TI TLE | NSULATOR COMPCSI TI ON, GREEN TAPE, AND METHOD 5 FOR FORM NG
PLASMA« DI SPLAY APPARATUS BARRI ER-RI B FI ELD OF THE | NVENTI ON The present
invention relates to a nethod for form ng a plasma di spl ay ‘appar at us
(hereinafter referred to as "PDP 10 apparatus”, and a coatabl e insul ator
conposition for use in the formation of a green tape for barrier rib

formation of the PDP apparatus. BACKGROUND OF THE | NVENTI ON 15 Much
progress has been made in the devel opnent “of PDP apparatus that serve as
flat panel displays in large, wall- nount television and high-definition
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converted to color. Therefore, a need for a nDre uniformbarrier-rib
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Much progress has been made in the development of PDP
apparatus that serve as flat panel displays in large, wall-
mount television and high-definition television displays
which are used in place of conventional CRTS. In the direct
current (DC) PDP apparatus of Figure 5, a pair of glass
20 substrates (501 and 502) having a plurality of anodes (503)

and cathodes (504) positioned perpendicular, the anodes are

covered with an insulator layer (505) as needed on the inner
surface of the substrate (502) and the anodes (503) and
cathodes (504) are positioned facing each other to maintain
25 a specific gas dlscharge distance, the cell (508) -is then
coated with a phosphor material (506) chosen from blue,
green and red and the edges thereof are sealed airtight with

a sealing material, after which the above-mentioned gas

discharge area is filled with a specific discharge gas (509)
30 to create a gas discharge section. A structure is employed
whereby the above-mentioned gas discharge distance is kept
identical and discharge occurs in a specific cell
partitioned by an insulator barrier-rib (507).



5 effective manufacturing of the apparatus. Screen printing is the nost
comonl y used nethod for formng the barrier-ribs used in a PDP apparat us.
As discussed in published Japanese Patent Application 58- 150248, screen
pri'nting involves a step in which an 10 insulator powder such as glass is
made into a printable paste, after which lines or dots and spaces are
paired and printed in layers to a specific 2hickness at a resol ution of
about 3 pairs per millineter, for exanple, using a screen printing nesh
-mask (in the case of a small display). At 15 |east three or four |ayers,
and at nost about fPHR exppdratars arar dellngl madp laArgeyhandpectedyrdise ng to
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not been printing mesh mask (in the case qf a small display). At

15 1least three or four layers, and at most about fifteen
layers, are built up through repeated printing to a specific
thickness (height) while the above-mentioned resolution is
maintained. This multiple printing step therefore requires
an accuracy check of position at each stage of the printing,

20 care must be taken to avoid oozing of the paste at each
stage. Furtﬁermore, the film thickness must be precisely
controlled so that the final height of the layers is
uniform, all of which makes this an extremely complicated
step with a low yield. An experienced printing technician

25 has to spend a great deal of time and effort to get around
the drawbacks to this step, which incurs tremendous costs.

In light of this situation, a‘éandblasting barrier-rib‘

formation method has been developed and put into practical
use in recent years. The method will be described while

30 referring to Figure 4. The first step is to form an anode
(402) on a glass substrate (401). The insulator layer (406)
that serves as the barrier-rib is then screen-printed to the
desired thickness. A photoresist (403) that is resistant to
sandblasting is bonded over the dried insulator 1ayer|and

35 patterned, an abrasive material (404) iS‘sprayéd by a
sandblasting machine (405). To remove the insulator



patterned (407) and the resist is then stripped away and the remaining
product fired, which forns a fine barrier-rib of a uniformheight. 5

The above-nentioned screen printing method, in which an insulator |ayer in
the desired pattern is printed to the desired height using a paste whose
princi pal component is an insulator powder such as glass. Although
positioning is easy with a sandbl asti ng negyod 10 because it ‘involves

solid unpatterned printing, the printing still has to be repeated a numnber
of times, and achieving a uniformfilmthickness is still difficult!’

Furt hernore, because of the need fqr the barrjerzrib of a .PDP.a ratus to
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in work or produc fT1crency remains a problemin the industry. The
i nvent ors per f apiédrmhkeb@kisent invention upon 20 discovering that a
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coat abl e i nsul QB%%.IQQQPOEQ&EQP g‘%hug% lyndhe formation of a green tape

used in the formation of arrier-ri or a plasma displ 30, . appar us
conprising a) an i ndt§hRLEhs Pﬁﬁlbb%%‘i‘gc’cﬁrpﬁ?si‘gﬁ “Hfr{&%@ £ 198}:15}5 metho
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pol ymer and 40 urg gy diilw shis nepgeis apill difficult. Furthermore,
because of the need for the barrier-rib of a PDP apparatus
to be reliable, this method requires careful paste
15 preparation and printing work so as to avoid any defects in
the process, and the work environment and atmosphere also
must be carefully managed and improvement in work or
production efficiency remains a problem in the industry.
The inventors perfected the present invention upon
20 discovering that a reliable barrier-rib with an uniform
height or thickness can be formed easily and the barrier-rib
formation step can be greatly improved upon.by using a pre-
formed green tape of an uniform thickness for the insulator
layer. .
25
SUMMARY OF THE INVENTION
The present invention relates to a coatable insulator
composition for use in the formation of a green tape used in-
the formation of a barrier-rib for a plasma display
30 apparatus comprising

9

a) an inorganic fine powder composed of 30 to 60 vol %

hon-crystallizable glass whose. softening point is at least
50°C lower than the firing temperature, 20 to 70 vol %
refractory oxide, and 0-50 vol % refractory pigment

. 35 b) a binder composed of 40 to 60 vol % polymer and 40

to 60 vol % plasticizer, and



4 c) a volatile organic solvent, whereby the inorganic fine powder is

di spersed in a solution obtained by dissolving the binder in the volatile
organi ¢ solvent. The above glass may be conprised of a first and second 5
gl ass wherein the inorganic fine powder is conposed of 1 to 30 vol % of a
first glass, 30 to 60 vol % of a second glass, 20 to 70 vol %refractory
oxide, and 0 to 50 vol %refractory pignentg wherein the first glass has a
softening point at |least 50[err] lower than that of the second glass 10
wherein the softening point of the second glass is at |east 50[err] | ower

than the firing te rat Fhe f. e} r t a green
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conduct or conpeyeti PHedA St RESNtHOrBA i canpeaatugdbstrate, and is heated
wi thin the range of ?LgOLerrL to,400[err] to form an insul ator Ial\{er i n
whi ch the organi ¢ matfePTPRCPhel %SGR sa]b%%rf%tﬁsaltﬂ/argﬁﬁsﬁ ape used

in the formation of a barrier-rib for a plasma display
apparatus, comprising the above-mentioned coatable insulator

15 composition coated over a flexible substrate, wherein the
volatile organic solvent is removed by heating.

The present invention further rélates to a method for
forming a plasma display apparatus whose edges are sealed
with a seaiing material and is equipped with (i) a pair of

20 substrates a distance equally apart and positioned facing
each other wherein a plurality of electrodes that make up a
discharge light emitﬁing display are provided to the surface
of at least one of the sﬁbstrates, and (ii) a barrier-rib
that divides said discharge light emitting display, wherein

25 the plasma display barrier-rib is formed by the steps
comprising

a) at least one layer of the above-mentioned flexible
green tape devoid the flexible substrate is laminated over
the surface of an assembly on which an electrode pattern

30 layer of a conductor composition has been formed on a glass
substrate, and is heated within the range of 300°C to 400°C
to form an insulator layer in which the organic matter in
the layer has been partially removed,



5 b) a non-ceram c photoresist layer for use in sandblasting is forned on
the insulator |ayer obtained in step a), and a resist pattern correspondi ng
to the barrier- ribis forned in the region that will not be etched by 5
sandbl asting, c) a barrier-rib structure conponent is fornmed by

sandbl asting away the insulator layer in the region with no resist pattern
formed in step b), and d) the formed barrief-rib structure patterned in
step 10 c) is fired after stripping the resist layer. In a glass system
wherein a first glass and a second glass is.used, the green tape is heated
wi thin the range of,35 f Is S te organic
renoval .. The p?esent§|%£§§é%%é#éﬁggnb S%?%%%%E ﬁg?é? 892@%%t%5d gS for
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sandbl asti ng away I'nsu | 'ayer e Tegion wi
30 formedl¥Pn §@eprﬁlraﬁdaﬂyerh@tnupping -they freshsdt Bpyeke insul ator |ayer

patterned in step Chni § §hEEH system wherein a first glass and a second
glass is used, the green tape is heated .within the range of
350°C to 450°C which causes complete organic removal.
The present invention still further relates to a method
15 for forming a plasma display barrier-rib comprising

a) the above mentioned flexible green tape devoid the
flexible substrate laminated over the surface of an assembly
on which an electrode pattern layer of a conductor _
composition has been formed on a glass substrate, and is

20 heated within the range of 300°C to 400°C to form an
insulator layer in which some of the organic matter in the
layer has been removed, |

b) a ceramic containing resist paste or green tape
layer is formed on the insulator layer obtained in step a),

25 and a mask pattern for use in sandblasting and corresponding
to the barrier-rib is formed in the region that will not be
etched by sandblasting,

c) a barrier-rib structure formed by sandblasting away -
the insulator layer in the region with no resist pattern

30 formed in step b), and ¢

d) the barrier-rib formed by the insulator layer

patterned in step ¢) is fired.



6 BRI EF DESCRI PTION OF THE DRAWNGS Fig. 1 is a schematic representing a
barrier-rib formation utilizing a sandblasting resist that is

phot oi mageabl e wherein the resist is stripped. 5 Fig. 2is a
schematic representing a barrier-rib formation utilizing a sandbl asting
resist that is photoi nageabl e wherein the resist nust not be stripped. Fig.
3 is a schematic representing the assenbly ©f a PDP apparatus. 10 E
Fig. 4 is a schematic representing a sandblasting barrier-rib formation
method. Fig. 5 is a schematic of the internal structures of a DC PDP
apparatus. 15 - _ Bl PESORD (e TIWMNEENTI ON The
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15

The insulator composition (green tape) of the present
invention is a coatable composition obtained by dispersing
an inorganic powder composed of a non-crystalline glass and
a refractory oxide in a solution obtained by dissolving a

20 Dbinder composed of polymer(s) and plasticizer(s) in a

. volatile organic solvent. Coatable herein means a

composition which possesses a rheology of a reasonable
viscosity of about 1 to 25 pascal seconds wherein the
composition is applied to a substrate. For the purpose of

25 producing an extremely clean and defect free green tape, it
is preferable to laminate a flexible substrate as a cover
sheet to the dried green tape before it is wound. Depending
on the adhesion differential between the green tape to base .
film and the green tape to cover sheet, it is possible to

30 peel off the base film first and laminate the base film side
of the green tape to a substrate of choice. Alternatively,
it is equally possible to peel off the cover sheet and
laminate the cover sheet side of the green tape to a

substrate of choice. Various chemical or physical



7 treatments of flexible substrate such as silicon coating or electrical

di scharge or plasma di scharge have been applied to generate the adhesion
differential. Many green tapes utilize ceramc dielectric filler. 5 The
advant ages include [ ower defect counts than in screen printed thick film
"dielectrics, thicker coatings than can be screen printed, and the ability
to i nspect fiInB before they are | am nated7 A typical green tape nust be
stripped fromits backing 10 during processing, which subjects the tape to
forces that can distort the tape. The fragile tape nmust be accurately

regibstered beEQégcJSaﬁwaéf ofieIe dibgtoltelBuaki ak ageseoﬂﬁam;wamg lsnt end
to be expensi ve an ti un1n en it to, heated ro
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phot oresi sts ar aré nore subjected to
lamlnators tend to be expen81ve and tlme consuming, when 1t

is compared to heated roll laminator.
15 Several findings about composition and lamination of
sand blastable tapes have been made:

i) The composition can be quite different from
standard green tape, because the sand blastable tape-on-
substrate (S/B TOS) never needs to support itself. It is

20 always either supported on Mylar backing, Mylar cover sheet,
or on a glass substrate.

ii) Lesser strength is needed, a softer, more pliable
tape is preferred. One that can yield and flow under
pressure. This provides tape conformation to the irregular

25. topography of the substrate and reduces the height of bumps
produced by buried lines and other raised features. This
property is_highly desirable in fabricatiqg a barrier-rib
structure for plasma display panels.

iii) The compositions have a yield point because of

30 the high solids level. This means that they will not flow
until they are subjected to pressure and heat in excess of
their yield point, so that they are less prone to creep when
kept in a roll. Standard tapes such as commonly used

photoresists are not highly filled and are more subjected to
35 Creep.



