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Invention 5 The present invention relat ejﬁmmn “Wal di sk and nore - %E

particularly to a bonded optical disk having a structure conprising two

substrates bonded to each other. The present 1%%ntion also relates to a

nmet hod and an apparatus for producing such a bonded optical disk. io

Backgr oundof the ent | a T i has
enabl ed even i%ﬁb g’ﬁ@@@ﬁg&fgﬁﬁﬁ ce Wf‘ﬁgmﬁsirgﬁnal S.
I n general, images and sounds haléﬁoﬁ AING TP SAME! i nformation, and,
therefore) a high capacity/high ensiQy recordlsng{%edi umis required to
cope with this. Optical disks) which can also cope with a denand for a

further increase in capacity and a further increase in density in the
future, sucdl | versatile disk) and CD (conpact disk), have

a
attracfted attenty :ﬁtp&lv .E&’F&?L 3:?9&&'“ I di i n
many c%ses, corrpﬁ)s S %&Dmtrans@aagéggggh stra egmbtg%-% to%tggbégg ot her
t hrough an bpidar diské having esthsctiirs gompaishig twésubsicites sonded tuieach othiee. The
substrates are djscl posed, for exanple), in i apanese _Unexani ned Paten
Publ i cat i onPTEREk ven .solr-ebmztaﬁmﬂ&dz@gﬂﬁw &-meﬁﬂpsaﬂahﬂées'éqﬂh
Zairyo (El egifaidi& Materials),” Vol. 35) No. 6) 46-49) 1996), "Pressure

Sensitive Adhesive Doubl e Coated Tape used in Bonding of DVD'. In
particular, in the nethod described in the journal "Denshi Zairyo," a

pressure seBsitive agaesive doubl e coated tape is applied to one of or both
the th® su d substrates are then intimtely contacted

wi th each ot her, - handi ' ' As
is reported by 'Eiérjlis% %g?f%uéﬁﬁ:@g}ﬁ?%%hg%ﬁgmneé ﬁ%‘fﬂg‘ﬁ@?’rﬁgﬁa"‘gf‘?‘s’&?@“
sensitive agtegrocesskdubitiedigivaltsignals a fregeneral, iimagesian® seundshivesa large anRins6fir y
$om the viewgoint of workapility. Specifically, in this nethod, separation

of a rel easBiqrmawEen, and, theresors, @ High capacityfigh densiny recarding, medjam i peguireddodoubl e

ted sh L0 .8 desi r ads. SV el j . .
appl 1 cat 1 oncope Wik flisc e SA Which bl ek Ene 3k f dhefill Pl ihdfGase in
conpl 18at i ngapadity and adfertber indreash i density inthe future asneh AP VID (digital versatito disk)

Further, this .- inrurr=—w REPLA NT . SHEET 9 JU 002 t A~ net hod has
a further AEREcomRact M)nhe\ﬁe'%a gtiention,asthe g‘rﬂye F@gi"aweémi tive

adhesi ve doubl e ﬂ%‘%pﬁﬁaﬁﬁﬂ%ﬁn m&@? '%59 @"5&215 fahedy &% es

war page of the substrate. t %atg%"eeﬁﬁﬂan ,{‘Yypl cally, R%nesgafﬁie}%(am ned
Pat ent Publ eachbthenthféughedn) infdomationietordingdayer. | Methwdsforbohdidg thettwosi ng a
pressure sensitive adhesi ve_doubl e cogted sheet. 5 Specifjcally, 1n this
met hod, i nsYRSTRIeTare aispigseds, for sxample, @%Mgﬁ' ﬁig pleat m&#‘@“&gﬂ@s
sheet 35t WO s RS368REP! _fg(% r 4 i QEQF‘P&{' iy an
uItra%/?oI et U%urab’l@ a gi%ﬁf@ﬁr?@?%ﬁ?ﬁe 38/ ro c%gitlling, ‘and W
is applied Vol(.jﬂﬁld‘_lmcﬂadmelﬁﬁfpmrmureysmmaﬂedvg mm}aieﬂom_t&idll‘dpemiﬁn

t ranspar ent_adhesi er . ng various,conventional optjcal, .dj sks
recen!to ly coﬁﬂe‘ﬂ\’s 3yIHrH§E“°H oglﬂﬁbﬂ m@HOQ’ ﬁgﬁmb },B&hﬂﬂj'gdb@?%%téh are
al so ref errgdsdift RAsitivddansive ¢ bWé.o? MBS i [ ' LRf or mat i on
recordi ng |layers, oné of \%ﬁr%ﬁ&}s 0 tég refl?g%g%?\&%ep?%%téﬁ%t%?her a

semi t r anspasubstrattsy pad thertwo substiathsdrothes intistatedy emtacredoniginesch totlen Sfolowed

adhesjive | ayer ermitting recording of inforniation on the information
recoré?ng %@)F‘S%?BH]WQ%P a@f"‘t%ﬁrﬁ‘f’&r mati on recorded on the informtion
recordi ng | ayer . :f}&rgf I -Qgﬁ n ' . di IS
dual | ayer type %%![sll}g%. ibgkﬁl:égs}{')ro ogéﬁrgl;x/ed@ﬁgé tr?el@ﬁg%g&ggﬁﬁ%/}g%%# ¢
Japanese UnadhasivedubbRodoated thpd) vaidusiimprovkméms ireMecesSary Glomn/the Ridgwpdinelbpv e)

t he adhesive | a e, formed by applying W/ to the pressure

ers woul.d be, 1 :
sensitive a¥f ‘FIQ’ pirseigeallyy insthis sreghpd; separatinniaf aelsesediner andcottingaf thayer .

Ceneral ly, Q&llﬂq%ﬁ?' I NS i i is. used to attain the
bondi ng of l{)he subs {F'?e/let?aedg@{gén ﬁ°er§%%§%‘ﬁ'§bégﬁ§§9ﬁgaﬁ°a’§%?”§?&mw 2 0 be
conswsbed, idditiortenid spplicationoTthepretary sehaive ddheivedbubleicosidll tippad i s passed
through the sem transparent recording |ayer and focused on the underlying
reflection ¢QmRlicaungIhe pragessayaich tends o ingTeassthe produetion dosk Fusthet, ithis adhesi ve

| ayer is not only to be honbgeneous but also to function also as an optical
spacer having a given thickness. However, as is pointed out in Japanese
Unexani ned Patent Publication (Kokai) Na.j2 5 8- 306077,Jmmmmmmmmw
Pprecursor of the optical disk disclosed in Japanese Une t

Publ i cati on (Kokai) No. 8-161771 has a problemthat unevennes®wef thickness
of the adhesive layer is produced in the radial direction of the opti cal
disk. To apply W/ to the adhesive precursor through the sem -transparent

o v S v o
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., REPLACEMENT S~1EE~ 2 9 JU Z002 In addition to the above prBBIAGEMENT SHEET

i s pointed out in Japanese Unexanined Patent Publication (Kokai) NoZ 9 JUL 200
§-3201 29, the adhesive precursor of the above-described type has a probl em
that bi ~bbles can be incorporated into an adhesive | ayer due to presence
of air in an atnosphere) when an adhesive precursor is U/-awed to formthe
adhesi ve layer for 5 bonding the substrates. |ncorporation of bubbles in
t he adhesive | ayer ggﬁ adverselztaffect the qualities of the resulting

[

optical dis ahes dsgwhask thatqip theoapplication of she pressure sansitivg adhesive

U i ned Pat ent [ SAti ' =29 Lba] ' t
pond ¢ ho. sulietpaoguts MGRE eielfy td rilpal e rdalds whlpalfof iR | ©
emronment al - condir the dthed harkd, fypicallyl Jepanesectifickaindd Padém Publicakioh Kokay NbNng

of the substnues in accordance with the above nethod is effective fo
prevent sir &7 bdisplgsesasmethedingiaisingdpressuressensitiyeadhesive double £9ated shegtnnot

bubb! e® ThiSpeRECHEy 5 1BE ReHR netbe B GReGRE s Sl clhfi bl Fhay "
layer can b%geeéd,mwvtﬁnh&blmbﬁﬁua&sdwaomdo ehdidther thouzéiEntuledvidia (U

above-descri reason, i.e.) 15 at rmsEheri c air. The inventors have found

that the adicusbiecadhtsiveiprecursps fesmed|by roll centing, and WYus applieddeitheadhesivari ns a
substance capabl e_gf bei vapor ated or vaporized..in,the process of curing
of the adhes?P?F@fs"éﬁﬁmfﬁetEg it?lg?'?ﬁ{rmsagr n*o?f@’ﬁf‘&hggn be fornmed in the
adhesi ve | ayer asfofgvdtious SdnvehforRY aptivahdisks) reventlyperhinefeialized ohesune dual
substance in the vacuum or under the reduced pressure, and also the thus

f or med Obubb flayer tyas apticabdisksywhigh grealsgirefemed sl anTRAVE-2's | Inghisaypeofioptical disksi ve

I . A ti Ly i .t ant bl o] wh ' ti
of bubbl s M¥CIHaBRATER reaeraingliyers, ahe of Whictels 87 Fefgtion tipg il sheSiferd sies i n
whi ch a si ngbgirahéarent tyiv!,rzirélgﬁ)vf(&dlbtﬁ\j\%gbiéﬁiesttﬁ&ugﬁB&%%éxﬁ&dﬁéﬁ\i%ﬁ@ér, For

the dual |ayer type optical disks) li sk submates are general |y bonded
t hrough a t pemmsiptmgaecorditg of infarmiatigreoi therinforhationdiecariding layey @and peatingof hes o

dt t he, subst r at es, f tically, ti.ng t di ng. |
of sai d subUHPHRAOR rerRped Al the Borniarion Fesofding B¥erd beihedomed fom apFigeof
uni nspect ablyg HLOOWRS, {hik a&aﬂaﬁé | yifichIAiSK is BHSduchE by tel tietRb® HERHBE in

however) such prevention of the bubble incorg‘oratlon probl em causes anot her

pr obl em condapantsednexarined Patent RublicatipndKokai} diod Brigil §71 noted abonss theadhesive

| et el bbl e f ' blem d 3
Cbove. destr R e s Birmes By iRy L ihe Bt sste pifesiyshrrrrer useq o
bond two di girof E@Wa}éﬁpt&b@@%wg Generalle the rsivE tayeFind84i fptital

di scl oses an optical disk conprisin air of disk substrates, each having
a groove codiskdpused itogttain the bonding of t ratesaanil therefioriedhs adhesivg layer should

i nterpgsed between the.disk substrates .. U S.5 582 677 .refers t n tical
i sk BPoduc P SOLEIH: 96 EXAmALS &b Rvad 8 e b o AP iptgnliesd & mesisd sivBue ' o
seal ed spacehe defhittdnspiftdni Fectding 1ayECahdTbREd Bh meﬁglﬁm%sﬁ _Fiﬁk réblotding O
doub_| e~ sided recording is disclosed. -3 REPLACE S.-FEET "2 9 JUL
2002 Sut t uniayer. oFhat isewhatie nequised ofithe laflbasiveddyer isnop oslyantbeihomogeneons but t o

over cone _th%sa/th)og.}e?c@ro | ens of itﬁk_\e gri E%.art and _t. rovi de a bonded
optical dis \f FhT R AT FEFF VRS 'ﬂ“%égwf’?_“ﬂ? ed and at 5 the sane
time, possesses FpuRYEChs B'PointddPdut iy JapARaik Nex ARInES Pateht mieﬁim%ﬁof )

invention is to provide a bonded optical disk having an exce

whi ch28an pRe3RSATT.ithcadhesive piecurswf ofitheeptinabdisle disclnsadie Japiiness Unexamined
bondi ng the_subsir.ates L, d., bubbl es_bei n roduced due to siy _jin the

azj EDS phere 18 Ptezégﬁﬁté@?céig& S?of‘i;i??b&s%dﬁ@blﬁﬁdﬁ% vaewwvggﬁ of the( he
adhesi ve. 8h i : :

met hod for Sr oduci ghts ed)abo‘i‘/‘e?1 tgptlégpﬁgﬁg& dgpvefﬁ;edc%&e%%n?gﬁﬁﬂgntigonﬁ\fmth a
hi gh pr oduciadhesivefprécarsenthroughtthé semirrednsparentirparding flayeh) anputmae of UVnlightt i on ™
Is to provide an appgquat us for pr.oduci nﬁtthe above optical_ disk of the

present i nvEPWEeRasIP LR mereasehton highgrievshthar wogldbe-Reeded; dn yiew: of absarptionef
obj ectyg, of : | ti l. 1 . | . I sk
and R ot IR FEBIME TR BereRig, Gt € Boesblic ar DR RAPR Gainée |
the c~ai ns. hécdaenbragd opticad propenies andireldne present invention, there is
provi ded a bonded optical disk conprising: a first transparent substrate; a
second transparent substrate; 2 0 ' at |east one information recording

| ayer provided on either the first substrgte or the second substrate; and a
{i ght - permeabl e adhesive | ayer for bondi n§ the substrate bearing the

i nformation recording |ayer to the other substrate; wherein the adhesive

| ayer has been fornmed froma radiation curable adhesive precursor having a
viscosity of which was 0.5 to 10 Pas (500 to 10,000 cps) applied onto at

o, " o - o N . m——



" REPLACEMENT S; ~EET 2 9 J U L 2002 According to the present inveRERLAGEMENESHEET
i s,al so provided a nmethod for producing a bonded optical disk conprj g§ijgg:100&
first transparent substrate; a second transparent substrate; at |east one

- information recording | ayer provided on either the first substrate or the
second substr at e, Inadditién 1o tadribopeproblety, s is polinedout én Japanese Unexarioad Pacgt t he
substrate bearing.the inforrm:tg'i or; recqrdi | ayer_ to the ot her substrate;

Sr2fy

in
sai d met hod Publisatopi(kgkai)hlo. othe adhseve RieFussor of theaboytrdesenbed vpe Bshesi ve
precur sor hayi | Lt ; : 'ﬁqu , 0N at
| east one su\réfpfajffztzaﬁa'o"}‘i ?’ﬁgﬁ i#’é?lg%@%‘%léﬂﬁa?‘% sec%gu SLﬁg%tg'rothg%mgne of
t he subst r at asatmosphent; whentanedhesivopraqursoois UVeaueddo diorm the adhesivedayghforh case t he
adhesi ve_ precursor, | ayer contacts the information recording |ayer;
conbi ni nﬁ thg"’@géﬁsgﬁnﬁ%‘ari ng the informati on recording |ayer and the
ot her substrate, Medrporhtivh oftiitdies inahgadhesive 3ayér thay @vericlyaiffeliahe @alities ohder a

reduced pressure, to provjde onpi ned assennl y: expasing the conbi ned
assenbly to Q’emg'g%u?&"cﬂiﬁéf"adt ?°§rpé§ﬁﬁ_§‘ﬁﬂé’i"if?f W’B@%&F&"“&nd i n: adi ati ng
the pressuri ypekamihe®pites! PaBIRRNEA (Kodi)Nb. 680024k Gils Eshesed8 beat theg of the
adhesi ve precursor, wherein the conbined assenbly provided has a gel

fraction of MeswaessBropghan adbesive yerin PCUmMerANds shei cvirosmentatcopditis of 0 1.0 x
106 N ”120 (1. ped&ce&%%?c ]lnﬁr%tiépt'he géeﬁg{ngme Qlbstfaésin %m&&ﬁﬂw ABGvel O 1 he

present 1 nventl on, ere I's provi n appar at us produci hg a bonded
optical di skmethnpisiefectiye tofprevent airfrgmehising capturedibetypeen thetsubstriates,hawewer.dach

havi ng an openi i N € r i L.ORs ¥l ane i nf.or Lon recording
| ayer provi dgﬁm%%u“girl?hérﬁwg E&é}eﬁg eP{s?(?‘ezsl hﬁ’gﬁna "e""lag"rnitg'l?femcso c"(rg;nu nrsggg'gt rate and a
| i ght - per neabibbles dTHésis becabise tierinquepsheatioy ofthdpubbles in theamdhesive ddyeraan beir abl e
adhesive precursor _to,radiation far.bondin he substrate bearing the

i nf or mati on f”é’&%rd(;ff Logthfﬁ wtugqlﬁfgmcﬁ ?1‘@?"’58‘0‘&? ?%3%’%,9“5‘&% TSPt us

conpri sisg: swmosphericcdiru rThe irfvesitens hive found tit the adhbsveaitichiif genetallpiised Bt r at e and
t he second Sblbs rate, the vacuum cha erf bei n ca{éﬁbl e of, eié}g evacuat ed
to a predet elH4AMHeSHE sOBRpya supstance apphle ofbing FVaRorated T AROERFE MABE  on, wi t hi n
t he vacuum cHrRe&esf,cufifly of theddésive, eid Edfefdit fineliivided BubtldGas BCPRRkdSAEL rat e in
the circunferential- portion of the opening; -5 .FE_PLACEI ~IE~~T Sf~"~"-'T 2
03 U L 20023dhesive layetas,aessh of the feappraion.or vanmuization p B subganss i e vacuum

chanber, for vfuRR 6 irderthé Raudel REsufelBitalsd tHR thus fdried Gibbes Binfbiepay Portion
of the opening, the front end of the end section in the first shaft and the

front efd of diflvedsng dissipatedin thepdhosive la¥fond shaft being di sposed within the

openi ng of the fixsiniaibRtimpérRntiebibheis eR8EI WiknGichlif@mietpRdf Gubbles isat e, |
d. a pressurizing or exposi ng the adhesive precursor to a

