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10 BACKGROUND OF THE | NVENTI ON Label i ng of Conpact Disk/Di gital Video Di sk
(CD/ DVD) wasioge2ohe past been routinely acconplished thr eaghusezsEen
printing nethods. Wiile this nmethod can provide a wide variety of | abel
content, it tends to be cost ineffective for run I engths 15 | ess than

300- 400 di sks because the fixed cost "of unique materials and set-up are
shared by all the disks in each run. In screen printing a stencil of the
image is prepared, placed in contact with the CO/DVD and then ink is
spread by squeegee across the stencil surface. Where there are openings in
the stencil the ink passes through to the surface of the CD/ DVD, thus
produci ng the image. Preparation of the 20 stencil is an el aborate, tine
consuynm ng and expensive process. In recent years, significant increases in
use of CD/DVD disks as a data distribution vehicle have increased the need
to provide custom zed | abel content to reflect the data content of the
CD/ DVD. For these applications, the screen label printing presents a
dilemma as disks are designed to permt custom zed user 25 information to
be recorded i n INGRGRATZN CIHDMIDRECGOBRDING ANDMARBEIANGHE | NVENTI ON | n
one l@nbodi nent, the present invention relates to a systemfor individually
| abeling a recording nmedi umas well as individually recording digital

information 30 ther eoﬁAQKQ&QQNMEWiIW@T@ ite data source; an
i mage data soWitfne 8PEompact Disk/Digital Video Disk (CD/DVD) has in the past been

routinely accomplished through screen printing methods. While this method can

provide a wide variety of label content, it tends to be cost ineffective for run lengths
15  less than 300-400 disks because the fixed cost of unique materials and set-up are

shared by all the disks in each run. In screen printing a stencil of the image is

prepared, placed in contact with the CD/DVD and then ink is spread by squeegee

across the stencil surface. Where there are openings in the stencil the ink passes

through to the surface of the CD/DVD, thus producing the image. Preparation of the
20  stencil is an elaborate, time consuming and expensive process.

In recent years, significant increases in use of CD/DVD disks as a data
distribution vehicle have increased the need to provide customized label content to
reflect the data content of the CD/DVD. For these applications, the screen label
printing presents a dilemma as disks are designed to permit customized user

25  information to be recorded in standardized CD/DVD formats.

SUMMARY OF THE INVENTION
In one embodiment, the present invention relates to a system for individually
labeling a recording medium as well as individually recording digital information
30  thereon, the system comprising:
a write data source;
an image data source; and
a laser device interfacing with the write data source and the image data source, the

laser device comprising one or more laser emitters, the one or more laser emiiters



a laser device interfacing with the wite data source and the i mage data
source, the |I|aser device conprising one or nore |aser emtters, the one or
nore | asewOoadios2es s WO 03/ 032299 PCT/ US02/ 32713 2 used t @CTA)S0/82703 d | mage
data on the recording nmedi um by inducing visible color change in |aser
sensitive materials on the nedium surface; and b) record wite data on the
recordi ng nmedium In yet another embddi ment, the present invention rel ates
to a method for 5 recording in a digital recorder both wite data and i mage
dat a on wasedecai edcogl e data ort the revetdivppmedioir bysindgcingviziblagpléthe r ecor di ng
mediumin a djngital recorder; transferying \erite ata froma wite data
source tehapERIndAsEt sensTipedpatgdsls on theapedinm guktace: and; b resprdprifirdataoriat a ont o
t he ”Edifﬁg‘ré’@o}cgngnféhﬂﬁﬁ.al recording 10 device; transferring i mage data
froman I mage data source to the digital recorder; and recording the
transferred i mggeamtahea earttodirhdre, the dresent invenhticlulates toiashéthed feeol or change in
| aser_sensitjve materials on the nediumwth a_| aser beamwhile the nedium
is wi hi lFeoHBgiaashgiyl recoxlepppibrvitie Seiriapd frRpgectatarpia ERRARWINGBeHilEur e 1
conpar e - QAL lustrations of the layers of material that

gener al ﬁ&%ﬁ%dﬁ%@r%& CD-R and CD-RW CD/ DVD respectively. Figure 2
schemat i cal | ypladihgiterratcedinganediurh fies digitalrresartiérs can be achi eved on the 20

surface of a CD/ DVD when specific conpinations of colors are encapsul ated
with  speci fi ETHIETEE X A4A AR VEIRaOURoIA e iR Reosdeei vat od at

different te r ' ' e di: o nt egr at ed
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10  device;

transferring image data from an image data source to the digital recorder; and
recording the transferred image data onto the medium by inducing visible
color change in laser sensitive materials on the medium with a laser beam while the
medium is within the recorder.
15
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 compares cross-section illustrations of the layers of material that
generally make up a CD-ROM, CD-R and CD-RW CD/DVD respectively.
Figure 2 schematically illustrates how different results can be achieved on the
20  surface of a CD/DVD when specific combinations of colors are encapsulated with
specific microcapsule materials which in turn are activated at different temperatures.
Figure 3 is a schematic diagram of the Integrated CD/DVD Writer-Labeler

system of the present invention.

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT
A CD/DVD is a high-volume and lolng lived data-storage medium. One of the
most basic kind of CD/DVDs is a Compact Disc-Read Only Memory (CD-ROM)
CD/DVD. It contains an injection-molded polycarbonate plastic substrate containing
a spiral track of variable spaced depressions, called pits, separated by undepressed
30  surface called land. Information is retrieved by focusing a low-powered infrared laser

beam onto the spiral track of pits and lands in the disc’s substrate. The height



system of the present invention. 25 DETAI LED DESCRI PTI ON OF THE PREFERRED
EMBODI MENT A CO/DVD is a high-volunme and I ong |ived data-storage nmedi um
One of thwo mswsnIbasi c kind of CO/DVDs is a Conpact Di sc- Readssambaridvenory
(CO-ROV CD/DVD. It contains an injection-nolded polycarbonate plastic
substrate containing a spiral track_of variable spaced depressions, called
pits, separated by undepressed 30 sufface called land. Information is
retrieved by focusing a | owpowered infrared |l aser beamonto the spiral
track ofdiffeteacaledwbanitis pitm andithedidfacest ladb steniat @ phadeeshifetaisingWO 03/ 032299
PCT/ US02/ 32713 3 difference het n th its and the adjacent |ands
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phot odi aderiket te atphiotodiduiesieteotbul dhscndduidied liighHfienogncyisipmal isitisent hen 5

mani pul at ed, used for. tracking, focus apd speed control and then decoded
and Dt r AREPAYEE; wed fordEskBzgthius A pee ol e @ﬁoéyg &% DVD wil | be

under st qag st diBodsARE @Y t hat  can be written on, typically by a |aser
beam as contrasted wmth a CO-ROM which information is replicated by
i nj ecti on nol AiGiyReGydabla €CDght GBIYEDariilibe understodd toret alOD/PFD thao dyes are

commonly used dyes coated in ol ymer binder, in t e layer. The
et al 11 8k PpaTeg iy B AL B o P BT A HErSELBh g ROM WBR and
al um nung, o G5 RN pil Bt b@%j@&%ﬂﬁbfcﬁﬁg. t Oyt tﬂﬂo@yagﬁ}e%&ﬂ DVD, a | aser

beamillum nates the dye polymers through the polycdrbonate substrate as

t he 18i skmetslized azoldyebate dognmordp nyehdyies nertedGh/aROMGH/HDVRY it the dyebst rat e of a
CD-R CD/.DVD ,does not coptain.a track of pits and | . I nstead, the

subst r atl&%€o H“?‘S\P}‘F?Q]ézeél Ig q:.&t1|v9 layer typically consists of go?d 1n%ﬁg—sR ancr|

aluminum in CD-ROM. In a CD/DVD writer to write on a CD-R CD/DVD, a laser

beam illuminates the dye polymers through the polycarbonate substrate as the disk
spins.

15 Unlike a conventional CD/ROM CD/DVD, the substrate of a CD-R CD/DVD
does not contain a track of pits and lands. Instead, the substrate contains a slightly
wobbled spiral pregroove. When the disk is rotated at the correct speed under the
focused laser beam, the reflected light returned to the photodetector from the
pregroove generates a photocurrent providing the critical tracking, motor control and

20  focus signal for the recorder to stay on course. The most important difference
between a CD-R CD/DVD and a CD-ROM CD/DVD is the inclusion of a sensitive
dye layer in the CD-R to accept the data to be recorded.

Data is written to the CD-R when the heat from the laser causes the dye layer
to chemically change at these locations, formatting readable marks in the dye polymer.

25  The degraded dye polymers in the marked regions are less reflective than the
unmarked regions. During the reading process, a low-power laser scans the dye
polymer layer in a recorded CD-R CD/DVD. The laser light is reflected directly from
the unmarked regions, but is scattered or diminished in the marked regions. The
written marks in the dye mimic the light-scattering effects of molded CD-ROM pits,

30  modulating the intensity of the light beam returned to the photodiode detector and



wobbl ed spiral pregroove. Wien the disk is rotated at the correct speed
under the focused |aser beam the reflected light returned to the
phot odet ewDa@B/08120M t he pregroove generates a phot ocur r entPCprusez/si7mg t he
critical tracking, notor control and 20 focus signal for the recorder to
stay on course. The nost inportant di4fference between a CD-R CD/DVD and a
CO-ROM CD/'DVD is the inclusion of a sSensitive dye layer inthe CD-Rto
accept the data to be recorded. Data is witten to the CD-R when the heat
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rks in the dye polynmer. 25 The degraded
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CD- ROM t wfledter, nedid pintecive dadquer @esiogned to read a CD-ROM Unli ke CD-R,

CD- R i tabl CD- DVD_a ato berewitte to.a CD/ DVD nan
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phase- change l oy recording |ayer, an upper ectric layer n al um num
al | oy rthbi malktes reusabitityepgssibieeis thevrecdrding leyer. ol ensimp .of AsjuatetdaryCD- R di sks,
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higher reflective crystalline state and a lower reflective amorphous state. Unlike other
phase-change storage implementations available on the market that “burn bright” or
15  write data by creating areas of increased reflectivity on light-scattering backgrounci,
CD-RW is a “burn dark” system that writes lower reflectivity marks on a reflective
surface. This ensures that the resulting track of amorphous marks and crystalline
spaces is as optically close as possible to the pattern of pits and lands on a molded
CD-ROM CD/DVD.
20 In its deposited state, phase-change material is amorphous, but CD-RW
CD/DVD comes from the factory “pre-initialized” to a crystalline state. CD-RWisa
Direct Overwrite (DOW) system, which means new data is recorded over existing
information without first erasing what is already there. To write (create a lower-
reflectivity mark) to the CD-RW CD/DVD, a powerful (8-14 mW) 780nm laser beam
25 is focused in the pregroove and the laser energy is absorbed and heats the phase-
change alloy to its melting point (600 degrees Celsius). When it cools it revitrifies
into the amorphous state to create the phase change. To erase (create a higher-
reflectivity mark) on the CD-RW CD/DVD, a lower power (4-8 mg) laser is focused
on the pregroove and heats the alloy to its glass transition temperature (200 degrees

