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TI TLE PLASMA DI SPLAY PANEL DEVI CE AND :
FABRI CATI NG THE SAME - FI ELD OF THE | NVENT
The present invention is dlrected to a plasna di spl ay panel™ devi.ce and a .
met hod “of - fabricating the same-and.in particular, to. an alternating- current o
pl asma -di spl ay panel (AC PDP) device and a.nethod of fabricating the AC .
PDP. ° 10 ' BACKGROUND OF THE | NVENTI'ON  The pl asma -
di spl'ay panel (PDP) typlcally conprrses’& palr of forward-and -
backwar d. i nsul ati on substrates arranged i n opposition-to.each other to form

a "~ plurality of cells as display elenents each defined" by :t he
|nsuIat|0n substrates - ' supported bR constant interval .and cell
barri-ers arranged between the- 15 "ins@ration substrates, two crossing.

el ectrodes disposed on int ?'LWQMAL!DIMM«\NEBDEVICEA‘Nﬂsul ation
substrates with a-dielectric |ayer mter&lsed bét ween the el ectrodes -
whi ch cause el ectric di scha‘rIEé'HODQFpFAB CAJING DRESAME appl i cation: of .

f‘ C. . g voJI ]tage therebe]t weeri:_gr.fﬁ iﬁﬁig&fﬁﬁuﬁ@ng p{ro]sph(ﬁr sc(rjeens
ormed on a wa surface . em irght .and . '
di spl ayi ng i mages t ul ation
oot It 9 edes Y aorel iS58 L difShed D Ml iy BB add

el ectrodes 1 Qﬁg{hadjdfmmghe@med@@uﬂpaﬁmlw tcaﬂgﬂttmamnglmrxfeﬁtﬂwﬁaa
matri x and plasma di scharge 1:s.produced at: sel ected intersect.ing points of

such . eldisplayopanel (A m@ednglquf%bn@%@smeﬁﬁtl@??ar 3 whi ch
emts i ght Cel L bar-_.' . If' %r near structure as
a display 19 ement” i S arranged ss substrate 5 and

the rear glass subsjy, 1&:&&@ ?:Hirn]él DP typt&auy% Vis&fap‘&’éﬁforﬁ&aand

el ectrodes 7 are used for con g transparent el ectrodes I -
di splay |ines babkwdrdéns!ﬂaﬂmmbstraes mbémqmposnhoanemh@th@rta@mgacel I s of

t he sel ected- di splay |ine, d dISp a,to the selected cells
are shown to W@fahtyOfOFBH%‘éFSB‘ﬁYF qaa@ ?%H%&Péﬁ?s%ctrodes I

on the front %ﬂ?o?teﬁlwi?ﬁ 4 @&?stért mterval and cell bamers arranged between the
1s insulation substrates, two crossing electrodes disposed on internal surfacos of the

insulation substrates with a dielectric layer interposed between the electrodes
which cause electric tiischarge ina pluralit)" of cells by application of A.C.
voltage therebetween resulting into making phosphor screens formed on a wall
surface of the cell barrier, emit light and displaying images by a light passed

20 through the tranSpafent insulation substrate. More particularly, as shown in Fig. 4
transparent electrodes 1 and addressing electrodes 2 are arranged in the form of a
matrix and plasma dischal:ge is produced at selected intersecting points of such
electrories 1 and 2 producing the fluorescent material 3 which emits light. Cell
barriers 4 being of matrix or linear structure as a display element is arranged

25  between the frunt glass substrate 5 and the rear glass substrate 6 to form a
plurality of cells. Bus electrodes 7 are used for connecting transparent electrodes 1
for display lines which are sequentially selected one by one, erastng cells of the
selected display line, and displaying data to the selected cells are shown to be

formed on the surface of the transparent electrodes 1 on the front glass substrate 5,



a dielectric layer 8 serves as an insulation |ayer and is fornmed over the
it ranspar ent el ectrodes 1 and bus electrodes 7. A protective MO
film9 is formed over the dielectric |layer 8. '

Resol ution and brightness of the imges in the AC PDP devi ce depend on

5 electrode w dth,. |nterconnect|ng conduct or’ pi tch and transparency of

t he di'eIectrchayer - is difficlt' to obtain fine |line and
space resolution for the .. fzormatlon of the electrodes and |
i nt er.connecting conductor patterns when these -.. materjals are

applied by con ti on tternln tec es suhas -

printing, sput“t‘gﬁglFFfﬁ‘c i"’%%éﬁ{"@éf‘s ﬁﬁ RS ‘%‘\PVFI H}eérainﬁwgr{}e the
L0 loplay CRkAals 1 bhabds éiéc‘ix%lafeé? fpo@&we% & Ul [sTohied b - .
external [ight tr.om odes ‘and .conductors.arranged on .t he -

front gl ass Sl&kﬁ&é‘tﬂé({}a edBis reflection - - ° decrease can be-nost -
easily acconpli shed by ‘maki ng the ‘el ectrodes and conduct ars -bl ack -
as vi‘ewed t hrough -tResofutiontin beightness afitbic images uytheﬂ(éPPPéi%m depend on '

i nvention is d rected such an atconql i.sh : :
SUMVARY OF_S,THE éﬁﬁrm‘emmec““g con “"‘%ﬁ‘g’ : é’@ﬂfpﬁf?ﬂ?érﬂfudb% is directed .

to a PDP devigg eléét?ﬁé |k s et | fine ling %B%P&%%I&ﬁdf?fo? Bleck film’
conduct or conpoSitions. wherein. a b ac ectro . present
bet ween t he siheidih®fdselectrmiesiand: Memma@gmmuuabepdﬁemuhdﬁ these t he

invention is ditected to nethods._ for fabr| tating the PDP device. 20
More parti cul matgqalsmappb@ebﬁcqwm ﬂwgﬂmei%whﬁsﬁ@e@ devi ce

- front .and | at bst d 2 -
coch bt hor: | nRRbiERsphiing FoBil BRI ENRMREREE B IBER I et ove
conmposi t egq i “dgﬁrag'éoﬁga&r 3¢ i Wscntid] BFQRSe Bl 6fectibh b Etsénblligit ki Bles 03,

and a cond group of el ectrode conposi.tes; the first. and second
group of -el ectleotiédes anaiondxmmrsmdmmgﬁpmglasscnbm&ad&mwﬂém in an

U Tase of | needeesaan baghast ety Secemalished %wﬁﬁw@é?e oSSt el rode |
Paast one of PACEiest PRcF it AR Rtby R Bk B ot dsflel Bidilcel O 21
at | east inventid'R d'u"e@ﬂ%ﬂ tb 5ol i dcBemplidlienat € conpri ses;
15 | SUMMARY OF THE INVENTION
The present invention is directed to a PDP device fabricated by using
photosensiﬁve thick film conductor compositions wherein a black electrode is
‘present between the substrate and a conductor é;rangem_cnt electrode. Also, the
invention is directed to methods for fabricating the PDP device.
20 More particularly, the present invention is directed to an AC PDP device
.comprising front and rear insulating substrates spaced apart from
each other; an electrode aﬁangement comprising a first group of electrede
composites in parallel facing a discharge space filled with ionizable gas, and a
second group of electrode composites; the first and second group of electrode
25  composites being positionzd face to face in an orthogonal relationship acress the
discharge space, formed on the surface of the insulating substrates with specified
electrode patterns, the electrode arrangement being coated with a dielectric on at
least one of the insulating substrates, wherein the electrode composite on at least

the front insulating substrate comprises;



a conductor el ectrode arrangenent conprising a group of conductor
€|l ectrodes fornmed on each substrate being connected to the respective bus

conductors on the sane substrate and: a phot of or mabl e bl ack
el ectrode conprising a conductive |ayer-of at ‘least = 5 one of RuJgerr],
rut heni um based polynary oxide or mixtures thereof: formed - between the
substrate and conductor el ectrode- arra%gerrent ; ... The |nvent|on -
is further di.rected to a method for fabricating a AC PDP devi ce

conpr.i si ng the sequenti al

phot osensi tive bl at%"\s’éﬁ‘ﬁbﬁcﬁ&ﬁf %Tim&e'gﬁ‘ﬂfscf’ﬂ?{’ém&/ﬁﬂg #‘i‘g‘d?’cpﬁe bl ack

conductive. ca SItI

particl es of g?log‘éss @ngféaﬁﬁéiber r'?wrfgtcﬁﬁﬁcgéﬁé )égéez%egééﬁyﬁgr&y oxXi de or-
m xtures’ co &5&6&%&4 ngguﬂsga@tanane i nor gart ¢, bi nder, (c). organic,
car boxylic aci 3 containrng - pol yneric bi nder, " (d) phot0|n|t|at|on

system and (e) phojtahieitaatibblackeleotrods comprising aconduc(ﬁzg layma@f least
exposing the hl ack conposition to, actl ni c radi-ation tp ‘15 . -define. the
speci f i edSpatangof RuQy. ruthenium base(dslyo YRArE pside 95 miKwres iyt fopned k

conposi ti.on B}ggge&b 'g%q%ﬁﬁﬁ%%a mr%?éc%hg%&ghﬁgpve ‘the composi-t.i Oﬁll n':_-_

areas. not ex s o 0o |on (.4) flrlngthe
devel oped bl ack Cmqﬁ%dti%ﬁlsWdﬂe&e&i@t&e&@ﬂmﬁﬁungaAC@@monent on
the substrate; -20 (5) apptying a’ photosensitive conductive

conposi tion \dhvwbcémprmngtheseque@@hdae-‘e«or el’ectrode and. corrprl ses an :
adm xture. of (a) conduc |ve p i cles t | east | sel ect ed
froma group of A&l ng’%oé?ﬂflﬁ? *6‘3“‘6’8%?6’?&?8?.%&5“ Yﬁé?'gof “(b)

at least ,pneq SHENe ai ni ng
10 déﬁa&%[fd ot ol nlgdsatlon B af bﬁé‘z%ﬂmg%

pol ymer i c b| n yst emy and (e) ot ohar denabl e

NDNOREr,. 25 particles of @l leastape of ROy puthénigmibasedymiyhary oxide oonpmml on to

actlnlcradlatlontO; - define:the electrode .pattern; . ' (7)

devel opi ng tﬂ@r@fp@ééﬁlepﬁaﬂémFb@d% Jnj¢ caghopplis asid containing:
basi e aqueous ol U om0 ST idulfouSURAShid 5 phitoRkBEBHIPoFSRES o0 1 ©

actinic
(2) imagewise exposing the black composition to actinic radiation to

15  define the specified pattern; "
(3) developing the exposed black composition in a basic aqueous
solution to remove the composition in areas not exposed to actinic radiation;
(4) firing the developed black composition, formmg a black conductive
component on the substrate; _

20 (5) applying a photosensitive conductive compositioﬁ which forms a
conductor electrode and comprises an admixture of (a) conductive particleé of at
least one metal selected from a group of Au, Ag, Pd, Pt and Cu, or combinations
thereof, (b) at least one inorganic bindé_r, (¢) organic, carboxylic acid cdntaining
polymeric binder, @ p:hotoinitiation system, and (e) photohardenable monomer;

25 (6) imagewise exposing the conductive compositioﬁ to actinic radiation to
define the electrode pattern;

~ (7) developing the exposed photosensitive conductive cbmposition ina

basic aqueous solution to remove the composition in areas not exposed to actinic

radiation;



4 (8) firing the devel oped conductive conposition formng

it he conduct or el.ectrodes on top of the arrangenment of bl ack

el ectrodes on the substrate. In addition the invention is
directed to a nmethod for sinultaneously " devel opi ng t he bl ack

el ectrode conposition and the conductor electrode 5 conposition
The invention is still further dired-ed to a nethod for sinultaneously
exposi ng and devel opi ng of the bhack electrode conp05|t|on and ‘'t he
conductor ~ - €lectrode conposition.” - "~ BRIEF.

DESCRI PTI ON OF. THE(WWdeQﬂop«:d conducﬂwg comppstxan fcnrmmg thca:tondupto«f a AC
PDP devi ce fabricated i.n accoer dance wi i nventi on.

Fig. 2is a sekF@BdeépﬂﬁpéﬂEtmlmgmqtﬁ&blécgﬁh'ﬁ'é?&é°8f “’si e t he proéess,

of © maki ng t hé Q s di sposed.-
between the" ﬁh@c@?‘ ‘Z‘?@H?@ﬁé&?ﬁgé rﬁ&ﬁé& F&g}@é@h teées on:the sane .
gl ass subst ra&@ve[opﬁg tl-ﬁ black':él&troae cSmposifod £ @E cYhididhorieldcttddé at i-ng anot her”

sequence  of steps’in .process of “the present invention, . ..

Fig. 4'i's an tdchpesidat i on of .a prior art AG PDP devi ce.

DETAI LED DESCRI PTI ON-OF . THE. | NVE 1.is an. ©
illustration of a umnm%ﬁlsgﬁNf;ahqrrﬁﬂrse@émaﬁ@@% éPhSlFH’étaQQP“SBr esent"

i nvention. Therefore. Eﬁﬁg on
descri bes an 73\@0 53%%3"%{* gtorfangﬁ I@ézg)delﬂmw rrzed-as ag:\?/c?ﬂng a _
configurati one[wﬁfdglcgn{ﬂagiubﬂproverrent conprises an underl ying transparent _
el ectrode 1 formed on a gl ass substrate .a bI ack el ectrode 10 formed on the

underlying transparent elBRE ANGY rode uses a-25

phot osensitive co Qr c sl ti b — pl j£d as or - dry'
film 19 onpr i s?ﬁ& L %ﬁ@“ﬂ%‘%?ﬁbg&‘ﬁ%@? r&ﬁ?‘%% oxi des

or m xt.ures o r d a top |ayer which'is a bus-conductor electrode
7, formed on tpﬁgretsgﬁlﬁ% éi%?lyl ng -bl ack el ectrode .10, wherein the bus - 5

conductor el ectr oo[aguz isWseties of viepisdlluxtmtiag hsecpxenwmﬁswpsundmpmeess obn

cont ai ni ng conductive ‘particles being 30 selected from a,group &f Au, Ag,

Pd, Pt and Cumakingthe busielesgedesand isteiconpeqtingrelectrodes disposed Between the

bus electrodes and the transparent electrodes on the same glass substrate.

15 Fig. 3 is a series of views illustrating another seciuence of steps in the
process of the present invention. |
" Fig. 4 is an illustration of a prior aljt'AC PDP device. - -
DETAILED DESCRIPTION OF THE INVENTION
Fig. 1 is an illustration of a AC PDP fabricated in accordance with the

20  present invention. Therefore, as illustrated in Fig. 1, the present invention
describes an AC plasma display panel device, characterized as having a
configuration wherein the improvement comprises an underlying transparent
electroc}c 1 forined on a glass substrate, a black electrode 10 formed on the
undeﬂying transparent electrode 1 wherein in black electrode uses-a

25  photosensitive conductor composition which may be applied as a paste or dry film
comprising at least one Ru0>, ruthenium based polynary oxides or mixtures '
thereof and a top layer which is a bus conductor electrode 7, formed on the
underlying black electrode 10, wherein the bus conductor electrode using a
photosensitive conductor composition containing conductive particles being

30  selected from a group of Au, Ag, Pd, Pt and Cu metals, or combinations thereof.



- 5- The bl ack el ectrode 10 and bus conductor electrode 7 are
patterned by i nmagew se exposure to actinic radiation developed in a
basi c aqueous solution and fired at an elevated tenperature to renove the -
organi ¢ conponents and to sinter the i nor gani c..mat erials. The bl ack
el ectrode 10 and bus conductor-electrode 7 are ~ 5 patterned usi ng the
same, or very simlar .inmges. The fPnal result is a fired - el ectrode'
corrp05| te that -appears black on'the tfansparent el ectrode 1 surface,

decr €asi ng the refléection of external ‘li'ght fromthe el ectrode conposi tes

ar r anged The Black Bleciksde o zgiddns ceudtmxaraaimrodc\a atematgaed bydnigewisei t y. :
As used herein, ‘the term: . k" refers to col or, wher t he bl ack
col or- éxhi bi t sewowrsmeactmlgrﬂd;at@&ndevelopsd '%Gh@‘é%‘i“e(?ﬁ? %%@%Wd E@d.a tan . -
background, T ere > termis pot necessar.i %‘k .
bl ack. whi ch i %@@“&Hﬁ?“&ﬁé‘éﬁ%‘&"& ‘H%BT%P‘c °?8‘pPﬂ‘Lé&£E 4“95?'9?‘ e hough shown |
in -~ glpo#ﬁnfct}ﬁatgﬁﬂg r'h?@amgcléé éém@rlgghd%h?&“&@ﬁ%r ERciifde PEAESSAry. to -

the practice snma | splay device.of the present invention.

I f present,s tflﬁt&ﬁ%ﬁﬁj@ﬁfg&hésﬁhﬁwwmnﬂaﬁhﬁgéﬂﬂﬂmdim&eudtErlf{imldr] or 1TO
by - 15 -ion.spattering or’'plating, .chenical vapor-deposition or el ectric -

deposi-ti on electrqde@nmpqu 1 appedrs biack oa/the irsnspareniplectoder] @S par ent

| ect rode .conf j Known
il LT SR bt B e BB e facba koW
Again, -referr ' E frofit gm#@k&&%a%ga@d Soribiith ﬁ\@‘i‘iséd RéreinG theatein based

20 on gl ass .su st rat avi ng-patt-er.ned and fjred netallizatiens coated
by a di el ect ri'black" refersav eslot whereih ﬂ\hlblﬂckmldr bdnbnmamuallmﬁgant

'rll'he Cﬁndtﬁc]éor@blgg?esswg;sﬁsgg’%fgm £Qﬂ§q€f10ﬁ§wd arerm? itted orwgroken
ave hig on
boft onar >t 1 andBeER Sl Bosbligests a?%&%?ﬁg@éﬁ@s@% SphEAy RapUgh shifu i

the PDP- Figlal ilCurideflyHig tlefsctriode [xalobnecessary to the practice BEther enci ng
Fig. 2, the forning process of e first enbodi nent according to the

pr esent i nventplasmaahsuiay device Qfﬁbe prasembinvegtionquent i al st eps:
If present, the transparent electrodes 1 are formed using SnO7 or ITO by’

15 ion spattenng or plating, chemical vapor depdsition or electric deposition
techniques. In the present invention, such transparent electrode configurations and
the formation processes are well known in the art of the conventional AC PDP
technology '

Again, referring to Fig. 1, the AC plasma dlsplay panels device are based

20 onglass substrat_es having patterned and fired metallizations coated by a dielectric
overglaze 8 which is then coated MgO 11.