apparat us_ f 1€ adne : ; .
pressure hi gpRservedia thesingletside dual layer dynsoptical disks inphichen single sidei onisurface ise
conbi ned sta ' ayeﬁ r . . nformation
recordi ng Ia%%?gérﬁhﬁ{é&%gﬁney eé’plfog?'uerd‘s"%?a,y aﬁg%gywa&?%%%ﬁ%én source for
curing the rsubbteatdsere generallyl bonded theaigha transpenent adhesiverayercind thenadhésive ddyerand
second af t | t ection of.the fitrst, shaft and
the en sectlégﬁg g@fﬁxgﬁgﬁggﬁgﬁr oh?%ll ogslg%éugég‘%%r%rdpégﬁ'eﬁggﬁ'dot her are
al | owed to csubstrapdscmnd tifeesfera icorpbriasion df findanid vigudllip enifispeqiblebubblsin aind
substrates ingo.intimate contact w,th each qgther.. -6 AG~"f"IT ~w " 2
9 JU Z002 B?‘f“&ﬁ""?&’c’ﬁ‘-‘-‘? Pﬁﬁ’ﬂﬁwefﬁ‘fgd#@ﬁ)’ﬁﬁ@g‘ﬂﬁ’%ﬂ”@?éH’F%Eﬁtb%nt ion will be
further expl i téntpfoblead Cuiuses Gbtiied ploblRmaBREMAL Produ&ish R&chnighter ei n | i ke
structure is referred to by like nunmerals throug,hout t he several views) and

wherei n: 15 PFegriingly, & isdesigsdie gompletely remoys wepubble formation problem duetashe | ayer
opti calzgi sk | ; 3 SR 'hg%;}t . ' di sk of
t he pre3sent ?%éeﬁ%}f%bﬁda%%g;@%k&?hrougﬂd glalyg;“éﬁleg‘gf)g%P ?ggm@ﬁg’bﬁgéhowi ng,
i Nt he~uencesubftrates thouts ¢aysimganhtber preblenpr oduci ng t he singl e side dual |ayer
optical disk ,B,‘ ' ' 1'.F',.S 3 | .Sj i £

appar at us, fGr—bora-g R OPHE b S v Toove
optical di sk°E¥eRg (APET NOiGeR adhesive gy ELInICEgsed DETHEED, disk pBgrrates
showi ng t he refsFs toan eptical appa{atys, MMhgren & pairofrepligadiskedles f or

bondi ng subsbendedin astadedspacs. Bi B 04339689, @ prc@iugtion grosess far am apticali disk fori dewblehowi ng
one vari ant sifledrh@rdigpiadatiosedf or bondi ng substrates shown in Fig. 3; 2 5
Fig. 6 is a sectional side view show ng another variant of the apparatus
for bondi ng substrates shown in Fig. 3; Fgg. 7 is a sectional side view
showi ng the constitution of the substrate™ bondi ng apparatus of Fig. 3 which
‘further conprises a pressurizing apparatus; and Fig. 8 is a sectional side
vi ew showi ng the constitution of the substrate bonding 3 o apparatus of

Fig. 5 which firrther conprises a pressurizing apparat us. REPLACEME" AT
~~it_ET 2 9 JU 2002 Detailed Descri~ion of the invention The present

S g —— == —— = = .. r 1 Y




"2 oreflection type recording | ayer on one substrate al one) a Jﬁﬂ%ﬁ@EMf%bSHEET
optical disk wherein a reflection type recording layer is provided D8 JbtZ6i

_ t he substrates) and a single side dual |ayer optical disk wherein a
reflection type recording layer is provided on one of the substrates with a
sem transparent recording |ayer being provided on the other substrate.

Al t hough the present invention can be advantageously applied to any type of
the optical 2 5 disks, it can be especially favorably applied to the single

side dual layer optical desk. In the optical disk, the first and second
t ransparent gamunuud]hghngmtne fonmed fromtransparent plastic naterials
such as acrylic rgsi,n rboonate.resin vent i

net hods as corrm)n‘ﬁi/ g SH{) Zﬁeﬁt ipyEAtion is t°s‘f]’€#°§i/° ‘ﬁﬁf’ Vt°ip5$]?fﬁ§ g&h@ pnpt,
Sone cases, g Qﬂrtotpi-m&‘d%d BRAAY Rk %hudh%n%é%ﬁ'@étﬁ»el Gnd 28sil Wdu'&@d hb't‘d’%i'

instead of the 3 o transparent plastic material as the substrate The si ze
(di anet®r artﬂetﬂnﬂkxmw;scsﬁesmacQMtqndm may be wi dely varied dependi ng

upon the size of de ire tlca di sk. .For f~Erl T ~'\ ~"~~ 2
9 JU 2002 exarrpl thes oPieet Gt § ’8?‘"651"!”&%"'&?% érP%Q""@BPﬂféE isk;having
avai |l able D tehen I ¥high e&f SreCerl? kéSo [ 6

t hi ckness ot}@)e."G cntt he cent e@ep%r?fyghﬁug?t theﬁggé’g?@sﬁg tmaad}l%SI agggnl ng
(a hol e for tondieg thersybamdsasaxd bubblesibaingipsoduced doem aomttha&t)nonﬂm oha
optical disk LS | oaded.i nf,0.a disk drive) the QBRIC&| di sk can be supported

by a shaft cPOBaEREaRRYISS! being yaperated s verarized Jn the adbgaver pits

corre nd|n to ! 1 Sk,
such Zlgpl maggs an souﬁg%tcaa?rﬂzé%rg?\??gg tgﬁ“% sur?g%tﬂmfoaﬁ}ddﬁabﬁgﬁé
recordi ng | apeve dpsicslaliskeofitios presknt sovemtipnt wich shnghmmhxcnbn tﬁexehc)anspar ent

bstrates. The i att t he |i.ke b ded
izsfe?asfznpereo'ﬁ ul Rk i B o RERSPREARYERUIAR (37P rerAAPPRSUTHY PrRgucng
material, A eV Gpieal Gk of the preskit ihvehfiop With A y@rﬁrsauata% ehftidil. on of a

reflectlon or semtransparent type recor Ing la I's applie to the
formed irregul ar Thataferementiontd ebjectk of thsiprasentdheensivh arelrkalided by tthecbonded epticabn

type recordln’ | gyer include materials having a reflectance of about 90%
after Tne f 4% 8RS ARq aPRataRis oL the PEOCuCHoR WHETROT AT, £LTG1RPES 4 it FLe MGy
t he senttransparent recording layer include materials having a reflectance
of about 50% af t &ccaringftp bne aspeetef therpregeot invsntiop) berege proyvided|aj hopdedrepsisal disk
di dectrics %for .exanple, silicon nitride represented by the fornnula: SiN,
and SiC. T @n?%%ﬁﬁdlng | ayer may be fornmed fromthese nmaterials by

convent i onal fllaftgmqhggnﬁe§hg&ac for exanple, sputtering or vacuum
deposition. 2 o In the optical disk according to the present invention, the
first transparenPSgﬁﬁgﬂﬁaﬂéﬁahﬁﬁﬁﬁgesecond transparent substrate are bonded
Lo A oL her S kY ofit RSHH:fiof SASIdide By AHRSAANFor AL ie!dhaAblddlbAbe cdeli
present invention TS charac erlze ressure sensitive a

| ayer i nt er patsadte] aid Dligidipegnéabie Rihbsve ayeSot bmﬂ&xgtthetsﬁlﬁtmues;emmd utfbmmnan

pressure sensitjve adhesive precursor preferably having a viscosity of O OL
to 5 Pas ( I@Of%ngibﬁﬁf@t@?fb@)s“é%t%as a gel fracti on of not |ess

than 50 / o a_nd
|. 0 x 106 Nm" '?“‘f“’ot%x 1 Eﬁtgga’%?g 3%13;&?"’ %f’ en 1 v%‘ﬁs?'g%gﬁ’ﬁcué or

t he pressur baepgs viscosityad Mémh/\eaqtﬁ étmt(!shas (690 toe000rcps) a;ipdmd of10 at feast thene

C1 T ounTor onbRusPais R b oA en S EIoF G FREOr (o AFE YR BB R L fambinedy

irradiati O”Euﬁs%%%ﬁ@ﬂ ér@%re%ugjeh'&tl Q&E@ﬁa@&uﬂd@ﬁbdﬁcﬁﬁ&%@ aRNbed édbiec?é&h@s' ve
| ayer uneven. On the oyher ACEft ~EPJT SI11EET 2 s

~u~ z002 vi bighsi thgn ammmctmeﬂsmatandl,twlﬁldim?tg(_@bmmdpes) pressize bigherstharpén
coating thicknes occur ading. to a fgar of, the thickness af

h
ressure. seASTRPBIERiFRuey bired FErection frflee. hirodide Maghetveopmslip bathas

sensitive agaes-.tctisn bPN&Tedd Aan5098hnd 4 f6fab@Molfilul 65 5.0 %N 1o PWx 109RAPHI.ERN0*
di sk gfter ondi g of the substrates may not be able wi thstand severe

envirdfrent o b ﬁperature and high humdity environnent,

of ten resuItlng in separatlon bet ween the substrates or inclusion of
bubbles in the pressure sensitive adhesive |ayer. Further, when the
pressure sensitive adhesive |ayer has a storage nodul es of |ess than about
1.0 x 103 Nm- ( 1.0 x 104 dynlcm), it may be easily deformed by
conpression at the tine of bonding) whichdray make it difficult to provide
fven thickness. On the other hand) when 10 the_storage nodulus is nore than
about 1.0 x 106 NNnez (1.0 _x 10~ _dyn/cnR), the tackiness nay deteriorate,

whi ch may meke it inpossible to bond the substrates to each other. Note
that the adhes|ve precursor can have a storage nDduIes dlfferent frontthe
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"5 is disposed on a first transparent substrate 12. This first i nREPLABEMENT SHEET
recording layer 16 has a reflectance of about 90% Likew se) a secozg L 2002
~information recording layer 18) for recording information) formed o g%ﬂ&

*'or a silicon-based dielectric, such as Saix or SiC) is provided on a second

transparent substrate 14. This second information recording |ayer 18)

unli ke the first recording |layer 16 having a high reflectance, is
semtransparent. 1 o Further) a |ight-perneable, pressure sensitive

adhesive layer 20 is provided between the first information recording |ayer

16 and the second information recording Iayer 18. In this case) the

20 L
hosijve. pr oo ACERINEIA TR R esend S Earion, e 915 pravided-SBlHaa ot e  pe)
and prief bnadddwpuoah:dlsleuongnmmgaa fiyst transpareno subgtraterdisexend tramspasent substyategtat)

2- et hyl hexy é{lf hgktxcﬁmcrgé’&r? Eng laﬂtr deedao%r&ﬂbglt B 5&53 shﬁé?élee@rr zﬁé séohd ifsfrand

ur et hane aCI’i/ usi n ara
ul trayi oked a lshrrmablaradbcse‘cq lpmr fge%nndm& ¢ suhsmerl@mthy lrpfpen@trqneracqrdvag

the ac he%ﬁ?to&h@@ﬂ!ﬂéﬁﬁibs&ﬁ@%aﬁi Methbd Héﬁﬁﬁﬁﬂfth%csiébk afe, because such
precurisor “can Lﬂsure a_hi.gh curr ng, speed suit Ie for the &I&ﬁctrve

produdtion of 8P M&rﬁgépmhf’%"ﬂb ¢ ACRGFEERreqyEIPr W&avrsneﬂryr el &Rassi ti ve

adgesr ve ($e0er0200kps),ch & leakgR saFfacd ofthofirsi sibsttatt 03 tHeCSe&orQl substtie, W& Bf the
1.0 x

25C and a ction o | ess
Uhan goveuisgpes Tfuding ok idrmdioR sF o ks o Hiitbad e s itrRint vt
104 dyn/ cmﬂ)ctathezmmmraccwdmglaw, reducti on of the aggr egati on power of
t he prnessure Y I w froma
peri pher al po?r&?gfrlrﬂ tﬁe &@%ﬁ@&&mfmrtrﬁ;ﬂf}@édﬂiﬁg lé})é? drrTg]é Fﬂug above 1.0
x 106 | NI fgbsirate, with ﬂmdhasrm eweyrsrrdyyqré'aﬁrel@twnam Péwhrmpaswe, tp pEQVideya
possi %I ycg,@yﬁle@gssbmmy‘fr ci ent bondi ng In view of the noderation of the

TS5 e g B RO e RS SO Betrs 2

2.
E(r)re rangendf 5.0 x 103 to 2.0 x 10s N/mZ (5.0 x 104 to 2.0 x 106 dyn/cmZ)
The Ochor " 2t iluidehglh EbRt AN AL hEPRAR) Wil facBREF (PLRSCEARIRL | o5

t han 80% because™s es an crea ubbl es
in the paél@gwp@r@er@r,twhneeladrmmmw@;mbmprqyederhae aaeleﬁmtmwf notnlhssbhmed
The pres%@%‘%nﬁ%%%r&%é’xﬁoéﬂﬁ?érf V6 x118Y & 1.8Q 10% Nom® (NOFAGERL W FTdiyiR ?Lat
substantial ly even Thickness a result) information recorded-on -
REPLACEMERIFSHEET 2 9 JUL 200Z the first recording layer i 6 can be read

t hrough the smwwdcdoﬁaﬂgwuhgpfeamﬁnde&tm tne‘ree@qﬁe{nldemhn sp;@rr@:bs fod produsiag @S| N)

ratio. a tica eotca?d sk
10 havi naopisa Seh0 o e BRE R (e Pl hyo i dedhbng B b6 ting in®

i nf or nat it penterqroreommapleast oﬁe m‘fbmnammrmrdmg daydepiromded loB eberahelfirse substtatagr

| ayer , 18

recor di néﬁéfsggléeﬂra Smgﬁﬂlté é}ﬁfoﬁ%étrﬁ ergb?&é@'cm%ﬁy %ﬁﬁ& colgﬁmat &tﬁﬁg?ac%%%rn eada% ?@ rom
the firsPdhesePReeHTSORta Iadiaten ffgbpa«}leg thessupstratd beasing gh emrfmtw@wmd_lm laient he
first i ntohewtiep Bubseate! shidappatit@ cohfpristigough the semitransparent second

i nformation recording iayer 18. to The enbodi mrent of the optical disk shown
in the drawi ng, which has two information recording |ayers and pernits
recor di ng. andaveauirmehaatber fifrdionging therdio thedirgtesubstrateeahd the sethd suisstraietithe of

t he di sk A ed that the
opti cal i {‘E@ﬁl (?S gfjlﬁ«‘ﬁfef E%%glreﬁc}\?gﬁ oegpérﬁg%ﬁo% }eé{&y L}g(oilﬁ?ﬁggg’enbodr ment .
Speci f i cal ly, the optical disk of the present invention nmay have one

i nf or mat pon r scﬁert@hémh&ﬁng ﬁVéHd) se¥tiors il cﬁbtvacmﬂ?éﬁadm&g, f@f\ﬂ;pbbﬁﬁhg%e 8f the
fromone sj Fur%a}e(ﬂp It my hiave One or two

i nformati.on t erfornme

i nf or mat £6H a?‘gﬁe(?PB‘?ﬂﬁ’sFﬁﬂ‘?éﬁ‘ the cpepraferent ?‘%‘0118 ﬁ’@m&nd readi ng of
information to be performed fromboth sides of the disk. Onherw se) the
optical disk of the present invention may be such that recording or reading
of information is performed by utilizing photomagnetic effect or phase
change. 2 o The bonded optical disk according to the present invention nmay
be produced by sequentially carrying outsthe followi ng steps: formng a
pressure sensitive adhesive precursor |ayer having a viscosity of 0.01 to 5
Pa ( 10 to 5,000 cps) on at |east one surface of a first substrate and a
second substrate; applying radiation directly to the pressure sensitive
adhesrve precursor layer to form2 5 a pressure sensitive adhesive | ayer
‘whi ch has a gel fraction of not |ess than 50% and a storage nmodul us of 1.0
Xx 103 to 1.0 x 1 6 NNnz ( 1.0 x 10 to 1.0 x 10" dyn/cnZ~ at 25C, and
bonding the first substrate to the second substrate through the pressure
sensrtrve adhesrve Iayer under reduced pressure. These nethod steps will be °
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shown) of a spin coater on the second recording |layer | 8 whH<£5ﬂﬁE&MEﬁiSHf?T
the second transparent substrate 14 in a direction indicated by an Q{ 2002
The pressure sensitive 15 adhesive precursor 22 should have a viscoSi gﬁn%
0.01 to 5 Pas (10 to 5000 cps) in order to forma honbgeneous pressure
sensitive adhesive |ayer having desired even thickness on the second
information recording | ayer 18. Instead of the spin coating, for exanple,
screen printing, roll coating or the like may be used to coat the pressure
sensitive adhesive precursor 22. 2 o ARer the conpletion of the coating of
the pressure sensitive adhesive precursor 22) the pressure sensitive
adhesi ve precursor cured to forma,.prassure sensitive adhesive, | ayer.
To thils &hd.  eSGimgahen fafinl S5 ot scRbiyAnf NGk Seber Ry SiEHORInETAe BUEF
pr essyr e ssistratetinvie canﬁumfemenqirpemnnsufnhe cﬁpmin@(arrpl e) ultraviolet radiation

, anna ¢ nt shown
(W) 9 (QI}é fr&rﬁ%&“orfﬁ% ? étir?ﬁ‘iﬁ \A;]h%l irst Sur ?ﬂa ffbnttPﬁd ﬁf‘ﬁg%&m

in thd ce o e second

t r anspar émnogtm Qwsat:@dlshaﬁ being dispesps weithin thernsaing o ther finst subsigate gud thea|

seconds fy aﬁﬁ 8f @k sb@RdseEsags. At that tinme) unlike the prior art method
wher ein ers though the senltransparent second i nformation recording

| ayer | 8, the applied W/ directly enters the pressure sensitive adhesive
precurisod. 22. ajsessurizing hpparatsefootxposingithe adhesivy ptécusof fol apressuee highdrititaneant

