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FEDERALLY SPONSORED RESEARCH Not applicabl e BACKGROUND OF THE | NVENTI ON
This applWRAVI8H claims priority from Provisional Appli cBfT/HP0RL839

60/ 153, 122 filed Septenber 8,1999. This invention relates to data storage.

nmedi a, and nore artlcul arly to .data storag%gmadi a having both a data
storage | ayerD @ﬁim EYE%I}ERC ¥ATEhe data

storage | ayer is capable of reflectlng an energy field incident upon said
transparent overlayer prior to being incident upon said data |ayer.

Speci fi cal | GROSSREFERENCE TO RELATED APPOREATIONS' age nmedi a having thin

transparent polyestercarbonate overlayers. . Use of optical storage nedia
has become common since the advent of 10 the conpact disc (CD) w dely used
for the st dNetgpplicablgsic, the digital versatile disk (DVD) for video or

ot her data, and the CDRO\/Ifor corrputer files. Optical storage nedia of

this type r%ﬂ RW @zﬁr with excellent optical
properties, lﬁﬁ covers a ayer he data |l ayer is encoded with
i nf or mati on, typlcallylntheform of a series of pits ' or 15

depr essi onﬁ}Ioiapplitteblease of pre-recorded nedia, or continuous grooves in
the case of recordable and rewitable nedia. In the above conventi onal

formats, t 2 LSk s media is conventionally fornmed by
patterning g‘%ﬁm@yérﬁﬁm@ ormng a data | ayer over the
overlayer. A laser and an optical pickup system can recover the

i nformati on st oMk applichtionclaimY priority from Provisional Application No.

60/153,122, filed September 8, 1999.

This invention relates to data storage media, and more particularly to
.data storage media having both a data storage layer and an adjacent -
5 transparent overlayer wherem the data storage layer is capable of reflecting -
an energy field incident upon said transparent overlayer prior to being
incident upon said data layer. Specifically, this invention relates to data

storage media having thin transparent polyestercarbonate overlayers. .

Use of optical storage media has become common since the advent of

10 the compact disc (CD) widely used for the storage of music, the digital
versatile disk (DVD) for video or other data, and the CD-ROM for computer

files. Optical storage media of this type require a transparent overlayer with
excellent optical properties, Wthh covers a data layer. The data layer is

N encoded ~with mformahon, typlcally in the form of a series of pits -or

15 depressions, in the case of pre-recorded media, or continuous grooves in the
case of recordable and rewritable media. In the above conventional formats,

the media is disk-shaped. The media is conventionally formed by patterning

_ the overlayer, and later forming a data layer over the overlayer. A laser and

an optical pickup system can recover the information stored on the disc by
1



WO 01/ 18803 PCT/ US00/ 21839 detecting pits or grooves on a suitably coated
substrate. Wth storage devices of this type, there is a growing need to
store nor gv@whss®dr € i nformation in a smaller space. ThenRAigosRYS" al
requi rements for the transparent overlayer to ensure 5 that t%e opti cal
storage nedi a can be manufactured efficiently, will be durable and wll

function pr r ,e%,g?pé r t v | ow
birefri ngengéeé?éé\}%g ﬁ&i% ef | r?go(? %Eﬁgﬁ{éﬁw%?{g&%{eﬁ%e%%o@rdfg Ve

i-ndi ces al oraf thisdyperthereds aigrawingeeed hstoreaaote &t hriore frforigaticeirdh an
optical disk h an intrinsic conmponent, which is a characteristic of the
10 materi al TFB#€ he transparent overlayer, and an extrinsic conponent,
which is a function of how nmuch stress is introduced when nol ding the disk.

Material s whi ch JHerdaecsevéral faduifeiments fdPaHE Hal¥FireNPoWRfyef tdBdurk! OW
i ndex) tend to produce disks having higher birefringence at simlar

nol di ng5 cortbat thewpticalsterage medisscandye ianefactured afficiently, will be idusdble because
they 15 interfer i th readi e data nd thus limt the density of
Feadabl e | gl o BRRERN- B3 exitnle, i irareiriset Opprlayet st bats | 1 abl o
to nove  tovgwdBirefirich¥s! Whichi BNEEAASERSPREC Al RMRE! BiHcin! ReERADLE even

hi gher data stora?e densities. In general, the stresses introduced when
i nj ecti on ndhdicey along twie rperpendicular ayese aflhe, maastired drirefiingerice ¢feamnes even

nore i nportang. 2 nd nethods for reduci the extrinsic, bigrefringence
when creat | r?é’tqg%gﬁh&dgﬂ APy Csﬁog}péid}gnﬁegﬂ%h th? ?%WS%QE c"é?\ reduce
the ex{@i nsifatetiaP used $6 ke HaRBpAEnt Wvkefllyed, afR! &1 RYARE %iﬁ%@n@ﬂt,“sl ng a
hi gher nelt flow index (MFl) material because |ess viscous terials are

better abl e whichipafenationef hew uichistrgssois dntmoduced whenHmedding, theldisk i cs

eVt g 3 Maferily Rih 3P Bicke VR20RY bl vk SobbVAI of SR MG acly" 2 11 1Y

tend to produce disks having higher birefringence at similar molding
conditions. Large values for birefringence are undesirable because they
15 interfere with reading the data, and thus limit the density of readable
information that can be encoded on a disk. Also, it is desirable to move
towards relatively thinner transparent overlayers to enable even higher data
storage densities. In general, the stresses introduced when injection molding
thinner items are greater, and therefore it becomes even more important to
20 find methods for reducing the extrinsic birefringence when creating high

density data storage media.

In general, one can reduce the extrinsic birefringence created during a
molding operation by using a higher melt flow index (MFI) material because
less viscous materials are better able to flow during the molding operation.

25 However, plastics having a higher MFI often are too brittle to provide
acceptable durability in optical media applications.

Bisphenol-A Polycarbonate (BPA-PC) has thus far been widely used for
optical storage media applications such as the CD and DVD applications.
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Bi sphenol - A Pol ycarbonate (BPA-PC) has thus far been wi dely used for
optical storage nedia applications such as the CD and DVD applications. 2
WO 01/ 1880 d2G3808)SOOR1839 However BPA- PC has sone |im ta¢i/o8emzyd3bch nmay
make it inadequate or |ess desirable for sone present, and next generation
applications. Specifically, BPA-PCthat neets acceptable brittleness

speci fi cati oHswelvér BRAHC H&Y sorNé EfitdBons WRIEhiASY & ficult
to process by injection nolding. This 5 di f?lrhﬁ &E?tmhtagéﬁaggélb%g% W th
whi ch di scs ; Lb forregiec prasent, anﬂsmxttgeasmhoprappdsahmgs chédnﬁmryys

I ncrease th f ul t f obt Q | t,.or opve I I cation, thus '
linmiting tthIgAﬁ&Jq ﬁﬁ?té‘% aﬁs}’%’i‘ ?‘gﬁ*ﬂ’f‘ erififatighs, 15 tslatively Wesd on a

di sk. Ther efide thétbforé ok fhithér ALFAEAY 0N BFEcEssTBYCirjétidhBRAIAG:. 2hid | M ted,
in terms of their maxi num data densit by their blrefrlngen e 10 and

capabi | Bty tfbffmﬂydmﬂm apse@rvvlg‘rw oliggs cah degvariufecturdd. t Alsopthess | ¢

substrate. Poor |l i,cation .of oV ich i nf | uenced by

r heol ogi cal ﬁaestsw ﬁ%ﬁeﬁ%d@ﬁeg &Sf‘{’#%gﬁﬁ %ﬂ?g’l”r?& $°°da 1| 8FO0%E b ocess
condi tions dyplidifion) HAf! E@dEP t%%ﬂda:ie?@l ty R EnfoPmhfish ERASAnWY S€
during readout of an optlcal d| s Typical” CDs utilize a substrate

which is 12($mﬂrord¢dmé¢ cFherafora, aptical data@forag@mdmmdelfqumm-ﬂm has

0 6mm {hi ck SRy Drf%aéfshseare BERBCAED lePY. 1, A bebigetiee o1 doa *

opt i cahg medizad d 1&5% QdudehFii:k @esgowaum &HB Yurfaeé JP\MReAastcCr eased
t he dIffICU|tﬁ nJectlon 20 nol di ng an overl ayer having the necessary
bi r ef ri ngensubsiratepi Poor 1gphieation ok Pifsc ar | gneoBes avkich t isi | easl dyd parts

Bi et ri ngendBEOITRER S TheRRT mPBirEFs of B5E BRYies MRl & Welldmrose ces wi
use even t hicghgitiofly dukimgeinfectidih ndl@ingdvai hisy 2 fiticR@sed noise during
readout of an optical disk.

15 Typical CDs utilize a substrate which is 120mm in diameter and 1.2mm
thick. More recently, the DVD has been introduced. The DVD has two
substrates, each 120mm in radius and only 0.6mm thick. These substrates are
bonded together to make a double-sided optical medium. The decreased
thickness requirement for DVD has increased the difficulty of injection

20 molding an overlayer having the necessary birefringence and pit or groove
replication because thinner molded parts are subject to greater stress, which
increases the extrinsic birefringence. In the future, higher capacity optical
storage devices will use even thinner overlayers. Thinner overlayers having
acceptable birefringence will be increasingly difficult to fabricate via injection

25 molding of thermoplastic resin.

Better replication and lower stress can be obtained in a hotter molding
process using longer cycle times, but BPA-PC is prone to degradation and
yellowing at higher temperatures and greater residence times. Alternatively,



acceptabl e birefringence will be increasingly difficult to fabricate via

i njection 25 nolding of thernoplastic resin. Better replication and | ower
stress caRydg@8fsai ned in a hotter nolding process usi m&c‘ﬁﬂ&ﬂ cle
times, but BPA-PC is prone to degradation and vyeltow ng at |§%le8$9y
tenperatures and greater residence tines. Alternatively, 3 WO 01/18803
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tends to increase brit ness of the finished di sk. Nunerous structural

vari ati ons bfitthessof thefimisheddiskested in an effort to overcone the
limtations of BPA-PC in optical nedia, but many of 5 these variations do
not neet all reqyrenents,fo sucgessf tical data sto e device

Tt er al . Wost  vNPREPE SuPlrd) FHERRIE M, BPAPE Tl et st fp oL
properties effer tol Vestorhé BRCEmRAH6RY of BBA-P@ AR Jophicaliimedil bt etlnly 0
process due to their high glass transition tenpérature Hi gh

_ : : ;uTg)-. _
processi ng thesgpariations slocnet meetoall sequirements rfar at susnessful tapsicabdetaer chai n,
whi ch causes, 10 1 gss. of nechanieal properiies,.color formation (especially
vol | ot ng) _ ieedes, 8R2ied ey MGt SHERROR o8 B Hin bPHIE Ve, ot
properties. opkiffr propeftitsi (@dw | tPaMshiiftgndel AUE UFChigR! haz@] ofRir€ 'difflcaltaioe
unaccept abl e® because they are too floppy (have a flex nodul us bel ow about

150, 000 psi proaess duave theit bight glessrransition termperature (ggh igh processingd C). 15
Therefore there is . a need to find a tran ent .overlayer erial for

opt1 cal - mecranpatuis P gisb foad 18 deBradhOR BF LRolRARE FEIE ! wBRLEaHRes 1y have
| ow bi1eef r i neensfemedRxgcdll ffbpeftis/meblos aforiiatibh V(esptdially elfdwAng) alndess when
used to produce data storage nedi um having an overl ayér”thi ckness of equal

to or |ess gpagratierof gaserwebyproducts impairing gptical ptoperties. 6mm) . 20 BRI EF
SUMVARY OF THE | NVENTI ON

Other potential low birefringence optical materials are unacceptable

because they are too floppy (have a flex modulus below about 150,000 psi), or
have a low thermal capability: (Tg below about 80 °C).

15 Therefore there is a need to find a transparent overlayer material for
optical media that will be transparent, have good melt processability, have
low birefringence, have high thermal capability and maintain flatness when
used to produce data storage medium having an overlayer thickness of equal
to or less than the thickness of today’s DVD’s (about 0.6mm).

20 BRIEF SUMMARY OF THE INVENTION

It has been discovered that polyestercarbonates having an MFI of
greater than 14 are capable of providing a satisfactory solution to the above
mentioned challenges when used to form overlayer thicknesses of about 0.6
mm or less (such as found in the DVD format). This is somewhat surprising

25 since, as shown below, polyestercarbonates are an inferior solution to these
problems when used to make overlayer thicknesses of about 1.2 mm (such as
found in the CD format).