8 In the tape conposition of the present invention, the tapes are
fornmulated so that they can be |am nated to the substrate by using a heated
and pressurized roll. These conpositions require a higher |evel of organic
content than 5 conpositions that are uniaxial press |amnated as known in
the art. The usual approach to fornmulation of tapes is to use the maxi num
practical amount of plasticizer to mnimzethe anount of matter that nust
be burned out in the furnace. Plasticizers can generally be volatilized
before burnout, 10 w thout pyrolysis of the plasticizer. |In the present

}nvent i On,h taloesI Wi {hotle CE{FET donfpdditioneed tlnebpxeaewpadvémﬁmra fibreal
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oxide of the The components of this composition will be described in

15 detail hereinbelow.

AMORPHOUS AND NON-CRYSTALLINE GLASS
One important criteria of the glass of the insulator
composition is that it is amorphous and.non-crystalline
20 under the usage conditions of (1) a softening point qﬁ at
least 50°C below the firing temperature, and (2) a viscosity
of 1 X 105 poise or less at the sintering temperature. When
the glass that combines the above physical properties is
fired at 450°C to 600°C, extremely good and complete
25 combustion of the organic'matter is possible, and ghe proper
amount of fluidity at the peak firing temperature also
allows both the compactness required of a discharge barrier-
rib and the strength required of a structural material to be-
achieved. The correlation between these two variables is
30 required for the definition of the viscosity-temperature
characteristics of the élass that can be used in the present
invention. The term "softening point" used herein refers to
the softening point measured by dilatometer.
It was found that the glass should have no serious
35 effect on the dissolution of the refractory oxide of the

composition, or, if it solubilizes the refractory oxide to



.conposition, or, if it solubilizes the refractory oxide to 9 an extrene
degree,” the resulting solution nust have a suitably high viscosity at the
firiing tenperature, both at the initial firing stage and in the whole
course of firing. However, the refractory oxi de and pignent nust not be 5
di ssolved in the glass in an anount over 20 wt. % and preferably not over
10w. % Simlarly, the amount of glass wi&h respect to the refractory

oxi de and pignment is extrenmely inportant. If glass having a density of 2 to
5 g/[err] is used, the anount 10 of glass is 30 to 60 vol % and
preferably 40 aw éﬁtm&ﬁe(uegruétluhere&shﬂdéngisoletiemtmugt(hdv@eaand

pi gnent. As togl S S e en the
vi scosity of tT?le g?ﬁég at ther%co(glt %% tgrgg?gfghg ée"‘é‘?a{%{/ %°\§/E‘ 3fnd
l ess glass is heedbeftirh fiwing ﬁ@get ynﬂ5mothteh@hglas@omssa atfatfiivding .| ow.
I'f the armunt ﬂéwebé\ﬁs tife L0 SHWIdry Uﬁd@e%hﬁeglgﬁgﬁ€em@§t dedisigd cation of

t he Iayer not tiai edéi?lr] firin | f is too |arge, the
|l ayer will ecgﬁﬁs? Yo €- éh t thﬁnt BP&tBV%r %% Yhe %h of the
barrier-rib mnptefbamgtyenmttduexkﬁn med 3Q el ectrode spaci ng and cel |l
shape wi | not be pgeg %t%lﬂ* S ‘@1assab§9h°9é§ %’&E ddihd he

conductor | ayer adjacent fo the glas ayer,” creati ens of potentia
shorts and opeR§ FﬂCFﬂEYC%Hﬂ%tﬁ‘% R:"r‘-?“%ﬁﬂtt 48 I@Pﬁté’GV‘é Y %ﬁP@rWQ)‘W ofIfyl ass

makes juncti ongdhkb h&eind] @mﬁswcbmtz)rto?% g@%ﬁ\éedanhyddlﬁﬁe Cithdunt Too

much glass nteap nj c ter e |§ters
in the |nsu+at§% %gygr r?ﬁ é?ré? equéﬁi-Pﬁgﬁﬁﬁabgﬁ gﬁet% 'Vpg | f

t he anount  of ghds§hﬁsrﬁegsndhanl%Orwiﬁa@§0HYu9ﬂmdﬁe@nﬁapegmﬁht beA$cnp
porous and not t%@f ta.scsbenah\asuﬁengecg!,laé@w%ﬂ%qa%% fi*éa%aﬁléé& wRES g8 ed,

the fired tape shoul d contaln anorphous and non-crystalli'ne glass in an
anount of 40 t J156°§dEYopt the glass at the firing temperature is

relatively high, and less glass is needed when the viscosity:

15 of the glass is relatively low. If the amount of glass is
too small, the desired degree of densification of the layer
will not be attained during firing, and if it is too large,
the layer will become too soft at the firing temperature, so
the shape of the barrier-rib will change and the desired

20 electrode spacing and cell shape will not be preserved, and
the glass will also ooze out into the conductor layer
adjacent to the glass layer, creating problems of potential
shorts and opens in the conductive circuits. Moreover, this
flow of glass makes junction with the - adjacent conductor

25 exceedingly difficult. Too much glass leads to entrapment
of organic'matter, which can céuse.blisters in the insulator
layer during the subsequent firing. On the other hand, if
the amount of glass is less than 30 vol %, the fired tape
will be too porous and not sufficientlyicompact. When these

30 changes are considered, the fired tape should conﬁain
amorphous and non-crystalline glasé in an amount of 40 to 50
vol %. ' '

An alternative glass system With 2 or more frits may be

.utilized in the invention wherein the first glass (type I)

35 has a softening point at least 50°C, and preferably 100°C
lower than that of the second glass (type II) wherein the



An alternative glass systemwith 2 or nore frits nmay be utilized in the

I nventi‘on wherein the first glass (type |I) 35 has a softening point at

| east 50[err], and preferably 100[err] |lower than that of the second gl ass
(type 1l) wherein the 10 softening point of the second glass is at |east
50[err], and preferably 100[err] lower than that of the firing tenperature.
Both types of glass exhibit a viscosity of X 105 poise or less at the
firing tenperature. The benefit of having %ype 5 | glass i,s to provide the
mechani cal integrity of the insulator layer after a thermal treatnent

between 350[err]_and. 470[ err] t onpl et el.y renove the organi ubst ance.
Det ai | ed procegéfFEF*qﬁ(AQﬁﬂq(ﬂ€14§eg§§8PP8egi?ﬁsa??di rl%égiﬂ%§ﬁéab%ﬁ t he
barrier-rib foprefexaxbletitIC 1OWREFEWUT CGEHRODEN: FiGVENTteéhperaturet ory
oxi de and pi OMBOE, Usfted Thd N UL 2GR HIRV SN 8B0s 1 £0% ! £ f5 3 sy Bg Of
glass with mhicﬁ ?t S usquﬁls one tﬁgt ?s ?ns%?uﬁ?e ?n gfass E?,Sife
sol ubl e, has 1bes§s2%|the £igGingiYeampprasugessi Bhe. benglit 1ofe haydastype
'colrrp_r: ses ti[péEat@Yﬁé Sto !ﬂrdxﬁidmlet ﬁt&Ehhﬁi&@lﬁBnOégfﬁidefg the s
mul til ayer system the insul.ator er haye nsi,o ar Q[ sti.cs
caut varent ©5 LRgeiaElr TGl (BeEhadotReRERAE ST MERE' Bhe
stability, espéZP¥l Iyp zpmplietielyespmovet bheuprganie supgtiange . Woehadledi s
criterion, thepirgbeasingyingdifativh Bi0Racrabedsehest Bae st Cdeddidin tdiut
t her mal coefflghen% of , expa S|€ngTCE%bof ég% m xture with glass will be
close to the TERCoPATRECEIHE? rE e ey MFE&¢° Speci fi cal |y, -when the gl ass
has a | owet0 TCE than the 25 refractory oxide with which it is used, such
as Al1203, a fihbﬁ?A&&?ﬁXﬁQﬁiﬂ%4i9%%ﬂﬁ§ﬁp as a-quartz or CazZr(3, is used
along with the refractory_oxr de. anwni l e, when glass with a high TCE is
used, a filler withThel BRETEELOLY;Pride fansh Pigmentausedr dnebhe eprayent
mul lite, shoul dnkenusedl, akeggr@lédls of the type of glass with which it is
' used, is one that is insoluble in glass or, if soluble, has
15 as little solubility as possible. When the assembly
comprises multiple layers, it is important in terms of
forming this multilayer system that the insulator layer have
expansion characteristics equivalent to those of the

substrate so as to achieve dimensional stability, especially

20 with respect to substrate warping. Within this criterion,
the refractory oxide and pigment are selected such that the
thermal coefficient of expansion (TCE) of the mixture with
glass will be close to the TCE of the substrate being used.
Specifically, when the glass has a lower TCE than the

25 refractory oxide with which it is used, such as A1203, a
filler with a high TCE, such as a-quartz or CaZrO3, is used
along with the refractory oxide. Meanwhile, when glass with
a high TCE is used, a filler with a low TCE, such as fused
silica, cordierite, or mullite, should be used along with

30 the refractory oxide. _

In order to make the fired insulator layer even more

compact, it is important that the mixture of glass and
refractory oxide have an extremely small particle diameter.

