..0.,. 13 October 2003 WO 00/ 62287 PCT/ US99/ 08042 44l ‘GFdetaper 208FA
TORAGE MM AU/BREKGROUND OF THE | VENTION This applicati on ®CIGE99ERI40rity
from Provi sional Application No. 60/070,473, filed January 5, 1998. This
invention relates to optical data storagel media, and nore particularly, to
optical disks having | ow vertical birefringence and excellent 5 pit/groove
replication by the substrate (e.g., a transparent thernoplastic) which

supports the reflective | ayePTI® AWD APA TRORASE [VFQLQEdi a, including
optical disks as exenplified by conpact audi o di sks and CD- ROM di sks used

I n conputers, have becone a popul ar neans of storing |arge amounts of
digital data. The 10 data stored on an optical disk are read by a pl ane
pol ari zed | BCKoSMIG QF TpE ANVENTHEINsensi ti ve detection schene.
Specifically, in conpact disk and DVD technology, the |aser beamis
typically reflected off of a.reflectjve netallic surface which is

supported by pol ycar borfdt ARRIRHAN clayms nprigrilliy Skom Previgianal | Application e
has pits whi i | Paradedat a, which are 15 arranged within
D NS ROPORE i ) St :

concentric gro rca SK”I"S" "read" by analyzing the reflected
| aser light to determ ne whether it inpacted a pit. It is necessary to

i ni m ze pol ari zat i on-Tidpeneeitions rEReés t® bptdsS8at A5k ?ﬂ?di L be
caused by passage through the polycar bonatg becaﬁse su%%?ef e\g?gﬁvaviwe
di stort thepastficiderlyd t¢ spdical digks, having Jove vertidal pisefcimgehee neridexgeliedd
Pol ycagbonat es, are the Eost c%rrrmtﬂl y | oyed polynmers in

- pit/groove replication by the substrate (e.g., a transparent thermoplastic)

which supports the reflective layer.

Optical data storage media, including optical disks as
exemplified by compact audic disks and CD-ROM disks used in computers,
have become a popular means of storing large amounts of digital data. The

10 data stored on an optical disk are read by a plane pdlarized laser beam and a

polarizz_itidn-sensitive detection scheme. Specifically, in compact disk and

DVD technology, the laser beam is typically reflected off of a reflective

metallic surface which is supported by polycarbonate within a spinning disk.

- The metallic surface has pits which corresponding to binary data, which are

15 arranged within concentric grooves. The optical disk is “read” by analyzing

the reflected laser light to determine whether it impacted a pit. Itis necessary

to minimize polarization-dependent effects on these laser beams which may

be caused by passage through the polycarbonate because such effects will
distort the reflected laser light, thus preventing accurate reading.

20 Polycarbonates are the most commonly employed polymers in
optical disks. Polycarbonates are particularly suited for this purpose because
they are transparent and they have favorable physic'al properties. '
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optical disks. Polycarbonates are particularly suited fof3 ©plober20030se
because tWW@Sﬂransparent and they have favorabl e physi catTREc®AREL €S:
SUBSTI TUTE SHEET (RULE 26) 1 3 Cctober 2003 WD 00/ 62287 PCT/ US99/ 08042 2
In the further devel opnent of optical disks, particularly read- wite disks
and di sks capable of storing | arger anmounts of data, various physical
factors becone inportant. One such factor, which is closely related to the

storage, capacity of theyl g]ﬁ,th dlék,@ﬁg;f#l g%??lgélefiﬁlﬁ% e dhfflere([:ﬂ(::ee&L i

between 5 i ndices of refraction

di recti ons. wxEBtar elisksngadcdiskeacipable Rffa%rﬁ%t P&’r%@% 'a‘?ﬂo EhafL ! &g{}gﬁa ent

pol ari zati on n'f)onent s of the | aser beam ri zat I Of-
ef fect), th@rhé’lﬁ Eé‘dG@ qmeamotrtam dbne lsacld |fs<t¢or,Jwahefsr B89 G814
several sourc nature 10 of the raw material from

I ncl ud he, che
whi ch the dif? Eﬁ? §f FagT F 0% ﬁﬂé’- &Ef Jéé?l%ﬁfnﬁs%@m ligr, the idéfferdricobethresei n
and t hgr mal r 517 t| .C pt ical dis The observed
bi r ef risngen(lzlzalo gi g%%g&ﬁelrcéei?olr% taﬂizﬁ d By H%eﬂé!cé’&ﬂ aflirections.

t h
structure, memng@;wnbm (AL rot-daltoh ChEPUEN Bereflfl (S, BLAGESST N0

conditions, which can create thernmal stresses an
pol ymer 15 éﬂmmenaoef: e bek Yoeatn €. mbaq:fozadzmmefdrepaﬁ&eﬁteefféctt))'ﬂ?iePéAgl y a-

function of t [ ntaéiarig_hc bj refrl ngence plus the birefringence”i ntroduced
upon nol di nfFAUFRS &¢ Bhokthepdiskcal di sks. The observed birefringence of

an opt i ca! disk is typically quant I fied using a neasurenent terned

ot Chat o bt ond b AR AR AR g g e e °

10 of the raw material from which the disk is fabricated, the degree of molecular

orientation therein and thermal stresses in a fabricated plastic optical disk.

The observed birefringence' of a disk is therefore determined by the molecular

structure, which determines the intrinsic birefringence, and the processing

| condlﬁons, W}uch can create thermal stresses and orientation of the polymer

15 chains. Speaflc:ally, the observed b1refr1ngence is typically a- function of the

intrinsic birefringence plus the birefringence introduced upon molding

articles such as optical disks. The observed birefringence of an optical disk is

typically quantified using a measurement termed “vertical” birefringence,

which is described more fully below.

20 It'is known that polycarbonates made from bisphenol-A (i.e.,
2,2-bis(4-hydroxyphenyl)propane) have high intrinsic birefringence. It is also
known that homopolycarbonates comprising units derived from
spiro(bis)indanes, especially 6,6"-dihdyroxy-3,3,3,3'-tetramethyl-1,1"-
spiro(bis)indane (hereinafter “SBI”), have negative intrinsic birefringences,

25 owing to the relatively r1g1d molecular structure of the SBI unit and its

conformation in said homocarbonates
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2, 2- bi s(4- hydr oxyphenyl ) propane) have high intrinsic birefringence. It is
al so known that honopol ycarbonates conprising units derived from

spi ro(bi s)indanes, especially 6,6"'-dihdyroxy-3,3,3 ,3 -tetranethyl-1,1"-
spiro(bis)indane (hereinafter "SBI"), have negative intrinsjc
birefringences, 25 owing to the relatively rigid nol ecul ar ﬁqgﬁKpE?%p%ﬁ t he
SBI unit and its conformation in said honocarbonates. SUBSTI TUTE SHEET
(RULE 26) 13 Cctober 2003 3 A class of copol ycarbonates having | ow
intrinsic birefringence is disclosed, fop exanple, in US Patent No.