The conductor line:s are uniform in line width and are not pitted or broken,
have high coﬁductivity, optical clarity and transparency between lines. _
- A process for making both the bus and the black electrodes over the

25  optional transparent electrode on the glass substrate of a frent plate of the PDP
device are discussed herein below.

Referencing Fig. 2, the forming process of the first embodiment according

to the present invention comprising the following sequential steps:



a. applying over the transparent electrodes 1, which are forned by using
SngJerr] or ITOin the same manner as in a conventional nmethod as known in.
the art; - a photosensitive thick filmconposition |ayer 10 is

di sposed thereon. "The bl ack el ectrode conposition conprises an adm xture
of (a)- conductive particles of at - 5 least one of Ruderr], ruthenium
based. -pol ynary oxi de-or mxtures thereof -and may. al so i nclude additi onal
conductive particles of at |east -one_getal .selected froma - - Y group
of AU, Ag, Pd, Pt. and Cu, or conbinati ons t hereof, -if Cu i s.present, a non-
r educi ng at erSDhera ayglty o ves i, trz(nb;)arattd&&eﬂcwhmhwto&gimdth)mmg (c)
organic, .  carboxylic acid. cont ai ni-ng pol gmerl ¢ bi nder d)

phot oi ni t | at i SnOSpsﬂ'Eﬁundcha(T@)maﬂmaS WQW&?W W@Qﬁﬂﬁkﬁﬁwﬂ(‘% eé‘i'ovvn in-

2 : gct rzg)d e’ co nb&??‘@?%“l"@wk f@maFO%Ppo&mg layﬁﬁ m éfs‘é%%rqss‘t? B ed%lglb? clr% :
conductive c OQ@? tde A edoggfﬁr c)Zm’I dsf o ﬂlﬁgt&b 5f éc%?l Eonductlve part:@l'e? 6t 4t0d es_

COI’TpI’I Si ng an a mxt ur. uctive parti €s of- at | east one

metal sel egt exéaizr@mmwmmémm bade pdl¥narPoxile dr Giixtueds theyadl andlirhan’
t hereof , (b) - 15 at I"east. one i norgani ¢ bhi-nder;: (c) .an-organic,

car boxyl it acalso U@iu@addﬁ@npkﬁwﬂwti@ ‘particles ofat!ﬁanmwm%td) &c%cfmﬂlﬁl t.| ation’ |

v o] and b Sbu a8 ARl PR L BEER  treoh 1P RSl ol 202
and 100[err]qeu{}maggﬁ,t.5§,ﬂrst B fusét, ()R [R5 CorRViRdkganic binder, (c)orﬁaruand .

| mgew se exposl ng-t ack el'ectrode conposition | ayer
t he second bu&rbdmwa@ﬁbcommmng ipblymrericcbimder,Ad) phatoinitiation systerat amsh(e) UV

source is C O mai nIy used) throu gt.ot 0ol or target 13 having a
shape corl%spﬁhﬂﬂ‘?hﬂgd@@ monomer(asﬂﬁiglép%xg%(g bl ack and bus el ect rodes
arranged in correlatio o 1to. .
define the electro ?ﬁ%&ﬂﬂfeﬁs{s@vﬁ%@?k‘é@a&%e%mwg glléﬁequ '
opti mum expogpﬁ sfehﬁﬁvéaﬁaaﬁﬂﬁb@mcﬂwcémmm 18y TfoE mrhmgfmelwst he

correct onfiguration after devel opnent;
devel opi ng t heleairodes eatnprising amadmb(tu{}: of(® cmpdgcuivnpmleslofgtle@st@ck

leg)e/g:r(;de conp ‘a“lon yeéégmgg hgg,is%ﬁ eI e%@r O?ﬁ fﬁer : |on
car bonat Q4dAE( o g@dﬁm cPuﬁeb’)(c) ?ﬁ},%%%cn&&ﬁ&ly%'aeﬁscoh&uﬁﬁgﬁw

unexpose porat frons 1 ayers

7 10 @ieder, (de phboinitiatiorsystens @dd (e)arphotdhardéasble opedmes Gsnbl e bei ng
optionally dr| ed in an oven under, predeterm ned conditions to
vol atilize tshowndmFig; 2(b)), and a)pechbhbeing faligwed by a step or g at'between

75 and 100°C in a nitrogen or air atmosphere oven;

c. imagewise exposing the first black electrode composition layer 10 and

20 the second bus electrode composition layer 7t0 actinic radiation (UV source is
mainly used) through a phototool or target 13 having a shape corresponding to a
pattern of the black and bus electrodés arranged i in correlauon w1th the transparent

| -electrodes 1 to define the electrode pattern (as shown in Fig. 2(c)) for the .
optimum exposure time being determined from an cxposurc to yield the correct

rd

25 configuration after development;
'd. developing the exposed portions 10(a) and 7(a) in the first black
électrode composition layer 10 and the second bus electrode composition layer 7
in basic aqueous solution which is 0.8 wt% of sodium carbonate or other aqueous

alkaline solutions to remove the unexposed portions 10(b) and 7(b) of the layers



e. firi ng the exposed portions 10(a) and'7(a) at tenperature-of : -
500-700[err]C, 5 dependi ng-upon the substrate materi al, for about two and.

a half hours to sinter t'he - i norgani ¢7i:nder and conductlve conponents
(as shown in Fig. 2(e)). In Fig. 3, theformng process..of the = -
second - enbodi nent accord| ng to the : present |nvent|on wi |l be described - -

her eunder.. For- t-he cou\zenlence of "t ti.0 nurer al s :
are used for 't he.s&mellasHeS H??dlﬂoﬂglbr-lé?’@gt ’?‘Pei ure rtébaé@g{iffhose inFig
2. The fet; hOdggéenhpgeéq%mngsme @ﬁalc?g;piﬂoﬁﬁﬁvéilﬂahalfhoiﬁélﬂﬁslﬁﬂeﬁlhét eps:

a'. applying ansparent el ecttodes 1, which i-s. already formed

usi ng- SnQf errlnd?gadla'ﬁlnu@rﬂlmnd&ﬂiVeWpoﬁ&ﬁﬁeﬁ showh lireFigl 36Yp.-substrate 5 as '
a front . substrate.of the PDP device; :a phot osensitive thi ck_film.
conposi ti on | ayer ~10Othimdrentivdimenss which 1sn@tiﬂusmdecenpméhe sequentiabosed

t hereon. The bl ack, €l ect.fode’ .COnposi‘ti on corrprl ses.-an- adm xtur e - of (a)'-- '

conduct i ve paF‘FP%?fes of at I east one of ' Ru@2, - rut heni.um based pol ynary
oxi de or -m xtur es i ﬁqqhggt&?éllwwguct lve: -
particles of at qugwln ?hi% ecte trvgr&.[rilioSl ono .. and Cu or

conbi nati ons. ﬂi&&ﬂstm‘conaﬁct&e domgmsﬂmambmpasemadadmm (a)cmnlpb&vee 20  nust
be used, -(b) at | east oné inorganic- binder or gani ¢, : car boxylic .aC| d

cont ai ni ng - popsrtigles of gt leasd one PR uﬁmd#@emwnm%aow é?fdme@}f

DO O ) e o) AR TRE i B, [0 SRR ¥ )

oven (as fhovpolithefit Bindf, ) pisloinitiation system, and (¢) pibtohdrdenablyi iondingtpsi ng
the first black el ectrode conposition layer .10 to 25 actinic radiati-on

(W source is main{2)applyifg ﬁmmbq@nexmtpfmodmiveoompasxgemmpnsed ofapaving a -
h dj t I f. the | e d
cor ol ot on dERIe of (4] SOpMaEE patisles o5 abisast ofe Tt Pﬂ@ﬁéﬁ'@%@bge

tt bei
pattern (as %ﬁﬁ'WPiﬂmfbﬂme it yl%il{bﬁeo?% E@d&s@%ﬂ@ ¢ me bei ng

det erm ned from €expos e cofrect configuration after

devel opnent ; binder, (c %anorgamc , carboxylic acid conlé.tnmgqaoﬁhmomad're(cbnposed
portions 10(a) of the first black el ectrode ition |ayer 10

i n basi c Bquerhotoigisiation system; &1d (e3a ph @OWWI%W%?HO the su StmtEar bonat e or

To(b) of ¢ ﬁiiﬂ 2ver®) BRegdud litRinking BB Gnd ol O RRATORRG PMmie, )
being - - ra@iﬁﬁbﬁ’fb’iheﬁhe%é BRcirbdepateMen under predeterm ned condl tions to
vol atilize the . or gani ¢ conponents; -
(4) developing the exposed black and conductive compositions in basxc
aqueous solution to remove the compositions in areas not exposed to actinic
20 radiation; ' |
(5) firing the developed conductive compositions.
Referdng back to Figure 1, after the formation of the transparent
electrodes 1. associated with the black elecirodes 10 and the bus electrodes 7 on
the front glass substrate S in the manner described above, the front glass essembly
25  is encapsulated in a dielectric 8 and coated with MgO 11 . The front glass
substrate 5 is then mated with the rear glass substrate 6 where the cell barrier 4 is
formed to define a plurahty of display cells containing phosphor 3 which was

screen-pnnted therethhm Also, the electrode formation on the front substrate

assembly is perpendlcular to'the rear glass addressing electrode formation. The

[

ect Has Been Replaced
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d . firi ng the exposed portions 10(a) at tenperature of 500-700[err]C,
dependi ng upon the substrate material, for about two and a half hours to

sinter the |norgan|c bi nder and conducti ve conmponents (as shown in Flg
3(e)); .. 10 . . -e'. applying over the black electrodes 10(a) -
corresponding to the f| red and . patt.erned portion 10(a) of the
first photosen5|t|vethlckfllmcorrp_cg;itlon tayer 10, - -a

phot osensitive thick filmconductive conposition | ayer 7 for forni ng: the
bus -~ . el ectrodes conpri si.ng an adpi xture of (@) conductive particles
of at'least.one  ¢. developingt W@M“F‘P@rﬁo&l)@f&ﬁpﬁ@f blagk elggt foid Pt and

o organs o 6 dohuRstioe 508 hesis ks B RhicR IS0 B UBAR s 2

photoinjtiati SeNg WRéExpoRéd poitions

shown in.Fi g. lﬁﬁ?te eﬁggatts%“&g%egagg a: s?£‘§°?e39@dryl ng. at _bétween 75

and - ' lt@%)afﬂthaaylsamm slmnmcﬁxgm(d))mdmmmbpe&mpmble being’ '

f. imagew.se" exposi ng 't he second bus- el ectrode; conp05|t|on Iayer 7 to 20 . -
actinic, raél atQP@nnﬂilM@mﬂcE@Q@nmﬂwgﬁm duions fshvaletiligedbe 13 haw ng ]
a - C?[;e correspondi:ng to ‘a pattern .of ‘the bus -6l 'ectrodes-7 " - '
arranged i n. cSFEBGEPBACNCIS: ~  wi.th the .transparent, el ectrodes -1 ‘and the

bl ack el ectrodes 1Qf aﬁnh?ttﬁ?&d poSed fiitions IO(a)att&ﬁ]%iitﬁ&Qﬂ'Sl%ImPO (as shown

in Fig.” 3(g)) for the optinmum exposure tinme heing . . determnedfrom

an exposure t depéreing tipan tho substiatemateriah rfox bt aﬁd and’ a;thaléh@p‘amtsmter thes -
g' . devel oping the exposed ortlons 7(a) in-the secqn ect r.ode.
conposi ti on |-Agesganic prderand.condy eRts fas JHowR 1 ‘%g%)fvt %o f-sodium -

bortions 18 1" %ﬁ*ﬁtﬁﬁé‘f‘%g‘?@g{“ (RS0 RREBaRG, WRRRSRY
devel oped assgat@érﬁedasbmn 10(a)oftheﬁmtptmwehstudetmcmmeammswnmgarto

predet erm ned-condi'tions to 'volatilizé the 30 ani ¢ conmponénts; and,

- 9- a photosensitive thickdfilmeo uﬁmnw@smgm £9r forming#he bus ure of

500- 700C. - 1 degendl n% upon th xgju ttc(rag %ﬁ erlaggﬁsd%rattit%gyé%tv\gnggssa

hal f hours to®

(as shown in Hegh sdebtbd m 2 groL gofAu, Aépaw&dmeﬂwmmmnwﬂe&&,f(byot

illustrated, conprises t nti al steps. of

appl yi ng .as ph@ltlesghaeinorgmﬂd: hinker; (ojpnsirgdnic) carbodylicdrid cmnmmmiﬁmnc
t he bl ack conductive conposition conprises an_adm xt uria onducti ve
binder, (d) a photoinitiation system, and (€) aphotohardenab emonom T (as

shown in Fig. 3(f)), and being followed by a step for drying at between 75 and

"CI)

100°Ci ina npitrogen or air atmosphere oven;
f. imagewise exposing the second bus electrode composition layer 7 to
l- 20  actinic radiation (UV source is mainly used) through a phototarget 13 having a
shepe correspohding to a pattern of the bus electrodes 7 arranged in correlation
with the transparent electrodes 1 and the black electrodes 10(a) to define the
electrode pattern (as shown in Fig. 3(g)) for the optimum cxpdsure time being.
determined from an exposure to yiel& the correct configuration aﬁer development;
25 g'. developing the exposed portions 7(a) in the second bus electrode
composition layer 7 in basic aqueous solution which is 0.8 wt% of sodium
carbonate or other-aqueous alkaline solutions to remove the unexposed portions
7(b) of the layér 7 (as shown in Fig. 3(h)) and the developed assemble being
optionally dried in an oven under predetermined conditions to volatilize the

30 organic components; and,



particles of at |east one of Ru(err], ruthenium based polynary oxide or
m xt ures “thereof (b) at |east one inorganic binder, (c) organic,
carboxylic acid containing 10 pol ymeric binder, (d) phot0|n|t|at|on
system - and (e) photohardenabl-e--nononer; - - . (2) applying the |
phot osensi ti ve conducti ve conposrtion,conptised of. an - . adm xt ur e .of
(a) conductive particles-of at’least one met al sel ected froma group .

of Au, "Ag, Pd, .Rt and Cu, or conblrmﬁ1<3ns thereof (b).at | east.one

009 e o ind B SRR AR A Gep 2t ™0
phot ohar denab gﬁ%%@ dle E&sﬂﬁf&t}ﬁﬁéﬂ&le ifor about two.and a hz(ltgﬂodr?&gﬁme? the

exposi ng the onductrve conmpositions to actinmic .. radi ation -
to define thejgggiié BHReP@id ndictive components (as(sﬂiowﬂé:ing)ﬁ(mg the exposed

bl ack and conductive conpositions in-basic ' -~ -aquequs-solution to remove
the conpositions i@ thisembodimentowbich is votitlustrated. omprisesithe sequential .- _
(5) firing_ the developed conductive coripositions. Co : Referri ng _
back to Fl?;ur éteﬂsogfter the .formation of the transpar ent - electrodes 1

associated wth th QA@@K %i‘ (t,{oﬁggﬁwl:q,lﬂg:es s: lzoﬁla%ﬁﬁgn%éwraﬂ

the front glass su manner above,; ‘the fr.ont . gI ass

assenbly 25 - iffe Haskessiduativectontpoditidaco : (e)lcotiduibtivdjO 11 . The
front glass - substrate ,5 is_then mated with- t he - ‘rear: gI asS. substrate 6

where the cel ParbalesoéntW@neofRuﬂorfﬁﬁwnw&WH@qum QriEjixgIes|i spl ay

A sor tne. ol cHERRIETBl %aﬁ%ﬁgﬁ“%ﬁwﬂswﬁ%ﬁf o RR Il Sl O
per pendi cyj ar lngH‘é BURRE, ( g# ﬁgﬁoﬁyﬁ;&ﬁ%% ﬁ@déiﬁbleciﬁono'ﬂi&

10 ' spac tween the traont and rear ass substrat es.5and 6 is -
seal ed by seal i ng (@)applying me@hdmwﬁwwammmaodhmmw%d@me gas.

is sealed 'in the-di'scharge ‘spaces. PDP dev rsﬁégﬁs assenbl ed.
The conponentadmixturaof (M&p ‘EﬁtWﬁlBF’é“’!ﬁsé’gﬂt GP?BH’ Selegtpd oM. BTQUP S

:ng\r/'?lnf:: Ce)g \(,)V:‘ léﬁ&i’lﬂ% déﬁg'gd&&npowm thereof, (bfht IEJ’#he conduct F\c;gdg::;i:\l:e

conposi ti ons gthdéde)af \oegnic) @arboRYlid it:lMtﬁhIxﬂg pbyhaic binder, (d)aheni um based

pol ynary oxides as_a conductive conponent.. The conductive 10 particles may

optional | 16 cophoséinitiationisypsiempande(er a ph@mh@dwblegmp@pm@r tp $lag subgtrgte; num

(3) imagewise exposing the black and conduct;ve compositions to .actlmc

) radiation to define the electrode pattern;

(4) developing the exposed black and conductive compositions in basic

aqueoué solution to remové the compositions in areas not exposed to actinic
20 radiation; ' .

