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Methods for providing adhesion are disclosed, for example, in Japanese Laid-Open Utility Mode! Public-
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Exanpl e %3 F| rst 50% ht of tetraneth | ol net hane tetraacr | ate and
50% by wei g

def or matt Orsowa& thr; anid'a e b R R Witk

the conpr esa%tdofh &?J&Eid%ld—t’i@a‘iedﬁ J?aartT deQQ@thM e‘tﬁth jutl eanhhq treat-
crystal celg euatds foﬁélﬁla%rsvt@xbtaﬁblh&sﬁa&a@ gaceks Wiﬁeﬁﬁ‘barﬁ i atiPV €
spacers weraanu&e m&tdffhetsﬂﬁel’émﬁ’ 30 fuim @29 (i, Rdpdctvely] . Al SO, col or

irregul @ity iThe Kied@iof the shidfadBpticerd Bs10% taribresSiomdetonfiatBAWARIS2E kgl@mE ARG, the\&Svery
appl i ed to fadter of ihe céldled spyicksdfteié tompresiidhadefoimationdas 55% in the tasavpthemiximanidad he
di spl ay 15 vepeofigrrance was good when it was |lit up. Exanple 4 First, 25%
by wei ght of Adiquiderystdhdispidyratanieatrves bbtainedde the lserhewayrad iyS&mply 1\ex¢egithat tie above-

di vi nyl benzmentioned ppacerewerp used e cellgep Yaiue oithgliauid crysial peli wasrintherange ot 698403 aMt er
that spéters RMawicoler iregvieriyin ganpityiwes rot elisermedveienthe mla@énqsee:;rasappliedtotheliquidcrys-

tal cell in the same way as in Example 1, and the display performance was good when it was lit up.

oy}8 d after thatresin
| Z | ° f = &
F7)O 1332/ m[agr r ?t K?E%ﬁ 3 %;"}n:" ?i@@g’%’gp ) aﬂdg &:g%{; & CBE eE J(Tselgal rti ?]smrhﬁ%ft‘ért wg’i

cl assifigati oy basic pee ,Kah ,,E ﬁ'naﬁ %"‘j"g (ﬁ%g;m&gs&& dis_
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(standafd deviation 0.28 [err]) were selected by the classification. The
K-val ue of the spacers at 10% conprg ? Wﬂg formation was 380 [err]. Also,
the recovery factor of the spacers afte e conpression deformation was
45% The ga vaI ue of the liquid crystal cell produced in the same way as

i n Exanpl e 2*@ pt that the above 25 spacers were used was in the range
of 6.80 0.03 r 8 ul ot observed
when t he poI IF{'sj ﬁ%bg @F’\ﬁaé %’3&“& g g%g“? %’l'gf? '"ybﬁ By Sane
oy T R %’F e :r:ft.,i%’éfﬁrr;

par " t ae rd devr?tlon of t%'re

up.- Exanpl e "
pol ‘yver | zat as A ,%HEE{W{[ gp@@mﬁs
7.05 [er r] Qaids df the bﬁc&rgﬂ 19% efd?ﬁ&tﬁn 5:34 %R&ﬂmp)ﬂstohﬁe recovery factor
classifi catéf%sp;ggaﬁé, déRpradsioh AGormBinWassAl. 10% conpression deformation
was 280 qperr] Tne%eﬁghpvarmfrheﬁwary&armwaﬁce@i\tﬁehanm.@saﬁ Examblb ¢ bxcbpifhat the above-
conpr essi ONmékeibriad Bpdckre Weld@sedWal(n tifdrange of 7.741£0.05iin. ARb, WoloTiregulafty ini ddhbityl was not
crystal cel ébsgrvéetiiten theipblaiizing shaaWasvapplied o théliqhid 2fystaicellin dheGaimé whyhatin ExsmpRlipve
spacers wer snditeciibplapserfonahéeavas gorgavhed it wasTiBupl err] 0.06 [err]. Al so, color
irregularity in density was not observed when the polarizing sheet was
appl i ed 0 ExtampleBqui d crystal cell in the same way as In Exanple 1, and the
di spl ay perfornance vvas good when It was lit up. 40 Conparative Exanple 1
A liquid crysfist 8%dywsightef tetramathiimethane teirerstyiataand §0% by weig hpylbpnzemRiain| e
1 except t hiplymsying éer%'smﬂe' RS'D’“‘?J’E#P d#fierthatspasers having 8 masrtPariislo diagetar o £@gpm
particle di (ﬁﬁ%‘{a(é’rdelﬂ?ﬂ%%g Wd&?‘i?sa'g‘?ﬂ"%fh 'Eﬁ‘f‘EPaE%s P fiyeyl intha samg wayy
s

a~

a5, # ge; c? '@ 36‘?° f_, 7 o Ft dieppterrad 8 viglion o)
L ;rmsronofgsj@@ ] vrr@wea - Ch—
In the sane S Was
i s ;?ﬁrre i i %ﬁi e

observe Haobi ,qg Fin 't
in the sanﬁad&%aeaamrﬁganwgves m%ﬁ?éﬁeu psro ay 50 performance was
unsatisfactory when it was lit up. Conparative Exarrpl e 2 First, 30% by

wei ght of tglamblb9! isocyanurate and 70% by wei ght of diallyl pht hal at e were
pol ynerisgzed by 55 suspension pol ynmerization, and after that spacers having
a mean parti cFiest,&5% by weightaf tetrarhedhyjoimiethand Bitradariiatecand @5% by abighd of diviryberjzede Were
wer e obt ai ngtymerfZae bysuspehsian polymérization.and aftesthatispab&éhaing p meargiadisle disfhatenvhl.03m
was 240 [ er(standaAi deviatioh 028 preovereselectbdibyt the claskifi¢ation. Sirae snasersiveredyed Inshe same way
conpr essi onasdeBxampie Biteebtaipblack Sshericlapacers, A mganpattigle dismeter anfl e standard dgviatiop ot the
cel | pr @8lucephiericel spasers wened - 45ufp apd0.30unkrespastivelyl except thatthe above 11
EP0503089B1 s phrieyaluegiihe snaswsiat ii% comprespian defarmation ass363 bgfima+Afsoctheygcqvey faetor
The col or |?fF'1§ prAcaieafter thepomprpssion gefgimation a7 d vvhen the polarizing sheet
was applied t °c‘ﬁ'e9°f’ 'ﬂﬂ°6‘"%'fq9'§f"' ”'E@I"T"d‘r'ﬁd'f'ﬂ'é iy Example f %F?‘gﬂt@afw"and

h | é’eﬂﬂ,gged or, irrqgularity indensity was not
oot ot o Ef%@m FoH B 11 PR VR ERoad

Exanmple 1 e%'?ceﬁt P'ﬁya‘fe a"'c’:‘?eer""sas oI ysptyrene and having a mean

particle dlé%ﬂ o Of 6. 98 [err] (standard deviation 0.25 [err]) were used.
The K-valu spacers at 10% conpression deformati on was 105 [err].

The recqyery FaguRhyihzdnb Rashdlymeradty s é\-fsfoﬁﬁolﬁrl%ﬁzaﬁmﬁﬁe‘ihﬁ&p%fsﬂ lakridth

Was UNMeas Usgifele@iamataiof £.05 hm e&ndar@éeweudag 2b [4R) werdldsiette& bythd dMssifickibn. Phiesélstaers | N

the sane Wayersdyel It theveaiip Way s ICEXaMple & fdblahbiatlosphericalRPAcersSA MEHn PartEi@blariédét ahd)

t he range od sténdart déviation of the@phelicdl sphcershiiste .40 |on and 10130 gin) réspettively.N density was

observed whenThdtevinelofthe Zpateys at10% cormphassiapdfonaatioh was 470 kdfinendi Adbothe/stavbry €aelot

i N the Saneofv@pspasrs iafter theanmpressibp deforobatioh wagld0spl ay per f or rance was

unsat i sf act or yhegelkgapvaluestise liquit crygial cell ro@arthin tha samegvalgasimiplamplé 1 except that the above-
mentioned spacers were used was in the range of 7.12 + 0.05 um. Also, color irregularity in density was not
observed when the polarizing sheet was applied to the liquid crystal cell in the same way as in Example 1,
and the display performance was good when it was lit up.

Comparative Example 6

First, spacers made of benzoguanamine copolymers and having amean particle diameter of 6.98 um (stan-
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A fiquid crystal display elenment was obtained In the same way as in Exanple
1 except that spacers made of benzogygg@d&gg gqPol ymers and having a mean
particle dianeter of 7.05 [err] (standar eviation 0.25 pm 20 Were used.
The K-val ue of the spacers at 10% corrpr ess| on deformation was 620 [err],

and the rec%ﬂr?“e‘i' "'Ia"“ 3 %PFL?Z;&\‘)@: 4 'ﬁ“ qugg cplgrep prRacys- JH"EP@’F‘?S'rsHﬁ’PPé‘ﬁd
13% Th | A" n 0 t he
oy 32 {n e Pgwa%%gwaﬁ%vﬁgﬂmw e

Of 6. 2I8ar IOZ valueof dcr#'stﬁ ie the§8 ;%E%GE ?Q)?Og gghvg%gvn- 25
‘-irj]’ inQrﬂ af ﬁemre bélle, lott Ia;l;liz sit %Eob
wh \arizi tﬂfﬂ{aﬁc ﬂ{a S
I|t up. Conmgmg‘;,éy\f,gﬁ F2Tyaa) gfacto,ywh ysta I spl'a ment vvas
obtained in the sanme way as In Exanple 1 except that spacers rrade of
silicon gi ogbmiRradEbadiénd @ mean particle dianeter of 7.01 pm (standard
devi ation 07I9 pn) were used. The K-value of the spacers at 10% conpression
def or mati on Wamst, 808 by[weight|of triaiyPisdciemurat Ga PO% by dighodr dialtyl pHitalatd @i polymdiide® by
t he conpr essispsasioefolymetidatian)andafterBmbtspadeichaviag 4 mgshpattiale diemetér of 1183 jinh Gtahdhrd de-
crystal cel Viatipn 0.8 o) creterselbdter by theelassifigating. These Epanons vere dyed jndiysame Wwayt s incExarixdey €
35 spacer s6tebtain bisdksphesical spacetshmeanperticlodianiated nd astandardXietigtiop nfitheBpkericabbrapers
i rregul ari tyerd A38lemand027wmsreetostivelv.ed when the pol arizing sheet was applied
to the |iquidTheK-yalugof thespacerpat1ft WMW@!@“MWE(WM Alsgrifie reprvenyifasir ay

perfornance“%%?&fﬁ'éﬂ%@ﬁ'&'ﬁ'%&fmﬁm\n&1?%'t u Ie 6 40 First,

t et r amet 22 |$ lB'F\' FFEM&QP@V%‘W@%@ g@éﬁgﬁlﬁd 9%@? ularltyng]ptth:antthezabove~
lyperi<Zat

