%gﬁgé%&gﬁg%tﬁ %g%eﬂ}%galaé& Fﬂ gﬁﬂégﬁéﬁﬁgéﬁgﬁtéc’g Fg‘ss? ?‘(& Sénel 702
and acts as fonffighateameeditcharbe. Thisds Bie wpdrigh electrordidd\tecsihbinatigihatt the
conversion |layer 705, such as_ a phosphor layer, is fornmed on the back 5

gl ass panel Wwelbragniringdh latgerredusbomiat on tae axis fandherefane a highefielyt) ingrdemioe

h ion. | h ' y .of
O Loy “Giplafline Bl Rad)BB B ASEIFRE il Mo B IiBin s ard 8 7,
and 702 and ggfidiRharge! BYlsElebtitpvriade oﬁmmet&%fth@caﬂmag:?rﬁwrengm of

embodi nent, a plurality of channels 706 are formed through the 10 Wvisible
phot on convethsicamllaryyebe I7,05st¢ady etapardesmarischarge gan be sustdined, as dhowdin FIG.t he

el ectric charge,chanber . 708. A nunber of channels .i.n the UV-vi.sibl hot on
conversion | 4o§'e19‘ ‘{;%?Ftpg layPRIs BPLRfCESSRTY 1P ﬁ%vefréﬂéﬁo%‘flf Tmlp8fai @Beragoy ésr‘qug'ﬁﬁ?'
cross-section of Xhe cNafGlSahOGPIRY ddANEacRoinsH airsEAaPSiRlenPO thgONal
shape, and it may %e stréi gﬁ'tSp orqgrozked, acs shog\itnai nSFI G 7. ,g\ndi mensi on of
each ch&nnel present inwentidn widkbebdestribed Whthfrefetenoe togFI€h GaL | Anshalwm ORI, [54] a
wherein D is_a | argest_ cross-section w f the_channel _and L is_a. length

h
of the Wvi sPBP&eyiremshdssaientglass pﬁ%slégf,ap @seargass panel 304 dispesed,facing

enbodi nent o r L Vet [ faUk: -
response ti rré\eac}c#1 &gppﬁg%&tggpgeemfhg&ﬁl\régggm@%gg#ﬁg%&lgﬁgl ﬁd‘ggé rgggfcarnd
rear gl ass psoseikSordl canbe 806 dias pag! sorinchidhgrthe Aebirodd 569. dfnecdear§08 i s
formed on the front glass panel 801. A first dielectric layer 804 is forned

on the frontmggresiunpaxide (de®) layen may bryformed on therdiddectte fayge 50D 30n Ahe Teaxt

| ic ch h 80S.i s, defi | fi i el i 04. -A
Second2 eo: FRFARRRY T2 P RO RebdB aldhiclt ool sfertBUE0E0,
the first el ga}bé gispoRuALHE RSB tBORar dibdsipafél 503, FEFANES Birfibrrbd 504 | ayer

807 is fornmed on the second el ectrode 806. A pair of barrier ribs 809
connect the ¢dmeet tianfionteglass pangl 48 bagithe rear glags pangl V2 ARV dasiblephatagiecond

el ectric charge chanber gng Al te nat'veh . the. sfecon el ectric charge
chanber 805 SRIVBONBYGHSH> T EYARPLE A BhAFPAPLIELEr is lomhot cverss Eealin | n
FIG 8B. A thi I i j ggsné% t

gl ass panel g%ézﬁdgs%tb\%ﬁ&s&?%?%%%g? %gs %ﬁ%?ﬁg%ﬁ? ltaeeggl 6689702%%%50%8{ 31

0 E C 2902 8dhargesahambas5Gs iskdefineddry thalyeried hsf5idbetvern thé GoneglasgpansbSPhanel
802 including the third el ectrode 810Q. Channels 808 through the second

di el ectric | @8the gy glasypangbSWe domirally.dbe ¢lectdc ghaea cambsr 0§ it flledmildan t he
first d | i I ] t
enbodi mont - B &S pfible siof AP AR TRATMHeferdld Gitniiidon. Bl AERCH

di schar ge soembadimeht; treQiclbdtfi®laysr 503014§ 8 dhdndkl 509%b @RPYscthd RIS BRI On. A
cross section of the channels 808 nay have the sane di nension and shape as
expl ai ned i ntheleéectric charge chamber 508, so that a steady state UV emission is obtained in the

