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16 (5) BACKGROUND OF THE INVENTION
(5.1) FIELD OF THE INVENTION
[0001] The present invention relates generally to hard copy apparatus, more
particularly to printing and methods employing rewritable media, and specifically to
printing systems adapted for a rewritable media using a coating of a bistable, bi-modal

20 molecular colorant that is electrical field switchable.



WO 03/ 037636 PCT/ US02/ 34641 (5.2) DESCRI PTI ON OF RELATED ART [ 0002]

El ectrostatically polarized, bichromal particles for displays have been
known si nee mshereear|y 1960's. The need for an el ectroni c papdrsot/sdeel pri nt
means has recently pronpted devel opnment of at |east two el ectrochromc
picture element (pixel) 5 colorants: (1) a mcroencapsul ated

el ectrophoretic colorant (see e.g., US. Pat. No. 6,124,851 (Jacobson) for
an ELECTRONI C BOOK W TH MULTI PLE PAGE DI SPLAYS, E Ink Corp., assignee),
and (2) a field rotatable bichromal colorant sphere (see e.g., U S. Patent
No. 5,604,027 (Sheridon, assignee Xerox Corp.). Each of these

el ect r ochr ortb@) c HESCGRPEION O dpFldXIERARTY hem spherical |y bichromal, where

one 10 hem sphere of each microcapsule is made the display background col or
(e.g., RAPZle) wilackostatcaly pelatizack kickhptiea! parttislepfardispirys favabedt i rage col or
(e.g., black or dark blue). The colorants are field translated or rotated
so t he kkhesinsinbetibereahhtio8'sc dlhemeed fweaw elenironis paperdike pfinidaeansdiagel . | n
comercial practice, these Xerox "' and E Inktm products rely upon a
const anecehtyqiromptad develdrment ofral Isastitwo elecirodgemiopiciure elesant (rixels5 ot her
forms of nedia enpl oying such technol ogy. [0003] Assignee herein,
Hewl et t edRarakiar ) Eonipranysaphalstegatectiophometic tdlesst (see eilgodhBsbateNbased col or ant
technol ogi es by creating a bi-nodal nol ecular colorant having a variety of
uses, i®dR48bnh@akolsod) ophaiEtEERIRONIGBQAKNVATHMIATIPLE Rdske  enbodi nent s,
t he nol ecul es are al so bistable, neaning that an electronic holding field
20 i s nDISPALENES; Ednly Com. rassighes)nard (2 atfiekiiotatabdd GicteroniBheoloranhspheeaw i t abl e
as used herein should be understood to mean witable and erasable. In the
mai n, t(eeegan U PateatiNo. 5,604,027 (Sheridon, assignee Xerox Corp.). Each of these
electrochromic colorants is approximately hemispherically bichromal, where one
10 hemisphere of each microcapsule is made the display background color (e.g., white)
while the second hemisphere is made the print or image color (e.g., black or dark
blue). The colorants are field translated or rotated so the desired hemisphere color
faces the observer at each pixel. In commercial practice, these Xerox™ and E Ink'™
products rely upon a constant electrical field to maintain an.image on a screen or
15 other forms of media employing such technology.
[0003] Assignee herein, Hewlett-Packard Company, has gone beyond these
microcapsule-based colorant technologies by creating a bi-modal molecular colorant
having a variety of uses, including for displays and rewritable media. In some
embodiments, the molecules are also bistable, meaning that an electronic holding field
20 is not necessary to maintain a particular state. The term "rewritable” as used herein

should be understood to mean writable and erasable. In the main, the goal of such

electronic rewritable product development is to provide a means for producing



el ectronic rewitabl e product devel opnent is to provide a neans for
producing -2 WO 03/ 037636 PCT/ US02/ 34641 electronic images that truly
resenbl eswbas@3wepy i n appearance and readability. The Appendiox3dser eto
provi des a detail ed description of one of the Hew ett-Packardtminventions
inthis field of technology. [0004] Mbile conputers of the "laptop,”
"not ebook, " and "pal ntop"” styles and 5 telecomunication devices enpl oyi ng
a visual display are typically used during business travel or otherw se
away fromthe office and consequently nust be |ightweight, fit confortably
within a standard briefcase or handbag, and be battery operated. These
same nukdrenigdvagessthhtingy esambles haet edpy inappgaranceandsasaityod Pedi spl ays,
general ly usually liquid crystal technology displays ("LCD') that are
rest ri dippend heeetd pspyidepiadetaiier geacriptian abeirsoidhe Haewledackard™ ew | i nes, of
text. Such displays severely limt the device-human interface; they are
di f fi cuhtentions iodhis field of echnnlegyont rast and narrow i ncl uded vi ewi ng angl e.
Wth the increase in the use of such nobile conputer and tel ecomunication
devi cegp00dier e i Mohilgcampuigrs ofithiei“laptag, riaetdbéak,” ande’pimieriisiias andhar d copy
printing appliances and printers that are integrated into, or adapted for
use 15 taletdmnsmichtiorotévicesempnytngra \dsiel tisplay arnypicalytused ddénd ces. [ 0005]
Wiile state of the art printing is a convenient alternative to reading
poor er Kgimkebs fravet bectheaviseawayi femathediffioel sand don$exuently most beobi | e conput er and
t el econmuni cati on device users typically do not carry, nor want to carry,
por t abl lightweidtitnil cpmifartablyswithin @standdrd bdefrese oi lErdpag,eaidlbetbladienyPt m port abl e
DeskJettm series) and a

operated. These same mobile devices have commensurately small, low resolution

displays, generally usually liquid crystal technology displays ("LCD") that are restricted
10 to displaying only a few words or, at best, a few lines, of text. Such displays severely
limit the device-human interface; they are difficult to read due to low contrast and
narrow-included viewing angle. With the increase in the uée of such mobile computer
and telecommunication devices, there is a growing, unfilled need for small, mobile,
hard copy printing appliances and printers that are integrated into, or adapted for use
15 with, such mobile computer and telecommunication devices.
[0005] While state of the art printing is a convenient alternative to reading
poorer quality, electronic, visual display information, mobile computer and
telecommunication device users typically do not carry, nor want to carry, portable
inking printers (e.g., the commercially available HP'™ portable DeskJet™ sefies) and a
20 supply of paper in mobile work situations. Furthermore, what would be printed is
generally read once and discarded or kept only for a short working period. Mobile

computing and telecommunication applications, therefore, are ideally suited for
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20 supply of paper in nobile work situations. Furthernore, what woul d be
printed is generally read once and di scarded or kept only for a short

wor ki ng pe@oioed37eébbbi |l e conputing and tel ecomruni cati on appiTicsat/B4sas,
therefore, are ideally suited for -3 WD 03/037636 PCT/US02/ 34641 printing
on nedia that can be reused many tines, i.e., a rewitable nmedium [0006]
Conventional printer technol ogies are not conducive to the aforenentioned
needs of nobile appliances. Ink, toner, and thernal -based technol ogies
produce relatively permanent prints, but are typically not briefcase 5
conpati ble, and require power in excess of adequate small cell, battery
oper at i pinting pooeTia tiakges besegsedavany nesa i.eoAvRHiTale ’?ﬁﬁ”’l"ﬁbl e printing
apparatus and rewitable nmedia system (6) BRI EF SUVWARY OF THE | NVENTI ON
[ 0008] [00@B]pr eseﬁpnYW@mhpﬁﬁteg@ﬁ@MﬂQ"%ﬁi‘fﬁé‘ﬂ%@uﬁ'vﬁmtﬁ?er and medi a
solution 10 that is conducive to briefcase-conpatible conpactness, battery
oper at i aforen@ntiomasdiegds ofoobile aipiamesnink tanen sinditleraml-basedw power, el ectrode
array that inages the surface of a paper-like, sheet of rewitable nedia.
The shetethriotogiesgpodisievelativelpparalansitpsittsebetctre fypicafly eotdgiefsasduced by each
el ectrode, resulting in a pixel array that is inmaged in response to field
pok ar i tgompHtiblesamktequise poaerd exgesh ohadesaie, atvial celb lbetteryopelatien. s,
preferably, a 15 highly energy efficient, bistable, bi-nodal mol ecul ar

| ayer, [0eQ]i ri ngThearerigy nead foracmonmmgporaablé pEting an:paratus gndl d or illumnate
it. [0009] In its basic aspect, the present invention provides a printing
Ssyst em rewritable media system.

