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WD 2004/ 067289 PCT/ US2004/ 001805 SYSTEM FOR LABELI NG A
SUBSTRATE AND METHOD OF LABELI NG AN OPTI CAL DI SK
WORIRIT249 | NFORMATI ON 10 Thi s application i s aPCT/US2004/001805
continuation-in-part of United States Patent
Application Serial No. 10/351, 133, filed January 24,
2003, which is incorporated herein by reference. 15
FI ELD OF THE | NVENTI ON The present invention rel ates
generally to applications of |euco dyes. More
particularly, the present invention relates to using
bl ack | euco dyes for |abeling of a substrate. 20
BACKGROUND OF THE | NVENTI ON Optical disks represent a
significant percentage of the market for data storage
of software as well as of photographic, video, and/or
audi o data. 25 Typically, optical disks have data
patterns enbedded thereon that can be read from one
or both side(s) of the disk, and a ra hic dis ¥
SYGFRRTER PRI Bt HEISTRaTHaNBIAIHED s RLE PG i) QEFICAL DTSk
readabl e side, or data side, of the dISk contains a
spiral track of variably spaced depressions, called
pits, separated by undepressed surface called |land. A
| ow- power ed | aser iBRIQBUSEINDORMARONpiral 30 track.
The height difference between pits and | ands creates a
phase .shift in the rg{glle ted be

e asihis dPalitining odrduphies hiagn &t Uiies Sioiek Batenho
%ﬂ@éél&l@ 6238 ReTA B340 d) %%P&arﬁj%tzuc abodli \ﬁl'ﬂcf'\ o4 Hﬂﬁporated

re currently avail abl e 'such as
he@einfwy ref@bceDVD- R and DVD-RW Ot her opt i cal dISk
formats are also available. In order to identify the
contents of the optical disk, printed patterns or

FIELD OF THE INVENTION

The present invention relates generally to applications of leuco dyes.
More particularly, the present invention relates to using black leuco dyes for

labeling of a substrate.
BACKGROUND OF THE INVENTION

Optical disks represent a significant percentage of the market for data
storage of software as well as of photographic, video, and/or audio data.
Typically, optical disks have daia patterns embedded thereon that can be read
from one or both side(s) of the disk, and a graphic display printed on the other
side of the disk. The data readable side, or data side, of the disk contains a
spiral track of variably spaced depressions, called pits, separated by
undepressed surface called land. A low-powered laser is focused onto the spiral
track. The height difference between pits and lands creates a phase shift in the

reflected beam that may be measured and translated into usable data. Various
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graphic display information can be printed on the
non-data side of the disk. The 5 patterns or graphic
wdize@loay2sgan be bot h decorative and provi de pePCTUSmI04/001805
i nformati on about the data content of the disk. In the
past, commercial |abeling has been routinely
acconpl i shed using screen-prignti ng methods. Wile this
nmet hod can provide a wide variety of |abel content, it
tends to be cost ineffective for production of |ess

opgiggg%@f??&%n{tg%rg'cﬁh% g%@glfa%lé’fsu{ﬁﬁgsfc}lﬁeém%ﬁ\ﬁ GD:R, CD-RW,
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i ncrigggder to 'Q§ét'fdfth%ﬁ9f‘t%lt3 Bfet?'r?ssoﬁtlﬁa' digKaPrinted Pajierms or
graphR i iay hﬁg@gﬁm 845 6e Hr#ﬁ?ed%ﬁ%’il% nbR-ReY o% fthe disk. The

tomze to reflect ft ont ent o
paiterng ar giic displty caomise beth decurbbe andpridds peftlribmt
ted &o el

intgB Rl PRAEBHE e BN s i, 47\ bRSE payragrcial labeling
a%,fﬁéeﬁ%dtmewr@ccsan&ﬂmshéa Uy @éréenq\mﬁﬁh% ehdthaﬁéewhutehm.s

k performance ‘upon spinnin g eeds.

msum @evitiesa wieleENamiEiy o,fd)ab&l cnatertbel tendsdedie eesd ineffective
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wigipaizringl a giediil ot Ropiinagivhastistemndils s piitingathedleskretdpattern
accordance wi th enbodi ments of the present invention

orcHAPRISAISRI3E an optical di sk substrate having an 25
el e%rr%@%}fédrg had %ﬁlﬁéﬁh%@ééé WEu&OBPStddl a&ks%.t §5%a
t hereon ectr

magneti c radi ation sensit
stomgedsy tomsuntars revepinceasad lteel denuhml toq&pwtibecustomlzed labels

f ' K d t, wh
o B By R S B S RSB R s o
IaSélﬁ'R_:} HRIRAREY S eftiRel R ttER N dckipfons Qﬁﬁﬁééﬂlrﬂéd fabkls which
al so conprise an activator confi gured or reaction

may b afficed taithe disk bybmayralsepdeerselyejfant the disdinariosmance
upSOennSS‘l)iF]hi\r/]S E&%rfé)ﬁ)gbééé)g’] can al so conprise an

SUMMARY OF THE INVENTION

It has been recognized that it would be advantageous to develop
alternative systems and methods for labeling a substrate, such as an optical disk.

In one embodiment, an optical disk in accordance with embodiments of the
present invention can comprise an optical disk substraie having an
electromagnetic radiation sensitive composition coated thereon. The
electromagnetic radiation sensitive composition can comprise a leuco dye
capable of forming a black image upon development, wherein the leuco dye is an
isobenzofuranone-containing dye. The electromagnetic radiation sensitive
composition can also comprise an activator configured for reaction with the leuco
dye. The electromagnetic radiation sensitive composition can also comprise an

electromagnetic radiation absorber admixed with or in thermal contact with the
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el ectromagneti c radi ati on absorber adm xed with or in
thermal contact wth the WO 2004/ 067289
wWOCH4Ws2804/ 001805 3 | euco dye, which is ther mrCIrgs2004/001805
active under the influence of electromagnetic
radi ation sufficient to facilitate the reaction. The
i nvention al so includes a systemfor |abeling a
substrate, conprising an inmage data source, a
substrate having an el ectromagnetic radiation

BEPYb! W o FREPRRY e AR LGRS o isRmanrete

ratiRflioAtdudicisetteifhtiits aiwasictiban. The el ectromagnetic
radi ati on sensitive conposition can conprise a | euco

dye Titg tryentor alseninelugesosystery far lapelieg aisweglatg semprising
i - t.ailii: i
o A8 TR oy R 8650 BARET A MR RAE rBLBNEH sonsive
compositivro coatadf thgrecey ahdra raslatidnosoutGe fortdeviehepihg tloo

el R TGOEHC FeRHARSCES Y S EoMACS oM AT e BB T gy s Eapliation
séerﬁiﬂ\)éeédfﬁbbéﬁi&ﬂ:éﬁ SoHIHRE 4 REIch yEYRNER is Shpable of fortmhirég a

ectromagnetic radiation sufficirent to facilitate
blagktnage upTh eevelopmeninsdgivas anisahenzotinagone-centsdningalye.

ratively c ted to the.i| t d .
AGBReRal B eSTRPEEER et vame e i e A RS: B rpgotion
with 8¢ [cReBIR At ad 2ldohdingdd ridticTadiatibh \b® s 6 ATEr @RINtiked with or in

I n anot her "enbodi nent, a nmethod for |abeling

thepnakeantactwite the levwpdyse whichsie thesgnally %qtiéfsyn%gﬁ ¢heindlgence
of SELHRSG R M sheeh Btk MAAEEe
elabeswiagnétie radiafiors sdues candrpopeatively ldoaokcleeltodhdymage data

scgggg ,%b!g\r/cfjgn?irggrq@m qu; !g?%&{q%é?%%%l rgd |Ia |g;1 % itl%)en e%%trom agnetic
relgRARANSGRIHVAHpGAIbRI Nl ng dve. A second  step can
CO

nprise transferring i mage data froma data source to
an kel awathenagbetintentadina¢thod fevlabekng anfopioakdisk oan comprise

35 BB S AR R i B gafon
sensitive composition to a surface of an optical disk, wherein the composition
comprises a black leuco dye, an activator, and an electromagnetic radiation
absorber, the leuco dye being an isobenzofuranone-containing dye. A second
step can comprise transferring image data from a data source to an
electromagnetic radiation source configured to produce electromagnetic
radiation. A third step can comprise inducing a color change in at least a portion
of the electromagnetic radiation sensitive composition by exposure fo the
electromagnetic radiation at a predetermined frequency, infensity, iime, and spot
size to produce a visible image on the optical disk.

