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PREPARATI GRD@WS‘FQRECO?DI NG CARRI ER Th| s invention rel ates tBCA/EPOHMEISBAL I ON
of nolded 5 discs for use in optical information recording carriers. In
particular, this invention relates to the use of certain acrylic polyners _
I n preparing two-sided optical infornet+on carriers, also known as digital
vi deo di scs. Polyners have becone the nedium for enbeddi ng 10

informati on as optical information recording carriers. Polycarbonate has

dom nated the conpact _disc rket, il crylic polynmers, based on
pol yners of methyl nmeEREEARAILEN ﬁ’gv@ c?%ﬁ:l M%R%r-readabl e vi deo

di sc market. Two-sided optical information carrlers (also called 15
digital video discs, digital versatile discs, "DvD', "DVD- ROM', "DVD RAM
or "DVD-R') hdhdsmidWeniion mekakes ok t naprepapationi sésmodseghct di scs
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while th assenbl’age is two-sid I SCS
much nordnlﬁanﬁmnukﬂrirﬁhﬂix#ﬁﬁﬁnttﬁ%c§81€xESstpeqnerBSpr@i’senhxmnng of

the pit ghﬁ%.%s [ n d,d 5 E’Qg Id| ng of
t he indlgﬁgﬁgl dﬂg% n ord fgp££%h wS gao% % 1 orne C’rflcan be
encodedznarnxﬁnSNMaISQ1kmmwmrabrdl@;balandﬁbedletSZS varlables must be

controll ed. rwi%% yh&@etﬂ éégréhg gakghngP%e%g%ggggégge careful ly

controll ed as i I eS can a rea ata. The
nold ng r:arsﬁarmmtsiorbeaameti@allDmfenmatmoanrle;zorrnllmgdmartrriqms).perI y fill

it dept RO MR THIAEs oiEh iohERs EEATPhE bBBREF SEF Mersar pita” |
nmol di ng r&smvﬂi@apoupnsraotbpsedlsnlyoigpbrsabé ofeds hyyilt mhnndcrymute,
d'nenS'c"haygllogfggted the laser-readable video disc market.
Two-sided optical information carriers (also called
15 digital video discs, digital versatile discs, “DVD”, “DVD-
ROM”, “DVD-RAM” or “DVD-R”) hold much more information than
compact discs. Compact discs are based on a single molded
disc having a metal facing on one surface, while the final
DVD assemblage is two-sided (two discs). As DVD’s hold
20 much more information than compact discs, DVD’'s require
precise copying of the pit depths and dimensions of the
master facing mold during molding of the individual discs.
In order to produce DVD’s on which information can be
encoded and read with a low error rate, a number of
- 25 variables must be controlled. The purity of the starting
molding resin must be carefully controlled as impurities
can affect reading of the encoded data. The molding resin
must be able to flow sufficiently in order to properly fill
the mold. The molding resin must be able to precisely
30 replicate the pit depths and dimensions with minimal
deformation around the pit. A molding resin that does not

precisely replicate the pit depths and dimensions will have



-2- increased error in reading the encoded -data. -Birefringence of the

nol ded di swonass7799e m ni m zed for high-quality discs and carrGIERS/08382] | ed
by avoi ding nolded-in stresses in the disc. Birefringence is a neasure 5
of optical retardation due to small non-uniformties in disc conposition
resulting in small, but inportant diffg+ences in the index of refraction.
These small non- uniformties are often due to polyner orientation which
ocCcuUrs agricrefddd @frdhein nfesdimn tivd demgodper aatan. Bi refringence

10
values differing fromzero b re than 50,nm are unaccept abl.e.
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acrylic polymers generally result in significantly |less birefringence, and
of fer betdigc 2gomposipiPRaresnl binghennenadl, f REEngmperdanti scs made from

acrylic nglyEBrsnaLe LAsenbughag.! BRN:ERoseriBde f ramdRolyeanDopale and are

prone to eakage an marpagg. A solution to the breakage and warpage
probl em iwniformitbasearpeckbrBcanar taepghivmet pideadapion pdiiarer 25
used. Ho h CHla k : A1 N Gyl i ncreases,
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encoded data.
Birefringence is a problem with polycarbonate discs

15 because polycarbonate’s high stress optical coefficient and
stiff flow make it difficult to mold discs with low
birefringence values. The low stress optical coefficient
and easy flow of acrylic polymers generally result in
significantly less birefringence, and offer better

20 replication of the master facing mold.

Discs made from acrylic polymers are less rugged than
those made from polycarbonate and are prone to breakage and
warpage. A solution to the breakage and warpage problem is
to increase the molecular weight of the acrylic polymer

25 used. However, as the molecular weight of the acrylic
polymer increases, its flowability decreases. A decrease
in the polymer’s flowability decreases the polymer’s
ability to properly fill the mold and, therefore, to
precisely copy the pit depths and dimensions of the master

30 facing mold. This results in a disc that has a higher
error rate in reading the encoded data.

