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disclosure relates to a data storage nedia, and especially relates to a
col ored dwbDas/s2e¢ age nmedia. Digital Versatile Disks (or P¢Dg)Soaer2sl oy
but surely taking over conpact disks (CDs). These formats provide
significantly nore storage capacity than CDs thus allow ng the recording
of up to 8 hours of video/audio content with high digital quality. The
nunber of DVDs sold on the market will likely exceed 1 billion units
globally in 2001 and is expected COLREDEIMD 4 billion by 2004. To
achieve the high storage density in a disk that has the sane overall
dinensions as a CD, the disk construction has been changed. The nost

f undamenBalClGROUMND WETHE INVeecev i s that a DVD is no |onger made of a
single 1.2 mmthick plastic substrate but of two 0.6 nm hal ves that are

bonded together ("DVD Denystified:" by Jim Taylor, ed. McGaw Hill, 1998).
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speci fi calléwing thé E\%@Qﬁ%%%ﬁﬁ a6 ihb@e Jfovid&yamearcdh#ehn oithhigh gikan and
Comuni cation Systens ("ECMA") Specifications #267 for 1.20 nm DVD- Read
only di sR‘)‘aliterajs{lédluH&bef e D\dpt pdldlonNbelimarked valrlikelexcsoddi idignwinits t he f act
t hat the : I [ ' Vi Si spect rum makes DVD
manuf act giro ?%lglgv@pglaﬁg%%p b%ﬁ%&g%%(iqlg%l()hg? %IS@? 1’%%660‘? the substrate are not

the only requirements for DVDs. For exanple, the size of the pits is nuch
smal | er Ta aghiByhe Wghcitorappli¢msyy ihadisk tHaVDes the same evaeldirhéngnt as sesi n
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difference is that a DVD is no longer made of a single 1.2 mm thick plastic substrate
but of two 0.6 mm halves that are bonded together ("DVD Demystified:" by Jim
Taylor, ed. McGraw Hill, 1998). In addition, the reading laser wavelength has
changed from 780 nanometers (nm) in CDs, which is located in the near infrared part
of the spectrum, to 635 or 650 nm for DVDs which is located in the visible spectrum.
Depending on the type of DVD (DVD-5, DVD-9, DVD-10, DVD-14, DVD-18, DVD-
R, DVD-RW, ...), the construction can vary substantially, going from a single
side/single layer (DVD-5) to double side/double layer (DVD-18), not to mention the
recordable formats such as DVD-R and DVD-RW. The tight specifications
(European Association for Standardizing Information and Communication Systems
(“ECMA”) Specifications #267 for 1.20 mm DVD-Read only disk) imposed by the
Optical Media consortium, combined with the fact that the laser wavelength is located

in the visible spectrum makes DVD manufacturing a challenge.

The optical properties of the substrate are not the only requirements for DVDs. For
example, the size of the pits is much smaller in a DVD, which implies that a DVD is
more sensitive to resin quality (impurities) than a CD. Due to their thinner gage (0.6

mm instead of 1.2 mm), DVDs are also more challenging than CDs in terms of
1



1 WD 03/013214 PCT/ US02/ 22420 nolding. In fact, the rheology (flow
characteristics) of the resinis inportant and tightly controlled.

Addi t i onawbyg/oixneonsi stencies in the thickness of the di sieCvamty2/za4e0 al so a
source of defects in optical disks. A DVD is nuch nore sensitive to the
presence of such defects because it is not only thinner and read in the
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alloy or aluminum.
SUMMARY OF THE INVENTION

The above-mentioned drawbacks and disadvantages have been overcome and
alleviated by the optical disk and method of making the same. The optical disk
comprises: a first fully reflective data layer, a first separating layer disposed on a top
side of the first fully reflective data layer, a first semi-reflective data layer disposed on
a side of the separating layer opposite the first fully reflective data layer, a first resin
layer disposed on an upper side the first semi-reflective data layer opposite the
separating layer, and a second resin layer disposed on a bottom side of said first fully
reflective data layer; wherein the first outer resin layer has light transmission at a
desired reading wavelength of greater than 60%; wherein a reflectivity of the first
fully reflective data layer and the first semi-reflective data layer is individually about

18 to about 30%; wherein a difference in the reflectivity between the first fully



fully reflective data layer and the first sem -reflective data | ayer is
individually about 18 to about 30% wherein a difference in the

refl ecti woysbpetneen the first fully 2 W 03/013214 PCT/ Beda/Sa222200
reflective data | ayer and the first sem -reflective data |layer is | ess than
about 5% and wherein at |least a portion of the optical disk is col ored.
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said first fully reflective data | ayer; and adding color to at |east a

portion BFstEenin Byen sderein ellectiyinee thadirgtinby refleat Ve dada lven andethe Sisdr ent fr om
the foll gw. tef I. Bt 10/ i i | j ption, d
i tached e Rele g By o) Gootl ¥ EeREOR. 8, PRSEL B 00 he

f ol | owi ndiffergnee es thd reflabiiaty: befivegmr the finstsfudl ysefientime idatar leperesdnthatiran of a
DVD 9 construction; Figure 2 is a schemgtic of . a CD construction having a
single r%efni“érc?ﬁf?}ével d%tfe%y?fi léﬁassetba“ ?OLHIE?)@C%FRPSWCF&GSPH‘?H@‘% €ttafe; Figure
3 is a sphesmtdide of sad YR RORSlNbGiveofat) IeROard SIdME olofftd etideadat a

| ayer disposed within the substrate; Figure 4 is a schematic of a DVD

const r ucpoian i therpticslliskef | ecti ve data layers, a semi-reflective data
| ayer and a fully reflective data | ayer, disposed within the substrate;
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data | ayer
drawings, detailed description, and attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Referring now to the following Figures, in which:
Figure 1 is a schematic representation of a DVD 9 construction;

Figure 2 is a schematic of a CD construction having a single reflective layer disposed

at a second side of the substrate;

Figure 3 is a schematic of a DVD construction having a single reflective data layer

disposed within the substrate;

Figure 4 is a schematic of a DVD construction having two reflective data layers, a
semi-reflective data layer and a fully reflective data layer, disposed within the

substrate;

Figure 5 1s a schematic of a DVD construction having a single reflective data layer

and a single laser;



and a single laser; 3 WD 03/013214 PCT/ US02/ 22420 Figure 6 is a schematic
of a DVD construction having two reflective data |ayers, both disposed on
opposi t e wpde®132fi4 t he center of the substrate, and each readashz2¥e®dm
different sides of the substrate; Figure 7 is a schematic of a DVD
construction having two reflective data |ayers, both disposed on opposite
si des of Figuee é(ma ecrhen‘fatibtméaﬂ]z]%EtcbastmctiamﬁahﬂgInwoeeﬂ:&b{/cedéta tayetsheothsane si de

of the s bst ure is schematic of a DVD constructjon, having two
reflecti 011 898 f@?s‘ﬁB@éd’fdﬁ ¢ SHstatgyend; geh 6$ad@i9t]@ XMt er of

t he subsgffﬁ&tsﬁ@gop%guggg%abl e fromthe sanme side of the substrate,
Figure 9 is a schematic of a DVD construction having four reflective data

| ayers, two disposed on each side of the center of the substrate, and two
r eadabl eFiguemy éae hehshuéic obp VIR consrction baviaa dwergiacive data anrSgb@tbhl cal

| f I
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DESCRI PTka(a}éﬁHeEH‘-EelshMﬁW;C]\l Referrl ng to Figure 1, a digital versatile

di sk (DVD) corrprises two bonded plastic substrates (or resin Iayers) 1
each typ havi n to_  about mm wth

cal | a thi ss |l ess than or equal
a thi ckngbgé‘reo i %é@eg’r?gﬁ OEP?%%&PHWCH%!}%W% W?rﬁ?ﬂp?FE‘Feeﬁiql%lPYerAt bOtheast one

substr at gisFQER rdnsl%\% SO e GO ckRYEESthE Substrates ’ané)bot}f)lfeaﬁla%tlé"froﬁxhtﬁef | ISt
layer 3, generally called layer zero (or LO, 'is closest tot si de of

the di sksdmosianf dh substratedat a i s r ead (surface 7). The second | ayer 5,
generally called layer 1 (L1), is further fromthe readout surface 7.