STCNG =¥ B g Whie ol Reie L hbitE AT CaPtBlaretognt ooy
ti me may stlsstrathinformitiah secobding dayenang theadhesive pyecursonlaadt r on beam i nst ead of
W as the radiation. _ 1; REPLACEMENT SHEET 2 9 JU 2002 Next, as shown

in Fig. 2 C, the first transparent substrate 12 having thereon the first
i nf or mat i®on r éééﬁléﬁ"ﬂ’gsoluéffépf qusingdhe radiation saBhleadhesiYqRICQWEInd t r anspar ent

subst r at gyhkfeil ghél fﬁrﬁt dndee@Md shifes trHuegSﬁaumﬂ@ gtmhmt th¥ endi@misn e tHe St sh2f asdthe

that the firs mat i aces ssure ensrtlve
adnes! ve P eion of HeEond snaf SBhiseildo a8 frfoes fach BGiET Al BloHeAdS FApEFISEBreact
shown) . iier td bririg the ﬁmst]aad setond sibstrates mtdmtmmdcmoe withteach bther.eon an
irregular pattern of the first information recording |layer 16 fornmed of a
nmetal ) such as alum num and nmay be produced in substantially the sane
manner as used in the second transparent substrate 14. As shown in Fig. 2 D
, the bonding operation provides an optical disk 10 conprising a first
transparent substrate 12 and a second transparent 1o substrate 14
integrally bonded to each other. Bonding of the first transparent substrate
12 onto the second transparent substrate 14 nay be perforned by various
techni ques known in the art. In the production of the optical disk
according to the present invention) however, the bonding can be
advant ageously carried out under reduced pressure by using an apparatus 30
for bonding 15 substrates as shown in Fig. 3. The apparatus 30 for bonding
substrates wll be described in detail with reference to Fig. 3. A first
opening 34 and a second opening 36 are provided) in a vacuum chanber 32, so
as to face each other through a body 33 of the vacuum chanber 32. Further)
the first opening 34 and the second opening 36, as described below, are
cl osed .respectively with a 2 o first cover section 3 8 and a second cover
section 40 renovabl e by noving a shaft. 'Thus) the interior of the vacuum
chanber 32 can be hernetically sealed. In particular) sinultaneous opening
or closing of the first cover section 38 and the second cover section 40 to
create or release vacuumpermts the substrates to be nore efficiently
w thdrawn firmor introduced into the vacuum chanber 32 in a shorter tine.
An evacuating device (not 25 shown), which can evacuate the interior of the
vacuum chanber 32 to a predeterm ned pressure of not nore than 1 mflorr, is
connected to the vacuum chanber 32. A cylindrical first shaft 42 is -
provided in the first cover section 38 so that the first shaft 42 is passed
t hrough the cover section 38 and novable in a direction indicated by an
arrow. Likew se, a cylindrical second shaft 44 is provided in the second
cover section 40 3 o so that the secargl shaft 44 is passed through the
cover section 40 and novable in a direction indicated by an arrow. In this
case, the first shaft 42 and the second shaft 44 may -14 REPLACENMENT
S~iEET 2 9 J Ut 2002 be respectively connected to |inear notion nmechani sns
.(not shown) so that they can be noved toward the above direction. Thus, the
‘end section of the first shaft 42 and the end section of the second shaft
44 can cone close to each other fromthe opposite direction. Basically, the
end section of the first shaft 42 and the end section of the second 5 shaft
44 in each crrcunferentral portron of the opening can support the substrate
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- IS REPLACEMENT SHEET 2 9 JU 200Z opposed faces is pref erBSLYCENMEha ™~

range of 0.01 to 0.5 kg/cm- for 0.1 to ) O sec) nore preferably, in gthZWZ
range of 0.05 to 0. I 1 kglcm- for about one hour. Consequently, th
apparatus 30 for bonding substrates can intimately contact the first
transparent substrate 12 and the second transparent substrate 14 with each
ot her through a pressure sensitive 5 adhesive |ayer having given thicl ness
to effect desired bonding of substrates. Preferably) in order to equalize
the pressure creatod in the opposed faces in the paw sections |located in
the irons ends of the shafts 42 and 44) supporting faces 45a and-45b for
mutual |y contact bonding the first transparent substrate 12 and the second
transparent substrate 14 are provided so as to face each other mthe shafts
42 and 44. 1 o Further) since the bonding of the substrates according to
the present invention is perfornmed under reduced pressure or in vacuo)
bubbles in the pressure sensitive adhesive |ayer are not typically found in
the course of bonding. That is) in the optical disk, a pressure sensitive
adhesive layer free frombubbles is forned as a nedium serving to bond the
substrates. This) therefore) can inprove the quality of the bonded optical
di sk. 15 Although the production of the bonded optical disk according to
the present invention has been described above with reference to one
preferred enbodi nent shown in Figs. 2) 3, and 4) it is needless to say that
the present inventionis not limted to the preferred enbodi nent. For
exanple, in the production of the optical disk according to the present
invention, since a radiation, such as ultraviolet light, is applied

directly to BREFBeseriftt h jt i ve adhesive precursor, the application
site of the pressure sensitrve adhesive |ayer can be widely varied. For
exanpl e, the presThe pressaninventiop will be further explainedwigh teferencertodheoappendedf i r st
transparent substrate .rather than the second transparent substrate. .

AL £ or hat | vel SiBarehansreit e Sruchie i relhired 6 B2 e MO B8 UAERYSIBI s SEYsaal et
the second tgpngsma&ignt substrate and the first transparent substrate. z 5
Further, the apparatus for banding the substrates used in the production of
the opl$cal di sk Egcbisdisegtianal sideeview of @ singlersiderdunldayer opticai disk whichds 8o t he
enbodi nent desgri bed, above wi th reference .t i,gs. 3 .and 4 and may be
widely vari ewegcgeagpbggm\e{n. ‘\?I}‘aff'f ?’@i‘&ﬁ?ﬂ"ﬁﬁ@’?g&gé’fﬁ"&’ﬂ‘é‘“pP&ent i nventi on.
For exanple, as %Agzgﬂmr 2DPare 2 perpRAivE vithe SHdwir, i&&@ﬂ%@ﬂn&&%ﬁp@}ﬁs may
have two rotators~62—and-64 movabl e-TTra-drrection | ndicated by an 3 o
arrow. The rmethpdforgrodusingithe single side dualdayer apticst disk showngoFig.dn) a set of a

cover section 40a..ang. a shaft, 44a .and_.a set of gver section 40b.and a
Shaft 44b) and ¢ By bl sEribe €8N oran SFals, forbing SERaRe 580 WTRE .0
have, 36 it spredncisnloPiiR dptidhl dR'shb¥h in RigSet Of a cover section 38a and a
shaft 42a and a set of a cover section 38b and a shaft 42b. In this case)

during the cour seFigf4 istap eplargedipgrspectivelyisw shoming thi construstiomofr Eentend of

transparent supst rat coat ed h ressure,sensi Live adhesive precursor
may be suppoﬁga%lngﬁ%apﬁmms 85%’?@%0 sl‘_ﬁ?tgatisaﬁt?og'ﬂb'f {:'gn"'t he tinme taken 5
fromthe coating g, 4§ 3% RERHILGIE AENShéWIE oﬁ_&'bﬁ%ﬁ’éﬂﬂ&ﬁﬁ%&r&ﬂ& for Bohdif
bondi ng of the substrates) resulting in significantly inproved throu%hput

of the opti csbsutexshodmlieFig 82, an apparatus 80) for bonding substrates,

h i call h in Fig. 6 . b d. h in Fig. 6) th .
Apparatti 80" for DB ApeRine: s4F e Shs sndiheriaBan affos sibrstls for Bonding, g
62c, and oneg@ktritBedhBwnh Rigoss, i.e.) the rotator 62a) is housed mthe 1 o

vacuum chanber 32. The vacuum chanmber 32 nay have two | oad | ock chanbers
64a and 64b) and Bgchislasectionaksidecviewishowing sheogmmstietioropfithe sgistratédoaditg 362

and opposed openi ng 4 n 6b, respectively.. Anmong these openings 34a,

34b, 36a, antPP3EAMS %Iég-gp‘gmghég?‘%% e pr 8 8BPAFAIE; 3Rdt he vacuum -

chanber 32 are heg; i i ) b of
oL e AP el showinl e B uici bt B0 Suodihe dtapig

the rotator 62a ho he™ openi ngs and
15 36b3pr ovi appdramst ofiFie Stwikicly urthencomprisees pRasuniing lapparedus.cal |y seal ed with
t he cover sections 40a and 40b of the remaining rotators 62b and 62c. In
the case of the apparatus 80) for bondi ng substrates) having the above
construction, during the bonding of substrates in one |oad | ock chanber
64a, the first transparent substrate |12 and the second transparent
substrate 14 may be supported on the 2 o ygawl sections 46a) 46b) 48a) and
48b within the other |oad | ock chanber 64b under atnospheric pressure
foll owed by evacuation of the |oad | ock chanber 64b to a predeterm ned
pressure. Therefore) use of this apparatus enables the evacuation tineg,
necessary for bonding of the substrates) to be further shortened) | eading
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" 2 0 Further) irregular patterns or irregular pits corresponmluﬁﬁQ$CEMENTS“tEr
information signals to be recorded on the optical disk) such as i nepy@dUuaideh?
sounds) are provided on the surface, on which the recording |ayer is to be
formed, anong the surfaces of the transparent substrates. Furthernore) a

thin filmof a netallic material, a ceramc material or the like suitable

for the formation of a reflection or semtransparent type recording | ayer

can be appl iﬁ&d%twesgﬂpﬁé?\eof‘ftﬁéfmdmidnr egul ar pattern or the like. Wth
regard to the Tormation o e irregular pattern and the like, and the
formation of the Fhequesthrigvéntipawill b desgtibadowithe raferenrei tortke fllomiing prefested o
referred to. In the optical disk t he .present invention. the first

t r anspar ent %‘Eh?éﬁ%p'ﬁﬁﬁe grawings r ﬁ‘a‘“{]Pa!ﬁé a‘r%gﬂ‘f"“§t9§§?’}pz§'f’8‘ ke PSR t o
each ot her tiénpified withl the®dmé feferenbetnumeealq derthier,dt sholld treyuenderstoodihattin thel ar
the present invention is characterized in That the adhesive |ayer

i nterpssed fhondabopticalgdisksef thepreseat inventioncfac hondibg-theifustitranspateritsobsteate

radi ation-curable -18 R~P~cE~crat sc-~~~t 2 9.J U, | 2082@%&2@9 ve
precursor h e seqond trapsRerest &Y HPEsSIR SNt edhesivg de rorg the

subj ecting t Dasibi kSt Ok Blel ki i |
substrate arﬁﬁ%ﬁg‘ secoﬁgﬁéﬁﬁéslt rat“éé?/\‘;el{eg %gﬁgﬁoﬁmﬂ?ﬁﬂfﬂﬁg ggﬁgglibegn{)epggﬁtpesor.
It is necesgyuesgnttieentiviicand adiadhésive-detivedfrom adhdistioneciyprble adbesive psemirson it he
formati on of 5 an adhesive |ayer s a viscosity of, 0.5 Pas (500 cps) or
ror e aad ¢ ulzAldR 380 rbogiiee of e preseas iyt s bR RSB e RO )|
mor e preef er aihakivk ah@ i fdResivelcdd Y ifterchanddttly ilftded, ihEofir kssthbfﬁﬁi-léteadvfe&&lyt he
optical disk of the present invention, it IS desired to use the adhesive
precur sor haffectghafuncidnsand effecty ofthe presentdnventien. a t hi ckness of the
adhesive precursqr is constantly retai ned when, a,pair, of.t di sk ..
substrates are bg?lﬂgﬂ“ﬁ‘?? °’Ett?é¥l§°el?r§i°f'b'(?"%’r?§s¥h$(—!’gﬁ‘h@c‘m‘%ﬂﬁ%@cﬁm Wusly
coated at unj Freden ' {3k i
coating or (r)ut‘ier n%%%@g%ﬁg%ﬁgmg{éﬁcgﬁ pﬁgﬁglﬁbl&? i ﬁeg%g%tﬁssg‘rﬁf}'d? Eg‘?attﬁemh
adhesi ve pr ether.sbhat ifasstmiciurs camprisingdhfinshtransparentssubstraae bondedaoatsetdnd sane at
a desired thickness in practical .uses. Fyrther) an excessjvely low , .
Viscodity | SPBIPAGRT pihsats{apeha fEBiRsrmeble. restire sensitive gabssive ayependy in
radi ation cygk: fn?ﬁnﬁﬁ' M€ fAiade ' f

pr ecur sor a;iwt:h gn’gé‘;i p era{i&?g&&(ﬁ%ﬁgﬁcﬁgg !sag?s]f?at es é%ﬂgpg%cgtoﬁghm

vi scosi ty ofone bfthedust and secoad sutistretes thatss, \on the pressusosensiivel atessive tayehside i t
tray be higher, than 10 15, Pa 10,.000 ¢ , 1f it does not, aqversel

A focts the SEPecubirals. Anis RIUGORM i frh P spyaToNA B/l BOPAEL PRI s e
in the practgigehflfind H2h BIsGREe, XML SWHIRYinBBISH singlR|sietphies disk Havitigat he

8

conpounds satisfying the above requirenents. However, uhraviolet (IJ
cur abl2® or etflectiorryps eccordiEBlayen anadriesubsitatsilore, pidouble sisle optical diskovhareind
fromthe 2 o viewoints of avail.abilify, curing tine, curjin ondi t,i gns,
radi at i on' i PRASEHAN WBR rerEHieE oatr i Bravids on Bt e serskates i L hee P8 ilos o
the UV curaly i iSRG J i I not
restricted tg‘)@r %ncﬁgyacryll?liag’%ggén%é3ﬁfﬁg§géﬁﬁ%§iﬁggﬂg%8i§€yo?§h§uch as
i sooctyl acrsybstratel withat deplitnansparemiaedording layer yding provided oh\the athersubstzate.

[ and an urethane acrylate. Partiarlarly suitable U/

| sost earyl ryi ate)

curabl e adnlpustihs PRiseRtIpYfiop canbeadypstageaysly applieddadny eyrsiof the QRYGH and
hydr o rop | ide didPfa ORrg zat i on
ity P denilctsbedal RYRHINRRMICE o hoShgie i RAPhOBUAER dekd
conposi tion (rat imthesoptipalrdisk, the finstiagt sécond amaniparend substrage carsbe formed from
Conposi tion UA HPA ggot 0- pol.yneri zati or], viscosity initiator, Pas (cps) 1 50
50 1 ? 2000 "RRSAYres plasty marchals, such gs acrylicresinage\pol fe rgsio, by qgnyentinssl 3

60 40 1 2,9 dlefad( ' lsSnicQITERSHRAL! Ll abl e
IS one avai F@bﬁg&gﬁgﬁgpgﬁé@i@?g@g%%s' gﬁg%nﬁﬁ%éﬁggga mam‘tgjlk1 %gtﬁ?ggd’a %y
Ni ppon Synt lvades,cothéraransparert mshiverialsy facexampie deissspmey b asedrinsteadadfithen i niti at or
which is connercially avai l abl e is one avail able under 5 the trade

desi gr’ i on trepgparrny plasticmaterigleas thessubstrasel Dhe siee (diemezenand)thickness)afithe coat i ng
f the adhegj i ed
out by o cotubatmarSe Rl VaRed HinchitRE hbH e B of reCiRPRE SRERI By £ 1 ©

printing, or roll coating. The coating thickness nay vary dependi ng upon

t he desired bond strength and other factors) and suitably may be in the
range of several microns to several ten mBerons. 10 In addition to the
‘above- descri bed requirenents, for the optical disk of the present

invention, it is necessary that the adhesive precursor used for the
formati on of an adhesive | ayer of the optical disk, after bonding of the
first substrate with the second substrate through the adhesive precursor in
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REPi . ACEI ~4Ei ~T SKEET 2 9 J U | 2002 fi~omtwo transparent subsREBAEEMENT & 7"
and 14 made of a polycarbonate resin, and a surface of each substra}e Juag00?
an irregular pattern formed thereon Each of the substrates has in its