Additional features and advantages of the invention will be apparent from
the detailed description which follows, taken in conjunction with the
accompanying drawings, which together illustrate, by way of example, features of

the invention.
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of the electromagnetic radiation sensitive conposition

by exposure to the 25 el ectromagnetic radi ation at a
wonred@eesm ned frequency, intensity, tine, andPepmiS2004/001805

size to produce a visible image on the optical disk.

Addi tional features and advantages of the invention

wi Il be apparent from the dét ai | ed description which

foll ows, taken in conjunction with the acconpanyi ng

dramﬁngs, whi ch together illustrate, by way of

pCT/ Usz0041 0BTUBE U SARET KRN Eﬁ%ﬁwﬁ?ﬁé%%‘éﬁﬁf NGS.
FIG 1 is a schematic diagramof a systemfor | abel i ng

a substrate in accordance with enbodi nents of
pr eddf: 1iipRespiematiciagmanpts sysigm oz labrlingca aubstrate in

acEbRfati %%ﬁlé Qﬂ*f’blod}’rhéﬁ“@ &fthéppé%fetlﬂ nglﬁcr;r@f‘?ﬁd)t ical disk

accor |ng 0 several exenplary e s of the
pr eddGIS. i2Ay @B arch 2CREEAIrb s SERORI MEWSNTIZ pBdioer arareoptical

w be rradetoe Iar nbo ts illustrated
digheesRaTgr G SRR T MERR G e PP YN
herein to describe the sarre It will neverthel ess be
understood that no linmtation of the scope of the
invention is ther B TAHEHAQESCRIRBON i ons and
further nodifications of the inventive features
illustrated herein, and additional applications of the

pri rRéfetetfecokilititiy bsveade W@xe&ﬁpléﬁy ehbagirmaniediigrged in the
whi ch woul d occur to one skilled in the rel evant art

drawingsadnd grepiisdaravage Wil hewseding@inta descripedhesages. It wil
ne&%ﬂf\ﬁ%r%rsec%e dé}hfboﬁr’tﬁa’ﬁﬁgﬁﬁé@ i%lg !Eﬁ%hé c%%ét {)ﬂﬂe npventlon is

ore particu
therabgribiendedr e‘\ltedamsoamﬂfmthér dm_sdiflctdi@dls afthe mvbotlbe features

gsdeted begei s b addtine Sakeriars Sl Sarb e o iinvagions as
SRR T8 B0 BB A 2 g
pdseessron of this disclosure, are to be considered within the scope of the
invention. Further, before particular embodiments of the present invention are
disclosed and described, it is to be understood that this invention is not limited to
the particular process and materials disclosed herein, as such may vary to some
degree. ltis also to be understood that the terminology used herein is used for
the purpose of describing particular embodiments only and is not intended to be
limiting, as the scope of the present invention will be defined only by the
appended claims and equivalents thereof.

In describing and claiming the present invention, the following terminology
will be used.

113 "ot

The singular forms “a,” “an,” and “the” include plural referents unless the
context clearly dictates otherwise. Thus, for example, reference to “a leuco dye”
includes reference to one or more of such materials.

As used herein, “optical disk” is meant to encompass audio, video, multi-
media, and/or software disks that are machine readable in a CD and/or DVD
drive, or the like. Examples of optical disk formats include writeable, recordable,

and rewriteable disks such as DVD, DVD-R, DVD-RW, DVD+R, DVD+RW, CD,
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t he purpose of describing particular enbodi nents only
and is not intended to be Ilimting, as the scope of
woOher4peesent i nvention will be defined only byprthas2004/001805
appended cl ai nrs and equi val ents thereof. In describing
and claimng the present invention, the follow ng
termnology 25 will be used® The S|ngular fornms "a,"
"an," and "the" include plural referents unless the
context clearly dictates otherw se. Thus, for exanple

CORGHE FER SREWGHER 1 Bre. OV RriBTaTrR Ao Bl Motuced,

suth 9§ sinflanaiatd an€fGemate s bawévelopeddaahe fatlikd.- 30
madl a, and/or software disks that are machi ne readabl e

n dsarpechbeisin, Dgraphic diselayo canircivde any wighigicharagter or
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proviieR tly DiDsid\sidelpf th@obgedl{qdlﬁla ' 2BOUGICINI L2061 IWa S e Base.
CcD- CD- RW, . t ..Oh i ke f t
ooy A3 P RCta Gt S Baikaly AlseS ki taspest faihe MREENt
d.gacsgmteqot.mg@? Jérg-ﬁ%’leé‘|ﬁf8ﬁnéﬁ5rpé&ﬁtaiﬁ%d%°rﬁﬁweh<%tﬁiapdlsk

gr aphi c di I'ncl ude any visible character or

thaﬁaghglfaﬂurm ozblnera\nseapmbedued ﬂb&remryaataaq:arylnctu@ba @lmphu C
. fdi sgb a nd rom enrt % . one Shde‘;{’ nfor "
INGHTAEAT. YS! ?W&% ofogtaptintor TAYan Fiays dnforrpation,
andsad m@rel n, "data" is typ| cally used with respect to

the present disclosure to include the non-graphic

i nf diesebhewEint Hoheazelrannepenieingi r@f@rsgmnyucﬁemlcal
cogﬁrf%}drg:] él}‘tag;rle AR "Ylﬁl’? Fgéee%?ﬁg/ehﬂ% InB: wﬁeﬁ%cﬁ@cﬁ‘es the sub-

TS AN D i Nt o nint rnformati
grolet ogr aphi ¢ information, software i nformatl on 10

and the like. As used herel n,

"i sobenzof ur anone- coptgining'-. refers to any chem ca
conmpound sui table f@
whi ch includes the &

& inQhe present invention and
As used herein, “leuco dye” refers to a dye in a form which is, prior to

O

development, substantially colorless or white, and which blackens upon exposure
to heat. The color-altering phenomenon is typically due to a chemical change,
such as through oxidation, resulting from heat exposure.

The term “activator” refers to a composition that is interactive or reactive
with leuco dyes upon introduction of heat.

As used herein, “developing” or “development” refers to the interaction or
reaction of a leuco dye with another agent, such as an activaior, to produce a
visible composition having a desired color. The inieraction is most often
thermally initiated, but may also be physical in naiure.