It has been di scovered that pol yestercarbonates having an MFI of greater
than 14 are capable of providing a satisfactory solution to the above

ment i onedworlahigseages when used to form overl ayer thi cknessgesookisapout 0.6
mm or |ess (such as found in the DVD format). This is sonewhat surprising
25 since, as shown bel ow, pol yestercarbonates are an inferior solution to -
these probl ens ViRer¥ildeashetn tREIReAtioN ted¥ie o hhiatk HOEHRmEdiadaEh hds 2 MM
(such as found in the format). .4 WD 01/18803 PCI/US00/ 21839 1In a
first aspecta date layeyand ariransparent qyerlayrst adjanept dgdhealnta laysrchThes a data

| ayer and a {ran ef rd.ayet, -adi t a | ayes. The

t ranspar ent %eéﬁagg%r&%gg}y% lltl%l %E}r'i@ggeggg ngélgﬁég?%&réﬁa ISF’QI 2@5 SOFRZ® st or age
medi a is confre@is’ RAcsrifiguréd duch thatl died dhyRietvivill feflebiesh aer@ngiely field 5
i nci dent upon the transparent overlayer prior to being incident upon the

data | dyer . intident uper fher tsanspatent oxgayer puior te being incidentsuponctheisiatat e

having a MR reater_than 14. |1n a second aspect, .the.inventian refers to
2 storage moATE T Sherapahf oxflaftr SHInTe LRTereRA R beRE Dot woen
the medi a anMFagreatdithen14.0 | ight beam for retrieving the data carried by

the media. Said nedia has a first, disc shaped transparent overlayer which
conpri ses a pol yestercarQonate. The ql yest er car bonat e has nojrer units
o ipdo

derived from a dilRyaiPecongAsRest theynveRtiaR rpfeEs fQ 2 fterass dn BRR This
pol yest er carhRna'e A%t ullls AIARCHotbA Dihéen HCmleS bnd [ARGAM!

overl ayer has an entrance sufrface and an exit 15 surfa nce
surfacaQi s slightéeagyfet mtriéwing tiseedath earriedebycthe Imedia.r 8aid media hasiafigst, f i el d
first enters_the maaiathrou h tgggre‘r‘llr nce surface, travels through the

first overl a@é?s}ta@e ﬁ’@néquFf‘ Qe Ry er PERTEF %EP’é’&“_SfFaF‘P%‘aﬂ%t_ €l ayer
which is adj ﬁ&?&ﬁeﬂ:&bbﬂ&e%b%ﬁhﬁ&@ﬁﬁrﬁtﬁd@ﬁ%ﬁ £8hh &fihjdSc pR¥Rl dndd ad] acent

an aliphatic dicarboxylic acid. This polyestercarbonate has an MFI greater

than 14. The first transparent overlayer has an entrance surface and an exit

15 surface. The entrance surface is so designated because when the disk is read,
- an energy field first enters the media through the entrance surface, travels
through the first overlayer to the exit surface, and is reflected by the data

layer which is adjacent to the exit surface. A first protective layer is adjacent

to said data layer opposite the transparent overlayer. A second protective

20 layer is attached to the first protective layer. A second data layer is attached
to the second protective layer, and is also designed to reflect an energy field.

A second transparent overlayer having an entrance surface and an exit surface

is located adjacent to the second data layer and opposite the protective layer.

The exit surface of said second transparent overlayer is adjacent to the second

25 data layer. The first and second protective layers are attached to each other
(e.g., by an adhesive). Alternatively, the first and second protective layers can

be a single layer.




to said data | ayer opposite the transparent overlayer. A second protective
20 layer is attached to the first protective layer. A second data |ayer is
attached vw@oiiagoasecond protective layer, and is al so desiceardoiigsy ef | ect
an energy field. A second transparent ‘overl ayer: having an entrance surface
and an exit surface is located adjacent to the second data | ayer and

opposite the prokeg thivd abpect/ the ifVentionl feférsitd aGRetbodSot detsieoigdddta anspar ent
overlayer is_adjacent to the second 25 data layer. The first and second

protective Thisemethadecompristserptatingacdrtostasage diskgsuchas that siesarihiede) .

Al ternativel the fiEst and ctive lavers.can, be.a single

| ayer. 5 V\Da%‘lﬁé%&? %/%ﬁﬁ?%ggg“?{ ﬁé giet ﬁvgﬂé"g%'p S “ﬁﬁléocfﬁ‘bréﬁ Ti on
refers to acomphioss aﬁéctﬁfgtéﬂeﬁéﬂgg filad at tHd diskniichatlat HENdriesy fieRE &L i Ng a
data storage disk such as that described above as the first or second

aspect $ of ingidéntvepen én tranpparent oMerdayenr andris reflagted sy adidataclayen an

energy field.at, the di C t.he. en Jeld is .5 jncjdent. upon a
t ranspar ent gg\?@ﬁ %e&e%ﬁél@p:&%? %%%‘?g‘a\%ﬁég%épg 598?‘3 dﬁj—;? HY/‘? this
met hod corrpg&ig%ﬁefgg,tﬁélg_vi ng information fromsaid data | ayer via said
energy field. In afourth aspect, the invention refers to a data storage

medi um whi ch conprises a pol ﬁes.tercar bonate conpri sing nononer _units

derived froma o fausthiaspech ention refers to adata storage nesing whichici d. The

pol yest ercar r : ﬁr&l.& -\ ot ched

I zod strengtcﬁﬂgﬁggsrg?ﬁ%%ﬁgéa.tglcﬁ%ﬁ%] as%é%?&%ﬁgé?%%%oﬁb% refers
to a nHEl hoddilgrdriceplienel iand ataaliphatici ditarboxylic avid. Thedpolgesiarcarbonate t he dat a
storage nedi um descri bed argtgve 15 in the four&_g aspect. Ip a sixth aspect,
the inventi bas A MILOf greaterthan 14 togeshar witlypmetcheddzod strength of greater

than 1.

In a fifth aspect, the invention refers to a method for retrieving data
which comprises reading data from the data storage medium described above
15 in the fourth aspect.

In a sixth aspect, the invention refers to a data storage medium, and
method for reading same, wherein said medium has a plurality of data layers
and transparent overlayers, and wherein one or more of said data layers is
adapted to both partially reflect and partially transmit an incident energy

20 field, and another data layer is adapted to reflect said partially transmitted
energy field.

The invention further refers to additional aspects other than those
mentioned in this section, which are encompassed by the claims appended

hereto.

BRIEF DESCRIPTION OF THE DRAWINGS



met hod for reading sane, wherein said nediumhas a plurality of data |ayers
and transparent overlayers, and wherein one or nore aof said data |layers is
adapted toveoi/IB8partially reflect and partially transm t rrusom@®nt energy
20 field, and another data |layer is adapted to reflect said partially
transmtted energy field. The invention further refers to additional
aspects ot her thdigt hodepictseat trosesectiont bf 2 sizpleopriontire lopiical ligionpassed
by the clains appended _hereto. BRIEF DESCRIP T'I ON OF THE DRAWNGS 6 WO
01/ 18803 P apolycprhpnate. gepj cts a cross-section of a sinple prior
art optical disk conprising a polycarbonate. Fig. 2 depicts a
cross-section of i _ ' ' éeom ' ' whi ch
conprises a pol yepg%gzriggglﬁ%%?gss %&g?lgo@gqggﬂlsﬂg,tg% a %?%s%d-csect (lt)él)ﬂgf a data
st or age nediiavertioy, which camptises aipolgastercarboditeh has an optional adhesive

| ayer. Fig. 4 depicts a dual side single |layer DVD according to the

I nventign. Fig. | a a | | -l r._DVYD accos.di to the
i nventi on. %TA&%?%@I%?%‘%@Q&E%R}??@ RE saé:HOWé?% F%thet he term
"dat a !ayer"inva{tﬁﬁﬁwhﬁhmagaﬁapﬁaﬁal\dagagv@hgag 10 and/or chem cal and/ or
magnetic state corresponds to stored data. For exanple, the data |ayer

typically used in, a IS an-al um num | ayer__havi ng_  grooves interspersed
with pits correshighdi l%aQﬂglr%gﬂnénsﬂwerhﬁﬁmm.tothw@vaa@@-| ayer nmay
be adapted to sinply reflect an incident energy field, or to also act upon
It In sonme way (‘FigJ 5,de§ﬁ%9£ 8haldide &ﬁltﬁféyhi@\i‘tﬁi&c@fdihg@o thelinvaiaa! | zati on,

etc.).

DETAILED DESCRIPTION OF THE INVENTION

As used herein, the term “data layer” refers to a material whose shape
10 and/or chemical and/or magnetic state corresponds to stored data. For
example, the data layer typically used in a CD is an-aluminum layer having
grooves interspersed with pits corresponding to stored digital information.
The data layer may be adapted to simply reflect an incident energy field, or to
also act upon it in some way (e.g, absorption, selective reflection,

15 polarization, etc.).

As used herein, the term “energy field” refers to a light beam (which
may be a LASER), a magnetic field, an electric field, or a combination of the
above which is incident upon the data layer when reading information from

the storage media.

20 As used herein, the term “transparent layer” refers to a material which
is not opaque to the energy field, and through which the energy field passes

prior to being incident upon the reflective layer.

As used herein, the term digital versatile disk or DVD refers to an

optical disk storage medium having a sandwich structure as depicted in Fig. 4
7




As used herein, the term"energy field" refers to a |ight beam (which may
be a LASER), a magnetic field, an electric field, or a conbination of the

above whi oip d1assosci dent upon the data | ayer when readi ngPCMUSOO218390Nn from

the storage nedia. 20 As used herein, the term"transparent |ayer"” refers

to a material which is not opaque to the energy field, and through which

the energy &hélRig.msThe DYDimay stordrdatagrorrespomding ipotided @udid, lasanyve | ayer .
As used herein, the termdigital versatile disk or DVD refers to an

optical di sRﬂ?Fé?‘&é’édﬁ?di um having a sandwi ch structure as depicted in Fig.
4 7 WD 01/18803 PCTI US00/ 21839 and Fig. 5. The DVD may store data

correspondi ng t OTKé GedenbitfeRtio?provides £blirior Ualta Sordt mediline and @asent
I nvention provides superior data storage mediumand a nethod _for reading

sai d medi unmethod foradadimgissidsmeditin r This seadiem; is seperigrdecawsedt enabdds st or age

densities by providing a,transparent auerlayer ' Sj e has
hi gh ducti | BESRteT 5&‘;”8&? RSB LY RFQVIHE \ﬂygté%n\gp%%gﬁuéﬁ#ga%ganu zl;%:/t ure,
whi ch pr oduggsuisdiousty RN guaility QoW Bsfringbihce dndviowt viscosity dupged, i n
part, on the finding that although certain pol yestercarbonates have a

poor er bal amanuféctpreppehich produses shartergnelding gecie Hmesy dhissipyention iknesses

f 10 1.2 din.f . f t hi. i.al CD
ore made | PatRERpRG St i et et corfhis pBlsReRGRGRIERIAUY | U ©
superior  pLEBRETHaBce R prifpAti R fdiaiEakE WiispAreht Overldyey ehickidsescofl | ons of

about 0.6 or less. The data storage nedia according to the invention

conpri ¥es al2ism,radspLacmre pobusedfor tiip purpessricemmerdalfoPipeare anads bonat e.

Lo es! Yiogh Mpa-BE NSRUSIIFRIEN? WS SRIRS5EterRbBONRles HbE Suflhib/od from
properties over BPA-PC homopolymer for overlayer applications of about 0.6

mm or less.

The data storage media according to the invention comprises a
15 transparent overlayer which contains a polyestercarbonate. Specifically, the
polyestercarbonate comprises monomer units derived from a dihydric phenol
and an aliphatic dicarboxylic acid. The dihydric phenol, aliphatic
dicarboxylic acid and a carbonate precursor are typically reacted together to
form a polyestercarbonate via the interfacial synthesis method, but other

20 synthesis methods are also possible as described below.