(5) firing the developed conductive compositions.

Referring back to Figure 1, after the formation of the transparent
electrodes 1 associated with the black electrodes 10 and the bus electrodes 7 on
the front glass substrate 5 in thé manner described above, the front glass assembly

25 is encapsulated in a dielectric 8 and coated with MgO 11 . The front glass’
substrate 5 is then mated with the rear glass substrate 6 where the cell barrier 4 is
formed to define a plurahty of display cells containing phosphor 3 which was
screen—prmted therethhm Also, the electrode formation on the front substrate

assembly is perpendxcula_r to the rear glass addressing electrode formation. The



pal | adi um copper or comnbi nati ons thereof which are discussed in (B) of

this section. Ruthenium based polynary oxides are one type of

pyrochl ore oxide that is a mul ti component conpound S@ﬂle?ﬁas

Ir[err],  or their mxture (M) represented by . the fol

formula 15, . (I\/[err]Bl[err])(M[errmm Wﬁi’]
Mis chosen from.a group consi st i ngq1@f. yttrium. thallium

cadm um- | ead; caopper, and rare earth materi al s, I s chosen
froma gr oup: consi sting of ‘platinum titanium’ chr oni um _ rhodr um and-

anti rmny, "20 space between Me frentand beaniglasy suhstrahesrﬁwand 6ttkrsealed"by<$eaheg glass .~ .
X is 0-2 but x Jeérr]1 for. uniyalent go Is 0-0..5 but-

when M -is r W35 hotametife adischagge 1“‘6{2"";)3%&'? ﬁ‘iﬁ\ﬁd i Q‘%\ﬁisﬁhﬂige Spaces.chr omi um

rhodi um_. or a "~z i's 01 but when Mis ..
bi val ent Ieaaﬂgrﬁqggwxedsﬁ%%s?@m? Ieast equal to 25 .about x/2. o
The rut heni um pyrcm%&r:ﬁp&feh%?u@éﬁﬁt@rd&ﬂauwb%kerehub&Mxﬁe Ratgnt No.
3,583, 931.. Pr ef ér-abl e rut heni um-pol.ynary. oxi. des are bi srruth
rut henat e 5Bi. [laveqtm[Mirﬂﬁlmusgeﬂ herein belotead 'r ut henate Pb[err].Ru[err] J er r] _
Po[err], ‘Biqerr], Ru[err]Qerr] and GiBi Ru[err]C{err] These materi.als 30-_'-
can easrly be obt ai'ned."i n pure form they are not adversely af f ect ed by -

gl ass - . _ .o-11-
bi nders; _ y air and’ are
rel ative S tnia @nﬂﬁ&rvelb’nadl@zbnmoemons apma Ii-.ereaﬁon Ccontain RuQ, and/or The

rut heni um oxi des and/ or rutheni um pyrochl-ore oxi des--are used:in

proportions @WWP@WM@@@S@SQMdWQWMéﬂl@OEQ%%d mst 5

preferred 9-12%  based on ht qf the - nt co si.gion |ncl ud| ng
Phe o *90°, idicics TRihogtmally cdftat Breclous et Aeilver pia |

o f e S e e TR T 1
Virtual ly anyeﬁioapkuﬂﬁhmkn baved polynanydxidésiage ometype ofpyrpelilofeddde thals
a multicomponent compound of Rut4, Ir"‘4 or their mixture (M") represented by
the following general formula
15 (MxBQ-x)(M yM2.y)0%.2
M is chosen from a group consisting of yttrium, thallium, indium,
cadmium, lead, copper, and rare earth materials,
M is chosen from a group consisting of platinum, titanium, chromium,
thodium, and antimony, '
20 M" is ruthenium, iridium or their mixture,
_ X is 0-2 but x <1 for univalent copper,
y is 0-0.5 but when M is thodium or is more than 1 of platinum, titanium,
chromium, rhodium, or antimony, y is 0-1, and
z is 0-1 but when M is bivalent lead or cadmium, this is at least equal to

25  about /2. ’
The ruthenium pyrochlore oxides are found in detail in U.S. Patent No.
3,583,931.

Preferable ruthenium polynary oxides are bismuth ruthenate Bi,Ru,0O,,
lead ruthenate Pb,Ru,O,, Pb, 5, BiO; 5, Ru,O4 s and GdBiRu,O,. These materials

30  can easily be obtained in pure form, they are not adversely affected by glass

THIS SHEET HAS BEEN
REPLACED /




f1 ake (rods, cones, plates) may be used in practicing the invention. The

preferred net al powders are gold, silver, palladium platinum copper
or conbi nati ons t her eof . S pr_ef erred that the particles be _
spherical It has been-found that t he. ~ i sperS| on: of the invention nust

contai'n no significant anount of .solids having a:15 partlcl e size of | ess
than 0.2 [err]m Wen’ particles of tgllts snmatl. size are present it is’ ..
difficult to.-adequately obtain conpl Je" bur nout of .the- orgamc rredl um when

t he - fil | a ‘t her-gof d. 1 ) di-um’
and to -ef fect’ T’E‘“&’S %"ft‘@f: 1 el e‘tﬁ%’%‘ﬁ?%ﬁﬁﬁ@m@ ﬁ?ﬁ%ﬁ“ gagtgwng%wsol ids:
Wien the di Sp%ga%'bé’&?en%?educmgadﬁﬁgﬂﬂﬁ nake thick film pastes which are
usual 1y applie y ‘screen’ print e. ~maxi num parti-cl-e 'si z&€ must not _
exceed the thi Cknesﬁl&hﬁfcﬁﬁxﬁﬁkﬂeﬂaﬂdﬂirmﬁwpnﬂi pynoehiore oXidestanatisedtin| east - 80 .
percent by wei ght of. the conductive solids fail“w:thin the 0. 5-10 _ o
[err] mrange. proportions of 4-50 wit%a pesiferresh0-39%. n@rq:ﬂrefeaedédl%a@d M98t sur f.ace - .
area/welght rati nduct.i:v |cles nat . ex mMerr]/g,
pref er abl y>10 Wﬁfgﬂf‘i ?glh’g/h(?afﬁﬁir%‘ %ﬁgé‘fe&}ﬁﬂw{) ire W%OSRW%&W& epartJ cles . -
having a surfa,'g%hag&g Nglght ratio- greater- than 20: n{err]/g are- used "
the sintering - €haracteri StICS cof .the accanpanying. |norgan| c. bi nder . SN
are adversely affected It i's dlfflcult to-obt a{n adequate ‘bur nout and -
blisters may : : R ..copper oxi de-
i s added to i Mo SHI08; esent in .

the formof finely .v I ' iy k - from =~
about 0.5 to 5 mecr Ik%@\ﬁen%%gse %E%Ffa?%épﬁ?#&%ﬁ%{t&%ﬁﬁ&c
conprisesyg. combbﬁﬁb@bv&tua@t kn?%hmétaﬁpdmieﬁ dntludivigephgival phrtitlesaddt al :

conposi ti on, -and preferably frontabout 1 to 1.0 percent.. Part or all of
the Cu[err] O fiake (rods, ephes; plates) may )usmna:ms@maﬁhﬁ inventio. 'Iba_orefemd C.
| nor gani ¢ bi nde

bi nders,” whi ¢ in_al so be '
referred to a@e&iagg@grs@lregqlﬂtgﬂvei’,@aﬂﬁé ﬁﬁ{‘ CQPREEIH O, 9Ssinter the
conductive co i‘ﬁ@%@ﬁ'ﬁ& gown in
the art provi g}%g&?%ﬁoa@%a so?ﬁ%nl ng pol nt if’lt" qﬁww%ne(}tﬁ?tndg ‘poi nt of
the conduct i vgispasivansithsinvaitionmbsteonnain mosiphifiodnt ahwuntefisglids having a
15  particle size of less than 0.2 pm. When particles of this simall size are present it is

difficult to adequately obtain complete burnout of the organic medium when the
films or layers thereof are fired to .rMOve the organic medlum and to ‘effect
sinteting of the inorganic binder and the metal solids. When the dispersions are
used to make thick film pastes, which are usually-applied by screen ptinting, the
20  maximum particle size must riot exceed the thickness of the screen. Itis preferred
that at least 80 perc_:ent by weight of the conductive solids fall within the 0.5-10
pm range. '
In addmon, it is preferred that the surface area/weight ratio of the-
conductive pamcles not exceed 20 m2/g, preferably 10 m2/g and more preferably
25  m2/g. When metal particles having a surface area/weight ratio greater than 20
m2/g are used, the sintering characteristics of the accompanying inorganic binder

are adversely affected. It is difficult to obtain adequate burnout and blisters may -

appear.



bi nder has consi derabl e influence on the sintering tenperature. For the
conductive conposition of the present invention to be sufficiently sintered
on an 15 underlying | ayer, the.glass softening point is about

325-700[err].C, preferably about. 350-650[ err] C and nore preferably,
about 375-600[err].C . If nmelting takes place bel ow 325[ err] C
organrc mat erial -w | Irkely be. . encapsul ated- and. blisters will tend to-
formin the conposition as the organt¥2- - naterial's deconpose.. On.the

ot her hand, a softenjng poi nt above .700[err]C.will 20. tend to- produce a

CO”D05| tion.-with payfeehfsi oRide is added to 1mprové’h&1cﬂioﬁ$’$’hé cogperogidepr ef er abl’ y o

used.dre the borosilicate trits, -such,as lead - .- - borosilicate frit, . _
bi snuth; _cadnisheold bampiésent inghe farm erﬁrulMMd@ﬂlpaﬁlClvé saferabl vrangrqg;t,n@gzrq r cate’

frits. The preparatron of sugh gkass frifs:is own in. the art
consists, for: f magau 0.3t 5@1“%"?% reRent %“ﬁtﬁg‘i ?Q%h?‘s'dﬁfmpﬁgse@l ass in.

theform25 | by t nol ten”
conposi tion i 'E°6“ g\’?ﬁ‘&b ldtoa "P%rc%nrﬁﬁi/ w‘%‘g&%ﬁbﬁiﬂ%g@%&r ngre ?ent s may, of
course, besan r&&qgw&ntafﬂabtm’l kd 1.0 perceit: ?hﬂ ok Bt o3IO @y beseplagkdr t he

usual condi tions of “frit.producti-on.  For. "~ exanpl'é; "boric oxide will be - .
obt ai.ned frorrbpmolarequwb,lerﬂsbf@u@ dioxide will be ..= produced fr om fli nt, -
barium oxide wi| be" produced froém bari-um car bonate, etc. : .
-13-° : The frit is passed through a-fine nesh screen to

renove | arge - . sincé the solid.conposition shoul d be.

aggl aner at e. f?’ie-—rg#a'éﬂb'h%am . bi nder .. - shoul d have a surface to

wei ght ratio of no‘Heliforhis biddeny ehich/ogn aBodieefaintd toods glams or frits,

percent by weight of the particles have particle srze of .Q.4 rr]
5 - 10 Thsediindhig dmventinn helprsinter-the eprdustive camppnentparticl % i ght

L el O o compgritin kbR AR biidh i B behile BOL belo ?reﬁbc%g“er' ’
D. Organic Porn\égﬁ%f .,Eftgfr the condbBtive componentS0 THEB6AdNiNpEISvIAt GFthe intR@iaNt t o

the conposition 1 nvention. They must take into
consi der at i onbinder g wonsiderdbledhfipenios on the anlﬂnngrm;gtatvyea For the

el ecting - Gonduciya@ormpaten HiJubpITIGH daveraR v B SRSEYGS ‘ﬁ’%&"r"zf 5
copol yner vs O uncﬂar@upgol y&ﬁ {h% glass soﬂemng point is #bout 325-700°C, preferably about
1350-650°C and more preferably about 375-600°C.

If meltmg takes place below 325°C, orgamc material will likely be

 encapsulated and blisters will ter_ld to form in the composition as the organic
materials decompose. On the other hand; a softening point above 700°C will
20 tend to produce a composxtlon with poor adhesion.

The glass frit most preferably used are the borosxhcate frits, such as lead
borosilicate frit, bismuth, cadmium, barium, calcium or other alkaline earth.
borosilicate frits. The preparation cf such glass frits is well known in the art and
consists, for example, of melting together the constituents of the glass in the form

25  of the oxides of the constitiients and pouring such molten composition into water
to form the frit. The batch ingredients may, of course, be any compound that will
yield the desired oxides under the usual conditions of frit production. For
example, boric oxide will be obtained from boric acid, silicon dioxide will be

produced from flint, barium oxide will be produced from barium carbonate, etc.



made from (1) nonacidic conononers conprising Clerr] al kyl acryl ates,

derr] 15 al kyl nethacrylates, styrene, substituted styrenes, or their

conbi nati ons and (2) aci di c conononers conprising ethylenically

unsaturated carboxylic acids = " .- contalnlng nmoi ety that are at-|east 15
wt % of. t-he total polyner wei ght . : ‘. The presence.of acidic

conononer conponents .in the conposition is ‘inmportant to this

t echni que. .The aci di.c functional - grodhygenerates t he ‘abidity to .be 20. .

devel oped in- aqueous bases such .as aqueous sol uti ons of 0.8%sodi um- :
car bonat e. - THb AL acpnshcd thmnginmﬁae siesh ecrpere@emmowﬂawmk%tt i ons of
| ess’ t han 150/9 the = ; 03|t|£g%|s not vva off co é{ptely with an:
aqueous . base. smﬂletsnbdsemapetwﬂ shoul 6%&5?!81%@

oncent o Sgﬁgﬂtﬁf 7 1 b LR PR RN #E‘%&éﬁtmz &‘Fé‘*‘%‘ﬁ? ?hmbzs
i mage por ti ongg pé@&'i(%/n el SRS parieRIRRA BpA1LR Sl ¢ R fUuani cal |y

unsat ur at ed rboxylic aci.ds such as acrylic acid, nethacrylic
acid, or csotonic The @hcmgeduc binder is pedferablyr0.@L5 pemwagmfdhﬁm’ﬂgbkyl ic
aci ds- 'such--as furrarl ¢ acid;: rtaconl c- aci

d rraconi. V|nyI
succi ni ¢ aci do @ﬂ&oﬂﬁﬂéﬁ"é op s latigg paticles At l}lghqrrle%ﬁftégqrgg%m%madce Jthe .
-14- and’ 1 d%gﬁyfoaﬁng%}x%&%uls &F}égél des- and -t hei r “mi xt ures. Because

they are clea ng n I ow oxygen -at rmspheres ~methacrylic

pol ymer s are preferred over - acrylic pol YNErs. .- Wen, Ihe,
nonaci di ¢ conononer.s are- al kyl ‘acryl at'es or alkyl 5 - nmet hacryl at és 'as - :
ment i oned aboDe.O_g@m_E_dmmt_bmdmée that these nohacidic - €cOMONONEr'S

constitute at |eas

bi nder. Wfen the né?llé(B’reﬂ ref ﬁ{’r&%ém é& Wt(y Of °§E‘H§ﬁoc§{@gﬁé¥renee,

it is f &ﬁﬁgﬁg‘ uf @i 4 e 50 mt %
of the pol yner{l&tggmk(g‘:&%er an iﬁrh h@?ﬂ%@%ﬂ'@?l S an atclzzlglcfjl anhydri de
such as the hesdleimggowet. It&ﬂsfdumhelmmammmenﬁ\ﬁwmﬁéébysaﬂmt ed
styrene is a-met hi/ styrene. Althoug;lh not pref e{abl e, the

nonaci di ¢ porthcﬁqi ghindsos. Thatis.shesgdindesyare copo %W@bout 50

wt % of ot her i di ¢, cono S e
acr(;/l ate, al I(W eﬁ%‘?‘ﬂa@)?‘?%@%ﬂg@?@ﬁ%ﬂg%? %sgégégdﬁeaéﬁ}g l?'ene Cg ons of
the 15PO| B8R me {ee Sszyxeﬁé \sdBstitated ¥iyrdties, o tievir dﬁnibihatmehﬁd @)
acryl am de However because it is nore difficult for these to

conpl etel y bmmdmtomonomers pompestab Ieéxyldmmlly unsatutatedsarbiepliasdds 25 w % of
such nmononers in,the tQta J re u he use of single
copol yners o@@@%?&&%qiﬁﬁ %ﬁ%&ﬁ A’ g’inlyH’reewe‘gL

The presence of acidic comonomer components in the composition is

important to this.technidue. The acidic functional group generates the ability to be

20  developed in aqueous bases such as aqueous solutions of 0.8% sodium carbonate.
When acidic comonomers are present in concentrations of less than 15%, the
composition is not washed off completely with an aqueous base. When the acidic
comonomers are present at concentrations greater than 30%, the composition is
less stable under developtﬁent conditions and partial development occurs in the

25 ima;ge portions. Appropriate ecidic comonomers include ethylenically unsa_mrated
monocarboxylic acids such as acrylic acid, methacrylic acid, or ;:rotonic acid and
ethylenically unsaturated dicarboxylic acids such as fumaric acid, itaconic acid;

citraconic acid, vinyl succinic acid, and maleic acid, as well as their hemiesters,



recogni zed as |long as each of these satisfies the various standards above.
In addition to the above copol yners, adding small anounts of other

pol ymer binders 20 is possible. For exanples of these, polyolefins such as
pol yet hyl ene, pot ypropyl ene, polybutylene pol yi sobut yl ene, and -

et hyl ene-propylene ° copol ymers, as well as polyethers that-are | ow

al kyl ene oxi-de pol yners such as “-1pal yet hyl ene oxide, can be cited.