4,950, 731. Said copol ycarbonates conprise structural units derived from

bi sphenol A and ARilass @frcopelsearbenatest haxpigl losaintiesicbirefEngog¢67 tisclaseddfoon 8

co- pol ycarBEHaleedt A PREM B it 1di SacbraRaiAHGBRED Compase Siachural units
co- pol ycarfagoat ggmctﬁgﬂi]’ hoea sha ¥gyural units derived from

hydr oxyphenyl 1 ndano romresorcinol, alkylenedioic acid or .

eugenol si | oxane, E@dpeanoiitér? 2eipli¢atdroND SER0SPEENOfiled Phef BecdMber iosphear A
The co-pol ycarboneates are sueful for the fabrication of optical data
recor di ng mewi of Generab Ed¢cotuic Kiemwapy hdiswleses , cotprdycaBBinajes| yaying bowitisingice
deficient in_.such areas as processability and ductiljty. One resulf is
that nol didgiEnesngs- gﬁreycaq-%lafaﬁrggl}at?sn&wrmj HBterRbo nBYEE yEe¥sdnatie® and
copol ycar hopat.es t ai nj l.sphenppl JOLt S, e
stresses. Hhis yP}é %aﬁgfl&&ﬁ}l gljro B{y r}gsrogéﬁ@f 4]%’18%‘[#‘% %’6? d‘l5 rﬂgﬂ%ﬂfeﬁ%})%lt% %é%gel’ aé’lds ks,

i n which p6bnsly ﬂ@ﬁ%bﬁfﬂ@emﬁﬂgﬁéfeta%@y bidpR&io] AU CTheCRLSHIYd@Psheated QL sidfilesses
can cause significant observed birefringence in a disk, despite the | ow

i ntrinsi c foi theffatiriegtion ef opiical drta S8Bbrdiugadni ng pol ycar bonates. As nenti oned

reviously, the observed birefringence_ is typicall aptified for
P y It t1:):3 zﬁso known, however,gt?_)at gBi polygg'l:onatesyarg 'Eie icient in such areas as

processability and ductility. One result is that molding of SBI polycarbonates, including

both homopolycarbonates and copolycarbonates also containing bisphenol A units,
induces severe stresses. This is particularly true of injection molding of optical disks,
in which such stresses are magnified. Under such conditions, these stresses can
cause significant observed birefringence in a disk, despite the low intrinsic birefringence
of the SBI-containing polycarbonates.

As mentioned previously, the observed birefringence is typically quantified for
an optical disk by measuring the "vertical" birefringence (hereinafter "VBR"), whjch is
defined as the difference between the refractive indices for light polarized perpendicular
to the plane and that polarized in the plane of the disk. High VBR is a problem often
encountered in disks molded from SBI polycarbonates. SBI polycarbonates may also
have unacceptably high glass transition temperatures above 200°C, and unacceptably
high melt viscosities. VBR must be kept below a certain threshold to ensure proper
reading of an optical storage media.

Japanese Kokai 4/345,616 discloses polyestercarbonates containing carbonate
units derived from spiro(bis)indanes such as SBI and from bisphenols such as bisphenol

A, and ester units derived from dicarboxylic acids such as sebacic acid and



an optical disk by neasuring the "vertical" birefringence (hereinafter
"VBR'), which is defined as the difference between the refractive indices
for light polarized perpendicular to the plane and that polarized in the
pl ane of the disk. High VBRis a problemoften encountered in disks nol ded
from SBlI pol ycarbonates. SBI pol ycarbonates may al so have &%5@5$6f

hi gh glass transition tenperatures above 200C, and unacceptably high nelt
viscosities. VBR nust be kept below a certain threshold to ensure proper
readi ng of an optical storage nedia. Japanese Kokai 4/345,616 discl oses

pol yest er car bonat es contai ning carbonate units derived from

spi ro(bi s)i ndanes such as SBI and from bi sphenol s such as bi sphenol A and

SR KRR o R EE R

pat ent do I ﬁﬁﬁ“ﬂgﬁ 3 : make
an opti caﬁ?pdﬁi[§ gtf Sﬁ%@? g acceg%}}aﬁ g&gﬁ? ﬂ{ga}%gi\i/gp ﬁ%gp Slxcmg{"?%%@%ﬁ %}eﬂg%gk‘?e .13
Cct ober 2G83icionCRd 632 §BRPCTI US99/ 08042 4 It has been found, that the VBR s
of disks nolded fromthese copol yestercarbonates vary over a w de range,
including VBR |l evels that are too high to allow accurate data reading.
Moreover, the nelt viscosities and glass transition tenperatures of such
copol yestercarbonates are often too high 5 for conplete nold filling when
maki ng optical disks. Also, the pits inthe nmetallic surface may not be
properly filled with the copol yestercarbonate. Any of these problens wl|
prevent the manufacture of readable optical disks. Optical disk . grade

pol ycar bonat es can be prepared by conventional interfacial and nelt

pol yneri zati on nethods as well as by



10.redistribution as described, for exanple, in US Patent3 G¢tdligr, 206Z and -
solid statwopwbxpserization. It is of interest, in view of tBerwyseonsesz
above-nentioned deficiencies in prior art materials, to devel op new

met hods of making optical disks having I|4w VBR and excell ent pit/groove
replication. SUMVARY OF THE : INVENTION i 5 As stated herein, the term
substrate refers to a transparent material through which a | aser beamis

transmtted to read i mf @LEBHdQNf L, cltive,l ayer.refers to a
refl ective surface (typi cal I)‘/3 a thi K ﬁh%geﬂr{éﬁﬁ%eégﬁjs i d?@ fompodiesed
wi thin the sopelyeateecarbonatesl entsotdica WageraRBaMn i |C a
storage nedia refers to the co_rrgis?]ation of thg subst@ggé%?o%g ?{%%%
reflective @ high to plleveargupte datie deatingi Vaneopds, dhé el arisiRitageaedi a
In a preferred enbodi nent, there

conprisin substrate i ch has | ow VBR

i s ”Br oVi dgd%!ﬁ?s' 2’&‘?@59“ Eg]r’%Re%FWga\é%glfé)ﬂoﬁ@ﬁe@éﬁﬂnaﬁmgreaoﬁen #so bigh

copol ygar bo i e L UAi D@me t ercarbonat es,.. whi ch. have excell ent 25
phesi cgl an%ﬁ??gé#ggﬁgkﬁﬁweg%égﬁzﬁéoﬁﬁ Q}Bﬁ?agoq]é‘ﬁgs ‘g&?e g apts 0 & of
SUBSTI TUTE fidtidTic($idtdce? hd ; r | ich fall
within a specif ilg(corrposﬁalyon F;Bgr{gg, Sjgargﬁgglle? r%%l?\lgg&gd@g#\iggé%lé%%ﬂam'
materials, Anyoffbesrepraemgevil prévent thamdreifactuee of keidable lagiﬁeﬂ didksks

having the desired optical properties,: including |ow VBR Accordingly, the
[ d to a substrate having a

i nvention in one of i aspects i s @iVtect
vertical birefri nge_ncbsﬂﬁc eg_éﬁi hgﬁaé}? Qpﬁfmrbqnatﬁscnanwém upregarpdi d95 a
copol year boRsHeritNal dnferBd @SS ahli@ Rshit 'ﬁ&y}r?erﬂjz%rb%tnu Methods as well as by
10 redistribution as described, for example, in US Patent 5,414,057 and solid state
polymerization.