30 electric charge chamber. A horizontal cross-section of the channel 509 may have a



previ ous enbo(g)i g nts. The first and second el ectric charge chanbers

connect ed PHHOP4HEt he channel 808 are filled with an inert BaEUS¥idr4as
Xenon (Xe). FIG 9 is a fifth enbodi nent of the present invention show ng
anot her structure 10 to reduce the turn-on tinme for a PDP device. A PDP
device according to the present enbodi nent. conprises first and second gl ass
panel s 801 and 802, first and second el ectrodes 803 and 804 on the first

gl ass panel 801, a first dielectric |ayer 805 on the first gl ass daﬂié-lzmm
including the first and second el ectrodes 803 and 804. A first electric
char ge chambeifcuB@Sr ipslykoridrekape)aridevettidas trosk-@ca6i riag bedos a 8@BighOor OVi de a
pilot 15 discharge, so that it shortens turn-on tine for a main discharge.
The PDP devi ereokescshaps, ag shawn ind'lor &8.eArdimansen okthe chammehmay ibacleliuedbrthehi r d
el ectrode 807.on.the fjrst dielectric layer 805 including the first

el ectric cha élQWc‘,‘hga?%lé{"o%OG and a second dielectric |ayer 808 on the third
el ectrode 807. A plurality of chanmgps<B@d9<through the second dielectric

| ayer 808 and the third electrode 807 are connected to the first electric
20 char §e chanber wB&6in B ds 4 laggest dresseshetiomevidthpofate dmnackdndddys sleagth dfThe

em ssion for the PDP device. A pair of barrier ribs 810 connect the first
and second g‘iilﬁkegmﬁdﬁéﬁﬁs 801 and 802, thereby defining a second electric
charge chanber 81 . t.hy: 0 i e ass
panel 802. A Wuvi é‘f‘%@é‘t‘gﬁ%ﬁ%&%‘gﬁ‘{e@gﬁ%n a%/lZ? L@&@%?%P&o%l?rér noﬁlggrgg%éecond
gl ass panel B4R ot hegdr thanginteleetrbn utehin fred pathr ode 81 2. 25 A net hod of
fabricating a plasma di spl ay panel device according to the present

i nvention is now EBXpl6di adress-se@ionahidew Fiwme&ar?megevmcg@r tocrisscond

fabricali ng a plas i.spl a anel.. dewvi i S describe i.th reference to -
e ogb 1Y, o & b RienP BB Ing Spdoha SEbBRIRE of e hrbShE LT RR ! 201
Subsequent | yincRided £1185il glisg phdl 801, aSreirQil 48 Padd 6bY.Cankii firSit andURSS AP 1B thddel Udi ng
PCT/ US99/ 14784 30 the first el ectrode. At | east one channel 509 in the

di el ectric | 68Zamd 603farthe frontgless panad 601.W0 tGOAIBRAR Giclectiic Biet 60 15 faf0&l t he
first electrode 502 tp an e t.ri.c.char chgnber 508. In IS process, the
channel is &t @%g@ﬁ@a&pf@ﬁp&g&imﬁ%ﬁaﬂa% egﬁcgﬁpﬁﬁ,é&%?mﬁ‘?&'gtchi ng.
I'n anot her ﬂmtﬂ&fghoimzlgfeﬁmﬁmw@&g@ 13909 i Sijt 3% uglt%pgitl g%%e?%t ifvehfibsla

el ectrode 704 1sniti y fornmed on the first su as shown in
FIG 715The MgOshyel Stmayde féfidedamythb drafispareatidiefecticrieyarl60d| ecpiiodEbarNext , a
UV-vi si bl e photon conversion | ayer, such as a(ﬁhosphor | ayer, is formed on

the first suBayolconperdtheffirsiandisecond edass ppnels 6HARIAYS angyisfine gp elegit one

channel 706 | o) j h AR o I S Xpose
the first el %t%f%eo%lgﬁjg’g} ga]lr?t e e%zfd}{?s\é e%htgécgee&fgﬁ% ér&%gﬁg? %4t%?’$§@3 ? ehag
channel 706 glasdgaelld09y iFuktherga RhoIRibleshvig Sndersionyiayer] suches @gthokphoene of a
| aser machining, 10 wet etching, or dry etchin A pl asma di spl ay panel

devi ce and niaYefois formedes the seqong glaﬁ%p@sh@%clpgiégﬁh%@wsmwapéﬁ hls the
fol | ow dyant ages. _Si t iehd | il t coll -
i schale hatingrment BREatd Rebideuhdh St1anfi M gl UREBaBirefl oy o A o
resul t, nmuchdigrbfieagybriBdl aRiHRSE tb expdse Y B s6bdrl §16QrddBEBOP hAS B3 to

