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WO 2007/008866 PCT/US2006/026832 -1 STATIC AND ADDRESSABLE
EMISSIVE DISPLAYS FIELD OF THE INVENTION The present invention in

gé’ﬁgrzgf)?é()?g’fgfed to electronic display 5 technology and, in pa]?ﬁgf}fgf’??g/ 026832

related to an emissive display technology capable of being printed or coated

on a wide variety of substrates, and whigh may further be electronically

addressable in various forms for real-time display of information.

BACKGROUND OF THE INVENTION 10 Display technologies have included
Ay

television cath§3é"?%¢tﬁﬁ&ﬂmsm SHhEof flat panel

displays. Typical television cathode ray tube displays utilize an emissive

coating, typically referred RS H (913 qﬁ%ﬁl'@ﬁrior, front surface,

which is energized from a scanning electron beam, generally in a pattern

referred to as a Fa8 sl ANSHdpPHEI@onsish i rsiatasin alpsteonig gisplasty deep

forpa.faetegy drimakingdnemdnraiiabialRmnany aypRgsesudiber cismayst

frequently, used for television, such,as plasma displays, . while havi
CoRR RIS AEEIBIEH PRSI VRIGE & IR Py EP ERAZA Bl e

corteitingcalsedddteds s iom gasupfidtusdfotsalginomdapth oflinirmdtdeessing
to select a picture element (or pixel), as these cells are energized, the
contained gas is ionized and 20 emits ultraviolet radiation, causing the pixel

or subpixel containing BACKERIHNRPEISERIYERFBE mit light. Involving

myriaﬁl gasaconéaiﬂir@ o r@h%smfﬁmxﬁl e&ll&eléhﬁﬁ_ﬁldhir?&aﬁ@r@besb llalasma
comp Icated an expensive to_manu ture, a making them uns Ité} e 1or
mat P BRE YRR foRES R R B f@éﬂﬁ%ﬁo i&%{%ﬁsﬁ%@&%ﬁe@%%ay tube
passipynatiize2in bopiseiorystaingdisptayd] (" 'te@idsd) aisa fytioadsilicn pixaterior,

ad?{gn%%ﬁ%x; VoefnleLxel 9%19&10@9%39%&%%1 i%ggﬁgﬁ&ngsgégg@gghe&%ﬂem

picture element. Such dispfays inc

trafefRstefsiolas DEAstRsTRaam\Spedelsvisimdinn  arsdane Alarei polasr fagn factor,

filtgrakisHER displewte BLRRIS Eﬁﬁﬁﬁéjght source which is always powered
on and emitting li the_light actuall

addressing part@%{g’zr ‘\i/_\i"t TR L ﬁ?rlgn ﬁn‘) gggh%@ﬁ%ﬁ%ﬁ% ag\;?}@%r,

is abdenplspadshrpatgiivalyditiofua dyeos, ditodwsistonsylesichaycohpiled it dis

an%o%f{faf'r}%tge a %l@cge!g%gsl‘og Ié)a's mixture. Using row and column addressing to select a
picture element (or pixel), as these cells are energized, the contained gas is ionized and
emits ultraviolet radiation, causing the pixel or subpixel containing a corresponding
color phosphor to emit light. Involving myriad gas-containing and phosphor-lined cells,
these displays are complicated and expensive to manufacture, also making them
unsuitable for many purposes.

Other newer display technologies, such as active and passive matrix
liquid crystal displays (“LCDs”j, also include such pixel addressability, namely, the
capability of individually addressing a selected picture element. Such displays include
a complex array of layers of transistors, LCDs, vertically polarizing filters, and
horizontally polarizing filters. In such displays, there is often a light source which is
always powered on and emitting light, with the light actually transmitted controlled by
addressing particular LCDs within an LCD matrix. Such addressing, however, is
accomplished through additional layers of transistors, which control the on and off state

of a given LCD.



WO 20117111118866 PCTIUS200611126832 -? Currently, creation of such
di‘spzjl?/s re%uires semiconductor fabrication techniques to create the

conf? H?ﬁ@ Hsistors, among other things. A wide variety of t%%ﬂﬁgf8%6|/3§6832
are involved to fabricate the liquid crystal layer and various polarizing layers.
LCD displays also are complicated and gxpensive to manufacture and, again,
5 unsuitable for many purposes. Using simpler fabrication techniques,
electroluminescent IaTBF éEL, tecEn(él?(?% has [E)rov,ided for priﬁ‘ntin r.coatin
emissive material SR SEBHE ShEIE" TRRIBH U YWRH BRI R Tisgded
to fiechmigignag ereatel ththemfixdiihdisplaipsrkemingsehdishlays, A gidervaiety isf
eneraized, R0, Ak SHEG AR PAC D ER BAVSANE 1 SRV IdnG G iRy

lighting. Such prior art EL displays, however, do not provide any form of pixel
addEssabifity drelavsalse srreriiiral dardinepabi o masEsHERany Reain,

5 dispisyingleysranicapiebanging information. For example, such prior art EL
displays cannot. display an ynlimited ampunt of informatian, such as web
ot which may L BT e TR B e o Bl o
malgelzinbgalss furedadipleprBisgicheprigreamiisptaystriakivaieaidzsales of
pixe] ageliesaability dBsoeAbasedigcRR e dR MuRsk® e BB AEHENO For
6,203,391, issued March 20, 2001, entitled "Electroluminescent Sign";
MUER J1EP I8y sPa RAHING %! 926 15t i 28] bR BB oo O BRtifIRFSI Ve

10 "Elpeivalitignihe sophiySightinhl s agkerld: QrtBaidniphios, b &ddv89doissuadvide any

Noyember . 2004 enilied duminaled Display SYslemand Crocess sy
Barnardo et aﬁj. 'PARAEND 8,1}%1,%6 ,’issue& Rugus f"[c}l:reés(%?l, .24
enmymedmmmmi%mmmﬁmh’étseedﬁgméwg}leheuimdets?&msmays
emigsive pIRr Al AR RERiet 8L AAF R ARARURREAE D Feis BREVIRRHGhay

layers, in various designs or patterns. Once energized, the design or pattern
is i Rate AT R¥E ARG SRR AR SR PIAY ST eATEraRtn T cxample.
15information, suchuas faoilbinples siBoRgR: idbapd1eseins addstadivility
electroluminescent displays are sybj 0 vario roblems which I
S S s e A e ]
eleentiledibleseehindizstenps Sign'hdtlwealadeSid ftent Facta S 408 rishizad duly 23,

typ'ﬁb@b?aﬁﬁteﬁf‘ﬁf’eafo@dﬂa%éckﬂ?§ H?Mié&@@f%@@ﬁ&lﬁ@oyegqlf%%, issued

transmissive conductive materia] ufilized do not conduct sufficg(,-:‘ntfy rapidly to
iluRERPE et sptided il ingtehBigniay theieantpd Diorsehs g &gapdo et

20displays ardethierely, faiiBguiassued August 17, 2004, entitled “Electroluminescent

Devices”. In these displays, electrodes and emissive material are printed or coated on a

el

substrate, in a “sandwich” of layers, in various designs or patterns. Once energized, the
design or pattern is illuminated in its entirety, forming the display of fixed, unchanging
information, such as for illuminated signage.

25 These prior art static electroluminescent displays are subject to various
problems which severely limit their utility and other practical uses. For example, such
prior art static electroluminescent displays are not scalable to form factors larger than a
typical sheet of A4 or 8 %2 by 11 inch paper; in particular, the various transmissive
conductive material utilized do not conduct sufficiently rapidly to illuminate larger

30 areas, failing to energize the central portions of larger displays and thereby failing to
provide corresponding illumination. In addition, such prior art static

electroluminescent displays are typically designed to form a backlighting of an
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provide corresponding illumination. In addition, such prior art static

electroluminescent displays are typically designed to form a backlighting of
a3 Y08 os866 PCT/S2006/026832 3- independently crggﬁgsﬁ%oﬁ%fé@”
For example, such prior art static electroluminescent displays require
separate and independent image application, such as through image transfer
of a pre-printed four color image, or independent positioning of a separate
translucent sheet containing the image to be illuminated, such as separate
SIS BB B FRB A i S O E R A S5
eleliipidyminpieanpadisplay snSpehdpnicmadestaticaioo oichnintscagh tisgiays
_a'%Paﬁ@%%ggg'é%%{ﬁgw@émoh%ﬁg{agQ,dom&eeae%a{@sogﬁ%&gﬂgteffgrg;barate

integrate aving both artwork and electroluminescent regions,
paitssiereptishedotaneining s kngstoba i hgoaseh BRISHS (RS hoiseefeen
priﬁfxﬁma%ﬁawmuﬁlﬁfh%@f?qw%d%eg@ialaﬁéﬁiga'nmam' rk/@tﬁﬁ&i?résftﬂllthﬁn&&ent
surface topology of the finis isplays. Prior.art static electrgluminescent
i IS8 e e G T B A YRR G i Dene il
tedhmgia@:tbwitﬁarpe’xm@ pksign amﬁosmtm dmga;@i deglayehspogdrtgprtwork and
te%@&%&ﬁkﬁ&@s@%?&%ﬁ@ ﬁ%ﬂ%&ﬁ' f&f(i‘éﬂfQHW&fcsp@ﬁf@m m resolution
additi

electroluminescent lamp. 15 In on, such prior art static .
elBFBRPRINESEENPERSHR RS M GRS R SUa i AT grfteaRb ariptieningha
cogpRtativslioghertkisahlenbtediesys-or example, under typical
environmental g)onditions havin me humi(d#%/ 1%h§2‘ &qrior art_static

[ ur% an

electroluminescen r&i‘%ﬁ%&}% %{?8 souB]jIélgte o Fai (S)?ﬁg(ﬂlfggsm gln ufacture
perfangandipleSudveyidiffmestadtichaldegiotu iin eseantedinpraysielrdiapieys

subieChIQRIgRIfcARLISS : 0629 shorCigHilsaalsorcaHsiRgAdaut cangditien.

As a'consequence, a need remains for a scalable electroluminescent
dispireyrolmEesseaY [BRsvide substantially larger form factors, suitable for
applications sughagiGeidarh panege stiadddiomuatieseant displays have

T B B e S o S Gleisghy v
disptayystepurdeptepicié doviemopticdlbprotitisadiyingstret Hemliyy . shefacer for
up?&ﬂé{'agc@aiﬁm@%b@f%@s@wleseﬁfe%@%efqimmde&ﬁgiéye@@@formance.

electroluminescent display should also provide for significant durability with a
capaehinyies wiieda sireyoluaBeRArBHHEIG H6itit o cepsteaiforr sstas et
short circuits, also causing a fault condition.

As a consequence, a need remains for a scalable electroluminescent
display, which may provide substantially larger form factors, suitable for applications
such as outdoor signage. In addition, such an electroluminescent display should
provide a printable surface, for direct application of an image to be illuminated. Such
an electroluminescent display should provide for an optically or visually neutral density
surface, for underlying layers to have negligible perceived visual effect. Such an
electroluminescent display should also provide for significant durability with a
capability to withstand typical environmental conditions, especially for outdoor
applications or other applications in environments having variable conditions.

Such prior art displays also do not provide for a dynamic display of
changing information, particularly for information which was not preprinted and fixed

during manufacture. As a consequence, a further need remains for a dynamic emissive



10

15

20

25

30

applications or other applications in environments having variable conditions.
30 Such prior art displays also do not provide for a dynamic dis

I f
cﬁgﬂéﬂ%’wﬁ%ﬁﬁnaﬁon, particularly for information which was nB(%?‘i%g%ﬁf%“”

and fixed during manufacture. As a consequence, a further need remains for
a dynamic emissive WO 2007/008866 PLCTIUS2006/1126832 -4- display
which provides for pixel addressability, for the display of dynamically

hangjng inf tign. h a displ th d ble of fabricatiq
o ARG 508 g LR R P R SRy e
expéoshatigsniicdnddisay fabilicatioride bhcipabk. & fidiieatisplaing pointihper
capahlfALIRRNCEIAN Jih& ﬁ%cﬁﬁ%ﬁg §oﬂfrnb§f<§a°t§d g siss compaalade a

mobile telephone display, to that of a billboard display (or larger). Such a
didBhairisLier WikB B %ﬁb@tf&?@@é&ﬁb@%ﬁ%@%ﬁ' Phigetion niasrgarany
of epsigtipRemSIAUIVIMARYAHTe EHHEND R NTIENNNE Qidhleyy ey iousEmbomisarNts
of the inventjon provide an.addressable . emissiye display compyising a

i MR R vl R e S S
priftiigeoretiottivicrenditimper over preceding layers. The first, substrate layer
may be comprised of virtually any material, such as paper, plastic, rubber,
fabric, glass, ceramic, or an% other insulator or semiconductor, for example.

In an exemplary 15 em ﬁt?ﬁﬁ@&%lmylga@%mrst conductive layer

attached to the Shibsirases aRtbotineing of firsipkiabiypaieangusiarsssplowed

byafirstdic?le?tric layer,. an er{1is ive yer, a secon ielectric layer, a ..
cmisgive display co r1§1n§ua urality o yefs over a substrate. with. succeeding
second, transmrssive con Ve Tayer forming a secona pluraity

cokectorsred biyi mimm@mmeim@; lagtudeck ipr¢halisgdeyatspliitalifrsobubstrate
conduEtRrs ahchhAavng Gﬂmﬁﬁﬁ.‘ﬂé{a@%{ JMReSRR%s: Aadiontianal ¢alor,

and 20 masking layers. Sealin capsulating) and topological leveling
layBPSSafEraG, iR BR SHERSETHERTs D R Rife HefmeteBpHE

cosabpdiningthisibpyay egioassheivieesnthetfirstaathaeamad Plbsalins@ite and
copductors..Various, .embodiments a ixel addressable, for,example, by.

o B o e e R B B e R R R e
cokvestoswbtitedsdaund lpleradiseaindo rduatossivAdditartaledsyenfoooiingents

furtbempravidgdosRiginetuminesce LASRIRYS WH Gl AR Dot tﬁg(gé?ond plurality

addressable, but which may be singularly addréssable or regionally
adtFesrdintory R hainga ferBRat vealiovediappsgayce; and optional color and

masking layers. Sealing (encapsulating) and topological leveling layers are also
utilized in exemplary embodiments. Pixels are defined by the corresponding display
regions between the first and second plurality of conductors. Various embodiments are
pixel addressable, for example, by selecting a first conductor of the first plurality of
conductors and a second conductor of the second plurality of conductors. Additional
embodiments further provide for electroluminescent displays which are not pixel-
addressable, but which may be singularly addressable or regionally addressable
(referred to herein as “static” displays).

As a light emitting display, the various embodiments of the invention
have highly unusual properties. First, they may be formed by any of a plurality of
conventional and comparatively inexpensive printing or coating processes, rather than
through the highly involved and expensive semiconductor fabrication techniques, such

as those utilized to make L.CD displays, plasma displays, or alternating-current thin-
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As a light emitting display, the various embodiments of the invention have
ighly unusual properties. First, they may be formed by any of a Iuraliéy of

h
30" COMIEALEIE4 and comparatively inexpensive printing or codfi QUB%?)O é0§§%3§,

rather than through the highly involved and expensive semiconductor
fabrication techniques, such as those uglized to make LCD displays, plasma
displays, or alternating-current thin WO 20117111118866
PCTIUS200611126832 -5- film electroluminescent ("ACTFEL") displays. The
invaRtigRcHRIBRSHBbHRE ) dbriparatberiHialpR ey 8T TaReR Wik
asdoapertne phespheyisd taerins)saeh ciafypa vataiiles plope (e zincantiices|ly
etc )y pupstpntiglly redyeing production Cots amd, eg‘g?’&%@% Té‘oest%‘%ﬁﬁ of
fabrication using prln?mg processes, combine with-reduced b materials
costyemey TooshorifabaephausbehpoibigieBraeri e dpabiswibyirdced
depgnddipensush Fishiaysedianaispapetars i mohiledelppiares wafinancial

exchanges. Yet additional advantages of the ig,venio are tha}t the various
oSBT EHRS S USRS e ot PR ISR LI DU PR oD tially

flatfohang€) factor. For example, the various embodiments may be scaled up

to wallpaper. bAOGIAIRIIA! SlEG. 0L AR IR EILIAL (EIGRUORSR

wristwatch display size. At the sameé time, the various embodiments have a

substastiaepif arsorralersirtatly thaitisesly didplapanioxasubsianiiadlyfit dosm
50m&8 MisrRames tHes adslitiepabthicknessphthe aralaptRdsuUBsHa!®illboard

resulting in a display thickness on the order of 1-3 millimeters. For 1

e AT G P SE A SISty 5 R LB eSS

of thme.,résudmhixgmi iaplwﬁiimmt}sﬂmmdabmrﬂtﬁdlyrﬂa.t.m |ﬁ¢@1vidj&m'gIUhe tofalf not
Lhne%%ag%:%%kggsg rﬁ%ﬁ@%ﬁ#‘%wﬁngﬂﬁﬁﬁroﬁ gé“&l@ aH&ﬁiXEngHi%kness of the

ents provide a wide range of selectable resolutions and are high{‘y
frsFOr

anéclssivdurahytreBuss WHasimadigel vathineterithsideneall 3o iertss
g.héixaxﬁ&hw%%mﬁ?ngmeﬂwiwﬁiﬂf&gmg%g&% A aANORe e ic
isplay having sealed or encap ed conductive and emissive regions,

o GENE SOHE R LAY i LS PES VS (e Vg 5
enu&dmmﬂ:fnéalispmd_ibidms.and other sources of stre_ss or degradation. The
encapsulation teehRigG Bt 118 SHBlAR SMAAGIRES I hBE AP corabic

packaging flexibility e finished display; 25 for example, the displays are

noteeduiey b shishiaesl) warsd etV gdesaorigretiety of environmental

conditions. The various exemplary embodiments also provide an electroluminescent
display having sealed or encapsulated conductive and emissive regions, providing
significant durability and capability to withstand a wide variety of environmental
conditions and other sources of stress or degradation. The encapsulation techniques of
the exemplary embodiments further allow packaging flexibility of the finished display;
for example, the displays are not required to be separately sealed behind glass or plastic
for consumer handling and use.

The various exemplary embodiments also provide an electroluminescent
display having a substantially topologically uniform and printable surface, for direct
application of an image to be illuminated. For example, the display surface may be
formed to have both a surface chemically compatible with and suitable for conventional
printing, and a surface having a topological variance of 4 microns or less, allowing for

direct printing using virtually any printing technology, with a higher variance within



for consumer handling and use. The various exemplary embodiments also

provide an electroluminescent display having a substantially to oIo§icall
ur%ﬁ%ogﬂ?fsﬁﬁntable surface, for direct application of an imaﬁ Ty 806/026832

illuminated. For example, the display surface may be 30 formed to have both
a surface chemically compatible with ang suitable for conventional printing,
and a surface having a topological variance of 4 microns or less, allowing for

direct printing using virtually any printing technology, with a higher variance
it TR0 S0 BT PSS PRE PRS00 11 12685 N D ERS Ether
prirtingdrokinelogitdisplighnls porades fointingptidallexemiplatly neutral density
elegtralumi ' ides : ically or visuall
e e R R P
effé\élﬁg‘?‘fﬁg%ﬁﬁ@nmﬂ%% aicecsratimpRiirig BASKHET Roclkesaparbger found

5 magiiagrardaaskosruadlayrkiesdidplayprior art static electroluminescent
displays. In a. first exemplary embodiment of}.h invention, an emissiv
display compriégsa: iRy gf?g’%fyaeﬁlr %%%ﬁy@?é%\ﬁ&ﬂ&b@@%ﬁg& flgsmaé'
su k;stn_@ties,ea fﬁsﬂ@d@ckiﬁﬂy@mﬁ@pﬂé@@ﬂh@rﬁ retyplierditybefsobstciuctofisan
emigSEIAKELCOMNIRY 18 e UiShAIRIRCUIC MMELANARSREQ06 IRIRILY Pe(f)d to

conductors coupled to the emissive 10 layer, wherein the second plurality of
contbBighdiglpsinig Rysst ptaamgondiplyralitt e i apdurionsismmRlor i te semissive
10emiggivedispiayhissacapieiital Rt visiledighkdrametiie pamigsivadgyarto
through the.second plyrality of conductors when a first conductor of the. first
P A DA ere e 4 CHOBR AP oI CCHBR AR o
cordusiorslare Smenglyta. steoinl therfilst eiemplatyrentizodimentotiimdirstof the

p'Ufﬁ&iﬁ}élﬁfaﬁ‘i}ﬂgfl&éi}&%&@é’aﬁ&aséé%ﬁﬁ%ﬁﬂé{o?&f@#ﬁl@i B3 fepairaaios and

the second plurality of conductors may be substantially parallel in"a second
dirSERBHFIHATEFES8ESHd direction being different than the first direction. For

15exa31ple, the firslg He @We%ﬁ@ﬁﬂ#@ﬁﬂf@ﬁﬁﬁ&th&fﬁm@ﬁﬁﬂ'ﬂi&iﬂb’ogﬁucltors may

conductors e disposed to each other.in substanti erpendicular 20

TR e s, e Ty o BB e o s ey
fi rsbepuhsithnyiadfy_cpmalihdt_mza sevchial dacm,cwnu ttinﬁeeqﬁﬂhéimtiomﬂgixhgrdnﬂfyreﬂt
congciRre: S5ineach PV SBRERL @A Al AYBPUElALADE SMER G ona

display. The pixel or subpixel of the emissive display Is selectively
ad el pE g@pgg%ﬁgam‘gefﬁgposed to each other in substantially perpendicular

20  directions, such that a region substantially between a first conductor of the first
plurality of conductors and a second conductor of the second plurality of conductors
defines a picture element (pixel) or subpixel of the emissive display. The pixel or
subpixel of the emissive display is selectively addressable by selecting the first
conductor of the first plurality of conductors and selecting the second conductor of the

25  second plurality of conductors. Such selection may be an application of a voltage,
wherein the addressed pixel or subpixel of the emissive display emits light upon
application of the voltage.