I

It is of int_eres,?_;_,_ﬁjn view of the above-mentioned deficiencies in
prior art materials, to devélop new methods of making optical disks having
low VBR and excellent pit/groove replication.

SUMMARY OF THE INVENTION

15 As stated herein, the term substrate refers to a transparent
material through which a laser beam is transmitted to read information. The

 term reflective layer refers to a reflective surface (typically a thin layer of
metal) which is supported within the substrate and reflects the laser beam.

The term optical data storage media refers to the combination of the substrate

20 and the reflective surface.,

There is provided herein an optical data storage media
comprising a substrate which has low VBR. In a preferred embodiment, there
is provided an optical disk having a substrate. comprising a genus of
copolycarbonates, including copolyestercarbonates, which have excellent

25 physical and optical properties. Said copolycarbonates have proportions of

SUBSTITUTE SHEET (RULE 26)



| ess than 150C, and nore preferably | ess than 140C, and EnOaoben2(03e, as
defined hereinafter, of at least 40 cc/10 mn, and nore preferably at | east
50 cc/10m n. The copol ycarbonate preferaply conprises: (A |ess than 40
nol e percent of structural units of the formula (1) wherein R2 is Cl1-3

al kyl *or phenyl, R3is C-3 alkyl and pis 0O, 1 or 2 (hereinafter "(A)
units"); (B), about 50 to g_S | e percent of structural units of the fornula
(U 0 11 - OSRHcaug amdtsiv }Chingnrf'ﬁﬁﬁéfh?I@ﬁ@momposiﬁbylmnge,w sadyl ragigd Or

range of abSt 25 LHAC BRI cy & e ARF45Ee alpish sandamoldechintosi ng
of A ang ASPIChPARLeTRTLS PR Bl optctlafopk it o it oy VB " 57T
) Accordingly, the invention in one of its aspects is directed to a
substrate having a vertical birefringence of less than 3.0 x 10 4, which
medium comprises a copolycarbonate having a glass transition temperatures
less than 150°C, and more preferably less than 140°C, and an MVI value, as
defined hereinafter, of at least 40 cc/10 min, and more preferably at least 50

cc¢/10 min. The copolycarbonate preferably comprises:

(A) less than 40 mole percent of structural units of the formula

: R2 CHg
s,
0=—C
0 | \/I ,
CHa R?

wherein R? is Cy.3 alkyl or phenyl, R? is C1.3 alkyl and pis0, 1 or 2
| (hereinafter “(A) units™); '

(B) about 50 to 85 mole percent of structural units of the
formula

Q=0

{in o—~r!

wherein R! is m-phenyleneoxy, an alkylene hydroxy acid or




or p-phenylene, Y is a linking group wherein 1 or 2 at orf3 @elpber2063A" from
A2 and n i sv@owe2287 (herei nafter "(C) units"). BRI EF DESCR PTeeWtfdoddte
DRAW NGS Figure 1 depicts a profiloneter scan across a sanple optical disk
havi ng groove and | and sections. DETAI LED6DESCRI PTI ON OF THE PREFERRED
EMBODI MENTS 10 The optical disks described herein preferably have a VBR of
|l ess than 3.0 x 10-4. The copol ycarbonate which is nolded to produce the
optical disk has a glagss transition tenperature |ess then 150C, nore
preferably | ess than 48C, and an MWV of at least 40 cc/10 mn. Mre
preferably, m gcarb narte has an WI of at |east 50cc/10 mn. 15
The copol yca onate scril aﬁn'ﬁﬁﬁal n conprise (A units as described in
the above Summary of the Inventlon Said units are derived fromSBI, its

5,5" -di hydro I eof y.ed .enbodi mant of

t he mvenUo%ﬂ eqﬁct)%%F r%r corrprl sgg&‘eggg‘atf%ﬁn(gi)“ﬂ'ﬁﬁ d’andrcent of the
(A) units, and nore preferably |l ess than 30 nol e percent of the SUBSTI TUTE
SHEET (RULE 26) 11 13 () abarand8@3mmazif /59%%&11- Ghi Q_%l (A un| ts
as described in formula (1). The R2 I}ﬁ?dl gal s in or rr*ﬁ!ﬁg P?&éﬁuf%

al kyl or phenyl. Thus, the units of fornula |I may be derived from horml ogs

f or med fronlbisphenols ot her than bisphenol B for exanple 2, 2-bis(4-

hydr oxyphenyl ) but ane, bi s(4- hydroxypheny ) - 2- phenylethane, 2,2-bis(3 5
net hyl - 4- hydﬂ‘ﬁ)(y%ﬁ@*-)'ﬁ*ﬂbeﬁg 22~B1 543 f=di et hyl -

hydr oxyphenyl ) pr opane. Unit efttved from SBI and its 5- nethyl honol og

’5 wherein each of A! and A2 is independently unsubstituted or substituted m-
or p-phenylene, Y is a linking group wherein 1 or 2 atoms separate A! from
A?andnisOor1 (hereinafter “(C) units”).

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 depicts a profilometer scan across a sample optical disk

having groove and land sections.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

10 The optical disks described herein preferably have a VBR of less

, than 3.0 x 10 The copolycarbonate which is molded to produce the optical

disk has a glass transition temperature less then 150°C, more preferably less

than 148°C, and an MVI of at least 40 cc/10 min. More preferably, the
copolycarbonarte has an MVI of at least 50cc/10 min.

15 The copolycarbonates described herein comprise (A) units as
described in the above Summary of the Invention. Said units are derived
from SBI, its 5,5'-dihydroxy isomer or homologs: thereof. In a preferred
embodiment of the invention, the copolymer comprises less than 40 mole

percent of the (A) units, and more preferably less than 30 mole percent of the
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are preferred, with SBl being nost preferred. 10 The:"'-‘é-e-é)p‘tﬂ YetaberottiBes
further cO¥ROVEESIB) units. These nmay be selected from t he B§TAIS99/08042
consi sting of resorcinol carbonate units, al kyl ene hydroxy acids and ester

units containing a radical of formula IIF wherein n is in the range of
about 4-25 and preferably about 6-18. In addition, the copol ycarbonate
conprises (C) units, which are bisphenol carborate units according to
formul a | V.(Ajhenits amdesctibedadini fobireda (T)n Ther Rutaditalsdan dormuty (Ipntieby Cgne
radi cal s which may be substituted, but 15 are preferably unsubstituted. The

