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PCT/ US02/ 22420 This disclosure relates to a data storage nedia, and
especially relates to a colored data storage nedia. Digital Versatile
Di-sks (or DVDs) are slowy but surely taking over. conpact disks (CDs).
These formats provide significantly nore storage capacity th t hus
allowing the recording of up to 8 hours of video/audio SrAP 8%Uﬁ\mth hi gh
digital qu he nunber of DVDs sold on the marke ely exceed
I billion uﬁ{otoé/&m obally in 2001 and is expected to rgg’gfﬁg&%%%d: 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 fundamental and visible difference is that a DVD is no |onger nade of
asingle 1.2 mmthick plastic subSOLDBEDDDVDf two 0.6 nun halves that are
bonded together ("DVD Denystified:" by Jim Taylor, ed. McGaw Hill, 1998).
Incaddition, the reading | aser wavel ength has changed from 780 nanorreters
(nn) i n CDBAGKGEROUND OERE BIVENTIONe near infrared part of the spectrum
to 635 or 650 nmfor DVDs which is located in the visible spectrum

Dependi NG OmistdiRIok)pR1s 10V Bath RYR:SmediY BhcospdaBy fefhtes BVboldfod daMD- 18, DVD- R
DVD- RW . é} the construction can vary substanti ally, going froma single
si de/ si ngI Yag 1E‘DVD 5) to doubl e side/double | ayer (DVD 18), not to
mention the recordabl e formats such as DVD-R and DVD-RW The ti ght

speci fi cat iRigital VeBetilo Peskn (x3'6Ds)ard dowlf ot Sredyntikingiozérrvgmpasf disksat i on and
Commruni cat i Sy . %ﬁl i # Jgm DVD- Read
only di sk) (egﬁosﬁcfg‘g%nné %%st% taj Iglg%osﬁ& %ﬁln} gltr)annt%):lD%e with the fact
t hat the Ie@e\rﬂngvéheeteewgm of gip| tofahaves of wdwﬁ@dw|®nﬂ9mew1§p@gh digitelnakes DVD
manuf act ur igaglR ?H@Mn%gngm saefoh %'mama&w hke?fe,&éedtxhﬁyayhﬁlw ate are not

the only reqwrerrents or DVDs. exanp the size of the pits is nuch
smal | er i n &P Wzml@ﬁlﬁ‘??ﬁ?#"ééﬂew&tab%‘tE)Wl‘@byﬁﬁ% sensitive to resin
quality (inpurities) than a CD. Due to their thinner gage (0.6

To achieve the high storage density in a disk that has the same overall dimensions as a

CD, the disk construction has been changed. The most fundamental and visible
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 2 DVD, which implies that a DVD 15
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
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nun instead of 1.2 mm), DVDs are also nore challenging than CDs in terns of
1 05 APR 2006 WD 03/013214 PCT/ US02/ 22420 nol ding. In fact, the rheol ogy
(flow characteristics) of the resin is inportant and tightly controlled.
Addi tional ly, inconsistencies in the thickness of the disk body are also a
source of defects in optical disks. A DVDis nuch nmore sEn&PR Il to the
presence of such defects because it is not only thinner and read in the
visible spwstasgmsgidbut it is also read at a higher rotaeCRWRI2828anni ng
speed than a regular CD. The nost advanced DVD formats that are

mul ti-layered (as _for exanple DVD-9, DVD-I4 and DVD-18) represent the

hi ghest degPeding Ijfach jthe Theglogyelowschamsteristies) of thesispip ds HFP°56‘F B fully
reflective tphtly don&6iled: RMItRALIlYY Bcdmi¥Rhiciad 35 8¢ atiedss\Wr i dsklbayedrs of pits

(e.g., patterning which forns raphic_locators). Single |la ered DVDs,
i.e. DVD 5‘55&&15‘%(?& f dfeclydn r?B'? ﬁg\?lés t fieD¥Rrif mpuch I"é’é“'t PFEtTGlPete and cont gin

only one | atéencedf fath Fefeds bacai@Sitlik nof ofil Qhidlhdrf R GBELE the Vidige di Sk
construction

reflectiv equl renents are ver |fferen t ween single
| ayered and® ?‘ﬁﬂm’t”r L‘ﬁé&/’é?*é‘a)!‘?ﬂi §R§H’ r%fﬁ‘?@al%%ﬂ“f‘mg ﬁéeegf}@“raerﬁ%’ % g’ ;
recor dabl e Thel thost ladwaated DV Iornassathhiadt enubthlaldrad (amketm@reeDVDGe with
col orl ess rﬁ\?b'h JQ%?@'IX%?%%??R&C %ilﬁé renc&?%c\‘/\lﬁ bf:c&usé of Fomes fromthe

metal li zati'on (i Ekfs  obt ai ned
when gol d ipsesespedf b@hdﬁélymﬂeaweya,nda stxmﬂgﬁﬂcum Inyee pssboatkd with Dhayers ned wit h

siiver 21 ldbible Al R K ko ddhan it iochINENh b sl 0Ry BRAKSTITENt | oned

drawbacks and drsadvanta ave Povereo evi ated by the
optical di SRVErtdnéBVRL, ‘P anhilR‘i'ﬁQe semé-reflgetive laykreand poritajn lonly pradayet onpr i ses:  a

first full yofrgifsl eqlsi ¥ el @f oy @fﬂ'ereﬂcefs ﬁxS{heS(ﬁ %@ﬁsh{?&m%a)‘e%'%cﬂh? posed on a

top side of the first fully reflective data |ayer irst sem-reflective
data | ayer TERUBBEUtRroYFry diffsieptdereen sieglslaysadand ngq ayesed dikposite the first

fully reflective data layer, a first resin |ayer disposed on an upper side
the first skndate,edll the tprasecatdddaor &yﬁdab&pmﬁﬁli-lﬁ)ereﬂhbms epdhbleioaght ayer, and a

second resi {[( | #.ﬁ 5|d aid first é |y

reflective n[(.!]aé eg eanmglr %@hgfoggﬂ ?ﬁwn i dr@%rf'ﬁe |b§‘§}"ee gisjs | i ght

transmn ssi ¢camgs figm the metallization (i.e., the data layex;) For example a gold disk is
obtained when gold is used, and similarly, a bright silver look is obtained with silver

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-reﬂecﬁve 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




desired readi ng wavel ength of greater than 60% wherein a reflectivity of
the first fully reflective data layer and the first sem-reflective data

| ayer is individually about 18 to about 30% wherein a gl fggg@nce in the
reflectivity between the first fully 2 0 5 APR 2006 V\DB /Atf)J 4 PCT/ US02
[ 22420 refl ecybypnsdad a | ayer and the first sem -refl ecticegisednbao | ayer is

| ess than about 5% and wherein at |east a portion of the optical disk is
col ored. The nmethod for making the optical disk conprises: disposing a
first sem - r efflegtye datelayed andhq fyteembreflertife datatlayeris less thapebeut Sihendei n t he fir st

resin layer RaseihiObk atﬂ'oﬂlﬁggtﬁgépg&l @fské‘colgx‘é‘cii red readi ng wavel engt h of_
greater than about 60% disposing a top side of a first fully reflective

data | ayer on,a side of said first.sem-reflective ta | ayer opposite said
first resin HAGBPOOREPERIE Permoalioid oy (RETEAd S tPTsIe oct fve data
| ayer and t héath layston a §shiesin ydrewiterewnethel itsredimlgeer has $ight reswissioaktiay about 18 to
about 30% Qe WNRLd Y el drekeBc el Doty BlJoafLd ¥h Lk BELMEEN the Ti st

fully reflective data | ayer ] Tirst sem-re tive data layer is

| ess t han ab&tly repgtive fapiaes ey ddecd eaith frst semi-reflqchvealata ayerpppasiit $2m si de of
said first figkskesih@yboRlckentreflatiAty AWRfirst R rAddivO Gt L) Phnd iR Akt | east a
portion of the D?’g cal dilsk. ,Thg.s]% a}g’d ot h@\r,\ﬁf at yres VHI}a be apparent from
the foll owi n§FHFPEPTg<LR ISt SoRIgituqliyeaboy, On%%u,t qér 279 ¥H-<Lcr i ption, and
attached dr aviffegsce iBRe kiflcBDESCRItPddn ¢ bt THEeMIRANA MESayeReliale fitgg now t o t he
foll owi ng Fi € | Lch. Fl e 1$,.a:.Sch Icor entation of a
DVD 9 const rg%%l?%]ﬁ?ﬁvlg—id%?aggis {%Sgtginsag #gnsg/ ?15:53 (%!fng g@ %B?dcrg%gga?%cofl i’on havi ng a
si ngl e ref | ebetiopesifeagfeseiddirg flbetflective dats yonehdgiddies edlortthet aist r at e; Fi gure
3 is a schempiiien Fhneadphdigonstruction having a single reflective data

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

construction iQig A i d I S, . m.-reflective data
| ayer and a F E%%{y ret er%%%ll%%/lé’ﬁ@;éataég ﬁr%@gé‘?‘? t%yfgﬁpo(%négm\%s %ﬁﬁnﬁﬁ?nhoef%esubst rate;
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 is a schematic of a DVD construction having a single reflective data layer

and a single laser;




Figure 5 is a schematic of a DVD construction having a single reflective
data layer and a single laser; 3 0 5 APR 2006 WD 03/013214 PCTI US02/ 22420
Figure 6 is a schematic of a DVD construction having t“ngrP?f@gcti ve data

| ayers, both disposed on opposite sides of the center”of t% substrat e,
and each readgfbgubspm different sides of the substrat@iydsiagbpe 7 is a
schematic of a DVD construction having two reflective data | ayers, both

di sposed on opposite sides of the center of the substrate, and both

readabl e frofigutee is 8 athemaficpéa BV Dichrstradiion havingdwo Rifleptivedag laysrsabotichemat i ¢ of a