G aFat er ofsevves;jﬁ Pt %;ge%ﬂaﬁwg;gfe Tﬁwﬁﬁcw@ 'P@se\%? SR REeSEe by e

cl assi fi cat PBH® ? Bioe Wt irast {9 aci d was added to 10 g of

. these flne m xtura was reacted with acid at [err] for 6

hour s. Mpta ﬁ\}eeé(a ;,\1"@ of a basic dye (CATI RON BLACK SBH) (nmanufactured
by Hodogaya K?Q&lﬂédgﬂhencal Gﬁicgrsmobfynﬁa in8 srilvaly Bs isBAmpie 6 Slce &ﬁﬁﬂﬁesp@c@g nfadély e
bath sol utig hPhavin kIS bilaReterlof5.58 v {stahdaRl deliBticR

acid. Then, coiobéa sPacalshadh the@f particle! dtfbo@Flof 7147 Gmistérdhrd ieviativies. S0 dﬂfénmnubmtﬁe
dye bath sow&éd@paceeramom GbitBresiibn dbiation W8 H00K@BMIAE AkS) meehoaa‘ry fa&tériol thé Spacdis
hour s t Go Obifk the Bdnitrdssioidefimhatioh wadhotmdasurabfe. Tean particle di aneter and a

st andard devi Jhé caingaphvaliidvbthe Kiyhid erystal\oslipiducedid tHe@snd wag Bsin ExamPle fi @xcégtthat the above-
respect i vel ientibidd spacers verelésedavas tn thd rabde®f €78 00.870kns A, @blor imdgulbiityinciensity @#assabo n
def or mat i onseneed wbéi(ihg miariZing shbet oras dpiplied tetbeNquid grystalcelbin thefsamdneayms indixewlpls paodkr s
after the cepispeyppiomense wasumsatisiactom whegdbeasiituphe case of the nmaxinum | oad
value of$51 grf. A liquid crystal display elenment was obtained in the sanme
way as in ExemparafiveExampledt t hat the above- nentioned spacers were used. The
cell gap vaIue of the liquid crystal ceII mas |n the range of 6 98 0. 03

[err]. 55 "Ni%‘ﬁys%?jfplﬂy °\°’|"?'E %ﬁp"ﬁ '_" gme éﬂ‘i‘d?
o e %es o e, b eggteﬂ i en ‘Tsp F‘raf’efﬁ radn, "
EP 0 503 0 T at1 6 ‘im¥ss d Jhgﬁ é@
tetraacryl a;gl ssi 0 yrrerl

suspensi on po XJ@H&% Iﬁ%eﬁﬂ 1dN p @&dﬁﬂﬁ@ﬁﬁéua Q#hﬁgmﬁemt%{tﬁda‘%ﬁ

di amet erg Of mentibhed Bplcers were SbedWas fn%e%h@e%?é &1 Poeumn. RS, 'cbidr MELBrLY Bl dBhsitf Hasbb-
the cl assi féepal wﬁéhthér.ﬁheaﬂngssaaa%éamm@a Y Redid icFysthilt8 if idRaPWayds in ExafpléTRhe 6
- to obtain biaaikplidyperdringrite wadeatiefactorpwhendiwagfitup) Cl € di aneter and a st andar d
devi ation of the spherical spacers were 7.04 [err] and 0.27 [err],

respecti vel QompéfativelExaaplaitd of t he spacers at 10% conpressi on defornmation was
420 [errsp. Al so, the recovery factor of the spacers after the conpression
def or mat i on whisst.3acets mb@e of silicoil tiexideahd hayinga mednipartidé diateteriof 101 weh (standerd deviation |
produced i nofOi i@ pmiwere dyedwitha besic dyr terpblain biue sphericplispacarst A méan perticle/diamatas and axtand
spacers wer @ard deyigtioneof thp golerpdspa emg\!eref 04 wp and @2% jm, espeptiyely The K-yglugef the gplered

i rregul ar i t3pagem a§4GYs pampregpian defommatenwas FeNY keffrart, 1“H8‘°WP‘§F¥@W@f tﬂ?ﬂ’éﬁe"ﬁ/ﬁ'ﬁ"he

~applied®o mmPﬁ'Q?d’P(ﬂmﬁ 2§185%e| | in the sane way as in Exanpl e
' The cell gap value of the liquid crystal cell produced in the same wayasin Example1 e ceptthaftheabove-

mentioned spacers were used was in the range of 7.00 £ 0.10 pm. Also, color irregularity in density was ob-
served when the polarizing sheet was applied to the liquid crystal cell in the same way as in Example 1, and
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and the*displ ay performance was good when it was lit up. 15 Exanple 8
First, 50% by wei ght of tetranet hyl @ ggw(}ﬁ gqtetraacrylate and 50% by
melght of divinyl benzene were pol ynerize y suspension pol ynerization, and
after that spacers having a nean particle dianmeter of 7.02 [err] (standard
devi ati on 0th2@iplayPefgrmages wesunsiisiegiery pyenites i Wssi fi cati on. These spacers
wer e dyed IE the zame way 20 as in Exanple 6 to obtain black spheri cal

spacers. rticle di arreter and a standard deV| ation of the spherl cal
spacers vvere 77’35%% ‘,le;gﬁ{‘o? m ahege 2455 Thg. ht viny! enzene were
pacers o Al gyl i .4 Hirva haw o ﬁg,‘ b g

factor of t e ce
gap val ue o io p.% b?d: ﬁurﬁﬁ%eWeﬁ? uE&ié\@P' €

1 except th%l QB6E Ltd4 155 Oinl ke wispé’o%‘tfﬁ 16‘65&h&ﬁ\‘3 arfiéles, arwe ell thikeF
of 6.83 40 afh mk aftéVwhieh thé Rhéknd vak B\Gorated. Nuittls n.awaymmafgmp C
when t he pOLm{‘ﬂaQﬂMyﬁhggt was applied to the liquid crystal I I n the
same way as i IThéns269bfvady, poigétilidnd @rade Ao BANPRK A 1P masURactird bgmglo Kd3GiKogyo CORS
it up. Exapg)wasaddtoftdluensas ahbiimditrdnasiverbiin, arid wasdissalatingHotbathat 808C) To this solution
tetraacryl awss saidall thebdbioveyresinting particdds tahatad with do @ryadictitanie @mpaing,raed dispededyntil the
suspensimn gobitigneasicompletelyemulsifibd ceff teewhich thetsolsipnovas dried sy heatingaundee eaduged pressoteef
di anet er of 30p.ng@H¢ #1907C. (st andard devi ation 0.28 pm were sel ected by the

cl assi fi cat i ointhiFwey thedumps m@nmmmmqsmw withjhechot-ielt shesivp resin #/as o
obt ai n bl acgbtainsdNexig2Q mlsfgixeering gnddhedymapsaerethomyghly.graung iddmartar.
devi ati on of"’l"ﬁéwt%the @ﬁPFe‘V‘?"%GﬁS“g[S'H‘?P@P §‘"’W§F’é ofrollers to ba-omplataly depomppspdy 1 |

r espect i¥el é\g{%’gg@é%a glgss i'lﬁ%”lf'b atthagel aﬂ‘b‘f’%‘? ﬁ’ﬁ?ﬁ"ﬂ?ﬁ’ "?/vas

R e R S B
in the sarre ml [Ee J'u&' ?Pewas ﬁg'd é'P%d'"
gﬁénl:eter%l‘ }})042 iy tQﬁdaJdr i ?}fﬁf in

e8 ove t n

vere useg g %ﬁ ,%agqeepaﬁ& hﬁit b
h

liquid crysgg g@ﬁllclrmebsnofro ituﬁ ol&Wvation o‘i‘thlooa%é?i e !ar% &b} using a
per f or manc esdifhing@feairb shéved {hhttthé&]rfacﬁéérm résinkide fart |c|es wereluhifobrhly coated with
di vi nyl benzmpgmygpgwﬁgutlawp;)y suspensi on pol ynmeri zation, and aftert hat
spacers favi NGheK-Paharor e tdated redin hepaRicRS atAb% éorfbreskion de}on{nélfo-awmsdkgﬁmw ahd thé)
0.29 pnm Werecovery it ciaheDarticiBSaftol e Sonpredsién ddformatio®m EheSRSHCHE the MAKIMEm e vhlerdf
t he sane waygrdwas@3wbExanple 6 to obtain bl ack spherical spacers. A nean
particl e di amaligidcaysth dsplay elerokntwhs ditainein titesamb wayee inEgdngie 1eadepititibe atdvaspated
7. 40 pm andre§in 8@ pérti¢cies]spacers sprecisad\ae bpacerd. The ¢6H gapl valge ofthetlifiuid wysiat eoll wasin the Birge
conpr ess¥onof@®b 0@ tnon was 270 [err]. Al so, the recovery factor 50 of the
spacer s af t er Alshaolerragulariyin dansityNas Rt ehserved when the poiarizing sheet was ap laptpdliediquidstyst he
liquid crystkrell b ghesame wayasdEemple hé“%faﬁﬂsﬁﬁﬂxfa@mﬁ'%ﬁ?%w@" veelurt hat t he
above- nentioned spacers were used was in the range of 7.12 0.05 [err].
Al gg: col or%ﬂﬂ'&éﬁl arity in density was not observed when the pol ari zi ng

sSheet Még a O t he i qui n t sane
1. “and the S,Ee ol ;\%@’E@q ﬁgm g m% :fhﬁ,mg.f.@@ﬁﬁam Foc