Jépanese unexamined Patent Application 08-132,496 A



-3- discloses a nethod for nolding optical discs with specific control of
mel t and KO 9B/578%%per at ures and control of nold pressure i n BECVRRB
operation. Their application does not disclose the specific conpositions.
and- nol ecular 5 weights of the acrylig_ polynmers used, except to list a
broad list of nononer conbinations, and to list a preferred nol ecul ar

vei ght raag%cfl% 563 GORRIDHER £t hndlca rcﬂz;[eo;stmaéhﬁodf/s@é WetHNBpEze¢ini ts of

nmet hyl nethacrylate, and an exenplifi ion of a nethyl nethacrylate
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polymer that sufficiently resists breakage and warpage.

15 This application implies that the composition and molecular
weight are less important than the specific molding
conditions. | |

Japanese Patent 85-045,649 B2 (Arakawa et al.)
discloses an optical information recording carrier,

20 containing a copolymer of methyl methacrylate and ethyl
acrylate having a specific composition and intrinsic
viscosity. The polymers disclosed in Arakawa et al. have
an intrinsic viscosity within the range of greater than or
equal to 0.4 dl / g and less than or equal to 0.62 dl / g,

25 as defined by the formula 0.4 < y £ (1/45)x + 0.334, where
“y” is the intrinsic viscosity and “x” is the weight
percent of ethyl acrylate in the copolymer. The weight
percent of ethyl acrylate in the copolymer can vary from 3
to 13. Arakawa et al. focus on the flowability of the

30 polymer. Arakawa et al. do not suggest an acrylic polymer
that also resists breakage.

Japanese patent application 08-48827 A (Ohtani et al.)



-4- discloses nethyl nethacrylate copolynmers having 3-10 % by wei ght of a
(d err]-Cisods77ed kyl acrylate. The process di scl osed by ORGREPISIO03582, | s
not applicable to nethyl methacryl ate honopol yner or copol ynmers having | ess
that 3% by weight of a |ower alkyl acrylate: There is, therefore, a
continuing need to develop acrylic porﬁﬁers useful in double-sided optlcal

I nformation carriers tha st breakage and warp st|II hav
suf fi ci er@1$FHRRSF | Peh¥ cﬂe ﬁFrYEEE E%BPE¥W§r?e§gV&§Pé 350 % gﬁhs and
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opti cal Iﬂéﬁagsiyﬁarrsﬁoee%)amyﬁé&%l Bavea ub%ls,n&hath@r%ow YERIgHAY gopol yrer
of net hyl acrylate containing up to 4% w of a copolynerlzed Cerr] -

C[erb] al &yloWerypdkel srsywatght average nol ecul ar wei ght of the
homopol yrer or pggpgl xgertia%h:egolra taecba@%uqfngf h@@&%&%é&é&o 000, and

the honopol yner or copol ymer having a % range of 100[err] C
to 115[er pErEliThpolpmessnuseifitedni doubile- Sfllﬁileldh@rptldlarledﬂh‘d)maiil@n

di gi tal fﬁ% kpac‘%rd
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in the rahge o ntion 1s
furt her nobe toddedednt @ aremo@émsrﬁ @olgh ejymlend-imeli gital video disc as

or - copol ymor - B FESSH ATV ¥ gipRlec il B Hiadind pRoore Y
optical 1nformatlon recordlng carrier as a component of a
digital video disc, the optical information recording

15 carrier comprising a homopolymer or copolymer of methyl
methacrylate with no more than 6 %wt of a copolymerized
lower alkyl acrylate, the molecular weight of the
homopolymer or copolymer being in the range of from 90,000
to 160,000, and the homopolymer or copolymer having a Tg in

20 the range of from 100° C to 115° C.

The present inventioh is further directed to a process
for preparing a suitable disc for use in an optical
information carrier which process comprises:

(A) plasticating a homopolymer or a copolymer of

25 methyl methacrylate containing no more than 6 %wt of a
copolymerized lower alkyl acrylate, the molecular weight of
the homopolymer or .copolymer being in the range of from
90;000 to 160,000, and the homopolymer or copolymer having
a Tg in the range of from 100° C to 115° C, in the barrel

30 6f_an injection molding machine at a temperature of at

least 270° C;
(B) injecting the plasticated homopolymer or copolymer
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copol-ymerized Cferr] - Cferr] alkyl acrylate or up to 5% w_of

copol yner waess/ssrdsy|l acryl ate, the wei ght average nol ecul ar REI/ERIB/A3F82 he
honopol ynmer or copol ymer being in the range -5- of from90,000 to