The pol ymers can be. produced by those skilled-in the art of acryléate 25

pol yneri zation by comonl’y used sol ution polynerlzatlon t echni ques:

Typi cal Iy, suchndir stinte emseythairanhydrides nsd thedr tpmmtcls; Btcanse theyi aﬁg cleangr} - -

[err]-- ethylenjcally- unsatura ed aC|€ act di ¢ .cononot W th one N
or nmore = - EBW&WPM‘{YI%“\%W ISR R YRIFS 3RS %")““ ina-
relatlvely 1 ow boi | i ng-poi-nt (75- 150[err]c3 organi ¢ solvent to-
obtain a 10- GO@QHBﬁgﬂQFﬁW>GLHe 30 :solution, "t-hen’pol yneri zi ng the'f

mononer s. by addi ng Wﬂﬁidﬁ@ﬁbhﬁdw@&m@a&:ﬁéﬁ%}e alkyl acrylates oralkyl: - - and -
heat i ng the: mixture: ynder. ‘normal preéssure to-the refliux tenperature of .the ..~

sol vent , Afi er nteﬂmcgdatymmmuomd abe's; itiis preferable dhat these ngna%hpl ete, .the.

acidi¢ "* . . polymer 'solution rature
sanpl es ‘are COF? E’E efséEﬁEF"F‘I‘Fé %@uﬁﬁﬁg@g@f%% ﬁ\ﬁ@g@ﬁ% and T
aci d equival'engh g h fd! co:ﬁonongersaresty#éﬂé&%gﬁﬁﬁéd eh ﬁqggssary_
to keep the molecul’ar wel cont.ai ni ng_ pol yrrer T

bi nder bel ow S&eﬁﬁﬁblﬁl‘tﬁtﬁe@bh&ndoﬁe cmhamﬁ’&saaﬁmuaaao w¥eof the polymer
preferably l'ess than 15, 00 t-he above. corrp05|t|on is-to

be coatéd. by sbind mmmﬁgmet $0 W&%ads an é?lélﬁpb)’dﬂde such a&thahemrréterg (gl ass.

orerr] oo Rt aibldl, 4 R oRRY Aot ARSI | 0
dried at teﬁperaturmae%% ot p preferable, &ﬂ&hﬁ&x@c%%admmmenm\daiw | ess

than this tenperature ge I'y becone very" sticky conposttions. .
For subst ancescomtaih eg tbyb@ut 50 awt%s of ¢ther ndnacldmoamnoplersrmsngsututes for the | ower

Tg val ues can he used.

The- or gani blnder enerally
present in anAlkylaceylats, ﬂb’W"ﬂm‘ylate styginey Wes“gﬁftﬁﬁeﬁ 'HR? ‘8?
phot opol ymeri zaht 6l -8 Shples include: acrylonitrile, vinyl acetate, acrylamlde. However, '

15 because it is more difficult for these to completely burn out, it is preferable that
less than about 25 wt% of such monomers in the total polymer binder are used.
The uég of single copolymers or combinations of copolymers as binders are
recognized as long as each of these satisfies the various standards above. In
addition to the above copolymers adding small amoun& of other polymer binders
20  is possible. For examples of these, polyolefins such as polyethylene,
| polypropy_lene, polybutylene, po_lylsobutylene, and ethylene-propylene
copolymers, as well as pdiyéthers that are iow alkylene oxide polymers such as
polyethylene oxide, can be cited. ‘
The polymers can be produced by those skilled in the art of acrylate
25  pc.ymerization by commonly used solution polyrerization tg:chniqdes. .
Typically, such acidic acrylate polymers are produced by mixing.ct- or f-
ethylenically unsaturated acids (acidic comonomers) with one or more
copolymerizable vinyl monomer (nonacidic comonomers) in a relatively low-
boiling-point (75-150°C) organic solvent to obtain a 10-60% monomer mixture

30  solution, then polymerizing the monomers by adding a polymerization catalyst



E. Photoinitiators Sui t abl e phot-oinitiators are those that
are thermally inactive but generate 20 free radicals when exposed to
actinic radiation -at 185[err]C or |ess. These include . Substituted
or unsubstituted nultinucl eate quinenes that are compounds havihg 2

i ntranol ecul ar rings in a conjugated carbon ring system and i ncl ude, for
exampl e, . 9,1 O- anthraqU|none 2-met hyl anthraqU|none 2-ethyl

ant hr.aqui none, 2- tert butyl an]eﬁrraqw none oct-anet hyl ant hr aqui none,
1, 4- napht hoqw none, .~ 25 - 9,10-phenant hrene qui none, benz(a). anthracene-7, . -
12-di one, 2, Smtﬂp:&atxhgm&ture under nocid] petismi(o the mﬂtmltmmmﬂmapﬁthhoqw none,

1, 4- di met hyI a,nthraqw none, Cot o 2, 3-dinBthyl; flnt hr‘gﬁ one.;. 2 phenyl .
ant hr agui nonesolgeng. @ﬁmﬁapplymm{eﬁer@wessmﬂaly ‘?°é¥ Stfg cacidE 7,89, 10 ..

t et rahyd t ha
S g e e g AL
described in ﬁs-hsvﬁ@fgﬁ(@rvmosx?v Ao w Ht%d@ﬂ&l&é&ﬁvﬁd&iﬂé@didﬁhﬂeﬁ :

active even at t nperatures Such as 8 [err]C -and -i ncl.ude- adj acent:
(viscinal’)s Rm!adxﬂorqﬁuahecﬂsmm kezp thxmofscalar mtght)oﬁthorachrval oin’ -
acyl oi'n ‘et hers, --for exanple, n t.h d etlﬂén
hydr ocar bon- sﬁ?&&‘@ﬂﬁ@@b"%ﬁf@r\‘ﬂqg é&?%m '&""l‘ﬁgﬂf&? ES&B? ‘?ﬂadtmfe be’nzdi n,
[err]}-allyl yI ben20| n, - thi oxthone. and.- 5 thioxt hone
derivati'ves a&gé%b@?oégsg oﬁgjrﬁg .. Phot or educing dyes and .
reduci ng agents, - tifdscabiove s ﬁtlbmitoﬂiecﬁm‘eébyscreenpnn&ﬂgsltlﬁpm-amS '_
2,875,047, 3,097,096, 3,074,974, 3,097,097, and 3, 145,104 as X wel | as -
phena2| ne, oﬁhztlm@nggESMF@@memwwek@éﬁésmm chlers
ket one, benz&rblg;&none -triphenyl imidazolyl diners with

hydrogen Yon i ncI ud| ng | euco dyes -and theif mxtures (de_sCrl bed
in US Patent Nospg %%?J:n smdpm%éaaréﬁgﬂmmmtﬁ&%hptsan be
used as initiators. Al'So, the sénsitlzers presented in U'S. . Patent
No. 4,162, 16308Cendslﬁfsulmnglvaﬂuesbssﬂhan&ns)temmm!uregeneraﬂphmommml tors.

The phot0| nitiators or _photoi nlugl ator s gmls pre e ‘%ﬁ%n an ., . - anount
of 0.05 to 1@%%@@@1#0% RUSUSFARGRE °p SgPgn paBiing,

phot opol yneri zabl,f ‘ﬂé F. Photohardenabl e Mononers-
The phot ohar ‘H%fb% s corrponent of this invention is conprised

15 The orgamc polymer bmder is generally present in amounts of 5-45 wt%
of the total welght of the dry photopolymenmble layer.

E. Photoinitiators
. Suitable photoinitiators are those that are thermally inactive but generate

20 free radicals when exposed to actinio radiation at 185°C or less. These include
substituted or unsubstituted multinucleate quinones that are compounds having 2
intramolecular rings in a conjugated carbon ring system and include, for example,
9,lb-anthraquinonc, 2-methyl anthraquinone, 2-ethyl antixraquinone, 2-tert-butyl
anthraquinone ocwmeth-yl anthraquinone, 1, 4-naphthoquinone,

25 9,10-phenanthrzne quinone, benz(a) anthracene-7, 12-dione, 2.3-naphthacen-5,
12, dione, 2-methyl-l,4-naphti10quinone, 1,4-dimethyl anthraquinone,
2,3-dimethyl anthraquinone, 2 phenyl anthraquinone, 2,3-diphenyl anthraquinone,
retenequinone, 7,8,9,10 tetrahydronapthacene-5,12-dione, and

" 1,2,3,4-tetrahydrobenz(a) anthracene-7, 12-dione. Other photoinitiators that are

30  useful are described in U.S. Patent No. 2,760,863, although some are thermally



of at |east one addition polynerizable ethylenically unsaturated conpound
having 20 at |east one polynerizabl e ethyl ene group. : Such
conpounds are capable of form ng polymers by being initiated by free
radi cal s and under goi ng chai n-propagating addition potynerization.--The
nononer conpounds are nongaseous, that ‘i's, having boiling poi nt s greater

t han 100C, and:have plast|C|zlﬁg effects on the organic pol ymer _
bi nders. 25 . Preferred nononers that can be used al one or used as '
conmbi nations mith .. other- nonomers-include t-butyl acrylate and.
met hacryl at e, -agtige pem:arlmd iterhperatures sut*au&d%ttmdamdudh acbadcyabmgdlw)e

NN- di- et hyI am.n hy: yl-at-e ~and - et hacr yl at e yl epe ycol -
di acryl ate ande Hﬁf ke {"P r CWIBLHC&F@BPBP‘%[O'“ acylo &h? o3t %ﬁmple_

hexaret ﬁw'eﬁte%gvgd MR A e ofht AR A A b G O
diacrylate “including o-ethyl benzoin, o-allyl benzoin. c-phenyl benzoin, thioxthére and  "and |

di met hacryl ate, decamet hyl'ene gl ycol “diacryl ate .and dimnethacrylate, 1,4-
cycl ohexangdi mhlomhaneﬂbmmveﬁmd biydregenatongtsat e, . 2' 2- di net hyl of'propane
di acryl ate - and d| nethacryl ate, g] ycer.ol acrylate- et hacryl ate .
tripropyl ene gl ycolPhotor "&-fc‘x #48‘"&1“8%‘%‘?: s>¢|p5§sgnte I“}/é& atent ; o

(riacrylate 2Rt kEFLREST #) ey, 3097033@6?4674 YRR {15 g © 20

trimethacryla and compounds’ TTrkeé 't tent Noh_

3,380, 381. 2, %efliss nhaﬁ&ﬁwmémmahd quinoReEl8sses chtdexad:lfe!d@; eth lchhler's
pent aeryt hri toI tetraacrylate and tet ramet hacryl.at e,

hydr oxypEenyI ketonehenzophicaens, 24, - triphenyldimi lﬁ¥m6$ eatbdydrqgeardpnams
ri ethyl ofb 3 belidiag leied r& ARyt 3%6@&?@ SRS 'g;te’{q??%é%ﬁs}ghyl )

propane di nmet t
-(3-net hacrg’lag?% k% ﬁldd‘sr %&9y%%;@hﬂ%§sste§?s mtlatoxﬁe%lg? t%egl? mmrs

acr yl oxy- 2- hyphe@emedmdyJS} PetehtNo. hl&bt@mmﬂlw&hphwoanugtbmt hyI) et her,
bi sphenol - A di (2 acryl OXﬁch é et.her, 1 4 but.anedi ot - ¢i - (3- npt hacryl oxy- 2.
hydr oxypr opy| Bhateighibitors. Pé? ipdtigtors a5 ph ﬂ?%?#&&?%#%@l’%&&%ropyl 15

o hatr ) oy GRALHE o G by JUAY bR E Gl BB RSETY
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2,2, 4-tri et hpHotopolymBR b REED! di acraeyl ate and d| met hacryl at e,
| - phenyl et hyl'ene-1, 2-di net hacryl ate, diallyl . fumarate, styrene,
1, 4- benzenedi ol di net hacryl ate, 1 ,4-diisopropenyl benzene, -and.

] Et hyl eni cal |l y unsaturated
of at | east

1,3,5-trii so\%
The photohardenable monomers component of this invention is compnsed ~

conpounds ha

6f at least one addition polymerizable ethylenically unsaturated compound having
20  at least one polymerizable ethylene group. '
| Such compounds are capable of forming polymers by being initiated by
free radicals and undergomg cham-propagatmg addition polymerization. The
monomer compounds are nongaseous, that is, having boiling points greater than
100°C, and have plasticizing effects on tﬁe organic polymer binders.

25 Preferred monomurs that can be used alone or used as combinations with -
other monomers include t-butyl acrylate and. methacrylate, 1,5-pentanediol
diacrylate and dimethyacrylate, N,N-dimethylaminoethyl acrylate and
methacrylate, ethylene glycol diacrylate and dimethacr&late, 1,4-butanediol
diacrylate and dimethacrylate, diethylene glycol diacrylate and dimethacrylate,

30  hexamethylene glycol diacrylate and dimethacrylate, 1,3-propanediol diacrylate



300; for exanple, alkylene or polyal kyl ene glycol di acry'l—art—es—p{—eelﬁeed_f_t;am

al kyl ene glycols or polyal kyl ene glycols with 1-10 et her ds of -1
5-car bon al kyl ene gI ycol s and those presented in U eplaced
2,927,022, for-exanple, t hose havi ng several additl i’

et hyl ene. bonds, partlcul arl-y when 25 t hey exi st a_s' ter !

al so useful. Q her useful nononers are discl osed in US Pat
No. 5,032, 490. N Pr ef erre*d?mmoners are pol yoxyet hyl ated .
trimet hyl ol propane tri'acr and methacryl ate, .ethyl afed: S
pent aer yt fri. tolmldrdl@éﬁ‘}i- iéc ‘kﬁ#‘ﬁi‘f‘ﬁ?%b F%ﬁ‘f’é‘vg‘t‘: and dt“F‘F’QE?‘?’I”éQ d 4and S

met hacryl at e, gf:ﬁgaer ét 7 Fiig? &latgnaﬂl%wg gégtg,ﬂl _‘_.g{n}’éﬁ?ﬁ{&pr %cglate

1, 10- decanedlol orable

NDNOMErS are Nojag ﬂé@%&’@ﬁty Wc%l%&ﬂ&e and dxmethiﬂ?ﬂﬁ&cﬁiﬂrééﬁend%l%’&ﬂt hyl.ene

gl ycel diracryl.ate (nolecdl ar*-wei ght --of - about 2Q0 © and-po yethyl.ene .

gl ycol "400 di nefidvaelase aﬁd&hﬁmﬁaemldtarglmrcghnaanﬂaatmdtmme(h}lcrylate
Unsat ur at ed nononer corrponents are present’ in -anounts of 1-2 % based on

5 the total wamgHiylelprapaee tiapryise ead Bimehacrylats, and eapapounds 81@ those . .

O G20t . e U seni i .S, Ptend N T80 Y PO Sy IS BB RARE U 15 €0,
the conpositi omacpylaeéCBeﬁwﬁwe&aac@we ancﬂ-ﬁtmﬁx@ﬁﬂbﬂy!ﬁt@@ Rapfp-ed o a

ceranic or other.-substtate.” Thus; the organi c medi-.um nust first be one
in which the shbrdnh&yphmydj)—lxppam @a@ylﬂipelammdwlaetmadwéﬂteembf '

Etﬁab' ' : gty thea&?ﬁﬁ*ﬁﬁ%@%ﬁ%ﬁ@gﬂ Jy??paﬁ%ém%gv”' e E%J@pgfifon
T 15
solevz(rjlt\sfenﬁoscg ﬁ%o%asté’[bg) ’g{)%al kpcorrp @rﬂg so:!ut?'g%y erern o% éﬁ&p '

pol ymer and ~ bjs hmmmmm@mymwmpﬂ;wmmspmwm imert.
(non- react|ve) tovvards the . her constltuents of the paste€:

conposi tion. Theykiyv2hydoxyprepyl) gthqg\bésphenol-A d&mmlpwqﬁh@hew. atility
bl 1 cat | on of DRBRRR AR ReRPEYES Fhec ERSbReto] e BRREHIRO 2 o OU o
however, the SH&&&%ia&pr%Bw letheR) Hieth§len@ giRbPdiidethatRite, Pofyorgplopyl api dl y dries
15  trimethylolpropane uiacryiate, butylene glyeol diacrylate and dhnetilacrylate '
1,2 4-butaned101 triacrylate and trimethyacrylate, 2,2,4 -trimethyl-1 ,3-pentanediol
" diacrylate ¢ and dimethacrylate, l-phenylethylene-1,2-dimethacrylate, dlallyl
fumarate, styrene, 1,4-benzenediol dunethacrylate,- 1,4-diisopropenyl benzene,
and 1,3,5-triisopropenylbenzene.
20 Ethylenically unsaturated compounds having molecular weights of at least
300, for example, alkylcnc or polyalkylene glycol diacrylates produced from
_ alkylene glycols or polyalkylene glycols with 1-10 ether bonds of 2-1 S-carbon
alkylene glycols and those presented in U.S. Patent No. 2,927,022, for example,
those having several addition-polymerizable ethylene bonds, particularly when
25  they exist as terminal bonds, are alsu useful. ' .
Other useful monomers are disclosed in U.S. Pat. No. 5,032,490
_ i’refer_rcd monomers are polyoxyethylated trimethylolpropane triacrylate
and methacrylate, ethylated pentaerythritol triacrylate, trimethylolpropane
triacrylate and methacrylate, dipentaerythritol monohydroxyphentaacrylate, and

30  1,10-decanediol dimethacrylate.