density was

Exanpl e 6 o Gaig

mean partlc '1&‘ ﬁhe ﬁmep d e
- devi at|i Q@ t @ﬁﬁ né’&?afs%v @rQw%E{h grdind® %o?taPQ nrﬁi{a the

spacers. | ored spacers ad a nean partlc |aneter of

(standard d ev 'Tﬁénl D§ofSolid épdx Fesih with A WPoolreliialént dPisolah®a aﬂaﬁ@rpsmedf eaea %mde name
conpr essi onErliebAY 1064, infaRufadBRedt Yulashbll Epody, 68), Ltd.}Wais dRSNVéE T WO nbéFbdtond,fand tdehis
spacers af talunadlms&edqarseﬂ 9f Weiler, (1D TgQX 118 kfoRBaid i pardiBies, Bnd as a hariBriingRgbrit, 0JEgof 2-
val ue ofsot hethyi-t-enethglinddayalé 2B4MZoAfler fhrooghimiioy, the atdiane wasi@vapamateda@hileBtiringa Thah cthel
except t hat dristhmatatied wes crushbettin @ mantar sppitbeslurspswerescompletelly dengolished.t he range of 6. 98
[err] 0,08 [ efhdmeanbarticle diaietsr ofthecontedirasinifine peiticlesieorpbiaingd wes 40.3%um (stendardevidtion
t he pol ari zZ94fpmjiwen thigzesul thelthickness of the-adhésivg apaly topiy layes wasesichiatedtotbl £.28 smaFxnay
as i n Exanpinenation ¢f the surfaces of these coated resin fine particles with a scanning electron microscope revealed

that the surfaces of the resin fine particles were uniformly coated with the epoxy resin layers without any gaps.

The K-value of the coated resin fine particles at 10% compression deformation was 420 kgf/mm?, and the
recovery factor of the particles after the compression deformation in the case of the maximum load value of
1 grf was 52%.
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t he di splay performance was unsatisfactory when it was lit up. 10
Conparative Exanole 7 First, 30% by F 93f| triallyl isocyanurate and 70%
by wei ght of diallyl phthalate wer e po ynerized by suspension

pol yneri zation, and after that spacers having a nean partlcl e di aneter of
7.03 [err] - MWX?%P“’W'%W?"B'I‘PSG"@B“ ndhesp zremae'n @cephjhat fheabove coated

cl assifi cat hf'"efﬁﬁiglés%%i\’?éﬁ’gsﬁ%‘fe? Wéﬂ' gapv W@f@am'd\ﬁav%@"w?"rékawme@f&@ 6
to obtain i cal s rs Arrean r |ced ter an andard
devi ati o of %@' ety qrifrrgﬁew 'ﬂ'wﬁr%wzsfﬁ@? eTafle
pe L snd e diselgy "i %

tal ce éheﬁa'{}%w?}easglf m se%°§? When G PSRt | on was

respecti el Y.
220’“ [err]. &n?b ra! %% gﬁgﬂver y factor of the spacers after the conpression
def ormati on el | gapvalue of the liquid crystal cell produced
in the sanmewaydSnorganiEfimPaitiBesmsa) ofss bt BRAHRANSS meal parlid tidnRP el 738 2 Q-
ver e useg Vgiid deWatioR©.35 arngﬁrmmai.e@%enoa ddfbtidriréphred BY disSolviftg.38'g of thirdp ithriién | N
density Wasimbe ndnfBL £, thakfi@Rurdd by NipRbrPEddE CHOLIEN R 88 mIVPS-hékand viel ddded td 109 of fhél il d
crystal cel ergdnit finé parficiesPandaigreavell imixed¥it §idpatulh, afdiwhiéhtRe .dhaa{eamsﬁeerp&@remsae
was unsat i sthis@riixturey wasitRdtoughly gvaushd lin d matar, elfnoigting tBd luvgs, Exanpl e 8 25 First,

bl ack spheri ca[hens'.mmﬂcasbomgmupedohnnnmgdhwane-vlhﬁammmanadnaﬁxammm 6-2280,
except tihat mériofactoed beTakedadYelaihio Kogyo ICgsLiy.) wasaiset s alhouneitgdimsimemsin.par t i cl e

di amet er of 6 TB&copted inrggnicifinephaticids were pbisinediin t@a@&epeyaS]lr)Empmmamformbove

col ored spabherexaninatiorzof thesurfases ofithe| coatef] inarganisresipffing particigs dy thp s¢anningreleptrdn micro-
devi at i on (scom rpvepleq that th fickpesy effthedotaneltetiiesivelrysrsdermeq radhercaated inorggmic fine particles
conpr essi orveieP-4 Mt i on was 100 [err]. Also, the recovery factor of the
spagers B0 afiPeli-valypcsf the cpatediugrosnic fjag perticles ;1% camprassion deformationiyag S50 kgl |
gap val ue o‘?“"tt ‘F’Y bfa&m’cﬂf VQPQ'F""?,“@“F’ tb???ﬂ‘ﬁ@éﬁ!?"rdﬁ“{"r?@m!s'&% °9§a3?5'§'° F‘ﬁ"'%r?ﬁ‘r‘

1 tth
L exceptth a uu?icmsg displ(g%?q?weﬂ{]‘lyafg 1' At \a'i%%e 2 Eﬁg‘ BRhe %?e A
S

t he poI 21 cfine nlcleswereUfedeaa [E r?he aﬂwaucr Gl'éTtT o?HwaP S ra

as In Exanpl'e in Ghe'MBiSiriztHg Shkle} wis 3 .QJth‘Q’ﬂ drfstal@S
it up. 35 &mersa b a%{gga ﬁi%u &Ff&'erﬁltaﬁjleiﬁl e o Jm |
obtained in the sanme way as |n E'xa 1 'except that spacers made of

benzoguanangdi@akleXXEhge #7d havi ng a mean particle dianeter of 7.05 [err]
(standarsgl deviation U.2Z5 pm. 40 The spacers were dyed in the same way as
i n Conpar at i Veirdyaasand partfeies inorjahiefine perticlesidde ofighigd silit{ité ardhavingdianpgiitie disfrler
di anet er and 730 fiih {stethdsird deliatiorel. 32qim) @ére bbtain&iDA sdlutiompreppsd g Hissolmng .35 g Oetfapior |
and 0. 27 [ egoxjtitaniumradsiiame Byl, marutactdred &y NippanfSotidi@o.dtd.)dw thimivpa-bente wes additto
conpr essi onodE the inaiganicFinaparti@daband svers|well mixeld withe spajula afierywhich the othexahe wésevapo-
col or ed 38 pareted.Nexif this mixtunewasdhnughixgroynd i ragrigheliminatingthe lomps, The cel | gap
val ue of the Mh Sdawgagmmageetewgpfdi@amd@mlqemmmaeam\%hy\awcmd@xé{ | Shell
except t hat t FROXYaBelid) and0.2 gf ﬁwhﬁw&ﬂd%ﬂ%éﬁy'dmﬂenm@' tade paare 2PHZ maaufy y §hi-
6.91 0.08 I E‘F °‘KA93‘§(9° &‘51)81"'9!' e uI arlty |n densrt was ob- served when
he,;pol ar| zr n Exe'er"r 1%%"?”%”’%%‘?%"9\/\/@

?fé ' Ep i %‘l@ﬂﬂﬁ% gﬁg%ﬁ%fy ""E’b‘&’@é’r I.’:sfgé*:g?ﬁ o wreo%%r'aas
T S e

mean parg i cjaﬁ,e agrg-, a stan- ard deviation o e co ored spacers
were 7.04 [erfie ramelcrqsna%.sﬁuwaémenrmra&arhmsw sanld Way'és méxarﬁpm exlobift tHath@4eeh
spacers at cbR¥a REGaNcIMS patticiddSNer U3Bd dsPacsRSTHo GBI gap R4IGd of tHd/NGuid &Hfstd] BSHANAS In)the
factor of tlageopaZarGosii.er the 55 conpression deformation was 85% The
cell gap val uslsabolériiveegliantyin dersityiess absefed Whe taQolarihg Sieet Wie appliédto the iquR crystal
Exanpl e 54 eceltinjtiie shin@ivayt 43dn Example 4, andthd displeyhefprmace was\irsatistastorg whersit was Jif upe
range of 7.00 [err] 0.10 [err]. Also, color irregularity in density was ob-
served wherExemple fb| ari zi ng sheet was applied to the liquid crystal cell In
the sane way as in Exanple 1, and 14 EP 0 503 089 Bl the display

per f or mance wHSt taemethdeinethase jetmpravate was palymerized Ryjpuspension polymerization, and after that
85 fine particles having a mean particle diameter of 6.98 um {standard deviation 0.23 um) were selected by the

classffication. The K-value of the fine particles at 10% compression deformation was 633 kgf/mm? and the
recovery factor after the compression deformation in the case of the maximum load value of 1 grf was 63%.
The resin fine particles were subjected to electroless nickel plating, after which conductive fine particles
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Exanpl e* ‘11 5 First, 75% by wei ght of t et r amet hyl ol net hane
tetraacryl ate and 25% by wei ght of QHSEW ?gnzene were polynerized by
suspensi on pol ynerization, and after t I ne particles havi ng a mean
particle dianeter of 10.00 [err] (standard deviation 0.40 Jerr

sel ect ed by°n¥iushajckelgqlq w'eant'wwwem@wed were ﬂ"&h“‘ﬁﬂ%‘ %ttﬂﬂtg%fe %JP%"H is
0.15 g of t¥the NS ph"f‘ t“""‘k