160, 000, and the honopol ynmer or copol yrer having a T[err] in the range of -
100[ err] C to 115[err]C at a tenperature of at least 270[err]C in the

barrel of, | njl% onaqogdkgggrerggghgg a(fB)lessl E:Jh[ea% |8rtgp t@o o I ast | cat ed

honopol yrﬁa‘? opbl yrrer enperat ure of°T8s8 t han
80[err]C molﬁedmiasm)hdadncjl dd skareiteg pditscr el pits; and (C) renopving the

nol ded di sc Th ol | owi n ve, t he .fol.l.ow mean unI ess
the context cl ZSSI §e}“ﬁé{| ggt gé‘ F‘ﬁg?\ﬁd Laasfhes[é'rtrﬁb'l%llggtﬁ a?yﬁgggﬁi" nmeans
"wei ght aygragee&bhdeubarlwesght " abbreviated "MN" Ml ecul ar weight is
estimated by copventignal, gel_ permneati.qn,.chromato |c nmet hods, usi ng

pol yenet hyl rre&ﬁ&c:}ﬂlif’é')m%t SRS &i‘lveor% g#f’ VLR I&???Fmgﬁeans
linear oryhnagegheteCoontlex® @Ue]araMMJndmaﬁhsaSotrfeéﬂyiseet hyl, n-propyl,

i so-propyl, n-butyl and | tyl. "Tilt surenment of fl atness made
on T he. nasenb] AR IR QB ISHILA HekDHSTateARE oot e LIh by HRF PR ni gt he

angul ar dgwhalcudrrowedlytit)ei deBrdvidited e . i |Mol/@d:1hll§§r0ifvei§ﬁ& tlgan
0.30[err] in the radial direction and of |ess than 1%?” I n_the
tangent i aesEiimediadh f Ya e RS iRitad %?écéiﬁ%?ﬁ%tl%ec}ﬂ’é? E3PFPREAT and

"copgl ymhet&b@iéls%ﬂr{& %ﬂf}aﬁ&@ﬁ@ym@é}%éfwé@é estARAAYQBCEBRASSES t he
| atter term used her ej n, the term"acryl] pol ymer neans a pol yne

deri ved fﬁ@%kﬁﬁ%ﬂ%ﬁﬁe(N“Lﬁﬁ9§uﬁ%K¥& Wﬁﬁﬁﬁm#%@e%F %ﬁthFa§GBﬁda§1n§thyl

acrylate, by SRIDAE Ml StdBiy BTyl ESpfDd Pubybrapiyl aheputyl
and iso-butyl. ™“Tilt” is a measurement of flatness made on
the assembled two-sided optical information carrier by

15 determining the angular deviation of an incident light
beam. Tilt values of less than 0.30° in the radial
direction and of less than 0.15° in the tangential
direction are considered acceptable.

The term “polymer” and “copolymer” are used

20 interchangeably, and the former term encompasses the latter
term. As used herein, the term “acrylic” polymer means a
polymer derived from acrylate or methacrylate monomers, or
both, such as methyl acrylate, methyl methacrylate, ethyl
acrylate and butyl acrylate.

25 All amounts are percent by weight (“%wt”), unless
otherwise noted, and all %wt ranges are inclusive. As used
herein, the following abbreviations are applied: Tg = glass
transition temperature; “nm” = nanometer; “mm” =
millimeter; “dl” = deciliter; “g” = gram; “MMA” = methyl

30 methacrylate; “EA” = ethyl acrylate; and “AFM” = atomic

force microscopy.

Birefringence is measured in terms of the phase shift
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Al'l amounts are percent by weight ("%w"),- unl ess otherw se noted, and all
ot rangesygbgsioe!l usi ve. As used herein, the follow ng abbreiErIs/e3ss2 are
applied: Tg = glass transition tenperature; "nm' = nanoneter; "mi =
mllimeter; "dl" = deciliter; "g" = gr "MVA" = nethyl nethacryl ate; "EA"
= ethyl acrylate; and "AFM = atomic fo¥ce microscopy. Birefringence is

nmeasured jn ternms of the phase shift t he X A corrponents
of |ight PRFBEEH 6?‘ | dk SORPPReRtS O% M? H‘th rs. The
pol yners yretul palittshaﬁhdl e rixipre sisade ia siafomiterid .y hi gh rml ecul ar wei ght

and Tg such that the.5 resul i,ng i nj ecti.on |.ded .di scs are resistant to
breakage and. waP§a§elYmers é"[fuéTS‘é’dépﬁz?t THE iR8YH13 mer conposi tion

be a cop%um&cqfenmqtyhyhgm&mce@dlzatxem@ﬂ; lowe Tl dodh atiatd atlee The
copol yneri zed aI kyl ,acrylate is pr ef er abl th%/e | ate qr etlg%
acryPat e. Teulting inggatiqhe madda %/nae? %"t%bq Ry
net hacryl ghg m@p%geowerztallkylpx@féﬁﬂ@ tHdte @{@L&&rpﬁlé r&oiw@f al kyl
acrylate is up t by wei ght based on the total weig of nononers.