Di SposedF%%eV\@%'% L’c%egnsa)uc %?q ﬂ’\;D(c%)lsthlsctlBX Bl Cal l %’ I rgt;lec%dg %S Ia:fl@feés i“{r\}ged DVD s

optlonal oating or sep ar at

(i.e., tobiepesct vateach Isidettﬁ"theasi;térro@mm@swsmgkeaﬂde@dmhd@wﬁ&ﬁesaZh gigsposed on
one Si dei1 the DVD), can additionally conprise a | abel 13 disposed on the

side of fhibe s8I te the readout surface 7.
Figure 10 is a graphical illustration of light transmission of several colorants in 1.2

mm polycarbonate substrate at a loading of 0.014 weight percent.
DETAILED DESCRIPTION OF THE INVENTION

Referring to Figure 1, a digital versatile disk (DVD) comprises two bonded plastic
substrates (or resin layers) 1 each typically having a thickness less than or equal to
about 1.0 mm, with a thickness of less than or equal to about 0.7 mm preferred. At
least one substrate comprises one or more layers (e.g., 3, 5), of data. The first layer 3,
generally called layer zero (or LO), is closest to the side of the disk from which the
data is read (surface 7). The second layer 5, generally called layer 1 (L1), is further
from the readout surface 7. Disposed between LO (3) and L1 (5) is typically an
adhesive 9 and optionally a protective coating or separating layer 11. Single sided
DVD’s (i.e., those that will be read from a single readout surface 7 disposed on one
side of the DVD), can additionally comprise a label 13 disposed on the side of the
DVD opposite the readout surface 7.

In the case of a single layer read from a readout surface 7 (e.g. DVD 5, DVD 10), a

stamped surface is covered with a thin reflective data layer by a sputtering or other
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In the case of a single layer read froma readout surface 7 (e.g. DVD 5,
DVD 10), a stanped surface is covered with a thin reflective data |ayer by
a sputterwog3or2ot her 4 WO 03/013214 PCT/ US02/ 22420 dep@sirtison23e®cess.
This creates a netallic coating typically about 60 to about 100 angstrons
(A) thick. (See Figures 3, 5, and 6) For two data |ayer DVDs that are read
from t heeRostion waerset 19is ergeles 7 medaldjc @Wetypwbylahoutmmol@out tih@é | aser

b f f but al so
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IR KR N Y s S B R N e M e
gener al Udenplraye ttdrslatde Sset thjatheOCoRRRIm t Rr 30Oa1 10&tia, MiktaMAhobout 400
nmto about 675 nm preferred,” and about 600 nmto about’ 675 urn nore

pr ef er r &bingtigiofeyrhe RdbereRestiveland semimefiactive driddayes, eis getastined VD dat a
layers th@@mﬁvﬁﬁpgﬂi‘aﬁlgt&?llg{{h(gss scibd ﬁaécﬂ%a{m@ﬁcerltley %26g)h§%3d12%§e equal l'y

applied to ore resin en "ol o the

resin, zihoghtl 8tpeecrmm(%$ itorabbir g hat alred waeélewh ed the et hen theuhstanat e 1S
effect tallizatio tg nature and thickness on the sem -refl ective
&'§'3)

and f uf’S}’Dr %ftf‘ggfsu% &aye geRFally gmp 5 iirss Shansorrgaph @rbost 70he | i ght
t r ansmi s§i @th @bout 408 netHRSIoat €75 e pldraskd, t@{ﬁé eﬁ%ﬁ frsg¢ ?{mctggb&ﬁ @?5@% ned by

bal ancing the netallization thickhess w ectivity o
sem - r ehpecueipaedat’dthongte thes matatlizbtiomspudardngeterset for MR dewmdayds t he fully

f t d d
Cpec 11 loB Tt Uibnss Rl S Rl P 'eaéaﬂ%ysma@f@?(te)b?/i% o

obt ai negyswsisngthvesloedsesief | ective materials. Materials, e.g., met aI S,
alloys, and the like, having sufficient reflectivity to

When color is added to the resin, light transfnission through and reflected from the
substrate is effected. The metallization nature and thickness on the semi-reflective
and fully reflective (L0 (3) and L1 (5)) layers is adapted for the light transmission of
the substrate. Desired reflectivity can be obtained by balancing the metallization
thickness with the reflectivity of the semi-reflective data layer 3, and by adjusting the
thickness of the fully reflective data layer 5 to ensure its reflectivity is within the

desired specification.

Metallization for the individual data layer(s) can be obtained using various reflective
materials. Materials, e.g., metals, alloys, and the like, having sufficient reflectivity to
be employed as the semi-reflective and/or fully reflective data layers, and which can
preferably be sputtered onto the substrate, can be employed. Some possible reflective
materials comprise gold, silver, platinum, silicon, aluminum, and the like, as well as
alloys and combinations comprising at least one of the foregoing materials. For
example, the first/second reflective data layer metallization can be gold/aluminum,

silver alloy/aluminum, silver alloy/silver alloy, or the like.
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be enpl oyed as the sem -reflective and/or fully reflective data | ayers, and
which can preferably be sputtered onto the substrate, can be enpl oyed.
Sone posswblog/oreifid ective materials conprise gold, silver PCpltsoi/zaseg
silicon, alumnum and the like, as well as alloys and conbi nati ons
conprising at |east one of the foregoing materials. For exanple, the
first/s eboarﬂiim'@f tcethei averallatedlebéwier oneachllbyez 83, che dififerbecegiol refletivity num
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shoul d be noted that t hough described I'n relation to t | ayers, IS
under st ogluichiat notad rchat tahlacvuglhmsctrdyé s rejagigindo o émﬁrs)y‘exs undmitobcth it t h e

di fference i efle t|V|t t wee bse en s should.b S set
For th andves teiobt €ty bwagh ¥RelBi o5l 1o e kol oF vehesivEf

ot her W sBetle&Pamesent laydiél'é}ﬁ(ﬁﬂd\be iesegforthsbl@ce features such as pits,
grooves, asperities, start/stop orientor, and/or the Ilike) formed into a

surface of the substrate via nolding enbOSS|ng, or the |like. Depositions,
for exanphereflesive gata lmeges §’i?uttyP’§?]113h§}méte§e€rﬁr oth¢mase flisRosgdtoR 3 B3I over a

first a r t an then
p e% fffhcs Lfféa'f% ?sue% g{d%"veé %X E s%%t% dr}éﬁt fitd ?téi%d(d}gcg&

be di spos over the senl- tive ayer ata | ayer
DVD ( e. glike)D¢bndad! intoVD surf8ge of theheuHstrkte)vm snoldingg ehdmﬂsdg, ar mﬂdﬂ@at t er ned

f he f f th
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reflecti figst afidndBYEFac6AM bERMtBElaSRUIIREREH R cRtRgcwh SIRndeP@spdsed on the
separ at or ayer. Alternatively, for DVD 14 construction, the fully
refl ecti 9€rdkg sgmla‘?ﬂ@ctlggﬁa@éayer If a multiple data layer DVD (e.g., DVD 14, DVD

18, or the like) is to be formed, a 2™ patterned surface can be formed (e.g., stamped or
the like) in the side of the separator layer opposite the semi-reflective data layer. A
fully reflective data layer can then be sputtered or otherwise deposited on the separator
layer. Alternatively, for DVD 14 construction, the fully reflective data layer can be
deposited on a patterned surface of a 2™ substrate (or resin layer). A separate layer or
protective coating is then disposed on one or both of the semi-reflective data layer and
the fully reflective data layer. A bonding agent or adhesive can then be disposed
between the 2 substrates and they can be bonded together to form a disk as illustrated
in Figures 3-9. Optionally, several semi-reflective data layers can be deposited with a

separator layer between each subsequent layer.