(6) BRIEF SUMMARY OF THE INVENTION
[0008] The present invention generally provides a printer and media solution

10 that is conducive to briefcase-compatible compactness, battery operation, and media
reuse. The printer consists of a low power, electrode array that images the surface of
a paper-like, sheet of rewritable media. The sheet is responsive to pixel-sized electric
fields produced by each electrode, resulting in a pixel array that is imaged in response
to field polarity. The sheet is coated with a rewritable colorant that is, preferably, a

15 highly energy efficient, bistable, bi-modal molecular layer, requiring energy only to
change an image, not to hold or illuminate it.
[0009] In its basic aspect, the present invention provides a printing system
including: rewritable media having a bistable, electrochromic, colorant layer
susceptible to localized electrical fields; and associated with said media, an electrode

20 subsystem producing said localized electrical fields; in a preferred embodiment the
electrochromic colorar;t layer includes at least one layer of a molecular colorant

coating wherein molecules of the coating are at least bichromal and subjectable to



including: rewitable nedia having a bistable, electrochromc, col orant

| ayer susceptible to localized electrical fields; and associated with said
medi a, arwelosteeele 20 subsystem produci ng said | ocal i zed pelrasoe/Bwal
fields; in a preferred enbodi nent the electrochrom c colorant |ayer

i ncludes at | east one layer of a nolecular colorant coating wherein

nol ecul es of the coating are at | east bichromal and subjectable to -4 WO
03/ 037636 PCT/ US02/ 34641 bistable switching between col or states under

i nfluence of said |ocalized electric field. [0010] In another aspect, the
present invention provides a hard copy @ri nting, net hod incl,ugi g:

sel ect ibiatdbje pwitshingi bejweertevlprates uaderinfeencepigaid lagdlized pleghic elgi el ds
conformng to a predeterm ned picture el ement size;, transporting a printing
medi um[@®r oss Ipaingthier asnest, Siechresendinvantisnaraites e cPBEMYRY ¢ col or ant

| ayer of said mediumis subjected to said electric fields; and

mani pulratthominslatlidge selectiviely Frowtling lacslizsd straiic figlds, preftofraidieds o sai d

el ectrochrom c colorant layer. [0011] In another aspect, the present

i nvent iconfopningitale prevetdminestpiciaierajlemént sizae enspofnaRPIERIMESIURI ng:
providing a printing apparatus including an el ectrode 10 subsystem for
provi digegpssehieidicldsadugh et albistaltle elestroghremicicelodant dayer ebsaithaiediymti® pi cture

el enents printable fromdigital data; providing a rewitable nedia

i NSt r unRBjectedlus esiteldutnz flatdss ahd nfanlutitingkaid elactricdietdstedreducast runent is
associated with a service and use fees associated therewith; and printing
and r epsrintdi daga bstgishidesléatfoohmatic colorant laysi d nedi a i nstrument associ at ed
with said use fee and a current balance with said 15 stationary printing
appar at[gg1 Mheneverarbitiet asmatit, ahé pesentiprotiarspragdes inathed 9bdeig i on

business, the method including: providing a printing apparatus including an electrode
10 subsystem for providing selectively localized electric fields corresponding to picture
elements printable from digital data; providing a rewritable media instrument
susceptible to said fields wherein said media instrument is associated with a service
and use fees associated therewith; and printing and reprinting legible information on
said media instrument associated with said use fee and a current balance with said
15 stationary printing apparatus whenever said media instrument is used in association
with said printing apparatus.
[0012] The foregoing summary is not intended by the inventors to be an
inclusive list of all the aspects, objects, advantages and features of the present
invention nor should any limitation on the scope of the invention be implied therefrom.
20 This Summary is provided in accordance with the mandate of 37 C.F.R. 1.73 and .
‘M.P.E.P. 608.01(d) merely to apprise the public, and more especially those interested

in the particular art to which the invention relates, of the nature of the invention in
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with said printing apparatus. [0012] The foregoing summary is not intended
by the inventors to be an inclusive list of all the aspects, objects,
advant agewoana@3feeat ures of the present invention nor showcd/aay3dedm tation
on the scope of the invention be inplied therefrom 20 This Summary is
provi ded in accordance with the mandate of 37 CF.R 1.73 and MP.E. P.
608.01(d) nerely to apprise the public, and nore especially those
interested in the particular art to which the invention relates, of the
nature of the invention in -5 W 03/037636 PCT/US02/ 34641 order to be of
assi stance in aiding ready understanding of the patent in future searches.
Ot her obfierdo be of assisianss inadingdeadt wfesstatding & thye pateptin fHYENt i on wi l |

beconme apparent upon consideration of the follow ng expl anation and the
acconpaaeprangs dPier aiectsi isatrascand advantagessefdhrrregdinyfBYPHNY represent i ke
features 5 throughout the draw ngs. (]7). BRI EF DESCRI PTI ON OF THE DRAW NGS
[0013] hesomeappdrentepan consiggrationrofthe follgwing)explanatinnsnd the prevent conf usi on
with FIGURES of the Appendi x hereto, the drawi ngs of this application use
doubl e axmpiripahying dieningssinfvhicelie referdroe tasigmticorrFepragent §kefegdRemat i ¢
depiction of basic elenments of a printing systemin accordance with the
presentthicugbaititteedrapwingd 5] FI GURE 2AA is a schematic depiction of a parallel
fringe field printhead of an electrode array of the systemas shown in

FI GURE (YAMBRIEF DESCRIPTION OF THE DRAWINGS

[0013] In accordance with 37 C.F.R. 1.84(u), in order to prevent confusion with
FIGURES of the Appendix hereto, the drawings of this application use double capital
letter suffices.

10 [0014] FIGURE 1AA is a schematic depiction of basic elements of a printing
system in accordance with the present invention.
[0015] FIGURE 2AA is a schematic depiction of a parallel fringe field printhead

of an electrode array of the system as shown in FIGURE 1AA.

[0016] FIGURE 2BB is a schematic depiction of a perpendicular fringe field
15 printhead of an electrode array of the system as shown in FIGURE 1AA.
[0017] FIGURE 3AA is a schematic illustration of a computer printer apparatus

embodiment in operation in accordance with the present invention as shown in
FIGURE 1AA.
[0018] FIGURE 4AA is a schematic illustration of a computer appliance

20 embodiment in operation having a printing apparatus in accordance with the present
invention as shown in FIGURE 1AA.

[0019] FIGURE 4BB is a schematic illustration of a telecommunications



[0016] FIGURE 2BB is a schematic depiction of a perpendicular fringe field

15 printhead of an electrode array of the systemas shown in FI GURE 1AA

[0017] FIWORB/O3%S6is a schematic illustration of a conput eCTarsozsssnl

apparatus enbodiment in operation in accordance with the present invention

as shown in FIGJRE 1AA. [0018] FIGURE 4AA is a schematic illustration of a

conput er appliance 20 enbodi nent in operation having a printing apparatus

in accordance with the present invention as shown in FIGURE 1AA. [0019]

FIGURE 4BB is a schematic illustration of a tel ecomunications -6 WO

03/ 037636 PCT/US02/ 34641 apparatus enbodi nent in operation having a

pri nt i ngPRASPAE SMPedimen anektivodayingis arinéngarpasaius imacsatdagee wéh shown i n

FI GURE lAA 0020] FI GURES 5AA and 51313 depict a stationary printer

ver si ontEmsgRAntEentiogasshewp fidd@MRE dBnt i on as described with respect to

FI GURES | AA-21313. 5 [E0021 FI GURE 6AA deg(i) cts an alternative enbodi ment of

a handhB1080)r i nt d¥GHR PRAPRIR dgpiche staBonancRigHer Varsiemembadisenthown i n

FI GURE 1AA. [0022] The drawings referred to in this specification should be

under st Blole pEesepbinvention gs dessiibet withoasrectioddBURES ¥p%eBBi cal |y annot at ed.