Pr ef er abl FompRs iR |q9mlm9®|0faé¢%%x3e m%tff%wba%%%dzs% by wei ght
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of lower alkyl acrylate is from1% y wei ght_ based on the total

wei ght of PRGFeRALY mefdwlh IQ‘SF%%’?%&%(F@&YJ;/I?@W%HS are net hyl

et Rgeryl at e heippl sHera@ngh 87 Sad yildA 1s3a°/@6?<§fyﬁ@:9%fniﬁéth§9
The nol ecul ar wei-ght of the honopolyner or ner is in the range of

from 90, 00® tha creDL TR a1 &3 ekWRK rmlléY:hIQifFr E;fht sthe camewat aPEythe t he
;gggg g]t e 2% DOP1 {04352 000; ansh r@&ts@rﬁye&éfeh@r@agéa%ﬁl tfel N the
total weight of monomers. Preferably, the amount of lower
alkyl acrylate is from 0.5% to 5% by weight based on the
15 total wéight of monomers. Most preferably, the amount of
lower alkyl acrylate is from 1% to 4% by weight based on
the total weight of monomers. Especially preferred acrylic
polymers are methyl methacrylate homopolymer and 97 %$wt MMA
/ 3 %wt EA copolymer. E
20 The molecular weight of the homopolymer or copolymer
is in the range of from 90,000 to 160,000. Preferred
molecular weights are generally in the range of from 90,000
to 135,000 and most preferred are generally in the range of
from 90,000 to 115,000. The intrinsic viscosities of these
25 polymers are generally greater than 0.46 dl / g.

The acrylic polymers useful in this invention have a
range of Tg generally from 100° C to 115° C. Tg’s in the
raﬁge of generally from 105° C to 115° C are preferred.

In general, the acrylic copolymer is a random

30 copolymer.- The acrylic polymers of this invention and
théir preparation is known in the art, for example, see
U.S. patent specification No. 5,549,941 (Banyay et al).



from-90,000.to 115,000. The intrinsic viscosities of these 25 pol ymer s
are generwds/srwat er than 0.46 dl / g. The acrylic pol ynerpws’%n this
i nvention have a range of Tg generally from 100[err] Cto 115[err] C Tg's
in the range of generally from105[err}, _C to 115[err] C are preferred. In-
general, the acrylic copolyner is a random 30 copolymer. The acrylic
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b eh. ] o8 iny . L di na.
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cont ai ni ngy esm odperabhfionmehieoeinakbe knddnhavingeast dmsert is filled with
the polten resin

and then,the_mold, i.s_conpressed prior ,to ejection of the
cool d rofeRE2LRLPY| EPC?ﬁFS ﬂ;P&?(EE‘?tf"Snkng&ﬁC’t B f”?‘elasa&t?fnt PG Ty
ﬁbt ai lni ngi%t fﬁ%mearﬁgtnat%, mb%ltt%nt h}gsdhﬁcangr etede dhiay fxrtoh.icis i ocessdlo
ave |l ess birefringence. e shape, dept nd spaci the pits. an
grooves nBP’BEHeFﬁ?g PR&Cdi §Bse§|eé:%ilr‘?]5‘o artS; ﬁ%ﬁ’@%ﬁﬁﬂrﬂe‘g Wetety of
i nfor mat i 8Ri 50pbBcEgBt AisN®kdowh the odifed adfantaddly imhedwsaiingel | defined

pits of the proper depth are 15 I mpQrtant in reducing.the errors in
readi ng aStEBABarEge: RaLhsr| ﬂ}ihles.d"ﬁé:rshé’&?dé{fcer‘fiﬁ’sy s (RFPHEEF oscopy

andiat om gater cesEERS HeFFEMgenR| be used to determne the depth of pits,
and the extent of "flatness” near a pit. The "tilt" relates to the extent

of error due tdbgnghere 26erthyandySRRrdng, ahdhemids APY FEPOB8EmM due to
di st orti opoh BebihgnkbatthRs Hidfcd Re-ddiisporA iR idde illdient Salgl eterious to

good SIgnghaggigF%EOQA¥31£§¥EJEHE§BBglﬁéﬁéé?kégnégwkhe disc and read
by the laser. Well defined pits of the proper depth are
15 important in reducing the errors in reading as compared to
shallower pits. Methods such as electron microscopy and.
atomic force measurements can be used to determine the
depth of pits, and the extent of “flatness” near a pit.
 The “tilt” relates to the extent of error due to angular
20 deviations in the reflected laser beam due to distortion in
the flatness of the disc. A high tilt value is deleterious
to good signal detection and can cause vibration during
disc rotation. High values are usually caused by stresses
within the molded discs, therefore, lower tilt values are
25 desirable.

