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COLOR FORM NG COVPCOSI TI ONS W TH | MPROVED MARKI NG

SENSI TIVITY AND | MAGE CONTRAST AND ASSCClI ATED METHODS
Wobdk0738361 THE | NVENTI ON The present invention Pel/as®®5/046089

generally to color form ng conpositions. Mre

particularly, the present invention relates to nethods

and conpositions which can forminmages upon

interaction with energy, such as light energy, wth

i mproved marking sensitivity and i mage contrast.

BACKGROUND OF THE | NVENTI ON Conposi tions whi ch produce

a col or change upon exposure to energy in the form of

light or heat are of great interest in producing

i mages on a variety of substrates. Optical disks

represent a significant percentage of the market for

data storage of software as well as of photographic,

vi deo, and/or audio data. Typically, optical disks

have data patterns enbedded thereon that can be read

fromand/or witten t ne._side of_ the disk nd

or ABAOBFORMNG CoMRPSEraNE Wi MiaRoVin AR

t B&N&u?iﬂgrwAnbdmﬁAég CORTRAST'ANDSS6RIATED METHODS
optical disk, printed patterns or graphic |sp ay

i nformation can be provided on the non-data, or |abe

si de of the disk. i ¢ display can
be both decorative @ﬁépg&g@*ﬁzNgg?ffﬁﬁﬂ i nformati on
about the data content of the disk. In the past,

commerci al | abeling has been routinely acconplished
usi nheseresent ipVEREOH iplatesiaameraliyiol colarfoeming: ¢asap esitions.

0 {:

MBEPABB 8BRSl ORleE 5 PRt bnd E5petons
wHioR cangomrirmagesiupés ||11eramt|sa wifrt dreerfiy xauthcastight energy, with
. assocjated wth i ng a ste CI| or conbi nation of
'mﬂ%‘f?d V@r‘HHQSSF‘?'ﬁYﬁE ‘?H‘ga%&’i’ ®thattern or graphic

di splay. In recent years, the significant increase in

the use of optical disks for data storage by consuners

has i ncreased BACKERENINDODbIHE H%VEUEF?@M zed | abel s

to reflect the content of the optical disk. Mst

consuner avail able nmethods of labeling are limted to

ei t iesmpasitvhs Whith pregitiee RE caldrschidtigehupditéxposure to energy in
prof essi onal appearance, quality and variety, or

thgff@rm phlight ardisat areaf greatinfersst My ProgugingdmMaRes dinsk variety of

 subddlr ]aYé%' B ﬁ@d1 d?ék%Cfe?Fgé%rn§§legrﬁﬂéa¢ﬁ$eH@1t§éé b the market for

pertor man e upon splnnin
data storage of software as well as of photographic, video, and/or audio data.

Typically, optical disks have data patterns embedded thereon that can be read
from and/or written to one side of the disk, and a graphic display or label printed

_on the other side of the disk.

In order to identify the contents of the optical disk, printed patterns or
graphic display information can be provided on the non-data, or label, side of
the disk. The patterns or graphic display can be both decorative and provide
pertinent information about the data content of the disk. In the past, commercial
labeling has been routinely accomplished using screen-printing methods. While
this method can provide a wide variety of label content, it tends to be cost

ineffective for production of less than about 400 customized disks because of
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hi gh speeds. Recently, color form ng conpositions have

been devel oped whi ch can be devel oped using energy
waouwsoesosuch as |asers in order to form an i NBQEUS2005/046089

However, many of these color form ng conpositions have

devel opnent sensitivities that result in slower

devel opnent tine and/or | ess2than acceptable contrast.

Thus, the need still exists for inmprovenent in color

formng co [ Ltlons,.w th i.oprqoved.narKi JISJNIAARR
tne B st T ElAed Wikl p R TR TR of ghbils ano
privfing the degired pattefndr dtaphiadigplag. advant ageous to

provi de rapidly devel gpabl e col or, form ng conpositions

wi t HnirageyearsehR signiticant ingreassin thaiuse of aptisakgskefor data

StRGE oS HaEhAGRatbd he BBARKEC 0TBHGe S88idnGacd Jabels

tooéfledtehecontent of thecopticahdisk. ddbstrcohsumenagvaitatde snethods of
can i ncl ud 0. ric activator. phase, i ncl udi nqg a.

a5 e e et ST Hienufite s Ship B aighiads bitfledsional

applaPandel Gty iR Parielg | st rBpriftedqhBéls viHi o mayél affixed to the
radi ati on absorber in thermal contact with the col or

digko vt whigtnean alsgraqvensely ajfect the digh perferonange wprsepioaing at

. ] y dispersed within the polynmeric activator
h'%ﬁgéé&g%' an average particle size of less than 2 nm

I n dReddrly, e@l‘ootbirn'&mg cor[axpnseitibnd haf/efoeeﬁic{quewpe'drmlgieh can be
can conpr.ise a Ing electromagnefic ragiation {o a
deyianect ¢yiRg ﬁge@r%wg%ﬁ SHCTL BF J9E7% I O (R (RSN iTRage:
HEREMr, hHY &Qpéé&@&l%k fdrRfing &ﬁﬁw}a@sﬁbﬁs %V? 'd‘éK)HEﬁneﬂtat €
a di fferent

to a postdevel opnent state't I's visually
sensiivitiesdhat esdlve lopres deve lopneant Tine ahd/or fessithag acceptable

oo fERhal s ang SReha siids foramir ettt bl aimBa s e
consdsitidhs Ritle ﬂhpfov%arrﬁ@fkirg{;mniimlam ifthge €ENteyst.

fornmer, and a radi ati on sorber in thernmal contact
with the color former phase. Again, the color forner

phase can be fi ng )(AMJL\RW%%%EMNU 'Itlb'f\l pol yneric
g

acti vator phase ap an average partlEy e Sl ze of less
than 2 mm Additional aspects and advantages of the

|d2\3/3{1 f]ég Bgémn {R%eﬁ;g;pi?%p ﬁ{g&gfwgdlg g‘etahdeva%?e}gaelolu%qo provide rapidly
developable color forming compositions with improved marking sensitivity,
which can also be used to provide images with improved image contrast, even
under fast development conditions. In one aspect of the present invention, a
color forming composition can include a polymeric activator phase including a
polymer matrix and an activator dissolved therein, a color former phase
including a color former, and a radiation absorber in thermal contact with the
color former phase. Particularly, the color former phase can be finely dispersed
within the polymeric activator phase at an average patrticle size of less than 2
pum.

In another embodiment, a method of forming an image can comprise

| applying electromagnetic radiation to a color forming composition sufficient to

develop the color forming composition from a pre-development state to a post-

development state that is visually different than the pre-development state. The
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DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENT( S)
Reference will now be made to exenpl ary enbodi nents
war@edpsei fi ¢ | anguage will be used herein to BPEBUF008046089
the sane. It will neverthel ess be understood that no
limtation of the scope of the invention is thereby
intended. Alterations and further nodifications of the
i nventive features described herein and additi onal
|ications of,.theﬁrinci.les f the ipvention as: .
colRISEPT RS HRPRSion G CAMRSISE & RRIKTENE FCUVRICE RRFpE inciyfling a
pdnyhﬁef Rlz828hd ahtacilath AdRURABERSS ] #BomF fdrfiet phase
di scl osure, are to be considered within the scope of
in¢lbdingrev ealor fotmeruandharradistipobspeber it theamad apotachwith she

ool pReR PR ARt s Cnlicfoty BRRRE ERp BATiED fpBrsea

witHiritih@ Bolyndritcadimatdrghage fanchasage fartieleesizalof less than 2
di scl osed herein as such nmay vary to sonme degree. It

HMs al so to be understood that the term nol ogy used

her A gy iiiénél Za‘:?gggféraﬁdqu\%ﬂté’é’éseo%eqﬁ\?&{tiow Wil be appargnt from

particul ar I'ments only and 1's not Inten

~ theidatailedgdeszsiptibe whicipfollovst he present invention will

be defined only by the appended cl ai ns and equival ents
thereof. In describing and claimng the present

| nysEtARED UESERIPRON'OF BHE PREFERRED IENBODIREEN TS5
singular fornms "a," "an," and "the" include plural

referents unless the context clearly dictates

o SreRin g ey € TR St ERESEhRenE and spsere

Iafﬁéu@ge:h/ilmé asédihereito deedibleleuhei s*an[ué.gﬁ Wiliansrvilémméless be
orm ng conposition” ica includes a.color .

g sHepd that R imgaka of e Sapeiafahe ieanga/s therepintended.

ARGLHIRSE aR@FirtRe J@&ﬁ@&mmgf%@mvwé&uw@émbeamem

exposure to radri_ ation to develop the col or forner, .
arichadditignalrapplicatipns efdhe principigsaofdtbednvartionras descilbeddrerein,

alternatively, causi.ng, a .calor to chan fro first
widgh SfOUf okfttnaree iz M8 sBieupt 3 08 Ty i RBrreeafine
thisadiS¢loé MreMarfe flbe Bnsieib/yd WRISINAKe BBYPH A theSiAvENtISN. OF urther,
whi ch changes upon devel opnent to a different color.

befaruparticyar eaadingnis ofitae Prerené SHHSPD AR disgiased; and
oA BB T R IndeNioAIRPEIS LRBRof ARIFGIS i HEParicuar
prpbeseand matgeals disnlosedingred as Boclymaytvary ¢6 someddegree. It is
algci’;1 Yoe bte rb%d%"r"s%c‘i‘é Ithoaq tﬁg ?&Fnk%r?éloayg E‘séS ?‘le\(\éih ri]s 82&1 Pc{r th tprL]erose
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.

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

As used herein, the term “color forming composition” typically includes a

color former, an activator, a radiation absorber, and a polymer matrix. These
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the phases in the color formng conposition due to

devel opnent speed concerns, the radi ation absorber can
wheoosn7mosepar ate | ayer. As used herein, the tBETUS2005/046089

"“color fornmer” refers to any conposition which changes

col or upon application of energy. Color forners are

typically |l euco dyes, photochrom c dyes, or the liKke.

In accordance with enbodi nents of the present

ottt Brn Wi “Siedbe! Golf exdbaurs 36 RTFEGE 1o B8veik Ine Lolor

foRn&0 thérabg esedtingyaresior fiohfa @oloflees tneateriak @lr altefreitivelry,
does not Infer that col or is generated from scrat ch,

caysing a calor tyehangs Epmyd firgt WQ{OFéaﬁHQH‘eﬁﬁg?@bfn lg othar wgygs, an
un‘ﬁ%%lq%%dr%q&r fofthsr Embe%fbr*e%%%?h%ﬁﬁ?@ﬁnéﬁl@r which

col orl'ess or nore transparent stat
chaages wbordevem‘pemmttto acdifferamt deloor Thaugh itla tertrhato)or forming

n. the, of ener such as heat enerate
cofaRt S hbresRneRLE i EprRanaLtempphents, fese
comhpBitirisedé Hb?ﬁé\ﬁ‘é tobé Predsem®lrPs sirfldTBhasd oYt Y FBF example,
create color within a color formng conposition.

thogh tarefesreddn havedhe radiation absenber adeuxed;wih one or both of
ik PREREC i ol i AB iR (813 ARk B SRk
colmuétnsoltlee eamatwn absorbancérebased, sepagate lagert i pl e

e A Vb LRl SOt BT S S50y oRpstion whic

| ch%ﬁggg dBlor Lﬁ)‘b écﬁ)ltll%ﬁér) of éﬁbr@?e (ﬁﬂ&%hﬂ@% ard Blcglly leuco

vator can e an acidic conp
dyest photalchtdmvc dyeaaoeﬂneallkpr dn @ccorslanse avith embddinednip ofithe

cert.ain class of |le AS us here radiati on
pré it TntetiqP e bolnP el Wi b Préeiil akifait Sta distEhfibl s
ph%@erthatt @ahewsge@,eaamwh eaion@hu@w BOMATRRict ﬁfiﬁ“sfef €The term
energ to surround |n%ann ecul es upon exposure

celaaf%rmeﬁndaes gotinéeri thatcalar/ sl aangrated i sstﬁw&ea;s fncudes
mRHFRTRE A $h e FOSYE asholaf A 48 A etome colred
frqmnescﬂnd)rléss suhbre:transpaxeahstatez so as to produce ener gy

ent to.at devel col or

suf f artiall
o i ki “blufhtae Tt B BomBpuiS o MatGiye fedioRen the

pr@éeﬁ(féeoii ertgy B iRisad RedtydritirSicddy &Masd an@af tddRatiomi ch
fects the color forner to produce a visible change

ahsprber&s canpeachocetheavige interaghvatl acolos forprertto amediby erereate
coﬁoor v(\;i%lq rae(gol8F fofnjhﬂ{a goerBSQ'l{ion. Activators can be any material that
reacts or interacts with color formers to cause color creation or change of the

color former. In some embodiments, multiple activators can be used, e.g.,

~multiple activator systems having from coequal performance value to systems

having a primary activator and secondary activator(s). In one embodiment, for
example, the activator can be an acidic compound or material that donates a
proton necessary to develop a certain class of leuco dye.

As used herein, “radiation absorber” refers generally to a radiation
sensitive agent that can generate heat or otherwise transfer energy to
surrounding molecules upon exposure to radiation at a specific wavelength.

When admixed with and/or in thermal contact with a leuco dye and/or a
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color to a second color. In one enbodi nent, the col or

former can be a leuco dye that is reduced by an acidic
W@edbM2380r t 0 generate a col or or change in coP@OI/UST605/046089

pur poses of the present invention, the term"color" or

"colored" refers to absorbance and reflectance

properties that are preferabiy visible, including

properti es that result in black, white, or traditional

oo Pl AR BRER, o R TSR HPcah BB SR, maienc

qrﬁbﬂtrﬂ/ §o agdo pedduceserdrgg sufficiamito at leet pattially egelop the color
pearl escent, reflecti ve, transl ucent, transparent,

fogper. As used herein, "thermal contact" refers to the

SpatAsahs rgh@Férﬁn%EVQIo?ﬁfg‘gf‘agg;élﬁPn rf'l"?' P& RO FErs 1B%h

ers of th nposi tion
mt(erranilan‘cbrrr@actnm whiabr affentsthe eoldf fmntelndao pmduceta)r/}?rbldcohange

wh di at bsor b
in IS ABPSBIaE. &GP AL GO ERs: Or rytePareid ORI sd P emadist
caldr thREsE8uTRY ERbr. SihcsHedeBo8irhdntCi@ndolbiofofAEr 8ah BE a leuco

color former of color form ng conposition to darken,
dyei that isTedbeed b aBAGHie @ctivatopihaengraée areatioriahange in color.

vi si Fb? Rﬂr‘?{ﬂ%%gtolf% Br%ls%m ﬁrilghpérﬁgﬁg é@m‘? h@d?brﬁ dr “coloret refers

reac nta e cl ose pr oxi
to ladsorEance arabiefiectamcalpsopdrties dinat ave rpeefermﬂ‘parswblef rntlmehng

color formn haIIo for energ
proPaes dhat Tt i Bk Lth Haror IEHIONA! FOISE APBEafAicRan other
wérad/ fP‘{e t@%s\“é‘élef" or FBSlored” .ﬁ&ﬂ&@&bra%ﬁnwﬁltgoaﬁdrﬁb&msnar colors,

actu contact between a radiation absorber and one or
asnwelb astotieer visudl preperties e gc plearleseanti reflectivendeansiusent,

such a i mredi atel y adj acent |ayers, or in an
tra‘,ﬂs rﬁrgpl ncl udi ng sone or all of the other

consAd tisedhereih, Ntiesrai daneet wetdrs eartagdspati selafiohidrip
pr esent |nvent|on the radi ati on absorber can be

beéwesemramﬁtmn@bé%feﬁr@ncr othee mesnkers of the gpler forming
coffP ot fnabbingthg o RO e Rl GH R Slor ) Ot SETRBE
whiersa rdenaebn phseotbetrusr‘eeatedd)ydetaraembn with dn&erearttradomrethe,

o i 08 SRR B b BRI o

oftdom??rorrﬁi‘ﬁﬁl&drﬁﬁ&rt'rdh {PdreR] ightén, Pedohfe BHIBRAE or'ﬁ?nerwrse
used herern, the term"coating composition,” or other

cl@ngeuamslwe@e@rﬁmwtny pueiaAs Jhrough eschamical ieastiomal hagnal

cof iU iHATBE RSN RE) UEtelh S eabddiEEPLTl ofhs

|qU| of ~pas e carrier,
mémberseobthet difor forming composition, which allows for energy transfer from

the absorber toward the color former and/or activator. Thermal contact can also
include actual contact between a radiation absorber and one or more other
members of the color forming composition, such as in immediately adjacent
layers, or in an admixture including some or all of the other constituents. In
accordance with embodiments of the present invention, the radiation absorber

can be present within a-color former phase, within a polymeric activator phase,

. and/or layered with respect to the color former/polymeric activator dispersion. If

fast development times are desired, in one embodiment, mixing radiation
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conponents of the color form ng conposition perse,
e.g., polynmer matrix, etc. In one enbodi nent, the

W@ 0vp0%ishi on can conprise a col or fornmer phaseP€T/n81095/046089
di spersed in a polyneric activator phase. O her
conmponents can be present in one or both of these
phases. Col or form ng conposétions can be
spi n-coatabl e in one enbodi nent, or can be confi gured

agss?i%é)r twmﬁ%pédlzrﬁghg %gﬂ?%t??ﬂg?ge\j a?ﬁ@ kﬂe gfﬂpg forggegitp?%ia’g %an

redace Aielptirnes | regultingrimyamid migin gQifhhé pappes.cation
met hods known to those skilled in the art. Once the
coat%g;s%hﬁ@n,tthsﬁ?m RABNISPPRPAIYUbSE PihEE simifarggferents
yREafiftaphas fiethaip Viiius EORbbAGnts diSsdiReflonfipefted
thmdlm Thamarraer candbee ligiofd omast&llkksatrim oacan bacinensf the
readable