30  Celsius). When it cools it forms a crystalline state.



phase-change al |l oy conposed of silver, indium antinony, and tellurium the
system operates on the principle of changing the phase of the recording
mat eri al wetoa®sn9a hi gher reflective crystalline state amdTaISozs®EN3
reflective anorphous state. Unlike other phase-change storage

I npl enent ations avail able on the market that "burn bright" or 15 wite data
by creating areas of increased reflectivity on light-scattering background,
CD-RWis a "burn dark" systemthat wites |ower reflectivity marks on a
reflective sHighesckis aldvngaeative ikbstiatiat oftthe layeswf hiGIy-ROMcKDR aador phous

mar ks and_c |ljne spaces iis as optically close as possible o the
pattern gP-%ﬁé%éﬂWﬁ r&?REt%‘ﬁyaAﬁﬁF‘lHE‘H ee@@?ﬁme@ymﬁlt@@tq laysrion theposi t ed
state, p s | ' : s fromthe
Fact o y a8 G ARRg, TEGfBle L APE e S Ml RN SRTES

Over wr i t betvDMhe $ys serfacedliyech Tea@b-hewl dBtRW 6DIB¢Ds deth lewen exi sti ng

i nforymati on wi thout first erasing what | | ready there. To wite (create a
| overs RV BT E PR IS SUTHE PR Ee BIBCC g BHkET fin AR my  780nm

| aser be@é&%&eirécofr@iﬁg%%@r iht @@Rr@gmﬁn@pg héel lﬁ§§51}a§1g§fl‘g¥taf s absor bed

and heats the phase- change alloy to its nelting point egrees
Cel si us) PCWager, ihichaohsists of b guatemiafyi gase-¢hahge tistal alioy withudvesf ate to create

t he phase change. To erase .(create _a higher- reflectivit rk) on the
CDR\BVCDV“@W’ HngHe A E?@Bflg"(“ﬂf-g@ngr&e_m&g‘g?g iaé’e‘f’(‘j‘ctg%g - B‘f{‘zﬁr@v@r egroove and
heats t hepabhoyw €D/ DAN3Rditioh 2B Rtatnk Qi GARETBH W & &@@%hgggggggggo

Celsius). Wien it cools it fornms a crystalline st

PCT/ UB02M3RiII PG lagerFi gure 1 is a conparative illustration of the |ayers of a
CD-ROM CD-R and. CD:. RW DVD respectiyely. As ¢ he seen, _all three have
a Substrate | nvehiqngla ‘?Segﬁﬁerﬁﬁﬁ’ E’é‘ @?ﬁl‘?é{‘g,l“&r Iﬂﬁag‘?lelélgiavél)r%yer on the
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| ayers. The CD-R and CD-RW CD/ DVDs bot h have a

data laser also functions as the labeling laser and the same servo can move the laser
for both the data and labeling function. In another embodiment, the recorder would
15 need alow power labeling laser that tracks above the disk (the non-data side) as well
as the necessary drive electronics for the labeling laser. In this embodiment, the
labeling laser can be moved by the same servo that moves the data laser, or the
labeling laser and the data laser can be moved by two separate servos. At the time of
data recording, the label pattern, generated by commercially available label generation
20  software, is rasterized (or spiralized) and fed to the labeling-laser. Areas where the
labeling laser illuminate the disk, the laser-sensitive coating changes color, leaving a
label pattern on the top side of the CD-R CD/DVD.
In the present invention, the CD-R CD/DVD is coated with a laser-sensitive
layer comprising thermochromic and/or photochromic materials, such materials being
25  activatable by the labeling laser. Some of the thermochromic materials that can be
used in laser labeling CD’s are colorant materials such as the ones used in thermal
papers, that, when passed through an imaging device with precise measures of heat
applied by the print head, undergo a reaction that creates an image on the paper. In
“direct” thermography a visible image pattern is formed by imagewise heating of a
30  recording material containing matter that by chemical or physical process changes

color or optical density. Most of the “direct” thermochromic recording materials are



5 recording | ayer between the Substrate |ayer and the Reflective |ayer: the
dye layer being the recording layer in the CO-R CD/DVD and the netal phase
change (MyDaB/03R2@®) | ayer, which consists of a quaternary poagsovbeEmge net al
alloy with silver, indium antinony and tellurium being the recording

| ayer in the CD- RW CD/ DVD. The CD-RW CDIDVD i n addition contains a
dielectric filmlayer on both sides 8f the 10 Metal PC | ayer. The
invention relates generally to a method for laser "label"ing a CO-R CD/ DVD
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Solvent Yellow 56, commercially available as Sudan Yellow 150, from BASF
15  Wyandotte Corp. ((Lent et al., U.S. Patent No. 4,756,758) Other examples of heat
sensitive dyes incorporated into inks that can be used in the present invention include
Chemithermal CFBK90 (white to black), Chemithermal CFBK 120 (white to black),
Chemithermal CFBE90 (white to blue), and Chemithermal CFBE120 (white to blue).
Chemithermal CFBK 90 and Chemithermal CFBK120 start to turn black over either
20  90°C or 120°C respectively. Chemithermal CFBE90 and Chemithermal CFBE120
start to turn blue over either 90°C or 120°C respectively. Each of the above inks are
manufactured by Sherwood Technology Ltd. and can be printed on numerous
substrates including: Vellum 80, Rafflacoat, Samuel Jones smoothprint, Adespan
Satin 80, JAC Script, treated or primed polypropylene and PET.  Another example of
25  heat-sensitive inks are Permanent Temp Tell Ink in Yellow, Red, Blue, Green,
Orange, Purple and Black manufactured by International Ink Company. A similar
system used with thermal paper is discussed in Lewis et al., U.S. Patent No.
5,741,592.
In another embodiment of the present invention, dye compositions are used in

30  which imaging is completely effected by thermal means obtained from near infrared



color or optical density. Mdst of the "direct” thernochrom c recording
materials are WO 03/032299 PCT/ US02/ 32713 6 of the chemcal type. On
heati ng twoOa3o&bai n conversi on tenperature, an irreversi pca/usonsrmizal
reaction takes place and a colored inmage is produced. For sinple text or
grayscal e i magi ng, essentially the same chemcals used in thermal fax
paper can be used in the present i nvéntion. For exanpl e, the production 5
of a silver netal image on thermal fax paper is by nmeans of a thermally
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agent. The sane process can be used in the present invention. In yet
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and combinations thereof.

Preferred leuco dyes include, but are not limited to, aminotriarylmethanes,

15  aminoxanthenes, and leucoindigoid dyes.

A general preferred aminotriarylmethane class is that wherein at least two of
the aryl groups are phenyl groups having an R'R?N-substituent in the position para to
the bond to the methane carbon atom wherein each of R! and R? are independently
selected from hydrogen, C1-C10 alkyl, 2-hydroxyethyl, 2-cyanoethyl, and benzyl and

20  the third aryl group may be the same as or different from the first two, and when
different, is selected from the following:

a) phenyl which can be substituted with lower alkyl, lower alkoxy, chloro,
diphenylamino, cyano, nitro, hydroxy, fluoro or bromo;

b) naphthyl which can be substituted with amino, di-lower alkylamino,

25  alkylamino;

c) pyridyl which can be substituted with alkyl;

d) quinolyl;

e) indolinylidene which can be substituted with alkyl.

Preferably, R1 and R2 are hydrogen or alkyl of 1-4 carbon atoms.

30
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to, am neiLiapylomit: Ecﬁethyl%ﬁh?rféﬁith%‘é&?f)a@t-Ji@tﬂgﬁfniﬁﬁg—xﬁé%&ﬁgfgégﬁrpﬂ%ﬂfgyes- A

general preferred amnotriaryl ne cl as s that [ [east two of
t he 18r y|(Dgl Btip sdeantezo b dndietiyyl amp®-Jmethytphemyl jER2N- substi t uent in the

POST Ll On DR @ phenylymethane (D-LV-2); bis(4-diethylamino-2-methylphenyl)(3,4-

dimethoxyphenyl)methane (LB-8); aminotriarylmethane leuco dyes having different
alkyl substituents bonded to the amino moieties wherein each alkyl group is
independently selected from C1-C4 alkyl; and aminotriaryl methane leuco dyes with
15  any of the preceding named structures that are further substituted with one or more
alkyl groups on the aryl rings wherein the latter alkyl groups are independently
selected from C1-C3 alkyl.
Preferred amino triarylmethane leuco dyes are D-LECV, LV-1, LV-2, D-LV-1,
and D-LV-2. The most preferred aminotriarylmethane leuco dyes are LV-1 and LV-2.
20 Trans-3-hydroxy-2-(p-diethylaminobenzyl)indanone (LY-1) is a member of category
(D) of leuco dyes as listed above. Benzo((a)-6-N,N-diethylamino-9-(2-
methoxycarbonyl)-phenylxanthene (LM-5) is a member of category (b) of leuco dyes
and is also more preferred.
Examples of aminotriarylmethane leuco dyes are illustrated by chemical

25  structures I through VII below.