di spl ay panel device of the present invention. The PDP of the present
i nventi on i spopisieatstehdp otate UV emnissinn as de®@ibad theFIfisd4 Ads 48 . dDsudnaroge of the

operation volta |l ess n 20 . This is .possibl ecause a_.breakdown
voltage is |6@3@86@%@%’@8%%@3’??@‘E‘EQQP%?’&‘ﬁ%P? e erﬁ’_@tl ayer in
the early phaagodiineft. CA fibifzohi cRRNEALA 6o e RineR5 13 A measciwmmgﬁ%e

capillary. Since a dielectric buried 20 electrode 1s ndt required,
devi ce 25t r ucopadyganahshape, ahdpivertichltaossishationanyyelmvie arstdai ghiDBr stooked stiaps, as

shown in FIG. 6B. The electric charge chamber 610 is filled with an inert gas such as
Xenon (Xe).

FIG. 7 illustrates a cross-sectional view of a PDP device according to a third
embodiment of the present invention. The present embodiment includes front and back

30 glass panels 701 and 702 facing each other, a transparent electrode 703 such as an



Alife tine of the device is nuch inproved since a MJO | ayer or a current
limting r¥ %825 s not necessary for the present inventi oRCTRISOYHES4

unli ke the conventional AC operated PDP, the response tine is very short
because a tinme for 25 dielectric charging is elimnated fromthe response
tinme. Accordingly, the fabrication cost jg.nmuch reduced because the present
invention has a sinpler structure and better efficiency in genddathiingga
steady state UV emission. It will be apparent to those skilled in the art

t hat various nodifications and variations can be nmade in a plasnma display

panel devi ce; oty FRLARR (?fof BY& drthk Bdnt gﬁﬁp el R/ "ﬂ}xﬂ%sgé}eﬁ@é’l‘&n%e b0

present invention w thout departing fromt spirit or scope of the
invention. aM©ad ibd2BslecttdddHEH DISHPetblidhd ATbnBudtive eXdrddd 104 is fotmédon
i ntended that the present_ invention cover the nodifications and variations

of this inveHicbssk glasypash’dangd actsas agathads clegodeiprDEroperasionp geled

cl ai n8 and t hei,r i - 3.~ . LS clai is: 1. A
pl asma di spl gglbd%ﬁ@q%oﬁégéns}g@dg Ol%?rﬁ)lsh%gch%s :;g ?’ oé’%ggéa&glgﬁl%fogﬁ%g Ppgt?ecei%%&a
first ekectr @H@s\fk{h_el 1@ inthdingIhdsdridateve dleRde 704186 U\CERiKIB phben second
substrate; a LJV-visible conversion | ayer on the second substrate including

t he second ekenversierelayfretO8ihas a thickiess in the pinge phabaut 1040198 na.oA painyofbarrier
directly contac t he secopd el ectrode; a i.f.,of rier, ki bs connecting
the T rat - antios albhinetiits Ranaud bt G B 701 dnadP2 hud fefine § seoe Fhtredn
second subst ppisisrg88i ned by the barrier ribs; and a dielectric |ayer on
the first substrate including the first electrode, wherein the dielectric

| ayer has a capi | Imathe psesentieatbodiment; a pluradity ofHehahnels 70€ beecformed tHraughshé owar d

t he di scharge_chanber through {he capillary, thereby providing a steady
sate Weni sHoHisitle phrionravrmiielaysiaiPede expose fiecqpductie ed?%m%ay%mw@p .

devi ce accor ¢gj.ng. t l.aj r hﬂ i Sl ift (HRGVE L: gm' e (MO)

| ayer on thegi(??tg'lcecc F?h@é@‘féﬁwg% eﬁéglraggrlr%ﬁlggslg ay pg‘ﬁlélpfg ev:t(g]e accordi ng
to claiml, vwhefegioh ldyevi0siiDprefaphisliy o tieagrafi 100 108y & vérficAlegaisadcthatoreen
the first and second substrates. 4. The plasma di splay panel device

accor di ng t othelchapneds 7Qreaehayetapircular ghapeior polygend shensa aed Himay besraight or

claim 1. whet@eRopre SRR ey A dnRbioh, ot afh B lfay BEH ARS8kl "Onape

in a hgsi zontkglovanPeguatisst i on. 6. The plasma di splay panel device according
to claiml1, wherein the capillary includes a straight or crooked shape in a
vertical cross-section. 7. The pl abd80di¥pl<ay panel device according to

claiml, whereln a,cizecol e PaLLL At BaRSP Ehalbel S £ 4 A e
UV-visible photon conversion layer.
FIGs. 8A and 8B are a fourth embodiment of the present invention which