«+ center portion an opening 11. Further) a first information recording |ayer
16 is disposed on the first transparent substrate 12) and a second
information recording |ayer 18 is disposed 5 on the second transparent
substrate 14. Furthernore, a | ight-perneabl e adhesive Ia%gr 20 is provided

between the e¥ample. inthe casgof gRticabAisks tur a3 egramenciliy Availahls PG PR BHrat i on
recor ding | Gl Mingidh e ERkLP of BYh arda tricinlsl diefls LROTin Ehe ety BbnichBf

adhesi ve pre or as ron o aviolet Irradration. e optical
di sk 10 havi {ig sibstrarh@ ymalliGpeninglie tole dorsinsertifg #shaft thérein) isprovided oo thatj aehed 0
on the second recording layer 18 may be read therefrom by focusing a |aser
beam L 1 on thaeptiest disk is! dntn g diskydsive.1the optical disk can he sinpatted by ashafbel 1 ead
fromthe first ji.nformng recording |layer 16 by focusing a | aser beam L2 on
the first iH&BFH%&ion recording |layer 16 through the sem transparent second
i nformation recorigeptlal pitRinso? irr PRE BivespBAdingo ifdHnafien SRl teo t he
present invention can be produced by 15 carrying out) in the dexribed
order, the frecorded erythetoppieal dssbmyhngmspmn@amo&mmw@e@en@mw&meaursor

carfage of ¢ Wieh nf splorfifk aviia d AERRed. aloB ane Sfibe Fine bt B Frmes
first substrgheirepdial paneir 6the like bl be provided by usingla RasiéHsedmpee oPbECUr sor

applied in the above step) under a reduced pressure of, preferably) not
nore th@n 2 phowlitldesaphy. (1 nifotr); exposing the adhesive precursor to a

pressure higher than nospher i essure) whil i nt ai ni h

conbi ned state ofpgﬂ’éﬁg? ?fsq m %‘B’gﬁéf@j‘ ﬂ%@'@ém{ﬂg@f’:}'&f é"'?ﬁ& fi"ﬁg‘e _
adhesi ve pr efpph#iidh;of Aeldclibmet sthiittéhsparbititPpe REording 18k 8dpplied b6 UhéRmYd t h
radi ation to cause curing, thereby 2 5 bonding the first 'substrate and the

second substirmegulanpettetyr thelikea dviatsriale suitablerfor the eflectipn tpeirecondingilayery t he

"adi at 1 on t dogs e e LB ot Bl S0t e Sy Bihonth, RRpckndl, o,
by applying diafinghl Mabrialediitable eorahe §Miﬂsbﬁ€nﬁ%éorﬂﬂ%QMrmrnﬁt&&l§\bt e

that the first substrate, the second substrate and the ‘adhesive Precursor
]

each may be haviagagefleczance afahouti0% aftprthe flm formetion. for example; gold silican-based

REPLACE f ENTUEREESP @SB, ffon ks BrepSiefbr B Tbands SO e SCH Te ¢ e
present i nVQ'@E&rﬂiﬂﬁ 18Nty bé)forinkd fromtHELR iniaRériais)Ceonb@ntMBIORIF FOHRIRE nitkifbder €

bonded t hrough a high viscosity adhesive precursor by using the nethod
based on appfor exampis, SpHtteAng efVRcuMsiepasitigne) trappi ng of air between the

ot fectTbery s pr db 2l GEHCaBb AR o3 the S vidlon B traite Sbetie, o,
to the pri orandrthe seebi@ansparentidabstrisarp 86nded!16 ehch dfbrtusingen presshfe sehsifve t he

whol e body of the disk for the purpose of renpving an excess anount of the
adhesi ve pr eadhesiverlayerofn pandcubasnihe presens dnventiensis chareeteripedsin ahatitheypressureent i on

f k . ; h hi.ck i h dhesj I

0 ™! Ko AEKERIRG: e bPiaa Y SRR Ind B 0GR bl s 2V
bove) "o hePpShienkiice anshpbicifonpiieiy BRIADY BB G UIL3 S50 oo
subj ec2®d t o°P8) s gree! Fagioaof npkless than 39%98¢ A storagemediusy at 26%Gaf 1.0, 104¢0 1.0 x

descri bed henémn&Fkaox1mhﬁ,mbqh@759gant the disk is pressurized to the
at nospheri c pressure or highéer pressure due to pressure of gas such as

air), it becones WR&SIhE vRcdsity ©PiHe!pPésSlirk stitRX AdhdiRe preditith iR AR glue
to the evaporated or vaporized gas fromthe adhesive precursor) in addition
to the renp\eps, the pressure sanbitiveadhesive layertpreqursop pag dsiprfronh thexisuinferestial .
according to_ the hod of tRhe present, .inventjon) .finely divjded bubbles
which are u o %"ﬁé‘%ﬁ@ﬁéﬁf'ﬁ&ﬂ?%ﬂ ?@ﬁﬁa%"{"éﬁﬁ@éﬂg% r’?ﬂ#f‘%th&dhesi ve
precurser. ks i i nt
venton’ car iR SEIR pictir g SR, Al eyt Sl B oA e inehahd WERE .
1) A Wcurabl e adhesive precursor having a viscosity of 0.5 Pas (500 cps)
or nore is spin-coated at a predeterm ned thickness on a surface (adhesion
surface) of each of the first disk substrate and the second di sk substrate.
(2) I'n a vacuum container) the first diskgsubstrate and the second di sk
‘substrate 2 5 are di sposed while retaining their opposed state in which the
adhesi ve precursor |ayer coated over a surface of each disk substrate is
sandwi ched with the disk substrates. (3 ) Wile adjusting a space between
the two di sk substrates with the adhesive precursor |ayer to a | evel of

o N oy —_ r 1




precursor |ayer are maintained at the bonded state (i.e., as tﬂﬁﬂgeﬁﬁﬁENkéhEtT
"optical disk -22 Rpl~I CEMENT SHEET 2 9 J U | 2002 precursor”) inZ8nél 200
vacuum cont ai ner which can act herein a pressurizing container , conpressed
air is introduced into the vaarum container to pressurize the optical disk
precursor) thereby dissolving again the fine bubbles, which have been

al ready di spersed in the adhesive precursor |ayer upon evaporation or

vapori zati on f .t tgem _ DS %%t y Sb _ @‘ﬂf&,ﬁlﬁobﬂ ccu_r, leading

adhesi ve prE O+ DS+t ; exanpi e)
built in the v DS e WV | $hebégd adi at ed

t hr ough one&’o h%f'ﬂslﬁ s{ rat esm\}\% Pﬁsgﬁg&}nprezﬁ%ﬁeé E?grdl:,)%?ﬁ%n# tgg[e %{'

predet er m ned dowheh thelpressatwsehsitive adhesivhiagenhas b gplcfraction af lessthat 5%, ther i ng
of the adhesive precursor. 1 ? The production, nethod of the present

i nvention i@p keafts popding pf thesubgraicsmaydil ke ablg aithstand sevsir enviraament,

't 8 confieadt B i SaeutddpHiE RyrhZie B et Btk ASuliG W BpR R OO
t he adhesi vigerive@ratié Substratey oF inthisioneofbabbilesid tinipressirecsensitivesdhiesive yer essur e)

and that each step in the described production nethod may be the sane as
that of the prodtnrthen Whasithe aressure sensitive adhesive laveshasis sterpge modulus of kessy.  2)

except that, the seguen £ ders of the .steps is.d f £
come.of 1 nchan gl TSRO DYREGED 0t nicen, SRR eafy erBiel By (BBres B F1 fime of
bonded opt i ksHding] whichengrmiked: diffiduliac praddedven thicknessoOn the other hiafidk; wieRded
optical disk which conprises the first trangpar ent subs;rate and the second

t r ansp@r enthesysagemadalps isgeqre thay sheyt bdx GAHMA (.0 % 10] dyn/emdy theekinessmay, detesisrate,

cecond Subeiit B ke Hiipaihid & Rindinb B cabh Biner KRS heinf ihelf
bet ween t hepredursdr can hse Sétorage Rvdaie diffbrént o Mk prafidhe sbRitpdladnisine | ayer,

can be advantageously carried out by using the apparatus which is simlar
to the prodereeursd. appar at us descri bed above with reference to Figs. 3 to 6)

d, f I ' ' j t
Pt oduct | on appar B EBLARHAt b pi BB ef o i hrattcb StBP RSB, ¢ e
det ai {®d deifigantibh map b_seniwcfnidlmédmora tsthipoRiid SRR NG the Aove réfiirementdl | |
be omtted. _The principal differences of the production apparatus used
herei n fronewevenibe Bregiuse pensitiye ladmyemrwrseppamfmblwfegmgﬁm uftrryiolethe
vacuum chaniah dible SOAASEhHahEET tuiaBle BhophRRL AbHIH. S iR N9 2

pressurized gds as a pressurl zi pparatus 3 0 expos e first
substrate) dvaitabiity, @ifing tilRe] Elring conditibhcamithe fike/ CASHYRE borfpundyitiag be ar e
intimately contacted wth each other) to a pressure higher than_the
at nospher | PaFcpglyagvantagegusly npad agehe/prgssure sensiive.adhesivg precpson Featerafng t o
appar2f us. 7e Psstrt sondfive Ghhdave pheyPidh Shiche sitari'sth B2 RAYZRladus \arics
source 72 odutdhe cphvemntiondl zesirganethad Gubings spifcoafiig,tscie¢h ipfifitiid) aF rélhédating,
pressurized gas of the supply source 72 is invoduced through a supply
conduit 76 é?fhvm the eQaiing tg'éﬁmzjay)ay yery\degending ynenghe, desired band steengthy Hds
vaar um cha . ratus 70 of the pressurized gas, to
Tk nshir of MR 203673’

connect it T \ um charrbe i part of the supply conduit 76 of
the pressurized Hgsl is@ sectsrdbide viBwahdwihg ohe edbodiftRnt/eftie Bbided Bpatal Akk
Further, a radiation irradiation apparatus for curing a radiation-curable
adhes?¥e praseendingto thaprssent inventinnm This opticabidisls iay described above, is called asingleai ned

ith f a to.the 1 t.r at e.bandi t 0 of F I
Sorpr i se. orieiueriied Ty PrafRb R Mlefeim il e Bt o ronupel ) a0, | s
not shown) piinitdlinéiration ROBEEptitally RRoRied YAt d REorlidgARyer of ifOrMBAGER

(openings) 34 and 36 adjacent to the transparent substrates 12 and 14 in
t he vacuum bstraambsema3lre rechudingldyers.i on irradi ati on devices may be fixedly

di sposed) insofay as.the ot adversely af~cct hapdling, of the

substrates) or a{f%?‘ﬁ&r&%’éﬁ@s 91‘5@/"‘%9‘"53 %&"Pﬂé?fdva StERtess *%ﬂdfqrﬁ%bolbl y
di sposed t hngdeT althissa@¥resi® (fot SXbinplé) ' ! et 70
for supplying t hea prggfurirgedpfgas, gsé\/?sbslggiﬁgédl‘fﬂgg’g'c#gggﬁl tﬁ%ﬁg@g%e
par agr aphs, provideden thersuefdcesaf dablnof fe empsparent subsiratesr Funiesr] eaghsfthesuch as

nitrogen or argon are invoduced into the body 33 of the vacuum chanber 32.
Not e, however) that the supply apparatus 70 of the pressurized gas may have

other constnrctions 2 o than the illustrgped construction in which the
supply conduit 76 of the pressurized gas is enbedded in the body 3 3 .
Al though it is not illustrated, the supply conduit of the pressurized gas

may be connected with a gas introduction opening provided in one or both of
the cover sections 38 and 40 or alternatively other element or section of

T ”~ ~ o L _ . L,



" REPLAGEMENT SHEET 2 9 J U L 2002 Exanpl es The present inventi onH%LME%%NT Sil0
described in nore detail with reference to the follow ng exanples. 2t JW 2002
needl ess to say that the present invention is not limted to these 5

exanples only. In the follow ng exanples) "parts" are by weisht unless

ot herwi se specified. Note that the term"gel fraction" used hereinis
intended to nean a wei ght Percentage of the insoluble sanple when the

sanple was i Mmersed in a solvent such as nethyl ethyl ketone at 25C for one
day. xa 1 1substrates basin us¢entdr aniopaissatar bellow ppaiandap ppeningoLhyes shawn/ingt e)

aval tabi e et Landink ofhe GCaLHisk 3 h aF o fisk b2t o€ RERINES By placine
Cl BA- GEI G, thE Dpéhi 6f O Rhift AldNupPGiEing tROGEIEEy BrRGhificA fithasformitibnaresdriinggen

at nosphere. mxed-sol ution was then irradiated with an ultraviol et
radi ati on) lagerilbgwhich is madeaif amyptal, sich26 @luminurg,and fundrionsricanecord infarmation;

source_to perform.photopal yneri zat.i on. .this.react.ion proceeded t.0 a
vi scosPty &M%.ﬁ@ﬁ%%&%ﬁﬁ?ﬁ%ﬁ“&“ﬁ%ﬁ% Vﬁq6h’s

visconeter,, téﬂ@ctﬂ{ckroﬂbdﬂt Obvd. MIiREWiSE, 2R cHESnforMBiG reSraRtighiRyar §8.oPr essur e
sensitive adhesive precursor. 0.08 ;Parc~of hexanediol diracrylate and 0.1

part of "I rrgeanding ifBrmationefoemediogbld or a silicon-based dislestris, suchaisiSiNeoudifeds ve
P ssure sdOPHRGEh & aftall FanppEnt S REre I8 Ao RerRion e Re 1REE L or
circular subgke ﬂk%rﬁ&é&r%% &g&oimmﬁgﬁ réfRciafEdliPseRiratishdrBinck coating.

The circular substrate coafed with the pressure sensitive adhesive syrup
was then pl aced Funther, @dightapermeabltipressrecsensitive adhesyeiaydr 20 is\provided herwEen:

ti t . 5 i, di at i t | t i t radi ati f th
S ot B Bormiod g e BB BB BB S TR S e
adhesive syh4RaleOrR\HREsre ssifive adfesiEtiayer 28 iﬁoﬁﬁédifrémosafﬁ“rt&shievs%nﬁ‘mes' ve

| ayer on the circular substrate. The st'orage nodul us he pressure
sensitive adhediepeecumys havinga wscosity ofi0.4to 4 Pas (0000 cps)iand preferably compmsingan

oy e R PRy S o b En R AR bR HEIBL
10s NLEP) (idosfealyl ASFIatl/dhdGifkthariachMte by vdidiRn cubi gluﬁug g thdPdtRRSHicRas 2. 5

REPLACEMENT SHEET 2°9 JUL 2002 sensitive adhesive |ayer was inmersed in
met hyl et hylltrkdoletradiationion ¢lesteonbearn. & is phniculagy praféreed thambe adhesiver cent )

that i th | f ti d d f d to be fi9% .. r cul
Subst r at es Misdriog comRsRirabRteATTNE. SEASRULPRRRE, 38 niyes MRS FaBPE o co
Ther eaf t er , soblPMHBIE ForRROMFERTE prodacitl6HtRdopRiapdial UAY dSBABEY dvBvé itRe 3) i N

a 5 predeterm ned position, and bonded to each other under a reduced
pressure ofpress@e Fensitive adheFiye kayer 29 has e ptarage anadalws of 50 xU61 torled pA0°AN/mdiiHed 10° to 1.0
optic di sk.,7Thi s Rasig - structure . was.taken. ou f .t he appar at us d

T suatty i moise drEm 3T 255 ah F B adt S e L e oo, B Y R Rl s g about
circul ar 'sulsk 160> (B0 & 19t dyangiZy atxsncieg afré%ulﬁéaﬂﬁdﬁﬁtiaﬁ'bfih@ra?gkgﬁhﬁ%n power of the
bubbl e-friee pressure sensitive adhesive |ayer. The basic structure was al so
subj ect ed tREesaTe 8eNSitive pghepivelayere the adhegive fayehmay flow fiomaparipberakpportion ¢fdhekonided
structur d [ nyiro 6 ps) 95% 4.0 tH for 200 hr,

and the dppir ERAES! APRE BT ke TORI0F Rim L i s 28 paipion
was Vi sual Ipropens piertindpdssiblySamsigibéiiicin bording. L IR&/idwW 6f0thé ModErhiRs dfakeSstrest) the
the presence of bubbles in the pressure sensifive adr}esi ve | ayer. The

resul 28 of stosegevnedips i prpfrsehly brtherange ofhdikilete 2i0x HOIRY/m 21 1.0 16"d0 39pat0&nt
from Tabl e b ' : j 2 of heep
o sl Bl eflbitlate SBsls b 1SN LR N RPL3H 2 FPT6 R,
t enper at ur ehanel fracgbn Bpmeferably noniask than01084, ntoteipfefeable Kulqesthian 80%, because separation
2- et hyl hex acryl ate, . s.of an oligoner comyercially

ﬁ’lﬁ car hi t o I 50 gﬂ]rbs . 1 Y

avai | abl e (RSO¥ED ti5SubsTaiss apbapafion of Bypblegjin the Prrssure Sasive adbgfive act ured by
Shin 2 o kanura, Chem cal .Co.. . .Ltd, ,.and one panof hot oi ni t.i at or
commer ci al | yeé\?ﬁ'fa"%@f’@’ {ﬁe@g& 'ﬂg‘ls’t‘?dad—gh?j@'ﬁ’ﬁl:%ﬁief‘ﬂﬂw iﬁ\‘g% yer 2948

ManUT 361 Ur Cbriteehbist nd hAARABsaifllP e BrIRRIAGECAR B iredufl, REGHRALiG RocBldBd BH' ©
sensitive adhesive precursor. The viscosity of the pressure sensitive
adhesi ve precursor was neasured in the sane manner as in Exanple 1 and, as
given in the following Table 1, was found to be 0.820 Pas (820 cps). 2 5
The pressure sensitive adhesive precursor was evenly spin-coated on two
circul ar substrates nmade of polycar bonagelz to a thickness of 28 kmin the
Sane nmanner as in Exanple 1, followed by %ul |. curing of the pressure
sensitive adhesive precursor in a nitrogen atnosphere. As a result, it was
found that a 28 pro-thick pressure sensitive adhesive |ayer was evenly
formed on the circular substrates. The stora3e nodulus and the 3 o gel

. Y b1 o o o o " N o o




5 appearance test was perfornmed before and after the envi r onmenREPLAGEMENT SHEET
a result, no separation was observed between the circul ar substrate3§ J8hd?