DVD const r uctsisgiied8Y ofhsite\Rack @F ke ChtiCordfd fibkARE LRt calPluapdisdRosed on the
sane side of the center of the substrate, and both readable fromthe sane

side of the SfErisgescithsybitao js a schematic of a DVD construction having
four reflective data layers, two disposed on each side of the center of
t he subst r at &igumiids & vahemamdabP¥Dfcpwstiatiae havgigdeo reﬂéctitzén@taslubsthoart e; and

Figure 10 is dﬁp&é@&hb&@éﬂe stabdkttileabdi@nr el shils@h, hd %ﬁ% sever al

colorants in 1. nm_pol ycar bonate substrate at a oa 014 wei ght
percent . DETAWL"I?@GBE@E:RI BPRON OF THE | NVENTI ON Referri ng to Figure 1, a
digital versatile disk (DVD) conprises two bonded plastic substrates (or
resi n | ayer sYFigirecdas b s¢hympaticak b PVhawsirgetian hdvingkwesgediiesdtatlidyan, toth equal to

about 1.0 rT‘mdls sgciﬂ'orfathg %@1@%% thgfcerlte(? 3F th'é Qlﬁﬂtre% aﬁ‘\cg%"t)ll regd%blg?r&%tm 0. 7 m

preferred. At east one substrate conprises dne e.g., 3,
5), of data. sapfesideiof the subglipés 3, gener aIIy cal | ed Iayer zero (or LO), is
cl osest to the side of the disk fromwhich the data is read (surface 7).
The second | &igere 955 a gehaeatlolf y DVBI chesehudtiaty Bavink fédxiréﬂectivs dafwlﬁjzel?eeﬁwo fromthe

readout surf @fégoszc{ on[%aaﬁﬁe Oqt&%E%%Fth%%bg§% an two rea a%}e XIPsuf ally an

adhesive 9 an Ive coa |n or separa ayer

Si ngl e si dedObeSiTa{%a@ those that will be read froma single readout
surface 7 disposed on one side of the DVD), can additionally conprise a
| abel 13 di spizeedods a ighehisdl disteafiord dfdight 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 L0), 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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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 stanped surface is covered
with a thin reflective data | ayer by a sputtering or ot@gr é’llﬁﬁ‘r’ APR 2006
WO 03/013214 PCTI US02/ 22420 deposition process. This cr tAg metallic

coating typi cghbyndpout 60 to about 100 angstrons (A) gdiliendédee Figures
3, 5, and 6) For two data |layer DVDs that are read fromthe sane readout

surface 7 (e.g. DVD 9, DvD 14, DVD 18), the |aser must be able to reflect
fromthe fi F%HOS‘P%W@P°3§ Vi Creass dimpedpllic coatingrtyrigalinatiopicise ebnut {%0ansmi t )

t7hl‘ gugh éhg aﬁgslé’gjﬁs (Aaymask. @e\é\ﬁﬂgﬂreé’ gapléﬂag) F&Qw&@éﬁplﬂﬁr bepemature feadee Fi gures 4,
an
‘from

Y erefore,
the-first |ayer PSSaP’E reagﬁ’euﬁlsqrfaf ﬁ§p Y@é %}% 14 S%ég}wfhesaé%/’)"é‘i?{ﬁ?eve) while the
second | ayerbld té sfledt (ftolnythe difdt dayeri 3/ ohen reddigeit, totialsefotusspanaanitls set by t he

ConsOrtl LUm bifughBle rf@la iy IR AS LLLISR: 5. “(9&"%&%1%&407”8%9&& he

fuIIyreerctlvea m -reflect edaa S neasured per the

el ectrical PAPREVES RVAH4 8¥Ddé§€§t’?°§é@>’)lﬂ1%@ﬁmﬂ@ Petlafer Tiatfeomrs #267) ,

shoul d be abapirentB(RETEBAEAIMe), | WHiRDAY tsec3RP9r 5 lfke“M@Vr@ﬂ]é%ﬂ&t’h of the
| aser. In the present %\1 aser. vvavel en ener al | npl oyed is
“%% 2850

“less than o et &faa‘géﬁ Sei?@b nSW“EnPu %i‘bgifﬁc frpetally ut 675 nm
preferred, anobigdioaufor ﬁ@(fullwmﬂetcﬁ)veahd)&tmlﬁé‘f&cm [ata rlayérﬁg Pheiarciee. Al t hough

these netal ltﬂe?emga'ﬂ q?é?éii?aﬁﬁ'é WREERE N b A Y Pﬁgal%% #Eé%eﬁcau%”p' oyed with

col orl ess, tica DVD systemns
with col or edbotuééff HGTC%@/P? té@b@ﬁ 39% ab@éé@wﬂ@gﬂihé thﬂelsﬂen Inlthfgmsentr ansmi ssi on

t hrough andpvefd, %t@;ér M@ﬁhgahgeneﬁmbéﬁlﬁ@fe@lsl i6s @b %P&ﬁ&l 1o J64as A0t @l i zation

nat ur e andthlcép 8 he semi -reflective and l'y reflective (LO (3)
and LI (5)) ™ay °‘?t§ %H&H’taéﬂut%srmﬂ’f&fe‘[‘?dgﬁida??“é?@rﬁ"s‘%?‘??ﬁ*@? Mt he substrat e.
Desired ref heetprafertey. A&hbubl@th@d@&r&tanﬁdlobytalhﬁfdﬁﬁ/@ﬂe@@ farimvD@kAbyelszat i on

(hcknese WeuRoIShELUSEL Yk RNy S P LSRR Bubeyer 3, and by

adjusting t ness e ensure its
reflectivi tyYSiemSWthmfweftm-‘en desired speC| fication. Metallization for the
i ndi vidual data | ayer(s) can be obtained using various reflective

When color is added to the resin, light transmission 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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materials. Materials, e.g., netals, alloys, and the |like, having sufficient
reflectivity to be enployed as the sem -reflective and/or fully reflective
data | ayers, and which can preferably be sputtered onf§ APR@llSubstrate, can
be enpl oyed. Some possible reflective materials conprise gold, silver,
platinum silyeefsal um num and the like, as well as githRysand

conbi nations conprising at |east one of the foregoing materials. For
exanple, the first/second reflective data |ayer netallization can be

gol d/ al um nudy addiion Yeethe gydradyreBdctiviiyrad ngch dayen?, the dilfyenst inmsfecilyityoy, or the
like. 50 5 Bﬁ%e%@@&e?ﬁ%@%e@é@?&é 1E}€EI(U$O}%§§52§ZPshbﬂd%ei%ﬁrbm #o the overall

reflectivity of each he difference in refl ect|V|ty bet ween
subsequent r & F’%FEred%‘f@‘eP‘afF@F%”%o the jubsrayeat dave) RGO HE control | ed,
in order todfR&HeEn sdﬂl%étivﬁy Bem/eeﬁ eﬁﬂs@pém myéry (ef, thxstSdnb Sepdaniers| ayer .

Preferably, differ enc bet quen | ayers
(e.g., the f%?gt‘s lﬁsﬁg‘agé?”c’?n t? %}?e s)‘” tEl%sorle L\g%taﬁ%‘ﬁ%’ ee(ﬁrﬁal to about
5% with | essndlkarhappor epeldd altopt ?a%morezi%fméfénsrfedherpaﬁded tedsverhan or equal
to about 3. 0%qIDLRy BRELRE HEGeen tLe éd?accf,nk' FehB@ike Qa{t@{a?% {26 drorellaVma

reflectivity difference between | acent ctive data |ayers 3,5, of
great er than °r garaldggegut Péﬁaﬂﬁhﬁre@e@%“ ‘Weﬂlﬁﬂ ir Bastel” pREPTdTeeqlial to about

1% mor eI pr ef ghduRthe nbitd thstfmdugh B&crived Bdelithato t@buiyaughs dﬁﬁﬁfobd)tﬁd in relation
to two | ayer

er st nore,. t oul d be
ool oyed. andFhiE PHb U FRPoRE SR ariies OF ctpss fotieelis equant
| ayer s shoul detbeenasbsgment fagers $hoallh bwvas set Thth ab@kl ecti ve data | ayers are
typically sputtered or otherw se disposed on a pattern (e.g., surface
features suc hh@feﬂsunb&datgrawﬂs typREABQDhtiered r o&&rﬁfﬁs%/dﬁsF&Qd &f i pakA@r, and/or the
l'i ke) forrredlntoa face of fhe substrate vi ossing, or the
i ke,  Depos (G hidits FB sihs a1, SHveRamsn I Sc TR Srr g S at: - off cot i ve
data | ayer ovVike) farmedl iintsta qoefhce enf niedsubstmfeade moklinge pabeading; of dydike.or protective
it pile. dat S Ao B BRARR ren et Binaph b RGN R BBl L
fornmed, a 2"drspaatiemphugey r/’f sspwaterlayeher Froipqtieicqatingycan ﬂlf}tl aﬁﬁwseér the |ike)

in the side Qf/erm%enﬁer&%%(aﬁtala@é{‘eifa%ll}@)feldaﬁléyEIQ)W?(E Jmfd ecbvpe data |ayer.
A fully reflgctlv«re ata | 2yer can en r?sputbt dgor ot her wi se deposi ted
on the separ (5’Fthe ke) 1s to be ed, a2 patterne surface ¢an rmed (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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| ayer. Alternatively, for DVD 14 construction, the fully reflective data