20 reduces even further the response time of a PDP device. The present embodiment
includes front and rear glass panels 801 and 802 facing each other. A first electrode 803
is formed on the front glass panel 801. A first dielectric layer 804 is formed on the front
glass panel 801 including the first electrode 803. A first electric charge chamber 805 is
defined in the first dielectric layer 804. A second electrode 806 is formed on the first

25 dielectric layer including the first electric charge chamber 805. Further, a second
dielectric layer 807 is formed on the second electrode 806. A pair of barrier ribs 809
connect the first and second glass panels 801 and 802 and define a second electric
charge chamber 812. Alternatively, the second electric charge chamber 805 may be
formed in the second dielectric layer 807 as shown in FIG. 8B. A third electrode 710 is

30 disposed at the center of the rear glass panel 802. A UV-visible photon conversion layer



-13 31 D‘I;, C 2002 wherein Dis a largest cross section width of the

capi | lary, Y& %2%s a length of the dielectric layer. 8. ThBCHUS®A4Mi spl ay
panel device according to claim1, wherein the discharge chanber is filled
with an inert gas m xture including Xenon (Xe). 9. The plasna display panel
device according to claim1, wherein the gecond el ectrode is positioned
substantially at a center of the second substrate. 10. The plasnf; qyiEggb[ﬁy
panel device according to claim1l1, wherein the second el ectrode I ncludes an
address el ectrode. 11. The plasma di splay panel device according to claim

1, wherein t ' r I 4 1rodes on . the

first subst rgﬁe;dc&% a%hgéb%faggﬁgﬂ 1gicd%p ayon?)%%gﬁ%?gga\s/s} %%eg%:@olrn 8ﬁ’n51gtt§e WQI m 1,
wherein a sigec@ddeld16. CRRIHISB08 thiowrh the skbnd dickitrR] 18¢4rI80N aHB &l stE@y pat h
or larger than the electron nmean free path, wherein the electron nean free

path is in tblectredef®6ate formed toenugetthel rst and/secondeleesridichargn chrmbeee805300
and 760 Torr. | asma _di spl | .device c rising: fLrst.and
Second subst i €2 Tt ERentpBo SindiBafi hEeindifs FRERS cRaniths 05 widina

el ectrode on :S@6 & Raj 136 et akd nect he
Firat and soRma N B A oo T el 0¥, R s
second subst seties of thedthanridlé 808aniy bayeitbe samedimenasion and Sleape s expliihed mehond
substrate including the secon(;)@reggect r.ode, V\/Terei t he UV-vi si bl e photon
conver si on | BEFajous smbgdimentss (Thgdustand;sepondielectrc charge chambers copnestigt act with
the second e I 13V, k s d 1ssion in the
di schar ge chgsn%ghqggﬁh&%lﬁeﬁglaégﬁgg%%%%g? %{ag%l yu(fg%%%nacgg&di ng to claim
13, wherein a sizeI®9 ikhdiftteg@nbddimyent of tHepresead invenfidtEsHoRih®Moler 8fiiieon:
1/ 100<D¥ L<1 wherein Dis a dianmeter of the caBi Ilary, and L is a thickness
of t he 10V- vi & tgtiecephotusrron simedios R dgvise. A PDP4legive peqording gothe preserthe -

pl asma di spla nel . device accordin o,.clai wh in the discharge
chanber is fF%P@@W‘:%’% ‘SFﬁﬁﬁfa@‘g§°°ﬁP§§l?PsePﬁ“§iéfg§&iaﬂi’ﬁg’(@_ntg‘ﬁt a(“;éf?m%& The
pl asma di spl g fPsHE BOSIBNd 6% Gif etk lads Pahé1BON) ol Brst WRRLRINa)?B0S 66 AR

el ectrode is positioned substantially at a center of second substrate. 17.