Dihydric phenols which are wuseful in preparing the
copolyestercarbonaté of the invention may be represented by the general

formula



and an aliphatic dicarboxylic acid. The dihydric phenol, aliphatic

di carboxylic acid and a carbonate precursor are typically reacted together
to for waoipesogest er carbonate vi-a the interfacial synt hewusoorredshod, but
other 20 synthesis methods are al so possi ble as described below. D hydric
phenol s which are useful in preparing the copolyestercarbonate of the

I nvention may be represented by the general fofnula 8 WD 01/18803 -
PCT/US00/ 21839 Na oo _a~ - -z b mherein:(h ids i ndependentl|y sel ected
from hal ogen, nonoval ent hydroc.r%on, -1 5 anp ‘Mbnoval ent hydr ocar bonoxy.
radicals; ---- R is indepeng y sel ect eg am hal ogen, nonoval ent

hydr ocarbon, and nDNOV R ks oxar bopoxy, ! g" Wis sel ected
from di val ent hydrocarbon r &di s, Sam -, -5-S-1-0-, -5-; -5-,
and -C-; 0 10 n and nl areN\n endent?y cyed fromintegers having a

value of fromO to 4 inclusivVe, bis™ er zero or one. The

nonoval ent hydrocarbon radicals represented by-R and Rl i nclude the alkyl,
cycl oal kylphesi:l » aral kyl and al karyl radicals. The preferred-al kyl 15
radi cals are those containing from-1 to about 12 carbon atons. The

preferred cycl oal kyl radicals are those containing from4 to about 8
ri ng- car bon” atRis independently selected from halogen, monovalent hydrocarbon,

5 and monovalent hydrocarbonoxy radicals; -

R! is independently selected from halogen, monovalent hydrocarbon,
and monovalent hydrocarbonoxy radicals: - '

W is selected from divalent hydrocarbon radicals, ---

0 0 0

] o ]
-§~, =-§-8-, -0-, =-85-, -?-, and -C-;
o -
10 n and n! are independently selected from integers having a value of
from 0 to 4 inclusive; and -
b is either zero or one. —

- The monovalent hydrocarbon radicals represented by R and R! include
the alkyl, cycloalkyl, aryl, aralkyl and alkaryl radicals. The preferred-alkyl
15 radicals are those containing from 1 to about 12 carbon atoms. The preferred
cycloalkyl radicals are those containing from 4 to about 8 ring carbon atoms.
The preferred aryl radicals are those containing from 6 to 12 ring carbon
atoms, i.e., phenyl, naphthyl, and biphenyl. The preferred alkaryl and aralkyl -

radicals are those containing from-7 to about 14 carbon atoms. --




The preferred aryl radicals are those containing from6 to 12 ring carbon
atons, i.e., phenyl, naphthyl, and bi phenyl. The preferred al karyl and

aral kyl -woeladssal s are those containing from7 to aboutrCrAisoeziszn at ons.
- .9 WD 01/18803 PCT/US00/ 21839 The preferred hal ogen radicals represented
by R and R are chlorine and brom ne. The dival ent hydrocarbon radicals

represented by WrhagiréféerednRalogérkvidieids réprkaenkdle B9, R avid! RabreVdaa8nand
cycl oal kylidene radicals. The "5 preferred al kyl ene radicals are those

cont ai ni ng fandaromine.about 30 carbon atons. The preferred al kyl i dene
radicals are those containing from1l to about 30 carbon atons. The

preferred cycl oa I %}% AR e | t ai ni ng
from6 to about Tglxr?ﬁgle?gr onsgét}g%.ﬂ#%gﬂnﬁr%\g/%ﬁéﬁf tﬁ{/ ro%{gr ((f;eng%)

radi cal s repilodend, edlkylidengndyNoalkifengayande dyelvatiodidend hydichie. fDhierul a -
OR2 wherein R2 is a novalasigt hydr ocar bon radi cal of the tﬁpe descri bed
her ei na? or e Prefeged, eRe Fadisals are thoser niRIRINgORTOMY & dp ahoyt P ecarban al koxy

and aryl ox . G AR ' il A1k . e
i hydr | o phsaie epreRaR il iadredalitSls 390 s cbhiBfhifg i ookt
2, 2- bi s( 4- hyorcarbophutoys,) Theoprefeardddyzibatidénend cy@lcalkylidene radicals are
bi s( 3, 5-di brono- 4- hydr oxyphenyl ) pr opane;

2, 2-bi s(3, 5@%@%@@5%&}% kA6 ring saaben atoms.

1, 1- bi s(4- hydr oxyphenyl ) cycl ohexane;

1, 1- bi s( 3, 5-di metrhy!| &Mﬂxxﬂﬁ%},ﬁ ' 1
1, 1- bi s(4- hydr oxypherﬂyl )decane; 1, 4- btly)g( gﬁﬁi%?ggglbeﬁg?@?)%yr (%ngﬂg;R
1

, 1- bi 3Q 4- hymayobeprepresented: [byd thie farmula—OR? wherein R? is a monovalent
hydrocarbon radical of the type described hereinafore. Preferred monovalent
hydrocarbonoxy radicals are the alkoxy and aryloxy radicals.

Some illustrative non-limiting examples of the dihydric phenols falling
within the scope of Formula II include:

15 2,2-bis(4-hydroxyphenyl)propane (bisphenol-A);
2,2-bis(3,5-dibromo-4-hydroxyphenyl)propane;
2,2-bis(3,5-dimethyl-4-hydroxyphenyl)propane;
1,1-bis(4-hydroxyphenyljcyclohexane;
1,1-bis(3,5-dimethyl-4-hydroxyphenyl)cyclohexane;

20 1,1-bis(4-hydroxyphenyl)decane;
1,4-bis(4-hydroxyphenyl)propane;
1,1-bis(4-hydroxyphenyl)cyclododecane;

1,1-bis(3,5-dimethyl-4-hydroxyphenyl)cyclododecane;

10



1, 1- bi s(3, 5-di net hyl 4- hydr oxyphenyl ) cycl ododecane; 10 WD 01/ 18803

PCTI USOQ' 21839 4, 4-di hydr oxydi phenyl ether;, 4, 4- thiodi phenol;

4, 4- di hydwooaa8803- di chl or odi phenyl et her; and PCT/US00/21839

4, 4- di hydr oxy- 2, 5- di hydr oxydi phenyl ether. 5 O her useful dihydric phenols
whi ch are also suitable for use in the preparation of the above .
pol ycar bonah,%sdiﬂir&rdyyai?l{éﬁgﬂeth&nu- S. Pat. Nos. 2,999, 835; 3,028, 365;
3,334,154; and 4; 131575, all of which are incorporated herein by
reference. The preferred di hydric phenol is bisphenol A The dicarboxylic
acid may be4dtthipdiphenel aromatic, but is preferably 10 aliphatic. The
nost preferably aliphatic dicarboxylic acids are al pha onega aliphatic

di car boxyl i ' 14 : I tic acids have 4-50 carbon

at ons, nor eg'é'raaeikgcrirﬁﬁyﬁ rag%mféd{%ﬂaggg%@%gngar bon atons, and nost
preferably 10-12 carbon atons (e.g., dodecanedioic acid). The anmount and
chai n | engt 84adihydoxstiZSdilydyoxydiphend/lethenl d be adjusted to obtain a
material 15 sufficiently transparent such that the resulting

pol yest er carbonate can .fungti,Qqn _as an overl ayer (i..e | | ow yegdi ng of
the dat’a | ayer) bﬁTe{t‘h"F@g Y@ﬂ%?%?@éi‘ﬂ@%aﬁﬁgéﬁ%&%@b&gqro%m shoul d
be noted th t-9e ABsdbd fs.pyan S

precursor c ne%géﬁeyr?ryp?,gy&e‘geésbl??{ﬁeggl&g%lsgﬁﬁgzla?%es, psr%gfgfa%?yxbggilﬁ‘s%hl ori de,
di aromat i c 299%835f3,028:868; 3,884)154; dimdas, 12057, jalieofy Whidhoarec iraroyparatede

di phenyl est gr of. sehaci c 1d. Wth, reference tqQ fhe, carbon atom nunber
earlier rrenﬁ?rﬁﬁb@,'r Fhesey mgq%‘fi@@fanﬁﬂ e‘&%‘r‘%ﬁﬁf’h‘?ﬂ‘grﬁs whi ch may be
included in the ester precursor portion, for exanple diphenyl. O her

sui tabl e di car bopyed ticartfox§hic At fla§ Beosigshatia osearbﬁ{gﬁprut % refaBly2 titled

"Pol yest er car bonat e Conpri si ng Resi dues ‘of Branche
10 aliphatic. The most preferably aliphatic dicarboxylic acids are alpha omega

aliphatic dicarboxylic acids. Preferably, these aliphatic acids have 4-50 carbon
atoms, more preferably from 10 to about 20 carbon atoms, and most
preferably 10-12 carbon atoms (e.g., dodecanedioic acid). The amount and
chain length of the dicarboxylic acid should be adjusted to obtain a material
15 sufficiently transparent such that the resulting polyestercarbonate can
function as an overlayer (i.e., allow reading of the data layer). Mixtures of the
diacids can also be employed. It should be noted that although they are
referred to as diacids, any ester precursor can be employed such as acid
halides, preferably acid chloride, diaromatic ester of the diacid such as
20 diphenyl, for example the diphenylester of sebacic acid. With reference to the
carbon atom number earlier mentioned, this does not include any carbon
atoms which may be included in the ester precursor portion, for example
diphenyl. Other suitable dicarboxylic acids are disclosed in Serial No.
09/363,222 titled “Polyestercarbonate Comprising Residues of Branched
25 Diacids” filed on July 30, 1999, assigned to General Electric Company,
invented by Peter D. Phelps, Gary C. Davis, Mohan Amaratunga, and David
Mobley. In a particular, preferred embodiment of the invention, from about 2

11




25 Diacids" filed on July 30, 1999, assigned to Ceneral Electric Conpany,
I nvented by Peter D. Phel ps, Gary C. Davis, Mhan Amaratunga, and David

Mobl ey. | icular, preferred enbodi nent of the inv | om about
2 11 V\Dg?%l'g%% PCT/ USOO'- 21839 to 30 nole percent basg{dl}lgg&pﬁgpdi hydri c
phenol , of the dicarboxylic acid is incorporated in the

pol yest ercar ate. _The c at & pf. I. pical |l ¥. Ukil i J.n the

i nterfaci aﬁommgesla%x]@%ﬁ?gg Q’é‘ a eb&elﬁg%ﬁé %?‘e%‘%lé Ofs:?}fn i (5’ oégﬁggﬁgtls

precur sor s inbéripodfted 0 Eastyestércatbphigtey| carbonate and the |ike. Wen using
a conventional interfacial process or a bischloroformate interfacial

process it is algo preferred to use a . stapdard catal ysf system well known
in the synthesi sﬁ'\?fCaﬁﬁ?%ﬁﬁﬁ%’éﬁ@s@ﬁ&uyéﬁgﬁeﬁ‘&t@Fd&?[%%ﬁ?{é@thﬂﬂﬁypi cal
catal yst sy I Syt f ' t i.ar ' am di ne
or guani di n%%ﬁ{pgr%fla%én ﬁé%?@%@ﬁ?ﬁ?ﬁaﬁ?}%ﬁhﬁgﬁe%%‘nﬁsﬂ@ﬁk%geéct I ons.
Tri al kgl am diphenylcbarbonatei atdthanikee When gsingraldopventdred rinecerfacealer al
di fferent processes [y, be used to p epﬁre the. po estgprc%I bonat es
accordi ng tRFOFRE qrrﬂ/ggshlerefomeneuar@ﬁé% BEeeese ddis jaliogpreferred b ughf ent
Nunbers 5, , ' 5 all
SRR Bt by b WA AGT I B e O oty bty ind

I ncor por at y reterenc reover, or maki ng
pol yet er cardopohtestercarbomdtes) Al¢ppicalbathlyst dybteae isatiptiof @ni aminef sylsesin on

10/ 26/ 99, by the sane assigneg,as this appligation. These appligcations are
titled "Robivsh aspiestiayanyipe. qrpiding, qf r%’épé‘ﬁg? E%\Ffﬁ)ﬁﬁg?é“ﬁlﬁy Gary C.
Davi s 4gnd | 3 Y mar . a%ﬁ' I s&ﬁ;(ﬁ]ﬂgggﬁ?t " by

Ti ot ﬁ?f E. a#nfaagﬁ&) %ﬁyre&;&%?gné%l eng%]%el%RL%EBl 7 an 'l\ighod for
Maki ng Pol genetatlyopreferredt. es” by Tinothy E. Banach, Gary C. Davis and