Y vari abl e 3#Kyophiphgnyly Hads, dhe ugitstalidormudad majube gesived foomn homolags ch
t , A2. Y. | | hyd b i cal
et hyt ene, Tosalsel st Fisphatl it snal (bRERERRT Apdos “exmbly Soxhisténi ng
t th h { 4 | cal
5! o ohl or SRy PRERINbAGM Y SAMISA P by pRASILA DHANIIRINE D 2 BT

thio, Sul f axgtleyidi-hytifeqpherpripunt ue myobe presenpR-bi(3,5-dimethyiadsent
(n is 0, whereupon the structural unit is derived from biphenyl). ]ﬁ'he

preferred durdronaphenyil)propane: obmitsadenived dromi SPhand|itsA5-caethyh dtoenolivpt s i n
which Al and A2 are p-ph ne, and Y i | sopropylidene. 25 Certain other
copol ycar b&?ﬁ@&gﬁeé&fg%%’é&?’ﬁ)n%ﬁwsfEfe%ﬁ’l’e@, as defined in the Sunmary,
are al so believed to possess advantageous processing and optical
D o oon7 s 1o he cEABRIYAAN AR HEANEP ERHSAYBF L, "iise ThEf hel UL
selected from the group consisting of resorcinol carbonate units, alkylene
10 hydroxy acids and ester units containing a radical of formula III wherein n is

in the range of about 4-25 and preferably about 6-18.

In addition, tl';e copolycarbonate comprises {C) units, which are
bisphenol carbonate units according to formula IV. The A! and A2 variables
in formula IV are m- or p-phenylene radicals which may'be substituted, but

15 are preferably unsubstituted. The Y variable in formula IV has one or two
atoms, but preferably one, which separates A! from A2 Y is usually a
hydrocarbon radical such as methylene, isopropylidené or ethylene, but can it
be a radical containing atoms other than carbon and hydrogen (e.g.,

 substituted  radicals such as 2.2-dichloroethylidene and hetero

20 atom-containing radicals such as oxy, thio, sulfoxy and sulfone). The Y value
may be present {n is 1) or absent (n is 0, whereupon the structural unit is
derived from biphenyl). The preferred carbonate units of formula IV are
bisphenol A carbonate units in which Al and A? are p-phenylene, and Y is
isopropylidene.

25 Certain other copolycarbbnates containing (A) and _(C) units, as
defined in the Summary, are also believed to possess advantageous

_ processing and optical properties. For example, copolycarbonates comprising
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PCT/ US99108042 B units in which R7 is an al kyl ene group,133@eksra2003 a C4.25
al kyl ene gwowg/6228dch as tetranet hyl ene, hexanet hyl ene, neopeptpuesses, t he
al kyl ene group derived fromglyceryl nonostearate, are advantageous. Al so
monomer units having the fornula 5 wherdn R2 is C2-6 alkylene or 0, R3is
Cx-4primary or secondary al kyl or fluoroal kyl or phenyl, R4 is Cl-4 alkyl

or alkoxy, mis 0-2 and p has an average value from1l to 100, may be

advant ageous hihits G0 mPlicAt RU id Ant IR vi&RP r 105, tter
radicals, the eugenol 10 pol ydi net Xyl S| gti@%e%%%%il%@%%%@%%élp
tri met hyl ersichess tetRamiethylendyhexarRdthiyienis tieopynsricné or|theailRgienat t he

sil oxy chaip and Is ], are especially preferred. The copol ycarbonates
useful for q9&ved Fom glrcerybmanostearate; iase aflmentagpousal AlSbakenbmearngitsow
VBR. Optic | ded. from bi sphenol A 15 honopol ycar bonat es of
conparableq#%ﬂéééngoﬁéPghts typically have high VBR s. Birefringence is
typically measured using a linearly polarized |aser and a nodul ati ng phase
retarder. The retagﬁqtion in the polagization produced,by an optical disk
i s anal yzed usi ng,ajdeat ecti on sfiRme nsR%ting 20 of ¥ Jni near pol ari zer

and a | ock-in ang s\. The r tairdati n for |ight =
asel-2i $  ianci t at a_kno Qormal ) angl e are
{ )‘ R SUB T|E|'TUT¥ HEET ( RULE ¢xtober 2003 9
RB

di sk and t ha
used to determ
RS

5 P
2

- wherein R? is Cz alkylene or O, R® is Ci4 primary or secondary alkyl or
fluoroalkyl or phenyl, R* is C14 alkyl or alkoxy, m is 0-2 and p has an average
value from 1 to 100, may be advantageously incorporated in the

‘ copolycarbonates. Among these latter radicals, the eugenol
10 polydimethylsiloxane radicals in which R? is trimethylene; each RS is methyl,
R* is methoxy and is located meta to the siloxy chain and m is 1, are especially

preferred.

The copolycarbonates useful for the substrate must be moldable

into optical disks having low VBR. Optical dsks molded from bisphenol A

15 ~homopolycarbonates of comparable molecular weights typically have high
VBR's. '

Birefringence is typically measured using a linearly polarized
laser and a modulating phase retarder. The retardation in the polarization
produced by an optical disk is mﬂyzed using a detection scheme consisting

20 of a linear polarizer and a lock-in amplifier. The retardation for light normally
incident on a disk and that when the laser is incident at a known {non-

normal) angle are used to determine the VBR.
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The copol ycarbonat es descri bed herein have excell ent physical properties

I ncl udi ng glass transition tenperatures no higher than 150C and nelt

vol une indices of at least 40 cc/10 min, and nore preferably at |east 50
cc/10 mn, as determ ned by the aforenenti oned ASTM procedurg under 63
conditions described. These physical properties nmake t hem e&d{ddpber 2003
processable. In particular, the copolycarbonates flow freely enough during
processing to effectively fill pits and grooves in optical disk nolds,
thereby accurately replicating pits, grooves%nd |ands in the disk belng

| ded, thus blin oper adi of. the, data. NEItho
\r/rgl ume par ;rrete?@l%lr ggpgfygﬁﬁgprpaﬁ gg§ I?%P heyein, havssi§xFe ‘Fﬂgypﬁg%al

I th t o
ISR AN A Fo B M S
as determ rméltlvblameaﬂmtﬁ@ﬁaﬁlieage40rdcb5@mln AbdYhory prefeidtdy Rt 1t Sunder

the follow ng conditions: Sanple weight - Agoerature - 300C
Vi ght - 1. 2 degl 0 Thia, @ésiatemaeme@lolpy)nbcafmmmomb Eﬂpm@dne@undehm t he

prescri bed transiti emper at ur,es |t vol upe indjces and VB
properties Qlﬂfimné t‘ﬁesﬁi"ﬁ?ﬁft st‘?ptl?ll‘)é?lcgfsﬂr%ﬁr K¥ScdRake Haey eas
accur at el y t

Gescr bed” roFRSaLEE, MIBhRic el it thhOhSa b ARTIRAY 80 ?é“%@?gggﬂ% y
physi cal prspeesdias to diﬁéctmiyﬁm dfy Ahd preeees 1P bptiehl Sk mdlds thersdyed
with low proportions of B units, both wthin the prescribed ranges my

result in saqeurgtely replicatingpits) gmqyemmd Taandlsi ini the diskbeing melded; thus

|aces it o de the inventio 13, Oct ober 2003 10
P na%img proper reading o of the dafa.