The pl asma diisgigteys penekb80 ldimoludingAbe firstiand second tlactmodes 803vand 804 AHmstsecond
el ectrode inc]udes, a cat hode electrode. 18.. The pl as dj spl ay nel . devi ce
accor di ng t o®iePtE Fharge harence S0 Storded imre sratenfiedt e S35 Hobdnanitis ve

el ectrgde. 139: J ) 0 LN %;,',{’9613,

wher ei 2gt he ?{Sﬁ%ﬁ?g%?ég%?gégbx?ﬁlg ?ﬁrgﬁ%ﬂ?gegﬁoddxgﬁgﬁg%g é%geQ‘h%glﬁﬂ e plasm

di spl ay panehcodedihg e the prosetitrgbiodimerdifanttes inohdes eitiird électtodes807@nahd fimde
i ncludes an I TO el ectrode. 21. The plasma .di splay panel device according to

clai m 13, wheielachalpger§0s yncdudingt beletan charss ehambsy 806 pudsa second ckness in
f ' ! . .
Rccording tooiesirtc et e ol i 5B RIT R iy Lt RANE B hicRe e o

nunber of chasvaal Gicldit apear@esahd thé hirlectrdde 8(hae pbmsstteddd sl first pROEic
devi ce according to claim 13, wherein the UV-visible photon conversion -

| ayer i28c| udebarge ghagdsn 896,|sayiat thechanirels praviderpestendy stase/ Uyagmissigr far dke
di ng toyelaim 13, wherein.th i i sgh t | &
ese than 2oBDY Aot B0 Gialids s il Spnd B ot 28 MGG, RS BB LN 35

wherein the ggpithérabyddMmkndslefond @ie&ﬁ’ld:'o%érg%'@ﬁﬂﬁb&%mQWﬂﬁH;ﬁ'cle%ﬂé@@Siﬁsa
hori zontal cross-section. 26. The plasnma di spl ay panel device according to

cl ai m 13, whéoreied ontke seapnd glassypanetb 8l ed Y -yisitdé phnton conversitreRysf@as a
vertical cross-section. 27 | as i spl.ay papel devic rising: first
and second sgﬁﬁeﬁé’f‘é e segopq g@#‘@“@%ﬁﬁ‘&ﬁgﬁ%ﬁﬁ% qurth ec?ﬁgggfg?e;

25 A method of fabricating a plasma display panel device according to the present

invention is now explained as follows:

For example, one of methods of fabricating a plasma display panel device is
described with reference to FIG. SA. First, a first electrode 502 is formed on the first
substrate 501. Subsequently, a dielectric layer is formed on the first substrate including

30 the first electrode. At least one channel 509 in the dielectric layer is formed to expose



a first di L& layer on the first electrode; -15 a second el ectrode
on the fi rg(?@f/({azkéctri c layer, wherein the second el ectrode® @HESPHA™S r st
dielectric layer have at |east one capillary; a second dielectric |layer on
t he second el ectrode; a third el ectrode on the second substrate; a

UV-vi si bl e photon conversion |ayer on th@-second substrate inclu hr[QEtZPU?
third el ectrode, wherein the first electrode faces toward the -visible
phot on conversion |ayer through the capillary; a pair of barrier ribs
connecting the first and second substrates; and first and second di scharge
chanber s betthegst elerdde T2 taad ehetivvhate bhinidr 568 dBf thixgstobdss [thE clR@mel B
ribs. 28. The plasnma di splay panel device according to claim27, wherein

t he second dpahedtby one ofplaser maghingme, sistyehingloedryr delinpave at | east one

capillary. 29. The plasma disp panel devic ccording.to aim 27,
wherein the fir s[}“&ﬁg@ﬁ%ﬁ’ﬁéoﬁ I‘?ﬁ%’é‘ga apﬁq%‘gﬂ’q?wat“ﬁled‘?q??esf‘%?téineégpfiiec_
layer. 30. TR iplAsAR BHAG &Y tHRINN subfMtCR23E SREWH ORI 7C Bl RrédtelecifdqE el N
the first discharge Chanber is disposed in the second dielectric ?ayer. 31.
The pl d&sma ditdphaybefaretd dEaymetal electoodti Next, @ UV xisihi@ photoh eorvensidh tayer,

UV-vi si bl e photon conversion ] ayer inc|udes phosphoy, | ayer. 32. The
pl asma di spls¥gh pamphospher layergls tL%g@F %H%FH“E‘? mclydingthe firpteelectiode| ar y

ot udes @ oidac W, o ABEcRlel 990 8o 3ARE ety WEDH BBlon RIS BRI ™

33. The plasnma di'splay panel Vi ce accor to clal ereint

capi |l lary i nelenpes tige st élegfides as eleottie dhapeitniber 208, eSiniludly, tHe@BanECt i on.
34. A plasma display panel device conprising: first and second substrates;