*deutero (D)= deuterated, i.e. containing deuterium

30



the bond to the nethane carbon atom wherein each of Rl and R2 are

i ndependently selected from hydrogen, Cl1-C 10 al kyl, 2-hydroxyethyl,

2- cyanoetwgploz/oaade benzyl and 20 the third aryl group nay PeTiUse2/same as or
different fromthe first two, and when different, is selected fromthe
foll owi ng: a) phenyl which can be sugsti tuted with | ower alkyl, |ower

al koxy, chloro, diphenylam no, cyand, nitro, hydroxy, fluoro or brono; b)
napht hyl which can be substituted with am no, di-Ilower alkylamno, 25

al kyl am no; c¢) pyridyl which can be substituted with alkyl; d) quinolyl;
e) indolinylidene which can be substituted with alkyl. Preferably, R and
R2 are hydrogen or al kyl of NR'R°carbon atoms. 30 WD 03/032299

PCT/ US02/ 32713 8 Wthin thg category of am notriagyl net hanes, exanpl es
include but are not limte Lo tris(N, N-di net hyl am nophenyl ) net hane
(LCV); * deutero-tris(N, gt hyl am nophenyl ) met hane (D-LCV); tris(N N
di et hyl am nophenyl ) net ha l- ;

deut ero-tri s(4-di et hyl aniq
tris(N, N-di-n-propyl agi
but yl am nophenyl ) met hane (L
bi s(4-di et hyl am nopheny| j—(4-€H+€ NR3Rfet hyl - phenyl ) net hane (LV-1):
bi s( 4-di et hyl am no- 2- et hyl gheny 4 di et hyl am no- phenyl ) met hane (LV-2);

[ [ ' t hane (LV-3);

di et hyl am no- 2- net hyl phenyl ) met hane 10
o- 2- met hyl phenyl ) ( 4-

c
¢

enyl ) net hane 5 (D LECV);
et hane (LPCV); tris(N, N-din-

deut er o- bi s(4-di et hyl am™g
(D-LV-1); deutero-bis(4-
di et hyl am nophenyl ) net ha

1I

D NR3R*

NR®RS

For chemical structures I and II:
a) X, X! and X? are H; R} through Réare H.
5 b) X, X'and X?are H; R! through R® are CH;.
¢) X, X'and X? are H; R' through R® are C,Hs.
d) X, X! and X2 are H;R! through R® are independently selected from H
and C3-8 alkyl.



di met hoxyphenyl )i net hane (LB-8); am notriaryl net hane | euco dyes having
different al kyl substituents bonded to the am no noieties wherein each

al kyl growp o®3220mdependent|y sel ected from Cl-C4 al kyl ; aad/tsor/saris i aryl
nmet hane | euco dyes with 15 any of the preceding naned structures that are
further substituted with one or nore_al kyl groups on the aryl rings
wherein the |atter al kyl groups are ]iondependently selected fromC 1-C3

al kyl. Preferred am no triaryl nethane | euco dyes are D-LECV, LV-1, LV-2,
D-LV-1, and &) LV-RandHe areisi X piselley; RédhranglrR ark aiddpemicheneelbaedo dyes are
LV-1 and LV-2. 20 Trans- 3- hydroxy- 2-(p-di et hyl am nobenzyl )i ndanone (LY-1)
is a rrerfffé’l’»l‘%?ndc@f'gé@ﬂlv (1) of leuco dyes as listed above.

Benzo( (a)-6-N, N-di r‘ré';ho{( h 0, Beny e (LM5) is
a nmenber of y?;lt ego}%;!%t’o%2 e?}%(?)c }g@tR %}Sﬁ ;ﬁsé}éll%%e&;rmr eJtl ?@%‘gfg@e

Exanpl esrah HaamdnO1-G8atlkyll.met hane | euco dyes are illustrated by chemical 25
structures | throu hVII bel ow. *deut er o (D)—deuterated i.e contalnlng

deut &ri um 3®WO @Cﬂ‘ @SO@/ ayty} 3are epcedenily solgc Wﬁm@r@y X X2
NRSR6 N%ff—%lo; substltuted C6-C10 aryl; and R?% R* and R® are H.

NR'R2
111

T

NR3R*

NR'R?
v

OR’

X
H OR®

NR3R*



Il X1 DNR3R4 X X2 NR5R6 For chem cal structures | and Il: a) X, X1 and
X2 are H Rl through R6 are H 5 b) X, X1 and X2 are H, Rl through R6 are
CH3. c) Wpoxb3mpel X2 are H, Rl through R6 are C2H5. d) XpCxwsamsk7X2 are H;
R1 through R6 are independently selected fromH and C3-8 al kyl. WO

03/ 032299 PCT/ US02/ 32713 10 e) X and X1 are H; X2 is CH3; Rl through R6
are independently selected fromH alid C 1 -C8 al kyl. f) Xis H, Xl and X2
are CH3; Rl through R6 are independently selected fromH and Cl1-C8 al kyl .
59) X, X1 and X2 are H Rl, R&'mhd R5 are independently selected fromaryl
C6-C 10; substituted C6-C 10 aryl; and R2, R4, and R, are H NRL R2 Il X
H\ / X1 NR3R4

VI

NR3R*

For chemical structures III through VI:
a) X and X! are H; and R! through R* are independently selected from H
and C1-C8 alkyl
5 b)  Xand X' are H and R' and R? are aryl; and R? and R* are H
c) X = CHj, X! = H and R' through R* are independently selected from H
and C1-C8 alkyl; and R” and R® are independently selected from C1-C8 alkyl, or R’
and R® are bridged to form a cyclic attachment with a CHy- or C,Hy- bond, thereby

forming a five- or six-membered ring, respectively



NRL R IV XHORS X1 OR7, NR3R4 WD 03/032299 PCT/US02/32713 11 NR1 R2 V
XD\ / x1 NRBR4 NRIR2Z VI X DOR 8 OR7 NR3R4 For chem cal structures
[11 throuwybosh322a9 X and X1 are H, and Rl through R4 are ipaddasenszmn |y
selected fromH and d-C8 alkyl 5 b) X and X1 are Hand RL and R3 are
aryl; and R2 and R4 are Hc) X = CH3i X1= H and Rl through R4 are
| ndependent |y ssel ect ed fromH 9

NR'R VII

O

COOR

For chemical structure VII:

a) R is independently selected from H, C1-C8 alkyl; R’ and R are

5  independently selected from H and C1-C4 alkyl; R! through R* are independently

selected from H and C1-C6 alkyl, C6-C10 aryl with the proviso that, if R' and R? are
aryl, then R? and R* are hydrogen

Preferred leuco dyes include, but are not limited to, aminotriarylmethanes and
aminoxanthenes.

10 The leuco dye(s) can be present in the compositions in the amount of at least

about 3% by weight, preferably about 4 to about 20% by weight.

A variety of different near IR-absorbing dyes that are effective in absorbing
near IR radiation and converting it efficiently to heat (thermal energy) can be
employed in this invention. Specific suitable near IR-absorbing dyes for this

15  invention include, but are not limited to,DF-1, SQS, RD-1 as defined below.

DF-1: 2-((2-((2-chloro-3-(((1,3-dihydro-1,3,3-trimethyl-2H-indol-2-~
ylidene)ethylidene)-1-cyclopenten-1-yl)ethenyl)-1,3,3-trimethyl-3H-indolium
trifluoromethanesulfonate;

20  RD-1: Cyasorb® IR-165 Near IR Dye, American Cyanamid Co., Wayne, N.J. 07470
(absorption maximum at 1070 nm)
SQS 4((((3-((((2,6-bis(1,10-dimethylethyl)-4H-thiopyrann-4-ylidene)methyl)-2-
methyl)2-hydroxy-4-oxo-2-cyclobuten-1-ylidene)methyl-2,6-bis(1,1-
dimethylethyDthiopyrilium hydroxide, inner salt, Pisgah Labs, Pisgah Forest, N.C.



and C1-C8 al kyl; and R7 and R8 are independently selected from Cl1-C8 al kyl,
or R7 and R8 are bridged to forma cyclic attachnent with a CH2- or C2H4-
bond, thewelw/3feeming a five- or six-nenbered ring, respectiuset/y27viD

03/ 032299 PCT/ US02/ 32713 12 R3RAN O NRIR2 VIl R6 HR5 COOK For chem cal
structure VII: a) Ris independently selected fromH Cl1-C8 alkyl; R5 and W
are 5 independently selected fromH ¥nd cl-c4 al kyl; R through R4 are

i ndependently selected fromH and C1-C6 al kyl, C6-Cl0 aryl with the

provi so DRdtandiRD-RarapefdR@darcer IRaalysbrbiidéyes,RAad a1 Rdmarepefeticdgen Preferred
| euco dyes include, but are not |jmted to, am notriaryl net hanes and

ani noxa%t hen@.agil@oﬁﬁ%sﬁeéﬁglfdiyﬁéi i§§te‘§:%h?"5é’ﬂberré§€‘i"hle P?ﬁl't%ﬁéiy%f%gﬁ tions in

t he ano b3 ' erably about 4 to about 20%
by wei gﬁ?{zeﬁfo\g%ﬁlﬁcﬁ?ﬁﬁ&mﬁ?ﬁi&géﬁ%thteliaﬁ?é %@gggr ing dyes that are effective
in absorbing near IR radiation and converting it efficiently to heat

(t her.mal ergy), .can be lLoyed in this inventjon. Specific suitable near
| R aésorlbﬁﬂf@t ¢ syaiing Sysalngarheiral sieictie (Vs ShehBEoN; m ¢ od
to,DF-1, SQ@S, RD-1 as defined below. DF-1:

2-((2-((2-chloro-3-(((1, 3-di hydro-1, 3, 3-trinet hyl - 2Hi ndol - 2-

yl i dene) et hyljedene) - 1- cycl opent en- 1-yl Y et henyl )-1, 3, 3 -t R'fet hy!l - §/1l1)

H i ndol i um i f1 uoronet hanesul fonate; 20 RD-1: Cyasorb(r)| IR 163,Near IR
Dye, Iémsri car] Cyanam d Co., Wayne, I&s\]. 07470 (absorptiop_maximum at 1070
nm X Y.

where R3 can be H, halogen, alkyl, aryl, aryl, alkoxy, aryloxy, thioalkyl, or thioaryl,

10 R4 and RS are independently selected from H, alkyl, aryl, or are bridged to form a
cyclic attachment; each of R6 through R13 is independently selected from H, alkyl,
aryl, or any two adjacent R6 through R9 and any two adjacent R10 through R13 can
form R10 through R13 can form a fused aryl; each of R1 and R2 are independently
selected from alkyl, aryl and substituted alkyl; X and Y, which may or may not be

15  identical, are each represented by the formula CR’R’ where R’, R” are independently
selected from alkyl, aryl and substituted alkyl; X and Y, which may or may not be
identical, are each represented by the formula CR’R” where R’, R are independently
selected from H, C1-C6 alkyl, O, S, Se and Te. Choice of counterion for actionic dyes
is dictated mainly by solubility requirements. Acceptable counterions include but at

20 not limited to triflate, tosylate, perchlorate, hexafluorophosphate, tetrafluoroborate,

iodide, chloride, bromide.