Melt flow and melt volume parameters are related inversely to
melt viscosity. They have values that can vary widely depending on the
method of their determination. As used herein, the term "MVT" designates
melt volume index as determined in an apparatus as described in ASTM

procedure D1238 under the following conditions:
Sample weight - 7 g;
Temperature - 300°C;
Weight-1.2 kg.

The described copolycarbonates are also required to have the
prescribed glass transition temperatures, melt volume indices and VBR
properties suitable to produce an optical disk which can be read accurately.
Some polymers falling within the compositional ranges described in the
Summary of the Invention may not possess the necessary physical properties.
For example, high proportions of SBI units coupled with low proportions of B
units, both within the prescribed ranges, may result in a polymer having a

high glass transition temperature which places it outside the invention.




However, in such a case, adjusting other paraneters within their prescribed
ranges, as disclosed herein, may produce a suitable copolynmer. As another
exanpl e, the processing paranmeters of copol ycarbonates and the VBR s of

di sks nol ded therefrom depend, to sone extent, on their nolecul ar weights.
Thus, it is possible for copolycarbonates having the sane p?%b&fqbiebﬁg f
structural units but different nolecul ar yaweights to be suitable or
unsuitable in terns of physical properties. Those skilled in the art wll
be able to determ ne opti num nol ecul ar wei ghts by sinple experinentation,
and to produce copol ycarbonates having said optinum nol ecul ar wei ghts by
art - recogni Zddwsivet.cidusussh a Sasty asljusienigotser papnietetuvdathindhesxgeptbed
variation of the proportion. of .endcappi ng agent, uch as phenol which is

i ncor por at edaPBCHAS; §@P§%‘£h§¥elﬁ0W¥d?r6’gH§F@% ¢ 6APO Tare during the
pol ymeri zation reaction. The copol ycarbonates nust be thixotropic at shear

rates from 10-100 secal alyGHAC dhafudis, el A aSond! Shaatfegxpegted

to decrease at increasing shear rates thirnthi's rang SO Usua

at hi gher S|’Bﬁgol Gdrbonatebhirgl Bld VBR'Fofdisies friiided theRifrdth depnth @d'some
I ncreasi ng VBR above 3.0 x 10-4. The copol ycarbonates of thisS invention may

be prepar ed a@sfent; omvihein prdecigar yeeightsn dihaiss yhishpesdbleefdraehpdycirbanates
interfacial, transesterificatiqn and_.redi stribution t s, or solid
Late ooy haing i St pEh ot o8 Tl D i oAl ifierent molkstian
5,204, 377, : : f eg.ﬁﬁ;s j ect
of many i ss‘gg gsa'? ggq[e‘;‘&giﬁ %% Iﬁ%%ﬁt@#}lé ,ﬁatn neggrﬁg@?ﬁ%z @?gﬁéﬁéﬁ&
detai |l her eiskilledsheatheuandt twill deciblestot deieembfie foptimilim hioleculakiwsights bys

formula I'll, may be incorporated in the polycarbonate by the use of a
cor r espondi ridMe ce¥pritenéatiend and dei praducs icopalycanbonates thasiing said
procedure or_the use gf di al lar

optimum molecular we1g|f1¥s| b?fra -recgénizggsptrocedures. Such procedures
may include, for example, variation of the proportion of endcapping agent
such as phenol which is incorporated in an interfacial polycarbonate reaction

mixture during the polymerization reaction.

The copolycarbonates must be thixotropic at shear rates from
10-100 sec™ at 250°C. That is, their viscosities are expected to decrease at
increasing shear rates within this range, and also usually at higher shear rates.

This allows molding the optical disk without increasing VBR above 3.0 x 10™.

The copolycarbonates of this invention may be prepared by
conventional polycarbonate synthesis methods such as interfacial,
transesterification and redistribution methods, or by solid state
polymerization as described, for example, in US Patents 4,948,871, 5,204,377,
5,266,659 and 5,288,838. All of these methods are the subject of many
issued patents and publications, and need not be described in detail herein.
Ester units, such as those of formula II in which R! has formula III, may be
incorporated in the polycarbonate by the use of a corresponding
dicarboxylic acid or acid chloride in an interfacial procedure or the use of

a dialkyl or diaryl, most



WD 00/ 62287 11 13 Oct ober ~2003 PCT/ US99/ 08042 of t en ‘a.di3fPeipher 2083t er of
said acid WP U6 or solid state procedure. The optical i nPOTAISHG/ER042
storage nedia of the invention include &;i cal disks such as audi o disks,
|'aser di sks, CD-ROM di sks, DVD disks, r itabl e and recordabl e CD and DVD
formats, magneto-optical disks, and 5 any other digital storage nedia
wherein information is read via a laser. Such nedia may be produced from

t he copol yc&fisormdishartyls ¢ster ofszidiacid iya aidlt of ﬁﬂ%@i&%@gr@&@iﬁ-e. The
preparation of the optical disks according to this invehtion 1s

illustrated by the foll.ow ngéglr_arrpl es. All percentages are by weight unless
10 ot herwi se i ndi cat ed- &8P Bormptier steragevisiedin ofitle ageentivre asclude

ot herwi se |,ngi a e . deternm ned b | p tion chromat ography
Fel'ative. t 0o Pigken BN it Sl s oihs, BrDARObs ik, TBVEk chekzbo. 1
stirred tankewenghleraniy | 0 | es f .S 8418¢g
(36.873 nol ees) of bi sphe%ﬁ%a%?ﬁg%? %‘3‘12 3. gogir%oqqé’s?‘aﬁ‘eg%épgﬁ?}e&mlﬁc
aci d, 483. 7gny oth@ddigitad sfomepmedinivhbainlinfdMattin PRiAY IS ﬁ%‘ﬁrs‘ga}j 35L
of water, 334g,.0f 75% aqueous sol ution of tri-n-butylanmonium chl oride,

and 0.9g of MEHRIRIY MepBreruced foos doe copaly@arpdrtteSbithe shvastson @g&éﬁd
into a sti rf%.%g%cf e.over 41 mnutes and the pH was mai nt ai ned et ween
y Caddi

8.0 and 9.0 T 50% aqueous sodi um hydroxi de solution, 20 after
whi ch an additional 2180g (22 noles) of phosgene was added. The organic

sol ution was first dil ki bk dS, 6D separ at ed
and washed tw ce. The % ta méﬂ'g{fgg%%ttf&}ﬁ ditks a&o?&ng © éhls mverPhon
S is illustrated by the following examples. All percentages are by weight unless
10 otherwise indicated. Molecular weights are weight average unless otherwise
indicated and were determined by gel permeation chromato graphy relative to

polystyrene.
EXAMPLE 1 - Preparation of an Optical Disk

A 100 stirred tank reactor was charged with 2720g (8.820

moles) of SBI, 8418g (36.873 moles) of bisphenol A, 761.7g (3.308 moles) of

15 dodecanedioic acid, 483.7g (2.278 moles) of p-cumylphenol, 59L of methylene

chloride, 35L of water, 334g of 75% aqueous solution of tri-n-butylammonium

chloride, and 0.9g of I-methylpiperdine. Phosgene, 3400g (34.36moles) was

passed into a stirred mixture over 41 minutes and the pH was maintained

between 8.0 and 9.0 by addition of 50% aqueous sodium hydroxide solution,
20 after which an additional 2180g (22 moles) of phosgene was added.