Discs prepared from the acrylic polymers useful in the
present invention not only resist breakage and warpage, but
also have low tilt values. The acrylic polymers useful in
the present invention, because of their higher molecular

30 weights and Tg’s, require special processing conditions to
provide sufficient fiowability in order for the acrYlic

polymers to precisely replicate the pit depths and



disc rotation. Hi gh values are usually caused by stresses within the nol ded
di scs, thewefemsmesl ower tilt values are 25 desirabl e. D BEVEBI§58%d
fromthe acrylic polyners useful in the present invention not only resist

br eakage and war page, but al so have low. tilt values. The acrylic polyners.
useful in the present invention, because of their higher nolecular 30
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These processing cqnditi are achi.eved .hy the prese | nventj on w thout
deconposi fjieé:ﬁ“@%stl%é'oélcﬁn%g‘epoq C 3&?&%%’ a@hﬁrf cr&b%lilﬁﬂiﬂ%corrposes,

t he resul polgmey etdompoadgiedhd ae=s1A ting dntjEat inbmebkdedhdiscag and

di scql oration, .which.render .t he disc usel.ess as an optical .inforpation
recogjﬂi ng SORTATY PURRESS e S RIRT oaﬁ‘qse%ecfoa{‘ﬁﬁazuo‘?&'at"&?:e%%tr%’?gfaﬁrr] Cis
necessary thy die armelldss B yareropfiddie imfenid tnion oardevedifg suf fici ent
flowability. A barrel injection tenperature of from280[err] to 330[err] C
is prefer 4% st preferred is a tenperature of from295[err] to 320[err]

C. It is prefergashitel iredplsh tempssrd ture hef faon Saser2¥o€ toigs[ err]
C. More preferred is arrt_ﬁéé:lterrprature of fromUb55[er C.to 65[er§7]f?r C. 15
t [

r] C. .
The nol d BRIGSIFRE T t3eYthe I??%@E?’éooﬁoﬁl?%nl?\é%?ﬁl?’énﬁf’nE‘a t he
ol dio The IPERSSeA O£ Y5 wees 1 Mgy | Nj RO 0re 10l spsc€i 66 st elpbiraeara owl d

cycle tine_of 6 segonds_or,less. Longer | d cycle tinpes y .be used, but
at increaseP®RdS TP n%éjf et P Pr rred. M %tapﬁ?ggéFggdlésﬁect of the

above procesgpetdeur®! §f NEréhBoSyCte 320t udes Bt npkdpiibkbribaetahtl ess
than the mold temperature be from 55° C to 75° C. More
preferred is a mold temperature of from 55° C to 65° C.

15 The mold cycle time is the time the injected molten
resin remains in the mold. The process for preparing '
injection molded discs utilizes a mold cycle time of 6
seconds or less. Longer mold cycle times may be used, but
at increased costs in manufacture.

20 In a preferred aspect of the above process, the
molding time cycle includes a mold fill time of less than
0.1 second. In a separately preferred process, the molding
process is injection-compression molding, and the mold is
filled through a diaphragm gate so that polymer is

25 distributed radially to all areas of the mold.

It is preferred that the injection molded disc be from
0.3 mm to 1.2 mm in thickness. Especially preferred is an
injection molded disc having a thickness of 0.6 mm.

The acrylic polymers useful in this invention can be

30 molded into discs that have birefringence values less than
30 nm. It is preferred that the injection molded disc
exhibit birefringence values less than 10 nm.



0.1 second. .In a separately preferred process, the nolding process is

i nj ecti onwosws@esi on nol ding, and the nold is filled throuBRTAPSOI5E? agm
gate so that polynmer is 25 distributed radially to all areas of the
mold. It is preferred that the injectiog nolded disc be from0.3 mmto 1.2
mmin thickness. Especially preferred is an injection nolded disc having a

thickness of O48dm; e AGiM iy PRLMIRIR USRdbnt NoEbSsEHEY! AN can be

mol ded i nt Iscs t irefringence values [ ess than 30 nm It
i s pref er comvierited Hartig|ae tarpr oy ke PRl eshi bhfopratipnngeseadididies

oo than A0 by Mol Giosssestl i 4180 bespresen! thpagase iy be

converted 1Nt o an e optical infornmatron recor Frier
known processmbhledvbyiceaitiigces Hiest ypdbdedydiasecewbtbdabpetedt,i mpch fir st

nol d disc w.th fi su 5 y.S I nQ; d Fp in second
ol et i & Y (i Tefing? i Paqhelly lacPubbal feiagh 9,% h&f (o

nol ded di stirstf tdisdevith caat adhesivea neptionalllpef the WMérsg awidedd with
a second djsc, may, then receive_a,projiective coating ch as .l aquer.
Surtabie s TrErtdee i e ethce ¥ERRECHbR0peRES BRinE ol Ui num
al |l oys ancg@iheduvithl 2 sdbesdvésscnciagethbnt rereiret al priottedtttiore hot