In particular, independent particles should not exceed 15



30 the refractory oxide. In order to make the fired insulator |ayer even
nore ceonpact, it is inportant that the m xture of glass and refractory

oxi de have an extrenely small particle diameter. In particular, independent
particles should not exceed 15 [err]m with 10[err]mor |ess being
preferable. It is preferable for essentially all of the inorganic solid
particles to be between 0.2 and 5[err]m ?ending on the col or requirenent
of the barrier-rib 5 structure, various réfractory pignments may be used.
For exanple, a thin top | ayer of black col or has been used to enhance col or

cobalt . copper 1 r ghERAEERY SF AR Retiler BEe¥eldnt Bl O1F SERANGIRR T
iron or 10 nuifiganeseentyabky uskl Qf)qhaumngngdmlscBoéaﬂoparhamlasnnnrhﬁ

after firing. Y, UBS], dhe above-nentioned inorgani c powder of
gl ass and 15 E§%P§E§o§y oxﬁﬁgggre di spersed in a nedi um obt ai ned by

di ssol ving in a vol ReprBdépgapnctig| r Fesdemendnpbsthe PafE&%Wmﬁ%g)
p'aStlClZerés)st&%@t@&eopbemahsdréﬁf&¢ﬁdﬁy1pmdmﬂh&@cmayubb ased. paFsi Ng

agent, a dlspersant, eeli.ng e n t
agent, etc. 20° pley %I gk’lpaﬁag g?y%%lglfm%rlascﬁ%%g%ggg‘g ?gﬂ\gg %een used
i n conventi onalen@nvedsoflor ganbfastur i Fer sthapteannpgse. whpr@mvﬂv@x%@s

firing at a temecrrﬁtvlérx%ol&'sgﬁo‘ﬁa%ghsaéﬁtaé heoti ndere rbe ieaai, | ibKengd

away in the alr, can be used as the main c b nder Exanples
of this pol ynert3y "SRgeN&sCe PcPAIBE" p%?yf€$$%htﬁﬁ hp&F?PV|nyl

acetate), pol y(ma:tgdneadecmhql be netdytkocgéhetase, blacngllcqﬂe:m thateremains

hydr oxyet hyl 34 é% hyI hydr oxyet hyl cel |l ul ose, and ot her
cel | ul ose-base 0 yners atactlc pol ypr opyl ene, pol yet hyl ene,
pon(nethyI5|onane) pol y(al kyl ene carbonate) 30

poly(nethylphemﬁgﬁmmmggygsmgnggother si |l icon-based

The above-mentioned inorganic powder of glass and

15 refractory oxide are dispersed in a medium obtained by
dissolving in a volatile organic solvent a binder composed
of polymef(s), plasticizer(s), and an optional dissolution
substance such as a parting agent, a dispersant, a peeling
agent, an antifouling agent, a wetting agent, gtc.

20 A wide range of polymer substances that have been used

| in conventional methods for manufacturing a green tape,
which involves firing at a temperature high enough that the
binder can be easily burned away in the air, can be used as
the main component of the binder. Examples of this polymer

25 substance include poly(vinylbutyral), poly(vinyl agetate),
poly(vinyl alcohol), methyl cellulose, ethyl cellulose,
hydroxyethyl cellulose, methyl hydroxyethyl cellulose, and
other cellulose-based polymers, atactic polypropylene,
polyethylene, poly(methylsiloxane), poly(alkylene carbonate)

30 poly(methylphenylsiloxane), and other silicon-based
polymers, polystyrene, butadiene/styrene copolymers,
poly(vinylpyrrolidone), polyamide, high molecular weight
polyether, a copolymer of ethylene oxide and propylene
oxide, polyacrylamide, sodium polyacrylate, poly(lower alkyl

35 acrylate), copolymers and multipolymers of various

combinations of lower alkyl acrylates and methacrylates, and



pol ymers, polystyrene, butadi ene/styrene copol yners,

pol y(vi nyl pyrrolidone), polyam de, high nolecular wei ght polyether, a

copol ymer of ethylene oxi de and propyl ene oxi de, polyacrylam de, sodium
pol'yacryl ate, poly(lower alkyl 35 acrylate), copolymers and nul tipol yners
of various conbinations of |ower alkyl acrylates and nethacryl ates, and

12 various other acrylic polynmers. Copolynpss of ethyl nethacrylate and

met hyl acrylate, and terpolyners of ethyl nethacrylate, nethyl acrylate,
and nethacrylic acid have been used in the past as binders for slip molding

5 bst
grezg faggcgznﬁ%%gi o%hﬁgﬁfg%?kﬁhgngﬁly§gf§Lg?ﬁﬂﬁiture( of 09?3 hgoamﬂ %
of a [err] to Pefhjcryliane ﬁ@@h@@F?VétécrE1§6310@P PE e&hydrr]

al k)él afr yl at en&e@mhlqgltété e tHoyaf af@ﬁ.*ylgte?t auaaﬁ@tmmwwf albee
carboxylic acid or am s prefer of a

monof unct i onal P h‘é%"’r‘i)l’éi éﬁﬁﬁ’rﬁ?&é‘& %;}n?ﬁ oé‘\}ﬁ% e rucxﬁjral fornul a
(Chem cal For neblastianags a pol y(a- nethylstyrene) that mnll burnout extrenely

cleanly and not |eaye ADY, & 19845 tlaSurseSngsnw bigadAs oyt QIse' a¥ela
even at a low firing tenperat re o 400 to 650[err |n an oxi dizin

at nosphere. { CHERER aFap® reRMrReSEd [Qf Wﬁ?FﬂPlFeWP} spolymer m%WF%4ﬁ§s) of
above-nenti oned gethacrytie 6mnunu¥,tdlm% alkgar henhausylaeee @ vioo Ar0Q Iwtee

1Yo Lo SHB S SIS PR I MAs g G Elegen g preeent
nmet hyl 10 ethylene- based unsaturated carboxy 1c acid or amine.
It is preferable to use a polymer of a monofunctional
methacrylate expressed by the following structural formula
(Chemical Formula 1) or a poly{a-methylstyrene) that will
burnout extremely cleanly and not leave any carbonaceous
15 residue in the insulator layer even at a low firing

temperature of 400 to 650°C in an oxidizing atmosphere.

{Chemical Formula 1}

CHsa

CHy=C—C=0

C
|
O
|
C

20 In the above-mentioned methacrylic monomer, the o-
carbon must have two or three hydrogen atom substituents,
depending on whether a fB-carbon is present. If there is no

f-carbon, this is replaced by hydrogen atoms, as in methyl



13 nethacrylate. If there is a [err]-carbon, Rl, R2, and R3 should be

I ndependently sel ected from anong al kyl, aryl, aral kyl groups, or, if one
of the three R groups is a hydrogen atom the other two should be sel ected
fromanong al kyl, aryl, 5 aralkyl groups. These two types of polyner
shoul d be honopol yners, or, in the case of a nethacrylate polynmer, should
be a polyner that has only nononers suitabj® to the above criteria. These
two types of polyners may contain additional 10 types of conmononmer in an
anount of |ess than or equal to 15w. % but preferably 5 wt. %or |ess.

This additi on .or fq.s;g alt'@Pr oyede fape 0xkdat y@a%ﬁ)u:ﬁ | OR, chapack rgﬁéum
Exanpl es of the a onal nnnonerselnclud% et unsat rate%

car boxyl i ¢ aciks Hsterendeas lyasegrsted, £Xe9 MR %Xg 135 Ky, r ALt PEREKY di nyI
acetate, and agFoipEy @, i% Wnleablfy Lhet bhrepokygrmtsps hiagt adch}ndm'bgﬁaetatome
above criteri such as homo oI I ot

nononer s, canagﬂ e, &9 §§5§f% ggggggnﬁgﬁérs r# %Du%tyﬂéss t han
or equal - t&)]ﬁka&kﬁb FRenwrsdl ess of whet her these 20 addltlons make up a

separate polynmer orrdss GRS alyrd ioF pbogyRekyBRAulaaE Kdmdgtl yiieraGi ml
conmponent, it is er(ranqﬂ'lssseéﬁl%ﬁe for them é-?*tgjgg M‘tngfsne% ?%43?%}32%% 4
substance to the &he pr ) an
preferably 5 wehit Bistdely Qicatom@sghiumrhkﬂleetnonbaeabo% cypytesdi®- in the
measured at 20] or | NSy A e pfYifes hay) EoRLASh add SRl q

pol ymer inl®0 kypes qﬁtmm@mm%mlm|m ametd ofe 1§65| EBRR OF 1A & X0 T hat

it will have 3Q¢. aéeqyatepb@f@tmysts afdt v orThese.ar ehie paditiod ar
restrictions on the u

| |
pol yner t hat h&§°¥ﬁdFEtF?RE?%eélg%%§Pf JR%EG%%%Mggggb gg%aéég%ngirable
in terns of avaixdimpdepr obl ehs mddhtsmtaﬂmmortqmemtdmcrl@d@sethlanml yner
that has an 5° JCELISLEe LEPOSKIY10 a0l (h Shiifeso dBEgaUEES, otyrene,

partlcularly good resu resent 1nvention.
acrylonitrile, vinyl acetate, and acrylamide. Similarly,

other polymers that do not meet the above criteria, such as
homopol?mers and copolymers of these other monomers, can
also be used instead of the comonomers in an amount less
than or equal. to 15 wt %. Regardless of whether these

20 additions make up a separate polymer or are contained in the
polymer chain of the principal component, it is permissible
for them to be contained in the total polymer substance to
the extent that they do not exceed approximately 15 wt. %,
and preferably 5 wt %, of the total weight of the monomers

25 present in the system. .

Whichever polymer substance is used, its intrinsic

viscosity measured at 20°C in methylene chloride at a
concentration of 0.25 g polymer in S0 ml of methylene
chloride should be at least 0.1 poise so that itlwill have

30 adequate bonding strength. There are no particular
restrictions on the upper limit to the molecular weight, but
the use of a polymer that has an intrinsic viscosity of 1.0
poise or less is preferable in terﬁs of avoiding problems
with solubility, and the use of a polymer that has an

35 intrinsic viscosity of 0.3 to 0.6 poise produces

particularly good results in the present invention.



14 PLASTI Cl ZER At | east one type of plasticizer that wll contribute to

| onering the glass transition point (Tg) of the polynmer 5 substance is
used. The plasticizer helps to ensure the | am nation of the conposition to
the substrate. It is preferred that the boiling points of the plasticizers
be close to 300[err] in order that they remain in the layer as the volatile
solvent is driven off by heating. Neverthelhgss, it 10 is further preferred.
that the volatility of the plasticizers be such that they can be renoved
fromthe systemby sinple heating if it is desired to reduce the anmount of
pl asticizer. Wth acrylic binder, for exanple, plasticizers can 15 include
di butyl phthalate and other esters of aromatic acids; esters of aliphatic
pol yaci ds suchERBSELCIABRty| adipate, and nitrate esters; aronatic or

aliphatic acid esteng méagty@@é tyase Yol plldativiies! yhakswibl i bt oute

‘pol yol s; al kyl £an chlorlnated ara S
sul f onani de typé’sq(? ggugég ga#‘?‘ls AL E XA & mﬁséfrgg 8fp€x&%t?%r%?’% are
advant ageou$ f @rubglteat!er iki gheduni 'Eln@ ypassriajeest disilbst foamusenyi tlmnent aI

operating lati tl%@lﬁna‘?.'ibn”ek Eﬁgué&ﬁﬁosﬁlidrﬁtﬂ& t@:lea%hb%k:?sﬁﬁé ' “fé uge:
gl ycol, triethyle

ate, triethylene ycoI roprlonate
trlethylene gI?E@FeﬁgEQpFPPEtEhet??%i+ﬂﬂe§ﬂ% s G t@@ngﬂﬁﬁFlg%ﬁgF
triethyl ene gl ydasebits( 306tdyihexadmatthat tékyaechuianéngtyedlayer as the

di hept anoat e RALMLINYBAGAALYER! kr il WLEE T Gl qxggol WIGRkhoPLDE! 1

I sopropyl napht hal ene 856 ropylene
gl yceryl tAPbutiy aﬁuerth@lrepwyrfemasat:bat d‘f—]é% h‘{@laééldd'ctéit e &hsup}asgy@ezgté

tributyl phosphad eudy ithia?- ehBy BaxYbePhereved eﬁrém equaymwb dspRgny!

prosphat e, 11 acetifl, ogtyl, Pl sle, TEL5(Z Ryl iy Jghotphare and

"plasticizer.
With acrylic binder, for example, plasticizers can
15 include dibutyl phthalate and other esters of aromatic
acids; esters of aliphatic polyacids such as diisococtyl
adipate, and nitrate esters; aromatic or aliphatic acid
esters of glycol; polyoxyalkylene glycols, aliphatic
polyols; alkyl and aryl phosphates; chlorinated paraffins;
20 and sulfonamide types.can be used.

