; e3e| vhZ6T}fY , ~m BI STABLE, THERMOCHROM DI UM FOR RENDERI NG
CO_CR AND GRAY SCALE AND PRI NTI NG APPARAT M M EREW TH FI ELD OF THE

| NVENTI ON The present invention relates to th printing, GAYO 2002
particularly to gray-scale and full-color pri nt| ng wi th bistable,

t hernochrom c i magi ng materi al s. BACKGRClJND OF THE | NVENTI ON Ther nal
printing systens are well known and w del y used in applications such as
facsimle printers, ticket printers and simlar devices. Like nost printing
t echnol ogi es, thernmal prBISTABLE; THERMOCHROMIC REQORDING nage i s
permanent, and nei t heWEDTEM FOR RENDPRINGTCOLOR AND GRA¥SCGALEA nunber of
conpounds have been i dgRD PRINTING AFFORATUS FORSUSRAHFREWETH €Ver si bly

col ored upon application of heat energy or cooling energy, and which are
"bi stabl e": once placed into one or the other state (e.g., transparent or

colored), the substance exhibits hysteresis, tending to persis

state under ordinary anbi ent conditions. These conpounds broadl”mm“m m,mwm
| ow nol ecul ar-wei ght syst ens, e-ring systems

urea systens, and fall into tm@a@iﬁmgmg ?rgpg?l al's that ar&5th

witable (colored) and erasable (transparent) through heating to different
tenperatures or wwth different heat cycles; and materials that require

heati ng and cool i ngTheprasent inventibngelates to theosd printingyand owre partindarlptonays 3
0 MAY 2002 2 nutually exclusive. Because the conpounds tend to exhibit

t enperat ure hygrapisesé sndafall-corin prfitingowith bidtabld, thermiochestie imbgihg mabsdane at
varying transition tenperatures, the sanme chem cal system nmay behave in

ei ther fashi on dependi ng on the nanner of preparation. For exanple, U S
Pat ent No. 5,274,460 (to Yamada et al.), the entire disclosure of which is
hereby incorporated by reference, describes systens that include a | euco

dye, a devel oping/t one-re%&b}g(ﬁgﬁﬁNﬁdw ﬁ{hon\tlﬁmkﬁqreact wth

Thermal printing systems are well known and widely used in applications such
as facsimile printers, ticket printers and similar devices. Like most printing
technologies, thermal printing is irreversible; the printed image is permanent, and

neither the substrate nor the ink can be reused,

A number of compounds have been identified for producing inks that may be
reversibly colored upon application of heat energy or cooling energy, and which are
“bistable”: once placed into one or the other state (e.g., transparent or colored), the
substance exhibits hysteresis, tending to persist in that state under ordinary ambient
conditions. These compounds broadly include low molecular-weight systems, leuco
dye systems, lactone-ring systems and urea systems, and fall into two broad
categories: materials that are both writable (colored) and erasable (transparent)
through heating to different temperatures or with different heat cycles; and materials

that require heating and cooling to write and erase. These categories are not always



the dye to effect devel opnent or tone reduction, and a suitable binder.
Exposure. of the systemto a first thermal energy level (e.g., heating to a
hi gh tenperature of 200 350 C for a short duration of 1-3 mse%&rp‘od es a
color, while exposure to a second thermal energy level (e.g., ’fn@}o a
| ow tenperature of 80-150 C for a longer duration of 5 nsec to 2 sec)
renders the systemtransparent. The devel opi ng/tone-reduci ng agent is a
substance having, in the sane nolecule, a group that exhibits a thermally
triggered col or-devel oping property with réspect to the | euco dye, and a
group that exhibits a thermally triggered tone-reducing property with
respect to themugually exglusiver ecagserthe ermppavadytesd te expibipienperaerehyseaiesisxy| i c
acid and an organic am ne, which can be thermally induced to behave as an
acid or a baseandlkumbdre fannudated coustiergastste chimgelanedrying transijen témpereturegthe dye
open and the nol ecul e becones col ored; exposure to basic conditions closes
the rings and gaed fHefidcal SRte h@¥ BéHave f &iheLfashish %&ndﬁ?%n@héﬂaﬁﬁep@f Pat ent
No. S, 178,669. O her exanples of materials that facilitate reversible,

bi st abl e reco;ﬁ}eggma&g erasure through heating to different tenperatures

i nclude syste St ng ‘di merized or $ 0 ~IAY 2~ 3 trinerized urea

devel opers, as disclosed in U S. Patent No. 5,470,816 (to Satake et al.);
and the systens disglosed in Pat en ) 4 534 (t ruyanma et

al ), which incl udeldr Waw#a%i%ﬂ@%ﬁ t{}ﬁ%ﬁﬁ@ﬁﬁ% “é“éjérf& a@ugﬁ% eqlire,

tri phenyl net hane phthalide conpound, a fluoran conpound, a phenot hi azi ne
conpound, a | edisgosuse afhwhish dhpsehyriacasporated by defereapmdasaribeesysismsdaid, and a
col or devel oper such as a phosphoric acid conpound, an aliphatic carboxylic
conpound or a imclidelileucodypauduveloping/tend-fedacing aganosdupesl tofthdrofally cdact Wigls e
references are hereby incorporated by reference. U S. Patent No. 5,480, 482

(to Novi nson),tﬂe%@&@@ﬂf&&@@vé%n’i&i 6f ﬁ)’ﬂ@%(ﬁ'ﬁﬁ@ﬂ,ﬁndQisﬁi%b%sﬁﬁdépmﬁwﬁ%opf the
second type, that “is, which are alternately heated or cooled to effect

e hol ualts et R ufctnBlenetalflevel (e PRLaERE 1 Rph S Rerfiofl AR .o

ring opening to forma colored tri argl met hyl ene carboxylic acid dye, (b) an

al kal i ne act i va¥®7C fyershortidurationiof d t3mpqc) grasiyees awplen While exppsuigied t he

m xture is heated and ring closure to the
second thermal energy level (e.g., heating to a low temperature of 80-150 °C for a
longer duration of 5 msec to 2 sec) renders the system transparent. The
developing/tone-reducing agent is a substance having, in the same molecule, a group
that exhibits a thermally triggered color-developing property with respect to the
leuco dye, and a group that exhibits a thermally triggered tone-reducing property
with respect to the leuco dye. The agent may be a salt of a phenolic carboxylic acid
and an organic amine, which can be thermally induced to behave as an acid or a base.
Under acidic conditions, the lactone rings of the leuco dye open and the molecule

becomes colored; exposure to basic conditions closes the rings and restores the

original colorless state. See also U.S. Patent No. 5,178,669,

Other examples of materials that facilitate reversible, bistable recording and

erasure through heating to different temperatures include systems using dimerized or



colorless | actone state when the mxture is cooled, and (c) a |lownelting
soli.d that functions as a solvent and activator. Generally, the dye is
rendered col orl ess through heating to tenperatures of 30-70 C and c%i)red
t hrough cooling to tenperatures bel ow 25 C Thus t he nechani

anal ogous to that described in the 460 and " 669 patents) but the di fferent
transition tenperatures result in functionally different behavior. One
mechani sm for systematically nodulating theg transition tenperature within a
range of possibilities involves selective Tormulation of the |ownelting

~ 0 MAY QU2 4 solvent. In solid form, the solvent ipmpbilizes the various
reactants, prelfEngrizegurse deyslersrngs disglosaddn %@%ﬁh?@hécﬂp &1p LioSataksietor t he
dye between colored and transparent states. Thus, if the solvent nelting
poi nt i s hi gheal.); anathe sgstemy disdlosed smbiS. iPatent aniaﬁ&l,ﬁi@(toﬂ\darhﬁarmw&al.),he
transition tenperature of a pignment nmade by conbining the dye and the
solvent into awhRhinchidR athermall@ sérRRtiveRblohing agedt BichQls altfiphengimetitine
Hysteresis can be achieved, for exanple, if the product of the forward

reaction (e.g. htﬁalfde'&g ?B%?ﬁg@ﬁ%ﬁxggﬁat Bhdt ﬁekégﬁ &Lﬁeéleﬂ% point of

t he sol vent to a greate e produ e reverse

ti ) th | d t
el t1 g of i hebiehPe FomaAPd R ind SioBRGaldeHompbfind Al AEGRF Hteloner Sucte

conposi tion nust be cooled to a tenperature bel ow the pr evious nelting

poi nt to achi e¥phesphormacidermpnundcan sliphaticxgryexnitic eempavad oep Pheroliceact i on

t akes pl ace above this depressed solidification tenperature, it wll occur
prior to renewsesmpeamnd: Jhe entinewlisclosuras bHboth ofithesésefdParicenareMerebsdt, 717, 710, the
entire disclosure of which is hereby incorporated by reference, a

t her nochrom ¢ mesmerdidd B refpéRel Si ng an el ectron donating chronogenic
material, a 1,2, 3-triazole conpound and a weakly basic, sparingly soluble
azonet hi ne or carboxylic acid primary am ne salt are conbined with a

sol vent such as ste@rg' ?la?e%fjloggﬁﬁ@%?ﬁ]ol\i&'ﬂﬁhb)nmcﬁbﬁerI d{éym&pen reuk auric

acid glyceride, propy aurate’or tic acid I'ng’on the

sol vent chosen,. tthe transit erature can ver range from
about -40 C toJisgleses cgrgam@dls Stie eEond type, t at?s which are atematg[y Weated d

cooled to effect erasure or writing. In particular, the ‘482 patent discloses a pigment
mixture including (a) a colorless cyclic aryl lactone dye that undergoes ring opening
to form a colored triarylmethylene carboxylic acid dye, (b) an alkaline activator agent
that effects ring opening of the dye when the mixture is heated and ring closure to the
colorless lactone state when the mixture is cooled, and (c) a low-melting solid that
functions as a solvent and activator. Generally, the dye is rendered colorless through
heating to temperatures of 30-70 °C, and colored through cooling to temperatures
below 25 °C. Thus, the mechanism is analogous to that described in the ‘460 and
‘669 patents, but the different transition temperatures result in functionally different

behavior.