(8) DETAI LED DESCRI PTI ON OF THE I NVENTI ON to [0023] Reference is nade now

i n5det al002ib a spdEVRES Antrnistsren alighativecsmoasiraent of i aedhéld printedinch

illustrates the best node presently contenplated for practicing the
accordance with the present invention as shown in FIGURE 1AA.

[0022] The drawings referred to in this specification should be understood as
not being drawn to scale except if specifically annotated.
(8) DETAILED DESCRIPTION OF THE INVENTION

10 [0023] Reference is made now in detail to a specific embodiment of the present
invention, which illustrates the best mode presently contemplated for practicing the
invention. Alternative embodiments are also briefly described as applicable.
DEFINITIONS
[0024] The following terms and ideas are applicable to both the present

15 discussion and the Appendix hereto.
[0025] The term “self-assembled” as used herein refers to a system that
naturally adopts some geometric pattern because of the identity of the components of
the system; the system achieves at least a local minimum in its energy by adopting
this configuration.

20 [0026] The term “singly configurable” means that a switch can change its state
only once via an irreversible process such as an oxidation or reduction reaction: such

a switch can be the basis of a programmable read-only memory (PROM), for example.



I nvention. Alternative enbodi nents are also briefly described as

applicable. DEFIN TIONS [0024] The following terns and ideas are

appl i cablwotos/obwmBéh t he present 15 di scussion and the App@adivsSotaseet o.

[ 0025] The term "sel f-assenbl ed” as used herein refers to a systemthat
natural ly adopts sonme geonetric pattern because of the identity of the
conponents of the system the system achieves at |least a local mninumin
its energy by adopting this configuration. 20 [0026] The term "singly
configurable"” neans that a switch can change its state only once via an
irreverﬁt)%yﬁ process such as an oxidation or reduction reaction; such a
switch e t helhsd8ing regsonfowipblgr Beaanihat a switchoanghargmitsstatPROM) , f or
exanpl e. .-ge WO 03/ 037636 PCT/ US02/ 34641 [0027] The term "reconfi gurable"
means t APl WS WA acayereaibla miecese such ag an exidatioplosradugtan; i ether r ever si bl e
process such as an oxidation or reduction; in other words, the switch can
be open¥drdsnihesniish gambe ppenes andiased sudtipleimes susheanihg rhémery bita a r andom
access nmenory (RAM or a color pixel in a display. 5 [0028] The term

"bi st ablNé* rapgommsceEmenor (RAM I Reolos aixel in ardisplyul e having two rel atively
| ow ener states_ (local mninma) separated by an energy (or activation)

bafr i er[O%%ﬁb nol dégltermdistaiie’@stapplied toraovelesil imeapsi udieciid havingone state to
the other (singly configurable) or reversibly switched fromone state to

t he ot h¥Yo refadivenfomgencaty sidtes Theal ménima) separated bpbh eherge{@rastivation) nol ecul e

with nmore than two such
barrier. The molecule may be either irreversibly switched from one state to the other

(singly configurable) or reversibly switched from one state to the other
(reconfigurable). The term "multi-stable" refers to a molecule with more than two such

10 low energy states, or local minima.
[0029] The term “bi-modal” for colorant molecules in accordance with the
present invention may be designed to include the case of no, or low, activation barrier
for fast but volatile switching. In this latter situation, bistability is not required, and the
molecule is switched into one state by the electric field and relaxes back into its

15 original state upon removal of the field: such molecules are referred to as “bi-modal”.
In effect, these forms of the bi-modal colorant molecules are “self-erasing”. In
contrast, ip bistable colorant molecules the colorant molecule remains latched in its
state upon removal of the field (non-volatile switch), and the presence of the activation
barrier in that case requires application of an opposite field to switch the molecule

20 back to its previous state. Also, “molecular colorant” as used hereinafter as one term
to describe aspects of the present invention is to be distinguished from other chemical

formulations, such as dyes, which act on a molecular level; in other words, “molecular



10 Il ow energy states, or local mninma. [0029] The term "bi-nodal" for

col orant nol ecules in accordance with the present invention nay be

desi gned wo o3nsleaele t he case of no, or |ow, activation bamcirarso2/swni f ast
but volatile switching. In this latter situation, bistability is not
required, and the nolecule is switched into one state by the electric
field and rel axes back into its 15 original state upon renoval of the
field; such nolecules are referred to as "bi-nodal". |In effect, these
forms of the bi-nodal colorant nolecules are "self-erasing”. In contrast,
in bi sta(gl e golorant nol ecul es the colorant nolecule remains latched inits
st at e upIRAENSEL hersinaftpesignitgsdhatiba coleramt moleceias ae Hpscrbadinthe presence of
the activatign CF rrier in that case requires application of an opposite
field tépewci')’&ﬂ“ ﬁ%@"ﬁﬂ%\é@ﬁﬂlté apgeipaloxed i dceerdancewithuibe presest Al so,

"nol ecu] ar colorant” as used hereinafter as one term to describe aspects
of the ‘6’?’%@@& invention is to be distinguished fromother chem cal

formul ati ons, such as dyes, which act on a nolecular level; in other words,
"ol eculP880] - 8 WiligeneealeZtmeivnsseirswetimensioisdhainahgearised ther ei naf t er
signifies that the col orant nol ecul es as described in the Appendix and
théei r epfroarentsa vemisrgihelgednisizeaccor dance with the present invention.

[ 0030] M cron-scale dinensions refers to dinmensions that range from1l 5

mi cromel0881t 0 a fSsl-miconsesledlisensions eters {MBahsiGuthat rangafremal e di mensi ons
refers to dinensions that range from1l mcronmeter down to 0.05

nm cr onetnigr@meter down to 0.05 micrometers.

[0032] Nanometer scale dimensions refers to dimensions that range from 0.1
nanometers to 50 nanometers (0.05 micrometers).
.10 [0033] Micron-scale and submicron-scale wires refers to rod or ribbon-shaped

conductors or semiconductors with widths or diameters having the dimensions of 0.05
to 10 micrometers, heights that can range from a few tens of hanometers to a
micrometer, and lengths of several micrometers and longer.
[0034] ‘HOMOQ" is the common chemical acronym for “highest occupied

15 molecular orbital”, while “LUMO” is the common chemical acronym for “lowest
unoccupied molecular orbital”. HOMOs and LUMOs are responsible for electronic
conduction in molecules and the energy difference between the HOMO and LUMO
and other energetically nearby molecular orbitals is responsible for the color of the
molecule.

20 [0035] An “optical switch,” in the context of the present invention, involves
changes in the electro-magnetic properties of the molecules, both within and outside

that detectable by the human eye, e.g., ranging from the far infra-red (IR) to deep



[ 0032] Nanoneter scale dinmensions refers to dinensions that range fromO0.1
nanoneters to 50 nanoneters (0.05 mcroneters). 10 [0033] Mcron-scale and
subnm cr onweaaloa7eds res refers to rod or ribbon-shaped condaat0E34wr1

sem conductors with widths or dianmeters having the dinmensions of 0.05 to
10 mcrometers, heights that can range froma few tens of nanoneters to a
m croneter, and | engths of several mcroneters and | onger. [0034] "HOMO' is
t he conmon chem cal acronym for "highest occupied 15 nolecular orbital",
while "LUMD' is the common chem cal acronymfor "lowest unoccupied

mol ecul a or% tal". HOMOs and LUMOs are responsible for electronic

conduct H8RViolet fdVk Qntisal syilghing inclisies ghanpesiie piopedied suaamahsemtiBVD and LUMD
and ot her_ epergetically nearby nolecular orbitals is responsible for the
col or of€feqion, Faé:gﬁ"l"éﬁ/ﬁr%'of‘()@%q'ﬁ%ﬁ?Scéﬁﬁﬁ'ﬂ%fe@mrprf'ﬂﬁgnetiwetdiﬁéiooont ext of
the pr e'f@nt [ nven1Li on, j.nvolves changes in the el ectro-magnetic properties
of the HHBLul es, THSIEM Vianapareasyd isdrfigpdwithip g viglesoeeinine fopeahe hunan
eye, e.%, ranﬂi ng fromthe far infra-red (IR to deep -9 WO 03/ 037636

PCT/ uso®12s2etically, iphtnassing Broyahhe caprantisinosinipedhd noaltened exbest inlf@nges i n
properties such as absorption, reflection, refraction, diffraction, and

di Bf useregion inavhiehdhe £olelaatspestratiyatsoits. Fadexermmpe .if th¢ AREE]ITbeotaat M
"transparency"” is defined within the visible spectrumto nmean that

opt i cal A9ss nat@hsorpas thiervisitidrspaaybim;, tendiod colemht wi apedaritohededater al t er ed
except in the 5 region in which the colorant spectrally absorbs. For
exanpl ecleprtranseaigptyecul ar col or ant

[0037] The term “omni-ambient illumination viewability” is defined herein as the
viewability under any ambient illumination condition to which the eye is responsive.