The reflectivity of the reflective data layer(s) can be about 5% to about 100%,
depending upon the number of reflective layers. If a single reflective data layer is
employed, the reflectivity is preferably about 30% to about 100%, with about 35% to

about 90% more preferred, and about 45% to about 85% even more preferred. If a
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deposited on a patterned surface of a 2a substrate (or resin layer). A
separate |layer or protective coating is then disposed on one or both of

t he sem -wefibecive data | ayer and the fully reflective aaegashzymee A
bondi ng agent or adhesive can then be di sposed between the 2 substrates
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the | as e\rNTaQ%r e e?eagg(?] yg,pt%ﬁééstg ?aﬁ%ﬁé}é@?’w}? ylg ?Ssmléér]g% gsrgr t‘éﬁgﬁ{hgg%q%%l? to
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at | east one of the foregoing plastics. Sone possible '
or a combination comprising at least one of the foregoing plastics. Some possible
plastics include polyetherimides, polyetheretherketones, polyimides, polyvinyl
chloride, polyolefins (including, but not limited to, linear and cyclic polyolefins and
including polyethylene, chlorinated polyethylene, polypropylene, and the like),
polyesters (including, but not limited to, polyethylene terephthalate, polybutylene
terephthalate, polycyclohexylmethylene terephthalate, and the like), polyamides,
polysulfones (including, but not limited to, polyethersulfones, polyetherethersulfones,
hydrogenated polysulfones, and the like), polyimides, polyether imides, polyether
sulfones, polyphenylene sulfides, polyether ketones, polyether ether ketones, ABS
resins, polystyrenes (including, but not limited to, hydrogenated polystyrenes,
syndiotactic and atactic polystyrenes, polycyclohexyl ethylene, styrene-co-
acrylonitrile, styrene-co-maleic anhydride, and the like), polybutadiene, polyacrylates
(including, but not limited to, polymethylmethacrylate, methyl methacrylate-
polyimide copolymers, and the like), polyacrylonitrile, polyacetals, polycarbonates,

polyphenylene ethers (including, but not limited to, those derived from 2,6-



pl astics include polyetherimdes, polyetheretherketones, polyimdes,

pol yvinyl chloride, polyolefins (including, but not limted to, |linear and
cyclic powgeBseiizns and i ncluding pol yet hyl ene, chl ori nat @dTasbyztby| ene,
pol ypropyl ene, and the like), polyesters (including, but not limted to,
pol yet hyl ene terephthal ate, pol ybutyl ene terephthalate,

pol ycycl dinetiylphenhl hedh eopadyreghtvnidh a13¢9- trancthylpheﬂoil kaanyd, thp dikep retlddene-

| ysul f | udi but r. | | yet hersul f
pol yet her Btharsic ShedSeny b e for JSuid néll Shaene Tty
pol yi m degaflRabyByREE coydlfHRs, ar’@ﬁiaﬁ@&ﬁ%steﬁubcﬁlgﬂﬁﬂ SR PRSPMhpngneul T 1 des,

pol yet her ketones, polyether ether ketones resins, pol ystyrenes

(i ncl udi ﬂgoH@umhmnylhdwiet ddoride, tﬁp&ih@g@ﬂaﬂ@n fBesirgesranepenolymery felgot act i c
and at ac \ y h r

acryl oni ?r n%? e\ségweﬁ{e%ﬁ(?:%c %g{yﬁg Olg Feé %125“ é‘lﬁgj%ﬁﬁlra%yq? 81y§“ Xa Uit adi ene,
pol yacr ylbcaysi&nes(,mwimdhmgies bestanatet estarm tiad, taad b@ﬁkc}dyelbhyﬂeﬁ@trmw yhate,
met hyl C{gﬁﬁlcryl at e- poI yi mi de copolyners, and the_ |ike)

pol yacr ytSHI i e blgehy £0BSHMETS; mIVeaﬁdeﬁaﬁt@ﬁl pr%‘lcﬁfpﬁ@ﬁylc@ﬁéo%'teﬁer s

(i ncl udi g, i t i 13214
bot U2t Swibite A0kac ﬁi‘& %ﬁglﬁofg’egbh@gp ﬁgmgfﬁcs}e’\%l pl %sgbsu?attér/\?’"q%y phenol

and the lbolk@)bonatehymﬁne-prunaﬁw rabethosate dp@l, yaveater, thenloyviquyl toaeleivat e,
l'iquid c et hyl ene- te rafl uoroet hyl ene copol yner, aromatic
pol yest e °p8l?1 5’3’ ﬁ%r}?)rsrulb é’eClﬁBY W% dene  f1uoride, polyvinylidene

chloride, tetrafl uoroet hyI ene fl uorocar bon copolyners (e.g., Teflons),
epoxy, pAen@leldCheikyds, tep@k yasiparbopatey) npdl@rcarp@fhawr@&ﬂmmonpolaﬁél | oxanes,
pol ysilanes, bjs-mal eimdes, cyanate esters, vinyl, and benzocycl obutene

resins, i99MPREHIOR| RPN éﬁ@%atlccéﬁBP%rcélamm“ﬂt%r gludes aeamnonitionaduct s and
conposi tl%ﬁ/mgc&imfdrﬁ'lﬁlgtsﬁ?tﬂe?&?ﬁulggﬁ of the foregoing plastics. Preferably,
at

t he substrate conprises polycar with a primarily polycarbonate
(e.g., greater than or equal to about 80@6po|ycarbonate) substrate
especially preferfed. As used herein, the terns "pol ycarbonate",
" pol ycar bonat e, co qgltlon and conpositb?n conprising aromatic
carbonate chai b units" includes conposition havi ng structural units of
the formula (1):

in which at least about 60 percent of the total number of R' groups are aromatic

organic radicals and the balance thereof are aliphatic, alicyclic, or aromatic radicals.
Preferably, R' is an aromatic organic radical and, more preferably, a radical of the

formula (II):
__Al___Y]_A.'Z__ (II)

wherein each of A' and A” is a monocyclic divalent aryl radical and Y' is a bridging
radical having one or two atoms which separate A' from A% In an exemplary
embodiment, one atom separates A' from A% Tlustrative, non-limiting examples of
radicals of this type are -O-, -S-, -S(0)-, -S(Oy)-, -C(0O)-, methylene, cyclohexyl-
methylene, 2-[2,2,1]-bicycloheptylidene, ethylidene, isopropylidene, neopentylidene,
cyclohexylidene, cyclopentadecylidene, cyclododecylidene, and adamantylidene. The
bridging radical Y' can be a hydrocarbon group or a saturated hydrocarbon group such

as methylene, cyclohexylidene or isopropylidene.



0O -R-00- (I) in which at |east about 60 percent of the total nunber of
R1 groups are aromatic organic radicals and the bal ance thereof are

al i phati cwoaBioe3ged i c, or aromatic radicals. Preferably, RCTIGSozze420 onatic
organi c radical and, nore preferably, a radical of the formula (I1):

Al-Y' -A2- (Il) wherein each of A° and A2 is a nonocyclic divalent aryl

r adi cal anj/cafbohaiemcamrbedgbdlg:ed foadieciaterfaai\al regctommeofalihytdvax yatoompeumds ioh

separate A exe £ od| t, .on tom rates A
from A2. ﬂWﬁhgﬁyéFP gomh§WQQWﬁ i Bgé§a ggq“ﬂ?ﬁﬁﬁﬁ anoaﬁgﬁﬁgytype are
-0-, - S comPbidd” inclMdd ¥or exakbld) bis E@lbhb’clnﬁﬁ&ndﬂ’lﬁ‘lllﬁggéﬂéral 8RNy [(ane,

2- [2 2,1]- blcycloheptyfldene ethy?ldene I sopropyl rdene, neopentylidene,
cyclohex9$ﬁﬂbﬁé cycl opent adecyl i dene, cycl ododecyl i dene, and
adamantyl i dene. The bridging radical Y1 can be a hydrocarbon group or a
saturated hydrocarbon group su as net hy] ene, cycl ohexyl i dene or

i sopropylidene. 8 WD 03/013214"|PCT/ US02/ 2 ® Pol ycarbonates can be
produced by the interfacial i on of roxy conpounds in which only
one atom separates A argH eHt er m " di hydr oxy

conmpound” includes, for exa i sphen ounds havinggﬁeneral formul a
(rrr) as follows: (Ra)p (Rb)g OH\ / Xa OH (I'l'l) wheretm Ra and Rb
each represent a hal ogen atom or a nonoval ent hydrocarbon group and nay be
t he samewbereth Rf &fiE@RE cadh @ﬁﬂs@t amalogae atohﬂdle@ﬁi@dmw hy&beﬁ%l& gloupm 0 to 4;

and X' represents one of t roups of formula (IV): Rc Re
and may be the same or dlfferent p and q are each independently integers from 0 to 4;

and X represents one of the groups of formula (IV):

RC
| I

—C— or

|
R (Iv)

wherein R® and R? each independently represent a hydrogen atom or a monovalent

linear or cyclic hydrocarbon group and R€ is a divalent hydrocarbon group.