| ayer can be deposited on a patterned surface of a 2"d substrate (or resin
~layer). A separate |ayer or protective coating is therb pfg%ed on one or
both of the sem -reflective data layer and the fully r Iectlve dat a

| ayer. A bondyypgsasent or adhesive can then be di sposedpcragiivepgn the 2
substrates and they can be bonded together to forma disk as illustrated

in Figures 3-9. %)tlonally, several sem -reflective data | ayers can be
deposi t ed wi tdnalgefleetivp detalager i$ axyrdeyed dhoreldaqtivita ohths dis yue istrrdfesghby . The

reflectivity .8fut 5948 s34 w&zaud,ai ﬁ)% B%Edut zsd% ﬁa@ pl;e@en%@%&ut P54,10 about 100%
dependi ng upoF t he nunber of reflective |aye single reflective data

| ayer is B e YRFreprekred ord ?OF%IS&@ﬁE?“éBﬁ){? eﬁ’ﬁ‘b‘ﬁﬂy @ﬁ%efio about 100%
wi t h about BEF%aI]jD if mbiaplé rRCHvadate 19ef(€f.) gehter dng 2odefettived & lagersabout 85%

even nore pr ef e 5 APR 2006 0l 4. PCT/ S [ 22420 dual
reflective da? ag%nﬁ alsglalgr%l%% S‘cllrfacf)haée Far e %3 {’ reﬁif%i&ty FRE a%f a | ayers is
preferably about%59sbog 3abowith 2b§94 S niotahoua Bt mort @Péftred.abisespedigilh nor e

preferred, alﬁ%’rea-éx{geg Qe c@x%?iﬂ& bééf/ﬁp%}( % EWAeSpQ&fJa%ﬁr 207 eﬁ%xn@QOUt 18% to

about 30% especially preferred. Final ective data
| ayers (e.g. reflgptevify serthepghquil 8padp P@t‘:‘f?‘\/@e@f‘étl‘étylf%fé]ﬁ%i layprgd8¥BI@e4 r om a singl e

rgadlt ngoos/ urfateeast &fe@ul@ﬁ?/’let@&@d%yeﬂd’iﬁaf Rist &fétsbdﬁlréﬂectlﬁa 18/e8 for kbl 46% abf)lut S%to
abou () 0.aba re preterre especi al |y
preferred r aﬁ%%gl%%?‘y r?ﬁcnrvgmolr? gffrtégg)r{eﬁho ¢ E@R’/A SﬁgﬁpaP"? kation #267,

wherein the reflectivity is either about 18%to about 30% reflectivity for
a dual | ayer dde BWpatesagcomprisy any gpficel qyplidy plegtip.\e-2r. @RY Westie Which enplles and at | east
one isemI -ref Itmtdnyﬁsstoawe@)eata;th;ia{a&wt;ua«ﬂlﬁa%bfﬁt%oﬁlttﬂmtghﬁﬁe{em@&gheﬁtt%é/I ty for a
single | ayer .g., u r ctive er substrate can
corrgrl se gny EpT T Irggaﬂﬂé’?&te)}asﬁl g\éelf‘?r%flyg‘ &ansméfﬂa 5‘???” T EH%enabl es  the
t ransm ssi on tohbogr &&t, emthtgkeater tan ergadl t¢ eboabiit m6RYrafdrrellj ghterebtaer et hr ough,
in the wavelgngl £1‘?(9Ab‘85& uél‘a%é)ﬁ)ﬁ nedP‘rRJ Iﬁa(sﬁPL&é ol bd: ng; ssivity Is

greater than or eg1 greater % an or t o about
75% nor e pr eff@ysael as W(’@h@% @vstallmqem S%m C@/éfelhllle thesmeghestie. a%%(@@pem ally

preferred. beearablaﬁﬁdnsn SdHpSiking hiCle £ BneCATTRY foftSoith plﬁsﬁ@d ns&fsécplasme an

anor phous, }I?tgcg mcluge pglryetﬁenmldesr %%fyg elrel: e?ke%ogeesr rrIPO yimi polyvmy ermoset,
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-




or a conbi nation conprising at |east one of the foregoing plastics. Sone
possi bl e plastics include polyetherim des, pol yetheretherketones,
pol yi mi des, polyvinyl chloride, polyolefins (including, @ﬁémmpt limted
to, linear and cyclic polyolefins and including polyet%ﬁ ,chl orinated
pol yet hyl ene, wodipiopy!l ene, and the |ike), polyestersdiRsegs Nng, but not
limted to, polyethylene terephthal ate, pol ybutyl ene terephthalate,
pol ycycl ohexyl net hyl ene terephthal ate, and the |ike), polyam des,
pol ysul f onesdigietylpbaaplgd chretymastwithi 1d,6-ginethylpheyel, y@tﬂf\@ﬁ&bl dfhotees,
pol yet her et hgpgubdeRRe SopolymbY, dpspan R taedarh) OlifiH efy@n eolynad ditlifend-i ke) , _
pol yi m des, polyether imdes, polyether sulfaones, polyphenyl ene sulfides,
pol yet her ket BHBSroeHyeresppbimer pRRRiqRsHers Polrpey! fligide. pelyvipdidens: vy enes
(i ncl udi ng, budrideiqiolyvinglidesetehlotide, ytehageigieadlpedcyBinydopsliasters (ey,ndi ot acti c
and atactic tyrene ol cl ohexyl et hyl ene, . styrene-co-
acrylonitriIgakééy%gﬁ@P%%@%ﬁﬁgﬁérg ﬁ%ﬁ??ﬂéTﬂéﬁﬁg?ﬁ%@?ﬁ%f ﬁmﬁgﬁybutadiene,
pol yacr yl at epolys{lines | irckin#igjmidpitcyanese ebtersi Yimd 4nd,beyzotyylntidny lresshiacr y| at e,
met hyl net ha&fd_}doﬁt fo bféﬁ(!ls}"c%(ﬁv?nef‘sﬁ)%l{x%@r Seacitid pltot?lﬁtsl L eomposites
polyacrylonitrile, polyacetal’s, polycarbonates, polyphenylene ethers
(i ncl udi ng, BREPrisBE 211645 e gf %f,‘or%%%alaﬂléﬁRf@ﬁalfly,&}ﬁsz?sgatvcwpyssapR 2006 WO
(2)3g 0 é321_4 PCﬂ'dljui&%ﬁa?elZ‘ﬂthﬁ a(idrimﬁlbl)pb]@mhte Q@TQ e |t1_5émbf $qual fohabout I
, 3, 6-trinet en nd the |i. et hyl ene- vinyl acetate copol yners,
pol yvi nyl acg%éBQYmﬁPﬁﬁ$HS%P§§F§?§§%W?W§ 5, ethyl ene- tetrafl uoroethyl ene
copol yner, aromatic polyesters, olgvinyl fluoride, polyvinylidene
fluoride, pof§ysefihpigiendbecisimesr | RpyCaPaRicar [Mobrakanply | compositionar €ar bon
copol yners ( @ofipesitioh okipAsg, arbRAXYcardeRRO @hdi€ unidh Ki¥diiles RGhRsGEERT , pol yi mi de,
pol yur et hane EPI silagxanegth gglgﬁ}lanes, bi s-mal ei m des, cyanate esters,
vinyl, and bEWZSSTHTED ureShths REPYEM: i n addition to bl ends, copol ymers,
m xtures, reaction products and conposites conprising at |east one of the
foregoing plastics. jreferably, the substrate conprises polycarbonate,
with a prim~-Hr—p nate (e.g., greatgr than or equal to about 80%
pol ycarbonate) substrate especially preferred. As used herein, the terns
pol year bonat ey, RALLEALACHAEHOIROSILA Slner 31 e EQMROSLELRN COMPri sing

e" .
) n whi €
aromati c carbonhate chal iouni tsronel udes Conpo

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 (ID):

Ay A2 (I

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 Al from A% THlustrative, non-limiting examples of
radicals of this type are -O-, -S-, -S(0)-, -S(O3)-, -C(O)-, 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.



having structural units of the formula (I): O I n which at | east about 60
percent of the total nunber of R groups are aromatic organic radicals and
t he bal ance thereof are aliphatic, alicyclic, or aromatic radicals,
Preferably, R is an aromatic organic radical and, nore preferably, a
radical of the fornula (I1): A--Y --A2 (In wherein edchARFI0H and A2 is a
nonocyclic divalent aryl radical and Y' is a bridging radical having one
or two at onwombbsmsseparate A' from A2. I n an exenpl ar ycTasteodizorent, one
atom separates A" fromA2. Illustrative, non-limting exanples of radicals
of this type are -0-, -S-, -S(O -, @%Pg%} -C(O.-, nethylene, cyclohexyl-
met hyl ene, Ephjcarbenater ca5 keprqdyerd by (heiipferiasial waqiion piytihydroxy eompouii i dene,
neopent yl i dgiiéh onlf ¥6¢ aldmxaebaritenA! afid AP.oRENIsedl86Yih) e hem Qusledodecyl i dene,
and adanmant Iigqengg:. Tge bri d%i ng’, radi cal Y can be a E%dr Qcarbon group or
a sat ur at edRPRGc BFlaT B stamPle, Bisphend compepisiiuing gsperbioaiht (Bkne or

i sopropyl i defgdlows 0 5 APR 2006 WO 03/ 013214 PCTI US02/ 22420 Pol ycar bonat es
can be produced by the interfacial reaction of dihydroxy conpounds in

which only one atom separates ,(AR'a) and A2. used herein, the term

"di hydroxy conpound" includes,{ for exanpl|e? bi sphenol conpounds having
general formula (I11) as fol Y
hal ogen at om or a nonoval OHand may be t he same or
different; p and q are each i endent 'yt egers fromfinto 4; and X8
represents one of the groups of fornmula (IV): R -G or

wherein R? and R® each represent a halogen atom or a monovalent hydrocarbon group
and may be the same or different; p and q are each independently integers from 0 to 4;
and X" represents one of the groups of formula (IV):