The organic solution was first diluted with 20L of methylene
chloride, then separated and washed twice. The product was steam-
precipitated. The precipitated prodﬁct was dried. The produce was the
desired polyestercarbonate consisting of 18, 6.75, and 75.25 mole percent A, B,

25 and C units respectively. The weight average molecular weight 17830g/mol,

SUBSTITUTE SHEET (RULE 26)




preci pitated. The precipitatled product was dri ed. The - priddOeieber290Bhe

desired pokwsgi@pgar bonate consisting of 18, 6.75, and 75.25 nt -
A, B, 25 and C units respectively. The wei ght average nol echg?hﬁ'gﬁggogf

wei ght' 178309/ nol , SUBSTI TUTE SHEET (RULE126) 13 Cctober 2003 WD 00/ 62287
PCT/ US99/ 08042 12 and its glass-transition tenperature was 140.1C. Two
optical disks were produced by extruding at 271C and injection nolding at

330C and 320 v.ndi ' | e ti,vely. Yoy could al so
make an anal %‘g%ﬁ% g%%gltg%esr%%f&% g@%@%‘ﬁ% Y’)ﬁg f@sﬁ’ ecafiBi %pfaeamas S fyere
above pr epargiddiftedibyheditud m?@teaﬁcm@ i | 580 -
Prepar ati on Igl]t‘d Opt i ca}reDi skg{g/ari ous opti g#u%l[ g}(c;sla\fi-\gé é{ %&Ea%‘@%ﬁb@fas
di fferent copdicated én dasa thbde); réspéctieblyw in Table 1. The preparation
described in Exanple 1 corresponds to sanple 13. 10 The data in the

colums of Table 1 |abgl ed VER 30 and VBR 40 correspond to VBR
measurements taken 30 MR d(ﬁi%fnﬁ‘l@s%@ﬂﬂmwsl cdpalymidrebyc eeplacingf thehe

opticalg di s ] ent. di re made at injection tenperatures of 330 C
and 320" C t(i;donc'egacéhgec %ﬁd “?rgﬁ?gaebﬁ"-e PArPYGEOR ML E ANDARREONSIR G| areBnt BEA
DDDA MV W 1E86/eindfBR30 VBR4 VBR30 VBR40 pit depth pit Nunber nmol % nol %
nol % g/ mol 330C 0 320C 320C (nn) shape

EXAMPLE 2 - Preparation of Optical Disks

7 Variou; optical disks were prepared from different copolymers
as described below in Table 1. The preparation described in Example 1

corresponds o sample 13.

/

10 The data in the columns of Table 1 labeled VBR 30 and VBR 40
correspond to VBR measurements taken 30 mm and 40 mm, respectively,
from the center of the optical disk. Different disks were made at injection
temperatures of 330 °C and 320 °C to measure VBR.

Table 1-- Various Optical Disks

Sample SBI BPA DDDA'MW  MVI Tg(eC) VBR30 VBR4 VBR30 VBR4O pit depth pit

Number mol% mol% mol% g/mol 330c 0 326C  320C (nm) shape
\ . 330C
1 2% 67 7 16580 97 1456 188 167 219 171 637  skightl
¥ poor
2 2% 67 7 17997 62 1475 230 184 225 218 679  poor
3 2% 67 7 18000 35 1529 316 270 270 290 . 655  very
poor
4 18 79 '3 2023 32 1516 353 311 320 358 669  slightl
y poor
5 18 7 3 15778 88 148 266 209 282 264 65 same
6 14 735 125 17578 115 120.8 231 208
7 26 62 12 22169 52 1356 190 140
8 26 62 12 27097 25 1398 241 203 .
9 146 746 108 16890 145 1249 283 245
10 18 7525 675 24855 194 1436 33 330 645  very
poor
11 18 7525 675 22251 381 1427 287 27 642  poor
SUBSTITUTE SHEET (RULE 26)



330C " 1.26 67- 7 16580 97+145.6 188 167 219 171 63. 7 igli Prtobgr 2088r 2 26
67 7 1799 W@R0/6248% 230 184 225 218 67.9 poor 3 26 67 7 180GR-PGsdhudes 316
270 270 290 - 65.5 very poor 4 18 79 3 20323 32 1516 353 311 320 5 18 79
3 614 73.5 12.5 7 26 62 12 8 26 62 1B 9 14.6 74.6 10.8 10 18 75.25
6.75 358 66.9 slightl y poor 15778 88 148 266 209 282 264 65 same 17578
115 120.8 231 208 22169 52 135.6 190 140 27097 25 139.8 241 203 16890 145
124.9 283 245 24855 1254 6743. 2836533454 er yeg poor 11 18 75.25 6. 75
22251 38.11342. 71828775286 664 . 218801 s SUBRTI TITE SEHEET (RULE 26) WD 00/ 62287

13 x 14 18 7525 675 17123 111 1399 225 236
15 18 7525 675 16109 153 137.5 220 208 663  same

C 0 100 0 333 311 66 control

EXAMPLE 3 - Pit/Groove Replication

Several of the samples optical disks prepared in Example 2 were
tested to determine whether they yielded adequate pit/groove replication to
o provide accurate data reading from the disk. The following procedure was

used to measure pit/groove replication.

5 An Atomic Force microscope (AFM) was used to scan the
surface of the optical disks. The depth of pits did not vary significantly, but
the widths of pits and grooves varied with composition and Tg. The surface
of the disk consisted of land regions and groove regions as shown in Fig. 1.
The width of the flat areas at the land tops 10 and land bottoms 30 were

10 compared with those of a polycarbonate disk molded using the same stamper.
The groove tops 20 and groove bottoms 40 were similarly compared. To have
acceptable pit/groove replication, all values for land and groove tops and
bottoms must be within 30%, and more preferably 25% of the values for the
‘control polycarbonate disk molded from the same stamper. Acceptable

15 pit/groove replication will enable proper reading of the optical disk. Based
on the 25% criterion, samples 2, 3, 4, 5, 10 and 12 exhibited inadequate
pit/groove replication.