One mechanism for systematically modulating the transition temperature

within a range of possibilities involves selective formulation of the low-melting



$ 0 MAY 2002 S To the extent these reversible conpounds have been used in
copputer printing applications, it has been in the traditional manner

wi thout multiple colors and without gray scale. Mst conputer-driven
printing devices, such as laser, dot-matrix and ink jet printers, print in
a binary fashion: the output mediumis divided into an array3qQ MAYCc200g e

el ements, or "pixels," and the devices can either print a small col ored dot
at each pixel location or |leave the |ocatjon blank. In the case of
nmonochrome printers, all of the dots are printed in a single color, whereas
color printers select a. dot color froma,small set of colors. Pictorial

i magery, by chenhsin sofid foran thespbieat immatilizgs the varigys,reastants,pravenipgor scal e
t hat extends over a large range of tonal levels. If such a

"cont i nuous- timpeding meagtion sndiconsetp@n{ mansition of the, dyedetwesnicologodhanidi t a
gray-scale tone. In order to reproduce the image by neans of an electronic
printing deviggnspaemttfied§ TRRPIf YieWOIVRA Heléing poigt B highee thafl e ndrimas e
gray-scal e tones nust be converted into a binary format. The conversion

process, whi Ctl?ggﬁ?glntt@lh erdRRY of tRE BFe _tlilestrgﬁﬂﬁaﬁit&ﬁﬂ) thfegéﬁa[ éigllqeﬂt%ﬁﬁ b

"hal ftoning." ftone i nage consists solely o arranggrrent of
bi nary col ored qr. .uncol pred,dots, but the man, vi sual stem iNiegrates
this pattern ?%“qﬂ?'%ﬁ@ ‘g'ﬁ and fhesolygntintoa B%ﬂaF m%ﬁg-a}edm—!ﬁ%ﬁ?cﬁwn@f’e Because
information is always |ost, however, a halftoned image inevitably exhibits
vi sual di st orsalvent Hystenesjs capberachiexed, dor example; ifithe productins the forwardnce
between the input tonal value represented by a multibit word and the out put

val ue repr eserehetibn(y.gg avingedpenkd laptonk dye)\depresdes tioy firgizing| pointef thesohvieat ns
gray values; in an 8-bit gray scale, for exanple, such error is absent only

at signal | evglsSgitePdélrecPan doesthEprdadct2teKe Rvéletdation @Y. Bhe didfedl AMENTI ON

Brief Summary of " the I'nvention In accordance with the invention,
thermochrom Cla@f%g El)"e%.l In axriseca'sg!cfglw“%ﬂgsn%ﬂing of the solvent and occurrence of the

forward reaction, the composition must be cooled to a temperature below the
previous melting point to achieve solvent solidification. So long as the reverse
reaction takes place above this depressed solidification temperature, it will occur

prior to renewed reactant immobilization.

In U.S. Patent No. 4,717,710, the entire disclosure of which is hereby
incorporated by reference, a thermochromic composition comprising an electron-
donating chromogenic material, a 1,2,3-triazole compound and a weakly basic,
sparingly soluble azomethine or carboxylic acid primary amine salt are combined with
a solvent such as stearic acid glyceride, lanolin, diphenylphthalate, lauric acid
glyceride, propyl laurate or palmitic acid glyceride. Depending on the solvent
chosen, the transition temperature can occur over a wide range from about -40 °C to

about 150 °C.



into constructions that facilitate accurate reproductions of nonochrone or
full-color imges having multiple gray levels. (In the case of a col ored
imge, the terns "gray |levels" and "gray scale" are used to connote

mul tiple densities of a single color.) The recordi ng constructggngay Redeude
thernochrom c materials that are present as solubilized dyes, as

m cr oencapsul ated dyes, or as particles (e.g., conprising a dye mxed with
a fusible solvent and fabricated in parti§ulate form; as used herein, the
term "pignment” includes any particulate formof thernochromc materi al

whet her or not the thernochrom c conposition utilizes a dye to inpart

col or, and the ter o'thempent thessreversiblg cempgends havebeep usesd iIvsamPuter bot h

pi gnent and dye forms. The thernochrom c conposition is dispersed into a
har denabl e matpeintifg agplioatiuns, i0hascteer i the graditional manger witlout multipeiccldostaad a

di spersion or solution of the thernochrom c conposition, and which may then

be coated or |\afHolakRy stild. OMBsSRFIutét iRiveh priftthgSdhitRs, dclPas 18R ddt Rahtliay er .
It should be stress that the thernochrom ¢ conposition, e ordinarily

whi |
di spersed intq_the .hardenabl e nateri al an,.even G .col | O )
di spersi on, ca?‘ﬂaé'ﬁ(élcgeﬂri'@gr& ?/%'Hrﬂ?ﬁgl &‘S’rfa.&?°“ggf‘§ ﬁt‘??‘ ﬁ‘ﬁg“?‘égﬁ%"‘ﬂg%‘g’géﬁgi on" is
therefore used generjically to connote both dispersion of insoluble
parti cul at e né&T8Y PhPiCHIse elements; n Pixelss And Ahe eviges gan eitherprntassmall colored
conpositions of the present invention exhibit hysteresis, retaining an
ext ernal | y i nulosetceach pixel locationair 1eave thetlocation tank e Imthetcaset ofspenochroswu s
reversion to the previous state. $ 0 MAY 2002 7 In a first aspect, the

i nvention conpiinfeds; all ©F tHeiotPare Prinfet e h siaple cbRoe] Whéradsi colbr ipeiRfepsisetdct on of
i mages having nultiple gray |evels, and nmethods of inmaging such

constructions. .t &lBPﬁoﬁ@&%l@p$ﬁcoﬁA§? construction conprises a plurality of
recordi ng | ayers each contalning a dispersion of a thernochrom c recording

material which, while simlar in color to the other |ayers, exhibits a
transition tenpera

re.di.fferent fromt.hose. of the ot.her l.avers. The nunber

of such |ayers cor écéﬁﬂﬂd@ali%y ’rﬁ!{emﬂﬁﬁ%»é? cglﬁmapgvngg%thgyg eﬂ@}’mg AeBPécor di ng
menber is capable of rendering. The construction is inmged by applying heat
in an i magew Sealgathateextends eueralaiastrange ofdenal lewelsi Hpugh a s¢antipupusttone
determ ning the nunber of |ayers affected, and therefore the |evel of gray
that wi |l appénageis divided ipoipitels, each will exhibit a gray-scale tone. In order to reproduce

the image by means of an electronic printing device capable of applying only a single-

toned dot, these gray-scale tones must be converted into a binary format. The

conversion process, which may take many forms, is generically referred to as

“halftoning.” A halftone image consists solely of a spatial arrangement of binary

colored or uncolored dots, but the human visual system integrates this pattern to

create an illusion of a continuous-tone original. Because information is always lost,

however, a halftoned image inevitably exhibits visual distortions due to “quantization

error” (i.e., the difference between the input tonal value represented by a multibit

word and the output value represented by a single bit) wherever the original image

contains gray values; in an 8-bit gray scale, for example, such error is absent only at

signal levels of 0 or 255.



I n anot her enbodi ment, the differently responsive thernochromc naterials
are. located in a single layer rather than different |ayers. The nethod of
imging is the same, however, since each thernochrom c conposition is
differently responsive, and once again the anount of heat appl38cMAY 2002
determ nes the gray level of the affecting region. In a second aspect, the
i nvention conprises recording constructions facilitating reproduction of

i mges having nultiple colors and, if desi6red, multiple gray levels in one
or nore of the colors, as well as nethods “of imagi ng such constructions. In
one enbodi nent, the construction conprises a series of recording |ayers one
atop the other, each cont DESGRIPTION GFHHE INVENTEON oni ¢ recordi ng
material of a different color; the colors collectively forma subtractive
col or gamut. Underlying the bottommobst recording |layer is a reflective or
whi te substrat }I $0 I\/ﬁ 2002 8.construction is imaged by sel ective
exposure to Ii]SﬁF ?SHBWM’ ﬁ}f Bv?mo\’ari ous col ors, exposure of a given
thernochromc material to light of its conplenmentary color heating the
material to its transition point while leaving the differently col ored

t her nochr om ¢ mat elnateordarse wathtthelinvention, thermerhremictnatertalsare isodionased ) each
color is represented by nore than one thernochrom c conposition having a

di fferent trangfotdofsiniclioRemat fatidtat@atdutabcpryduttionsE nfoAbThrome ad Al edlér
| ayers). In this way, a gray scale is introduced into each color for which

yers). In _ X _ |
Wil Canse g apee VB FAIRAE kIR e e o T Rr gt The R SHRF T L1

ent transition o N I ncreas nunber

of the conpositiops. |.n another emhodi ment, the. differentl ol qred

her mochr on ¢ 1nieaand B AEe s Rirddo chpptsmultials densisE0t a Sgic ot ine case
the colors forman additive color ganut. The approach to inmaging is

anal ogous, howesasding egpsrigtensiincludephermashrimiematesials thas ase prgsent 8311 ar col or
results in transition of that color, and i nagewi se exposure is used to

i mpart a desi rselibilized)dyes Qsaricagacapsulated Wyése vebsparticlesie. gadaagrisiag taliys
enbodi ment by varying the transition tenperatures of the different colors.

In a variati onyiked Wwith 3 fEdTH1e IbI0E land FABBICALA Y partidufat® BSrm)) a5Q8ed RérEinathé! Ngl e
| ayer, but are instead |ocated in separate, contiguous, nonochrone stripes

organi zed term “pigment” includes any particulate form of thermochromic material, whether or

not the thermochromic composition utilizes a dye to impart color, and the term
“composition” is used generically to connote both pigment and dye forms. The
thermochromic composition is dispersed into a hardenable material capable of
accepting, in a liquid or molten state, a dispersion or solution of the thermochromic
composition, and which may then be coated or laminated onto a sheet support to
serve as a recording layer. It should be stressed that the thermochromic composition,
while ordinarily dispersed into the hardenable material as an even (e.g., colloidal)
dispersion, can also dissolved therein if soluble; the term “dispersion” is therefore
used generically to connote both dispersion of insoluble particulate material and
solutions. Generally, the thermochromic compositions of the present invention
exhibit hysteresis, retaining an externally imposed transition at room temperature

without spontaneous reversion to the previous state.