SQ5

A4((((3-((((2,6-bis(1,10-di nethylethyl)-4Hthi opyrann-4-ylidene)nethyl)-2-

met hyl ) 2-W@dBo3x22991- 0x0- 2- cycl obut en-1 -yl i dene) net hyl - 2, 6- PCT(UB0432713

di met hyl et hyl )t hi opyrilium hydroxide, inner salt, Pisgah Labs, Pisgah

Forest, N.C. WD 03/032299 PCT/US02/32713 13 DF-1 and RD-1 are preferred

near | R-absorbing dyes, and DF-1 is Yor e preferred. In addition to specific

dyes as |isted above, other suitable near IR dyes for this invention

i ncl ude,2. Benzatagniniin HysyihbeidgtachemiabgrustiosuiXhat shiswibblowHept amet hi ne

cyani ne dyes having a chemi cal structure (VIII) as shown belo R6 R o

(MIl) RRyRI1 7Z3$ NNI12 R\R1R4R5R2Ri__\;1 3 wh R3 can be
| ky or thioaryl; 10

H, hal ogen, al kyl, F%R/N aryl, al koxy, aryl oxy,
R4 and R5 are independem\|y sel ected fromH, alKyl, aryl or are bridged to
i ' is independently sel ect ed

fromH, alkyl, aryl, oy W0 adj acent//R6 th ugh RO and any two

each of Rl and R2 are i epe gently selected fyomalkyl, aryl and
substituted al kyl; X and “Y;7 Wi ch may or ot be 15 |denti cal, are each
represented by the f or mul a CR R' are independently selected
fromallcyl, aryl and substituiNe—aX&yfN,_ X and Y, which may or nay not be
identical, are each represent&€d by the foxnula CR R" where R, R' are

i ndependently sel ected Cl-C6 al k S, Se and Te. ' Choi ce of
counterion for actioni

ROREN NR3R?

wherein each of R! through R® is independently selected from C1-C6 alkyl; X is a
substituted 1,4-cyclohexadiene.

3. Squarylium dyes having structure (X) or structure (XI) as shown below:

(X)

e N

R4
5
R R
wherein each of R1 through R6 is independently selected from H, C1-C6 alkyl; X and

10 Y are independently selected from O, S, Se, Te, N-R7, wherein R7 is selected from
C1-C6 alkyl.



is dictated mainly by solubility requirenents. Acceptabl e counterions
include but at 20 not limted to triflate, tosylate, perchlorate,

hexaf | uorwphiospirat e, tetrafl uoroborate, iodide, chloridepcChrusor/seis WO
03/032299 PCT/ US02/ 32713 14 2. Benzenam nium dyes having a chem cal
structure (1X) as ahown below. R7R8N NRL R2 (I X) + + N ==XN + RS5R6N NR 3
R wherein eac hrough R$ is ishdependent ly sel th)ed fromC 1-C6

al kyl; Xis a ubstitputed 1, 4-cycl ohexadiene. 5 3. Squarylium dyes havi ng
structure (X) ure (XI) as showmn below R2 R3 (X) R6 OOR4A R5 R
wherein each of R $s independently selected fromH, Cl-C6

al kyl; X and 10 Y\ar ly selected fromO0, S, Se, Te, N-R7,
wherein R7 is selected frlom d - al kyl R?WD 03/ 032299 PCT/ US02/ 32713 15
(XI) N,RE O2 R X

wherein each of R1 and R2 is independently selected from H, C1-C6 alkyl; each of X
and Y is independently selected from O, S, Se, Te, N—R7,wherein R7 is selected
from C1-C6 alkyl; each R3 and R4 is independently selected from alkyl, aryl or

5  substituted alkyl. The benzene rings in structure (XI) may be further substituted.

The near IR-absorbing dye(s) is present in the compositions to absorb near IR
radiation, which is subsequently converted to heat (thermal energy). The heat
produced is primarily responsible for initiation of the color forming reactions that
occur in forming the image. The near IR-absorbing dyes may be selected from the

10 group consisting of:



X R4 -N RO wherein each of RL and R2 is independently selected fromH, C

1-C6 al kyl ;

N- R7, wherwpDn3fe322vs sel ect ed

each of X and Y is independently selected fromO, S, Se,
fromd -C6 al kyl; each R3 an@CRAIS0%32713

Te,

i ndependently selected fromal kyl, aryl pr 5 substituted alkyl. The benzene

rings in structure (Xl) may be further spbstituted. The near | R-absorbing
dye(s) is present iRthe corrpositionls6 tolabsorb near IR radgation, which
i s subsequently conyerted to heat (ther energy). The heat produ@é’él) S

prinmarily respoRSible Tor [Fmtiart
occur in formng the The near

cof'gr o
- abgor bi ng dy

rmlng re
esigay D

the 10 group

> O*f\ WO 03/ 0‘%@99 PCT/ US02/ 327

actrens t hat

e selected from

(XI'1) RL
N+ CH=CH R4

RO N#™A(H2C) N+ \Ar2 Ar A R 3

(XI1)

n(H2C)

(XIV)

CH=—=CH

——CH

NZ n(H2C) N,
Ara

wherein R1-R4 are independently substituted or unsubstituted C1-C6 alkyl; A is
substituted or unsubstituted phenyl, naphthyl, C1-C6 alkyl, or C7-C10 aralkyl; Ar2

and Ar3 are independently substituted or unsubstituted phenyl or naphthyl; X is a

5  monovalent anion; and n is 1 or 2. Imaging of the composition is by thermal means

involving exposing with near IR radiation with the proviso that the composition is not

imaged by UV means. In the near IR-absorbing dye structures given above that are

substituted, the substitution of alkyl, aryl, or aralkyl groups independently can be with

substituents that include, but are not limited to, hydroxy, alkoxy, chloro, bromo,

10

cyano, and amino. Suitable near IR-absorbing dyes include, but are not limited to 2-

(2(3-((1,1-dimethyl-1,3-dihydro-3-phenyl-2H-benz(e)indol-2-ylidene)ethylidene)-2-

phenyl-1-cyclohexen-1-ybethenyl)-1,1-dimethyl-3-phenyl-1H-benz(e)indolium p-



\Ar2 n AI~3 AR R CHCHCHCHRA (XIV) | | N+ n(HC ~N\ Y1 \Ar2
Ar \ 3\ X/ wherein Rl-R4 are independently substituted or unsubstituted
Cl- C6 al kwib;03M31299 substituted or unsubstituted phenyl, naghtusgt/327€4- C6

al kyl, or C7-Cl10 aralkyl; Ar2 and Ar3 are independently substituted or

unsubsti tuted phenyl or naphthyl; X is a 5 nonovalent anion; and nis 1 or
2. Imaging of the conposition is by Yhermal means i nvol vi ng exposing with
near IR radiation with the proviso that the conposition is not inmaged by

W neansioluktiestifendie giC- l)?za(a(sm((tmmgnﬂugl $B¥dimd1063pmhylemabove that are
substituted, the substitution of or_aral kyl groups

i ndepen ?qeim‘?ﬁir? pedspeiekny it Eh?é)ﬁlrl'squla(aftehFeﬁcll‘ B‘étlefb’lh)r?éT e not linited
to, hydr f&éthy @%ﬂyl ]](i-f'h&{z?%)nﬁfoﬂﬁﬁp t%ﬂleﬁé(s%%n%@?fob-%g‘i()@(%gq,lt- abl e near

IR—absor Ing-dyes 1nc ut are'not Trimte

-((1,1- oﬁmiethlyyl -31d1h58d194$|—ﬂ5bed5rb23 bepi(é)mdlo}-z yHdbsethelidenedpl-phensilildene)
ethylldene -cycl ohexen- I- et hen I) 1 1- di net hyl - 3- phenyl -
H berz( é)YPI??B‘Eﬂqntﬂr‘rﬂ )ﬁllmlbélldg@?%{ ﬁ" n qlfine gt uenesul f onat e

(30535 Ryt S O 4 L IO scns .
-cycl op élwlaim&)eﬂiyhdéﬂﬁsmyﬂﬂ')enjzl- I-cyclopenten-1-yl)ethenyl)-1,1-dimethyl-3-phenyl-
1H-benz(f)indolium p-toluenesulfonate (JC-4); 2-(2(3-((1,1-dimethyl-1,3-dihydro-3-
phenyl-2H-benz(g)indol-2-ylidene)ethylidene)-2-phenyl-1-cyclohexen-1-yl)ethenyl)-
10 1,1-dimethyl-3-phenyl-1H-benz(g)indolium p-toluenesulfonate (JC-5); 2-(2(3-((1,1-
dimethyl-1,3-dihydro-3-phenyl-2H-benz(g)indol-2-ylidene)ethylidene)-2-phenyl-1-
cyclopenten-1-yl)ethenyl)-1,1-dimethyl-3-phenyl-1H-benz(g)indolium p-
toluenesulfonate (JC-6). These dyes are benz(e, f, or g)indolium-type dyes, which
respectively have the structures listed in the order one, two, and three in the Markush
15 groups of the structures given above.
The benz(e)indolium-type dyes are preferred as a general class. Specific preferred
dyes are JC-1 and JC-2. The most preferred near IR-absorbing dye is JC-1.

In another embodiment of the present invention, dyes can be polymer-
microencapsulated in heat sensitive polymers such as: styrene-butylacrylate-PEG

20 acrylate emulsion and other blends of polymers such as polyurethanes, acrylates, and
styrenes. Heat can be applied to the medium while the medium is being printed with
the microencapsulated dyes. In a preferred embodiment, such heat sensitive polymers
used to microencapsulate dyes have Tg’s in the range of from 80° to 200°C. Tg is
defined as the temperature corresponding to the midpoint in color density during

25  decoloration.

With the above embodiment, it is possible to achieve multi-colored or
writeable/rewriteable images on the CD/DVD. This can be done by preparing the
CD/DVD label surface with areas of microencapsulated dyes having different Tg’s, as
described above.  According to how these different dyes are laser-activated, specific

30  multicolored patterns and designs are achieved on the CD/DVD surface.



di et hyl - 3- phenyl -1 H benz(e)i ndol i um p-tol uenesul fonate (JC-2); 2-(2(3

- ( ( 1, 1 -

di et hyl -wp33@812ydr o- 3- phenyl - 2H benz(f) i ndol - 2-yl i dene) etlayhisdesa)s 2- pheny
|- I 5 cycl ohexen-I|-yl)ethenyl)-1, 1-di net hyl - 3- phenyl - 1H benz(f)i ndol i ul n
p- tol uenesul fonate (JC 3);

2-(2(3-((1, 1-di met hyl -1, 3-di hydr o- 3-1p§henyl -2H benz(f)i ndol -

2-yl i dene) et hyl i dene) - 2- phenyl - |

- cycl opent en-Cthyt Jietilacayibydifneitsaif tietitydntidn pireby hchidvdd betizlageyi ndol i um

p-tol uenesul fonate (JC4): 2-(2(3-((1,1-djnethy]-1, 3-di hydro-3- phenyl-2HDb
enz(g)i rﬁ?HV@thbﬁ?/ FW%H@ %tth%eidé‘i@i@?é Ee-rf)‘ﬁe\_“{bllgﬁ cpn be yendered besable ipy ) et henyl )
10 ( ;,( L ?egﬁlgmbﬁ FriBhem bdRpas( @ snsleld: Wp. Bubslugnassshreahe (IC5):

di met hyl MlT’)SSﬁibllnb'(kltabléSdmew haXt}-tbenap)d, anlattitivh tdepeitaiduwdiadene) - 2- pheny
| -1 -_ cyclopenten- |, -yl)et henyl%l, 1 -dinethyl-3 -phenyl-1

H benrz ( Piffras) deastiyiiondempsain. r URapaye ylichyis ity daser efvatedr@ thenz(e, f, or
g) i ndol i j ' h isted in the
or der ongg?ﬁa%e)v/\%% (gj?lgﬁ‘tvﬁ\rqggfﬁeﬂt% %Za%g};ééﬁ%@ﬁ%dl?%F%%%sas%%&l?%gfeg? rrnh%etsur es. given
above. Tden OBAY(B)dandelcrased.t Yyoehaiyes, witk agoafbaratied ofidys qgaher al cl ass.