In the first exemplary embodiment of the invention, a third plurality of
conductors may be coupled correspondingly to the second plurality of conductors,

30  where the third plurality of conductors has an impedance comparatively lower than the
impedance of the second plurality of conductors. For example, each conductor of the

third plurality of conductors may comprise at least two redundant conductive paths and
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conductor of the first plurality of conductors and selecting the second
conductor of the 25 second plurality of conductors. Such selection may be an
aﬁ’ﬁﬁ@é{%ﬂ’%ﬁﬁg voltage, wherein the addressed pixel or supr@T/H?fH /026832
emissive display emits light upon application of the voltage. In the first
exemplary embodiment of the invention,7a third plurality of conductors may
be coupled corresporidingly to the second plurality of conductors, 30 where

the third plurality of conductors has an impedance comparatjvely lower than
the e ﬁeal&f%dg%%w%ﬁifﬁfg}%%ﬂ&&%ﬁ@&?t@é%@%g plity of
conrdudiooaftag chirpkiptusaltysodcoanaidators praly (e@m friserey deastlbwdre) and

re rgg'g%cgggg%&g%l %%ng%%%ygggg T 11@ %5951%/%186?6_%th_er Varilations are also

PCTIL 11126 orme m a conductive mlg. Alternatively,
eadtilEsAdoicten Birthecnsiratprurdliah s asel beforamdy edhisrisadiddusieseie
conduelivaathh :dic EMIG Rasingleosiparaineb P efasmeaiatiod the third

conductive ink ar a condugtive polymer. Other variations are glso, utiljized for
e L IS P 11 BT RN Y e o g e
Fomexampled fomgtatiodisplays having a comparatively larger form factor, the

third conductormam%apfme&iﬂemigx%m&g OMBHaMRE: Y B BRAARG,

within the one or more second conductors. Additional layers of the first
exdPApIRAREBIRENETAHRISAR HifoticonRd FaReNGHECd s To Al drecenipn éar ¢o
thensepenEeNVCiedayeEnith the sRlek ByRbpi oy ngsRipdUENcoiFRd to
green a d plue pixels qg.sup;ixels]ina maskin I%yter upled to the oI?r ‘
layel, the niasking [AVEFEBNMprsing & Prfdiy'c ‘&b%q‘ﬁ%‘%‘%%ﬁrse%sa%%%%dté’
masksseideted pixelswrssbpphiels dichbuplifatityedf getngrekbblenpitslisepixels
Or SiBRIE!S: 0%18%!&'%Q&lb%%?é’E‘@é&r%qw,ga@’%&gé’aﬂﬁ%ﬁﬁf&@"ﬁgéﬁ%%ﬁqﬂﬂry

an exemplary embodiment, the color layer comprises at least one
flusraRedmeikthsigpHadey seepisstybleast SESREANIrartiemeBt Phevest
gengialy flaczelednEebNRESION) SiyRoRIGRRIMIG! adtstahBsset gigifefugh
compounds which convert ultraviolet (uv) light to visible light or conver
oG 5 BT RSTY L RE A L RS SRASEI) e e T ey
refefiséﬁc_lbtbggmaweetszi'@blgﬂigbhtmdﬁf@n?mnmtdsgthmvd&idmm@mmgibaayd
emPariment MIRONS £OLIRYRNCOMAINGS AbIEASEAR TUNBRCRF Wmplary

pigment or 20 other type of fluorescent coloration, a sealing layer may be

norieaERFRG VB thasaldblerarqometiess thinemhenpubiessesit do PABS T
NotaRPBA: T feHaseaididmation, a sealing layer may be non-transmissive to

ultraviolet light, such that the fluorescent colorants do not appear as fluorescent to a

typical observer and instead appear as non-fluorescent red, green, blue or other colors.
Such electroluminescent displays do not fluoresce under ambient conditions (such as
when the display is powered off), and uv emissions are largely blocked when the
display is powered on.

In a second exemplary embodiment of the invention, an emissive display
comprises: a substrate; a first conductive layer coupled to the substrate; a first dielectric
layer coupled to the first conductive layer; an emissive layer coupled to the first
dielectric layer; a second dielectric layer coupled to the emissive layer; a second,
transmissive conductive layer coupled to the second dielectric layer; and a third

conductive layer coupled to the second transmissive conductive layer, the third
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typical observer and instead appear as non-fluorescent red, green, blue or

other colors. Such electroluminescent displays do not fluoresce under
amisiéft’é8Ritions (such as when the display is powered off)t GV /26832

emissions are largely blocked when the 25 display is powered on. In a
second exemplary embodiment of the ingention, an emissive display
comprises: a substrate; a first conductive layer coupled to the substrate; a
first dielectric layer coupled to the fiﬁ conductive layer; apn emissive layer

colPIEECH YRS dng A SPrRRAT A el JRRSH HNd RSt R P SeTRRIR Gansthissive

emissivetlay&rya. second, 30 transmissive conductive layer coupled to the

second dielectri - ' iV ed.to.the.
transmissive coﬁd%ﬁ@e%&ﬁ}#g rtrlf?%g HV{{EI%HS% i%ﬁl{ﬁ%H%Sg%grﬁ%&%%%y

PCPRUSBE e PBEsD adirdisadesiive ayer oavlag ta BemiurRicdkeibiver
impegaRaednaortbaseranthirRRPNisSiueoCaBdLialayeiedtha pikdlity of
exemplary embodiment of the ipvention, an emissive display. comprjses: a
L e e
copbustityeofzlertcdasperiirg ddirstrislindityoopelétitbd Sssanehdusévoiyer; an

pluraity: of 1%19156599%& HRSERNELRIUIRIN QL glecpdarelastiGaly JosHlates

from the first plurality of electrodes; a first dielectric layer coupled to the first
cofRfLRBRSITSYBYCH AR ATEEARS- | HBIRISE PRI UHE Tty icrultfd TaRs sgeond
sedietdielegtric Taysecaudpladsinisthe esnigisiiieelayer,nanoba Retendoupled to
trapsmissive conductive layer coupled to the.second 10 dielectric layer..Th
o S R e A R s
pluretityctibe leatrotkeslaslichrdy trgoghtahhelewisidat dispbonelabtichirdreopplary

CORPROHARCLR A RBRUA Al NYARYERERD iR EMISHYEJISRIAKPiHNE third
exemplary embodiment is adapted to emit visible light from the emissive

layRPiphErPfisetirefssisrsnnr of wrltt ofieleckadesnargi ity st cleaBifst cand

the:sadasicle legBsassiveikbdconductive layer are energized. In a fourth

exemplary embodi er}thof the invention,.an emissive display comprises:.a
cubstrate: a frst HUAT) OF CoR A0 T e Lo 1A Shal AR R pyRf icplay

dietentpidskayersvbsipled wofitse firselpiurdlitndicdondaonded tobdfirsbdietectiizst
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the first 20 dielectric layer and the plurality of reflective interfaces; and a

Seé@m%)ﬁ,ﬁ’gﬁ@iwpf reflective interfaces; an emissive layer coupled to the first
dielectric layer and the plurality of reflective interfaces; and a second plurality of
conductors coupled to the emissive layer, wherein the second plurality of conductors
are, at least partially, adapted to transmit visible light. In this exemplary embodiment,
the plurality of reflective interfaces are metal, metal flakes, such as those formed by
printing a metal flake ink, or may be comprised of a compound or material which has a
refractive index different from refractive indices of the first dielectric layer and the
emissive layer. When a region substantially between a first conductor of the first
plurality of conductors and a second conductor of the second plurality of conductors
defines a picture element (pixel) or subpixel of the emissive display, in this
embodiment, at least one reflective interface of the plurality of reflective interfaces is
within each pixel or most pixels.

In another exemplary embodiment of the invention, a method of

fabricating an emissive display comprises: using a conductive ink or conductive



conductors coupled to the emissive layer, wherein the second plurality of
conductors are, at least partially, adapted to transmit visible light. In this

e%%ﬁqﬁw(’éﬁ%odiment, the plurality of reflective interfaces a g%%?%ﬁ%ﬁz

flakes, such as those formed by printing a metal flake ink, or may be
comprised of a compound or material which has a 25 refractive index
different from refractive indices of the first dielectric layer and the emissive
layer. When a region substantially between a first conductor of the first
pIURAE)Bf REMiREIIS LIS sbvoificcoRdUdit et Satieimd M arisiigte:
copdiihors fagfiiesciitiweostene fir{pooakiueti st bybe bahthg emissivere layer
dis Jé.fﬂé‘ﬂhs'?g%@&%ﬁr"%?t atleast s%'égnﬁeé%%%é\{r? pierface of the plurality of
reflective interfaces is vinj‘f in‘each pixel or most pi IS another
exermpiagy ceapedirreanatirecondistion laymdtrog ohdablictimpégmemissive

5 display £QBREERSaHSIN & CANCHEHN K OmERHHENR Wi mer, printing a third
20117111118866 PCTIUS200611126832 -9- polymer, printing a first .
cofftMARIATET Y Frstconsk iegspuattn COnUCLyp ste st g eatird:

+ dielenddctiay iyevkasth e dinpheoinediydoved ayeedpivethanaheasussiMealayssstver
the. firsbdielecylc 1ayer printng:a seaoA ASlsailic RYer.ver e emiseiue
layer; printing’a second, trarismissive conductive layer, In @ second selected
palBring eerotiiBive sinet avarbistiie pglemernia uling seleoisd wetivenihiving a

10 COBRYRIIMBARYMRIh BFRLNEe iR SRNAMGHYE AR QMEStPRREERMthe step of
transmissive conductive layer, wherein the third conductive layer has a
comﬁﬁ%&}aéﬁf&%ﬁ?ﬁm FaRCRH AR Heclstoirtma iR Lsrtrive
layiaterTdvesst@peoderiniing thetihirehdadinetive daybo maypaisoprictligeraroating
a condugtive | conductive.polymer in a third selected pattern havi 10
B R R S AR B S B
theostefhofeppintiniglastifiley eliclseetad ayaduniave diwerinchibie enmihigtiye layer,

15 Plusaditynefceafietive cdnisHase s phigex s mpany eiheds VOPRIBPR¥Ls. A

also comprise prlnt|$ one or more sealing (encapsulating) and topological
l

) g
levBfHg AR, HAY ﬂq‘?ﬁ@f’é‘%l‘&}r"‘liwhéﬁfﬁfﬁ?epégﬁ%’rﬂi’?ﬁ&&%lBr%Véﬁ the
se ooty guctive payrizer rulality of opawgiee dayatatBdwithtisie eddorethygels or
comprisi lurglity;of r reen and plue pixels or subpjxels. A masking
IayseufIB Pr%%ga%g%ﬁ B%rl\{t%g(?ﬁeég rﬁ?fhagglgl&%g%é%ﬁgrrﬁuo (lexrgiﬁ'e color layer, the
masking layer cbviprisiegbapturatitg b ropedjone iy desliasiapledetbpattesk defines a
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subpixels. . ) ) )
selected pattern defines a second plurality of conductors disposed in a second, different

orientation or direction. For example, the first and second pluralities of conductors
may have a perpendicular orientation to each other. In the exemplary method
embodiment of the invention, the step of printing the first conductive layer may further
25  comprise printing a first plurality of conductors, and the step of printing the second
conductive layer may further comprise printing a second plurality of conductors
disposed to the first plurality of conductors in a substantially perpendicular direction to
create a region substantially between a first conductor of the first plurality of
conductors and a second conductor of the second plurality of conductors which defines
30  a picture element (pixel) or subpixel of the emissive display.
In another exemplary embodiment of the invention, an emissive display

comprises: a substrate; a first sealing layer coupled to the substrate; a first plurality of



In the exemplary method embodiment, the first selected pattern defines a 20
firsté)lurali%of conductors disposed in a first orientation or direction, and the

setOrty e pattern defines a second plurality of conductsrl/ H?%B?%‘@&sﬁ%

a second, different orientation or direction. For example, the first and second
pluralities of conductors may have a pejgendicular orientation to each other.
In the exemplary method embodiment of the invention, the step of printing
the first conductive layer rgf% further 25 comprise printing a first plurality of

cofOREIBIRES SAEPLAS 1Stk Srariing inesadbriacEisdayrRaupsiiofisyifsither
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%nother eximp ary emhodiment of the jnyention, an emissive display
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comtriaupled () tF reonth RUAY IS RS SR i he substrate; a first
plurality of WO 20 fir&t k24118866 PAT k20061 £bA6S B el e @rnelatijors

coypleditadhe firstssaling ayan adialestis layersonnled 10408 fitsh plurality
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of conductors; an”emissive layer coupled to the dielectric layer, an
seddhepadisticeay erarratines s swydlehst Eslipled eslaranbiehivea sylorant

10 thisgabadisieal.dheityece eIl tHRNSMISEH ieneaind Wielaits sFaupiag: to
a firft C tnd%ctordof the first 5 plurality of conductors. The exemplary
en%grc?fﬁ?éﬂ ?‘ﬂ'éyugfgg'include a second sealing layer coupled to the second,
optically transmiBsiexgopductorbadmaditshsealingeyde andaiiesecpnbbgical

seqling: IaY&y A&, GREE13 I Me SR BIFAPL A SYAIABRORIG SATRAHD G PHSR AR Rr,

lacquer-based compound or a nanoparticle carbon coating, and may further

incradRes Eo Ratribestion pluralitoricandee taensgle diskeratie kaysmyor adjacent to
15 subdantisllyeCagas PRANR 4 snbespsal glensivephdneytirshaplbealibiRfsed of a
condu? rs. The exe plalrg/ embodiment may also include at least one .
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to the disleptry levépdicompiseytaldoatiziiivie firgtpilinabtjtaiodogicaldtordisnbitbe,
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topological leveling Ie&ﬂeﬁr may be comprised of a vinyl-based compound,

lacefierrisad o cuimdinser ertapaurbindidfd aserid ralpgical leveling layer of

20 the plurality of topological leveling layers comprised of a lacquer-based compound. In
exemplary embodiments, the least one topological leveling layer provides for a surface
of the emissive display having a topological variation not greater than about four
microns.

In exemplary embodiments, a first conductor of the first plurality of

25  conductors is spaced apart from a second conductor of the first plurality of conductors
by a substantially uniform and predetermined distance. In addition, the first conductor
of the first plurality of conductors may further comprise a conductor disposed in a grid
pattern. Also, the first plurality of conductors may be spaced apart and disposed
substantially parallel in a first orientation, and exemplary embodiments may further

30 comprise a second plurality of transmissive conductors, with the second plurality of
transmissive conductors spaced apart and disposed substantiaily parallel in a second,

different orientation.



The exemplary embodiment may also include a plurality of topological
leveling layers, with a first topological leveling layer of the plurality of
tog&c%g%é}fljfg?ﬁeling layers comprised of a vinyl-based compoﬂﬁ TRl k-
second topological leveling layer of 20 the plurality of topological leveling
layers comprised of a lacquer-based copjpound. In exemplary embodiments,
the least one topological leveling layer provides for a surface of the emissive
display having a topological variation not greater than about four microns. In
exemplary em b%éﬁﬁé?ﬂ?ﬁ%ﬁi ApsHimaRi s Al HPLEdn aribitg gpnsietor coupled
cortal thetsrsois] sppited yp pansfrosiva sedonid:centitbtothiat thendistop ity -of
(olo]e i ifo nd,predetermined distance. In
adg%y)gé%gee%{rs %ﬁgu t?)‘?%;l{tﬁaé irst p‘iﬁ‘?g |tye/ %#%gggﬂocﬁgrgp?ﬁ?ﬁ turther
coripHaHsa KorrRGEsPdidpe sbid soadndtpr pravesempiise aifeasirsnphaaditgtigt path
5 CoRFUHPsEvRY 8 sRaseEaRATenth disRrseck shihstantially parallel in a first

orientation, and_ exemplary embodiments may further 30 comprise a second
plurality of transﬁ?s%ﬁ@’%%ﬁﬁﬁ@l%oré%mﬁ‘é OCB’ﬁg’%TL?réﬁ?ﬁ SEARgELive
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exemplary embodiment may also include a third conductor coupled to th
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layer coupled to the second sealing layer or to the second, opti g/ .
traH&hiidentl lesridar ddre rHbimststs. gy Bar sy cwif By denetseroniding a display

15 fluaressratee eharsHeMLOM SOMBISICM MRS HAL LY 1SRN Millimeters.
embodiments, th subst{)at may. h .veathick?ges\ﬁé_between about one mil
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and fifteen mils. TRE SEcOh AL EB At successive
comaperises aptitiedny 4ircoxiskegridditom ¢tleaoridehamise optically transmissive

F’Plé{ﬁagﬁééléf‘ﬁfgﬁ%ﬁl@}iQ)Qé}ﬁﬁﬁrﬂ&%omn%‘?%%%ﬂﬁ%ﬁ coR. e ghRsive
display has a substantially flat form factor and has a depth less than fvé
milfFFRETES: cRyRBYCRBY & oaseie Tengaeprolaaihena enigigyer coupled to the

20  optically transmissive substrate; a first, transmissive conductor coupled to the at least
one color layer; an emissive layer coupled to the first, transmissive conductor; a
dielectric layer coupled to the emissive layer; a second plurality of conductors coupled
to the dielectric layer, and wherein a first conductor of the second plurality of
conductors is coupled to the first, transmissive conductor; and a first sealing layer

25  coupled to the second conductor.

In another exemplary embodiment of the invention, an emissive display
comprises: a substrate; a first sealing layer coupled to the substrate; a first conductive
layer coupled to the sealing layer, the first conductive layer comprising a first plurality
of electrodes and a second plurality of electrodes, the second plurality of electrodes

30  electrically isolated from the first piurality of electrodes; a dielectric layer coupled to
the first conductive layer; an emissive layer coupled to the dielectric layer; a plurality

of transmissive conductors coupled to the emissive layer and correspondingly coupled
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15 area greater than one-half meter squared and also a depth less than five
millimeters. "Reverse-build" embodiments are also discussed, in wh

suOSYENE* Y ers are applied in a reverse order to a clear or%%e[?%f)é)gl(ms”

optically transmissive substrate. In another exemplary embodiment of the
invention, an emissive display compridé@s: an optically transmissive
substrate; at least one color layer coupled to the 20 optically transmissive
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layer; an emiss |ve yer cou irst, transmissive conductor
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to the séal |ng st conductive layer comprising a first plurality of
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second sealing layer coégﬂed to the plurality of transmissive conductors. In
aneeREEehplaNPEmBeRTE MRS e TRoMn B RSN EPBf eib Aty an

emissive displayhis g dagd: 2% plank mathed @ﬁmﬁﬂaﬁﬁnwmimgvﬁ a
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transmissive conductive layer, in a second selected pattern, over the
emissive layer; printing at least one topological Ieveling Iayer and printing a

sealing layer over XET. The
exemplary method%%iguﬁ%émgﬁﬁng a third con uctlve layer over
the second tran§hiskjves; fraduet vodajeantagrsrelththprebind conaionvelliger
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conjunction w1th the accompanying drawings, wherein like reference numerals are used

to identify identical components in the various diagrams, in which:
Figure 1 (or FIG. 1) is a perspective view of a first exemplary apparatus
embodiment 100 in accordance with the teachings of the present invention.
Figure 2 (or FIG. 2) is a cross-sectional view of the first exemplary
apparatus embodiment in accordance with the teachings of the present invention.
Figure 3 (or FIG. 3)is a ﬁerspective view of a second exemplary
apparatus embodiment in accordance with the teachings of the present invention.
Figure 4 (or FIG. 4) is a cross-sectional view of the second exemplary
apparatus embodiment in accordance with the teachings of the present invention.
Figure 5 (or FIG. 5) is a cross-sectional view of the second exemplary

apparatus embodiment in accordance with the teachings of the present invention.



5

10

15

20

25

30

Numerous other advantages and features of the present invention will
become readilg/ apparent from the following detailed description of the

invehtiSy WiE®15 the embodiments thereof, from the claims ahb o 1826832
accompanying drawings. BRIEF DESCRIPTION OF THE DRAWINGS The
objects, features and advantages of thejgresent invention will be more
readily appreciated upon reference to the following disclosure when
considered in 20 conjunction with the accompanying drawings, wherein like

reference numeBICAHEHEET" B3 IR RAFPRISNE VAT S ToHRISE M BB APoRIEeD
diagrtns;cdndbiehpligurato fonélGn hdsrdapes spactieeedenngd affikstpresent
exemlaky apparatus embodiment 100 in accordance with the teachings of
the present invention. Figure 2 (or FIG. 2) is a cross-sectional view of the first

exemplary 25 apBdeatustdifbobiihamermpaedorainvcefwithinhexraapinitigemfatus

the:RERgentn e RORIa g With IHOTRlEn) I8 BRESRRGHYEMISY Of a second

exemplary apparatus embgodiment in accordance, with the teachings of the
present inventi ﬁ%’”ﬁ&e e ﬁ%?%f&a FPRS-Seeronal Liaw Sh s AR sFemplary

se@pptdaeueemb_l@@ngppaaacusglembadimﬂtémhh;gsrcfahe@mdéh‘gﬁmaa@hings
of the present ipyeRlIeN,SRIGIYR %é&%ﬁé&iv@dé@&%%&hﬁ?ﬁ@gnea"E)’hec‘%{ﬂ‘;
the second exemplary apparatus embodiment in accordance with the
tedBHhgBPINY prissinmtantraerdymeopih theteachgs @ the present invention.

PCTIUS20061 1126832 (ol FFiguos i { a6 ¥ewlris BiRPESRARIVENIBWES Wihin
emissive region (&or.gixel of thefﬁcond exemﬁplary embodjment in

eSraan SRURHTEE SF the BreSE S RPAR SRhegmen’ o peeredanse

acCordance with the teachings
is avifetbpteibagienthd prebird mxemiolary apparatus 5 embodiment in

accordance withfheIeReliRgs.qf1e PRERBRLANGAKDRe FIANIR BGLITLR, 8) 1S

a cross-sectional view of the third exemggary apparatus embodiment |
r

acBBReAftE P meRERd dBr e Brdsdrrafvenabiie Figiars iovenprs. o)
is a perspectiveryigw 0f @ ENUSEYes LaieR-odish i @ X2 MBIRNY th exemplary
O TP IR 1 S8 iy 6 SR A RER EACh hEPOEBENERATY o
second, transmiSgive Cofrdlidtdbris) ihe paripusiexerplay @ihbodinptnts in
aC&pﬁQ%ﬂﬁ%Méﬁlm&{%&@Q%&fe%}{’{ﬁesﬁ%ﬁﬂ}’g% Q)mé present invention.
Figure 14 (or FIG. 14) is a cross-sectional view of the fifth exemplary
apparatus embodiment in accordance with the teachings of the present invention.
Figure 15 (or FIG. 15) is a cross-sectional view of the fifth exemplary
apparatus embodiment in accordance with the teachings of the present invention.
Figure 16 (or FIG. 16) is a block diagram of an exemplary system
embodiment in accordance with the teachings of the present invention.
Figure 17 (or FIG. 17) is a flow chart of an exemplary method
embodiment in accordance with the teachings of the present invention.
Figure 18 (or FIG. 18) is a cross-sectional view of a sixth exemplary
apparatus embodiment in accordance with the teachings of the present invention.
Figure 19 (or FIG. 19) is a top view of a plurality of conductive
electrodes of a first conductive layer of a sixth exemplary apparatus embodiment in

accordance with the teachings of the present invention.