according to the color ganut; for exanple, in a red/green/blue color gamut,
the stripes are arranged in red, green and blue triplets. The stripes are
sufficiently narrow that the eye visually integrates them and are inmaged
by causing sel ective, imgew se transition of the stripes in an imgew se
pattern. 3 0 MAY 2002 9 In another aspect, the invention con$0iMAYS 2002
thermal printing apparatus useful in inmaging the foregoing constructions,
particularly those exhibiting hysteresis. The apparatus includes a
conventional paper feeding and conveying rfechani smthat conducts a sheet of
paper to first and second heating or cooling elenments, which condition the
sheet to eradi cat e Ispdirstaspectthe mvention doyprisesare¢ardinglcenstmotionsi facilitdtisgheet i s
then engaged to a rotating drum where it is selectively exposed to the
action of a vagpraBhdtiohdTRALERS Uaving hRIUPR gray ievels tanderéihddsdf dnggiggTedi ment )
or a scanner capable of inmagew se application of colors conplenentary to
those used in r I . I tihe | LSl el mat el y
controll ed by cgﬁﬁfu%ggﬁ nlg%gl% ?@gcr#hg}e ﬁ%{tﬁ(}t«{?rn g@gﬂgpg?ﬁé%?%ﬁ%%ﬁggi tute an

el ectronic representati on qf an.origipal document or, picture.,. Brief,

Descri ption offe RGN aYiS fach santainias 85isprrgionial & hamoshigmis reserdingariesiod
more readily fromthe follow ng detailed description of the invention, when
t aken in conj iwhieh, svhilesinila mecoiudemlmmberrlgyem, &uﬁh@@ tragpitigmi temperdiu@®@ 1 i s an
enl arged sectional view showing a nultilayer recording menber capabl e of
rendering nul tdifférent@romy tivs@bihk vk tayérsi The pumbendf spelt layerk esrrespbadsaot i al | y
enl arged for purposes of presentation); FIG 2 is an enlarged sectional

vi ew showi ng thhmﬂ&&bk% (scAEOMACHE PecBRITAEeABAAR bibaBle of REHIBRAOITARI LI Pl €
gray-scal e | evel s; 3 Y 2002 10 FIG I's an enlarged sectional view

show ng a ml tc'ohs%%%{iorg %Cl%ragel a{{)?)r)?r%rheat in an imagewise pattern, the amount of heat

applied at any point determining the number of layers affected, and therefore the level

of gray that will appear at that point.

In another embodiment, the differently responsive thermochromic materials
are located in a single layer rather than different layers. The method of imaging is the
same, however, since each thermochromic composition is differently responsive, and
once again the amount of heat applied determines the gray level of the affecting

region.

In a second aspect, the invention comprises recording constructions
facilitating reproduction of images having multiple colors and, if desired, multiple
gray levels in one or more of the colors, as well as methods of imaging such
constructions. In one embodiment, the construction comprises a series of recording
layers one atop the other, each containing a dispersion of a thermochromic recording
material of a different color; the colors collectively form a subtractive color gamut.

Underlying the bottommost recording layer is a reflective or white substrate. The



capabl e of rendering color; FIG 4 is an enlarged sectional view show ng a
singl e-l ayer recordi ng nenber capable of rendering color; FIG 5 is a
partial isonmetric view of a recording nenber utilizing adjacent col or
stripes to represent color, and including a stripe for regi Steﬁh%ﬁ
suitable witing head;, FIG 6 schematically depicts a witing L
in imging the construction illustrated in FIG 5; and FIGS. 7 and 8
schematical ly depict recording apparatus for imaging the various
constructions shown and described herein. $etailed Description of the
Preferred Enbodi nents Refer first to FIGS. 1 and Z, which illustrate

recor di ng consdonstoadtionds intaged byselédtive expasureda dightoconyilengentary s@ theevariomges. | n
t he enbodi nent shown in FIG 1, a constriction 100 includes a bottommost

substrat e | ayedoldtexpbshréofs given tHeym&dhromic Maléred td R oF its BeMPlementary
representatively at 107, 109, each such | ayer contalining a dispersion of a

t her nochrom ¢ - £ i . Sl Ll ; e1:f rom
that o the ot Rt ieais 88 mifialth & kirRiEh pote hAERETL HGuRbich Stbrct O
gray scal es that the recordi ng negber 0 is capable of rendering. 30
NAY 2002 11 S 6 e AR VR GE D STbPIEHEh SR SRl R
overlying recording | ayers and can include, for exanple, paper, synthetic
paper, a pl astrepresénted Gyemgre thgroonecsthermochrastic goppesitianchayimgardifferapiosi t e.
Substrate 10 ordinarily provides the i nage background and is, therefore,
typi cal |y whi tteansitiond@sperstdre @nd kicatel én (he sarae of adjhceat layers). dankis magiati on to
enhance overall appearance. Layers 107, 109 are fornmed from a hardenabl e

meterial capabicgy glales iftfdkiuOh indoealh bOIBHEH WicH RbILIBR hdrtofhrofhicll Sper i on

(or solution) ©Of" the t om c conposition des bed bel ow. Generally,

a cross-1linkabl %yol gsti cC_or 4)i nder res* nis mxed .lei t h thet t tﬂertrmch(riom C
conposi ti on an® X G UEHE U5 ST BOEUPIERE CROMC MY FrS8aTa A st as28

di spersion (or solution), which js then coated onto sybstrate 105 or an
overlying recdioaseayentiapsitionphan aisasedmugibes of the gompesitians(e. g. , by exposure
to

In another embodiment, the differently colored thermochromic materials are
combined into a single layer, only in this case the colors form an additive color
gamut. The approach to imaging is analogous, however; exposure to light
complementary to a particular color results in transition of that color, and imagewise
exposure is used to impart a desired image. Once again, gray levels can be added to

this embodiment by varying the transition temperatures of the different colors.

In a variation to this embodiment, the colors are not mixed into a single layer,
but are instead located in separate, contiguous, monochrome stripes organized
according to the color gamut; for example, in a red/green/blue color gamut, the
stripes are arranged in red, green and blue triplets. The stripes are sufficiently narrow
that the eye visually integrates them, and are imaged by causing selective, imagewise

transition of the stripes in an imagewise pattern.



actinic¢c radiation, an electron beam etc.) and any solvent driven offto
pr.oduce an infusible "thernoset" polyner that freezes the dispersion and
resi sts degradation fromthe heat applied to cause thernochromc
transitions. Suitable dispersion-accepting, curable polyneric materials can
include, for exanple, acrylates, nethacrylates, polyvinyl chlogigdgay 2002
pol yvi nyl acetate, polystyrene, phenoxy resins, polyesters, polyurethanes,
pol ycar bonat es, pol yvinyl al cohols, and varlous copol ymers of the

f oregoi ng. The thernochronic material may%be introduced as a sol ubilized
dye or, preferably, dispersed as a pignent. The pignment particles may be
formed from t her rodhanother adpes, thé inventionndomprisescthersnal ptinting appamagns useful in
conventional nethods (such as the coacervation nethod, the interfacial

pol yneri zat i Ofimag n%ﬁiigfoﬂ-fgo Q:ohs!im%h&ﬁ’s mac&mmmoa@%&anmswmw ZBiel ON

rrethod) or by conbining a dye with owrretlng solid as contenplated in

the ~ 482 pat enp, e hARGE SoBfhchits rp??#e?:fged?\g oHBGhicDlng bR 4 21 € form

Sui tabl e ther romc es are se rexanpt e 0 and

"482, patents, and sh d xhi bit_  hysteresi s such thaf transiti per si st
at room terrpercﬁf‘w*(a%t o )papettadirsfiang secand DeRiinareoal &ﬂ?m@}t%vﬁv of the
different layers are 1-10 C apart from one another, although the necessary
t enper at ur e ssaoditign thetsheet|to pradisptersgurious ariremnant bysteresi eThgicandivned hose

Wi th sharper reaction-tenperature profiles can be spaced nore closely than

mat eri al s exhishéet istenengaged fcktatimgfrime®hert it i9 peléctiivelg @xpdsed) €@ theOtitic €
applies heat to the recording nenber 100 in an inmagew se pattern, the

amount - of - healorq RatikitelsehipeddireRfbsial #Rifg ilsd! (iorienboRiffinylr dicaihet hat wi I

appear at that point. For exanple, wth Tef erence to 1, suppose t hat

t he pignent dis | es a.higher transiti { enperature
than that di sﬁg&g’iedo ﬂ’ag%lvy‘?é%/a%@a ‘%&%PW%@%?{P%%}B}POSF uﬂeéﬁf' ﬂ%‘hf ficient
to cause transition of |ayer 107 froma_ colored to a transparent
state) will néeBsiBigHPR.yIngither @;aée»sfmefq%anss yltigyptelyrcontrelled st anjinpeming giseam 09

On the other hand, sufficient heat to cause transition of |ayer 109 need
not cause tramﬁ'ptc'tura sighalk,aytdch ddhstituBearaelectrontearepriesantdtionfdf @n brigihat he vari ous
| ayers is cunul ative, image regions where all recording |ayers are col ored
appear dar kestdbcihiédt®r pRAei ng col or from successive recording

Brief Description of the Drawings

The foregoing discussion will be understood more readily from the following
detailed description of the invention, when taken in conjunction with the

accompanying drawings, in which:

FIG. 1 is an enlarged sectional view showing a multilayer recording member
capable of rendering multiple gray-scale levels (with pigment particles

substantially enlarged for purposes of presentation),

FIG. 2 is an enlarged sectional view showing a single-layer recording member

capable of rendering multiple gray-scale levels;



| ayers renders the image correspondingly lighter. Thus, while each layer is
either "on" or "off' (fully colored or fully transparent) at any inmage

poi nt, various |levels of gray can nonethel ess be rendered. 3 D MAY 2002
13 If the recording nenber 100 is heated to one state and cooled to the
other, it is preferably imged using the inaging apparatus degg yredn?

her ei nbeI ow. If the nenber 100 is instead exposed to dlfferent t enper at ures
(for suitable tines) to cause transitions, any conventional, digitally
addressabl e thermal witing head can be ug‘ed. During the irragi ng process,
rel ati ve novenent is caused between the witing head and the recording
menber (e.g., w thFGe3 iscmomthrgeyl seetidml viewfshawhgtaomultilapératedrtimg dwembeand t he
writing head nounted on a bracket configured for novenent along a | ead
screw, the writing chsabik fresdenidg @8R, @ col utm of image points before being
i ndexed to the next colum by a stepper notor; or with the recordi ng nenber
axed to a flatbed recorder and the witing head nmounted to brackets that

may be indexed al oRgGt ¥Ry £ SRR édoééét)nonaﬁﬂgw%h&gﬁg s?{g[lﬁﬁyér%c&rﬁﬁ ‘Mén’iﬂepg

head to enmit pulses at the appropriate tines eapropr

intensities to inpgose,an ewi se, gray scale pattern on the recordl ng
member. An al t er natPRA? ﬁt?ﬁﬁ‘f&"@ﬁﬁ@&frmnt shown in FIG 1 appears in FIG 2.