THIS SHEET HAS BEEN
REPLACED




on a screen, at normal roomtenperatures, during the printing process. The
preferred solvents for use in the paste conpositions-should have boiling

poi nts at : atnDspheric pressure of |less than 300[err]C and preferably

| ess than 250[err]C.-"Such _- solvents include aliphatic alcohols, esters
of such al cohol's, -for exanpl e, acetates 25 and propi onates; terpenes such
as pine oil- and alpha- or - bet a- termegoI or- .- mxtures thereof; .:

et hyl ene glycol and esters-thereof, such as ethyl ene gl ycol - nDhobutyI
et her and ‘butyl cel | osol ve acetate; .carbitol-esters, such as butyl

carbitol, butyl Car@thétofavaﬁbteahammdsmr:bodwydmyp@ly&p@dﬂdetonher a_ppr opr.i- ate o

sol vent s such as.Texdanol .(2;2,4-trinmethyl="1,3- pent anedi of -
nonoi sobut yr ategnoagylate, polye;hylene glycol d:acrvlate (molecular welght of abouit 200) - 19-

oo oy b o c 2B BBDRTYIe alvoor 400 g el RERUG TERITRLRRLERD. " 1.

stabiliziers, (ysaqtd an?d @Ohémef@dng%ﬁﬁnéw ent namouxﬁ!§ Wﬁﬁém B%Ht&l

stripping agents, am ng .a & ng. agents. general -
di sct osur-es of ttmbtaﬁwe@hmf&reldiy$howpﬂlyﬁ&ﬁﬂitﬂdlayer U.S. "Pat, No 5 032, 490:-
Bus Conduct.or Corrp051t1 ons: . - *The bus conduct or. ‘canposi-ti ons. of
the present i nvehti on are QO[TTTEI’CI al | y - .- .avail abl e thick film.. .

phot osensi ti V(ﬁ;K7 nduct or;..C TPosi ti ons. The preferred "10 conposi ti ons for
use in this i in silver particles, WV .pol.yineri zabl e. :

vehicle and gl ass f["hk'.rn%atmFurposeof the organittRedi@RdY & dehik RMARidISof the M8 O .

conmponent of- "t he -conposi tF.on and - consists of silver particles ranging
in size from dwﬁ&sibﬁaﬂhnﬂmijedméed(sohdsofﬂlecomposxamdmmyhﬁmnﬂnadtmamr fl ake
in shape and pr erably t he silver artlcle S rapge. is-0.3-10
m cron i-nl& hereagiy BS Applisd tg assEamic @ °%F§WW 8o ?5%“@"6‘ st

The preferred &a&‘,{ ht of the
fully -~ fgﬁ?g?gﬁé@‘?ﬁcglgﬁ%ﬂl@{%%g{gﬁgmﬁgre }kﬁhpar{ig%%%s have -a . -
surface area @hbifity345eEbedly) the rheological properties bif thesorpaeit nedivdwaivstbe -

corrp05|t|on for--form ng bus el ectrodes contains 1- 10% by wei ght of

finely divi desuichthatghay lendgeaed applisationprapertiesto thedwpwgwmat erials 20 which
oxi o, cadn um oxi TS SO EPPRRT of e Orpsie BRI, S ey e & nikturs SF P
cobal 71 r@n/ cfyf:umkIf8 chosen so as to obtain complete sotution therem of the polymer and
other organic compouents The solvent should be inert (non-reactive) towards the
other constituents of the paste composition. The solvent(s) should have
sufficiently high volatility to enable the solvent to be evaporated from the
dispersion by the application of relatively low levels of heat at aimospheric
20  pressure, however, the solvent should not be so volatile that the paste rapidly dries
on a screen, at normal room temperatures during the prmtmg process. The
preferred solvents for use in the paste compositions should have boxhng points at
almosphenc pressure of _less than 300°C and preferably less than 250°C. Such
solvents include aliphatic alcohols, esters of such alcohols, for example, acetates
25  and propionates; terpenes such as pine oil and alsha- or beta-terpineol, or -
mixtures iheredf; ethylene glycol and esters thereof, such as ethylex_ie glycol
monobutyl ether and butyl cellosolve acetate; carbitol esters, such as butyl
carbitol, butyl carbitol acetate and carbitol acetate and other appropriate solvents
such as Texanol (2,2,4-trimethyl-1,3-pentanediol monoisobutyrate).

30



oxi de, alum num and copper. These oxi des or oxi de precursors have a
particle size range of 0.0544 mcron, with at | east 80% by wei ght of
the particles in the 0.1-5 micron range. The conposition also
contai ns 5-20% by ‘wei ght of 'gl.ass frit. 25 having a softem ng poi nt range
of 325-600[err]C.". Preferred glass frits include the . - -lead
borosilicate-type glasses; an espemfély preferred- corrp05|t|on s (.nol e%):
PbO (53.1), ‘Blerr]Jerr] (2 9) 29.0), Tigerr] (3.0),-Zrgerr} :
(3.0), -Zn0O (2.-0), Na[err]O (3.0), .- -.and CdO(4 0) These forrrul ati-ons’ of
t he glassfrltHd nddltlves are - .

Ad Heon A o PRy
-20- - toachigve the requirenment  af the fi ellneflred ' o
metal |i zati on not ‘F\ég itional s og}ponents?cnog{péggpmay éfk#’ﬁg or | osi ng .

o P PRI Rl il s v*astmg&f st fae hovr
conduct or COM%&%lﬁ?aQaﬁs SstHpphey ageant akttfoéiﬁn%%ge&! aﬂalmﬁu% 2 msOf«x a |

phot osen3|t|ve vehi cTe~i-n .whi-ch-the above nentioned partic e materi aI S .

are " 5di geeembdisclasure of ayitablomateriels ip presentediii YiSvBatv bl ﬁ,DéZ,AQOa _
sol ut'i‘on of ‘pol ynet.hyl et hacryl ate and a- pol yfuncti onal ‘monener. The .
nononer .should have low = . volatlllty in order to mimimize its -

evaporatlon dlﬁds’@or{' & ol -of the silver - . - conductor - . .
conpesition p - o/ dryi ng st'eps- prier-to U\/curlng 10

The phot. osen5| tive 'Mﬁ:fblﬁlcen&kdar sonipositions Pthégaésentindenddn 2ecorhmeRially
initiators. A preferred UV.pol erEI’i zabl e vehi cl-e contains a pol yner

based on net hwaﬂable ﬂu%ﬁ%ﬁhfgﬁp%ﬁﬂéﬁ’é@ﬁw dugterycompesitionss/ Ehemrytometight ) and

Freest1 ol o epStiops forusE ARGt cBoial FHeEhEHARG 1Y Bhiymiericit?

seconds. 15. vehcleandg%stfﬁﬂ' e .sal vents for the-vehicles.include but are.

not linmted to butyl carbitol acetate -and beta-terpineol. .

Addi tionally, the \Zélbioohéuotmgphhsmsﬂmrhajnncomponendoﬁthempgsmgemds
stabilizers, etc, The.resulting silver conductor, el ectrodes
may be coat edWﬁ#’W&PﬁF‘&%mﬂg‘n mmﬁ%mpwm (BBCfBﬁ}ts of a
glass frit (c rp}aa

Blerr]Jerr], Qﬁaj&%ytb&g%‘dogﬂfﬂsoflﬁempﬁg&gé’r %pab @g %r parts of
an e hyls GCRl1Duhios ahé EdrtposTtivh B¥Edidtea weth W%th%ﬂﬁaa@%ﬁﬁldse SO
obtained is useful - in preparing AC PDP

The preferred composition contains 66% s11ver partlcles by weight of the fully
formulated thick film p_aste, wherein the part_xcles have a surface area of 0.34 m g,
The silver conductor composition for forming bus electrodes contains 1-
10% by weéight of finely divided inorganic parficulate noﬁ-glass forming materials
20  which are refractory or their precursors which include: aluminum oxide, copper
oxxde, cadmium oxide, gadohmum oxide, zirconium oxide, cobaltllron/chrommm
oxlde, aluminum and copper. These oxides or oxide precursors have a particle
size range of 0.05-44 micron, with at least 80% by weight of the particles in the
0.1-5 micron range. The composition also contains 5-26% by weight of glass frit
25  having a softening point range of 325-600°C. 'Prefe&ed glass frits include the
lead borosilicate-type glasses; an especially preferred-composition is (mole%):
PbO (53.1), B,0, (2.9), Si0, (29.0), TiO, (3.0), ZrO, (3.0), ZnO (2.0), Na,0 (3.0),
and CdO (4.0). These formulations oi‘ the glass frit and appropriate additives are



Tr ahsparent Conmposi tions 25 The transparent el ectrodes are forned

using SngJerr] or ITO by ion spattering - or plating, chem cal vapor
deposition or electric deposition techniques. Such t ranspar ent

el ectrode configurations.and the fornmatioen processes are wel |l known in
the art ‘of the conventional AC-PDP technol ogy. - ) '
PREPARATI ON OF PHOTQACTI VE AQJEClJS PROCESSABLE ‘PASTE - - A, Pr epar at. ion

of Or.gapic Vehicle - . .. Th@0sol vent and acrytic:polymer were mxed

and heated with- stlrrlngto 5, 100[err] C. Heating-and stirring was

continued untith adibve (A8 rjuiivéRienPOf hE e iag fired mctallﬁh@&i)ﬁdt@éhcuﬁﬁ%rsm ution .
was t hen. cool ed to 80[err]C, :and the renaini ng organic- . conponents -

added. - Thi s nidissolvingymer bieakingor- lasig ‘athegod trth Gndertying bla¢k elegteodes| i ds had
di ssol ved. The sol uti en .was passed-fhrough a-325 Sh filter: screenl and
al | owed - during thepite-hopy immersiehiy okt ovsrelaacat 099G - - The*

g | h a Sumes TR e pslielRRL ARt SRR | BRI B ML

cylinders.s .ofa h&%?e&g%%eﬁfdé in"WAENER a%@eh@ﬁﬁblﬂﬁtpaﬁfcufaﬁ:@ﬁﬁ&rﬁ[s' #6 or -
hot air dried. Hg alrr..drying. “was. normall'y .done at. a tenperatiure of

150[ err] C."  dispersed.CAnfaamplefeds rsm;h photomnsmve vehicle is a soliftin (pﬁqmlmeﬂmls :
prepared under . yeI I ow I| "t he ‘ar.gani ¢ vehL(:Jéq MONOMETr. -Or:
monomer s, andmstHerylge e P&"’E}é“% mopqmer. ﬁ%&?i“?ﬂj‘%§ md%‘éﬁb ' C
i nor ganic mat A ents.

The Co @ﬁfaﬁ%@pﬁ%r?erttg ?ﬁ%%’?@ unt g,f?ng norgam c p ers were
wet ted - by theconductor% mﬁo arid the pﬂh&n%fd?ﬁﬂﬁﬁep%&@ﬂ‘ﬁcm roll .

mlled using a three ro I or rul on _a Hoover Automatic”
Ml | er, Mdel ﬂwphomenpaxwershm quwtsand mwﬁmmqry Aor

sor eened thr ough = 45 Juher b abiol Sral £ AEPBALY o mddlhi® -
methacrylate/ethyl acrylat_e// 95/5 (by wetght) and the 'silver__conductqr
composition is formulated so that it is a free-flowable paste with a viscosity
between 50and 200 Pascal seconds. _
15 Suitable solvents for the vehicles incliile, but are not limited to butyl

carbitol acetate and beta-terpineol. Additionally, the vehicle can also contain
dispersing agents, stabilizers, etc. '
The resulting silver conductor electrodes may be coated with an overglaze
composition containing 85 paxts of a glass frit (composition, mole %: PbO, 68.2;
20  SiO,, 12.0; B,O,, 14.1; CdO, 5.7; softening point of 480°C) and 14 parts of an
ethyl' cellulose vehicle. The overglazed electrode composite so obtained is useful
in preparing ACPDP. | |

Transparent Compositions
25 The transparent electrodes are formed using SnO, or ITO by iow: spattering
or plating, chemical vapor deposition or electric deposition techniques. Such

transparent electrode configurations and the formation processes are well known

in the art of the conventional AC PDP techn_olegy.



25 p0| nt could be adjusted with the appropriate vehicle or sol vent to

achieve a vi scosity optinmum for processing.
-22- D. Process Conditions Care was taken to
avoid dirt contam nation in the process of preparing ~ . paste

conposi tions and in preparing parts; since such contamn nati-on.can lead to.
def ects. The paste .was applied to_gjla,ss substrates.by screen printing using
200- - 400 nesh screens, dependi ng upon .t hepaste conposi tion-and the -
desired dried thickness.: The parts-were driéed .at -~80[err]C. . in a nitrogen
or air atnADSpIPRBPARATION OF PHOTGhéTWE@cQWBQUSﬂ{OGESSAM RaSTReasured
at 5 - 14 microns for a singl'e tayer -of..material. = many
cases, the parts were tested both as a singl e Iayer descrl bed " .- 10 '

above, "and/ or a a t'wo r. Sth “1n-the case of thetwolayer :
structure, thé\ Param“%é'%ﬁ'gv@i G was first deposited on t-he gl ass

substrate by. scree I i erwere%QQe&%H&ﬁéﬂﬁﬁﬁm tlependi ng
upon the_ paste comwggls?wgh{%r?ga%kﬂ e)étltlre dried thi Ckngss The .
parts weresth@ooul.i Hdatiig andQftieving ®as continued tutilgdirthebinder polymer had -

at nosphere. gven.. Next, .the-parts-were overprinted:wi th DuPont. Fo.del Lerr]..

DC202. 15 - djssolved: nib@eﬁu@m@%%a&e?lsﬁi 10,807 Ce and the SRINING OIRANAG US| ng

325- 400 mesh [ ey-1g =84 C.--The = .
dried coating ?Wﬂmﬁéﬁmﬁwwgﬁr%g%@sﬁ%’qagghwas{&rrehéls!ur ed at -
15 - 19 ni cf 0§Rsolved. The solution was. pabedWioligh a 825 hsh SiteGiofechatidrallowed o *

| ayer structure, "were then exposed -~ .through a phototool with a
collimated U\/t(ﬁ(:q:axbsure source. The exposed parts 20 - were devel oped -
using a conveyorized spray processor containing 0.4 - 0. 85% by

wei ght so# um carbonate in water as the devel.oper solution. The devel oper

t enper at ur e WESP%%%%h%Sg}l@s réO[err] C, and the devel oper "sol ution-was

sprayed at The optinmum exposure t.inme and-devel opment

rate was deternmi netl‘hb?glassmtwasmwaﬁavaﬂgbb,mfnwessafywaspmpmdibyavatange of
exposure tinmes and devel opnent rates for each co;rposrtl?

M croscopi c emdlingan 2 $wege WWQ%%@@CMY& lumina cylipdensye

information o bgs osur.
r eproduci bl y @B‘?gﬁ#ﬁﬁé‘“ﬁﬁﬁ eﬁlﬁz{ﬁvﬁa@%ﬁg%%ggﬂgél arf‘é%h Iiogr edr{lﬁg
g)c:(r:rgg:i \t/viaﬁ;r ?%?nﬂmnggygkmmrdﬁsme dried by blow ng off the

C. Paste Formulation .
| The pastes was prepared under yellow light by mixing the organic vehicle,

monomer or monomers, and othér organic components in a mxxmg vessel. The

20  inorganic materials were then added to the mixture of organic components., The
total composition was then mixed until the indrganic powders were wetted by the
organic materials. The mixture was then either roll milled using a three roll mill
or mulled on a Hoover Automatic Muller, Model MS5. The pastes were then either
used directly, br screened through a 635 mesh screen. The paste viscosity at this

25  point could be adjusted with the appropriate vehicle or solvent to achieve a

viscosity optimum for processing.



-23- devel opment, with a forced air stream The dried parts were
then normally fired - In an air atnosphere at peak tenperatures of
540[err]C to 605[err]C and profiles specific to the intended

appl ircations. - . The. resol uti on was- deterni ned from parts that
r epr oduci bl y y|eIded the - finest line spacing for which the |ines were
strai ght .and non- overlapplng The phot ospeed was det ermi ned by neasurlng
the Li'ght intéensity at the 'sur f ace ofa4he = “dried photosen5|t|ve )
conductor conposition-with a I'ight reter and nultlplylng by R '.the
tinme requiredDf Brocwt(tmtsﬁnum)Sposure '

EXAMPLES . 10" results,labe Wer e, not t thetlme
the sanpl es were r%emhkeeéﬂﬂts%f’f’%ﬁ%ﬂ%‘emﬂ%%‘#‘gPf°o JA ?%gaﬁ ons-of all
Exanpl.es are tion.can lead to. ~

Exanpl s 1 pgktg%gmposmons add‘ingﬁééﬁn&‘gaﬂs since such Contdmirniation, -
conpasi ti ons dafecsn ! paste wasH[ﬁpllﬁlfbyglmrs&bitmésdﬂ' segeén prmnng msing 280+ ucture .
wi th Fodel: DE202 phot oi nageabl e .- . conductor. ' - ... The .
parts shoved 4dfimaeshsereéhs, gnmnﬁmgwndm wtmrm_mmags ﬂteo«#rétre@ éﬂed

| ayer “and bl ack' on st rate side, col ear anc ing the s
two | ayer . atﬁ Sﬂﬁm dﬁ 4 '8@8%6%% ragxgt%) i%fr S
devi ce. Addi iy tfdii?cﬁ&dsf%ttﬁ&sﬁt%aldtsslﬁ%c%[ﬂi'a%dgl@la%ﬁoﬁhom '
bel ow the corrp05|t|0n t Exampl e ..

3 - . -4 -materfal. © 6" - Ruthenium Oxide | 20.0

6.0 Pol ynary .Oxi de 1.

' @(l .
20.0 8. 6 1énmanwa€s=s ﬂlcpaftsme%sﬂﬂb?ﬂuasasmgé/ﬁ lyd“&’é 40. 0
33.3 25. Er 5.0
g ass Fr |‘8 | p ove, an%/g? Usa dvo li}Jer structure. Inthe case ofstBe fwo layer structur% t:heiL |
Pent oxi de  ° Examplefastewasﬁrstdeposned on the gﬂisgsubsuate by\éeﬁbﬂbﬁnimg usmg ©..40.0

0.0 #00 200-400 mesh screens, depending upon the paste composmon and the desired
~ dried thickness. The parts were then dried at ~80°C m a nitrogen or air
" atmosphere oven. Next, the parts were overprinted with DuPont Fodel® DC202
15  photoimageable Ag conductor paste by screen printing using 325-400 mesh
screens. The parts were again dried at ~80°C. The dried coating thxckness for. the
two layer structure was measured at 15 - 19 microns. '
The parts, either singte layer or two layer structure, were then exposed
through a phototool witha collimated UV exposure source. The exposed parts
20 were developed using a conveyorized spray processor contammg 0.4 - 0.85% by
weight sodium carbonate in water as the deve10per solution. The developer
{femperature was maintained at ~30°C, and the developer solution was sprayed at
10 - 20 psi. ‘I‘he optimum expostxre time and development rate was determined by
pfeparing a matrix of parts with a range of exposure times and development rates
25 for eaoh composition. Microscopic examination of the parts after development
yielded information on the best exposure time and development rate to
reproducibly obtain the minimum line width or via diameter for eech composition.