10 [0038] As a general proposition, “media” in the context of the present invention
includes any surface, whether portable or fixed, that contains or is layered with a
molecular colorant or a coating containing molecular colorant in accordance with the
present invention wherein “bistable” molecules are employed: for example, both a
flexible sheet exhibiting all the characteristics of a piece of paper and a writable

15 surface of an appliance (be it a refrigerator door or a computing appiiance using the
molecular colorant). “Display” (or “screen”) in the context of the present invention
includes any apparatus that employs “bi-modal” molecules, but not necessarily
bistable molecules. Because of the blurred line regarding where media type devices
ends and display mechanisms begin, no limitation on the scope of the invention is

20 intended nor should be implied from a designation of any particular embodiment as a
“media” or as a “display.”

[0039] As will become apparent from reading the Detailed Description and
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does not absorb in the visible spectrum then the colorant will appear to
have water clear transparency. [0037] The term "omi-anbient illum nation
vi ewabi | iwg'03i0376def i ned herein as the viewability under aoy/Eob3sat
illumnation condition to which the eye is responsive. 10 [0038] As a
general proposition, "nmedia" in the context of the present invention

i ncl udes any surface, whether portable or fixed, that contains or is

| ayered with a nolecular colorant or a coating containing nol ecul ar
colorant in accordance with the present invention wherein "bistable"

nol ecul es are enpl oyed; for exanple, both a flexible sheet exhibiting all
t he chafersneix, ndlesulefcan bpirderraied ingseprdanee Withvihe pegseat inkerdigh face of an
appliance (be it a refrigerator door or a conputing appliance using the
nol ecul meam elsolitantmolecutirsigyiag. e.g.oan oplinekswitch, erndepeadingpndhe caftedthe present
invention includes any apparatus that enploys "bi-nodal" nol ecul es, but
not necmsy heialvast drraytof blokecriar-tevel deyiceBanguaearsdy afirglividually ed 11 ne regardi ng
where nedia type devices ends and display nmechani snms begin, no limtation
on t he adpssable, pivel-dizedeogticalswith@$) whitheard énifapidinkechoaiatere as apl i ed from a
designation of any particular enbodinent as a "nedia" or as a "display."
[ 0039] dsgleintdledutciaresetifpserablingfimplemeptadiong Thins itBet be rexbghiesd tapt i on and
-10 WO 03/037636 PCT/ US02/ 34641 Appendi x, "nol ecule" can be interpreted in
accor daguire wioldtuldn eyqieras esrhprisevesipesmderutesinera sslettiviealoynaimtiengesr devi ce,
e.g., an optical switch, or, depending on the context, nmay be a vast array
of nol esfuhdividlia wedledty idedsss ferming trensyatenagrecivailabds. Vitettatrh §molecular

system” as used herein refers to both solitary molecular devices used systematically,
such as in a regular array pixel pattern, and molecularly linked individual devices. No

10 limitation on the scope of the invention is intended by interchangeably using these
terms nor should any be implied.
SPECIFIC EMBODIMENTS
[0040] Turning to FIGURE 1AA, a printing system 100 in accordance with the
present invention has two main components: a printing subsystem 101 (referred to

15 hereinafter more simply as “printer 101") and an erasably-writable printing medium
105. The printer 101 includes an electrode array 103 and a media transport
subsystem 107. The electronics package associated with powering the various
subsystems for data handling, printing, and media transport is shown as a generic
“controller’ 115; such controls are well known in the state of the art. Known manner

20 associated electronic circuitry and software, or firmware, to download, store, sequence
and print alphanumeric text and images (e.g. an application specific integrated circuit,

ASIC, with appropriate buffers and memory can be employed) and to provide power
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addr essabl e, pixel-sized, optical swtches, which are in fact |inked
covalently as a 5 single nolecule in a self-assenbling inplenentation.

Thus, it warn3baresecogni zed that sone nol ecul ar systens cECEIISOD34H41
super - nol ecul e where sel ective domai n changes of individual nolecul ar
devices form ng the systemare avail able. The term "nol ecul ar systent as
used herein refers to both solitary nol ecul ar devices used systematically,
such as in a regular array pixel pattern, and nolecularly |inked individual
devices. No 10 limtation on the scope of the invention is intended by

i nt erchangeabl using these terns nor should any be inplied. SPEC FIC
ENMBODI Soq’t@oa@q provigad-nfhe Rresgnbisrentionuses Cﬁ?q'fm FHYNYYSr em 100 i n
accordance with the present invention has two nmain conponents: a printing
subsyst @ventionel errepytatintesacertprindara tinpyie ploffo FRIUINAPRY BRNMIBRGSt er 101 )
and an erasably-witable printing nmedium 105. The printer 101 includes an
el ect rod@taaFrhapl’"l’@e”@N@eﬁlrﬁﬁﬂl"ﬁeg@%@ﬁéﬂomiﬁﬁ%ﬁleﬁ'f%|?ne qenReglidtt r oni cs
package associated with powering the various subsystenms for data handling,
pri nt i ngy, wisglessiéafinantingergpay print prestommozdeddmgaerirers @ maiBdyr ol | er " 115; such
controls-are well known in the state of the art. Known manner 20 associ ated
el ect r offi041ki r cuiRewitalsiel megha 10%rie desgribed imdetpibin aopensingl YadPakt or e,
sequence and print al phanuneric text and i nages (e.g. an application

speci f i Appint 8gr Bbe@P/819,3%4, filed JAGIST, 2001, by ept \dpeéraetalbAsflbiskatadd nenory can
be enpl oyed) and to provide power -11 WD 03/037636 PCT/US02/ 34641 (e.qg.,
bat t er y$chesngticallyi id ednadiifeedpadmbriewi imFE3WRES 2466 2B8B, etegiromig pdatnmon t o

media in accordance with one embodiment of the invention describe in the co-pending
application comprises an electrochromic coating 202 affixed superjacently to a

10 backing 201 substrate. The electrochromic molecular colorant coating 202 layer (on
the order of a few microns) contains bi-modal, and preferably bistable, electrochromic
molecules that undergo conformational changes as a result of application of an
electric field that in effect changes selectively localized regions of this coating from
one hue to another. This can be thought of as millions of molecular switching devices

16 per cubic micron of colorant. A comprehensive description of the molecular system is
described in the Appendix hereto.
[0042] As demonstrated by FIGURES 2AA and 2BB, in the main part, ina
principal embodiment of the printing there is provided a flexible substrate 201 (e.g.,
plastic) that has been coated with a molecular colorant 202. The bichromal molecular