Co., Ltd.) ?H" ° ot % - fi; " , ssl.ne artll'cgei.’,5

232{)‘3’?;56\(’1\5!@#? g wnh g‘g sn en m ?gg; u iingééq I%%?J gtrﬁ%ggaku Kogyo
an inFigurg 6, €13 was
i %@Qg A n o A Rar R AR

el i nat i NOw3 d thi AV
151, mancEal tionjff RS HAGR Ih&h'h@iﬂd?ﬂgs as
a hot-nelt @5{35 ,ﬁﬁdnaﬂsoaﬁ was d| ssol ved in a hot bath at err

this solpti on AdaRchBERE Produds vl R¥Bd thRBgH240 &yBiBs Byasihg sthépal 'éﬁoﬂ%ﬁﬁg aypérhuanrade
organi c tit fiMelr®va0, ARALBuredByCrabli B$p8¢ 666l )whith bperdtdteut S0C fob Bheltiolrind ¥R C for one
conpletely mourl sified, after which the solution was dried by heating under

reduced pressA\ndthed festﬂ:ﬁﬁ pitlcbitfin the sgnte waly as theatiolss was\patyn a thér@o-hypngatat (TradeviameIPRL he
resin fine §RmbnutcmedheTabaiEsge Corp)ivbith dpbretedaridentind donditibhedf 86 and30%RHend tested
obt ai nedrs Nex%00 h@ds. The cdntagti resistanceteiweas tvackibstiodes werh @redaured befana @nd éfter the thegnal
wer e t hor ousglietiytesy ausi theimpisture proof test by using thelfeyr tepmipal methed. [Theesulte.ereshoymds talile 1.

t hr ough t hr Eremdhstresults; it war found that the enntaptaeliphility ofithe cgrductivp firanarticlogiwere excelleply t |

the deconposed | unps were washed on a glass filter with 1 liter of et hanoI
and were suB#BMBAY in a nixed ethanol / Freon- 113 soI ution (volume ratio

da

2:R, T t?émxture vvasthenleft standl undlsturg |nth|s state for 15
hours, and tohg' : sus f lt‘: R -:&_ welght of “yl9F“

pol yet hyI en% ymf Pﬁﬁ? V. -”:;- M aueortﬁ |ne a cle a
glassfllte b, ,lg an % af?ont r]
to obtaigp rne&“am' coat re5| n

particl es h rf&} Holeddhickel p[aﬁrfgr lfte§ l’il?ﬂ)q{?tfugwgﬂ{é rﬁk
0.43 [err])en A&ha.cte@a .Smed nsya £rb Bbtaié by the Ghi bR Ralifds
t he surf acegsefcotdi@ive ﬁrﬁ'p@rt ib1bd WRowRlifat 4o &mtmmms&m%m%w and23!

[err]. The ganmhy abpeeiively Thb hﬁam&tcceeﬁeeiwéshmaam&rw&taﬂmfdzawart i cl es
by usingea sScantdatdh wab Siitdied I thd saMORE/QRB M EXEANIED ekdeptithat th@aiovid JoAditive fifie faltidles
resin fine wée uded) ™ relEbiiRy oftiid 96t Bhily wastadteti Thal résuits\&x $hoah inyrabla Y| Rdie thakdsintal it
any gaps. 3Was found thatthe dontdetiralisbilinf of tHeeoninétive tinerpagicias idsreecefiat.t i cl es at 10%
conpressi on deformation was 450 [err], and the recovery factor of the
particles abtampletihe conpression deformation in the case of the maxi mum | oad
val ue of¥l grf was 63% Aliquid crystal display el enentwas obtained in the
sanmeway as i nFst ky weightiof tetyameteMalmethane tstreactinta and 5p% Sy weight pedivinyibeszenewere
spacers wer ROMRSEzed bysuspspsianpelymeriggtiop,and afigethat {ingpadicigghayipg.a mea Eﬂ"@? teeaf 7.8 |
was in the WBfipadagtdevigiond. 2§>!3'“13 9'98“1)‘3’ ["?f@ gssifications The Koygjug pf ? priirlesal 10%,
deisity wa t 4PN fé‘f‘%&@%[ﬂrﬂ ‘t°'§€f°‘tst9 ?f'é’"‘Fﬁ"t!fLﬂ‘B"

°<ma

crys- tdf ¢ SI? £ Y ickal a Fwhich ¢ Bfild raridpce
vas good when I3 e T e et :ﬁﬁfi ; sﬁéﬁ%n@% ¥

pol yer 1 zechd SEEE i |m99ﬁm.za g gs%?
having a ”E‘G}Gveﬁbﬂ{}e% praﬂﬁle la

were selgcte A'@éétéhli&%&&b%a?rﬁ: Ittfebbrh@Way 28\ dlmeﬂ{e&mﬁttﬁ adave h Yhé}ﬂn

g of tetrapkgpaeed!the Adnhoiity &Tmaea cnawmemk THERBdhPErb SHoRA inPibidk m?&ﬁ‘thgi?édﬁtsqp
Ltd.) in 15vdatounl thattheeonia raastiitPst 8RR Gofdictidoni pafticibd Wasfekdaenpar t i cl es, and
were well mxed with a spatula, after 45 which the n-hexane was

. evapor at ed-%ﬁthi s mxture was thoroughly ground In a nortar,

el imnatseng the unps. Then, 2 g of solid epoxy resin with an epoxy
equi val ent of Fi8(25%ty waightal tebrametitylonmathane tefradsBAate(and 356 by weight ERIVE@IBEnz&R0dere
manuf act ur erblyimeri2éd kcsuSiendidn pBlprerigatiot;end afterthit finenarticlel hawing anadn particlbQiiamieterxf 7.03
acet one, ankin (standeir] devigtion 928 o) wanesseleckedy tie qirssitifatiqnaherk-valug otjheffinetpprticles at 10%
af oresai d f¢omerepgigmdeformation wasd4&kgfimmtand étemcntyraafg@mafwr@'e@gme#swz defoypation in the
et hyl - 4-5et $#¢ ?fﬁﬁadwmu@'%ﬁmd,lﬂf&?s"t% ou m Xi ng, the acetone was

~evapor at ed, ?\Aﬂt‘?’és'% nepattip 9:5 ‘g?FBP'?*@'rfg ﬂ‘"@ ; ?‘8 %h pgrt:;lses
: t d u 1 e analysis
di anet er of ?fqﬁg"etf’gg; e oy P e o S %%g yalfigpigesw

(standard deviation 0.46 [err]). Frontth?s result, the thlckness of the
adhesi ve epoxy resin |layer was calculated to be 0.21 [err]. Ex- am nation
of the surfaces of these coated resin fine particles with a scanni ng

el ectron mcroscope revealed 55 that the surfaces of the resin fine
particles were uniformy coated with the epoxy resin |ayers w thout any
gaps. The K—value of the coated re5|n fine particles at 10% conpression
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recovery factor of the particles after the conpression deformation in the
case of the maxi mum | oad val ue of 1g g 2% 15 EP 0 503 089 B1
Aliquid crystal display el enmentwas obtalned I'n the sameway as In Exanmple 1
except that the above coat ed resi n fine particles were used as acers The

cel | gap va 'I'?&"“P "EH'P IdiaE‘étP‘lwﬂi/ag’P'ﬁ(Wéa’i’ B°“d’f29 er r,]e
0.03 tCh Yl% S
pol ar| 2| ng B t “'t%a'es'P c§ Pl ﬁ°"f '°§ ﬁ‘e‘t
way as ip ‘1"8 he'a Ryl Ve 8?"?' Atides s exslIt when 1t was it

up., Corrpara%lgﬁg tﬁ(arrpl e 11 First, inorganic fine particles nmade of gl ass
si tate an g a nean partlcle dianeter of 7.30 [err] (stan- 10 dard
devi ation 0.3%g m.nwree&%ebmﬂzmmspasﬁ gaﬁdeﬁau&.r am&&%.abune%ﬁ:aoé aau.%
0.35 g of tghbdaRRRIRG dihétbrdf?.08 Tinl $hmfdR d8A&TBn m)wu cla¥sifdaliOfhe
Co., Ltdo) vaiuebfthdfine Phrtidles3LI0% Bmprassion déeleithalidh wh330 kgHmni2aRd th@mc&é@%ﬁaffeﬂﬁ@
particles, gored@dnQeidihationth i dasslof the Mairiaiki Idadvalud bt 1QkfwelB Bk t he n- hexane was
evapor at ed. Newd resii fiiePaiicidd wiresubetted th BIEQIBEY nickg pRtkigrlafteNwiichBakiduétive fine particles
el i m nat i ngor whichhnidkepgold pidtadlayeis watpdbrmediwdre sbtdined bp thp galdstbstitutiom Gpaction. The analysis
et hyl ene- vi ofytle corclatting fineqenticies ahewed Thabgbll caatant arddidkél Adritet iRir32S,6%lHy weight and 18.3%
manuf act#er el veightl eekpedtivelyiibe mesn pddigle dia@eter, was 730 pm (standard dayiation 082ipon).- el t
adhesi ve resi Atestithip wopebtaingd inthersgmeway ab infEsarpnia 13iexdeptdhapibe aboverionduniive finerpartides
sane way aswireuseddliie reliability of thissipat chipwas thrieds Fro\resultsare shown in Table f.diforpthe raswlts, it
surfaces of wasifeung thatthaicontael reliablity.of thesprdustive tinepasticleg was exqsllent- ne  scanni ng

el ectron mcro- scoge reveal ed that the thickness of the hot-nelt adhesive
| ajers 2Br t d Inorgamc fine partlcles Were O 43 pm 20

The K-val ue of. t he c nor an| C ne art i cles at 1 gsg
A g 50 g,
l%e 1V

def ormat i on, v which condu

t he corrpresnci& '°" PU %alzv Mgg‘%s"u

was 85% titutl TIYeaJngzsls :fthi’coqlrf
Exanpl ezi t, sw:? @&h&réiet)ﬁmwzttﬁfgeﬁe m&@?ﬁo as
spacers. Thg, cﬁ‘ﬁ eﬁﬁﬂe&lﬁ b‘;ﬁ dkfoﬂr\bh was BS0 K@ mrezhd th¥\@Sovbry facidfafteAREBmO f
25 7.25 0p rinati 12%:0 or irregularity rn density was observed when

the polari zi ngte%tuaratuam&uﬁa ltieR8mé WaylaB M Ekdripitl 13 exidaptiHiabthe &53\d cohduciive AinearBies\aY
as in Bxanmide dsedAThE rélififityeléf il 193¢ oS WasbIGINTIR rédafls at8 Sidlvh Tl TABIS O./FronVhe Fesillfs, a.S
it up. Conmpaiféeunt thet thechtatt elidblitydd tHeicoriuctivé@finepatticies vaspbdrcl €s, inorganic fine
particles nade of glass silicate and having a nean particle dianeter of