Figure 11 (or FIG. 11) is a perspective view of a fourth exemplary apparatus

embodiment in accordance with the teachings of the present invention. 15
Fi&d’ré"ﬁ“{’é?ﬁﬂe. 12) is a cross-sectional view of the fourth e&S?%%?é??ﬁ’”“”

apparatus embodiment in accordance with the teachings of the present
invention. Figure 13 (or FIG. 13) is a pgugpective view of a fifth exemplary
apparatus embodiment in accordance with the teachings of the present

invention. Figure 14 I 4) is.a cross-sectjonal view of the fifth )
exemplary 20 %lgrea%ég’é%%%(%%éﬁ fACA% S?ﬂkﬂféc\ﬁﬂﬁ‘?‘fﬂtgrﬂé’éﬁ%&%aéfmh
theepresbuy aprertionckigdimds ifoadetGlahts igith trosscdationthvipwsaiithe
fifth examplary apparatus embodiment in accordance with the teachings of

the present invention. Figure 16 (or FIG. 16) is a block diagram of an
exemplary system embodiment in accordance with the teachings of the
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conductive 30 electrodes of a first conductive layer of a sixth exe [rqary .
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there are shown in the drawings and will be described herein in detal
sp&uiicebeniphbslernibeitnstaoths dsrvingn masdrauibedrinitg erapmes:
15 pregembdisatogipedmies kemsprsideigtdasanaxemplifisatienaidhe sringiples
of th%i%vention 1 §[1?)d. is not {nte(pde to Iirait the invention to '[e%%sp.ecific b
e S R AT P U S S OFS ‘B BTATR AT 16aSP ol & to be

emBOdIMants iistra

eminddistrd thatibis tdmisadihghendresentolivgeeniph jrdetailn iniswel s the

U”%&%@Bﬂéﬁﬁ&&%ﬁ%{}@?& ﬁ@ﬁ&ﬁﬂ&'&?%ﬂ '&égﬁription and should not be regarded
as limiting.

20 As mentioned above, the various exemplary embodiments of the present
invention provide addressable emissive displays. The various embodiments of the
invention may be formed by any of a plurality of printing or coating processes. The
invention may be embodied using comparatively inexpensive materials, such as paper
and phosphors, substantially reducing production costs and expenses. The various

25  embodiments are scalable, virtually limitlessly, while having a substantially flat form
factor. In addition, the various embodiments provide a wide range of selectable
resolutions and are highly and unusually robust under a wide variety of applications
and environmental conditions.

Referring now to the drawings, Figures 1-20 illustrate various exemplary

30 embodiments of the present invention. It should be noted that the various Figures 1-16
and 18-20 provide highly magnified views of representative portions or sections of the

various exemplary apparatus and system embodiments, and are not to scale, for ease of



application to the details of construction and to the arrangements of
components set forth above and below, illustrated in the drawings, or as
dé’gé)rfﬂ%ﬂﬁﬁsﬂ?e examples. 15 Methods and apparatuses con£§?éﬂ§’mﬁﬁ0%ﬁsé2
present invention are capable of other embodiments and of being practiced
and carried out in various ways. Also, itjis 1o be understood that the
phraseology and terminology employed herein, as well as the abstract
included below, are for the purposes of description and should not be
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Figure r FIG. 1) is a perspective view, of a first exemplary. apparatus
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from the plane A-A' 10 illustrated in Figuré 1. Apparatus 100 comprises a

pldpaﬂwsa%qgw?%ﬂgggaﬁwé{?ling layers are illustrated and discussed below with

reference to Figures 18 and 20.)

In operation, and as explained in greater detail below, a voltage
difference is applied between or across: (1) the third conductive layer 145 with the
second transmissive conductive layer 120, and (2) the first conductive layer 110,
thereby providing energy to the emissive layer 115, such as by creating a capacitive
effect. The energy or power supplied to the emissive layer 115 causes incorporated
light-emitting compounds, discussed below, to emit visible light (e.g., as photons,
illustrated as “p” in Figure 1). The second transmissive conductive layer 120 allows
the visible light generated in the emissive layer 115 to pass through, allowing visibility
of the emitted light to any observer located on the display side (i.e., the transmissive
conductive layer 120 side) of the apparatus 100. As discussed in greater detail below,

the third conductive layer 145 may be formed from an opaque conductor, but is

configured to allow significant light transmission, while at the same time, dramatically
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adjacent the next as illustrated, including a substrate layer 105, a first
conductive layer 110, an emissive (visible light emitting) layer 115, and a
sé@&%&??rﬂa%% issive conductive layer 120. Depending on thd (é]éﬁg%zt%03/026832
embodiment, the apparatus 100 also generally includes one or more of the
following layers: a first dielectric layer 125, a 15 second dielectric layer 140
(which may be part of or integrated with the first dielectric layer 125 or
emissive layer 1H1%5}, a third conductive layer 145 (which may be part of or
intdRFSRSSVIA SR SECERH G AR TRFSEA BATSPRTBIR RO RS 1218Y 5 Eflorger
13Qpmecquaste|aypirkhi, [@0dsafipieciive atsealing daysld 3botdediiianral light
se%glr} in%e lgalpl§ulating) and topological leveling layers are illustrated and
discussed below with 20 reference to Figures 18 and 20.) In operation, and
as explained in Mrshrsirderginygldhe wwnakingd OQimerdrror 9dunsglie dheawdlan
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provfiies EHEIBYTo temEPnReERO RIS 218 SO§IHs ALY emsting P X pRlgidvih
25 dffidetreiamdgdagyronpdive fsspphadbiovits emyiss) vieldayessddihroapises
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located on the display side (I.e., the transmissive 30 conductive layer 120,
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CORBRILENGSrARRAI A0 isRganter; to RRRiRSARAdSCHRARIE Bhd printing,
operating as a light emitting display. Most extraordinary, the apparatus 100
mal/ BeSFHNt EG BRI et i e gﬁz%a&fﬂ%‘%@aﬁgon
theAdrdeshgfractevessire etmaitipaferiindeprhedizesdipsiraiaiayentidbdnay be
comprssdAl . single shactol paper,dor example, with all the remaining
layers app @'d In succession With arying thicknesses t roug% co%vgntlonal
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as thin about one mil (one one-thousandths of an inch 0.0254 mm) (or slightly less than
about one mil) to fifteen mils.

Also significant, the exemplary printing processes do not require
significant manufacturing controls or restrictions. No specific temperatures or
pressures are required. No clean room or filtered air is required beyond the standards
of known printing processes. For consistency, however, such as for proper alignment
(registration) of the various successively applied layers forming the various
embodiments, relatively constant temperature (with a possible exception, discussed
below) and humidity may be desirable. In addition, the various compounds utilized

may be contained within various polymers, binders or other dispersion agents which

30  may be heat-cured or dried, air dried under ambient conditions, or uv cured, for

example, and all such variations are within the scope of the present invention.



and coating arts. For example, working prototypes have been created using a
wide 10 variety of printing and coating processes. As a conseguence, as
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coating, rolling, spraying, layering, sputtering, deposition, lamination and/or
affixing processes, whether impact or ngs- impact, currently known or
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one-thousandths of an inch 0.0254 mm) (or slightly less than about one mil)
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of tge ther exemplary embhodiments discussed below) may be formed from
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manufacturers such as Mitsubishi Paper Mills, Mead, and other paper products. In
additional exemplary embodiments, any type of substrate 105 may be utilized, with
additional sealing or encapsulating layers applied to a surface of the substrate 105, as
illustrated with respect to Figures 18-20. For example, depending upon the selected
substrate 105, the various first sealing layers (such as lacquer and vinyl) which would
otherwise coat the substrate 105 may be unnecessary for encapsulation and eliminated.
There are primarily two types of methods of constructing the various
emissive displays (100, 200, 300, 500, 600, 700, 900) of the present invention. In a
first build-type or “standard build”, successive layers are applied to an opaque or non-
transmissive substrate 105 (with or without one or more sealing layer(s)), with light
being emitted through the top layer of the standard build. In other embodiments

referred to as a second build-type or “reverse build”, successive layers are applied in
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wood-based products in any selected form; plastic materials in any selected

form %heets, film, boards, and so on); natural and synthetic rubber materials
antprdieEEsh 10 any selected form; natural and synthetic fa%?rr%g%ﬁo%@f“”

selected form; glass, ceramic, and other silicon or silica-derived materials
and products, in any selected form; cangrete (cured), stone, and other
building materials and products; or any other product, currently existing or
created in the future. In a %[lst exemplary embodiment, a substrate (105) may
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first build-type or "standard build", successive layéers are applied to an
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1d€ TOwW

buila ShEcessive Tayers are apSicd Tretiess 14PPegpes 2 plurality of
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layer of the reverse build. For example, polyvinyl“chloride or other polymers
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atrieenbmtyssisgfive or significant and may be empirically determined based upon the
selected material and application process, requiring only sufficient thickness to conduct
electricity and not have open circuits or other unwanted conduction gaps, while
concomitantly maintaining the desired aspect ratio or thickness of the finished
apparatus 100.

In the selected embodiments, the first conductive layer 110 (and the
other first conductive layers 210, 310, 410 and 510 of the other exemplary
embodiments discussed below) is formed utilizing a conductive ink, such as a silver
(Ag) ink. Such a conductive ink is applied to the substrate 105 via one or the printing
processes discussed above, creating the first conductive layer 110. Other conductive

inks or materials may also be utilized to form the first conductive layer 110, such as



the transmissive side of the apparatus, such as to attach to a window and
view the dislglay through the window. The first conductive layer 110 ma>é/) then
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substrate 105, forming one or more electrodes utilized to provide energy or
power to one or more selected portions @f the emissive layer 115 (such as
the entire area of the emissive layer 115 or selected pixels within the
emissive la er 115). The first conductive layer 110 maybe created in any
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p&Tt 6L 1 BVfI-lig-oc SEP RS iuminum, gold, noble metals or
carbon inks, gefsodwttrer pigjpiteor seymilss bliditiliaterialforin td ditionoadiiber

briggable O aRARNIBECRAVEING. SHRSIANEeS 013 o0 ilized papivalently to
form the first conductive layer 110, and exemplary conductive compounds
inGARPleTy prdRiitsmirdisscdheiovnaadplop desibid gondugtive layer 145. For

20 example, polyethylene-dioxithiophene may be utilized, such as the polyethylene-
dioxithiophene commercially available under the trade name “Orgacon” from Agfa
Corp. of Ridgefield Park, New Jersey, USA. Other conductive polymers, without
limitation, which may be utilized equivalently include polyaniline and polypyrrole
polymers, for example.

25 In another exemplary embodiment, an embossed substrate 105 is utilized,
such that the substrate 105 has an alternating series of ridges forming (smooth) peaks
and valleys, generally all having a substantially parallel orientation. Conductive inks or
polymers may then be applied to remain in either the embossed peaks or valleys, and
preferably not to remain in both the peaks and valleys for addressable displays, creating

30 afirst plurality of conductors (in the first conductive layer 110) which are not only
substantially parallel, but which also have a physical separation from each other

determined by the embossing. Indeed, when the conductive inks or polymers are



5 USA), AG-500, AG-800 and AG-510 Silver conductive inks, which may also
include an additional coating UV-10065 ultraviolet curable dielectric (such as
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20 utilizing the embossed substrate discussed above, no such calendarizing is utilized.

If the first conductive layer 110 is provided in one or more parts or
portions, then the apparatus 100 (as it is being formed) should be properly aligned or
registered, to provide that the conductive inks are printed to the desired or selected
level of precision or resolution, depending on the selected embodiment. For example,

25 inthe fourth exemplary embodiment discussed below, the corresponding first
conductive layer 410 is utilized to create multiple, electrically isolated electrodes
(cathodes and anodes), which may be formed during one printing cycle; if created in
more than one cycle, the substrate 105 and the additional layers should be
correspondingly and properly aligned, to provide that these additional layers are placed

30 correctly in their selected locations. Similarly, as additional layers are applied to create
the apparatus 100 (200, 300, 400 or 500), such as the transmissive conductive layer 120

and the third conductive layer 145, such proper alignment and registration are also



addition to being spaced apart. For example, conductive inks or polymers
may be applied to an embossed substrate in its entirety, and then utilizin
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peaks, leaving the conductive inks or polymers to form a first plurality of
conductors having a substantially parallg| orientation. Alternatively,
conductive inks or polymers may be applied (using negligible or zero
pressure) to the embossed peaks only, also leaving the conductive inks or
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In contrast with the prior art, and as discussed below with reference to
Figures 18 — 20, at any stage of layer printing or other deposition, additional,
topological leveling or filler layers may also be applied to create a comparatively
smooth surface, substantially free of topological variation to a selected tolerance level.
25 For example, prior to adding a first dielectric layer 125, leveling layers may be applied
to the areas which are not covered by the first conductive layer 110. In an exemplary
embodiment (discussed below with reference to Figures 18 — 20), a leveling layer is
utilized which also provides for a visually neutral density; for example, when a
conductive ink having a gray appearance forms the first conductive layer 110, a gray
30 lacquer is utilized, to provide for both sealing and a visually neutral appearance. In
addition, such leveling layers are utilized to create a more uniformly smooth surface,

such as to support additional printing of one or more colors using printing technologies
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important, to provide for proper pixel selection using corresponding pixel
addressing, as may be necessary or desirable for a selected application. The
fir&%f@é@%‘?@%ayer 125 may be coated or printed over the first E@H%}Sﬁ\%“”
layer 110, with the emissive layer 115 coated or printed over the dielectric 5
layer 125. As illustrated in Figures 1 anél2, the dielectric layer 125 is utilized
to provide additional smoothness and/or affect the dielectric constant of the

emIARINGARYSh ph R B ESRMRIS IR EB%&%@&E&&%%%@B{ME@&%&%%

embodiment 100, one or more coatings of barium titanate (BaTiO3) and/or
titARGRYSFIR A T2 shsentipbtRe YrotHacT b drtrakeble i pimimabsariace
additionalrlayeise gndgecadiust thierciclegtic eastantabi Goin-screen printing
electrolyminescent ¢ und jn the emissive layer 115. For such an
efgﬁg’glﬁg? leésfﬁg%%?r%%%%?ﬁf rpﬁgﬁ Yr%e oats or layers of barium titanate and/or
titanium dioxide e tenopticicaligtivlazcly nouting hoiigasdiadtantiails ivtdzest
m@{@(%kéﬁ&ﬂ@ff@'é brduonilanatenanshioy HankmioxidRs; HQ%@}E@PA@%&’C
provide an approximately 10 - 12 micron dielectric layer 125, witha 12
mittBH HetENE pRkTep s i rRbtRe WisdLor pesiam dishlpempeatinteats.
Fonaxsaniplecthe ﬁppbsﬁélﬁdﬂa}ﬂ@eﬂy %rﬁd&j{gﬁ@ggppﬁlﬁ?ﬁm@omm msiekéﬁfp&t,
2L SPARSS0 SRR R ANGUIG el PUIRHEE B CRNCHERr S, R
a substantially smooth surface far the prlrrllﬁng or Hepoa ron ot succee ing

laysrErived dirierdhy, aspaoirrdiRn atsaaint ididleetrictiayaledigo ¢fotine dsaighe

sagigvinaelialy A JAue! EARNMAYAINPDaIRGNLEH AS BaIE AlBE RIS Bt
layer 1%5, or 20 aﬁ%md as an additional |layer. In contrast with the prior art,
andSE YRS S SRR R it Flires cBRIC AR pE et igns pand A vRris psieg sch
layégtprastitg or thih e plasitiay, waldiiendlablopalagizaddeneling of filae

la | lied ate a comparatively smooth sprface, .
R G B ngon S Sbwied,

exévipneoysrdietbnighih glec irdemiapsetritderies. 125vilkveditegyl afdislentiie be
appligsbiaithB3eas IERAS RRACONSSEIINJOE S rOnduGlive Javart R

In an exemplary embodiment (discussed below with reference to Figures 18
- 76§78 ?éj\?‘éﬂiﬂﬁﬁ%‘g}éPanﬂ?mzaé@meh A60p G bR rEFAR kg ARl
derisityrsfdorexamplie, Bieaiparg dhthsativednkdiading i gy appeaiameriarms
the fi ctive layer 110, a 30 lacquer.is utilized, tq provide for both
S B B e Rt By e
ardiglgfizid @ EreaduPanré Usitotisnr SHd1e Suirf46¢ 8 GGahead i Suppok,

adgliiig Pl PUINING:01:008 B3MMUR RAUERUINERIIRND Qﬁﬁ@l@@lﬁgé-ﬁsl{ Dielectric
Insulator; (3) From SunPoly, Inc., 305D UV Curable dielectric ink and 308D UV
Curable dielectric ink; and (4) from various supplies, Titanium Dioxide-filled UV
curable inks

The emissive layer 115 is then applied, such as through printing or

coating processes discussed above, over the first dielectric layer 125. The emissive
layer 115 may be formed of any substance or compound capable of or adapted to emit
light in the visible spectrum (or other electromagnetic radiation at any selected
frequency) in response to an applied electrical field, such as in response to a voltage
difference supplied to the first conductive layer 110 and the transmissive conductive
layer 120. Such electroluminescent compounds include various phosphors, which may

be provided in any of various forms and with any of various dopants, such as a zinc
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WO 20117111118866 PCTIUS200611126832 -22 which are comparatively
more sensitive to surface topology, depth variations or otherwise require a
Sl}ﬁgt%legﬂ?/sg?nooth surface having negligible or minimal surfacl Q026832
variation (e.g., up to a four micron surface depth variation for non-screen
printing technologies, such as Intagliq @5 Gravure). 5 Such topological
Ieveling is new and novel, and also allows for direct integration of the

R}\‘/% uminescent display with artwork or designs, especially more complex

5 SRACTIHE VR B e P PRSI YR, FraRBGEe

ma&ﬂh&stet@namhpmﬂlaqtﬂmmbmly tettetadlSignaas-abbbe) prHespas:, For
o Rl D e e e I SO S

smooth surfacé ma e for |recty as part of an integrated: high

reﬁﬁﬁﬂﬂﬁ%ﬁ#ﬁﬁpﬁ%emm@r@n@wlﬁ@%mm lfeopr&ssD@oaiMHerprint®

signiiganinioRetesi¢al MasiationTiah RRAE I SIRHG ﬁi&%@%@%s%tcombmed

dis YS4S ch dlre lication of deS| ns.and artwork using such

i PR T CREHTTO R R e AR St il s
statiostet¢ off Slisnpesoenttdisplapd mm;bdlymefnemmmﬂag@pﬁnabeblammﬁdm
orapig etk dedaniaer ihe taished slesl Abimesesphaaion. &

wide variety of dielectric compounds may e various

diétedehlq DuPrnter Srendehive themssspesbbath toreiddhe miaingon, ikrt
wlallqibmam @mmwmw@m&mﬁoﬂwwes@mrﬁmfaﬁﬁmIsnd

Exe dlele trlc ds utilize the trlc layers include,
R S LR DA ORHS, LB Mo et -

dieM&ﬁm%Z}ﬁmﬂmWs 5018A Clear UV Cure Ink, 5018G Green UV
Cure Ink, 5018 Bl e VAR HONJS RIFISEUE sy, guo 8153

High K Dielectric Insulator; (3) From SunPoly, Inc., 305D U ura
didledarlsArda Bih W@ﬁaﬁmwwfuwmntlamr(@iywe&wﬁm Ymitation:

Smeﬂe@nmuuﬂﬂmsxlmﬁﬂ|Bﬂobb‘ﬁoﬁwrﬁﬂl$®@&31@u€%8§ﬁﬁ§§'wﬂ@}’@’reﬁé@

r|n rocesses discussed
abo?gn?)%g?gﬂe ‘flrsﬂ)ﬁg rlc SVer 1%?392#11 % &W@F P18 Ay B
foksreeet Bhegpha Béﬁdrf@glnBUghlmﬂs Nebeywablecnhod (dpted deramithdight in

h I
t @mm@ga%sumcfe&lggmﬁé@@sr@mm%qﬂ@d@&s anygel %gé&?

ean}In response to ané%)glled electrical f UC as in response to a

O3ithkrRteHES R Siiad 16 (HE 1 6sAGEIR [P 16GHMERC43/44,
tr&BGMIﬁsﬂyﬁgewmﬁ 0, GGL11, GGS12, GG13/14; and white GGS70, GGL71,

GGS72, GG73/74.

When the selected micro-encapsulated ZnS-doped phosphor
encapsulated powder electroluminescent material is utilized to form the emissive layer
115, the layer should be formed to be approximately 20-45 microns thick (12 microns
minimum), or to another thickness which may be determined empirically when other
electroluminescent compounds are utilized. When other phosphors or
electroluminescent compounds are utilized, the corresponding thickness should be
empirically determined to provide sufficient thickness for no dielectric breakdown, and
sufficient thinness to provide comparatively high capacitance. Again, as in the creation
or development of the other layers forming the various exemplary embodiments, such
as apparatus 100, the emissive layer 115 may be applied using any printing or coating

process, such as those discussed above. As mentioned above, the emissive layer 115



layer 120. Such electroluminescent compounds include various phosphors,
which may be provided in any of various forms and with any of various
dop2Ate"8%as a zinc WO 2007/0118866 PCT/US2006/11 28855 324¢/026832
sulfide or a cadmium sulfide doped with copper, magnesium, strontium,
cesium, rare earths, etc. One such exemylary phosphor is a zinc sulfide
(ZnS-doped) phosphor, which may be provided in an encapsulated form for
ease of use, such as the micro- encaﬁ%sulated ZnS-doped phosphor

endAPs LY PENALT FHaThRTRPERSY - RIS LIRS S BBl copitii ARYCa it
polyredihokifily metesdis. vilimphiokphar comyalsds ksoasebingd cwith a

dielectric such a5, bariyIapals. Y YIANMMSIORE, gl the diglectic

constant of this layer, may be utilized in a polymer form having various
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widgvatrbrof favivalsphelesieluminescent aampey Hes, A AYaIlARls,and

are within the scope of the present invention, incl without limitation: 15

(1) BFSRLBY PR HIess- Wit I darsRm fianeiecRed OB Ean ey ginside
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15 phesphdbrencapstiaies pendetelackaluring sperixmaterial is utilized to
form the emissiye layer 115, the layer should be formed to be approximately
20-45 microns thic %)fﬁfiorrﬁ?%%r ?lnsg'?gytﬁl?ﬁﬂ ﬁr?]e)l,eﬁiiﬁé())eg‘rg(?m@lﬁﬂtriﬁﬁ LS, ANER
magnbecbteants meal dmicloddy witien thercletecrsientipesdentidaiopabnds
are el WY BeB AP LRNORRNAIR & (IS G Al IRERESD! SRR NS s

utilize corresponding thickness should be empirically rmined t

proViiEn<SaHicie APHIRHESP F6IWB ditsteatrazaspeaddBovringhepe cases, the emissive

20  layer may be printed to define pixels for any given or selected color, such as RGB or
CMY, to provide a color display.

In another exemplary embodiment, one or more color layers are
provided independently of or decoupled from the emissive layer 115, either forming
separate pixels in one or more color layer(s) 130, or forming an image to be illuminated,

25  such as a four, six or eight color image, for example.