Instead of locating the differently responsive thermochromc materials in
different discrete ]ayers, in this enbodinent they are all_ distributed
uni formy and rand&®&Gy3 is partdal ispmetngyiay @erecwwggmeg\bpeum jzngAdjagets a
two-1 evel gray scal e enbodi nent anal ogous to the enbodi nent shown in FIG
1, with a first setcolf siripgsrentepreaent icologsand Iithitbing aistripe foraegisteringna
tenperature different fromthat of a second set of pignent particles 121.
Once again, the gr gaitédle WhHend'Reéad: appl i ed to a gi ven region of recording

| ayer 117, the greater wll Dbe the di versity of particles within that
region that undergo transition, with a correspondingly |arger effect on

gray scale.  $ D WY ¢98%mhflcally depicts a writing head useful in imaging the construction

illustrated in FIG. §; and

FIGS. 7 and 8 schematically depict recording apparatus for imaging the

various constructions shown and described herein.
Detailed Description of the Preferred Embodiments

Refer first to FIGS. | and 2, which illustrate recording constructions that
facilitate production of gray-scale images. In the embodiment shown in FIG. 1, a
construction 100 includes a bottommost substrate layer 105 and a plurality of
recording layers shown representatively at 107, 109, each such layer containing a
dispersion of a thermochromic composition having a transition temperature different
from that of the other layers. The number of layers corresponds to the number of

gray scales that the recording member 100 is capable of rendering.



Refer nowto FIGS. 3-5, which illustrate constructions capable of recording
full-col or i mges. The construction 125 shown in FIG 3 operates in a
subtractive node) and conprises a reflective or white substrate (e.qg.
reflective alumnumor a white reflective filn). A differently col ored

t herrnochrom c conposition is dispersed in each of adjacent |ay S &?%um
131, 133, which overlie substrate 127. Each of the layers is se ar%tely
"addressable,” i. e., can be nade to under?o a transition independent of
the other layers. The colors of layers 129! 131, 133 collectively forma
subtractive col or ganut, such as the well-known CMY (cyan/ magenta/yel |l ow)
gamut, that facilitSubetrateriod¢an b&inyahataridlicapable efhwpparting tHeawvarlyiagough
subtracti ve conbi nation of the constituent (prinmary) colors. Preferably,

separate addr er%é@rlainlg:l%)néri shdtah HARK, RY exsihilé) fabér eyaﬁmigrgiggerc& pﬂ@ﬁd’ ﬁlingns

t hat undergo transi to transparency at elevated te atufes, an
col ors whose ¢ | ement s exhipit little or.nosspectr vert ap. .l hi s
vay . expos: ng @ikl HEBIRHSD: Bf B RRe-RiRst SRS SPPRBIGR otEhlPoyHs (S
conplenment results in substantial energy, absorption hy that cquosition,

but not by t hemasmbickgenndand isothsrefansetypicalishitonlfdesiisd, shbsirats 18rcaq he

t hernmochrom ¢ conpositions are chosen to facilitate convenient inmaging --
that is, adequaflectdnvidenyradiation po enhancecovenallappedraraesi ti on t hr ough exposure
to light fromthe desired imaging nodality. In one approach, the
construction 125 is imaged by i magew se exposure by three | aser sources (or

a single tunabl e sdudyess)107aL9 drddethddFrdnh & hiésdbleihterislvapsipofdabiceding0
col or conplenents of the |ayers 129, 131, 133. The | asers scan over the

surface of th r i t dot s 30
VAY 5002-15 canPalRld SRR st A beHGE sBuRih o b BemERAREE 101D

selectively del etes. (renders.transparent), at ea i e I.n one or nore
of |ayers 120 comppition 3eaoas hdte Ceneral s Spmkebie SRS ficiter st act [ ve
basis) for that point. In particular, utilizing thernmchrom _c conpositions
that becone t riaixeditBithe thermechpemis compodtiomand esalvent ek touripg soAPI0ement ar y
color) it should be apparent that a source inmge can be transferred to the
recordi ng nmenbpodicds svabledispession (ortsolutioh), gihichpathes costed ninodybstrate beS sour ce
imge itself. Accordingly, in addition to pointw se, conputer

an overlying recording layer. The composition is then cured (e.g., by exposure to

actinic radiation, an electron beam, etc.) and any solvent driven off to produce an

infusible “thermoset” polymer that freezes the dispersion and resists degradation from

the heat applied to cause thermochromic transitions. Suitable dispersion-accepting,

curable polymeric materials can include, for example, acrylates, methacrylates,

polyvinyl chloride, polyvinyl acetate, polystyrene, phenoxy resins, polyesters,

polyurethanes, polycarbonates, polyvinyl alcohols, and various copolymers of the

foregoing.

The thermochromic material may be introduced as a solubilized dye or,
preferably, dispersed as a pigment. The pigment particles may be formed from
thermochromic dyes through microencapsulation using conventional methods (such

as the coacervation method, the interfacial polymerization method, or the in-situ



control|led | aser exposure) recordi ng nenber 125 can be exposed
therno-optically, e.g., by projecting the image onto the surface S of the
construction (using, for exanple, a sinple slide projector, photographic
enlarger, television projector, digital mrror device, etc.). A gray-scale
ef fect can be added to this enbodi nent by utilizing conpositi 8GsMaM\20029
different transition tenperatures for each color; these different
conpositions can be dispersed within the sane color layer or in different,
adj acent | ayers. Longer or nore intense e%bosures times result in deletion
of nore of the conposition (e.g., a greater nunber of pignment particles),
since | onger eolyaedzationamettod)e ohbytmmbiniagpdyawithadowhmelting salidtasr n, affect a
| arger variety of the differently responsive (but simlarly col ored)

particles. RefsgpteRplitddinthd3482 patehi &id diéﬂekﬁrﬁg{ thé SSlidifedanstbhdl iepaaaiIgach to
reversible rendition of color. Instead of miltiple, one-color |ayers, the

rsi bl . st ea one- col or T ayers, the

G 17 orontl y cdvaY cSpin BEmot R Rl oy g ol (S RO, Hlnd AOSRTAAT 2
I t, si th [ . ticl ~ MpY 2 16 d

1 osel y 1 oget RBfERn T RO Ry sgrese Sich el (FASREPLS BRGS0 hoods o

particles. A representative set of additive colors is red, green and bl ue.
Substrate 127 tempataturs (<68 °Fhf Generallycthe transition tepypetatuines ofhee ddferent dayierst ai n an
adequate brightness level or color "value."” |Inagew se exposure of the

recordi ng menfaps 1-188Ctapas Gloni 61k drioghet, altheudH the nBeedQine tenfperabire BpaHidgNt

particles conplenentary to the colors inpinging on |ayer 140 at any point.

Accor dingl Y, _Gaipdify bl ohie FRMrITRARsbE thOE A ThaHRF RREGR| HYRARICT | ON

125 -- through poi se opto-therna posure by one or nore |:
g s PrONEREER SBIER IMRF sofely hap b e b SRGTS st oS, ana
rise in tenmperature. Accordingly, exposure of one particle is unlikely to
e gt SRty B o B R ot o v
by using multiple |ayers 140, each with a di spersion of thernochromc
conposi tions fimagawise patteen thet amanc of loeat applied at any point determining the level of

gray that will appear at that point. For example, with reference to FIG. 1, suppose

that the pigment dispersed in layer 107 requires a higher transition temperature than

that dispersed in layer 109. Pointwise application of heat sufficient to cause

transition of layer 107 (e.g., from a colored to a transparent state) will necessarily

also cause transition of the overlying layer 109. On the other hand, sufficient heat to

cause transition of layer 109 need not cause transition of layer 107. Because the

visual effect of the various layers is cumulative, image regions where all recording

layers are colored appear darkest, while removing color from successive recording

layers renders the image correspondingly lighter. Thus, while each layer is either

“on” or “off” (fully colored or fully transparent) at any image point, various levels of

gray can nonetheless be rendered.



ganut, but wth transition tenperatures that vary anong | ayers.
Additionally or in lieu thereof, a |ayer containing a dispersion of a black
t hernochrom ¢ conposition can be sandwi ched between | ayer 127 and the
overlying layer 140. This layer can be selectively rendered tr gagﬁf?ﬁﬁ to
provi de control over the color value, and is addressable inde&gn ntly of
the thernochrom c conpositions in layer 140 (that is, due to the self
limting nature of the inmaging process, h ?ting of conpositions in the
overlying layer 140 will not inadvertently’result in activation of the

bl ack conposition or vice versa). In one preferred approach, a bl ack

pi gment has a trandf theaacordifig telber PODR heated torpme sisterand cooled totthanthehdt of
any of the pignents in overlying |layer 140, and so may be sel ectively

addressed Wi t hopfefeatiy ihagea ukiny Gie imging\lib&ratﬁs déscHbéd Réréifbeddw alftthe nat i ve
approach to additive color rendition. recordi ng nmenber 160 conprises a

series of con J i r i - : ch
havi ng di sper ?ﬁ@hﬁ%g?gﬁsﬁhgkﬁép rgﬁt')e((:i ﬁ?‘?ﬁe@én&iﬁ%@%ﬁ%g@fﬁ unga% ﬁj‘ ?Tées%é:l% auggl or,
with the colors callectively form.n n di tive color.ganqut, The stripes
Moon, 162b. s aosens aineeybuaie et fema SrifidReia ey bo dsed.
sufficiently narrow (on the order of 170 microns per individual stripe for
a 50 dpi triadDuringthe imagingpropess, relatiygymoyesment issposedfietweendbe writing heade eye
integrates their colors. Selective deletion of correspondi ng portions of
adj acent stri paditkectecordiiganernsepdeigl, mith thé regondimpahanberfaffided t@amptatablen ot her
words, an inmage point or pixel of recording nmenber 125 or 138 may be

represent ed byyafand MeGHERE Ml imAnBA dif a bradkel® rddS@r B0EM&R aldn@ at he
case of pignment conpositions, the area is large relative to the siZe of a

pi gnent partigle Singce t. ers.overl i n er . An i oi nt or
pi xel in constq?adpc“{cfe&'lQﬁ%ﬁ%ﬁ%i’%ﬁé’agﬁ’& veﬁé%@"ﬁu@?’%&cé%'&%gg P%Bl?ez?‘gloy si zed,
adj acent portions of a three-strjipe triplet. Odinarily, the pixel extends

| ongi t udi nal | yn%ﬂxsigo the gt qalysan byya &Fe&%mméaumthttée rerdingiracmber affixed of
the triplet. Underlying the stripes is a substrate 127 (typically white)
and, if desirad,a flatbeddedarderraali theawyritingllgad counteidrto hoacketditsa erayibeindekedr bl ack
t hernochrom ¢ conposition. Once again, this layer can be selectively
rendered transisigao difemdiche), d6d & @Binpaler £atBés the writing head to emit pulses at the

appropriate times and of the appropriate intensities to impose an imagewise, gray-

scale pattern on the recording member.