7. 30 pm (st Gomparativedexempd 140n 0. 32 [err]) were obtained. A solution prepared
by dissolving 0.35 g of tetrapro- poxytitanium (Trade name B-1,

manuf act3ir ed KigstNO by weigit obtridliyl isocyanurate anc702gbyrweight of diakybtthalate wess polymerdzed by 10
g of the i rRysReARIP merization and afites that flap pertjplas bavipg|ajmegs pastislediamaterof £.80,pm (standard
after whi crf’et"n'to"ﬁﬂﬁéwhw olested bithe,classifjcatipn, Tha K-valye,of the f"rﬁ partiglps at(1p% cqpgession

t hor oughl y kgfjmmz and t&?'iet’ﬂ"?féif gf'tehté "H‘?E’H“a" ‘"aé 1ﬁ°ér deni ng

L9 %w@ F‘a’ "E;?@ e Wz?ﬁgt
pict
S

(Trade nar‘reb it [standard
used. The c Q%@J& eeeﬁ %{ﬂﬁé‘:
in Exanpl e vte%eeesa £b|| v egts%nn ? hafe@atsq

the coatgd Jaq5ud@ihbind doﬂt%ctpeﬁ&&m fﬁw’io&%ﬂu&l ln%%%&é%s%&c”on mi croscope
reveal ed that the thickness of the adhesi ve epoxy resin |ayers formed on

the coat ed ¢coapa@NaiEsarhdléds particles were 0.41 pm The K-value of the coated
I norganic fine particles at 10% conpressi on deformati on was 5300 [err], and
the recovery Fies ioe patticles madeofpdlystylens araifhiniig ainfiean ptiger demitendsf 698 fua (stshtdrddevian
t he casdo oftioh D.e7 we)wiereisabjdctae th elbGtrolesahicie! ptating] aftpr Whickaenddotive finbipertitiesau wbictomickelt al
di spl ay el egvisiplatediayersiyerafornasd by the géldsubstitntionvagctiomwereobiainad|Theandlysisa the condirtive
the above dinapeticiesrbewptrinat theigpld contant andiniskel prstent wete:32.296 bisyeightand 18:3%dy velght,
- gap val ue OPspegtively.Thanepnpprjice dipmelerwas {\ghum (standerd deviption 039 km). Diw K-@lug of theeon] |
ductive fine particles at 10% compression deformation was 116 kgf/mm2 and the recovery factor after the com-
&5  pression deformation was not measurable.
The test chip was obtained in the same way as in Example 13 except that the above conductive fine par-
ticles were used. The reliability of this test chip was tested. The results are shown in Table 1. From the resuits,
it was found that the contact reliability of the conductive fine particles was poor.
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Al $o, color irregularity in density was observed when the polarizing sheet
was applied to the liquid crystal 5@,,0%?“89@1 the sanme way as in Exanple 1,
and the display performance was unsatisfactory when it was |lit up. Exanple
13 First, t traneth IoI thane tetraacrylate was polynerized by suspension

polynerlzat that 55 f|ne particles haV|ng a nean particle
di anet er of 6 err t|on 0 23 ec
cl ass f| cat o i % '°"'£‘ a'[' hef.n 'J?o?:s wimboriiadinty °¥q,fmz
ef or mat O”a&ﬁ m-ﬁk& aEqn 5&pnpre
deggr rmt' on I re &E&’&J éﬂém:l ﬁlﬁ & r hi (ﬁﬁe/ﬁart gon
h fine Bﬁi&ﬂﬁu lf‘gﬁld\ﬁﬁ{eﬁlé wére dtb9trFeg€|G ﬁlﬂ nﬁﬁ%ﬁré& rel% @ih écﬂﬁheaﬁ’n s of
whi ch condughe ktfudtild e Paidids Showad thét the gof & Eeoftdnt ABre $HIA% By Whightenb 1636% d

pl at ed | ayeppwaight, foshdfivalyTHRetN RiRtichi dikfidtebV: astm u&%a&ab&ﬁw&wm&;r eaction.
The anal ¥si s Qftest & v bstaisddiinRe daind Raykd in ExGheé 136R6¥pERkt thB abovéctndlicthve fihegiticRs d
ni ckel cont e usddl The2diabliity bAthiv\@stGhip was@sted TR fediits e isipn in TADIE® Sfftorp the lréstit=L it
di anet er wawasfouhd tHakthe ¢onfastireliabllity of tiskasonduttive findpatidie wasrppdr. Then, | 9 of the
conductive fine particles and 0.5 g of glass fibers (dianeter. 5.5 [err],
average length: 27.5 5 [err]) were mixed with 75 g of epoxy resin
(Trade n#®ne SE-4500, manufactured by Yoshi kawa Kagaku Kogyo Co., Ltd.) and
25 g of a hardening agent to forma paste. Next, as shown In Figure 6, the
paste 13 was coated to a predeterm ned thickness on a glass el ectrode 12
conprising an ITO filmon an inner surface thereof, and another |1TO
electrode 14 was superinposed. This |am nation was sandw ched by a press
madhi:ne Znd press heated at 35 [err] and [err]. 10 Atest chip C so
produced was tested through 240 cycles byusing a thermal shock testing
apparatus (Trade nane TSV-40, manufactured by Tabal Espec Corp.)which
operates at [err] for one hour and at [err] for one hour. Another test chip
produced,i n the same way as the above was put in a therno-hygrostat (Trade
nane PR- 3F, nmanufactured by Tabai Espec Corp.) which operates under the
conditions of [err] and 90%RH and tested 15 for 500 hours. The contact
resi stance between two el ectrodes were neasured before and after the
thermal shock test and the noisture proof test by using the four term nal
met hod. s#he results are shown in Table 1. Fromthe results, it was found
that the contact reliability of the conductive fine particles were

excel lent. Exanple 14 20 First, 75% by wei ght of tetranethyl ol net hane
tetraacrylate and 25% by wei ght of divinyl benzene were pol yneri zed
bysuspensi on pol yneri zation, and afterthatfine particl eshavi ng anean
particl e®dianeterof 7.05 [err] (standard deviation 0.25 pm) were sel ected
by the classification. The K-value of the fine particles at 10% conpression
def ormati on was 527 [err] and the recovery factor after the conpression
deformation in the 25 case of the maxi numload value of 1 grf was 55% The
reglh fiﬂe particles were subjected to electrol ess nickel plating, after
whi ch conductive fine particles on which nickel-gold plated | ayers were
formed were obtained by the gold substitution reaction. The analysis of the
~conductive fine particles showed that gold content and nickel content were
29.1 % by weight and 23.4% by wei ght, respectively. The nean particle

di anetergwas 7.29 [err] (standard deviation 0.29 pm. 30 A test chip
was obtained In the sane way as in Exanple 13 except that the above
conductive fine particles were used. The reliability of this test chip was
tested. The results are shown in Table 1. Fromthe results, it was found
that the contact reliability of the conductive fine particles was
-excel l er®. Exanple 15 35 First, 50% by wei ght of tetranethyl ol methane
“tetraacrylate and 50% by wei ght of divinyl benzenée were pol ynerized by
suspensi on pol ynerization, and afterthatfine particles having anean
_particle dianmeterof 7.01 [err] (standard deviation 0.25 [err]) were
selected by the classification. The K-value of the fine particles at 10%
conpres§Ton deformati on was 468 [err] and the recovery factor after the
conpression deformation in the 40 case of the maxi mum | oad value of 1 grf
was 52% The resin fine particles were subjected to el ectrol ess ni ckel

pl ati ng, after which conductive fine particles
. 19



on“whi'ch ni ckel
substitution reaction.

t hat goI d content and nickel

wei ght,

deviation 0.29 [err]). 45

The anal ysi sgp shatf:

content were

98’

-gold plated layers were formed were obtained by the gold
nductive fine particles showed
5% by wei ght and 19. 5% by
respectively. The nean particle diameter was 7.25 [err] (standard

Atest chip was obtained in the same way as
in Exanpl e 13 except that the above conductive fine particles were used.

The reliabili ty of fhi Smfm@ St P—Was ancj'.an The recult e ar shown in
Table 1._Fromth ¢l that tlhe cqntact] relijabilifty of the
conductive fine : aml e 16 50 Kirst, 25% by wei ght
of “&t r anet hyl ol hnd [75%|by wgi ght |of dilvi nyllbenzene
were pol yneri zed | 1 and, gf t eg thatd iinegparticl es
havi ng a nean pa st apdar d, devi at 28
[err]) were sele e o Val e [of ehhe fs ne
particles at 10% |48 [err}=gndub e eegovery
factor after the e 55 casg ofewt Xi mum
| oad val ue of 1 irticlles wgre sy ed to
el ectrol ess nick tivelfipelparti on which
ni ckel - gel d pl at br e ai ned by tlthe gd
substitution rea g, final jysi g ductijve filne pa es showed
that gol d conten cont er % by {wei ght and 24. 3% 17
EP O 503 089 B1 ight  respect i rean rarti ¢l e dijanet er was
7. 27 pmgstandar it a2 °fe obthijne® i{n the
sang way?as in cept that, %orducétlveglne qirticles
were used. The rél4 bt~ thi™s \as tested.| The [requlfts are
shown in Table 1] €rjodthe fesults, nd that the cortact
reliability of t escorvducg ye fline as excellent. § Exanple 17
First, dgvinyl behzene=was~ppl yneri 2 nsi o pol yl nerijzati gn, and
after that fine partij cles having a e dijanet gr of |/.05][err]
(standard deviation |0.89 [efr])| wer by the clgssifijcatidn. The K-
10 value of the)f#ne arti ¢l es| at jsion def orfmati gn wag 330
[err] and the regowel b f adk pr ter ssi or) defdrmatijon in the case
of the maxi mum | pa¥d é;}:uehm T it e Pedin=fijne Pgrti®lles were
subjected to el e¢t¥ol ess @ ¢kell| pkgti whe d¢h cenductijve #ilne
particles on whi ¢h nj gkel «=golT pl%At ler & flor d W& d o di ned by
the gol d substit t¥on s eact | on.| Thd f thd cShductT e M e
particles showedjt %olg Cont ent contént wgr e 24 6% Ry wei ght
and 18. 3% 15 by yweLghts respectj velly. partli cl e |di andter Vas 7. 30
pm (standard devia,iom O-3ZiTETy )| AL§ST T was jopranmed i thg same way
as in Exanple 13}exc t hat the abovelconductfi ve fli ne ﬁarti gl es Vere used.
The reliability ¢pfuthi® test chjp s f{estpd. |The rfesul tjs arg shovwn in
TaRlLe 1.40Fromth gestsS it s floundl thhat tlhe cqntact} relifabilijty of the
conductive fine pagt] ¢t es gvpsmeieel|l ent . w20 e~ {Compdr ateds e Exgnple (13
Spacers nmade of perziodlian®rine polymer$ and khgvi ng |a medn parjtickd di aneter
of 6.98 [err] (sfasdarsl dﬁq ati pred. 25| pA) | werle sRillj ec®dd t® lel ®tirol ess
ni ckel plating, af€ g\,hl &hi confluctli ve{fi np particlles ol whi ch A?gkel - gol d
plated lgyers we e f rgred=by the gdld substitytion |reactfion were gbtained.
The anal ysis of the fcem- & du 't|\4e fijne articles showed t at gold
content and ni CKk ¢la=ttiingiioniio=gn ol 8 Berioiio
respectively. Th¢ nean parti cI el di rret S ?.3 [er,,; S das deV| ation
0.27 [err]). Thel|K-val ue of t‘ﬁe conf- c‘f’i 5f|® pgaX ﬁ
- conpress?on def of mati on was 6Q0 [err]" ing { he réé@\Ae@;facTwr &dodr the
com pressiaoff deformation s§.12%. 'E. sg. tﬁ.p \/ﬁ. 0 ﬁ.l neslai in sane way
as in Exanpl® 13{except that kh ove | centuetli [ ar cI 0 were
used. The reﬁl abill ity of thilsest ns% c\g use‘sl‘-ea % rééﬁgl Qﬁare shown