KengliemL. Bill. These applications are also incorporated by reference

herein. For Several different processes may be used to prepare the

polyestercarbonates according to the invention, including those described in
U.S. Patent Numbers 5,807,965, 5,321,114, 4,238,596 and 4,238,597, which are
15 all incorporated by reference herein. Moreover, further methods for making
polyetercarbonates are also described in three applications filed on 10/26/99,
by the same assignee as this application. These applications are titled “Robust
Process for the Synthesis of Polyestercarbonate” by Gary C. Davis and David
P. Mobley; “Method for Making Polyestercarbonates” by Timothy E. Banach,
20 Gary C. Davis and Kengliem L. Bill; and “Method for Making
Polyestercarbonates” by Timothy E. Banach, Gary C. Davis and Kengliem L.
Bill. These applications are also incorporated by reference herein. For
example, U.S. Patent Number 5,807,965 describes a synthesis process
designed to minimize the formation of anhydride linkages through careful
25 selection of particular catalytic species and phosgenation conditions. In this
process, phosgene (a carbonate precursor) is passed through a mixture of a
dihydric phenol, a dicarboxylic acid, a hexaalkyl guanidinium salt (phase

transfer catalyst), at least one tertiary amine, water and a water immiscible or

12



exanple, U S. Patent Nunber 5,807,965 describes a synthesis process
designed to mnimze the formati on of anhydride |inkages through careful 25
sel ection j cular catal ytic species and phosgenati n‘ﬂ;g‘ [ons. In
this proc‘gsg? Bdosgene (a carbonate precursor) is passeg,%rrﬁfgg ?#9a m xture
of a dihydric phenol, a dicarboxylic acid, a hexaal kyl guanidi nium salt

h t fer. t;al L), | t t [ ' , t
P sci bl e QrEis Gt 1 e CPIRRSSEPS 1 85 PhoBsehen been b dlvest &bn ¢ ho -
proportion gioifieaeaRe bakAg thk stn the PR ﬂﬁﬁﬁiﬂ@ﬂ% it&9.3, Fidiyt i s

5t0 9 y y addi t'o

step, the pHis nmaintained at 4. .5, typicall a n gf aqueous

al kal i such bysaddifionnrhydresusielkali pathaasi sodiuthy Hydooxitie oklepdtassitmn pH i s
rai sed to about 1 a S e. passage 5.contjnue ntil a stoichionetric
excess of a?‘yﬁé%’ggé'&)&gﬁfggﬁ%?f@ib? Wéﬁ‘eghf‘) r?&g“%@eﬁnanl’%%%&a%s&nm el
provi des angbh@huddRintd stithioBicki@exdasd yeAt1e4sE s%bgmgeﬁe Bfwrighmst o the

I nvention. Also, end capping agents nay be added to control | ecul ar

wei ght . Théeemdilmﬁbtﬂg a plasi Iprovidesi anwither gnethbd fiorlemakingr usi on
condi ti ons. 0T iﬁal textru%li.on conditions are 180 to 320. Phenol is a
suitabl e ch&P egge\é%ﬁ SEPSFOrAg 10 WE MY Bhai n terminators may provide

enhanced physical properties. Exanples of bul kier chain term nating groups

i ncl ude par at er Allse yﬁﬂntyplﬁhgmglentsim%ﬂddﬁh&ﬁ@bnﬁblsﬁm&dﬂarph&%ﬂ{., and
cunyl phenols suych as neta and paracunyl phenol. Preferred bul Ky chain

t er i nat i ng The ege SAPRINE AgeRiRupkreehamically gtable under gxtrusion condifiansy |

conpo S S . 1#@;8‘5@% " r a f.e | agent is
added ichli?glcggﬁ rerent 5‘"5%3%53?9; no eéu{@lréné\}e%gﬁtﬁgteaﬁge\?v ,500. In a
nore pref er steppirgdget, ban bullderfdhain enmireors aapproyido@iianced pHysehlt o reduce

nol ecul ar wer ght to hel ow 24, Ooo,u]ﬁind in nost preferred enbodi nent bel ow
19, 000 properties. xamples of bulkier chain terminating groups include
paratertiarybutylphenol, isononyl phenol, isooctyl phenol, and cumyl phenols
such as meta and paracumyl phenol. Preferred bulky chain terminating
15 groups include paracumyl phenol, as well as chromanyl compounds such as
Chroman I. Preferably, an amount of end capping agent is added which is
sufficient to produce a molecular weight below 32,500. In a more preferred
embodiment, sufficient end capping agent is added to reduce molecular

weight to below 24,000, and in most preferred embodiment below 19,000

20 The polycarbonates according to the invention can also be made by
other methods such as the melt and/ or solid state synthesis techniques.

Additionally, .the molecular weight or, equivalently the MFI, can be
controlled through the use of a redistribution process where the
polyestercarbonate is heated in the presence of a carbonate redistribution

25 catalyst such as diethyldimethylammonium hydroxide or a
tetraalkylphosphonium hydroxide, preferably tetrabutylphosphonium
hydroxide. A diarylcarbonate, preferably diphenyl carbonate, may be present
with the redistribution catalyst. The catalyst will produce a reduction in the

13



20 The pol ycarbonates according to the invention can al so be made by ot her
nmet hods such as the nelt and/or solid state synthesis techniques

Addi ti onal { nol ecul ar wei ght or, equivalently the R1936°
controlledwﬁﬁyoug the use of a redrstrrbutron process mhere %ﬂ

pol yest er car bonat e |s heated in the presence of a carbonate redistribution

(ot aal kyl prOCFRBRF OV By Bichdgey Fr EPRTAl P Mo 1 Bho s sty

hydr oxi de. gpéséirtyl T i&anaé&sm%ﬁr@bdlyst@hlﬁaaaylteﬁabigaﬂapnos Midde present
with the redistribution catal The catal yst will produce a reductron I n

the 13 WO ohydtlesmtes,msrd@enbe 1183-@5 BaieetcharS,Sﬁ?r@ztmwm A& which
controlled t he .ampunt catal yst present. Typi cal
redistributi %‘ﬁ?’fiﬁ g‘?’?qﬂﬁﬁﬁée%ﬁr\cﬁor ganophosphoni um hydr oxi des, as
described in U S Patent Nos. 5,567,802 and 5,886,073, which are hereby

i ncor posat ed by rlﬁfeﬁf)mimed Enthmd&nmteéfeuheedvmﬂmdrtmmolem divarboxytiot i on,
the nol e %drcarboxy acidis 4 to 10._In nore preferred errbodrrrent
the nol e % dacidissbiel0. dnagngre P@f@qctﬁfgbodrﬁ@nﬁdh%sqle%%w%ﬂéc #idf er abl y
has an MFl of ater than 14. In a nore preferred enbodi nent of the

I nventi on, éqg ' yestercarbonate has an 10 MFI of greater than 16. In a

nost preferred enbodi ment of the invention, the polyestercarbonate has an
MFl of 20 to 30. Tid dl?éstmhnheaat;ip:efertﬁyéiaﬂaarMFI ofgreater dhat 1250Ca

according to ASTM 38. The .neasurenents. were de us
commer ci gl I ymateaprei %‘? q‘l"?&'ﬂﬁﬂ tlﬁmqﬂ’" RP]rYGSteE‘i?F$ #‘ﬁt s O sen.
15 The jgexi ”MF‘IB¥ gf‘efaférrlﬂﬁi‘@@ ETa%t&EPbEEf&hé’d SlnbBafRédt dFdhé ﬁﬁeﬁﬁon}rtﬁéentl

invention if prefé&rably below 80 nm “and nore preferably bel ow
polyestercarbonate has an MFI of 20 to 30. All MFI values given herein are

measured at 250°C according to ASTM Standard D1238. The measurements

were made using a commercially available extrusion plastometer machine

sold by Tinius Olsen.

15 The maximum birefringence of a molded disk according to the present
invention if preferably below 80 nm, and more preferably below 40 nm. Ina
most preferred embodiment, the maximum birefringence is below 30 nm. Itis
also preferable for the average birefringence to be below 50 nm, and most
preferably below 20 nm. The birefringence of a molded optical media

20 overlayer was measured with commercially available equipment such as an
ODS130 Optical Disk Scanner or a Koch CS-4/O0T Optitester. These devices
illuminate a transpa;'ent plastic article with a circularly polarized laser beam
and use a polarization-sensitive detection scheme to analyze the reflected or
transmitted component of the beam. By comparing the portion of the beam

25 polarized in a disk’s radial direction with that polarized in the tangential
direction, the phase retardation can be calculated and expressed in units of

nanometers.
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nost preferred enbodi nent, the maxi num birefringence is below 30 nm It is
al so preferable for the average birefringence to ‘be bel ow 50 nm and nost
pr ef er abl Wolyghs¥es 20 run. The birefringence of a nol ded %,@b,zﬁﬁpl a 20
overl ayer was neasured with comrercially avail abl e equi pnent such as an
ODS130 Optical Disk Scanner or a Koch CS-4/0T Optitester. These devices .
illTumnate a tr SR ! rdé ks i YoddS | zed | aser
beam and use aafgéif}ggl zat%ﬁ%‘gﬁgﬁ?ﬂvtgé&%@?P?r@séz‘ﬂ%gﬁgﬁto angﬁédz t he

refl ect ed oa notchaddnod tvebiecafrgreatenthanf 1,tdnel tnozenpréfgrablyngeeaterghatd, porti on -

of the bea 5 layized in a disk's radi.al ,diyecgti Lt.h that polarized
O the + oo rhe mahol ek tol measute he neiCiad) ided, Value b AT D236 D It ad and
expressed i%{)éé?#ér?or?ﬁed é}q.g Eﬁ?@rar&é dggéili/glr%gs’g PCT/ US00/ 21839 In

od e Invention, t

preferred e ments of t pol yeser carbonate had a notched
I zod value of greater than 1, and nore preferably greater than 4. The
met hodSused t o ringrefesredrembedintents ofzthe inueéntion, the\eTenldyesds leshitdn i s a

test perforned. at room.t.enperature usi 1/.8" . phars. 5. 1n . preferred

enbod ment St DR GUSHE B BHRLE elfboifugrs of B Buertar i SYsERYE0 6
thick. I'n ainhpbeddss DS itk Hhick,Ur 1658 ¢hdr( 0/ EPiri thick.he overlayer may be

|l ess than 0.3 mMmthick, or less than 0.15 nmmthick. The pol yestercarbonates

according to the_ invention may further  conprise various additives. For

exanpl e, the polEhesPpelyestersnbinatespggeording: dapthes dnvgption mayyifurthes s

el
pl asti ci zer d JRfRAL S; | - | RASTHE ' | e dyes
woul d i ncl u%g‘é}%]gf \Xﬁéﬁ?;}rﬁe co%’pat Pgl"%a%ﬁl% E'Legtp#o&ersy so%%%ﬁ%bt he
pol yegoer cajohsgpridecdyesy sthbilirets, plastieizersa anelft reldase iagertsf and randi-statid h r eadi ng
t he medi a.

agents.

Suitable dyes would include any which are compatible with and fully
soluble in the polyestercarbonate and do not cause unacceptable interference

with reading the media.

15 Some suitable dyes include quinones, azobenzenes, stilbenes, and

phthalocyanines.

Various stabilizers are compatible with polyestercarbonate and are
useful to help retard the melt reaction of the material and improve color.
Some examples of suitable stabilizers include acidic phosphords—based

20 compounds and hindered phenols.