Speci fic ferre dyes_are JC-1 and JC-2, The st_preferred near

| R- absor%ﬁ/ﬁ?gevﬁy‘@’qcﬁ?ej éﬁ’e %lnﬁg%%w?@ra% ?IFPé]Fﬁrnger H%éleﬂﬁ@%ﬂani nventi on,
dyes car%ggegmimjry amBsGfegencapsul ated in heat sensitive polymers such as:
styrene-butylacrylate-PEG 20 acrylate enul sion and ot her bl ends of

pol yiker s suctin asothet gtubetimanias, thagesdnainesntican ghetbyliremésinfidedt(IR)an be

applied to.the nmediymwhi] e e, iumis_being printed with the

m cr oencipEtIEbE S&@%Pﬁ?fﬁi-g%@%@%%w@h&&é tREAZARIAY) §&hsi ti ve

POl yIer S USEH the 148kES §Hﬁ@@%ﬂf.@x§m§ﬁé§§fﬂ&gﬁ1&;&;o§aﬁx{$ da‘u@ﬁﬂi-@é}&ﬁiv%f from 80
t He ing tot

to 200C. Tg Is defined as tenperature correspo e mdpoint in
col or delyss trg IRIOOAGFBR (dbaetoblatk)dR 100DOFBE fehadbtvduend0tecBK it i s

possi bl e to achi eve ti-calor Qr iteahle/rewiteabl e j es on the
CD/ DVD. (’Nt]ili‘tg feac ea%mi%@%g%gg’\d?ﬁéo t\%@)a e@)%‘ @1\)@11\#\%5@ eéigp?dagg’%vw th areas
of miscr Q%Q@cpl%%é‘ﬁ edochyigs A, Hhdst aigRte denSractBRed by Sherwood

Technology Ltd. and designed to be applied with a Flexo (IR 10000FBK and IR

10000FBE) or Gravure (10000GBK and 10000GBE) printing technique. These inks

can be applied to numerous substrates such as uncoated paper, coated paper, PET,
OPP, PE and Cellophane. Furthermore, organic substances that are capable of altering

20  their absorption characteristics with respect to actinic light in the range from 300 to
420 nm are known to be useful in inks printed on mask films. Examples of these
organic substances include aromatic amines, aromatic phenols, cyanines,
merocyanines, aromatic triazoles, aromatic lactones and aromatic lactams (in the
acidic or basic form in each case), stilbenes, azomethines and oxidizable aromatic

25  hydrols. Preferred examples include: Michler’s ketone, p-
dimethylaminobenzaldehyde or its hydrochloride, o-hydroxyphenylbenzotriazole, o-
hydroxybenzophenone or its sodium phenolate, 4,4’-bis(dimethylamino)benzhydrol
and tetraphenylethylene. More preferred examples include aromatic amines and their
hydrochlorides. (Barzynski et al., U.S. Patent No. 4,515,877)

30



descri bed above. According to how these different dyes are | aser-activated,
specific 30 nulticolored patterns and desi gns are achi eved on the CO/ DVD
surface. WO 0830282299 PCT/ US02/ 32713 18 Ot her simlar enfradiusens®idf the

i nvention can be achieved with [aser activatable dyes, such as those

di scl osed herein, which can be rendeyed bistable in conbination with known
devel opers (U. S. Patent No. 6,022,648, Jacobson et al., MT). Such

bi st abl e dyes may have, for exanple, an activation tenperature and a 5

di f ferent dedixanyd¢s afrchrenpeenat photserkitive matdyds wkdfalhinitlse freseat | aser

activated on the urface of..a, DV ater be | aser deactivated.
Ther ef orl@ve&tlpag&lucfeaﬁgﬁ 48 nphlgag%ncgor@ eloBEh Ao e PGB Her nor e,
with a %gﬁbﬂﬁié &Hicﬁfreéémfth% ebﬂSPer%PMQld Bfggnéﬁt%ei dyed hfegedtme can be
erased and anot her laser [abele mage can obtal ned ‘on the sanme surface.

10 | n anxtinples effbach cobort foohers helypieasksintialy eolbiless, coptpotinddiaeimgdn i nf r ar ed

(IR) _ sepsitive s such as 3' phenyl -7-di ethylam no-2,2"-spirodi-(2H 1
-benéop}g‘aﬁ?argélrﬁq%%éo% o, 4 Bk o QPErANaeFster ek of inks

i ncor porgat| sgigg Ll r w0 ! to black), IR
10000FBE5%1(h\%ﬁigat'e tolﬂbclagg’)q ?%E&é{%%rdg}%ﬁﬁ(%@ e té%@f’%@%ﬁ% | R 10000GBE

(whi t e toonipouads, xestbéneofompviuns, arshetresogpedndsp thieziddeanmpgeds, usi ng a 10000
nm CO2 | aser. These inks are nyf act ur ed er wpo Technql.o Ltd. and
esi ged TaPET SIBPPEHS RS Fied e YBCE) RETOtB o b R iR LTER000RE) or
Gravur e (3000868l vaRdcd RRABIERILIRY, MaldRfe GR&EATBHfe, phRBedAES can be

applied to nunerous substrates such as uncoated paper, coated paper, PET,
OPP,10PE leuvd mBghylepd biue, 3-Bialltyheninot/edialbylgenmiefisoast anedyl2124t are capabl e of

e RO e RSOl Ao Al ST LEE ML GSEEL 1o, actini o Vight
mask fi|aBethE%aiRbSRndlh-3t QeS8 8thy KBRS SMASERD 9%-&&%9%i1?d’pﬁ&%ﬂj-c am nes,
aromat i ¢ phehol s, ‘cyani nes,

3-(2-phenylindole-3-yl)phthalide, 3,3-bis(1,2-dimethylindole-3-yl-5-

dimethylaminophthalide, 3,3-bis-(1,2-dimethylindole-3-yl)6-dimethylaminophthalide,

15 3,3-bis-(9-ethylcarbazole-3-yl)-5-dimethylaminophthalide, 3,3-bis(2-phenylindole-3-
yl)-5-dimethylaminophthalide, 3-p-dimethylaminophenyl-3-(1-methyl pyrrole-2-yl)-6-
dimethylaminophthalide, 4,4’-bis-dimethylaminobenzhydrin benzyl ether, N-
halophenyl leuco Auramine, N-2,4,5-trichlorophenyl leuco Auramine, Rhodamine-B-
anilinolactam, Rhodamine-(p-nitroanilino)lactam, Rhodamine-B-(p-

20  chloroanilino)lactam, 3-dimethylamino-y-methoxyfluoran, 3-diethylamino-7-
methoxyfluoran, 3-diethylamino-7-(acetylmethylamino)fiuoran, 3-diethylamino-7-
(dibenzylamino)fluoran, 3-diethylamino-7-(methylbenzylamino)fluoran, 3-
diethylamino-7-(chloroethylmethylamino)fluoran, 3-diethylamino-7-

(diethylamino)fluoran, 3-methyl-spiro-dinaphthopyran, 3,3’-dichloro-spiro-

25  dinaphthopyran, 3-benzyl-spiro-dinaphthopyran, 3-methyl-naphtho-(3-
methoxybenzo)-spiropyran, 3-propyl-spirodibenzoidipyran, etc.

Useful dyes can form a photo-reductive complex with a borate anion and are
cationic methine, polymethine, triarylmethane, indoline, thiazine, oxazine and acridine
dyes. More preferably, the dyes are cationic cyanine, carbocyanine, hemicyanine,

30 rhodamine and azomethine dyes.



mer ocyani nes, aromatic triazoles, aromatic |actones and aromatic | actans
(in the acidic or basic formin each case), stilbenes, azonethines and

oxi di zablwoaswosxpv? c 25 hydrols. Preferred exanpl es incl udecTtMsonbmns s

ket one, p- dinethyl am nobenzal dehyde or its hydrochl oride,

o- hydr oxyphenyl benzotri azol e, o- hydroxybenzophenone or its sodi um

phenol at e, 4,4'-bis(dinethylanino)be%&hydrol and tetraphenyl et hyl ene. Mre
preferred exanpl es include aromatic amines and their hydrochl orides.

( Bar zynsWsefsltcatidnic dikesSire Bat @ahinbldyesdefmdsenttd by tBOfONoOwRRd f53ddROXX);

PCT/ US02/ 32713 19 Exanpl es of chronogeni c photosensitive materials useful
in the present invention include, but are not limted to, colorless

el ectron donating type dry precursor conpounds which reagj, Wwth a

devel oper conpound to generate a dye. Representative exa&épes of such
color formers include substantially colorless conpounds having in 5 their
partial skeleton a |actone, a lactam a sulfone, a spiropyran, an ester or
an amdo structure. Specifically, there are triaryl methane conpounds,

bi sphenyl net hane Y xant hene conpoundsY— enesconpounds,

t hi azi ne conpoung spllr opyr

st oneA~p=ni f >—TE pe bl ue,
3-di al kyl am no- 7- di cyl am
spi robi (benzo-f-chrome), 3, 3\ bi s(p-dinethyl am nophenyl )|phthalide, 3 -(p-
di nmet hyl am nophenyl )-3 -(2-nethylindole-3 -yl)phthalidg, 3
- (p- di et hyl am nophenyl ) - 3- R8- phenyl i ndol e- 3-yl ) pht hal °de,
3,3-bis(1, 2-di et hyl i ndol e- 3-yl -5- di nmet hyl am nopht hal i de,

3,3-bis-(1, 2-di net hyl i ndal e-3-yl ) 6-di et hyl am nopht hal i de, 15

3, 3- bi s-Vbreinmip Oat ool RBrepresess o aHsyligyouniand ShentssengeCH=CH, N-
3, 3-hi s( i | - yl ) -5-di net hyl am nopht hal i de,

3- p- gi rre‘?ﬁ%@@ﬁ? %ﬁ%f)f’%?-( 1-met hyl pyrrol e-2-yl)-6-

Examples of the dye precursor to be used in the present invention may include
a colorless electron-donative compound. Representative examples of this compound
may include a substantially colorless compound that has a lactone, lactam, sulfone,
spiropyran, ester, or amide structure in the partial skeleton thereof. For example, they
10  may be triarylmethane compounds, bisphenyl methane compounds, xanthene
compounds, fluoran compounds, thiazine compounds or spiropyran compounds.
Next, specific examples of dye precursors, which develop yellow, magenta and cyan

colors, are given.