in Table 1.- FromThe result
the con&ictive fine particl
First, 30% by weight of tri

S,
es was poor.
al lyl

[t was Tound that the cont act

T

eliability of

Conpar ati ve Exanple 14 35

and

i socyanurate and 70% by wei ght of diallyl
pht hal ate were pol yneri zed by suspensi on pol yneri zati on,

after that

fine particles having a nean particle dianeter of 7.00 [err] (standard



devi ati®n 0.28 [err]) were selected by the classification. The K-val ue of
the fine partlcl es at 10% conpressi %oﬁ&rgrmtlon was 245 [err] and the
recovery factor after the conpression deformati on was 12% The fine
particles were subj ected to electroless nickel plating, after which
conductive Exampled8rticles on 40 whi ch ni ckel -gold plated layers were
formed were obtai ned d subst tution react on The anal sis of the

conduct | ve fpgﬁ ‘%“’g“ %%%59‘@ e nﬂgﬁ“ eg?"ﬂf“éfi
% y g

9s p! erecov-
L aet e " oo efﬁé é&wss ?ﬁa“fﬁ ri%‘fe Co
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contact jpel ywabidqefy of t e conductive fine particles was poor Corrparatlve
Exanmpl e 15 Fi rﬁaIan 15bﬂﬁ’ed&ﬁdu¥:ﬁv§hﬁb3pam¢arﬁb 5130 gl HeRY \Bamdiéh: S, Bébrade Iﬁﬁgﬁ‘* 275
particle di ampie¥ mRéd it I8 g bdpbly réshi (Wadbathe SEMBE; mardfaciuted By YhsHikawaa
subj ect ed t @ofltayand@b @ sEhaRfefifiageiit icXorn 1Rste. ek lis RO In EigUIel6i Qe paste i3 W coated to
parti cl es o0& prkiétermined thickless anad glasp biaétde 1 2oombdsing@an €O fikh B én iiyer liacgthbreof, and
subst i t utsi 0ranatiealTOieldatrade ¢ wadxupdrimpaked. This lagnivationsvas s@iiwibiied by @ préesatdchine dndheat
particl es shosedatIiky/oniend deO°Clfoc3mhioums. and ni ckel content were 32.2% by
wei ght and 18./86st &hjp Gasiptpduced wasdgsted thropgh 240 cyrisebynsingia thermelishdcktesling appatatus (frasle
7.23 [err] (anaiyA0dmenutartyeq binTabai Espef Borp) whichaperates gi0ticforone hayeand@hr4°C for one
duct ivefinehplrticles at 10% conpression deformation was 116 [err] and the
edpyer yPact gringierdgst ehinprodyerd injtie sa ¥y §? iy a?%? H‘PsrPé.‘f ingA t%&@'%‘["s ‘?Pr’!iB‘P e.
The test chf 3!/'_\16{%3 ‘ft'é‘F‘hBVTaPﬂEfﬂ?écg

d@°’fé§" he

above condu @" 5'P°°° t?‘% 'f’eé‘”??ggﬂ’ °?‘%ﬂ °5?3 ft t
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e

chip was te T
found thgt m"é%'ﬁfe A "duct' ¥e h"g pf)récl?sl wap gxeellent,
poor . EPE%&%&?‘EOBQ Bl Oorrpar atlve Exarrpl e 16 F| rst fine particles made

of silicon having a nean particle dianeter of 7.01 [err] (standard

devi ation 0. 19:ckifsteln) wiiHi & tetramath tha?i@ﬁtr&‘ac%le‘éﬁdé?:ﬁ/thﬁelﬁﬂt&@wHﬂEJnh&\Lﬁ&ea&
10% conpr es gefida BFduSieRBién golym¥ation, Jdidr wiith fihe particies RdVihg b HRar St RlakneloPst 705 R f
the fi nespagiangdreevidfion©25 uifveretBIRIneE TheKivail bt Fik bﬂmeéaﬁoa,%%pr&;@n hiétdmation
particl es Waae478 Wi dnd the PectleRThdtd? bRRGTiINBipariQés aitbitthd ddBhprestidn@efoiiatisiIn the case
conducti ve bithemgiim icddaalu@st 1\uffivaisss.ckel -gol d plated | ayers were forned by
the gol d substTins tesin dine pettivios wern sutjscied tizicairalas coppérelatingabfes wisichthe édpger plated layer
conducti ve ivassubjpaadite thé sbstifitionvesbtiorntatepiadecogpet with indininihe armlydls ofittekesin fiooperticies
were 27.3%% bhyowed btithecindilnl@ni@stovey 198%.ght , respectively. The nean particle
di aneter was 7 88 clipwas obfained indlae same way 2t in Exanplei§ efesplthat thegepconduciivetfipesparticies p
-was obt ai neWere ysadh Enedeliability ghthetestichip mringieds Thezreaults arp shawn dy Tabla@. Erprp the results, it
conduct i ve Ppsfeunddat the sostact geliallity; ofdae condyetive fing pepicler were excslient s t est chip was

. teged. The_results are shown in Table 1. Fromthe results, it was found
that the®cofamelee| i api lity of the conductive fine partlcles was poor. 15

20R2SES0RSS 4§=|r§f 0§65by welgEFof Qetrame h}%?met%ne %h{a yIJte an% S%Q; by weight of divinylbenzene were

polymerized by suspension polymerization, after which fine particies having a mean particle diameter of 7.01
pm (standard deviation 0.25 um) were obtained. The K-value of the fine particies at 10% compression defor-

45 mation was 422 kgf/mm?2, and the recovery factor of the fine particles after the compression deformation in
the case of the maximum load value of 1 grf was 52%.

The resin fine particles were subjected fo electroless copper plating, after which the copper layer so ob-
tained was subjected to the substitution reaction to replace copper with indium. The analysis of the resin fine
particles showed that the indium content was 20.3%.

50 A test chip was obtained in the same way as in Example 18 except that these conductive fine particles
were used. The reliability of the test chip was tested. The results are shown in Table 2. From the results, it
was found that the contact reliability of the conductive fine particles was excellent,

Example 21

First, tetramethylolmethane triacrylate was polymerized by suspension polymerization, after which fine
particles having a mean particle diameter of 7.53 um (standard deviation 0.28 um) were obtained. The K-value
of the fine particles at 10% compression deformation was 282 kgf/mm?, and the recovery factor of the fine

21



EPO503089B1 Exanple 18 First, tetrarret hyl ol met hane tetraacryl ate was

pol ymeri Zed by suspensi on poI ymeri zghbehs osgkli€r Which fine particles having
a nmean particle dianeter of 6.98 [err}‘ ?btandard deviation 0.23 [err]) were
selected by the clas- 5 srflcatlon The K—val ue of the flne artlcles at

10% corrpres‘s‘il’*t'ﬁ‘i’sBfé‘jgr %‘5 f the
f t | 1| |n

| oad val ulecﬁ’(fa" T“‘ ee ‘W 5 ran‘ fea'arweﬂeferg jebe sr%vergfd g
el ect rol gss 'l?si ;%%f ot,h %am t g ks ass%%mu&ner e et

t he subs 't\H Srakib faSit
shdwed t hat Hég&oﬁgh ||it t,}e é’pa asex r f Ee conagetve

fine parti crles an ass laneter b. err] aver age

| engt h: 27. §°,L¢g;ar,13)5x%,;,g1fn xed with 75 g of epoxy r esr n (Tr ade nane

SE- 4500, panuf act ur e oshi kawa Kagaku Kogyo Co., Ltd.) and 25 g of

har deni ng agewirstffie t;ﬁﬂdtasmas 6 beRiogdananivie polymrs antcrhaﬁhgwuheanﬁ.amabmamtoee d8unas
coat ed to a(sfanduetRied@stith 0.25lurh)erloBainel. THe Kevalyb ofsii find peeticle® kel 0% contppe¥pion defofraiatiam

| TO fil m onwass20 kyiemn2, and theie covérig Gatecdfter tesm@miiiession deforimationlinftie cabeaf the eddimin load S
super i npos evhlue bi @f waa 2% Jhe fine partidescrmrechnbjedtecidio dbartraless cerper pratimafteewlichdhe vopyter
pressed 71at B&eq layer §o ohtaided was sybjeicted to® spbstilytiangeactionttareplace hopper@tls ndigm.Jtiearalisisvas
t est ed t hr oefdfte fine particjes|sbawet that the indiunmcantentwes P2€%hock testing apparatus (Trade
nane TSV-40, Wdeshiehipwag ckigingghin tive pame way pgl EE&mpg B exgaptihat iheneiahqva sonductipedine part or
one hour antpleswereussd; The gliabiiieof fgtget chipayas tested gylks-arq shown ip flable ZoFrem theersultsy
the same walywasdound thatihe,contagtsaliabliity of thecgndyctive Ene psrtides was PPt  ( Tr ade name