RC

—C— or —C—

| 4 .
R )
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(hydroxyaryl) cycloalkanes such as 1,1-bis(4-hydroxyphenyl) cyclohexane; and the

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



Rd Re 11 -C (N) wherein R and Rd each independently represent a hydrogen
atomor a nonovalent linear or cyclic hydrocarbon group and R is a

di val ent hydrocarbon group. Some illustrative, non-lini §5M§Renpl es of
sui t abl e di hydroxy conpounds include dihydric phenols and the

di hydr oxy- subgbdeitgd aromatic hydrocarbons di scl osed perg@@ageer fornul a
(generic or specific) in U S Patent No. 4,217,438. A nonexclusive list of
speci fic exanpl es of the types of bisphenol conpounds that may be
represented Iy alm%‘rlat%qmp%v PPhearheprses resyiiing ot Gwipplgrmerization of two

1, 1- bi s( 4- hy d¢ sy @iveryt dinyiet sl orla chpdlixadrds a BXgihe ¥¥RRSMA ) giRbhane;

2, 2- bi s(4- hydr oxyphenyl ropane. (herejnafter "bi sphenol A" or "“BPA");
2, 2- bi s(4- hydf 8’%6&&%& %L&c‘??ﬁ%??“"%‘? PRYSEL hy ik 6@%&&%)” Sthdne; 1, 1-
bi s(4- hydr oxyphemyti) opwitpaniiphatl dideid-ibihs eventudibonayeogoiye) rathetthidnane; bi s(4-
hydr oxyphenyl t : 2-hj - roxy-.1-.me I n pr opane;
1, 1- bis(4-h§§P§§§@¥¥g§€%ﬁ%§gﬁg$)C%#%% H§¥%ﬁ@g%ﬁ§gg%f3%$§%§1%} anes such as
2, 2- bi s(4- hyhnub%%a@m drpplesialiphaiie Gprithie dodecandibic aqidi- Fojydryasey pideny | )
cycl opent anepogifr-cdibonktb idiRX ¥Andel) views! Q! HANSS SpeNeS Branched
-bls(4-hydroxx hen I% cgclohexane; and the |ike, as well as _conbinations
conprising af ]Ez‘é‘g’é’gat &€ 3150 Uy &Y &ebith §lepdngioinsaspolxsarbonste gk 22006 WO
03/ 013214 PCF&HE&Qp&ﬁﬁABﬂmifﬁk$nﬁ&ﬁ@pﬂﬁ&$&h&€nﬁﬁb@ﬁﬂhﬁﬁbpakmgﬁﬁbgnates
resulting fremth nerization of two or nore different dihydric
phenol s or a%?gﬁﬁgﬂ%ﬁ %ﬁggég?%§%?%c phenol with a glycol or with a
hydroxy- or acid-term nated pol yester or wwth a dibasic acid or with a
hydr oxy aci d T8¢ RiapehingFests piyoferisg paladupctionr] preaniecasipeunds eqntaliingat e copol ymer
rather than anlda@napel Hiieibnal Sras WhRH hel bélhedroksE N@FRkILY carbbs@fcul al i phatic
di aci ds have &{ 62$ﬁ9 bo%t.4p carbons.tA grefqﬁhe% athhatic diacid is
dodecandioicaagfgi’ SYRYS, IS RE gk (P IPRBRS #d e one 2 BolRedns BE1Ps or t heir
bl ends can a|qugiﬂg@xmnly|sd)3c@d¢ triBreBitic frat trimellitic anhydride, trimellitic trichloride,

tris-p-hydrox henyl ethane, isatin-bis-phenol, tris-phenol TC (1,3,5-tris((p-

p-hydroxy pheny D 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 wei ght 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 evaluatihg 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




pol ycarbonates are al so useful, as well as blends of |inear polycarbonate
and a branched pol ycarbonate. The branched pol ycarbonates nay be prepared
by adding a branching agent during pol ynerization. The&%AH@ﬁﬁ:hi ng agents
may conprise polyfunctional organic conpounds containing at |east three
functional grQgRse¥di ch may be hydroxyl, carboxyl, car bgogyshee@anhydri de,
hal of ornyl, and m xtures conprising at | east one of the foregoing groups.
Specific exanples include trinellitic acid, trimellitic anhydride,
trimellitic URGoRFAas pelt bebpyiprs A5 usgddiersiny the esms [ Frisy tead &Fries mradicti- bi s- phenol |
tris-phenol W&ofekrépelimb thibih pblycalysbinsViRE RO Ydrhhis OBY OpY| ) benzene),

tris-phenol PA (4(4(1, 1-bis(p-hydroxyphenyl)- ethyl) al pha, al pha-di net hyl
benzyl ) phenol ), 4-chl or of or nyl ph{RL}aI iC anh)(Qri de, trinesic acid and
benzophenone tetracarboxylic acid,| and the I?ke. The branching agents may
be added at a | evel of about O. tq about /2070, wei ght percent, based upon
the total weight of the resi® anghi g procedures for making
branched pol ycarbonates are des¢rPed in B-S{ Patent. Nos. 3,635,895 and
4,001, 184. Al types of polycarbonate end groyps are herein contenpl at ed.
Preferred pol ycarbonates are based on bi sphen A, in which each of A" and
A2 is p- phenylene and Y' is isopropylidene. Prefer&ly, the weight average
nol ecul ar wei ght of the pol ycarbonate is about 5,000 to about 100, 000,
mor e pref er abbsreinPGuts 4 0iveIBB tadical abclederitdd, A0Mnneteh wils torpuief@nabl y about
15,000 to ab@ut.38.R00- In monitoring and eval uating pol ycarbonate
synthesis, it iIs o? particular interest to determ ne the concentration of
Fries produc& ipre]serlt;t in the P‘Ol ycarbonate. As noted, the_ generation of
significant FP9 @SVBFOMRIE (COPRMOBABST 5% PHEr VaBiPun aHfitHsS oMEeWt i ng in 10 O-
5 APR 2006 WDc@Bdr@dBdl4sitPClihpdSlians/ & 242 §peln Godt 4daltivabdre feredkimbehavi or . As
used herein, erms. Eries" a "Fries praduct” note..a repeating unit
i n polycar boﬁgét}g (f"lla\;/e?;ﬁ%mlg %e Ig?’m% 5 SE b h:zerf’Vfr%o 1J(éﬁzrmésl’ nﬁ%?%é slttagﬂ%er%i val ent

radi cal as delagicizesdantipaticopgeniet mold wgieesingf agentsi| additiopal Yresins; 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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descri bed above. The pol ycarbonate conposition may al so include various
additives ordinarily incorporated in resin conpositions of this type. Such
additives are, for exanple, fillers or reinforcing agentsipphagt
stabilizers; antioxidants; |ight stabilizers; plasticizers; antistatic
agents; nold wgbfashing agents; additional resins; bl owgRgus@aenss; and the
li ke, as well as conbi nations conprising at | east one of the foregoing
additives. Exanples of fillers or reinforcing agents include glass fibers,
asbest os, Cc&f BodrrieeBe pdditives mpybe usedy| Such additivas BRUIPA wixebemavibieExanpl es of
heat stabil i zigke Suring &le tiEng dfitleRBRPIENtPRP®BRIAE Be composition.

tris-(2,6-dinethyl phenyl)phosphite, tris-(m xed nono-and di -

nonyl phenyl) i i b e._phagsphaonat e. .and tri methyl phosphate.
Beanpl o5 of ) EnERath 48 e JoEk i RRARE RalR B BARCEY Py AR | "

hydr Oxyphenypry:blﬁ@mngwadéi}ivqgn@inarily incorporated in resin compositions of this type.

pent aer yt hri sydn- daefivedkhs| Borld Bvivsdrbird st dacn Y AR ¥RNERKL) Propi onat e] .
Exanpl es of || {‘]th ?t abi |'j zers. i ncl.ude 2-(2-hydroxy-5- _ ]

met hyl pheny| f%‘g Bi+§-dogicehosphqronsihosed esmpowdplehipderdphimplictineioridpenzot ri azol e
and 2- hydr oxipe dulfiieqaiticy obentadphanmaect; Mkampk asindhl dil artheii@grs i ncl ude
di octyl -4, 5- r.opht hal at ,

tris-(oct oxyglggr%%%%iiPg‘%%%{%%’sagt}g"f/tgthcu?ggrf%eStet?arafké’]taglﬁllp?lﬂmé’ﬁlazeneesﬁg%a’(ﬁi zed soybean
oi | . Exanpl e&lsftetrarpkylphesphaniim benagye ntlfongie balisjend thedike)p moldmeleasizear at e,

sodi um st ear Ydens WehMRkRol 1@RGeRQMI %}r&%&ggrﬁg %«ﬁt’ﬂg fikd ;f a%gﬁltegi%(ea Exanpl es  of

nol d rel easi ng, agents include stea stearat €, beeswax, no n wax and
paraf fi n wax2I9EQERpAtiass copPiingst lepseiens the frsgeinpadditivesaFer siamrld: thai t ed t o
pol ypr opyl enesbstrapOtay Sdoyipfisa€abofOb yIailelpid pdi®@hNASL Wb absut NG wpPGLypPhenyl ene

oxi de. Conbi pat.ions_ o o 5 R,2006 WO 03/013214 PCT/ US02 /22420 of
t he foregoi nggbélggtl’ £ ?O\I}%;%Wnétﬁ %Oeg’ﬁgte@:%f}wsﬁt&d‘?gf’?tv%é aﬁ%} Ode"ifiRed at a