In general, water insoluble plasticizers are
advantageous for greater high humidity storage stability and
environmental operating latitude, but not required.
Suitable plasticizers include: glycol, triethylene glycol

25 diacetate, triethylene glycol diproprionate, trietbylene
glycol dicaprylate, triethYlene glycol dimethyl ether,

- triethylene glycol bis(2-ethylhexanoate), tetraethylene
glycol diheptanoate, poly(ethylene glycol), poly(ethylene
glycol)methyl ether, isopropyl naphthélene, diisopropyl

30 naphthalene, poly(propylene glycol), glyceryl tributyrate,
diethyl adipate, diethyl sebacate, dibutyl suberate,
tributyl phosphate, tris(2-ethylhexyl)phosphate, t-
butylphenyl diphenyl phosphate, triacetin, dioctyl
phthalate, tris(2-butoxyethyl)phosphate and phosphates such



15 as di cycl ohexyl phthal ate, dioctyl phthal ate, diphenyl phthal ate,

di undeeyl phthal ate, butyl benzyl phthal ate, 2- ethyl hexyl benzyl

pht hal ate. The use of a plasticizer that will cleanly volatilize 5 along
wi th a hi.gh nol ecul ar wei ght polyner and | eave essentially no residue
behind is particularly favorable. An exanple of such a plasticizer is
benzyl butyl phthalate. The use of this cogound allows the plasticity of
the binder. to be adjusted, the resulting green tape will be suited for 10
| am nation on the substrate with the conductor lines, and the green tape

w11 not be tog %&fch;&bh@?_lv\ﬁﬁkhépét@?r@ié 1 PrcHQldle a@phengl t he

bi nder, |nclud|nqéh1e pl as |C|zeﬁ conta£ned t erg# nua; %Ehﬁgf;|C|§nt to
obtain 15 godRhihatateri SAVRAGCKE gRRERALACE n R g?ﬁﬂzﬁ’ 5 &tCnot "~

si gni ficant|y gweidrxiyle benlzlilnghahmbateof the inorganic solid powder. If
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shoul d accéuntalong fwitiB® thigh0 mpdecydannde gt cpabyyer@nd 5gveol 9% of
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pl asticizer can also be nodified_to _enhance, reen e si.on e

cover sheet tcCFRABRECESHGHG d’é@@&t‘é’%ﬁﬁhlﬁsgﬁﬁ?xﬁ"é%?fﬁt}%qﬁgﬁf&'s i

premature 25 deéast neiiocaipandealdosst theoplabeigieenof dpje HIRGEN Co

o yoor (o) ©F PBE SaPRLUEdl dike RN ARG Babel! LapBIPLENSE Vol iSapIseR: Do
s), "and any addi tives 30

pol ymer (s), plasticizer n /es t hat are added, and, t hat
have a hi g endaghnebion | ¢n ighe CURB @RS MWALE] thEagPRJUBYOF et LG8 re 3P

| ow- | evel heat kR §tedhNPEPHNiTL HASBY &oollBioFrsekvesd wesk £ds0 have a
boiling point that_is | ower than any of the other additives contained in
the conpositiof®P8 iRt es of such sol vents

The total amount of the binder, including the

plasticizer contained therein, must be sufficient to obtain

15 good lamination and high green tape strength, but must not
significantly reduce -the filling amount of the inorganic
solid powder. If too much inorganic matter is contained in
the green tape, sintering and compacting during firing will
be inadequate. For this reason, the binder should account

20 for 30 to 50 vol %, and preferably 40 to 50 vol %, of the
volume of the green tape, not including the solvent. The
level of plasticizer can also be modified to enhance the
green tape adhesion to the cover sheet to prevent coating
defects such as wrinkles, air pockets and premature

25 delamination of cover sheet from the green tape.

ORGANIC SOLVENT _
An organic solvent is selected that will completely
aissolve the polymer (s), plasticizer(s), and any additives
30 that are added, and that have a high enough volatility to be
evaporated readily by relatively low-level heating at
atmospheric pfeséure. This solvent must also have a boiling
point that is lower than any of the other additives
contained in the composition. Examples of such solvents
35 include acetone, xylene, methanol, ethanol, isopropanol,
methyl ethyl ketone, 1,1,l-trichloroethane,



35 include acetone, xylene, nethanol, ethanol, isopropanol, nethyl ethyl
ketone,* 1,1, 1-trichl or oet hane, 16 tetrachl oroet hyl ene, anyl acetate,
2,2,.4- triethyl pentanedi ol -1, 3- nonoi sobutyrate, toluene, nethylene

chl oride, and fluorocarbons. The individual conponents of the solvent need
not be perfect solvents of the polynmer 5 substance, as |long as they
function as a solvent when m xed with the ggher sol vent conponents. The
green tape-of the present invention is a tape of the previously nentioned

i nsul ator conposition, such insulator conposition that has been coated onto

a flexible 10 +3ubathebfocSMPAILRS, AnfAPRRYeLRBL! 81 284p0l ymer film to form
a | ayer having a,uanornlthickness, d wherein the'volatile organic

an

sol vent has be&RiGENELPERLARLURL 1o MIAROREGRUEHF AL Ly BP LRGP AS thY Lense
heati ng tenper ahdbeids, aahénPphuiciodrbaisaw tthe hadiviiguadi SémPdnents of
deconposi tion iLn e_Di 5 C onent Too high, of t enperature
I s undesi rabl ng‘Scéﬁgiée%‘F %%%é;grgétbh%tpee%&t ‘Fﬁ%vﬁggrgi 8?-?1?% ?(?)]r%? I on

met hod of the pudssancenventlorgias Hdwy fomctdoenbkeasei aglvent wken mixed

characterized RythhendsgtRéy! 61PN Cadiipilrieitad green tape of the present
20 invention. The %Lesent i nvention Is presented in detail while referring
to Figures 1 throughPS, SHRAERNCRPE RF (e Dresednd iRVERLdANalea? neRRe Rf anode

is formed on omheobrektopaly wénglased silailaids compesittiba, f sesh and back

Phe gi ass substraraasetlabRfortbiGRANIA, Hhu Hhor cBLELrRabL?a HERIOTE O

referred t&0%as Subgtrasgneburh Fhea fePPRRF Rpltefoar & pPelpmgar £13m, (BO1form A

term nal el ect rodayésetalohgest @hDpbrh NEhicidlsd,S and @ reint BRe J888tile

substrate. (30%&§anicAgoigggg ng £§e£9&8$§Lf¥5§JHEgﬁﬁ“%e%%Q%hr%}Sm said
layer by heating. The heating temperature is a temperature
below the boiling point or decomposition point of the binder

15 component. Too high of a temperature is undesirable because

it causes blistering.

The barrier-rib formation method of the present
invention is based on sandblasting, and is characterized by
the use of the above-mentioned green tape of the present

20 invention. '

The present invention is presented in detail while
referring to Figures 1 through 3, which illustrate a case in
which a cathode or anode is formed on one of the pair of
glass substrates, i.e., the front and back panels, that make

.25 up the PDP apparatus, and a barrier-rib is formed on the
glass substrate on which the anode has been formed.
(hereinafter referred to as "back panel"). The following
refers to Figure 3.

(301): A terminal electrode used for external input
30 is formed on the glass substrate.

(302) = An anode bus is formed on the same substrate.

(303): A direct current control resistor group that

is electrically connected with the anode bus formed in the
previous step is formed on the same substrate (when a
35 substrate with no resistance is used, this step is bmitted).



(303): A direct current control resistor group that is electrically
connected with the anode bus forned in the previous step is fornmed on the
sanme substrate (when a 35 substrate with no resistance is used, this step
is omtted). 17 (304): An insulator layer that electrically insulates
the bus fromthe discharge space is formed on the anode forned in (302).
(305): An anode pad is fornmed at the opﬁging in the 5 insulator |ayer
(304); the.anode pad remains exposed to fofma pair with the cathode (307)
responsi ble for the voltage di scharge. (306): A barrier-rib that defines

~a discharge region (inmage cell) s formed.using _an _insulator .cQnposition 10
corresponding to th§33‘b iti orﬁ%f“{%aﬁgﬁ YPT AR L NSHES Y TR Yup to the
previ ous step. inBusabes riles -bud Hreomathieodiscbprgenppasesis koxfngd oni kde

steps (see Figur ) éﬂgge (101) is forned on a glass substrate
(102). 15 QnSF% ?o#ﬁ%adﬁgen t'ape (103) of the present invention i
| ami nated (the numbé?O0%}: | ayehr ancdsinad dé fosmed rhnbRe PPHMEY o1t

\[Nher ]e'rr;] t heg de%hgla@heogrfspef apﬁo%)ayaiﬂes)adoﬂhm' :aj fretA&ns asgeonsd 1 fiarn300
err over the | Qwer  siructure fornme t he al as u r o dNE:
structure is tﬁeRaHEaWéﬁhzﬁhewf?Fﬁ?ﬁii{ééﬂ;aaﬁsﬁ§&§ﬁ§}§]2§% g%%[%ﬁr 9%
renove a contr dilsebhkegée. g., 60 to 80 weight % anount of organic material.

The green tape |ayerspg)ref erfefdalo; &5 4ie disulalandsaueni sbrRRAG Agy thHoN
the specification of resultant barrier-yib structyre, the bottoml ayer(s)

may have differléfagenselad ois2E0rRedpasing A MBHha er COPPPEYELST For
exanpl e, the beidra@spanaingayoCenéapds it ivh Nef ahd hesimitprr ehdaghody oxi de

ot o LR SO0 B BB 690yl i g iecson
sandbl asting resgiegt qohslises the following steps (see Figure 1).
1a - An anode (101) is formed on a glass substrate
(102) .