The developed parts were dried by blowing off the excess water, after

re prepared as-descrjbed -above, usi ng



- 24- Exanpl es 1-6, Results Exampl e

1 2 3 4 5 6 Top |l ayer Ag Col or G ay
VWite Wiite Wite Wite Wite Substrate Si de Col or Bl ack
Black . Black. Black Black Black . "~ - "Dried Thickness(um " 18.0
18.5° 19.0 - 19.5.. 14.0_ _14.0 ' Exposure Ener gy(mi/ cnf err]) '
1500 1500 500 1500 -. 1000  100Q33- Resol ution( urr) '

<450 . .'<60 - <50 -.<50 .- <30 - <30 ‘ :
Exanpl és 7-12: ' . "Parts were pr epar ed as descrl bed above usi ng

t he CO”DOSIUOﬂ@veﬁdmﬁkfht.m&a&orceﬂ&iﬁmﬁxmlcb@dﬁanﬂﬁemhmn@m&@ faeda . -
smglelayer of material only..They were - tested wth a-top-

| ayer “of Fodel jneanrgit mghghgt makﬁgsam@mg)t‘ééﬂxﬁtq@fc and proﬁles svwﬁc The
parts showed varthous col ors,; ﬁghdl ng upon .t he anount of
Rut heni um Oxi d¥ ﬁ‘PP{‘?f‘“P sanpl e: Exarrpl es 7 and 8 were consi dered

t oo . |'i ght I g]ér?smlaﬁeﬂb bIvf adgag.p:l ay

panel s. -Exanpl es 9 gﬁ%ﬁ%bﬂﬁwh%%d%é&ehggerarﬁf“ gray gg‘ﬁ )gnd would -

provi de mergi nfihest i E@iing for wilichittiaYines were straight@idnon=retinping 1 Thand 12 -

wer e. char.coal - ghay I'n_col or.and woul.d provide- . . - " adeguat'e .cant.r ast, for
Pl

di spl ay panel s @mpda@sg!qtemedbymasm the hg!@trmwmtwt&he surface of the

o £1 ey P arkdd B SRl Bt Bor a%@ﬂgﬁﬁ%é‘@gﬁﬁ%‘%éﬁms&?a&fg&g?@ﬁiﬁsﬁ eel owh. "

the conpositi Qtﬁehiiﬁle| :%qu;redﬁa?opﬁmumexp@ﬁﬁ@m e

9 10 | R : 63 .00 64 48
64.64  60.60° 6144 5332‘_- wmmdell _ ©0.60 124'
3.20 3.00 6. 40 d ass.. :

2.70 1. 414? 140 All results l@eygsNh\yqre pot coll Ieé at tl\{e tlglegge samalegmere. 1.4 4
Z/eggme_r ‘4 34 ma% Lf%ll comp&ﬂgg% co:rlrlggx?ﬁnltﬁ fo} c&ﬁposmons of m& are given

2.25 2. 40 in pérts33 ~ Vehicle Il :
29.10 31.04 30.07 . Vehicle | . 24.00. 24. 80 25. 60

CBT 0.15 OExgmplesd -6 =~ 0. 09 0.10 0. 09
o Parts were prepared as described afovc, using compositions given below.
15  They were tested as a two layer structure with Fodel® DC202 photoimageable Ag
conducter. - :
. The parts showed white or slightly gray color ef DC202 top conductor -
layer and black on substrate side color in appearance after cofiring the two layer
structure and provide very good contrast for AC PDP device. Additional

20  experimental results for Example 1-6 are shown below the composition table.

Example 1 2 3 4 5 6
Ruthenium Oxide I 20.0 6.0

Polynary Oxide I 20.0

Polynary Oxide II 20.0 8.6 16.7 25.0
Glass Frit1 - 40.0 40.0 40.0 333 25.0
Glass Frit II 15.0

Glass Frit I1I 30.1

Niobium Pentoxide 0.3

Vehicle I 40.0 40.0 40.0 40.0 50.0 50.0



Mal oni ¢ Aci d 0. 06 0. 06 0. 06
Texanol 4.50 4. 65 4. 80 2.25 2.40 2.33

-25- Exanples 7-12, Results Exanpl e 7

8 -.° 9 10 11 - 12 CoI or light .-gray medium.
medi um _ char coal charcoal ' : - gray o gray
gray gray gray. Dri ed Thr ckness ([err] rr) 9.7 10.1 - 9.7
12.77° 12.5.  12.9 Fired Thtckness ([errjm - ~ 6.3 - 6:8 .
8.0 7.0 - .-8.,5 9.3~ Exposure Energy: . 1050 - 1350 °
2250°- 1800 gy = . . Resol utron ([err]m- : [err-]-25'_'
[err]25  [erT - [err]25 [err] 25 ... - _
Exanpl es 13- 16Example Parts ‘Wwere. prepaled as uescrrbed abdve, usS ng £ h€ -

conposij tions ¢,

ofFyer Ag Color-Del OW- W Ghy thewrécemwet i-OWHit® PWHi - White
Exanpl es 13 argj‘ g et(?o"iﬁ d as a piih a#gl ©Blac Bl HDCZ fcl@f BRfcRr | qjia&nly
They were not ﬁfh op Iaye a§ [ 8d 14 ol -
phot oi rrageabl rrple %CZ a 6& al]@p%ayer
parts and as ng(m!/emi)e V\lr5@ﬂ Fodép(f er i1p0 (s;p
... The p&¥Qs stesfed vaid ous<§ or séQdepe '

10 . conduct orResolutlon(um) _
Ruthenr um.Oxi de. I'l - present i n: the-sanpl e.-

upon ‘t he amount of _
Exanpl es 13 and 14 ver e rredr um ‘gray i-n col or and. woul d provrde

mar gi nal contrast for di. spI ay pangel sE" 15 and 16- were

bl ack in col or and '
panel s. Exarrpl es 15%%“0#% &E%{l fgorf%rk&l?gﬁthf SI. g |$s?‘“é 1 600[ err| C PN
peak Bélbwngﬁa@dmwmme&mmdwg ﬂﬁngwwﬁdreﬂxﬂatbﬂahenlwmym The

DC202 Ag conduct or- in-the two |ayer structure, was .

. ‘top, la
gray .in appeane&tcﬁeéfm&ra toprla}remgFodel" DXZQMOEW@& Agrondictare parts of

Exanpl es 15 and 16 t he DC2 cond ctor f|r d. on gl ass’ o
substrates at 600[31"1’}’@?%i %Ofﬁdtvémf)ﬂsf;‘g?'ﬁrdepﬁﬂm ﬁ‘ gxperr nental =’
results for Exgfihftn diide I Predérftift BRGnpH. %mwmweo&nm@iam

light in color to provide sufficient contrast for display panels. Examples 9and 10

10 were medlum gray in color and would provide marginal contrast for display
panels. Examples 11 and 12 were charcoal gfay in color and would provide
adequate contrast for display panels. Examples 11 and 12 did not sinter fully at
600°C peak firing températures, reducig adhesion to the substraté. Additional
experimental results for Examples 7 - 12 are shown below the ooﬁxposition table.

5 | : .

Example 7 8 9 10 nm 12

Ag . 6300 6448 6464 60.60 6144 5332
Ruthenium Oxide II 0.60 124 320 -3.00 6.40 - 12.40
Glass Frit IV 270 . 144 1.40
Glass Frit I . - 1.35 1.40 1.44

Monomer II 1.05 1.09 1.12 )
Monomer I 4.20 4.34 448 _

. Monomer III 2.25 240 2.33
Vehicle IT _ 29.10 31.04  30.07
Vehicle I 2400 2480 25.60
CBT 0.15 . 0.16 0.16 0.09 0.10 0.09
Malonic Acid 0.06 0.06 0.06
Texanol 4.50 4.65 4.80 2.25 240 2.33



-26-  Exanple 13 15 15 16 Ag

62.62 62.62 37.20 31.62 Rut heni um Oxi de 1|1 3.10 3.10

22. 32 18. 91 . Qass Frit 1V _ , 6. 20 10. 23

dass Frit. Vv - - . ~27.9 .- GQass Frit-vit. - . . 140 -

dass Frit vi =~ . . , 1405I\/bnorrer LI T 2:330

2.33 " - 2.33 2.33 ~Vehiclte I ? - ~30. 07 30.07 : 30.07 °

30. 07- - CBT. ' ) 2 0.09 - 0. 09 0 09 0. 09 : 'Mal-oni c

Acid - S . 0.06 ...0.06 ~0.06": -0.06 - - _Texanol- . - T

2.33 2.33 . 2.33 2. 33 . .. Exarrpl es 13 - -'16; Single Layer

Resul :r-s"" ) nl.er . 13° VI 15 © 16.

Col or" ™" -E% 'q lzngelsﬁlrtns medi um bl ack - bl ack

gray . ~gray.- ExampleDrl ed "THi ckness [ er r]8r) 1291 12!.05 615 ' 18 7

Fired Thi cknesgqfolet '] m gﬁ T gray N/inedrurhlA med:um &mmllreharcoal

Ener Igy i (.[ 450" 450, - 22]50 360 N m[]/ C gr rl) gra y[ ]

Resol uti on rr er 25 err

5 Exanpl es. 15{)5‘!‘?511‘3!’6 knﬁﬁi)(‘?_‘%ier St cturgf esul % nryzs 12

15 - - ‘16 Fired Thigkemess (gotng CO| : gr&g%’ S‘ubst?*ate ;

Si de Col or tEEMGure Enbmk ,' 1050 1350 675 67'_5 SR

. (mdfem?) Co e

Resolution (uufa) - . '5-25'- ._5,25_ 525-.: _S_-_ s2_5- <25

: : E_m_mwﬂ__i"_lé
5 Parts were prepared as descnbed above, us:ng the composmons ngcn
below with the ‘concentration in patts Examplcs 13 and 14 were tested a5 a smgle L
layer of material only. They were not tested with a top layer of Fodel® DC202
photoimageable Ag conductor. Exarxlp!es_ 15°and 16 were tested as sfngle layer
parts and as a two layer structure with Fodel® DC202 photdirﬁagcablé_ Ag

-

X 10 conductor.
- The parts showed various colors, depending upon the amount of
Ruthenium Oxide II present in the sample. Examples 13 and 14 were medium
gray in color and would provide marginal contrast for dispiay panels. Examples
15 and 16 were black in color and would provide very good contrast for display
15 panels. Examples 14, 15 and 16 demonstrated marginal sintering at 600°C peak

firing teniperatures, reducing adhesion to the substrate. The DC202 Ag conductor
layer, top layer in the two layer structure, was gray in appmrancc after cofiring
the two layér structure péxts r)f Examples 15 and 16. 'Nozmally, the DC202
conductor fired on glass substrates at 600°C is white in color. Additional

20  experimental results for Examples 13 - 16 are shown below the composition table.



Dried Thi ckness ([err]m 17.6 17.2 Fired Thickness ([err]m

10.6 15.8 Exposur e Energy 450 450

(mi/cnferr]) Resolution([err]r‘r) [err] 25 [err] 25
Exanpl es 17 - 22 . + ~Parts were prepared as described-above,

usi ng the conpositions.gi ven bel ow wi th the -concentration in parts.

Exanpl es 17 and 18 were tested-as a single 10 layer of-materi aI onl y
They were not tested with a top |ayer. of Fodel[err] DC202 '

-27- . phot oi nageabl e Ag conducth-_. Exanpl es 19 -22 were tested as
single layer parts. - . and an-a two |ayer ‘structure. With Fodel ferr] DC202
phot oi mageabl e Ag conductor S . The parts.showed various col ors.
Exanpi es 19 - mple e bl ack |n ‘coltdr. ~ 14 .and-Boul d pﬁow de very good.

contrast for . e%?pl ay .panel s: The69§202 @&%2 5 3qq0duc3pszl ayer, top Iayer
in the two.la

;the two ‘| ayer? S”ucb"ﬁg’rg\gazf mEé(iﬁrp éa‘%gearzggae g#?l onal . -_(.:-Ofl g ng‘_

experi ment al Gaw&‘ﬂt[‘ér Exanpl es 17 -22 are shéﬂﬁ be %3t he CONposi tion

table.. . ~clsaraty . . 2.79. 17 18 219 - 20 - . _

21 .70 22 | S 62.66_"54. 83 . .36/15 30.73"
24.70 - 24 700&58[9}%@%“] oreviil 140 1.21. 9.04": 21.69 - 18.38
15.06 -15. 06GlassFrit¥kss Frit¢ iv . 140 1,367 603  9.94
11.15 °~ 15. OGMonomexGIass Frit I 233 233 2336 233 Monomer- ||

%gg ; 26 1%%1 ) 26 23007 4327 300Vbn|03m07l I - -

20.22  29.22CBho. 22 29,22 Sy 009 LGS | 009 .. 24,10 !
CBT . Malonic Acid'  0.15 0.09 09 0.060. 09006 0. B06 0.09  0.09 -

Mal oni ¢ Acid- Texanol 3 ~ . .. "23806 2330.062.33 0.@33. 0.06. 0.06°

- 'Ex_anig'l'es 13 - 16, Single Layer Results

Example . - 3 . 14 - 15 16
Color medium medium black black
_ - gy gray

" Dried Thickness (um) 12.1 125+ 65 6.7
Fired Thickness (um) 64 77 NA NA
Exposure Energy 450 450 2250 3600
(mJ/em®) _ : _
Resolution (pum) <25 <25 <25 <25

5 Exa:ﬁp_les 15 and'16, Two Layer Structure Results

Example 15 16

" Top Layer Ag Color gray gray
Substrate Side Color ~  black black
Dried Thickness (pm) 176 172
Fired Thickness (jum) 106 15.8
Exposure Energy 450 450
(mJ/cm?)

Resolution (um) - <25 <25 : .

Examples 17 -22

Parts were prepared as described above, using the compositions given_
below with the concentration in parts. Examples 17 and 18 were tested as a single

10 layer of material only. They were not tested with a top layer of Fodel® DC202



Texanol 4.52 2.26 2.26 2.26 2. 26 2.26

10 Examples 17 - 22, Single Layer Results Exanpl e

17 18 19 20 21 22 Col or

gray ‘charcoal black .bllack . bl ack black . .- - . oo

gray Dried-Thi ckness ([efr]m) - 10.2 11.6 ~ 6.8 . 7.3 6.6
7.6 ~ Fired Thi ckness ([err]rr) 6.4 7.4 '." NA. - NA- “NA
2.6 .. ° Exposure Energy. . ;. 1835 1125, 1200 . .975 - - . 71200
900 “(md/cnferr]) .~ 'Resolution ??err [err]25 . [err] 25
[err]25 [erﬁhb%n 1geabieA. ebﬁduc?& ExamplRs: ﬂP?-&" were: tcstcdas single layer parts - - -
-28- . - Exarrp es 19:- . Two Layer Structure Resulits . Exanmpl-e .
19 - 20 - andasatwo lagr structure‘mpit D%.(Emh@tounageable Agjgpductag t e

D ed T\rlr\’r]i:{(ﬁeés ([éﬁtﬂbSt Hhiwed § Yariops i cSlgs. (,Exanipgeséafd‘ 2?’\wer6%lfacklbl a@% black
Thi ck -
T knees {1 Gk Bputspr eod st Todigglly gl onT?FQ?aWﬁg Ener gy

[errj40 Fer E:b&ﬁtetor[lﬁiér] @l er JiEthe WO layer structure, was white iri appeardnce aftet”
Exanples 23.-25". " Parts -wer.e prepared. as:descri. be above,- Using.

t he composi ti Qﬂﬁﬂ@ uvrtwoaayerrs@u@memwﬁﬁagmal;ﬂ%ezmedm@mled as_a single

Fotel (Cre] oot ARt B Rt T o S sl oSSR s

various- fired col ors,. dependi ng upon the anDunt of - - prgnent present I n
the sanple: Exanples 24 and 25 were consi dered t-00.l'ight in -color to
provi de suffi Exempleontrast for dilfplay p8nels. 1%xanp28 23 w2k rredlli'm 10

gray in col orAgnd woul'd provi de megaggal s4.¢nt ast for dossl ayapgoe! 3241}¢I

samPles  pyrochlorel . . - 121 9.04 2169 1838 1506 1506 .
' Gliss FritIv =~~~ . 136 603~ 994 1LI5 15.06 -
GlassFritI = - 1.36 : ' = : :

Monomer I - 1.05

Monomer I ' 422 ,

Monomer IIT : 2.26 2.26 2.26 2.26 2.26
Vehicle IT 29.22¢ 2922 2922 2922  29.19
Vehicle I 24.10 _ .
CBT 015 009 009 009 009 0.9
Malonic Acid - 006 006 006 006 006
Texanol 4.52 2.26 2.26 226 226 2.26

10 Examples 17 - 22, Single Layer Results

Example ‘ 17 18 19 .20 21 22

Color .. gray charcoal black black black black
o gray

Dried Thickness (m) 10.2 11.6 6.8 7.3 6.6 7.6

Fired Thickness (pum) 6.4 7.4 NA °~ NA NA 2.6

Exposure Energy 1350 1125 1200 975 1200 900

(mJ/cm?) .