SRS ob thelesor AT eom Bpsilis P Sy 8- o Bap matrx, et

Inkﬁm@%rﬁ@bﬂnﬁaerﬂ%erdﬁhﬁ d<HdH Earslcomprise %\fbo?ér fokRer Eﬁ@seﬁfmely
DVD- RW DVD+R DVD+ DVD- RA CD- ROM

- digypred imadPalyeeric petivatphihass. Kethes caatronesis @arsbe tpeesent in

orlgl\7 RS it gl o iSSPkt P Bl hifiSoatable

ut ur e.
in d)lnerérabédmwmti oradardige aoyfigured lﬁd)reothbaappltoemon rmettnags as well,

f ound | h hi
e §3n3§5 500k S8y Bresth iRkt PR rBlies chati: pveen printing
sp?&}lhﬁ &P%kapblﬁl‘%‘ﬁgh rh&thdds knB@h té'tM‘@é@?slﬁm@d PR arf’SOnce

used herei data” is typically used wth respect to
the lsoating sempogitioplis applied to a subsitater Keande igpferped to as simply
i f?bgati on contained on the optical disk that is
11y or otherw se enbedded therein. Data can

I nclAglgsediHerein Mopticatdisk.is wicdew to Bhesrmpasoaudio, V|deo multi-
phot ogr aphi ¢ i nfor mation, software i nformati on,

megia, fami/@r saftyaredisks st are maaghingeasable ina %ﬁ’@@'f%&VD
driveedr I‘fi@esclﬁkmgfegeof' ?lEél'@%k AHinfaté mk%ﬁﬁg,ﬁggc&mable,

processor useées t raw fromin order to mar
aruhreavritehlue-disksnsunl DO IDVHR,iDVRGR\GE, dDMdeRv\DMD+RW

DITIRAM T RBR AN TRV By RIS Ot/ 1B BfRats may

al$ BE Ghdleded RN Sindlaf fiiefatd Qhﬂ%rmdtﬁ tb setdéveﬁ;ped in the
understood that such range format is used nerely fo

fuss@veni ence and brevity and shoul d be interpreted
As used herein, “graphic display” can include any visible character or

image found on an optical disk. Typically, the graphic display is found
prominently on one side of the optical disk, though this is not always the case.
As used herein, “data” is typically used with respect to the present
disclosure to include the non-graphic information contained on the optical disk
that is digitally or otherwise embedded therein. Data can include audio
information, video information, photographic information, software information,
and the like. Alternatively, the term “data” is sometimes used to describe the
information a computer or other processor uses to draw from in order to mark an
image on a color-forming composition in accordance with embodiments of the

present invention.
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flexibly to include not only the nunerical val ues
explicitly recited as the limts of the range, but
w@bk®e/0r330i ncl ude all the individual numnerical ret/US®0®046089
sub-ranges enconpassed within that range as if each
numeri cal value and sub-range is explicitly recited.
For exanple, a size range of7about 1 nmmto about 200
nm shoul d be |nterpreted to include not only the
expl citly recited ts of mmto ut 200 mm but
o o SusertiAtEie Fanoftaa Wit s HHommaten BAKRE 4
pr@%nl@ﬁ%e‘i&ﬁ ihagPgeFoAhat St i]sotorHE GiderStddd thdPsieR ifhge
nm etc. In aCcordance with the present |nvent|on
foanablsmseﬁdnmahg farampyenience acdrbrevity anid showld| benisterpreted

3} VAR BBl PR ARG L TR e 88 aihe i o
thenahgeli g sty includeratethe indididaal agtinaticalivahlsosbsub-rahges
t her mal cont act with the color former phase.

ensmpassedwihin that reag%PSf'fo?aﬁnnlﬁns@,%a'e@weoem# SHetrgnge is
I pgl I
RIS, SdHBP R EBeRHlP Fhr35Bof 26
shomidrbe dnteprptesi toi inelude not ahlyl the explititly eecited Iimits of 1 um to

aff 2000 ncBiiealte 1 DR RoRidtaT SREY U8R R i 3. 4R
amPHFRF AR Subhtad $0 Yns bt yintliX0 ghebt1oohan, ét@e

post - devel opnent_ state. For_ exanple, the col or forni ng
conpBACCPERNSEWiIET thecpresentibVeRtias @ erloniprming eempesition

a%OBSFug@C?;Polwaeﬁi'&eao‘ﬁ Stof prase ﬂi@u&;{eﬁtafé‘cﬂ}/rﬁgp%dtﬁx 8hd@n

secon ter evelopnen

aqtivator ditsszivezhthieteint atcelor fornsergihase md‘udm\igraeod:lpr former, and a

ra ailg?\d,aa%fgét;eglw érrxl(?rg?ﬁq glpn%%?t/sgtﬁghco If%rgxp < ;ﬂé/se gPartlcuIarIy,
thé%ﬁﬂ%fimé’rnpl%gé ¢ S@tflnb@ ﬁ?d&%@@ ant'Flﬁ'\ il ;S’élyrfn%hmaﬁﬂvator

conp05|t|on roma pre- déevel opnent state
phasst alarcavgragea pasticke sizereftlesssthansdpmi. yTbede&refntmngan

cdriindlich R R AR H L e BfyBh fent 868k A 2 nostee

dévetdpraémgstatep of hepre-td@idlbpmentistate Bpidaligthas anlfu%ts Qisuap
therein, a color forpmer phase including a co

aﬁwce m 'saV'FMIYa@'ﬁéf?néH%} therpast- W@Mme'ﬁéﬁﬁtﬁctizor
ei@‘hnﬁa@ téﬁ% | it g;@ddnﬁgsalﬁgn ﬁgé'itﬁer B%‘%o%?lle?é of ﬂEVE% first

e c a I'spers ed
codm:rtwhem or thﬁmeﬂaﬁelmamatatgae apdn$ ota esesomk cofor Iaétes

dq@ﬁc{bﬁ%{% r(')ﬂ'h pplésgd:aH E)pmeni abI e el ectromagnetic

In another embodiment, a method of forming an image can comprise

applying electromagnetic radiation to a color forming composition sufficient to

~ develop the color forming composition from a pre-development state to a post-

development state that is visually different than the pre-development state. The
color forming composition can comprise a polymeric activator phase including a
polymer matrix and an activator dissolved therein, a color former phase
including a color former, and a radiation absorber in thermal contact with the
color former phase. Again, the color former phase can be finely dispersed
within the polymeric activator phase at an average particle size of less than 2

pm.
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formof a laser, the radiation absorber and col or
former are heated sufficiently to devel op the col or

wo e00a®73801 n particul ar, the conpositions and nECHUS®08046089

the present invention provide the ability to reduce
the energy requirenments for devel oping color form ng
conpositions in accordance wsth enbodi nents of the
present invention. For exanple, a |ower anmount of

ener gponsagpligttion gf §@tdbie Elecﬂ'\kl\)hfég%%tlc ?%dlgﬁéﬁ §L{Ehaas in the

desired reaction tenperature art’icles are
fQJiE’ﬂa@lf a lgsertthegadiation @bsertier @andi coder famdecalra heated caffidkently to

SBEP o BRAG A PR T 5 e B9 B o e

| pm@n@hﬁ/@hﬁo@fpréﬂ@e e lellnyb%BGcéﬂ@@l%rby ‘P@qlﬁi?’éhwéﬁt%rfor

affect the devel opnent properties and | ong-term
dgyelgping:plest fofmmgacenrapositinns Ingaczg@rﬁtametwmemb@danents of the
| | vat
oSSR, Y Bl o DR Unelil rER% By € A4 it ro men
diffusenor leatitoa detsired rpattjoreteraperatirtavharhasall pafticiés are used,

aii Wiz, Fesigb o imes ol obiiane e ba achlaved: SRRsdic pabimer
miafiidesd oRr Farehers| Ridtitioncdd B rifdrsY §8Hva :‘a\bfshaﬁ@o qirﬂ‘honal

(proton-donating) activator di sperse pre y
cqinearents ®f the eelion formingreamipoaition aiwv&achaaffﬂnt di1|e tlevetepment

orRPEREs pd IR ARG bl ool RolhbBbiem e

diBmﬂésm!nnenMeed@tawebmment properties of the col or
form ng conposition such as devel opnent speed, |ight
stability, and wavel engths which can be used to
devebgpnidie ét‘?ﬂv@forz}hra ng conposition. Acceptable
pol yneir matrix materials can include, by way of
exanphe colovfamiay Icerr]@@lsytlmas of mﬂ:prmnamvghtme include a

P} B et AT calBlierRar Reshappharermalion and an

adieatcrgen ofeMbEUiIRRAKAEE pofmemChitilaiér dﬁa%'étcéhblﬁeru%@

speci es which initiates reactions for curl ‘
r afjb?é'&ﬂéi“fa@edﬁrpwfﬂghwltb@@oﬁqwlﬁépmdeaatuw) MIvator dlspersed or

SR A M S SR RR ea Be
dlsimrsedwmmsth@dﬂymeenmmbmr phagdovarious palydisr rhafrix

e radic msrlz ti on nononers and pre-pol yners

mé%ﬁ'af%@m ue Eﬁ haer%e PPMER Rropertiest ofi the salarHermaing .
co@ﬁgjds\h%d ¥eh ad BEEBPHIAP SF&E NightbiabAy, AFNIPAERGRESwhich
a

can be used to develop the color forming composition.

Acceptable polymer matrix materials can include, by way of example, UV
curable polymers such as acrylate derivatives, oligomers, and monomers.
These materials are often included or assembled as part of a photo package. A
photo package can include a light absorbing species which initiates reactions for
curing of a lacquer. Such light absorbing specieé can be sensitized for curing

using UV or electron beam curing systems, and include, by way of example,

V benzophenone derivatives. Other examples of photoinitiators for free radical

polymerization monomers and pre-polymers can include, but are not limited to,
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benzoi ne ethers. In particul ar enbodi nents of the

invention, it can be desirable to choose a pol yner
woredosiox3swhi ch is cured by a form of radi ati on PCEHUSTHOEE46089

not al so devel op the color former or otherw se

decrease the stability of the color formng

conposition at the energy input and flux necessary to

cure the coatings. Thus, the polyner matrix can be

curable at a. c vel engt h, whi ch h
trSoBr bRt Sl SR RS e G plYes. soRlpbrenonas, and
betXRRSethiepd). For exanpl e, in one enbodi nent, the

curing wavel ength can be in the ultraviolet (UV) ran

and Ipiparieual epbadimenisobha iveatimdt ¢an be desirablgte cose

e t {
a (3 Afer bRV KCtred it folf] ShatfBhIRA dhfotally
deveohthededldrefioemer enothglnwsecdedrdaaﬂe thieestabiliiyngf the color formlng
wavel.en t{: does not SlthSt aII cayse undesired
CORTIRIREheANar e N And BN s saioous Bie ceatings. Thus,

th& HRIRh&r mathessr b8 caréblé %t 2 QWiring A RIsHdIh WhidPR SHRef Ban

t he "devel opi ng wavel ength and a second wavel engt h

 thefdexplopingwevelength efitbatcoigdormingsompasitian. i hey example, in

oY SR el AR AR o R 85T range o

the developire) wadmabwmmbé livetheoinfrarddoramgeg Ntam@ﬁuetly dhe
Radi at i on curabItFI \)/ rs can j nclude certa
cusne wavRlenginand thgde ﬁ’?ctﬂ'%ﬂ Wﬁge@uetmaampew *é%ﬁb@@rléthange

|
Bl e A e
suddistaontiadly oau%ndd%ir&dwéevddpmenbof t@bsrmlmréorromg aanhposition.
d d f.t , h
FASEITRR selreyin 2ty WAVESE 61 40 nattr B BPvaleping

wé\réleﬁépn%nom S¥E6Hd DRVOREVeleHGthEF sdout REO @PRtd 88out 380 nm for
Theretore, in one practical enbodi nent, a

theisoriBg vavelangth (of gie palyaer pratex Nisnarovide an effagtive system for
80

CLH'E‘T@“ e@g\gglg?tg&reﬁgnme ggé})é{felkg&ﬂ%ty g8log¥5)r wn@
COW@S:H;IOIE g., about 390 to about 1100 nm In practice,

the lower end of the radiati.o bsor ber nd. pr obabl y

woul RGO Srae ROUAETORANAYANER Goran ARo QLBLoT o7
miﬂg{lb@%ﬁnﬁ%hb% expB¥EESo: raéla‘ﬁ@hk'Sf‘LﬁlaﬁhéS;Sr%TbﬁnﬁthtgrnsHo%Id also

ossT b ecause the energy flux required for

' ha:llevl@hbgbenltptloﬁ keandovbich fis neeebgatiredh buthe ghserpties band of the

ragia%g%rat}sg rQSS%mbg%scussed hereinafter), otherwise the radiation
absorber can interfere with photoinitiator activation, and thus, prevent proper
curing of the coating. Therefore, in one practical embodiment, a photoinitiator
light absorption band can lie Within the UV region, e.g., from about 200 nm to
about 380 nm, and the absorber band can lie outside of this range, e.g., about
390 to about 1100 nm. In practice, the lower end of the radiation absorber band
probably would overlap with the UV wavelength range used for polymer curing.
However, a working system design is possible because the energy flux required
for development of a color former is about ten times higher than needed for
initiation of polymer curing. In yet another embodiment, the absorber has a dual

function; one of sensitization of UV cure under cure conditions (relatively low
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initiation of polynmer curing. In yet another

enbodi nent, the absorber has a dual function; one of
wa@ensiorisaat i on of UV cure under cure conditi onBCT/US2005/046089

(relatively |l owenergy flux), and another of providing

energy for marking during the marking function. This

I s possi ble because the enengy flux during cure is

typically an order of magnitude | ower than needed for

r matrix_materia

erfBLgY i Spd At LB oe g IRy T Tha it durs e Mrking

fuRGIr0- THik i Pb@élﬁlel brdaude e @herft fius dirdepaureTs s@licAly an

aronmati c oniumsalts, aromatic sulfoniumsalts, and
orger af nnagemlede;lﬂmaha@ negded forqadueiRg mINak. of curi ng

age [ Y
hodsy b pAeha g BSen By Rt S AERZation resins can
mcﬂaﬂrﬁ phbtdzrrmmiursanel:udnrﬁaammaue cﬂ@mﬁg}m saitd, ammaf tid h@lb:mum
such as i sopropyl -t ant hone e specific, exampl e
salfp, AoRAtICHIG wﬁ Al 3d |°§eN6r°° é@e%tprg
x%hi‘d ﬁé Bf eurlﬁQ{aQé'ﬁt@tHr@ aaéhmo?(b?or{&neg?ﬁﬁo RAKéteHdgoner s)
I'ch contai’hs™a photoinitiator rroxy ketone) and
phosphineoxisieis\availablerfyara iba-Geigy yndelt thel naree lvhbrggtunecand

ke T r a4 S s SRR koBlobRGrefbe. Dfe,

spedificasiaensie P ansitadld molymer ywerix B bi-E ot COG-aI090qa mixture
i nclude, but are not limted to, acryl ated pol yester

~of V gerabie aceiats renamersandhaliqomers) yhichrontains@pbotpinitiator

KRR ASRNES MrB SN 6. 1 SOETD B, noy

makhaxahdate) betaalpmcﬁ&&(tﬁwmylbtmyaetihtem)neihylghe acrylate,

bl.e f
aeBlaishinar o OffercaliBbf.forBRo R SHeoha s gt
m&t@?a&oémld@t bUf(areS‘\bttlm{éﬁ o BQ@IQe@%lyéﬁérL&@on@#& such

are not limted E ynmeric mat eri al such as

aSp@N?aarqndawZ%mw@ @EiNs 282 dlows vng@ﬁﬁetfys)oixﬁﬁtgwcﬁylate

BB BT BHY b ST AR 8y st

areCSR-236 (R(H-gimoxgethary) athyl awrglsté)hen eowmdr-oareeammbm from
the follow ng binders can be used in the color form ng
B5FPi on of the present invention: cellul ose
acet r L &R Y
ot HuAIY, BlBerSbay befldd ab ol hifle pRYIETIAYL,
Suitabdbinders ban puill;dmrbuhrate nat lphitedhto, polyneni¢ materials such as

ctlva{ o; R‘hase can be
polyacrylate from monomers and ollgomers polyvinyl alcohols, polyvinyl

pyrrolidines, polyethylenes, polyphenols or polyphenolic esters, polyurethanes,

~acrylic polymers, and mixtures thereof. For example, the following binders can

be used in the color forming composition of the present invention: cellulose
acetate butyrate, ethyl acetate butyrate, polymethyl methacrylate, polyvinyl
butyral, and mixtures thereof.

In short, the polymer matrix of the polymeric activator phase can be a
single polymer or a group of polymers. The polymers can act as a solute of the
polymeric activator phase, or can be dissolved or dispersed in another material,
such as a solvent or another component of the phase. If multiple polymers are

present, the polymers can be blended, crosslinked, or otherwise combined. In
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single polynmer or a group of polynmers. The pol yners

can act as a solute of the polyneric activator phase,
w@eoosamsbe di ssol ved or di spersed in anot her nBCEUSENG/046089

such as a solvent or another conponent of the phase.