mel t, heat-cugable ang?radi?tion curgbl.ga ggticgl gntoggatépn rqgording
carriers %ﬁ%g TR°PhPR FRAYBREF on"HF B f4F F% aﬁ? Bélﬂuﬁﬁ fihere a
two-1d5 not dethilted tan belumédum, Sailtmbhemapplioyast atws gaiel.ude, but are
not Iinitgg 1o:, DVDs,, optical ,storage conputer discs (DVDr ROM and_ nusic
storage didtstaRhg ?gp?g\hvﬁa é&&ﬁﬁags g}lgp?ﬁ?eﬂagdit%‘(*i%ﬁ%ﬁorat 3‘9 rt her
vari ous asperts Réatheupabientnidnyadibeionbdirabde20 not intended to
limt the scope _of .the invention in an% . . X

Optical information recording carriers according to

this invention are useful in any application where a two-

15 sided disc can be used. Suitable applications include, but
are not limited to: DVDs, optical storage computer discs
(DVD-ROM) and music storage discs.

The following examples are intended to illustrate
further various aspects of the present invention, but are

20 not intended to limit the scope of the invention in any
aspect.

The acrylic homopolymer and copolymers used in the
following Examples were prepared according to U.S. patent
specification No. 5,549,941, Example 1A ('941), except that

25 the ratios of MMA/EA were changed and the molecular weight
was controlled to yield the compositions shown in Table 1.
For optical uses, extreme care was taken in the cleanliness
_of'the raw materials and equipment, including appropriate
filtration devices where needed.

30 ' The cbmpositions of the copolymer are described by
conventional nomenclature, such as 94 MMA/6 EA, where the

number represents the %wt of the stated monomer from which



aspect. The acrylic honopol ynmer and copol yners used in the foll ow ng
Exampl es wppesgFrepared according to U S. patent specificatiBCI/ERBI8/ 03582
5,549,941, Exanple 1A ('941), except that 25 the ratios of MVIWEA were -
changed and the nol ecul ar wei ght was controlled to yield the conpositions.
shown in Table 1. For optical uses, &&%ene care was taken in the

cleanliness of the raw materials and eguipnent, including appropriate
filtrati oRPBeGPRREYRAEr WaRcBBEHVEdp Such as PAcIWENRESMEEBHS of the

copol ymerngtRa8e§eatEederhY “?”Vﬁéfém}abeﬂﬁffﬁﬂéEaﬁzﬁéede§é9kﬂ?€§v34 MW 6 EA,
where the nunber represents the %w of the stated nononer from which

-10- the E8P®Symer was derived, such as 94 %t of methyl methacrylate; the
"/" merely separates the descriptive terns. 5

Exanple 1 By following the procedure in '941, the follow ng polyners were

prepared. Sanple MVA / EA  Examolg 1 Tg (O 10 A
94 /6 9§y099110wing ) ggocedure 12069410 the fo&&dwyﬁg 115 C
97 | 3 95,000 108 nparative 9278 90, 000

93 15 Exapplymerp yerewprepprefar ed by i nj ection-conpression nolding the
conposition of Sanple A (94 MMA/6 EA) and the Conparative sanple (92 MW 8

EA) from Exanple 1 on a Nissei_ 20 Injection nolding machine. The discs
wer e nol ded usi nga@pbarrel i ety opatenperatywe of 27@genrp€. 1 njection
timggwas typicallyz0.09 secondggapdgthe totgy gygl e timeipanged from

B 100 / O 95,000 115

C 97 / 3 95,000 108

Comparative 92 / 8 90,000 93
15
Example 2

Discs were prepared by injection-compression molding
the composition of Sample A (94 MMA/6 EA) and the
Comparative sample (92 MMA/8 EA) from Example 1 on a Nissei

20 injection molding machine. The discs were molded using a
barrel injection temperature of 270°C. Injection time was
typically 0.0°2 seconds and the total cycle time ranged from
4.5 to 5.5 seconds. The surface quality of the molded
discs was examined by AFM. The error rate of reading data

25 encoded on each disc was also determined. Data Error Rate
is a machine read error reading. A lower error reading
indicates less interference from undesirable defects in
data replication (i.e. a better disc). These results are

shown below.
30
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4.5 to 5.5 seconds. The surface quality of the nolded discs was exam ned by
AFM  Thwoessrsa199r at e of readi ng data 25 encoded on eacPCRERS(HFB2, 5o
det er m ned. Data Error Rate is a machine read error reading. A |ower
error reading indicates less interference fromundesirable defects in data
replication (i.e. a better disc). ThedeTesults are shown bel ow. 30 -11-