In addition, it may also be desirable to add specific mold release agents
that retain transparency while allowing easy de-bonding of the formed part
from the mold. Since optical discs have very high surface area due to the
textured nature of the disc needed for information storage, easy release from

25 the molding tool is quite important. High molecular weight aliphatic esters

15




15 Sone suitable dyes include qui nones, azobenzenes, stil benes, and

pht hal ocyani nes. Various stabilizers are conpatible with pol yestercarbonate
and are waedmlssdso help retard the nelt reaction of the Ws'b@&m?’ld

i mprove color. Sone exanples of suitable stabilizers include acidic
phosphor us-based 20 conpounds and hi ndered phenols. In addition, it may

al so be desi gqmqt 'f'&aggl th et al
transparencymévi\e/hb Fréttaal I ovmo?i:rg%.sife;%ss; e- bag‘r?{jgilygé%? ‘ﬁ%_‘g&%oarrantgogﬁaé ech.ﬁ%m t he
nol d. Si nce usefildalensiiresaddedstal seleage bf thie diso franaliamiaddue to the textured
nature of the disc needed for information storage, easy release from 25 the
nol ding tool is Ite inpartant . H . gh nol ecul wei ght, aliphatic esters 15
WO 01/ 18803 PCTN@EO‘F‘EXS@ © ?"Fk@dbaéﬁ?%?é’ t i%‘g’[ %’El'?‘éhst efoartBe gl ycer ol
nonost ear at egly@stacx®onatel vV ; _cthit AdE t he
disc from tiepe hoéla'g. It nangiflggi%lgletégsgir%tsg%gagﬁ aﬁg sgaﬁ gééﬁt?ixﬁg??% agents
to the Spol ytewealkylanboonius Fanzenx asylfonates salt and t teittaallyiphosphehiugn agent s
include 5 tetraal kyl anproni um benzene sul fonate salt and

tetraal kyl p*&gﬁ%?“é’ﬂn%tene sul fonate salt. Various different types of
data storage nedia are known, including, for exanple, conputer hard
drives, magnet o- Giiotsldifiedipty peoaidiee storkd Fbliia L IRoRRircRIdR Yo} ves. O
audi o and video nedia, and DVD nedia 10 including audio video and ROM as
wel | as DvDemampler<cppyp dirives, magreteqpticalmedidDcompater A-ROM, 18. U. S.

d
Pat ent NunmbeiS_m# .. £ %9kl 8 2 d 4,441,179, ,.whic I ncor por at ed
herei n by rg;lgrlér%é, C%)rﬁo?/vi ggﬁggxg%%@&m}(ﬁgéﬁo &%ﬁ't Eﬁ’%ﬁ@rm of
these n@di a.indladingeaddib video andrRONE as MRl BADVDSR, IDWDERWE BV BadiRw, t hi n

overlayers will likely be commercialized.
DVD-RAM, and DVD-9, 10, 14 and 18. US. Patent Numbers 4,719,171,

- 4,658,392 and 4,441,179, which are incorporated herein by reference, provide

examples of known structures for some of these media. In the future, various
new data storage media having thin overlayers will likely be commercialized.
15 All types of storage media having overlayers less than about 0.6 mm thick are
intended to be covered by this invention regardless of whether they have been
previously commercialized, or will be commercialized in the future.

The optical media described herein are typically produced by injection

molding. Specifically, the overlayer is injection molded with a series of pits

20 and grooves corresponding to the data. Later, the data layer is applied to the
side of the overlayer that has been patterned with the pits and grooves.
However, there are several additional methods for making data storage
media. For example, the data layer itself can be patterned first with the
information, and the transparent overlayer later adhered to the patterned data

25 layer. Alternatively, the data layer and/or the overlayer may be embossed or
stamped rather than injection molded. Any optical media formed by the
methods listed above or any other method may be advantageously employed

in the present invention.
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15 Al types of storage nedia having overlayers | ess than about 0.6 nm
thick are intended to be covered by this invention regardl ess of whether

t hey have vaggihss@d evi ously commercialized, or will be comﬁ%&ﬁl' ed in the
future. The optical nedia described herein are typically produced by
injection- nolding. Specifically, the overlayer is injection nolded with a -

series of pits : pesvotaycTal H@Hga[ ,.Lhe data
| ayer is appli ed%?%sﬁﬁ gﬁél ‘éﬁe@?&tﬁ}fe ovggﬁg%é?ﬁ%%as egjrﬁépagl&t%sﬁened W th
the pits andedrlightes In fdoivea aed lnber evasr aseke vergenerdelithe obiedfringémeds f or
meki ng data stora%g: medi a. .For ,EXflggi,E, the data Iayi{l itself can be
patterned fMeASUIFIReNts Frportedherein ftis likely in tyrg tads bluglasers avillbger | ater
adhered to . | &;ﬁn yer
and/ or the t(t)legc} @%ﬁpﬁgﬁ%gtﬁbﬁie &{)af ﬁ?%ganﬁ%h(ry‘g?%beerét ag?éeﬁjul‘élgtion

mol ded.5 Any used tacmead thelpalyéstercaxbonatet deta stoedgearedih idesaribedlieyeinor any ot her
nmet hod may be advantageously enployed in the present invention. 16 WO

01/ 18803 PCT/ US0Q{ 21839 . Presen tigal t hods r readi ng data storage
medi a typi cal |y 0S® BOSFSIEFgRton tt%%gﬁgmedaﬁagﬁl_ f“é@gge\ﬁéfgé%%“éd F’Ge ner at e
the birefri su@ﬁaﬁatr@ﬁaf%&mea&éﬁf&@nb@m%adﬁ\ lafdl/ bK Wiritirlgthphe future

that blue lasers will be wused with optical data storage nedia.” Blue | asers

coul d be addatxsioragesnedia is ayoided: JParticlegs arectypisally defimeshasidose badinga st or age
medi a descri bed hereizr . .The pol ercar at g _descrihed herejn st be

Suf £ 1ot ent | 9 STHPALOE OB sairpn nd BRARAS i 8 BebRRsn I mgnreRee with
readi n@ andagiount iof isBattdriiey irdsdlatiehn.orRgs prefiabld fo A¥é departibR! tdurites are
typically defined as those having a size above 0.5 m crons, and particle

content is belowr 20009/ By mere praferable tochave apartisle equrd helawe 108800/, sol ut i on.

It is prefera

L T Rl DB € e bl D RRlo 2680040 Pl o7 o7 201 ©

can be reduced by filtering polymer solutions during production, purifying

reactants and by using closed system reaction methods.

15 Referring to Fig. 1, a prior art CD comprises an overlayer 30, which is
typically made from BPA-PC resin. The substrate is coated with a reflective
data layer 20, which may be aluminum or some other reflective material such
as that disclosed in U.S. Patent No. 4,648,392. The reflective data layer 20 is
covered by a backing layer 10, which comprises a lacquer (preferably a

20 lacquer which hardens upon exposure to ultra-violet radiation). The distance
between the surface of the overlayer 30 and the reflective data layer 20 is
typically about 1.2 mm.

Referring to Fig. 2, a newer, higher data density single side, single layer

media is shown. The media comprises a substrate layer 110 covered with a

25 reflective layer 120, which is adapted to reflect, and optionally to alter, an
incident energy field. The overlayer 130, is about 0.6 mm thick or less, and
comprises a polyestercarbonate as described herein. In an alternate
embodiment of the invention, the overlayer 130 is less than 0.3 mm thick. In
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and nost preferable to have a particle count bel ow 20,000/g. Particle count
can be reduced by filtering polymer solutions during ' production,

purifying woermsents and by using closed systemreacti on reElswa1834 5
Referring to Fig. 1, a prior art CD conprises an:overlayer 30, which is
typically nmade from BPA- PC resin. The substrate is coated with a reflective
data |ayer 2hotld}iabdrisay eﬁﬁoalrﬂéﬂtrt}ffﬂl@Env%ﬁﬁSn,%@vaeHﬁ%xeﬁd ¥ed¥Bhgh | @l such
as that disclosed in U S. Patent No. 4,648,392. The reflective data |ayer
20 is cover®lh mymg thiglkki ﬂ'gelsgbétratgolaymmﬁ pmfgnabbe:al@ campuises (tbe ef erably

i <t ance " bARERPHECRRR R PSR pir ek, St el B e da 2

layer 20 is aroyiRirGsihgl¥ sﬁﬂp@k\gle fayedataeétBra; gler}ﬁedlﬁ 1E'sﬁow¥1 whdhel‘ﬁﬁ‘sran hi gher

data density single Side, single’l ayer la is shown. The nmedia conprises
a subst Pat e dpdipoel a_dlnﬁswﬂey 1\14 t'l’heamedia of dfig.ck comprisesesulidate ldyech i s
adapted to rgaflect opt| r I.nci dent .ene field. The
over | ayer 323 Eﬂfg LaYSF zltlg' gvhmgh |l§§’§'da¥ thé

pol yestercar&ﬂ&aiv@ &e&aqgfe&rmdm@&%&hﬁ'Ha?é‘lﬁnl-%ﬂ%ecovﬁfgao% gegy of the
i nvention, the overlayer 130 is |ess than I'n 17 WO 01118803

PCTI US00/ Zlmrhmrc%ﬁewhxshtleamt@ﬁamﬂumlesﬁ the invention, the
overlayer 130 is less than 0.15 mmthick. The substrate Iayer 110

preferably al so P e, b mﬂthlck
or less. Referri ng@“‘gqg Pﬂgezl aa%%%%'g&re %uﬁ 5| de, r}g é@ Ogéleﬁ at

st or age0 nedic@miprised a Histidisk-shdpsl transparapit boaaé «2330sThe erZB0 is The

medi a of Fig. conprises a substrate |ayer 10 covered with an adhesive

layer 211, WAads fom @upelyestersathanate, astmentioniedcabovee dhecovesipger 330, The
reflective dgbars! £18t: F40 1hPer U e Hrbl'dfl 12PY°52PURD Glacedl £l ' S aPOU!

0.6 nmm thick or
-- bonding layer 311, which in turn is joined to a second bonding layer 310. The

second bonding layer 310 contacts the second data layer 320, which in turn is
15 covered by the second transparent overlayer 331. Both overlayers 330 and 331
are about 0.6 mm thick or less, and comprise a polyestercarbonate as
described above. This media can be read from either side, or can be modified

to allow reading from only one side.

Referring to Fig. 5, a dual-side multi-layer DVD is shown. The DVD

20 comprises a first disk-shaped transparent overlayer 450. The overlayer is
made from a polyestercarbonate, as mentioned above. The overlayer covers a

first semitransparent first data layer 440. The first data layer 440 also contacts

a transparent bonding layer 430, which in turn is joined to a first fully
reflective data layer 420. The first fully reflective data layer 420 also contacts

25 the central bonding layer 410, which also adheres to a second fully reflective
data layer 421. This second fully-reflective data layer contacts a transparent
bonding layer 431 which, in turn, contacts a second semitransparent data

layer 441. The second semitransparent data layer 441 is covered by the

18



Referring to Fig. 4, a dual-side single-layer DVD is shown. The DvVD 10
conprises a first disk-shaped transparent overl ayer -330. The overl ayer 330
is mnade from a pol yestercarbonate, as nentioned above. The overl ayer 330
covers a ?”lor‘gf’sﬁgta | ayer 321. The first data layer 321 BfWUSW8HBActs a
first bonding |layer 311, which in turn is joined to a second bonding | ayer
310. The second bonding |ayer 3 conjacts the cond_data | ayer 320,

whi ch in t Aerond tragspasenk @eeriayes ‘?}%-s@%émeﬁ?%ﬁigégﬁ?éﬂ@ 451 are BBt 031, Both

overl ayers ”.e%ipl Bt Rb&kat® bs HESSI mard se a .

pol yesterca‘?‘%gna eoglggs'ggggﬁ e ng)c?&a. Tﬁ?g rredi% gs;c?]lbggarﬂggéé’ﬂéom ei t her

side, or castrureuretshiohireih Figo 5adahde medifiedgtof optivnally \allonereaditeg fréef erring to

Fig. 5 a dual-side nul t,i-IS%/er DVD isoﬂ;ﬁwn The ,DVD,. 20 cq Hases a first
a

di sk- shapecPnly drsifie 08 i include aE nupsker ofdata, lavers;depending pp
pol yesterc E@Eﬁ-' ned above. The overlayer covers a first
semt rgnspgg;t%%ge#:%ascﬁéa a %nger 440. The first data | ayer 440 al so

contacts a transparent bonding |ayer 430, which in turn is joined to a
first fully reflheaeiembodiment cfithe imeotiomtaedisk sbapedmediaisempleyede dat a

| ayer 420 al so contacts, 25.the central .bondi | ayer ,410,.. whi ch
adheres to ‘ﬁﬁ%rél'}b medivn has A maxipum Sﬁﬁﬁ‘& é@ﬁs%&'iq:%dgggeggo
ful | y-ref| ggble/BrefraBlyl RY$ thaOR DACESgraed, I THG RRIdHN alsohsrettiralily Hagein 431
which, in turn,”contaCts a second semtransparent data |ayer 441. The

second seniaverageptisking of desa than/t P.34legrees andvmerepreferably lessdhagst 02/ 18803
TN 2L e kA7 B b b PGB g 0,

onprrse’ a polyestercarponate as

descr i bed ABGuAR st lschid Mekdtire bEGAIMEente. FlBese installnds Tidiiriaasitie

optionally allow reading from only side or to include any nunber of data

| ayers depesecired plastihafiskawith 3 laser hgamcansh aneasure ghe decation of the
reflected spot. The distance by which the reflected beam is offset from the

incident beam is proportional to the dishing,.