An alternative to the embodiment shown in FIG. 1 appears in FIG. 2. Instead
of locating the differently responsive thermochromic materials in different discrete
layers, in this embodiment they are all distributed uniformly and randomly in a single
layer 117, The figure illustrates a two-level gray scale embodiment analogous to the
embodiment shown in FIG. 1, with a first set of pigment particles 119 having a
transition temperature different from that of a second set of pigment particles 121.
Once again, the greater the heat applied to a given region of recording layer 117, the
greater will be the diversity of particles within that region that undergo transition,

with a correspondingly larger effect on gray scale.



the col or value, and is addressabl e i ndependently of the conpositions in

t he overlying $ 0 MAY 2002 18 color stripes. In one preferred approach

t he bl ack conposition has a transition tenperature |ower than that of any
of the colored conpositions in the stripes. Recording nenber 160 is nost
readily imaged using a single thermal or laser witing head of 3gnMRﬁunna
desi gn but capable of addressing a single stripe. Wth this approach, IS
critical to provide a reliable mechanismfor orienting the device over a
desired stripe (or stripes) at a sel ect ed4pi xel location. In the preferred
enbodi ment, this is acconplished by a registration stripe 170, which is
coated or |am nat eRefenhowao FIGS [835,0#hiah fllabteaté eonstraktions(capabidef recarding,
registration stripe 170 overlies a colored stripe 162c). Odinarily,

recording m”ﬁ.ﬁ%o'l&QmﬁEélt qrwa%oastﬁicaeﬁ €25 §Howhein F16. %F rheékngasdbﬁamegl nal
col or stripe; however plurality of registration stripes 170 can be

e R O P o5

Regi stration stri 170 trapn par nt to,visible Ijght, but ab orbs or
Fefl octs i nvi whitt & I‘J@ﬂbt ﬁsdlf?@ewcq ¢red thermeghramicFopiPogifien hditpersed
spectral regions). For exanple, plastics such as pol ynet hyl net hacryl ate,
whi | e transpaimeath phadjsventlaysr 129, rlddi B33, whichlovedip substnate 125 Hagh of the
characteristic absorption lines in the infrared (typically around 725 and

850 nm) and ulayérss separatelycGidaressableC G, (ban B Ynadé beudeigy atransitial  anpl i t ude
wi Il be higher when the radiation returns directly fromthe surface of the

col ored stT | PeBepoHbdi Yind e dbyB0 ARG BFTQRE 2501 1307 PY Ui Thn, B

regi stering deviations in sign ma suita equl pped t her nmal

witing head, a,controller governin mova nt C

strai ght f or waf Eﬂtﬂ? aFBYfaqoéorsqaﬂ}uﬁesu%egth Wd%ya@m%@%m y
witing head is shown in FIG 6, and includes a trunk segnent 187
terninating igamuththat fagijtasescprediictiopof 2 heaadirangefeploes through sublyacsve t he
stripes 162a, 162b, 162c, extending longitudinally the |length of one pixel.
On one | at er atombination of the constituent (primary) colors.

Preferably, separate addressability is obtained by using thermochromic
compositions that undergo transition to transparency at elevated temperatures, and
colors whose complements exhibit little or no spectral overlap. In this way, exposing
the composition of any particular color to light of its complement results in
substantial energy absorption by that composition, but not by the other compositions.
The transition temperatures of the thermochromic compositions are chosen to
facilitate convenient imaging -- that is, adequate energy absorption to ensure

transition through exposure to light from the desired imaging modality.

In one approach, the construction 125 is imaged by imagewise exposure by
three laser sources (or a single tunable source) each tuned to the wavelength
corresponding to color complements of the layers 129, 131, 133. The lasers scan

over the surface of the construction 125 and create a pattern of colored dots



side of trunk 187 is a radiation-emtting elenent (e.g.) a diode) 192; on
the other side is a detector elenent 194 capable of detecting the radiation
produced by el ement 192 and producing an el ectrical signal proportional
thereto. Using suitable scanning arrangenents (such as |ead screws and
associ ated stepper notors), witing head 185 is indexed, stri |30 WMAYS2002 pe,
al ong construction 160 and activated in an imagew se pattern according to
stored image data. Initially, witing head 185 is noved into proximty to
an edge of the recording nember 160, andlSs stopped when el enent 194
detects registration stripe 170 (signifying that the el ement 189 overlies

the marginal estreapenting 1o the sourddienage byl impartifgener fickhaestiestivelp déleresonpl et e a
full scan of non overl apping i mage points. |If construction 160 includes a

f f
series o '”t 5 canﬁﬁgm&gesseylaggéh&lnp%ﬁe $7ﬂoré{5ﬁaﬁ?§i”f§9q3 OF3thon O

witing head its actu posi tidn ydetermnlng

whet h I I d f
now 1o Fi o eFhisth T dRpfOHiRLe 1o B0 B R £ Paf R (O RYGRRS (T

i magi ng the foregm ng constructions, and Whl ch are particularly sui ted to
recordi ng shewilizingthermacheamis, gommtmé khab hecomeciranspareal in fespoRsero b t
hysteresis. The enbodi nent shown in FIG 7 is anenable to inmaging

gray- scal e noexpoburete lightafasooplenentaryicolgr, iteshbeld be Bpparent thdtS sonscevimbge as
col ored images on a construction such as nmenber 160 (or nenber 125, if the

various | ayer ganbeftrdsferrdd td ﬁfeeedoralhgﬂeh{bbpmstwm@baihglit%lxghﬂ eflpar at us
i ncl udes a conventi onal paper feedlng and conveyi ng Y 2002 20

rechant s dengh S BSRELal inkad s dP AccbRiiill SR ABNALE P H&%ﬁ&e gbmpRREr P

anong the various her emenso et P|S|n|t|ally

brought into cont wth or roxi ity to a 'rs heat i or cooli
el emgnt 205, f¥O gﬁ\i&s‘ﬂf"? 6?&?”5?@%1\4]%‘3%}5 Lqeﬁépgqea ompali},

Preferably, the invention operates with recordi ng nenbers designed to
undergo a f or s 8Y Proiesingitemimage gnto the syrface Srof|bhe eanstragtiondysingydoe r oom
tenperature, and a reverse transition (e.g., to a colored state) bel ow room

t enper at ure. éxaniph, a siagle slidel peojector, PAbtogsaphicrentiingsr] telegisingrejettof, @igifabr abl y
resistive) that heats sheet P to a tenperature above the forward transition
tenperature, Alfor&e e;ggrgtcflo is a cooling elenent (e.g., Pettier elenent or
a solid-state cooler) tha

A gray-scale effect can be added to this embodiment by utilizing compositions
having different transition temperatures for each color; these different compositions
can be dispersed within the same color layer or in different, adjacent layers. Longer
or more intense exposures times result in deletion of more of the composition (e.g., a
greater number of pigment particles), since longer exposures produce higher
temperatures which, in turn, affect a larger variety of the differently responsive (but

similarly colored) particles.

Refer now to FIG. 4, which illustrates an additive approach to reversible
rendition of color. Instead of multiple, one-color layers, the construction 138
comprises a single layer 140 containing a dispersion of differently colored pigments

(or dyes) 142, 144, 146 forming an additive color gamut, since the pigment particles



cools sheet P to a tenperature below the reverse transition tenperature.
The result of this cunmul ative exposure is eradication of any spurious
hysteresis, or hysteresis persisting from previous uses of sheet P,
resulting in a clean final inmge. The conditioned sheet P is then engaged
to a rotating drum 215, where it is selectively exposed to th a’%t&@ of a
variable-tenperature thermal witing head 220 (which may be ¢ f & for
exanple, in the manner shown in FIG 6). The inmagi ng apparatus is thus

i npl enented as a scanner or plotter, witl%%vri ting head 220 positioned over
t he working surface of the sheet P and noved relative thereto so as to

col l ectivel y aespacedso slosdlyptogethehthadbtherege inteprates thieicolongofveighborhoblisdf i S)
its instantaneous tenperature during the scan -- is controlled by an

i ncom ng str eamidés, Q&Féﬁﬂés%nt%h@é‘ﬁ't of adivivelbofid?§ fiitred YrSenBhd BIRS (b fte
representation of an original document or picturée.” The signals can

originate fro S I k or
tape reader, fﬁ?ﬁ%ﬁg%ﬁf g b o SR S o BRI iyt
controller 5 recel ves thgse signals and controls the operation of witing
head 225. Th| §V°| §r§%196 Yeshed, for exanple, by nounting writing head 220
for novenent along a |lead screw 230 (e.g., by neans of a bracket that rides
al ong a parallel guide bar, not shown). When the |ead screw is rotated by a
st epper nmotor 235 Imosbﬂsagxmm of 2le tegoudmgeuerab@irdBByo wlptedrlrsbp@eultsuo sheet
P. Both the heat emtted by witing head 220 and its 'novenent by stepper

motor 23 5 ardeletiontof pigntit particlentamplémeéntadso tddotdrs iregitgivg on $dygnbdcsatf r om
stepper notor 220 that record the axial progress of witing head 220 and a

shaf t enCOderanS':}gfntSn‘aw}im?l}g?ﬁas %%n"‘ﬁShn%iHﬂFﬁ%ﬁ thd §imd faHedss 1 1S

rotation sul t kno I nstant aneous rel ative
position of witing h tﬁg d sheet iven nent. The control
Sircui try reqi?f*ft&ﬁ%qg? pRipofise optepihe Rl RO T PR b syl Beianer and
plotter art. t he scan proceeds, controller 225 relates the, position of

writing head sz»meﬁ,cprtbué"%nle)pwaﬁaggh@h@a&nsaéﬁacmartwéf isself-limifingedtdt 220 at
appropriate points and causing heating of sheet 220 to appropriate
poi nt wi se t erpeomeutraspaentas paniclereases ta dtsoeboleabamyt Ase-is camhperatnmg e
corresponding to the image represented by the data.

Accordingly, exposure of one particle is unlikely to cause unwanted, spurious

transition of neighboring particles unaffected by the applied light.

Once again, multiple gray-scale levels can be obtained by using multiple layers
140, each with a dispersion of thermochromic compositions forming an additive color
gamut, but with transition temperatures that vary among layers. Additionally or in
lieu thereof, a layer containing a dispersion of a black thermochromic composition
can be sandwiched between layer 127 and the overlying layer 140. This layer can be
selectively rendered transparent to provide control over the color value, and is
addressable independently of the thermochromic compositions in layer 140 (that is,
due to the self-limiting nature of the imaging process, heating of compositions in the
overlying layer 140 will not inadvertently result in activation of the black composition

or vice versa). In one preferred approach, a black pigment has a transition



When the sheet has been fully imaged, it is ejected fromthe apparatus.