PR-3F, rfAnufactured by Tabai Espec Corp.) which operates under the
condi tions é?#@lﬂ%dgﬁ%@l—g%% and tested for 500 hours. The contact
resi s;an;get oo R HO0SR S TRORG PRI mgmfrf, aeﬂ.t WinddiFle:
mal Shock ! Ga nﬁlf? t'JG% oF 8 4540

ﬁ\ frﬁek’
met hod. el ar é‘z icfes rt{%@n{ h et s%ls
that the co"d[*’ ;f,e T: aﬁ o pﬁrﬁaude?ermtﬂth&fos&r%@édﬁ eAAb.ent
25 Exanpl e dedhdsShn; c'm@mwubamte reE&for'i @raearday h AGm.LTRS Eridfysis ¥f the ffne PAIC

25% bywei ghﬁ&a‘sdhdwemmhhmmemre&ﬂebmb?rw igiked Dy suspensi on

pol ymeri zat i otesbdhipVas sitdined infthe 3amPRdylas fl ERSmple8iekd@ptahafiidabolédohduelive fifk pariole®
of 7.05 #m B&e uded.[ThE fbRdbilityChE thb Rl chip whls tésted. Fielrdsult &ve Biowh itTablé12 Gromitheredlits, dtiwde
of the fi nefopairthat this @entset reliabifity ofthgddoadistivefingl prticfeswhs woor. was 475 kgf / mR, and
the recovery factor of the fine particles after the conpression deformation
in the case of the maxi mum | oad value of 1 grf was 55% The resin fine
particles were subjected to el ectrol ess copper plating, after which the
copper pPated | ayer was subjected to the substitution reaction to repl ace
copperwith indium The analysis of the resin fine particles 35 showed that
the indiumcontent was 19.8% A test chip was obtained in the sanme way as

i n Exanple 18 except that these conductive fine particles were used. The
rehiability of the test chip was tested. The results are shown in Table 2.
Fromthe results, it was found that the contact reliability of the
conductive fine particles were excellent. 40 Exanple 20 First, 50% by
wei ght of tetranethyl ol methane tetraacrylate and 50% by wei ght of

di vi nyl benzene were pol ynerized by suspension polynerization, after which
fine pargicles having a nean particle dianeter of 7.01 pm (standard
~deviation 0.25 [err]) were obtai ned. The K-value of the fine particles at
10% conpression defor- 45 mation was 422 [err], and the recovery factor of
the fine particles after the conpression deformation in the case of the
maxi mum | oad val ue of 1 grf was 52% The resin fine particles were
subjected to el ectrol ess copper plating, after which the copper |ayer so
ob- tained was subjected to the substitution reaction to replace copper
with indium The analysis of the resin fine particles showed that the

i ndi um content was 20.3% 50 A test chip was obtained in the sane way
as in Exanple 18 except that these conductive fine particles were used. The
reliabi ¥ty of the test chip was tested. The results are shown in Table 2.
Fromthe results, it was found that the contact reliability of the
- conductive fine particles was excellent. Exanple 21

22



55 First, tetranethylol nethane triacrylate was pol ymeri zed by suspension
polymerization, after which fine pardisGhesaelgavi N9 @ mean particle dianmeter
of 7.53 [err] (standard deviation O. err]) were obtained. The K-val ue of
the fine particles at 10% conpressi on deformation was 282 kgf/ m®2, and the
recovery factor of the fine 21 EP O 503 089 Bl particles after the
conpression deformation I e Case ol (e pextonroad—yatoejof 1 grf was
58% The resin fine partjcles §ere gubj e,cteﬁl toj el ectrol gss copper plating,
after whjch the copper p at &ayes [so ¢btal ned} was| subj gctedi{to the
substitution reaction tgrwre per {with infiun} The|anal ysis of the
res fine particles sh 20 b tnglison] aant ent | was 19. 894 5 A
test chip was obtained ijn the Samg Yay. s .i h Expnl g 18 excepl that these
conductive fine particles dhe wel iabj ldtly ok [ heed ¢st chip was
tested. she results are Shf dn Tahle P. Ffomlhe feswl s, e § Was found

that the contact reliabi]li confluct| ve finej part]cles|was

excel l ent. Conparative Exgim ) Fifst,|fine particlpes mge of
benzoguanam ne pol yners |a inY & mean phartilcle dianefer of 6.98 [err]
(standard deviation 0.2 [er obf ai ned. The K-val ie of [the fine
particle® at 10% conpr egsi on at i op wap 620 [efr], Bnd the recovery
factor afterthe corrpressiq_n ionfin fhe case of the maxi num | oad
value of 1 grf was 12% |T ticfes wereg subjected to el ectrol ess
copper plating, after whicl poi Lo platied | jayee s0 @bf ai ned was
subj ected to the substituué on fo,.repl.ace,clopper} wi thlindium The
analysi %of the fine parjticl pomt had | ve || rali jumsont emt | was 22. 6% A
test chip was obtai ned ingr hay as ijn Exanplie 18 except that these
above conductive fine par bre used. The reliability pf the test
chip was tested. The regult{ &e-@hpwn n Tablg 2. [Fromfthe results, it was
found thgt the contact delighf itV bf the conddctivle fine par}icles was
poor. 20 Conparative Exanpl ¢ Ja8 Firkt, fing parjticlies e of}silicon

di oxi de and having a mean parsicle dianeter| of 7.0} [err] (stpndard de-
viation 0.19 [err]) wer¢ ®hfamnede The K-val ue {of tlhe fijne pafticles at 10%
conpr essi on def or mat-i on|wés 4590 §5 [err].{ Thd redovery} factpr of the fine
particles after the co ré’s!;ign def pr ol Wad 5% PR fitRe| particles

were subjected to el ectjoMegswcopgef pliatikng, +dfter| -whisgh the] copper plated
| ayer so ob- tained was|subjegt e_d’;to‘? e ¥ UbsStilt et ijon Pdact®oh to repl ace
copper with indium The|affa y&is off the fine pqr- tli cl®yg sH®wed t hat the
i ndi um content was 9. 8% bg eBght> A tgst ghi p jwas jobtaijned ip the sane way
as in B#nple 18 except{hdt [tRe ﬁo e gondycti e fijne pgarticles 30 were
used. The reliability of ﬁh-, et Bt i S S el BiaSl-Ld ar e shown i n
Table 2. Fromthe resulis, [tewas flound thdt tHe cantacti religbility of the
conductive fine particlgs wasgpoqs.| 3540 45 5Q 55|22 EP O] 503 089 B1
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di spl acenent in units of nmat 10% conpression defornmation
fine sphere, respectively, and R represents a radius in units of mm of said
fine spheré’ﬂﬁ'éreln said K- value is in the range of 250 [err] to 700 [err]

oo of - adbe A f.‘?,C ﬁf i3 Ja.u:gffef K ééfsééwnh&%rp; %%ﬁ@ﬁﬂﬁe
o m

EP 0 563 089 B1 Clains 1. Afine sphere having a K-val ue defj
wherein F and S represent a | oad vaigiPsgsigedsd ts of kof and !ﬁ gﬁ ||” I”II'

wher ei n sai d E&ph re whiteir said K-
fine spifere a szgere,re pedw m2t raﬁ@&’?é%v)!ry{a%ﬁt-é?{ertﬁééo%{ rekgich
COWPr essi on deg Bﬂsﬁé f’ﬂtﬂeﬁﬁﬂgﬁ' /oto /0% at [err]. 4. ,Kfl ne
sphere according C mhereln sald flne sphere is of at |east one

material sej e%fﬁdséhﬁﬂ%éo%glo’iﬂaim whileéBid ROAIES 6 tnitRCrae ofBB0 Ktz &850 ReTE@RE
di vi nyl hgnzene-styrene copol yner, divinyl benzene-acryl ate co- polyners, and

pol ydi al | ylghtatmb sgh8re aSoordfvg kd dikim $,[Wherein saié fxodveilyfabtor aftee tha compiessiovdafophation ia én
di anet er of sapetadge 8R10%tbB0%Rati2e°ci N t he range of 0.1 to 100 [err]. 20 6. A
fine sphere according to claim5, wherein the dianeter of said fine sphere
is in the rangsefinebphereacdoniing® diadm fl,Jwhergin sdld finersghengib ofiableast engmiterie) selestad|framithes
wher ei n 14 he digrue tansisting obpolydivifyiheazene [divindbenzenpstyrenecapelymes divinylbengeneracrytgtexs-
[err]. 8. Asplrelyineralandprindialylph®ylattor a | i qui d crystal di spl ay el ement (A)
having a K-value defined as [err], wherein F and represent a Iof%bval §e
in units of5kd¥fina arhers agwrAingdadain i Vﬂ?@tﬂl“?fd’éﬂ'f’éﬁf“lsﬂdﬂ'?ﬁ here,fp in {he rapge o1

conpressi on déformati on of said spherical spacer(8), respect i vely, and

feséﬁts a radius in u I
Whgl‘Bel n sai¥ Kf U‘&Isﬂ‘é"eiw&tﬁggwghﬂ?m&tnﬁgﬂniq%ﬁ ﬁa'dqme %g'% rhf%(?l'?é; f‘fg.rsﬁuﬁo
and a recoveryfactor after the conpression deformation is in the range of
30%to 80% t rr I I
sai d spagerti dspRer ol Ghin S RARE R o Elatl bibefe)h B angl ST 2
wherein sald pacer (8) has an adheswe | ayer fornmed on its sur- face. 11.
A liquid CWStA?J hertbaPdph@Y (8fidr 8 RIA bryétdispis bibrble dliCake SARAGE K-INCPF SHRARY12, O
claim8. 40 J.,a,:,eﬁ Hanéls ( ,eggny@roadyf.ﬁ%ﬁ, Mmﬁr&mm&bmﬂmﬁemmluﬁfs&ﬂmm at
spheri cal spac@ cangnsssidh dforiation bfaaidapHericdl Spacék(8),irebpbdtively; and Radprederigd radiusdn unitee nt
(A) using an aflhesor ¥ad sphetics dpaaiE) winadin sajdatvalue BACihe chingegof R50 kgf/@intito 700 kgffrim?
Aconduct i ve figngo°cEnes cqvél)fackparme the contpraasion detormatibreis i tieerange df 306 to 80%4t20°6) 1
and a conductive |ayerforned 45 on a surface of said fine sphere. 15.
A conducti v fAspberisglsgacer ab@Blingdecaiaim 8i whereinsaid spacenisiclourpfher ei n sai d
conductive layer is an indiumplated |ayer. 50 Patentanspruche 1. Ein
| dei nes KMyt okapheriodl spaseriacoerdicg taislaim 8, whereip pald spacer (Bphag o adhesiyejguer formeqIyits fyre ¢
i st, wobei F UP® S einen Bel astungswert in Einheiten von kgf bzw. eine
Konpresslonsverschleb