If multiple polyners are present, the polyners can be

bl ended, crosslinked, or othgrw se conbi ned. |none

enbodi nent , the polymer matrix can include a radiation

curable pol or system of polzners ol

ongnamBediios %poléfn@r Ma{H% GAN i %ﬁyﬁ’é\at'ﬁﬁﬁumb'ﬁgo'vmer or

| s;}s%rﬁgff?;olﬁn‘?ertsh&l ¥%er%rg8/o?9ﬁ6r}’&ﬁ8fs B % h fFbdfmer -

resent 1'n an a nunber of forns Tepo neric
matrtxn mamtegraprhaslm pblymericAdlisiator phaget it cam be,presenthin any of a
degend#'fnaﬁon the color former used in the col or forner
€0 She a reducing agent. Typical activators

thatTﬁ@ Polytnetresttivatdrptasa s dincRideardredotivatoradhith
For exanpl e, the activator can be an acidic phenolic

densfsingman tre eelee formeaidisedde the aelsr forgan phaseeean by a
re\%:éﬁuﬁ %’gf]e% Blctahgctﬂféltarg‘?ﬁaﬂ;%r{ b& 48 clﬁ&(ﬁaﬁ? Bfh 8 eg@ﬁ/ of

ersion 1s to prepare or’s
adids- Fonekamgleeklmmbmtmf caaube ablaxidic pheablm sompoumxdie Further,

| A h hyd b o}
thges gRiaREr G0 Ba TRRGDIPSKARIBIS S boVr dply et i
c&m.tydr%hﬁﬁeh%he EHspERdi6s ifo @éisréﬁave@bnardr%&&eaat erials

that can be used as activators include any Lewi s acid,
wi t idan-liniting examplespifendpble adiivatory indudebigsphanpt A, bis-

oiificl e praftiSer Befe/ BefaBt Te: S BrRlb b E5nRDRRIZ T
pr’bbéﬁﬁl?)t aftd podj-phesalb! fExambl@é beadditiomsl weittic heatenalsahat can
| ess than about 7.0,. and m xtur t her eof .

beiaes e Achelen MSAIRRRYLL B AGh WA, daVAtaR PRENG.s

| ca;rglgylﬁ%aci‘kgﬁbcygg gﬁ%ndnﬁlﬁbé FBrofthic Qel'alSCZIﬂE 'cﬁlori‘??éaHa%nesmm

tartaric acild,
cahoxylaies, aincaartherylates, ealcidm sarbaxylateactrdns@ah Innetal salts and

o 8B B P Bl BB v
Sﬁe&ﬂ%bﬁéb{ol%éﬁd e'ér‘boﬁ?licdse&n@a?%b’bﬁﬂé@torstdéﬁﬁﬁl:lude without

p-t-butyl phenyl, phenoxi de, net hy
linnaticow Poea Ak, @xalic ﬁ9|§r maiel@ acish kartasireacid, ¢ilkisragid succinic

_,Fr?éorf:}t%lcrsam a&t%%f’]ﬁ"agld %3@ ctcdc{}j ﬁ g’()'%en @,’o‘p—g}lgro_xy-znaphthmc

achd Mydm@behwyIaclenSZ'hydroxybenzmc aC|d 2- hydroxy -p-toluic acid,
nebi s t h
3,9 w!ﬁyﬁ y; 4plp gmép e410 lde, Snéthyl-4-
h)}o‘?SWBE?'&'obE@ Qﬁﬁy%%yécé%‘éh’érﬁﬁ@?ﬁLaaprﬁhel, flaphthols, catechol,
resorcin, hydroquinone, 4-t-octylcatechol, 4,4'-butylidenephenol, 2,2'-
dihydroxydiphenyl, 2,2'- methylenebis(4-methyl-6-t-butyl-phenol), 2, 2'-bis(4'-
hydroxyphenyl) propane, 4,4'- isopropylidenebis(2-t-butylphenot), 4, 4'-
secbutylidenediphenol, pyrogallol, phloroglucine, phlorogluocinocarboxylic acid,

4-phenylphenol, 2,2'-methylenebis(4-chlorophenyl), 4,4'-isopropylidenediphenol,

| 4,4'- isopropylidenebis(2- chlorophenol), 4,4'-isopropylidenebis(2-methylphenol),

4 4'- ethylenebis(2-methylphenol), 4,4'-thiobis(6-t-butyl-3- methylphenol),
bisphenol A and its derivatives (such as 4,4' -isopropylidenediphenol, 4-4' -
cyclohexylidenediphenol, p,p'-(1-methyl-n-hexylidene) diphenol, 1,7-di (4-
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secbut yl i denedi phenol, pyrogallol, phloroglucine,

phl or ogl uoci nocar boxylic acid, 4-phenyl phenol,
wQ@2@s/0msbhyl enebi s(4- chl or ophenyl ), PCT/US2005/046089

4,4' -isopropylidenedi phenol, 4,4 -

I sopropyl i denebi s(2- chl orophenol),

4,4‘-isopropy|idenebis(2-neuhy|phenol), 4, 4" -

et hyl enebi s(2- net hyl phenol ), 4,4'-thiobis(6-t-butyl-

h@?%ﬁ“ﬂ”@s& 3 SpUiRaBRRanE) 2y drofyBetdoiebhiRs, 451 )
ﬂiﬁﬁ){aﬂd (ﬂ@@t@% [pheglic, mpndestéds, Ri(hydroRyptesnysdrides, 4-

phenol ,

hYGAO)ﬁ&?dY'@N%’F%ﬁnﬂ'PMﬂ’&WBhQUﬂ?M@B?Iﬁ%ﬂ 3-di[2- (hydroxyphenyl)-
2 PR o oy R o oo Feheinols,

hyldyakyirepaoylosyibé mroes estérs, orsprrenpisuifone s lyis £ 8illghat es,

Sk AT b e A SRR oy

 ber2SBhENORS . nd%%’cqy%@@néﬁwhco@éwmwmeﬁber Saccharin, 4-

bi sphenol sul f ones

hm*mmg@nphgnqwn-@h@nxlm@rmbermybpﬂwmeﬂmate
béﬁi&lgﬁa@eﬁhgs? 9@%@?@%@%‘&%ggSE%né‘op"%ré‘Bu{y}b‘i’w%nol 2,4-

arrn

duligycttbnybeaﬁepmﬁmmoaad n@berh?lp'rquMnol |
en%pé%iym@? &3@?@3@[‘ efﬂrgggﬁéﬁ a‘bg st fymine sRERSsition as
a \%hére éﬁfrdrﬂ@\)w?’ A8 2BORNSO WA, BEChURPBACPRRIN present in the

Typl ca the activator wll be present in the color
po‘lmmmgct‘catpopha:s&mt Wil tgpiodlly rensain forederdinantly i thibpbase

g i LB Do df e bEePes it R Rl D ol the
cdl&r&d&ﬁenpnéée/beginé b edh@BIe thenpolynichie deeil iR phase. In other
activator csahase becones at |east partially nolten and

WQrHE, '@b!"&'u ing the a%@r 'Béb@ mlwrm¢tlewha$@ the activator

s REBY Sl SREPARARHT 1od G Rk Wi g somposiir

is pbami Upen hebtingivith Iaserlmrpargys ublsmgwin cadritactsmﬂaa aamdtlon
romthe col or for rrerw?pﬁse until the co 03| ti

atﬁé?é*?eéd LPIHMEESACHY? ape sap ber_MeMelsH Agd; the particles of

- thE @BIRFEMYEL phase’ Bsbiomhd RibIRBIRERS.. UpBA rﬁé‘lhb@ethbcactlvator

activator phase can becone nolten and the particles of
-contacts theeolbofarmer pivgsebybeausing awnhediticatiasy isiaelorngfdhe color

|n tivator contacts the col or forner,
fo{Fﬁ% gb@ Iegjgg OS(% a nodification in color of the color
f or Meraddétion to the wotyndgematrix @stbline adtivatort bthep@blioml

matri x and the activator, other ogtlonal i ngredients
ingredients sapal §t e prRsant in fhe FMWE‘E aetivater 95@%@ hAng¥ample,

in EMb&fABRILwhere fluoran-type leuco dyes (or other similar color formers)
are used in the color former phase, the polymeric activator phase can also
include a stabilizer capable of stabilizing the fluoran leuco dye after melting the
two phases together, i.e. when the leuco dye is in its post-development colored
state. Specifically, the post-development colored state of a fluoran leuco dye
can have an open lactone ring. Image fade that can occur with many Leuco-
dye-based thermochromic coatings can be related to leuco dye crystallization

from after an amorphous melt. For the above reasons, an aromatic species
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i n enbodi nents where fluoran-type | euco dyes (or other

simlar color forners) are used in the col or forner
w@bas®738bhe pol yneric activator phase can al soPCTIUF2008046089

a stabilizer capable of stabilizing the fluoran | euco

dye after nelting the two phases together, i.e. when

the leuco dye is in its postidevel opnent col ored

state. Specifically, the post-devel opnent col ored

capasle P stabildinP iRNpb{UER eBin&lel] r@%&@m Qﬁgﬂgéwﬁg%hase

ring. |Image fade that can occur wt
can pEevide anage stabitizatioo i retpsd mgr‘prbeemte‘lgabedo meloeymalhzatlon

ERH P OBl B b EeliOABEREE poSbeveiopment

lesicallyles Zi. élgaftd’ten@lofmcldeéeﬂnﬂm'hbt li@iteq t6 ¥fd s!blttsrb‘?.lch as zinc
anor phous phase can, prow de image stabilization by

S‘;eéf%tﬁd?'ﬁ@/ﬁ?%éveﬁtel Aci salieyatey @angizing asetateicatnxylates such as
cﬁé%’ﬁphﬁze Bhae bfét?Bﬁa'slu!féﬁ\g%régggnsgﬁ\{egeaHgﬁg\gﬁtghc

st abi evel opnen uco
compoyundssuchias bllﬂw‘leaobAnsmlfddytrﬂipaénbb TO-3A, sadtAnS UEBalcium
i nc, hex i nc sallcylate and

S@fﬁq@iencqf téﬁesaé %%E?[?igwdgﬂlgga@oat Q{Sfée'gm(g,qgﬁtposmons of the
prERBADIMBhHGH Bah Haudd floftab oy wt% %—1 a%ﬁt X? Ony@ thRG

phenol i ¢ conpounds such as bi sphenol - A,
amtbﬁétv@le of stalwlizera irefaralyothecstabilizen carl be présantat fromsabout

' 2@\‘1%%‘35@3ut% W8k P fhe tolS %?tltré)t{sﬂgogtr m ng conposi tions of

resent 1 nvention can fromabout 1 wt%to

about 40 wt % of this or another type of stabilizer.
Pr ef st abilizer can be present at from

bl y,
abou&og’ \l\%’d’ﬁ% A888t 20 wt % of the total conposition.
Col 0@30I'59"f(5f?r§|n§> RBAD SRS Jf%@bf&eﬁ?lmgﬁtlaﬁ 243 .ﬁ’ém&@% color

present invention can include a
fomnepphaseldispersed Whte;nptbe }mﬁﬂﬂHeImmnvmmrqrhasbahscussed above.

TR o0 e AigRE s FusieabyRin Rl 8 Polvmsrimati,
exiits tdigtirict frbﬁmtfe’}ﬁ)lmlev FRitriXBE fdon t’émb@@mﬂeeaﬁﬁs’tﬁh'élg e

and is finely dispersed within the polymer matri X
digpersed syithin Hinpelymes mattxudheglisrarsionfaanbe fqttmetdl wdimg color

PR B0 0 3Bl ] S8,

orptlaeﬂikej ;mrowmad ztaub@mmdwemgs}l;f)an’mctdmzﬁfaﬁg’esacgﬂevédhn the
it can be desira to unjformy disperse
CiRRISIER: I TheR RESEBHB 6RN PRrASAABIR O HogDh MEpeisai e color
fo@hépﬁﬁééétﬂhrétmghcﬁﬂﬂl% pBR/h@ert'ﬁQS?)l%ér?Ir{@ thB& o fXﬂﬁér phase
matrix allows for incréeased contact he 1 euco

withip the polymer matrix allows for increased contact of the leuco dye with

~ activator material and/or other energy transfer materials, which are dISCUSSEd'
below in more detail. Further, a dispersion of color former phase within the
polymer matrix can be formed as a single composition, e.g., a paste, which can
then be coated on a substrate in a single step. The volume of color former
phase dispersed within the polymer matrix can vary considerably depending on
the concentration and type of color former used, as well as a number of other
factors such as desired development speed, desired color intensity of

developed color former, and the like. However, as a general guideline, the color
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activator material and/or other energy transfer

materi als, which are discussed below in nore detail.
wo-20064023801 a di spersion of col or former phase we¢huUs2fie6089

pol ymer matrix can be fornmed as a single conposition,

e.g., a paste, which can then be coated on a substrate

in a single step. The vol unei4of col or former phase

di spersed within the polyner nmatrix can vary

BE 55 Pl SR 80 RGN AL DS b

" al AR 5006, aiCin soinéeaseflofeatsd et to abegid30desi red

color intensity of developed color forner, and the -
| i keln 39sREdance V&% gmhodimantsgfi t@%Pf?ﬁ@“HW@”E@Po‘ﬁ has keen

dig outeé{&}i\é{%l @S pﬂég,%gt%rﬁaé%%usqéfa&é thﬁ'ﬁ‘JltBﬁ e HESMble

to a n sone cases rom
pribﬁ)%ttens ﬁmamfldw% mblmdmg:ﬂmedmimre‘ovmehpba&mds ae‘mt&edleperswn

L P B iy WML LRV nerE SehUaor Bhags Has qeyar advantages
oVB#'etrﬁtl%cﬁnféﬂﬁé fh%lt) Lelid REGETtdoST- foﬁﬁéﬁbﬁéé‘eabéﬂﬁclésn CfH&dend
the color fornmer phase as a fine dispersion, i.e. |ess

advratagessRemite REROMBENhaNgad even detherasihepartclersize is
refiﬁlf&ﬁ a'In QE ) %@?@nél}tﬂ\{ﬁ& rg%’p@q |<5'F?,|rlﬁsa 6|J%ﬂérré5 éJn'b{)a ment the

€r cO ese advan
avegage partioke size of mlhmnoled fawen phase lvan Eslesh ehzmaaboml ’e5 Mm,

(% e ST AR T bt i o
urRl 18 '&ﬁoﬂ%r‘ﬁmtﬁéﬁlm‘%ﬁt RH@%@eFe@é PAHibIRSTzd B%eamé#tfoﬂmér phase

mm such as from about 0.05 mmto about 1.5 nm or
cer berfraboabot. @0ppm to ab@utﬂ amg apchstill in anotheeembodlment the

~Evae ok et TN OPRE Rl i oBe B T el i 06 1A i poout

- 0.2nsth bhch of BieeklanbedTheaits Byicallyh ehabSlbR s a@ées

size of the color forner phase is fromabout O.

distincd gedisubstaniially insolila inbthe pRlvmedrigstvatenphase typlcally at
m[s)ﬁg{set@“l[r}étlf %8%nﬁ%ﬁrﬁ@5lﬁ§fl?rﬁ 'éf‘ﬁs?f ?rte firjdrﬁta'gc%t?ﬁ 9('.’}%i to about
351185 ¢he pylymeaic a;ctlaatdr(pmmse érqoenwswteeastqmdtlauyanolten and the

coEroRDR) hBRsS bltestaditnln, FRYS Weeime S ralan GBS aié cbserved
byoaéweﬁf bveHng%.@Wgﬁt%d%ﬂ abscﬁr%frag alhtEe 8t ehE@pt Further,

arti mel’ts therein. Simlar effects are observed
mb!;ﬁ @l@nplﬁéfa yneling:ean HYPIeYerny ingrgase inagesoatiastinsoms a

erﬁBH&uﬁueen‘?é Thadin " B ain Rt smfb%%t%‘ug ﬁglélét‘%% en

fove Or | Nncrease i mage contrast
coenfmletb meitingy. oﬂfhassoldrriomw hdsedn tea polypdrid amt\ﬂa@diﬂphase can

o Srbreeg. 1O even

Wlthout being bound by any particular theory, there are at least two likely
reasons why these very small color former phase particle sizes provide
improvement in marking sensitivity and/or image contrast. First, by decreasing
the size of the particles of the color former phase, the surface area is increased,
and thus, the surface area to volume ratio is also increased. A larger surface
area to volume ratio facilitates faster melting of the color former phase particles
as well as-faster mixing of the molten color former particles with molten

polymeric activator phase. As a result, faster imaging is possible. Further,
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conplete nelting of the color former phase in the

pol yneric activator phase can be preferred. Wthout
wheina®7isound by any particul ar theory, there aP€T/aB2005/046089

| east two likely reasons why these very small col or

former phase particle sizes provide inprovenent in

mar ki ng sensitivity and/ or image contrast. First, by

decreasing the size of the particles of the col or

mPRLCR R CEn A1en P SEDS B SEPUNY & TP e e ERguHat fe
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e T ST LW
carhpaositien as Ial wkxelé kTwpcrrada fseng usedrforamarking epticaiidiskat for

T B AT ook o
12(@ Aineflel @ 3 Pﬁ1 %56&'192 ?h\z eB?E)ré\h&n VapliclEQtHER ar® ly of

conpafed’'to the wavel ength of the ra iant energy use
the sama orden of cragnitutierarisntplies epowiarédto the wavelength of the laser

gl iR, VI Gl e B BN Lo Bmal, dat
so@h@ﬂhg 290s8dbly intekadtion It ¢asermadiation with lérg’ﬁﬂdoqbra‘bﬁﬂér phase
nm By prow ding particles that are roughly of the

pag‘aﬂeS&aaéfesw inRajtiAt isdiecten shife laserckagsay Galising uReecessary
gﬂﬁ%%té;, gdech?gf d‘tlélF%’izé ﬁ'@rﬂdsllghflygl%tr%ﬁc(%tbbﬁf tH&%same

or reno n ot her wor
ordeabf magnjude)useyenybelow ¢hewiavetength bbtherimagiigatadiation, light

sopiterina Bridan i b o8 Thn S B S iedoetinrs Prjnsted. ‘Hédee,
.mpmwgwdmusn effitrel §SsF thSxoh §érﬁ‘ geté&le%at Whhéh FhkSates
fromslightly |arger (about the same order of

Inwdylhem@ykmg seos_lﬁv'neobthetq%orvﬂavemrrgxrnpwthménghmrgmﬁ@rast
in rsgﬁ}eaéh%%mdné&@t i g%de‘ %t?uh@%%ﬂé%@%g@g)é g‘ﬁ%lP ngéé&‘sg Though

ectlonlsre uc ['T'm nat e roved

natbequipgd, an oetfdetaiceymbbdintentcibatiase ermrgp evaveldrgited
whi ch transl at es hnt 0 .hi gher rk| nlgr en3| tivity of

R BRUISLS PZ619! U GRIT TTBIRY PAGESIRROS thre
pgﬂ*gs%ﬁfsﬂ % la88eidigy 2 bhbthel @riBddirfehl MIC Baffcld SigB F the

eds oug not qui red, 1n one detail
codm‘dodneephase heor ’r@smcrplleabmgyf theasemenergy is go earerthan two

irhBEu 8 A By B Bl D el B
siﬁl@éﬂﬁpbrwmﬁav@ehgthl)he particle size of the

The color former phase can include a variety of materials, but must

include at least one color former. Exemplary color formers include leuco dyes,
photochromic dyes, or the like. Fluoran leuco dyes have been shown to be
particularly practical in accordance with embodiments of the present invention,
though other leuco dyes can also be used. In one aspect of the present
invention, the leuco dye can be a fluoran, phthalide, aminotriarylmethane, or
mixture thereof. This being said, almost any known color forming dye can be
used, as long as the color development criteria discussed herein are met.