no bubbl es were present in the pressure sensitive adhesive |ayer)

indicating that) even under high tenperature and high hum dity environnent,
the two circular substrates renmai ned bonded to each other through the

pressure sensitive adhesive |ayer without creating any bubble in the

pressure sensitive 1 o adhesive layer. Exanple 3 80 parts of n-butyl
acryl ate werthefrstsecording layenii6 casy be'noagd teonghithe second recoplieg layefi k8@ | and

the m xture was | ¢ at nosphere and then irradiated with an
ul travi ol et ?’ﬁﬁ'i'eg'% ggﬁgttb “°ﬁ°g§’?‘§%?&

0 pre a pressure sensitive adhesive syrup. 15 10
parts of urethaneaggiication 6f a lasef beam(FFom amopticaChead a6 tiyopicaidisk Ryindving the
Chenucal | ndustry .) Ltd., 10 parts of hydroxypropyl acryiate) and 1 part
of "Darocur @byeconsiicion permitsderading andreadipg of informations For exampithesi ve

syrup to prepare a pressure sensitiyve adhesive precursor, havi.ng .a yisScosity
of 0 458 PacnforBateriepSrisa R 16 echad (BRI B iy She hErep PG it
sensitive adfesb¥dn D.'l%%h@@éco\‘\@%q%&’&%(&y&pisrkscsﬁ@ﬁﬁﬂ: Pigl P Fuhe?, iRfofnaGel ar
substrates in the sane manner as in anple 1 to a thrckness of 28 pm and

t he coati ng mewbe rerd fromuthe dirss\information redarding layari] by fosusing & lasen begmpd:? on
t here. t hi it f t h 28 .om t hi .
Senst i ve. adHBGT TpSREh rhcaring IR e e Smifispareny s FE Bion ot oo

The storage repstdin@3ay@Pd8t he gel fraction of the pressure sensitive adhesive
| ayer were nmeasured in the sane manner as in Exanple 1 and) as given in

Tabl e 102 5 bel oW hesmbodiraeraf theentigalidisk shownin therdraving, whigh h&B3wWey n/ cnp)
and 74% The .t circul ar,. subst r at £s re then banded to..each ot her, Further
an envi ronmé apayqnrecordin &qﬁm*ﬁs fekar M%rfﬁﬁﬂ'ég"gg%ﬁ'@g‘é‘?q o above.)
in this Cas:'ﬁerﬁﬁné@ﬂx?&ig%r&ﬁ SR tHASisID Bas PénRIdsddbd aboven Hobdver, it dhBuld be

envi ronnent test. As a result, no separation was observed between the
circul ar submtedthatsthe aptical disk wif tiepresest ipventiop dswot limi@d @o thisembazimente

iti g | . 1.ndi i t hat d i t,
7o) i g CaE e g b ke TGNV opR IMOTRATON FOTITE
Subst 14 &5 18I gh s re A R Riihg SHFRomsi do bt besdRR ORIBE 4. cach

other through the pressure sensitive adhesive |ayer w thout creating an‘}/
bubbl e i n t Hauriher stsmayxhayeone or ywo information récopding lagerawhich perdits segording an

i I I .mxed with 0,02 f . 1173" .5
phot ot ni 11 av G s teFER e Mirotme EomiFRh Sa prapE ik GrnebiEnaPeotlica
then irradi afigbfwhé Predéht idvienfidnt Mafbe 5uitdlitRdtir€ddrdifg B AIAAINE oR inforafasiBh &

sensitive adhesive syrup. 50 parts of 2-ethyl hexyl carbrtol acrylate, 0. I
part of hexatdormed by wdiizngphotomagnetc gfiect opphaseehangar 1173" were then added

to this, pressure .sensitiye ad i ve syru 0 _prepare ressure sensitive
adhesifﬂe precurs °&é’\?fjﬁg° "V‘ﬁ%‘&g‘f‘t"ffﬁﬁ%4ﬁ"58£°sf'§(5'b‘ff"§$‘g5"a§§°R[?é‘é' 1D
in the sane mgmmmmiugwmgm@p@{ essure sensitive adhesive
precursor was then evenly spin-coated onto two circular substrate in the
same manner as i rfomyipgp pressure sensitiveddbRsiessreayrsop Byerrhayvingadrischsityod 4Gl rie S Ra 10 to

fully cured 000wy ch\dk Raglont SurReL 8fd £t hubstudidd 2096dhdatbgaaRNere. In this
case, it wa that a 28 pmthick pressure sensitive adhesive |ayer

could be evenly Ta@bm}g 128iatife diréctly 46 He predaare’ sehdhive allRSsive &E&Hﬁ‘or’l@@l-'{dﬁnﬂ”d
the gel 15 fraction of the pressufe sensitive adhesive |ayer were neasured
i n t he2%ane pressersemsitiveadiesivepidyer Whiah Has sgel fraction of notTeds ithian150Bednd\a, stozegeemodulus of

respecti Ve'lyo}'lé"!é 1@416\‘“5&2&110?16%5% ’gy&éﬁﬁizﬁ%é%‘i The two circul ar
substrat es were~ F -O—eac . er,” ah environmental test
was performed in : i J i :
Appear ance test ontngEBRERIRlET, MRS froldh b bRpACnsle
result, no Zdbesherdayenunder redisced ipsessured Theseunathod hepsowill bigldescribed in ordére Fig.and -
no bubbl es Vﬁ{f? resent .in the pressure sensitive adhesive | ayer,

i ndi cating t °)"p°€\}8 IR 2 RFFPRCYYEHRY shayiag. 4mEherseqpenetipf fiersy themethod e nt |
the t cir ; &P her through the

pr ess\sérbe se?g%’ﬂc\l/@&ggﬁégfe\%gdﬁr ayefp%m%tpﬁ%?%gr]tg%ﬁ%%aﬁ ' Eubbl e in the
pressure sensitive adhesive layer. 2 5 Exam 5 50 pans of urethane acryiate
"UV 3000B" manufactured by N ppon Synthetic Chemical Industry Co.) Ltd., 50
parts of hydroxypropyl acrylate, and 1 part of "Darocur 1173" nmanufactured
by Merck (lapan) as a photoinitiator wer(_algi_xed together to prepare a
pressure sensitive adhesive precursor havifig a viscosity of 2.120 Pas (2120
cps) as neasured by the 3 o above nethod. -28 REP! ACrlt~t ENT SN, EET 2 9

J UL 2002 The pressure sensitive adhesive precursor was thcn evenly
spin-coated onto two circul ar substrates made of poiycarbonate in the sane

p— o a v T T o Y ~ S - - 5 o r -1




Exa_mmle 5 70 parts of 2-ethyl hexyl acrylatc) 30 parts of isoboffPLACEMENT SHEET
acrylate) and 0.04~of, "lrgacure 651 " as a photoinitiator were m x@d JuL 200
together, and the m xture was placed in a 2 o nitrogen atnosphere and then
irradiated with an ultraviolet radiation to prepare a pressure sensitive
adhesive syrup. The pressure sensitive adhesive syrup was mxed with 0.5
parts of hexanedi ol diacrylate and 1 part of "Irgacure 651" to prepare a
pressure sensitive jv.e I ayi i { ) $4 (920
Cpe) a5 moasar ed (4 pgoisk el HERHiTRla, 20K 30 Sotk 3508 s glreht sl B

sensi tive adRgg MinRpelarpafein virhe Satfitthiyspasentsecarilinfdrnition resudding laped &
substrates in the sane manner as in Exanple 1 to a thickness of 28 pm and
the coating emngffomed onthe gunface thereafys prepared.  FhecveeAndaransparent spbsyaigdd may

at nosphere In this case, it was found that a 28 hick.pr. senstiive
Zdhesi ve. | ayde PRerRre B atanprrens Pebtysich % pBlver by BiiGT Rl iHe

st or age g10dubisse SMAbIBIAG, HBesirkd RfepLIaPpatiert REMPARIIH IR sHARG dfiNEsuBEPREbYE

| ayer were 3 o neasured in the sanme manner as in Exanple 1 and) as given in
Tabl e 1 bel owaswe seripeucahstiviting 2 pers pEtheimald.y AZe@nd informarionpecopding hyards
dyn/cnmR) and 73% .. - . REFL~ EDIL T St~~ 2.9 J U 1.2002 The .t wo
circular subdpyng 8?’(@?5‘*%@%’5 %ﬁﬁg&y tvaa‘é'gb%PBf%‘é’r“ﬁh? Bkfgn ‘haﬁ“ﬁace of the
envi r onment alsedpakrafSarei shikiraRA 4 Witk AFineRMEr pRREAYeidJoRaGhéreetl above In
this case) an appearance test was perforned before and after the

envi ronment al t estA prassuge seasitive 3dhesive precurseri 220 whish carbfoom agdessere wensitive he
ararl ar, substrates) and no,. bubbles were present in 5 th ressure sensitive
Snes| | ay BRSRAREREY FERtHR Eurtls, e Sp apan o st iloRr-Tan 5 O

humi dity envigr&af@tbové N thidRasel ACsHodn S FigsSh T At Q%pih%ﬁh%%th&ﬂi@%bﬁx@d sach
ot her through the pressure sensitive adhesivélayer wthout creating any
bubbl e i n t havherestherpsessanesensitive adhigsbveipresutsay 22 is dropped throughixmozziendl o A
basi c structuye of .an optical disk repat ed j e sanme .manner, as in
Beanpl o 6. eSDEHD AP Hate P e e oG LR HouP FIoRPRE PESPERA: od | 1
Exanpl e 6 wagragyfardny sstidtrdeQah 8 Qireéticn ihdiEhiéd ByCdn!zfrows URRIpréss@e sbiltitive

thi ckness of 28 ~cmand the coating was fully cured by ultraviol ea

i rradidS on 'adbeaivnbmpmgyﬂzahmm@mscomwﬁpﬁlﬁ%ﬁiﬂimmr gJito form 2
pressure sensitiy hesive svr. s.0..920,.Pas (920, cps).. .15 and,the

Bt or age._moaipirebeeacy syl Sl SRt it ofie A8 SR B iemo s dont

| ayer fonned ifgrmdtiohavdcrding layer i ati on were neasured and, - as given in
Table 1, found to _be respectively 6.3 x 100 NnR (6.3 x 105 dyn/cn¥) and
10% . The two cirdeftead Afibripimecatingvdprexammple. srosrapbinting. selbepating er the fike Mk )
an envi 1 onmeRk Bed @ Yoat i pRRLIOLIRVE daleBiSe BAERSJEANCT as described above.
In this case) an 2 o appegrance test was pefforned before and after the
envi roreeent al  t estAfieAshescangetion)of iefcobeng dfahepressurersensiivel adhesble, prévarson b es

he. prossur dreBRtHE D d s g VA Biusdt 25 SRR BB Rer by Bh EBE! 0"
the pressure gegsd, }(ﬁ?ﬁ:ﬁﬂ‘ﬁ%‘rﬁg ?%’ﬁﬁiaﬁ{:é]gﬁtaglg?/grecﬂ}ﬂl# @Erﬁl?ér:&%g Fte Sive

i ndicating that a ge racti ess res riorated
qual ity of t adhespeipredursiirsfor exaniple, ultrahidler tadi4tion (9V),\gaminayg) tabiatied, @re coatin
Pas c sSt orag Modul us ,(25C)., N m: d n/cnZBondi ng PropertyGel fraction,
%Envi r onent &SR peasy UV g theigmbgdimentshownan thedmaying). 18applied to the whole

Erod 6.0 prosuiag sl waRRRes s Bl s BRBleASDRAE R of fimd prGA *
1. 5E+05do. 90'secon@RtalseverhPieh sedohS At thatHiie] @nkikefithe fiibran Methed Whertif UV

2. 6E+05do. 73Conp. Ex. 1 10.92 (920)6. 3E+03 (6. 3E+04) do. 10bubbl es created m
r . a N ~7 conersithpugh the semyragsparent segond iformateen regording Jayer 18) the applied UVAI i

i cl ~T SHEET 2; . tp 13 t he,.bonded
optical di sk%\%g?t& %F%éﬁ%%‘%ﬁ’maﬂ%@é}?v ggggeglv\(/z\ni’{%gﬁﬂrei%’ o’% Mﬁsﬁ& %%188: Note in -
this exanpl e iiensity UV soffidey fof efficiefbufing\feadiciito &t Lrebsurd deftive ddhediiayer
bubbl e formation and an accurate determ nation of the thickness of the

adhesi @0 | aydn a2 sheptimpt {The formiatian of wbe pressuneisepsitivef adhesivediyes 20 eshonntiree .
Ur et hane acryl at,e). .UV 3000B" (UA), .ranufactured by .Ni ppo ntheti ¢ .
Cheni cal | ndﬁgﬂyr‘if)aég'fzye‘faﬁq by ':‘fﬁfﬁ 30%1389’;-0;5 F%EW’ %}H‘slé&% O?iL%s e rqqu@mp.at io

(pans by weight) described in the follow ng Table 2, and | part of "Darocur
| 173" manufactured by Merck 10 (Japan) as a photoinitiator were m xed
together to prepare a UV-curabl e adhesi ve precursor. The viscosity of the
‘fesulting adhesive precursor, deternined at 25C by using a Brookfield-type
rotational visconmeter) produced by Tokyo Kei ki Kabushi ki Kai sha) was as

fol |l ows.




UA/HPA = 50150 .. . 2 Pas (2000 cps): 15 UA/HPA = 40/60 ... 0. SREPAACEMENT SHEET
cps); and UA/HPA = 60/40 ... 2.95 Pas (2950 cps) The obtai ned adhesi ¥dulL 2001
precursor was then evenly spin-coated at a predeterm ned thickness on each
single surface of a pair of two transparent circul ar substrates nade of

pol ycarbonate. Spin coating was carried out at the coating speed (rpn:) and
the coating 2 o tinme (second) described in the follow ng Table 2. Two
circular substrates having the coated adhesive precursor produced in the
above step were Nexted showninkigd:t@r thefiest trposparend substrate bbhavingitherepnthet us

whi ch i iml h f. Fi.qg. h | i ol | i
" oty at od rsieforomiaa erading lafer 4 8 R bopord et Tt techBY rinsparent Slbsindie 03
of 133 Pa( 1"@;758?.‘ n'the phRuft Sehsitibe hdtesior RFer B £5theQtk First iformatighasi | y

carried out ' zing a nmechani cal chuck”nmechani sm of the bondi ng
appar at us, \vetdrding tayer hifacescthe pressurs sansitiveiadhesine layen20, that asya seeongiht .

vacuuves. 1EREVOPTPARAPR BVBEATG! v P N b RSB o e B
visual |y | nenegntin il Per 6 AR IRl FRUFing RO IO OrARRSE Fhidpy o
subsequent 3uch asrelymntmand msyrbg peoduced incsabstantially tecame enanfienasased irethe sone
o B S R SR ] Al e ol
contai nor ) ARqPied S8k 10CBRpHEREs BRTEANARISn RBLASTR RS SRR L, <

kgl craof or 30bssretokddstegrdlie bondedito @aaksother € renoved fromthe container to
agai n inspect an apQ,ear Fr]ce of the adhesive Pr ecursor |ayer with an (lggtical

m croscope. No fB89Hg T8 HROSRAref) Subsiate lesomo theserond wpnspaisRt RSB ded
circul ar subgt.r.at J, 1% s | 3 di d the
attached ul '? ?aw OH%}(:WF?‘EH% %s&gﬁgﬁt&g’g% kli'llr?}vg?}f g’?gﬂt k{gg%dlﬁeglﬁ\eﬁedﬁ;orfet%r sor

| ayer t hr ougputdhdisk abairdiag eo tietphesshttinvantion, dioweaeh| theibonding\cambe a wavel engt h
of 200 to 400 nm Ph?t opql yneri zati on was caused,, and Sanples Nos. 1 to I3
of the opti @dvamagsoushsearmed qiptiunderraduced peassure by usipg an apRATRIYS WP o7 RORERE ot her

t hrougfy t he s@”‘@?‘*ﬁﬁ%m\'ﬁ#iﬁ?ﬂ wer e thus obtained Each of the Sanpl es

Nos. to | optical-disk was set in a thickness nmeasuring
apparatus with afTheppparatus B0 fdriboading sutsmrares wilt beldeserdbedyin QeailavitiGeferénze to
deternm ne a _t hi ckng%g of .t he adhesive | ayer .in a non-destructive and

non- cont act Figind} MFEE0PRMNE 34 3G 2 SSCHNARRSRIBE 3F RELPTRIBASY, IR A YaEUHR FRARRSE 32The
Conta . . . oo

bt ai ned. naPas fTaft Sh e yBRary byt o hd'Goch i B 320 ¥y, ¥ v,

aver age of tdpenibgh34 bmbths sedontl loperink 36 ias dedceiped bebdw tdre closed maperhiesly withch

"di spersion of thicknes X.-mn.)" is the difference (max.-mp.). in the
det of Ahat i cﬁﬁ“&?vﬁfﬁ%"‘&"?ﬁ%ia&ﬁ‘“ﬂq ot SHALTORO haé"z(m*gsq shatt ?alghe#. with
regar d 1o aheinkrighf b vadhund fanbto éﬁrbe%eﬁq&&mg&kga) IR Bl 1 ACks

(Tr. 1 to Tr. i r,

havi ng different radial dianeters urt or the
ref erence) tsimuitaneous ageningoctiosingsdf the first bever decsipe 38 iand thef setimd-doves séction

ofthree co rcially available optical, di sks of DVD-9 type, #1, #2 and #3,
are descri gg‘é‘? ﬁ"‘PWé’rf'SlF?%\MaH&‘"Tgmsﬂ?e NS%‘@‘f%‘ﬁlbeme eptiy wgthdrayafom
herei n each | : | t a 1Lk )

b cknese. o GDELER ot laclmfiRabbl LR ottt ohe PARSlubtind WiAT0er,
Tabl e 25 w Sahtpine), Whichiéan evacudie tel integios RxbE oarkim thainb&EYY & ffkdetermined

Thi cknessdi spersi on of thickness (nmax. .. ruin )r nsec(unoverall Tr. 1Tr.
oTr. 3Tr. 4Pressusepf not more than 1 mTorr, is connected to the vacuum chamber 32.