15 ib - The green tape (103) of the present invention is
laminated (the number of layers is selected from a range of
one to three wherein the desirable green tape layer(s) is
within the range of 100 to 300 pm) over the lower.structure
formed on the glass substrate. The structure is then heated

20 within a range of. 300°C to 400°C to remove a controllable
(e.g., 60 to 80 weight %) amount of organic material. The
green tape layer is referred to as the insulator layer.
Depending upon the spécification of resultant barrier-rib
structure, the bottom layer(s) may have different insulator

25 compositions from the top layer. For example, the:bottom
layer may contain alumina as the only refractory oxide and
the top layer may contadin alumina and cobalt iron oxide to
produce a black color at the top of the barrier-rib.

lc - A photoimageable sandblasting resist (104) is
30 applied to the uppermost portion of the insulator layer.
1d - A resist éattern (105) is formed corresponding to
the region in which the insulator layer is to be left behind
by sandblast etching. '
le - An abrasive material and air are sprayed
35 simultaneously from the nozzlg(s) of a sandblasting machine

from above the sandblasting resist layer, the abrasive



30 applied to the uppernost portion of the insulator layer. 1d - A resist
pattern (105) is fornmed corresponding to the region in which the insulator

| ayer is to be |left behind by sandbl ast etching. le - An abrasive materi al
and air are sprayed 35 sinultaneously fromthe nozzle(s) of a sandbl asting
machi ne from above the sandbl asting resist |ayer, the abrasive 18
material collides with and cuts into the iwesulator |ayer in the region
where no resist |layer has been fornmed and a barrier-rib is |eft behind
after sandbl asting defines the inage cell of a PDP apparatus. 5 I f -
The sandbl ast il3@er@silstollayaesi @ishrampechtanantolghe Theubatoretayeb imus

formed is fir (106).. Wil e keeping. , t n
alternative sftgl? (rﬁ%mﬁ‘ayhsaeuggdrgglg%gg%%theajﬁcye%ﬁl E%gaggfﬁg‘?i ?)n of the
barrier rib. IXrrrier-ribhis Teétgbebind apkten ceyndrlastdngr deéhpepnbbati on

is |am nated ({aehwEher off ol 8per spparsehgcted froma range of one to three

wherein the desirable green tape_la erés% is within the range gf 100 to 300
[err]m ovér the | der §?Fu@?ﬁ@€lﬁﬁiﬁﬁ bRetHe %ﬁ¥ﬁﬁ;¥ﬁﬂiﬁ?ﬁgpg. THay-
structure on whi ch B -15hd haurdeerribyehusafolmesh forfiped J186at.edWhale
between 3500 erflet 0 UGS b0 LOTRYERA! Lol 1412 T CAMNL S HRAC]1871
soften or melt gIass |°andl of part “6f glass T{. The green tape_|ayer is
referred to asmahebe gt supssitubepdhdingtheofeXmatigh QF itdst Pexrder
resul tant barrigp-rib structure, the 20 bottomlayer(s) nay have different
may cont % al um natie” (HEE GHISFT SRBEL(aP7) R dER G SHET O
contai n al um naamaidacedalthe rmomisx ¢f tlayersdisesalotbed Lxwra arandee afo
of the barriergfibe,28nyee wktégfyir? RelsiirhBef ﬁf@éﬁet&ﬁédléfbxtﬂﬁ figel d of
ordinary thick Trimhybrid I can be used for the firjng, Typical

within the range of 100 to 300 pm) over the lowgg)structure

formed on the glass substrate. The structure on which an

15 insulator layer has been formed is heated to between 350°C
to 450°C to remove all of the organic substance and soften
or melt glass I and/or part of glass II. The green tape
layer is referred to as the insulator layer. Depending upon
the specification of resultant barrier-rib structure, the

20 bottom layer({s) may have different insulator compositions
from the top layer. For example, the bottom layer may
contain alumina as the only refractory oxide and the top
1ayef may contain alumina and cobalt iron oxide to produce a
black color at the top of the barrier-rib. '

25 Any common firing furnace used in the field of ordinary

" thick film hybrid ICs can be used for the firing. Typical
firing conditions involve keeping the structure at a
temperature of about 400 to 650°C for approximately 5 to 20
minutes under suitabie air flow and exhaust conditions.

30 There is a close correlation between the firing temperature
conditions and the thermal characteristics of the amorphous
glass and refractory oxide in the insulator composition of
the green tape, and the firing conditions should be modified
according to the material being used in order to obtain good



firing conditions involve keeping the structure at a tenperature of about
400 to 650[err] for approximately 5 to 20 m nutes under suitable air flow
and, exhaust conditions. 30 There is a close correlation between the firing
tenperature conditions and the thermal characteristics of the anorphous
glass and refractory oxide in the insulator conposition of the green tape,
and the firing conditions should be nodifiad according to the materi al
bei ng used in order to obtain good 19 barrier-rib performance. Dependi ng
on the firing conditions, part of the anorphous glass in the insulator
conposi tion mapagtyekraklibzpedfor®ihce TheDdpamtimal wne thke¥aking rate until

the peak 5 tenperature is_reached oul d ke ut. 10.to [ er er
m nut e, but neggn 1e189§0I§§F§ gn%%?a.%ﬁ%ﬁhﬁ&g) %g%géhigggoﬁ%%%%% o]f)resent
in the green t&ospositivanpayactuystalbize iam weltle shoul d be sharply

decreased to avoid qﬁ@uggﬁgkg%ggreaéigwag{gﬁﬁ}ggga qgeﬁgbubgaﬁhould again

be raised 10 at a rate tha es I.nto account pro uct|V|t§b.

si nterabiliPy, SrPerpturesisongached; shewkd ¢ APV th% tor §aT PHatter in

t he green tape nimute,aduempeaghetesppoblyyisnteummeeatanmploft ehg. oRgatiai ng
to Figure 3 (306): The back el, 1 C d i,n the st as shown in
Figure 1 is suﬁ%%gggégtaﬁrgsgggc%Pigh%o§?$%%g€£ ehﬁ%ﬁ%%ﬁﬁé&%%ﬁugﬁ whi ch a
cat hode has beelevatriom (3¢®) shohddeby abavpdy | drrregred to gvadd sbisyptat es

(309) in which @ HREPF AN ch30BE EONPERRERE SHALIN dYaie Bk R¥seql or
S dep05|t§§bon t he 1 nner surfai%FZO of the |n§?e<§ells..g§10): The edges
of the asséftbl V4§ i % tabaitd JPEOs2EHBYRT HEVFE UrtYanged opposite
to each ot her asimtsealldd itsi,n@ta .l oWhiel alhgwpotid paiser=omjpesiofi ahe f or

exanpl e, and fiéﬁ%ﬁc %ralcoc‘h%rt PR YrEenZPape to bé Hddomg) IERA2HILHAS
I's charged into the cell that
and more completely. _

Returning to Figure 3 (306): The back panel ‘

15 constructed in the steps as shown in Figure 1 is superposed
at a specific position on a front panel on which a cathode
has been formed (307), thereby assembling a pair a glass
substrates (309) in which a phosphor layer (308) to generate
green, blue or red color is deposited on the inner surface

20 of the image cells.

(310) : The edges of the assembly in which a pair of
glass substrates are arranged opposite to each other are
sealed using a low melting point glass composition, for
example, and fired at a low temperature.

25 (311) : A discharge gas is charged into the ce}l that
was sealed airtight creating a gas discharge section.

A PDP apparatus-cell can be manufactured by following
the above. _ .

- In the above-mentioned first method for forming a

30 barrier-rib for a PDP apparatus (see Figures 1 & 3), a
sandblasting resist is applied to the uppermost portion of a
laminate of a green tape, but instead of using this resist,
a sandblasting resist (204) is used that contains a
photopolymer, monomer, and a photopolymerization initiator,

35 and contains a relatively lafge amount of resin component

which provides resistance to sandblasting but it also



was sealed airtight creating a gas di scharge section. A PDP apparatus-cel
can be-manufactured by follow ng the above. In the above-nentioned first
met hod for formng a 30 barrier-rib for a PDP apparatus (see Figures 1 &
3), a sandblasting resist is applied to the uppernost portion of a |am nate
of a green tape, but instead of using this resist, :a sandbl asting resi st
(204) is used that contains a photopol yner2o nononer, and a '
phot opol yneri zation initiator, 35 and contains a relatively |arge anount of
resin conponent which provides resistance to sandblasting but it also 20

contains a hi ghyrammwat aoixi?haﬁﬁoﬁﬁé/@f ST Yt icelramivhpabryel éssi nter
during firing. Th?Let re, ,this resist dpes not aveé;o bet Lriggeg %see
Figure 2). De §idd sfptes) gPriRg F R e X6 Iiﬁgr Fithe
resultant 5 hived erotr havet tocber strippedi (sap digurneaygdr. mdgpendinyg aot

contain ref racékg‘{]gcﬁmfggiggp‘eﬁg %Qetgéa{_:g% %&%ptof e Hehghesheps are

the sane as in “above-mentioned barrier mati on met hod. Because
there is né neeartiemiyikp ssructrEesahBbP aRFRATRIS L3RR &Y, FhBRYuPPENt
method is simpdeitdih AdEadderympibfenel shthuie the GIAEC gHyment ."aThe

production efficiency are enhanced. Wth the nethod of the pr nt._s .
i nvention for PR iFPDHAE FrisﬁlmFoFSalﬁDE’g%p% WU e ell%zg)agflteﬁe

green tape whicib ofexgatatass nathdde | Beghuser thenpois themesd tUee strdperf£15

invention, notyQoly,k@SiddiSidd ddiikCipageerii £RE NEb¥roht O KA NileLisikipl exbut
also sinmplifies the process and shortens the work tine, and part CLé|.8.I‘|y

t
i nproves tHe eFhaR| Ehe methpd) Qfc £88YTEn 39 EReRECGESE nand SRt SIS L.
Theref ore, theefstcbéndpeardsadlaimred.onpositi on or green tape of the 20

present invention, Etﬁftl%%‘em%ﬁ{cfd e W %@e@@hk%n@ﬁ@?@n%of e R GREY
I nvention, nmakes it possible T0 1ncrease throughout rn mass production and
further increabangieherib for a PDP apparatus, the use of the green tape
which originates in the insulator composition of the present
15 invention, not only results in thickness uniformity of the

barrier-rib, but also simplifies the process and shortens

the work time, and particularly improves the efficiency and
process management of the sandblasting step. Therefore, the
use of the insulator compogition or green tape of the
20 present invention, or of the barrier-rib formation method of
the present invention, makes it possible to increase
throughout in mass production and further increasing the
size of the PDP apparatus at fine pitch. _
Up to this point the description has focused solely on
25 the formation of the plasma display apparatus barrier-rib of
the present invention, but the makeup of the insulator
composition.can be varied and also used in the formation of
an overcoat for the insulator layer of a plasma display

apparatus.
30

EXBMPLES

The present invention will be described in further
detail by giving practical examples. The scope of the
35 present invention, however, is not limited in any way by

these practical examples.