Following application of the emissive layer 115 (and any other
additional layers discussed below), the second, transmissive conductive layer 120 is
applied, such as through printing or coating processes discussed above, over the
emissive layer 115 (and any additional layers). The second, transmissive conductive

30  layer 120, and the other transmissive conductive layers (220, 320, 420 and 520) of the
other exemplary embodiments, may be comprised of any compound which: (1) has

sufficient conductivity to energize selected portions of the apparatus in a predetermined
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sufficient thinness to provide comparatively high capacitance. Again, as in the
creation 30 or development of the other layers forming the various exemplar
erWl?oWg?ﬁssﬁGsuch as apparatus 100, the emissive layer 118 ﬁTéngBOéw 26832
applied using any printing or coating process, such as those discussed
above. As mentioned above, the emissive layer 115 WO 2007/008866
PCT/US2006/026832 -24- may also incorporate other compounds to adjust
the disleatpsAnstaniansiqryoapioldge bindingysine asstectrriow of
dielectric compounds discussed.abave, | ggiiments
e e R R el
C¥eRigohidanhiaa fyrtpditemmisbieiiie prer . Iﬁoéaﬁ?ﬂ?i‘i?]r?’a‘ﬁhﬁﬂgfﬁé’ﬁ%efgyer
CANBE AN QNS Idnaliled hekarn bindariaspondiagcemissive oyt
and the corresponding overlaying transmissjve co dyctl\fg Ié';ru?]% 1%%953 a
cwtﬂmgﬂ%ﬂt@em%ﬁﬂﬁ‘éié’ﬂ&mﬁh%%m%ﬁsé‘é% Cé’ﬁlé;lgrlg?fe t the di '

t ielectric

ConsiANAf @ cmishiyeolayesifabexaingie, lrysorhe ik tnergeiae 165S
exemplary embodiments, a coatin fum ttanate Bali@Rk-Uanikim
d%@&&pécfg%ﬂ)%)?t F%aﬁﬁﬁf&%%sf%%%%%fﬁgﬁﬁfgaﬁ% gtl?tanium dio%i%e is

utilizedatntiicte. provipieerdisstArDWiTEsSHEF SRS B RERITHRARNDY and

g8 du oerél}gc%?.le&grgccgﬂ of atbenselectad-elaatsolfmimebeantond,
conipound from about 1500 to closer. to 10. Foa.such A0 exem I Yiication of
e trdzoiissais condushiKiNy o BRIAVERS SPREUIR Ttanate and/of titanium
digxige, ar@nptieshadtperehy epatin: belgtsubstarttiaheomdneiBetizebn 15
range for r'unBtitanate and for titanium dioxide, approximately. In addition,
déﬂ)‘é‘?ﬂfﬁ‘?é) ?PA%W the selected embodiment, colorants, dyes anﬂé r d%p nts
may be includels wishissafybayehtbisiesairslyecqrdaeiiEdm h Spq%s;t) ors
or phosphor capsulesiutiizejerionm, ancemissivesayeis apayicdctudie popants
which emit in a particular spectrum, such as green or I%lﬁﬁlnn tot}q;%gtﬁ%ses,
th@%ﬁ%%%%?ﬁ@m&%’%gﬁﬁ%vﬁ&le ST any given or
selpcied, cataroyehasREReIdENDY aty privvidé A guksndsprejsTAiaRot
exemplary, embodiment, one, or >0l id@@nsmissive
in&éﬁ@ﬂﬂe‘ﬂt&@%‘fﬂ% 58%6%%%%}% %(%&é%%gg %ﬁ%{/ﬁ?ﬁ% either forming
separhieipidelsinsonidizdrivredemnlaper@yiterlbr wiaTAG SH e to be

N PHRAIRGh &3S AS,AI00E R OF RidkeIb: ftiage datip@mptonore
Fo 10W|ng application of the emissive layer il,15 nd any ather h the
printing cycles, and which should be propetly aligned i comparison wi

electrodes of the first conductive layer 110, to provide for proper pixel selection using
corresponding pixel addressing, as may be necessary or desirable for a selected
application. In other applications, such as for static displays or signage, in which the
transmissive conductive layer 120 may be a unitary sheet, for example, such alignment
issues are comparatively less significant.

In the exemplary embodiment of apparatus 100, polyethylene-
dioxithiophene (e.g., Orgacon), a polyaniline or polypyrrole polymer, indium tin oxide
(ITO) and/or antimony tin oxide (ATO) is utilized to form the second, transmissive
conductive layer 120 (and the other transmissive conductive layers 220, 320, 420 and
520 of the other exemplary embodiments). While ITO or ATO provides sufficient
transparency for visible light, its impedance or resistance is comparatively high (e.g.,

20 k Q), generating a correspondingly comparatively high (i.e., slow) time constant for



additional layers discussed below), the second, transmissive conductive layer
120 is aP Iiedd such as through printing or coating processes discussed
ak%gé,o%/ Pt emissive layer 115 (and any additional Iayeré}?]flﬂézg%%ﬁ%‘fz
transmissive conductive 30 layer 120, and the other transmissive conductive
layers (220, 320, 420 and 520) of the -g#her exemplary embodiments, may be
comprised of any compound which: (1) has sufficient conductivity to energize

se I f the apparatus in redetermined WO 20117111118866
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Ag JIBGMSRR 1t missive conductive layer.120 (and the other
transmissiyegc‘%?l L‘%:tli\J/%S‘Il;{lrrl erﬁe Eﬁ%e 2t8,p£(ﬁv(58§r%° g‘z‘iﬁ}’é ‘a\%‘é)‘fi‘é‘ati%“tﬁ&abhng
pravIBE 189 A dhomgie etiasporiansg Sirbudinrebt iibimgnatednviikonald

pritiingies epalingoRraca s W iR LB provided f %(BI?EFLX: 1gr|1eo(fll%%ny
p

alignment or registration. For. example, in the various exemplary

ek O %r%é’ﬁ%%ob%‘%u‘gs%g‘ B sslreird fRrekivdn e sproudiivenamissiseutilized to
creativdtipter El6ctballiy idalatiediftectod anmindiviauak ansnaenL Wires
of diwiich may, ring one or mare, 20.printing,_cycles, and
o sa%%%bzm&aﬁﬁﬁﬁ%ﬁ}éﬁﬁ o Sh bl Wlhrhes erthsl e ciseley

fif§e 8hatitivER/er te fororshiv dentbichive perepike, setectionrading wires may
coerkspending:RivohaddrRsSIRG: BAITRY 05 NSSaISARLY d5Riable o
Sslsgifsl,Applicaon, n,ohe applications such a for tatt dlsplay® or
signage, in whictr the | BIRSI0T DA 2 the seemidary
shersnfenieoxampleti sulblyalitmentne or more fine wires (e, g., having a grid pattern)
may be formed using a conductive ink or polymer printed over a larger, unitary second,
transmissive conductive layer 120 in larger displays, to provide for increased
conduction speed throughout the second, transmissive conductive layer 120.

In an exemplary addressable display embodiment, the third conductive
layer 145 is formed as a series of fine wires using a conductive ink, with one wire
disposed centrally in the longitudinal axis of each second conductor of the plurality of
second conductors of transmissive cbnductive layer 120, and having a width
comparable to the separation between each of the second conductors of the plurality of
second conductors of transmissive conductive layer 120. In this embodiment, an
illuminated region may have a visual appearance of two illuminated pixels, depending

upon the selected resolution.



25 issues are comparatively less significant. In the exemplary embodiment of
apparatus 100, polyethylene- dioxithiophene (e.g., Orgacon), a polyaniline or
po(ﬁlzgf/?/r%ofge%ﬁolymer, indium tin oxide (ITO) and/or antimon%%‘%%&ll}({fé%%)

is utilized to form the second, transmissive conductive layer 120 (and the

~ other transmissive conductive layers-220, 320, 420 and 30 520 of the other
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exemplary embodiments). While ITO or ATO provides sufficient
transparency fqr.visible light, its impedance or resistance is comparatively
high (e.g., 20 tﬁfr ﬁ%m ?%a?ft#gvvstang%oﬁrpealgp%nuéﬁﬁzgﬁ%e@é%%%%ﬁvg@ nflg e(i.e.,
slowistinssi sovesthwtiferaged 12012201 £20.14986 62P G NuSlodie1 tipegde (IKY)
e'%@ﬂ&é@@%ﬁﬁéﬁ{&?ﬁ@ﬁé@%fc%&bﬁ&@mw&x%ﬁﬁy ﬁa}@aﬁ&l down a
carresponding electrode. Other compounds having comparatively less
inSEBRER KA %6%&%@&?‘%%W§ep°cﬁ§%tﬁ§%8cﬁ 11%@5%%%%5 &sigla
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resistance is or may be incorporated into this second, transmissive

canehrtivashyer 1202dnd the TR dirnslirsiserdrcEIn e el drpgaptsive
320ndfiasidya? (20of(ihe ththahexemphivyverthddimentskri@ 2e0see the aerall
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INcrease _he resp_qnsweness O?rt eapparatus toc a}ngln information for
dyndsiitagis agrdidens, sugh a3 expagieta piraviolpidrAtEardpy varaIE static
displays having{argefidesmafaetis, cpeehisnthivdicepdisivactapenpibi maysbe
utilized to provide more rapid jllumination,.enabling,, the.energizing of the
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remndit? niba feviargidediant ek G ithe b yedndutt cheng coribit ciossior azety
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15 conductive layer 120. This is also significant for illumination in various
pAHEFARRS, YA (i TS, B 45 O Pap R B K 8 A s eRTiafanee of
ilappiradloatdf diffebstatdidipl a0 fegions: Bdr, evtalmples: tayfovatest thircbdiments

CONQUIGHVE IAYEL At LAGA DG fIRG) iga%nggef@r%ﬁe_a INJeR60 Volts,

conductive ink or polymeréz)ﬁ., a silver ink or a polyethylene- dioxithiophene
payRiaRy Brifitelrblrksebird Nkt StiThé brifansE st EEES fgnsgption is
transheispive speauatye tryes iz GssatpRenaveigdieciinsowiies fsughpti@ying a
grid pattern). may be formed.using a condyctive ink or polymer priqt ver a
B A TR A SPRGEYE LR AP TEIE
to Providelfot Takireaseqld correspond to the type of electroluminescent compounds

used in the emissive layer 115, as they may have varying breakdown voltages and may
emit light at voltages different from that specified above. The energy or power
supplied to the emissive layer 115 causes (ballistic) electron motion within the
incorporated electroluminescent compounds, which then emit visible light (e.g., as
photons) at selected frequencies, depending upon the corresponding bandgap(s) of the
particular or selected dopant(s) utilized within a selected electroluminescent compound.
As the emitted light passes through the transmissive conductive layer 120 for
corresponding visibility, the apparatus 100 is adapted to operate and is capable of
operating as a light emitting display.

Following application of the second, transmissive conductive layer 120,

additional coatings or layers may also be applied to the apparatus 100, in addition to a
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conduction speed throughout the second, transmissive conductive layer 120.
In an exemglary addressable display embodiment, the third conductive 25

Ia%? N8 med as a series of fine wires using a conductiv]<)eci?:(l?,ss\9|‘fF{O&filsé52

wire disposed centrally in the longitudinal axis of each second conductor of
the plurality of second conductors of tragsmissive conductive layer 120, and
having a width comparable to the separation between each of the second

conductors of the plurality of second conductors of transmissive conductive
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known in the art, including one or more of the conductive polymers discussed
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400 Hz to 2.5 kHz, while other equivalent embodiments may be capable of
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copsumption s in e picoAAMpere rande, however, Ie uvlgingein.gverag e

power consumption, %é) espemaYy when compareg %8?)1% er?yp%*s %q‘p&épl%\g//s

(e.gisrdetive rerttine Bordisitays) parhdus ippireostrottiziges sthiuldack rédpeig

t0 tapaivRE Ch RIS AYPRINSSEERIFOMPAALS and low rate of conduction through
the typical transmissive layer, particularly when ITO is utilized. Because of such high
impedance and low conductivity, energy transmission through such a transmissive layer
has a large time constant, such that a transmissive layer of the prior art cannot be
energized sufficiently quickly to provide energy to the emissive layer and
accommodate rapidly changing pixel selection and display of changing information, or
to energize the central portion of larger displays (which are at increased distances from
the electrodes supplying power to the second, transmissive conductive layer 120). The
use of the third conductive layer 145 overcomes this difficulty with prior art displays,
and with other novel features and structures of the invention, allows the various
inventive embodiments to display changing information in real time. In addition, for

static displays having larger form factors, such a third conductive layer 145 may be
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used in the emissive layer 115, as they may have varying breakdown
volta%s and may emit light at voltages different from that specified above.

T 878?/88?6power supplied to the emissive layer 115 caus]égT(Bgmg%%“”

electron motion within the 25 incorporated electroluminescent compounds,
which then emit visible light (e.g., as pHRodfons) at selected frequencies,
depending upon the corresponding bandgap(s) of the particular or selected
doganis rapliaedewithinrapselacied slegtealivitp escemndrgmp o ik nAsetbentral
emitted light passes throygh the transmissiv nductive layer 120 for
coPrOeI%B%Sr%gﬁ% \%&ﬁﬁt}l}?tﬂ%%%%gfqétaﬁsg%ﬁlﬁg%aa ggféd to operate and is
capable of 30 HpBeating anphclitipn efithitiryaidprapsBsiowiendppiicdaner 620

theReagndi il RBsMIsaNeSePduCtive IRy 80 AGHHRRRCRAHAIR HrdauRSS
may also be applied to the apparatus 100, in aﬂ%ltlon to a WO 2007/008866
PCTNIRIBOBRZBRELODEr third LV AR S 95y B ARISEILH in g rehet

detaibbrlaw] E@lﬁa@e&snf_jiteaﬂ, amms_r dlyoesamiayd){esapﬂldﬁdl,uasemt@ypre
layes 9% 3 Pirality of kel dS’“ﬁH%R'XS%%&éiS%r %@ﬁ%ﬂ%&ﬂ%&{ﬁ?&&% the
processes p?ewouslly ISCUSSed. IA calcium’carbonate oatlng ‘may a'so e

applieénaoterassesereripnaly BisghtsrdsSnannderisspren P edimsiidisicussd

Profegtive chseRlanieeatings may alse hengrplitd; BYeh@s53m WiipRioIRE(UNg
curable sealant coating. In other exemplary embodiments, sealin X
(e CSBSL G SR TBHOIEEEAE ARG R Ui SR SRl ees. prior o
disciysgetdadaon frttoteféspacks00 Figures 18 and 20. Also illustrated in

Figures 1 and 3 %éﬁ‘é%&%&%%&ﬂ%(&lé%ﬁ@%%?m?fy Sre%Qei[n%?r&Hé?E%ﬁ‘oW“hi”’
coated or prlnteg onto, or otherwise provi eél as the next layer on top of the
trapRAES PeeseriRl etk Sadias Iemarhs ethss salamairears ehizedrp grovide the

copslgriiyey @a’dgr Boy: B datigates! 45ingse, e30sluslivadBkilPaimepsush as
polyethylene-dioxithiophene, may have appreCJaa?# Io_wer I edance,oan .
e QL SR bP a
trandmissiverdibremadtuiciiverleylerabhR(yrtoipeotide fpecarceasaededdiptitiotipnt,
TN st SR YG a  pion
noveft. PHEp re siEndfigerhrstrriesn berirdphibrsamiispra Rt reBet Ao us
infeRpadiaiint Ptk ALIG JRi HBHISBGHreRummeaR JACk ARAERASSIBEor art displays,
even visible in daylight. In addition, this greater brightness concomitantly allows for
increased resolution, as perceived by an observer. Moreover, the use of fluorescent
colorants or other color conversion materials provides subtractive or additive coloration
(e.g., CMYK or RGB coloration), and also retains white emission, also serving to
potentially increase brightness.
Following application of the color layer 130, one or more additional
protective or sealing and/or topological leveling layers 135 are applied, such as a
calcium carbonate coating, followed by other transparent or transmissive protective or
sealant coatings, such as an ultraviolet (uv) curable sealant coating. Other compounds
may also be utilized in one or more sealing and topological leveling layers 1335,
including lacquers (clear or gray lacquers, for example, illustrated as 135A and 136,
respectively, in Figure 20) and vinyls (e.g., white vinyl, illustrated as 135B in Figure

20), for example and without limitation. Exemplary sealing and/or topological leveling
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20 capability, but also in part to the high impedance and low rate of
conduction through the typical transmissive layer, particularly when ITO is
ut 2 BEE e of such high impedance and low conductiviRF,TéH%zr /026832
transmission through such a transmissive layer has a large time constant,
such that a transmissive layer of the prigy art cannot be energized sufficiently
quickly to provide energy to the emissive layer and 25 accommodate rapidly
changing pixel selection and display of changing information, or to energize
thg&rﬁt%? BYrtidCdt At e dipreddovmnniabfensinmaching sndmaeds frdiau
thefetec tditidsnsLippdyinenplovei tothese CsY, sianssmissiri Can Bugtedayer
1 . hird. conductive layer 145 overcomes this difficulty with
e T S R R e e it e
invERGSHSRiAbws the various 30 inventive embodiments to display changing

information in reahimehpREdiioRdResiale %ﬁ(gdg%%ﬁfgg&éﬁ@
e

8

factors, sych a third conductive layer 145 may
e A i A e e A
theperiérgizopgroésheundye the ntralppbitionst didhetigsgmtidae dumiaaiesy as
di : Fallowi |catl f second, transmissive .
o e RS oo
prividi e fararplicrprovifersréasespesianty weloraildi fodwiddigil emitedn
frasetiifaeissivetayes, oo AdRRpIVAaLA3N aaY he &omwrisedof
one or more cg{l1 r gye , calor flug%rescent dg/es, color filters, in a unitary
sheet as 8 PruFaiy 8F pRerd oF ehBhix S P AN AL SRE FfiRting
Srﬂumwmgk@d@ﬁﬁoﬁswﬂﬁe_w dwlalgnhefpev@qip@tyl mﬂh@@gatsl 135 may

[ : 2 - tervening sealing layer
RS AT SR
arfyaHracHIRR @Iesrss g suehity i ap Plieatishler advetiegbrsiam

Inselrotethambadinemisra RuraiaRk RIREPSHRINIRy OFASFEAION GRRVERION
mati%rll?l(ihlnks, d es,q?lg%gents or Othdeli colorants are utilized to provide the
I

color jayerte g reots 9 3915 53880 BSB B ¥DPHASE Bh s okt spalant

inmhmh&@&ﬁmmmmmaw pk@@_tmewhimweém@m td:élfﬁ_iaﬁhﬁauﬁe
o laiihon it 00 SRR A ARG oo
arfsHrgRE R StTR IR fateinpbbitpudipeinadditionigssantignaficdave, the
advaiotageabecaiises 195 theysaRG i \RIHPOWAEVHIR Y AHGHEEMRRAUMEN Rling
P S Y RSl DA b SpPage, Lo prior art displays,

In another exemplary embodiment, the sealing and/or topological
leveling layers 135 may wtilize a nanoparticle carbon coating, in lieu of separate sealing
and/or topological leveling layers 135 such as lacquer and vinyl. One such nanoparticle
carbon coating is available under the name “Carbon Nanoparticle Coating” from
Ecology Coating of Akron, Ohio, USA. Such a nanoparticle carbon coating is
generally provided with a #v-curable binder, but also may be provided with a heat-
cured binder.

Continuing to refer to Figures 1 and 2, another apparatus 100
embodiment variation is also available. In this alternative embodiment, an optional
masking (or black-out layer) 155 is utilized, overlaying color layer 130, and applied

before or after any protective or sealing layers 135. For this display embodiment, each



20 even visible in daylight, In addition, this greater brightness concomitantly
allows for increased resolution, as perceived by an observer. Moreover, the
usEQINI8IE  ent colorants or other color conversion materieﬂggpg\%?&g 26832
subtractive or additive coloration (e.g., CMYK or RGB coloration), and also
retains white emission, also serving to pgtentially increase brightness. 25
Following application of the color layer 130, one or more additional protective
or sealing and/or topological leveling layers 135 are applied, such as a .
cal@ilitecadseiing lepas ﬁ@}hﬂm@dﬂéﬁ%‘& ﬁéﬁﬁﬁﬁ%‘?@?ﬂv&fﬁ%ﬁ drifsdiglectric
Proteedive orisemaRheaalings, Sueh aslaRlidvialeld )k cluabiecsadlant
coating. Other co unds may also he utilized in one or. lin

tor SRR ST A5 200 LB it o s EUI O 30
for examipeé ollipstrateticas 185AYancLSE: Yesspeivrdingrubrjerbady)oxpgthe
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without limitation. Exemplary sealing and/or topological levelin
zooqt)@owsem@tﬁm%e@fd@@é@fﬂ%@@f‘a&‘)@#ﬁﬁ%@%@ﬁ& aﬁémﬁa%w@‘
provisiesnasivakeansityyénajehing and mmayhisé donkiattiof lapyr AdA)tiGNiel @dor layer
optional masking layers (155), such lor. art back: e
utilize® Ee?o‘f)“ afg?s gﬁh%es ﬁf%qﬁgﬁéfh%%@ﬁﬂﬁ?nﬁeﬁa%igpgéﬁgéggfc l.tqhaéS evam,
stativagisphayelioin, thd bleeln(STaM EaThodneserEng resebiphisd (o othgis

jgnatstials, fwunghe.seping.aadiartapelogical jryelieg, Ryeke.433 have
been selected to have specific properties, ngmely, thg1 encapsulation ol;i{ge
actiFesSERtraHS IR I AR R BB Ao P& g DI RERAT
factors, and surfaetigropespigicenmpdtibieobn saytabRfdrcappticatidayef 155 is
printing.compounds, such,as inks.and other r :
e B e R S e Tt PR ARt

selestet i pisbld € a Larbandbed sincthers toliinpdisalay oy insersiaispaiiethce
10F LaIEeEREE: I Bradditionpiutiblesealing andiosderriuisalierelingy

layers 135 may be utilized, which must further be comépatib_le with and ded

adh@bestsEabAT SR RIS ELE R Bt S0 DI Hs i ST B8 provided:

lamigition thdghticsprathepiagesed disingsed Bbdvehitéhviryensegisastiarbof

a segiin I%%{ﬁ %Se Blglcliqe:tﬁbfﬂ%/f i O%Qéj 92 & %g%;%?st C\V?#ﬁ%ps %Qg{ing layer 155

com S adnefe more readily. Arother adv ntage of the use of a'sealant
suchmsitdc quigrtiiostsisignifigedthyelropitidisi v isit)p dittaghyilisi sy gérviag peotective

26 nC%p§égﬁ£% layers 135. Using this variation, a back-lit display is provided, which may be

customized during later fabrication stages, rather than earlier in the process. In addition,

U

such a color, back-lit display may also provide especially high resolution, typically
higher than that provided by a color RGB or CMY display.
As a light emitting display, the various embodiments of the invention

)5 have highly unusual properties. First, they may be formed by any of a plurality of
conventional and comparatively inexpensive printing or coating processes, rather than
through the highly involved and expensive semiconductor fabrication techniques, such
as those utilized to make LCD displays, plasma displays, or ACTFEL displays. For
example, the present invention does not require clean rooms, epitaxial silicon wafer

0  growth and processing, multiple mask layers, stepped photolithography, vacuum

deposition, sputtering, ion implantation, or other complicated and expensive techniques

employed in semiconductor device fabrication.



the other layers forming the display and provide protection from
environmental degradation, such as due to typical humidity. In addition, as
mgﬁ}i%)%é@og’f)ﬁgve, the 20 various sealing layers 135 may also'Be (oL 2832
leveling (or filling) layers, providing additional control over the topology of the
display surface. In another exemplary emiB8diment, the sealing and/or
topological leveling layers 135 may utilize a nanopatrticle carbon coating, in

eu of separate segliags angiadanaioaisallerpinglavars Loa sueh e

lacquer and vinyl. One such nanoparticlé 25 carbon coating is availa

undeFfRPFSHE MelEHIb NehtRIRR 8¢ BEatRROTFotHP IR BIL e Bisifypepduction
Akroro&iad eplnsstichha dasnepaBitiaicarhanGaaling jsogasalalynpiavddeth

with a yv-curable .binder, but also may be provided with a heat-.cured binder.
e g
embouitnk dependation etisbsalrailabiten konkstalsdamatbdedpiirbdmeett faancial
optiog)@éhgﬁgggging (or black-out layer) 155 is utilized, overlaying color layer

130, and applied before or after any protective or sealing layers 135. For this

display embodimehti®dalls Ve sherodEngtssee FraeYs04 Jpnifdgsshy. For
the uedaiyli)ghayerisyseindtrdiiaday a0, dhdetirep condlipiive, By larger

dielegtric Ila el 1%5 the e IIS ve layer 115 additional dielectric layer
e ; : .
a0, S e e B O ouctive ayer

15, and color lay&pudo ptidheputiedioe ghowaderssmabaditaeytsduiviictebsheidally
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the exception of providing room or otherwise ensuring access points, to

enerdigHEiRRe! BURTSEHoL heysierisd WRs'glieoha” BandRYine candbetre
layer (228t @tichaely tHindicomd vty {hyériddiys thehealariagatisidanpliediwithder
each reen or blue. (‘ROB™) (or.an.other, color. scheme, such as cya
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1 portion of the apifdrdbay Doy ambadimans ey idassvplothnee @ L fullesipdic by

custoRigatiensOreinsansllidlalizatigpiorenal dhewse abshe mapkingiayer
155. Following application of the color layer 130, the masking layer 155 is

appliCFIPHPager SRR YHEHTAaRG 19 dpidriol aoeinshy whishikeieegrssittian of
whichigtedamsitjodievidiib @I €Y asednaskedy idethigiasukihgidispldyt amgbiing

predecfeevrmlrag‘qebe cchrR_blnatlons to provide proper color resolution when

percelvelaeby an g%lnary

20 Sixth, as has been demonstrated with various prototypes, the various
exemplary embodiments are highly and unusually robust. Prototypes have been folded,
torn, and otherwise maltreated, while still retaining significant (if not all) functionality.