FI.G 8:illustrates a different version of the enbodinent illustrated in
FIG 8, and which has been nodified to facilitate i mgi ng of the recording
menbers 125 or 13 8. A series of |ight sources 240, 242, 244, the operation
of which is controlled by controller 22S, are directed toward & MAYafl ng

el ement 250 (al so operated by controller 225) which directs the |ight of
any of the sources to any axial point along $ 0 MAY 2002 22 drum 215; in
this way, any point on the rotating sheel7P can be addressed by any of the
| i ght sources 240, 242) 244 during the course of a scan. The col ors of

l'i ght em ttedemyerafité Fdver SR thatbf any 6fthe pRantentiih QFBMRY Mydra 40hghdcl or s of
the pigments used in the recording nmenber.” As sheet P 1s rotated on drum

215, controll i j 240, 242, 244 and orients
el enent 250 s'ggya%z%ée%g#eggPae&gé%da%y?cr{ltaeﬁac&oﬁgiegaﬁgbts corresponding to the
source inmage by inparting energy that selectively deletes, at each i mge
poi nt, the approprjiate.colo on an additive or a.subtractive basis) for
Phat poi ne. o vy 141 §afiirafes o8 B Busfeantostin B addicBldpled Fhiuadhe o o

hi ghly efficient and advant ageous approach to reversible color and

gray- scal e i rrgeardigg member d6Qrgomprises & series Sf eonseeutiye drpletsiof Favhornstapessed as
terms of description and not of l[imtation, and there is no intention, in

t he use of su®aj B2 162 eschiiaeing idpersedthessitca thidrmochaonticagitipositiembfa of t he
features shown and described or portions thereof, but it is recognized that

various modi fdiffebhtQdtorawvith PRSI BolMdctitdly fdrRh ite chid® ghMiE NHeON
claimed. For exanple, all of the recording nenbers di scl oséd herein can

a

i ncl ude trans r CidnV. r e ecor di I leg: L revent
scrat chi ng orSP@{eEg&z%aﬁgﬁi {ndgz c%één@gﬁg‘.g& 0‘%%9% ﬁ\?%ﬁe%ﬁgb%%ig‘ o%ﬁfﬁ%g‘@&%‘t&et hod
of printing an i mage having ray scale gnto a thepochrom c, recording
sheet, the tHEFﬁ’ﬂ’c‘l%PéR‘? erdgh@tgv%ﬁawg PHUPSWE‘P@ st §a P dpelBd e A nenber,
each | ayer of recording nenber having uniformy dispersed therein a

t her mochr omi omigecing pemstripeforia 6001dpi triad) thatthe lepe mbagnatentiheir colopmn SSeldctive i s

sel ectably heated by a heating source; the heating source and the recording

nmenber novi ngieletibaof ¥SrréspoRdiedpatibaY oft 4djREAteipsFadiitares pfodubtor sy di ng
menber by the heating source; the thernochromic nmaterial entering a

t ransparent sgoﬂ;r%m%owati ng to a decol oration tenperature greater than
roomtenperature an eversing into a colored state upon cooling to a
col oration tenperature bel ow roomtenperature, thereby form ng an additive

col or ganmut, the thermochrom c.material of h | ayer entetri

transparent state IBtOtiélerdW seP%HPa%°e°r%'@r°éPliﬁ¢§‘?*CrF%°ég‘¥*§f‘h°6'g’°f E#?ﬁrei%g'g%ri si ng
the step of: actuating the heating source in an imaqevm’ se. pattern during
the course ofbeirpRresentad byany selegied apibprga of thejmgiher g5orlang a% it wesa¥iofg nenber
by rendering the conposition of at |east one selected color of at |east one
| ayer ent eri rpgmént composipansethie asdads large felatiedio the szt iofig pmeat paticle), col or ed
points corresponding to the image-point array in color and gray scale.

since the layers overlie one another. An image point or pixel in construction 160, on

the other hand, must include similarly sized, adjacent portions of a three-stripe triplet.
Ordinarily, the pixel extends longitudinally along the stripes a distance equal to the

lateral width of the triplet.

Underlying the stripes is a substrate 127 (typically white) and, if desired, an
additional layer 165 containing a dispersion of a black thermochromic composition.
Once again, this layer can be selectively rendered transparent to provide control over

the color value, and is addressable independently of the compositions in the overlying



2. The .nethod of claim1 wherein the recording nenber further conprises a
whi te substrate and, disposed i medi ately above the substrate, a |ayer
havi ng uni fo~nly di spersed therein a black thernmochromic nmaterial, the

mat eri al becom ng transparent upon activation, and further conprising the
step of selectively activating the black thernochrom c nateri & 0MAY 282t he
course of the scan to control color value. 3. A nethod of printing an i mge
onto a thernochrom c recordi ng sheet, the inage being represented by an
array of encoded inmage points each havingg 3 0 MAY 2002 24 a color, the
met hod conprising the steps of: a. providing a recordi ng nenber conprising

a reflective b3l CLedil prb@fEeaYRbachAnbiERdmdoshion! B RirdnSiRGl havi N

uni form y disper ‘her el rom c conposition, the conposition
becom ng transparent on heating to decol gration.te rature greater

t han room teﬁﬁJEP%{PWF%%E‘ﬁHt*@Ht%[é"’Fi°2§"ya°@8? S&BEF%SCPH}PBS'HB'E#‘FBEWWR? to a
coloration tenperature bel ow roomtenperature, and each | ayer conprising a
differently colored material collectively formng a subtractive col or
gamut; b. providi Recarding:memberi 160 iswastreadilyimagadaisinga single-thetmal oplpse | east
one of the layers according to color; c. causing relative novenent between
t he acti vat i owritingtheed oficahveftéonabdesigdibut capable of addressingecsingle stoper Wfitht he
recordi ng menber by the activation source; and d. actuating the heating

source in an thigeEohee itiabhitRialtoditblidd a rélRbRMECAENiSH fdrhRiehtRthe dewise t O
record the imge onto the recording nenber, the heating source, when

act uat ed, e LnPaaiibd sk BOUIDATR Pludtled (538 loctibn SRIRERBRdayer S0 as to

render the at ['east one er trarsparen epy creating an
array of colored,points, corresponding, to the inmagezpoint array. 4. The
met hod of ol edimgat B i acrembliied B & pegiecptifin RS 70 MAICRIS FRREBR 5. The
met hod of claim 3 wherein the activation source activates the conposition
of a sel ect edamiphted obto @stppe phaysaléetedrasdari(ii the figeneheegistratiomssripo 1 T

conpl ement, thereby heating the conposition of the selected col or, but not
ot her conposidvediesa colored sty 1628}, | Ordinagily eécdirding member D60NdWtazidQsidfle 6. The
nmet hod of claim 3 wherein: a. the image has a gray scale; and b. each | ayer

of the recor iy FRERHlyife IR/ hitfRaooRlriichle howBler ARG GrABAPOS L1 ons

havi ng the sane color but a ditTerent activation tenperature, the nethod

further conprjisin he st of act uat | t heat | n €yl n.inagew se
pattern duri r‘ftf'ﬂeﬁg'@ &t éee?'gtf'g?tﬁg oggrarﬁexﬁ%rég Sl(%c’ sﬁg%%s?efiﬁ Egé'i Sr?ap{ag%rﬁ?%%t he
recordi ng menber by rendering a sel|ected nunber of .the conpaositjons of at

| east one selof¥erfyingpreperorightation efithe writiag 8pad duringiimagingnRegiptEalodr col or ed
poi nts corresponding to the inmage-point array in color and gray scale. 7.
The met hod ofstripledli7iStramsparentito wasible lights usrabsarhs oniefleats imyisible wavetengths
activated by heating to coloration tenperatures; b. the imge has a gray

scal e; and c.(eighen fRGRfdHed or dBraticlet SyeoR4liregions)UIFbi Btadthpie plasids suele &y di ng
| ayers, each set conprising a plurality of |ayers each having a

t her nochrom L Ld V] . : i ol oration
temper at ur o, RORTUSR bRty WA bfoRRHEY IR, Alifbailh Ot e Bpfthat D) 2
heati ng source _in an inmagew, se patiern dquri e .cqurse qf__the n so as
to record théxi“hﬁﬁgﬂéﬁFﬂalcr@S9'88%‘? aidn %@M@?eﬂ}m‘eﬁ@m 2 saéfiggﬁed
nunber of the |l ayers of at |east one selected set transparent, thereby
creating an am)and gltravigletiregionsoi Axcordingly, dhgraturn signalamplitudervel be pighat  ar r ay
in color and gray scale. $ 0 MAY 2802 26 8. The nethod of claim6 wherein

t he recor di ngviigheradfatioh hettrns dirpetiysism thevdiiface Sfthe toloied s&gﬂs, witlpos ed
i mredi ately above the substrate, a |layer having uniformy dispersed therein

a bl ack therr{R&%ﬁ{iq%ronr}?&ﬁaﬁsatpﬁom?@; wd.aia¥ P@g&eﬂ VafGRARAAL uPon

activation, and er conpri sing step o ctively activating the

\t/) ;?ﬁg ther rmCarr]r{p lﬁ‘nd% %artg Ersﬁi?zllblyde%uprﬁgd Ehrel:?mgl%rlitlsn% h%];.d,tah&m%r%ﬁgr gtocx)/er%?nrét rol color

movement of the head can straightforwardly locate stripe 170.