Resolution (pum) <25 <25. <25 <25 <25 <25



showed a greeni sh color on the substrate side. This color m ght cause a
perceptible shift in the display inmage, color, an undesirable effect.

Exanpl es 24 and 25 did not sinter fully at 600[err]C peak firing
tenperatures, reduci.ng adhesion:to " the substrate. Additional . -
experinmental .results for Exanptes 23 - 25 are shown 15 below the |

conposi t4 on tabl e. ' ‘Exanpl e - . .23 24 25

Ag . 58. 85 61—%— 61, 91' -+ Pi gnent oL .
6.13 = 3.07 . 3 o7 Gass-Frit IV. - 0 .1.38 - Glzéss' Frit V
2.76 G asgxhkim esVl‘JJZZ Two La' er Structure Redul&S _d.ass Frit Vi :

1.38 “Mononer” I'TF 7 .2.30. -2, 30 2.30 Vehicle 11 ..
29.73. 29 73Exaaple3 - CBT 19° 720 210 0922 o 09~ 0.09

Mal oni ¢ Aci d Tep Layer Ag Coldr06 . 0. Ohite  Ovifie whifexandnlite o o
2.30 - 2.30 Sub#r#@ SideColor - - black _black - black black 29 .

Exanpl es 23 - Bried Phidlches (um) =P €174 160 166 o3

24 25F PLO IR ) 86 7.7 di- r’% . light.

i ght. ire ickness (um) N 7 gra T gray

Dri ed-Thi ckneExp @Frﬁ}mimﬂcm S #9450 1o -é50 124  Fired
Thi ckness - ([eRF?;t&’mOﬂ(um_) 7.1, <40 5.$3_5. -S259 <40 Exposure Ener gy
(mi/crferr]) - 675 450 . 450 . -, Resol utlon ([err]rr) T _
[err] 25 . [err]25 lerr]25 . . ' Exanrples
26 - 30 .- Parts were prepaﬁm!seiais&él bed above usi ng the . _

conposi tions gi ‘venp wgﬁlp%m&@bové%f@%mfhﬁ gf's}eﬂgl e | ayer

parts and as a‘two ]
5 - below. Examples 23 - 25 were: testedasasmgle layer of matena[ only They

_were not tested with a top layer of Fodel® DC202 photo:magmble Ag conductor.
The parts showed various ﬁred colors dependmg upon the amount of

plgment present in the sample. Examples 24 and 25 were considered too light in
color to provide sufficient contrast for display panels Example 23 was medium
10  gray in color and would provide marginal cong'ast for display panels. All samples
showed a greenish color on the substrate side. This color miéht cause a
perceptible shift in the display image color, an undesirable effect. Examples 24
" and 25 did not sinter fully at 600°C peak fifing temperatures, reducing adhesion to
the substrate. Additional experimental results for Examples 23 - 25 are shown

15 below the composition table.

Example. T 23 24 25

Ag ' 5885 6191 6191

Pigment 613 307  3.07

Glass Frit IV’ 1.38 - _
Glass Frit V 2.76 )
Glass Frit VIII 1.38

Glass Frit VI 1.38

Monomer III 2.30 2.30 2.30

Vehicle IL 2973 29.73 29.73

CBT 0.09 0.09 0.09

Malonic Acid 0.06 = 0.06 0.06

Texanol 2.30 2.30 2.30



structure with Fodel [err] DC202 phot oi nageabl e Ag conduct or. The
parts showed various col ors, Exanples 26 and 30 were very dark gray I n
col or and woul d provide good contrast for display panelsmggﬁgg;{aggeegﬁep—lacg@
were bl-ack in color and .would provide very-good-contrast f

panel.s. The 10 DC202 Ag conduct.or |ayer, top |layer in t4WﬂHH¥|‘lII
structure, was ‘gray in i appearanczgafter cofi.ring the

structure parts of. Exanpl es 26, 28.and 29. . @ The DC202 Ag conduct or

layer,. top layer in the two layer-structure, -was white in . appear ance
after cofiri ngW@Mﬁﬁucture parts of Exanples 27 and 30. -

Addi ti onal - exp%‘h%ng al results-for Exarrpijas 26 -.230 arezghown bel ow t he 15

corrp05| t | o‘n ta Examjl e. : 27 .28 .
29 mediugy, ) “3@4 31lighta 31 5473
24.31 . Pol nary ‘i de 1V~ . 14887 . P@%hary 8 de-v. .
14.83 - . Pol Pnaedy'l‘lmknlss‘@um) 01330 123 - hsle3 Pol ynary
Oxide VII *  Fired Thickness (um) . 7.1 14.885 - RS 'ynary Oxide |
14.83 . Capgplirt Hnrey (mllem’) 52693 , 1080 %%:ﬂ)? , 1097, " 10.97
noner . .
Vehicle 11 . Resolution (“m.) 28.73 - 28 735835 735 2528 75858 73 CBT
0.09 0.09 - 0.09 0.09 . 0.09 - Mal oni ¢ . Acid "o . 0.06
0.06 0.06 0.06  0.06:, - qu@ﬁles% 30 2,22 0 2,22
2.22  .2.22 2.22 .. . -30-

Exanpl es 26--30,. Si Png{mtmwpamhasldescnbed aboveEnangIﬂm oomposmons given
very-dark 3 bf@éw Exprapits 26 30w «%f%s gl loyerpartsandasatwolayer -
91 suggy it Fogt® DR prole A AT chness ([errim
3.3 2.6 . 3.4 The parf-sBowed various colors, Examples 26 and 30 were very dark gray
in color and would provide gq_od contrast for display panels. Examplw 27-29.
were black in color and would provide very good contrast for display panels. The
10 DC202 Ag conductor layer, top layer in the two layer structure, was gray in
appearance after cofiring the two layer structﬁre parts of Examples 26, 28 and 29.
The DC202 Ag conductor layer, top. -layer in the two l_aycr structure, was white in
éppearance after cofiring the two layer structure parts of Examples 27 and 30.
Additional experimental results for Examples 13 - 16 are shown below the

15 composition table.

Example 26 27 28 29 30
Ag . 2431 2431 2431 2431 2431
Polynary OxideIV .  14.83
"Polynary Oxide V 14.83
Polynary Oxide VI 14.83
Polynary Oxide VII 14.83
Polynary Oxide I 14.83
Glass Frit IV 1097 10.97 10.97 10.97 10.97
‘Monomer III . 2.22 222 2.22 2.22 2.22
Vehicle I1 28.73 2873 2873 28.73 28.73
CBT ‘ 009 009 009 009 009
Malonic Acid 0.06 0.06 0.06 0.06 0.06
Texanol 2.22 2.22 2.22 2.22 2.22

THIS SHEET HAS BEEN
REPLACED




Expesure Energy (mJ/cnferr] 900. 900 1200 900 900

Resolution ([err]m [err] 25 [err] 25 [err] 25 [err] 25
[err] 25 . Exampl es 26 - 30, Two Layer Structure Results - Exampl e
26 27 - 28 29 . 30 - Top ‘Layer "‘Ag Col or _—

gray. . white .-gray - gray. white - Substrate Slde Col or - .very
dark bltack °~ black - black.- very dark - ' '
gray - - T gray . £X|ed Thlckness ([err]n}
NA ° NA . . NA_ _NA. - "NA.35_ Fired Thlckness ([err]m-

9.3 3jl.7z ...8.57-- 9.7 7.5 .- Exposure Energy (nﬂ/cn{err])
450 . 450 . 450 . 460 . .- 450 " Resolutian ([err]lm.

[errj30 - .[erE: lts " [err]25 . = GLOSSARY -

A. | nor ganr csl‘.1 1 G ass Frit 1 (c gponentzyver ghyg % BQ err] q;;fr] o
82.0), PbO (FLPMB¢ Blerr]gerr] (3: rface
girea )1 5- 2. S%g]/ggn stqt eni ]ng(ff rﬂaﬂ%?d&a‘* % v?:l)ydaﬁ' :
(conmponent wei ght % PhO (66.0), ALZI®Y (0.8), ZnO 6 6) B[err]%ﬁaerr] o
(11. 8), - Si O Dri¢d Thickdess Gum) ace ar e3.63..1- 4715rr[er P/gm dof t eni’fy  point -
453[err] C. - FiredIhigkn&ssi(iond)-| : (conpdnent’ \3 ght 28 -PblB.A62.1)32 .. =
Al[err] Ol er gjggsilo ((]a,/ﬁamz Bzgfsoo %00 (%) . @qg er190430.8),
surface area: rr]/gm so ng pe assg bk

.‘éﬁt "e P?g QO%) 8 2

(conmponent we err]qerr] 0) 3 (3.5, SlQerr]
(3.5), d[err]=0.45-0. 60 [err]m _ Glass Frit V: (corrponent wei ght 99 PbO
(80.5), Squ;Jr']m _ ' @] .(1:5), surface . .
area 1.5-3. dass Frit V: (corrponent

wei ght % Sl Emmﬂle(IB 8) AI [err]Qeﬂﬁ] (4 7, B[e’l&]Qe”] (2830) ,
(1.1, ZrtO (Elﬂ,pz]),ayeerggacaioq err] (34.ghy sunilitee apey ~1.gdayn] erm]hﬁtgm '
dass Frit Vﬂ‘bﬁﬁ%%gﬁmml ght . %erﬁ'd&ﬁér]m&rr]bma@ Oblack( every dhsk 1]

(1.0), ZnO ( oray | gray
Dried Thickness (um) o NA NA NA NA NA
Fired Thickness (jum) 93 7.7 85 9.7 7.5
Exposure Energy (md/em®) = 450 ° 450 450 450 450
Resolution (pum) <30 <25 <25 <25 <25

5 : _ e
GLOSSARY
A. Inorganics
Glass Frit 1: (component weight %) Bi,0, (82.0), PbO (11.0), B,0O; (3.5),
10 Si0, (3.5), surface area 1.5-2.5 m*/gm, softening point 370°C.

Glass Frit II: (coxi:ponent weight %) PbO (66.0), AL,0; (0.8), ZnO (6.6), B,O;
(11.8), SiO, _(14.8): surface area 3.1-4.1 m%/gm, softening point 453°C.
Glass Frit III: (component weight %) PbO (62.1), AlL,O, (2. 6); Zn0 (2.7), B,0,
(1.8), SiO, (30.8), surface area 4.3-5.5 m */gm, softening pomt 500°C.
15  Glass Frit IV: (component weight %) Bi,0, (82.0), PbO (11.0), B203 (3.5);Si0,

(3.5), d5,=0.45-0.60 pm.
Glass Frit V: (component weight %) PbO (80.5), SiO, (6.0), B,0, (12.0), ZnO

(1.5), surface area 1.5-3.0 m*/gm.



(5.1), Plerr]dJerr] (61.0), Ag[err]O (3.9). 5 dass Frit VIII:
(conmponent weight 9% CuO (30.0), Blerr](err] (50.0), Ag[err]O (20.0).
Silver : Spherical silver powder, particle size, d[lerr]=1.9-2.6 [err]m
Rut heni um Oxi de |.: RuQerr]' surface’area 11.4-15.1 'rr[err]/gm

Rut henj um Oxide 11.: " RuQerr], -surface area 27.5-32: S-aferr]/gm ..
Pol ynary Oxi.de I: GdBi Ru[err]Qerr] surface area 2.7- 3.3 rT[err]/gm
10 Polynary. Oxide II% Pb[err]Ru[err] J?rr] “surface area 7.2- 8 r’r{err]/gm
Pol ynary Oxide Il1: .-Pb[err]Rul.err](.er surface-area 8.5--11. n{err]/gm

Pol ynary -Oxi deGlass th{\ﬂr rc]oﬁtqoecxtt]wq:ym"/]:) Si0; (13.8). Alﬂhl(ﬁﬁhr&%ﬂ%ié) a0
PbBi Ru err err ' |de VI err]Ru[err err
wher e’ E( %)ql b (h.8). ZF’Q(}r?af)ygﬁﬁl éé% ’f“ffaB?f"@F r/ 10 e]rr] . su]r fqace ]

R 51 o Pt o A R U Gopegrepe el A0, (B BT BO 6D C00 -
B.. Pol yneri ¢. Bi nder§5 1). p,‘@s()(mlmlg(gg(jg) Copol yner -of 75% net hyl met hacryl at e'
and 25% net hacrylic acid < Mw~=7000, Tg=120C., Aci d No. =

164. . 5- Ghss fmeivmt (cosmobmt[vmlgut mmms&e)wz@; G0e0); A2A2(20.0).
met hacr-y-I ate hglf est vaid-abl from Sartomer’ Corrpany
| nc. ; " Exton, Pgll"ef Spl eﬂca? it ﬁe‘l"'PPchWﬂsosl 83"66 Heopol yrrer of . 60% '

Vi nyI pyrroli doRGthgmmAf dé'lnﬂl " sﬁ%a‘%bb‘“ﬁ%”’ - K- val ue . 30. 50.-

C. Mononers noner’ oxyl at ed L
trimethyl ol pr oRaheniubi eﬁfdyﬂlﬁtlmozl\&urfacéiﬁaﬂ 5-325m2/gm NMohoner  I.1: TVPTA - -
Tri met hyl ol pr opane’ trlacrill ate. . 30 I\/bnorrer Ill 'TMPECOTA - L
Tri met hyl ol pr BiRuyQr strfacripreaZa g3 -

"3% 10 . Polynary Oxxde II: szRuzos, surface area 7. 2-8 9 m /gm.

Polynary Ox1de I Pb,Ru,O,, surface area 8 5—1 1.3 m /
Polynary Oxidé IV: Co,Rugos,
Polynary Oxide V: PbeRu206 55
Polynary Oxide VI: CuBi; Ru,0; where x = 0-1,

15  Polynary Oxide VII: Bi,Ru,0,, surface area 9.5-12.5 m%/gm
Pigment: Copper Chromite,
Niobium Pentoxide: NS,O,, surface area 5.8-7.0 m*/gm.

_ B. Polymeﬁc Binders
20  Polymer I: Copolymer of 75% methylmethacrylate and 25% methacrylic acid,
Mw ~=7000, Tg=120°C., Acid No. = I64.
Polymer II: Sarbox® SB 510 E35, aromatic acid methacrylate half ester, available
from Sartomer Company Inc., Exton, PA. S
Polymer III: PVP/VA S-630, copolymer of 60% vinylpyrrolidone and 40% viny!

-

25 acetaie. K-value = 30-50.

C. Monomers
Monomer [: TEOTA 1000- Polyethoxylated trimethylolpropane triacrylate. Mw ~ 1162.
- Monomer II: TMPTA - Trimethylolpropane triacrylate.
30 Monomer III: TMPEOTA - Trimethylolpropane ethoxy triacrylate. Mw' ~428.



D. Sol vents bet a- Ter pi neol : 1-net hyl -

1- (4- et hyl - 4- hydr oxycycl ohexyl ) et hene. Carbitol- acetate: D (ethyl ene
glycol) ethyl ether acetate 5 Texanol: 2,2,4-trinethyl-1,3-pentanedi ol
nonoi sobut yr at e - " E -Photoinitiators . _ lrgacure 651: :

2, 2- Di-net hoxy- 1, 2- di phenyl et han-1-one ° - 1TX | sopropyl thi oxant hone "10-
EPD Et hyl 4- (d| met hyl am no) benzoate "~ F. Stabilizer . TAOBN:
1,4,4-Trinmethyl-2, 3-di azabi cycl o[ 3. 2. 2] - non- 2- ene- N,.N - di-oxi de. 15 .G
Addi tives - BT: 1,2,3-Benzotri-azal e, - CBT: 1H Benzotriazole. .~ -
Carboxylic Acid. . ‘Mal oni c. Aci & 20 H Veh| cles - - - Vehi cI e . =
Nurber I o 11 ... TFexanol . S
52:11° - 98. F %Lﬁ yner | - .. 38.82 - 54.9 < Polyrer _-I" ce
53.4 b ga@,uraél‘éiﬁiheol l-meth?l 7-44-methyl&-l%'droxycydwhcxyl)ethcne o ~.2.31
17.8 - EPD - 31 : Pol yrer HI1 ' '
1. 64 . 3. gaxbltolammq: D:(ethylene glycol) eth){be@macetate 0°13- . 1.