As used herein, “absorber” refers generally to an electromagnetic radiation
sensitive agent that can generate heat upon exposure to a predetermined
frequency of electromagnetic radiation. The predetermined frequency can be
different from one absorber composition to the next. When admixed with or in

thermal contact with a leuco dye and/or activator, an absorber can be present in
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group: 0 15 As used herein, "leuco dye" refers to a

dye in a formwhich is, prior to devel opnent,
weoeubsoamspal | y col orl ess or white, and whi ch bPathsz®4/001805

upon exposure to heat. The color-altering phenonenon

is typically due to a chem cal change, such as

t hrough oxi dati on, resultlngﬁfron1heat exposure. The

term "activator” refers to a conposition that is

interactive or reactive 20 with |euco dyes upon

duct | ne of heat . . As use er ei.n p ev | opi_ng", or

subtR 8 bR o6 pa fEPLoddsR R SHEEiitte an R pRBIARY asiero the
le®lo @yd RUSECHRISNYE Wwith %m%dtﬁmeﬁﬂﬁﬁﬁmefplébemﬁn@éhtlon Typically,

activator, to produce a visible conposition havin

deyelopresntasitae leunecdyenean msuitdiom intarrptioprhetween the feuco dye

but may al so be physical in
antdhEﬁjre \}%%ﬂ gérhh gglﬁerei n, "absorber" refers generally
t 0 afheclepot tieragnebhtact’adfers itothe spalil relationgtpthetaen an
o R R I e SRR, PoPCSSIRGE. T cosorer
; i
is g%g%?%&g Myedtibh @\ﬁﬂﬁeéléé’trfﬂag ﬁ’@tlc lqid dtRIe Me ﬁé%%ﬁ"e& by the

conposition to e next When adm xe
abisorbertedould be @uff'm'nnt\m chusge tmmcdweatn dackeadhraughoieaction

n, absqr ber resent in 2004/ 06728
wiflp R R taTro o st b BafREl tark eliipre pRégly begween an
aH%b%’él%d"Q?éuc%ﬂWé wﬁéﬁ all@w@¥or! 1R trap@fdrifidnh Yhéiahﬁd)r@@r
he | euco é%e i'n accordance with enbodi nrents of the

towaﬁtﬁm leLge e.ami/ongcﬁw@mrl yhergal eam glesrinclydeaetual contact

bqt@%%ﬁ ge/%os%gﬁ%f % Etl li!é{/Oa%é %b%ﬁaa%lb?ﬁ%npeedl%@%aé&?g?% layers, or

in ‘anhedmitureantlading l:rcﬂh @bﬁst‘itaehise Spatl al relationship
bet ween an absor ber and' a Ieac e-activator
Shhedu

conp&STEeRr “eRIFIeRcampracntik IpFivee conpasitignsand
cﬁi‘(tn)é%ttﬁra?%h Bg L{’)ﬁ'eﬁh%ﬁ* RLH UYRENSSdThE AR LA R BctivA®rs to form

enerate
one or more layers on the surface of a substrate. Surfactants, polymers, UV

curable materials, and the like can be used as a carrier. A combination of leuco
dye and absorber can be within a common carrier, or can be in separate carriers
to be applied to a substrate sequentially. Additives, such as colorant, can be
added to the carrier in some embodiments.

As used herein, “optical density” refers to the logarithm of the reciprocal of
reflectance, where reflectance is the ratio of reflected power to incident power.

Concentrations, amounts, and other numerical data may be presented
herein in a range format. It is to be understood that such range format is used
merely for convenience and brevity and should be interpreted flexibly to include
not only the numerical values expliciily recited as the limits of the range, but also
to include all the individual numerical values or sub-ranges encompassed within
that range as if each numerical value and sub-range is explicitly recited. For
example, a size range of about 1 um to about 200 ym should be interpreted to
include not only the explicitly recited concentration limits of 1 ym to about 200
um, but also to include individual concentrations such as 2 ym, 3 ym, 4 ym, and

sub—fanges such as 10 ym to 50 pm, 20 pm to 100 pm, etc.
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absor ber should be sufficient to cause the | euco dye

to bl acken through reaction wth the activator.
wOohewroaf2sgont act can i nclude cl ose proximty beCwaszoanoisos

10 absorber and a | euco dye, which allows for heat

transfer fromthe absorber toward the |euco dye

and/ or activator. Thermal caf al so include actua

contact between an absorber and a | euco dye, such as

in imed ately adjacent |layers, or in an adm xture

i ncl,udin h St i L uent ! rier’ or "canrier

comfnifiRe BT EIET 1o B8 for PG e o g ok
le@siddye uRsebhahdicatedgensally at 10 in aocsrddnes withlthepesent

and/or activators to form one or nore |layers on the

inwgRticae is Fiovn-s bk ambodisientateasisiemgan sigultanequsly write to

thé %agé %id@"f%ﬂ%h %gtie&ddié ?4'dn'6|eco¢|§8t Qﬁd/ﬁ?ﬁﬁité‘ég& to the data
carrrer. A co I nation o 'euco ye an absorber can

sidee1@iof thenopticad wiiekn Tiee optical disk sudbstiaée 8 isspawatie a first

carrjers. to he applie 0.a Substrate se ntiall
orfaiigtion, with Gadiiags R 47 R0 Ehan e was AHBEHOR oRTHRLor 20 and
a &8 rgdr?hénﬁbérozﬂzea@mgéﬁff@? Spinffng a5d stisp&riting tHé’BbltitE%:cdisk 14.

sity” refers to the logarithmof the recrproca
r ef lle@canr@ncatvdttethegpresentingentian, @ndmagei is digitally stored on

mafifite SOulte 24-ndfis {iaee Bler RRNED canpepasiratid, fo any
nufgiet of dommefddiieaVllaBRY imdde ssfvidarelfoyres sThedmbbatcan then

such range format is used 25 nmerely for convenience
begiagtarized anspiintzethanr debverestierglpbebip eleskiopiggnedic radiation

<ol 5y BeLiec 5. Y2 YBH AR APLAEL Hohing maoe
data¢d odeesppdnd trea ispilaMpath dhatmatehies dhe pathufzdioned by the

sub-ranges enconpassed wi.thin that range as, if_each . .
eI Gl RITA G o AU Lep Wi Tg8Pe et 1ot Tfee siaset (e@ptical disk

R SAPP 1 ot SHSGFAIALE SRl RATL By A soure
is an@mitting geviee 2Badndoart eptiorsl ilakrel deteatingaievicepdda facing the

BRa2 99 or R Bt A LR IR A i composiion o2
ington S PR R IoH0e 20 B
detecting device 30b face the data side 16 and are configured for simultaneous
reading and/or writing operations. The data can be generated, used, and/or
stored in data source 34. In one embodiment, data can be written by sending it
to the second emitting device 28b via signal processor 26. Each set of emitters
and detectors are positioned on a first sled 36a and a second sled 36b,
respectively. Additionally, the first sled 36a and the second sled 36b follow a first
track 38a and a second track 38b, respectively. In this embodiment, a single
solenoid 40 is shown that acts to simultaneously cause both ihe first sled 36a and
the second sled 36b to travel and collect information in unison. However, this is
not required.