Suitable leuco dyes include, but are not limited to, fluorans, phthalides, amino-



10

15

20

25

30

color former phase prior to application of the |aser

energy is no nore than two tines |larger than the
wowrnehesgt h of the | aser energy (based on averBgEUS2005/046089

particle size conpared to wavel ength). The col or

former phase can include a variety of materials, but

must include at | east one color fornmer. Exenplary

col or formers include | euco dyes, photochrom c dyes,
traryimethanés . arfinosanthehesicamihpésoxsnthebes; ransinove) 10-aiteiro-

aBligS PinobhBnPRRey. A mORESAN BEMS. PRGN BYAE: can
pBbRazZiRGs, @ﬁmodlﬁhe@gﬁnaﬁaﬁéé é?ﬁmbhgdﬂ%'bﬁﬁ%%ic igg)gNt i on,

the leuco dye can be a fluoran
(anesthanssy levse magibinas) anﬂmueepom@ng@fstemhzw Imedmgyphenyl)

< e AR, WG B REIR X500 38 g
dyees, @minar2; 3wdittydrSanthadd eindees; metlt?’mgﬂmpwlbiplﬁend)ytz pre
i de

h&ﬁ:}) | Itﬁ@ﬁ&ﬁﬁeﬁlngﬁgﬁlmlaﬁgq{g a(ﬁ]aqr@‘q@gamlmes phthalocyanine
pRIEUPSIr (@AY 8RR aviithbR- f%ﬁ%@r&‘h‘\déﬁ’é\ﬂfda% "Midia), and

ani nophenoxa2| nes, am nophenot hi azi nes
W@ﬁm‘ﬁﬁdhﬁyfmfophenam nes, ani nodi phenyl met hanes

‘;g‘t E/?\Eé%rﬂ g@gﬁ@gﬁ%@dax gé,{ RAVE broven exceptlonally
uskfpt foy shicoryoration linto the Tolbr Poveikg 'cmﬁiﬁ)?sﬂloﬁ% ofithél B@é@ﬁ

| euco i ndam nes, hydrazines, |euco indigoid dyes
inyantion. ZSgygrql,pgpdlgmlmg gwpﬁ[gsecg suutable fluoran based leuco dyes

'nﬁﬁgb ?gLenﬁ??‘#ﬁ‘%g?ﬂ?ﬁg‘ Fanf enet an| ?h@\gg{ﬂ,}_ -toluidino)-6-
mpthyflﬁﬂ-mymﬂuwam e?n:(N-aﬂn)d N- mhndamir’m)ﬁnwﬂwl?abl e
I t t th f.

e Shetriatfa e e b dyehvanEnaibesne. -
pymmmcs enabihyI-asdiiliHofluBFarie) 395ipeFidihb BrmeMhi- - 851iF N rane,

ormn ositions of the present invention. éever P
31<ll8ﬁ:y|clq?ﬁetxvl:§ ra%ﬁwiﬁra@obﬁ rsethyhBtanilinaflopeane, Ssdigthytanino-7-
n@-\’rﬁ’ dtrﬁﬁnleﬂ&ﬁamh ane 73 gﬁm yl%rgyfr‘ %p?ﬁtgyl -7-anilinofluorane, 3-

dléwrmmbw{pmmmmmfm@anm bibhtyTaramd 7qef | uor ane,
N- i so?n}/ rp nmet hyl - 7-
hiwﬂqan ige !}kﬂfﬁﬂ% ethy ammo 7 (o -chloroanilino) fluorane, 3-di-n-
| fal I uor an
PR EERED % STl O B AR AT bR L1
afBllrmfb@ramh&m-ethvbnhydmantahmlnml)eﬁ-lnmihalnbamlmoﬂuoran 3-

el R A P PR d bl
tefrbumbtms 3-Bisfh- Mdﬁr@mw@mmdypﬁéw” 24 hdthBRfgHeNy BBthenyl], 2-
anlllno 3-methyl-6-(N-ethyl-N- |soamylam|no)fluorane (S-205 available from
Nagase Co., Ltd), and mixtures thereof. Aminotriarylmethane leuco dyes can
also be used in the present invention such as tris(N,N-dimethylaminopheny!)
methane (LCV); deutero-tris(N,N-dimethylaminophenyl) methane (D-LCV);
tris(N,N-diethylaminophenyl) methané(LECV); deutero-tris(4-
diethylaminolphenyl) methane (D-LECV); tris(N,N-di-n-propylaminophenyl)
methane (LPCV);, tris(N,N-din-butylaminophenyl) methane (LBCV); bis(4-
diethylaminophenyl)-(4-diethylamino-2-methyl-phenyl) methane (LV-1); bis(4-



10

15

20

25

30

di et hyl am no- 6-chl oro-7-ani | i nof | uor ane,
3-di butyl am no-7-(ochl oroani | i no) fl uorane,
W®@2mb@etIsyl am no- 7- (o- chl oroani | i no) fl uorane, PCT/US2005/046089
3-di -npentyl am no- 6-nethyl -7-anilinofluoran,
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Ot??gf %Q%@?{Pﬂ%ﬂ%&?ﬂ%lgo b& kgt n%Bﬁﬂé&%nzwﬂﬁmybreggﬁp%lvéntlon

arld siedkribivet toythese skill2d e they hphdnmloye détailed tdigduasiomoefEome of
ny Iz msthane (LV-2

thgse tipgsatileledyrs %—@n Bﬁé(pénq inkdsSh fatent Nos) 3,658,543 and
6,95$641 d%&éﬂ‘?ﬂt \ﬁ’rmcﬂoacyg her?]by incorpor. t)ed by %eferen e |r_| tlselr

“nmet’hyl pheny I met hoxypheny ane
erﬂmeh&at rEmmplestararﬁeumda wn@_qwu Agma’ubesmﬁﬂ.egbk\ﬂves

Mg, R ool Bk g N YETh & i Tt 0-o08"

wﬂslgysb wiiBH ifFcoRidrafidyhereRi handetepite0 dyes with any of
r ecedi ng naned structures that are further

subs MFIIQﬁ"édthﬁi leHce dye ganhs rresertlin eplesfpaming garapegitions of

t
8 RSPk b BVRASERR RGNS, Aty grounts
outsidethis range gbn dbebammessfullyl usemrtmnendmg/\om thet bther
pr esent i nvention g

th d
copmPnaNts ORhasamaes Ho. BMetae 10a SROD 5 STt ABA 20at%

frédﬂ%‘?ﬁly o%&é%@eéﬁ&ﬁe @aQitpe found in U.S. Patent Nos.
, 658,543 and 6,251 ,571 , each of which are hereby

i ncdnmudalt tededyce development timescnd iBataasetsensitivity to an

gl aeBpueh Skt he, Eolit Rtk bhafE SRRt L 88 usting

aif0SitabRNAeing &iBNcaf hd0éa rﬁémﬁg-témp\afatal‘e frém about 50 °C to
i ncorporated herein by reference, i ca the | euco
gy 160 Copnh PGB oM ALLW 31 G & APAY Lok Mating ot are
typically crystalline organic solids which can be melted and mixed with a
particular color former. For example, most color formers are also available as a
solid particulate which is soluble in standard liquid solvents. Thus, the color
former and melting aid can be mixed and heated to form a molten mixture.
Upon cooling, a color former phase of color former and melting aid is formed
which can then be ground into a powder. In some embodiments of the present
invention, the percent of color former and melting aid can be adjusted to

minimize the melting temperature of the color former phase without interfering
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the present invention at fromabout 1 wt%to about 40

wt % Al t hough anpbunts outside this range can be
waeeweesshul | y used, dependi ng on the other conmpONER1085/046089

of the conposition, anpbunts from about 5 wt % to about

20 wt% frequently provi de adequate results. In order

to reduce devel opnent tines iand increase sensitivity

to an applied radiation source, the color forrrer _phase

. furth | ud . t bI
witffhe' dEietapmentpidRrbthr i dia TWrsh Ut ihe iging aic
cadnCcoiptide ﬂréﬁh é&tﬁrziwﬂi ttg rabbupzrs ARWSF thE cfé(értferraépyﬁase
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cafnoélgg Juﬁur@e HPdrﬁét“tgh%r@cél%oEQr HPﬂ'\eWHé?Naﬁ@éb t\ﬁ'ﬁﬁh l?ﬁowde

ground Into a I'n sone enbodi nents of _
gqudesmvent qinaemtenmcsm@ the leuno dye and| r@dla’uonr@soamrs used in

TS5BS LA, i Wil

the @bﬁfrffsrmagawd Fadidtordavsdrbprené mpltimpaidi &m aibotbkRsist in
ye. \Wen used, the nelting aid can conprise
re#w@ﬁgatb%meltznw%%ra%&ﬂ the; calod; fo“qrr?é‘dcﬁ;??eﬂ'z? hergelor

foRfigrhast RURBEmALABES ke (& MieaRLINR dSurPdchitalization of

the m:mlmtfonmc_ar ;Smw iato imalihAd uahcbmp@nemta)pllregenérat Laryaimiagerial

nayingha Mt o PR Be ittty St el solds et I Rttt glass or

co%r'&}éfé%neaﬂﬁ’asl’é WitH RS didie eérﬁpélter§whé ﬁkémgm}ddemg GTitRE dye is
can al so include aronmatic hydrocarbons (or théir

us@dyliin dhis psegesshi far gxeowRlecargarticdpidregarbons, phenolic ethers,
= PSR EEELE ol High B ERA DA BH: Wy

- wax, enehé likecantalsonbe bnltatmldlmelnng afsdi ssol ving the col or

former and radi atj on absorber, I ti id ca

al s \editiong! maf eF'éGLF@I'h@JS? he 'W@PF?&@MS&&W@’ Bﬂa%éu‘?h
asf %lu%o{ %E&& t@%‘i‘aﬁhfé?b' éﬁ’-tﬁohhﬁnfsoheh Ié@édf@élol%ﬁé €ralilation

he anor phous 'state (or  east sl ow down

ahsecbgfstahdmmtlk&m of the coI or former phase into

i ndi vi dual conponents). In general, any materi al

having a high solubility and/or miscibility with the

col qradiatioRbiserfert m a gl ass or

A radiation absorber can also be included in the color forming
compositions of the present invention. The radiation absorber is typically
present as a component which can be used to optimize development of the
color forming composition upon exposure to radiation at a predetermined
exposure time, energy level, wavelength, etc. The radiation absorber can act as
an energy antenna, providing energy to surrounding areas upon interaction with
an energy source. As a predetermined amount of energy can be provided by
the radiation absorber, matching of the radiation wavelength and intensity to the

particular absorber used can be carried out to optimize the system. Optimizing
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co-crystalline phase with the dye, and alters the
melting property of the dye is useful in this process.

wao-20060%®opl e, aromati c hydrocarbons, phenolic BCHESRN5/046089

aromatic acid-esters, long chain (C6 or greater) fatty
acid esters, polyethylene wax, or the |like can al so be
suitable nelting aids. Additi®nal materials can al so

be included in the color former phase such as, but not

e FYtef eludE a bioess Bl saptingtorgBhents i ic BUGPforming
ceawoaitionnvingb sabaesult ineal ranidly rdexvbopably cmmposuhen uhder a fixed

PEIGY SR Bp Gk ofelin oF & pafiren Hes: 57 x8mele compasitions
optresgreseABinRefNEIPOME BE opfinfized it d2GelbpRibritUsRiY 4t 2

devel opnent of the color form ng conposition dpon
PEsdssetmiped wavalgnath o laser gnprgyd etk Ao, 560w 880 nm, 980

Yinl he radjatio o

ni, ?ﬁn Ogg‘?{:ng Yin g@Y E"géhéévﬁe"éh Edr?gﬁ*gcgﬁ’nﬁﬁgﬂ- Bﬁ eg@gaﬁglégo the radiation

lSedﬁMe@pedamslass thamda poedetemsinag peribdtof tiat, ie0d), Wsktham 100
redet erm ned nt of energy can

uERET PbuRlEh Botinized: DR AP LR arsar Bandicata that e olot Raming

ccbmébgﬂnbﬁns u@vabséambs%fﬂabmwtaquséﬂébnﬁcoww&eﬂgfht hﬁ’t‘l'a&lﬁer that

absor ber used can be carriéd out to o

theycarapesitipn can berf@m&pﬁﬁsw@nmamﬂmfw timp frares ssivg a glven

f [ faormn 0S
AP S IRPAA o8l S-SR S o
stabiiey oeerfextendertpé o Db t&NéOISeJ rsevéfl hashtas 't@?eéﬁ*s @hus, an
, conpositions o

wf@@éﬁlcawqrbwsekﬁ?s@ Bﬁpm’ﬁ'%wn‘ efralbeqrapoperntaof the color
fo%iﬁ}ﬂcé\hgésl%ﬁ Wéﬁééﬂﬁ%@ﬁhg@%&ﬂbrg&ehﬁ%%ﬁ@ ﬁ{a%}' ity. To

nm 650 nm
!||l|1$tr athi inHformulatiop dne t:olamfmrmmgmpnmdsltm ahHthe peskent invedtion,

o B B 05 SRR hh 55, B TSR S
conapbdnent oM af%&&@@évél@ﬁrﬂéﬁ%ﬂdpérﬁé%d'e 1t Gmehabiof W'ffensqy etc.

col or formn conposition is devel ope m)st rapi d
FoI exameple @ dorarigg icomnasitiont: having aaadlahen @otgros mtlma

f
T T .
Othies compaineatsearah trentp evific idrrg\htat@hai@lnl rebMIt @V &h optibrfzeted
erio

I ths t Thus,
Il WAL HHERD GNP LeArIasRORd 1o dhs MIEDRLT

ab¥okptisHBORENa8ialibn Wnferffd. OThus, the process of formulating an
optimized color forming composition can include testing formulations to achieve
a desired development time using a specific |ntenS|ty and wavelength of energy
to form an acceptable color change.