9. A nethod of printing an image onto a thernochrom c recordi ng sheet, the
i mge being represented by an array of encoded i mage poi nts each having a
color, the method conprising the steps of. a, providing a recordi ng nenber
conprising a layer having a plurality of contiguous sets of s Eiﬁgf’ ach
set conprising a plurality of contiguous stripes each having Jpﬁ

di spersed therein a differently colored thernochromc material, the stripes
being sufficiently narrowto be visually integrated and coll ectively
form ng an additive color ganmut; b. provil®i ng a heating source for

sel ectably activating the stripes according to color c. causing relative

novement between tme&%bwmﬁn%swﬂqﬁslﬁb%iBFPG.r@,C‘aﬁﬂﬂicﬁﬂleﬁTEmﬁkséane@ifeCt a
scan of the recording nmenber by the heating sources and d. actuating the

heat i ng sour ceg4 i ew ' . 5can so as
to record t he?ﬂr{n}ggn‘ S{rg{;%g't%\ﬂee%?%@gl%@?ﬁg srg}g%ggn& ?ﬁdee?&ggtsaﬁ %ghshtgr&& %8 when
actuated, ren [ e.conposi tion.of,. | east ong adjacent stripe
transparent, ?% gg#’gﬁ@&ﬁ%%’ﬁ‘ﬁ 1%‘}3‘%9"18#)/ @SIW%HP#P?ECQPPQEMG# ng to

t he i mage- point array. $ 0 MAY 200 27 10. The nethod of claim9 wherein

t he recor di ngsidenbaunk 187 eradiatign-¢mittingelement ée.g.ubdiade) 192 00 theiothprosided

i mredi ately above the substrate, a layer having uniformy dispersed therein

a bl ack ther niyadetetior diethent 184 cagable ofderttingd thb egdtionPprédited P elRfentUrsan
activation, and further conprising the step of selectively activating the

P 1T oA SR SR R, Vgsean i
IR AR IV TR IR, 7NN ST

source above the marginal stripe using the detection signal. 12. The net hod
of clai m9 whisiedexed,Biripgchyestripe, alogg gonstrustion F9lkand a&tltré@@@tqndwang'sepe
overlying the marginal stripe, the detection stripe conprising a nateri al
subst anti al | ypattexmsgrding td stosedimbgeeddta. ghndtialiyt watimghdad 1§85 ismwowddhihte

radi ation of a characteristic wavel ength, the heating source conprising a

source of radprixinity fodnl ddge Bﬂtﬁeh&:diﬂlﬁ% afehided 560, andR\“edpped Wher Bidment Bt ed
toward the recordi ng nenber, and a defector for detecting radiation

reflected fro di ng. s i i rj.sling
movi ng. the hedt ees BT Hlgh REIRENTD Fian NG T LbABY 188 o0h 08 B8 R
refl ected radi gtiqnand, s i venent, upon detectiop. of a ¢di mnished
amount of T of FARtedtReY 10k Bead s dhen fodreed Btpsde SBPlets Bl 8FaN I8 havi ng
multiple gray levels onto a thernochronic recording sheet, the nethod
conpri si ng t hevestapping ihage paintg  Nigenstagtior §6Qiincludes/s shiries ofintesspersding nenber
conprising a plurality of |layers each having uniformy dispersed therein a
t her mochr om cregiseacion stripes 170 éhecassupaesli goisivion e deitigg heall E85ccah be aksessedi ti on
upon heating to a characteristic tenperature and each |ayer conprising a
conposi tion hgydngs r er bshi ; [ 1 &idm at of the
conpositions | du’é&ﬂg@g@ gp% ﬁggﬁpghb%"ﬁ‘g{ﬁg?fﬁﬂﬁégﬁgﬂgeg? f|ang s%la(r?gaeaq‘éor

sel ectably heat,i t he ne r to any of the coloration tenperatures; c.
causi ng reIat?@@agﬁyéﬁ@ﬁﬁgggFﬂggﬁ'the heating source and the recording
menber to effect a scan of the recording nmenber by the heating source; and
d. recording the inmage onto_the recording nmepber by heating the recarding
menber in an i mge#&é“ﬁ‘&t‘? EJGS shangs8, whi it thesmali Rringag appasatys wselul in
conpositions in the layers in a pattern corresponding to the inmage. 14. The
met hod of cl aimagii@ the farkgoing constructiong, dandevlittegre phrtienlady mgtedite recwedingli ng
menber by heating the nenber to a tenperature sufficient to activate all of

the conposi ti gheetsansbrpditiingethdfirdriie mistdHaR thiiekRibithpSiefelisr FRE€ri stic
tenperatures of all of the conpositions. 15. A method of printing an inmge

h ! Iti ) | . i i
aving mul ti Pk]ﬁb&flftﬂﬁxg s?%‘@bin gﬁG? lg'aﬁ\gﬂb Nagthg Féa?gs? | h‘gglﬁg&gﬁ‘te 1m5%ri si ng

met hod conpri si ng a rovi ding-a er co
a recording layer havin ni form i sper,sed therein a plurality of
Fher mochr oni c ok ExepBaHs Pembers a0 Ar {bfnsd Sel B8 folmaimaBes s e oS esion RSty ¢ i on
upon heating to a characteristic tenperature and each | ayer conprising a
conposi ti on havinember 100 pumemberstZScifthmyasions layers ¢khibie different tramsitidnat of t he
ot her conpositions;

temperatures). The apparatus includes a conventional paper feeding and conveying



$ 0 MAY 2002 29 b. providing a heating source for selectably heating the
menber to any of the coloration tenperatures; c. causing relative novenent
bet ween the heating source and the recording nmenber to effect a scan of the
recordi ng menber by the heating source; and d. recording thewéggg %g o the
recordi ng nenber by heating the recording nenber in an i mge %% rn so
as to cause transitions anong the conpositions in a pattern correspondi ng
to the inmage. 16. The nmethod of claim 18 further conprising the step of
erasing the recordi ng nenber by heating 2thhe nenber to a tenperature
sufficient to activate all of the conpositions and then cooling the nenber

bel ow the ch LSt o} L

Apparat s { oft et iehGiclGERAIca KORO wnh LoRthucle W OB P lione the,

di spersed therein t her nochrom ¢ _conposition,, 4 he . osi t,i on under,goi ng a
Formar dcol oeapuAnt SRt b Apartios o sipsds 8 InbAFRFRbets fte SPURROr af or o
and a reverse color transition upon cooljng to a _second characteristic

t enper at ur e, Witheorp5pximity ia afisstheating oy coglingselemaent;2Q8, follewediby # secopdat i ng t he
recording nmenber to at least the first characteristic tenperature; b. a
cool i ng el enthestirfgoor coobihg elgment210 e Posfetiably, thre irtventidrooperdteswith agcording1o
greater than the second characteristic tenperature; c. nmeans for recording

an i mage ont GndpkRry @3iphed ROuRIFEL forRhldinSition 68§ ftda ﬁaﬁpmﬂ! {targ) agaReeof by

heating the recordi ng menber so as to cause transition of the thernochromc
conposition i ' rn; 0-AY= conveyi ng
the recordi ndg%ﬁg%%@%@g §ﬁ%g?%v%§sf ?ﬁaﬁg&}a%’c t’o %oéérgggﬁqeﬁ%%gﬁejﬁgh} and t he
recordi ng means. 18. The apparatus of _¢laim1l7 wherein th jrst,
char act er i st itBMPEAYER Jnthis cpse, dlemens 2050t prehepinge na(nﬂefgﬁ\[aiysreﬂ%swa)
characteristic tenperature is bel ow roomtenperature. .ANY. A{. A Af(,Y

. AUF. AA% AU. Ahat heats sheep\P ta\a serpetgturergbor¢ thayforvard trapgitiontemppratyre,dndp. AYl . AH,
AFYE

- AYL . ALTY. Ar eldnitent 2 IA@E8blingélehent (@), Reltidr eRheat beasalidldatatesieg aatal ca] cal

cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] c: alU ca] cal] ca] calU]ca]c: alU ca "k W
RA: .

TKTp#%y dHc | wonRe AU Caf aaf By A o O e T U st A R A LS cal cal
ca] ca] ca] ca] cal,cal cal,ca] cal cal cal] cal.cal calca! cW.Z . .

TVRRGR! vt ooV e BiRf e S RhT Rier by BhED.pUtifes hvateresin sl ey cau) cal o
a) ca] ca] ca] ca] ca]calca] ca]lca] ca] ca]calca! FMQJ{v h .

b1 man " #'perRisting feel IKEawy ews ebsheel)], dequitingdn peleps Sipaldmags. ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! mMt#Sp$IYGWRVEEZEH ' " | (((
)t))))# o**+k++, h,,, 3-}xsnid_Z]]ca] ca] ca] ca] ca] ca] ca] ca] cal] ca]ca]ca] ca]ca]
ca] ca] ca] ca] ca] ca]lhejconditiofedssheet [Poia thealepgdged te a rotalingimian 315, wheredt is/ nm / 0&0(
0{00%1z112b222A3332444' 5u556u66} xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c

a] ca] ca] ca] c gbleetivel] expbsed]to ahecartion o€ aladdbicieipkfatdre Al mhiowditg Iali @66
7] 777L888B9999! : m :: #; k;

"<l <2<} <<<zNFsFET i C a ca]ca]calc
ol ca] ca ca] oAT Ry Ra R ol Tor Gl B 8 rhi e A SO OH s
{BBChCCD DD , . , . s

EN EEEOFZFFF<dP#ing apppratusis dhysdmplemented s p scanaer rplotaro with 2yriting 634240 2 ca) ¢
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca! <GGEGEEEGAHHH7I |1 1J| JJ$KzKK
Lx L L MyMVNBNOIRRS{H ent n}scsu;t]w] AheshieetR and mayuhielatiye tetetd sapta) ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca! O?PPP/ QQQ) RPRRRHSSS
ATTT&U3US UUUtytolléctively scan the surface. The operation of writing head -- that is, its

WWAKEXXX5YY} xsni d_Z]]] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]calca]ca]calc

al cal ca) ¢al A FRbEAkABLAALE Ahf (RLEAL.CH AL ipbdring Srdantbf ] 57 <

L" " " GaeaabUbbb| wr mhc C a) ca] ca] ca] caJ ca] cd] cal calca]calcalca]ca]c

aJ ca] ca] ca] calcalc o ca Cc alcalca calbbbchccel duddegeef | f f
Flvgurnnh. |+ PTeRRSERLFRrh AERGRRER) RN CApRRAA| G s RREI L RaET O, ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢ca] ca] ca,l calcalca]c"al kf kkl f111m nmmrn
NN7000; or picture. The signals can originate from any suitable source such as an optical
pHpKppp6gqq3rrr-sss(ttt}xsnid_ZUl ] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca] ca]calca
] ca] ca] ca] calscanner paiiskaatape] reader,cd commidreetbcal ca] cal cal cal t * uuu* v{ vvwwhww
xfxxy_yyzVzzzM {{| ||| K}}} B~F~}xsnid_ZU] ] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]c
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! F~O~-R~~~NG
E: & sP] LG w mhc”YU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca] ca]ca]calc
a] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca! 6J<&} $14aQ 3/} xsni d_zZU] ] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca! / CPS7er uM npM&Be: X{ zuoj e [ V] ca] ca] ca] ca] caU] ca] ca]ca]ca] c
a] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] caU] ca] ca! {
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RIEMDC& 1096& () - &@LOYBE () - FY109B& () - Y109B& () - &L09B& () - & 109B& () - A:
dENDCS- 109%68& ()- + 109%B& ()-)10%B& ()-s' 1BE& () - &3%Z10%8& () - &#10%6& () -
1pdYNC 105 105 105&9Z109%& () - 71096& () - &4109B& () - y2f 1096& () - 9091096& () -

#% ddEYNC More specifically, a controller 225 recelves these signals and controls the
FI0%6 () - 10%6& ()-S10%4 () - 10%& ()-S10%8 () - #1096& () - 3AHCAEVNC

152 ) ilen gty .
101 viove () MEBRRH BRap e dorag d%é%vbi% B 40 Ty 1«%@ SHENE |
105f y10% () -y LlO%&' ()-y 10%& ( ) 3109&' () -yS10%&' ( ge | 10(;/& - >RdE: /
105f y+ 109’ ( yhagrifdes dogg ¢ parallel gun e bar, not s own) When the lead screw is rotated by a

stepper motor 235, writing head 220 is moved axially with respect to sheet P. Both

the heat emitted by writing head 220 and its movement by stepper motor 235 are

controlled by controller 225, which receives signals from stepper motor 220 that

record the axial progress of writing head 220 and a shaft encoder (not shown)

associated with drum 215 that records its rotation. As a result, controller 220

“knows” the instantaneous relative position of writing head 220 and sheet P at any

given moment. The control circuitry required to accomplish this is very well known

in the scanner and plotter art.