first and setérin the E¥tvisblehatoniaeaversion layetis Sarmedédy anefof pdasedinethining ¢
| ayer @11 t he firt t subééyre?te including the first and second el ectrodes; a_
third ect rogdE GHE REP cgfm%i el ectric | ayer; -16 a fourth el ectrode on
the second substrQbRshaYifiplaypanelicvice ar@Réthdd b fabisath sohP BAhO Bf #RPY&EA! ON
| ayer on the second substrate including the fourth el ectrode; a pair of
barrier ri bsnventionrbts thg folhewingadvantapds.second substrates; a first di scharge

chanmber between the fjrst. and secqnd substrates defjned by the barrier
ribs; and a secorﬁﬂﬁtbﬁﬁs}@e?@%@ﬂ&waﬁ%@"@m?F}Se AHHIERE D

el ectrodes |diediienlif i hafthBhEOhIhEcdpAlRY - ASD resl i L sfinoBefte!
according to claim 34, wherein the first and second di scharge "chanbers are
connectsed t hobraigdd with theaGRED piasmapfidplayrpanél detvibe of thie peesehtciat emida. and t he
second dielectric |ayer. asma di splay panel device according to

36. Th |
cl ai m 35, wherei nhe %a{)ﬁhmpaqsynqeia‘gmew operatqdiptihin ayAp er BC meds ashbas
o : Cioal ' ) | . . .
accordi ng.t & SpaRle speRa SGftkdcfhe i 2gBE, PRRIRBLRRA B dBINED |\

shape a ver tvdlape 3116@éred BYLAG 2 13Ge fitliacRsatRRiclectiit RiyePinitht edBypltge of a
according to claim35, wherein the UV-visible photon conversion |ayer

i ncl udes a plysledhogenerpfing clegyon avalinebesin dhesqapiiary a¥iace ydiglestricmiedi si ng:
first d Se‘iﬁ rates; first el ectrode on the.first sub e, a =

d.sub ;
second el ect %c d%f% rfq&]équgggﬁﬁe gﬁ‘B%‘isr“&‘f ,elgnﬁlﬁprs“%‘flexbtgﬁ?lﬁéﬁcoﬁv %{O(r?gtmecti ng
the first ambpeggagesubstrates;

A life time of the device is much improved since a MgO layer or a current

limiting resistor is not necessary for the present invention. Further, unlike the
conventional AC operated PDP, the response time is very short because a time for
25 dielectric charging is eliminated from the response time. Accordingly, the fabrication
cost is much reduced because the present invention has a simpler structure and better
efficiency in generating a steady state UV emission.
It will be apparent to those skilled in the art that various modifications and
variations can be made in a plasma display panel device and method of fabricating the

30 same of the present invention without departing from the spirit or scope of the invention.



‘a di scharge chanber between the first and second substrates defined by the
‘barrier riwe;0082d5a dielectric layer on the first substrat @TASUMEY t he
first electrode, the dielectric |ayer having a capillary to provide a
steady state UV emi ssion in the discharge chanber, wherein a size of the
capillary is defined by the follow ng qqqqtion: | /100<D/ L<1, wherei prOyjp 2
di aneter of the capillary, and L is a thickness of the dielectric |ayer.

40. A plasna display panel device conpri sing: -17 31 D E C 20D2 first and
second substrates; a first electrode on the first substrate; a second

el ectrode on_t he. secon r X I- L efcl Cted he
Firet and sobbffai Stumpef i BySentueBlin Bivebde it ne AT PaFk|dAT of
second substaliaFentiBAProviddd teypédnewitiatitsce he bppended ehirheinemeirt he
first and second substrate, the UV-visible photon conversion | ayer having

at | east oneequinaldntsary to provide a steady state UV emission in the

di scharge chanber, wherein a size of the capillary is defined by the
foll owi ng equation: 1/100<D/L<l, wherein Dis a dianmeter of the capillary,
and L is a thickness of the LJV-visible photon conversion |ayer. 41. A

pl asma di spl ay panel device conprising: first and second substrates; a
first electrode on the first substrate; a second el ectrode on the second
substrate; a pair of barrier ribs connecting the first and second
substrates; a discharge chanber between the first and second substrates;
and a UV-visible photon conversion | ayer between the first and second
substrate, the UV-visible photon conversion |ayer having at | east one
capillary to provide a steady state _ UV emi ssion in the discharge chanber
wherein the device has a discharge operation voltage |less than 200 V. 42. A
pl asma di spl ay panel device conprising: first and second substrates; a
first electrode on the first substrate; a first dielectric |ayer on the
first electrode; a second electrode on the first dielectric |ayer; a second
dielectric layer on the second el ectrode; -18 a third el ectrode on the
second substrate; 3 1 DEC | C-I a UV-visible photon conversion |ayer on the
second substrate including the third electrode; a pair of barrier ribs
connecting the first and second substrates; and first and second di scharge
chanbers between the first and second substrates defined by the barrier
ribs, wherein the first discharge chanber is disposed in the first
dielectric layer. 43. A plasma display panel device conprising: first and
second substrates; a first electrode on the first substrate; a first
dielectric layer on the first electrode; a second electrode on the first
dielectric |ayer;