size of the PDP apparatus at fine pitch. Up to this point the description
has foeused solely on 25 the formation of the plasna display apparatus
barrier-rib of the present invention, but the nakeup of the insulator
conmposi tion can be varied and al so used in the formati on of an overcoat for
the insul ator | ayer. of a plasma display apparatus. 30 EXAMPLES The present

invention will be described in further detghl by giving practical exanples.
The scope of the 35 present invention, however, is not limted in any way
by these practical exanples. 21 Exanples 1-3 1) PREPARATI ON OF

| NSULATOR COWPCOSI Tl ON | nsul at or conpositions were prepared by ball mlling
5 the fine ingrganjc powders and binders, in a volatile organic solvent
wi th the conpo - in TABLE 1. To optimze |am nation,
patternability}l)bur PREPARETIEN tOFE h g e integrity, the
foll owi ng volunme re h|p have een found to be. advant They
w Il be converted |%§%u§£¢g ht ?ﬁﬁ%ﬁﬁ]l%ﬁ§;W%§e PF&??FS& Yy%gggmulllng
conposi tions. ¥he Ehvegindrgmespawddrsargs himdérso have vokpebidic
gravity of 4.5.3gdnibesyhést eww_ﬁ'un_e aﬁﬁwgﬂﬂoash@newﬁ SROgARLE Lensity
u

of 1.1. 15 Yo I norgani c
phase 55% t ypi €Q Optimize 1%mené%&ﬁqnnpahﬂeneeh}ﬁﬂszt|E%rnout17 31%

practical O gaproppltaies, and f#b8dtspiecure 1ntegr1E??6thél£ﬁllo%iﬁﬁﬂ<:Ie)
o5 95% D act [ Qs uncS 3 03 BREELL Al 2N DE LAB8 LayaaLLy g0t o

fromslip gsee exa must” Inc Sent
They will be converted into weight percentages to illustrate

typical compositions. The inorganic phase will be assumed
to have a specific gravity of 4.5 and the vehicle will be
assumed to have a specific density of 1.1.

N

13 Weight % volume %
Inorganic phase 55% typical; N 23% typical;

' 45-65% practical 17-31% practical
Organic phase 45% typical; 77% typical;
(vehicle) . 55-35% practical 83-69% practical

20

Since the tape is usually coated from slip (see
examples), the recipe for the slip must include solvent
sufficient to lower the viscosity of the coatable slip to
under 10,000 centipoise; typical viscosity ranges are 2,000

25 to 7,000 centipoise. A typical slip has two to four weeks
storage stability before coating. Due to the high viscosity
of the coated tape, they are usually stable once coated.



sufficient to | ower the viscosity of the coatable slip to under 10, 000
centi poise; typical viscosity ranges are 2,000 25 to 7,000 centipoise. A
typical slip has two to four weeks storage stability before coating. Due
to the high viscosity of the coated tape, they are usually stable once

coat ed. 22 TABLE 1 Conponent _ Ex. 1 Ex.
2 ~ Ex. 3 glass frit : 22 33w % 30 Wt %

24.3 wt % (vol %glass frit in tape) 56 vol % 50 vol % 39 vol %
al um na 21 Wt % 24 Wt % 29.7 wt % (vol %
alumna in tape) 44 -vol % 50 v%%l 61 vol % pol yacryl ate

11 wt % 11w % 11 wt % di butyl phthal ate 11w %
11 wt % 1 $omgensat cet one/ et hyl acet ate nfXed 2 Exgt2 o Bt %

24 W % sol vengiddwesgitass frit in the above sakiexrhad the wkot| oW NR4T3 we &
conpositions in Lght .% _ZnQ . 8.0% [err] 5.0% [err 65.0% 10 _
[err] 12.0% The ‘f"llng 91383 9%5% c}nptéa\‘/&férs havi %‘1% vt°ﬁtla‘ foll (%ﬁivr?]é "speci fi% Vel ¥
surface areas \nél_ﬁeinased as the inorganic m crbpttwelers. 2% wWH &iss fri29.7 we %
3.5 [err]/g al UMA & alumina 1n%ap€f 7]/ 0 PREPARAThGN OF GRERN TAPE 20 o1 +
An i nsul at or COf’TOSItI on prepared as set forth in.section 1) above was
coated over a FOI¥ASEYHA*%fiImwith a thicknesd*df ¥ nmi| thait had undkr gbre a
silicon treat nedbutyir gicbbabstee: Myl ar, nade byikt ¥. du Rondt de Nenowr scand

Co.) such that Jtbe, thlGkResscole WifedOMPOS thon,mhen et ugs, 26 we &

solvent

The glass frit in the above table had the following
5 compositions in weight %.

Zn0 8.0%
Si0g 15.0%
PbO, 65.0%
10 By03 12.0%

The fine inorganic powders having the following
specific surface areas were used as the inorganic

micropowders.
15 ‘ .
glass frit 3.5 m2/g
alumina 1.2 m2/g
PREPARATION OF GREEN TAPE .
20 An insulator composition prepared as set forth in

section 1) above was coated over a polyester film with a
thickness of 3 mil that had undergone a silicon treatment
(trade name: Mylar, made by E. I. du Pont de Nemours and
Co.) such that the thickness of the composition when wet was
25. approximately 15 mil, and this product was then dried at
room temperature to evaporate 80 to 90 wt % of the organic
solvent, which yielded a green tape with a thickness of
120 pm.



25 approximately 15 m |, and this product was then dried at room
tenperature to evaporate 80 to 90 wt % of the organic sol vent, which
yielded a green tape with a thickness of 120 [err]m 23 FORMATI ON OF
BARRI ER- RI B ‘Usi ng the green tape prepared above and the nethod described.in
Figure 1 or 2, specifically a 380[err] to 470[err] 5 heat treatnent, about
80 wei ght % of the renmining organi c phasey4i.e. polyner binders and

pl asticizers) were renoved and a barrier rib was formed on a gl ass
substrate after sand bl asting. The above green tape | am nate was subjected
to a pencil 10 scratch test according to JI'S K 5400-1979 (JI S general

paint testing nethod and the results together with the dinensions of the
sandbl ast ed balf'pe Yo BSBRIERGBALt er firing, are given below 15 :
TABLE 2 Ex.1 EJ%J.I% the gx@én BapPengirkpagedt sbotesind the mettod 9H
9H Barrier-rib_ di nensi on _bef.ore firin h ° 220
Wdth ([err] rr)d S%0+°e edt %I ure 1 o 08 ngr%é%-gg%‘]blﬁlzaonesnasq gnggff‘er (%I ring
Height ([ery] n)neati&ﬂreatmexﬂtﬁS about 8p8wedghth%(pErthe)remsining orgagdc

83 Barrier-ribygl 1AL bibkders &nd plastlcﬁéﬁﬁ%réj%rﬂoved
([err]m In the-ta Ie val ues for the barrier-rib d}%‘gensmn

aver ages of vaﬁﬁésao‘m%ﬂ% HpP sedmedart fedidfs nguaprrats rs sgnd
randomin the Baastefglib forned by the first and second net hods.

The above green tape laminate was subjected to a pencil
10 scratch test according to JIS K 5400-1979 (JIS general paint
testing method), and the results together with the

dimensions of the sandblasted barrier-rib before and after

firing, are given below.

15 TABLE 2
Ex. 1 EX. 2 Ex. 3
Pencil scratch test 9H 9H 9H

Barrier-rib dimension before firing
Height (pm) 220 230 220
Width (pm) 100 100 100

" Barrier-rib dimension after firing

Height (pm) 130 o 165 185
width (pm) 85 80 83
Barrier-rib dimension variance ' 12 7 5

(stand. dev.) {(pm)

In the table, the values for the barrier-rib dimension

are averages of values obtained by selecting and measuring

20 20 points at random in the barrier-rib formed by the first
and second methods.



24 EXAMPLES 4-6 1) PREPARATI ON OF | NSULATOR COVPCOSI Tl ON | nsul at or

conpositions were prepared by ball mlling 5 the fine inorganic powders and
binders in a volatile organic solvent with the conpositions shown in the
following table. TABLE 3 Exanple 4 Exanpl e 5 Exanple 6 a-1)
glass frit | 4w % 6 wt % 8 wt %a-2) glass frit
I 30w % 28 Wt % 26 Wt % a-3) alum na 20
w % 20wt % - 20 wt % b-1) polyacryl ate 8w %

8. wm % 8 Wt %Db-2) dibuty phthalate and 10 wt % 10 wt %

10 wm Wbbutylgggggﬂt%ggigalate c-1) nethyl ethyl 28 wt % 28
w % 28 W etone/ethyl acetate 10 The olass frit I in the above
tabl e and Exanpl esl’, ERERARATION, APl gt er cent

conpositions. PbF2 5. 0@615 1. 0% PbO

83. 0% B203 Y | nd, Exanpl es 7,
8 and 9 had the fo#?%&?%%?%ég Jldla&%:WE%ﬁpg ?%ng gbgif- 1T ZnO

8.0% [err]5 the isne@an@xganlc powﬁyna%ﬁpérb}nders inzaQ9plat P Yrganic

PREPARATI ON OgoSRERN #APE e | Aol it i ReSvhi 98 enepeéfﬂo@ﬁ@eéaﬁfgt hin
section 1) above was coated over a polyester filmwth a

TABLE 3

Component.s Example 4 Example 5 Example 6
a-1) glass frit I AWt % 6 wt % 8 wt %
a-2) glass frit II _ 30 wt % 28 wﬁ % 26 wt %
a-3) alumina 20 wt ¥ 20 wt % 20 wt %
b-1) polyacrylate 8 wt % 8 wt % 8 wt %
b-2) dibuty phthalate and 10 wt % 10 wt % 10 wt %
butyl benzyl phthalate

¢-1) methyl etﬁyl 28 wt % 28 wt % 28 wt %

ketone/ethyl acetate
10 ¢

The glass frit I in the above table and Examples 7, 8
and 9 had the following weight percent compositions.

PbFy 5.0%

15 $i04 1.0%
| PbO 83.0%

By03 11.0%

The glass frit II in the above table and Examples 7, 8
and 9 had the following weight percent compositions.

20 Zno 8.0%
Si0q 15.0%
PbO 65.0%

B503 12.0%



5 thickness of 3 mls that had undergone a silicon treatnent (trade nane:
MW/l ar, made by E. 1. du Pont de Nenours and Conpany) such that the thickness
of the conposition when wet was 12.5 mls, and this product was then dried
at 85[err] to 90[err] for 10 to 20 m nutes to evaporate 95 to 99.5 wt % of
10 the volatile organic solvents, which vyi 28 ded a green tape thickness of
90 mcrons. A plaln pol yest er fI|ﬁ1MAth a thickness of 1 ml| (trade nane
Wl ar, nmade by E.I. du Pont de hbnours and Conpany) was |lam nated to the
coated green t&b REPARATION QJBiGRERNMIRREIp for slitting to any desirable
15 wdth and length. 3) FCRNATICN OF BARRI ER-RI B Uslng the green tape
prepared above and the, nethod 20 described in Figure F g ﬁReC|f|caIIy
a 380[er] to 470[ erf} iRsplatensRMRositdan prape 98 g5RFER phRse
(i.e., polymersbhictilenslpnabevasiasiceatssd wavexr raemlgrésaad fiibmrwith-ai b was

f d |
ool %0l BRTCRHBSL 8 S A £ SR Bl Shldibgdit A8 180R0paRegbae
9H | 9H(Baiafliaenameb Wh@ﬁsumﬂ%é@b@ % rdmg}’qq& et N@[neprfnynd 215

215 212omphdih GLehrthdt the 2i¥fcknesd UF the compbedtBahr wWhen' wbt
di nensi on after f|r|n Vthh

([err]m w&§ 3 Fbig' ahb®Chd 2P¥33Y?Qyw§ﬁ[}Qﬁﬂ&éﬁﬁ%&na§aF%Z

([errlm 12 D°C for 10 td 20 wihdted he teafdlporatiee 98akoe89f Hrwt he Of
e g g B wiTaRig 2URLAAES SbLY eﬁe&s_@?fb& Wb d grkenocand

measuri ng oints at rando arr| er Tormed first and
second nethodsthlckness of 90 mlcrons A plain polyester fllm with a

thickness of 1 mil (trade name Mylar, made by E.I. du Pont

de Nemours and Company) was laminated to the coated green

tape before its being wound up for élitting to any desirable.
15 width and length.