In an alternative embodiment, each sled can be configured to be
independent of the other. In such an embodiment, the use of two solenoids or
other mechanical or electrical structures can be implemented for independent

function. Additionally, other embodiments are possible such as using a single
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7 As illustrated in FIG 1, a systemfor labeling a
substrate having a black |euco dye thereon, indicated
waqgemariat2sy at 10 in accordance with the presenPCT/US2004/001805
invention, is shown. In this enbodi nent, the system
can sinultaneously wite to the imge side 12 of an
optical disk 14 and collect &nd/or wite data to the
data 5 side 16 of the optical disk. The optical disk
substrate 18 is shown in a first orientation, wth

t he i e si,de 12 facing,in an upward di.rection.
tragh s SoeagiH comaupfat s Ap BiosEA Bigo s G ps, Cb-R/ CD-
RWWRIriisN O Nshrhl Ripeiter B8d dRRieosdrhbinktighs Kodid-bd dsed to read and
accordance with the present invention, an imge is

wrile giatapng thewm thaidisk coplekir invertedand- 2 blagk impgesouldge
' i ' 0 nunb f

del Bl REP4BE SRR B BresBhPfuBRiod ) PoT " e
i mdthecprestheinvehion sdatesiganerally tedabalingza dubsidate using

del ivered to a | abelipg electr netic radiation . .
PR RSP GHEP. AIIGIRd I FIGH M a8 Adat ention disk,
O ; I i
SO S L e B el 1 PSP AR beehnds is shown.
Thel stistaiadBds genesdy asedrfosstiuagralistipper spddtast @ dateeside 16

: e Ceal oSk ; gy
ek b e tnt The RUBPLRE 1665 pe adihat faf Pl hatelal sucn
aslsé; ngif@arﬂcﬁaﬁéj‘f&@ tichNGisREYt 68e? PalyansticmatidI®nAl data layer 42

, detecting device 30a facing the imge side 12
is generadly Spimed hy soptiedry odptier knowakragessaseancaly gontain any

BT i 5o oL A oA anc
lagly tegeSSUnding o specifiatiatas i Tius] thauh asmglodbizgayedis shown,
_for sinultaneous 20 reading and/or witing operati onds.

it ispndgsstgod dhatgpuliipleclpyercan ke dsed by as Siiablerandor

a4 . _ !
regn;’/“iagoelé %Hﬁﬁs.t hs éd&h%ﬁte‘?fggsﬁgir &Blin .c%tﬁg&?éggﬁg]ggﬁ (RORA,

ndi ng | to the se emtting d Vi a
writalealor pewidtabinford@ts &mclvel knowh tetegeesidlledcaimdthe art. These
n a first sled 36a

megsBRinels Bubdre ne Bt i BuAtings prfodppive.
mélafitedbrPdbs BAdsHotesbnsitRe tlbdudsaw sfpbliinet birdfer in a dye
track 38a and a second track 38b, respectively. In
layéri S argxeamplentewriaklerjitisal disks typically include a quaternary phase-
change alloy exhibiting different reflective properties in the amorphous and
crystalline states. The data layer can also contain colorants which do not affect
the data storage performance of the data layer. The above compositions are
readable or writable as to the data side 16 of the opfical disk 14.

The black leuco dyes and activators of the present invention can be
prepared and applied in a variety of ways to a data readable or writable optical
disk. For example, as shown in FIG. 2A, an electromagnetic radiation sensitive
composition 44 can be prepared containing the black leuco dye, an activator, an
electromagnetic radiation absorber, and a carrier. The carrier can include
surfactants and/or polymeric materials such as Almacry!® T-500, polyacrylate
from monomers and oligomers, polyvinylalcohols, cellulose esters, polyvinyl
pyrrolidines, polyethylenes, polyphenols or polyphenolicesters, polyurethanes,

etc.” As the electromagnetic radiation sensitive composition of the embodiment
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solenoid 40 is shown that acts to sinultaneously cause

both the first sled 36a and the second sled 36b to
wonremde7and col l ect information in uni son. HoWeZEMS2004/001805

this is not required. In an alternative enbodi nent,

each sl ed can be configured to be 30 independent of

the other. In such an enbodi fent, the use of two

sol enoids or other mechanical or electrica

structures can be inplenmented for independent
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such as those available in common CD-KR/ RWdri ves,
lubmicaniaaurtaetants, angh maderirls inpatinganeistiyedesistanse, garalso be
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comysodifdrzo dyes of the present invention. 5 The present

invention relates generally to | abeli ubs
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seiparesﬂedayer |sﬁ|m:esim$thea$ld)sir&te eltgernleefare gr aledthiedeuco dye.
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a é‘[ﬁﬁ&ﬂe %brr%#c h’rﬂ@c@ﬁnp@siﬂ@hY§ﬁfrﬁ@d%|€tﬁe0da@ﬂéy&ﬂ42 dindlksan cover
or other polyneric materials. A data |ayer 42 s

thgemdraisufacophaerely aspertionaf e optieal sk kholmthe embodiment
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arl abslsrbepir @%lead) Wehitlo csmla‘tll@da portidhws the bptigd disk. Thus,
single data | ?Ié IS shown, IS un%ﬁqst ood t hat

thenleepiive |ayps %thsehw&ﬁr lgxe}ﬂ%gol ivalyirpalst b the
elé&%lﬂégnéné Fe%éﬁcﬁ%@néﬁtﬂfe"@d%ﬁﬁoﬁ uﬁjﬂoﬂ%teﬁﬂdo@wﬁenprm order for

I'n“creati ng pernmanent
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Cea Wlﬂ%‘ﬁ?ﬁ)e[: gl ﬁélcaaa}qq&(r:%\gam %@eas re?ppnrggqmatgfy tﬁe same
portlons of the optical disk 14 as the leuco dye layer 46. This provides an optical
disk having the absorber layer 48 in thermal contact with the leuco dye layer 46.
If the two layers are not in actual contact, but are close enough in proximity for
thermal activation of the leuco dye to occur, the layers can also be said to be in
thermal contact. An optional passive protective layer 50 can be formed to add
mechanical protection to the leuco dye layer 46 and absorber layer 48. The
protective layer may be substantially transparent or translucent such that
sufficient electromagneiic radiation is allowed to pass therethrough, allowing for
development of the electromagnetic radiation sensitive composition.

In yet another alternative embodiment of the present invention, FIG. 2C
depicts an optical disk 14 having a substrate 18, a data layer 42, and a first
protective layer 52. An electromagnetic radiation sensitive composition layer 54
can be prepared to include a leuco dye, an activator, an electromagnetic radiation
absorber, and a carrier(s), as discussed above, having either the absorber and

leuco dye with activator in separate layers or admixed together. The first
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netallized azo dyes, and photosensitive conpounds in a
pol ynmer binder in a dye |ayer. For exanpl e,
woewdicczash e optical disks typically include a PCT/US2004/001805
quaternary phase 20 change alloy exhibiting different
refl ective properties in the anorphous and
crystalline states. The dat a Iayer can al so contain
col orants which do not affect the data storage
performance of the data |ayer. The above conpositions
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nmechani cal protection to the el ectronmagnetic radiation
sensitive 5 conposition. In an alternative
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dye layerC HprerRin the separate I%%er is placed on

Q t'er % he | euco dye.
8 6 containing a black
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10 a suitable carrier. This conposition is forned on

the data | ayer 42, and can cover the entire surface
wonrommcelsy a portion of the optical disk 14. | RCThS2004/001805

enmbodi nent  shown in FIG 2B, an absorber |ayer 48 can

be formed as a separate |ayer (using an absorber in a

carrier), which covers at | ddst a portion of the

optical disk. Thus, the |euco dye |layer 46 and the

absorber layer 48 collectively make up the 15

el ectromagnetic radiati@nysensitive conposition. In

one enbogipent, in ordef?for the leuco dye

conposi ti of46 tg be el oped ag, desired gglthe
optical disk CHU%K&&ﬁQ t he 4k 3can be
formed on | east appr oxi : portions of
the optical disk 14 as th
provi des an optical disk having
in thermal contact with t 3
the two | ayers are not in
cl ose enough in proximty RQ \

the | euco dye to occur, the layers d@dn also be said to
be in thermal contact. An optional passive protective
| ayer 50 can be fornmed to add mnechanical protection

to the |l euco déi:fgyer 46 and absorber |ayer 48. The

protective | aygr y be substantially transparent or
transl ucent su ufdi ci e [
radi ation is allowed
for devel opnent of t
sensitive conposition.