sui tabl e ti shouidurtbamepld telsasrigeizemnt beded tive the towg) erightos the olyhar i ng t he
conposition. In addition to the polyner and coloring material,-the

conposi tion f&ye gpdivloMdibkiants iRGhdédRr VﬁhEE,@ga%%iﬂhﬂé?e.Q! disBaki-1 Y

nel ude v aBeorBEBERect b | 1 Suplon i and ¢ norade-L
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
thiodipheny! 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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stabilizers (e.g., acidic phosphorous-based conpounds); hindered phenols;
zinc oxide, zinc sulfide particles, or conbination thereof; |ubricants
(mneral oil, and the like); plasticizers; antlOX|dantsg5ﬂﬂ§Qm§tatlc
agents (tetra al kyl ammoni um benzene sul fonate salts, tetra

al kyl phosphony,gm/hishzene sul fonate salts, and the Ilkehmnﬁghgmﬁelea5|ng
agents (pentaerythritol tetrastearate; glycerol nonstearate, and the |ike);
and the like, and conbinations conprising at |east one of the foregoing
addi tives. F&e ordsrdprpfl & the nyecessinglothe aeleme aprtisarpyroolyearkobgaicatdy(® wei ght

percent w % tayakeout exgpléyeéf\’tn%jgl?ﬂlt the %@Gérldr %ﬁér,mlﬁqﬁglﬁvxc@ Qe Wta¥st 0 about 0.2
@6ant|stat|c ent; and a wt % t 0 nDId r el easi ng

agent: based P8I Pistst lﬁtcél?tr‘\?@gg'g‘f VEEOSth @ FB}&?I Vﬁéfr’g TR pggis}bﬂﬂ e

ant i oxi dant s catalgdtsdénchudor }@d:raxmds,e, sﬁmagaﬁwpltmsqutylahﬁﬁmum ghydrdxtdess ( nonyl -

phenyl)phOSphét}?léy ho%pﬁém h‘}%rl eﬂ%,i Mmods ydtimetyahn%ozwfl f':)l

butylphenyl)pen pen aery
di phosphite é%mioxlﬁﬁeandltﬁtmbutylmomylblavledlyﬁoné@h@ﬁmds Tlpmasabfﬁéh@mbeand al kyl at ed

reaction prodg Ffo?edqaflone BOh ¥ BRSRAbS with hﬁbngleﬁsrlgﬁv as §H§sh SRR as }g}fag nsxaml e,
t et r aki s[ net hyl ene di-tert-butyl-4- dr oxy é’ér ocCl nnamat e)] nethane,

3, 5-di -t ert - BtifyAnd H%réwwyowﬁrfa%éme%ﬂ% ypplymer melt during

2, 4-di -t ert - bomhydupdiegant rqpteosih iviar vapodihiobgh d velsiers rdmsbylesii@bvalgidCt | on
products of para- er esol and dicycl opent adi ene; al kyl at ed hydr oqui nones;
hydr oxyl at ed TR0 phenyl ethers; alkylidene-bisphenols; benzyl conpounds;
esters of beta-(3,5-di- tert-buty I-4 hydroxyphen]yl) propionic acid with
monohydri ¢ orlPpEPYHFds P‘(‘?d‘é?F‘i:B}ﬁB%% a reggftop vgssgjfcapable of adequately mixing

bet a- (5-t ert vhituy breburddysd 5udi ¥ Ssifigd byt R ektritie) Rhedidr, Colé@drCorihd h

nmonohydri c or. Do h . este or t hi oar yl
compounds. SUlh b Pl iEREEFRE SRt BaRpe Bl et o

di | auryl t hi opmoler teshaiqess, intd e substhéec y| t hi odi pr opi onat e, and the || ke; am des
of beta-(3,5-di-tert-butyl-4- hydroxyphenyl)-propionic acid; and the |ike,

as well as cophcaliRintes GRMPHated RgeBér WIk}eaﬁadh&we di’fboﬁdlﬂi% dgérit @gQ] Ny
antioxidants. 12 0 5b APR 006”%}%393/ 0132145}g g ‘i\ ﬁo I n or der to aid
in the proceSEPRYT SF PYHBE BETY neP PopdPs feehl haying s SPYRLPHIISH A S at al yst (s)
may al so be eapbeoypetbyedn it yossihle bbrelinegentsdedude glue (des rhoinglog), ngyiikevi ce. The
catal yst 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 o or exceeding several hundreds of micrometers (pm)
thick, with a thickness of less than or equal to about 100 um useful, and a thickness of
about 40 pm to about 70 um 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, €.8., using a pre-colored resin for the substrate(s) and/or separating layer(s),
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typically assists in controlling the viscosity of the resulting material.
Possi bl e catal ysts include hydroxides, such as tetraal kyl ammoni um
hydroxi de, tetraal kyl phosphoni um hydroxide, and the | iglesppuiigh

di et hy] di met hyl ammoni um  hydr oxi de and tetrabutyl phosphoni um hydr oxi de

preferred. Thgoeahshyst(s) can be enployed al one or i rnpecgaRBERE I on Wit h
quenchers such as acids, such as phosphoric acid, and the |ike.

Additionally, water may be injected into the polymer nelt during
conpoundi ng axihereeaburises tasin wdteerolop sgrsentiet ebilig molfingevachipg 2pdyfinge r esi dual

volatile coppaiewdelBoMR WiBherlt cgro&%@@%nlaxucmyn&dﬁgeﬁﬁ@&ueon vessel
capabl e of adequatel y m xing, various ﬁ@r cursors, such single or twn

screw ext r ud&fTUsiRh BIERSt: ytﬂhésl‘fale‘?“’““@r"ftc esp peligts W ﬁ&qrfﬂlgf’nt‘?a? t hen formed,
via a nol di ngeforexioldit] by 1irqﬂh b]l p’bgf,der&b]amm A gie n@ldingshachihgthekcelodanti ques, into a

Eggzlt :]S‘t :geﬁgﬁdaft% %Qgceﬁsu aP gnt arlea c 1{>sen 4) meegttné g %g«?c}fo guoglsh eé:&en \ erﬂ @:1 r%%dggzln;/ehg.{n ng

the desired Gmnlptm#d qglabmncxesf the substhae (eﬁpgmyadhanmwabtps@mtilﬁé%bondl ng

agents inclu N -Tol it atteBn Pbootdslet I @- vi ol et
(W) curabl qulé%%ﬁ?%gﬁggfeﬁdﬂ\ﬁv% hie]ti@grisspar }eé#te&%nl (.;rgé,t@ar eat e?gtt han or equal

to UV curabl @Vchyllc resin preferred), and the like, as well as
conbi nati ons conprising at | east one of the foregoing bonding agents. As
wi th t he bondiangamgenif thetshistrge patiradtiy ngjatédipdire aomnnted sgeitérpe patitlesanspar ent

material . Typi g;rg%fltpﬂ%'spgsﬁaé %Qﬁeﬁtsizggl ‘:h@yﬁ'lé Egﬁlﬁ&ht%ﬁ)aﬁé\/ﬂﬁH aRRs@let r anspar ent

resins. separating (bonding) layer is up to or exceeding
sever al hundWéYféen%ﬁl yepttcripgrilonad be gagyocablenj Jpce g ehorapty ?ﬁ“d’& Re8YT0f | ess t han

% equal to leéﬁ%tof%&@ce ﬂdﬁi@lfﬁ;u lthe @Rﬁanﬁg{/ﬂ%éf&klﬂﬁﬁﬁer&ﬁ w1tﬁmutﬁlté@1ggm L 0 agguéI
pm typica wi t.h curr.ent formats .can be adde
to the DVD b)?Sp%/‘?FS g%‘%i iy dﬁ?ﬂg&fl‘éﬂqm i BTEFRE PRGBE F gﬁfg“&( fhe sice the resin
| ayer), the sﬁpaﬁmmrcolompepafm)es (and bgyeaedhercodris lassyhaoorrmuaiact mb@mt conpri sing
at | east OnEOOOxflan&Faerg rgng)g%tﬁ'g pLx%Xl@r(eﬁld agé}g%’ eP.Lu &ﬂ%&%an%?% 4l Kk can be

obtained in Severa g.., using co ored resin for the
substrate(s) 3@‘167%?“@9%@@&“ ng |ayer(s); 13 0 5 APR 2006 WD 03/013214
PCT/ US02/ 22420

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, thiocindigoids, 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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m xing a colorless resin and a color concentrate at the nol ding machi ne,
and using |liquid or powder coloring. Wether the colorants are introduced
by feeding during the extrusion process, by physical @SXAPRQZU f col orl ess
pellets with a color concentrate before nolding, or by liquid or powder
coloring at tgegodRb[] ng machine, the colorant and its wereenteati on are
chosen to neet the DVD specifications. Even when colorant is enployed,
transparency of the substrate (e.g., greater than or equal to about 60%

t r anspar encyFastors iheletereining e whtts(celamatiembinaties; /e dieiegunt of eAU¥E to attain a
boot abl e DVDempléyR i 8 3EAREY bdddd vbBEthS 8H38d hattdndd D $pesfidaonk givaCad to the
anount of scattering i rate angultheir size. |If

articles resent 1n tne. subst
they are si gPRefifieadnpy gz@hah %rfierttﬁe?ﬁta’[“haeS???lgffgftéve%\}@'Fre?fﬁlteh, ¥cattering
wi Il not be ratdticead yer Sifiagieitt withircpbdiicatidns (aawt 18% tasbos 30%) fseur ce of
scattering particles,. th ant, i I. r.apl i W Eh el t
filtering e%ob%%chluﬁva}ﬁegf er r’ce)%g, H%h ! éa ?SH%’SE};O?nagpéﬁg‘%%g&?%ﬁ%ﬂgy\%%t rusi on
process. Pr ebamadil yThetlight tehsodssion fhrquigh thejsplystsate d.cc HIVEY K] atger YR es (and

aggr egat es _ttzgab@?!])agdér%vabé?&gthti@ RblyQRRl 1R oRBgHL o 800 cornometers (nm),
cle (and aggregate) size g%rl ess than or equal .to about 50 rim

with a parti ,
preferred. Collmmfnedingpevel as coIre pae 78y heche oble DETPHELPHEY sol ubi i ze

in the mater p@be) bsaipdn@ent biohemaizhieolbaye light Ranshissibitt he col orant is di sposed.
Colorants that are soluble in the materials. used for DVD | ayers incl ude

dyes (e.g., g e Xi |G GRsRh 3ot coth@PRRESolotd the |i ke,
whi ch behaveF |ﬁg§g§u§%¥e§?e)glffeggt %rug?]t sésgh diﬂg0 erse@?n the plastic and