Some illustrative, non-limiting examples of suitable dihydroxy compounds include
dihydric phenols and the dihydroxy-substituted aromatic hydrocarbons disclosed by
name or formula (generic or specific) in U.S. Patent No. 4,217,438. A nonexclusive
list of specific examples of the types of bisphenol compounds that may be represented
by formula (III) includes the following: 1,1-bis(4-hydroxyphenyl) methane; 1,1-bis(4-
hydroxyphenyl) ethane; 2,2-bis(4-hydroxyphenyl) propane (hereinafter “bisphenol A”
or “BPA”); 2,2-bis(4-hydroxyphenyl) butane; 2,2-bis(4-hydroxyphenyl) octane; 1,1-
bis(4-hydroxyphenyl)  propane;  1,1-bis(4-hydroxyphenyl) n-butane;  bis(4-
hydroxyphenyl) phenylmethane; 2,2-bis(4-hydroxy-1-methylphenyl) propane; 1,1-
bis(4-hydroxy-t-butylphenyl) propane; bis(hydroxyaryl) alkanes such as 2,2-bis(4-
hydroxy-3-bromophenyl) propane; 1,1-bis(4-hydroxyphenyl) cyclopentane; and
bis(thydroxyaryl) cycloalkanes such as 1,1-bis(4-hydroxyphenyl) cyclohexane; and the

like, as well as combinations comprising at least one of the foregoing compounds.



-G or -C 1d R (IV) wherein Re and Rd each independently represent a

hydr ogen atom or a nonoval ent |inear or cyclic hydrocarbon group and Re is
a di val erwolgdixaecar bon group. Sone illustrative, non-Ilim PcagsexzIpd es of
sui t abl e di hydroxy conpounds include dihydric phenols and the

dihydrox¥ substituted aromatic hydrocarbons disclosed by nane or fornula
(generi c ltog abpmS$1bk§)to|qmmspolmbmatemesu«hnmfromaae psélynmneaimhluzf twe |ist of

specific he fype of bi sphenol nds th
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1, 1- bi s( 4r hyith @)GME‘@QM Jr acd-pameiatel, folbésidrior Wyr OXRBRNMIA oftABD G

2, 2- bi s(4- hydroxyphenyl) propane (herelnafter 'bi sphenol A" or "BPA");

2, 2- bi s( BYHHEY 850 sn el an iphafitediacd m the syent pyrarbergisisepglymeniathen thany | 1-'

b1 o4& Y YRIKERANE) BEORRTS us: S Y U BRURIBIAN p 0S5 B o (¢

% % bbiﬁﬁ&ﬂﬂﬂgﬁnﬂymg gupmﬁmﬁémyfmﬁmmmnahs(kﬁeaﬁMyﬁiﬁx%agmbmy&ﬁkamfs such as
is ro r onophen ane; s r oxypheny

cycl openPaesteTAGY Olﬁfes(rﬁwﬁ?o%yﬁ?‘%fl ?bf’d@& &4 k”gﬂi’eg) es GEw! %@ dq, y]glan"hed

- bi s(4- hx@hry@afwm&yb])e awslﬂ@ﬁﬂaaﬁ,we@ngs %ds'dﬁ‘ﬁnea@%%boﬂ&ecwbna“ ons

conprising at |east one of foregoing c ounds 03/ 013214
PCT/ US02b2pdixgl pqucarlsonat% osz)b@n@leé mlycerbpn@iys pulyyearbeamed b addisgikt i ng from

t he polygﬁrpﬁgéagﬁn nﬁggﬁgﬁngq“’ di fferent dihydric phenols or a

copol ynmer o ydric h a glycol or with a hydroxy- or
acid-term nated polyester or with a dibasic acid or wwth a hydroxy acid or
wi th an dhéesehabtnahiy agents inay chipeseemilyfan ctéonab oflagiccop@oyfdy conddifiag t han a
honopol y is desired for use. Cenerally, eful aliphatjc djiacids have
from 2 t6tI%EBJF‘ﬁoﬁﬁﬁpﬁ%ﬂsgﬂwp%ﬂ@¥@}F%@yéﬁiEW@PK&-dﬁgﬁﬁd Li erbpsgdieandi oi ¢

acid. Pol MH@tlﬁa?of@HHyl mﬁﬁﬁhﬁe c@ﬂbﬁﬁﬁgtaﬁleﬁﬁsdﬂésoﬂfl e ¥84 M%r%ﬂ@? can al so

be enpl oyed. Branched EP ycarbonates are al so usefu bl ends of
| i near popseefar pxameples matida tribelditic heid, @mm@h@qmdndnémtﬁh@ﬂbmandﬂedde

pol ycar b%‘?‘ﬁ-ﬁ%r%?}’ Bﬁerglﬁe%%%géj, b%’atl % -Slgenol tris-phenol TC (1,3,5-tris((p-

hydroxyphenyl)isopropyl)benzene), tris-phenol PA (4(4(1,1-bis(p-hydroxyphenyl)-
ethyl) alpha,alpha-dimethyl benzyl)phenol), 4-chloroformyl phthalic anhydride,
trimesic acid and benzophenone tetracarboxylic acid, and the like. The branching
agents may be added at a level of about 0.05 to about 2.0 weight percent, based upon
the total weight of the resin. Branching agents and procedures for making branched
polycarbonates are described in U.S. Patent. Nos. 3,635,895 and 4,001,184. All types

of polycarbonate end groups are herein contemplated.

Preferred polycarbonates are based on bisphenol A, in which each of A' and A? is p-
phenylene and Y' is isopropylidene. Preferably, the weight average molecular weight
of the polycarbonate is about 5,000 to about 100,000, more preferably about 10,000 to
about 65,000, and most preferably about 15,000 to about 35,000.

In monitoring and evaluatfng polycarbonate synthesis, it is of particular interest to
determine the concentration of Fries product present in the polycarbonate. As noted,

the generation of significant Fries product can lead to polymer branching, resulting in

10



branchi ng agent during pol ynerization. These branching agents nmay conpri se
pol yfuncti onal organic conpounds containing at |east three functional
groups wwohsnmzibe hydroxyl, carboxyl, carboxylic anhydecaasonzi4ed or nmyl ,
and m xtures conprising at | east one of the foregoing groups. Specific
exanpl es include trinellitic acid, trinellitic anhydride, trinellitic

t ri chl or Mefentroighle melttiedeviny Plhaensd heeinate, teinsatFuesbiand (fReesoprodaat? s- phenol

(a1 1 S DB R RS P S M SSRERAT b et hyi " benzyl ) phenol ).
4-chl orof ornyl phthalic anhydride, trinesic acid and benzophenone
tetracarboxylic acid, and the |ike®, The branghing agents nay be added at a

| evel of about 0.05 to about 2. i ght percdrnf, based upon the total

wei ght of the resin. Branching s and gracedures for nmaking branched
pol ycar bonat es are descri i . &t —®H635, 895 and 4, 001, 184.
Al types of polycarbonate en ups are in contenplated. Preferred

h each of A and A2 is p-

pol ycar bonat es are based on bi sphenol A,
wei ght aver age

phenyl ene and Y' is isopropylidene. Preferably,
nol ecul ar wei ght of the pol ycarbonate is abo 5, 000 )o about 100, 000,
nore preferably about 10,000 to about 65,000, and nost’ preferably about
15,000 to about 35,000. In nonitoring and eval uati ng pol ycar bonat e

synt hesiwhergin XS isfa favalemutadical s edesstibedoin detsctibmewithefomona efily at i on of
Fries pr@eq?&%d% esent in the polycarbonate. As noted, the generation of
significan rices eproduct can lead to polyner branching, resulting in 10
WO 03/ 013214 PCT/ US02/ 22420 uncontrollable nelt behavior. As used herein,

the ter Ehe’ fpolyestboamd Comp@stigi afaictalso G8AGEE VaribeP ERIIREs UsHdinatily _
pol ycar bonat e having the formul aét(ivzi; -)P (Rb)g O Xa OH o (V) Wherein Xa
is a bi VAF¥RPACLINCRFINaSOTRRASEIGIB e this tyBeineich oaslditivien ako riauesanple) )

descri begliaboye ‘reinforcing agents; heat stabilizers; antioxidants; light stabilizers;
plasticizers; antistatic agents; mold releasing agents; additional resins; blowing
agents; and the like, as well as combinations comprising at least one of the foregoing
additives. Examples of fillers or reinforcing agents include glass fibers, asbestos,
carbon fibers, silica, talc and calcium carbonate. Examples of heat stabilizers include
triphenyl phosphite, tris-(2,6-dimethylphenyl)phosphite, tris-(mixed mono-and di-
nonylphenyl)phosphite, dimethylbenzene phosphonate and trimethyl phosphate.
Examples of antioxidants include octadecyl-3-(3,5-di-tert-butyl-4-
hydroxyphenyl)propionate, and pentaerythrityl-tetrakis[3-(3,5-di-tert-butyl-4-
hydroxyphenyl)propionate]. Examples of light stabilizers include 2-(2-hydroxy-5-
methylphenyl)benzotriazole, 2-(2-hydroxy-5-tert-octylphenyl)-benzotriazole and 2-
hydroxy-4-n-octoxy benzophenone. Examples of plasticizers include dioctyl-4,5-
epoxy-hexahydrophthalate, tris-(octoxycarbonylethyl)isocyanurate, tristearin  and
epoxidized soybean oil.  Examples of the antistatic agent include glycerol
monostearate, sodium stearyl sulfonate, and sodium dodecylbenzenesulfonate.
Examples of mold releasing agents include stearyl stearate, beeswax, montan wax and
paraffin wax. Examples of other resins include but are not limited to polypropylene,