enbodi nent of the present |
an optical disk 14 h @

Ch

42, and a first protle ajer 52. An
el ectromagneti c radi atmenh sensityi ve conposition |ayer
54 30 can be prepared to include a | euco dye, an
activator, an electromagnetic radiation absorber, and
a carrier(s), as discussed above, having either the
absorber and |euco dye with activator in separate

| ayers or adm xed together. The first WO 2004/ 067289
PCT/ US2004/ 001805 10 protective coating | ayer 52
protects the data |ayer 42, as is typical for witable
and
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comercially. A second protective coating |ayer 56
wonRei4det89t he el ectromagneti c radi ati on sensit PC&/US2004/001805

conposition layer(s) 54. Such protective coatings can

be coatings including |acquers, UV 5 coats, or

polyneric filnms. Wth respect2to each of the

enbodi ments enunerated in the Figures, as well as

with respect to equival ent enbodi nents, black |euco

[ 0. f ; ) !
LR AP tHES s o B TS A bh i eves can
alsty bs uaed is tits peegentirviention.o Oresexaanpleasfe halide-tathiniey

closed ring form Such dye O0.can be | euco f]uoran
isqggsgoglgglﬁogg leuco dyeuis the%etsra—]halige compositi%n 1(3H'51-

Ao | 2B - | i o _
S Ao 0103 & 2 Ry Riinophenyll-2-(4
méthowypiérpl)ethémdl miicH bas tre) folewing structure:
nmet hyl - 7-ani | i nof | uoran, and ‘
3-pyrrolidino-6-nethyl-7-anili 1HISuoran. The
correspondi ng chem cal struct M es are shown,
respectively, as follows: 5H1Y CoH11 N 15 C 4H9 N 41

12 Leuco dyes

cont ai ni ng hal ijdes gluch as \ 2 | sobenzof ur anone

| euco dyes 0

N CH:C—@\
CH
Cl CH No°
1 N
i CH,
© i: ~0—CH,

/N\
CH3 CH3

Upon heat-induced oxidation, protonation, ring-opening, or the like, in the
presence of an activator, the above-recited isobenzofuranone-containing leuco
dyes can form black dyes having a high optical density. Although a wide range of
compositions are suitable for use in the present invention an electromagnetic
radiation sensitive composition may contain less than about 60% by weight of
leuco dye and activator, and is preferably about 40% by weighi. These ranges
are only exemplary and other weight ranges may be used depending on the
desired image characteristics and other considerations. Activator to leuco dye
weight ratios of between about 1:4 and 4:1 typically provide adequate results and
a ratio of about 2:1 may also be used.

As stated, interaction between a leuco dye and an activator can cause a
chemical change in the leuco dye, thereby altering the color of the leuco dye from

substantially white or colorless to substantially black. Generally, the chemical
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al so be used in the present invention. One exanpl e of

a hal i de-containing isobenzofuranone |euco dye is the
woebwmetabi de conposition 1(3H)- i sobenzof ur aneaeus2004/001805

4,5,6,7-tetrachl oro-3, 3-bis[2-[4-(d

i met hyl am no) phenyl]-2-(4 5 @$thoxyphenyl)ethenyl],

which has the followng structure: CHO O d , CH3

CH3 NCH3 , CH3 N Upoh heat -i nduced oxi dati on,

protonation, ring-opening, or the like, in the
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an activ can cause a c ange I n t
in dpeamaduneraftypiadityelretagentab o 0d30 186 mﬂabwhdﬁ%jw vigiginh

altﬁpgéﬁ% t%g?ﬂftg:elgH {@ng@ﬁgﬁ%ﬁéﬁﬁ’%%ﬁ{’e gpér?dlﬁgl:f %‘F’\ttﬁe acti wltyy of the

particular absorber. Examples of frequencies that can be selected include
infrared, visible, ultraviolet, or combinations thereof.

The absorber can be configured to be in a heat-conductive relationship
with the isobenzofuranone-containing leuco dye. For example, the absorber can
be placed in the same layer as the isobenzofuranone-containing leuco dye as
part of an admixture, or can be in a separate layer. Thus, the absorber can be
admixed with or in thermal contact with the leuco dye composition. In one aspect
of the present invention, the absorber can be applied to the substrate in a
separate adjacent layer prior to or after applying the leuco dye composition as a
layer. In one embodiment, consideration can also be given to choosing the
activator such that any light absorbed in the visible range does not adversely
affect the graphic display or appearance of undeveloped leuco dye. Although an
inorganic compound can be used, the absorber typically can be an organic
compound, such as, but not limited to, infrared absorbers, uliraviolet absorbers,
and visible light absorbers. More specifically, examples of absorbers suitable for
use in the present invention include, but are not limited to metal complex IR dyes,
indocyanine green, heterocyclic compounds and combinations thereof. Metal
complex IR dyes can be used such as dithiolane metal complexes having the

general formula
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| euco dye occurs upon application of a predeterm ned
wanodrs7sd  heat. Activators suitable for use PaTHIS2004/001805
present invention can be chosen by those skilled in
the art. Several non-Iinitin? exanpl es of suitable
activators include phenols,’arboxylic acids, lews
aci ds, oxal ate conpl exes, succinate acid, zinc 5
stearate, and conbi nations thereof. As the prederm ned
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radi ati on absor ber, C 'Sg 06\\\ ectromagnetic
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activity of the particular absorber. Exanples of
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visible, ultraviolet, or conbinations thereof. The
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Indeattiinalyretalfcomsisrapan alducbabsitalile suchms the follaieg i n
the sane | ayer as the isobenzof uranone-containi ng

COMRRWIYye as part of an admixture, or can be in a
separate |ayer. Thus, the absorher can be adm xed
wth or in thermal contact with t\he | euco dye
conmposition. In one ag 2 esent invention,
the absorber can [Re in a 20

| ayer. Tn one enbodi nent,

| euco dye conpgsgition as\:
eVgi ven to choosing the

consi derati on n-atgo b
activator such that agy_lyght absorbed in the visible
range does not adversely affect the graphic display
or appearance of undevel oped | euco dye. Although an

i norgani ¢ conpound can be used, the absorber typically
where Meaarbe N4, or another transition metal, and each R can

independently be H, lower alkyl, and/or aryl. Several commercial IR absorber
compounds such as IR780 and IR783 (available from Aldrich Chemical
Company) and dithiophenylidene compounds (Syntec 9/1 and Syntec 9/3),

shown below respectively, can also be used in the present invention.

L,
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absorbers, ultraviolet absorbers, and visible |ight
wahsewroee2ss. More specifically, exanples of abseCcbaiss004/001805

suitable for wuse in the present invention include,

but are not limted to netal conplex IR dyes,

i ndocyani ne green, heterocydﬁ c conpounds and

conmbi nations thereof. Metal conplex IR dyes can be

used such as dithiolane netal conpl exes having the 30
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Other suitable absorbers can also be used in the present invention and are
known to those skilled in the art and as found in such references as “Infrared
Absorbing Dyes”, Matsuoka, Masaru, ed., Plenum Press, New York, 1990 (ISBM
0-306-43478-4) and "Near-Infrared Dyes for High Technology Applications",
Daehne, Resch-Genger, Wolfbeis, Kluwer Academic Publishers (ISBN 0-7923-
5101-0), both incorporated herein by reference. Although, the specific activators

and absorbers discussed herein are separate compounds such activity can also
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Cl WD 2004/ 067289 PCT/ US2004/ 001805 15 LONa 5 Ot her

sui tabl e absorbers can al so be used in the present
wonvame’sm and are 10 known to those skill ed PaTHIS2004/001805

art and as found in such references as "Infrared

Absor bi ng Dyes", WMatsuoka, Masaru, ed., Plenum Press,

New York, 1990 (ISBN 0-306-%3478-4) and

"Near-Infrared Dyes for H gh Technol ogy Applications”,

Daehne, Resch-CGenger, Wl fbeis, Kl uwer Academ c
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compounds such acti vi %y can al so WO 2004/ 067289
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an radi ation ng action withint euco dye
spevifiedypes of eleatromadaatie radiatiors niatlhading adgarimadnativeradiation

oGl L SR B T BBl o
infPareBeahd iukrd WidIesfrefuSh@ss.r PERERGhDI, Iadrahh@iRg frequencies
i ncluding el ectromagnetic radiation produced using a
anyadere froas abeuthad) amdolalisius SiAinth ape sRAdI¥ qoamnatqlagjly qvgilable.
exarccondREbfl Aes it HEKRUES SGRREEFhyqrbn are

de¥BitedoSdh bevhdedbbot elSdmpleNoheacaneaty lthe eriventiguctiv
avai |l abl e. The conditions under which the | euco dyes |
ragiptipp dregiuggeyt heat fibit 2ok egp@surgdma@vggs%l@s &4 38 spot size