Numerous other significant advantages and features of the various
embodiments of the invention will be apparent to those of skill in the art.

25 Figure 3 (or FIG. 3) is a perspective view of a second exemplary
apparatus embodiment 300 in accordance with the teachings of the present invention.
Figure 4 (or FIG. 4) is a cross-sectional view of the second exemplary apparatus
embodiment 200 in accordance with the teachings of the present invention, through the
B-B’ plane of Figure 3. Figure 5 (or FIG. 5) is a cross-sectional view of the second

30  exemplary apparatus embodiment 200 in accordance with the teachings of the present

invention, through the C-C’ plane of Figure 3. Figure 6 (or FIG. 6) is a perspective

view of an exemplary emissive region (or pixel) of the second exemplary apparatus



observer. For example, opaque (such as black) dots of varying sizes may be
provided, such as through the printing processes discussed above, with

prgﬁ)e‘?o g@@?@tion or alignment with the underlying redlgreen%mgss"ﬁ%%(&%ﬁ%z.

With this masking layer 155 applied, onlﬁsthose non-masked pixels will be
visible through the overlaying protective 20 or sealing layers 135. Using this
variation, a back-lit display is provided, which may be customized during
later fipPREFSASIAYEaceRrianenaYith difidraphings pfdkestcshrbigtndan. sheh a
ﬁplﬁr,d@sﬁaksyﬁ m%qmgg%v%ﬁlsaml, 'g%)%m@(:' J\#gﬂa&ﬁgqgglwt@phw@&agﬂa
igher than t rovide color or isplay,. As a light emitting
cioplc PO LA ST L (P B IS0 RIGFRPCHE ST
propestidtsing ip@tﬁméyrma)dtsglwme@hys&w cn‘ anpivratitp@fnfomegntional
agd comparatively \BRXBRATVRANDING 1 ORGRIOS88SES RINSIRAR

1
through the highly involved and expensive semiconductor fabrication

techniffueidres fon thesfirb sendiiftise iyl oD Himayissirsndugisydgxsr 220,
or ACahR Elirdisgplaystiveornyexamplentia R Raenttinyention does:oal teasiasive

I itaxi ili vaf h ing, Iti k
e T L SR R S35 Mg Sl e
implantgtiosls es Ottieraspreplicateutanpdrsxpeyisiviytdthnispie@he fpl oyeduinive
%miQQMbl%’rs9&‘(18%%&%%%%\%%@%@1%@9?@&%E&MH %&9@@49%@%%% 145),

-32 Second, the invention may be embodied using comparatively
inexpOSWETHERATARS Lyck 25 rapeiaridbrashoise substatwdas fuding

prod uﬁtnmtrmgsﬁr%i%ﬁ@ ngeshd gﬁi@iﬁelﬁ?fé@w;%@&uﬁi m{@rmmnd any
processes, combined with reduced materials, costs, may revalutionize
Cisplc) T R HTP A GRS ARLSP GAR & AOR SR Gl dgaers 135
from @odrmtiag lyendbfientejephibnesdtoffihasuial nexclidngesy Eirdhtheme
y3rioys,aphadinents e Q{ﬁ@ﬁisg'ﬁfélﬁ'é}ét@'@@ﬁ%}% R TRIGrelits

various embodiments may be scaled up to wallpaper, billboard or larger size,
or doWHaTrshia-1eIelsHEs2sr Heh i isiss s ayerd Fogrler dpvgrd 30,

samestiimag Wl ksiesRbhasRaR Y €33, sudsiantiallkyial Jeypréad ey
with tge totaéddisplay thickness in the range of 50 - 55 microns, plus the
additional thickness of the selected substrate. For example, using 3 mill

paper (approximatedyilfismicdon§ithick)] the, thickme ssrofuttiye detdtidt) disolayed

ipon 1he ﬁ@t%lurality of electrically isolated (or insulated) electrodes, such as in the form
of strips or wires, which also may be spaced apart, all running in a first orientation or
direction, such as parallel to the B-B’ plane, (e.g., forming “rows™). The second
transmissive conductive layer 220 is also formed as a second plurality of electrically
isolated (or insulated) electrodes, such as in the form of transmissive strips or wires,

25  which also may be spaced apart, all running in a second orientation or direction
different than the first direction (e.g., forming “columns™), such as perpendicular to th
B-B’ plane (or, not illustrated, at any angle to the first direction sufficient to provide t
selected resolution level for the apparatus 200). The third conductive layer 245 is alsc
formed as a plurality of corresponding strips or wires, embedded or included within t]

30  second transmissive conductive layer 220, and is utilized to decrease conduction time

through the second transmissive conductive layer 220. (An exemplary third conducti



of 130 microns, providing one of, if not the, thinnest addressable displays to
date. 15 Fifth, the various embodiments provide a wide range of selectable

reSSIHEHEPESr example, the printing processes discussed aBove'€4R#/026832

provide resolutions considerably greater than 220 dpi (dots per inch), which
is the resolution of high density television-BTV), and may provide higher
resolutions with ongoing device development. 20 Sixth, as has been

demonstralgd With %ﬁﬁ%“&%&%%%&&&ﬂ% Ya%'é%sgi%%’;é '%%W&%%?&{&e to
are hlgaﬁ’ly and unusua1y robust. Prototypes have been folded, torn, an
otherwizaih&Mkeated, while still retaining significant (if not all) functionality.

Nurl?eépus other simﬁn@umﬁrﬁtﬁ@é@mﬁmﬂfﬁ@ qiﬁ?ﬁ:ﬂﬁdl@t@pﬁed to a first
embodiments of the jnvention wi apparent to.thqse of skill in the art, 25
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F'gurecéngﬁ{c{l:\lz éa lﬂ%ff)%%?fé@%&'ﬁﬂ%l rah %ﬁﬁ'ﬁl ﬁ%caﬁg%mys is energizec

apparatus embodiment 200 in accordance with the teachings of the present
inventiOr o dtinierains-Brehe Of Pighredettigurd foindiddunhy apd uniquely
cross-gﬁﬁ@%&lewﬁﬁwewcmﬁ%meba@sgml kYt apPakadUg r;aﬁﬂﬁ@fﬁi]%ﬁéh?ém

in accordangce with the teachings of the present i tion, thro the C-C!
plane G B0 % G BB LI T Bl A R S A YRRl
eMissivemegidieldr Pieb mnelsémtbrgic@rnptaﬁysaplpmm ap/Orow, and a second
200 T1AARA0 6 Lt Red0URGOA Do AINRUNEL AR AGSALIRAGENNIN wi

the teachings of the present invention. As_discussed in greater detail below,
the exerfisER/ Bysaien af toomisiirardl dsaroabasielopraHei By the
dynamigegispliay.ovitle individaalyoaddressabledightsemdtlingrpiels, ipotidng

display of either.static or time-varying information..5 Referring to Figures 3 .-
st et i R AR
layer 248y mpdﬂd&nsmé&g‘hléatonbuaige Hedser ZRQr bqud)mhtthmadmmbined
layer 245, Ity rféifér%@@a%{%{? J@X%Eéja%y 600 LANSBIREINE GOPHNGHYE

layer 220, and third conductive layer 245 may be formed of the same
materiafisrgssipnt pesphebtRldedslinterparts previously discussed (the first

conductive 10 layend:}{) seepndipRvssiaicn s udive fayeinl-adimnddhireh lie
conducive oy LSl e e MAng 12Yel5 OL APRAIALE 200 AR S e
20  available and are within the scope of the present invention. For example, while not
separately illustrated, the various embodiments of the present invention may be
configured to provide a form or version of raster scanning or addressing.
In addition, it will also be apparent to those of skill in the electronics an
printing arts that the various first, second and/or third conductive layers, and the
25  various dielectric layers, of any of the embodiments of the invention, may be applied ¢
printed in virtually unlimited patterns in all three spatial dimensions with accurate
registration and alignment. For example, and as discussed below with respect to Figu
11, the various conductive layers may be applied within other layers, in the nature of a
electronic “via” in the depth or “z” direction, to provide for accessing and energizing
30  second or third conductive layers from the same layer as the first conductive layer, to

provide addition methods for individual pixel and subpixel addressing.



dielectric layers 225 and 240, the emissive layer 215, the color layer 230 (and
any masking layer (not separately illustrated), sealing and/or topological
Ieve(ﬁﬁﬁoféwéggl%; and coating layer 235, may be formed of Hiid/HEmK/026832
materials, may have the same 15 configuration as, and may otherwise be
identical to their respective counterparts {38bstrates 105, dielectric layers
125 and 140, emissive layer 115, color layer 130, sealing and/or topological

leveling layers 13%;apd ¢oatingslaygs afé)sﬁgﬁwglﬁé%/ sisauaaedteMlary apparatus
illustrated in Figures.3 - 6, the first Coﬂ? uctive Iayefréﬁﬁlro is formed 20 as.a
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illustratedfuat¢salioy the fisttootiiadiret tiyechith sufficiemdoiprudide thiskteotbdtive
resolyfion level far the ARRALANS 290N bt £POFIGEMEIANRE 355 45,21

formedas a plurality of corresponding strips or wires, embeddéed or included

Withinfersedseldbn arParamREal e CORHIBIRASI Sy 6P WITPAIRIDES Vighs Berigcussed (the
decrease &aaoseioayme 11)mushihe e eBadians MgsivE Cormy Clikes ey

220. (An exemplary third conducti WO 2007/00 6 PCTIUS2006/026832
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refereiieatd Higuhe adissivs Hystratbohin diguieys; $Hiesesioingaldiffersriegdsl

app'ﬁ@x{e‘?iﬁ?fi!a%r? RGUOde BLIRE TR Al AL GIRRAde tl AL ING HLFhis, may

conductive Tayer 210 and a 5 second electrode of the second plurality of

fectrbiiestrorinnecrsbeprid it ANd vy edrttistibe dgniicobig, their respective
COITespONGIE A IdBWIESIN0E ) ESNisaMerayseA 1D 55 BITCNGid e (0eainiilighiers

formi ixel 250, Suc, ected pixel,js individually and uniquel
IHRAE by e o (A Bt S e L SRR
such asatthgdugh 18y 230 peiiomliadiessidg known in the LCD display and
semiconductor 10 memary f&eﬁ‘i‘@ﬁ%@ofﬁlﬂ%}% IRl SEREHOMY & Bidlis also

electrode, as a row, and a secon
20  formed as a plurality of electrically isolated (or insulated) electrodes, such as in the

form of strips or wires, which also may be spaced apart. While illustrated as straight,
parallel electrodes, it should be understood that the electrodes may have a wide variety
of shapes and configurations, such as sinusoidal, provided adjacent electrodes are
electrically isolated from each other. The electrodes of the conductive layer 310 are
25  divided into two groups, first conductors or electrodes 310A, and second conductors or
electrodes 310B. One of the groups (310A or 310B) is electrically coupled to the
second transmissive layer 320. Prototypes have demonstrated that when a voltage
difference is applied between or across the first electrodes 310A and second electrodes
310B, with one set of the electrodes (310A or 310B (exclusive or)) electrically coupled
30  tothe second transmissive layer 320, the emissive layer 315 is energized and emits
light, illustrated using electric field (dashed) lines in Figure 9. As the emitted light
passes through the optional color layer 330 and optional protective layer 335, the



electrode, as a column, through application of corresponding electrical
potentials, will energize the region of the emissive layer 215 a roximatelé/
or%%%?é’ﬂ?%?ﬁ?/ at the intersection of the first and second elec'{J JAE%%"&@"Z 832
illustrated in Figure 6, providing address%ility at a pixel level. With the
addition of a color layer, such intersections 15 may correspond to a particular
color (e.g., red, green or blue) which may be combined with other addressed
pixels %@f@%&ﬁﬂﬂf@@%ﬁé&%@&@&%iﬁmﬁ%faiﬁaﬁﬁal%%&gmgaaﬁang
subpixéiktexel. 1t will be apparent to those of skill in the art that, in addition to
or in liei of row and, column pixel/subpixel addressing. additional addressi
methods are also % aé?é%%rl%éeglﬁda gjrogn\}wﬂid?r?l ﬁ?g’%s&%:%%rg%f) fhgél(%l?’eesg d Pl
inventioim!Faerdsdasplelwitite vidnduisadsmly ttrodetedithrelivspdesrode electrically

engbodiments RHhePEeSEB IR MaY BR confiolEed e RIQVHe 8 (EMize the

or version of raster scannin or.addressm,g. In addition, it will also be
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in Vil’tl} gfk'/% L]g ﬁﬁ%‘héﬁ gl[apt%gr%l% |nna I't lrg}egtsg%l}%gg?r% ([e%%\lfo?lﬁs) \I/I\E:& ga%f:%j réia)iattegé%S
registretRSFRETE SRR Bt dlpleransipie fanep sedisdenssdanb dlowindtion of different

r@gpefdﬁ@l@%aﬁhﬁ?@ y@%%d&%&eﬂéﬁﬁ[ﬁﬁp@gﬁﬁ]%%%ﬁdwﬁﬁgb t
other ers, in the pature of a ronic "via" | e de r "z" direction, to .
ovica 1 R PSS i d U L B PSR R Gh SR VEGRigg: Which

from thetametayet off, thd dinstl tonductiuetiay ef atthijdresgicha, @cdifitis creation of
th e ; : . '
A i b I R A R

exemplipeapipdizadio mpgdinmeheBoo sacerEa MestfitndHensaEpigeorductive

tE§dprQ§ﬁé}tl:2WQﬁﬂiQﬁ‘y Efﬁ&lﬁ%rﬁé)u@ﬁgl%ﬂefg éﬁf)ﬁs%@ﬁsa??ﬁg%]ﬁ' r\]/iiw of the

thir exemplary app ratus em ment, In accordance wijth the .
Lonchma of e e o T L i OB R A BB G giment of o
FiguretBi{drdifhic®) (s@petspdeative viBvdispawrEwikhiivessegidniohting sdiird

exemplapy embediment 390, aprprdance with the teachings af e Dresent. ..,
AL ) R hibadlrosy

invention. Referring to Figures 7 - 9, the apparatus in erent

structuted ¢ thechirgsUbRBIRAETHEP I, ahvitiewstad: Hrdlide @idkeive layer
conduativewimyehiTNa-irst seneidaiveslayenkandithe &2aanekEQRUNEEHN uch as
layer 3t gsgngi)s/cggsed above, provides two conductive paths in any particular region,
throughout the length of the particular (electrically isolated) second transmissive
conductive layer 420. In the event a gap (open circuit) 450 occurs in one of the
conductive paths, current can flow through the second path, providing redundancy for
25  increased robustness. In another exemplary embodiment, the third conductive layer
145 may be implemented having a “ladder” form of two substantially parallel wires,
each having a plurality of perpendicular connections to the other wire, also utilizing &
conductive ink or conductive polymer. In other exemplary embodiments, the third
conductive layer 145 may be implemented as a single wire or as an interconnected gr
30  also utilizing a conductive ink or conductive polymer.

Figure 11 (or FIG. 11) is a perspective view of a fourth exemplary

apparatus embodiment 500 in accordance with the teachings of the present invention



10 formed of the same materials as their respective counterparts previously
discussed (the first conductive layers 110, 210 and second conductive layer

126?35(&9 #86, the remaining layers of apparatus 300, nameliﬁT{Hgm%/O 6832

substrate layer 305, the dielectric layers 325 and 340, the emissive layer
315, the color layer 330, sealing and/or topdfogical leveling layers 135, and
coating layer 335, may be formed of the same materials, may 15 have the
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have a wide variety of shapes and configdrations, such as sinusoidal,
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electredes@bling cabeluatyelsymrs316s aneRoraividiessinte, two, amlpaofisss, 340,
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tidnsmissipeclayesl 3 A3 c ot typedditan tle fohstratedi thddywheiDA voltadeB, the
differenee s @o%u%&m%y&%a@ A= méaﬁ@&f&';ﬁu%k%ﬁggeﬁ% i%sk%s%l% qé)rmed of the

second electrodes 3108, with one set of the electrodes (310A or

(exclusHie SrjcsiReprexiR el pietsssd forihsisEvnrttitrardrmiegos dyst apductive
the enissive (aye0 30D s eNEEQiEe ckasl eBdSclighlalbustratedousing £1ecire the

field (dashed) lines in Figyr st itted ligh es through the

optionqa 1@0?&4%%?%%5%%%%%%@%& Ct%v%p Igarf}%eufP §§ e Qgtitar to 300,
2@7_/@@@%@%Tﬁn$@@ﬁﬁﬁ®ﬁ68§®r 3@@@9@&&1@3@6@@ adient gptep dHebiperates

and is Gapable 9T OPGIRUING A5 NGRL AINENRS, HSPIAY. 'Qe@ﬂ?ctﬂﬁfl &‘ﬁfﬁé’%& eact

embodiment, the first conductive layer 110 is "implemented as a’plura
indepéﬁléf’ént electrodes, with a first electrode electrically 5 isolated from a

second electrode, anshivitinthe saeoRd aleci adandiizeshiaeRe i iigdes for the
e R L R
a2pluradigyoof (or pixels) 520A, which may be continuous or abutting or which may be
electrically isolated or insulated from each other (such as through additional dielectric
material being included in that layer). Different regions 520A of the second conductiv
layer 520 and third conductive layer 545 are coupled to one of the two groups of
electrodes of the first conductive layer 510, illustrated as connected through the secon¢
25  group of electrodes 510B, through “via” connections 585. These via connections 585
may be built up through the intervening layers (525, 515, 540) through printing
corresponding layers of a conductive ink, for example, or other fabrication techniques,
within these other intervening layers, providing a stacking or otherwise vertical
arrangement to form an electrically continuous conductor. This apparatus 500
30  configuration allows selective energizing of the second conductive layer 520 and third
conductive layer 545, on a regional or pixel basis, through electrical connections made

at the level] of the first conductive layer 510.



independent electrodes forming the first conductive layer 110 may be
repeated as separate regions of the display, such as to provide independent
WAL N Gitferent 10 display areas, in any pattern or seqﬂ%ﬂgg.z gp20832
example, a first region may be illuminate® and then powered off, followed by
illumination of a second region, which is then powered off, followed by
illumination of a third region, etc. This creation of multiple, independent
electrodes, all withigttie Fr<pcBHauGive dapepeaidewkivhrapelifilbrtremptitived

to COQE%&H’EQJTG@%%M&E %%F&Mh%&e&ﬁﬂ ﬂaé%@&&ﬁﬂﬁsm&%}eééﬁ@mreﬁon.
layer 120 and anéthlri conductive Ia§er 145, is new(f)%r‘ig novel. Figure 10 (or
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circu ite)p@%@to&:@&@s\imlq)ﬁ& afltiored fiahtiotived qoghmsalit;uolfeﬁﬂeaivél elnthnough
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another exemplary embodiment, the third conductive layer 145 may b
implefRarfitibalaniy Bithiads eroistvrians SUbstastianizharsrdinmes, cadch
havi ngéﬁea_{waiﬂﬁé@i&%%ﬁeﬁ?@w a9;¢%1f@|96ﬁabﬁt&hmﬁgm?ﬁfew&@% gﬂ?qmsil'@eggels,
s condyctjye ink or conductive polymer. In other exemplary embodiments,

the thfl EURAES 145 &L ARG B MRS Ao SRETANTTE oS gre
in_tercgﬂwwdteobglhwa_@iwﬁﬁziﬁ@m@mmﬁmmiaﬂmrad;bmﬁiw}mﬂcymed.from
Tigure i BicE Lo B ARPISASRIMEMAN 0L ARG XERIAN APPRLAliZive

embodiment 500 in accordance with the teachings of the present invention
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crosshesisnRhyisvofibeiauih exentoRhARRARNSCERISHMAL iRe diclectric
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color layer 530, séaling and/or top(_)loglca
configuration as, and may otherwise

(substrates 105, 205, 305, 505, dielectric layers 125, 140, 225, 240, 325, 340, 525, 540
emissive layers 115, 215, 315, 515, color layer 130, 230, 330, 530, and coating layer
135, 235, 335, 535) previously discussed. In addition, the first conductive layer 610,

¢ identical to their respective counterparts

25  the second conductive layer 620, and the third conductive layer 645, may be formed o
the same materials previously discussed for their respective counterparts (first
conductive layer 110, 210, 310A, 310B, 510, the second conductive layer 120, 220, 3.
420, 520, and the third conductive layer 145, 245, 345, 445, 545).