5350 So1S00850. 1 RBGH S i s Brtn eiie A S 494 Bbrfec R b HnE 8D )
SO SOS00036 hift 82 i3 passed HFoudgh the cBver bection SERAA iovablée th Sdir&vioh4ndicatddbydn 0740 ~
/ 603000SS2. 81 0. 94. 36. 32. S3. 87. 6S. 0840/ 603000368. 1 12. 92. 96. 04. 34. 94. 77. S940I

6040003S0. 9 AIrows 1dkewise, 3.cylindrigal ssaondshafh 46 txpevided ip they second gowes seRiopd07| | 40
| 60S00Q341. 7 . .97 | 40S000S93. 11 1. 0S. 3S. 74..33. 46. 04. 1136
01 4050301058014 5 el She 1 assl | "égﬁﬁe‘i"_c‘,’f”aﬁ o A g ¢ # 1S |

. 223. 86. 37. YiredriohlindicateBby EBark&¥0 MIEIhis Abd, tifeVrsi shbft 82 BYPR second shaft 44 may
#252. 323.86. 211. 67.49.411. S4. 6Commerci al 'y avai |l able DVD- 9

#3S6.218.85.94.04.112.34.4S.9 m-v N~ st mNOONG/ ~1 rn
p) -14 -



REPLACEMENT SEI EET 2 9 JU 2002 Particularly, the DVD-9 opti callcHHAREMENT SHEET
require that fer the overall of the disk) the dispersion in the t hi Skhisi§0l

of the adhesive |ayer should be 20mor |less, and) for each track, it should
be 8.0 !~ or less. Under this prem se) conparing the Sanple Nos. 1 to 13

with the commercially avail able optical disks in the above Table 2) it is
appreciated 5 that the optical disks of the present invention can exhibit a

not abl y di m ni shed di spersion of the thickness of the adhesive |ayer,
contrary t obe tespestivel connerted talingar motien msehanisms dnafishown) saifha! they. cambe ponded

optical disk wa roduced in,.accordance,, w . L Lar of
Exanpl e 7 V\X“Pﬁef'ﬁg“b(f ﬁ\?i‘g%"e[qﬂr '?’b(rjﬁf"ﬁi @Wgﬁ%ﬁ%{l%%ﬁ@qiﬁ?ﬁ%ﬂ thggihlnn he
fol | owi ng leuaridibf the 3econd s RSéan@omie@I04k §0Each Bihe? drodn eSsppobite/difktian. Pas
(2000 cps) was evenly spin-coated at a predeterm ned thickness on each

singl e surface oBasicafinithe erid seonion ofthe fiest shaft 42 andtheiendsseistion af the serond of

Coat i nf 11 nibahdd % etehcrshatersRalaiPion fioE Bpeymielimarort estibtmé BEho g of

the substr aj 389 spelificAllyOfHe FAINPEnd'6¥Re dridl eB¥idhiA thé fikiTkHales DaACthe froRidNaI Tt US)
and an appearance of the adhesive precursor |ayer thereof was visually

i nspect ed. the endisdstion inshe second shaftetsl, ark dispassd resprctivelybwithjn ehn openingaftheon

' tical i .evi d. that fi bubbl h
i ot o of b7t T ST APEnH 6 GF SR 4, 18 i e, ROV AR HRRICUBR 2Pl o
layer. At efye shidnd WRafPA g MitS tHelenl 3octivr 'bF tHeHirRSshife 42 aRfl BSSLHd seibn/bfithe

I ntroduction of 2 o conpressed air, an appearance of the adhesive precursor
| ayerioas aspaond shafl ¥dao eomeiciobe tormach pther fibmithe opposise dirdttionf resaltingiib| es

b d bef j,zat i t . t h t he thick f
he. adhes VBRFEyGPRaR GG MOSTR 12 a0 s SUORAR | Lt SRS et or mi ned 1o
Ot ai 1t he 1 eSulbrSibhcia B F1d'8 o 2h 588 Al FroHREAH Secflorofndhe

bonded optical disk was produced in accordance with a nmethod simlar to
t hat of Exafirsi shaf? 42iand thersecondcshaft #4.rpawh sectibos 46ah A6b, él8angrideq8baane integrallyabl e

dhesi A . . by .nm Xi 60 t.h te,
VAt abl e OS] H v eNABR the perBhere Fectpr B e cattth Berhag Al Hon
Kay akyls C0. , eldcifically VB With lz&fkirig%&h@é&riﬂé cifcumifershrfal pBHioh i?ﬂrtge ﬁésméi'r?%mﬁ#r

1173" manufactured by Merck (Japan) as a photoinitiator. 3 ]
descri bed i Whenghe pawlsestions 306;146b,318a1 dnd 48bawmdisposed in thh gemtexspartiomgheyitansi ve

Do oot edbSrebl iR W i of U S BR  AR E S,
| 2002 on efe becohd thafispartnt ASrAt 12 DRithe Stherd MARd! WRESTRE PBW séetibits 46! 46b,

substrates nade of polycarbonatc. For the spincoating, the coating speed
was 4500 r pARa, andd8brHasened inte thetapering.afthe ficss aransharent suhstriatet ) gnd:the opening

| et i he bondi f . b . d
rom £he. botarhiFEantEptspeem suhffaud HEBis ipSiduin e GiramtiRu plioh et 87
layer t her egburégSuppdititielfitst itRAR§RAFdne subsiite N2 ARH Bife s0B6 R PABPANACUDRANEYS |

the subseduent inspection using an optical mcroscope evidenced that sone
8ne bubbl es havikugther, dhesshapeandithe size of the pawlhsentiensiés and 460l irsthe ifipst shaft 42 t he

dhesi | _Af h bopded_ cir gul b
r oaaur | 2o PR Tt PR e stlstigrn En eyt e € S48 SRR BrGRAET of ¢ he
adhesi ve priggwésnthe paWiSectivhs 4848 aid S/ iA BIRCIBohddhaf 414 N jIiisE e shhpe ARIGRPE-

The fine bubbles were not observed. Further, the thickness of the adhesive
| ayer2$n t raizerafshd pavwlgedsionsid8a andt48ban thei ss¢ondabaftid4 erensuck that theyicami n t he

lts d g d.| the foll ] bl 3. ~ t,i Ex | 2.15 Th
bonded opt | BHFAGPER SRiFE FspEAYELa B SO e eI ROed RespseRte M ar 1o
that of Exagphéhs 4ckahd 4@ tﬁ‘é‘ﬁr%P%HgR raat hathid Qise. Wted 1R AFPLAd sdcBhd §t§.ﬁB ;}z

conpari son purpose, an T1V-curab adhesi ve precursor was prepare

m xi ng 60 pandt4d apé allowed to ceme clodetoneadh bihedidoinsapiwhe pawlsettians 46azind 46b and
avai |l abl e under the.trade desjgnation "R-551 " uf gcture Ni ppon
Kayaku Co. - \BF pawl s35ubs ABE s FHIEIRSRAGRYALY R0 T gaps SAachnd Azb an 168 82p% Spoand
"Daroggr 115Gy Jads el [
descr ?bed i%ﬁt&hgﬁ?g{eﬁ%w E\%dgr%fﬂgqg,ﬁgﬁeﬁe Vi g%?obgl&feu (E:)}P B%Eg&rntew g"r‘fﬁf&ﬁ‘zsi ve
precur sor waeat®a pfedetesmined pressimespowerh & hapressing powerasripressure/applied/ o thy
spin-coated at a predeterni ned thickness on each single surface of a pair
of two transparent circular substrates made of pol ycarbonate. For the

spi ncoating, the coating speed was 3000_ [pm and the coating time was 3
*seconds. 2 5 The thickness of the adhesive |ayer in the resulting bonded
optical disk was determned to obtain the results described in the

foll owi ng Table 3. Conparative Exanple 3 The bonded optical disk was
produced in accordance with a nethod simlar to




that of Exanple 7 with the exception that for this exanple) forRFﬂLACEMENT SHEET
conpari son purpose, an 3 o LTV-curabl e adhesive precursor was prepat &dUubyil?

m xi ng 50 parts of urethane acrylate) avail able under the trade designation
"UX-4101 " manufactured by N ppon Kayaku Co.) -36 Ht ~1 ~, CENt ENT SEI EET 2

9 J Ul 2002 Ltd., 50 parts of ethyl ene oxide-nodified bisphenol A

diacryiate, "R-551 » manufactured by N ppon Kayaku Lo.) Ltd.) and 1 part of

"Darocur 1173" manufacturec bé.I\/Erck (3apan) as agg&gtoi nitiator. As is
descri bed i noppased Sicesisipreferably|ie the)range-0/Q.QL19:0-6 ford. } &a d0 sec gokihesi ve

precursor was 43 Pas (43000 c T esi.ve esur.s v I

spi n- coat ed Rreferably.jp &lféf@?ﬁ@%ﬂs {%ﬁim‘g}s}? &9 aggg‘ng%'l hﬁglf'eéguiisrlﬁggg&b%ea pai r

of two trans Hﬁfﬂﬁs 30 for BbAding Wbstraek @8n ilifatedf contdey thrrfirettpdnepdrent sibsrate 12

spi ncoat i ng, e coating speed was 5000 rgrr)qhand the coating tinme was 10
£a

seconds The uiu thesesond erfanspacents sehstriatecl 4 wig rothes shrough;a Pressurp seRsBYCopt i cal

3 *10", 9 Sl B M U A it
t hi cknessdi s ffepiP@yuahze!thé ple3aire cledfed in thcrﬂﬂoidafﬁceﬁ iﬁthe?iﬂtﬁ&ﬁéﬁﬂobi&d inl Tr .

2Tr. 3Tr.4 Tr. 5ir. 6Ex.82 20004700553. 29. 41. 93. 72. 43. 72. 14. 1Ex. 97. 60
76004500794 thedront emis.of thesshafis 42 and éd.supparsing fages 45a and-45b for mutually contact-

1503000322. 312. 93. 83..23. 53. 54. 18..2Co 343 (43000) 500010141. 424.03.1
1200 22,1 ;g 1 gt ranmprert SUPEITRY (GG I saEoRd HNsPRER] WETHE 140 g
“1T0 P ned 566 fo ficCeabhldeher 98 shitd £2 @ARGECI at ed from the results

of the above Table 3 that the optiTal disks of the present invention can
exhi bi t.oa not abl yFufther,sincieche bondding of the sulfstrates acdordifgitecthe prasemtdnvedtionisv e

| t to.th i cal _di sks_of Co tive, Fatanpl es 2 3. As
dosor] bed abBiermed uifsr SEiceR PrrGITE 61 VAo HRUDELE The Bisve SpevE AfheRve
which s is eﬁ?&r'a\x‘e Hétqsipleéély fBurdia the Sor¥é 6f Bohidingd TRk ik Yin theoptital digaar , in

t he bonded optical disk the present invention, since a pressure

sensitive adpressuresepsitieeadhesive ryenigeefrombubbles i formed as p ansidium senvigg 10 bondsed
in the formation of a essure sensitive adhesive r ood abilit
: s provi ded, “ﬁlerﬂ'! H2%n %‘Ts' ﬁﬁuﬁ?rgsc@ﬁp\é@eﬁsf]@v °flafﬁég?#§gyﬂpé'§é 31?53 o

sensi thye adhesi vmzﬂé@a%ésfoasaibrp@nﬁusaﬁaea?gawqisﬁacaif?di%a% & theél preseRt t r ned

substrate. Also, 1 o according to another enbodi nent o e present

i nventi on) sinwergion has beendiesctibed abevewith mferenceita\one grefervadsambxidimyens shown in
described abgve j s used.i.n the formation,of the.adhesive |layer) the high
ual |ty bondElS g 814 if i pesiies P GEDE RreseiL Ve an i bRy BHGed e i

bubbl es i ncl pfirdmddlenibBdimenb! Fér éxafmpled fi Ak roduiior 6T thé SticdPdisk Betordifd to the
according to the nmethod of the present invention, the bonded optical disk
of the presepresénhinvantionnsivema mgiatieni suchas siayielet lightoisgppliedidirectingn the
procesg and_incl usi an of .bubbl es in 3greisure sen?'tive adhesi.ve hﬁé’er
"t or paBed bEERULS SOREVEERNE BEESutrr hE SRRTFRHOR SR AT (i ATESsie AP Teifuf dhesive
producti on Ofayért@n 88 WidelPPirieda IF of eR&mpIR thE Bre8éufré SenSitiVé ¥dHesive 145er MEy ba!si Ng
t he producti on apparatus of the present invention) particularly an

appar at us f oforipedhdn the firstigsansparent. subggate ratiep|thadRhEsetond Sriisparept Substrate] 2002
CLAIMS 1. A honded i cal disk (..10) . .ca | Si nQ; first fransparen
Substrate ( ADFmstveEE i Rresis Spdrgs NESRE (i B belapmnécin bR 3RE Fiogh
infornationfrﬁfsg | R td her the first substrate (
12) or the secon?gﬁgmfegn{th%?)@ andhg&ﬁisgﬁstt-ﬁg'térneabl e adhesive | ayer
(20) f@b bondi ng Furthesthe apparatug farbonting thesybstates uskd imthe iproductiomofithag

| ayer ( 16) to.t ot her . substrate ( .,14);. the disk bei characterised jin
that the adhgewﬂﬁﬁlawprde%so & DreseR inyeslin 5 not it mﬁ?am%wﬂ@m desrrbed
adhesi ve pre : | i S CPS 1098 S)
whi ch was ap%vggﬁg‘%%}%t%?%gi (i :{)ﬁﬂe&gﬁﬁiﬂ%\tﬁ%kﬁdgﬁaﬁgafégggﬁitgymt [ o{r?lﬂrelo
recordi ng | ayepe of the)presentt ineentibh.e Fos exmsipie tae sliowh inFg 5 [ae appatatus&o for )

substrates aEd c{i&yﬂ)s are suRA ected to |l ess than atnpspheric pressure, and
t hen subj ect BYP SIFALES IRV RAVETWOJBIALYTS 62 3¢ &4 moxable i a diFrctign dicated by an

subj eckhad to r ' LiRe [ e re,

radi at i3gn cu?l?‘r)\g', q??)v%rgtg\?:sggg Q(nﬂag%ﬁ'é??\?@ corr{)ugglﬁtpﬁgslgﬁ Eg%{ (ﬁ.aas&gé%ﬁ% 40a
fraction of omdasmfisidaland aSeofawbver séctivmgOb ambshaft 445, dhdQAhxrokfidr 64 may0 106
Nm ( 1.0 x 10 to 1.0 x 10' dyn/cnR) at 25C. !. The bonded optical disk of
claim1l1, wherein the adhesive layer is a pressure sensitive adhesive |ayer
formed froma pressure sensitive radiation,curable adhesive precursor. 3. A
fret hod for producing a bonded optical disk ( 10) conprising; a first
transparent substrate ( 12); a second transparent substrate ( 14); at | east
one information recording layer ( 16) provided on either the first -
substrate ( 12) or the second substrate ( 14); and a |ight-perneabl e,

o, L



" exposing the conbined assenbly to a pressure higher than an atnﬁEﬁHﬁEMENTSHEF'
pressure; and irradiating the pressurized conbined assenbly with ralfaii dfl
to cause curing of the adhesive precursor, wherein the conbined assenbly

provi ded has a gel fraction of not |ess than 50% and a storage nodul us of

1.0 x 103 to 1.0 x 1 G6 NNnZ ( 1.0 x 104 to 1.0 x 10" dyn/cns) at 25C 4.

The nmethod of claim 3, wherein the adhesive |ayer is a pressure sensitive
adhesive layer fornmed froma pressure s

nsitive radiation cyrable
precursor. Bavean igsaymierentabporion 2 s& Sgﬁﬁ‘?‘ﬁ@s‘&"%gﬁéa" ?)F'Pté agnd g se19)

conprising: _fir X b t h

havi g an- o GhehEeE08 186 SR0E sbAPEAT A ik caudp lrnBinf pdurkeoftiE biingel T,
recor di ng | gypRiratés, 46 firl¥ i eehdORarhirRsubsifandsicosied witisi preisard schitlivor t he
second substrate ( 14); and a light-perneabl e adhesi ve | ayer (20) nade by

subj ecti ng adhesivié prepursoromaybe supaaned oy thepawd saction. This)can shartesithe e

bonding th bst r at. 2)__bearing.the i nt t] di.ng | 16

o't heSot hofioB i fgate of i preSie skt as ¥ SRR of B bonalld BT, Chanber

(32) for hoypstrdied, RRURIG ir & 'i:%ﬁl&iﬁyhﬁ'bdﬁtr&xéhpﬂt?bftﬁaépﬁéwdﬁacond substrate
el

( 14), the vacuum chanber (32) ngﬁcapabl e of being evacuated to_a
predet er m ned pr@thsovise, ap apparatus $0, for hprding subsrates, schematisally sbewninhig(G6a,

46b, 50 i i . . i f
the i rat oy Btssdy s thivh PR E HERGIRIRERD for Spnding byt HRRSEORPRPIERC |
of the openjotgors 623, 62b. ariti 622 idlosd6f these44tatdis e therdr 66162 st HoRsed(if Bie.