; . e., (0] t hat
do not form Gglyerdaeles 3heaierdlus 9 ppdSqlyeatrsm 38h ate gplomarfihsf b feahout 200
nm with an fegF 8Qabevisiaf teliassl WRBRngH, gQuaksi On,alkeddre Bdbimntder ef er r ed.
Sone suitable colorants,.i n({:l e of the

ude, but, are not limted to
chemical fanf 4P TEHEFY R iﬂ‘rlf‘o‘ﬁdevgl,en%}ém 8 Héege,m%% ?l%cgcr’]ne%f: col}‘)%%nt hr ones,
qui nacr i donewith kigh tbsemesiy at bx dziredosyclagtidliis tresnaxinvinoelrntesers, i ndi goi ds,
t hi oi ndi goi d %ssigﬁr{géf?elld g‘lfglﬁtﬁ?]nal ﬁ%lﬁﬂéy@x%§ 1D§)ﬁnt8hﬁ9%§loraﬁ?mh R&Swerl act ones,
- X

coumarins, b enzoxaxol yl thi ophenes (BBOT), napt hal enetetracarboxylic
derivati ves, atombepoataid ¢pited 7 WValeneie Mns be used &y hieheedleadies ™ B noket ones,
bi s(styryl) birpheRydn €8tdo¥ad tavieiSto 0Bk thd@rdet Kator i8S fmkibnan8isk.cBabi nat i ons

conmprising aEns‘lar?c%,s éolx%gte\/iglfet 1t3 QSeprgfgr;eg %\%r gg’lvgn? bpulé 99 %vﬁén tr]}"élg 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
wi% 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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0 5 APR 2006 WO 03/013214 PCTI US02/ 22420 Factors in determning the

pl astic/col orant conbi nati on and the anmount of col orant enployed are
currently based upon the above nentioned DVD specifications (EMCA
Specifications #267). In order to obtain a sem -reflective data | ayer and a
fully reflective data layer reflectivity within spemnfﬁ &8 108 s (about 18%
to about 30% for a colored nulti-layered DVD, the light transm ssion and
col orant coNt®EROt3AH on are bal anced. The |ight transm BEVéi8222000ugh t he
substrate (i.e., DVD half) at the DVD readback |aser wavelength is
preferably han.. I ut 60% The .colorant |oading, as
wel | as col %?rﬁe%ﬁa@%rg{)hﬁgmﬂgl ag.gr,klﬁ’taﬁa %Se f}lg{g’e (‘)"feﬂtaﬁéom mah?’?sacf)mwsén (ri:”l ssion
curve), ar elegbpremnd these layers, ten be ampleyedcol or and | i ght transm ssivity. Figure
10 illustrates the different |light transm ssion of sone comopn plastic
colorants  figokRilre Miraehinkiirts28) ¥R RISt Splyent ‘Geen 28). The
colorant that has the |ower absorptivity at the desired wavel ength, e.g.,
at 650 nm %?migée exhibits the nmaxinmum:t ransm ssion at this wavel ength
and is pref el ection of colorants with high absorptivity at the-
desired wavelength Iimts the maxi mum colorant |oading possible to yield a
functi onal Thel followiag eestndcapysiti®is {Aetodd) kavabeen veed o maudaghwe malisor ptivity at
the desired yauehepyiDvise) RE o‘f'%ﬁdsaﬁ‘ﬂpleph&fﬁﬁ{se& 9%%5 §c61£brfs 10hOr nul ati on
it becones easier to obtain the target nctl onal” di sk. For

i nstance, Sty OftPolypbatergsin hiaying paveigy aywage W?&%twﬁhﬂ@’fm ofhen trying
to achieve g,700) 962 %&pbflaﬁ@emwpueﬁ L:metahm%ﬁafpﬁasbmet Y¥nd2,09°0 nm

Typically, the coI orant | oadi ng rea er ah _or equal to about 0.000001
wei ght  perReEhef gifgg! qusﬁa‘@‘tee%"éiruﬁ"ﬁéhe tntal avpight °f8‘°éb@§?‘eo 130001 wt %
preferr edh ﬁamaﬁaercoﬁmb@ﬁnts Qgﬂﬁqwgkratg?readéﬂgﬁth(}n QQQ&IW%:&?&&s Bigelﬁgr r eg and
greater than or e t o, aboyt o even nore preferre ased upon
the total V@F@hw%ghatt??é"‘dl‘ﬁ’?‘éﬁ‘ Péﬂﬁ'f”igm%gﬁ&‘etsﬂ@ﬁa'ﬁol orant (e.g., the
substrate, separator |ayer, or top coat). It is further preferred to

enpl oy colorant in an anount of |ess than or equal to about 0.5 W% wth
" less than or equal to about 0.05 wt% preferred, and |less than or equal to

about 0. 00brawienore preferred. Tn additron to the reflTective Tayers and
separator | ayer(s), layers such as protective

Component | Sample (amount in parts by weight)

B C D E F G H

SRed 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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| ayer(s) (e.g., lacquers, and the like), ultra-violet (UV) inhibitor

| ayer(s), nmoisture 15 0 5 APR 2006 WD 03/013214 PCT/ US02/ 22420 barrier

| ayer(s), ductility layer(s), and the like, as well as ggmp&q@mions
conprising at |east one of these |ayers, can be enployed. The disclosure
is further ilywgsdighed by the follow ng non-limting exgfals@sa&EXAMPLES The
follow ng resin conpositions (Ato H have been used to manufacture nulti -

| ayered DVD (DVD-9). All of the sanples conprised a substrate conprising
100 parts g Boglyenst|bonat el resi n| havi ng a weilght avé&fage |f8F®cul ar wei ght
(M) of 17,780, 0.02 partsiof bi$(2,4-di cunylfphenyl|) pent aeryt hrjyt ol

di phosphite,| and 0.03 parts of g|ycerol nonostearatle, based upgn the total

velgnt Of R kA s sSSP s enars Wm%?gg*gﬁue@fy %{d?mp rate are

set forth in T amounts are .1 n art i based upon the
total weight “6f*f i@ Bﬂfbg“ﬁ’”é'f"é.}j C°”I“ﬁ€éf’ﬁfe‘°]‘ff6’tr§r‘8§'ﬂ%‘n$‘§ ‘%lmgf}\lgg; ?armunt in pgrts by
wei ght) BCDEFGH S Red 520.05 S _Yellow 930,05 S Red.1350.05 el | ow

980. 030. 03 sséﬁ%"évnggs’bF??B’I%‘Eil.ydt‘fé%bffﬁ'ﬁ\g@“@ W"BT“et“‘FifgbVFb §6"."0ﬁ§baé Bl ue 970.003

16 0 5 APR 206@=%p 03/ 013214 O Brightener 184

Optical (“O™”) Brightener 184 is commercially available from Ciba Specialty Chemicals, Basel
(Switzerland);

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. Complete electrical testing was completed on AudioDev
DVDPro SA300 Pulsetech Drives. Additional physical and mechanical parameters
were tested on Dr. Schenk PROmeteus MT136.

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 (%7T)) and

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

parameter R14H.
TABLE Il
Formulation | Disk color %T @ 650 nm %R14H /L0 %R14H / L1
A Colorless 90 25 23
B Violet 89 24 23
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0. 05 PCT/ US02/ 22420 0.056 Solvent ("S") Red 52, S Red 135, S Yellow 93, S
Geen 3, S Violet 13, and S Blue 97 are commercially avail able from Bayer
Corporation / Coatings and Colorants Division, Pittsburghp 05 S Yel | ow 98
is commercially available fromd ariant Pignents & Additives Vi si on

Sul zbach ( Geggmynie Ootical ("0") Brightener 184 is copgR&ihahd y avail able
fromC ba Specialty Chem cals, Basel (Swtzerland); The formul ations were
bl ended and then extruded using a single screw extruder at a nelt
tenperature df€ 290C, [@ffP¥pel | etiz¢® DVD-9 gébstrates|Here nollded fromthe
pelletized naterial after drying iin an ovenifor 4 houts at 120 C. Sumtono
SD30 Mol di ng Bvachi neifedhi t h Sei ko |#ei ki n DVID?MWol ds wer & used flor the
nol di ng operlation. The substrates (DVD halves) were mpetallized using a
Unaxi s Metal l|ifzers s|gi#t®eEt ng sysfem The héhdi ng opethati on was perfornmed
on a Steag Hamatech |Unline 3000 DVD Bonder. Conpletelelectricial testing
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D&t r ophot g
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Welogitblena s
retallized