Yellow dye precursors

(XXI)




di met hyl am nopht hal i de, 4, 4' - bi s-di met hyl am nobenzhydrin benzyl ether, N
hal ophenyl | euco Auram ne, N-2,4,5-trichlorophenyl |euco Auram ne,

Rhodam newB-03asu2b9 nol act am Rhodani ne- (p-ni troanili no) | actramuse2/32713
Rhodam ne-B-(p 20 chl oroanilino)lactam 3-di nethyl am no-y-net hoxyfl uoran,
3-di et hyl am no-7- met hoxyfl uoran,
3-diethy|anino-7-(acety|nethylaninofﬂluoran, 3-di et hyl ani no- 7-

(di benzyl am no) f | uoran, 3-diethylam no-7-(nethyl benzyl am no) fl uoran, 3-

di et hyl am no- 7- (chl or oet hyl net hyl am no) f | uoran, 3-di et hyl am no-7-

(di et hyl am no) fl uoran, 3-nethyl-spiro-di naphthopyran, 3,3'-dichloro-spiro
25 di napht hopyran, 3-benzyl -spiro-di napht hopyran, 3-netXXll} napht ho- ( 3-
met hoxybenzo) - spi ropyr an, 3-propyl -spirodi benzoi di pyran, etc. Useful dyes
can forma phot pp;cexuct i vesconpl e® W : @Céhhii on and are cationic
met hi ne, pol ynmet hi ne,™~r t hi azi ne, oxazi ne and

acridine dyes. Mre p dyes are cationic cyani ne,

car bocyani ne, heni cyani ne and|azomet hi ne dyes. WD 03/ 032299
PCT/ US02/ 32713 20 Usefd s_ar€ the cyanine dyes represented by
the follow ng fornul a( XX); YnNRS 5 R5 whereinnis O, 1, 2 or
3; R5 represents an al ; oY represents CH=CH N 5 CH3, C(CH3) 2,
0, S or Se. Exanples o dye precTrsor to be used in the present

i nvention may include

Magenta dye precursors

C4Ho (XX1I)
H,C

(XXIV)

Csz\\

USO)C5H1f//




a colorless electron-donative conpound. Representative exanples of this
conpound may include a substantially col orless conpound that has a

| act one, waaBasy29sul f one, spiropyran, ester, or am de st POTUSOE3ITM3 t he
partial skeleton thereof. For exanple, they 10 may be triaryl net hane
conpounds, bi sphenyl nethane conpounds, xanthene conpounds, fluoran
conpounds, thiazine conpounds or spi%’zopyran conpounds. Next, specific
exanpl es of dye precursors, which devel op yell ow, magenta and cyan colors,
are given. Yellow dye precursors (XXI) H3C~-/ \ / NN HC/ OC8HL7 3 WO
03/032299 PCT/ US02/ 32713 21 (XXIl) H3COOOCH3 p 1 C=O Magenta dye
precursors CA (XXIIl1) H3C CH3 N-,C8HL7 C=05 (XXV)

O

CoHs
~
N

CHs;
HiC
Cyan dye precursors
5
(XXVI)

(H5C),N N(CHz)2N(CH3),
(H3C)oN

(XXVI)

(H5C),N S N(CH3),
/



(XXIv) CH5 pj N (iso) CSH11 O C=0O WD 03/032299 PCT/ US02/ 32713 22
(XXV) C2HS 0 cH3 H3C O C=O Cyan dye precursors 5 (XXvVl) (H3C 2N/
N( CH3) 2N(wB3p@322b9 O | C=0 (H3C)2N (XXVI 1) (H3C) 2N S N ed3)udor/34713 N
C=0

23

Other infrared sensitive cationic dyes are listed as follows, where “Ph”
indicates a phenyl group, “Me” indicates a methyl group, “Bu” indicates a butyl

group, and “Et” indicates an ethyl group:

(Xxwviiy
a .
Et=C 2H 5
(XXIX)
*NEt,
- Q ‘
Ph Ph

Ph=phenyl

(XXX)

Et,N NEt,

NEt, NEt,



WO 03/ 032299 PCT/ US02/ 32713 23 O her infrared sensitive cationic dyes are

listed as follows, where "Ph" indicates a phenyl group, "M" indicates a
met hyl grwom3/o3Bed | ndicates a butyl group, and "Et" i ndipcanese2/aariet hyl
group: (XXVI | I) NE E=CH (XXIX) +NEt2 N Et2 f \ Ph Ph Ph=pheny)

(XXX) Et2N +NEt2 NEt2 NEt2 5 WO 03/ 032299 PCT/US02/32713 24 (XXXI) S S
NN+ \Et Bt (XXXI1) N+ 24

OXXX)
S NN N \ S
N+
" Et et”

XXX

(XXXIV)

\CZH4OMe




d-N Me Me Me=CH3 (XXXI11) NN+ C\ / M M (XXXIV) N C N+ \C2H4AOME
C2HAOVE WD 03/ 032299 PCT/ US02/32713 25 (XXXV) Nocl N C7 15 "7H 15 \ \ /
\ XXVI)  Woloziobsoe (XXXVI 1) Et2N N O O- N NEt2 N2\ Sectososans |)
Et2N\ / N\ O N\ / NEt2 cu 1 /N 3\/

25

OKXVI)

AN = ‘

’ N X xR X \N

e

Me

(XXXVIT)
NI \

OOXXVII)




WD 03/ 032299 PCT/US02/32713 26 (XXXIX) Pr2aN N\ V O0- N~ Pr Nk, N S\X7
Pr=CH2CH2CH3 (XL) Pr2N---~ N\ i - N\ / NPr /Cu N % (XLI) (NCC2H4)2N N
\ 0- N N(WDHaGM220 /Ni~ N N M (XLI1) (NCC2H4)2N N\ i NPNCGbz@M2 7N

Cu- N\ WD 03/ 032299 PCT/US02/32713 27 (XLIII) (H3COR2CC2H4)2N N O Ni2+ d

P2NN2 (XLIV) .

(XXXIX)
O O

N
| \ / " \ / Pr=CH,CH,CHj

\

(XLI)

(NCCzH4)9_N—©—N 0 o== N‘@N(CZH4CN)2
VAR B
/Ni N
\ / \ /

(XLIIy
(NCCzH4)2N‘©_’N

\ 7/

N(CoH4CN),




(H3CORCC2H4) 2N N O Cu2+ O N 2 (XLV) (H3CORCC2H4)2N N Ni2+ OCH3 \ X N 2
WD 03/ 032299 PCT/ US02/ 32713 28 (XLVI) (H3COR2CC2H4A)2N N O Ni2+ NHAC \ / N

2 Ac =008H3EX2W |) H3CRCC2HAN \ / N Ni2+ N 2 (XLVI I PCT/USesH)2N N 0
Ni 2+ N

27

(XL

(HzCO,CCoH,)oN N O
— Ni%*
Cl \ N
/
2

(XLIV)

(HzCO,CCoH,),N N Q
— Cu2+
Cl \ / N
2

(XLV)

(H3CO,CCoH,)oN N O
— Ni2+
\_ /"
2

OCH;



2 (XLIX) (C2H5)2N / N Cu2+ N 22 WD 03/032299 PCT/ US02/32713 29 (L)
(C2H5) 2N\ / N O Ni2+/N2 (I)(CZH5)2N\/NNi2+ IN 2 (LII)
(C2H5) 2N woN3 @2+ /N 2 a preferred enbodi nent of tRreTASeysTI3
invention, there is a passi ve transparent |ayer over the |aser-sensitive
| ayer for mechanical protection. V\Dz()83/ 032299 PCT/ US02/ 32713

Vi)

(XL
NHAc

Ac =COCH3

(XLVI)

H3002002H4NO

|



30 In another preferred enbodi ment of this invention, the | aser beam used
for recording the inage data on the surface of the nedi um conprises an

i nfrared wassen3229¢n the normal CD-R and CD-RWread wite @CDasomerhani sms
the optical recording device, such as an infrared | aser beam records wite
data on the nediumby 5 interacting,mth the material of the nediumto
produce a phase change in the material, resulting in change in
reflectance. In a preferred enbodi nent of the present invention, inmage
data is recorded on the nedium specifically on irreveggi bly thernmochromc
and irrevegsibly photochromc materials. Wen the infrared | aser beam
interacts With the thernochrom c and/or photochrom c a

beam and
controll

singl e 15\coating, when the single coating iX orp?/

chem stry \to produce all the desired col ors.\¥or /exanpl £, cyan, nagenta
and yel | ow\dyes may be activated differentially ak a gi/v&n | ocation based
on pul se duration. In a preferred enbodi ment of the\invention, various

m crocapsul e materials, each activated by rel easing the encapsul ated dye
particles at a different tenperature, 20 can be used to encapsul ate
different colored dyes on the surface of the nedium Such a techni que using
m cro encapsul ati on of dye particles with differential({ly) activatable

m crocapsules allows full col or production of imges tQ the resolution of
mcron scdle dots, since the_lase
of a mcrpon |line. Figure 2 s} ‘

C2 and , are 25 | a
A2, and A3 which p%gﬁggi are

(CoHs)oN N O
—— Cu2+
N

In a preferred embodiment of the present invention, there is a passive,

transparent layer over the laser-sensitive layer for mechanical protection.



activatable at different tenperatures: T1, T2 and T3 respectively. Thus,
each different conbination of colors is released when the |aser is applied
to the spwoioBiog22a9 ea where that conbination of col ors ispramdiSvtra27speci fic
tenperature is achieved in that specific area which is necessary to burst
the m crocapsul e material encapsul atigg that 30 conbi nation of colors. The
result is a very high-resolution pl acément on the medium of differently
colored mcron scale dots to achieve a precise i mage. WO 03/ 032299

PCT/ US02/ 327 1B aridihdripgefereeBernisodimant fod ithes inyentii@g tleriaged bedne ubadt fogr at ed CD/ DVD