R e e
badediabthesdesired rasulspotVili these andablas ethepaeeiromaghetid saliation
so%frcgee %n At &éétir&%aheﬁé’ ?egoﬁernrtllodnefsoi A e?g&ré:r%ggr?ee[iccr%%?a%%n
sensitive composition in accordance with the image data source and information
received from the signal processor. Further, leuco dye and/or activator
concentration and proximity to one another can also be varied.

The leuco dyes of the present invention can be developed using lasers
having from 15 to 100 mW power usage, although lasers having a power outside
this range can also be used. The spot size can be determined by considering the
electromagnetic radiation source, and can range from about 1 to about 200 pum,
though smaller or larger sizes can also be used. In one embodiment, a radiation
spot size of between about 10 and about 60 pm can also be utilized. In a further
aspect, spot sizes of 20 by 50 pm can provide a good balance between resolution
and developing speed.

Heat flux is a variable that can be altered as well, and can be from about
0.05 to 1 J/em? in one embodiment, and from about 0.05 to 0.4 J/cm? in a second
embodiment. Heat flux in these ranges allow for development of leuco dyes in
less than about 1000 microsec per dot in some embodiments, less than about
500 microsec per dot in other embodiments, and 100 microsec or less per dot in

still other embodiments.
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based on the desired results. Wth these vari abl es,

the el ectromagnetic radiation source can direct
welewtocmesagnet i ¢ radi ation to the el ectronagnePCT/US2004/001805

radi ati on 15 sensitive conposition in accordance with

the i mage data source and i ?ornation recei ved from

the signal processor. Furth | euco dye and/ or
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can al so be varied. The | euco dyes of the present
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/' US2004/ 001805 To illustrate an exanpl e where these
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smfﬁé Ryef), DPte pictectdle Ié@eﬂ@:y) 8@ lcmg aa theBevatopaeet pf thredleuco

M Crosec. exposure_per dot 5
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dyplis,pRrt adversely e euco dye can en be
developed producing a black image with a colored background. Examples of
opacifiers include calcium carbonate, titanium dioxide, and other known
opacifiers. Additionally, examples of other non-leuco colorants include dyes or
other pigments. In other words, if a colored background is desired that will
remain independent of leuco dye development, an opacifier pigment, other
pigment, and/or dye can be admixed in the carrier to impart the desired color.
In preparing the black-forming leuco dyes, such dyes can be prepared in
solution which is substantially transparent or iranslucent. Any suitable carrier
such as a surfactant can be used which is compatible with the particular black
leuco dye chosen. When the black leuco dye is prepared in a solufion form, it
may be desirable to underprint a colored coating over at least a portion of the
substrate beneath the leuco dye solution. The optional colored coating produces
a background color that is visible underneath the solution layer. This colored
coating can contain various non-leuco colorants such as other pigments and/or
dyes. Alternatively, a non-leuco colorant may be added to the data layer to

produce the desired background color. As with the dispersion, the activator can
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can have a high optical density of above about 1.3.
wopvi4matsdensi ties of about 1.4 or greater canprairgi82004/001805

commonly be achi eved. Those skilled in the art can

adj ust these variables to achieve a variety of
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| euco colorant to inpart additional desired color to
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(dBetyMapIRbran (BKo0d [eabo dhé abailabls frost Hagasd Cy) Ltd.) having
transparent or translucent. Any suitable carrier 25

the gtHclEe:a surfactant can be used which is conpatible
with the particular black | euco dye chosen. Wen the
bl ack | euco dye is prepared in a solution form it
may be desirabl@Hp underprint a colored coating over
at |least a port{on of the substrate beneath the | euco
dye sol utcgn—INe optional coI ored ating produces a
backgr ound” col or : 5 QA ﬁggr neat h t he

solution layer. T coating _can contain
vari ous non-1| euco : P as ot olgnents
and/ or

and having an average particle size of less than about 5 pm was added to ihe
solution. As an activator, 1.2 g of pure bisphenol-A having an average pariicle size
of less than about 5 ym was added to the solution. The solution was rendered to a
fine paste and screen-printed onto a substrate at a thickness of approximately 7
um to form an imaging medium. The coating on the medium was then cured using
ultraviolet radiation from a mercury lamp.

The leuco dye-containing layer produced was developed with a 45 mW
laser at 780 nm. A mark of approximately 20 ym x 45 um was produced with
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solution or coated onto the substrate either before or
after the solution is coate® thereon. If a background
color is pre-printed, such coatings and conpositions
can be applied to the substrate using any of a variety

of known techni.qyes. suc scregn- printin i n
exPgieHnes Bﬁ?*&’%‘ﬂﬁﬁgk‘s%“rt% @a@/se&o a %g?vegé@acgiﬁn%%a\@’?ﬁ g
pré@icpwitiiblititRe uas &f blintidy iitdrieditan anadldxpibitedMigh BStical

Exanpl e 1 About 5 g of ground 4-benzyl oxy benzoate
dessiy.ai ni ng 0.05% | R783 10 activator powder was

dissolved in 15.3 g of an ultraviolet curable m xture

of acrylate nononmers and ol igonmers (avail abl e under
ExtameplerZzadename NOR- COTE  C(r) 0000 UV-| acquer) to forma

[ uton. v ld. 5 f 2'-aniling-3'- hyl - 6 - .
ai bubbeut 6y Hitssizi Syelite RowdRs e Tl abaiiis e, hioh
Wi EiekPio céds@-r}leiﬁg Idfthe pHRdST W?H&rﬁélté@p%ﬁ@r Wag%\@ided

avi ng an average pafrticle size of |ess than about
2(pgrofipberaide4-sulfoniibis (2-¢2-propany) Asclivateicievaiale undeothg
0 ur e hi nal - A hayi an average particle size 20
”%dédaggiTghggbﬁﬁwﬂgt Bﬁyaﬁgiadded to the solution. The
solution was rendered to a fine paste and
screen-printed onto a substrate at a thickness of
approximately 7 pmto forma i ng medium The

coating on the medium was then cured using
ultraviolet radiation froma nercury | anp.