a second dielectric |ayer on the second electrode; a third el ectrode on the
second substrate; a UV-visible photon conversion |ayer on the second
substrate including the third el ectrode; a pair of barrier ribs connecting
the first and second substrates; and fibrst and second di scharge chanbers
between the first and second substrates defined by the barrier ribs,

wherein the first discharge chanber is disposed in the second dlg Eg%ﬁz
layer. . A" .A ,.ASr.Ar. AAA .AQA@. AH AF3. Al . AY . Al LAY . A . AYAH}?
$04CCZuolanﬁp%Qﬁ]§@]g@]ca]caU]ca]c al] c: a]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]
ca]ca]ca]ca]ca]cAa]ca]ca]ca]c“a]ca]ca]c(a]ca!U

bDTK !

T ca] cay ol ca) A e b e T ehy 45 iRt o eales
RVIRN mhecA?

a] cal ca) LQ] ca) 0] o ki RhF Rk ilai’ Bl cal chL 1+ HOH I 4H9] $86569% % YprBBENE
~&& k' (:((()<)?2) h) xsni d {l ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca
] ca] ca] ca] ca] cafl&%]a 8‘]’%‘5%‘%‘6 It &hbsata] ca] ca] cal cal cal h) ) *L**

0v003111A222@315€IQeH<|1 ﬂhenwe\qmt]leac]@a]i@af]&ﬂa}eca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] c(aU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal 77888' 8{ 8888J9\ 999(
a UV-visible conversion layer on the second substrate including the second

8<==0722 21 GRBUABREEEChY Ao Rl ik Ghbeoal caver]dhalagel lliea} o adoatkaathe akesldcal cal
ca] ca] ca] gRdieskecal ca) ca] ca] ca] ca] ca] ca] ca] c&a] ca] cal] ca] ca! CCYpEEEEFPFFHOH
1J

J$I3JIKK: LLL" Mk ca] ca] ca] ca] ca]ca]c
a] ca] ca] ca] ca] cgi cafgrﬁFcai cai c&]ﬂ‘g Y]- %?d fe%lnf gga] c!a] c!a] c!al R]DSS]STT]
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electrode is positioned substantially at a center of the second substrate.

10. The plasma display panel device according to claim 1, wherein the second
electrode includes an address electrode.

11. The plasma display panel device according to claim 1, wherein the first electrode
includes at least two electrodes on the first substrate.

12.  The plasma display panel device according to claim 1, wherein a size of the -
capillary is an order of an electron mean free path or larger than the electron mean free
path, wherein the electron mean free path is in the range of 1 to 100 um under a vacuum
condition between 300 and 760 Torr.
13. A plasma display panel device comprising:

first and second substrates;

a first electrode on the first substrate;

a second electrode on the second substrate;

a pair of barrier ribs connecting the first and second substrates;

a discharge chamber between the first and second substrates; and

a UV-visible photon conversion layer on the second substrate including the
second electrode, wherein the UV-visible photon conversion layer has at least one
capillary and is directly in contact with the second electrode, thereby providing a steady

state UV emission in the discharge chamber.

14.  The plasma display panel device according to claim 13, wherein a size of the
capillary is defined by the following equation:

1/100<D/L<1

wherein D is a diameter of the capillary, and L is a thickness of the UV-visible
photon conversion layer.
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19.  The plasma display panel device according to claim 13, wherein the first electrode
includes an anode electrode.

20.  The plasma display panel device according to claim 13, wherein the first electrode -
includes an ITO electrode.

21.  The plasma display panel device according to claim 13, wherein the UV-visible
photon conversion layer has a thickness in a range of about 10 to 50 um.

22.  The plasma display panel device according to claim 13, wherein the UV-visible
photon conversion layer has a number of channels in a range of 1 to 100.

23. The plasma display panel device according to claim 13, wherein the UV-visible
photon conversion layer includes a phosphor layer.

24, The plasma display panel device according to claim 13, wherein the device has a
discharge operation voltage less than 200 V.