Witer-Labeler systemof the present invention. The read data information
to be ret6PHERE BR PR ¢t ORt eéugf%@rqgahq ReGuRCmIiseH Ak FpEddasehcat i on. The

i mage data in | . GoKde t P Sh bl . the CDO-R
CD/DVD i s st o¥ e g?l%f@ﬂeéllg rgx;gned éD]gt ab %@?geg&e}ﬁvle\ggih%%& ?%%lp Flg%sf er the

di gital teobwlimpddvice, sedhtdsan infrerednsa bBamareoords lneite Haage theahediufarbgm t hei r
respective storage |l ocations, a controller is pJaced in, comunication with
the stor &a%tHe liﬂbﬂge.m%e%ﬂﬁé#@ FeRUR AR ROdee HBSE chnes in e RALFFIZL he

st orage AN it RleasEle. ' 4 Gt b ' E i t her of

t he sto%reggghF%ggl%eﬁ%géﬁ%s etrar?sglg?:‘pgeger\rli a&fégﬁln&%té)?ﬁlﬁg&g%@ggﬁnqog’the dat a
| aser enintidgerdatand farorddd dnhthe inrdiging gpdcaaaily eniitreetsiblyheermotiitomi¢ a)d bei ng t wo
separate, emtters in the, enbadi t shown in Figure 3. In another

enbodi nefiieyeistly Bapigclranis may %F-%eﬁ K Wikt Ip35H B547B FtSiRels BBRBIRed | nt o
one enit fer S SRS GRnhter DA B ARt pRadw i te side of
the CD-R C[r)lll%VD gs t he gligsk spi ns ar%undggﬂrt%%aeﬂt%dr]ﬁrt%a Spropel | ed by the
CD- R1@r i prednwddo rTheAtultehibragmme! thenpfraded bedrh end badtededultingttempemivse 15 beaned

onto the read/wite substrate side of, the CO-R CO/DYD, or, at a different
tinme, eif aé‘é‘fséﬁ'dgusé‘?g RPpgyco “%1?"1’[%%&?1 RFqeamst J@é@P?S\é{’qﬁ?a‘ﬂr’é?ﬂ?e the i nage data

stream i $arcDaRTRe c%i%ﬁééé&ﬂ?ra%&?aiﬂ%ﬁ@ﬂa&ﬁeé. NEndrEREY, YidduSing RSt r at e si de.

Therefore, this conbihation of materials incorporated info a coating
conbi nednecessary differing colors for the image depends on a differential in temperature. The

=D

temperature-produced color is used to make multicolored images from a single
15  coating, when the single coating incorporates the necessary chemistry to produce all
the desired colors. For example, cyan, magenta and yellow dyes may be activated
differentially at a given location based on pulse duration.
In a preferred embodiment of the invention, various microcapsule materials,
each activated by releasing the encapsulated dye particles at a different temperature,
20  can be used to encapsulate different colored dyes on the surface of the medium. Such
a technique using microencapsulation of dye particles with differentially activatable
microcapsules allows full color production of images to the resolution of micron scale
dots, since the laser can scan the CD/DVD at the resolution of a micron line.
Figure 2 shows how specific combinations of colors: C1, C2 and C3, are
25  encapsulated with specific microcapsule materials: Al, A2, and A3 which in turn are
activatable at different temperatures: T1, T2 and T3 respectively. Thus, each different
combination of colors is released when the laser is applied to the specific area where
that combination of colors is and the specific temperature is achieved in that specific
area which is necessary to burst the microcapsule material encapsulating that
30  combination of colors. The result is a very high-resolution placement on the medium

of differently colored micron scale dots to achieve a precise image.



with laser witing provides for a powerful imaging technique for inmaging a
CO/DVD. 20 This is especially so since CD witers are already currently
equi pped wiptod/oz2baser. Furthernore, CD-R s are anenabl e t @ecrasdy3adopti on
of the coatings. Past nethods of CDO/DVD | abeling have been cunbersone and
i nvol ve | abel transfer or special label printers. In contrast, the
preferred enbodi nent of the present Phvention relates to a CD witer with
direct imaging facility. This provides to the consunmer the capability 25

to i mage specFiute®d peheandd dikahel of tntdpeatéDCDVIDY DEXAMLIEBeleEXanmpl e 1.
Preparation of Pol ymer-encapsul ated dye 2.0g of Neozapon Red 335(a netal

conpl ex ByEuheldBe pyesemdpventiont dhaioag d%lja(ilpﬁop%aticggto;;gqgec@rde_dgmhth? @D-;?ed ﬁ22) ,
10 f YA t:hyl .1 .Of 2= (N-. i no) - et hane
sul foni c acutg’%,a 1@%3{%8%?%%%%@5%‘%% Or(r% 1%1%‘8‘2%??%@@"‘(&%?%’%{’/\%683/ 032299

PCT/ USO2/e32d¢d on 3ize ikibiedlabel oh tsa0B-0 CDRDVITR iP6bledns the IAde Bata0f water were

conbi ned together to form_ an emulsion. An additional 34 g of water was
heat ed tBomgelocatian.gTe frapgbes thy digitaldaformatien. sitherdhe ReadiRataguéit t o t he wat er,
then th (RS g [ .0V eriod of 10 m nutes. \Wen
t he terrgler l%&%&?ﬂgﬁ%g%%\%d&%ﬁ%?%F S’raegc(y: t@%}@ﬁg ,aC%(ggl gramof -17.5 x
KOH ( pot @sshunichtyst with de)stwage lackidds. A biegletiatthhoed pakibadebatEent hen
filtered and -1.8 g, of precipitate was collected fromthe conbined

mi xt ur e. thegtergedogations ppd thslagsrdeyisat Pigitabmimgajien frosneithss of ieed dye 0. 4g of

or kpS. aneryseaiond St s hiall agtomaP e dat MR Ao hour
and ool thd im¥¥iag l4sheerhittep elicadmitter(Scdirpasloadpararengtt@finfhe- 17. 5 x KOH
(potassium hydroxi de) was added. The conbi ned m xture was then filtered
and -0. 1er@bqglf1ment shown’in Figure 3. In another embodiment, the data laser and imaging
laser function are combined into one emitter. The read data stream is beamed onto the
read/write side of the CD-R CD/DVD as the disk spins around on the turntable
propelled by the CD-R drive motor. At the same time that the read data stream is
15  beamed onto the read/write substrate side of the CD-R CD/DVD, or at a different
time, either before or after the read data stream is beamed, the image data stream is
beamed onto the side opposite the read/write substrate side.
Therefore, this combination of materials incorporated into a coating combined
with laser writing provides for a powerful imaging technique for imaging a CD/DVD.
20  Thisis especiaﬂy so since CD writers are already currently equipped with a laser.
Furthermore, CD-R’s are amenable to ready adoption of the coatings. Past methods of
CD/DVD labeling have been cumbersome and involve label transfer or special label
printers. In contrast, the preferred embodiment of the present invention relates to a
CD writer with direct imaging facility. This provides to the consumer the capability

25  to image specialized personal labels on the CD/DVD.

EXAMPLES
Example 1: Preparation of Polymer-encapsulated dye
2.0g of Neozapon Red 335(a metal complex dye made by BASF, containing Cr(IIT)
30  and C.ISolvent Red 122), 10 g of MMA (methyl methacrylate), 1.0 g of MES (2-(N-
Morpholino)-ethane sulfonic acid), 1.0 g of 30% Rhodafac (a phosphate ester



precipitate was collected fromthe conbined m xture. Exanple 3: Testing of
M croencapsul ated 2 part Conposition 15 A dot consisting of a thin (10

m cron) fwmses2zoher mal reactive white to black 190 i nk @P8IAIDLEIF)Y3 was
coated on a sheet of alumnumusing a roller. The al um numfilm was

nounted on a gl ass slide equipped wgg athin filmheater and a

t hernocoupl e. The heater was heated at OC/mn to 170 C. A distinctive
col or change fromwhite to black at150 vvas observed whi ch further darkened
at 170C. sque&tdneﬁiaide@y\Ms;nQBoulam)i amngd)faQatder@corﬂihiﬁed:mgbthdr toifbmmr et ai ned

t he bl ack mark at roomtenperature. is: WD 03/032299

PCT/ US02#13¢tpgisions én@%tweal 314 g %f Rtk W 11@@156(% tR 800@ d@ Ag PiKP8bel i ng a

recor di “@ut %&hﬂ%%?ﬁﬂﬁé&pwﬁsadﬁm&fh@&%& ¥laent nE EHATl\Wadladld Al b N OF Mat i on

t her eon he™s rrstng: a w a source; an 1 nage data source;

and a | aggfer desti cigeriodtcgriDagingigs. Wivhen theatempetarirel af the sombined ﬂ’ﬁﬂtutehe i mage
data source, 10 the |laser device conprising one or nore |laser emtters,

t he ohe tﬁﬁchﬂ@r‘@Tan S8 erér7 9 X E@&I(HO@SSI Yeride) |W?ﬁ@édft§1atﬂleon t he
recor -dl ngoxg 111?%81%%1 %]su dien ltgrle 'al% € % o(}(grec %%?ngé %811%%§eeclrfrc§rg?]ﬁ' tive

mat eri al ace; “and e recording
medi um a&n&nea'ﬁﬁxﬁl)@t em of claiml1l, V\/nerel n the | aser device conprises a
| aser emtter that both; a) records imge data on the recordi ng nmedi um by

i nduci ng v. si Bremplst 8t B@H@P@memwﬁpa@él’omsﬁmap@ﬂm@éﬁ aI s on the nedium
surface %ibﬁeﬁ%pmﬁ%edvﬁlst &%ﬁl&q 6€%f1\/f€§%r | 18098 220 3. The

system o ere lI"aser’ i'ce canprises’a % st 1aser
10 0.1 1 g of KPS and 75g of water were combined together heated to 90°C for one hour

and cooled. When the temperature had cooled, one gram of ~17.5 x KOH (potassium
hydroxide) was added. The combined mixture was then filtered and ~0.1 g of
precipitate was collected from the combined mixture.
Example 3: Testing of Microencapsulated 2 part Composition

15 A dot consisting of a thin (10 micron) film of thermal reactive white to black 190 ink
(340-0699) was coated on a sheet of aluminum using a roller. The aluminum film was
mounted on a glass slide equipped with a thin film heater and a thermocouple. The
heater was heated at 10C/min to 170 C. A distinctive color change from white to
black at150 was observed which further darkened at 170C. The heating was

20  terminated at 170 C. The cooled film retained the black mark at room temperature.