48b, 52a and 52b), w thin_the vacuum chanber ﬁ‘gZ), for Sl,‘I:EpOI’ti ng the ot her
subst 18t e | Yecunrn chamben 3R e Tha vaguunpehambsn 33 may havesmeniond lock shambesn6dzcand of

h d i i fil f d fr. d h d i i
e en SO b oSS el B 4 el L S, .
12) and t hes Raaba rbeditelyS AGRING tibBentigs 34a, 14b), 362, id 36b, BiERpctings-34gRnd 34b

Si~EET 2 9 J U | gg 2 " pressurin apgarat_us (70) for exposing the
adhesi ve prprevidedbwithiy the pﬂ@ymmherg}q?em prametigsllysealed withrthe cover sectiers 38hi | e

mai nt ai ni ng_t i stat : fir stnate h

substrat e, ﬂ?}ts gpﬁ?gﬁ% Jﬁggcgcéoéd’:%ﬁgéq ‘é@ﬁ%”’&ﬁ@*t‘%&ﬁgs‘?’%f’e‘ﬁ‘ﬁﬁag'ﬁ‘@gg? aﬁ%d e. a
radi ajson sIsbpreviled outsié tHe vabgurh adntier GD afd KerMbtitafigl S@téd Wit fRGav&Or , t he
first and second shafts (42 and 44) being novabl e so that -the end section

of the fir stectionsiPa andi4@thef the germaining &otaors 62bendd2ond shaft di sposed so as

to face each other, a Q | ose each,ot.her, to bring the
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which the recording layer is to be formed among the surfaces of the transparent substrates.

Furthermore, a thin film of a metallic material, a ceramic material or the like suitable for
the formation of a reflection or semitransparent type recording layer can be applied onto
25 the formed irregular pattern or the like. With regard to the formation of the irregular
pattern and the like, and the formation of the recording layer, the above descriptions should
be aiso referred to.
In the optical disk of the present invention, the first transparent substrate and the
second transparent substrate are bonded to each other through a light-transmittive adhesive
30 layer. In particular, the present invention is characterized in that the adhesive layer

interposed for bonding the substrates to each other is formed from a radiation-curable
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It is necessary that the radiation-curable adhesive precursor used in the formation of
5  an adhesive layer has a viscosity of 0.5 Pas (500 cps) or more, and the viscosity is preferably 0.5 to 10 Pas
(500 to 10,000 cps), more preferably 1 to 5 Pas (1,000 to 5, 000 cps) This is because, for the optical disk

of the present invention, it is desired to use the adhesive precursor having a high enough viscosity so that

a thickness of the adhesive precursor is constantly retained when a pair of the disk substrates are bonded

after the selected adhesive precursor was previously coated at uniform thickness over the disk substrates
10  through spin coating or other methods. On the other hand, it is necessary that the adhesive precursor has a

viscosity which enables to easily coat the same at a desired thickness in practical uses. Further, an

;;;si_\;;ly low viscosity level of the adhesive precursor, after coating of and before radiation curing of

the adhesive precursor, can cause dropping of the precursor at the peripheral portion of the substrates.

Note for the viscosity of the radiation-curable adhesive precursor used herein that it may be higher than 10

15  Pas (10,000 cps), if it does not adversely affects the effects of the present invention.

The adhesive precursor used in the practice of the present invention may be suitably

selected from the compounds satisfying the above requirements. However, ultraviolet
(UV) curable or electron beam (EB) curable adhesive precursors are preferred from the

20 viewpoints of availability, curing time, curing conditions, radiation irradiation means for
curing, and the like. Suitable examples of the UV curabie or EB curable adhesive
precursors, although they are not restricted to, include acrylic compound-based adhesive
precursors such as isooctyl acrylate, 2-ethylhexyl carbitol acrylate, n-butyl acrylate,
isostearyl acrylate, and an urethane acrylate. Particularly suitable UV curable adhesive

25 precursor is a mixture of urethane acrylate (UA) and hydroxypropyl acrylate (HPA) having
added thereto a photopolymerization initiator. For example, the adhesive precursors

having the following composition (ratio is "parts by weight") can be advantageously used.

Composition UA HPA photo-polymerization viscosity
initiator Pas (cps)
] 50 50 1 2 2000
2 40 60 ] 0.-8 800
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oo 1006 & ()- . +TLOSHER, S0 of RSBl preeuty gt e sz 5 atvppageonaly
1" 9%10%4| & ( karried out by a conventional coating method, such as spin coating, screen printing, or roll
coating. The coating thickness may vary depending upon the desired bond strength and
other factors, and suitably may be in the range of several microns 1o several ten microns.
10 In addition to the above-described requirements, for the optical disk of the present
invention, it is necessary that the adhesive precursor used for the formation of an adhesive
layer of the optical disk, after bonding of the first substrate with the second substrate
through the adhesive precursor in vacuum or under a reduced prssurexand before radiation
curing of the adhesive precursor, is subjected to a pressure higher than an atmospheric
15 pressure. As a result of application of such a higher pressure, the adhesive precursor, due
to its higher viscosity, can eliminate application of remarkably increased pushing power and
rotation of the disk for removing an excess amount of the adhesive therefrom, when the
first substrate is bonded with the second substrate through the adhesive precursor.
Accordingly, it becomes possible to prevent unevenness of the thickness of the adhesive
20 precursor, and, as a result of application of the higher pressure, to effectively remove
bubbles, produced due to  trapped air or the gaseous substance evaporated or
vaporized from the adhesive precursor, in the adhesive precursor. According to the present
invention, since the applied higher pressure can affect the bubbles produced in the adhesive
precursor, the bubbles can be again dissolved in the same adhesive precursor. Moreover, as
25 will be appreciated by a person skilled in the art, according to the present invention, the
removal of bubbies can be also accomplished, even if a pressure sensitive adhesive
precursor is used in place of the above-described adhesive precursor.
One embodiment of the above-described bonded optical disk according to the
present invention may be similar to the single side dual layer type optical disk which has

30 been described above with reference to Fig. 1. That is, the optical disk 10 is constituted
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10 on the second recording layer 18 may be read therefrom by focusing a laser beam L1 on the
second recording layer 18. Further, information may be read from the first informing
recording layer 16 by focusing a laser beam L2 on the first information recording layer 16
through the semitransparent second information recording layer 18.

The bonded optical disk according to the present invention can be produced by
15 carrying out, in the described order, the following steps:
applying a radiation-curable adhesive precursor having a viscosity of not less than 0.5Pa
(500 cpsjon at least one surface of the first substrate and the second substrate;
combining the first substrate and the second substrate, through the adhesive
precursor applied in the above step, under a reduced pressure of, preferably, not more than
20 9.133 Pa (1 mTorr);

exposing the adhesive precursor to a pressure higher than an atmospheric pressure,
while maintaining the combined state of the first substrate, the second substrate and the
adhesive precursor; and

irradiating a layer of the adhesive precursor with radiation to cause curing, thereby

25 bonding the first substrate and the second substrate through the adhesive layer. The step of

irradiating the adhesive precursor layer with radiation may be carried out by applying
radiation to both of the first and second substrates or may be carried out by applying
radiation to any one of the first and second substrates Note that the first substrate, the
second substrate and the adhesive precursor each may be the same as those described

30 above with reference to the first embodiment of the optical disk of the resent invention.
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substrates or in the adhesive precursor during the bonding step can be effectively

S prevented. Further, according to the present method, contrary to the prior art methods, it
becomes possible to omit the rotation of the whole body of the disk for the purpose of
removing an excess amount of the adhesive precursor from the bonded substrates, thereby
enabling prevention of a remarkable unevenness of the thickness in the adhesive precursor
layer and thus the resulting adhesive layer.

10 In addition, since, immediately after bonding of the first substrate and the second
substrate as described above, a whole body of the disk including the adhesive precursor
layer is subjected to a pressure higher than the atmospheric pressure (that is, as described
hereinafter, the whole body of the disk is pressurized to the atmospheric pressure or higher
pressure due to pressure of gas such as air), it becomes possible to completely remove the

15 bubbles produced due to the evaporated or vaporized gas from the adhesive precursor, in
addition to the removal of the bubbles due to the trapped air. In practice, according to the
method of the present invention, finely divided bubbles which are unable to be visually
detected can be removed from the adhesive precursor.

Preferably, the bonded optical disk according to the present invention can be

20 produced in accordance with the following procedure.

(1) A UV-curable adhesive precursor having a viscosity of 0.5 Pas (500 cps) or more is
spin-coated at a predetermined thickness on a surface (adhesion surface) of each of the first
disk substrate and the second disk substrate.

(2)  Inavacuum container, the first disk substrate and the second disk substrate

25 are disposed while retaining their opposed state in which the adhesive precursor layer
coated over a surface of each disk substrate is sandwiched with the disk substrates.

(3)  While adjusting a space between the two disk substrates with the adhesive
precursor layer to a level of reduced pressure, the disk substrates are bonded as a function
of falling of the upper disk substrate due to its own weight.

30 (4)  While the first disk substrate, the second disk substraie and the adhesive

precursor layer are maintained at the bonded state (i.e., as the so-called "optical disk
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different and therefore some of the steps must be modified.

As a principle, the production of the bonded optical disk according to the present
invention, i.e., the bonded optical disk which comprises the first transparent substrate and
the second transparent substrate, each having an opening in a center portion thereof, a

20 light-permeabie adhesive layer bonding the first substrate and the second substrate, and at
least one information recording layer provided between the first substrate, the second
substrate and the adhesive layer, can be advantageously carried out by using the apparatus
which is similar to the production apparatus described above with reference to Figs. 3 to 6,
and, for example, such production can be carried out by using the production apparatuses

25 illustrated in Figs. 6 and 7. Accordingly, the detailed description concerning the production
apparatus used herein will be omitted.

The principal differences of the production apparatus used herein from the above-
described production apparatus reside in that the vacuum chamber has, connected
therewith, an apparatus for supplying a pressurized gas as a pressurizing apparatus for

30 exposing the first substrate, the second substrate and the adhesive precursor, which are

intimately contacted with each other, to a pressure higher than the atmospheric pressure.
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in the spaces (openings) 34 and 36 adjacent 1o the transparent substrates 12 and 14 in the
vacuum chamber 32. The radiation irradiation devices may be fixedly disposed, insofar as
they do not adversely affect handling of the substrates, or alternatively they may be

15 removably or freely movably disposed through the cover sections.

More particuiarly, the apparatus 70 for supplying the pressurized gas, as is briefly
described in the above paragraphs, may be formed so that pressurized air or inert gases
such as nitrogen or argon are introduced into the body 33 of the vacuum chamber 32. Note,
however, that the supply apparatus 70 of the pressurized gas may have other constructions

20 than the illustrated construction in which the supply conduit 76 of the pressurized gas is
embedded in the body 33. Although it is not illustrated, the supply conduit of the
pressurized gas may be connected with a gas introduction opening provided in one or both
of the cover sections 38 and 40 or alternatively other element or section of the vacuum
chamber 32. Further, the pressurizing apparatus should not be restricted to the above-

25 described supply apparatus of the pressurized gas, and, for example, it may be a
pressurizing container connected with the vacuum chamber capable of pressuring the
vacuum chamber. Furthermore, the production apparatus of the present invention,
preferably  has a mechanism in which two disk substrates are superposed based on falling
of the upper disk substrate due 1o its own weight, while producing a reduced pressure

30 berween the adhesive precursor layers of the disk substrates. The above mechanism may

rely upon the mechanical chuck mechanism described above with reference to Fig. 4.
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10%n& () -2 I%SOI/U ic anpne whlen the sample was immersed in a solvent such as methyl ethyl ketone at

25°C for one day.
X8 ]
10 A mixed solution composed of 90 parts of isooctyl acrylate, 10 parts of acrylic acid,

and 0.04 partsof a photoinitiator commercially available under the trade designation
"Irgacure 651", manufactured by CIBA-GEIGY, as a photoinitiator was prepared and then
placed in a nitrogen atmosphere.

The mixed solution was then irradiated with an ultraviolet radiation, having a

15 wavelength of 200 to 400 nm, from an ultraviolet source to perform photopolymerization.
When this reaction proceeded to a viscosity of about 0.5 Pas (500 cps) as measured with a

Brookfield viscometer, the ultraviolet irradiation was stopped to prepare a pressure
sensitive adhesive precursor.
0.08 parsof hexanediol diacrylate and 0.1 pant of "Irgacure 651" were added to the
20 pressure sensitive adhesive precursor to prepare a pressure sensitive adhesive syrup.
Thereafier, the pressure sensitive adhesive syrup was evenly spin-coated onto a
transparent circular substrate made of a polycarbonate to form a 28 pm-thick coating.
The circuiar substrate coated with the pressure sensitive adhesive syrup was then
placed in a container which had been purged with nitrogen. The coating was then
25 irradiated with an ultraviolet radiation from the ultraviolet source for 10 sec, thereby fully
curing the pressure sensitive adhesive syrup to evenly form a 28 pm-thick pressure sensitive
adhesive layer on the circular substrate. The storage modulus of the pressure sensitive
adhesive layer was measured at the frequency of 1 rad/sec with an Rheometrics Dynamic
Analyzer (RDA) viscoelastic spectrometer manufactured by Rheometrics Inc., and, as given

30 in Table 1, was found to be (2.4 x 10° N/m?) (2.4 x 10° dyn/cm?) at 25°C. Further, the cured pressure
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& )20 f yyl%gk%u%(d Cf%en(n)cal Co Lt d(1 ar{g( one Qn of a photoinitiator commercially available
under the trade designation "Darocur 1173" manufactured by Merck (Japan) were mixed
together to prepare a pressure sensitive adhesive precursor. The viscosity of the pressure
sensitive adhesive precursor was measured in the same manner as in Example 1 and, as

given in the following Table 1, was found to be 0.820 Pas (820 cps).

25 The pressure sensitive adhesive precursor was evenly spin-coated on two circular
substrates made of polycarbonate to a thickness of 28 um in the same manner as in
Example 1, followed by full curing of the pressure sensitive adhesive precursor in a
nitrogen atmosphere. As a result, it was found that a2 28 um-thick pressure sensitive
adhesive layer was evenly formed on the circular substrates. The storaze modulus and the

30 gel fraction of the pressure sensitive adhesive layer were measured in the same manner as in
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5 appearance test was performed before and after the environmental test. As a result, no
separation was observed between the circular substrates, and no bubbles were present in
the pressure sensitive adhesive layer, indicating that, even under high temperature and high
humidity environment, the two circular substrates remained bonded to each other through
the pressure sensitive adhesive layer without creating any bubble in the pressure sensitive
10 adhesive layer.
Example 3
80 parts of n-butyl acrylate were mixed with 0.04 parts of “Darocur 1173 as a
photoinitiator, and the mixture was piaced in a nitrogen atmosphere and then irradiated
with an ultraviolet radiation to prepare a pressure sensitive adhesive syrup.
15 10 parts of urethane acrylate "UV 3000B" manufactured by Nippon Synthetic
Chemical Industry Co., Ltd., 10 parts of hydroxypropyl acrylate, and 1 part of “Darocur
'1173" were then added to this pressure sensitive adhesive syrup to prepare a pressure

sensitive adhesive precursor having a viscosity of 0.480 Pas (480 cps) as measured by the above

method. The pressure sensitive adhesive precursor was evenly spin-coated onto two
20 circular substrates in the same manner as in Example 1 to a thickness of 28 um, and the
coating was fully cured by ultraviolet irradiation in a nitrogen atmosphere. In this case, it
was found that a 28 pm-thick pressure sensitive adhesive layer could be evenly formed on
the circular substrates. The storage modulus and the gel fraction of the pressure sensitive
adhesive layer were measured in the same manner as in Example 1 and, as given in Table 1
25 below, were respectively 1.2 x 10* N/m? (1.2 x 10° dyn/cm?) and 74%

The two circular substrates were then bonded 10 each other Further, an
environmental test was performed in the same manner as described above. In this case, an
appearance test was performed before and after the environmental test. As a result, no
separation was observed between the circular substrates, and no bubbles were present in

30 the pressure sensitive adhesive layer, indicating that, even under severe environment, i.e.,

high temperature and high humidity environment, the two circular substrates remained
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bonded to each other through the pressure sensitive adhesive layer without creating any
bubble in the pressure sensitive adhesive layer.

Example 4
50 parts of isostearyl acrylate were mixed with 0.02 parts of “Darocur 1173” as a

5 photoinitiator, and the mixture was placed in 2 nitrogen atmosphere and then irradiated
with an ultraviolet radiation to prepare a pressure sensitive adhesive syrup.
50 parnts of 2-ethylhexy! carbitol acrylate, 0.1 part of hexanediol diacrylate, and 1
part of "Darocur 1173" were then added to this pressure sensitive adhesive syrup to
prepare a pressure sensitive adhesive precursor having a viscosity of 4 Pas (4000 cps) as measured
10 in the same manner as in Example 1. The pressure sensitive adhesive precursor was then
evenly spin-coated onto two circular substrate in the same manner as in Example 1 to a
thickness of 28 um, and the coating was fully cured by ultraviolet irradiation in a nitrogen
atmosphere. In this case, it was found that a 28 pum-thick pressure sensitive adhesive layer
could be evenly formed on the circular substrates. The storage moduius and the gel

15 fraction of the pressure sensitive adhesive layer were measured in the same manner as in
Example 1 and, as given in Table 1 below, were respectively 1.5 x 10*N/m? (1.5 x 10° dyn/cm?) and 90%.

The two circular substrates were then bonded to each other. Further, an
environmental test was performed in the same manner as described above. In this case, an
appearance test was performed before and after the environmental test. As a result, no

20 separation was observed between the circular substrates, and no bubbles were present in
the pressure sensitive adhesive layer, indicating that, even under high temperature and high
humidity environment, the two circular substrates remained bonded to each other through
the pressure sensitive adhesive layer without creating any bubble in the pressure sensitive
adhesive layer.