SUBSTITUTE SHEET (RULE 26)



13 Qct ober 2003  PCTI US99/:08042 12 1875. 256. 752020952142 30deber£003

1875. 256. 75%038883%40. 1251238 14 1875. 256. 7517123111139. 92252%6”&%& :
1875. 256. 7516109153137. 522020866. 3 sane C 0100033331166 contro (\%ﬁ% 3 -
Pit/ G oove Replication Several of the sanpies optical disks prepared in
Exanple 2 were tested to determ ne whether they yiel ded adequate
pit/groove replication to provide accurate data reading fromthe disk. The

foll owi ng pr urg .used,t sure pit/groove replication. 5 An

At oni ¢ For ce?%gfé’r o%cggga?i%\/gf \Ag%nn%éﬁmt’% %gﬁhﬁ h&“@u%ﬂ%&‘-’e gioldpd dweircal
di sks. The dﬁ@]ﬁaﬂjoﬂ)&tbs did not vary significantly, but the w dths of
pits and groovés varied with conposition and Tg. The surface of the disk
consi sted of |land regions and groove regions as shown in Fig. 1. The width

of the flat areas at the land tops 10 and | and bottons 30 were 10 conpared

wi th those of a polycarbonate di sk nol ded using the same stanper. The
conpared. To have

groove tops Zo—apd—gregye—Rettors—40
accept abl e g ove r-g‘ﬂpﬂcat&@ﬁl,d al ind and groove tops and
bottoms nus{N t hi n [309y and@otiom of the values for the
control pol year bonat € gy gl ol [§]gH 110 [per. Acceptable 15
pi t/ groove Feplicationdimll endhle pr the optical disk.
Based on the 25%critdP88n, JaM2 es and 12 exhi bited
i nadequat e 1DTT7GT0OVE [p&pT 1 CpigdN. Sigey T T[S | (RULE 26)
3 0.70 1.03 098 = |1.09
? 4 067 104  [0.92 1.09
5 0.60 [0.98 0.95 1.11
10 082 {148 10.50 1.12
11 lo.87  |1.24 0.69 1.07
15 . 0.90 1.05 0.97 1.08
13 0.79 1.06 [0.92 132

Although the present invention has been described in
considerable detail with reference to certain preferred versions thereof, other
versions are possible. For example, the low birefringence copolycarbonates
described herein could advantageously be used in all types of typical

5 ' applications for polycarbonate, particularly those where low birefringence
and/or a low particulate count provides some advantage. Specifically, the
copolycarbonates described herein may be used in films for optical media,
near field optical recording applications, ophthalmic lens applications, lenses
for laser applications, cameras and imaging, liquid crystal substrates, visors,

10 aircraft canopies, glazing, display screens, in-mold decorated parts,
waveguides (e.g., core and/or dadding for single and multimode optical
fibers, slab or channel waveguides, and thtpipés), and active photonic

devices such as modulators (e.g., electro-optic or acousto-optic). Moreover,
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WO 00/ 62287 14 1 3 Cctober 2003 PCTI US99/ 08042 Tabl e 2- Ratios of
| and/ gr oove wi dths with disks nolded from polycarbonate Sanple Land Land
Groove Groove Nunber Top BottonBottoniffop C1.00 1.001.001.00 10.88
1.021.001.10 20.72 0.990.971.11 30.70 1.030.981.09 40.67 1. 048. 9%1. 09 .50. 60
0.980.951. 11 100. 82 1.480.501.12 110.87 1.240.691.07 150. 90'310886/2PP308
130. 79 1.060.921. 12 Al though the present invention has been described in
considerabl e detail with reference to C(irtai n preferred versions thereof,
ot her versions are possible. For exanpl é the | ow birefringence
copol ycarbonates described herein could advant ageously be used in all
types of typical 5 applications for polycarbonate, particularly those where
ISow _b} ref Ir :t]mgenﬁmlyemdiomat@s described i leereat enapud usedvialesalse ritietbsabyage.
ecifica , t.he
P il){jectlon molding, fiber spinning, extrusion, solution casting, and any other

manufacturing method compatible with polycarbonates. It should also be
noted that various types of additives which are known to be compatible with
polycarbonate (e.g., polytetrafluoroethylene) could be incorporated in the
polycarbonate. Also, known mold release agents and thermal stabilizers are
commonly included in optical disk resins. Therefore, the scope of the
appended claims should not be limited to the description of the preferred

embodiments contained herein.



copol ycar bonat es descri bed herein may be used in filnms fiGrOdpbércdlo3nedi a,
near field optical recording applications, ophthalmc |ens applications,
| enses faor |aser applications, cameras andgi magi ng, |iquid crystal
substrates, visors, 10 aircraft canopies, glazing, display screens, in-nold
decorated parts, waveguides (e.g., core and/or cladding for single and
mul ti node opt F&&LMSti bers, slab or channel wavegui des, and |ightpipes), and
active photonic devices such as nodulators (e.g., electro-optic or
acoust o-optic). Moreover, SUBSTI TUTE SHEET (RULE 26) 13 Cctober 2003 15 the
copol ycar bonates dgscrib .2l ed to make articles by ,

O Do o Rl B a3 ey Pt isvpottainy with. 2

i nj ection nolding, Tiber spinning,  éx

ot her manuf avkttdabobirefrhabreeRaki e W.0 7o n t should_al so
be noted that various t-g/np)gebs of additives V\h)k%i c é?éeggngﬁmﬁéf%éebggmgb?e

wi th pol ycar bopelyearborgte hpuing etglads randebhybepelaces|sssheahnepreys sd
in the pol yc%nﬁﬁﬁ Al so, known nold rel ease agents and ther nal

stabilizers atevle ashAQ ¢ 10qnenisaid popelyicariosiate estnpsisirigrer ef ore, t he
scope of the appended clains should not be limted to the description of

the preferred enbodine c ined herein. 13 Cctober 2003 16 CLAIMS: 1.
An optical data storagele}rir‘zzﬁsg%ﬁﬁ%%ﬁﬂog?E%@?’E%ﬁmﬂ*ﬁldmﬂﬁa@f thesformula

birefringence less than 3.0 x 10 -4, said substrate conprising a

copol ycarbonate having a glass transitigen temperature | ess than 150C and an

M/ of at |east 40 cc/10 nmin, said copolNcagboflat e conprising: (A) less

than 40 nol e percent of structural units t he
4

R,

[/

/\ O—C
N —0 \/ .

CH, R®

wherein R? is C13 alkyl or phenyi, R3isCizalkyland pis 0,1 or 2

.(B) about 50-85 mole percent of structural units of the formula

O==0

()] ‘ o—R!’

wherein R is m-phenyleneoxy, an alkylene hydroxy acid or
O

(i ——C——(CHp) =
and n is in the range of about 4-25; and

(C) a balance comprising structural units of the formula



(1) } wherein R is G _3-atkyl or phenyl, R3 is Cl3 akkyl3 @Qetabe5i2008 1 or 2
(B) about WAD0AR28p| e percent of structural units of the forROrasILesDs2 O R1
Cl wherein Rl is m phenyl eneoxy, an al ké|7ene hydroxy acid or ii (CH)n-""",
and n is in the range of about 4.25; ana‘(C) a bal ance conpri sing
structural units of the fornula 13 Cctober 2003 WD 00/ 62287

PCT/ US99108042 17 0 (1V) O At Y]n~~. A2 01 1In wherein each "of A and A2
i s independently unsubstituted or substitut®d m or p-phenylene, Yis a

l'i nking group wherein 1 or 2 atons separatd|A" from A2 and nis O or 1. 5

2. The optipal datgstor g.P_fr? accoydi to claim1, wherein said
d(Pﬁm IS an opt;i@cal .d?rls?t(‘p& ﬁle opt

st orage ne i cal *di sk according to claim
2, wherein the copolycarbonate has acceptabl e pit/groove replication. 4.