polystyrene, polymethyl methacrylate, and polyphenylene oxide. Combinations of any
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The pol ycarbonate conposition may al so i nclude various additives ordinarily
incorporated in resin conpositions of this type. Such additives are, for
exanpl e, wDioBloex2s4 or rei nforcing agents; heat stabilizerspcaniSoxiddant s;

| ight stabilizers; plasticizers; antistatic agents; nold rel easing agents;
additional resins; blowing agents; and the |ike, as well as conbinations
conpri si Afthet foreeamg asiditives mayebe byedgotusy addilidies imeeshe ivedpdt@ssudhblei | | ers or
rei nforcg [ 126 [ S, ashestos carbon fibers, silica,
talc andhggf%ggﬁﬁgg?ﬁ%kgﬁgbgE@gﬁ%%@§ﬁ%¥ﬁﬁ@&@*ﬁ?ﬁ%@P??ﬁb@ i nclude triphenyl
phosphite, tris-(2,6-dinethyl phenyl)phosphite, tris-(m xed nono-and di -
nonyl phehy kjditios phithe potyinree tanyl dodorien mapial phe rahposifidn trhhyepitalphosphat e.

Exanpl es. of anti.oxi dant.s ingl ud? oct adecy] -3-(3,5-di -tert-butyl -4-
hydr oxypH]@ )VSPBW 6‘%1?}{%6,3 oJAfrarily incorporatéd in resin compositions of this type.

pent aer yiherl bdisiba! haki mlidad I96- ol -siirkrd oy 36 ARHRNSEVLLRLRP! onat el
(2- ycff oXYy- 5-

Exanpl es of light stabilizers include 2-

met hyl pheayiliyése tzet adidiz phesphRrqu@-tayeth conypdintinhinderteyt iphbieny; | zinchendot r i azol e
o ety YISO RO aRERRORAF 100 RURTLE RSkl G 4 el " L
tri s- (ocplatiiztyanyibeitimth;) irsoay@nbsatLitettd AR)RAMh i bensRRXufbZRd Ssoybean
oil. Exanples of the antistatic agent 1nclude glycerol nonostearate,

sodi um ste4r {ptra alintRfipspleoniyn peaseicul Boete cplts emdethe dikiel; oneldereleagingnpl es of
nmol d rel i | e _nmont.an..wax and
par af fi nf%@ggﬁ@%ﬁg&ng@g&gg&%t rea'r%é’r%g?ék%%ﬁr%h% Se,ba%? %gér,%ﬁ??manﬁ}}ﬁnlﬂl%ed to

pol ypr opyrdermenbingtiohy strypesieg atpledsy ot bijthe it fsing ydditiees. Fod cpahplphpay! ene

oxi de. Cbgp%%ations of.ané) 11 8¥)03/013214 PCT/ US02/ 22420 of the

f or egoi Ny AGHF 1570 e LRI CHEP UL YO SR BRI PEty WE o9y abeut ik cWt%4t heat sui t abl e

Lime dursdlizdeatBuiond aftBabsaMPONGHt Snkoliid AiRNGddB8uCOMRRS) L on- I n
addition to the polymer and coloring material, € conposition may

opt i onal 38put { wéYaaddyeleisingsagsdtiibasedamon titi ttal Weyghit ntthepotated i n resin
conpositions of this type. Such additives may include UV absorbers;

hosphor auss Basae: aniosudith Atddel B BymsR SBlanb ARG Pt APRE- sui 1 de
parti cl gsenglplospiibienat i on tthis(p6Hi-t-buhiphemdiphofphiteer al  oi Inis(@adiitthe 1i ke) ;
butylphenyl)pentaerythritol diphosphite, distearyl pentaerythritol diphosphite and the
like; alkylated monophenols, polyphenols and alkylated reaction products of
polyphenols with dienes, such as, for example, tetrakis[methylene(3,5-di-tert-butyl-4-
hydroxyhydrocinnamate)] methane, 3,5-di-tert-butyl-4-hydroxyhydrocinnamate
octadecyl, 2,4-di-tert-butylphenyl phosphite, and the like; butylated reaction products
of para-cresol and dicyclopentadiene; alkylated hydroquinones; hydroxylated
thiodiphenyl ethers; alkylidene-bisphenols; benzyl compounds; esters of beta~(3,5-di-
tert-butyl-4-hydroxyphenyl)-propionic acid with monohydric or polyhydric alcohols;
esters of  beta-(5-tert-butyl-4-hydroxy-3-methylphenyl)-propionic  acid  with
monohydric or polyhydric alcohols; esters of thioalkyl or thioaryl compounds, such as,
for example, distearylthiopropionate, dilaurylthiopropionate,
ditridecylthiodipropionate, and the like; amides of beta-(3,5-di-tert-butyl-4-
hydroxyphenyl)-propionic acid; and the like, as well as combinations comprising at

least one of the foregoing antioxidants.
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pl asticizers; antioxidants; anti-static agents (tetra al kyl anmoni um benzene
sul fonate salts, tetra al kyl phosphoni um benzene sul fonate salts, and the
i ke); nowoomelxeasi ng agents (pentaerythritol tetrastear@Ce/usgt/yaes ol
nonstearate, and the like); and the |like, and conbinations conprising at

| east one of the foregoing additives. For exanple, the substrate can
conpr i selmgrgar togrid n the ipgrvesyieg elthe palywsaropatiouaropdysaBonateatatalystédi | i zer ;

about O. %+ 0 , Y%.antistatic ent.. . and abo 0.1 wt%to
about 1 lgﬁja%\%r%)l %ﬁ ?@E‘gg@l’ %’6%513%1&?%6 beéirg‘gﬂruoﬁoo RS qv“iﬁeiugkfﬁc%?lyﬁthe

pol ymer . tySivatly passisisbine canttdlting daet\asdosiey Wiethe fresul8x@ MM i6rialor PaBGRBOSPhI tes,
e.g., tris(nonyl- Fhenyl ) phosphite, tris(2,4-di-t-butylphenyl)phosphite,

bi s( 2, 4- BAtalysts huinpyRenPVysEieaer pork i t#1  detbofpmmeniug stlyarguide,

pent aery j i hi g, t i kg, I ol

pol yphen%:f&%h]ggﬂg llgﬁpagﬁg{tﬁe&%rgre%@% i o%ﬁ]prt%é(]l tlj]gieé a‘%@/ (g%tﬁglg ﬂgér}gﬁllsg%vgﬁ ‘i“ﬁ“%i enes,
such as, hydroxidg sl tetrabugtlpladsps¢mremhlyydeca (18 phefelired. e The buatatyst@) can be

hydr oxyhydr oci nnanmat e nmet hane, 3,5-di-tert-bputyl -4-hydroxyhydraoci nnamat e
oct adecy%/l?p Y%?a ong 8t %r] BRI nAREh Yith SHsRgeT %{Cgéﬁ&‘”tdﬁesqch@ép BERDPIIGt ed

react i ONadal OEdchS 1ikef ARRTIRTENESPhcAREy BEGYELOPSAS nePlH @R
hydr oqui nones; hydlr oxyl at ed fhi ogi ph%nyl Jet hers; al %’/]%ingen]e- tgll%slp enol s;

benzyl centpeRIEdEe andiremngvesk ashwatar Y@ aBtifiough a vent to remove residual volatile

tert- buty&rﬁ%&gr oxyphenyl ) -propionic acid wi th nonohydric or pol yhydric

al cohol s; REters of bet a-(5-tert-butyl -4-hydroxy-3-net hyl phenyl ) - propi oni c
acid with nonohydric or polyhydric al cohols; esters of thioalkyl or

t hi oar yl Toopphuredss psadnbedady usingra exaph eessdl siebdley bf hieparpi anahe,

di lauryl t hi i onat e ditrid | t hi odi propi onate, and the |ike; am des

of  bet . (IS GPERERES STty S 3 SRl RYBREI SUPIEh BRIEraRIPRer e he | | Ko,

as wel | mge. COmi QNS BAHREMRUNG iRl mbARS! ORGSR, b |
antioxi dants. 12 WO 03/ 013214 PCT/ 508795050 R Phidth galting, Salgite r o
pr ocessi figuler techriqyes) et substiatei cul arly pol ycar bonate, catal yst(s) may
al so be enpl oyed, nanely in the extruder or other m xi ng device. The

carl Yo agBU A BSTLY A, RAPRREN R, WA G R Plad T oY1 1
t et r aal ksepammonirthontipdriayer)de Any bonding agent having the desired optical qualities

can be employed. Some possible bonding agents include glue (e.g., hot glue), acrylic

resin (e.g., ultra-violet (UV) curable acrylic resin, with transparent (i.e., greater than or

equal to UV curable acrylic resin preferred), and the like, as well as combinations

comprising at least one of the foregoing bonding agents.