3) FORMATION OF BARRIER-RIB

Using the green tape prepared above and the method
20 described in Figure 1 or 2, specifically.a 380°C to 470°C
heat treatment, nearly all of the organic phase (i.e.,
polymer binders and plasticizers) were removed and a
barrier-rib was formed on a glass substrate after sand

blasting.
25
ZABLE 4
Components ~ - Example 4 Example S Example 6
Pencil scratch test 9H 9H " oH

Barrier;rib dimension before firing
Height (um) 215 215 215
Width (pm) 100 100 ' 100

Barrier-rib dimension after firing
' Height (pm) 168 172 177
Width (pm) | 20 90 .92

Barrier-rib dimension variance (Hm) . 12 7 3



5 EXAMPLES 7-9 1) PREPARATI ON OF | NSULATOR COWPCSI TI ON Pi gnent ed i nsul at or

conposi'tions were prepared by ball 10 mlling the fine inorganic powlers
and, binders in a volatile organic solvent with the conpositions shown in
the following table. TABLE 5 15 Conponents Exanmple 7
Exanpl e 8 Exanple 9 a-1) glass frit. | 4 w % 4 w %

4 w %a-2) glass frit 11 30 wt 9%@26 28 Wt % 26 Wt % a- 3)

al um na 6 Wt % 12w % 14 w %a-4) cobalt
chromumiron oxide 14 w % 12 w % 10 wt % b-1) polyacryl ate

8W. % 8w %In the tabla, %he Fpldiebufpr phehbhatitenndib Ilinwtns%'pn

10 wt % 10,4 a@él.'-ﬁvg’és RENZ 1 oY QﬁJt%.%eﬁ ﬂ% HElQMéngl%d kil 1
28 wt

% 28 wt_% % acetate m xture gg GREEyETA An
i nsul at or conpd?i PPHREHrtparanfion Js‘étthfeohaﬁrllﬁrzb’l SQEF‘P%% ¥y e
coated over a andyseterdfmétthadd h a thickness-of 3 mls that had undergone
a silicon tyeatnent (trade nane: Mylar, nmade by E.I. du Pont de Nenours and
‘Conpany) such that the thickness of the conposition when wet was 5.5. m s,
and this produEKAMBbEﬂh%nﬂdrled at 85[err] to 25 90C for 10 to 20 minutes
to evaporate 9%398rRpikat YT TRl vents, which yielded a
green tape thlcaness 0 ‘j n1crons plarn polyester filmwth a 27
t hickness of 1 m| (trade nane Mylar, made by E.I. du Pont de Nenours and
Conpany) was | am napPégmentédeinsal fitox)rampdsind dnsf weeel pseparad by uvall Lp

fgr Slittif& t%iﬁﬁXnSeELEa?kﬁe“i959géﬂ§£'5%Mﬁé}s %nd binders in a volatile

organic solvent with the compositions shown in the following

table.
IABLE 5
15 Component.s Example 7 Example 8 Example 9

a-1) glass frit. I 4 wt % 4 wt ¥ 4 wt %
a-2) glass frit II 30 wt % 28 wt *. 26 wt %
a-3) alumina 6 wt % 12 wt %. 14 wt %
a-4) cobalt chromium iron oxide 14 wt % 12 wt % 10 wt %
b-1) polyacrylate : 8 wt & 8.wt % 8 wt %
b-2) dibutyl phthélate and 10 wt % 10 wt ¥ 10 wt %
butyl benzyl phthalate

c-1) methyl eth&l ketone/ethyl 28 wt % 28 wt % 28 wt %

acetate mixture

2) PREPARATION OF GREEN TAPE
an insulator composition prepared as set forth in

20 section 1) above was coated over a polyester film with a
thickness of 3 mils that had undergoné a silicon treatment
(trade name: Mylar, made by E.I. du Pont de Nemours and
Company) such that the thickness of the composition when wet
was 5.5. mils, and this product was then drigd at 85°C to

25 90°C for 10 to 20 minutes to evaporate 95-99.5 wt % of the
volatile organic solvents, wﬁich-yielded a green tape
thickness of 40 microns. A plain polyester film with a



3) FORVATTON OF BARRI ER-RI B Using the pignmented (black) green tape prepared
above, -and the green tape prepared in Exanple 4 (white), a barrier- 10 rib
was formed on a glass substrate according to the first and second
barrier-rib formati on methods for a PDP apparatus described in Figures 1
and 2. The pignmented green tape has enhanced col or contrast and prevented
the reflection of external light for 15 ipgividual color cells. Claiml.
A coat abl e. i nsul ator conposition for use in 5 the formation of a green
tape used in the formation of a barrier-rib for a plasnma display apparatus,

conpri si ng a)tﬁfc)%rgés)ésgsé;ﬂoseftdl e RQueRr nﬁﬂ@ﬂ??QrOfmg’@et 69, Voldé pont

non-crystalline sof teni_.ng point is a% east ?éﬁ%ﬁé Iomer t han
the firing teﬁ%eﬂ%@@ﬁ%ﬁ andl CRFRaRYI0 W3S dAPdnaked, tet BhS ™-50
volt refractogy Q'E@P@fe s aoéina;darom@sedroémetmgGeovmy/oqmawle
substance and 4 é volt _.plasticizer, and.c) a volatile organic solvent,
wherein the iKd 5 n?Rd s teRSYdwder (a) is dispersed in a solution 15
obt ai ned by di ssol ving the bi nder (b) in the volatile organic solvent (c).
Caim2. A gregenghap § n A e gmi i on of a barrier-rib for a plasm
di spl ay appar at us, conpr|5|ng e |nsu ator conposition of Caim1l coated
over a flexible 20 substrate, in which the volatile organic solvent is
renoved by heatlngUthQIﬁhS pfgm@ﬁh@@ thladkwwgnugnatppaspuepaspﬁagbove,

ey ot us uho R ke, 8en ELPE ot S PERUA AL 3 VAR ¢ &PbaYr

appar at us mho?@ seal Tn et orial ' and
equi pped ¥t h iy WaSpéplrmeﬂ snbatghaes mwm asssindivge §of 5bﬁn§1‘éﬁtéh

other a speci firy @e%%&cﬁaﬁ@ﬁé}rrmefShﬁa@l&{ eidas Eoreleebrodppatisis
make up a dlsgﬂg&:lgééyyh %gbhggggldgsg gy are provi ded to the surface
The pigmented green tape has enhanced color contrast

and prevented the reflection of external light for

15 individual color cells.



of at |east one of the substrates, and [ii] a barrier-rib 30 that divi des
sai d dischargetght—emtting display, conprising a) at |east—one [ayer

t he greent Replined f | exi bl e substrate of Caim?2 Iam

surface dPs eetﬁja@ﬁgén n which an el ectrode pattern |ayer of @gE“ﬂ !““ mnnm
conduct or “s been fornmed on a gl ass substrate, *

heated wit of 300[err] to 40#&rr] to forman insulator |ayer

in which some of the organic matter in the |ayer has been renoved, b) a
non-ceram ¢ photoresist layer for use in 5 sandblasting is for rred on the

i nsul ator |ayer obtained in step a), and a resist pattern corresponding to
the barrier- ribis forned in the region that wll not be etched by

sandbl asting, c) a barrier-rib structure_conponent is formed by 10
sandbl asti ng away the insulator |ayer i@k@ﬁ%egi on with no resist pattern

formed in step b), Cladmd)ll.t ha toatedldainselattord doympded tilbaulfarouskayar
batterned 1. ShifP ferlat ik B8 81 LEEoh "Eaf @ Siada | AY Und 350500081 bEPREC OF T

ormn' asma display barrirer-ri
conprising a rRamuer-aibrdent acplabng RRANALAS .o SPIPFEgénghos e

edges are sealed with azyegh Adol aﬁieatlﬁ@%awﬂéw dompgRsydaPRed 3¢ EB Ebl a
pair of subst r at 6s Which are_pQsi aci ng each other a specif

di stance 20 apirt Aih&TEStad ;}Pﬁrggﬁﬁﬁ ‘61F°%?e%‘? RN Raintais ﬁﬁ &eas‘:
di scharge i grﬁ0°ém1blwemgtuanpthq B eipy dvempeckattuxieh e andr Raceoofoatroleast

one of theggsubst bgrepe b med di scharge
light emtting dilflgépcle&y (%g(r%%rei sﬁ%& g Sbevolt réf@é %%clgi een tape of Caim

2 is |am nated over the Ruff diadsr spvpesedbPy ‘691 i&h el

pattern |l ayer substance and 40 to 60 vol% plasticizer, and

¢) a volatile organic solvent, wherein the
inorganic fine powder (a) is dispersed in a solution
15 obtained by dissolving the binder (b) in the volatile
organic solvent (c).

Claim 2. A green tape used in the formation of a
barrier-rib for a plasma display apparatus, comprising the
insulator composition of Claim 1 coated over a flexible

20 substrate, in which the volatile organic solvent is removed
by heating.