M scel | .anegus t . ot-oi na bI e Ag conduct or pasté :
avai abI e ?ro;ﬁ E‘;"r WSQ e%%ﬂ%ﬁ“ﬁ@ﬁﬁ’?ﬂq %y, W | ngt on, DE . -
E Photoxmtxators . .
Irgacure 651 2 2-D1methoxy-l 2-dlphcnylethan l-one E
~-ITX: ISOpropyl thioxanthone ' '
10 EPD: Ethyl A—(dlmethyla;nmo) benzoate

F. Stabilizer - _ .
TAOBN: l,4,4-Tximethyl-2,3—diatabicyclo[3.2.2]-non-2-ene-N,N’-d@o:_cidé..

15 G. Additives . ”
BT: 1,2,3-Benzotriazole.
CBT: 1H-Benzotriazole Carboxylic Acid

Malonic Acid
20 H. Vehicles ~ Yehicle Number

Component I 1

Texanol 52:11 98.1

Polymer I 38.82° 54.9

Polymer I1 534

Irgacure 651 2.74 59

ITX 231 17.8

EPD _ 2.31 - 17.8 .
Polymer III 1.64 3.1

TAOBN 0.07 0.13

I. Miscellaneous
DuPont Fodel® DC202 - photoimageable Ag conductor paste available from E.L

du Pont de Nemours and Company, Wilmington, DE



- 33- CLAI VB 5 Wat is

Clainmed is: 1. An AC plasma display panel device conprising
front and rear insulating substrates spaced apart from each other; an
el ectrode arrangerrent conprising a - first group- of ‘el ect r ode

conposites in parallel facing a di.schar ge space filled with o

i oni zabl e gas, and'.a second. group of el ectrode conp05|tes the first and
second . 10 group of €lectrode conposites’ being positioned face to face. |n
an orthogonal L relatlonshlp across the di scharge space, forned on-
the surfate of the-insulating =~ ~ .~ substrates W th speci fied el ectrode:
patterns, -the- .el ectrode arrangénent be?ﬁg : . . coated.with-a, dielectric .
on at | east one of the .insulating substrates, mhereln the - el ect rode
conposite on at l'east the-front rnsulatxggbgybstrate conprises; a 15
conduct ar el ectrade ‘arfangement conpri Sing _a .group -of. conduct or- “electrodes
formed on each subsirate being connected to.the respective bus conductors
on the. - . sane Substrate and; a photofornable bl ack el éctrode
conpri.si.ngsa MWhatis Claimied is: .layer of at least one of RuQwerf];

rut heni um based. pol ynar y-0xi de h £ ween
t he substrate rand clo%‘dh%p ‘@?‘?’@8@%‘ ?%vr'ié)e ﬁgﬁéﬁsmgggntand rgﬁrmﬁlﬁfg
The devi.ce of. Gtggta F)Sft'frdnhéa |5ses; & 168t dnteomptisinga -
admi xture -of co cti e pafticles of at 'east .one of Qerrl]; rut hem um

based - finst\gioupy ofeleatmde mms:tgsmsparhﬂcld‘&maadlschﬁggwﬁcc ﬁiied(mth - 25

3. The-devi ce of claim 2, -wherein the ack .electrode. _further, co i ses’
conduct i ve paiQnizablegas and a seoqud SHYR C&FOQ%W&%&#&? rrg(i

PA, PU 10 R SFbtocHogé BBpSLHe BAig pBSiBAL BB 6 BAR &zﬂagaﬁtar
.I _ relauonshxp across the dtscharge space formed on'the surface of the msulatmg .
-substrates with speclﬁed elqctrodc.pattems, the clectrod.e arrange_ment bemg
coated with a dielectric on at least one of the insulating substrates, wherein the
electrode composite on at least the front htéula‘ting substrate comprises;_a
15 conductor electrode arrangement comprising:a group of conductor electrodes
formed on each substrate being connected to the respective bus conductors on the
same suosu'ate and; a photoformable black electrode comprising a conductive
layer of at least one of RuO», ruthenium based polynary oxide or mixtures thereof

formed between the substrate and conductor electrode arrangement.

20
" 2. The device of claim 1, wherein the black electrode comprises an
admixture of conductive oanicles of at least one of RuO, ruthenium based
-polynary oxide or mixtures thereof and inorganic binder.
25 3. The device of claim 2, wherein the black electrod.: further comprises

conductive particles of at least one metal selected from a group of Au, Ag, Pd, Pt

A A

and Cu, or combinations thereéof and inorganic binder.

Au, Ag, "



-34- 4. The device of claim1, wherein the conductor

el ectrode conpri ses conductive particles of at_|east one netal
selected froma group of Au, Ag, Pd, Pt and Cu, or conbinations
thereof and inorganic binder.- - 5 5 A met hod of fabrlcatlng an AC

pl asma di spl ay panel ‘device conprising . front and rear- insul ating
substrates spaced apart from each other, and an electode . :~ .arrangenent:

conposed of.-groups .of el ectrode con'pi)%rtes respectively forned on
the front and rear substrates.with .specified el ectrode patterns, whi ch are
positioned face to 4. a'lﬂedemcgmthﬂndgmhatem@eﬁpﬂmq#%ﬁ@ﬁ@naﬂiﬁsschar ge.

fill h b | o
Py atteri 2ed Gonddie parteles g erl Susnesn! koA Tep RSl o B2 ?&ﬁ%ﬁs. tes
conprii ses theeaig%{?%;hgljnbﬁxﬁﬁ?& ﬁ’iEreofandl amc bm((% appl ying: a

phot osensi tiv I'ack* conposi{ion on a su rate erein ~ : 'the black
conducti ve corrp05| tion conpri.ses an adni xt ure of "(-a) -conductive
particles.of at |east .one of Ruq err], rutheni.um.based. polynary OXi cle or’

m xt ures.-15 t her eofs. A(npettmdqféamcamamA&rglmm@dsphmwel@eyw@p@@anang
Coetony o™ ook S84 B ing sk et aBhot ok ekl byt o B sl dcie”
exposi ng t he %%ﬁéerﬁamapbgmft o@;ﬁ%f’&l&trb&é’é&ﬁ%déﬂe&&s uvel?'(i&f:hélﬁ‘o:{ he

speci f.i-ed pattern devel opi hg .t exposed-'b

conposi tion i nhé)ﬁsntcandquamubsméamtbspdcdieﬂceleamdepwdmevdmdmm tion in

areas not exposed to:acti.nic radiatjon; (4 flrlngthe .
devel oped bl a@ksﬁgnﬁb@icﬂ%ﬁceﬂbﬂh?ﬁ@g&nﬂ‘&’é@m%? ?ﬁ)onent ‘on .

h b
E’JOI’GYDESI ts;[ Bﬁt ﬁmufﬂ Vﬂflg}lﬁgl%blc g@&%ﬁﬁ* ?&}ggl’uggﬁa 5 COI’TpI’I Ses ane .
adm xture of (e .ﬁemeam&m%me d!éoﬁ‘@d@i:oxﬁpos'i@s chipides deseqaintial sepsef: ed

from-a group of "Or. eonbi'nat i ons thereof , (b) at .
| east one i norgani (lbpmang a(phptowgmecblaoka:ommyiupuoa@sabm

e e AR o .
actinic radi ap) @aiel 3f at least SRk 'o?Ru@ﬁenﬁﬁ&?&ﬁ%Q&d%ﬁWomde or mixtures

15  thereof, (b) at least one inorganic binder, (c) erganic, carboxylic acid contam_mg

polymeric binder, (d) photdinitiation system, and (e) photohardenable monomer;
' (2) imagewise exposing the black composition to .actihic-r_adiaﬁpn to
define the specified pattern; | ' |
(3) developing the exposed black composition in basic aduebu’s solution to
20 remove the composition in areas not exposed to actinic radiation;
(4) firing the developed black composition, formmg a black conductlve
component on the substrate;
(5) applying a photosensitive conductive composmon wh1ch forms a
conductor electrode and comprises an admixture of (al) conductive particles of at
25 least oné metal s.elected from a grdup of Au, Ag, Pd, Pt and Cu, or co_mbinations
thereof, (b) at least one inorganic binder, (c) organic, carboxylic acid containing
polymeric binder, (d) photoidﬁaﬁon system, and (e) photohardenable monomer;

(6) imagewise exposing the conductive composition to actinic radiation to
J—

A A

- define the electrode pattern;



- 35- (7) devel opi ng the exposed photosensitive conductive
conposition in - basi ¢ aqueous solution to renove the conposition in
areas not exposed to actinic radi ati on; _ (8) firing the
devel oped conducti ve .conposition form ng the conductor = 5. electrodes on
top of the arrangenent of bl ack el ectrodes. on the substrate.- .- =

6. A mefhod-of fabricating an AC plasma di splay panel "device conprising:"
front . and rear insulating.substraf@'7Spaced_apart‘fron1each ot her, .and an
el ectrode . arrangerent conposed of groups of electrode conposites = .
respectively for megrnaeveldfingitheetposed pliotdsensitive soruuttivas @ampasitiorsipeci fied
el ectrode patterns, -which are.” ° "positioned face to face jin an,-, -~ . -
ort hogonal r ebasid zqmmsdm@s@famevg&mogwogmwarw notexpessd (QastIc |
ionizabre_gashgétmegn the insul ati ng substrates, -.characterized i'n:that

the rrethod of %HMhg the el'ectrode conposites conprises the sequential.. -

steps aof: * - Ry Frnol i) A& s cBRdREGsttion.on
a substrate, Wher-epr} ﬁr@tﬁ%%ﬁ@%&gg% %%ﬁ@%gﬁ%@nﬁ%ﬁgggﬁpnses an:. .

admi xt ure of §ladtroies dHesp ofthe arrangapeont of black electeddes easite substrate. RuC err], - -
rut heni unm based -pol ynary--.oxi.de or. mxtures - . -thereof,. (b) .at- |east one
i norgani ¢ btnder, (c) organic, carboxylic acid-containing -. . polyneric -
bi nder, " (d) -photoipifiati on syskem . ' h r.denabl e TSI -
DS L) (DML B o BRS¢ Beo RIS R TSl
define t he spegitiand Feahdubitihg substrates spaced apar froaPBdchioter] i dislégirpdasi ti ve
conduct-i ve conpositi-on conprised of --an - .. adm xture of .(a) conductive -

particles of atangementcomposed of groupscafiedettrode nompositesipespectivelydbrmed omg, Pd,.-

bi naor , (19)4he BPgLARLRCSTSHbSEAIGH P reL elediole AADR RS B nasi, () a
Substrar o BotioSa BERS foe e bfthofbol RIAISRUSIFRARKS MR sBe. 02,
to actinic raliedivwihidmizable gas bdidenahd iulating subetstes) tharattetized in that
(5) devel opi ng the exposed ‘phqt osensitive conductive conposifions in
basi ¢ aqueougheuiethadof founing ths electradesomprsitas somprisesdhe sequentigd steps obns in
areas 30 not ex po(i ?gpl;[f?ingCatpihg.{o%exqs?tg\i/ealgliaa(néomposition on a substrate, wherein
15, the black conductive composition comprises 4t admixture of (a) conductive
particles of at least one of RuO», ruthenium based polynary oxide or mixtures
thereof, (b) at least one inorgahic binder, (c) organic, carboxylic acid containing
polymeric binder, (d) photoinitiation system, and (€) photohardenable monomer;
| (2) imagewise exposing the black co‘mpositidn to actinic radiation to
20  define the specified pattern; '
3) abplyinéthe photosensitive conductive composition comptis.ed of an
admixture of (a) conducﬁ\;e particles of at least one metal selected from a group
of Au, Ag, Pd, Pt and Cu, or combinations thereof, (b) at least one inorganic
binder, (c) an organic, carboxylic acid containing polyxinexic binder, (d) a
25  photoinitiation system, and (e} a photohardenable monomer to the substraté;
(4) imagewise exposing the conductive composition to actinic radiation to
define the electrode pattern;
(5) developing the exposed photosensitive conductive compositions in

basic aqueous solution to remove the black and conductive compositions in areas

30 not exposed to actinic radiation; //
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- 36- (6) firing the devel oped conductive conpositions.

7. . A method of fabricating an AC plasma display panel device conpri sing
front and rear insulating substrates spaced apart from each other, and an
electrode 5 arrangenent conposed of groups of el ectrode conposites
respectively formed on the front and rear substratés with speci fi ed

el ectrode patterns, which are - posittioned face to face in.an.-

ort hogonal rel ationship across a-: dlsebarge .space. . - filled with

i oni zabl e -gas between the insulating substrates, characterized in that -
the met hod of * f or mi(6) firing ted develapsd coadvstive eampasitignsi ses t he sequential -
steps ,of: 10 ) (1) applying a photosensitive black conp05|t|on on a
substrate "Wherein’ " the bl.ack conductive: conp05|t|on conprijses an-
admi xture of . (a) c rr],
rut heni-um based poloygyarﬁ{iemcﬁ)% é‘atg;cgtnﬁé%?@sﬁﬁsxﬂédgblakgrﬁé‘%fd@@i%c% W%gst one
i nor gani'c bi ndisnt afid yeapipahiking sabstiatesspaced apartl frofnéash bitieg, andanclecnoayrrerl c
bi nder, (d) photei-nitiation.s sten1 and_'(e) phot ohardenabl’e monomer; .15
(2) applyifig (ARBIBRTOEI SompPEsd @W@Watmsmmly Joamastomn .

adm xture of %ggond%ct L Ve, art| cJ {ﬁegcﬁm%ﬁa?%tqe rreﬂé? sel ected froma
group (b) at |east :
one i norgani.c amsmoned)fae@%facéﬁ)a@&uwrgaﬁﬂgtexlagseﬂ@pﬁ&s%cﬁgdﬁr%e gning -

pol ymeric bin phot oI stem and
phot ohar denablﬁbledmdnmnmbletg&aebmn thetissuigting substtatesgal)aractagmhmdx&xpom ng
to actinic . .. radi atjon to define

t he bl ack and con sifion
the el ectrodeﬂifa‘[“‘i‘P °\ﬁ° ?&eeec ﬁ@@%ﬁﬁ?‘ﬁ%@%@% #erzet: and

Conductvsg oM, {1l TG MR D BTN
firing the deﬁfﬂ&&ﬁ@b&ﬁﬁd&t@w@o@mfé&h@hﬁéﬁnmoﬂa} condu8t1chhe. net hod

of claimb5 wherein-the bl:ack conposi.tion further conpri'ses’ . .
adm xture of paﬁcbenﬂatbastenpafRuelzeBlthmmba:edsml)maarmdtaormetmeed from a

girgggrof(?y 6\1% Pd(b)ap.glegsrt]%ncxﬂorgamc(::g'nge!:rnfslo?gna%ct,P:a6r eOfllca(cbci Intamﬂ:gqr ani ¢

" polymeric binder, (d) photoinitiation system, and () photohardenable monomer;

15 (2) applying the photosensitive conduetive-composition comprised of an
admixture of (a) conductive particles of at least one metal selected from a group
of Au, Ag, Pd, Pt and Cu, or combinations thereof, (b) at least one inorganic
binder, (¢) an organic, carboxylic acid containing polymeric binder, (d) a
photoinitiation system, and (€) a photohardenable monomer to the substrate;

20 (3) imagewise exposing the black and conductive compositions to actinic
radiation to define the electrode pattern;
(4) developing the 'cxposed black and conductive compositions in basic
aqueous solution to remove the compositioné in areas not exposéd. to actinic
radiation; '

25 [©) firing the developed conductive compositions. .

8. The method of claim 5 wherein the black composition further comprises
an admixture of (a) conductive particles of at [east one metal selected from a

group of Au, Ag, Pd, Pt and Cu, or combinations thereof, (b) inorganic binder, (c)

W




orgénic carboxylic acid containing polynmeric binder. (d) photoinitiation

system and (e) photohardenabl e nononer. 9. The nethod of claim®6
wherein the black conposition further conprises 5 an adm xture of (a)
conductive particles of. at |east one netal selected froma ~group.

of Au, Ag, Pd, Pt and Cu,- or conbinations thereof, (b) |norgan|c _
blnder (¢) organj-c, carboxyllc aci d ‘cont ai ni ng polynerlc bi nder, -(d).
phot oi nltlatlon ‘system’ and ‘(e) phot elgrdenabl.e nononer. : 10 '

10. The methaod of. cl.ai m7 wherein the bl ack conposition further. .’
conpri ses .an aohgammb@tyh(:ayxdmmmng \pelypu:mmm@ (dj pmtOMé%mﬂéﬁﬁemet al

selected. . fTroma groui) of Au, ‘Ag, Pd, Pt and Cu, or -conbi nations’

t her eof, (b) |ﬁl§r(§hﬁh‘2§°haf e“abemﬁﬂ?fﬂﬁfr (c) organi ¢, carboxylic acid .

cont ai ni ng :pol-ymeri ¢ bi nder, (dy” 7 . ~photoinitiation syst em and (e)
photohardenabl e nonener- 15 - : .. 11." The ret.hod as in one of .
cl ai me .5-10, Wﬂere'@Tﬂﬁn&ha&ksfeﬁim@swﬁdraﬁtheblackcompcfsummmﬁ&aomprhesform -
of a paste followed by-a drying step. - 12. The net hod -as

in one of .d ai a:rsa&mkﬁ;re mﬁe:) eom:htch&e pariicles obatdeast bn@metaé selectedfromphl i ed in .
the formof .a dry-fi d-as i,n one of .

claims 5-10, vﬁ@P@PﬁAPhégpm)tpéﬁﬁgut pwmblmuonsgg)qggﬁl r‘%g%ﬁpom tion i's:- R

applied in th #"E%‘ step. 25
14. The net ho?’&&{lﬂsﬁgw ﬁﬁ:ﬁg{(ﬁé%@%ﬂ%ﬁg% ot o(sgn3| tive - .
conductive co lhjtﬁﬂohgyﬁ&ﬂ,l a,ﬂc(e) phdtdstﬁrd@hmeeﬁo:ﬁnﬁry fi'lm '
15. The nmethod as i'n one of clains 5-10,  wherein the black. corrp05|t|on s

30 applied on a transparent el ectrode arrangenent with an.-underlying .

substrat§ 0 - 10 Themethodofclalm7wheremtheblackcomposmonﬁ1rther

compnses an adxmxture of (@ conductxve parucles of at. least one metal selected
from a group of Au, Ag, Pd, Pt and Cy, or combmat__xops thcreof, (b) lnorgamc
binder, (c) organic, carboxylic acid containing polymeric binder, (d)
photoinitiation system, and (¢) phofohardcnable monomer.
15 g -t
11. The metﬁo_d as in one of claims 5-‘10, wherein the black composition

is applied in the form of a paste followed by a drying step.

12. The method as in one of claims 5-10, wherein the black composmon is

20 apphed in the form of a dry film.

13. The method as'in one of-claims 5-10, wherein the photosensitive
conductxve composmon is applied in the form of a paste followed by a drying
step

g

25

14. The method as in one of claims 5-10, wherein the photosensitive

conductive composition is applied in the form of a dry film.

15. The method as in one of claims 5-10, wherein the black composition is

30 applied on a transparent electrode arrangement with an underlying substrate.

L




16. The nmethod as in one of clainms 5-10, wherein the bl ack conposition is
applied on a transparent dielectric arrangenment with an underlying
substrate. :

-—38- s | 3 B
16 The methodasmone of claxmsS lO wherem the b[ack composmon is - ’

apphed on a transparent dtelectnc arrangement thh an underlymg Substrate R
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