15 The present invention is further illustrated by way of the following
examples. These examples are intended to be representative of the invention,

and are not in any way intended to limit the scope of the invention of the

claims.

EXAMPLES

Example 1 - Synthesis of Polyestercarbonate

20 The followiné example provides a description of a method for

synthesizing a polyestercarbonate according to the invention.

Methylene chloride (60 gallons), water (50 gallons), triethylamine (3.5
Ibs.), bisphenol-A (200 Ibs.), dodecanedioic acid (20 Ibs.) and 50 % NaOH (22
Ibs.) were combine in a formulation tank and stirred for 5 minutes. The

25 mixture was charged to a phosgenation reactor and an additional 50 gallons
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I n one enbodi nent of the invention, a disk shaped nedia is enpl oyed

wherei n the nedi um has a maxi mum di shing of less than :L 0.8 degrees, and
nore pref ap@birigsdsess thant 0.4 degrees. The nedi a al so prifrassabbigsdas an
average dishing of less thant 0.3 degrees and nore preferably less than :t
0.2 10 degrees. D shing may be measured with commercially avail abl e optical

di sk tester Efe i l@hécl:lﬁcfi-u{@%v%r fisdd &@fﬁseggacmﬂm r‘\]zgsfstef YR bR

illumnate t ured plastic disk wth a laser beam a neasure t he
l-ocati on of tdaetorr é’l’nlosg&mdarammddedl'wetw|reacam@gb§henwn&hsdfﬁe1eneamuhsd beam

pr esent - i nvehBD b NaOR e Rairtaf the rRcae i ise%orth@e 5t g Ggthe |
exanpl es. Th?éagn%.am e RE6nd RARRESKE L @@n RO pEP %mo&aé H,?s
I nventi on, are not 1n any way I nt ena | mt t scope o]

i nventi dn of td 16.5. cIl%drammﬁX@HEhcﬂS(S E)dhﬂ))lwasladﬂydttmeshhes redctor during
Pol yest er car bgnate 20 The Iovm n exa rovi des, a deSC{ t!o of a

nmet hod for Pyftgsnaton for F %P F‘l"at MPH%e fepa gntion.

'bs.) . bi sphSnbroReP3bA el 1 Blvs A SR Sp B 717 g 40 ?“’@*28 86 NacH

(22 1Ibs.) were conbine in a fornmulation tank and stirred for 5 m nutes.
The 25 mi xture waBhe kamgpisted ceectpnobqemavamdisclwge@rfrcanctharteacdt to @anal 50

gallons 19 WO O 03 PCT/ US00121939. ne chloride was used to
nse the foPadEmERep ety «Prve o avid i pebbeRis o ierdS st o 1 ne
reactorig OgeEHé%m\M %:Has‘épfém&é?ﬂie eQfTEA) the Naﬂhhg(?héf?ésiﬁ phiket he
reaction pH at or the first half of the react ion. For the second half

of the react with 1% ragueens biGlrasd emnove wesistuabjonsdby washing with DI water.
The purified solution of polyestercarbonate resin in methylene chloride was

filtered through 1 micron absolute media. The resin solution was then fed to
a jet with 150 psi steam at a ratio of approximately 2 to 1 steam to resin to

15 flash off the methylene chloride. The wet cake resin was further dried of
residual methylene chloride and water in a fluidized bed of heated nitrogen
until less than 0.2 % total volatiles remain. The resin obtained (225 Ibs.) was a
white powder with a Mw of 32500, a chloride ion content of less than 2.0 ppm,
a residual TEA content of less than 4.0 ppm.

20 The polyestercarbonate powder was then fed into a 70mm twin-screw
extruder which was equipped with an on-line rheometer. An aqueous
solution of diethyldimethylammonium hydroxide was injected into the
extruder near the point where the powder was fed. The rate of injection of the
aqueous solution was adjusted until the on-line rheometer read the target

25 melt flow indicated in examples in Table 1, below.

Example 2 -~ Comparison Between Polycarbonate and Polyesercarbonate

20



5 to 10.5. Paracunyl phenol (5.5 Ibs.) was added to the reactor during
phosgenation to regul ate the polynmer Mv. An approximate total of 115 | bs.
of phosgeggel/sesgfded to give a mnimum uptake of 175 | bpcrifsemPis3s NaOH  The
conpl eted reaction batch was di scharged fromthe reactor to a surge tank
then fed to a series of liquid/liquid centrifuges in order to separate 10-

the brine phase,.r ' ) %’Q&hé I n phase
wi th 1% aqueous H@%ﬁ??&%@%é@%ﬁﬁ?ﬂﬁgﬁﬁu% I'ng %ﬂpﬁ?{tﬁgt er. The
purified sobudremtin@éntion, wekilecthose haliaited bp détters areeirhparatiee ekdmplede was

filtered through 1 mcrgn absolute nedia. The resin sol ytion waa hen fed
to a jet wefthepriorart. Takled shows the compatisonsaf sxpmples|of compactidiskeam 1 o

resin to 15, f. : %]P . ' dre S

further dri g'é&gl?)n x?lte)gq'%‘gg} ne E%}l engg)(r:]’k@glrei em%dwat e&#ﬁ%@%%‘ I zed bed
of heatsed nils eagipardsDigital Video Disk(DVD) itfjection molding(0.6asn tikickness). The resin
obtained (225 Ibs.) was a white powder wth a Mv of 32500, a chloride ion

content of less than 2.Q.ppm a residual T content of.less.than 4.0 m
20 The pol yesteré%&ﬁaaﬁﬁgm&m@&uﬁ‘&q 4P °’Bpa)‘8rﬂ1‘sg\/\ﬂﬁcg Pew PP
extr uder "‘hhfdﬂdnﬁlgsmﬁ&ﬁwﬁﬁd CDURoRN with ﬂ{er‘ﬂeftrl@ﬂlgﬂfa%re A irefieRedsn sol ution

of di et hyl dimet h{l ammoni um hydroxi de was injected into the extruder near
t he point wiable 1. h&@heandkt temaperatade Wisc6y deg Gf Mgle tamperabires iwereaqueous

solution was adjusted until the on-ling.rheaneter. read . the target 25 nelt
f1 ow i ndi cafkRFEN A0 w&%pégsq W%ﬂ%ﬁﬁﬁ%\?ﬁ&%ﬁef% OB MGIHNE o

Bet we Pol gy b engarggenaisne 2nd® Gémbeffiar _ .
PCT/ USO0/ Zlgggﬁén%g@g%%paﬁﬂgﬁgezl gw, t hose iendi cated glf:nunbeergsare
exanpl es of hbmepolycarbonatenfesamplenA) wislded senarelyi warpest disks yhatetqudds are

conparative exanpl es. . of the prior art. Table 1 shows the conparisons of
exanpl es of “%é??g@@fa%‘ir&?d bymprma?means.

For compact disks, the birefringence and dishing were measured with

an OMP ODS130 optical disk scanner. Results in Table 1 include the average

| 15 birefringence observed in the CD, as well as the maximum single point of

birefringence on é disk. Maximum dishing and average dishing are also

shown. High-quality CDs have maximum birefringence below 80nm,

preferably below 60nm and average birefringence below 40nm, preferably

below 30nm. Maximum dishing needs to be below 0.8 degrees, preferably

20 below 0.6 degrees, with average dishing below 0.6 degrees, preferably below

0.5 degrees. It is, therefore, apparent from examples A, B, and C that the

high-flow copolyestercarbonate does not produce a compact disk of
comparable quality to a disk produced from homopolycarbonate.

DVD examples (D, 1, and 2) were molded using a DVD (0.6mm) mold
25 on an injection molding machine. The melt temperature is indicated in table

1, and the mold temperature was 110 deg. C.
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injection nmolding (1.2mm thi ckness) nmade fromthe different materials and 5
al so conpares Digital Video Disk (DVD) injection nolding (0.6mmthickness).
Conpact a6 pise®dr € made usi ng an 80-ton Conpact Di sk i njectus21839! di ng
machine and CD nold with the nelt tenperature as indicated in Table 1. The
nol d tenperature was 65 deg C. Melt tenperatures were chosen to give the
best perfor mancghefDVDeexanipled (Flodind Kackness)aedd BiteffRigentd add didhibge

copol yestercarbonate at the sane nelt tenPgrature as ~honopol ycar bonat e
(exanpl e Aymedsurateby adiecheC§-4/TpOptitastr st ihapparent that fior a givediaelict eri zed
by nor mal ans.  For. conpact di.sk he bi.refringen and. di shi wer e
nmeasur ed quewpegﬁur&\hg ‘6%%%@’6 r&%%lé'ﬁ ?g&olggs%rﬁ%xga.on%ﬁﬂri{sga%ﬁ of"ggf el

i ncl ude t he At BRntidR aktl sufferiod ¢6 S HARSnMAEd ifforh Remfdpolyarbilate, as t he
maxi mum si ngl e point of birefringence on a disk. Mxinmum di shing and
average dishing are also shown. Hi gh-quality CDs have maxi num

bi refri ngence bel ow 80nm preferably bel ow 60nm and average birefringence
bel ow 40nm preferably bel ow 30nm WMaxi num di shing needs to be bel ow 0.8
degrees, preferably 20 below 0.6 degrees, with average di shing bel ow 0.6
degrees, preferably below 0.5 degrees. It is, therefore, apparent from
exanples A, B, and C that the high-flow copol yestercarbonate does not
produce a conpact disk of conparable quality to a disk produced from
honopol ycar bonate. DVD exanples (D, 1, and 2) were nol ded using a DVD
(0.6mm nold 25 on an injection nolding machine. The nelt tenperature is
indicated in table 1, and the nold tenperature was 110 deg. C. 21 WO

01/ 18803 PCT/ US00/ 21839 The DVD exanples (0.6mmthi ckness) had
birefringence and di shing nmeasured by a Koch CS-4/0T Optitester. It is
apparent that for a given nelt



tenperature in injection nolding,

the current

I nvention are superior to substrates nolded from

honopol ycavdenase®.

the current

t he copol yest ercarbonate substrates of

22 WO 01/18803 PCT/ US00/ 21839 Tabl e pérnsberagdsl €s of

Thi ckness Melt Tenp Max Biref Ave Biref Mx dishing Ave
degC nmnmd d A homoPC 14 1.2 315 58.5 21 0.49 0.41 B CPEC 27 1.2 275

108.2 41 1.1 0.61 C CPEC 16 1.2 275 84.4 58 -
-0.32 330 55 -0.24 1 CPEC 27 0.6 340 28 -6 -0.14 -0.1 330 48 -

i nvention and exanpl es of the prior art Exanple Materi al
di shing

MVFI
10m n mMm-

a homoPC 14 0.6 370 45

16 -0.22

-0.19 2 CPECTadle( -Exesplesofithe carrent ipvartinsant examples ofthe priesertt i nventi on

has been described in considerable detail wth reference to certain
preferred ver Fxoms | MitelidoMFl (tThicmesy dr MaltTemp 1 Max Birgf([SAve BifeE | MdxosmirgX oAl £, t he
data storage nedi ajdescrl|i heggi n coue{E hdvant dgeqys! ¥ bg,, useHsn™
recordabl e opfT @al [moeeRCY SECH as2i NQSE msSel Gas pﬁotzﬂ)—-"tﬂ'r‘r'%‘l‘é‘
I ncl udi ng pht@hBOCYaiRECd, €W | nabDl ¢ O[2s ca| wedl g LGi1 Nl ugh nyjtdsse based
on opti cal | y-[MM@UucEErphdsae aTsEls eyt o optdcal— =
t echnol ogy. TNEBCUTRRBRC [T TIWE 1 Ul G7g0T Oy U@ bgnef T tS{i o3z
optically-assf sted|mgndtic di a syTirsgs T XegardTenoyats®m cpmputer
di sks and r ecorgatt e T2 g RARC i V| , tragrtapesgr—thgcur r ent
i nvention arg not |imtgd to|disk-slrapggymepiaggbuterg—apptzmabteg®Ho any 15
geonetry of stosagrmestagmichggseThr gl opteat—quakityrangsto “_ﬁi,;@'cosi ty
to
5 Although the present invention has been described in considerable
detail with reference to certain preferred versions thereof, other versions are
possible. For example, the data storage media described herein could
advantageously be used in recordable optical media such as those based on
photo-burnable dyes, including phtahlocyanine, rewritable optical media
10 including those based on optically-induced phase change materials and
magneto-optical technology. The current invention would provide benefits in
optically-assisted magnetic media such as fixed and removable computer
disks and recordable and rewritable video disks. Advantages of the current
invention are not limited to disk-shaped media but are applicable to any
15 geometry of storage media which use high optical quality and low viscosity to
an advantage including card-based optical or optically-assisted magnetic
media.
The low birefringence copolycarbonates described herein could
advantageously be used in all types of typical applications for polycarbonate,
20 particularly those where low birefringence, low viscosity and/or optical