Sample 1 Conparative Surface Quality of Disc good - very poor
good Data.Error Rate <l 45.1-5 The surface quality

of discs made using the conposition ofsgﬂ gelA was, Q 1P ¥y good,
while the surface quality of the disg%g%fgg-using tgégggﬁparagive
conpositicnﬁﬂ%éaﬁﬁog?a#héydafaDéﬁgo S that®¥¥e dat aPP®T error rate of
the conparative discs was very high (>45y009tich that the data encoded on

t he di scs MB%anﬁggggbhg oThe data error rgte for disc%gq¥kaL5ing t he
‘1

conposi tion rnventron (Sanple 1) was <1, yielding discs that were

easi Ty reatdabte—Fhe—abovedata—show tirat—ethytr—I5—Tettacryt=ate pol yners
havi ng a Tg 'of The bkeasbactéOqhelilkyCofir disdedmaxledad idigsdshéhavi ng very good
surface qualit§?ﬁhat are_ea

KlLy.readabl e, anpl e 3 20 . | SCS were
prepar ed S2EBP b°Fo°Ex§ﬁB§ge¥Af§8%1Fﬁ§dc§§p§%ﬁ¥<ﬂ??%'sﬁﬂ&&% %ﬁ%ffom
Exanpl e 1juwfabeaghald¢ly bdj ¢bei distenmadat wsdngf tdid heompP6tieiveé C or
270[err] C.

The. f | i l_.ded di ' by AFM
2101211 ot PSRRI Shel 50 e, SR U oonw agtl

10 error rate of the comparative discs was wvery high (>45),

such that the data encoded on the discs was unreadable.
The data error rate for discs made using the composition of
the invention (Sample 1) was <1, yielding discs that were
easily readable. The above data show that methyl

15 methacrylate polymers having a Tg of at least 100° C
provided molded discs having véry good surface quality that
are easily readéble.

Example 3
20 Discs were prepared according to Example 2 from the
composition of Sample A (from Example 1) with a barrel
injection temperature of either 260° C or 270° C. The
surface quality of the molded discs was examined by AFM.

The error rate of reading data encoded on each disc was

25 also determined. These results are shown below.
260° C 270° C
Surface quality poor very good
Data Error Rate poor very good
30

The surface quality of discs made at 270° C was very

good and the data error rate was also very good, the data



25 al so determ ned. These results are-shown below. 260[err] C -

270[ err] &vdvgdmaexe qual ity poor very good [ROTAEND8/03$82Rat e
poor very good 30 The surface quality of discs nade at 270[err] C
was..very good and the data error rate was al so very good, the data -12-
encoated on the discs being easily red&éble. In conparison, the surface

quality of the discs nmade_at 260 C was poor and the data error rate
was aJSC)%Rﬁﬂat%AEQQHF&Fuﬂ+%%Ea% énﬁl%%§ll$ readableyyefndi scs were nol ded

accor di NGdrh5¥e50h £ EhdiSkRErhbe §RAPDSY téf)”tl‘i)é P8BS enBaéf aeszéarre' e 1)
with a barrel injection tenperature of 340[err]_C, substanti al
deconposiWadiPeRr Shg| the @éEEr?Eﬁorkbﬁk%éWasu%lﬁa BOBEY r ¥ieldiest i on

t enper at Wigr&iadePl ediidcE.resulted in readable discs with no 10

noti ceabl e pol ymer deconposition, 320[err] C 340[err] C
Proc®ssabi | i t yWhen disggogere molded accppdingstexBxprela B yeindere

pr epar ed 0, apgp! 0 o] a

Sample C §0%1 851?15K Hgs?ﬁépié §}3§F°@ﬁﬁ§§§?%ﬁ ?angF§t§PEg§?e%80[err]
C. The 201n3e@’gmac‘ée1qnarat:yrsf ofii 348° n‘édeSﬂbghabétthlcdﬁp‘gs\ppsoftgonas
det er m nedeb ood e eLr i8¢, good.
Angul ar I?gh%aﬁg éFgg?ﬁﬁava Hgggygg dgggggnédgéfEa §wﬁ%C% were | ower
as conparé@mnﬁrhtﬂhgs@ff6205|§c§eﬁ§&§eﬂr®n1san§abl§ discsamilth @o

San@be A‘not:l.ceable polymer decomposition.

320° C 340° C
Processability good poor
15 _
Example 4
Discs were prepared according to Example 2 from the
compositions of Sample A and Sample C (from Example 1)
using a barrel injection temperature of 280° C. The
20 surface quality of discs made from both compositions, as
determined by AFM, was vefy good and the data error rate
was also good. Angular light beam deviation values for
discs made from Sample 3 were lower as compared with those
for discs made from Sample 1.
25
Sample C Sample A
Radial direction <0.30° >0.30°
Tangential direction <0.15° >0.15°
30 . The lower angular light beam deviation values for

Sample C indicate that the discs molded from the

composition of Sample C are flatter than those molded from
the composition of Sample A.