The radiation absorber can be configured to be in a heat-conductive
relationship with the color formers of the present invention. For example, the
radiation absorber can be included within the color former phase, the polymer
matrix, and/or a separate layer. Thus, the radiation absorber can be admixed
with or in thermal contact with the color forming composition. Typically, the
radiation absorber can be present in both the color former phase and the

polymeric activator phase. In this way, substantially the entire color forming
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form ng conposition in affecting devel opnent
characteristics and stability. To illustrate, in

wo eooat®mvi ng t he col or form ng conposition of PEEUS2005/046089
present invention, an optim zed conposition can depend
on a variety of factors, since each conponent can
af fect the devel opnent propedpties, e.g., tine, color
intensity, etc. For exanple, a color fornmng

coffRBHT fra, Pafostth o ae BPaRH e ol SufeERtary ™

simataskousty. ARérnativel) thes radiztivarsbsosberrchn the applied &s @
formul ation can result in an opti méed conposi ti on at
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ex%?ﬁﬂé on?féldgraﬁ&?céﬁgls%tbé’glvéﬁtﬁ’&ﬂ OSi n_?‘ﬂﬁe radISticH 8685 Ber
of formnul ating an optim ze col or ng conposition

swhﬂhatmhwb@wttmorb@ indhevisilblesasge doas ot adversdlysaffest the

nt ti e usi ic.intensity an

o6 g o PP ARGE o5 s FbL rhind hFBpsHioBginer before or
afehdegelopment! adi ati on absorber can be configured to be

in a heat-conductive relationship with the col or

f or rtitablg radiation arteAnaicandin selacted drona adiinlaer efyadiation

S I or

abgsﬂpde% sﬂﬁhaag B[Jﬁr%t Il?ﬁl;brr@cgfr?) %IHGE‘P%&YQ%?}@%&@ I!)egé‘ré'gt 5
pdrply@ins, 'ﬁbcph|n$ Hedo@anirie dyesalpﬂnenbmzmadebeam xed

th h h th
PrBHBRATING AYeSyTimeny) Msktindhen Pofalbinenbise uatgguieny
dye&e&Ritbnium E?é@ ﬁdlﬁnéﬂhr% wfd%hﬂ?‘ﬁrdy@%aﬁ%tél%rﬁﬁléx IR dyes,

pol ymeric activator phase. hi’'s way, substantial’l

cyanmegduer?r squalybuny dyes, nbabag@ls?w?'dpamh@needm dtalizing
gV TInBIER, SRRyl Syt dks. Babtyes and mugHres or

deti@atilss ﬁﬁl@éd)fecb’m%r 3uBatsla antenradyin a8 Gk WY iBehe present
opt i onal I y spin-coatable gor screen-printable, for

invgntion and arsnsioye? ta thoseskilled)in martgf\r\sdeqart ke fqrnskingsyich
reﬁ@néé&déiLf@ea%%g%ﬁg %@ M\% dfs%'ﬂ'j téb?ﬁﬁfe‘ﬂ%ﬂ”l PPess,
Negw ik 1 98BN @}BOqusBék%ah)(:aawcheahmfcaJEd Dyesrfai High

C%E\BESI t! og e! .t her for Qa&%@%gmﬁ)%genwéwr Academic

Pdw@héfs (‘PSBN&Q*—VQQBIH’I oab(»Obb@f@er@h a6 indoboratdd hérdin By
0, al unm num qui nol i ne ‘conpl exes, por phyri ns,

refﬁﬁemﬁ ns, indocyani ne dyes, phenoxa2| ne derivatives,
pht r@éﬁg@ghgﬁ chea?so 88 g}%‘?\t Byéhoogﬁﬁl thg%g%ﬁgn antenna such
i he guar a
that any light absorbed |n the visible range does not adversely affect the graphic

display or appearance of the color forming composition either before or after

development. For example, in order to achieve a visible contrast between

" developed areas and non-imaged or non-developed areas of the coating, the

color former can be chosen to form a color that is different than that of the
background. For example, color formers having a developed color such as
black, blue, red, magenta, and the like can provide a good contrast to a more
yellow background. Optionally, an additional non-color former colorant can be
added to the color forming compositions of the present invention or the

substrate on which the color forming composition is placed. Any known non-
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dyes, croconi um dyes, polynethine indoliumdyes, netal

conpl ex I R dyes, cyani ne dyes, squarylium dyes,
wa@bmbomgeno- pyryl oaryl i dene dyes, indolizine dBeEBUS2005/046089

pyrylium dyes, quinoid dyes, quinone dyes, azo dyes,

and m xtures or derivatives thereof. O her suitable

antennas can al so be used i nithe present invention and

are known to those skilled in the art and can be found

[ f
ool B R RER el Tod il Ao\ BB ol P8R0 bagiground
coldrIBNa Givifibe didiEicid) pradiciearthdufrr meai)ela}ffescdl@rr foringts and
Technol ogy Applications , Daehne, Resch-Gen

 anjgnnasrdsClsgar Bereit arWpicall SEPaTAS SOMPAERAS, Stich activity can

al%i/ B?i}?eﬁ&g& 9)0&5\ fl't% gtd/ﬁ@is%?b% ik %ﬁeyd?Qfo%rEfgrrﬂéfse\Nﬂlch

erence can a so be gl ven

‘are hmmpogate@ @ tlmlaet'tvabqn antanmadigtiom ablaajﬂmmgcﬂlorght color

0 th do t ad
fofRei ol e 3ebpER o Eoidl rreradRISR 2bsPierd S SRF considsred to
bd RitHintHe GeBPE Bf thedPredichbmiveRdr e or after
devel opnment. For exanple, in order to achieve a

vi sianousdrdiation antenramCcanaeh apet apiswe tarapsorb
elect orp 1o r%fdlé}@'ﬁb&%g Rlid &eﬁ%@hé’%n& '??n§é’%hg{é9regéll@/?a

or ner ca 0SEn ma colo
radiatibaramténrichwhidhitads a)fna)dnaub'ahg{‘g rabsorptioRaat aeiaithpe @cinity of

o B B BBA B
ln\%gfdnaslfortéka%[ﬂgr B orfd é%c@@?hﬁr (Pre8ent IQQéhl‘PcE‘rﬂ'thé( co@?

iti onal non-color former colorant can be added t
forrhiagmsinapoditiemiany be aptioyzed withingd range for dewelopment usmg

a0 ey S BRot RS AT a b b o W i
orkoéidbadimeérttn GemuredC Ddbwaaingdasersnaveta myeléagtrf éfabout 780
background col or  for a_given comercial prod

- nmRPRGRTHbe AdaBteddPr forfwzg thagesy %F%‘e‘a‘%‘(ﬁ'ﬁﬁﬁéﬂﬁaé‘g portions of

thd1cd ?3ﬁ1q|npecro%cﬁbns?tgcﬁ1$ gﬂl‘éﬁbﬁ &n%ﬁﬁ%@%ﬁcﬁ%@ﬁwﬁﬁtable for

suc act Y rovi by constitue
usgrindpe inffarbd rldeges candiachude ddub ardé nohimbedva, qiol;anethyl

@corgora{ai n thl?t a\ctlva on _and/ or rao\
indLiR$)iMG 8?7%’"% Yo INTUYABING HFREQ P W&%h'e? dyg$ sHch
ad ;svrrmiaMeaﬁ@ﬁéwaoa@ﬁt?ra@@s alaia2LEPyEeyss, desashitim d%s

hin the scope of resent invention. Variou
cypatiexdyasn sguaeﬁua\sdm caalcoaen@wrmlﬁaéﬁldane @ysbsmetal thiolate

o6k 9BRANEIchEIdoRNBEY ) 8Oy HRAHE e8It 476,
bis(aminoaryl)polymethine dyes, indolizine dyes, pyrylium dyes, quinoid dyes,
quinone dyes, phthalocyanine dyes, naphthalocyanine dyes, azo dyes,
hexafunctional polyester oligomers, heterocyclic compounds, and combinations
thereof.

Several specific polymethyl indolium compounds which can be used are
available from Aldrich Chemical Company, and include 2-[2-[2-chloro-3-[2-(1,3-
dihydro-1,3,3-trimethyl-2H-indol-2-ylidene)-ethylidene]-1-cyclopenten-1-yl-
ethenyl]-1,3,3-trimethyl-3H-indolium perchlorate; 2-[2-[2-Chloro-3-[2-(1,3-
dihydro-1 ,3,3-trimethyl-2H-indoI-2-yIidene)—ethylidene]-1 -cyclopenten-1-yl-
ethenyi]-1,3,3-trimethyl-3H-indolium chloride; 2-[2-[2-chloro-3-[(1,3-dihydro-3,3-
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radi ati on antenna which has a maxi num | i ght absorption

at or inthe vicinity of the desired devel opnent
woawelogsgt h can be suitable for use in the preBenUS2005/046089

i nvention. For exanple, in one aspect of the present

i nvention, the color form ng conposition can be

optimzed within a range for22devel opnent usi ng

infrared radi ati on having a wavel ength from about 720

i PR 2080 2 i BRI 5y SRRRh S ey t-3.5-

mm&ﬁ\wanpmymmm iddide; fR[202a¢hlbrpgEdl @-}ﬂlfﬁﬂ'l’@-qt?b Batiphethyl-

devel o portions of the color form ng osi tion.

2hkinf - videagiethvlidenglilcoydehiexss- EMI]%@SP%'H& use in
thé?mmﬁfdbﬁurﬁ%im 991048 dhrb%-@gﬂ 3bdih ?"F 1'303 gtrh&'hE:PQH -indol-

iuns, net
2- yimmte)aﬂuyh@erge]e‘enyclpbé)gereﬂ Jml]atheuhyk}éi 3 Gdhnmshylmdollum

d vl d d

S PR (R A L R R e e
y|laaﬁémﬁﬁmm]-zl(gﬁéwltrﬁ@)nﬁ ?MI@ﬁexéW-H aw]eltrliérq)l]as 8-SR -

dyes, Dbis(chal cogenopyryl o) pol ynet hine
Pf@Rylmﬂ%UUtP@réhWé@ aﬁdwmrﬁ%mqreyfpo‘hlsﬁf@ahv% thpegdiation
adéé‘r‘i’r?é c4 h%% a{W fnor a%m }ééing%hﬂéi G %ﬁll I&Odﬁdé"yc%?%orq Bial&‘il“e

yes, phthal oc nap 'hal ocyani’'ne dyes,
selyrdam, be e likect Polyaietpmbm@sem dehvgmmsrmeréuftsezcbcascé | c

co [0} nd a coO ati on t ere . eral ecif
PyE O DR Te- St TIRSIen SHHAR G ipsShEhAs GuSaedpay dyes,

cré(\!?’rhhﬁrbchfesf 'b??ﬂlﬂu?éé %rg\‘edﬁn%éo G@"[E%H}in 1R Bré gt HiRNtion.
2-chl oro-3 (1 ,3- dihydr

SLljltﬂb:!B pymmmhm?moaﬁ @ycmeotylldew nni_rmegi ﬁeltennaeplanlellp_elfafyc

exgliti 2t S ST baipippgiofie S8R YT FAAIE 13-

dim&thiR2H- mrohztw|aanemwnd%n¢]dydm@htymabué} fiendiinethyly @ @1)
penten-1-y 3tr|msthyl 3H-i ndol i um

(SBRPaAvatable Fam [Fé%ﬁhswcass (@armany);

, 3-
L or gb%& %e@i gpfhl g%% t in%eqt!ogé%he radlatlon ?ntﬁg)rg% cap be
selgdtée fdreoptinmiz8ticn oﬂtheemdigﬂ folmmgocpgrhpmﬂnd)m uma Mm!'edmgth range

ST ABRG P08 asaheytchaR MaStie] 33 Sboyt iR BRE NG imiting

- eanﬁﬂl@% Bﬁgulltdmé ra&aﬁon bhte’mtaewbr 068 18 tRdletT:wavelengths

| or o- (1 ,3-dihydro-1
carengmae.ummmmyesdwch as éHrlaea@;rmzqwa%ﬁé]ydm 3,3-

R N T e

lodlﬂepmye 4! I)\mh)d 642 nm), 3H- mdohum 1-butyl-2-[5- (1 -butyl-1,3-dihydro-
lsql %E{M%%h Eg-yj]pﬁg@h t%&'e%%] %3 3- d}/ t%pﬁ?;)%rrléh]lorate (Dye
683 Amax 642 nm), and phenoxazme derivatives such as phenoxazin-5-ium,3,7-
bis(diethylamino)-,perchlorate (oxazine 1 Amax = 645 nm). Phthalocyanine
dyes having a Amax of about the desired development wavelength can also be
used such as silicon 2,3-napthalocyanine bis(trihexylsilyloxide) and matrix
soluble derivatives of 2,3-napthalocyanine (both commercially available from
Aldrich Chemical); matrix soluble derivatives of silicon phthalocyanine (as
described in Rodgers, A.J. et al., 107 J. Phys. Chem. A 3503-3514, May 8,

2003), and matrix soluble derivatives of benzophthalocyanines (as described in
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propylindolium perchlorate; and m xtures thereof.
Alternatively, the radiati on antenna can be an

WO p@sQZIIC conmpound, e.g., ferric oxide, carboPCDUSIIRS/046089
selenium or the like. Polynethine dyes or derivatives
thereof such as a pyrimdinetrione-cyclopentylidene,
squarylium dyes such as guaizazul enyl dyes, croconi um
dyes, or m xtures thereof can al so be used in the

AGIAR PR 308, BT R, P8 EAZS-603% At 21 STie

thH§Ing&1|né% %%ucﬂ 4 thbde described in U.S. Patent Nos.
rimdinetrione 5-[2,5-bis[(1 ,3-dihydro-1
6 015 896 an 025 486, which are eac mcorporated herein by reference; and

L A R e SGASH s SRAETE A AR Eflang

heireyth Qahax =@O6MaNY) . | n anot her aspect of the present
i nvention, the radi ation antenna can be se) ected

opt i RiYEAENBINes AsPRE! QfdNe PresshinigrtigRpgset h%’{'% blue and
m&‘@&% Hﬂgothéfﬁr%% bboi ?dIPHFn ®Uh ol 6bo rﬁ\beah b?e%%é?a% develop
as about 650 nm Non-limting exanples of
the wiotcxfoemingdicampasiticns: e'FheIefofrerthagz;esentth@tmm provide
¥&S: such

cdﬁ_f?al Bl t{‘ﬁmég{}g&?{w@%&eﬂ g\' r%ﬁgg ?rretﬁ%lln df:-wces that emit

| waﬁl@rﬁ)g‘ths%l'mm&ﬂé ré’ngé | Hesénttyldeveloped commercial lasers found in

3-pentadi enyl ]-3,3-dinmethyl-1 -propyliodide) (Dye 724
certairy DY anﬁjlasesrch%@@prdms quwnt:prw ¢ forensgy at a

w08 i, FHLe AP DBsfof Y BE gy pvention
usimpappropriaty racbait(brpmtenwae icap bdmuntedtfowase siithicomsponents

B g e e
wn%g'ir{BiXRQ&a%Bﬁl&nté%éj\ﬁﬁich%ndcﬁéfﬁéég%ﬁ‘b mv&lﬂ%ﬁgmh@ame

al’so be used such as silicon 2, -nap th a ani ne

(~B08m) iangdxpdigoiwavsiengihs aan lrmtude >bu§, are the rdded {aitalyminum

o oS AFPESELHPRLTR SR e Bl AR ereot

N&h-limitgy @@édmd ezample@e:f(sa&aldle&adiahed anrterﬁemd@mf ihclu%leh -(2-
et aI ys. Chem A 3503-3514, My
chigrg- %yvvah%rmlm%eta&lﬁ%ﬁukmhqml)aéﬂﬁo@w@ﬁa'vrbém wéedlum

s S 08 i A oo St Ao 1A -
4'@@@1) 33, 3t-dietsyitiRpyahipecethyistifdie (Pat®0t 48dsmp 334@%9@
and 025, 486, which are each incorporated herein by

ethxelftbrr@tbxd 2-thiazatinylidene) rhsdaring i} M@t #aAinme) (eash available

_ frcrrﬂ,'51 gaRl eel%{ﬁs: é/?n%cé%bm&%%itaer{d m%&grle%qﬂepe%\f.i ?\%n‘aimiting

specific examples of suitable aluminum quinoline complexes can include tris(8-
hydroxyquinolinato)aluminum (CAS 2085-33-8) and derivatives such as tris(5-
cholor-8-hydroxyquinolinato)aluminum (CAS 4154-66-1), 2-(4-(1-methyl-ethyl)-
phenyl)-6-phenyl-4H-thiopyran-4-ylidene)-propanedinitril-1,1-dioxide (CAS
174493-15-3), 4,4’-[1,4-phenylenebis(1,3,4-oxadiazole-5,2-diyl)]bis N,N-
diphenyl benzeneamine (CAS 184101-38-0), bis-tetraethylammonium-bis(1,2-
dicyano-dithiolto)-zinc(ll) (CAS 21312-70-9), 2-(4,5-dihydronaphtho[1,2-d]-1,3-
dithiol-2-ylidene)-4,5-dihydro-naphtho[1,2-d]1,3-dithiole, all available from

Syntec GmbH. Non-limiting examples of specific porphyfin and porphyrin
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In yet another aspect of the present invention, |aser

i ght having blue and indi go wavel engt hs from about
WwW@o®eomsvn about 600 nm can be used to devel opPtTES2005/046089

color form ng conpositions. Therefore, the present

i nvention can provide color form ng conpositions

optimzed within a range ford4use in devices that emt

wavel engt hs within this range. Recently devel oped

acfielien v R AP Rris RS M fu Rl gt i 2.4

bi®EthRME gted (B30T Usvailbble fesmTIFRIShiidradsietifid, AAd mcwe,&nyl
i nvénti on usi ng apﬁr opri ate radi ati on antennae can

be
pomhyréu(cf/&ﬁ 2683-84- h azorfyesavch asherdant Qrapgad(AS 2243-76-
K I
CCO%WG%RWHA@GW’] ﬁﬂ ét?%{rﬁa azi?t%zlﬂir?gg( %l gg_c%g%)t %gman
Yellswf MIAS @196pt46+1 y, aivaitable rironin AldriahecHerdifaincompantly, and
g? El engths can include, but are not |limted
m qui nol i ne conpl exes, porphyrins,

por RRicAeh A fkedd értn%ﬁﬁnéﬁts d?éﬁéféﬂy \¥8s réd]ﬁf &?Ebsorber can be
Non-limting specific exanples of suitable radiation

preserdrin she galor fymidg comppsition as a whole at from about 0.001 wt% to

o5 3035, 2] SERSRL BB ik SRV g g oer

wéigldtl ieinget aaynbe deshable dbp@adb@mﬂ ﬂrteemblarrwsorbtﬂﬁ ofithe
3' -diethyl thi acyanine ethylsulfate (I nmax = 424 nm;
pagﬂ%lawad@tmam% 4- met hyl - 2-t hi azol i nyl i dene)
rhodani ne (I max = 430 nm (each avail able from
Organi ca Fei nchenm e GrbH Wl fen), and m xtures
ther@tbﬂer Oxidionial mgtrédignSpeci fi c exanpl es of suitable
al um noli ne co nclude tr

hy ar e SRt BoRBaRkAS B ERpsagatiBiediorifa also inlude

varBls \waditional esvpboAsntsduehas colorants, liquid vehicles, stabilizers,

chol or - 8- hydr oxyqui nol i nat 0) al um num ( CAS 4154- 66- 1
anti-fade @pents, ipjastieizeys,)and other additives known to those skille in the

r{ohenyl) 6- phenyl - 41t hi opyr an- 4-yl i dene) - pr opanedi ni tr
I''-1 ,1-dioxide (CAS 174493-15-3), 4,4'-[1