Druckverforﬁun“g""ﬂ'@%"yﬁ'é’%ﬂé‘pﬂﬁ%@nﬁa‘%ﬁgﬂ\é%dﬁqangp@?ef?ﬁgﬂgﬂ?mﬂa'&%en Radi us des
Weg t ) B 700 Kk d

Er %61 :Jnmdg? QEI %lqwggrﬁ%%gph&%mgg '%P‘Frﬁﬁﬂm%] pm%al%cer Qﬁémr gi c‘ﬁ vgﬁn3oe:%nb| s
TRLTEE T AN ot

el nes gelc dem der K-Wert im
Bor e1 o VO3l i @8 i i Wyiceorbio ol 18 Koy ed
- Anspruchsl, bedy dGHAH 8f safafin@iphaies f akt or nach der uckverforrmng be! 20 C s
. imBereich von 40 % bis 70 % iiegt.
15. A conductive fine sphere (29) according to claim 14, wherein said conductive layer is an indium-plated
layer.

Patentanspriiche

1. Ein Keines Kiigelchen mit einem K-Wert, der als K= (3N2)-F-8-32.R- 12 definiert ist, wobei F und S einen
Belastungswert in Einheiten von kgf bzw. eine Kompressionsverschiebung in Einheiten von mm bei 10
85 % Druckverformung des kieinen Kiigelchens darstellen und R einen Radius des Wert im Bereich von 250
kgfimm? bis 700 kgff/mm?2 bei 20 °C liegt und ein Erholungsfektor nach der Druckverformung bei 20 °C im

Bereich von 30 % bis 80 % liegt.



4. % Kreines Kiigelchen nach Anspruch 1, bei dem das ki eine l!

m ndestens el nem Material !st ausgewﬂy@&gmder G uppe besnmﬂllm ﬂ"mm””",
i ol ydi vl nyl benzol, Dl vinyi benzoi/Styrol - Copol ynmer, Divinyl-

benzol / Acryl at - Oopol yrmeren und Pol ydi al | yl pht hal at )

Kf i gel chen ﬁacﬂe'méﬁgﬂﬂ'@ﬁ" nach 6@“&'&%"8@?’" %W%%%@P‘%g" ?{’ioéFff‘i’g'l’\ bWF%@f'@%ns

i m Berei ch von'® 1 bis 100 jrmlilegt. 6. Klei nes Kf gel chen nach Anspruch

05 b sdemgm'r'f 450 ?'Segf?ﬁ b Gt B i

Durchrresser del ('achne"n40 s i mBereich von 1,0 -bis 20 jmliegt 20

8. “Kugel f o1 G ARSHABH R A h3efiudid Sl hds o biaR PR RAakRTRA
(A) mt elne 3{ ﬂﬁ ﬁ% % ﬁhm‘fpa dRiinyt6 e U§ liiJn?yl gﬁouswrardopaﬁﬁer,mry n
F und S einen Rg ;&. w@ﬁm nrgm g,,gm,apépn bzw. sine Druck- '
verschi efgung in Ei nhe| tenvon mm bei 10 % Druckverfor mung des kugel f or i gen

Abst andshal s.er Reifdd)kageldhen Sdc® Ahspracti i) Bei erf tidtDirciiadtb el Sesidinell KtRICheME i Beddich von
Abst andshal t erg1 pi8)ooi g ilegtnhei t en von nm angi bt, wobei der K-Wert be! 20 C
i m Berei ch von 250 kgfl m®2 bis 700 kgf Jnm2 |iegt und sin Erhol ungsf akt or
nach der 256. Kleindsrkilgdlohen fiaph Anspgyctog; bei 36m @riDorchiegseer dés kleinen BieRkhdns im Bedeisthvon
liegt. 915 Kugd®biéslhpnykegt Abst andshal ter nach Anspruch 8, bel dem der

Abst andshaiter gef Arbt ist. 10. Kugel form ger Abstandshalter nach Anspruch
8, bel dem &er KigipastKiigriphpmpackAnspigh & beidem der Syishmaesper Hes kdainen Kiggichens im Baspiahyvon
di e auf seiner1.@pefdnmliese gebildet ist. 11. FIflhsigkristall anze| geel errent
(A), be! demsin kugel form er Abst andshal t er lagemas Ans Pruch 8 ve

woridgn ¥t 835K f?""'gj’df’ 'H’E??fér?"é 'g de"'sK-
gefirbter kugeﬁaf %HF gr %“ ( dar_
IbSt 13. FIfi S\%ersgn emen adiu I%E ’ndrﬁglters in gnhel % {ﬁ lder
eschi chteter, g is% der
wor den i t. 40D bal 2865 icg ﬁ , as SI | Si nes
Kugel chen gem a nspr uc und sine leltfahi ge | cht unfatt, die auf

ei ner Cberfh of ABNthShaltel | h&:ﬁ lAfdpRISR 8, B6IAein qa'tAbétﬁ{dshai’tégeﬁrbt ist.
Leitfihi geskl eI nes Kgl gel chen (29) nachAnspruch 14, be! demdie leitfahige

Schi cht ei neqd, NkligeBrbet ibdtahdérRite? Rach Ansprieh B] teldem det AbsiBRdsRARH @pémm&ew.cmhuf-
Sphbre d@ pet i wéistdieBRNgeineObRMREHe gotindetistl eur K definie par K = (3/12) - F -
SW R 12, dans laquelle F et S representent respectivenent une val eur de
char ge en um.t Essigkristalizinzeigaelelagnlt (A), berder eiakugalfbemigep Abstantishaitee geman AhspeuchrBvepwen-
une d6for mat i odetworien igonpr essi on de 10 % de | adite sphbre de petite

di rension, et dans laquelle R represent I e rayon en unites mmde | adie
sphere d¥& p#kiFlissigkrisielasreigeslement @), baigem lein gefidyier kugeliimiqer Abstaeﬁhal@osqméﬁ 4asprigh s
| a pl age de 25%)"%@"##\*2""9!"?‘00 kgf /m®2 A 20C, et le fact eur de ri cu- 55
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% A 80 % A cf'"sz'gk"‘f'sgg%ﬁ'gée' ;E%‘Q-P?'é’e'a PW&W&W@R"‘P‘S’ F‘@?@Hﬂ?%’?ﬁw@ﬂshﬂm
daks | aquel | e 9eAGF fesp S i se dans I a pI age de 350 kgf / m2 A

550 kgf / m nes I(u c en, ( Fr)ies e undoegm ?eetl‘églge

revendi cat i on %ﬂﬁas eng,d #Ik edgs K@ ;ﬁ? %% on apres
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| aquel | el adi tghpRider € de petite di nension est au noins en un

mat eri au choi si dans Ie groupe forne par le polyd|V|ny|benzene | e

. copol ynere divinyi- benzene-styrene, |es copol ynbres

- di vi nyl benzheveaaicylieise, et | e pol yphthalate diallylique. 5. Sphere de

petite dinension selon |la revendication 1, dans laquelle |l e dianmetre de

| adi t e sphet.e Shbérpdé pdtie dimemsiorsayent ussialearddjéfinie pail KiF<3/4/2) - Pl Hi¥fe Rde, dansliaghelbFt

gm 10 8 représentent respectivement une valeur de charge en unités kgf et un déplacement a la compression
en unités mm pour une déformation & la compression de 10 % de ladite sphére de petite dimension, et
dans laquelle R représente le rayon en unités mm de ladite sphére de petite dimension, dans laquelle
ladite valeur K est comprise dans la plage de 250 kgf/mm?2 & 700 kgf/mm2 & 20°C, et le facteur de récu-

56 pération aprés déformation & la compression est compris dans la plage de 30 % & 80 % a 20°C.

2. Sphére de petite dimension selon la revendication 1, dans laquelle ladite valeur K est comprise dans la
plage de 350 kgf/mm?2 & 550 kgf/mm?2.
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gl." ‘Sphere de petite dinension solon revendi cat bon 5, dansH I IH“I
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conport @ une dimeosia eatbompisdansloplagealedBraQamsur f ace. 30 11. El 6nent

d' affl chage A cristaux liquides (A) utilisant un eienment d'icartenent

spheri que el Eiément diécartement sphédigup @hpwrunlélémeﬁld@ﬁé’hﬂgeécm?‘% Apayantues \Rlgywr
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I'to couc uctrice eat une couc d' i ndium pl aques. 45
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10. Elément d'écartement sphérique selon la revendication 8, dans lequel ledit éiément d’écartement (8)
comporte une couche adhésive formée sur sa surface.
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11. Elément d’affichage 2 cristaux liquides (A) utilisant un élément d’écartement sphérique selon la revendi-

cation 8.

12. Elément d'affichage a cristaux liquides (A) utilisant un élément d'écartement sphérique coloré selon la
35 revendication 9.

13. Elément d'affichage & cristaux liquides (A) utilisant un élément d’écartement sphérique revétu d’adhésif
selon la revendication 10.

40  14. Sphere conductrice de petite dimension (29) comprenant une sphére de petite dimension selon la reven-
dication 1 et une couche conductrice formée sur une surface de ladite sphére de petite dimension.

15. Sphére conductrice de petite dimension (29) selon la revendication 14, dans laquelle ladite couche
conductrice est une couche d'indium plaqués.
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