Ueheseble o
DVD hal v

neasure the
es) at 650

nm Table Il [gets foflidhtBide |ight 7@ ransm sgi2zbn at 650"m (expressed in
percent transjm ssion [(%)) and the correspandi ng reflectivityl measured on
each layer (LO and L1) by the electrical paranmeter R14H TABLE 11
Forrmul ati onDi sk color%d @650 i nn%R14H / LOR14H / LI ACol orl ess902523

BVi ol et 892423 nd hetbhi2tib Bﬁ%@@@g\{@sgﬂgqa—&g 34he 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
(sitver) 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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G een621918 Gli ght Bl ue73Unboot abl eUnboot abl e HLi ght Bl ue782416 The

nmetal |ization settings (e.g., resulting in the same thjrkmegges for LO and
LI') used were the sane for fornulations A through D since there was no
absorption of ybhekight Dby the color substrate at 650 gRyséaphss Or sil ver
al l oy was useg for the sem-reflective data layer (LO and al um num was
used for the fully reflective data |ayer (LI). The reflectivity nmeasured
by R14H on t hberefoleor |eae iftayse spjasitien) [eBls, toy | fubyy fuyional gk r wighin (D) di sks,

respectively, s Waga Qs WAGES hinfaBhiced nletaliBRiof irSKEsk Wil Liphtenpnsionat es t hat
colored nulti-layered DVD (here can be obtained with the sanme | evel

DVD- 9
of perfor manBe®ag'eR g Gr leas oo f"nﬁtﬁlglf%mﬁf'at]ihﬁﬁ’?se"("@? Safit 2 FF bal anced
met al | i zat i onilie®biicn RS ligke trenstisseidn beiisal @oes h& enfusd 4 fuly Junetiodhl kdlored| um num) .

Despite the strong a ptivity.at 650 .n r formulation (F) (% equal to
62), a fully ‘f‘ﬂﬁ&f’f’%@%ﬁf’&lﬁ’% éh&/é)éor%%stag?oﬁbe%gs(fnr%e both LO and LI neet the
DVD- Read only specifications (RL14H between 18 and 30% and the difference
bet ween R14H bis wethkapwp to|thage phalled i fhept thopthe pytallzationsigpyas 40d tickASYi ng a hi gher

Li ght tr anz m;[)f% 1498, heh/e & (sj}gn{iﬁx?ailfﬁu&f&fcti o réfiEgtivitd. t It &3 Bereforf prable bty can even
e I ncrease 0O rea orefl ectivi Q and % 0 I nabl i n

consi st ent pr@Bﬁﬁ?tﬁﬁorégezlo‘gr}@?%?sg“ﬂPé{gu%ﬁffkrmfaosfnﬁ%ﬂ il @F{? TE™ and ?H) , the
netal | i zat i on(DAEsS, D bRl ba st ithe thiskiheeCef thei thetaliigation @dimatbe waxf m zed in
order to Ieach fXalHenRR ChARR AP ARR AR ol QLA e BRI WD LO - Thi s

nmet hod | ed to an unboota ormufation (G and to a disk where

LI was outsi desttth@¥BAcPYP d4+P\In48)basans of Be pregspeanf goswimellepive ditt j

not ewor t hy thgfer, WRNsemhi-RALARE Qka MBYed Ibbth Z@fldcR Nanki Stransifieh, light Sollgek r at e havi ng
only 62% of reflectivi txto(ﬂiragnd]}lScagbeSmﬁPR 2006

information prese!

If current metallization parameters are applied to a disk having a colored 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, ie. 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 L0 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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WO 03/013214 PCT/ US02/ 22420 therefore a nore intense coloration) leads to a
fully functional disk wthin specifications whereas unbal anced
metallization in a disk with a light transm ssion of 73 or even 78% | eads
to non-functional DVD 9s. These exanples are a clear |I %nﬁ@ on t hat
light transm ssion by itself does not ensure a fully f urfct col ored

mul ti-layered DVD when the col orants absorb at 650 nm It is well known to
t hose skil | D a313He art that the netallization nature B€HURRMENess of a
| ayer have a significant effect on reflectivity. It is therefore possible

to corrpens e for the low tran ssi.vity of a suybstrate in smgle | ayer
DVD syt om® BYBEBEnT 6j5al Hior SelEml ¢ P heRd ket srcen®
metal | i zat lwamaﬂdn@rsmcb&omse:owrantsamve nhe abikity aal"soyeen® B/ lightlthattis ve met al .

This is not OSSI bl e, i D system (DVvD 9, DVD 14, DVD 18)
because of ]T"E éﬁe%?c?gn1§%m0p¥§?5 gggft%f data layer. The y
sem -refl ective data | ayer both reflects and transmts |ight so that

i nf or nat i oriWpitegbeinvention hed beael déscriked rvithacfprennd to aif exemplaphemtodiment i zation
paramet ers ;apg Qﬁ#e'rs%!)dt ?tﬁ’osg slaﬁedxameraa tift GARHoB! GEnSb BBy bdhsde shée  di sk wi Il

of ten be outsi specifications, 1.e. the reflectivity of one or both
| ayers is qgwéwtsra% bwhstﬂ%f?r %@W%ﬂ‘ﬁeﬁﬂﬁmﬁf@?w&@“&ﬂ’& PEEE this

probl em t h&rgRveRfoh. a8 addlﬁorp%n?ho&'ﬁ@ﬁlbﬁ‘s YRS e Y Rapt & ip Bticuby
substantial ly increasi P‘g@t he netal lization thickness on get a target

val ue of alsifution eomuatsripkior thyteaghingsefothe dnysption withopf %epa'ala&ffea'cﬁ often

results in &QQpud Wt iRRBE HhedddreOit 1sdht§xK§d tﬂaaihe &fventitnodbe ﬁxﬁi%l thi cations
because of the very |ow refl ecfl vity of The r approach is

i nher ent | y the PtiGHT PEbQdimEnt dilopadcas digshest ‘H°qeﬁ8nt?@? &tF‘??"Z LO wil |
decrease t hais iEAtRaA] bue k}hyﬂﬁfznvehhod)ﬁm&ﬂﬂﬁelaﬁ&ﬁlbbd@hﬁts (70 veg Wlhmothgh LO and
reflects on LI his e ins why LO and LI reflectivity are closely

rel at ed ancfceﬂ“iff 8?W°ﬂé¥§ﬁfmszatl ons need to be bal anced and not treated

i ndependently in a nulti-layered DVD system By relating the reflectivity
of both the lelslo}alm@hlsectl ve data layer and the sem - reflective data |ayer
such that the difference in reflectivity between these layers is less than
about 5% and the transmissivity of the layer is at |east about 60% then a
colored, functional, nultilayered DVD can be obtai ned. Production of
functional, colored, nmulti-layered optical disks enables both aesthetic
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value and increased life. In other words, custom zed colors can be enpl oyed
to create 19 0 5 APR 2006 WD 03/013214 PCTI US02/ 22420 a brand
identification. Finally, adding colorants to an optical disk can increase
the weatherability since sone colorants have the ability to "screen" W
light that is known to degrade the nechani cal properties of plastics.
Wil e the invention has been described with reference bo an exenpl ary
enbodi ment, it will be understood by those skilled in PRI t hat vari ous
changes .be made and equivalents nmay be substituted for el enments
thereof\&F%Hﬁﬂﬁm%@d§rting fromthe scope of the invention. In addition,
many nodi fications my be nmade to adapt a particular situation or materi al
to the teachings of the invention without departing fromthe essential
scope t Her eofAn dpterkdisl, epmiptising: i nt ended that the invention not be limted

to the particul ar ..enbodi.ment. di scl osed as the .best,.node conte ated for
ISR - M2 T R R R B ey S N
embodi MR frdt gh%i ﬂ%ﬂec\,”eivfemgfoheslta @réa HARemRted8vARRE NRHARpHeRn M@ of S

claimed is: 20 0 5 APR 2006 t is claimed is: 1. "An optical disk,

conpr i sithg separttingstayeulopposief thecliisy duldpatrefldcsiyerdatealdyer.sa fissipegsiat lasier | ayer
di sposed..on a, top_si de of he. first. fully reflective data,layer,..a first
sen -t etigerl bR Bariroen e b Spuolianiteetie Bl iS4 B Tos Ml e
0pposi t @ayeaeandia etorfdulebin 15yRk H%?bée\d%n%cﬁtdnﬁéﬁ@é of &uid first fullyegkiBcthayilfa

di sposed on an upper side the first sem -reflective data | ayer opposite the
separ at il#%$%; | ayer, and a second resin |ayer disposed on a bottom side of
said first f - I R . , r el ' i.n.layer has
ot tr ansmivbiseih Bla FEHGUR 18 Ros LK HASRE bl Miep biRing BN €00
wher ei n of greafdreleii ooty of the first fully reflective data |ayer and the
first sem -

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

wherein at least a portion of the optical disk is colored.

2. The optical disk according to claim 1, wherein the first resin layer is colored.
3. The optical disk according to claim 1, wherein the first separating layer is colored.
4. The optical disk according to claim 1, wherein the first separating layer comprises

a plurality of intermediate layers.

5. The optical disk according to claim 1, wherein said first resin layer and said

second resin layer have a thickness of about 0.4 mm to about 1.0 mm.