The plurality of reflective elements or interfaces 690 may be formed b

30  an additional, fourth metal layer, using a highly reflective ink or other highly reflectiy
material. For example, in selected embodiments, an ink having silver flakes (i.e., a

flake ink) was utilized to fabricate the apparatus 600 and provide the reflective surfac



leveling layers 135, and coating layer 535, may be formed of the same
materials, may have the same configuration as, and may otherwise be
|dglrﬂ|@<lﬂ7 g fﬁglr respective counterparts (substrates 105, 205, %gs%?f)e%ﬁ??@
layers 125, 140, 225, 240, 325, 340, emissive layers 115, 215, 315, color
layer 130, 230, 330, and coating layer 135,3935, 10 335) previously
discussed. In addition, the first conductive layer 510A and 51013, the second

condugtivgiayer G0 iarghihe Hisdisrnduativelaxgy BfR MR balpmedof

the same %aterlals previqusly discussed for their respective counterparts
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conductive Iarn% Fé)ﬂand th|rd tlve layer 545 to be formed into small
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dditiogal Diff t
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510, illustasipdrascanbe clad dRAUAR 18iesRR 6 APIBER B Ak BIRFIHRASSctioning of
5108, Htlr h "via" onnect}%& 85. These, V|ac nn :‘Qg%SSSS may be
[

built up ](jlr'ﬁ“fﬁré intefUER é Fg‘;(‘%%‘? igipEiag Joh ‘ﬁfﬁﬁfﬁﬁ@ with charge
corresmudmlgtiag{etsheﬂavmrbdunﬂw wikthéamexaneiye062ithettf dioridiatéenic layer
technigyes, within these other intervening layers, providing a stacking or
otherwise vertical arrangement to form an electrically continuous conductor.

This apparatus 500" 3y edfiguiaiion Qlliswdisekedagenrddiryiaresystem
seconarfmﬂmgﬂwmtam&a@a&m@ hingireapgustie laye hre O BRHONRL Qsten

plxel h electrica nec made at the level of the first
condudit £9§?§26%V§é&?ﬂ%&gg%e“@&&m%@ero%%m%@ﬁm@y
(or FI@mlﬁ:)\as dsplrspebtivenciaw(b0@ it 20 ilasg0pphheaits@dthvention. The

e L T T T L C T T
3%33 ardihighapay be in the form of a bus) to control bus 715, for couphng to control logic
block 720, and for coupling to a power supply 750, which may be a DC power supply
or an AC power supply (such as household or building power). The control logic
includes a processor 725, a memory 730, and an input/output (I/O) interface 735.
The memory 730 may be embodied in any number of forms, including
25  within any data storage medium, memory device or other storage device, such as a
magnetic hard drive, an optical drive, other machine-readable storage or memory medi
such as a floppy disk, a CDROM, a CD-RW, a memory integrated circuit (“IC”), or
memory portion of an integrated circuit (such as the resident memory within a
processor IC), including without limitation RAM, FLASH, DRAM, SRAM, MRAM,
30  FeRAM, ROM, EPROM or E*PROM, or any other type of memory, storage medium,
or data storage apparatus or circuit, which is known or which becomes known,

depending upon the selected embodiment.



embodiment in accordance with the teachings of the present invention,
through the F-F' 5 plane of Figure 13. Figure 15 (or FIG. 15) is a
crOSLLEARY view of the fifth exemplary apparatus 600 embG&HHAMO{A26832

accordance with the teachings of the present invention, through the G-G'
plane of Figure 13. Referring to Figures 13 - 15, the apparatus 600 is highly

similar to apparatus 200, with the itional feature of a plurality of reflective
elements or 10 refle%%/g(?n‘fét %‘éesa)?grlgﬁ?(fg‘éé@f B HFhESUP B SRS R BERRIme
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layer 620, the third conductive layer 645, the color layer 630, sealing and/or
topologitaresdenigorsreriogshapsyrl saalirprasss e ssligitcHarplpagessors
foroned ah sipe"sanmeomatey aplinnashaye ithei sepac S oRtgyw atiosIas))aneday
otherwise be idegﬂcaltto th%ﬁé@ggc unterparts (supstrates 105, 205,
305, 5EECHHMRE BRI Pon. 14b52k 2995128 mRE & Be> xRy el gomory
layers {sish 24 BAMBn8 R5)Nol endaytberll8B, 280 B330nG89, And comtiggeiayesas used
135, 235, 3390 RhRERUSU liseunsaeli RS QB hE-irR! SRRIHEH Y ude o

layer 610, 25 the second conductive layer 620, and the third ‘conductive layer
645, mayg%%Ifarﬁaié&@g%%aﬁfélme@éﬁ&mw%wgéwwf&
respectiveneudriaTPans, it coveluptiviad ayer ok 16me behed LOAp LA iSt Brated
the second.gon%%%tive Iaxéatijglgo, 20 g.' 420, 520, andtlilhe third c&)nductive b
layer 19850457 ?%ﬁ%‘r, ).ufﬁéof)l urbsﬁﬁls ngi reflettive efERISHLS o o moTy, sueh @
interfaces®9Bemstpivedontyed bdd 0! 3eitoRRIAMUSTRANG tdBRay e RMgEPRON
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embodiments, an ink having silver flakes (i.e., a flake ink) was utilized to
fabricaf®@RAESHEFARIS BOUBRE JrE A HTEPERELIRFe FUHEE WiKine) to control the

2007/ 0&&8@@1&@?@@2&@6@&@8@%) 188 @fsﬁ&@ﬁ&@@ﬁ&eﬁﬁgeﬂd} QA conductive laye:

embod&rgg gxtlsrd t&% Jé*tﬁ%i%y%% eO]c %k% igﬁeﬁlg arge/rc]etnslb%ciiments, for corresponding control
over what information is being displayed. For example, static or time-varying display
information may be programmed and stored, configured and/or hard-wired, in a
processor with its associated memory (and/or memory 730) and other equivalent

25  components, as a set of program instructions (or equivalent configuration or other
program) for subsequent execution when the processor is operative (i.e., powered on
and functioning).
In addition to the control logic 720 illustrated in Figure 16, those of sk

in the art will recognize that there are innumerable equivalent configurations, layouts

30  kinds and types of control circuitry known in the art, which are within the scope of tt

present invention.



interfaces 690 may be fabricated using any material having a suitable
refractive index to provide for significant reflection at the interface between

tthIfProgﬁQV%@reﬂective elements or interfaces 690 and the e?ﬁ%’é‘.%“‘ig(% 32

615. 5 The plurality of reflective elements 690 provides two novel features of
the present invention. First, when a pixel is 44 an on state and emitting light,
the corresponding reflective interface 690 significantly increases the light

output from the appARILIS LR FAGLINE ke oW iEHaF: 81%h RRUAPERHIBGd

brightness of the display. Second, when a pixel is in an off state and naot
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may beviahyhe fpthe viarioe stexemplasingempis v isitlay feshbodimentd 100,10 (step
200, 3QQ.4 inventign. The. variqus: first
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720, anehieroQURIRBIOARBWEL SRR (658 o JEHC R-YaRYREfEEd CoPO VI cted
supply or an AC power supply (such as household or building power). The

controlRRiEe4RBIudes a processor 725, a memory 730, and an input/output

(1/0) interface 735. Bagimagmoith 280t wiety 396, enstiedigd inseleyted) mivbraptoated
forms, jcludi ithin, a i mem - r
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ncludi GG AP MO RN ST PSP BRLTS RA A RASTAN 550 G Rh vias

ROM, ERROM.OTEARR O, dipantimptiier fiype akiotivtokyes wimge medisist furthe

or data_storage appar. or.Circui ich I
nonn o B b tver

PeiT/USsPdasine G832 copper conductive ink, a gold conductive ink, an aluminum
conductive ink, a tin conductive ink, a carbon conductive ink, a conductive polymer,
and so on. As illustrated in the examples, this step 805 may also be repeated to
increase conductive volume. As an option, a topological leveling layer may also be
provided, as discussed above, in the display areas which do not have the first

25  conductive layer. Such a topological leveling layer may also provide neutral density
matching, such as using a gray lacquer to match a silver conductive ink having a gray
appearance. Next, in step 810, a first dielectric layer is printed or coated over the firs
conductive layer, followed by printing or coating an emissive layer over the first
dielectric layer in step 815 (which also may include printing of reflective interfaces),

30  which is further followed by printing a second dielectric layer over the emissive laye
in step 820. In exemplary embodiments, a second dielectric layer may be omitted, st

as in the embodiments, illustrated in Figures 18 — 20. These various layers may also



The 1/O interface 735 may be implemented as known or may become known
in_the art, and may include impedance matching capability, volta

tr%gl%ﬂ%/rq ¥&¥a low voltage processor to interface with a h|ghP %/8?@&%026832

control bus 715, and various switching mechanisms (e.g., transistors) to turn
various lines or connectors 710 5 on or offifresponse to signaling from the
processor 725. The system 700 further comprises one or more processors,
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conductivdudtye 1awrd$hnwﬁmmgcdw¢a§@nssmuﬂé5eﬂmmwmgwﬂmgmtsp 840

for congRORAinG,ALR. AURE HRLBIIMAIR s bangdiRRlRYeH: £0%econd

example, static or time-varying displa) Information may be programmed and

stbted ceBrGPdavaRdId heira-of Pstting shoercbeanstugiirs ey s ismisatisopomprises
memonyamd/ot Memany fkOhanspines ReWVpIaBiAR CANNIBRNISAS AiS@Int

of progra instructio ent onfl ratlon or other progr

subsedi® 't'c&'gé’af s\)&l&“@ﬁ%héadr QES I‘IS fiok n<ecess§ v‘\?qérgléecsilgfaﬁlre iRgtep
f|mct|orﬂﬂig)hetmﬁduh@q;mu@etﬁletcetmdlﬂrﬁ)gmvwamwatbmtmt&immghm 830
of sk '@sz‘eoﬁ{to}“}#m%%% eaﬁaa&%d%%gr&fnwémfgr?ag ERHVALYe applicd.

configurations, layouts 30 Kinds and types of control ¢ircuitry known in‘the
art0which are withifeReadagaemaithsfene Af prisHtDASNRY. 200190B8gEE2Y or may

PCTIURRRGIEE832 following steps 825, 830, 835 or 840, or following application of one
or more sealing layers. When a color layer is necessary or desirable in step 845, the
method proceeds to step 850, and a color layer is printed over the second conductive
layer, or the third conductive layer, or over a sealing layer (such as a clear lacquer),

25  with the color layer comprising a plurality of red, green and blue pixels or subpixels,
CMYXK pixels or subpixels, for example. When a color layer is not necessary or
desirable in step 845, the method proceeds to step 855. Following step 850 or 845, tk
method determines whether a masking layer is necessary or desirable, such as for a
back-lit display, step 855, and if so, a masking layer is printed in a fourth selected

30  pattern over the color layer, with the masking layer comprising a plurality of opaque
areas adapted to mask selected pixels or subpixels of the plurality of red, green and b

pixels or subpixels, step 860. When a masking layer is not necessary or desirable in



-41 Figure 17 (or FIG. 17) is a flow chart of an exemplary method

embodiment for fabrication of a printable emissive display in accordance with
thg]({ég(gﬁ%ség%f the present invention. Various examples and’ S ALY26832

variations are also described below. As mentioned above, the methodology
may proceed with a wide 5 variety of orders4¥cluding a "standard" build
illustrated in Figure 17 and a "reverse" build (not separately illustrated); for

examplge @k enemesseIRiitthiesien sl fIGHE pht MO a D RBW e ibrints a

revers%?rder,,with step 865 applied to a transmissive substrate, with thé

penultifFAHEEHES B STRIR G Botiiatien rata frd{EarminiestR Sy ratng (etepover
805), falewec:thipgidgittarant tratieicbalingrdyetudnsagdiion, sealing and/or

10 topological leveling: : ' .
dosirablo.to. achiov e o B o AU A oa iy Oloving

effécts 9P SXBIREEINBISISNE S8 hthe serprig Rtio Bt delletsip B diseutsitpeaabthe

is slelc;eczzli@ﬁ], éiééﬁi’b@ﬁy%@?@ﬂu? bﬂﬁdﬂ@%@&{ﬁﬁgﬁ&_&l@?%fﬂ%ﬁ&%‘ %@&R@tﬁtm% be
INclude one or re sealing layers, , elt rlntegr or applied as,
oA SERR KPS, PSR 0 5 THEp 8 s AU ISP AR GSor A of irs
selectechpsittetionend e tbebstragemviad ofisopgtterns deseibatbedesorithe dxamples.

above, such as parq:'%@%t@g@ﬁo@r&w&ngf ﬁ@%@ga%}?k%m@lﬁglxyﬂﬁarx@aégoo

and so on. The step 805 of printing the first conductive layer genera ‘
caflsistemhethecat iBrstrrd e Bithibrd sehinesof Svsing ¥t puentipn omdilustrates
substrages & sHvRpREy GG EY Britketey€ RFBRI(CONMIAtMasINGy:901d5). Such
conductive ink, an alymipnum conductive ink, a tin conductive | lé]t? carbon
condudtRLTAR S 95T BT S SRREES APLPEYSH AR ATRASL A0y Ry vt
examplésotpiostepiBasimayhalsdlbé epdatediident coads®oonbiustdidon, the
volumen AR #BURR; eanRalacical ey BIna iRk nak Alsa e,eptewegggeg bBRer

discussed above, in the display areas which do not have thefirst 2

canductRRSFRes: SHE N4 MSEie 1R PaINEVIdsdimaayidasaprtid @atstrpasuch as
densitytorpRicaNgAiSHel assusiagafarayhasiuan i BateplasivfoaaneCiiratus

ink having a gray appearance. Next, in.step 810, a first dielectric layer is
printed AP CEOMR R RE RS, ATk O )RRy Br kg Br o205
coating@vbmmélla_yénmm&ie_iﬂr@_ﬂm m&mm%ermﬁlﬁﬁ&(adhisﬁhg substra
also mayINrik BrRG I SIRGUYSINIEIRERR) 9SG I ERRY [Rlowy)

by printing a second dielectric layer over the eémissive Jaye In step
exdmpRRFERbBYmMEMSBISES Hy didlecttieonsd Brsmip s santhivs layer 120,
third conductive layer 145, and color layer 130, it will be understood that any of the

corresponding layers of the other embodiments may also be utilized equivalently.
In the exemplary embodiment, the substrate 105 may be pre-heated or

otherwise desiccated, to drive off excess water and avoid size changes or other

25  shrinkage during processing or printing of the various layers. As illustrated in Figure
18, a sealing layer 135 is applied to the top 905 of the substrate 105 and edges (or si
910 of the apparatus 900, in addition to the top-most layer of the apparatus, with som
exposure for contact with electrical leads of the various conductive layers 110, 120,
providing sealing of the active layers of the apparatus. The additional sealing or

30  protective layers 135 also help to reduce cracking of the first conductive layer 110. *
first conductive layer 110 is applied in a pattern to produce a plurality of conductors,

one or more of which may also be utilized to provide electrical contacts to the secon:



as in the embodiments, illustrated in Figures 18 - 20. These various layers
m% also WO 2007/008866 PCTIUS2006/026832 -42 built up throu
mul

h
Og%)ﬁﬁ?:%tions (e.g., printing cycles). The first and secoﬁ&T(Hé?(g?:%?@ssz

layers are typically comprised of one or more of the dielectric compounds
previously discussed, such as barium titarreft® - titanium dioxide, or other
similar mixtures or compounds. The emissive layer typically comprises any

of the gRisSiIVEYO LAMBRWIBSHaS0 RRLARMERERENE RYUPAn theawadietplary
patterns selected, second ni thir%ﬁ\t};onducti.ve Iag%ers may or rr;g.x)ésnot bed oti
neces§5}%/? & 5%@58?1@06 HHCEVRSY B R S SR SPGESIFaBR SR Ve
step 82@ethieinethod theavedusiio sittha36; amdwtbecrd Cohdabiveptdiain two
IS prin &e%fﬁ@ﬁ%&%l%%?gﬁ%?e%& &%M%&%@ﬂ%%ﬁ%&ﬁa}@g :ljg_ripherally

Such a second conductive layer typically comprises ATO, ITO, a conductive

polymdompihshatnep sertabfceatf SIGHIFSRIRIEHRIVIMEN sPeddiignsmissive
condughyguanes iy o meseasanaly Aasirabiea stopa82boitiestaiteds illustrated

proceeds to step 845. When g third conductive |ayer is necessary por :
desiraBf ﬁ%ugf"e@Bg?S?(i}a{él?ﬁléﬁ%%s Zﬁr%%gs 307 85%%28%?? %I{ﬁ‘r(f ¢ determined to
conduetietdyercissprinted the hly{hi(dlséleﬁctgdlﬁiaaémkwdﬁﬁé@bm%Be lines.
conductive layer. ThigSteR, gfipipgithe i dsopducine layss RIGAYY: protective

comprises printing a conductive ink in the third selected pattern having a

tVE : ¢ t
985t 0Ay PR dEssPEdFRS BT S Sondupie frsetHitg apdiat ik erBieflvp fpyers
necessary £¢ gasicableiinsierdSoxxhepnstiad @iateed shtonsisip] Békhs NER may be
separately illustrated, following steps 830, .840, one or mare sealing an
torolog e G B S b Br e DS T AR of
of emidsivedidptéys seveidd (ayed may berivialkdn Srisaansdesysry dof doingrcentage,

steps §2p;330i83r QvBAGe OriR/IQWing APRICAOROS QRS 196N ETIRAIRBuUs

Iall)éers. When a color layer’is necessary or desirable in step 845, the method

pidce s BItE RO EETEdIo PRSEPIS AN ovalstis NEdB Y Bttt the
layer, qrthedhire,capsiusiive tdy exnRnavsiaBealing loysilisyelag witleasling or
lacquer), 25 with the calor layer comprising a plurality.of red n and hlue
oixels RIS e RIS S e Tl

layer isnoluszesnanyl 65 isepirddlemrsterBasivihayercthbdpioedditisne sealng or

855. FOlloWIRg.SI5R:S 995U T 4madk lgésqugsq%%ﬁm@%ﬁtwbﬁsh%@m@%m

layer is necessary or desirable, such as for a back-lit display, step 855, and if

s8%a ﬁﬁ%&%“}féﬁ§ﬁiﬁ§gﬁtﬁﬁi'a46ﬂwﬁr§€@€fe]&yer 135 may be applied, followed by

color layer 130, or vice-versa. Following these applications, sealing layers 135 are al:
applied to the sides or edges of the apparatus 900.
Figure 19 (or FIG. 19) is a top view of a plurality of conductive

electrodes 111, 112 of a first conductive layer 110 of a sixth exemplary apparatus

25  embodiment in accordance with the teachings of the present invention. As illustrated
Figure 19, within the first conductive layer 110, a first electrode 111 and a second
electrode 112 are formed. In an exemplary embodiment, the second electrode 112 is
spaced apart from the area to be illuminated by a predetermined and substantially
constant distance (illustrated as “A” in Figure 19), forming a “halo” or otherwise

30  defining the periphery of the illuminated portion of the display. Also, the second
electrode 112 is electrically coupled to or otherwise includes a conductor having gric

pattern 113, which also serves to provide additional electrical contacts to the second



30 pattern over the color layer, with the masking layer comprising a plurality
of opaque areas adapted to mask selected pixels or subpixels of the Iuralita)é
of‘y(,de,%F@gﬁ%nd b pixels or subpixels, step 860. When a ma‘éﬁiﬁ&%ﬂﬁ&’?’f&s
not necessary or desirable in WO 2007/008866 PCTIUS2006/026832 -43
stop 855, and also following step 860, the-Afethod proceeds to step 865, and
prints a brightening layer (such as calcium carbonate) and/or a protective or
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one oreienoe ks HARRY of B SHFRAF ST MR Hay B0 MUPRRAES
individyaliy orgefectiyelte biler Bhustratadotsinysubstriard 05 péeklingdss of the

protective layers 135, mask |layers 155, first co ive Jayex . closs leavi
dielectHEi4gBIYHE® é?‘?ﬁ%s?i{l(/é’ %}}@?%‘T@%C{s{’ cé%ﬁscglgt}Iéflalﬁr%égniE ils%i\%%%g%%g%vle Isalyg\r[ e

129, thiteheenductivberapgrldsingfdiciorioslaonsot i Ramsdaisdbstbselithal

any of the r i S ' t Iso b
umizede%ata?%fifﬁﬁlﬁ%%?E’é%‘i%fégggge%%%‘ﬂ?ﬁ%?ﬁSb’;l"i‘ayté‘ 105 may he.
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pre-heated or otheiEEcdEs| D VBB AT Ve size
changes.ar aihiapias, shpakagechisnpoateeessingcordrintingloftheadimsf the

B ne T TP R e ltei o
additioprtacthiz¢dprenostdayediog thecappaatesd witioseripask layers (155). As
mentioned above, such sealing provides higher performance and protects the apparatu
900 from environmental conditions and other degrading forces, such as water
absorption from humid air or other ambient conditions. The leveling layers are utilize
for control over surface topology, also as mentioned above, and to provide a visually
25  optically neutral density. Also, while illustrated using substrate 105, sealing or
protective layers 135, mask layers 155, first conductive layer 110, dielectric layer 12!
emissive layer 115, second transmissive conductive layer 120, third conductive layer
145, and color layer 130, it will be understood that any of the corresponding layers o:
the other embodiments may also be utilized equivalently.
30 As with the structure illustrated in Figure 18, the various illustrated
layers and structures illustrated in Figure 20 may be utilized with any of the various

embodiments previousty discussed. For example, the various sealing and/or



exposure for contact with electrical leads of the various conductive Iayers
110, 120, 1 providing sealing of the active layers of the apparatus. T

aa’&ﬂlf)‘f% %%ﬁng or 30 protective layers 135 also help to redlf(,CeT@}%zc?Q?ﬁofg?z

the first conductive layer 110. first conductive layer 110 is applied in a

pattern to produce a plurality of conductors: 4®ne or more of which may also

be utilized to provide electrical contacts to the secon WO 2007/008866

PCT/URg006162 88 22in i ¢ansim ﬁﬁmﬁﬁﬂ%ﬁuﬁéﬁﬂé’é@ﬂ%} apd/gfdhirpluralities of
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peripherally 5 from the halo, to provide easier electrical connections to the
secondliiasrAibelow- c%ﬁﬂ%ff@@qa%rsi%lgéw Wrgerambigidisides 604

secondgieatradris ﬁwlmdadmagw@al&clmcamgiﬂtqmsthesameaaadzﬁpamy@ and
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layers ¥28¢ viavkaksydrized % &ualithg Grsprorbivsveyct( 3ayrenpledso decordtrate 105.
transmﬁe\fﬁs@e{meme ayerﬂaqseegffea%ladpeeaﬂ%%d'@aé%l%ﬁt 5%

8I|ed as illustrated; in exemplary embodiments, the mask layéers 15
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msulatuhe @bthd tfinsdneispicte ctinéulaeridid | andnivay thiepsonadsifar lexampie, As
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are a ear ac uer evarlous |n or pro e’c |ve ayers

layers ¢@Blatsgesiarse tdlevelsorpnlind wmw@madé@t ﬂ}elapparmusfemce
AN emissiue | a4arLIERI iS.ARR 8 AI0! g%mgnéeégﬂ@eﬂrttﬁrﬁecwsﬁm&ééé