Claim 3. A method for forming a plasma display’
barrier-rib, comprising a method for manufacturing a plasma
display appafatus whose edges are sealed with a sealing

25 material and which is equipped with [i] a pair of substrates
which are positioned facing each other a specific distance
apart, wherein a plurality of electrodes that make up a
discharge light emitting display are provided to the surface-
of at least one of the substrates, and [ii] a barrier-rib

30 that divides said discharge light emitting display,
comprising - .

a) at least one layer of the green tape devoid the
flexible substrate of Claim 2 laminated over the surface of

_ an assembly on which an electrode pattern layer of a

35 conductor composition has been formed on a glass substrate,



of a conductor conposition has been forned on a gl ass substrate;—and-is.
heated within the range of 3000C to 400[err] to form an |nsqmicn | ayer in
[ I

whi ch the organic matter in 30. the |ayer has been partiall j"m ﬂJ
ceram c containing photoresist paste |ayer is formed on the m
n

of step a), and a mask pattern for use in sandblasting and correspondl
the barrier-rib is formed in the region theae will not be etched by 35

sandbl asti ng, 30 ¢c) a barrier-rib structure is forned by sandbl asti ng
away the insulator layer in the region with no sandbl asting nask pattern

formed in stepaBl i8NHeSled NRiORIA I &e rféalgeow@ol@mtm 4i0¢! @bOEokRYSA O
patterned in s

d.,d 5. Th 4 wh th
Cor arm ¢ cont ai APRYIBRBE o BEFS{ LABHEN ARE (F & Mo PERPBICORPEY S pif The

phot or esi st t apeyeayhas beehnrémovdd®, coat abl e i nsul ator conposition of
Caim1l 10 wherein the {nog L Cod 0065 vol %
of a first glass, 30 to %8 gﬂq % © J:%ﬁ:écﬁe’ on d%ezsissls%%ng'g@gg gér u%g?g
refractory dxi g@ndhiasbing ko formed e rthe cmpuliageanilavamepbtained fnr st
gl ass has a SOfstt%@i A9, Pahat adkebesst pROf&¥r ]cdmpddaaﬁgt Rat thé baersesond

gl ass wherein th sof t nlng oi nt of t sec ass | | east
50[err] | ower fﬂ%hlﬁhéoFWF niPt ERpeFaFinR. t A%ﬁ Z@o&?ﬁﬁ?@ PHsul at or
conposi ti on of s@reibha@tihgrein the first glass |s at least two or more

gl asses. Claim8. The CO@:t) agl Bai«P:?Hl:aIri’lB : A5id gbniﬂongn%' E’stgQ c¥hggel n

t he second glass i s _at asses. reen ta e’is
used in thé forﬁmqh}@%ﬂna Byam EPerFBS‘Flﬂ"—%{r plawem id §;hea9fea|asar yf-eé no
conpri sing the tesidtAat ceemPEsreaninf s€&piy) S,andor 8 coated over a

flexible substrate, in W%bcghgh%o¥%ggtngrgégapig §§”t6gn1ﬂ§%1ator layer
patterned in step c) is fired after the resist layer has
been stripped off.

15 Claim 4. A method for forming a plasma display
barrier-rib, comprising a method for manufacturing a plasma
display apparatus whose edges are sealed with a sealing
material and which is equipped with [i] a pair of substrates
which are positioned facing each other a specific distance

20 apart, wherein a plurality of electrodes that make up a
discharge light emitting display are provided to the surface
of at least one of the substrates, and [ii] a barrier-rib
that divides said discharge light emitting display, '
comprising

25 a) the green tape of Claim 2 is laminated over the
surface of an assembly on which an electrode pattern layer
of a conductor composition has been formed on a glass
substrate, and is heated within the range of 300°C to 400°C
to form an insulator.layer in which the organic matter in

30 the layer has been partially removed,

b) a ceramic containing photoresist paste layer is
formed on the insulator layer of step a), and a mask pattern
for use in sandblasting and corresponding to the barrier-rib
is formed in the region that will not be etched by

35 sandblasting,



_—

25 renoved by heating. O aim10. The nethod for formng a @

ma di sp Ia
barrier-rib conprising a nethod for manufacturing a plasm

apparatus whose edges are sealed with a sealing material an M“m”m””"’

equi pped with [i] a pair of substrates 30 which are positioned faciflg &ach
other a specific distance apart, wherein a plurality of electrodes that
make up a discharge light emtting displaydare provided to the surface of
at | east one of the substrates, and [ii] a barrier-rib that divides said

di scharge light emtting display, 35 conprising 31 a) at | east one

|l ayer of the green tapecof aChak#ifri sib agt Padisked iy ftdmaau:ogface of an
assenbly on whic n el.ectrode a_ caonduyct or nposk I on

f
roenTormad obanatas®iBg ey, BRe. THOAANEE Sk STl FegiBfbpitheR8 na°
470[ err] to f@andulastdngamask| paetern fibrwdd aln stfen o ,omgdni c matter is

the layer has been re”"\ﬁ‘?d&%d?é%‘iei‘f riﬂefé:i‘rﬁéc% &}aa%eesimfia%y 9agkly the

second gl asses are softene non-ceram c phot’oresi st ayer for“use in
10 sandbl &st iRRF SRSy H8d 358Pt Ré ifshiBe8r |ayer obtained in step a), and

a resist pattern cal=Aspondi Mhet methedbafrceamm bwhesrdial rete lc'érhh@cr egi on
that will not be .et.ched b andbl ag E vv?i a barrier-rib struglt‘l;

conponent s P B gﬁﬁﬁﬁg tPﬁg SwaDYPhe T i FHREBHG SPREAR1PLe
regi on with nehemrgsist tepe flayesd in step b), and d) the forned

barrier-rib by the dns & or fh@%‘baﬂ%b‘l@r E!ﬁguhc?téif eo?or&)oéftﬂdrf %‘% dLsh ghe

resi st layer has been stripped green tape

conpri si ng% he"%istimhitdie emr@mlicoﬁlﬁﬁ BPYARE 1so?°fm%ﬂaf dvée 80 vol
flexi bl e subst¥ ab® a nEastc lyliaes,valoatio €00#gaNgCos Ok vesrdond Jlarsa,edo to

70 vol % refractory oxide, and 0 to 50 vol % refractory
pigment; wherein the first glass has a softening point at
least 50°C lower than that of the second glass wherein the

15 softening point of the second glass is at least 50°C lower
than the firing temperature.

Claim 7. The coatable insulator composition of Claim 6
wherein the first glass is at least two or more glasses.

Claim 8. The coatable insulator composition of Claim 6

20 wherein the second glass is at least two or more glasses.

Claim 9. A green tape is used in the formation of a
barrier-rib for a plamsa display apparatus, comprising the
insulator composition of Claim 6, 7 or 8 coated over a
flexible substrate, in which the volatile organic solvent is

25 removed by heating. .

Claim 10. The method for forming a plasma dlsplay
barrier-rib .comprising a method for manufacturing a plasma -
display apparatus whose edges are sealed with a sealing
material and which is equipped with [i] a pair of substrates

30 which are positioned facing each other a specific distance’
apart, wherein a plurality of electrodes that make up a
discharge light emitting display are provided to the surface
of at least one of the substrates, and [ii] a barrier-rib
that divides said discharge light emitting display,

35 comprising |



by heating and an additional flexible substrate is |am nat ed on the exposed

green tape 25 Caim12. A-green tape conposed of at ﬁmllnﬂ“lﬁumﬁlll
of .the insul ator conposition of Caim21 which conprises a bo '
of insulator conposition which is different fromthe top layef of i'nsdl afor*
conposition of Claiml. Caim113. A green tape conposed of at |east two

| ayers 30 of the insulator conpositions og;Claim6 or 7 or 8, wherein the

bottom | ayer insulator conposition is different fromthe top |ayer of
i nsul ator conposition. Caim1l4. A nethod for formng a plasma display

barrier-rib, conprising) nPaté'nq_qaa{&r a;‘l%mifagg&ugkngh@ %‘?Qfgﬁh&%}%ﬁ@l@&m

appar at us Wnose edgéas are seal ed a sealing mater

equi pped with?[1§ Ppirated %‘{R)"sttr% durfacgrofhprhagsenblbyiaen sdeh &6 ng
each other a 6D@Gltfd>d;e obﬁwme ma;rzt ,omeb@hauatakuea&lpéyl@{orelrﬁrst RS

t hat make u | schar ge di spl a rovided to the surface
of at Ieastpoﬁg %?&t%%g% sat%lrég t"Jr?g:%['ll %a éaﬁ??% rF‘BC&Set‘ﬁf%ﬁ %ﬁ@?des |
sai d di scHar gandi §he° Gt thioomp @ins phnaylatorplagengim)wiaicH eddt otfnehbayer of
the green tapgrghnfd ahdt Ses Slé aéﬂé‘af Pl bQ%nSEEEBGS??én&”s&E ol %On

whi ch an el ec rode attern conduct or on has

formed on a gFa¥8tsgtReFes ean r@q?ﬂ@dtye&r@elsﬁé@ﬁdSSQ?é??? a%e 470 to form
an insul at or kafeeneéd.which all of the organic nmatter in the |ayer has been
removed and sone of th Hséoxgl asses, an e gecond gl asses are

th
softened. b) a ceranic c{on AR TR DR oq"pﬁreﬁé?f:exﬁgﬁﬁr ?%5 4% ¥rmed on
t he i nsul ¥ or spagetagting ebs aformed on ek ipmulatorf dayeseobasmatibirast i ng

and correspondiag &p, tQﬁdb&irféﬁsE'ﬁhﬂ&xfxprd&(iésﬁohﬁgnéegboﬂhé h@érﬂéf not
be etched by sagdblatln 1)la,hbarrl,er-rl strycture [s formed by
orm the region that will not be etched by

sandblasting,
c¢) a barrier-rib structure component is formed by

15 sandblasting away the insulator layer in the region.with no

resist pattern formed in step b), and

d) the formed barrier-rib by the insulator layer
patterned in step c) is fired after the resist layer has
been stripped off.

20 Claim 11. A green tape comprising the insulator
composition of Claims 1 or 6 coated over a flexible
substrate in which the volatile organic solvent is removed
by heating and an additional flexible substrate is laminated
on the exposed green tape.

25 Claim 12. A green tape composed of at least two layers
of the insulator composition of Claim 1 which comprises a
bottom layer(s) of insulator composition which is different
from the top layer of insulator composition of Claim 1.

Claim 13. A green tape composed of at least two layers

30 of the insulator compositions of Claim 6 or 7 or 8, wherein
the bottom layer insulator composition is different from the
top layer of insulator composition.

Claim 14. A method for forming a plasma display
barrier-rib, comprising a method for manufacturing a plasma

35 display apparatus whose edges are sealed with -a sealing
material and which is equipped with [i] a pair of substrates



20 sandbl asting away the insulator layer in the region w

sandbl asting mask pattern fornmed in step b), and d) the baij"ﬂ" "' !""’ﬂ'lmﬂ
by the insulator layer patterned in step c) is fired. Cai "
of Claim 14 wherein the ceram c 25 contai ni ng phot oresi st paste Iaye i’s
ceramni ¢ containing photoresist tape |ayer.

10

15

20

25

32

which are positioned facing each other a specific distance .

apart, wherein a plurality of electrodes that make up a
discharge light emitting display are provided to the surface
of at least one of the substrates, and [ii] a barrier-rib
that divides said discharge light emitting display,
comprising _

a) at least one layer of the'green tape of Claim 9
is laminated over the surface of an assembly on which an
electrode pattern layer of a conductor composition has been
formed on a glass substrate, and is heated between 350°C to
470° to form an insulator layer in which all of the organic
matter in the layer has been removed and some of the first
glasses and optionally the second glasses are softened.

b) a ceramic containing photoresist paste layer is
formed on the insulator layer of step a), and a mask pattern
for use in sandblasting and corresponding to the barrier-rib
is formed in the region that will not be etched by
sandblasting, _

c) a barrier-rib structure is formed by
sandblasting away the insulator layer in the region with no
sandblasting mask pattern formed in step b), and

d) the barrier-rib formed by the insulator layer
patterned in step c) is fired.

Claim 15. The method of Claim 14 wherein the ceramic

containing photoresist paste layer is a ceramic coqtaining
photoresist tape layer.

-