Radi al direction , <0. 30 : >0.30[err] Tangential direction
<0. 15[ errjyoesis7799  >0.15 30 The | ower angul ar |i ghRCHEBI/ER2Z at i on
val ues for Sanple C indicate that the discs nolded fromthe conposition of
Sanple C are flatter than those nolded fromthe c osition-of _Sanmple A
-13- CLAIMS 1. A process for prepariﬁ@l%fnnlded dZEP '

Mm%yﬂﬁg% for use in an
optical information recording carrier_which proce ' E M (A

pl asticating a honopol yner or a copdE§Q£¥§of met hyl net Haciy Qf ont ai ni ng
no nore than 6 %w of a copolymerized | ower alkyl acrylate, the frol ecul ar

wei ght of the honopol ynmer or copolyner béing in the range of from 10
90, 000 t ol160R0DBOCERE £RE RERBASLPFeR BP IdiRG FASHILe FRTi HSehe

range of {pogy108k¢ERl EnirerkhBien keCorddind @it wiidn ppbeEkkoNn
mol di ng machine at a tenperature of at |east” 270[err] C (B) injecting the
pl asbi cat edmhEAEESFyner or copol yner 15 into a nold, at a tenperature of

less than 80[erg) £rbachenPiagml demoliclmiy iag 4l s6s6tgnek s and (O
renovi ng the nol de I sc. 2. A procéss "according to claim1 wherein the
barrel 20methydj sethesrvdgier soptaining nhaaemdgehan 6r¥ut286 8o 330 C and

brocess acoBeavastizes 1ok SUANTAChy O Tng dbefhite wedont B2 | e
i s from 28bkehomope 132G QY] cOpolyme heigestn atker denget ofafiyomne of the
R e R0 S S D SRLNHRBL 62 SE'BEoBENe naving

a Tg in the range of from 100° C to 115° C, in the barrel

of an injection molding machine at a temperature of at

least 270° C;

{(BY injecting the plasticated homopolymer or copolymer
15 into a mold, at a temperature of less than 80° C to form a
molded disc having discrete pits; and

(C) removing the molded disc.

2. A process according to claim 1 wherein the barrel

20 injection temperature is in the range of from 280° to 330°
C and the mold temperature is in the range of from 55° to
750 C.

3. A process according to claim 2 wherein the barrel
25 injection temperature is from 295° to 320° C.

4. A process according to any one of the preceding claims
wherein the copolymer comprises 927%wt methyl methylacrylate
and 3%wt ethyl acrylate.

30

5. A process according to any one of the preceding claims
wherein the molded disc is removed from the mold in a cycle

This Sheet Has Been
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30 5. A process according to any one of -the preceding clains wherein the
wo vgsmeyoved fromthe nold in a cycle -14- ti rRCTRPIS/035820nds

nol ded di
or | ess.

further conprises the steps of coatin

from al urfHeen &l GnFRCARAF | ¥5sl®FSgol d. 10 8. A prbcesss

6. A process according to any one of the preceding clains which
a first nmolded 5 di.sc with a netal

ng to claim

and adhering a second nol ded disc tot first ﬂﬁﬂ ' wi th an
adhesive. 7.. A process according to claim®6 wh MWS sel ected
b

6 or 7 wherein the first nolded disc is coated with the netal®

y

sputtering. 9. An injection nolded disc prepared by the process 15
cl ai med i%- arfy PRecedst accprdtrdi kg anyione 2. thedrgreadinpdedadimse which

conpri ses;R{K

or copolymer o

y acrylate contalning no no

a copol ymdisceditbwermatryl andr gihesingha gerend mpldedgHisef tohdhe
honnpolynP{rgé ﬁ898EM”HFsEe%EEhiHntgﬁh%gﬁgs.Of from 90, 000 to 160, 000, and
g

t he honopol'yner or copo

the optic

claim?9.

10

15

20

25

yner “having a

selected from aluminum, aluminum alloys or gold.

8. A process according to claim 6 or 7 wherein the first
molded disc is coated with the metal by sputtering.

9. An injection molded disc prepared by the process

claimed in any one of the preceding claims.

10. A digital video disc which comprises an optical
information recording carrier comprising a homopolymer or
copolymer of methyl methacrylate containing no more than 6%
wt 6f a copolymerized lower alkyl acrylate, the molecular
weight of the homopolymer or copolymer being in the range
of from 90,000 to 160,000, and the homopolymer or copolymer
having a Tg in the range of from 100°C to 115°C.

11. A digital video disc according to claim 10 wherein the
optical information recording carrier comprise a disc as

claimed in claim 9.
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In the range of from 100[err]C to
115[err]C. 25 11. A digital video disc according to claim 10 wherein
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