As with the bonding agent, the separating layer can comprise a transparent material.

Some possible separating layers include UV curable transparent resins. Typically, the
separating (bonding) layer is up to or exceeding several hundreds of micrometers (m)
thick, with a thickness of less than or equal to about 100 pim useful, and a thickness of

about 40 um to about 70 pum typically employed with current DVD formats.

The color can be added to the DVD by incorporating colorant into the substrate (e.g.,
the resin layer), the separator layer(s), a top coat, or any combination comprising at
least one of the foregoing layers. The coloring of the disk can be obtained in several

ways, e.g., using a pre-colored resin for the substrate(s) and/or separating layer(s),
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about 50 nm preferred.

Colorants are also preferably selected so that they solubilize in the material used to
form the layer in which the colorant is disposed. Colorants that are soluble in the
materials. used for DVD layers include dyes (e.g., "solvent dyes"), organic colorants,
pigments, and the like, which behave like dyes; i.e., colorants that disperse in the
plastic and do not form aggregates having a size greater than or equal to about 200
nm, with an aggregate size less than or equal to about 50 nm preferred. Some suitable
colorants include, but are not limited to, those of the chemical family of
anthraquinones, perylenes, perinones, indanthrones, quinacridones, xanthenes,
oxazines, oxazolines, thioxanthenes, indigoids, thioindigoids, naphtalimides,
cyanines, xanthenes, methines, lactones, coumarins, bis-benzoxaxolylthiophenes
(BBOT), napthalenetetracarboxylic derivatives, monoazo and disazo pigments,
triarylmethanes, aminoketones, bis(styryl)biphenyl derivatives, and the like, as well as

combinations comprising at least one of the foregoing colorants.
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PCT/ Usoza{b%)gfb%ic}ity at the desired wavelength can be used at higher loadings in the
formulation it becomes easier to obtain the target color in a functional disk. For
instance, Solvent Violet 13 is preferred over Solvent Blue 97 when trying to achieve a

blue color because of its lower absorptivity at 650 nm.

Typically, the colorant loading is greater than or equal to about 0.000001 weight
percent (wt%), with greater than or equal to about 0.00001 wt% preferred, greater than
or equal to about 0.0001 wt% more preferred, and greater than or equal to about 0.001
wt% even more preferred, based upon the total weight of the layer comprising the
colorant (e.g., the substrate, separator layer, or top coat). It is further preferred to
employ colorant in an amount of less than or equal to about 0.5 wt%, with less than or
equal to about 0.05 wt% preferred, and less than or equal to about 0.005 wt% more

preferred.

In addition to the reflective layers and separator layer(s), layers such as protective

layer(s) (e.g., lacquers, and the like), ultra-violet (UV) inhibitor layer(s), moisture
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Factors in determning the plastic/colorant conbination and the anount of
colorant enployed are currently based upon the above nentioned DVD

speci fi caWD®®1REMCA Specifications #267). In order to olpCaiusoz22420

sem -reflective data |ayer and a fully reflective data |ayer reflectivity
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wt % even nore preferred, based upon the total weight of the |ayer
conprising the <colorant (e.g., the substrate, separator |ayer, or top
coat). It is further preferred to enploy colorant in an anount of |ess
than or equal to about 0.5 wt% wth less than or equal to about 0.05 wt %

preferredABIEI | ess than or equal to about 0.005 wt% nore preferred. In
addition to the ref I ecti ve |l ayers and separator |ayer(s), layers sugh as
pr ot ect e ] ayer l a | acguers apndthe |i |1n\ wWtra-violet (U\/)
Phbi bt bF OmRgetTio) | SHOPEFREU in aris By weigh) "
B C D E F G H

S Red 52 0.05

S Yellow 93 0.05

S Red 135 0.05

S Yellow 98 0.03 0.03

S Green 3 0.0015 | 0.0035 | 0.0008

S Violet 13 0.005 0.005

S Blue 97 0.003
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Di vi si on,
(Sw1tzer1and),

The

The formulations were blended and then extruded using a single screw extruder at a
melt temperature of 290°C, and pelletized. DVD-9 substrates were molded from the
pelletized material after drying in an oven for 4 hours at 120° C. Sumitomo SD30
Molding Machines with Seiko Geikin DVD Molds were used for the molding
operation. The substrates (DVD halves) were metallized using a Unaxis Metallizers
sputtering system. The bonding operation was performed on a Steag Hamatech
Unline 3000 DVD Bonder.
DVDPro SA300 Pulsetech Drives.
were tested on Dr. Schenk PROmeteus MT136.

Complete electrical testing was completed on AudioDev

Additional physical and mechanical parameters

A MacBeth Coloreye 7000A spectrophotometer was used to measure the light
transmission of the substrates (non-metallized DVD halves) at 650 nm. Table II sets
forth the light transmission at 650 nm (expressed in percent transmission (%T)) and

the corresponding reflectivity measured on each layer (LO and L1) by the electrical

parameter R14H.
TABLE I
Formulation | Disk color %T @ 650 nm %R14H /L0 %R14H /L1
A Colorless 90 25 23
B Violet 89 24 23
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The metallization settings (e.g., resulting in the same thicknesses for LO and L1) used
were the same for formulations A through D since there was no absorption of the light
by the color substrate at 650 nm. Gold or silver alloy was used for the semi-reflective
data layer (L0O) and aluminum was used for the fully reflective data layer (L1). The
reflectivity measured by R14H on the colorless (A), violet (B), yellow (C), and red
(D) disks, respectively, was on target for all the disks, which demonstrates that
colored multi-léyered‘ DVD (here DVD-9) can be obtained with the same level of

performance as colorless DVD.

For formulations (E) and (F), balanced metallization settings were used between LO
(silver) and L1 (aluminum). Despite the strong absorptivity at 650 nm for formulation
(F) (%T equal to 62), a fully functional disk was obtained since both L0 and L1 meet
the DVD-Read only specifications (R14H between 18 and 30% and the difference
between R14H of LO and L1’s less than 5%). With a substrate having a higher light
- transmission, i.e., formulation (E) with 83%, reflectivity can even be increased to
reach 22% reflectivity on LO and 20% on L1 enabling consistent production of

operable disks.

For formulations (G) and (H), the metallization was not balanced but reflectivity on
L0 was maximized in order to reach a value as close as possible to 24% for R14H on
L0. This method led to an unbootable disk with formulation (G) and to a disk where
L1 was outside the specifications range for formulation (H). It is noteworthy that

when a balanced metallization is used, a substrate having only 62% of reflectivity (and
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H Light Blue 78 24 16 The netallization settings (e.g., resulting in the
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met al | i zagsten (DY OeDVIR14UDYDY B3)cbebae 0O theryscb2o0d semeifle@edtiveidats (and 18
WO 03/ 013i214 PCT/ US02/ 2&42,0 her.ef ore aargﬁre i nt.ense col Eirgﬁlti on) leads to

a fully fieEti JRa seaN<RIISHtVR; data Jpveei hatk JEflgss e fransniti bights se dhat

met al | | zghfoffatidh Feflndbn Wolald 1/chABE rdaffansm ssion of 73 or even 78% | eads
to non-functional” DVD-9s. These exanples are a clear illustration that

light transmi ssion by itself does not ensure a fully functional colored
mul ti - | ayléewtenbyptaligation peragisicss aistapplskioradisk haysog maglored substrate, the

disk will often be outside of specifications, i.e. the reflectivity of one or both layers is
below 18%. Disk manufacturers usually try to address this problem the same way as
in CDs or single layered DVDs, i.e. by substantially increasing the metallization
thickness on L0 to get a target value of about 24% reflectivity. Unfortunately, this
approach often results in non-functional disks or disks that are out of specifications
because of the very low reflectivity of L1. The reason why this approach is inherently
flawed is that any increase in the metallization of LO will decrease the reflectivity of
L1 because less light goes through LO and reflects on L1. This explains why LO and
L1 reflectivity are closely related and why both metallizations need to be balanced and

not treated independently in a multi-layered DVD system.