20 switching devices of the molecular colorant 202 are selectively switched back-and-
forth between bistable states (e.g., black and transparent) by an applied electric field,

changing the polarity of the field to change the states of selected picture elements
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conventional conputer interfaced printers to input, store, sequence and
print image data. The printer may be directly interfaced to a conputer
(e.g., diweaw/Bicde connection or wireless) for printing @®CTEp2/psednt

pre- downl oaded i nages froma nenory. 5 [0041] Rewitable nmedia 105 is
described in detail in co-pending U S. Pat. Appln. Ser. No. 09/919, 394,
filed July 31, 2001, by Kent Vincent et al. As illustrated schematically
in a mgnified partial view in FIGURES 2AA, 2BB, electronic print nedia in
accordance with one enbodi nent of the invention describe in the co-pending
application conprises an el ectrochronm c coating 202 affixed superjacently
to a 100P¥eIR)-nl the prefemmad erakasimenfethg magdivrg Ay rAat altkaned i@ ﬁke PEBIShr ant
coating 202 |ayer- (on the order of a few mcrons) contains bi-nodal, and
pref er aﬂ)%‘ bi stabl e, el ectrochrom c nolecul es that undergo conformnati onal
changes as a result of application of an electric field thFlt in effect
changes[0948lect i vatgumipgaisode fIGWEJAS. Hie rrinthead J98 inglyides ghe'egiedue to
another. This can be thought of as mllions of nolecul ar switching devices
15 per  amay 1eidndvidedl eiesitedesA03, 04 swpPmRBsIAtedbyReF F IRVRH 28R aThe

nol ecul ar systemis described in the Appendi x hereto. [0042] As

denmonst 2BBgdspsctivelpURESpimiheathtD @B, comprish @ shattvida fineariafay, orpr i nci pal
enbodi ment of the printing there is provided a flexible substrate 201
(e.g., eqiiaentsiagoheed dray, dfedasirodes ipgoniachoraeancantadt aith the wediat 202. The
bi chromal nol ecul ar 20 swi tching devices of the nol ecular colorant 202 are
sel ect i V@8 surfaget Gheatrobeekaysrand driyetetechienige ere dsingneibloeleatmstalic(e. g., bl ack
and transparent) by an applied electric field, changing the polarity of

t he fi epihtérs aplddngjecanstudiivas asd inferleeeateareldinownr Eoeexamunie, Shefidon

in U.S. Pat. No. 5,389,945, Feb. 14, 1995, describes an electrode array printer for
10 printing on re-writable paper. Each is sized, positioned, and electrically addressed in
a known manner to provide an appropriate electric field to the colorant layer 202 at
each given pixel location (or superset of pixels) along a pixel column (or columns if a
staggered array) of the rewritable medium 105.
[0044] Exemplary “fringe field” electrodes are also depicted in FIGURES 2AA
15 and 2BB. The electrical field may be oriented perpendicular to the plane of the print
medium 105 as in FIGURE 2BB or parallel to it as in FIGURE 2AA. In the exemplary
embodiment, a common electrode, or set of electrodes, is placed adjacent to the
medium 105 virtual pixel array so that printing is accomplished by passage of fringe
fields through the colorant 202. The fringe field is illustrated by dashed-lines labeled
20 “Vygn' @nd “Vy,,". The field is concentrated under the electrode tip and the return field
is dispersed and therefor does not effect the colorant layer. Fringe field imaging is

advantageous since the electric field is not significantly influenced by the physical
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WO 03/ 037636 PCT/ US02/ 34641 ("pixels"). In the preferred enbodi nent, the
medi um 105 is not attached to the printer 101. [0043] Returning also to

FI GURE 1A%p msla76pé i nt head 103 i ncl udes an el ectrode arrapCIARonB4cs1

i ndi vi dual el ectrodes 203, 204 as denonstrated by either FIGURE 2AA or 5
2BB, respectively. The printhead 103 can conprise a sheet-w de |inear
array, or equivalent staggered array, of electrodes in contact or near
contact with the nmedia 105 surface. Electrode arrays and drive el ectronics
are common to electrostatic printers and their constructions and
interfaces are well known. For exanple, Sheridon in US. Pat. No.

5, 389, 9fBuUCtEOf theSubsiels.  descri bes an el ect rode array printer for 10

printin re-witabl e per. Each i zed, . posi t oned, and electrically
addressgﬁmgh a kHEWHfW%%ﬁé?”W&OéﬁavbﬁgﬁﬁﬁaﬁﬂﬂfﬂﬁPf ée@ME?P@V% field to
the colorant |ayer 202 at each given pixel |ocation (or superset of
pi xel s) nsﬁmﬁ@'nmﬁtﬁ%plrwmﬁww Blrn feshn eef ftheaebssﬁrawaalee enelserads of the
rewitabl e rredl um 105. [0044] Exe%l ary "fringe field" electrodes are also
depi ct e@"RN 183 @R@@dﬂﬂmr'nﬁ@aéﬁao% 4 inpmiinationywithdhe motacylaRagionset or i ent ed
perpendi cular to the plane of the print nedium 105 as in FI GURE 2BB or
parsal | eRO2ef ihe raedivm 10p Garey hambilitmionfeduceentixel resoluippatipagint, a common
el ectrode, or set of electrodes, is placed adjacent to the nedium 105
vi rtual eguwelsntatorﬂa@b@cbcv@mmerq@ﬂ* pﬁmfﬁfﬁger 1260 dasines el irofie susedg@tdf fringe
fields through the colorant 202. The fringe field is illustrated by
dashed- bf thegrt divppéantlyosuch gleghodesareays yap be lowrpewered | requidngcaticant r at ed under
the electrode tip and the return field is dispersed and therefor does not
ef fect figkiweighthaitety.| ayer. Fringe field inmaging is
[0046] Returning again to FIGURE 1AA, a medium transpdrt mechanism 107
10 exemplary)embodiment is shown. A support roller 111 is subjacent the electrode
array 103. Note that for the electrode type of FIG 2BB, the support roller 111 can
serve optionally as the perpendicular fringe field electrode. A pair of drive rollers 113,
114 are suitably mounted so that the medium 105 passes through nips between the
drive rollers 113, 114 and support roller 111. In order to ensure uniform printing, a
15 reversible motor drive (not shown) can be connected to the drive rollers 113, 114 to
provide bidirectional motion of the medium 105 through the nips. Note that it is
possible to implement the transport 105 as known manner spring-loaded set of rollers
111, 112, 113 which provide a resistance to a hand-feed operation of the printer
system 100. A known manner medium translation-position sensor 109 is connected
20 between the transport mechanism 107 and the electrode array 103. The media

translation-position sensor 109 is used to sense the instantaneous pixel row location

of the printing medium 105 relative to the electrode array 103 to time printing pulses.
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advant ageous since the electric field is not significantly influenced by
the physical -13 WO 03/037636 PCT/US02/34641 structure of the substrate.
[0045] Theopsiostshead array 103 can be fabricated in accor eamasomsisht known
manner integrated circuit and thin filmtechnol ogies, thereby providing an
el ectrode array 103 of individual printheads 203, 204 in conbination with
the nol ecul ar colorant 5 202 of the nedium 105 having the ability to
produce a pixel resolution at least equivalent to the best commerci al
printers, e.g., 1200 dots per inch in the current state of the art.

i W A AL S
5 S e R o, T o
oo pertbitans Sraate SRR T RIS 1o o
g;: \r/1t6i L%HSSF %Sngfé%f?wt§?%2¥%£%§ﬁﬂ1§O$$}9g¢|%?edrUtsgi’gﬁ re uniform
(i v 1 ORPBPAA)L 008 knaip mannai DR AR HEB LTS TeACE PO S FaCT oMb Um 105
through the nips. Note that it is possible to inplenent the transport 105

as knowhershaeieer t9plikelg- | oaded set of rollers 111, 112, 113 which provide a

resistance to a hand-feed operation of the printer system100. A k
manner [P84TLIM t r dheEdbe sriRbls mpdHMsedBry g%@,aqsgog%kp%@@ré{?dly pullng’ 10"

the rewritable sheet thought the printer or by a common motor servo and engaged
roller system. The rewritable medium 105 sheet is imaged by printing a column of

10 pixels one row at a time as the sheet is passed relative to the electrode array 103.
[0048] Because of the nature of the molecular colorant employed in accordance
with the preferred embodiments of the present invention (see Appendix), it should be
noted that in alternative embodiments the printer may be adapted to a plethora of
implementations. The present invention is easily adapted to dedicated-use printers,

15 such as a cylindrical glassware printer, common document-style and single-swipe
handheld printers (e.g. for labeling). For example, the printhead 103 can be adapted
to engage with the surface of a moving object which has a coating of the molecular
colorant 202 thereon such as to print on a so-coated label of a spinning chemical
beaker. Similarly, there are reusable objects, such as clinical and chemical