What is claimed is:



emtter and b) a second |aser emtter, the first |laser emtter recording

i mge data on the recording nmedium by inducing visible color change in

| aser serwotoswa22emt erials on the nmedium surface; and thepegamozizi7aser
emtter recording wite data on the recording nedium 25 4. The system of
claiml wherein the | aser device conprises an infrared |aser. 5. The
systemof claim1l wherein the |aser sensitive nmaterial is selected from at
| east one of the group consisting of infrared sensitive dyes and heat
sensitive dyes. 30 WO 03/032299 PCHIMS2/ 32713 34 6. The systemof claim
5, wherein the |laser sensitive material conprises at |least two different
dyes, each dye activatable at a different tenperature. 7. The system of
claim5, wherein the |aser sensitive material conprises at |east one dye
that is activatable at a first tenperature and deactivatable at a second 5
t enper atlur e. Asysldie fayiadieidually abeiny Hrevdrdirg meditne as mfeilas @édlicidnalyt | ve dyes
conpri se colorless, . electron donating type dry. precursor conpounds which

reach wirgqprdingdigitabgdprmagionthstsng. the syEABCRIWIENgye. 10 9. The system of

cl ai m5 wher %ixﬁriiﬁe'}%taiébfnﬁ%r ed sensitive dyes conprise a conpound havi ng at

| east one of a l'actone, l'Actam sul fone, spiropyran, ester, and anide
structure. lonithagdlsasyategnmdf claim5 wherein the heat sensitive dyes are
| euco dyes selected fromthe group consisting of: am notriaryl nmet hanes;

am noxant henes; am not hi oxant henes; am no-9, 10-

a laser device interfacing with the write data source and the image data source,

10  the laser device comprising one or more laser emitters, the one or more laser emitters
used to: a) record image data on the recording medium by inducing visible color
change in laser sensitive materials on the medium surface; and b) record write data on

the recording medium.

15 2 The system of claim 1, wherein the laser device comprises a laser emitter that
both: a) records image data on the recording medium by inducing visible color change
in laser sensitive materials on the medium surface; and b) records write data on the

recording medium.

20 3. The system of claim 1, wherein the laser device comprises a) a first laser
emitter and b) a second laser emitter, the first laser emitter recording image data on
the recording medium by inducing visible color change in laser sensitive materials on

the medium surface; and the second laser emitter recording write data on the recording

medium.

25
4. The system of claim 1 wherein the laser device comprises an infrared laser.
5. The system of claim 1 wherein the laser sensitive material is selected from at

least one of the group consisting of infrared sensitive dyes and heat sensitive dyes.

30



di hydr oacri di nes; am nophenoxazi nes; am nophenot hi azi nes;

am nodi hydr ophenazi nes; am nodi phenyl net hanes; | euco i ndam nes; 20

am nohydrwoimnawe aci ds (cyanoet hanes, | euco net hi nes) amdTamoz/sspdndi ng
esters; hydrozines; |euco indigoid dyes; am no-2, 3-di hydroant hr aqui nones;
tetrahal o-p, p' - bi phenols; 2(p-hydr o%%phenyl ) -4, 5-di phenyl i m dazol es;

phenet hyl ani | i nes; indanones and cotibi nations thereof. 25 11. The system
of claimb5 wherein the light sensitive and tenperature sensitive dyes are
encapsul @t ed ThRe §isth06Bqst % svhetdig the laged sapiiveasatatuiponpriseg aplehyter s

having Tg from 80C to 200C. 12. The system of claim 11l wherein the polyners
are sel etoediffereahilyasecash dupactivataplerné p SiffergntdempIRYHS: et hanes, acryl at es,

styr enes, and SRUBLAG LTS HSiEln AUOOIURARANLET] USIRHER L RaolS 1. A

met hod for recording rn a recor oth wite data and 1 nage data
on a regw dienBatieaitliatablele a fiedt hadpaatopy argl degetivatabte g sedvadr ecor di ng nedi um
in a digital recorder; transferring wite data froma wite data source to
the & giteaIPerag6r der; 5 recording the transferred wite data onto the
mediumwi th a digital recording device; transferring inmage data from an

i mge data source to the digital recorder; and recording the transferred

i mage dag.a onThe §Reenirefilaim Hwherthuihe hgfrared sdnkieive dgdsaomphiae geloflessl aser
sensitive materials on the nediumwth | aser device while the 10 nedi um
s i t hi Fleairen dasatREIBIDe dpeCRRT SRERBEN SRR ATARTN SAGKANET ( he | aser

devi ce cg%dﬁg%geﬁeqagﬁdgitter that both: a) records inmage data on the
recordi ng 'um By 1 nducing visible color change in |aser sensitive
mat erd al s on the medi um surface; and b) records wite data

9. The system of claim 5 wherein the infrared sensitive dyes comprise a

compound having at least one of a lactone, lactam, sulfone, spiropyran, ester, and

amide structure.

15 10.  The system of claim 5 wherein the heat sensitive dyes are leuco dyes selected
from the group consisting of:
aminotriarylmethanes; aminoxanthenes; aminothioxanthenes; amino-9,10-
dihydroacridines; aminophenoxazines; aminophenothiazines;
aminodihydrophenazines; aminodiphenylmethanes; leuco indamines;

20  aminohydrocinnamic acids (cyanoethanes, leuco methines) and corresponding esters;
hydrozines; leuco indigoid dyes; amino-2,3-dihydroanthraquinones; tetrahalo-p,p’-
biphenols; 2(p-hydroxyphenyl)-4,5-diphenylimidazoles; phenethylanilines; indanones

and combinations thereof.

25 11.  The system of claim 5 wherein the light sensitive and temperature sensitive
dyes are encapsulated in microcapsules, the microcapsules comprising polymers

having T from 80°C to 200°C.

12.  The system of claim 11 wherein the polymers are selected from the group

30  consisting of polyurethanes, acrylates, styrenes and combinations thereof.



15 on the recording nmedium 15. The nethod of claim 13, wherein the | aser
device conprises a) a first laser emtter and b) a second | aser emtter,
the firstwbasms22emi tter recording i mage data on the recordirrporeriizim by

i nduci ng visible color change in | aser sensitive materials on 20 the nedi um
surface; and the second |aser emtter recording wite data on the recording
nmedi um 16. The nethod of claim 13 wh®rein the | aser device conpri ses an
infrared |aser. 17. The nethod of claim 13 wherein the | aser sensitive

mat eri al 13.s salmethed férresordihg iddigaalsiecater With (Wit @O @S dataiong of
infrared sensjtive dyes and heat sensitive dyes. 18. The nmethod of claim
17, wher @Fs§otdies medisim, dhayuethpd eORpRERg:al conprises at least two different

dyes, each dy a&%&it]%égfe?@dﬁltg%ecﬁ‘mgiiﬁEﬁfﬁ{ﬂé@re%gfaﬁgﬁrature' 19. The net hod of

claim17, wherern aser 'sensitive erl conprises at least 30 one

dye that is aghhsfatiapheit@tiatafibhr stvriteedmesaiey © thndigigasioryal abl e at a
second tenperature. WO 03/032299 PCT/US02/32713 36 20. The nethod of
clai m 17 wherEcprdingthe fppsfpraed Weitedaig Quio theanedivmpyittsedigiploesading el ect r on
donati nggtype dry precursor conpounds which react with a devel oper
conpound 10 generate a dye. 5 21. The nethod of claim 17 wherein the

i nfrared sensirhnsf@ridy @Ragealipr frGe ad imegndoa fehirbetsithgdigitall re@gtierongl of a
| actone, |actam sulfone, spiropyran, ester, and _am de structure. 10 22.
The net hod of reePiiing the tigpderasdimage dpta ontesths sradivpe byipdyciagaisidaco dyes

sel ect edoiby GiihbOf BELURRAMAL Mo The ATAAWilAL MITREDROGile the

am noxant enes, m not hi oxan enes, am
10 medium is within the recorder.

14, The method of claim 13, wherein the laser device comprises a laser emitter
that both: a) records image data on the recording medium by inducing visible color
change in laser sensitive materials on the medium surface; and b) records write data

15  on the recording medium.

15.  The method of claim 13, wherein the laser device comprises a) a first laser

emitter and b) a second laser emitter, the first laser emitter recording image data on

the recording medium by inducing visible color change in laser sensitive materials on
20  the medium surface; and the second laser emitter recording write data on the recording

medium.

16.  The method of claim 13 wherein the laser device comprises an infrared laser.
17.  The method of claim 13 wherein the laser sensitive material is selected from at

25  least one of the group consisting of infrared sensitive dyes and heat sensitive dyes.

18.  The method of claim 17, wherein the laser sensitive material comprises at least

two different dyes, each dye activatable at a different temperature.

19. The method of claim 17, wherein the laser sensitive material comprises at least
30  one dye that is activatable at a first temperature and deactivatable at a second

temperature.



di hydr oacri di nes; am nophenoxazi nes; am nophenot hi azi nes; am no

di hydr ophenazi nes; am no di phenyl net hanes; | euco i ndam nes; 15

am nohydrwoimnawe aci ds (cyanoet hanes, | euco net hi nes) amdTamoz/sspdndi ng
esters; hydrozines; |euco indigoid dyes; am no-2, 3-di hydroant hr aqui nones;
tetrahal o-p, p' - bi phenol s; 2(p-hydro§%phenyl)-4,5-diphenylinidazoles;

phenet hyl ani | i nes; indanones and conbinations thereof. 20 23. The net hod
of claim 17 wherein the light sensitive and tenperature sensitive dyes are
encapsul ated in mcrocapsul es, the mcrocapsul es conprising polyners

havi ng Tg from 80C to 200C. 24. The nethod of c¢laim 23 wherein the polyners
are sel eé¥-ed APemethnd ofichiip 17 hesgin dhesinfratpd sensisiedypeeapes colless at es,

styrenes and, CQIRLREHRWy plRELESH compounds which react with a developer

compound to generate a dye.

5
21.  The method of claim 17 wherein the infrared sensitive dyes comprise a
compound having at least one of a lactone, lactam, sulfone, spiropyran, ester, and
amide structure.
10 22. The method of claim 17 wherein the heat sensitive dyes are leuco dyes selected

from the group consisting of:
aminotriarylmethanes; aminoxanthenes; aminothioxanthenes; amino-9,10-
dihydroacridines; aminophenoxazines; aminophenothiazines;
aminodihydrophenazines; aminodiphenylmethanes; leuco indamines;

15  aminohydrocinnamic acids (cyanoethanes, leuco methines) and corresponding esters;
hydrozines; leuco indigoid dyes; amino-2,3-dihydroanthraquinones; tetrahalo-p,p’-
biphenols; 2(p-hydroxyphenyl)-4,5-diphenylimidazoles; phenethylanilines; indanones

and combinations thereof.

20 23. The method of claim 17 wherein the light sensitive and temperature sensitive
dyes are encapsulated in microcapsules, the microcapsules comprising polymers

having T, from 80°C to 200°C.

24, The method of claim 23 wherein the polymers are selected from the group
25  consisting of polyurethanes, acrylates, styrenes and combinations thereof.