, 4- D?UII‘Bjdaa‘h‘rﬂé,l in(che, émBodinetit at niay-the desirabig foinciude a

re@lgtigiﬁg ggll?élgg? ggéglﬁgg%% gggqtlaélvagors ?harz can be used mclude 1-

ph@n?blﬁgﬁ'r%dl@Pg%gﬁ%ﬁg?ﬁéﬂ |h3/dfa(iﬁ§ 233Emide; Brmic acid,

hexiaghiliimigagbiedd HéBI), afscqrtmacndf nb@rmla@m substifuted phenols,
3;di,ithiole om Syntec GrbH.
€. %H Pfc’rﬂufri"q{be &]Qr@\xglgeg%%rsgfﬂ fic porphyrin and
por physertageempatliné@its ©fithe pRseatineehieriPik)sontetimésAS
448-71-5) ., deuteroporphyrin I X 2,4 bis _ethylene gl

ol
desitgbls: t@)adﬂ/auﬂl%ﬁéllctzef timrroya cratinG A WRIY, i rabylity. a%d coating
pe"\?}goirﬁ\%tn% L)Fﬁgét&t%é&ga %% @?%oﬁ@ otliquiifashtirers UShchS

dant ange
suitable plasticizers are well known to those skilled in the art, as exemplified in

U.S. Patent No. 3,658,543, which is incorporated herein by reference in its
entirety. Specific examples of plasticizers include, but are not limited to,
cellulose esters such as an o-phenyl phenol ethylene oxide adduct
(commercially available as MERPOL 2660 from E. |. Du Pont de Nemours &
Co., Wilmington, DE), polyethylene glycols and substituted phenolethylene '
oxide adducts such as nonylphenoxypoly(ethyleneoxy)-ethanol (commercially
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7), Methyl Yellow (CAS 60-1 1-7), 4-phenyl azoaniline

(CAS 60-09-3), Alcian Yellow (CAS 6 1968-76-1 )
warabhzesbe from Al drich chem cal conpany, and PAXUSR0@T046089

thereof. In each of these enbodi nents, generally, the

radi ati on absorber can be present in the color formng

conposition as a whole at frpem about 0.001 wt%to

about 10 wt % and typi caIIy, fromabout 0.5 wt%to

N p I T A RA -

ce‘llﬁfdsb%&e?étertﬁﬂyr%léﬁ %nﬁhﬁ&hﬂe& thé?eB?rTﬁPbléé'ﬁ@izer can be
I ngredi ents The color form ng conpositions of the

lngudgém eithereonbash of dhe aphrmermatuu@ndathem@ré@dmr phage.
s t ah ﬁ%?f? dﬁ*ﬁ'/gg can aq aée BEW}I?ed *or%%@éérﬁ@éghﬁ:ﬁlar om Srmal

ant - agents

~ proddétsisuen alennWmdtr@ & bolman‘:tlftb||ﬂn15drtldddﬁtlmlaadés1ré?:bbolor to the

examle, in on @lmsnt it may be desirahle to

imagel |nong STERARIMENTaERe ColgsRRISIGAD heBARICRIPT dgners which

Ry BobRASFACoRR, 1R She SiRaiteht optional colorants an be
stamiardmlglmenfsoamd/or dyesl, Foeexamplebthenusimobar opaeifigt pigment or
scorbi ¢ ,aci d and su t ed,phenol e.q.
ofgEratan oab PrafiiEicRaflbarinpihé BibRERES The Sotbral
cotoranty emnbe aedetineg tins esenformiNg Bbinpdsitioh, UAJSPRBtdIT®?
desirable to add a plasticizer to inprove coating

overeiiited| as {ongias His devslopraaat efdheicolprfemne isdied @revented
h RSP AMIER 85 158l BEntd 81 optiong) colorant.
knoWn anmtméTceabsdilrﬁérﬁdthercdldTe‘OHnMQ mnmmhtrm cam bd prepared in
U. S.. Patent. No.
a Foklion Apyoh srainsFad T ienspeim PeransiSgaad TAGY Sxiahip dguid
ca?ﬁerpleaét bR laf&@ho! WIﬁ'é@&fa&éiﬁt b b@qxseldl WhitRGs E@mpatlble with
I'ul'ose esters such as an o-phenyl phenol ethyl ene
a part@elaa@@mﬁfor(m@rmfycn% matrixv and/gp lotheionrrRPEnts giosen for

use T ighie et e io ik BREE hof im0 stiadll Atk SPen 85

' métﬁyﬁﬂh d@&teies, |§¢t§rbp Icohol or other alcohols and diols, water,

Ieneoxy) et hanol|

enoxypoly(et
SU("E’&X@R!FC@’M Mpdygs @sr%o adV h@mc@@ torming spmREaitieR s
BB, B R BBy R e GRABIASP B Bang
ouee at least a portion of the substrate beneath the color forming composition.
The optional colored coating produces a background color that can be visible
underneath the solution layer. This colored coating can contain various
colorants such as other pigments and/or dyes.

In one embodiment of the present invention, the color forming
composition can be applied to a substrate. The composition can be applied to
the substrate using any known technique such as spin-coating, screen printing,
sputterihg, spray coating, ink-jetting, or the like. A variety of substrates can be
used such as polymer, paper, metal, glass, ceramic, and combinations or
composites thereof. In one embodiment, the color forming composition can be

applied to an optical disk, and thus, select portions thereof can be subsequently
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included in either or both of the polyner matrix and

the color former phase. OQther additives can al so be
Wwa@ookiozzsdl f or produci ng particul ar conmerci al PCDUSZING046089

such as including a colorant to inpart additiona

desired color to the inmage. In one enbodi nent, these

colorants can be non-color f26rners which can provide a

background color. In one enbodi nent, optiona

col orant s can be stanpdard ment s apd/ or
deiipignstiisng & laser Qi ole gt S e o RUEBIs kT pg tRicknesses
caPOfraft als@it PHRViotddRRakgimund color to the

substrate. The optional colorants can be added to the

col orher eplaf fgmingrpemipepitian cander prepatestin @ pumber of ways for

{ (0] \Y

arpfFafin {8 RupSTats A8, the BqbB S ETRM 62 sl utich B be
Ieaktepatrwaltyhenmmienfncwgﬁ kridven eplvenh@imoal presessesn Typlcally, at

48 Paian e ik TR et et ol e SRR ey ApSFale atter
the 'cB8fi g'b%ﬁes%rls Ebﬁiiﬁétéc?memm)élysm E&We%mbﬁd’ih%nts |t may not

carrie e.g., an al cohol Wi th a surfactant, can
bauseckashincto use adigpist ¢asrier, wistthe pojysmer matrmcamb@used as a

carlie e Koy R e R e e Sgf SRR B RERants,

arld miatetthlé np&Bihy endistuse ¢ésistante]! dui slkbYWe ddicaie, prowde
i sopropyl al cohol or other alcohols and diols, water,

megehaniealpretectian & Mecelpeforing egmpositien. (taeceyeicoat
cJ@dﬂD{%(fgSI r a%FtHeolﬁ‘séos R4 SRAve kthﬁ t5thedd P iHhe! drt.

to und erprint a colored coating over
at llaaste aspeot of the prbsehbnsemmirr the cblenfatring kempoisiiion can

oo RS S aBeoAn A o oBBHSTRbI Coorforming
prepdfic8mids giRRoatduility, %rim%ctoﬂls@cw&é Ws@gsﬁgpéﬁd 86lids
can contaln varil ous CO| orants such as ot her pI gmsnts

comteritoandlee bejapnsisieredh dbie welar feming sopirasitians of the present

.1 nvent | Q [ :
it Bsf b LT LR A ERES, bR ieaf oravides good
cdating lpropertiet r &Foe example, amy)nbraswecu; mrhﬁolqiseccﬁuellﬂt éfxa spin-

Spi Nn- coatlnl%:, screen prlntlng utgerln at}/ 0
cog@hlgﬁ:@lor fa T’mgtqqrrpfgosn&n [~ T g,frp o] oyto(ﬁ out 9 wt%.

substrates can be used such as pol yner, paper, netal,

gl ass, ceram c, and conbi nati ons or conposites

t herfRadiatiom Appécatiasoldr idevelopnmentcol or for rri ng

© huonts M eSBDraRE B nBPalifn KiaRled @ né'sibstral e
co?idhﬁﬁﬁblﬂfﬁérmﬁmtr@@cﬂoﬂﬁjrm@cér%@ém@rﬁs of her presehEhiention

arZ%%rv%?ope%uéatnagé Saﬁgc? t IFg?e}(Qr%glken%%E%Sén vary the electromagnetic
radiation wavelength, heat flux, and exposure time. The amount of energy
which is to be applied depends partially on the activation energy of the
development reaction of the color former and the specific radiation absorber
chosen. However, the energy applied is typically sufficient to develop the color
former without also chemically decomposing the color forming composition or
damaging the substrate. Such an energy level is typically well below the energy
required for decomposition of the color forming composition. Variables such as

spot size, focus, and laser power will also affect any particular system design
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can be fromabout 1 nmto about 15 mm The col or

form ng conposition can be prepared in a nunber of
wWoRYs/07301 appl i cation to a substrate. Oten, tPeT/USZPOS/046089

carrier can be used which can be at |east partially

renoved t hrough known sol vent renoval processes.

Typically, at least a portien of the liquid carrier

can be driven off or allowed to evaporate after the

coat i rocess is c lete. Alternativel i n. Sone,.
argfggbehpsen pasedon bt daraacenllsy Uil Tidse vaiabi fred at
prédéferined®valliés tRe ridmfioNBblice ¢ainthBA dikeefeRetrBmagnetic

carrier. Further, various additional conponents, such

radiationtie itheiaelor farming eorpositioaria areeidianas withngrtatreegved from
1 , . L. ge
a FhRLIBebsa, TR oSBEicTER aRfich b aBEGber
cmegﬂaii%ri\ and p@b)lhlleﬂtly(/da exnecmtothmnmsh eila(ls? ;begla_cr‘md tglaﬁecbme
us an are we nown to thos SKI Ip the art.
davglprachidFags Ape the,aptivaldensty Ay i deieToRsdbimage,

forny aqgvaﬁ@:nsbe o %rfghﬁeé BhAné eaﬁa@é aR 'bebdli%itacllgl stored

screen-prrntable” I'n order to provide desirabl or
arfdotheinrrgsieriapd or ispisaligad. sphen ressiitingod atatoan beadelivgsed to a

B o e S e T U
raBlaBidAWhiletherdptieal gigk idepianings Ad pranioushudisdGssedYany
solids, which typically. provides good coating

nuspleyepitqlectromagneticiasiation; spusers eapbewsedhe sol i ds

can 8 pdlor forid eGREAGHBE e s o REEhHRVERITRO Ear B
dedpjdpedansiog Idsers Baviagdmom eboGhte m\ivdoahlooit 100 miVhgower
it [ l.ied to th ybstrat th
usBGRaPLROHED SR NaYING R ROIETAHISHS S R Rde B Al be YAl

TWicdIRCIRERSERing MeAMbbokt 30 MWaY abeneso Fav f1e readiyed.
or éxanple, one can vary the el ectromagnetic

conamiettialnavaiiablecard work well usingxtheadordeppingreonpesition

cosfpPAREfHinn THRHA b dbrao 08 R0 et b0 8RR e by

ratiafiohitoat contadte th@lsobstraterata singletgointip¢imid.i The spot size can
radi ati on absorber chosen.. ngvever, t he enerf%/ appl i ed
bg girquja eklang. erpthefigeameatec ghare.And ¢an tA9sfrem t1pmto

s 200 sk AL O RERIERTA, LR SBUGLS 41 A 0
urhethelughsmallerr caldrgensizes bah @lsa be ueedr yya fedher aspechrspot
si%a}f 8{;@@25%”9%@ J]r% &8 Imoc-:rasfu(r)écin acr:] s§ %%?;S’ér%&i&ﬂé‘r major and
minor axes, 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 J/cm? to about 5.0 J/cm? in one embodiment, and from about 0.3 J/cm? to
about 0.5 J/cm? in a second embodiment. In general, a heat flux of less than
about 0.5 J/cm? can also be used. The color forming compositions of the
present invention can be optimized by adjusting the concentrations and type of
radiation absorber, color former, and polymer matrix. Heat flux in these ranges
allow for development of color formers in optimized compositions in from about

15 psec to about 1 millisecond per dot in some embodiments. As previously
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spot size, focus, and |laser power will also affect any
particul ar system desi gnand can be chosen based on the

waele®oneador esults. Wth these variables fixed apPCT/US2005/046089
predeterm ned val ues, the radiation source can then
direct electromagnetic radiation to the color form ng
conposition in accordance w 8h data received froma
signal processor. Further, color forner and/or

disedsgdd, R p%ﬁ%%éé%e‘b‘?ﬂﬂ@@h%ﬁ?a?ﬁk#@gﬁe O %faY f&’lfr%érﬁb ase,

anot her can al so be vari ed ect t e dev
inpigyved seasitividy obtha:@@muemom yanfprmmetajfasmrmmagelmg@ Thus,

f d f b
% BAllrPA WP Gie! g BEiERs B0 O v HIRER, Eiention can
béptinezed fdritigeveRpmdritin Rssdrhh WBbaH20® p§eé HHPinl Yne

source whi ch exposes portions of the color formng
’&'@ﬁﬂﬁ@?@ﬁsdﬂsﬁ hanahout iSOrsas 1An exemplary eangedofsdevelopment

tn%B'tHQf Bgrga@t?ca‘?'ir'?é{btgﬂ'ﬁ%t\’fcéjbvﬁﬁLé?ﬁl%jdlm%ﬂy%gf‘ﬁgid’es%ténventlon is

el ectromagnetic ra I On soutr ces can
fromi aoutdiSniser tocatms 200qusecofThdse skillegdnthé Brteszini Mljust these

8 BRI iR A S Féirithn b Aevelapnagiees.
powe @Mbédi‘ﬁ(ﬁeﬂtﬁMﬁéréﬂ@@s@@é’tra%@aﬁ%gﬂéﬁgiaslg_%%ﬁ@ F Yoving

| asers having from about 30 mMWto ab
syhsii@te \the epepuielime vill depand endhel raterdf naatidn ufsuhegsublsarate

d h
L ST SR 55 Bl iy s o
timediusingoshith at paionora tHess ibitratel kséxpysedab tide sadigliéh. For

B Bena sngb St B 1ERaRnd faditasion sk getaipomikreat i a
sﬁ@lbtpfblﬁ‘tb&Whez%s‘Wé‘té"trQUSIl@o h%‘gﬁ?ﬁ‘edéﬁ @?érﬁﬁ%%?gngf '3 and

fromabout 5 nmto abou
travgliggrto dhe epposite edige Hbe dotatiexposuze tinet isehemspecthe average

b s S ORI GER B eS ans

campegitien.bet ween resol uti on and devel opi ng speed. Heat
flux_is a variable that can be altered as well, and
can BDougtuanlaset can bs usedite provide energy. 1© tmemmﬂbnfnrmnng

b
o R curBhl i RRSA ks BBRL Wt e o vt
intefrestdssiuda alnbsﬁommmréiaw avdlilablnwhichocdreb el irisdrpdraged into an
osi.tions of the present invention

oA gk S5RAING AB0 B viLiia iRy At Do Bipsedt fign 208 to

120008mGiavelength range. However, wavelengths outside of this range are
also included in accordance with embodiments of the present invention.
Exemplary laser types that can be used include krypton-ﬂuoride excimer (249
nm), xenon-chloride eximer (308 nm), nitrogen gas (337 nm), organic dye in
solution (300 nm to 1000 nm - tunable), krypton ion (335 nm to 800 nm), argon
ion (450 nm to 530 nm), helium neon (543 nm, 632.8 nm, and 1150 nm),
semiconductor GalnP family (670 nm to 680 nm), ruby (694 nm), semiconductor
- GaAlAs family (750 nm to 900 nm), neodymium YAG (1064 nm), semiconductor
InGaAsP family (1300 nm to 1600 nm), hydrogen-fluoride chemical (2600 nm to
3000 nm), etc. In addition to the above, these and other commercially available

lasers are available having wavelengths of: 375 nm, 405 nm, 408 nm, 440 nm,
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radi ati on absorber, color fornmer, and polyner matrix.

Heat flux in these ranges allow for devel opnent of
w@o6/07380r mers in optimnm zed conpositions in frpOT/ARIING/046089

15 nmsec to about 1 mllisecond per dot in sone

enbodi nents. As previouslydi scussed, in part because

of the small particle size @ the color forner phase,

i nproved sensitivity of the conposition can pronot e

o355ty B34 PR, B8 nfrsro, b, RES SR L85 AE 10 .