O—un—0

HO

and 1.2 g of IR absorber IR780. The resulting composition was cooled and ground
into a fine powder. Next, 1.8 g of the ground fine powder was dissolved in 15.3 g
NOR-COTE CDGO000 UV-lacquer as a carrier to form a solution. Next, 15 g of
black leuco dye ((2-anilino-3-methyl-6-(N-ethyl-N-isoamylamino)fluorine) available
from Nagase Co., Ltd., under the tradename S-205, having the structure:

C.H

25

CH3\ iij
S
cH,

CH,
- )
(1

(@)
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The | euco dye-containing | ayer produced was devel oped
with a 45 nW 25 |aser at 780 nm A mark of
weapprmsiasat el y 20 pm x 45 pm was produced w t hP@DUS2004/001805
2004/ 067289 PCT/ US2004/ 001805 19 exposure tines of
about 20 psec to 100 psec. The devel oped i mage was
produced w t hout the use of &9 printing internediary,
and exhi bited high optical density. 5 Exanple 2 About
2 g of di benzyl oxal ate powder was heated to about
85C, which was sufficient to cause nelting of the
powder. To the nmelted powder was added 20 g of
waiseadsiedto4he solutiony mbliesk(ldcl( léupm dpehal)gn adraga@patticle size of

58 oo 3o {6rEin ien. 2653 purs Riabensb hevingim average

pahRld ﬁié'léésﬂﬁaﬁ @H@Qﬁs&mww@‘ad@a%% wgn§ﬁ %Jfaﬂ'm 4 thn‘&ure The
a fine powder. Next he groun i ne powd

MigsIrelves senderediio egine @as_t_g aNdRCEETEpTfted @Dt a substrate ata
tHr%{(He%ﬁack P&(Ilﬂal&h@é?l}.}% S Rrin i iaginy Wi, YR doa]t"ng%n the

euco

meduranias thenured hmhgfiﬂt('é\b‘l@ltahbdmé‘ﬁdnwmd REtARY fdrr i n
ilable from Nagase Co., Ltd., under the

e) a
t 2 adﬁ-ﬁﬁlﬁu@ (é!%waﬁéhﬁmeev@!@lo%d P ¢heyFasulting caatrdspbstais with a
ABhAPREL PR ZEPNEO A mark of approximately 20 pym x 45 pm was produced

with exposure times of about 60 psec to 100 psec. The developed image was
produced without the use of a printing infermediary, and provided an image having
high optical density.

Example 3
Indocyanine Green (1.5 grams of a 10% solution) in de-ionized water was

mixed thoroughly with 50 g of screen-printing paste, commercially available from
Savoir Faire, Novato, CA, under the tradename LASCAUX to form a paste mixture.
Approximately half the paste mixture was combined with 17 g of milled black leuco
dye (S205 as in Example 2). The leuco dye had been previously milled to an
average particle size of less than 5 ym in a water slurry and dried to approximately
50% solids. The paste mixture and leuco dye were then thoroughly mixed on a
roller mill. The remaining portion of the paste mixture was then combined with 33 g
of benzyl 4-hydroxybenzoate and thoroughly mixed. The benzyl 4-
hydroxybenzoate was prepared by milling the particles fo an average particle size
less than 11 pm and drying to approximately 50% solids. The resuliing combined
mixture was then roll-milled fo thoroughly homogenize the components and to
decrease the average particulate diameter. The resulting mixture measured an
average fineness of less than 2 ym. The viscosity of the mixture was also
measured to be between 50,600 and 160,000 cps at 1 rpm wherein the slope of
the curve for 10rpm/1rpm was greater than 5.0. The mixture was screen coated

onto one side of a CD and dried under a vacuum at 45° C.
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15

PCT/ US2004/ 001805 was added to the solution. The bl ack

| euco dye had an average particle size of |ess than
wahoutos®Rspm I n addition, 2.0 g of pure bi spheRrorAKA2004/001805

havi ng an average particle size |less than about 5 pm

was added to the solution to forma m xture. The 5

m xture was rendered to a fi rféd past e and

screen-printed onto a substrate at a thickness of

approxinately 7 pmto forman imagi ng medium The

i 1 TR D aEMeiTodcElh B C8 diisis usipg agp mw

ladgeatdl0 hinefor d@&ﬂ mjpeosenontexpoesid timeg Theamage pnnted on the

W%@g ({PQ'QSI ?ﬁﬂ%@%%ﬁ%ﬁ%ﬁj{pﬁ)ﬂg@@@ 2ga )g\,lép tnicrons in

dHERH, @inldl HERFa BfeciPRakkgRLREeC to 100 psec. The
devel oped i mage was pro guce ‘Wi thout the use of a

printing intermediary, and provided an image having

hi gh | nd €}

(1751t b B8 RS on Al B e s Reertion Seehdmrer e
ilostegtile theugpligatin fbr5ﬂe %rlﬁélg&?sr SFtRe Présdrithgvdtivhe Numerous

commercially available from Savoir Faire, Novato, CA,

mericatiphe apd aliemativel stsueenss canhedpdsed witheutdeparting

t f S wi t.h
S o sl B B S GRS ARG fE o has
b&3n sﬁh\anli@ﬂt@dcavﬂngsldndlgb:scﬂbw Ebdﬁéé §h mﬁﬁ&ﬁohwlﬂﬂthéo
aver ze .0 ess than pmin

TP BYY shTbadimaniste) e ieniioei Jt wil 6 aerarast iorese of

ofAEr§ smmh Yhé a?{]’tﬁa{ ﬁﬂlﬂ%réb‘sem\ﬁﬁrﬂ%aﬁgﬁé‘ chi Bé%?ﬁ% %llﬁbp'?d
on a roller mll. e remai ning portion of

departing éronathe phenciplestsindecbnoiepts Gfhg invdntiverezy set forth in the

CI4ng$/droxybenzoate and t horoughly m xed. The benzyl 4-

oxybenzoate was prepared by mlling the particles

to an average particle size 25 less than 11 pm and
drying to approxi mately 50% solids. The resulting
conbined mxture was then roll-mlled to thoroughly
honogeni ze t he conponents and to decrease the average

particul ate diameter. The resulting m xture neasured
an
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average fineness of less than 2 pm The viscosity of

the m xture was al so neasured to be between 50,000 and
waat4peeseps at 1 rpm wherein the slope of 30PCINAIS2004/001805

curve for 10rpm1l rpmwas greater than 5.0. The

m xture was screen coated onto one side of a CD and

dri ed under a vacuum at 45 & WD 2004/ 067289

PCT/ US2004/ 001805 21 The | euco dye was then devel oped

on the CD substrate using a 45 nw |aser at 780 nmfor

a 280 m crosecond exposur i@ The image printed on
the CD showed high opti cg;Istgﬁsi ty bl acE mgr ks
approximately 25 X 50 microns in dinension, and had a
green background. 5 It is to be understood that the

Whgidy elaireeéisnced arrangement's are illustrative of the
application for the principles of the present
i nvention. Nunmerous nodifications and alternative
arhr anggnepiical gwk bempeisingesh aptided diskdaihbstratehavihg @m
the spirit and,scope af the present inyention while

elecHEMasetiF A IAYRR SPERIUKE SOTHOSERA (Rt TIHePhesal

; e I sl i with the
el S e 1% Wi 11 be
appaj ent atleutthdye cepablerafiforming skblerk image gpan devalppment,

nuner oys nodi fications e - W t departing
Sa'fjﬂSHW ng E!ei'rlgc?rbI'Sé)?egﬁapu?%wg%eﬁ?@q@n\%#Q%’I’nvent i on as
set pf or t Bnigttivhrr cohfgtfed fbrdR1idANATDHEA88cR AyElaidVS
What "is clained is: PCT/US2004/ 001805 . . )
c) an electromagnetic radiation absorber admixed with or in thermal
contact with the leuco dye, which is thermally active under the influence of

electromagnetic radiation sufficient to facilitate the reaction.

2. An optical disk as in claim 1, wheréin the absorber is admixed with the
leuco dye, said absorber being thermally active under the influence of the

electromagnetic radiation.

3. An optical disk as in claim 1, wherein the electromagnetic radiation
absorber is included in a first layer, and wherein the leuco dye and activator are
included in a second layer, said second layer being configured with respect to the
first layer such that the absorber is in thermal contact with the leuco dye upon

activation by the electromagnetic radiation.