The optical di sk accordi t laim 3, wherein R2. is nmethyl and 10 pi sO.
i P wherein ea 'o? And A7 independently unsubstituted gr substitutedpm-

or p-phenylene, Y is a linking group wherein 1 or 2 atoms separate A! from

AZandnisQorl.

5 2. The optical data storage medium according to claim 1, wherein

said storage medium is an optical disk.

3. The optical disk according to claim 2, wherein the
copolycarbonate has acceptable pit/groove replication.

4. The optical disk according to claim 3, wherein R2 is methyl and
- 10 pisO.

5. The optical _disk' according to claim 4, wherein each of Al and
A2 is a p-phenylene and Y is isopropylidene.

6. The optical disk according to claim 4, | wherein the
copolycarbonate is thixotropic at shear rates from 10-100 sec-1 at 250°C.

15 ! 7. The optical disk according to claim 5, wherein Rl is m-

phenyleneoxy.

8. The optical disk according to claim 5, wherein R! has
formula III.

9. The optical disk according to claim 8, wherein n is from 6-18.
20 10.  The optical disk according to claim 9 wherein n is 8 to 10.

11.  The optical disk according to claim 5, wherein the units of the
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5. :The optical disk according to claim4, wherein each of3 @ttoher20082 is a
p- phenyl ene and Y is isopropylidene. 6. The optical disk according to claim
4, wherein the copolycarbonate is thixot igpi c at shear rates from 10-100
sec-1 at 250C. 15 7. The optical disk according to claim5, wherein RLis m
phenyl eneoxy. 8. The optical disk according to claim5, wherein R has
formula M 9. The optical disk according to claim8, wherein nis from
6-18. 20 loformmaladp) hawe thi Krmadaording to claim 9 wherein nis 8 to 10.
11. The optical disk according to claim5, wherein the units of the

SUBSTI TUTE SHEET (RULE 26) 13 COctober 2003 18 fornmula (1) have the
formula: H3C, CH3 0 Pi .12. The optical d¥s ding to claim3 wherein
.r the copolycarbonate is prepared using a 'Sy [

fromthe group consisting of ' interfacia
transesterification, redistribution and
nmet hod of making an optical ddala
copol ycar bonat e compr st
units of the fornula O

onpri ses nDIdlng a
of structural

12. The optical disk according to claim 3, ""'v«.rherein . the
copolycarbonate is prepared using a synthesis technique selected from the
- group  consisting of - interfacial polymerization, transesterification,

redistribution and solid state polymerization.

13. A method of making an optical data storage mechum which

comprises moldmg a copolycarbonate comprising:

(A) less than 40 mole percent of structural units of the formula

(Fis)p

Q

(n‘*)p

Q

H —o0

CH; R?
wherein R?is C1.5 alkyl or phenyl, R3is Cysalkyl and pis 0,1 or 2

(B) about 50-85 mole percent of structural units of the formula



P

(1)" CH3 Whepg is c13 al kyI or phenyl, R3is G's aw’lﬁoaﬁﬁ’ae 0 o, 1 or
2 (B) abou'?ﬁ?oqaé r?nle percent of structural units of the for#f AIS99/g3042
00/62287 19 0 (I1) -0 -R 111 , 13 Cctoberyg2003 PCT/ US99/ 08442 wherein Rl
i s m phenyl eneoxy, an al kyl ene hydr oxy amg or O (Illy 1C(CH) n and nis
I'n the range of about 4-25; and (C) a bal ance conprising structural units
of the formula OLlrr (1V) O Y A2 O C wherein each of Al and A2 is

i ndependent|y unsubstituted or jpubstituted m or p-phenylene, Y is a

| i nki ng group wherein 1 or 2 atl ns separate Al from A2 and nis O or 1.
14. The net hddy accordOrg—Fd—e+@-+43, , wherein the optical storage medium
Is an optical disk. 15. The nethod according to claim 14, wherein the
optical disk has an accept abl e pit/groove replication. 16. A

copol ycar bonX¥herggnit issmrgheny eneoxy,analkylene hydroxy acid or

O

(m G =——(CHj)p=——

and n is in the range of about 4-25; and

- (C) a balance comprising structural units of the formula
I
) o—a'— Yﬁ AP—0—°C .

wherein each of Al and A? is independently unsubstituted or substituted m-

or p-phenylene, Y is a linking group wherein 1 or 2 atoms separate Al from
A2andnisQor1.

14.  The method according to claim 13, wherein the optical storage
medium is an optical disk.

: 15.  The method according to claim 14, wherein the optical disk has
an acceptable pit/groove replication.

16. A copolycarbonate comprising:

(A) less than 40 mole percent of structural units of the formula



(Ay less than 40 nole percent of structural units of theld@eiehen2008 13

Cct ober 2003 20 0 11 (I) CH3 wherein R2 is Cl1-3 al kyl or phenyl, R3 is Cl1-3
alkyl and pis 0,1 or 2 (B) about 50-85 e percent of structural units
of 'the formula O I'll (11) 0-Al C wherein i s mphenyl eneoxy and (C) a
bal ance conprising structural units of the formula 0 11 (IV) 0 ---Al Y A2
O C wherein each of AE and A2 is independently unsubstituted or substituted
m or p-phenylene, Y is a linking groug®whergjp 1 or 2 atonms separate A
from A2 and nis O or 1. 17. An opticalNdaa . stchr_.‘%ge medi um conpri si ng
the copol ycarbonate according to claim [ery p

O
(IR:),,/\' N o ﬂ

h —0 ’

CH; R?
wherein R? is C13 alkyl or phenyl, R®*is Cis alkyland pis 0,1 or 2

(B) about 50-85 mole percent of structural units of the formula

() 0~—~!
wherein R! is m-phenyleneoxy
and

(C) a balance comprising structural units of the formula
I

v V) —o—aA—{v}—A—0—c¢ ,
) n

wherein each of A! and A2 is independently unsubstituted or substituted m-

or p-phenylene, Y is a linking group wherein 1 or 2 atoms separate A! from
A?2andnisOorl.

17.  An optical data storage medium comprising  the

copolycarbonate according to claim 16.
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(57) Abstract

There is provided herein an optical storage media which has low VBR. In a preferred embodiment, there is provided an optical
disk comprising a genus of copolycarbonates, including copolyestercarbonates, which have excellent physical and optical properties. Said
copolycarbonates have proportions of structural units which fall within a specific composition range, and said range defines certain materials,

a large percentage of which can be molded into optical disks having the desired optical properties, including fow VBR.