quality 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
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an advant age including card-based optical or optically-assisted nmagnetic
nmedi a. The | ow birefringence copol ycarbonates descri bed herein could

advant ageowsdoa/zib@3used in all types of typical applicati oreTfsS00/21839

pol ycarbonate, 20 particularly those where | ow birefringence, |ow
viiscosity and/or optical quality provides sonme advantage. Specifically, the
copol ycar bonapphicatidas,Ceaniets BRd aimagirgy ligaid eBatdl subktrates,§ visorephireakt nedi a,
near field optical recording applications, ophthalmc |ens applications,

| enses for | canapiesy glagimgy di resns inSnoldderguated partscwavegiidesiegor as and

maging. i aui . il . Lazing.
i spl 2y scr obe 43k Sd Uy 2l 1) Bllidnoll S soeld J0B' il 15,
cl addi ng f or waiveghidesrah thiiﬁ?ﬁaﬂ@_hbm ﬂlﬁétbﬁrc&‘dev&ieﬁbuﬂ{ a€ hvdditors

an

wavegui des, and Ti ght pi pes), active_ photonic devices such as nodul ators
5 (e.g.,d el efego-Ipstreoptic aen asousterantic). NYpeaover thecopolisashenatesnat es
descri bed herei n. . U 0 j.C I s L.O i fiber
spi nni ng, exfirgéuégllbgﬁ?lhégg u%?gnﬁecas |§%%£¥ﬁdgr§§1fp?)bp)h{e“ﬂ&%hu gg%]g’i ﬁgermet hod

conpati bl e %@ihnﬁ@ﬁ)éﬁﬁﬁbi@ﬁﬁhﬁ&ﬁoﬁtcaﬂhfyhﬁhdad@ooﬂﬁr npdmifadthfing \imethods types
of additives which are known to be conpatihl'e with polycarbonate could be
10 i ncor por arempatible vty pplycarbopatgs.cIt shpuldalsnbe nated dhaf wariousdypesefd herein

may be produggd.. vi ' to.hh i.fied e of MFI
and duct 1 111 gacie? B, <R REGRY W'bE oltAtBIe Rt fosBbbnE AT RE

redi st rigout i ﬁftoqﬁarafe)ﬂsmth@pel?k: bohatei ncreasing the MFI to the specified
range nmay be used. Alternately, the 15 pol yestercarbonate production

process may be coptrolled tg ensure that,the M is in qr near the

specified range p %FoPBg’éﬂ%ﬂgﬁeﬁrﬁesﬁﬂg%t}Féﬂﬂc@yoge @Paﬂf‘ﬁgt"é% e need

for redistri pHidewhidhAle¥@s to the specified range of MFI and ductility. The use of
redistribution catalysts is optional. Any redistribution catalyst capable of

increasing the MFI to the specified range may be used. Alternately, the

15 polyestercarbonate production process may be controlled to ensure that the
MFI is in or near the specified range prior to extrusion, which reduces or
eliminates the need for redistribution catalyst.

It is understood that the copolycarbonate synthesis methods described

herein may affect the amount of residual low molecular weight species (e.g.,

20 diarylcarbonate and anhydride) in the resulting resin. The amount of low
molecular weight species present in the copolycarbonate may impact certain
properties of injection molded parts such as surface deformation and
clouding. Therefore, it may be desirable to use certain techniques to reduce
residual low molecular weight species such as those described in U.S. Patent

25 Application Serial No. 09/281,497, which is hereby incorporated by reference.

It should also be noted that various types of additives which are
known to be compatible with polycarbonate, but are not specifically

mentioned herein, could be incorporated in the polyestercarbonate.
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It is understood that the copol ycarbonate synthesis nmethods descri bed
herein may affect the anmount of residual |ow nolecular weight species
(e.g., 20 diarylcarbonate and anhydride) in the resulting resin. The
amount ofw?8W%él ecul ar wei ght species present in the c8&3(UeEBYnat e nay
i npact certain properties of injection nolded parts such as surface .

deformation and _ cl oudj ng... Therefore, .it y he desirable tp use certain

t echni ques to relHlf%‘@uPdr 3@{%%?’% B%eﬁdh@&fggrp?aﬁ%‘?ﬁaé’ﬁﬁﬁ?és‘??ﬁﬁhe s those
descri bed | ferbin%oufd b HlergledABpbtheR Wit risthdrthelRopl B Rbin @ for Ch 15 -
hereby incorporated by referenCe. It should al so be noted that various
types of addetmoplastidwesin system proyided the lspstemmwas tramspardnt angd dadadfgonat e,
but are not ecifigall t.i oned in, could be incorporated in the
pol yest er cal?ezg‘ﬁalflé% E@A‘%‘*’%&%%@f&"‘b@%@sm 21839 It should further be
noted that the polyestercarbonates described herein could be bl ended
together with another thernoplastic resin to forma thernoplastic resin
system provi ded the systemwas transparent and had a Tg below 140 C, and
preferably below 135 C. 25 WO 01/18803 PCT/US00/21839 | V' I'"I1 111111 I1Iif
11111121 1111 WHAT IS CLAIMED IS. * 1. A data storage nedia, said nedia
conprising: a) a data layer, and 5 b) a transparent overlayer adjacent to
said data |l ayer, wherein said transparent overlayer has a thickness of

| ess than about 0.6 mm and said overlayer conprises a thernoplastic resin

system which system conprises a pol yestercarbonate conprising nonomner
units derived




froma di hydric phenol and a dicarboxylic acid, said polyestercarbonate 10
havi ng an MFl of greater than 14, and wherein said data |ayer is adapted to
reflect amwaoasgy field incident -upon said transparent ®CFUSMY/HB3%Prior to

bei ng i ncident upon said data |ayer} orage nedia according to
claim1l1, wherein said nedia is a o‘i!M”ijaﬂMﬂﬁLorage medi a accordi ng
to claim?2, WHABISCEAIMERHSa | ayer *1 g a s t'dMgl ter and reflect the
energy field. 4. The storage nedia according to claim2, wherein said

storage nmedia is a digital versatile disk. 5 The storage nedia according

to claim?2, wherein said ener 20. field i.s selected fromthe group
consisting of a ﬁ'r ght %b‘gaé to %"-&F‘S‘g‘ﬁﬁa&éf‘}eﬁa‘d‘?%l"“ﬂﬁénet ic field, and

conbi nati ons thereof. 6. The storage nedia according to claim2, wherein
the disk has a maxi mgm biaagtraimwmm of less than 80 nm 26 WO 01/18803
PCT/ US00/ 21839 7. The storage nedia according to claim@6, wherein the disk

has a maximum birefrjngence of less than 40, run. 8. ,Tae atorage medi a
accordiBg to clai m 2, bhher2iTAnspazent;overlayer adjacgntiofgid datefa¥®y of | ess than
0.8 degrees. 5 9. The storage nedia according to claim8, wherein the disk

has a maxi mum dighirag <ald h%ﬁ.?gér@ﬁ‘ﬁovéi’lageﬂﬁﬂi 8 9Ricknéss ofl1BssSthahaRuedi a
el n

according to claim9, wher he di sk has an average dishing of |ess than
0. 3 degr ees.0.6 mmThrd saisk avyerlayedicamprises dithgrmoplastid resiro systemsy; avhich he di sk

has 10 an as\grgtrea gogllp%gésng p%tlyels?e%garwr?arle cginzprgse ; Soriomer units derived
from a dihydric phenol and a dicarboxylic acid, said polyestercarbonate
10 having an MFI of greater than 14, and

wherein said data layer is adapted to reflect an energy field incident

upon said transparent overlayer prior to being incident upon said data layer.

2. The storage media according to claim 1, wherein said media is a
disk.

15 3. The storage media according to claim 2, wherein said data layer
is adapted to alter and reflect the energy field.

4, The storage media according to claim 2, wherein said storage
media is a digital versatile disk.

5. The starage media according to claim 2, wherein said energy
20 field is selected from the group consisting of a light beam, an electric field, a

magnetic field, and combinations thereof.

6. The storage media according to claim 2, wherein the disk has a

maximum birefringence of less than 80 nm.

26



12. The storage nedia according to claim®6, wherein the disk has an Ml of
greater than 16, and a notched izod strength of greater than 1. 13. The
storage rpgomsescording to claim112, wherein the di sk hggriatedsle Of
greater than 20. 15 14. The storage nedia according to claim?2, wherein the
pol yest ercarbonate further conprises the residue of an end cappi ng agent

sel ected fromthg gro consi st of phengl araterti.arybuytyl.phenol ,

i sononyl phenol , 91 sootﬁ?Ftoﬁmﬁ?gﬁamg%%ﬁh’g’ﬁghﬁﬁgr%.tXGFH’e"'}ég{z‘Btaage medi a
accordi ng t enHimuen bite h&d of [6d3eha04D nAQ cappi ng agent i s paracunyphenol .
16. A storage nedia for data of the type readable using relative notion

between the nedig and_a reading |jght beamfqr retrieving the _information
carried by the ngdi a,@%ﬁ@qg‘ﬁ‘&?ﬂ’&ﬂcﬁdﬁ&)ﬁ%‘g@%\gdw&e gdiskgasa . This

Sheet Has B : I [ VLD Ve e et~ 1t
TS Ty PiER) ek issiihad L0 degtdels (0 ) ¥ a) a first

di sk-shaped transparent overlayer having a thickness of |less than 0.6 mm
whi ch dverl ayer f.onprThestorageangdiataecording toorlaitre 8 cwhpreins thegdiskihasar units
derived froma, di hydrijc nol . an al i phatic dicarboxylic acid, said
pol yesterca%ﬁ&l‘ﬁ&‘ébmg&i?ﬁs Wgégﬂa"@ﬁt er than 14, said first

di sk-shaped transparent overlayer having at least a first entrance surface

and a first infoggmt i'nﬁéétbfd‘gé_ﬁﬂedib)i_cc%r&i'hﬁ&b cli@th?®), WheeéinaHe diskMas bl Sai d
i nformati on surface of the first disk-shaped transparent overlayer, said

data | ayer Rueragedishing of less than + 0.3 degrees.

11.  The storage media according to claim 10, wherein the disk has
10 an average dishing of less than + 0.2 degrees.

12.  The storage media according to claim 6, wherein the disk has an
MEFI of greater than 16, and a notched izod strength of greater than 1.

13.  The storage media according to claim 12, wherein the disk has
an MFI of greater than 20.

15 14. The storage media according to claim 2, wherein the
polyestercarbonate further comprises the residue of an end capping agent
selected from the group consisting of phenol, paratertiarybutylphenol,

isononyl phenol, isooctyl phenol, and a cumy! phenol.

15. The sbrage media according to claim 14, wherein the end

20 capping agent is paracumyphenol.