A second transmissive conductive layer 120 third conductive layer 145

is'applrerBiral transrticen/a 15%?09& IR s RieoRdusEXfidy 8 L pPotde difustrated,
layers ﬂk&&mddnmkrdﬁyer& Ik {suecltas wmitlithy/BryhndpplieshigitRe@uctive layer

remaln(?% af&ﬁs t%]l USt %e’fa&%’yl% ?ea“ lg%yefrro En ta 1% ICZ({&ELVG layer 110,

followed by color lay er Or vice-versa. o owing these ap

sealingdthgs ﬁham@e@oaﬁﬂaﬁpnem@fhémtmwgee@¢qh@a@mm@ 80n a
Figure 341l da adoprAiaw danRiNTalt: ohpanduclive. aleckPsBside a

111, 112 of a first conductive layer 110 of a sixth exemplary apparatus 25

e%od*?ﬁmgr]faé@&&?&&qé@‘%%Sﬁ?e“f%achlngs of the present invention. As

illustrated One or more dielectric layers 125 are then applied to form the illustrate
pattern and topology. Next, an emissive layer 115 is applied over the dielectric layer(
125, followed by application of a second transmissive conductive layer 120 and/or thi
conductive layers 145. Various sealing and leveling layers are then applied, with a
25  layer of white vinyl (135B) formed, followed by a clear lacquer (135B). As another
alternative, a nanoparticle carbon coating may also be utilized in addition to or in lieu
of the various vinyls and lacquers. A colorant layer 130 is applied, such as through a
four color printing process, followed by another layer of white vinyl (135B). An
additional sealing or leveling layer (or a masking layer 155) may also be provided, as
30  previously discussed.
It should be noted that depending upon the selected substrate 103, the

sealing layer 135 coupled to the substrate 105 may be omitted, with one or more seal



Figure 19, within the first conductive layer 110, a first electrode 111 and a
second electrode 112 are formed. In an exemplary embodiment, the second
el BYE s spaced apart from the area to be |IIum|natedpkg‘;izijsmow026832
predetermined and substantially constant distance (illustrated as "A" in
Figure 19), forming a "halo" or otherwise 30’defining the periphery of the
illuminated portion of the display. Also, the second electrode 112 is

electrioglycopled Je-PiRIRGIVESRINGINHER AN IR NRWAG HiCRRUR Nayer
113, w%g] glso serv s to prowsdle addltlonal electrlcal contgcts to the second
/0
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secondl@ E%r ET?G%%S eaa% 81% PWi § Eia ?S%F‘% %Véf\}ll?fgf{m
S|gn|f|cantdetmvmbabtsﬂlatlon In exemplary embodiments, the various

sealing layers 135 difecily aitaghed é&%@‘?o%ﬂl?ﬁ%ﬁ?é%év@ goH e}e%ﬂlf?ere&the

co-extensive with the substrate 105 (or may have a smaller area); ata 1

mifimUiestHESE Bty &ﬂﬁﬁgﬁ%@é@ﬁd@ﬂ%@éﬁé PR wbl%sm@r%wéywnh
the up&ﬁéa@h&@@ﬂ{&h@@@élw@éasy@m&a@pﬁspmﬁﬂ%@@wﬂig@iw%%}q 15 (and

emlsswe and other active ons of the display. In e

mboc TR T S T B 57 B ePCRa e Yoy SreT s dvesh R By third
most (sahdistial)lgfethet Hlupaditydofgaiedcimussie! ﬂn@eﬁh@hwddumaﬂgym

110, a%dﬂﬂ?(“@st@&?%qgm%ddﬂﬁe]ﬂs%lﬂh'ﬁ&%ﬁ%ﬁ@&é&aﬁ%@@a&hhmd for

uncovered and thereby allowing for electrical contact to be made to the

p|l§a||t908ff@|@ﬁré%§lffa?ﬁ e iRy brsepadaciymedthaadhesiite
20 (or E&ﬁpaﬁ)dmmrﬁ@e&w ledisto s SeioRaLYigNs mébﬁo@xﬁwﬁ&m&f@ﬂd)

dlm t in accor the teachings of the pres
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protectwehl ay&wtamcﬁdm/gtmaaqnwstcé £856}iselg mptibnat maglofaye & ¢dbiluctive
As meptigned above, such sealing provides higher performance and protects
the apparatu 900 from environmental conditions and other degrading forces,

s#én as water absdiptsiTHomiRg FRPRIFD ROERER MtisiPebaditinsevenis
levelingdayary aieeHtii#Rcient time to dry or cure, depending both upon temperature,

ambient (relative) humidity, and volatility of any selected solvent. For example, the

various layers may be dried ambiently (approximately 72 degrees Fahrenheit (F), at 4
50% relative humidity. Depending upon the selection of binders for various layers,

25  ultraviolet (uv) curing is also available. Various display examples (Example 2, below
have been dried at 150 degrees F, with approximately or substantially 4 hours of dryi:
time for the dielectric layers, and approximately or substantially 1 hour of drying tim
for the other layers. The various signage examples (Example 1) may be dried at
approximately or substantially at higher temperatures (e.g., 220 degrees F) for a

30  considerably shorter duration (e.g., 30 seconds). It will be understood, therefore, tha

wide variety of suitable drying temperatures and durations may be determined



for control over surface topology, also as mentioned above, and to provide a
visuallﬁ 25 ogtically neutral density. Also, while illustrated using substrate
1(3’%?52.‘ ‘gﬁ?{’g &) protective layers 135, mask layers 155, first ¢ E@éﬁ{’/‘?’r’&%%z
110, dielectric layer IT emissive layer 115, second transmissive conductive
layer 120, third conductive layer 145, and ¢&tor layer 130, it will be
understood that any of the corresponding layers U. the other embodiments
may alse bR izethsauralenty ROASNIUI DR SYHERlksaled nker
18, the VArious illustrated layers and structures illustrated in Figure 20 may
be utilf2egreitht 8P B tRe various embodiments previously discussed. For
example, the variogsysealifgRAgIQINv2AR6/OEB866-RCREISAROBLODESBhg
-46 topological leveling. layers 135 may be.utilized bet n an lous
pluraliﬁﬁ@r%’ “Eond gt rgrlg%fg t??éoﬁ?ép f:%}r%a ﬁqé Ve ag{%?gi\éi%%lonn r%tg&g}lrﬁl 8 aEy’
erfibodiepenting sealifiy kalestci3snsodpptiddnerthe inmestay fececonBs Gioes, when
su bs”ﬁltﬁitil_ﬁ;li’é 1940 Shecadaitonaldnyeisariad sitrasaively Rsimciiseissed

|

below. As illustfated, the sealing layer 135 comprises a first layer 135 uc

as a CROBFPREIBP IR EIER FULFRIVE RS RIS Sy £58PEY §H’€ﬁ%§cj‘9}f@? s he
layer, angconayppreitdeigheathorivyisyred.bdexdhepiartabiityadfingiststan error
clear lacquer and a .white vinyl.are utilized t i i Y& k3Ral
couple%“?gul?ﬁg %ﬁ%‘é‘%}‘é’f@viﬁé{ g?ﬁ%%?r@é%&é%ﬁ%%rge};&%{r{%gﬁgﬁ%ﬁd i(r)1 g !
pHiterredodpetideitaca)plurality of 10 conductors, one or more of which may

also be utilized to psevide leslicalraNtacts Rilke:se¢RRATRNEMESIMG additional
conductive layer 120 and/or third conductive layer 145. AE rev{i}cg)}gtslé tional
g Adfditiona

discusSERSH SIS aHI I AFYeR BUBMTEREZSna rene L5 eowtsis
condugieslayer sl is sisetapplidindmwhepattzing, dirsthefdralapplying the next laye
circumfetence, hatei. and Agrd palter.exianding ReURBRAb AR te

halo, to provide ga3|er ‘i‘ge ectrical connections to tAe second trqnsmlsswe .
cohduetvbcktites vBhieagrfustiedayehtosaeishtre bsesent sy el meca! tyrpgterials

with thepsegnd (rRpgRIssive ANAUGINRIAKEN eRARMpFtIKd COnsbGTvRcuit).
layer 145 from below, from the first conductive layer 11 rathef‘r tha%bein

overlaid BREBH DY 4 SB8 S FHALHTRLIDR B3FGuEhoR I Er 126 iW%S%éSE)%FEEg > ma;
applicatiomsiepsdygeay tacsusrrispoisiapplien asylhistiatechttd.provide a 20
leveling layer and agdiiopa Sealing, ©IE TR ARIRIE RIPS 20 Subsirae

then applied to form
20  asurface finish coating is applied, in order to smooth the surface of the substrate (on a

micro or detailed level). A conductive ink is patterned on the “live” area of the
substrate (i.e., the area to be illuminated) by offset printing, and allowed to dry as
discussed above. Multiple applications of conductive ink are applied, using the
alignment (reduced or choked patterning), and the remoisturizing discussed above.
25  One or more dielectric layers are applied as a patterned coating on the area to be
illuminated, and allowed to dry as discussed above. A polymer reflective (or mirror)
Jayer is applied and cured through ultraviolet exposure, providing the plurality of
reflective elements or interfaces. An emissive phosphor is applied as one or more
patterned coatings on the area to be illuminated, and allowed to dry as discussed aboy
30 A clear ATO coating is applied as a patterned coating on the area to be illuminated, a
allowed to dry or cure as discussed above, e.g., by brief, mild heating. Fluorescent

RGB or specialty colors are then applied to the appropriate areas to be illuminated, a



pattern and topology. Next, an emissive layer 115 is applied over the
dielectric Ia%/er 125, followed by application of a second transmissive

condd&iV&t4f%er 120 and/or thi conductive layers 145. Variou%céré%?ﬁ‘?&%?ﬁ?}ssz

leveling layers are then applied, with a 25 layer of white vinyl (135B) formed,
followed by a clear lacquer (135B). As another alternative, a nanoparticle
carbon coating may also be utilized in addition to or in lieu of the various

vinyls QW&?&%?ahﬁ%%@@LW@r ERPVR ABRISH s SHERBRHVRUOR Bt dprocess

color printing process, followed by another layer of white vinl}:]l (135B). An

additioHsSealipf) Gt le eI Rt ki iat 88)0h Ly 4 pepobymer
provideshias iS&previgushadiscussestett shalidhelnetgodhat depending

upon the selected E}paslnnﬁa]tﬁe,?lﬂ%%#a%: Ség%l(i)n\%ilﬁl g{hl §088H9$%9 J&ltgle%heeted

substrate 105 may ; or more seal WO 2007/00886
PG TIUSEO0E/02688R fividagerirapphenlisdeintrelecmampetgivsiline of the

display, sUehae Ly alithemissive laxey. Al beiesamalepnbesdnplasioer
other comparatively hydrophobic or water impervLous material AsaHtiIiz otloa(fr y as

/ p 2
the suBetFERs) % g Evbsftaty SYlace BAELFX AR BiliceE S dahng Tay &
couplegidaithel subsirateuniply bephiesthed oCanversstlyik acappliedsesinglthean
upper of. second sealing layer. (coupl t iSSi
R o
ebfissi@adayanotadiylarajcieyerirae aprirg anmreaingamnyea e thaareaLy e active
_rI‘IeedeQiQMQ{],tERQIIf&ngEQ'BSj?@ié(@dﬁ?{@gsid-glidgguﬁ@ﬁolﬁrﬂﬂ%ﬁ@cﬁ&é_\(aﬁﬁlirro;) layer
illustrate several important features qof the resent.invention. First, sealing.
layers PEBRieA 3RE\FEE Wm&ghs‘t}ﬁgi’é%‘tﬁ&ﬁg‘}l’%sﬁ %£§%Y5¥3 BHes T:l |¥/aeiz’ﬁgy?séef§% e
the displayeariculeycthe Amissise tayerstis {amlicdeneringtaye rtsea@;neh
2 the SSSRd IANRIIANG SRRANGINE AYSLA ARGARK i FaPdNcivRoic
layer 1 %15 prov?’d ng environmental protection and increasing the robustness

ahdl longevitjcofdmkelsplsightzcediteddaracn e mibia Brdowdairsal fip dielectric
controhyey they sHEfRGE PRSI0 Wvkich s lluatiirras éanpadfieméaes

same compounds comprising the sealing layers, %hougg%lhis.is.ogtion l.and

ot recRARRIES (RS SCH A S YRS S RS e BRI R i foed

réate’a
visuallyinessttdaesrsighowucholiswinprevidisariyiay, leectisondotife cokdigee is

match {oﬁﬁe‘%ﬁ%‘x \%ﬂhﬁﬂ{%ﬁg %‘e%%ié/ St !)%ng, such as those described above with respect
20  to Figure 10, to substantially allow maximum or sufficient edge length. A clear ATO
conductor is applied through flexographic printing, patterned as columns (or rows) ov
the top conductive ink trace and also choked to be within each column (or row), and
allowed to dry or cure as discussed above, e.g., by brief, mild heating. Fluorescent
RGB colors are then applied at each intersection of a top and bottom conductive ink
25  (pixel or subpixel) as color triads, and allowed to dry as discussed above. A polymer
sealant is applied via coating and cured via ultraviolet exposure.
Numerous advantages of the present invention are readily apparent. A
a light emitting display, the various embodiments of the invention may be fabricated
using any of a plurality of conventional and comparatively inexpensive printing or
30  coating processes, rather than through the highly involved and expensive
semiconductor fabrication techniques, such as those utilized to make LCD displays,

plasma displays, or ACTFEL displays. The various embodiments of the invention i



20 In the following examples, as each layer is applied, that layer is generally
given sufficient time to dry or cure, depending both upon temperature,
aﬁ’]@éﬂwpgfgfﬁ/e) humidity, and volatility of any selected solverftrGp006/026832
example, the various layers may be dried ambiently (approximately 72
degrees Fahrenheit (F), at 4) 50% relativefiumidity. Depending upon the
selection of binders for various layers, 25 ultraviolet (uv) curing is also

available Verjousdisniay sxamples(Sxamplendbelarmubenerpenaipthaphors

150 degrees F, wit proximately or substantially 4 hours of dryi: time for

the distbeansatlyardugna BISARSUAN SRS PTWEBRTially 1 hour of drying tim

for the oth_er Iayersrly@g@;mskgﬁ@ga mxempflesfiErdmpleab) maydstllded

at approx‘%baﬁ%)éggg%rjb%t Qrtl%l{%}%t/ P(',%Q r ?o@%ﬁﬁé?&é%io@@%@»%ﬁ(ﬁ%ﬁts may

F) for 4184 fyas orter duration (e.g., 30 seconds). It will be

usderstaoglethgresdrecthdowwidesieanéydpanitabilbanihey 18w ei4tuPs s QR ©
durati 9&%@?&?&1@4%%&@3&9@&@%’ QRR8GH P HSIRINRER3Aso4Bovide a

empirically by those of skill in the art, and all such variations are within the
scopevofletra g aSasle IS ARARS other techniques have also been

incorporated into thedallpwibg cexayiples] Beomentidried alvoesupiapetons and

alignment, (reqistration) between layers, INg MPontheselestedr th 1
embodht ‘f?%ﬁlgf/“ﬁgyirr?peo%?ﬁﬁ ‘Awé%glgo%g%%%%grrz%@?wher@ multiple layers gfn v

aenduativepnafériaintipkareltiside It ROALRIRRABIBGRIRAS! 10 the

YO'Umg Lachsubseadentiavshisinriasisbibhsyatieidtahaked)ihanitfared. Tt i
imme %te y preceding conductive layer to reduce th I’%babIAl otf. Al
registrefliRAUEPs RIS SCE BRERFARRE S eﬂ%m&ﬁﬁ‘%e%%ﬁ%& ggﬁgﬁé
the boyndm efdReopeiginat Rigenductive trace). Second, as drying may cause
shrinkage, the substrate and any additional or intervening layers may be
remoisturized, allowing the substrate and any additional layers to re-swell to
substantially its or their original size before applying the next laye In the
examples discussed below, such remoisturizing is employed during the 15
applications of the conductive layers, to avoid any subsequent swelling of the
material: after the conductive inks have set (which could potentially result in
an open circuit). Alternatively, using the various sealing layers, separate
drying of the substrate 105 ma; be unnecessary, and those corresponding
steps may be eliminated.



Example 1. Signage: Using either continuous roll or sheeted substrate 20 a
surface finish coating is applied, in ord?;alr to smooth the surface of the
substrate (on a micro or detailed levet). A conductive ink is patterned on the
"live" area of the substrate (i.e., the area to be illuminated) by offset printing,
TR ewedtoHey as discussed above. Multiple applications of conductive
ink are applied, using the alignment (reduced or choked patterning), and the
remoisturizing discussed above. 25 One or more dielectric layers are applied
1.as a patternad e mgydihsiarea to be illuminated, and allowed to dry as
discussed above. A polymer reflective (or mirror) layer is applied and cured
throudyPPlRtEEolet exposure, providing the plurality of reflective elements or
interfages: AnRPIssiephsisphokis appliegas one or more patterned
coatings on the area to be illuminated, and allowed tg dr){ as discussed abo

30 ATISH AYBILE g ugifewl e padurhise el ¥ the area to be
illuminatedcaicaAlgued ipldnien CLEe @p disesisset abfey el editpyratiunids;

heating. Fluorescent ROB or specialty colors are then applied to the

approP RS HMEANT BRUNIN IR SISHITS 206771008866
PCTIVS2006/813683P1cvdiad oxved douglydasibisciissBoaahees: ©M¥iphery of
colorants ?re priﬁte via a alﬁo?r)tﬁ pr?,cess or as spot colors to flg)rm the
the ARG (HEh- MBS SR Ur e Sign I poEr S Ay s aittied via
cog@adingiand cured via ultraviolet exposure. Example 2, Display: Also using
either continuous roll or sheeted 5 substrate, ag?jgrfac%ﬁnish Coaﬁin [

gis
appliddsif e BB T WG RRE W1 R SO WRIS A B SR g 18YsF and
codptaded devehnPAcoaddectivE ink ik patiaimag asctansc{ors:caldmns) on this
substrate suyface usjng flexo hic, printing, and.allowed to dry as
s b AT n I A OH B CO A Ik SR Pt i and
tothigeabgrmenip{tgduced or choked patterning), and the remoisturizing
discussed above. 10 One or more dielectric layers are applied as a coating

bounded by the area of the active display, and allowed to dry as discussed
2.abov@hAdpelywinerdiefinstivec(eimmirrenelayethistappliat and wuraditiougiond

ﬁjﬂtra\gaolet exposure, g ov'diE the Igrali%/ of reflective elements or
seilbrSsS S ARG PHbREHEP OB EPR e or more coatings
bounded by (and slightly smaller than) the area of the active display of the
uced area to be within the

dielectric 15 layer (i.e., choked or slightly. re
3 boun i STsr e B RE, M R B S e Al e Secanaa
seabngictoratak ompatiaindd asquer-based compound.

4. The emissive display of claim 1, wherein the first sealing layer and the second

sealing layer are further comprised of a colorant.

5. The emissive display of claim 4, wherein the colorant has a visually neutral

density substantially matching a coloration of an adjacent region of the emissive display.

6. The emissive display of claim 4, wherein the colorant has a visually neutral

density substantially matching a coloration of the first plurality of conductors.



columns (or rows) on this substrate surface using flexographic printing, and
allowed tc dry as discussed above. Fgrg]owing remoisturizing, each
conductive ink trace is patterned with-multiple apertures or bends, such as
those described above with respect 20 to Figure 10, to substantially allow

7. maximwneQrssiifidrptedae 189t whelear e @ scopdusinihisarpliedayer is
through flexographie printing, patterned as columns (or rows) ov the top

fupBRBCRERE AR thedir sty U S B AT R EH R U6 s | GSFTHE WY Antr
coalpiad B WK Teklas Kisessad RRAenE. the BicRidaicmijdheating.

Fluorescent RGB colors are then applied at each intersection of a top and
bottom conductive ink 25 (pixel or subpixel) as color triads, and allowed to

8.dry asidisehissed akpys: 4F PRIVMEfisaRiasisHaRRiied via coating and cured
via ultraviolet exposure. Numerous advantages of the present invention are
readify SSFPKFERC R HRY BPiRIAY HISHRRTIIHE Utibin STAButiiTBAK &Y tHe?

ladquentieseinednhpdabricated using any of a plurality of conventional and
comparatively inexpensive printing or 30 coating processes, rather than

through the highly involved and expensive semiconductor fabrication

9.techniguesissicb asphgserdtilized tanrkedfhiidisplaysonlaspraodisplayseling
| or ACTFEI%giqsg)I ys. The various embodiments of the invention it WO
AWFEPRIEERE P E TtIES00BTELE683P°U86 be embodied using comparatively

inexpensive materials, such as paper and phosphors, substantially reducing

rodyction costs and expenses. The various embodiments have a flaf form
G cto TS ARG G ATy ISl i AW PO e and
an§xaiNiplen dhe velieus ldsvRodimenis mayide berscaled dépfatavaiss fosmipripr

of wallpaper, billboard or larger size, or dqwn tg cellular telephone or
P SRy RSO R F B e BAAOHTACHS BH Bronmtie o wicle range

of selectable resolutions. From the foregoing, it will be observed that
numerous variatiops and difications may be effected without departing
Utrom 146 SBIRE R SBHBe b ARVl 1oy 6 e 65 BY 8 PATATAET 14 be
plundieysioochthatse lvgatidnpdth fieape glctiptheyspetificimeatbadisandf the first
lﬁﬁpgaratgs illéfstrateg herein is int@nded or should b(f#nfer.re At it of course,
P8 e CE T byt ALY S AL e SRR IR SHRESH SHEEE fall within
the scope of the claims. -51 -
12. The emissive display of claim 11, wherein the second conductor of the first
plurality of conductors further comprises a unitary and continuous conductor disposed in

both a halo and a grid configuration.

13. The emissive display of claim 1, wherein the first plurality of conductors are
spaced apart and disposed substantially parallel in a first orientation, and further
comprising:

a second plurality of optically transmissive conductors, the second plurality of
optically transmissive conductors spaced apart and disposed substantially parallel in a

second, different orientation.