20 laboratory glassware, shipping containers and retail price stickers that must be re-
labeled with each use to indicate, for example, contents, shipping address or price,

respectively. These labels commonly contain both human readable and machine
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20 between the transport mechani sm 107 and the el ectrode array 103. The
media translation-position sensor 109 is used to sense the instantaneous

pi xel rovwbacasicen of the printing medium 105 relative t@cThesopbaat rode
array 103 to tinme printing pulses. -14 WO 03/037636 PCT/ US02/ 34641 The
sensor 109 may al so be used to detect the start and end positions of nmedi um
travel . A nunber of different sensing schenes are applicable (e.g., a known
manner shaft encoder attached to the axis of a roller engaged with the
sheet, a sheet texture sensor (e.g., assignee Hew ett-Packard' s U S. Pat.
No. 5,089,712 and U. 044) | i near

i e A R
e e S
oy ort Wnale S ordaoHlFuerise ABE i IR " pacet:
nol ecul labels mayheniixadip Hrsg qb}?%c@@f"‘@%r?&%se‘{/ﬁ’l%ﬁg&u ee(f)Y?’f@? t@?h egatelrjrtr)gdio];reﬁl[] g

of the present invention (see Appendix), it should be noted that in
al ser nateipeatedsedi nents the printer may be adapted to a plethora of

inpl enentations. The present invention is easily adapted to_dedicated-use

printer0495 suc M\S@O&QEW@YHI@I?Jtbﬁprlﬁlnas%!ﬁ?&ﬂbc%‘rt?‘%ﬂd@io?edé%Hﬁﬂﬁe‘ggcurrent -style

and singl e-swi pe handheld printers .g. for |abeli ng%% gog exanpl e, the
Syf

pri nt hevisuallgBpdaie ayeedid mﬁirémentt@%@géaﬁééﬂwwcwﬁbc%aﬂw @ Hovi ng obj ect
whi ch has a coating of the nolecul ar
ticket, credit or debit card, hotel keycard, club membership card, or copy machine
card, or the like. Such instruments 500 conventionally have a machine readable
10 magnetic recording strip with code that is read / updated with each usage. The
updates include, for example, the number of copies, rides, attendances, or other value
remaining, or hotel room number. Heretofore, these instruments 500 have not
provided a means to convey this information in human readable form. Thus, a holder
of a rail pass may not know the remaining value of the pass until attempting to use it.
15 This restriction is overcome by coating a surface of the media instrument 500 with the
rewritable coating 202 of the present invention. The image formed in the rewritable
A coating may be erased and reprinted with each transaction using the electrode ar'ray
printer 103 of the present invention. In a specific embodiment shown in FIGURES
5AA and 5BB, a train ticket 500 may be reprinted with each use at an adapted, state
20 of the art, ticket vending (or gated entrance release) machine 501.

[0050] Moreover, the printer may alternately be made portable and customized

to swipe over the surface of a fixed position rewritable sheet surface, e.g., a réwritable
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col orant 202 thereon such as to print on a so-coated | abel of a spinning
chem cal beaker. Simlarly, there are reusabl e objects, such as clinical
and chemwalo3®87B@bor at ory gl assware, shi ppi ng cont ai ner s pamdisozsai4l price
stickers that nmust be re- |abeled with each use to indicate, for exanple,
contents, shipping address or price, respectively. These | abels commonly
contain both human readabl e and machi ne -15 WD 03/ 037636 PCT/ US02/ 34641
readabl e (bar code) information. In many applications, it is highly
desirable to fuIIy automate | abeling to avoid the cost of hunan

t t d | 1) . di d
Cl cot r GRekEISIELE o5fckHe T SEREEHORN FETcpEr e 2@%0#2@’3?5%;%2”
ffixed to th bj ect d ted
Fepeat debils, cpOwRAPIE 6BEHH. bg%aéfﬂe Ashefrns feg PR e adapt e
to be used to i suaIIy update a nedi a i nstrunment 500 {%aw rég t he nol ecul ar
coat i nd'a¥TR,a serran @R afid Wtfkléla”dcﬁo@(f?“tth%Ps?fé‘Ban?fﬁﬁed:on 8t &9 €eycard, club

menber ship card, or machi ne card, or th like. CH, i nstruments 500
conventfirisadale oﬁa\m@rt@ugaewnqa@ncemm%f i’ﬁp"l’rﬁ@ gceeqn Mg strip with
code that is read / updated with each usage. The updates include, for
exanpl esledttndlemorat éshayin o opaem biqcderm) 408 &apthands, S%?edcﬁ%%?s Jal ue
remai ni ng, or hotel room nunber. Heretofore, these instrunents 500 have not
provi degwaitaipeamsdiuo tQﬁﬁ@pptOIﬁriételalﬁedprﬁﬁm%HbPh human readable form Thus, a
hol der of a rail pass may not know the remai ning val ue t he pass unt|I
at t enpt[0OG1lt o usAniaxempiarTspesific@mbqdipens feraPYiRe q@éﬁ‘éﬂ 'ng a surface
of the nedia instrunent 500 with the )

FIGURE 3AA. A mobile hard copy apparatus, or printer, 101 in accordance with this

example is a page-wide (e.g., 8") device with a small rectangular cross-section

10 (perhaps 1" x 1"). The printer 101 is interfaced to a computing apparatus (not shown)
in a conventional manner. For optimal energy efficiency, the paper-like rewritable
medium 105 sheet may be fed through the printer 101 manually at a feed rate
generally of the user's choosing. Once the sheet is removed from the printer it
appears and may be read like a standard printed piece of paper. Once read, the

15 paper may be fed back into the printer 101 where the current image is erased and a
new image is simultaneously printed. In the preferred embodiment of the media 105,
the current print may also be saved for a prolonged period of time as the colorant
molecules are bistable. Note that the hard copy apparatus 101 can be configured as
a portable facsimile machine by including appropriate fax-modem cfrcuitry in the

20 controller 115 as would be known in the art. Note that to eliminate battery
requirements, the feed rollers may incorporate known manner electric generators to

drive the electrodes.
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rewitable coating 202 of the present invention. The image fornmed in the
rewitable coating nay be erased and reprinted with each transaction using
t he el ectwode/ares@ay printer 103 of the present inventi onPCirrusaz2/s4seci fic
enbodi ment shown in FIGURES 5AA and 51313, a train ticket 500 may be
reprinted with each use at an adapted, state 20 of the art, ticket vending
(or gated entrance rel ease) machine 501. [0050] Moreover, the printer may
alternately be made portable and custonized to sw pe over the surface of a
fixed position rewitable sheet surface, e.g., a rewitable -16 WO

kng. | abel icket. Tf t andar d i nki

dovi cos DU8ah, 2o TR SHEIGRAE AN e PRGBSttt B i mgl y.
panel680Me5E R U Spdbt gRHRGHe bl b fobig, o olbahisg pplEDIPapel - of a

i which will sh t h 601. The 5. el ectrode
o R AUBEEE ok oS el S B Sl il
el a) SEBE Y e BRI Tt S EaPLS5Ne S Heriery REHBHAT 1 GURE
MA. A mpbil e hard copy apparatus, or printer, 101 in accordance with this
exanpl gﬂTesapé’"%%cdaeAf% tip exgactegthyough\d fead gjot i the apriirnce easingngul ar

cross-sectjon 10 (perhaps 1° x 1 "). The printer 101 is interfaced to a
conput i ?@e#éfﬂ%)f%{ﬁfgth?r'ﬂtg%mmsmﬁ of the earineitarevida thawmemdpumpsnt opt i mal

I ough oL e FHEsra SO R AR mEbELEhep kG ProdRes ARPIeOITE he Uer o
choosi ngélue%}g gcéehsgorﬁ/r%grqcémipcs:ralr’yeunsgvo?%h;rrin%n;fﬁnr}grn?artigrrl] tpﬁrrltallolg from the
PDA. Virtual and physical buttons on the appliance 400 may be used to control the

10 sequence of images and selection of document to be printed. FIGURE 4BB is an
analogous embodiment for a portable telecommunications apparatus 401, e.g., a cell
phone capable of printing out a temporary copy of a downloaded, full, electronic
message received via an internet up-link (versus viewing only a couple of lines at a
time on the low resolution LCD screen 403.

15 [0053] The rewritable medium 105 sheet may optionally contain a mosaic pixel
pattern of different molecular colorants (e.g., cyan, magenta, yellow, black). Such a
pattern may be initially imaged through conventional printing means, for example, ink-
jetorlithography. The patterned colorants may optionally be printed with a fiducial
mark to allow correct sensing of the colorant positions 4during electronic imaging. The

20 pattern of colorants may be addressed by the electrode array to produce color images.