As the scan proceeds, controller 225 relates the position of writing head 220
to the stored image data, activating writing head 220 at appropriate points and
causing heating of sheet 220 to appropriate pointwise temperatures so as to impose
thereon a gray-scale image corresponding to the image represented by the data.

When the sheet has been fully imaged, it is ejected from the apparatus.

FIG. 8 illustrates a different version of the embodiment illustrated in FIG. 8,
and which has been modified to facilitate imaging of the recording members 125 or
138. A series of light sources 240, 242, 244, the operation of which is controlled by
controller 225, are directed toward a scanning element 250 (also operated by

controller 225) which directs the light of any of the sources to any axial point along
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10' 0: mML0% 0&' () - f 810% 0&' () - 96@L0% 0&' () - 410% 0& ()-1' 10% o0& ()-/10% o0& () -
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10' 0410% o0& () - f 10esRlary ofdight smisied by saurses 240, 242.2fdre.serpplementanyta g, () -

10' o*+k++, h, ,dE:/ 10' o

10% o0& () - 10%heel¢rs.of geopigments ysed in gprerding nembsr’ Ay sheet® drotated 98- - - - #. dE
./ 10' 0, 310% 0& ()-)10% 0& ()-s' 210% 0& () - FYZ10% o0& () - #10% 0& () -

10% o&' () - #. drurh 21 5 OsdRctGllér 206 selectively activates sources 240, 242, 244 and orients

element 250 so as to create a pattern of colored dots corresponding to the source
image by imparting energy that selectively deletes, at each image point, the

appropriate color (on an additive or a subtractive basis) for that point.

It will therefore be seen that the foregoing represents a highly efficient and
advantageous approach to reversible color and gray-scale imaging. The terms and
expressions employed herein are used as terms of description and not of limitation,
and there is no intention, in the use of such terms and expressions, of excluding any
equivalents of the features shown and described or portions thereof, but it is
recognized that various modifications are possible within the scope of the invention
claimed. For example, all of the recording members disclosed herein can include
transparent protective layers above the recording layer to prevent scratching or other

handling damage.
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V@zizizzziﬁfiformly dispersed therein a thermochromic material, each color in
the thermochromic composition is selectably heated by a heating source;
the heating source and the recording member moving relative to each
other to effect a scan of the recording member by the heating source;
the thermochromic material entering a transparent state upon heating
to a decoloration temperature greater than room temperature and reversing
into a colored state upon cooling to a coloration temperature below room
temperature, thereby forming an additive color gamut, the thermochromic

material of each layer entering the transparent state at a different

temperature, the method further comprising the step of:-

actuating the heating source in an imagewise pattern during the course
of the scan so as to record the image onto the recording member by rendering
the composition of at least one selected color of at least one layer
entering the transparent state, thereby creating an array of colored

points corresponding to the image-point array in color and gray scale.

2. The method of <claim 1 wherein the recording member further
comprises a white substrate and, disposed immediately above the
substrate, a layer having uniformly dispersed therein a black
thermochromic material, the material becoming transparent upon
activation, and further comprising the step of selectively activating the

plack thermochromic material during the course of the scan to control

color value.

3. A method of printing an image onto a thermochromic recording sheet,

the image being represented by an array of encoded image points each having
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transparent upon heating to a decoloration temperature greater than

room temperature and entering a colored state upon cooling to
a coloration temperature below room temperature, and each layer
comprising a differently colored material collectively forming a

subtractive color gamut;

b. providing an activation source for selectably activating at least

one of the layers according to color;

c. causing relative movement between the activation source and the
recording member to effect a scan of the recording member by the

activation source; and

d. actuating the heating source in an imagewise pattern during the
course of the scan so as to record the image onto the recording
member, the heating source, when actuated, heating adjacent
portions of at least one selected layer 50 as to render the
at least one selected layer transparent, thereby creating an array

of colored points corresponding, to the image-point array.

4, The method of claim 1 wherein the colors are cyan, magenta and yellow.

5. The method of claim 3 wherein the activation source activates the
composition of a selected color by exposing the recording member to the
color complement, thereby heating the composition of the selected color,

but not other compositions, to an coloration temperature.
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as to record the image onto the recording member by rendering
a selected number of the compositions of at least one selected
color +transparent, thereby creating an array of colored

points corresponding to the image-point array in color and gray scale.

7. The method of claim 3 wherein:

a. the thermochromic compositions are activated by heating

to coloration temperatures;
b. the image has a gray scale; and

c. the recording member comprises multiple sets of
recording layers, each set comprising a plurality of layers
each having a thermochromic composition having the same

color but a different coloration temperature,

the method further comprising the step of actuating the heating
source in an imagewise pattern during the course of the scan
so as to record the image onto the recording member by rendering
a selected number of the layers of at least one selected set
transparent, thereby creating an array of colored points

corresponding to the image-point array in color and gray scale.
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step of selectively activating the black thermochromic material during

the course of the scan to control color value.

9. A method of printing an image onto a thermochromic recording sheet,
the image being represented by an array of encoded image points each having

a color, the method comprising the steps of.

a. providing a recording member comprising a layer having a plurality
of contigquous sets of stripes, each set comprising a plurality of
contiguous stripes each having uniformly dispersed therein a
differently colored thermochromic material, the stripes being
sufficiently narrow to be visually integrated and collectively

forming an additive color gamut;

b. providing a heating source for selectably activating the stripes

according to color;

¢. causing relative movement between the activation source and the
recording member to effect a scan of the recording member by the

heating source; and

d. actuating the heating source in an imagewise pattern during the
course of the scan so as to record the image onto the recording member,
the heating source, when actuated, rendering the composition of
at least one adjacent stripe transparent, thereby creating an array

of colored points corresponding to the image-point array.
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10t 10t 10. The method of claim 9 wherein the recording member further comprises
a white substrate and, disposed immediately above the substrate, a layer
having uniformly dispersed therein a black thermochromic material, the
material becoming transparent upon activation, and further comprising the
step of selectively activating the black thermochromic material during

the course of the scan to control color value.

11. The method of claim 9 wherein the recording member has an edge and
a marginal stripe along the edge, the marginal stripe comprising a
detection signal, and further comprising the step of orienting the heating

source above the marginal stripe using the detection signal.

12. The method of claim 9 wherein the detection signal
comprises a detection stripe overlying the marginal stripe, the
detection stripe comprising a material substantially
transparent to visible light but absorbing invisible radiation
of a characteristic wavelength, the heating source comprising
a source of radiation including the characteristic wavelength
and oriented toward the recording member, and a detector for
detecting radiation reflected from the recording member, and the
orienting step comprising moving the heating source toward the
marginal stripe while detecting reflected radiation and stopping
movement upon detection of a diminished amount of reflected

radiation.

13. A method of printing an image having multiple gray levels onto a

thermochromic recording sheet, the method comprising the steps of:
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a. providing a recording member comprising a plurality of layers each
having uniformly dispersed therein a thermochromic composition, the
composition undergoing a color transition upon heating to a
characteristic temperature and each layer comprising a composition
having a characteristic temperature different from that of the

compositions in the other layers;

b. providing a heating source for selectably heating the member to

any of the coloration temperatures;

c. causing relative movement between the heating source and the
recording member to effect a scan of the recording member by the

heating source; and

d. recording the image onto the recording member by heating the
recording member in an imagewise pattern so as to cause transitions
among the compositions in the layers in a pattern corresponding to

the image.

14. The method of claim 13 further comprising the step of erasing the
recording member by heating the member to a temperature sufficient to
activate all of the compositions and then cooling the member below the

characteristic temperatures of all of the compositions.

15. A method of printing an image having multiple gray levels onto a

thermochromic recording sheet, the method comprising the steps of:

a. providing a recording member comprising a recording layer having
uniformly dispersed therein a plurality of thermochromic
compositions, each composition undergoing a color transition upon
heating to a characteristic temperature and each layer comprising
a composition having a characteristic temperature different from

that of the other compositions;
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b. providing a heating source for selectably heating the member

to any of the coloration temperatures;

c. causing relative movement between the heating source and the
recording member to effect a scan of the recording member by the

heating source; and

d. recording the image onto the recording member by heating the
recording member in an imagewise pattern so as to cause transitions

among the compositions in a pattern corresponding to the image.

16. The method of claim 18 further comprising the step of erasing the
recording member by heating the member to a temperature sufficient to
activate all of the compositions and then cooling the member below the

characteristic temperatures of all of the compositions.

17. Apparatus for imaging a thermochromic recording member having
uniformly dispersed therein a thermochromic composition, the composition
undergoing a forward color transition wupon heating to a first
characteristic temperature and a reverse color transition upon cooling

to a second characteristic temperature, the apparatus comprising:

a. a heating element for heating the recording member to at least

the first characteristic temperature;

b. a cooling element for cooling the recording member to a

temperature no greater than the second characteristic temperature;

c. means for recording an image onto the recording member following
heating and cooling thereof by heating the recording member so as
to cause transition of the thermochromic composition in an imagewise

pattern; and
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d.meansforconveyingtherecordingmemberpasttheheatlngelement,

the cooling element and the recording means.

18. The apparatus of claim 17 wherein the first characteristic

temperature 1s above room temperature and the second characteristic

temperature is below room temperature.