6. The optical disk according to claim 5, wherein thickness is about 0.5 mm to about

0.7 mm.
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reflective data |layer is individually about 18 to about 30% wherein a
difference in the reflectivity between the first fully reflective data

| ayer and the first sem -reflective data |layer is |less than about 5% and
wherein at |east a portion of the optical disk is colored. 2. The opti cal

di sk according to claim1, wherein the first resin layerghqpgqlpgred. 3. The
optical disk according to claim1l, wherein the first separating |ayer is
colored. 4. The optical disk according to claiml1, wherein the first
separating |l ayer conprises a plurality of internediate |ayers. .5 The
optical disk irksk %ccerdgww,lalmq reieis dheydiffereaee %nergﬁﬁcwyé% leghd sai d
second rgsil oa thickness of about 0.4 mmto about 1.0 mm 6. The
opti cal tﬁéﬁﬁr%c@%ﬁt{o(ﬁ%ﬁ%@%{% claimb5, wherein thickness is about 0.5 mmto
about 0.7 mm 21 0 5 APR 2006 7. The optical disk according to claim1,

wherein jhe difference.in reflectivity, is.less  thap or equ .0..about 4%
B The bt | cal U ICAL isbr g e L ity st v fhectoe £ Eetdsatie] o

refl ectigfoliVo 5% toaBowzen. 5% t o about 3% 9. The optical disk according to
claim8, wherein the difference in reflectivity is about 1%to about 3%
10. The optical disk according to claim1, further conprising a bonding

| ayer i sposgd on. between the first. fully reflective data | r..and the
sevond rearn 1 iR AR cbdihe ' S o mbefed o le R st o e

bet ween iHaet andpeitl3eyer and the second resin |layer, wherein a
reflectivity of the second fully reflective data |ayer is about 45%to
about 85% 11. The optical disk according to claim 10, further conprising a
second sgpar ating ..l ayer, di ed. b e h ec ful Ly r ectiyve data
| ayer anﬁpt hgf}geegg%%a%r(glglf %c?%%nrg, to gfrﬁ’l\é%ap’sguggiﬁg Ky gr%(ill-s%néf Fek&otn%@ aaérlte}a{l | ayer

di sposediifieis¥d e btfrecs ieofitt Aglpatftdtivg datylayerand thd fros®eRidayasaml 4 ayer ;

wherein a difference in the reflectivity between the second fully
ref | ect i Sgeohfly reflective data layer disposed bétween the bonding layer and the seécond

resin layer, wherein a reflectivity of the second fully reflective data layer is about 45% to
about 85%.

11.  The optical disk according to claim 10, 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.

12.  The optical disk 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,
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| ayer and the second sem -reflective data |ayer is |ess than about 5% and
wherein at | east one | ayer selected fromthe group consisting of the first
separating layer, the first resin |ayer, the second separating |ayer and
the second resin layer is colored. 12. The optical disk Btddt dilhg to claim
1, wherein said colorant is selected fromthe group consisting of

ant hr aqui nones, peryl enes, perinones, indanthrones, quinacridones,
xantheneﬂmyhnathssmnﬁmkmmhéméﬁ{ﬁyhﬂmMﬂmhhbm@B@ﬁdehg@ﬂﬂshk&hmohﬂhmgoids
naphtal i m ni nes, anthen%§ net hi.nes, | actones, coumarins,

bi s- ben£8 19?%%%}?&% casbasTgt the fseaoing Gl¥PRBr acar boxyl i ¢ derivati ves,
nonoazo and di sazo pignents, 22 0 5 APR 2006 triaryl met hanes, am noketones,
bi s(styryl) bi phenyl derivatives, and the like, as well as conbinations
conpri silag au%he&wdfdnaﬂdhgahepﬁaﬂdgﬁiﬂgmmmﬁmgaﬂts 13. A nethod for naking

an optical di conp afirs er tive ayer
on o tiret relihspggaitiielioRReliide o Shrd iy, et e Tt
transni sgdiRMaydt has Hgﬁl tFRAmiRRAMN A% &%M@a ety Rhvliat 6f gltea% tisRObout 60%
di sposing a top side of a first fully reflective data | ayer on a side of

said fir®osem - reflective data | ayer opposite said first resin Iayer

V\/nerelnrefletlwt of .t.he ref|ective da

st senm - r cpanabipk aSsind Sy A ET Rl el Salatre SB i B8i "S00s
and wherefidttide dafaf (@Y @Ok e iR Trbas ldyet, twhddeh WeRettivie ofithe first Blilyy
reflective data |layer and the first sem-reflective data |layer is |ess

t han abdeilectoy daiadpyssiang the ﬁ@éé@@t‘f%ﬂl‘a@y@%’fa l?éftemendléfsm)@lly |ab@wt 180 toy
reflectiy6, dajoa eln%y&ﬁeré‘xﬂda (gﬁt f'encé i B e r% ggtlx;ltgfbfe Vtﬁ fi?}t% eﬁ‘ u&'é sposi ng
a second resin layer onh a ﬁ]SI sai e yr ¥ data

layer; aiath lagdiang tieofirer seho- raﬂedt@aﬂhtaaa}&@liilbﬁsl’th@faHohBS%ptI cal di sk 14. The
nmet hod accordjng to claim13, further rrgrl si.ng di sposi ng. a bondi ng | ayer

bet ween t he fHFOPINE @ eparating kyey betwaen %@1 b fullnietlesiavesdatd lger ad 914 ayer |

and d'Sﬁgﬁk@ﬂu?dkﬁﬁ%Q&ﬂahﬁ]*y reflective data | ayer between the bonding
| ayer and the second resi ayer

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

adding color to at least a portion of the optical disk.

14.  The method according to claim 13, further comprising disposing a bonding layer
between the first fully reflective data layer and the second resin layer, and disposing a
second fully reflective data layer 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%.

15.  The method according to claim 13, 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
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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wherein a reflectivity of the second fully reflective data |ayer is about
45% t o about 85% 15. The nethod according to claim 13, further conprising
di sposing a second separating |layer between the second fully reflective
data | ayer and the second resin |ayer, and disposing a second

sem -reflective data | ayer between the second separating glrapgriggend the
second resin layer, wherein a difference in reflectivity. between the second
fully reflective data | ayer and the second sem -reflective data | ayer is

| ess th aboyt 5% and erein, at least one | r selected.fromithe group
consi st iy of ereihpd Beorghd Rafhg Rysrein Shroficresps oS ReREber ke
second seRedralguildo By RM4oand the second resin |ayer is colored. 23 0 5 APR

2006 16. The method according to claim 13, wherein the difference in
reflectivity is less than or equal to about 4% 17. The nmethod according

to cl ai m,16, erein;th i fferen in. reflectiyi I . .5% t o0 about
to abou'[117 3% %.m‘%}h%d %r%;'?) ﬁcgl {aoc%lglrng??\’ngeorg% tgfé %fﬁefé,‘%\%ﬁlz F%%%H%Wegaaié inzar ence

i n refl eci%u\d hiyout o @vausd%. 1% t o about 3% 19. The nmethod according to claim
13, wherein adding col or conprises adding a colorant to the separator

| ayer, a top coat, the first resin layer, or a conbination conprising at

| east ong of Ith*éemétﬁ{;c?&%'og& £0c12il0 87 SRR RS AREALDG ih ?eﬂ:e'c % Kpopperein
sai d col'6fant s geleetad T om the group consisting of anthraqui nones,
peryl end$s tpsioun®¥es, i ndant hrones, qui nacridones, xanthenes, oxazines,
oxazol i nes, thioxanthenes, indigoids, thioindigoids, naphtalimdes,

cyani nes, xant henes, nethines, |actones, counmarins |,

bi s- ben ax | £ hi : BQI: a : r r ' Lvatives,
monoazo and o el R0 Rngl B 1A AR AR LS i
(styryl )biqghenid tiesdpaatton éyer,amdop heat,itkhe, firas raséd llayas, o endsinmzinaioers
conprising at. | east one af tche foregoi ng colorants. 21. The net hod

accor di F§TPEsegt %aité’,ne\f\’/igg}e PIE8REd resin is selected fromthe group

consi sting of anorphous thernoplastic, crystalline thernoplastic,

sem -crystalline thernoplastic, thernoset, or a conbination conprising at
| east or?d. of THeemethodgererding to claim 13, 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.

21. The method according to claim 13, 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.

22. The method according to claim 21, 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,
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resins. 22. The nethod according to claim?21, wherein said resin is
sel ected fromthe group consisting of polyetherimdes,
pol yet her et her ket ones, pol yi m des, polyvinyl chloride, polyolefins,

pol yesters, pol yam des, polysul fones, polyim des, polyet M;n%gg
pol yet her sul fones, pol yphenyl ene sul fides, polyether ket § | yet her
et her ketones, 24 0 5 APR 2006 ABS resins, polystyrenes, polybutadiene,

pol yacr yARS efssimmiw}w@rtyn@niwbibmadiqml palcfecralaéqs pplcrawm&isyiﬂ@n@b@pﬁelrs,s,

t hyl | t t i i.d t
pol yrer SO ERE B, S BBt e B r it er i et o S0
pol yvi nxﬁolyxhéﬂsoreu@%nep@trﬁﬂuaweu@@m Eb‘g&lyhfe'? 2RBNAG BYlyesiene s anyde,

tetrafl uoroethyl ene fluorocarbon copol yners, epoxy, phenollc al kyds,

pol yest dfuorpds. y pedyaényligtsingu fhtotibdee, polpfmryéudr:@s(aqhécgldqaoﬂeyrgﬂmaméhylene
bi s- mal c S | z b n
bl onds, T OO R witily: kR BEMEUE, PR PO R, cast
one of ﬁoﬂb&sﬂb@ﬁ@plpﬂgfsﬂ@ﬁdsﬂ blszﬁlalé[ﬂﬁddﬁetcb&ﬁht@%ﬁt‘éfﬁlﬁﬂylt ®QefizolyEloB@enarher ei n
said resin coqyrlses ycar bonate. 25

resins, and blends copolymers reaction products, and composites comprising at least one

of the foregoing resin.

23.  The method according to claim 13, wherein said resin comprises polycarbonate.
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