Further details may be gleaned from co-pending application 09/919,394, supra, but is

not necessary for a full understanding of the present invention.
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appears and nay be read |ike a standard printed piece of paper. Once read,
the 15 paper may be fed back into the printer 101 where the current imge

i s erasedwend/oaredeiew i mage i s sinmultaneously printed. |In taa/ysoesesared
enbodi ment of the media 105, the current print may al so be saved for a
prolonged period of tinme as the colorant nolecules are bistable. Note that
the hard copy apparatus 101 can be configured as a portable facsimle
machi ne by including appropriate fax-nodemcircuitry in the 20 controller
115 as woul d be known in the art. Note that to elininate battery

goner at T, or e epilzBl rﬁs@‘ piibe oLl 3hEaler 5% A P atthe %@@%’9 o

andr b ERBERale AR o BN o S B S VTR or Bl o,
o pri nCuBRLs 20E PR %@%35%; < Shesl ey EnfPbebeap: oo HEecon i n this
2 ood S0 R %‘é%ggag Bt it 03 25 0pFBFEAGbpPRT BBl RGO Rgast i monsi on
e | ableHEeahBEh daeT %55}5”@%%@”%&“ B0 o GVGEel accebsory for

t enporary, use or shar i nf ormati on prlntable fromthe PDA Virtual
anglTp phy§meé raygt 'F‘Sﬁ'%a%?‘ig{‘?\‘@ngaWF neieRs anssetenys bt gpvem the travslof bk the 10

sequence of nd sel ection of docunent to be printed. FIGURE 4BB is
anals%%we@%ﬁ'ﬂtﬁ%nﬂﬁ‘f’eq Wé%to"p?grtabl e tel ecommuni cations apparatus 401,
e g ’ a[&0%|55 The foregoing description of the preferred embodiment of the present

invention has been presented for purposes of illustration and description. It is not

10 intended to be exhaustive or to limit the invention to the precise form or to exemplary
embodiments disclosed. Obviously, many modifications and variations will be
apparent to practitioners skilled in this art. Similarly, any process steps described
might be interchangeable with other steps in order to achieve the same result. The
embodiment was chosen and described in order to best explain the principles of the

15 invention and its best mode practical application, thereby to enable others skilled in
the art to understand the invention for various embodiments and with various
modifications as are suited to 'the particular use or implementation contemplated. Itis
intended that the scope of the invention be defined by the claims appended hereto
and their equivalents. Reference to an element in the singular is not intended to mean

20 “one and only one” unless explicitly so stated, but rather means “one or more.”
Moreover, no element, component, nor method step in the present disclosure is

intended to be dedicated to the public regardiess of whether the element, component,
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phone capable of printing out a tenporary copy of a downl oaded, full,

el ectronic nessage received via an internet up-link (versus viewing only a
coupl e ofwbhimms7ea¢ a tinme on the | ow resolution LCD scre@®cTAGS2/346%1 [ 0053]
The rewritabl e nedium 105 sheet nay optionally contain a nosaic pixe
pattern of different nolecular colorants (e.g., cyan, magenta, yellow,

bl ack). Such a pattern may be initially imged through conventi onal
printing neans, for exanple, ink- jet or lithography. The patterned
colorants may optionally be printed with a fiducial mark to allow correct
sensing of the colorapt, positij.ons ri.n lectyonic | ' ke 20 pattern
of col ¢¥amtee pb%e@Eﬂ¥)8r§§|é§jJ ‘B@‘%%ﬁo‘@f‘gg@wﬁsdeN%g?mélgﬁg Bﬂgecﬁ@é col or

i mages. Further details may.be 99 r O=: ' i.cation

067 515, 89 CouTlpies LRt F BV S OB Ly SPor 2. PR P B EReS 1 0°5r the
present invention. -18 WD 03/037636 PCT/LS02/ 3464, ewitable
medi um theslemant isgxpessslyfeiae uspg PO NS Nfput %'?J ﬁggriég?gé%%e ni cation

appliances is preferably made of a flexible, yet significantly sturdy
subst r dtegeipdsitofhgy cang l&ﬂ’eﬁg%% P@"ﬁé’@ﬁ'@gﬁé ?‘Féftt%%?fgsg‘?% Qrgbs, or ot her
suitabl e stops, that engage with the printer 103 oy l.i gnce 400 upon
sheet e@%ﬁ%&s& aeitegusing g\eé\?@ﬁe §‘P|‘@@'E'S"IE)Q)*§‘§. ?%(%)é)inat M%%'/S g}?'l%edéﬂeet may be
nount ed on a conventional slide-drawer nechani smhaving built-in stops and
detents that govern the travel of the sheet when printed, viewed and
stored. [0055] The foregoing description of the preferred enbodi nent of the

present invention has been presented for purposes of illustration and
description. It is not
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10 intended to be exhaustive or to limt the invention to the precise form
or to exenplary enbodinents disclosed. Qoviously, many nodifications and
vari ati onrwowsloB7éb€ apparent to practitioners skilled in traiTaSaz/s4641
Simlarly, any process steps described mght be interchangeable w th other
steps in order to achieve the sane result. The enbodi nent was chosen and
described in order to best explain the principles of the 15 invention and
its best node practical application, thereby to enable others skilled in
the art to understand the invention for various enbodiments and with

vari ous g jcations as are suited to the particular use or
inplene&tatlon contenplated. It is intended that the scope of the

i nvention be defined by the clainms appended hereto and their equival ents.
Ref erence to an elenment in the singular is not intended to nean 20 "one and

only ong" “nAgﬁﬁth{e%MrXp (ﬂ?gstat ed, but rather means "one or nore."

Mor eover onen nor nmethod step in the present disclosure

is intended ated to. t ardle of whet her the

el enent, corrpg'%aﬁe %3%\8’%?/%%@%6"%‘%%%@5&? salgrap acyfer‘ﬂ‘@f:ﬁ ? &ep is
expli0|{o§| % g a{fn& following claims. No claimelenent hereinis to
be consOFaFIFIRFLIcal iRk Sp%‘ijn sions of 35 U.S.C. Sec. 112, sixth paragraph,

unl ess the el ene ressly recited using the phrase nmeans for. .
and no pr oce%s‘?og‘?geﬁ W'ﬁ‘eﬁaéf %/'belﬁétr‘%qe?rﬁibﬁ PREcIngwRitiogalFedsi ons
unl ess the stlﬁgl% steps are s expressly reC|ted usi ng the phrase

"conpri gl ﬁt(ﬁ' # ep(s) of. . .." Wiat is clained is: -20 WO 03/037636
PCT/ US02/ 34641
2. The system as set forth in claim 1 further comprising:

a transport for moving a sheet of said media passed said electrode subsystem.

3. The system as set forth in claim 2, the transport further comprising:
10 at least one media position sensor.
4. The system as set forth in claim 1 further comprising:

means for downloading, storing, sequencing, and printing text and images.

5. The system as set forth in claim 1 configured as a portable hard copy printing
apparatus.
15 6. The system as set forth in claim 1 in a portable computer appliance.
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(9) CLAIMS 1. A printing systemconprising: rewitable nmedia having a

bi stable, electrochromc, colorant |ayer susceptible to |[|ocalized

el ectri cawofiseBms¢ and 5 associated with said nmedia, an elpeatusoziags6subsyst em
producing said |localized electrical fields. 2. The systemas set forth in
claiml further conprising: a transport for noving a sheet of said nedia
passed said el ectrode subsystem 3. The systemas set forth in claim 2,
the transport further conprising: 10 at | east one nedia position sensor. 4.
The systemas set forth in claim1 further conprising: neans for

Syt om 46 Sol o S A5 SEAT Sl P BB B cpRile @0l 2T "Copy pr it ng

apparatus. 15 6. The systemas set forth in claiml in a portable conputer
appliance. -21 WD 03/037636 PCT/ US02/ 34641 7. The systemas set forth in

| ai m 14 j i . i . 8. . T t t forth i | ai

T wher o sai e oraaAs de B BMa R Wi e PG RIS ATy ana ; Su?"gé“
i nt . sheet. of i, d di sai d di i.S t | at ed [

el et r ogubuaREY Bifioay 37 Tolelid GRratota e Prsrd mesiriaaei eBRei n sai o

el ect rc)(i\'shtrre?ns aﬁe Sésosre ggidle?é/c?rrode subsystem.