830ammb 850 pinh, "8CEam| 0084 evie | 1 aIPEnh, and HE56 nh’ﬂafar ekmnple
200 nsec, and in some enbodj nents | ess t han about

Thasedaseitypss @5 I04srs 4@ yeeapleda perefsiaphe w'thﬁrnpﬁamrgs of the
prBE&SHihg&htidr) ﬁ?&ﬁ@é&j HCRsEt bfle ?‘%’gﬁrﬂﬁ’ Bhal With H@colg Bormmg
present inveéntion |sfromao nsec to abou 0
comsiaasitidfsoineaaciorddred with embodirmentsrofdiog petsent énendiod.
ot her variables to achieve a variety of resolutions
and devel oping tinmes. In enbodi nents where the
substrate is an optical gxaAKMRIE®ther noving
substrate, the exposure tinme will depend on the rate

of notion of the substrate. More specifically, in such
enbohentaliowing exarepiesdilusirate ssemalasy emtsidiments ofttbe

it Dbt iS Eup Ukrsibed B ERIERT b AT FEMplary

ordlltativB of the applicationfoftied principledi dfithe peadent invemtion.
single point on the substrate traveling through the
N‘é‘”ﬁSEOL@t 'HPijf'ﬁgt'%ﬂs 8nd allggatiyg &Ofﬂwélqnﬁgnleéh(?% and systems

B@Sdetv?se%qgftho-gg%ﬁ(ﬂ%ﬁ% éﬁé‘ BRSMHOU d&Baltih tfﬂﬁ‘h%é’%ﬁlrlt and
e aver age radi ati on contacts articu
scpperuf to présend inventiat e Toe appeoded elaiinsgare omlqeoded itooover

h. I b t
U TP BRI Cb AT BT TBHE: Lt LIy AE REreerd reiting has
beenYesdriedrablovBasith gaviiealaity, s ¥dII©W|r?g' eké\hﬁfe%sdrowde further
i ncl ude those commercial |y "avai |l abl e whi ch can

detait by gramnecian iwithovbat is presentlydesmed tabe @r%nmﬁbembodlments
' vice, particularly those in the 200 nmto
0%%55*@?}‘1'%@\@ engt h range. However, wavel engths outside
of this range are also included in accordance with
enbodi ments of the present invention. Exenplary |aser

E hat can be used include krypton-fluoride

exCi TP BB coITBRNEaNILAS BHIOTEF i FRPoREYe

nitrogen gas (337 nm), organic dye In solution
to JoBoontimuouspleddel) , krypton ion (335 nmto 800 nn,

gggqég)q%nl 0291459 %g_%t S 5 ?acc'aérapori wagd'meitsy $5a4 geg@r, and the
melt was heated to about 110° C About 100 g of BK400 was added in small
increments to the melt upon constant stirring. The added BK400 is a leuco-dye
(2'-anilino-3'-methyl-6'-(dibutylamino)fluoran) available from Nagase

Corporation, the structure of which is set forth below as Formula 1:
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sem conductor GalnP famly (670 nmto 680 nn), ruby
(694 nm), sem conductor GaAlAs famly (750 nmto 900
wmagos/omsodyni um YAG (1064 nnm), seniconductor | PCEBSIN05/046089

famly (1300 nmto 1600 nm), hydrogen-fl uoride

chem cal (2600 nmto 3000 nm, etc. In addition to the
above, these and other comsocially avail able | asers

are avail abl e havi ng wavel engths of: 375 nm 405 nm

408 nm 440 nm 635 nm 638 nm 650 nm 660 nm 670 nm

685 nm 780 nm 785 810 nm 830 nm 850 nm 980
nm 1084 nm 1310 nm| and 1550 nm for exanple. These
| aser-types or oth are useable in accordance with

enbodi ments of the|present invention, provided the
| aser energy i
conpositio accofg
present invention.

However, it is to be
only exenplary or illf e of the application of
the principles of the vention. Numerous
nodi fi cati ons and alternative nposi ti ons, nethods,
and systens may be devis ose skilled in the art
W t hout departing fromthe splrlt and scope of the
present invention. The appended clainms are intended to

ThHaerparabie & MR MIRUR Nas THIEASSoUs i BBRULBIALE R 1BReC:
Stggfmgi Eritintied UMl E&lnb@eé A sB AR S BRYRYindRe Méi hfsruauy

I n connection wth at 1s pr esent | Yy eened
takes pbauﬂt 1¢td 1émm):|wae wbtaingd thtormare accejarat@ilaupo elye

. arat articles, for.C
s RekeabSt P8 it Clrls St raBRibhEbsErd 1R B was added
to rthé @rﬁélh@@dﬂl cémaﬁi StirAh@r Healing mﬂtstmnmgﬂ\Nasbmhﬁued #stchbout
he nelt was heated to about 110 C. About 100

twoiadDrarsad liera] Mindtasquntl KL CETE 45 vaeiasRIgll dissalved in

tnE SRS Rforittd [dicBlye it AR AARG Ayt Rl OYFe

temperatabe ef thedeubadye@antenmzdacdelenatortdliey wwasukeptrte betow about -

1P Bt et et P R Y st R i

folpt Theigdlidified reeNivasysilled "th'a EsHTBe poddr ahalthéh - rﬁmed until
BK400 in the nelt gusua

the average volume-weighted partlc?/e size of the ground alloy was less than

about 1.5 ym, resulting i in color former particles that will become the color

fo'rmer phase.

b) Preparation of polymeric activator phase (continuous phase)

About 50 g of m-terphenyl was melted in a beaker. About 50 g of Cirrus-
715 (radiation absorber IR dye) was then dissolved in the melted m-terphenyl
while the temperature of the melt was raised to about 150°C to 160°C. The
resulting m-terphenyl/Cirrus-715 alloy was cooled and ground into a coarse
powder. Next, about 8 g of 4-hydroxyphenyl-4'-isopropoxypheny! sulfone
(activator), 1.7 g of the m-terphenyl/Cirrus-715 alloy, and about 3.7 g of 4,4-
dihydroxydiphenyl sulfone (primary activator) were dissolved in 49 g Nor-Cote
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takes about 10 to 15 min) was obtained to form an

accel erator/l euco dye solution. Next, about 1.8 g of
WwW@R006033861L5 (radi ati on absorber IR dye) was adeeniuszmos/046089

the nmelt upon constant stirring. Heating and stirring

was continued for about two to three additional

m nutes until the Crrus-71%1was conpletely dissol ved

inthe nelt to forma | euco dye/ antennal/ accel erat or

Pl W Eid ol EFELR! H ol anleSsnte mprpeners and

o@@ﬁiérsﬂ%ﬁn HRqueganhtefRaretVASr 56lutioR of helypesncaktivator

reezer tray lined with alum numfoil. The solidified
phéset was milled into a coarse powder and then
jet-mlled until the average vol ume-wei ghted particle
size of the ground alloy was | ess than about 1.5 mm
r es ud)tFreparationadfaoldrdomeingmpasitten (finetdispérsiomecone

act A ShGPuiaRIR BaeBaies RrRecq R cunatial Boa 1 BF e inely

mileH @oRiEBiheMBartiERs With (D) abobEBs & of tAB Pdlyeérida&lelerator
a ( | R dye) 'was then

rrus- 7 15 (radi ati on absorber

phéises ol hecpaste wasesereen guiintad entoreesytystigie lag atthiskness of

t [ r t i 0. 15 . :
arpfOR RN et 61 & Bhbrl BLR BF 4 TuBEHS il ihglucing
arciosagiag ab4tigy.0TNe imagingecoating Seaspovdeired g rhercabpiim®

g of 4-hydroxyphenyl -4' -i sopropoxyphenyl sul fone,
Difegttarkints on the VVgClHPdt"Hég'r‘i‘Qt‘éﬁS‘ﬁgrYﬁﬁ' egrried ouf ysing a 45 mW

_ . i .
81 g Brvietefion] of oo fim, A KT ERRIRIoty 20 um by
45\om-\Was pGRAEOE0 udihg wartpies dnatirnsi oéenergysappdicatidn from about

o Uails reu ol s JBRe Poaiefion ah P ol eneigy’ Hhe Bolor

foRfingGSrApodHi@s Bf the) infAgRpeaatingcHiingedl iffcol @ FrinM @ greenish
conmposition (fine dispersion) A UV-curable paste was
transppserd@npeanangenty 9 hlackiselar 3 1 of the finely milled
color fornmer particles with (b) about 60 g of the
pol ynmeri c accel erator phase. The paste was screen
Exgrmpieed] onto a substrate at a thickness of
approximately about 6 mmto about. 8 nm{o form an
i madfyeRaemt ?fr?a’Qfd'Pﬁﬁe%a’F’ﬁ’géifﬂ@CQfeé ragr PRge

| MYRGoRBAbbNYpMEs) UV cured by mercury lanp. Direct
mar Ki ng on the UV clured i magi ng coating was carried
out Aboutdl Geg 6miarphenyl (acoglergtar) waseneltes in abeakeruand the

mgﬁgva%rﬂea'%eg% l:§\b81f1t Wrexh%%hF l150 %OofrngHyO was added in small
increments to the melt upo'n constant stirring. The added BK400 is a leuco-dye
(2'-anilino-3'-methyl-6'-(dibutylamino)fluoran) available from Nagase
Corporation, the structure of which is set forth in Formula 1 above. The

temperature of the mixture was then increased up to about 170°C to180°C.

~ Stirring was continued until complete dissolution of BK400 in the melt (usually

takes about 10 to 15 min) was obtained to form an accelerator/leuco dye
solution melt. About 1.2 g of IR780-iodide (radiation absorber IR dye) was then
added to the melt upon constant stirring. 1R780-iodide is also known as 3H-
Indolinium, 2-[2-chloro-3-[91,3-dihydro3,3-dimethyl-1-propyl-2H-indol-2-
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45 mm was produced using various durations of energy
application from about 30 nsec to about 150 nsec. Upon
wappbiozavi on of appropriate energy, the col or POI/DE0095/046089

conposition of the imaging coating changed in col or
froma greenish transparent appearance to a bl ack

col or. Exanple 2 a) Preparatspon of color formner
particles for color fornmer phase (discontinuous phase)

vigegeiskiviadoglyysRbBREn e feneal B e Toresyt- "
|od%aewc:| Y shdvin PKAGPh B adiftiidwisn smal | increments to

he mel't upon constant stirring. The added BK400 is a

Ieuco dye

(2'-ani | ino3 -nefh - (diput yl am na

avai | abI({a frm Naase Corp 3 t he [str ug of
whi ch i s~seg qr. ature
of the m xture was_the Sedlupt o out 1700C

t0180C. Stirripg Was continwed until conpl ete
di ssolution gf BK400 in the nelt (usual[ly t akes about
10 to 15 min) was obtained to form an
accel erator/| euco dye solution nelt. About 1.2 g of
| R780-i odi de (radiation kosmuibe?2 | R dye) was then
added to the nmelt upon constant stirring. |R780-iodide
is al so known as 3HI ndolinium 2-[2-chloro-3-[91
Hea?t m&éﬁméwﬂé{'@érﬁﬂﬂuea -fBF Qﬂdut’talH'tbrtH@e' Qddﬂld)ﬁ’éﬂ "l‘ﬁi}\@fé%
ene] - 1-cycl ohexen- 1yl ] et henenyl ] - 3, 3-di net hyl - 1
untlpthqogﬂ dye M@mamolge:te)y dissolyad im thenmiedrtenforn 2 lagco

avefnEiireciBr AERURCrT ThErhPkbR B T

dy@%téﬁﬁa/@@ﬁ@léﬁtei Nisli wa keptiol beldwebsat 190 f orm a
| euco e/ antennal/ accel erator alloy (eutectic). The

Thealpepdbiefantonnalecoistaier Al wat LIRnpeeaNRod bre araley
fr%’&%co gtlm%e VAR 2 P‘gﬁ@ﬂﬁtfoﬁgﬂqgso {ﬂﬁed melt was milled into a coarse

ant ennal/ accel er at or a en pour ed
pawdes, anquaercthel gre-rhilled 2ewder ayad nnﬂled lmaqheauﬂmsp.emlon

(-8 oe] o e T MR stirted st TR iR Beacs.

thiﬂ#ﬁ mﬂb%@@éﬁé@ﬂhéﬁb@%’? b%ble@éﬁﬁté\ﬁbé@f ftuced to a value
et a Bea mm zi rconi a beads. The

of mblout A§ vrstoahepbdd Wienlhe padiglesgatihe slusryavernesgealiectegsand
frereez%y&r'iaedd,trgs@tiX§‘EdJ80Ior former particles that will become the color former

phase.

b) Preparation of polymeric activator phase (continuous phase)

About 50 g of m-terphenyl was melted in a beaker. About 50 g of Cirrus-
715 (radiation absorber IR dye) was then dissolved in the melted m-terphenyIA
while the temperature of the melt was raised to about 150°C to 160°C. The
resulting m-terphenyl/Cirrus-715 alloy was cooled and ground into a coarse
powder. Next, about 8 g of 4-hydroxyphenyl-4'-isopropoxyphenyl sulfone
(activator), 1.7 g of the m-terphenyl/Cirrus-715 alloy, and about 3.7 g of 4,4-
dihydroxydiphenyl sulfone (primary activator) were dissolved in 49 g Nor-Cote
CDGO000 UV-lacquer (mixture or packet of UV-curable acrylate monomers and
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of about 0.9 mmto about 1.0 mm The particles in the

slurry were collected and freeze-dried, resulting in
wa@oedoen7I8or mer particles that will becone the cBCDUS2005/046089

former phase. b) Preparation of polyneric activator

phase (continuous phase) About 50 g of mterphenyl was

nelted in a beaker. About 583g of Cirrus- 7 15

(radi ati on absorber IR dye) was then dissolved in the

olGBers) GG B6sber/hefe A5 EREO TR By BoyiicEcihator
pHasker phenyl /Girrus-715 all oy was cool ed and ground

into a coarse powder. Next, about 8 g of
4- hydr oxyphenyl - 4' -i sopr opoxyphenyl sul f one

ti 1. f . i GLUS-7Z1.:5
élalc od% \ﬁlgg é)aélgé u(? o%l #_fgh@/ﬁg?"oﬁ g | Ey dﬁqg y%lg%{i? g’éz] {
sul fAonk/-Cprablapgstearas/ ptepayedby enigingsa) about 311 dbthe finely
i 4R S5108 e R ie R iheph Shu T g S poBinafis aasterator
pH=aREAUHd BastEWE S&rbbN ptiffedOhtEld QibsFatdat ¥TRickRess of
activator phase. c) Preparation of color formng

appoexi oxitely @pout Brism de apevtsd ym) tofoup-aniinagieg paediemviagiuding

P RERR Eoing' hEBepfhe PHIHG rbchyBiwig it U8 o by flercury

lampl YIRS fesuitingedcatiag dradodna o palestentraphictravispasentdeok. Direct
printed onto a substrate at.  a thickness of .
makithon e Y cusgdimagingcaaingiwak camipg ol usiig.® 4R mW laser
n .
P BB B (A TRl M PR Ptely B8 pam by 45
prh avgs. prodeced sisingi vagiotis aturatiprisaef energy application from about 25

sem-tra rent | ook. Dire rking . he UV, cured
ISR b a0 R Cue otiann o, BT adb Rt ey, treiTer
fofangnnip yaNEH mhw%ir?[)métinb&%dﬁ@bdﬁn BIdf ffm a greenish

approximately 20 mm b 5 mm was produced usi ng
transprern appegfanaestod bleskcglprappl i cati on from about 25

nsec to about 130 nsec. Upon application: of

appropriate energy, the color form ng conposition of
Extdmeplertagi ng coati ng changed in color froma greenish

Pr oA SEPBFPIGH S0 TpBP e aBaPSTer G0 BYMEBPBRSE or mbr
Phas@iscBhaRGsld phasy) phase)

About 10 g of m-terphenyl (accelerator) was melted in a beaker, and the
melt was heated to about 110° C. About 100 g of BK400 was added in small
increments to the melt upon constant stirring. The added BK400 is a leuco-dye
(2"-anilino-3'-methyl-6'-(dibutylamino)fluoran) available from Nagase
Corporation, the structure of which is set forth in Formula 1 above. The
temperature of the mixture was increased up to about 170°C to180°C. Stirring
was continued until complete dissolution of BK400 in the melt (usually takes
about 10 to 15 min) was obtained to form an accelerator/leuco dye solution.
Next, about 1.8 g of Cirrus-715 (radiation absorber IR dye) was added to the
melt upon constant stirring. Heating and stirring was continued for about two to
three additional minutes until the Cirrus-715 was completely dissolved in the

melt to form a leuco dye/antenna/accelerator alloy (eutectic). The temperature
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About 10 g of mterphenyl (accelerator) was nelted in

a beaker, and the nelt was heated to about 110 C
w@b@dn7B0D g of BK400 was added in small i ncr eP€NUS2008046089

the nmelt upon constant stirring. The added BK400 is a

| euco- dye

(2' -anilino-3"-nethyl-6'-(disbutyl am no)fl uoran)

avai | abl e from Nagase Corporation, the structure of

ich is set fort n_For nmu e

of §pe feticortiirenteRnabceRieraal Bl o8 JEEn R SO gBRe and
was el peLira@sntonpidlessled ficeke QAP liRd @ withHGMIHUNe FoiPf The

BK400 in the nelt (usually takes about 10 to 15 nrn?
sofidifiedtnelt e miled dntm aapoaise Powder enditeer iftapded until the

av%? ssgér 8Iﬂn]éF\§f§ %Wté@mgﬁﬁ céedg ég o?fthe?gfcfdﬁlﬁ dl Pogﬁuééc %%'sfﬂtrér? Bbout

1. Stumr r Negt, thteairen'grlledqbostder wasdurther oilled mt&rdacﬁlmowbout

ot ddi - 715 .
disgRrstog b Bepgan SsGRNelBAt Mig-28kiBeas Fuwith il groonia
behye! alﬂt@ﬁﬂﬁrﬁ?%%'s%é’déa whEh QVefRjd Partitie)diathBer was reduced

t enperatureot the |'euco- d%/}e/ ant enna/ accel erator al |l oy
towaiealue of aboutidBaun 4o ebout bO0N. dive feaultingsiurpowasdhen

bR o d BBt Rl e 0 1
bezeisdaitil #velavdrage]pairtidie lslzedNamteduceHeoabeuag@ um to about 0.3

volume- wej ghted particle size of the ground al] oy was
HMeddet fﬁ*ﬁH"'QEoﬁH"le@‘ AN colpfosmgF gaFHCFqSe‘Hh'ﬁB\)MEr

Rty HbBSheThk CBlor T (A0S BHRRRLG bR et oo

usi ng tzsc Zeta Bea
zirconi a beads. The m I ling was stopped when average
t f b
P 8 FABBAE P A RS Pt P GrhinGs DRt
f ur tAxssutrg7 dg @ﬂ'41H‘yd%)§le@h?IS43hscBﬂeroZﬁit%n@E@rﬂfdﬁé Activator was
i

usi ng tungsten carb nm beads until the avera e

mplé@d iTva Beakers &b@utr*@dgr@étm&o -igslile (redmtiamabsoees iR
Nr?o V\%b& tPFHuI %ﬁtrﬁ'tﬂé%ltelaeacﬁﬁgﬁfr wl'ﬂlrentﬁé

par I cles rrat e econe
tefnpenstured bbithe mek wasl riatstetd ahmdrtﬂﬁ@%ﬁdae d60%a!. The resultrng

ac@&e&é&ra&ggap Ogegﬁn%gﬁ{))‘/ %va%cctc;o ea grrrd Bpoausn% |$1t: 02 tcloglrjsoeugowder
N g grb@twé aétrvdté%ﬂ%%yéﬁk%t%r aﬂr«bl[y;gmrércatrrdvadd@rt 374

was me beaker. About 13 780- i odi de
Of(4r adilla{droxycbwmyd)eulfme ayenwamvawrmemdlasquem% g

Norar RS GPRROEPVE R (FEe pEP Rkt U GhieRid Bt
md\ﬁ@ﬁ@rs ahe oligomketd)ng fareh theakaeqlerahtahnaactiastor belution or

all oy was cool ed and ground into a coarse powder.
polymeric activator phase.