25 Example 5

50 parts of urethane acrylate "UV 3000B" manufactured by Nippon Synthetic
Chemical Industry Co., Ltd., 50 parts of hydroxypropyl acrylate, and 1 part of "Darocur

1173" manufactured by Merck (Japan) as a photoinitiator were mixed together to prepare a

pressure sensitive adhesive precursor having a viscosity of 2.120 Pas (2120 cps) as measured by the

30 above method.
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The pressure sensitive adhesive precursor was then evenly spin-coated onto two
circular substrates made of polycarbonate in the same manner as in Example 1 to a
thickness of 28 um, and the coating was fully cured by ultraviolet irradiation in a nitrogen
atmosphere. In this case, it was found that a 28 um-thick pressure sensitive adhesive layer
5 could be evenly formed on the circular substrates. The storage modulus and the gel
fraction of the pressure sensitive adhesive layer were measured in the same manner as in

Example 1 and, as given in Table 1 below, were found to be respectively 1.2 x 10°N/m? (1.2 x 10°
dyn/cm?) and 98%.

The two circular substrates were then bonded 10 each other. Further, an
10 environmental test was performed in the same manner as described above. In this case, an
appearance test was performed before and after the environmental test. As a result, no
separation was observed between the circular substrates, and no bubbles were present in
the pressure sensitive adhesive layer, indicating that, even under high temperature and high
humidity environment, the two circular substrates remained bonded to each other through
15 the pressure sensitive adhesive layer without creating any bubble in the pressure sensitive
adhesive layer.
Exampie 6
70 parts of 2-ethylhexyl acrylate, 30 parts of isobornyl acrylate, and 0.04 _partsof,
"Irgacure 651" as a photoinitiator were mixed together, and the mixture was placed in a
20 nitrogen atmosphere and then irradiated with an ultraviolet radiation to prepare a pressure
sensitive adhesive syrup.

The pressure sensitive adhesive syrup was mixed with 0.5 parts of hexanediol diacrylate
and 1 part of “Irgacure 651” to prepare a pressure sensitive adhesive precursor having a viscosity
of 0.920 Pas (920 cps) as measured in the same manner as in Example 1. The pressure

25 sensitive adhesive precursor was evenly spin-coated onto two circular substrates in the
same manner as in Example 1 to a thickness of 28 um, and the coating was fully cured by
ultraviolet irradiation in a nitrogen atmosphere In this case, it was found that a 28 pm-
thick pressure sensitive adhesive layer could be evenly formed on the circular substrates.
The storage modulus and the gel fraction of the pressure sensitive adhesive layer were

30 measured in the same manner as in Example 1 and, as given in Table 1 below, were found

to be respectively 2.6 x 10°N/m?® (2.6 x 10° dyn/cm?) and 73% .
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The two circular substrates were then bonded to each other Further, an
environmental test was performed in the same manner as described above In this case, an
appearance test was performed before and after the environmental test. As a result, no
separation was observed between the circular substrates, and no bubbies were present in
the pressure sensitive adhesive layer, indicating that, even under high temperature and high
humidity environment, the two circular substrates remained bonded to each other through
the pressure sensitive adhesive layer without creating any bubble in the pressure sensitive
adhesive layer.

iv ]

A basic structure of an optical disk was prepared in the same manner as in Example
6, except that the pressure sensitive adhesive syrup prepared in Example 6 was evenly spin-
coated onto two circular substrates to a thickness of 28 um and the coating was fully cured

by ultraviolet irradiation in a nitrogen atmosphere.

In this case, the viscosity of the pressure sensitive adhesive syrup was 0.920 Pas (920 cps),

and the storage modulus and the gel fraction of the pressure sensitive adhesive layer formed by
ultraviolet irradiation were measured and, as given in Table 1, found to be respectively w‘
N/m® (6.3 x 10° dyn/cm®) and 10%.

The two circular substrates were then bonded to each other. Further, an
environmental test was performed in the same manner as described above. In this case, an
appearance test was performed before and after the environmental test. As a result, before
the environmental test, no bubbles were observed between the circular substrates, and no
cell was present in the pressure sensitive adhesive layer. However, a bubble was observed
in the pressure sensitive adhesive layer after the environmental test, indicating that a gel

fraction of less than 50% results in deteriorated quality of the optical disk.
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Example 7

Samples Nos. 1 to 13 of the bonded optical disk were produced in accordance with

the following method. Note in this example that, in order 10 ensure an accurate evaluation
5 of the bubble formation and an accurate determination of the thickness of the adhesive

layer, two optical disks were produced for each sample number. |

Urethane acrylate, "UV 3000B" (UA), manufactured by Nippon Synthetic Chemical
Industry Co., Lid., and hydroxy-propyl acrylate (HPA) in the ratio (parts by weight)
described in the following Table 2, and 1 part of "Darocur 1173" manufactured by Merck

10 (Japan) as a photoinitiator were mixed together to prepare a UV-curable adhesive

precursor. The viscosity of the resulting adhesive precursor, determined at 25°C by using 2

Brookfield-type rotational viscometer, produced by Tokyo Keiki Kabushiki Kaisha, was as

follows.
UA/HPA =50/50 ... 2 Pas (2000_0_@);
15 UA/HPA =40/60 ... (_).8 Pas (800 cps); and

UA/HPA = 60/40 ... 2.95 Pas (2950 cps)

The obtained adhesive precursor was then evenly spin-coated at a predetermined
thickness on each single surface of a pair of two transparent circular substrates made of
polycarbonate. Spin coating was carried out at the coating speed (rpm.) and the coating

20 time (second) described in the following Table 2.

Two circular substrates having the coated adhesive precursor produced in the above

step were placed in a predetermined position in a bonding apparatus which is similar to that

of Fig. 3 except that an ultraviolet lamp is not illustrated, and bonded to each other at a

reduced pressure; i.e., vacuum, of 133 Pa(1.0 Torr). The bonding of the substrates could be

25 easily carried out by utilizing a mechanical chuck mechanism of the bonding apparatus, while
letting the upper substrate fall by its own weight. Immediately after completion of the bonding
of the substrates, the applied vacuum was removed from the bonding apparatus, and an
appearance of the adhesive precursor layer of the substrates removed from the apparatus
was visually inspected. Np bubbles were observed in the layer, however, the subsequent

30 inspection using an optical microscope evidenced that some fine bubbles having a diameter

of several ten microns are distributed in the layer

1 -32-



< & ()-%B88888k(Q ?<4S 410% < & ()-%410% < & ()-% SG .q \$G&, OREPIACEAMENT SHEFT
& ()-%410% < & ()-%B999999 ?<4S 410 410% < & ()-% 410% < & ()- % 41D%H4L 2002

& ()-%410% < & ()-%410% < & ()-% 410% < & ()-9099#9' 9(9+?<4SG . q \$G, 04
410% < & ()-%410% < & ()-% 410% < & ()-% 410% <

& ()-9%9)9*9+9,9-9.9/9t X<4SG .q \ 410% < & ()-%410% < & ()-%

Thereafier, the two bonded circular substrates were contained in a separate
pressurizing container, and pressurization was made by introducing compressed air at 5
kg/em® for 30 seconds. The substrates were removed from the container to again inspect
an appearance of the adhesive precursor layer with an optical microsccpe. No fine bubbles
5 were observed
As a final step, the two bonded circular substrates were again contained in the
bonding apparatus, and the attached ultraviolet lamp was lighted to irradiate the adhesive
precursor layer through the substrate with  ultraviolet radiation having a wavelength of
200 to 400 nm. Photopolymerization was caused, and Samples Nos. 1 to 13 of the optical
10 disk in which the substrates were bonded with each other through the cured adhesive layer
were thus obtained
Each of the Samples Nos. 1 to 13 of the optical disk was set in a thickness
measuring apparatus with an optical multifocus sensor produced by Quence Co. to
determine a thickness of the adhesive layer in a non-destructive and non-contact manner
15 according to predetermined measuring conditions. The results of the aetermination
described in the following Table 2 were obtained. Note in the Table 2 that "average
thickness (mm)" each is an average of the thickness of the adhesive layer of the two
samples, and "dispersion of thickness (max.-min.)" is the difference (max.-min.) in the
determination of the dispersion in the thickness of the adhesive layer with regard 1o an
20 overall of the disk (an average value) and six tracks having different radial diameters (Tr. 1
to Tr. 6). Further, for the reference, the "average thickness" and the "dispersion of
thickness” of three commercially available optical disks of DVD-9 type, #1, #2 and #3, are
described in the following Table 2. Note that the DVD-9 disks used herein each comprise
a pair of polycarbonate substrates with nominal thickness of 0.6 mm each, bonded with

25 UV-curable acrylic adhesive.
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Particularly, the DVD-9 optical disks would  require that fcr the overall of the
disk, the dispersion in the thickness of the adhesive layer should be 20 um or less, and, for
each track, it should be 8.0 pm or less. Under this premise, comparing the Samples Nos. ]
1o 13 with the commercially available optical disks in the above Table 2, it is appreciated
that the optical disks of the present invention can exhibit a notably diminished dispersion of

the thickness of the adhesive layer, contrary to the commercially available optical disks.

Exampie &
The bonded optical disk was produced in accordance with 2 method similar to
that of Example 7 with the proviso that for this example, as is described in the following

Table 3, an adhesive precursor having a viscosity of 2 Pas (2000 cps) was evenly spin-coated at a

predetermined thickness on each single surface of a pair of two transparent circular
substrates made of polycarbonate. For the spincoating, the coating speed was 4700 rpm,
and the coating time was 5 seconds.

Immediately after completion of the bonding of the substrates, the substrates were
removed from the bonding apparatus, and an appearance of the adhesive precursor layer
thereof was visually inspected. No bubbles were observed, however, the subsequent
inspection using an optical microscope evidenced that some fine bubbles having a diameter
of several ten microns are distributed in the adhesive precursor layer.

After the two bonded circular substrates were pressurized with introduction of
compressed air, an appearance of the adhesive precursor layer was again inspected with the
optical microscope The fine bubbles observed before pressurization were not observed.

Further, the thickness of the adhesive layer in the resulting bonded optical disk was
determined to obtain the resuits described in the foliowing Table 3.

Example 9

The bonded optical disk was produced in accordance with a2 method similar to
that of Example 7 with the exception that for this example, an UV-curable adhesive
precursor was prepared by mixing 60 parts of urethane acrylate, available under the trade
designation "UX-4101" manufactured by Nippon Kayaku Co., Ltd., 40 parts of isoborony!
acrylate and 1 part of "Darocur 1173 manufactured by Merck (Japan) as a photoinitiator.
As is described in the following Table 3, the viscosity of the resulting adhesive precursor

was 7.6 Pas (7600 cps). The adhesive precursor was evenly spin-coated at a predetermined
thickness
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on each single surface of a pair of two transparent circular substrates made of
polycarbonate. For the spincoating, the coating speed was 4500 rpm, and the coating time
was 7 seconds.
Immediately after completion of the bonding of the substrates, the substrates were
5 removed from the bonding apparatus, and an appearance of the adhesive precursor layer
thereof was visually inspected. No bubbles were observed, however, the subsequent
inspection using an optical microscope evidenced that some fine bubbles having a diameter
of several ten microns are distributed in the adhesive precursor layer.
After the two bonded circular substrates were pressurized with introduction of a
10 compressed air, an appearance of the adhesive precursor layer was again inspected with the
optical microscope. The fine bubbles were not observed.
Further, the thickness of the adhesive layer in the resulting bonded optical disk was
determined to obtain the results described in the following Table 3.
Cc rative Exampl
15 The bonded optical disk was produced in accordance with 2 method similar to
that of Example 7 with the exception that for this example, for the comparison purpose, an
UV-curable adhesive precursor was prepared by mixing 60 parts of etﬁylene oxide-
modified bisphenol A diacrylate, available under the trade designation "R-551"
manufactured by Nippon Kayaku Co., Lid., 40 parts of phenoxyethyi acrylate and 1 part of
20 "Darocur 1173" manufactured by Merck (Japan) as a photoinitiator. As is described in the

following Table 3, the viscosity of the resulting adhesive precursor was 0.15 Pas (150 cps). The

adhesive precursor was evenly spin-coated at a predetermined thickness on each single
surface of a pair of two transparent circular substrates made of polycarbonate. For the
spincoating, the coating speed was 3000 rpm, and the coating time was 3 seconds.
25 The thickness of the adhesive layer in the resulting bonded optical disk was
determined to obtain the results described in the following Table 3.
omparative Example 3
The bonded optical disk was produced in accordance with 2 _method similar to
that of Example 7 with the exception that for this example, for the comparison purpose, an
30 UV-curable adhesive precursor was prepared by mixing 50 parts of urethane acrylate,

available under the trade designation "UX-4101" manufactured by Nippon Kayaku Co.,
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Ltd., 50 parts of ethylene oxide-modified bisphenol A diacrylate, “R-551" manufactured by
Nippon Kayaku Co., Ltd., and 1 part of "Darocur 1173" manufacturec by Merck (Japan) as
a photoinitiator. As is described in the following Table 3, the viscosity of the resulting

adhesive precursor was 43 Pas (43000 cps). The adhesive presursor was evently spin-coated at a

5 predetermined thickness on each single surface of a pair of two transparent circular
substrates made of polycarbonate For the spincoating, the coating speed was 5000 rpm,
and the coating time was 10 seconds

The thickness of the adhesive layer in the resulting bonded optical disk was

determined to obtain the results described in the following Table 3.
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1t is appreciated from the results of the above Table 3 that the optical disks of the
present invention can exhibit a notably diminished dispersion of the thickness of the
adhesive layer, contrary to the optical disks of Comparative Examples 2 and 3.

As described above, the present invention can provide a bonded optical disk which

5 is easily producible and has excellent quality. In particular, in the bonded optical disk of the

present invention, since a pressure sensitive adhesive precursor having a viscosity in a
specific range is used in the formation of a pressure sensitive adhesive layer, good
coatability is provided, inclusion of bubbies can be avoided, and the pressure sensitive
adhesive precursor can be evenly coated on an irregular patterned substrate. Also,

10 according to another embodiment of the present invention, since a liquid adhesive precursor
having a viscosity as described above is used in the formation of the adhesive layer, the high
quality bonded optical disks having an even coating thickness and no bubbles including fine
bubbles incorporated can be provided. Further, according to the method of the present
invention, the bonded optical disk of the present invention can be easily produced through a

15 simple process, and inclusion of bubbles in a pressure sensitive adhesive layer interposed
between the substrates can be avoided. In particular, the production of the above optical
disk can be efficiently carried out using the production apparatus of the present invention,

particularly an apparatus for bonding substrates.
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CLAIMS

1. A bonded optical disk (10) comprising;

a first transparent substrate (12);

a second transparent substrate (14);

at least one information recording layer (16) provided on either the first substrate (12) or
the second substrate (14); and a light-permeable adhesive layer (20) for bonding the substrate
(12) bearing the information recording layer (16) to the other substrate (14); the disk being
characterised in that the adhesive layer (20) has been formed from a radiation curable adhesive
precursor having a viscosity of 0.5 to 10 Pas (500 to 10,000 cps) which was applied onto at least
the substrate bearing the information recording layer (16) or the other substrate and then the
combined substrates and layers are subjected to less than atmospheric pressure, and then

subjected to higher than atmospheric pressure and, while being subjected to a pressure higher

than an atmospheric pressure, cured by radiation curing, to provide an adhesive composition that
has a gel fraction of not less than 50% and a storage modulus of 1.0 x 10% to 1.0 10° N/m? (1.0 x
10% to 1.0 x 10’ dyn/cm?) at 25°C.

2. The bonded optical disk of claim 1, wherein the adhesive layer is a pressure sensitive

adhesive layer formed from a pressure sensitive radiation curable adhesive precursor.

3. A method for producing a bonded optical disk (10) comprising; a first transparent
substrate (12); a second transparent substrate (14); at least one information recording layer (16)
provided on either the first substrate (12) or the second substrate (14); and a light-permeable,
adhesive layer (20) for bonding the substrate (12) bearing the information recording layer (16) to
the other substrate; said method being characterised by the steps of:

applying a radiation-curable adhesive precursor (22) having a viscosity of 500 to 10,000

cps on at least one surface of the first substrate (12) or the second substrate (14), one of the
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formed from a pressure sensitive radiation curable precursor.

5. An apparatus (30) for producing a bonded optical disk (10) comprising: first and second
| transparent substrates (12 and 14) each having an opening (11) in its center portion; at least one
information recording layer (16) provided on either the first substrate (12) or the second substrate
(14); and a light-permeable adhesive layer (20) made by subjecting a radiation curable adhesive
precursor (22) to radiation for bonding the substrate (12) bearing the information recording layer
(16) to the other substrate (14) said apparatus comprising:
a. a vacuum chamber (32) for housing therein the first substrate (12) and the second
substrate (14), the vacuum chamber (32) being capable of being evacuated to a
predetermined pressure;
b. a first shaft (42) having an end section (46a, 46b, 50a and 50b), within the
vacuum chamber (32), for supporting one of the first and second substrates (12 and 14) in
the circumferential portion of the opening (11);
C. a second shaft (44) having an end section (48a, 48b, 52a and 52b), within the
vacuum chamber (32), for supporting the other substrate in the circumferential portion of
the opening,
the front end of the end section in the first shaft and the front end of the end
section in the second shaft being disposed within the opening of the first substrate (12)
and the opening of the second substrate (14),
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