5 9. The system as set forth in claim 1 wherein said electrochromic colorant layer
further comprises:
at least one layer of a molecular colorant coating wherein molecules of the
coating are at least bichromal and subjectable to bistable switching between color

states under influence of said localized electric field.

10 10.  The system as set forth in claim 9 comprising:
said molecules exhibit an electric field induced band gap change, occurring via
a mechanism selected from a group including (1) molecular conformation change or
an isomerization, (2) change of extended conjugation via chemical bonding change,

and (3) molecular folding or stretching.
15 11.  The system as set forth in claim 2, said transport further comprising:

electrical generators connected to said electrode subsystem for producing said

localized electrical fields.
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further conprises: at |east one |ayer of a nolecular colorant coating
wherein nol ecules of the coating are at |east bichromal and subjectable to
bi st abl e weimobicdg bet ween col or states under influence @cTdamogsdeacal i zed
electric field. 10 10. The systemas set forth in claim9 conprising: said
nmol ecul es exhibit an electric field induced band gap change, occurring via
a nechani sm sel ected froma group including (1) nolecular conformation
change or an isonerization, (2) change of extended conjugation via

cheni cal bonding change, and (3) nolecular folding or stretching. 15 11.

ol act ?.SE%F“ gun Finigeb el Bl Ao, (R OhA BRI il Tor or oduci ng

sai d éﬁ‘g electrical fields. -22 WD 03/037636 PCT/ US02/ 34641 12. The
system as ge orth in claim9, the rml ecul ar col orant coating further
conpri sing: g hms i xe such that full
color printi %g |sﬁ:lp%(re£ ?ér Bﬁé/ f@g‘%' t@%‘bﬂ/%@%ﬁﬁ” A% d nedia. 5

14. The t arth in a| m 1. sajd el ectrode subsystem further
conpri SIpﬁ%@cﬁgg§§a@O ‘?&rgfjﬁs%%lsge Lo 3%6‘?631? y and spatially. 15. A hard
copy printing nethod conprising:

5 14.  The system as set forth in claim 1, said electrode subsystem further
comprising:

means to field address temporally and spatially.

15. A hard copy printing method comprising:

selectively providing localized electric fields, each of said fields conforming to a

10 predetermined picture element size;
transporting a printing medium across said fields such that a bistable

electrochromic colorant layer of said medium is subjected to said electric fields; and
manipulating said electric fields to produce printed data onto said

electrochromic colorant layer.

15 16.  The method as set forth in claim 15 wherein a first polarity of said localized

electric fields prints a picture element.

17.  The method as set forth in claim 16 wherein a reverse polarity of said first

polarity of said localized electric fields erases a picture element.

-23-



selectively providing localized electric fields, each of said fields
conformng to a 10 predeterm ned picture el enment size; transporting a
printing wedBoseer oss said fields such that a bistable @caatSonsdsapm c
colorant layer of said nediumis subjected to said electric fields; and
mani pul ating said electric fields to produce printed data onto said

el ectrochrom c colorant layer. 15 16. The nethod as set forth in claim15
wherein a first polarity of said localized electric fields prints a
picture elenent. 17. The nethod as set forth in claim 16 wherein a reverse

pol ari ty z0f Ld first larity. of-said | ocalized electric {ields erases a
pi cture%gl erriﬁ?.ﬂ]e-t% %egf?fﬁﬁéé'@ Miﬁéﬁf/@ﬁﬁbjf%ai‘&o ﬁ"glp%@t“f’?od as set
forth in claim15 used in a portable hard copy apparatus. 19. The nethod as
set forth in claim15 used in a portable conputer appliance. 20. The

The mot Aot adre iotRelhe8t Rt ART 5 uhdh B R BbR R B P BbRRDPC col or ani

|layer 5 is at |east one layer of a nolecular colorant coating wherein
nol ecul es of the coating are at |east bichromal and subjectable to

D Lo oo R LSRR 3k S AL ISl PSR Bl Lo 12

nol ecul es exhibit an electric field induced band gap change, occurring via
a nmechani sm sel ected froma group 10 including (1) nol ecul ar confornmation

change qr. an_j sonerization, (2) change of
g %1. The method as set t%rthgn glaim ? 5 %herein said electrochromic colorant layer

5 is at least one layer of a molecular colorant coating wherein molecules of the coating
are at least bichromal and subjectable to bistable switching between color states

under influence of said localized electric field.

22.  The method as set forth in claim 21 wherein said molecules exhibit an electric
field induced band gap change, occurring via a mechanism selected from a group

10 including (1) molecular conformation change or an isomerization, (2) change of
extended conjugation via chemical bonding change, and (3) molecular folding or

stretching.

-23. A method of doing business, the method comprising:
providing a printing apparatus including an electrode subsystem for providing
15 selectively localized electric fields corresponding to picture elements printable from
digital data;

providing a rewritable media instrument susceptible to said fields wherein said
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ext ended conjugation via chem cal bondi ng change, and (3) nol ecul ar fol ding
or stretching. -23. A nethod of doing business, the nethod conpri sing:
provi di ngwe 0p381886 ng appar at us i ncl udi ng an el ectrode sub®gItEsoe/swnl
providing 15 selectively localized electric fields corresponding to
picture elements printable from digital data; providing a rewitable nedia
i nstrunment susceptible to said fields wherein said -24 WO 03/037636

PCT/ USO02/ 34641 nedia instrunent is associated with a service and use fees
associ ated therewi th; and printing and reprinting |egible information on

wth satsd BEHGHER sESRRRE E bl e e i e vt %ﬂ"mﬂew{h? %E gﬁﬁéﬁ{‘c?s
d 5 .24 t

?2?} 3' oo op it e e B bR A AP S e dilad“?" bt ?gioc'aé?‘gft e

f 24

wher ot nih B é\ss*eqﬁsﬁ'ee‘;%rr L rEPabgeiit 6 <oy pi mé?atpear% S ocal 2ot

electric, fields er cture as set forth in

claim thﬁﬂ%\feélsﬁ'déﬁ?‘ﬁasﬁﬁ@r"ﬂﬁ'%tés P%e‘Jc'Bﬁaﬁﬁqaé'(ﬂ’”%q"ﬁa'd pI@t'ﬁg BB‘?EF%'FE hard copy

apparatus. 27. The nethod as set forth in claim23 wherein said business is
conducted using a portable conputer appliance. 28. The method as set forth

in claim?23 erein said bus ss i s conducted usij
5 514 e method as set orthlln claim 23 wherein a first polarity gf said localized

electric fields prints a picture element.

25.  The method as set forth in claim 24 wherein a reverse polarity of said first

polarity of said localized electric fields erases a picture element.

26.  The method as set forth in claim 23 wherein said business is conducted using

10 a portable hard copy apparatus.

27.  The method as set forth in claim 23 wherein said business is conducted using

a portable computer appliance.

28.  The method as set forth in claim 23 wherein said business is conducted using

in a telecommunications device.

15 29.  The method as set forth in claim 23 wherein said electrochromic colorant layer

is at least one layer of a molecular colorant coating wherein molecules of the coating
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in a tel ecommuni cations device. 15 29. The nethod as set forth in claim23
wherein said electrochromic colorant layer 1is at |east one |ayer of a

nol ecul arwoaBos®maé coati ng wherei n nol ecul es of the coati RgT/GSES3AMM

03/ 037636 PCT/ US02/ 34641 are at |east bichromal and subjectable to

bi stabl e swi tchi ng between col or states under influence of said |ocalized
electric field. 30. The nethod as set forth in claim?29 wherein said

nol ecul es exhibit an electric field induced band gap change, occurring via
a mechani sm sel ected froma group 5 including (1) nolecular conformation

chem caProuBlend BREFurdah6 Rinie Cap e AEPRBHR s AP GREEesh Bl PR g . 26

under influence of said localized electric field.

30. The method as set forth in claim 29 wherein said molecules exhibit an electric
field induced band gap change, occurring via a mechanism selected from a group

5 including (1) molecular conformation change or an isomerization, (2) change of
extended conjugation via chemical bonding change, and (3) molecular folding or

stretching.

-26-