4. An optical disk as in claim 1, wherein the electroragnetic radiation is in

the form of a laser.

5. An optical disk as in claim 1, wherein the electromagnetic radiation

sensitive composition further comprises a non-leuco colorant.

6. A system for labeling a substrate, comprising:

a) an image data source;
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5 1. An optical disk, conprising an optical disk
substrate having an el ectromagnetic radiation

weensit728e conposition coated thereon, said PCT/US2004/001805
el ectromagnetic radi ation sensitive conmposition
conprising: a) a leuco dye capable of form ng a bl ack
i mage upon devel opment, saf® | euco dye being an
i sobenzof uranone-cont ai ni ng dye; 10 b) an activator
configured for reaction with the |lueco dye; and c) an

Chedhl 2 ounee T PRI - R I eREn SehSite | 7

t hegdrapbyitias corted-itheesort, kaid slektremagnefic radiation sensitive
el ectroma%neti c radiation sufficient to facilitate the
I

r eac@mpasitien COMPAFINGt i cal disk as in claim1, wherein
the absofber éﬁ?\ﬁéeﬁpan%fﬂlhmht ig.ctagﬁblé (ﬁ%ﬁnﬂl_‘;% bRRkGmage upon

absor ber “bei ng y active under the”influence of
the el edévalopgest,isaid kicatdyerbeiBy aArisarizofuradopse-cestaining
in claiml1l, wherein the electromagnetic radiation 20
absorber9¥& included in a first layer, and wherein the

| euco dyg) and agfdtivaiop coAfigureBgbrRedtibn vathspeadsco dye; and
| ayer, sald second layer being configured with respect,

to the fii)r st ah®jestrarnagneticaadiationabserriradnixed with or in

h | - _ SR
e o ecrale ettt vl ine Filid S yiTis BEHhUR 40fcPinder
as in cl gidinfuehbs beERclrbmaghetit radiaimesiicieatiafdaitate the

isin the formof a laser. 5. An optical disk as in
clai m 1, re@dio8; ANdhe el ectromagnetic radi ation

sensitive .c i-LLOn: : i .
ol 8 ant EnFERRTRALOR IR SRER; LEERRERITIBLIR to the
CoNfmbgé data sedrcerandnewdigdedchicsdied eleaOnzagptiosagiion to
2

the electromagnetic radiation sensitive composition.

7. A system as in claim 6, wherein the electromagnetic radiation source is

in the form of a laser source capable of producing a heat flux from 0.05 to 1.0

Jiem?.

8. A system as in claim 6, wherein the black image has an optical density

of at least 1.3.

9. A system as in claim 6, wherein the substrate has a colored layer

underprinted beneath the electromagnetic radiation sensitive composition.
10. A systemn as in claim 6, wherein the substraie is an optical disk.

11. A method for labeling an optical disk, comprising the steps of:

a) applying an electromagnetic radiation sensitive composition to a
surface of an optical disk; wherein the composition comprises a black
leuco dye, an activator, and an electromagnetic radiation absorber, the

leuco dye being an isobenzofuranone-containing dye;
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PCT/ US2004/ 001805 b) a substrate having an

el ectromagnetic radi ation sensitive conposition
woaei4ad728her eon, sai d el ectromagneti c radi at i ORCT/US2004/001805

sensitive conposition conprising: i) a |leuco dye

whi ch is capable of formng a black image upon 5

devel opnent, said | euco dye?Being an

i sobenzof uranone-contai ning 10 15 dye; ii) an

activator configured for reaction with the |lueco dye;

and il n ect romagnet | I At r :
adm xed %()ﬁﬂngrerrmg I ﬁé‘ﬁacfgcgﬁ?aa@%ta\?s\ﬁ% tuggfﬁfegﬁgbeccgomagnetlc
dy eyaatiticihsbsrct tonfalited tadirbdgcaisetrontdymetiohdiatios; arid

el ectromagnetic radiation sufficient to facil 'htate t he
react i on€) megcEy afoler shangpiyrideast 3 Rarten Fihour ce

OPeL Fetghﬁgﬁgtno%(ﬁg{?gﬁiﬁﬁgn ts@n%i’ﬂ@e cbRgRitRlE, SYtRe Mthe

conf rect el'ectromagnetic radiation to the
el eelgcooagEgistic radidtian iaba Fedsteriiredcoequesicyi mtensity, ime,
systemas in claim6, wherein the electraomgnetic

r adPadispRt sEate Preduce A Vﬁ'@eﬂ@?ﬂ?&n t§e|o;§> ISAT LSy ce
capabl e of producing a heat flux from0.05 to 1.0
J/cn2. 20 8. A systemas in claim®6, wherein the black
i mage. Hamethodfurilabélingeais ppijcal dliskaas ineclaim 113whgrein the

ol ey BB BB B sl 8 RSP aiEoft tavers
incﬁi%cﬁﬁ 10BREH 8l & Contdlhinbi |averseatbhih Bibeobemeoatdiniog lays.

systemas in claim6, wherein the substrate is
an optical disk.

13. A method for labeling an optical disk as in claim 11, wherein the step
of transferring image data further comprises digitizing the data to correspond to a
spiral path that matches the path followed by the electromagnetic radiation

source with respect to the top surface of the optical disk when spinning.

14. A method for labeling an optical disk as in claim 11, wherein the

electromagnetic radiation sensitive composition further includes a non-leuco

colorant.



11. A nethod for |abeling an optical disk, conprising

the steps of: a) applying an eIectronagnetlc radi ation
weensit72se conposition to a 30 surface of an epriusa04/001805

di sk; wherein the conposition conprises a black |euco

dye, an activator, and an el ectromagnetic radi ation

absorber, the |euco dye befhg an

i sobenzof uranone-cont ai ni ng dye; WD 2004/ 067289 24

PCT/ US2004/ 001805 b) transferring i mage data froma

dat urc ctr

corifi ghabtes Yebdue it ovroaael] 4% he 87 pERHE 1e
whér)em HERUBS d§ei® lsérecfédaffﬂ@m the grdup eaﬁslsmg)of't i on of

el ectromagnetic radi ation sensitive conmposition

by expos@ke to the 5 electromagnetic radiation at a

pr edet er m ned uency, intensity, tinme, and spot

size to producg’a'isible image on the optical disk.

12. A nephqd_fo Iabellno an optic disk as in claim

11, wheréfn''t he S Pagnet pation sensitive

conposition is fol Iayers 10 i ncl udi ng

a |l euco dye cont a

A | abel i ng
an optlcal di sk as1¥ B 11 mhereln e step of
transferring i nmage further conprises digitizing
the data to corresy o—a\spiral path that matches
the path followed b the el @atromagnetic radiation 15
source with respect to the top surface of the optica
di sk whepyspi nning. 14. A nethod for |abeling an
opti cal ?sk as in claim111l, wherein the
el ect romagnet i &,Fadi ati on sensitive conposition
further includgs a non-leuco colorant. 20 WO

2004/ 06728%1;—N o CH,
O O )
(LT

cty [ . o
TN O
O 0

O
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nmet hod as in any one of clains 1 to 14, wherein the
woewnwetdge i s sel ected fromthe group consi sti RgTAS200aD01805

CSH11 C) CH\ CH CH3 WD 2004/ 067289 PCT/ US2004/ 001805

26 d) e) A ci Ci3 "CH3 5 ,26and NCH3 ~-CH3 N 10

d)

C\N O CH,
LI )
(1% |

O , and

CH,

Cl 0
Cl o

N CH=C
! _CH,
Cl NC
i CH,
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CH, CH,
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