16. A storage media for data of the type readable using relative
motion between the media and a reading light beam for retrieving the

information carried by the media, said information storage media comprising:

[Ev—— ]

This Sheet Has Been

T ’




shape corresponding to stored data, wherein said data |ayer is adapted 10
to reflect an energy field incident upon said fist disk shaped transparent

overlayer prior to being incident upon said first data | first
bondi ng Ia‘&gl‘"'éﬁf’%cent to said data | ayer and opposite 2%&&“?@&&39

overlayer, d) a second bonding layer joined to the first protective |ayer
15 opposite said first data | aye djacent to said

r,. £),a second data | ayer a
second bonding |ayer ,a)sai @ dubYy ‘i‘§]§'é}f‘?9ﬁ£itﬁ§f‘sga’éﬁ%pgv%’gﬁyreés Brfeng to
stored data, Mheﬂgé@e§@bﬂ§g§}gﬁ_ sr.| 6.8 S, WIRERBYELlaye? cofijpries aFpoigasidy 11el d

I ncident upon sal I rst aped transparent” overlrayer 10r to being
20 incident upon eabdndte cempdizirg manemer funita deeived drain akdibirdrie phenalnspar ent

overlayer having a ,thickness .of about O, or, | ess, .which overl ayer
conprises a pol y&Rd @p- ‘R?‘BB‘FIQF@ Fi@ﬁg"%ﬂﬁ%‘?‘mﬁm@a&em%H A om a
di hydri g phenol a ' qké!f i | s G G |

pol yest gsr car bonat gﬂ:ﬁgt& %‘Jgh%g 1%'1‘ %?%gsh%hgﬁb%ﬁ,%g sécogr%la%’ﬁrs k-

shaped transpar enhavingat kegstra firaventrarwe shefast aral & first imfoemation serfacend a 28 |
1111121M 11 111 111111111 CL MS This Sheet Has, e'en Replaced rflillil~

WO 01/ 18803 PCT/ US00/ 21,839 ecand jnfornati sutfacge herein the second
information surface i gb adjaaﬁgﬁga%oiag%agﬁgﬁﬁgofﬁéuﬁgwmoﬁwqﬁe&st or age
medi a accordi ng t gheChimk MiskOshapla 'tedridphitdrt fdveBhyd) daidS@aa by’ Rivifg iave
| ayers are joined together by an adhesive.
shape corresponding to stored data, wherein said data layer is adapted
10 to reflect an energy field incident upon said fist disk-shaped

transparent overlayer prior to being incident upon said first data layer,

<) a first bonding layer adjacent to said data layer and

opposite said first overlayer,

d)  asecond bonding layer joined to the first protective layer
15 opposite said first data layer,

e) a second data layer adjacent to said second bonding
layer, said data layer having a shape corresponding to stored data,
wherein said data layer is adapted to reflect an energy field incident
upon said first disk-shaped transparent overlayer prior to being

20 incident upon said first data layer,

f) a second disk-shaped transparent overlayer having a

thickness of about 0.6 mm or less, which overlayer comprises a
polyester-carbonate comprising monomer units derived from a

dihydric phenol and an aliphatic dicarboxylic acid, said

25 polyestercarbonate having an MFI of greater than 14, said second disk-

shaped transparent overlayer having at least a entrance surface and a

U
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5 18. The storage nedia according to claim17, wherein said first and
second overl ayers both have a maxi mum birefringence of I ess than 80 nm

and a notywhefhsseaod strength of greater than 1. 19. The di a of
claim18, wherein said first and second overlayers bot %I:Eé%gﬁzalgﬁl\/ﬂ of

greater than 16. 10 20. The storage nedia of claim 19, wherein said first

and second overdeaysd Qﬂgﬁnwsﬁfacw&h@eﬁggﬁgsg&h& Hﬁﬁ“ﬁ%‘{‘%’%‘fﬁée@t hod for

retrieving data conpri sing. rotating a shape orage nedi a,
sai d nmedia conmdjaenttoaidatmndalata layex! a transparent overl ayer adjacent to
said data 15 |ayer, wherein said transparent overlayer has a thickness of

I th bout,.0. 6 d ' I ' I t b t

conpri o1 ng monchier derLcigs e RSraRE BRRTLS, Sierdi BB A T oot ¢

di car boxy! i ecof€ brbteafielafieb uRSbkaRARGYY divsitagivan MFI of oreater than
a

14, and 20 wherein said a layer is adapted to reflect an energy field
I nci dent upon said transparent overl-ayer gi or to being incident upon said

data | dyer, b) d8 ectlhggtuagemedinaccording 1 claim 47swhereie saiddirst andth t hat
field lsyfi L nel [, d. tE t . dis th
10 1| gyl S i ARG O 0 A0 1 11

1111111111 1414 ASERId bl skibAgth df gveater thahd. Sheet Has Been Repl aced
,, 111112112212 (el

19.  The storage media of claim 18, wherein said first and second
overlayers both have an MFI of greater than 16.

10 20. The storage media of claim 19, wherein said first and second
overlays both have an MFI of greater than 20.

21. A method for retrieving data comprising:

a) rotating a disk-shaped data storage media, said media
comprising a data layer and a transparent overlayer adjacent to said data

15 layer,

wherein said transparent overlayer has a thickness of less than
about 0.6 mm, and said overlayer comprises a polyestercarbonate comprising
monomer units derived from a dihydric phenol and an aliphatic dicarboxylic

acid, said polyestercarbonate having an MFI of greater than 14, and

20 wherein said data layer is adapted to reflect an energy field
incident upon said transparent overlayer prior to being incident upon said

data layer,

b) directing an energy field at said storage media such that

energy field is first incident upon said transparent overlayer, and is then

s I

25 reflected by said data layer,
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TR




| WO 01/18803 PCTIUSOQO 21839 <cc) retrieving information from said data

| ayer via said energy field. 22. The nethod according to claim 21, wherein
sai d nedi av091/i88¢8 sk. 23. The method accordi ng to cl ai m BZ/uUsoe21839n sai d
data layer is 5 adapted to alter and reflect the energy field. 24. The

met hod according to claim?22, wherein said storage nedia is a digital
versatile disk. 25. The) met febflevifig Oinfbrithtion €loa Neadd®, dath elage a&i diner gy
field is selected fromthe group p consisting of a |ight beam an electric
field, a 10emsxgyefisld. field, and conbinations thereof. 26. The method

accor di ng to claim22, wherein the disk has a maximum birefri ngence of

| ess than 80 nm . T W fRhe S | @h g di sk has
a nmaxi mum bi refr%gen?geo es%&tsﬂdmg %ﬁﬂz% %Peﬂ%]e metcﬁég accordl ng to

claim 22, wherein the disk has a maximumdishing of less thant 0.8
degrees. 29. The Rt hodhecunethdd agcording o claiza, 22nivehezein sdid daits kayleads a

maxi mum di shi s th 4 de 30. The nethod according to
clai m29° é":agf’f?dtt ﬁ%&ecﬁa"e%r&\@ége di shing of less than* 0.3
degrees. 31. The net hod accord| ng to claim30, wherein the disk has an

average di shing ob4l esThé hathod accod@iige@sclaig®22, MiRerehi £0d stsrafé ehedlia t O
claim 26, wherein the di sk has an WM Treater than 16, and a notched i zod

strength of dsedigitalvemsatiledisde = . .

25. The method according to claim 22, wherein said energy field is
selected from the group consisting of a light beam, an electric field, a

10 magnetic field, and combinations thereof.

26. The method according to claim 22, wherein the disk has a

maximum birefringence of less than 80 nm.

27. The method according to claim 26, wherein the disk has a

maximum birefringence of less than 40 nm.

15 28. The method according to claim 22, wherein the disk has a
maximum dishing of less than + 0.8 degrees.

29. The method according to claim 28, wherein the disk has a
maximum dishing of less than + 0.4 degrees.

30. The method according to claim 29, wherein the disk has an
20 average dishing of less than + 0.3 degrees.

31. The method according to claim 30, wherein the disk has an
average dishing of less than + 0.2 degrees.

32.  The method according to claim 26, wherein the disk has an MFI

~reater than 16, and a notched izod strength of greater than 1.
30 S



~~~~~~~ [T ~~ 111 211212 11 1111 WO 01/18803 PCT/USOQ 21839 33. The net hod
according to claim 32, wherein the disk has an MFI of greater than 20. 34.

The met hoguasiigsedi N0 to claim 22, wherein the polyester te further
conprises the reogi due of an end capping agent 5 select egé#&g%ﬁg gr oup

consi sting of phenol, paratertiarybutyl phenol, isononyl phenol, isooctyl
phenol, and a curyl pheno 35. The. net hod ordin 0 .,claim34, erein
t he end cappi ng Iz%’gen?ﬁfes %5?‘283?9{/& n&ﬂ&%’”‘%“’k%ﬂ'ﬂ&*‘%?b‘h‘gﬁ whi ch
conpri ses a&%me@lhﬁlzgar bonate 10 conprising nononmer units derived from.
a di hydric phenol and an aliphatic dicarboxylic acid, said polyester

carbonate having _an MEl of greater than 14 and a notched izod strength of
greater than 1. 34 AThet heethadr aeeording ndodaclaimni & cavhereines theeadi ng

data from i ' ' | vestercarbonat e
conpri sing %f@?éﬁ%ﬁ%&%&ﬁ%ﬁlfiﬁgﬂagf %gﬂfs;;%%gégl eygfr |B§ %‘rﬁg?&ﬁﬁp‘ﬁ%ﬂagﬁﬂ

al i phatbc diselectedX fitdnt #el growmi cbnpistifig Sof rphendl) opaiatertiaiibigylpheddl) of
grater than 14 and a notched i zod strength of greater than 1. 38. A data
st orage mediigpnogy] phenakiisoqckihphenel,and agymyl pheneli i ty of data | ayers, and
20 b) a plurality of transparent overlayers, wherein said transparent

over | ayers have 3at hi oKaGSaGA dobirdg 0 b4, Inbreftnd il Bty er | avers

conpri se a pol yestercarbonate conpr ng nonomer units derive m a
di hydri c pheagehtisapdraenngilphdrel.i c  di car boxyl i caci d, said pol yesercarbonate
having an MFI of greater than 14, 31 12112112121 (100 e 1111111 i

36. A data storage media which comprises a copolyestercarbonate
10 comprising monomer units derived from a dihydric phenol and an aliphatic
dicarboxylic acid, said polyester carbonate having an MFI of greater than 14

and a notched izod strength of greater than 1.

37. A method for retrieving data which comprises reading data
from a data storage media which comprises a pblyestercarbonate comprising
15 monomer units derived from a dihydric phenol and an aliphatic dicarboxylic
acid, said polyester carbonate having an MFI of grater than 14 and a notched
izod strength of greater than 1.

38. A data storage media, said media comprising:
a) a plurality of data layers, and
20 b) - aplurality of transparent overlayers,

wherein said transparent overlayers have a thickness of less than about
0.6 mm, and said overlayers comprise a polyestercarbonate comprising
monomer units derived from a dihydric phenol and an aliphatic
dicarboxylicacid, said polyesercarbonate having an MFI of greater than 14,

S




C WD 01/18803 PCTI USOQ' 21839 wherein said data |ayers are adapted to
refl ect an energy field incident upon said transparent overlayers prior to

bei ng i nciwigpinssgon said data |ayers. 39. The data stor ggen@ebissccor di ng
to claim38, wherein at least 5 one of said data |ayers is adapted to

partially reflect an incident energy field and also partially transmt an

i ncident energy figldeifiidiPdah Mefersiaetada llfegndﬁﬂe&%\mx@égy feldGhtiieht sai d

partially transmtted incident energy fie 40. The datad storage nedi a

accor di ng t ouploai saidStrandparet noveglagersnprion td dbeingliintidentauponrsaisk dakmd from
both sides. 10 41. The storage nedia according to claim1, wherein said
resin systerd¥&hsi sts essentially of the pol yestercarbonate. 42. The
storage nedia according to claim 1, wherein the dicarboxylic acid is an

al i phatic dicarboggl i cTAE iddta steragélifiedih GicotrdinL el dlai 38) hihegeih At tdagt M 42,
wherein the aliphatic_ 15 dicarboxylic acid has_from 10 to about 20 carbon

atons. 4. Tienewf saishdatadayess iscadaplechtp partisllxireflact aprHerident enasgy field

okt ng. & dat SnG o, pA AT e RERE Ry ity SRR AR it 1yl "

i nj ection noladhpgedaotreféds Baid Pattisllietrammtitted inddéftlenergdidl@per at ure of |ess

than 360 C. 46. The storage nedia according to claiml, wherein said resin

consi sts of the polyestercarbonate. | !A,I Pt i ijli, [ Iél Iltilil §- 32
40 The data storage media according to claim 38, wherein said

media is a disk that can be read from both sides.

10 41, The storage media according to claim 1, wherein said resin

system consists essentially of the polyestercarbonate.

42, The storage media according to claim 1, wherein the

dicarboxylic acid is an aliphatic dicarboxylic acid.

43. The storage media according to claim 42, wherein the aliphatic
15 dicarboxylic acid has from 10 to about 20 carbon atoms.

44, The storage media according to claim 1, wherein the
polyestercarbonate further comprises an end capping agent.

45. A method of making a data storage media according to claim 1,
which comprises imjection molding a transparent overlayer at a melt

20 temperature of less than 360° C.

46. The storage media according to claim 1, wherein said resin

N
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