¢) Preparation of color forming composition (fine dispersion)

A UV-curable paste was prepared by mixing (a) about 31 of the finely
milled the color former particles with (b) about 60 g of the polymeric accelerator
phase. The paste was screen printed onto a substrate at a thickness of
approximately about 6 ym to about 8 pm to form an imaging medium including
an imaging coating. The coating on the medium was then UV cured by mercury

lamp. The resulting coating was transparent with noticeable greenish hue.
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Next, about 7 g of the activator/radiation absorber
al l oy powder and about 3.7 g of 4, 4-dihydroxydi phenyl

W@ obomso( pri mary activator) were dissol ved i nP@RUS§2005/046089
Nor - Cot e CDGOOO WV- | acquer (m xture or packet of
UV-curabl e acryl ate nononers and oligoners) to form
the | acquer/antennal/activatas sol ution or polyneric
activator phase. c) Preparation of color formng

conposi tion gl ne di spersion) A UV-curabl e paste, was
Dipgcd paar&ing,9n %(PNgCU("S‘)" ImBging epatingwasearf 'FHQU} uging 245 mW

|a§$ﬁ1§\%é’5 vfléVéF?ﬁgrtH%"fTabSHP?B%Hﬂ Amarﬁtlﬂ\l%gg&lﬂiai’ély bB8im by

poI yneric acce at or ase e paste screen

- 4Pppmmvasl pooduced lﬁnmgvamus duration$ DﬁEne@y a;dpllcatlon from about

I 0X ut 6 to a t f.orm an ‘
1500 kG Bahelh Tatbas: TohmrPgion ot i BrtisteRibtay. the
ch&%hﬁﬂngébrhb@mﬁ@ﬁi bﬂfﬁe\%gﬁrﬁgaeoéﬂhgcw%e@fn reIdTfom the

. The resulting coating was transparent with
grﬁ@msbémscsageréeamp@ﬁrm toid lelack ggloki ng on the UV cured
i magi ng coating was carried out using a 45 mW | aser
havi ng a wavel ength of about 780 nm A mark of
Exgpopled mately 20 nm by 45 mm was produced usi ng

varigus durati on of. _ene at m about
5" SEheaBivS 6ORDitning BomBLeo0p 6h SHlsr e OrRAPEE 1 to 3) with
a@?@éé’ﬁéhﬂé’siﬁ@@b@ﬁ urh 32 162! 1Rds Hwin Qi@niﬂéﬁﬁﬂ% highep c@ﬁtrast
I magi ng coating changed in color fromthe greenish

artdr w@aﬂfyﬁhaaﬂp@maimds wmathdatges @vetageoparticlessipes e4g. Thaum,

wilSS HRuF8eeh = SR BRI 48 Dl itbyalve materils
wére prepardtbin advovdartieonith Exaniple 1 hé)@iwt tatrdachshatenial utilized
sensitivity than the materials with | arger ave

a gtﬁfewrmr@rgwee%ze wsyltinggromditgent |§¥9|§IQ§|r5'@'H'”St Psarﬁwlaf'y the
kst g |
pabficlel ity BrepSred hire 3 3ih 213 ARPAS SDYR ITTEBIS ) and'S!reum,
2.e¢m réten) and 0t49 jimexs shawrf ineFables @aartd 31 e si ze
di fferent

res fro Sof mllin . ~

o tnciable (1pelewcleaibie marks Uz s Adyat matbiabes speeds
Gty %ﬁéﬁ%@?tﬁ@n@‘4€°2‘%&%ﬁ" (5 Semgodiifhating fhinaled
parttlewizd.egi bl e marks (DL* of >10), at much hi gher

speeds (|l ower energy input) were obtained using the
conposi tion having a smaller particle size.

Table 1 _
Particle size, ym | 2 5
Speed for Mark (AL* of 10), m/sec 0.75 0.25
Contrast of mark at 0.25 m/Sec, AL* 32 : 12

In Tables 2 and 3 below, particle size was also shown to impact write
speed and contrast performance. Specifically, in Table 2 below, the following
test conditions for write 'speed were established: maximum 780 nm laser spot
linear velocity necessary to mark with contrast AL* = 20 (Laser Power = 38 mW
/ marking density = 1040 tracks per inch). The results of this analysis are

shown, as follows:
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38V 5 nagfing Aensihh=
| nventl on as set forth
O'Qﬁqlglidé C‘Tgal ns. V\haq §Iﬁ’é\ﬁ%%§|fﬁ%ﬁ’t§v§f s: CLAIMS 1. A col or

Table 1 In Tables 2 and 3 below, particle size was

al so shown to inpact wite speed and contrast
Specifically, in Table 2 bel ow, PEEBUS2005/046089
following test conditions for wite speed were

establ i shed: maxi mum 780 nm | aser spot |inear velocity
necessary to mark with contrast DL* > 20 (Laser Power

= 38 MW/ marking density = 1040 tracks per inch). The
results of this analysis 2]:&% 21 as follows: Table 2

In Table 3, contrast was é‘? ned mar king with 780

nm | aser| paiRé size3 iAW Mar KLinbadS/etodity, mAde40 |t r acks
per inch)_at laser spot linear Velaocity = 0 6n slec,

the results bei ng3§hovvn as fpllows: 'ﬁa@?e 31t ijs to
be understood—thathe—aboverreferenc G art angcﬂfent S
are illustrative T3 t he appl| cation fgr the principles
of the present inyention. Nuperous mgpds2ications
al ternatlive_arrangenents canl be devised w thout
departing fromtK¥E28pirit and scope &6%he present
i nvent i on—whirte the present—Tnventtomr as been
descri bed above in connection with the exenplary
enbadiTadn 3( sontedsties deteaninedmarkingiivith 7130 ran eger (Power =

to those of ordinary skill in th ar t hat numerous
t?é E?a’%éi' SREt kingaf Velocity =

and

ARHEREIRIPER Nt

form ng conposition, conprising: a) a polyneric
activator phase incl udi ng & pokyner matri x and an
activator dissolved therei'® DY a col or formner phase

i ncl udi NoPArticIk 8izd, MieT . Saf Gopfladt, AIOY NEr phasle
bei ng filnely di spersed withip the pol ymeric actilvator

phase at an aver ag¢ partl cl el si ze of 9338;3 t han nm
and c) radi-at+-egabserbernthern gonrtact—with
the col gr fornmer %ﬁ”ase The conpxgﬁyl on of dlaim

1, wherei the coja Torm Ng[ CONpoSi {498

21.29

0.25

It is to be understood that the above-referenced arrangements are

illustrative of the application for the principles of the present invention.
Numerous modifications and alternative arrangements can be devised without
departing from the spirit and scope of the present invention while the present

invention has been described above in connection with the exemplary

embodiments(s) of the invention.

It will be apparent to those of ordinary skill in

the art that numerous modifications can be made without departing from the

principles and concepts of the invention as set forth in the claims.

What

is claimed is:
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has a pre-devel opnent state and a post-devel opnent

state, the predevel opnent state having an appearance
wo bab/orsovi sual |y different than the postdevel PEITES1005/046089

state, wherein the color formng conposition is either

colorless or has a first color when in the

pre-devel opnent state, and i33 a second col or after

devel opnent in the post-devel opnent state. 3. The

conposition of claiml1, WEE@ glthe pol ymer matri X

i ncludes a radiation cura %M ynmer, wherein the

radi ati on curable polyner is curable at a curing

wavel ength that is different than a devel oping

vvave1 efgolerRMINgGAMRP YA €OMMSisig:or f or mi ng

t I .
COMS! 1 Bt BLE A Hpolfmer Hiix and ar
acﬁ:ohiorahmlwddalherélnrther conprises an aronatic

b Aol Bl phiage SrATEbh & CHiSPloeR rsaid golor former

pr%t%tbéi'ﬁd ﬁh@l@@éﬁe@é@ﬁnﬁmlrﬁhe@lﬂyrﬁ@ﬁ@ aetijatePpRase hﬁéﬁna%erage
wherei n the avera%e particle size of the color former A

pasticle sizesof less thamd pab@And 1.5 nm 6 . The conp05|t| on

o 0% A5 B, FNRERAE AR U, B S

phage/ . The conposition of claim1, wherein the average
particle size of the color fornmer phase is from about
0.05 mmto about 0.7 mm 8 . The conposition of claim

, I
1 Werhe %Pfdb%lsmnoafkﬁﬁ TR whREIRRPiHeScdk SfolrRftia Eftfiposition

antl a nsol uble 1N the polynmeric actli
hashapee- developmelneetwe andraeposirte vetopneent statenthe pre-

o Blhnuidi Faeiaid oo gppeptetics aLR B AR than the post.

dd&x@ldﬁ?ﬁém%tat@t Whetréih thd asRr FeefIAE Toripostidhlis RRhEI 8blbMess or
nol ten or undergoes phase transition, and the col or

hasor fiest cplesgeen In|tbaﬂre1§i§weli09me,nt gatesang isy geeqqskeolor after
de‘f)%?o%‘?néﬁﬁﬂ%%@ {1 rﬂen?stagé;e conposi tion of claim

ereint or ner se further conprises a
melting aid having a nelti ng tenperature from about 50
Cto out 150C,. 10. The osition of claim.l1i,
wher%u% %EQ"IP&SBPW%FI% »sW e e c‘Y’QSEH‘%SPé'”ClUFesa

ragﬁggﬁ%éﬁo%@f wHerbithe rii8ti6h Butdbfe p8ShRri®Burable at a
curing wavelength that is different than a developing wavelength which would

cause the color forming composition to change or develop color.

4. The composition of claim 1, wherein the polymeric activator phase
further comprises an aromatic stabilizer, wherein the aromatic stabilizer is

configured to stabilize the color former in the post-development state.

5. The composition of claim 1, wherein the average particle size of the

color former phase is less than about 1.5 pm.

6. The composition of claim 1, wherein the average particle size of the

color former phase is from about 0.05 pm to about 1 ym.
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di spersed or dissolved within at | ease one of the
pol yneric activator phase or the col or forner phase.
wda 2006/080oconposi tion of claim1l applied to a SPOFUSEDE046089
sel ected fromthe group consisting of polymner, paper,
nmetal, glass, ceramc, and conbi nations or conposites
thereof. 13. The conpositiongof claim 12, wherein the
substrate is an optical disk. 14. A nethod of form ng
an i mage, conprising applying el ectromagnetic
radiation to a color formng conposition sufficient to
devet ophé kenfpision STrdlAiIRD1 ORRSXeR theCdvdragéparticle size of the
pre-devel opnent state to a post-devel opnent state that
calefognar phask fsiieerarbouh 805 e tprabodt0dl Wpnent st at e,
said color form ng conposition, conprising: a) a
pol yneric activator phase including a polynmer matrix
and &nTiae corriositioni cfstdinet, wheredi the dglorfoermenphése iedistinct

hase i ncl udi n color forner, said color forner

arfghsidhstayeially TheGlubly 10 ap BPYBHFT (3 ARG IPFaBB 1) FePTic
teﬁﬁ)'é'ré(tﬁ];é’, rarR\RAEreM uBBn AYBlIGARNRF HeaE b lightZéhe?by tG¢ esuse a

than 2 mm and c) I

a radiation absorber Tn thefna
temperatute fiorhabdud X Cap ghoutBb0habe.polBneric aetivaidr plase

o B ch ot 2Rk B B ERRRE Farbfi b ot
fogrlgé'ﬁ q_lﬁélfé asolbast patigiyneis P edidbiguesdseserttdnitisoessia.

he met hod of claim 14, wherein the
el ectromagnetic radiation is |aser energy. 17. The

nmet hod 044 ' : C '

Fadi Gt 1 cPeSlish of RSRE} TWhSREIRCCdIGTRERS] phiges furtner
comtymigesta diettir®) aid) having almeelting Eemperature fedio wiboRO60HS &z about
152]{}\& c) at a power |evel fromabout 15 mWand about 100
. *18. The nethod of claim 14, wherein the

el ectromagnetic radiation is applied at a spot size

fromabout 10 mmto about 60 nmm 19. The nethod of

cl ai 8. 1The spmpesiiontnd daiect rherginethecalerdioamnebis s ldoran
Ieﬁ@’ﬁ{g%ngth fromabout 200 nmto about 1200 nm 20. The

of claim 14, further conprising the prelimnary
step of

11. The composition of claim 1, wherein the radiation absorber is
dispersed or dissolved within at lease one of the polymeric activator phase or

the color former phase.

12. The composition of claim 1 applied to a substrate selected from the
group consisting of polymer, paper, metal, glass, ceramic, and combinations or

composites thereof.
13. The composition of claim 12, wherein the substrate is an optical disk.
14. A method of forming an image, comprising applying electromagnetic

radiation to a color forming composition sufficient to develop the color forming

composition from a pre-development state to a post-development state that is
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appl ying the color formng conposition to a substrate

at a thickness fromabout 1 mmto about 15 nm 2 1.
wabmewoeshod of claim 14, wherein the pol ymer nBECT/U%2005/046089

i ncludes a radiation curable polyner.22. The nethod of

claim 14, wherein the average particle size of the

color former phase is |ess tigan about 1.5 nm 23. The

met hod of claim 14, wherein the average particle size

vElial SRt e M R e PRI SR odlbiRufing pe

camvpositien pesrhpasingsi ze of the col or former phase is
from about 0.05 nmto about 0.7 mm 25. The method of

cl ai M 3 POIVPRIICAGHIVAtN RhasedBeludng apolymer malrix@Ensan
aah,%%,b(ﬁgsdﬁe@mé?g(nsed or dissolved within the :

pol'ymeric activatof phase, and wherein a second
por t bpa cofortftbrmeramasﬂ lnnludhr@cn belor farmetir sgeed £etbrdormer phase
he . col O{ f or ner

. 26. Th
T Bl PhRss AL anaverage

pAdigicXdir®Bf icsstR&e DR #ACARY, and wher ei n the | aser
ener%@vvavel ength is greater than or ual to the
¢

par t ¢)c3 eadiatiqn @bsqrh@r tfbﬂhéfmabﬁeqmactpwas epealor former phase.
application of the laser energy. 27. The method of
claim 14, wherein the el ectronagnetic radiation is
| aset5.eAangthodeadinvdiaineil 4, whergiratiie eleetroinagnefic tdtiation is

| f .ph [ t t f the |
aigHlerdy" PSR droRad han anpiov EYELSHCR ar theeaion fegming
coMAp8sifgHBeShot BEcAAPSEe.ENEr Y.

16. The method of claim 14, wherein the electromagnetic radiation is

laser energy.

17. The method of claim 14, wherein the electromagnetic radiation is
applied a) at from about 0.05 J/cm? to about 5 J/cm?, b) for about 15 psec to
about 200 usec, and c) at a power level from about 15 m\W and about 100 mW.

18. The method of claim 14, wherein the electromagnetic radiation is

applied at a spot size from about 10 ym to about 60 pm.

19. The method of claim 14, wherein the electromagnetic radiation has a

wavelength from about 200 nm to about 1200 nm.

20. The method of claim 14, further comprising the preliminary step of
applying the color forming composition to a substrate at a thickness from about

1 um to about 15 pm.

21. The method of claim 14, wherein the polymer matrix includes a

radiation curable polymer.
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22. The method of claim 14, wherein the average particle size of the

color former phase is less than about 1.5 um.

23. The method of claim 14, wherein the average patrticle size of the

color former phase is from about 0.05 pm to about 1 um.

24. The method of claim 14, wherein the average particle size of the
color former phase is from about 0.05 pm to about 0.7 pm.

25. The method of claim 14, wherein a first portion of the radiation
absorber is dispersed or dissolved within the polymeric activator phase, and
wherein a second portion of the radiation absorber is dispersed or dissolved

within the color former phase.

26. The method of claim 14, wherein the electromagnetic radiation is
laser energy, and wherein the laser energy wavelength is greater than or equal
to the particle size of the color former phase prior to application of the laser

energy.

27. The method of claim 14, wherein the electromagnetic radiation is
laser energy, and wherein the particle size of the color former phase prior to
application of the laser energy is no more than two times larger than the

wavelength of the laser energy.