14. The emissive display of claim 13, wherein the first plurality of conductors and the



The invention claimed is: 1. An emissive display comprising: a substrate; a
first sealing layer coupled to the subst@te; a first plurality of conductors
coupled to the first sealing layer; a diefectric layer coupled to a first conductor
of the first plurality of conductors; an emissive layer coupled to the dielectric

selyRrpaifistiiopelagisal leyelingdaxet sruRlet swbalanialadiacanhie i@ a
geriphery of the emissive layer, the first topological leveling layer comprisirég .
su H‘S

SARYRBA S CutispbuIngicaBHEBrRNLPHEL fraraifSSERBRIYAeM SR
setbctBe @nisie HIXeE Bnd pIeMPIEhICansacrite aRndusiontdhe dist aluRbidy of

of conductors; and a second sealing. layer coupled to the second, opticall

the Seramioive o RREF A ha i i vsr dRRIYRIBIAyIcHAngha 1@%@&9@@@&?&@#61)

or@hL6lskBl b wheseiRshe dirgtisgaling layer and the second sealing layer are
comprised of a hydrophobic compound. 3. The emissive display of claim 1,

wherein the first sealing layer and the second sealing layer are comprised of
15? |aCCl‘h@|_reBﬁ§£del Qﬁéppgkmh 1éi.an e, w?&éi}q&w@mal;&fsfl@ﬂﬁﬂel,dﬂhwe@m@e
first sealing layer and the second  sealing layer are further comprised of.a
di ﬂ%f?@%%}ﬁ&ﬁ#@ﬁ%ﬁé@&%yavwe%ﬁia,%é?é?ﬁt SRR %@%ﬁfst
plvistallymewdat telensityssidostantialheroatching acalatmiies of ar agjasent
region of the emissive display. 6. The emissive display of claim 4, wherein
pl’t‘r‘ig1&3ﬁﬁﬂ??dg'ér@@??a}ﬁ?ﬁ%ﬁ?ﬂuﬁ@ﬁsity substantially matching a coloration

of the first plurality of conductors. -52- 7. The emissive display of claim 1,

wherein the first topological |eveling layer is further coupled to the first
oral G USTHE R Sb Lo oS HIBER JEh P UGS 6t
vdahestirahplwtaliviofeanidueiars gindl thesdiglaelriss yem&shkealBplissigits light

display.of claim_1, furtEer comprising: a second topological leveling layer
up@&ﬁﬁéé%aal?ﬁg inyIXBa&ed compound, or a lacquer-based compound. 9.
The emissive display of claim 1, further comprising a second topological

eveli o . .
IJ. uﬁge emissive display of claim 1, further comprising:
a third conductor coupled to the second, optically transmissive conductor, the
third conductor having an impedance comparatively lower than an impedance of the

second, optically transmissive conductor.

18. The emissive display of claim 17, wherein the third conductor comprises at least

one conductive path and is formed from a conductive ink or a conductive polymer.
19. The emissive display of claim 1, further comprising:
a color layer coupled to the second sealing layer or to the second, optically

transmissive conductor.

20. The emissive display of claim 19, wherein the color layer comprises at least one

fluorescent colorant or color conversion material.

21. The emissive display of claim 19, wherein the color layer comprises a plurality of



layer comprised of a lacquer-based compound. 10. The emissive display of
claim 1, wherein the first topological le fling layer and any additional
topological leveling layers provide for a’'surface of the emissive display
having a topological variation not greater than about four microns. 11. The
re@Misstyardismia pltiaimsdsprgeein the second conductor of the first
plurality of conductors is spaced apart from a periphery of the first conductor
of the first plurality of conductors by a substantially uniform and
2opredatperpinesh HRPES: di1dine AMisaive dispiaiehelaim 11, wherein the
second conductor of the first plurality of conductors further comprises a
unitafy 21 BENTHIGITSRIGHAR RS CaSp S86: i B ANgelfty St R gfiRi e 2
pleRNfiguratioRud 3rdh e @piss ivenslisplayeefl pinels yyRampinrdhevfitat phuiality of
conductors are spaced apart and disposed substantially parallel in a first
red &ReR K WHA RirahePT sBhEhg: a second plurality of optically
transmissive conductors, the second plurality of optically transmissive
conductors spaced apart and disposed substantially parallel in a second
2ifferd At SRAMATSHS aw%@?@mi s ea%% BrUBIHLSY RherRi e
dipler@lity-9t canduainrsaneythe maBthsaeconadpbiyabiiy ptapticayisansmissyare
con& ctors are disposed to each other in a substantially perpendicular
fogREH MiBHN WA W8PEMEa region substantially between a first selected
conductor of the first plurality of conductors and a second selected conductor

of the second.plurality of gptically transmissive conductors defipes a picture
24e|emfh? STV D SRER X ICJ)?‘{HeY eMISER! ?swﬁmt%.h?ﬁa %%;m SHISY

abolickaisnid amhgreienthelpixel or subpixel of the emissive display is
selectively addressable by selecting the first selected conductor of the first
plurality of conductors and selecting the second selected conductor of the

25secoftie pluiaditye ofi gpéically ianInvesive canrdusiostird by i eRdiSSMS is
dis of claim 15, wherein the selection is an application of a. voltage, and
o b RS e R B B B L S e A ver

upon application of the voltage. 17. The emissive display of claim 1, further

mprising: a thir n r. | .th nd, ically transmissiv
2£OMRSing. a hird conduptor coypler o he second, optically ranmissive
cond :
27. The emissive display of claim 1, wherein the second, optically transmissive
conductor comprises antimony tin oxide, indium tin oxide, or polyethylene-

dioxithiophene.

28. The emissive display of claim 1, wherein the emissive display has a substantially

flat form factor and has a depth less than five millimeters.
29. The emissive display of claim 1, wherein the emissive display has width and
length providing a display area greater than one-half meter squared and a depth less than

five millimeters.

30. The emissive display of claim 1, wherein the emissive display has width and



third conductor having an impedance comparatively lower than an impedance
of the second, optically transmissive %%nductor. 18. The emissive display of
claim 17, wherein the third conductor comprises at least one conductive path
and is formed from a conductive ink or a conductive polymer. 19. The
lefgnissive disptayigiielpimal o feuthemep MRTiaiNgnR ePlRuiayeafauRle gk dhethan
second sealing layer or to the second, optically transmissive conductor. 20.
fiveraitisSte display of claim 19, wherein the color layer comprises at least
one fluorescent colorant or color conversion material. 21. The emissive
display of claim 19, wherein the color layer comprises a plurality of -54- red,
3lgreer BneEnbitie Bt By %Bﬂﬁ%ﬂs.%r?w%%vata@méyeo@y@%&ﬁ%g, layer
arfUrtheragmprsngdaTasking taysssceupleditaithe color layer, the masking
layer comprising a plurality of opaque areas adapted to mask selected pixels
or subpixels of the plurality of red, green and blue pixels or subpixels. 23.

32The emiissivies sisplaypafyclaitlaimvshergiorihe diestpbsaliy afcaaduetiers: the

dielectric layer, the emissiye layer, and the second, optically transmissive
COBHHbﬁEét%»P&FéhFéfrﬂfé’&%ﬁ ARG %F%‘S&iﬁ%ﬁ?gﬁlﬁ IS RSERRATRE piRg ofalleys

orciaimdsivdnerein she suegtratedas, a thickness between about one mil and
fifteen mils. 25. The emissive display of claim 1, wherein the first plurality of

conductors is formed from a conductive ink or a conductive polymer printed
33N thtf}féralhﬁ@a{tegﬁl@ﬂ@y.ozsLa;]ﬂihsﬁ;rmsfm dhﬁiﬂ@wxﬁflﬁi@md tlt,lh\é/h’fﬂ;iefﬂlﬁhﬁty of
emissive layer comprises a phosphor. .27. The emissive display. of clajm 1,
CORANSHR (HE QRBBHA BB SR LN b BB o RAGTHAR i
vadsigleonndiufidini axieethercpdiyethylanstraioxithiophene. 28. The emissive
display of claim 1, wherein the emissive display has a substantially flat form
factor and has a depth less than five millimeters. 29. The emissive display of
34claimThewheseive thiggagissiveidisplahhamwidtnasd vicngth aroyidieg & least one
disf{)Ia area greater than one-half meter squared and a depth less than five

SCHIfiAgsHe

35. The emissive display of claim 1, wherein the emissive layer comprises at a

combination of at least one semiconductor and a phosphor.

36. An emissive display comprising:

an optically transmissive substrate;

at least one color layer coupled to the optically transmissive substrate;

a first, optically transmissive conductor coupled to the at least one color layer;

an emissive layer coupled to the first, optically transmissive conductor;

a first topological leveling layer coupled substantially adjacent to a periphery of
the emissive layer, the first topological leveling layer comprising a vinyl-based
compound;

a dielectric layer coupled to the emissive layer;



30. The emissive display of claim 1, wherein the emissive display has width
and -55- length providing a display area greater than one-half meter squared
and a depth less than five millimeters: 31. The emissive display of claim 1,
wherein the substrate and the first sealing layer are integrally combined to
form ag.epnbgssrdisHbsHAB. 38T W aBissiNes tishlay R athe 3dsombgnainlity
the embossed substrate further comprises a plurality of peaks forming a

of CoReegeRUingHRIESItY Bedysbawtipaly vansyusdres arersigeatipgecond
coamRassedstIbsiratep B3alTihe Looishive fisp @y plalainm3Aisdanein eachnd

conductor of the first plurality of conductors are disposed within a )
corredpoHdify banRyFor e piliatty Stpadddralareiransdysar mreifstidiet
thotithegmbossed substrate. 34. The emissive display of claim 1, wherein the
emissive layer comprises at least one semiconductor. 35. The emissive
display of claim 1, wherein the emissive layer comprises at a combination of

37at leagionaisanycRgdMetar Q4aicha PhosPRaT 1B6 fifvd RMISSI Ve eisPlayther coupled
comprising:ﬁan optically transmissive substrate; at least one color layer
X

to {e SRAF IO BBRESINF FAREHAISsive substrate; a first, optically transmissive
conductor coupled to the at least one color layer; an emissive layer coupled
to the first, qptically transmissive conductor; a first topological leveling laye
3¥oupl %éféﬁfﬁ@ﬁlw AUACERH TR p& ﬁa}ﬁ&fftlfﬁ%%&%&?aﬁwe??m@lﬁﬁ ofa
hyl@pelegicat davedingilayer comprising a vinyl-based compound; a dielectric
layer coupled to the emissive layer; -56- a second plurality of conductors,
wherein a first conductor of the second plurality of conductors is coupled to

3gdhe firdic epticdlly tRpBMiSSiIE BOVE UetaicantnapsBaans seandueiglingf her
segod:d Iu:}alitg of co g,uctors is couple(éto the dieg‘fﬂj%ric layer; and a first
coRL5ihty IHyelr eh L Lo tha SBASIHY SR BrRESAATEBRSENG B Sldes of
the display. 37. The emissive display of claim 36, wherein the first sealing
40|a yerﬁef%glr}(sasri\(f:g HPslp?lgy of claim 39, wherein the first sealing layer and the second
sealing layer are each further comprised of a colorant having a visually neutral density

substantially matching a coloration of its adjacent region of the emissive display.

41. The emissive display of claim 36, further comprising a second topological

leveling layer comprised of a lacquer-based compound.

42.  The emissive display of claim 36, wherein the first conductor of the second
plurality of conductors is spaced apart from a periphery of a second conductor of the

second plurality of conductors by a substantially uniform and predetermined distance.
43.  The emissive display of claim 36, wherein the first conductor of the second
plurality of conductors further comprises a unitary and continuous conductor disposed in

both a halo and a grid configuration.

44. The emissive display of claim 36, further comprising:



to the optically transmissive substrate. 38. The emissive display of claim 36,
wherein the first sealing layer is comphg ed of a hydrophobic compound. 39.
The emissive display of claim 36, further comprising a second sealing layer

coupled to the first, optically transmissive conductor or to the emissive layer.

40. Theeryrsiva disiast epalainy 39nwhetsin thadirsbsealingdaysrianchihgive

second _sealing layer are each further comprised of a_colorant havirflgq a
@é]ﬁt

layge, s e RIRTAdEh Sty PEGB LI HATR R G AT Bt b AAtRA Sk HD 3iA

pai@gimnof the: emissivRdisalay. 41. The emissive display of claim 36, further
comprising a second topological leveling layer comprised of a lacquer-based

compbifiaisbe prePRARIG R Rbrp Grlptiars slispRss s bt rrial amdrilebim

se@bibedsaeand oplealityf conductors is spaced apart from a periphery of a
second conductor of the second plurality of conductors by a substantially

uniform and predetermined distance. 43. The emissive display of claim 36,

43vhereinthaifisslconplagtor ohthessecomseribhatitgiabconductors further
comprises a unjtary and continuous conductor disposed in both a halo and a
grid @ofifrgm%%t%@rwéesﬁﬂé&ﬁfﬁraﬁswavﬁ}ycia%ﬂ%@eﬁsf&?tﬁ@?%mbrréﬁqﬁurd

corifrctofirslvpldralitynptfisst o ptisalhrdraesmissirelconaucips saidiehtorthe,
emissive layer, the first plurality of optically transmissive conductors disposed

OPLTBSAHARIN PAYA AN 'S st orientation; and wherein the second plurality of

conductors are disposed substantially parallel in a second, different

orientation. 45, The emissive display of claim 36, further c rising: a third
T e R T A e gt o
traeadugier dadingantin pedende Lestparativelyilaweydhamanimpesiapralof

the first, optically trapsmissive conductor. 46. The emissive dis of claim
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codi@lgctric layer, the emissive layer, the first topological leveling layer, the
second conductor and the first sealing layer are formed by printing or
coating. 47. The emissive display of claim 36, wherein the first, optically

4 transmiissivessive display of claim 36, wherein the first, optically transmissive

conductor comprises antimony tin oxide, indium tin oxide, or polyethylene-

dioxithiophene.

48. The emissive display of claim 36, wherein the first sealing layer is integrally

combined with a second substrate to form an embossed substrate.

49. The emissive display of claim 48, wherein the embossed substrate further
comprises a plurality of peaks forming a corresponding plurality of spaced apart valleys

on a first side of the embossed substrate.

50. The emissive display of claim 49, wherein each conductor of the second plurality
of conductors are disposed within a corresponding valley of the plurality of spaced apart

valleys on the first side of the embossed substrate.



conductor comprises antimony tin oxide, indium tin oxide, or polyethylene-
dioxithiophene. 48. The emissive display of claim 36, wherein the first sealing
layer is integrally combined with a second substrate to form an embossed
substrate. 49. The emissive display of claim 48, wherein the embossed

51substrate-fHribee ¢RpIRYISEs]iRI BRI SEREAKSIRIEING12/6PUaSPAREING lcast
plurality of spaced apart valleys on a first side of the embossed substrate.
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ity of conductors are disposed within a corresponding valley of the
plurality of spaced apart valleys on the first side of the embossed substrate.
-58- 51. The emissive display of claim 36, wherein the emissive layer

5compKisemakleasispre sampernductor, or a phosphor, or a combination of at
least one semiconductor and a phosphar. 52. An emissive display

comprREf 4 andirhisa g veE SAHB RV BE SPRSG A the substrate; a first

condugfgec@f/gﬂrc@ﬁupb?@ﬁ@?ﬁm?@ﬁ@éﬂg @Mgﬁgf@&%&@?@ﬁ{@éﬂ%ﬁlﬁ%lager
comprising_ a Irst plura It electrodes and a secong plura |ty of electro es,
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pletectiasies: ardiglecteelryar Gasipted fithen firsiconeuGty e flayRkiodss;
emissive Jayer coupled to the diel::{;tric layer; a ﬁESt topological leveling layer
1

coupfeti SabEta AT Apebif e FESBAY B tHEEmissive layer, the first

topolegisaldeveliagelayarptamprising devimylbased compound; a plurality of
opticall transmissivE}co ductors couplle%o the emissive layer and

is y )
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thsealisgayeyeotiplgidstadhel glivaliy of tansissiveanguctorg aagdetd sides

of the display. 53. The emissive display of clajm 52, wherein the first.sealin
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andyopoespihdddal ¥ beupieibsivie dispbayl phatding bRclstheses; thedfirst sealing

layer and the second sealin ia er are eac cor? rised .of.a colorant havin
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sidegigmief dbglemissive display.

53. The emissive display of claim 52, wherein the first sealing layer and the second

sealing layer are comprised of a lacquer-based compound.

54. The emissive display of claim 52, wherein the first sealing layer and the second
sealing layer are each comprised of a colorant having a visually neutral density

substantially matching a coloration of its adjacent region of the emissive display.

55. The emissive display of claim 52, further comprising:
at least one wherein the first topological leveling layer is further coupled to the
first plurality of electrodes, or coupled to the second plurality of electrodes, or coupled to

the dielectric layer.

56. The emissive display of claim 55, further comprising a second topological



55. The emissive display of claim 52, further comprising: at least one wherein
the first topological leveling layer is fur Eer coupled to the first plurality of
electrodes, or coupled to the second plarality of electrodes, or coupled to the
dielectric layer. 56. The emissive display of claim 55, further comprising a
lesarant jopalagieak B8 devaling lsue comprised of a lacquer-based
compound. 57. The emissive display of claim 55, wherein the first topological
leveling layer and any additional topological leveling layers provide for a

spurfagaofthe pisspieydispiaym v ing adanalogisalomliation Nakyigateer and

than about four microns. 58. The emissive display of claim 52, further .
anyAABHORY- anoIoEifR) 5t aliRg EoisatRiBridedived SEHARI Y Be Bt s dignlay
haRiuEad By 8f ] QRtoaltrans missive e P AtciBES: aghntiirdigonductor of the

plurality of third conductors having an impedance comparatively lower than
an impedance of the corresponding optically transmissive conductor of the

slurafity-ehgpticalbidsanssiissive SoMuHGersongRislie emissive display of
claim 52, further comprising: a color layer coupled to the second sealing layer
or to HEBRIIRY B SRR B RSERR B GBS 96 | etk
optisgligytah siaism e yaacednsthecolpir dayeideersprises atueast @rehird
rescent colorant or color conversion material, 61. The emissive djsplay of

fluo
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emissive display of claim 52, wherein the emissive display has width and

¢ r(}:ll'b‘:ﬂ?rﬁroviding a display area greater than one-half meter squared and a
depth less than five millimeters. 63. The emissive display of claim 52,

whergin the substrate and the first sealing layer are integrally combined to
Sorm LA L RE 0 e R G EATELNE ispiay of i 63,

whergitotbeleyobosseid Srbsitate fudheiliagngasesta plealitylal pgalsically

forming a corresponding plurality of spaced apart valleys
transmissive cond%c?ors. 9p y P P y

60. The emissive display of claim 59, wherein the color layer comprises at least one

fluorescent colorant or color conversion material.

61. The emissive display of claim 52, wherein the plurality of optically transmissive
conductors comprise antimony tin oxide, indium tin oxide, or polyethylene-

dioxithiophene.

62. The emissive display of claim 52, wherein the emissive display has width and
length providing a display area greater than one-half meter squared and a depth less than

five millimeters.

63. The emissive display of claim 52, wherein the substrate and the first sealing layer

are integrally combined to form an embossed substrate.



on a first side of the embossed substrate. 65. The emissive display of claim
64, wherein each electrode of the first %?I)Ind second pluralities of electrodes
are disposed within a corresponding valley of the plurality of spaced apart
valleys on the first side of the embossed substrate. 66. The emissive display

640f clajme 22 s RPN BMIBSING YR SO RIiSas RsIRASuIRite further
semiconductor, or a phosphor, or a combination of at least one

COBRHRSSTRICTEH Rhef & RIS ABREEC RFF PRUREPHSHILY ebthprrdRgay Valleys

orshbisttataheving anfisisbydiprhakic sealing layer; a first plurality of
conductors coupled to the substrate, the first plurality of conductors spaced

apart and disposed substantially parallel in a first orientation; a dielectric layer

o couptpgbtentheifiestiphualiy 9fieevdUeiassinah anissiyedaye frrotriet iosthend
dielectric Ia?/er; at least gne topological leveling layer coupled substantially

pluggliiehets s dpsrer bPe EIITUR 2 jqyss P RIS At B AL Rsgdligglax of

spiealinolayenseropiising @ sy iaseheomaotitmatsecond plurality of
optically transmissive conductors, the second plurality of optically

transmissive conductors spaced apart and disposed substantially parallel in a

66seconde diffierant aripniation]andsa, seeaath hydwphabiclsealinglpyesscaupied
to the second plurality of transmissive conductqrs and to sides of the displz%}/.
Of’éss.e*?‘ﬁ%oaf%ﬁ%@fﬂzé)ﬂ?s%‘?zgﬁp t&nt 89’?‘#2}%%%8%% RSt R ARty sd @

phegphlbictors correspondingly coupled to the second plurality of optically
transmissive conductors, each conductor of the third plurality of conductors
having an impedance comparatively lower than an impedance of each

67correspangingvadisgipticallygransmissive conductor of the second plurality of
opticallﬁ/Jtrans issive cond ct(t#rs 68. The em?give display of claim 67,
hipHeniist!
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a dielectric layer coupled to the first plurality of conductors;

an emissive layer coupled to the dielectric layer;

at least one topological leveling layer coupled substantially adjacent to a
periphery of the emissive layer, the at least one topological leveling layer comprising a
vinyl-based compound,

a second plurality of optically transmissive conductors, the second plurality of
optically transmissive conductors spaced apart and disposed substantially parallel in a
second, different orientation; and

a second hydrophobic sealing layer coupled to the second plurality of

transmissive conductors and to sides of the display.

68. The emissive display of claim 67, further comprising:
a third plurality of conductors correspondingly coupled to the second plurality of
optically transmissive conductors, each conductor of the third plurality of conductors

having an impedance comparatively lower than an impedance of each corresponding



70. The emissive display of claim 69, wherein each conductor of the first
plurality of conductors are disposed W'Ehin a corresponding valley of the
plurality of spaced apart valleys on the first side of the embossed substrate.
71. The emissive display of claim 67, wherein the emissive layer comprises

ol BSt P BSRICQIMIUEISF oPKiR: RRASRNEIAli & comRination afatigast one

semiconductor and a phosphor. 72. An emissive display comprising: a
cogBsiPste; a first sealing layer integrally coupled to the substrate to form an

embossed substrate; a first plurality of conductors coupled to the embossed

substrate, a first conductor of the first plurality of conductors comprising a

0Ounitah e B ESHFISRISE BhekdEry P ooty T suhs it Ane b et
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first plurality of conductors by a substantially uniform and predetermined

enpossRt U BSHRfBIFIBILSBTREHIE 4 ROUHL Weiond Coloitits: b tHE Mding

pltnaliyrapaceandpstovaliavs missive dayes CodRed dostae shelegtric layer, the
emissive layer comprising at least one semiconductor, or a phosphor, or a

combination of at least one semiconductor and a phosphor; a first topological

7d.evel'rnﬂelaiﬁﬁgs@whm@W@Hﬁ%@f@ﬁ%&l&@?&@ﬁf@&m ‘ﬁﬁlhgluralcilty of
emissive layer, the first topological leveling layer comprising a vinyl- base
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vadiissivehlayestantk complechtosdhid finskeenrductor of the first plurality of
conductors; and a second sealing layer coupled to the second, optically
transmissive conductor.

71. The emissive display of claim 67, wherein the emissive layer comprises at least
one semiconductor, or a phosphor, or a combination of at least one semiconductor and a

phosphor.

72. An emissive display comprising:

a substrate;

a first sealing layer integrally coupled to the substrate to form an embossed
substrate;

a first plurality of conductors coupled to the embossed substrate, a first conductor
of the first plurality of conductors comprising a unitary and continuous conductor
disposed in both a halo and a grid configuration spaced apart from a periphery of a
second conductor of the first plurality of conductors by a substantially uniform and
predetermined distance;

a dielectric layer coupled to the second conductor of the first plurality of
conductors;

an emissive layer coupled to the dielectric layer, the emissive layer comprising at
least one semiconductor, or a phosphor, or a combination of at least one semiconductor

and a phosphor; a first topological leveling layer coupled substantially adjacent to a
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periphery of the emissive layer, the first topological leveling layer comprising a vinyl-
based compound;

a second, optically transmissive conductor coupled to the emissive layer and
coupled to the first conductor of the first plurality of conductors; and

a second sealing layer coupled to the second, optically transmissive conductor.