25.  The plasma display panel device according to claim 13, wherein the capillary
includes a circular shape or polygonal shape in a horizontal cross-section.

26.  The plasma display panel device according to claim 13, wherein the capillary
includes a straight or crooked shape a vertical cross-section.

27. A plasma display panel device comprising:
first and second substrates;
a first electrode on the first substrate;

a first dielectric layer on the first electrode;
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a second dielectric layer on the second electrode;

a third electrode on the second substrate;

a UV-visible photon conversion layer on the second substrate including the third
electrode, wherein the first electrode faces toward the UV-visible photon conversion
layer through the capillary;

a pair of barrier ribs connecting the first and second substrates; and

first and second discharge chambers between the first and second substrates
defined by the barrier ribs.

28.  The plasma display panel device according to claim 27, wherein the second
dielectric layer and the second electrode have at least one capillary.

29.  The plasma display panel device according to claim 27, wherein the first
discharge chamber is disposed in the first dielectric layer.

30. The plasma display panel device according to claim 27, wherein the first
discharge chamber is disposed in the second dielectric layer.

31.  The plasma display panel device according to claim 27, wherein the UV-visible
photon conversion layer includes a phosphor layer.

32.  The plasma display panel device according to claim 27, wherein the capillary
includes a circular shape or polygonal shape in a vertical cross-section.

33.  The plasma display panel device according to claim 27, wherein the capillary
includes a straight or crooked shape in a vertical cross-section.

34. A plasma display panel device comprising:
first and second substrates;
first and second electrodes on the first substrate;

a first dielectric layer on the first substrate including the first and second
electrodes;

a third electrode on the first dielectric layer;
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barrier ribs; and

a second discharge chamber between the first and second electrodes in the first
dielectric layer.

35. The plasma display panel according to claim 34, wherein the first and second
discharge chambers are connected through at least one capillary in the third electrode and

the second dielectric layer. -

36. The plasma display panel device according to claim 35, wherein the capillary
includes a circular shape or polygonal shape in a vertical cross-section.

37.  The plasma display panel device according to claim 36, wherein the capillary
includes a straight or crooked shape a vertical cross-section.

38.  The plasma display panel device according to claim 35, wherein the UV-visible
photon conversion layer includes a phosphor layer.

39. A plasma display panel device comprising:
first and second substrates;
a first electrode on the first substrate;
a second electrode on the second substrate;
a pair of barrier ribs connecting the first and second substrates;

a discharge chamber between the first and second substrates defined by the barrier
ribs; and

a dielectric layer on the first substrate including the first electrode, the dielectric
layer having a capillary to provide a steady state UV emission in the discharge chamber,
wherein a size of the capillary is defined by the following equation: 1/100<D/L<I,
wherein D is a diameter of the capillary, and L is a thickness of the dielectric layer.

40. A plasma display panel device comprising:
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a pair of barrier ribs connecting the first and second substrates;

a discharge chamber between the first and second substrates; and

a UV-visible photon conversion layer between the first and second substrate, the
UV-visible photon conversion layer having at least one capillary to provide a steady state
UV emission in the discharge chamber, wherein a size of the capillary is defined by the
following equation: 1/100<D/L<1, wherein D is a diameter of the capillary, and L is a
thickness of the UV-visible photon conversion layer. -
41. A plasma display panel device comprising:

first and second substrates;

a first electrode on the first substrate;

a second electrode on the second substrate;

a pair of barrier ribs connecting the first and second substrates;

a discharge chamber between the first and second substrates; and

a UV-visible photon conversion layer between the first and second substrate, the
UV-visible photon conversion layer having at least one capillary to provide a steady state
UV emission in the discharge chamber, wherein the device has a discharge operation
voltage less than 200 V.
42. A plasma display panel device comprising:

first and second substrates;

a first electrode on the first substrate;

a first dielectric layer on the first electrode;

a second electrode on the first dielectric layer;

a second dielectric layer on the second electrode;
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defined by the barrier ribs, wherein the first discharge chamber is disposed in the first
dielectric layer.

43. A plasma display panel device comprising;:
first and second substrates;
a first electrode on the first substrate;
a first dielectric layer on the first electrode;
a second electrode on the first dielectric layer,
a second dielectric layer on the second electrode;
a third electrode on the second substrate;

a UV-visible photon conversion layer on the second substrate including the third
electrode;

a pair of barrier ribs connecting the first and second substrates; and
first and second discharge chambers between the first and second substrates

defined by the barrier ribs, wherein the first discharge chamber is disposed in the second
dielectric layer.