By relating the reflectivity of both the fully reflective data layer and the semi-
reflective data layer such that the difference in reflectivity between these layers is less
than about 5%, and the transmissivity of the layer is at least about 60%, then a

colored, functional, multilayered DVD can be obtained.

Production of functional, colored, multi-layered optical disks enables both aesthetic

value and increased life. In other words, customized colors can be employed to create
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It is well known to those skilled in the art that the netallization nature
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of both theinvettlon, bef ihattheviaveaioa widlyiacludndll thdodments fatlidgewithivehelat a | ayer
such that the difference in reflectivity between these |layers is less than
about 595coppaf theeppeslsd slaiBsvity of the layer is at |east about 60% then a
colored, functional, nultilayered DVD can be obtai ned. Production of

functi ongfya: GQULME s ul ti-1ayered optical disks enables both aesthetic

val ue and I ncreased life. In other words, custom zed colors can be enpl oyed
to create 19 WD 03/013214 PCT/ US02/ 22420 a brand identification. Finally,
addi ng colorants to an optical disk can increase the weatherability since
sonme colorants have the ability to "screen" UV light that is
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known to degrade the mechanical properties of plastics. Wiile the invention
has been described with reference to an exenplary enbodinent, it wll be
under st oodOlwg/o1tose skilled in the art that various chang@sTnsy2/i2made and
equi val ents nmay be substituted for elenents thereof w thout departing from
the scope of the invention. In addition, many nodifications nay be nmade to
adapt a paAIMSul ar situation or material to the teachings of the invention
wi t hout departing fromthe essential scope thereof. Therefore, it is

i ntended .t hat ,the.inyenti.on not be Limted to the particul ar enbodi nent

di scl osed’ as t’s’hl@ett?ggkforﬂﬁﬂ%n%%f’%w A FOPBFSWEt rying out this i nvention,
but that the invention will include all enbodinents falling wthin the
scope of dispesiAPpeireiestntiHailedive Waad 1a';y5r @ @hefrst $esi? WO 03Bl the

PCT/ US02/ 22420 CLAIMS 1. A nethod for maki.n% an_optical disk, conprising:
di sposi néiry resin dayes ghy has dight frapspaisgian at ¢ dpwdyed(re3ding wavelepgth of geater| ayer

(1), whegginpbhgoofirst resin layer (1) has light transm ssion at a desired
readi ng wavel ength ’of greater than about 60% disposing a top side of a
first fully reflective data |ayer (5) on a side of said first sem -

refl ecti despdsnga kapysde ¢ fivp fidbi te@egnicdatailagt (5esi msidaypésaid fiyst seher ei n
reflectivi .of 'th first fully .reflectivye data layer .and e first
o <t of TR atRTv b Sorrosye Fuif TrstdFun Hat ()7 Bt 1eergRanblE 056 and
wher ei n @irdi fuf19rRN6QIvVeNddthEayef ﬁ?%nﬁVihEYﬁrsbf@éMﬂ%Hebﬁﬁe faatastaybul3)yis _
reflective data layer (5) and the first sem-reflective data |layer (3) is
| ess t haindpideallysaoudilshose aboy FBpatnsh Whereinag «lifferenge bethgewfedtity fir st
fully re i ) Sal i 1.~ tiye ta | ayer
(3): "o opeiiieh i 3L BulABLc )Rl ye3) Gl e Rt il £ T
refl ecti y® islksathhayesut 50&) ; and adding color to at |east a portion of the
optical disk.

disposing a separating layer (11) between said first fully reflective data layer (5) and

said first semi-reflective data layer (3);

disposing a second resin layer on a bottom side of said first fully reflective data layer

(5); and
adding color to at least a portion of the optical disk.

2. The method according to Claim 1, further comprising disposing a bonding
layer between the first fully reflective data layer (5) and the second resin layer, and
disposing a second fully reflective data layer between the bonding layer (9) and the
second resin layer, wherein a reflectivity of the second fully reflective data layer is

about 45% to about 85%.

3. The method according to Claim 1, further comprising disposing a second
separating layer between the second fully reflective data layer and the second resin
layer, and disposing a second semi-reflective data layer between the second separating
layer and the second resin layer, wherein a difference in reflectivity between the
second fully reflective data layer and the second semi-reflective data layer is less than

about 5%; and
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2. The nethod according to Claiml1, further conprising disposing a bonding
| ayer between the first fully reflective data |layer (5) and the second
resin | aywn,03amti4 di sposi ng a second fully reflective dat &Crajse?/233es ween

t he bonding layer (9) and the second resin |layer, wherein a reflectivity
of the second fully reflective data |ayer is about 45%to about 85% 3.
The et hovhexein @it diasigone lagembaiected framt ﬂnerglclmrpmﬂsz'ﬁting of itbpﬁsdtmgpaiamond
separ at i et we t he seco r.ef ec ive

sebona r ddieh WE QBTG Ty B SERT sirdiatindPlen iR A pEBh e s Foyer

bet ween tdaeyrekcond separating |ayer and the second resin | ayer, wherein a
difference in reflectivity between the second fully reflective data |ayer
and the second_sem -reflective data |ayer is less than about 5% and 21 WO

03/ 013214 pCT/lhgongtbadasordipd fat-hrimt L Mdgisin the<iffergage apledtivyy 1516% t he

group congistyd eﬂQaIQ%aB&ﬁzl%rSt separating layer, the first resin layer, the
second separating layer and the second resin layer is colored. 4. The

met hod according to Claiml, wherein the difference in reflectivity is |ess
than or équal The mbtbad ageerdig bhelamt hoshecinothdi diffeteoccCimirefledtivitsher ei n t he
dlfferenc§ t[}ﬁft ctlg ?ﬁ/ t§<y about 0.5%to about to about 3% 6. The

met hod ad@oy ?8°¥ B “therein the difference in reflectivity is
about 1%to about to about 3% 7. The nmethod according to Claim 1, wherein
addi ng cd.or coRPheBes aacsding @ Chohos,anhertia fhbedifepasainieflcaaiaty (s11), a
top coat, the first resin layer (1), or a conbination conprising at |east
one of tﬁ@o‘f‘tolr/e&b?h?@“osabo‘lrhéﬁ’net hod according to Claim1, wherein said

colorant is selected fromthe group consisting of anthraqui nones,

peryl enes;, perRGA&Red a&%&h@&@r@am 1%h&@ﬁféﬂme§olof<@&m%@%ddﬁa gzi nes,
oxazol i nes, thioxanthenes, i ndigoids t hi ol ndi goi ds, naphtal i m des,
cyani nes co}oamth@né@ scrp@tatﬁwmé@er |(&tx omésp coatu nthe i first résiiss -layer (1), or a

combination comprising at least one of the foregoing.

8. The method according to Claim 1, wherein said colorant is selected from the
group consisting of anthraquinones, perylenes, perinones, indanthrones,
quinacridones, xanthenes, oxazines, oxazolines, thioxanthenes, indigoids,
thioindigoids, naphtalimides, cyanines, xanthenes, methines, lactones, coumarins, bis-
benzoxaxolylthiophenes (BBOT), napthalenetetracarboxylic derivatives, monoazo and
disazo pigments, triarylmethanes, aminoketones, bis(styryl)biphenyl derivatives, and

the like, as well as combinations comprising at least one of the foregoing colorants.

9. The method according to Claim 1, wherein said resin is selected from the
group consisting of amorphous thermoplastic, crystalline thermoplastic, semi-
crystalline thermoplastic, thermoset, or a combination comprising at least one of the

foregoing resins.

10.  The method according to Claim 9, wherein said resin is selected from the
group consisting of polyetherimides, polyetheretherketones, polyimides, polyvinyl
chloride, polyolefins, polyesters, polyamides, polysulfones, polyimides, polyether
imides, polyether sulfones, polyphenylene sulfides, polyether ketones, polyether ether
ketones, ABS resins, polystyrenes, polybutadiene, polyacrylates, polyacrylonitrile,
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benzoxaxol yl t hi ophenes (BBOT), napt hal enetetracarboxylic derivatives,
nonoazo and disazo pignents, triaryl methanes, am noketones,

bi s(styrywplpenyl derivatives, and the |ike, as well agCrarsb?/mateé ons
conprising at |east one of the foregoing colorants. 9. The nethod according
to Caim1, wherein said resinis selected fromthe group consisting of
amor phouPlYIEFtA IRebmhenyleney sithars,i alhylenevinybl aestite  copelyimersr pelywinyl ne

t her nopl LL, , C fnati.on conprising at | east one of the
f or egoi nga%%tlg%f rlllgaﬁ{lg% %Eep Oﬁ%‘?%(%ti%a ceglrgé‘%tﬁagluf)f)o%ykinﬁl g(,’p(\tmg‘?‘reiaﬁo@aglcd resin
i s sel ectpetiebtensin pdievingr dupridenpoBivinytidafe FRbYeshebly¥iE8ene chloride,

pol yet heret her ket ones, _pol yi m des, polyvinyl chloride, polyolefins,

pol yestertgt,raqﬁ‘t?f%?m#%s flogocybant epnobymess| GRoMydexhenelis, yalkids ~palydstéas,

pol yet her sk fRNSs) h : | £.4 . ket ol yet her
et her kéjt_ ?rllllcllalsd,a’ ggBlgu ir%gllsa?ﬁﬁ’sEaggfd;%?%gfﬁggﬁ&g%’wgﬁégﬁ%%%’ Cg&%?/eagsr%rf"at es,
pol yacr yIvamilt bétzecyclditen® G313, 38d 41BEE/ WA 22420 reqeeby ageldwts, and

pol yphenyl ene .et hers.. .et hyl ene-vi nyl acetate copol yners, polyvinyl

acet at e, Cf)llnaﬁ?lc?sS?Vglilgpgﬁ%]leﬁé’% PPé’FﬁgﬁeEWng%“‘Waf | uor oet hyl ene copol yner,
aromatic polyesters, polyvinyl fluoride, polyvinylidene fluoride,

pol yvi nylliidenghehingdthéle, acdoadin@f kdioCRRINYI, eReheldibOkAEANEAR CORPLYIXET S,
epoxy, phepolic, alkyds, polyester, polyimde, polyurethane,

pol ysi | OPSE’QQPO%?-ysi | anes, bis-naleinides, cyanate esters, vinyl,
benzocycl obut ene resins, and bl ends, copolyners, reaction products, and

cConposi t 3. COMN dpHcAiAL chf ﬁEingf‘e of the foregoing resin. 11. The nethod
according to Claim1l, wherein said resin conprises polycarbonate. 12. An
optical disk, conprising: a first fully reflective data |ayer (5), a first
separ at i Adirptayldy re(ﬂfgt}Vng%@lﬁy@d(Sd,ra farst sppatidg layef (1tlhdisposedtonfatoppideef | ecti ve

data | irst .semi-reflectiwe data | di d id
of e sobdiebs fBiny biRlepE T 1cs B & S SR tBUitn 47 ey B Rbescdat a 1 ayer
(5), a bhrsider@shasdpaysing(dyer ¢113RPEEG AR ARt AIRAEASHER dabSafdr’(5), a

sem -reflective data |layer (3) opposite the separating |ayer, dnd a second
resin | afl&f Tesy layes g]asfgﬁpoé SN SBtUPHRY sideléheofirst semi-reflective data layer (3)

opposite the separating layer, and a second resin layer (1) disposed on a bottom side of

said first fully reflective data layer (5);

wherein the first resin layer (1) has light transmission at a desired reading wavelength

of greater than 60%;

wherein a reflectivity of the first fully reflective data layer (5) and the first semi-

reflective data layer (3) is individually about 18 to about 30%;

wherein a difference in the reflectivity between the first fully reflective data layer 5)

and the first semi-reflective data layer (3) is less than about 5%; and
wherein at least a portion of the optical disk is colored.

13. The optical disk according to Claim 12, wherein the first resin layer (1) is

colored.

14.  The optical disk according to Claim 12, wherein the first separating layer (1 1)

is colored.
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said first fully reflective data |ayer (5); wherein the first resin |ayer
(1) has light transm ssion at a desired reading wavel ength of greater than
60% wherwpr3ainefl ectivity of the first fully reflectivePdatsotzser (5)
and the first sem- reflective data layer (3) is individually about 18 to
about 30% wherein a difference in _the reflectivity between the first fully

reflectivé datlde Patjedl disk)accerding R lpim 42, Wasspin ths fiest senpgatingdlayar 4lr (3) is
I th i §: t ti f th tical disk i
ess agi%m%ﬁ gﬁﬁ%aﬂpgéf\{\@?é%dyatgiayh&as a portion o e optica isk is

col ored. opt 1 according to Claim12, wherein the first
resin layer (1) is colored. 14. The optical disk according to Claim12,
wher ei n tlhe f iThstoptegdatiskt acegrdimgy tr Claim)12, whecol saié dirst28sinde8(013d14

PCT/ US02/ 22420 15. The optical  di sk ing to Claimi12, wherein th
First sepaRarimg Ty ere ¥y o ekt SeERPpAME D By Thbts woci ate | ayers.

16. The optical disk according to Claim12, wherein said first resin |ayer

(1) and 19ai d The©pch] ek decdraitfy tol@¥En A6t Whetkin@BRkass apasut 0.54miot 0 about
1.0 inn. 17. The optical disk according to C aim 16, wherein thickness is

about 0. 3be#hObmmabout 0.7 nm 18. The optical disk according to Caim 12,
wherein the difference in reflectivity is less than or equal to about 4%

19. The qgt| C%e%'gg&] AREY E]ciraﬂlgttg CHifi 19, WBereM @ik @ittt i EARHEACR I N
reflectivity is out 0.5%to about to about 3% 20. The optical disk
accor di ndess tha@lcaiequal & alwhweA®%i.n the difference in reflectivity is about 1%

to about to about 3% 21. The optical disk according to Caim 12, further

ol Tecti Ve daniorayey Ipbycaninent CRERG ARl Tt ittt 1y

refl ectiyBowat s, kaywut €5 sHussw. bet ween t he bonding | ayer and the

20.  The optical disk according to Claim 19, wherein the difference in reflectivity is

about 1% to about to about 3%.

21.  The optical disk according to Claim 12, further comprising a bonding layer (9)
disposed on between the first fully reflective data layer (5) and the second resin layer,
and a second fully reflective data layer disposed between the bonding layer and the
second resin layer, wherein a reflectivity of the second fully reflective data layer is

about 45% to about 85%.

22.  The optical disk according to Claim 21, further comprising a second separating
layer disposed between the second fully reflective data layer and the second resin
layer, and a second semi-reflective data layer disposed between the second separating

layer and the second resin layer;

wherein a difference in the reflectivity between the second fully reflective data layer

and the second semi-reflective data layer is less than about 5%; and

wherein at least one layer selected from the group consisting of the first separating
layer, the first resin layer, the second separating layer and the second resin layer is

colored.
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second resin |ayer, wherein a reflectivity of the second fully reflective
data layer is about 45%to about 85% 22. The optical disk according to
Claim 21, wbuwswhen4 conpri sing a second separating |ayer dipspasez2iaed ween
the second fully reflective data |ayer and the second resin |ayer, and a
second sem -reflective data |ayer disposed between the second separating
| ayer and. t hdhs epted drshsacnorldm)gdp Clmﬁélvﬂleaelﬂlsﬁlﬂépkﬁ@é i$ B\el?%‘@ Fep ectivity

bet ween t he second f. reflective data | r

sem - r effec®oUR GHSH lpﬁyé’rf A GNRS , PEH0 éé)t% ’5‘%%?%0%&\/\#1& ein at’l east one
| ayer selaebA8brkS 0MkikiBeiits OURXENIASS, St bxtgolifiest hahfdxasthesspariadipoigs, | ayer,
the first resin layer, t he' second separ ati ngl | ayer and the secand resin

| ayer i éhlomdllg@lifbdnalfb@h\r@d%,cmﬂ bipg9 dactongs, qEaEgs U di sk
accor di n tQ CI e group
R A e e R

qui nacr |Cm©§)lgrﬁ@]|fﬁ, hengEnethaR) mmpkem;moblsmgyl)bmhmg&miehmws anddi goi ds,
t hi oi ndi goi ds, Eht al i m des, ani nes, nt e?ﬁ}; hi negQEr l,.act ones,
courar i rige likg. & Wg ﬁ%@%ﬁ?%PWI{Stﬁoé’pWﬂéW@@ @T’fo prW§P’é\$€P ¥ar boxyl i ¢
derivati ves, nonoazo and disazo pignents, triarylmethanes, am noketones,
bi s(styryl)bi phenyl derivatives, and the like, as well as conbi nations

conprising at |east one of the foregoing colorants. 25
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